US 20200262823A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2020/0262823 A1

KNUTSON et al.

43) Pub. Date: Aug. 20, 2020

(54)

(71)
(72)

@

(22)

(63)

(60)

METHODS OF TREATING CANCER
Applicant: Epizyme, Inc., Cambridge, MA (US)

Inventors: Sarah K. KNUTSON, Lincoln, MA
(US); Natalie WARHOLIC,
Cambridge, MA (US); Heike
KEILHACK, Belmont, MA (US)

Appl. No.: 16/749,073

Filed: Jan. 22, 2020

Related U.S. Application Data

Continuation of application No. 15/979,916, filed on
May 15, 2018, now abandoned, which is a continu-
ation of application No. 15/598,262, filed on May 17,
2017, now abandoned, which is a continuation of
application No. 14/054,646, filed on Oct. 15, 2013,
now Pat. No. 9,688,665.

Provisional application No. 61/786,277, filed on Mar.
14, 2013, provisional application No. 61/780,703,
filed on Mar. 13, 2013, provisional application No.
61/758,972, filed on Jan. 31, 2013, provisional appli-
cation No. 61/714,140, filed on Oct. 15, 2012, pro-

D

(52)

&7

visional application No. 61/714,145, filed on Oct. 15,
2012, provisional application No. 61/714,045, filed
on Oct. 15, 2012.

Publication Classification

Int. CL.
CO7D 405/14 (2006.01)

AGIK 31/4545 (2006.01)

AGIK 31/4412 (2006.01)

CI12Q 1/6886 (2006.01)

AGIK 31/5377 (2006.01)

CO7D 405/12 (2006.01)

CO7D 211/86 (2006.01)

U.S. CL

CPC ... CO7D 405/14 (2013.01); AGIK 31/4545

(2013.01); A6IK 31/4412 (2013.01); CO7D
211/86 (2013.01); A61K 31/5377 (2013.01);
CO7D 405/12 (2013.01); C12Q 1/6886
(2013.01)

ABSTRACT

The present invention relates to methods of treating cancer
by administering the EZH2 inhibitor compounds and phar-
maceutical compositions to subjects in need thereof. The
present invention also relates to the use of such compounds
for research or other non-therapeutic purposes.

Specification includes a Sequence Listing.



Patent Application Publication  Aug. 20,2020 Sheet 1 of 29 US 2020/0262823 A1

FIG. 1A
<
[¢p]
¥ ~
<3 o«
» ] < O
g & % & &

SNF5

EZH2

Actin

SNF5 SNF5
WT Mutant



Patent Application Publication  Aug. 20,2020 Sheet 2 of 29 US 2020/0262823 A1

SNF5&
EZH2
Actin

SYvH-ION

Ly8H-ION

LLE-IMS

g-njed

e-ed
109

1BCLSH

N

L INAM

8-1-OWH

LIS

LOPOD

d«

FIG. 1B



Patent Application Publication  Aug. 20,2020 Sheet 3 of 29 US 2020/0262823 A1

SNF5 WT
{Compound E; uMj
—— 10 X016 - 0.002
-~ 25 -¥-0.04 - 0.0006
- 0625 #0010 DMSC
1.0E+07
RD
050 = 5.2 uM
-
= 1.0E+06
52
®
-
§ 1.0E+05
1.0E+04
7 8 g 10 11 12 13 14
Days
FIG. 2B
1.0E+07
SJCRH20
1050 = 8.8 uM
§ 1.0E+08 S —
&2 e B T e
® e
> - e o T S o D
3 1.0E+0
1.0E+04

7

Days



Patent Application Publication  Aug. 20,2020 Sheet 4 of 29 US 2020/0262823 A1

FIG. 2C

SNFS Mutant

1.0E+07

AZ04
IC50 = 0.14 uM

ty

i

1.0E+06

Cell Viabil

1.0E+05 52

1.0E+04
7 8 9 10 11 12 13 14

FIG. 2D Days

1.0E+07

G401
IC50 = 0.042 uM R

1.0E+06

1.0E+05

Cell Viability

1.0E+04

1.0E+03

7 8 9 10 11 12 13 14

Days
FIG. 2E

1.0E+07

G402
ICS0 = 0.029 uM e

A

ty

v

1.0E+06

Cell Viabil

1.0E+05 4

1.0E+04

Days



Patent Application Publication  Aug. 20,2020 Sheet 5 of 29 US 2020/0262823 A1

FIG. 3A RD {5,000 cells/well)

0.01 1

0.825 1
0.002
0.0006 1
DMSO

Compound E (uM}

FIG. 3B G401 (5,000 cellsiwell)

1.4
1.2

10.00
0.625
0.002
0.0006
DMSO

Compound E (uM)



Patent Application Publication  Aug. 20,2020 Sheet 6 of 29 US 2020/0262823 A1

FIG. 3C G401 2D GROWTH

1.2
1

% DMSO

0.4 NN NN N

0 NN N z N\ \ ‘

7 : i l m— T T i

10 25 0825 016 0.04 0.010 0.002 0.0006 DMSO
Compound E {uM)

FIG. 3D

G401 (10,000 cells/well)

% DMSO
o
o

- < <
© < o

Compound E {uM)

10.00

0.625

0.002
0.0006
DMSO



Patent Application Publication  Aug. 20,2020 Sheet 7 of 29 US 2020/0262823 A1

FIG. 4A
SJCRH30 (SNF5 WT)
10000000
—4— 10
-~ 2.5
1000000 ae 0605
> 0.16
-3~ 0.04
100000 o 0.010
e 0,002
- .. 0.0006
-~ DMSO
10000 .
7 8 9 10 1 12 13 14
FIG. 4B
G401 (SNF5 Mutant)  [COMPpound AruM]
10000000
1000000
100000
10000
1000 g ———————




Patent Application Publication

FIG. 4C

Aug. 20,2020 Sheet 8 of 29

RD (SNF5 WT)

10000000

1000000

100000

US 2020/0262823 Al

—g— 10
-f-25
b 0.625
~3—0.16
-3k~ 0.04
--g--0.010
—4—0.002
- -~ 00,0006
SRl DMSO

10600

FIG. 4D

A204 (SNF5 Mutant)

10000000

1000000

100000 -

10000

i i T 1) F} 1) K 3

-~ 0.0006
-~ DMSO



Patent Application Publication  Aug. 20,2020 Sheet 9 of 29 US 2020/0262823 A1

FIG. A

2400

B

<o

Lo

<3
]

1600 -

1200

800 -

Tumor Volume (mmg)

400

8 mice for
PK/PD

3
G
o)
w

e N2 ClE
4004 n=8 ~--g -~ 125 mg/kg BID
—d— 250 mg/kg BID
........... .~ --%-- 500 mg/kg BID

Tumor Volume (mmB) + SEM
o
.
o

0 5 1015 2025303540 4550 55¢
Days

Compound A g



Patent Application Publication  Aug. 20, 2020 Sheet 10 of 29  US 2020/0262823 A1l

FIG. 5C

Tumor histone methylation

1.5+

BLLQ

H3K27Me3/H3

0.5

0.0

Vehicle -
125 mg/kg
250 mglkg i
500 mg/kg

FIG. b5E

125mpk




US 2020/0262823 Al

Aug. 20,2020 Sheet 11 of 29

Patent Application Publication

anpIsay
006 0057 008Z 0027 004Z 000Z 006+ 0081 0024 0091 0G4 00vE 00SH 00Z) 00LL 000L 006 008 00L 009 00 0OF 00E 00Z 00L 0

0
=
&
4 S 4 e L o o 4 ot -5 Phranndd- > Franrg~ 8 Shanaee o o g % 4 &> Sanne e o 0 Naa o Wm
IZLMS < < GvyHON, | OVEHHON =
oo
4 4 4 2
0Z6NS/d¥ONT 2

£

SuoHEIN XYLV



US 2020/0262823 Al

Aug. 20,2020 Sheet 12 of 29

Patent Application Publication

YO-3LL ~SF
pO-31°G -k~
£0-3GL e

oAy -
Lorgey o
Lo-3Le - ¥
00+ L~
00+3E°EC ~~F-~
LO+30°L B
OSWG =~

wn ‘g pdo

an WUEZ | ZI0T0NSM
1 Aep 0ol | 1L Aep 0G0l d/ 914
sheq
Gl - £l z L op 6 8
. ¢ { § 4 4 : QQOW\

000001

dYONT Y/ wm&



Patent Application Publication  Aug. 20, 2020 Sheet 13 of 29  US 2020/0262823 A1l

FIG. 8A

100000

NCI-H446 (ATRX KE88N)

IC50 (day 11): 944 nM
IC50 (day 14): 56.4 nM

e 5 1E-04
e ] BEL(3
; e gm K- 4.6E-03
-e- 14E-02
v R -+ 4.1E-02
1000 B -+~ 1.2E-01
T— - 3.7E-01
""""""" »-¢- 1. 1E+00
~u- 3.3E+00

—e 4 GEH0

10000

RLU

1908 9 10 11 12 13 14

Days

FIG. 8B

100000

NCI-H841 (ATRX M3661)

IC50 (day 11): 486 ni
IC50 (day 11):848n0M A CRUE uM
T~ DMSO

Sy -m- 1.7E-04

S L =% 5.1E-04

T2 e | BE-Q3

o7 % 4.86E-03

cr T e TR e 14E-02

e —— 4 1E-02
- -~ 1.2E-01

- 3.7E-01

-+~ 1.1E+00

~=- 3 3E+00

—x- 1 OE+01

= 10000

8 9 10 1 12 13 14



Patent Application Publication  Aug. 20, 2020 Sheet 14 of 29  US 2020/0262823 A1l

FIG. 8C

100000

SW1271 (ATRX T2007L)

IC50 (day 11) > 10 uM
IC50 {(day 14) > 10 uM

L —# DMSO
oI e ~8- 1 7E-04
R Z ~ 5 1E-04
== . o X1 5E-03
M T ~X- 4.6E-03
,,,,,,,,,,,,,,,,,,, ) ~-e- 1.4E-02
e —t- 4 1E-02
o e -+~ 1.2E-01
e - 3.7E-(01
e -+ -1 1E+00
8- 3.3E+00
-+ 1.0E+01

=
= 10000

1OOG8 g 10 11 12 13 14

Days



US 2020/0262823 Al

2020 Sheet 15 of 29

. 20,

Aug

ion

icat

ication Publi

Patent Appl

DMSO (day 14)

-HB41;

NCI

L

02 uM (day 14)

AE-

4

-H841;

NCH

F

uM {day 14}

3

3.

841,

NCI

F



Patent Application Publication  Aug. 20, 2020 Sheet 16 of 29  US 2020/0262823 A1l

FIG. 10A ©

HN
.
FIG. 10B < Z
- 3
O =
23 —_
G401 | H3K27Me3
SMARCB1 deleted] — i i Ha
RD | H3K27Me3
SMARCB1 WT | s




US 2020/0262823 Al

Aug. 20,2020 Sheet 17 of 29

Patent Application Publication

uoegnaul jo sfeq
PLoo€L 2 b 0F 6 e L

00004

9

000001

0000001

2oUsosaliLLn

00000001

401 "©ld

yi-4 sheq ‘Gy

uoieqgnoul jo sheg
12 S OF A A % T ¢ 1 8 L

e

0000001
00000001

SJUISBUNUN

pi-2 sheq ‘LovD

aot old

Z00°0 -
0L00 @~
00~
910~
G290 ¥~

57 -8~

O} g

¥ pdD
et

uonegnoul jo sAeg

g § ¥ € € 1 0
00001
-
[ ood
00000L 3.
e
o]
i
goo000L 8
a
B
00000001
-0 sheq 'Oy
=101 DIl
uoeqnoul jo sAeq
g & ¥ £ 2 I 0
00001
-
=
000001 3.
hov §
o]
i
aoooootL 8
a
[or)
00000001
2-0 shed ‘LoyD
201 ©id



Patent Application Publication  Aug. 20, 2020 Sheet 18 of 29  US 2020/0262823 A1l

FIG. 11A

SAMIK ]

FIG. 11B

[Nucleosomel/K



Patent Application Publication  Aug. 20, 2020 Sheet 19 of 29  US 2020/0262823 A1l

FIG. 12A
SMARCEB1 SMARCB1
WT Deleted
(]
2 T -
N o <t R ond bt :
e O & o & =2
Y E a3 33D
SMARCE1
EZH2
Actin
FIG. 12B
<< <
= ke
o &
s o
o) o)
e [N
& &
O <
g Q g )
= = s =
) = ) -

H3KZ27Me1
H3KZ7Me2
H3KZ27Me3
H3K4MeS3

H3KOMea3

H3K36Me2
H3K79Me2

H3K27 acetyl
H3

G401 RD



Patent Application Publication  Aug. 20, 2020 Sheet 20 of 29  US 2020/0262823 A1l

FIG. 13A
RD Control Cells
80
60 s Y GyM
\ . \ T/ TUNEL

% positive celis
N
<

20
0 - -
DMSO Day 4 Day 7 Day 11 Day 14
’ G401 SMARCB1 Mutant
801
601 7
@
5
[
[x4]
2
=
o]
[}
P

DMSO  Day4 Day 14



Patent Application Publication  Aug. 20, 2020 Sheet 21 of 29  US 2020/0262823 A1l

101
R .
& g ‘
u .
£ 4
28 21 |
g
£ 1.0m
§‘8 0.8
&  0.6-
‘g o)
B 0.4
e 0.27
0.0-

PTPRK



Patent Application Publication  Aug. 20, 2020 Sheet 22 of 29  US 2020/0262823 A1l

e
¥
@

5 &

(2 ]

B © .
O L %
<F ; =t
T.e g o 9 T8 g 8 /1)

« e v o o T = s o
9 joU00 OSING Q JONUOD OSNG
L. jo sbBueys pjoy L. 30 abueys pjoj

o
o000
NN
I
N
£
o
€3
o0 0
<t =¥
) 7 A Y T ? 4 4
LT IR o L O B © %

o -~ =~ o o A
9 jonued QSNG Q joguos DSING
L. jo abBueys pjog Ll 10 2Bueys pjoy



Patent Application Publication  Aug. 20, 2020 Sheet 23 of 29  US 2020/0262823 A1l

QO
2535
O oo
OO0
NN/
: A <5
N &) !
<
bl £
- g
M e
o i
r
o
0 A
<t =¥
g Y t h wa v v ' §
. o™ od -0 = 179] 3
9 josuol QSWG 9 [eRUOd QSIWG
L 30 aBueyo pioj L J0 abueyo ploy
8ILS 231
gl = 0T ®
aonoo QOoon
2 r
By 0
<L
X § b
1 d
a 2 x
& O
4 0
4
L. % <.
ﬁ b H T : } H H 1 4 ¥ q‘ ! !
A SO SN ¥ oom ™
. R B F A - .
Q jonuod OSING 9 [osu0d OSING
TH Jo aBueys pio; TH 3o abueys ploj



Patent Application Publication  Aug. 20, 2020 Sheet 24 of 29  US 2020/0262823 A1l

O <F P
My ey S
ek
T
W _.-;:,’ff"":/

G401

&
P
- |
X
<t
« 1 | .
A - - q
B jo abueyp pjoy
©
&4
X
N
’ |
ey
<t
A ¥
.9
LL. jo abueyo pjo}



Patent Application Publication  Aug. 20, 2020 Sheet 25 of 29  US 2020/0262823 A1l

FIG. 14L

1 uM Compound A




Patent Application Publication  Aug. 20, 2020 Sheet 26 of 29  US 2020/0262823 A1l

FIG. 15A
241 @ Vehicle
1 -m 125 mgikg
4 &~ 250 mglkg
227w 500 mgkg

Body Weight (g}
H
4 ]
——
LY

} i 1 1 1 ]

O 5 10 15 20 25 30 35 40 45 50 55 60
Days

FIG. 15B
2400~ —@ Vehicle
& -8 125 mg/kg
§ 20001 --&- 250 mg/kg (%)
= -%- 500 mgrkg (™)
i 1600
&
@ 1200
E
3
£ 800
&
E 400~
foo
O 1 1 H {
0 5 10 15 20



Patent Application Publication  Aug. 20, 2020 Sheet 27 of 29  US 2020/0262823 A1l

FIG. 15C

4.._.
@ All dosed groups **** vs, vehicle

hRkkk

F*dekR

Tumor Weights, Day 21 (g}
N

0 : : &
Vehicle 125 250 500

mglkg BID x 21

FIG. 15D

O Plasma levels 5 min before last dose on day 21
1000003 1 plasma levels 3 h after last dose on day 21

A Levels in tumors harvested 3 h after the last dose
on day 21

L T |

\ [
"\,—'\O

10000

10009 &

100 ; ] ; T T ! i T

EPZ-6438 concentration {ng/mL or ng/g)}

125 mglkg 250 mg/kg S00 ma/kg



Patent Application Publication  Aug. 20, 2020 Sheet 28 of 29  US 2020/0262823 A1l

FIG. 16A

~&— \ehicle

2800+

)

3
)
Y
)
T

o’

M {mm

1600

800

2000

Tumor volume 8E
s
N
<
T

w wEE . w

T

TrE& 250 mg/lkg

500 maglky i

125 ma/kg

&
LR N N A O A R 2
i £
£
T,
&

400
0 !
¢ 10
2.5
@ All dosed groups **** vs. vehicle
(<]
==
fg 1.5 .
= } i
o
O
X 1.0- S I—
x
B
0.5+ EpE
m§§§
0.0 ; i 7 ¥ 7
Vehicle 125 250 500 20 uM
Compound A

magfkg BID x 21



Patent Application Publication  Aug. 20, 2020 Sheet 29 of 29  US 2020/0262823 A1l

kX ok
500
l
500

250
myg/kg BID x 21

250
mglkg BID x 21

PTPRK
GLI1

Yok
125
125

- LL 2
8] 0w =
g g §
g & 2 2 @ G <& @ & & g
Li. sowea-sasBueysplog L.  spoiyea-sasbBueyopijos
dn ¥ : 2
® IS * b
» =
x 2 (=
x I3 |3 ® o
o3 « N N R = N o
= o a3 o
{3 x Tol = ] o] =
i H B - B
Q L] e
(o X8 =
e oo <
@f WO ™ N @ o o~
L.  spoysa-saabueyspioy L.  spoysa-saalueyoapiog



US 2020/0262823 Al

METHODS OF TREATING CANCER

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 15/979,916, filed May 15, 2018, which is a
continuation application of U.S. application Ser. No. 15/598,
262, filed May 17, 2017, which is a continuation application
of U.S. application Ser. No. 14/054,646, filed Oct. 15, 2013
(now U.S. Pat. No. 9,688,665), which claims priority to, and
the benefit of U.S. Provisional Application Nos. 61/714,045,
filed Oct. 15, 2012, 61/758,972, filed Jan. 31, 2013, 61/714,
140, filed Oct. 15, 2012, 61/714,145, filed Oct. 15, 2012,
61/780,703, filed Mar. 13, 2013, and 61/786,277, filed Mar.
14, 2013. The contents of each of these provisional appli-
cations are incorporated herein by reference in their entire-
ties.

INCORPORATION-BY-REFERENCE OF
SEQUENCE LISTING

[0002] The contents of the text file named “41478-
513001US_ST25.txt”, which was created on Jan. 10, 2014
and is 141 KB in size, are hereby incorporated by reference
in their entireties.

FIELD OF INVENTION

[0003] The present invention relates generally to the field
of cancer treatment, and in particular, the treatment of cancer
associated with the SWI/SNF complex (i.e., SWI/SNF medi-
ated cancer). More particularly, the present invention pro-
vides methods and compositions which treat, alleviate, pre-
vent, diminish or otherwise ameliorate the symptoms of
cancer associated with the SWI/SNF complex.

BACKGROUND OF THE INVENTION

[0004] Disease-associated chromatin-modifying enzymes
(e.g., EZH2) play a role in diseases such as proliferative
disorders, metabolic disorders, and blood disorders. Thus,
there is a need for the development of small molecules that
are capable of modulating the activity of EZH2.

SUMMARY OF THE INVENTION

[0005] The present invention provides a method for treat-
ing or alleviating a symptom of a SWI/SNF-associated
cancer in a subject by administering to a subject in need
thereof a therapeutically effective amount of an EZH2
inhibitor, where the subject has a cancer selected from the
group consisting of brain and central nervous system cancer,
head and neck cancer, kidney cancer, ovarian cancer, pan-
creatic cancer, leukemia, lung cancer, lymphoma, myeloma,
sarcoma, breast cancer, and prostate cancer. For example,
the SWI/SNF-associated cancer is characterized by reduced
expression and/or loss of function of the SWI/SNF complex
or one or more components of the SWI/SNF complex.
[0006] Forexample, the subject has a cancer selected from
the group consisting of medulloblastoma, malignant rhab-
doid tumor, and atypical teratoid/rhabdoid tumor.

[0007] For example, the one or more components are
selected from the group consisting of SNF5, ATRX, and
ARIDIA.

[0008] For example, the loss of function is caused by a
loss of function mutation resulting from a point mutation, a
deletion, and/or an insertion.

Aug. 20, 2020

[0009]

[0010] For example, the subject has a mutation of ATRX
selected from the group consisting of a substitution of
asparagine (N) for the wild type residue lysine (K) at amino
acid position 688 of SEQ ID NO: 5 (K688N), and a
substitution of isoleucine (I) for the wild type residue
methionine (M) at amino acid position 366 of SEQ ID NO:
5 (M3661).

[0011] For example, subject has a mutation of ARID1A
selected from the group consisting of a nonsense mutation
for the wild type residue cysteine (C) at amino acid position
884 of SEQ ID NO: 11 (C884%*), a substitution of lysine (K)
for the wild type residue glutamic acid (E) at amino acid
position 966 (E966K), a nonsense mutation for the wild type
residue glutamine (Q) at amino acid position 1411 of SEQ
ID NO: 11 (Q1411%*), a frame shift mutation at the wild type
residue phenylalanine (F) at amino acid position 1720 of
SEQ ID NO: 11 (F1720fs), a frame shift mutation after the
wild type residue glycine (G) at amino acid position 1847 of
SEQ ID NO: 11 (G1847fs), a frame shift mutation at the
wild type residue cysteine (C) at amino acid position 1874
of SEQ ID NO: 11 (C1874fs), a substitution of glutamic acid
(E) for the wild type residue aspartic acid (D) at amino acid
position 1957 (D1957E), a nonsense mutation for the wild
type residue glutamine (Q) at amino acid position 1430 of
SEQ ID NO: 11 (Q1430%*), a frame shift mutation at the wild
type residue arginine (R) at amino acid position 1721 of
SEQ ID NO: 11 (R1721fs), a substitution of glutamic acid
(E) for the wild type residue glycine (G) at amino acid
position 1255 (G1255E), a frame shift mutation at the wild
type residue glycine (G) at amino acid position 284 of SEQ
ID NO: 11 (G284fs), a nonsense mutation for the wild type
residue arginine (R) at amino acid position 1722 of SEQ ID
NO: 11 (R1722%), a frame shift mutation at the wild type
residue methionine (M) at amino acid position 274 of SEQ
ID NO: 11 (M2741s), a frame shift mutation at the wild type
residue glycine (G) at amino acid position 1847 of SEQ ID
NO: 11 (G18471fs), a frame shift mutation at the wild type
residue P at amino acid position 559 of SEQ ID NO: 11
(P5591s), a nonsense mutation for the wild type residue
arginine (R) at amino acid position 1276 of SEQ ID NO: 11
(R1276%*), a frame shift mutation at the wild type residue
glutamine (Q) at amino acid position 2176 of SEQ ID NO:
11 (Q2176f1s), a frame shift mutation at the wild type residue
histidine (H) at amino acid position 203 of SEQ ID NO: 11
(H203fs), a frame shift mutation at the wild type residue
alanine (A) at amino acid position 591 of SEQ ID NO: 11
(AS5911s), a nonsense mutation for the wild type residue
glutamine (Q) at amino acid position 1322 of SEQ ID NO:
11 (Q1322%*), a nonsense mutation for the wild type residue
serine (S) at amino acid position 2264 of SEQ 1D NO: 11
(S2264%), a nonsense mutation for the wild type residue
glutamine (Q) at amino acid position 586 of SEQ ID NO: 11
(Q586%*), a frame shift mutation at the wild type residue
glutamine (Q) at amino acid position 548 of SEQ ID NO: 11
(Q5481s), and a frame shift mutation at the wild type residue
asparagine (N) at amino acid position 756 of SEQ ID NO:
11 (N756fs).

For example, the subject has a deletion of SNF5.
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[0012] The present invention also provides a method of
treating or alleviating a symptom of a SWI/SNF-associated
cancer in a subject in need thereof by (a) determining the
expression level of at least one gene selected from the group
consisting of neuronal differentiation genes, cell cycle inhi-
bition genes and tumor suppressor genes in a sample
obtained from the subject; (b) selecting the subject having a
decreased expression level of at least one gene in step a; and
(c) administering to the subject selected in step b an effective
amount of an EZH2 inhibitor, thereby treating or alleviating
a symptom of cancer in the subject.

[0013] The present invention further provides a method of
treating or alleviating a symptom of a SWI/SNF-associated
cancer in a subject in need thereof by (a) determining the
expression level of at least one gene selected from the group
consisting of hedgehog pathway genes, myc pathway genes
and histone methyltransferase genesin a sample obtained
from the subject; (b) selecting the subject having an
increased expression level of at least one gene in step a; and
(c) administering to the subject selected in step b an effective
amount of an EZH2 inhibitor, thereby treating or alleviating
a symptom of cancer in the subject.

[0014] For example, the cancer can be medulloblastoma,
malignant rhabdoid tumor or atypical teratoid rhabdoid
tumor.

[0015] For example, the neuronal differentiation gene is
CD133, DOCK4, or PTPRK.

[0016] For example, the cell cycle inhibition gene is
CKDNI1A or CDKN2A.

[0017] For example, the tumor suppressor gene is BIN1.
[0018] For example, the hedgehog pathway gene is GLI1
or PTCH1.

[0019] For example, the myc pathway gene is MYC.
[0020] For example, the histone methyltransferase gene is
EZH2.

[0021] The present invention also provides a method of

inducing neuronal differentiation, cell cycle inhibition or
tumor suppression by contacting a cell with an EZH2
inhibitor. The EZH2 inhibitor may be in an amount sufficient
to increase expression of at least one gene selected from the
group consisting of CD133, DOCK4, PTPRK, CKDNIA,
CDKN2A and BINI.

[0022] The present invention also provides a method of
inhibiting hedgehog signaling by contacting a cell with an
EZH2 inhibitor. The EZH2 inhibitor can be in an amount
sufficient to reduce expression of GLI1 and/or PTCHI.

[0023] The present invention also provides a method of
inducing gene expression by contacting a cell with an EZH2
inhibitor. The EZH2 inhibitor can be in an amount sufficient
to induce neuronal differentiation, cell cycle inhibition and/
or tumor suppression. For example, the gene can be CD133,
DOCK4, PTPRK, CKDN1A, CKDN2A or BINI.

[0024] The present invention also provides a method of
inhibiting gene expression by contacting a cell with an
EZH2 inhibitor. The EZH2 inhibitor is in an amount suffi-
cient to inhibit hedgehog signaling. For example, the gene
can be GLI1 or PTCHI.
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[0025] For example, the cell may have loss of function of
SNF5, ARID1A, ATRX, and/or a component of the SWI/
SNF complex.

[0026] For example, the loss of function is caused by a
deletion of SNF5.

[0027] For example, the cell is a cancer cell. The cancer
can be medulloblastoma, malignant rhabdoid tumor or atypi-
cal teratoid rhabdoid tumor.

[0028] For example, the EZH2 inhibitor is Compound A
having the following formula:
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stereoisomers thereof, or pharmaceutically acceptable salts
or solvates thereof.

[0029] For example, the EZH2 inhibitor is Compound B
having the following formula:
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stereoisomers thereof, or pharmaceutically acceptable salts
or solvates thereof.

[0030] For example, the EZH2 inhibitor is Compound C
having the following formula:

©

AN
LA - O |
O HN 0]
HN
AN

stereoisomers thereof, or pharmaceutically acceptable salts
or solvates thereof.

[0031] For example, the EZH2 inhibitor is Compound D
having the following formula:

o )
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AN :

stereoisomers thereof, or pharmaceutically acceptable salts
or solvates thereof.
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[0032] For example, the EZH2 inhibitor is Compound E
having the following formula:

O R
"\

§
—N

\ ,

stereoisomers thereof, or pharmaceutically acceptable salts
or solvates thereof.

[0033] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. In the specification, the singular forms
also include the plural unless the context clearly dictates
otherwise. Although methods and materials similar or
equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods
and materials are described below. All publications, patent
applications, patents and other references mentioned herein
are incorporated by reference. The references cited herein
are not admitted to be prior art to the claimed invention. In
the case of conflict, the present specification, including
definitions, will control. In addition, the materials, methods
and examples are illustrative only and are not intended to be
limiting.

[0034] Other features and advantages of the invention will
be apparent from the following detailed description and
claims.

BRIEF DESCRIPTIONS OF FIGURES

[0035] FIGS. 1A and 1B are a series of Western blot
analyses of cell lines with wild type (RD and SICRH30) and
mutant SNF35.

[0036] FIGS. 2A-2E are a series of graphs establishing
that SNF5 mutant cell lines A204 (FIG. 2C), G401 (FIG.
2D) and G402 (FIG. 2E) selectively respond to EZH2
compound (Compound E) compared to wild type cell lines
RD (FIG. 2A) and SJICRH30 (FIG. 2B).

[0037] FIGS. 3A-3D are a series of bar graphs showing
that G401 SNF mutant cell line is responding to Compound
E after 7 days in soft agar compared to wild type cells RD.
FIG. 3A shows cell line RD (5,000 cells/well). FIG. 3B
shows G401 cells (5,000 cells/well). FIG. 3C shows G401
cells in 2D growth. FIG. 3D shows G401 cells (10,000
cells/well).

[0038] FIGS. 4A-4D are four graphs showing that G401
SNF5 mutant cell line is sensitive to Compound A in vitro.
Wild type cell lines SJICRH30 (FIG. 4A) and RD (FIG. 4C)
and SNF5 mutant cell lines G401 (FIG. 4B) and A204 (FIG.
4D) were pretreated for 7 days with indicated concentrations
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of Compound A and replated on day 0. Cell viability was
determined by CellTiter-Glo® Luminescent Cell Viability
Assay.

[0039] FIGS. 5A-5E are a series of graphs showing
durable regressions in G401 xenografts (malignant rhabdoid
tumor model) with Compound A treatment. FIG. 5A shows
tumor regressions induced by Compound A at the indicated
doses. FIG. 5B shows tumor regressions induced by twice
daily administration of Compound A at the indicated doses.
Data represent the mean values+SEM (n=8). Compound
administration was stopped on day 28. FIG. 5C shows the
EZH2 target inhibition in G401 xenograft tumor tissue
collected from a parallel cohort of mice on day 21. Each
point shows the ratio of H3K27Me3 to total H3. Horizontal
lines represent group mean values. BLLQ=below lower
limit of quantification. FIGS. 5D and 5E show immunohis-
tochemical staining of tumor histone methylation of tumor
samples from the vehicle treated (FIG. 5D) and Compound
A treated (FIG. 5E) (at 125 mg/kg) mice.

[0040] FIG. 6 is a graph showing the locations of ATRX
mutations identified in SCLC cell lines.

[0041] FIG. 7A is a graph showing that LNCAP prostate
cancer cells display dose-dependent cell growth inhibition
with Compound E treatment in vitro.

[0042] FIG. 7B is a graph showing IC50 value of Com-
pound E at day 11 and day 14 for WSU-DLCL2 and LNCAP
cells.

[0043] FIGS. 8A-8C are three graphs establishing that
ATRX mutant SCLC lines NCI-H446 (FIG. 8A), SW1271
(FIG. 8B) and NCI-H841 (FIG. 8C) are responding to
Compound E.

[0044] FIGS. 9A-9C are three microscopy images show-
ing that SCLC line NCI-H841 changes morphology after
treatment with vehicle (FIG. 9A) or Compound E at con-
centration of 4.1E-02 uM (FIG. 9B) or 3.3 uM (FIG. 9C).
[0045] FIGS. 10A-10F are a series of graphs showing
effects of Compound A on cellular global histone methyl-
ation and cell viability. FIG. 10A shows the chemical
structure of Compound A. FIG. 10B illustrates the concen-
tration-dependent inhibition of cellular H3K27Me3 levels in
G401 and RD cells. FIGS. 10C through 10F illustrate the
selective inhibition of proliferation of SMARCBI1-deleted
G401 cells by Compound A in vitro (measured by ATP
content). G401 (FIGS. 10C and 10D) and RD cells (FIGS.
10E and 10F) were re-plated at the original seeding densities
on day 7. Each point represents the mean for each concen-
tration (n=3).

[0046] FIGS. 11A and 11B are a series of graphs showing
biochemical mechanism of action studies. The IC,, value of
Compound A increases with increasing SAM concentration
(FIG. 11A) and is minimally affected by increasing oligo-
nucleosome concentration (FIG. 11B), indicating SAM-
competitive and nucleosome-noncompetitive mechanism of
action.

[0047] FIGS. 12A and 12B are a series of immunoblots
demonstrating verification of SMARCBI1 and EZH2 expres-
sion in cell lines and specificity of Compound A for inhi-
bition of cellular histone methylation. FIG. 12A shows cell
lysates analyzed by immunoblot with antibodies specific to
SMARCBI1, EZH2 and Actin (loading control). FIG. 12B
illustrates selective inhibition of cellular H3K27 methyl-
ation in G401 and RD cells. Cells were incubated with
Compound A for 4 days, and acid-extracted histones were
analyzed by immunoblot.
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[0048] FIGS. 13A and 13B are a series of bar graphs
demonstrating that Compound A induces G, arrest and
apoptosis in SMARCBI1-deleted MRT cells. Cell cycle
analysis (by flow cytometry) and determination of apoptosis
(by TUNEL assay) in RD (FIG. 13A) or G401 cells (FIG.
13B) during incubation with either vehicle or 1 uM Com-
pound A for up to 14 days. G, arrest was observed as of day
7 and apoptosis was induced as of day 11. Data are repre-
sented as mean valuesxSEM (n=2). The DMSO control
values shown are the averagexSEM from each time point.
Cells were split and re-plated on days 4, 7 and 11 at the
original seeding density.

[0049] FIGS. 14A-14L are a series of graphs showing that
Compound A induces changes in expression of SMARCB1
regulated genes and cell morphology. FIG. 14A shows the
basal expression of SMARCBI regulated genes in G401
SMARCBI1-deleted cells, relative to RD control cells (mea-
sured by qPCR, n=2). FIGS. 14B-14K show the expression
of GLI1 (FIG. 14B), PTChl (FIG. 14C), DOCK4 (FIG.
14D), CD133 (FIG. 14E), PTPRK (FIG. 14F), BIN1 (FIG.
14G), CDKNI1A (FIG. 14H), CDKN2A (FIG. 141), EZH2
(FIG. 14]), and MYC (FIG. 14K) genes in G401 and RD
cells. The cells were incubated with either DMSO or 1 uM
Compound A for 2, 4 and 7 days. Gene expression was
determined by qPCR (n=2) and is expressed relative to the
DMSO control of each time point. FIG. 14L illustrates the
morphology of G402 cells that were incubated with either
DMSO (left panel) or 1 pM Compound A (right panel) for
14 days. Cells were split and re-plated to the original seeding
density on day 7.

[0050] FIGS. 15A-15D are a series of graphs demonstrat-
ing body weights, tumor regressions and plasma levels in
G401 xenograft bearing mice treated with Compound A.
FIG. 15A shows body weights that were determined twice a
week for animals treated with Compound A on a BID
schedule for 28 days. Data are presented as mean
values+SEM (n=16 until day 21, n=8 from day 22 to 60).
FIG. 15B shows tumor regressions induced by twice daily
(BID) administration of Compound A for 21 days at the
indicated doses (mean values+SEM, n=16). *p<0.05,
*#p<0.01, repeated measures ANOVA, Dunnett’s post-test
vs. vehicle. FIG. 15C shows the tumor weights of 8 mice
euthanized on day 21. ****p<(.0001, Fisher’s exact test.
FIG. 15D shows plasma levels of Compound A. Plasma was
collected 5 min before and 3 h after dosing of Compound A
on day 21, and compound levels were measured by LC-MS/
MS. Animals were euthanized, and tumors were collected 3
h after dosing on day 21. Tumor homogenates were gener-
ated and subjected to LC-MS/MS analysis to determine
Compound A concentrations. Note that tumor compound
levels could not be determined from all animals especially in
the higher dose groups because the xenografts were too
small on day 21. Dots represent values for the individual
animals; horizontal lines represent group mean values.

[0051] FIGS. 16A-16F are a series of graphs showing that
Compound A eradicates SMARCBI1-deleted MRT xeno-
grafts in SCID mice. FIG. 16A illustrates tumor regressions
induced by twice daily (BID) administration of Compound
A for 28 days at the indicated doses. Compound adminis-
tration was stopped on day 28 and tumors were allowed to
re-grow until they reached 2000 mm? (data shown as mean
values+SEM, n=8). FIG. 16B shows the EZH2 target inhi-
bition in G401 xenograft tumor tissue collected from mice
euthanized on day 21. Each point shows the ratio of
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H3K27Me3 to total H3, measured by ELISA. Horizontal
lines represent group mean values; grey symbols are values
outside of the ELISA standard curve. FIGS. 16C-16F sum-
marize the change in gene expression in G401 xenograft
tumor tissue collected from mice treated with Compound A
for 21 days. The graphs correspond to genes CD133 (FIG.
16C), PTPRK (FIG. 16D), DOCK4 (FIG. 16E), and GLI1
(FIG. 16F), respectively. Data are presented as fold change
compared to vehiclexSEM (n=6, n=4 for 500 mg/kg group).
*p<0.05, **p<0.01, ****p<(0.0001, vs. vehicle, Fisher’s
exact test.

DETAILED DESCRIPTION OF THE
INVENTION

[0052] The present invention is based in part upon the
discovery that EZH2 inhibitors can effectively treat SW1/
SNF-associated cancers that are characterized by altered
expressions and/or loss of function of certain biomarkers or
genes. Specifically, tumors or tumor cells having altered
expressions and/or loss of function of selected biomarkers or
genesare sensitive to the EZH2 inhibitors of the present
invention. Accordingly, the present invention provides
methods of treating or alleviating a symptom of cancers in
a subject by administering a therapeutically effective amount
of an EZH2 inhibitor to the subject, particular treating
cancers associated with altered expression and/or loss of
function of certain biomarkers or genes. For example, the
biomarker is one component of the SWI/SNF complex. For
example, the gene is selected from the group consisting of
neuronal differentiation genes, cell cycle gene inhibition
genes, tumor suppressor genes, hedgehog pathway genes,
myc pathway genes and histone methyltransferase genes.
[0053] The SWI/SNF complex in human includes at least
evolutionarily conserved core subunits and variant subunits.
Evolutionarily conserved core subunits include SNF5 (also
called SMARCBI1, INI1 or BAF47), SMARCA4 (also
known as BRM/SWI2-related gene 1, BRG1), BAF155, and
BAF170. Variant subunits include BAF53 (A or B), BAF60
(A, BorC), BAF 57, BAF45 (A, B, C, or D). Other subunits
include ARIDI1A (also known as SMARCF1), ARID1B,
SMARCA?2 (also known as brahma homologue, BRM),
ATRX, BAF200, BAF180 (also known as PBRM1), and
bromodomain-containing 7 (BRD7). The at least one com-
ponent of the SWI/SNF complex can by any component of
the complex, for example, the component/subunit described
herein or known in the art.

[0054] In any methods presented herein, neuronal differ-
entiation gene may be, but is not limited to, CD133 (also
called PROM1), DOCK4, PTPRK, PROM2, LHX1, LHX6,
LHX9, PAX6, PAX7, VEFGA, FZD3B, FYN, HIFIA,
HTRA2, EVX1, CCDC64, or GFAP.

[0055] In any methods presented herein, cell cycle inhi-
bition gene may be, but is not limited to, CKDNIA,
CDKN2A, MEN1, CHEKI, IRF6, ALOX15B, CYP27B1,
DBCI1, NME6, GMNN, HEXIMI, LATS1, MYC, HRAS,
TGFBI, IFNG, WNTI, TP53, THBSI, INHBA, IL8, IRF1,
TPR, BMP2, BMP4, ETS1, HPGD, BMP7, GATA3,
NR2F2, APC, PTPN3, CALR, IL12A, IL12B, PML,
CDKN2B, CDKN2C, CDKNIB, SOX2, TAF6, DNA2,
PLK1, TERF1, GAS1, CDKN2D, MLF1, PTEN, TGFB2,
SMAD3, FOX04, CDK6, TFAP4, MAP2K1, NOTCH?2,
FOXC1, DLG1, MAD2L1, ATM, NAEI, DGKZ, FHLI,
SCRIB, BTG3, PTPRK, RPS6KA2, STK1l, CDKN3,
TBRG1, CDC73, THAPS, CRLF3, DCUN1D3, MYOCD,

Aug. 20, 2020

PAF1, LILRB1, UHMKI1, PNPT1, USP47, HEXIM2,
CDK5RAP1, NKX3-1, TIPIN, PCBP4, USP44, RBM38,
CDT1, RGCC, RNF167, CLSPN, CHMPI1A, WDR6,
TCF7L2, LATS2, RASSF1, MLTK, MAD2L2, FBXOS5,
ING4, or TRIM35.

[0056] Inany methods presented herein, tumor suppressor
gene may be, but is not limited to, BIN1. As used herein, the
term “‘tumor suppressor gene” has its commonly understood
meaning in the art, i.e. a gene whose expression and normal
function act to suppress the neoplastic phenotype or induce
apoptosis, or both. In some embodiments, tumor suppressor
genes include cell cycle inhibition genes. Exemplary cat-
egories of tumor suppressors based on their functions
include, but not limited to:

(1) genes that inhibit cell cycles;

(2) genes that are coupling the cell cycle to DNA damage.
When there is damaged DNA in the cell, the cell should not
divide. If the damage can be repaired, the cell cycle can
continue. If the damage cannot be repaired, the cell should
initiate apoptosis (programmed cell death);

(3) genes that prevent tumor cells from dispersing, block
loss of contact inhibition, and inhibit metastasis. These
genes and their encoded proteins are also known as metas-
tasis suppressors; and

(4) DNA repair proteins. Mutations in these genes increase
the risk of cancer.

[0057] In any methods presented herein, hedgehog signal-
ing pathway gene may be, but is not limited to, GLII1,
PTCHI1, SUFU, KIF7, GLI12, BMP4, MAP3K10, SHH,
TCTN3, DYRK2, PTCHDI, or SMO.

[0058] In any methods presented herein, myc pathway
gene may be, but is not limited to, MYC NMI, NFYC,
NFYB, Cyclin T1, RuvB-like 1, GTF2I, BRCAI, T-cell
lymphoma invasion and metastasis-inducing protein 1,
ACTL6A, PCAF, MYCBP2, MAPKS, Bcl-2, Transcription
initiation protein SPT3 homolog, SAP130, DNMT3A,
mothers against decapentaplegic homolog 3, MAX, mothers
against decapentaplegic homolog 2, MYCBP, HTATIP,
ZBTB17, Transformation/transcription domain-associated
protein, TADA2L, PFDNS, MAPK1, TFAP2A, P73, TAF9,
YY1, SMARCBI1, SMARCA4, MLHI1, EP400 or let-7.
[0059] In any methods presented herein, histone methyl-
transferase gene may be, but is not limited to, EZH2.
[0060] Compounds of the present invention inhibit the
histone methyltransferase activity of EZH2 or a mutant
thereof and, accordingly, in one aspect of the invention,
compounds disclosed herein are candidates for treating or
preventing certain conditions and diseases. The present
invention provides methods for treating, preventing or alle-
viating a symptom of cancer or a precancerous condition.
The method includes administering to a subject in need
thereof, a therapeutically effective amount of a compound of
the present invention, or a pharmaceutically acceptable salt,
polymorph, solvate, or stereoisomeror thereof. Exemplary
cancers that may be treated include medulloblastoma, oli-
godendroglioma, ovarian clear cell adenocarcinoma, ovarian
endomethrioid adenocarcinoma, ovarian serous adenocarci-
noma, pancreatic ductal adenocarcinoma, pancreatic endo-
crine tumor, malignant rhabdoid tumor, astrocytoma, atypi-
cal teratoid rhabdoid tumor, choroid plexus carcinoma,
choroid plexus papilloma, ependymoma, glioblastoma,
meningioma, neuroglial tumor, oligoastrocytoma, oligoden-
droglioma, pineoblastoma, carcinosarcoma, chordoma,
extragonadal germ cell tumor, extrarenal rhabdoid tumor,
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schwannoma, skin squamous cell carcinoma, chondrosar-
coma, clear cell sarcoma of soft tissue, ewing sarcoma,
gastrointestinal stromal tumor, osteosarcoma, rhabdomyo-
sarcoma, epithelioid sarcoma, renal medullo carcinoma,
diffuse large B-cell lymphoma, follicular lymphoma and not
otherwise specified (NOS) sarcoma. Alternatively, cancers
to be treated by the compounds of the present invention are
non NHL cancers.

[0061] The present invention further provides the use of a
compound of the present invention, or a pharmaceutically
acceptable salt, polymorph or solvate thereof in the treat-
ment of cancer or precancer, or, for the preparation of a
medicament useful for the treatment of such cancer or
pre-cancer. Exemplary cancers that may be treated include
medulloblastoma, oligodendroglioma, ovarian clear cell
adenocarcinoma, ovarian endomethrioid adenocarcinoma,
ovarian serous adenocarcinoma, pancreatic ductal adenocar-
cinoma, pancreatic endocrine tumor, malignant rhabdoid
tumor, astrocytoma, atypical teratoid rhabdoid tumor, chor-
oid plexus carcinoma, choroid plexus papilloma,
ependymoma, glioblastoma, meningioma, neuroglial tumor,
oligoastrocytoma, oligodendroglioma, pineoblastoma, car-
cinosarcoma, chordoma, extragonadal germ cell tumor,
extrarenal rhabdoid tumor, schwannoma, skin squamous cell
carcinoma, chondrosarcoma, clear cell sarcoma of soft tis-
sue, ewing sarcoma, gastrointestinal stromal tumor, osteo-
sarcoma, rhabdomyosarcoma, epithelioid sarcoma, renal
medullo carcinoma, diffuse large B-cell lymphoma, follicu-
lar lymphoma and not otherwise specified (NOS) sarcoma.
Alternatively, the compound of the present invention can be
used for the treatment of non NHL cancers, or, for the
preparation of a medicament useful for the treatment of non
NHL cancers.

[0062] The compounds of this invention can be used to
modulate protein (e.g., histone) methylation, e.g., to modu-
late histone methyltransferase or histone demethylase
enzyme activity. The compounds of the invention can be
used in vivo or in vitro for modulating protein methylation.
Based upon the surprising discovery that methylation regu-
lation by EZH2 involves in tumor formation, particular
tumors bearing altered expression and/or loss of function of
selected biomarkers/genes, the compounds described herein
are suitable candidates for treating these diseases, i.e., to
decrease methylation or restore methylation to roughly its
level in counterpart normal cells.

[0063] In some embodiments, compounds of the present
invention can selectively inhibit proliferation of the SWI/
SNF complex associated tumor or tumor cells (as shown in
FIGS. 1-9). Accordingly, the present invention provides
methods for treating, preventing or alleviating a symptom of
the SWI/SNF complex associated cancer or a precancerous
condition by a compound of the present invention, or a
pharmaceutically acceptable salt, polymorph or solvate
thereof. The present invention further provides the use of a
compound of the present invention, or a pharmaceutically
acceptable salt, polymorph or solvate thereof in the treat-
ment of the SWI/SNF complex associated cancer or a
precancer condition, or, for the preparation of a medicament
useful for the treatment of such cancer or pre-cancer.
[0064] Also provided in the present invention are methods
for determining responsiveness of a subject having a cancer
to an EZH2 inhibitor. The method includes the steps of
obtaining a sample (a nucleic acid sample or a protein
sample) from the subject and detecting reduced expression,
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haploinsufficiency, and/or loss of function of at least one
component of the SWI/SNF complex, detecting the expres-
sion and/or function of this component, and the presence of
such reduced expression, haploinsufficiency, and/or loss of
function indicates that the subject is responsive to the EZH2
inhibitor. The term “sample” means any biological sample
derived from the subject, includes but is not limited to, cells,
tissues samples, body fluids (including, but not limited to,
mucus, blood, plasma, serum, urine, saliva, and semen),
tumor cells, and tumor tissues. Samples can be provided by
the subject under treatment or testing. Alternatively samples
can be obtained by the physician according to routine
practice in the art.

[0065] The present invention also provides methods for
determining predisposition of a subject to a cancer or a
precancerous condition by obtaining a sample from the
subject and detecting reduced expression, haploinsuffi-
ciency, and/or loss of function of at least one component of
the SWI/SNF complex, and the presence of such reduced
expression, haploinsufficiency, and/or loss of function indi-
cates that the subject is predisposed to (i.e., having higher
risk of) developing the cancer or the precancerous condition
compared to a subject without such loss of function of the at
least one component of the SWI/SNF complex.

[0066] The term “predisposed” as used herein in relation
to cancer or a precancerous condition is to be understood to
mean the increased probability (e.g., at least 1%, 5%, 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%,
200%, or more increase in probability) that a subject with
reduced expression, haploinsufficiency, and/or loss of func-
tion of at least one component of the SWI/SNF complex,
will suffer cancer or a precancerous condition, as compared
to the probability that another subject not having reduced
expression, haploinsufficiency, and/or loss of function of at
least one component of the SWI/SNF complex, will suffer
cancer or a precancerous condition, under circumstances
where other risk factors (e.g., chemical/environment, food,
and smoking history, etc.) for having cancer or a precancer-
ous condition between the subjects are the same.

[0067] “Risk” in the context of the present invention,
relates to the probability that an event will occur over a
specific time period and can mean a subject’s “absolute” risk
or “relative” risk. Absolute risk can be measured with
reference to either actual observation post-measurement for
the relevant time cohort, or with reference to index values
developed from statistically valid historical cohorts that
have been followed for the relevant time period. Relative
risk refers to the ratio of absolute risks of a subject compared
either to the absolute risks of low risk cohorts or an average
population risk, which can vary by how clinical risk factors
are assessed. Odds ratios, the proportion of positive events
to negative events for a given test result, are also commonly
used (odds are according to the formula p/(1-p) where p is
the probability of event and (1-p) is the probability of no
event) to no-conversion.

[0068] Accordingly, the present invention provides per-
sonalized medicine, treatment and/or cancer management
for a subject by genetic screening of reduced expression,
haploinsufficiency, and/or loss of function of at least one
component of the SWI/SNF complex in the subject. For
example, the present invention provides methods for treat-
ing, preventing or alleviating a symptom of cancer or a
precancerous condition by determining responsiveness of
the subject to an EZH2 inhibitor and when the subject is
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responsive to the EZH2 inhibitor, administering to the
subject a therapeutically effective amount of the EZH2
inhibitor, or a pharmaceutically acceptable salt, solvate, or
stereoisomeror thereof. The responsiveness is determined by
obtaining a sample from the subject and detecting reduced
expression, haploinsufficiency, and/or loss of function of at
least one component of the SWI/SNF complex (such as
SNF5, ARID1A or ATRX), and the presence of such loss of
function indicates that the subject is responsive to the EZH2
inhibitor.

[0069] In other example, the present invention provides
methods of cancer management in a subject by determining
predisposition of the subject to a cancer or a precancerous
condition periodically. The methods include steps of obtain-
ing a sample from the subject and detecting reduced expres-
sion, haploinsufficiency, and/or loss of function of at least
one component of the SWI/SNF complex, and the presence
of such reduced expression, haploinsufficiency, and/or loss
of function indicates that the subject is predisposed to
developing the cancer or the precancerous condition com-
pared to a subject without such reduced expression, haplo-
insufficiency, and/or loss of function of the at least one
component of the SWI/SNF complex.

[0070] In merely illustrative embodiments, the methods of
treatment presented herein include steps of (a) collecting a
nucleic acid sample or a protein sample from a biological
sample obtained from a subject, (b) measuring the expres-
sion level or function level of a component of the SWI/SNF
complex in the sample, (c) measuring the expression level or
function level of the component of the SWI/SNF in a control
sample; (d) comparing the expression level or the function
level of the component measured in step (b) in the tested
sample to the expression level or the function level of the
component measured in step (c) in the control sample (or a
reference value); (e) identifying the subject as a candidate
for treatment when the expression level or the function level
of the component measured in step (b) is reduced or lost
(e.g., haploinsufficiency or loss of function) compared to the
expression level or the function level of the component
measured in step (¢); and (f) administering a therapeutically
effective amount of an EZH2 inhibitor to the subject iden-
tified in step (e) or selecting a treatment regimen for the
subject identified in step (e). The expression level or the
function level of component in the subject sample is
reduced, for example, 10%, 25%, 50% or 1-, 2-, 5- or more
fold compared to the expression level or the function level
of the component in the control sample. Any suitable meth-
ods known in the art can be utilized to measure the expres-
sion level or the function level of the component of the
SWI/SNF complex. In some embodiments, the subject has
malignant rhabdoid tumor, medulloblastoma or atypical
teratoid rhabdoid tumor. In some embodiments, the compo-
nent is SNF5, ARID1A or ATRX.

[0071] For example, the identified subject can be treated
with the standard of care treatment as described in the most
current National Comprehensive Cancer Network (NCCN)
guidelines.

[0072] For example, a control sample is obtained from a
healthy, normal subject. Alternatively, a control sample is
obtained from a subject who is not suffering, has not been
diagnosed, or is not at risk of developing cancer associated
with the SWI/SNF complex.

[0073] In one preferred aspect, the present invention pro-
vides a method for treating or alleviating a symptom of
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cancer in a subject by determining responsiveness of the
subject to an EZH2 inhibitor and administering to the
subject a therapeutically effective amount of the EZH2
inhibitor if the subject is responsive to the EZH2 inhibitor
and the subject has a cancer selected from the group con-
sisting of brain and CNS cancer, kidney cancer, ovarian
cancer, pancreatic cancer, leukemia, lymphoma, myeloma,
and/or sarcoma. Such responsiveness is determined by
obtaining a sample from the subject and detecting reduced
expression, haploinsufficiency, and/or loss of function of
SNF5, ARID1A, and/or ATRX, and the presence of the
reduced expression, haploinsufficiency, and/or loss of func-
tion indicates the subject is responsive to the EZH?2 inhibitor.
[0074] In another preferred aspect, the present invention
provides a method for treating or alleviating a symptom of
malignant rhabdoid tumor in a subject by determining
responsiveness of the subject to an EZH2 inhibitor and
administering to the subject a therapeutically effective
amount of the EZH2 inhibitor if the subject is responsive to
the EZH2 inhibitor. Such responsiveness is determined by
obtaining a sample from the subject and detecting reduced
expression, haploinsufficiency, and/or loss of function of
SNF5, ARID1A, and/or ATRX, and the presence of the
reduced expression, haploinsufficiency, and/or loss of func-
tion indicates the subject is responsive to the EZH?2 inhibitor.
[0075] In another preferred aspect, the present invention
provides a method for treating or alleviating a symptom of
medulloblastoma in a subject by determining responsiveness
of the subject to an EZH2 inhibitor and administering to the
subject a therapeutically effective amount of the EZH2
inhibitor if the subject is responsive to the EZH2 inhibitor.
Such responsiveness is determined by obtaining a sample
from the subject and detecting reduced expression, haplo-
insufficiency, and/or loss of function of SNF5, ARIDIA,
and/or ATRX, and the presence of the reduced expression,
haploinsufficiency, and/or loss of function indicates the
subject is responsive to the EZH2 inhibitor.

[0076] In another preferred aspect, the present invention
provides a method for treating or alleviating a symptom of
atypical teratoid rhabdoid tumor in a subject by determining
responsiveness of the subject to an EZH2 inhibitor and
administering to the subject a therapeutically effective
amount of the EZH2 inhibitor if the subject is responsive to
the EZH2 inhibitor. Such responsiveness is determined by
obtaining a sample from the subject and detecting reduced
expression, haploinsufficiency, and/or loss of function of
SNF5, ARID1A, and/or ATRX, and the presence of the
reduced expression, haploinsufficiency, and/or loss of func-
tion indicates the subject is responsive to the EZH?2 inhibitor.
[0077] Malignant rhabdoid tumors (MRTs) and atypical
teratoid rhabdoid tumors (ATRTs) are extremely aggressive
pediatric cancers of the brain, kidney, and soft tissues that
are highly malignant, locally invasive, frequently metastatic,
and particularly lethal. They are typically diploid and lack
genomic aberrations; however, they are characterized by an
almost complete penetrance of loss of SMARCBI1 (also
called SNFS5, INI1 or BAF47), a core component of the
SWI/SNF chromatin remodeling complex. The biallelic
inactivation of SMARCBI is in essence the sole genetic
event in MRTs and ATRTs which suggests a driver role for
this genetic aberration.

[0078] Without being bound by any theory, a compound of
the present invention specifically inhibits cellular H3K27
methylation leading to selective apoptotic killing of



US 2020/0262823 Al

SMARCB1 mutant MRT cells. For example, in vitro treat-
ment of SMARCB1-deleted MRT cell lines with Compound
A induced strong anti-proliferative effects with ICs, values
in the nM range; while the control (wild-type) cell lines were
minimally affected (FIG. 10C and table 6). Furthermore, the
compound of the present invention induces genes of neu-
ronal differentiation, cell cycle inhibition and tumor sup-
pression while suppressing expression of hedgehog pathway
genes, MYC and EZH2. For example, Compound A treat-
ment of G401 SMARCBI1-deleted cells for up to 7 days
strongly induced expression of CD133, DOCK4 and PTPRK
and up-regulated cell cycle inhibitors CDKNI1A and
CDKN2A and tumor suppressor BIN1, all in a time-depen-
dent manner (FIG. 14B). Simultaneously, the expression of
hedgehog pathway genes, MYC and EZH2 were reduced.
Notably, G402 SMARCBI1-deleted cells exposed to Com-
pound A for 14 days assumed a neuron-like morphology
(FIG. 140).

[0079] Accordingly, the present invention further provides
methods of treating or alleviating a symptom of cancer in a
subject in need thereof by (a) determining the expression
level of at least one gene selected from the group consisting
of neuronal differentiation genes, cell cycle inhibition genes
and tumor suppressor genes in a sample obtained from the
subject; (b) selecting a subject having a decreased expres-
sion level of at least one gene in step (a); and (c) adminis-
tering to the subject selected in step (b) an effective amount
of' a compound of the invention, thus treating or alleviating
a symptom of cancer in the subject.

[0080] The present invention also provides methods of
treating or alleviating a symptom of cancer in a subject in
need thereof by (a) determining the expression level of at
least one gene selected from the group consisting of hedge-
hog pathway genes, myc pathway genes and histone meth-
yltransferase genes in a sample obtained from the subject;
(b) selecting a subject having an increased expression level
of at least one gene in step (a); and (¢) administering to the
subject selected in step (b) an effective amount of a com-
pound of the invention, thus treating or alleviating a symp-
tom of cancer in the subject.

[0081] Also provided herein are methods of selecting a
cancer therapy for a subject in need thereof by (a) deter-
mining the expression level of at least one gene selected
from the group consisting of neuronal differentiation genes,
cell cycle inhibition genes, and tumor suppressor genes in a
sample obtained from the subject, and (b) selecting a cancer
therapy when the subject has a decreased expression level of
at least one gene in step (a), where the cancer therapy
includes the administration of an effective amount of a
compound of the invention to the subject.

[0082] The present invention further provides methods of
selecting a cancer therapy for a subject in need thereof by (a)
determining the expression level of at least one gene
selected from the group consisting of hedgehog pathway
genes, myc pathway genes and histone methyltransferase
genes in a sample obtained from the subject, and (b)
selecting a cancer therapy when the subject has an increased
expression level of at least one gene in step (a), where the
cancer therapy includes the administration of an effective
amount of a compound of the invention to the subject.

[0083] In merely illustrative embodiments, the methods
presented herein may include the steps of (a) collecting a
nucleic acid or a protein sample from a biological sample
obtained from a subject, (b) measuring the expression level
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of at least one gene selected from the group consisting of
neuronal differentiation genes, cell cycle inhibition genes,
and tumor suppressor genes in the sample, (c¢) measuring the
expression level of the same gene(s) in a control sample; (d)
comparing the expression level of the gene measured in step
(b) in the tested sample to the expression level of the gene
measured in step (¢) in the control sample (or to a reference
value); (e) identifying the subject as a candidate for treat-
ment when the expression level of the component measured
in step (b) is reduced compared to the expression level of the
gene measured in step (¢); and (f) administering a therapeu-
tically effective amount of an EZH2 inhibitor to the subject
identified in step (e) or selecting a treatment regimen for the
subject identified in step (e). The expression level of the
gene in the tested subject is reduced, for example, 10%,
25%, 50% or 1-, 2-, 5- or more fold compared to the
expression level of the gene in the control sample.

[0084] In merely illustrative embodiments, the methods
presented herein may include the steps of (a) collecting a
nucleic acid or a protein sample from a biological sample
obtained from a subject, (b) measuring the expression level
of at least one gene selected from the group consisting of
hedgehog pathway genes, myc pathway genes and histone
methyltransferase genes in the sample, (¢) measuring the
expression level of the same gene(s) in a control sample; (d)
comparing the expression level of the gene measured in step
(b) in the tested sample to the expression level of the gene
measured in step (¢) in the control sample (or to a reference
value); (e) identifying the subject as a candidate for treat-
ment when the expression level of the component measured
in step (b) is increased compared to the expression level of
the gene measured in step (c¢); and (f) administering a
therapeutically effective amount of an EZH2 inhibitor to the
subject identified in step (e) or selecting a treatment regimen
for the subject identified in step (e). The expression level of
the gene in the tested subject is increased, for example, 10%,
25%, 50% or 1-, 2-, 5- or more fold compared to the
expression level of the gene in the control sample.

[0085] The term “expression level” refers to protein,
RNA, or mRNA level of a particular gene of interest. Any
methods known in the art can be utilized to determine the
expression level of a particular gene of interest. Examples
include, but are not limited to, reverse transcription and
amplification assays (such as PCR, ligation RT-PCR or
quantitative RT-PCT), hybridization assays, Northern blot-
ting, dot blotting, in situ hybridization, gel electrophoresis,
capillary electrophoresis, column chromatography, Western
blotting, immunohistochemistry, immunostaining, or mass
spectrometry. Assays can be performed directly on biologi-
cal samples or on protein/nucleic acids isolated from the
samples. It is routine practice in the relevant art to carry out
these assays. For example, the measuring step in any method
described herein includes contacting the nucleic acid sample
from the biological sample obtained from the subject with
one or more primers that specifically hybridize to the gene
of interest presented herein. Alternatively, the measuring
step of any method described herein includes contacting the
protein sample from the biological sample obtained from the
subject with one or more antibodies that bind to the bio-
marker of the interest presented herein.

[0086] A decreased expression level of a particular gene
means a decrease in its expression level by at least 5%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 200%,
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300%, 400%, 500%, 1000%, 1500%, or more compared to
a reference value or the expression level of this gene
measured in a different (or previous) sample obtained from
the same subject.

[0087] An increased expression level of a particular gene
means an increase in its expression level by at least 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 200%,
300%, 400%, 500%, 1000%, 1500%, or more compared to
a reference value or the expression level of this gene
measured in a different (or previous) sample obtained from
the same subject.

[0088] A “reference or baseline level/value” as used herein
can be used interchangeably and is meant to be relative to a
number or value derived from population studies, including
without limitation, such subjects having similar age range,
disease status (e.g., stage), subjects in the same or similar
ethnic group, or relative to the starting sample of a subject
undergoing treatment for cancer. Such reference values can
be derived from statistical analyses and/or risk prediction
data of populations obtained from mathematical algorithms
and computed indices of cancer. Reference indices can also
be constructed and used using algorithms and other methods
of statistical and structural classification.

[0089] In some embodiments of the present invention, the
reference or baseline value is the expression level of a
particular gene of interest in a control sample derived from
one or more healthy subjects or subjects who have not been
diagnosed with any cancer.

[0090] In some embodiments of the present invention, the
reference or baseline value is the expression level of a
particular gene of interest in a sample obtained from the
same subject prior to any cancer treatment. In other embodi-
ments of the present invention, the reference or baseline
value is the expression level of a particular gene of interest
in a sample obtained from the same subject during a cancer
treatment. Alternatively, the reference or baseline value is a
prior measurement of the expression level of a particular
gene of interest in a previously obtained sample from the
same subject or from a subject having similar age range,
disease status (e.g., stage) to the tested subject.

[0091] In some embodiments, an effective amount means
an amount sufficient to increase the expression level of at
least one gene which is decreased in the subject prior to the
treatment or an amount sufficient to alleviate one or more
symptoms of cancer. For example, an effective amount is an
amount sufficient to increase the expression level of at least
one gene selected from the group consisting of neuronal
differentiation genes, cell cycle inhibition genes, and tumor
suppressor genes by at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 100%, 200%, 300%, 400%, 500%,
1000%, 1500%, or more compared to a reference value or
the expression level without the treatment of any compound.
[0092] In some embodiments, an effective amount means
an amount sufficient to decrease the expression level of at
least one gene which is increased in the subject prior to the
treatment or an amount sufficient to alleviate one or more
symptoms of cancer. For example, an effective amount is an
amount sufficient to decrease the expression level of at least
one gene selected from the group consisting of hedgehog
pathway genes, MYC and EZH2 by at least 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 100%, 200%, 300%,
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400%, 500%, 1000%, 1500%, or more compared to a
reference value or the expression level without the treatment
of any compound.

[0093] The precise effective amount for a subject will
depend upon the subject’s body weight, size, and health; the
nature and extent of the condition; and the therapeutic
selected for administration. An effective amount for a given
situation can be determined by routine experimentation that
is within the skill and judgment of the clinician.

[0094] The present invention further provides a method of
determining efficacy of a cancer treatment in a subject in
need thereof by (a) measuring the expression level of at least
one gene selected from the group consisting of neuronal
differentiation genes, cell cycle inhibition genes, and tumor
suppressor genes in a sample obtained from the subject, (b)
comparing the expression level of at least one gene in step
(a) to a reference value or a prior measurement, and (c)
determining the efficacy of the cancer treatment based on the
comparison step. An exemplary cancer treatment is admin-
istering a compound of the invention to the tested subject.
[0095] The treatment is effective when the tested subject
has an increased expression of at least one gene selected
from the group consisting of neuronal differentiation genes,
cell cycle inhibition genes and tumor suppressor genes 1)
compared to a reference value or a prior measurement; or 2)
over the period of time being monitored, such as 1, 2, 3, 4,
5,6,0r7days,or1,2,3,4,5,6,7,8,9, 10 weeks, or 1, 2,
3,4,5,6,7,8,9, 10, 11, 12 months or longer. When the
existing treatment is not effective, a new treatment or an
increased dosage of the existing treatment (for example,
increasing the dosage of the compound administered to the
subject) should be sought for the tested subject.

[0096] The present invention also provides a method of
determining efficacy of a cancer treatment in a subject in
need thereof by (a) measuring the expression level of at least
one gene selected from the group consisting of hedgehog
pathway genes, myc pathway genes and histone methyl-
transferase genes in a sample obtained from the subject, (b)
comparing the expression level of at least one gene in step
(a) to a reference value or a prior measurement, and (c)
determining the efficacy of the cancer treatment based on the
comparison step. An exemplary cancer treatment is admin-
istering an EZH?2 inhibitor of the invention to the tested
subject.

[0097] For example, the treatment is effective when the
tested subject has a decreased expression of at least one gene
selected from the group consisting of hedgehog pathway
genes, myc pathway genes and histone methyltransferase
genes 1) compared to a reference value or a prior measure-
ment; or 2) over the period of time being monitored, such as
1,2,3,4,5,6,0r 7days,or1,2,3,4,5,6,7, 8,9, 10 weeks,
orl,2,3,4,5,6,7,8,9,10, 11, 12 months or longer. When
the existing treatment is not effective, a new treatment or an
increased dosage of the existing treatment (for example,
increasing the dosage of the compound administered to the
subject) should be sought for the tested subject.

[0098] Inany methods presented herein, cancer is selected
from the group consisting of brain and central nervous
system (CNS) cancer, head and neck cancer, kidney cancer,
ovarian cancer, pancreatic cancer, leukemia, lung cancer,
lymphoma, myeloma, sarcoma, breast cancer, and prostate
cancer. Preferably, cancer is selected from the group con-
sisting of medulloblastoma, oligodendroglioma, ovarian
clear cell adenocarcinoma, ovarian endomethrioid adeno-
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carcinoma, ovarian serous adenocarcinoma, pancreatic duc-
tal adenocarcinoma, pancreatic endocrine tumor, malignant
rhabdoid tumor, astrocytoma, atypical teratoid rhabdoid
tumor, choroid plexus carcinoma, choroid plexus papilloma,
ependymoma, glioblastoma, meningioma, neuroglial tumor,
oligoastrocytoma, oligodendroglioma, pineoblastoma, car-
cinosarcoma, chordoma, extragonadal germ cell tumor,
extrarenal rhabdoid tumor, schwannoma, skin squamous cell
carcinoma, chondrosarcoma, clear cell sarcoma of soft tis-
sue, ewing sarcoma, gastrointestinal stromal tumor, osteo-
sarcoma, rhabdomyosarcoma, epithelioid sarcoma, renal
medullo carcinoma, diffuse large B-cell lymphoma, follicu-
lar lymphoma and not otherwise specified (NOS) sarcoma.
More preferably, cancer is medulloblastoma, malignant
rhabdoid tumor, or atypical teratoid rhabdoid tumor.
[0099] As used herein, the term “responsiveness” is inter-
changeable with terms “responsive”, “sensitive”, and “sen-
sitivity”, and it is meant that a subject is showing therapeutic
responses when administered an EZH inhibitor, e.g., tumor
cells or tumor tissues of the subject undergo apoptosis and/or
necrosis, and/or display reduced growing, dividing, or pro-
liferation. This term is also meant that a subject will or has
a higher probability, relative to the population at large, of
showing therapeutic responses when administered an EZH
inhibitor, e.g., tumor cells or tumor tissues of the subject
undergo apoptosis and/or necrosis, and/or display reduced
growing, dividing, or proliferation.

[0100] As used herein, a “subject” is interchangeable with
a “subject in need thereof”, both of which refer to a subject
having a disorder in which EZH2-mediated protein meth-
ylation plays a part, or a subject having an increased risk of
developing such disorder relative to the population at large.
A subject in need thereof may be a subject having a disorder
associated with SWI/SNF complex. A subject in need
thereof can have a precancerous condition. Preferably, a
subject in need thereof has cancer. A subject in need thereof
can have cancer associated with SWI/SNF complex. A
subject in need thereof can have cancer associated with loss
of function in at least one component of SWI/SNF complex.
In a preferred aspect, a subject in need thereof has one or
more cancers selected from the group consisting of brain and
central nervous system (CNS) cancer, head and neck cancer,
kidney cancer, ovarian cancer, pancreatic cancer, leukemia,
lung cancer, lymphoma, myeloma, sarcoma, breast cancer,
and prostate cancer. Preferably, a subject in need thereof has
medulloblastoma, oligodendroglioma, ovarian clear cell
adenocarcinoma, ovarian endomethrioid adenocarcinoma,
ovarian serous adenocarcinoma, pancreatic ductal adenocar-
cinoma, pancreatic endocrine tumor, malignant rhabdoid
tumor, astrocytoma, atypical teratoid rhabdoid tumor, chor-
oid plexus carcinoma, choroid plexus papilloma,
ependymoma, glioblastoma, meningioma, neuroglial tumor,
oligoastrocytoma, oligodendroglioma, pineoblastoma, car-
cinosarcoma, chordoma, extragonadal germ cell tumor,
extrarenal rhabdoid tumor, schwannoma, skin squamous cell
carcinoma, chondrosarcoma, clear cell sarcoma of soft tis-
sue, ewing sarcoma, gastrointestinal stromal tumor, osteo-
sarcoma, rhabdomyosarcoma, epithelioid sarcoma, renal
medullo carcinoma, diffuse large B-cell lymphoma, follicu-
lar lymphoma and not otherwise specified (NOS) sarcoma.
Alternatively, a subject in need thereof has a non NHL
cancet.

[0101] As used herein, a “subject” includes a mammal.
The mammal can be e.g., a human or appropriate non-human
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mammal, such as primate, mouse, rat, dog, cat, cow, horse,
goat, camel, sheep or a pig. The subject can also be a bird
or fowl. In one embodiment, the mammal is a human. A
subject can be male or female.

[0102] A subject in need thereof can be one who has not
been previously diagnosed or identified as having cancer or
a precancerous condition. A subject in need thereof can be
one who has been previously diagnosed or identified as
having cancer or a precancerous condition. A subject in need
thereof can also be one who is having (suffering from)
cancer or a precancerous condition. Alternatively, a subject
in need thereof can be one who has a risk of developing such
disorder relative to the population at large (i.e., a subject
who is predisposed to developing such disorder relative to
the population at large).

[0103] Optionally a subject in need thereof has already
undergone, is undergoing or will undergo, at least one
therapeutic intervention for the cancer or precancerous con-
dition.

[0104] A subject in need thereof may have refractory
cancer on most recent therapy. “Refractory cancer” means
cancer that does not respond to treatment. The cancer may
be resistant at the beginning of treatment or it may become
resistant during treatment. Refractory cancer is also called
resistant cancer. In some embodiments, the subject in need
thereof has cancer recurrence following remission on most
recent therapy. In some embodiments, the subject in need
thereof received and failed all known effective therapies for
cancer treatment. In some embodiments, the subject in need
thereof received at least one prior therapy.

[0105] A subject in need thereof may be one who had, is
having or is predisposed to developing a cancer or a pre-
cancerous condition associated with the SWI/SNF complex.
A subject in need thereof may be one who had, is having or
is predisposed to developing cancer or a precancerous
condition associated with loss of function of at least one
component of the SWI/SNF complex. In a preferred aspect,
a subject in need thereof is one who had, is having or is
predisposed to developing one or more cancers selected
from the group consisting of brain and central nervous
system (CNS) cancer, head and neck cancer, kidney cancer,
ovarian cancer, pancreatic cancer, leukemia, lung cancer,
lymphoma, myeloma, sarcoma, breast cancer, and prostate
cancer. Preferably, a subject in need thereof is one who had,
is having or is predisposed to developing brain and CNS
cancer, kidney cancer, ovarian cancer, pancreatic cancer,
leukemia, lymphoma, myeloma, and/or sarcoma. Exemplary
brain and central CNS cancer includes medulloblastoma,
oligodendroglioma, atypical teratoid rhabdoid tumor, chor-
oid plexus carcinoma, choroid plexus papilloma,
ependymoma, glioblastoma, meningioma, neuroglial tumor,
oligoastrocytoma, oligodendroglioma, and pineoblastoma.
Exemplary ovarian cancer includes ovarian clear cell adeno-
carcinoma, ovarian endomethrioid adenocarcinoma, and
ovarian serous adenocarcinoma. Exemplary pancreatic can-
cer includes pancreatic ductal adenocarcinoma and pancre-
atic endocrine tumor. Exemplary sarcoma includes chondro-
sarcoma, clear cell sarcoma of soft tissue, ewing sarcoma,
gastrointestinal stromal tumor, osteosarcoma, rhabdomyo-
sarcoma, and not otherwise specified (NOS) sarcoma. Alter-
natively, cancers to be treated by the compounds of the
present invention are non NHIL cancers.

[0106] Alternatively, a subject in need thereof is one who
had, is having or is predisposed to developing one or more
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cancers selected from the group consisting of medulloblas-
toma, oligodendroglioma, ovarian clear cell adenocarci-
noma, ovarian endomethrioid adenocarcinoma, ovarian
serous adenocarcinoma, pancreatic ductal adenocarcinoma,
pancreatic endocrine tumor, malignant rhabdoid tumor,
astrocytoma, atypical teratoid rhabdoid tumor, choroid
plexus carcinoma, choroid plexus papilloma, ependymoma,
glioblastoma, meningioma, neuroglial tumor, oligoastrocy-
toma, oligodendroglioma, pineoblastoma, carcinosarcoma,
chordoma, extragonadal germ cell tumor, extrarenal rhab-
doid tumor, schwannoma, skin squamous cell carcinoma,
chondrosarcoma, clear cell sarcoma of soft tissue, ewing
sarcoma, gastrointestinal stromal tumor, osteosarcoma,
rhabdomyosarcoma, and not otherwise specified (NOS) sar-
coma. Preferably, a subject is one who had, is having or is
predisposed to developing medulloblastoma, ovarian clear
cell adenocarcinoma, ovarian endomethrioid adenocarci-
noma, pancreatic ductal adenocarcinoma, malignant rhab-
doid tumor, atypical teratoid rhabdoid tumor, choroid plexus
carcinoma, choroid plexus papilloma, glioblastoma, menin-
gioma, pineoblastoma, carcinosarcoma, extrarenal rhabdoid
tumor, schwannoma, skin squamous cell carcinoma, chon-
drosarcoma, ewing sarcoma, epithelioid sarcoma, renal
medullo carcinoma, diffuse large B-cell lymphoma, follicu-
lar lymphoma and/or NOS sarcoma. More preferably, a
subject in need thereof is one who had, is having or is
predisposed to developing malignant rhabdoid tumor,
medulloblastoma and/or atypical teratoid rhabdoid tumor.
[0107] In some embodiments of the present invention, a
subject in need thereof has a decreased expression level of
at least one gene selected from the group consisting of
neuronal differentiation genes, cell cycle inhibition genes,
and tumor suppressor genes.

[0108] Insomeembodiments, a subject in need thereof has
an increased expression level of at least one gene selected
from the group consisting of hedgehog pathway genes, myc
pathway genes and histone methyltransferase genes.
[0109] In some embodiments of the present invention, a
subject in need thereof has loss of function of at least one
component/subunit of the SWI/SNF complex. Alternatively,
a subject in need thereof has reduced expression or haplo-
insufficiency of at least one component/subunit of the SW1/
SNF complex. In certain embodiments, a subject in need
thereof has loss of function of SNF5 subunit.

[0110] In any method of the present invention, a subject in
need thereof may have reduced expression, haploinsuffi-
ciency or loss of function of at least one signaling compo-
nent downstream of SWI/SNF complex. Such downstream
component includes, but is not limited to, polycomb com-
plex (PcG) and its targets.

[0111] As used herein, the term “loss of function” refers to
less or no function of a gene product/protein compared to the
wild type. Loss of function of a SWI/SNF complex com-
ponent means the component/subunit or the entire SWI/SNF
complex has less or no biological function compared to the
wild type component/subunit or the entire SWI/SNF com-
plex, respectively. Loss of function can be caused by tran-
scriptional, post-transcription, or post translational mecha-
nisms. In one aspect of the present invention, loss of
function is caused by loss of function mutation resulted from
apoint mutation (e.g., a substitution, a missense mutation, or
a nonsense mutation), an insertion, and/or a deletion in a
polypeptide of a SWI/SNF complex component or a nucleic
acid sequence encoding a polypeptide of a SWI/SNF com-
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plex component. The mutations referred herein are somatic
mutations. The term “somatic mutation” refers to a delete-
rious alteration in at least one gene allele that is not found
in every cell of the body, but is found only in isolated cells.
A characteristic of the somatic mutations as used herein is,
that they are restricted to particular tissues or even parts of
tissues or cells within a tissue and are not present in the
whole organism harboring the tissues or cells. The term
“wild-type” refers to a gene or gene product that has the
characteristics of that gene or gene product when isolated
from a naturally occurring source. A wild-type gene is that
which is most frequently observed in a population and is
thus arbitrarily designed the “normal” or “wild-type” form
of the gene.

[0112] Accordingly, a loss of function mutation or a
reduced expression can be detected using any suitable
method available in the art. For example, a loss of function
mutation can be detected by measuring the biological func-
tion of a gene product, such as the ATP-dependent chromatin
remodeling activity of the SWI/SNF complex. Alternatively,
a loss of function mutation can be determined by detecting
any alternation in a nucleic acid sequence encoding a
component of the SWI/SNF complex. For example, a
nucleic acid sequence encoding a component of the SWI/
SNF complex having a loss of function mutation can be
detected by whole-genome resequencing or target region
resequencing (the latter also known as targeted resequenc-
ing) using suitably selected sources of DNA and polymerase
chain reaction (PCR) primers in accordance with methods
well known in the art. The method typically and generally
entails the steps of genomic DNA purification, PCR ampli-
fication to amplify the region of interest, cycle sequencing,
sequencing reaction cleanup, capillary electrophoresis, and/
or data analysis. Alternatively or in addition, the method
may include the use of microarray-based targeted region
genomic DNA capture and/or sequencing. Kits, reagents,
and methods for selecting appropriate PCR primers and
performing resequencing are commercially available, for
example, from Applied Biosystems, Agilent, and Nimble-
Gen (Roche Diagnostics GmbH). Alternatively or in addi-
tion, a nucleic acid sequence encoding a SWI/SNF poly-
peptide having a loss of function mutation may be detected
using a Southern blot in accordance with methods well
known in the art. Optionally, a loss of function mutation can
be detected by measuring the absence of the expression of a
component polypeptide or by measuring the expression of
the mutant component polypeptide. Detection of (mutant)
polypeptide expression can be carried out with any suitable
immunoassay in the art, such as Western blot analysis.
[0113] Human nucleic acid and amino acid sequence of
components of the SWI/SNF complex have previously been
described. See, e.g., GenBank Accession Nos NP_003064.2,
NM_003073.3, NP_001007469.1, and NM_001007468.1
for SNF5, GenBank Accession Nos NM_000489.3,
NP_000480.2, NM_138270.2, and NP_612114.1 for ATRX,
GenBank Accession Nos NP_006006.3, NM_006015.4,
NP_624361.1, and NM_139135.2 for ARIDIA, each of
which is incorporated herein by reference in its entirety.
[0114] Spectrum of hSNFS5 somatic mutations in human
has also been described in Sevenet et al., Human Molecular
Genetics, 8: 2359-2368, 1999, which is incorporated herein
by reference in its entirety.

[0115] A subject in need thereof may have reduced expres-
sion, haploinsufficiency, and/or loss of function of SNFS5.
For example, a subject can comprise a deletion of SNFS in
SNFS5 polypeptide or a nucleic acid sequence encoding a
SNEFS5 polypeptide.
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SWI/SNF-related matrix-associated actin-dependent regulator of chromatin

subfamily B member 1 isoform a

1

61

121

181

241

301

361

mmmmalsktf
kkivasshgk
regkakrnsq
sgpevlvpir
irggiesypt
lglggefvtt

mekkirdgdr

ggkpvkigle
ktkpntkdhg
wvptlpnssh
ldmeidggkl
dsiledgsdq
iaysirgqgls

ntrrmrrlan

(SMARCB1,
ddgefymigs
yttlatsvtl
hldavpcstt
rdaftwnmne
rviiklnihv
whgktyafse

tapaw

also called SNF5)

evgnylrmfr
lkaseveeil
inrnrmgrdk
klmtpemfse
gnislvdgfe

nplptveiai

[Homo sapiens]

(SEQ ID NO: 1

gslykrypsl
dgndekykav
krtfplcfdd
ileddldlnp
wdmsekensp

rntgdadgwc

wrrlatveer
sistepptyl
hdpavihena
ltfvpaiasa
ekfalklcse

plletltdae

Homo sapiens SWI/SNF related, matrix associated, actin dependent

regulator of chromatin,

SNF5) ,

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

subfamily b, member 1

transcript variant 1, mRNA

aacgccageg cctgegeact gagggeggece

gaggagceceg

tttecectegy

cteceggecge

cagaagcceg

gtgggaaact

aggcgactag

acaaaaccta

aaagcctegg

atcagcacag

gtacccacce

aacaggaacc

gacccagetyg

gacatggaga

ttgatgacgce

acgtttgtge

agcatcetgg

aacatttccce

aagtttgeecc

gcatacagca

cctetgecca

ctgetggaga

acgaggcegga

acggctecca

cagaggcgag

tccaggtgge

getgaggege

cccageacgce

cegectetge

tgaagttcca

acctcegtat

ccactgtgga

acactaagga

aagtggaaga

agcccecccac

tgcccaacag

gcatgggccg

tgatccatga

tcgatgggea

ctgagatgtt

cagccatege

aggaccagtc

tggtggacca

tgaagctgtyg

tceggggaca

cagtggagat

ctctgacaga

tgaggegtet

cggageatet

gggacagcce

ccttecegge

cagtaccegg

cceggeceeyg

cgcegeaatyg

gctggaggac

gttcegaggt

agagaggaag

tcacggatac

gattctggat

ctacctcagg

ctcccaccac

agacaagaag

gaacgcatct

gaagctgega

ttcagaaatc

ctectgecate

agaccagegce

gtttgagtgg

cteggagetyg

getgagcetgg

tgccatcegyg

cgctgagatg

tgccaacacyg

cagaagattg

agcgecatec

acacattcca

tggtcgtegt

cceggtecge

cceccagecct

atgatgatgg

gacggcgagt

tctetgtaca

aaaatagttg

acgactctag

ggcaacgatyg

gaacagaagg

ttagatgceg

agaaccttce

cagcccgagyg

gacgccttea

ctctgtgacy

agacagcaga

gtcatcatca

gacatgtcag

gggttgggcg

catcagaaga

aacacgggcyg

gagaagaaga

gceeeggect

ggcecgectet

tgaggatcgg

tttgttgage

(SMARCB1,

also called

(SEQ ID NO: 2)

ctgeggegge

atttecgectt

cctgateect

cgctgageaa

tctacatgat

agagataccc

catcgtcaca

ccaccagtgt

agaagtacaa

ccaagaggaa

tgccatgete

ccetttgett

tgctggtece

cctggaacat

atctggattt

tcgagtecta

agctgaacat

agaaggagaa

gggagtttgt

cctacgectt

atgcggacca

tcegegacca

ggtaaccage

cctecatcett

gtgggggtgy

cccagtectyg

ggeggegget

ceggettegy

cgcagecagyg

gacctteggyg

cggetecgag

ctcactectygyg

tggtaaaaaa

gaccctgtta

ggctgtgtee

cagccagtygg

cacaaccatc

tgatgaccat

catceggetyg

gaatgagaag

gaacccgety

cceccacggac

ccatgtggga

ctcaccagag

caccaccatc

cagcgagaac

gtggtgccca

ggacaggaac

ccatcagcac

ctggcaagga

agtgggggct

ccceeceecacece
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-continued
1561 cacccteect accectecce agtctetggg gtcaggaaga aaccttattt taggttgtgt
1621 tttgtttttg tataggagcc ccaggcaggg ctagtaacag tttttaaata aaaggcaaca
1681 ggtcatgttc aatttcttca acaaaaaaaa aaaaaaa

SWI/SNF-related matrix-associated actin-dependent regulator of
chromatin subfamily B member 1 isoform b [Homo sapiens] (SMARCBI,
also called SNF5)

(SEQ ID NO: 3)

1 mmmmalsktf ggkpvkfgle ddgefymigs evgnylrmfr gslykrypsl wrrlatveer
61 kkivasshdh gyttlatsvt llkaseveei ldgndekyka vsisteppty lregkakrns
121 gwvptlpnss hhldavpest tinrnrmgrd kkrtfplcfd dhdpavihen asgpevlvpi
181 rldmeidggk lrdaftwnmn eklmtpemfs eilcddldln pltfvpaias airqgiesyp
241 tdsiledgsd grviiklnih vgnislvdqf ewdmsekens pekfalklcs elglggefvt
301 tiaysirggl swhgktyafs enplptveia irntgdadgw cplletltda emekkirdgd
361 rntrrmrrla ntapaw

Homo sapiens SWI/SNF related, matrix associated, actin dependent
regulator of chromatin, subfamily b, member 1 (SMARCB1, also called
SNF5), transcript variant 2, mRNA

(SEQ ID NO: 4)

1 aacgccageg cctgcegecact gagggceggece tggtegtegt ctgeggegge ggcggeggcet

61 gaggagcceyg gcetgaggcege cagtaccegg cecggtecge atttegectt ceggettegg
121 ttteectegyg cccagecacge ccecggeceeg ccecagecct ccetgatcccet cgcageccgg
181 cteeggecge cegectetge cgecgcaatyg atgatgatgg cgctgagcaa gacctteggg
241 cagaagccceg tgaagttcca getggaggac gacggcgagt tctacatgat cggctcecgag
301 gtgggaaact acctccgtat gttccgaggt tetcetgtaca agagatacce ctcactcetgg
361 aggcgactag ccactgtgga agagaggaag aaaatagttyg catcgtcaca tgatcacgga
421 tacacgactc tagccaccag tgtgaccctg ttaaaagcect cggaagtgga agagattctg
481 gatggcaacyg atgagaagta caaggctgtg tccatcagca cagagccccece cacctaccte
541 agggaacaga aggccaagag gaacagccag tgggtaccca ccctgcccaa cagctcccac
601 cacttagatg ccgtgecatg ctccacaacc atcaacagga accgcatggg ccgagacaag
661 aagagaacct tcccectttg ctttgatgac catgacccag ctgtgatcca tgagaacgca
721 tctecageceg aggtgetggt ccccatceegg ctggacatgg agatcgatgg gcagaagetg
781 cgagacgect tcacctggaa catgaatgag aagttgatga cgcctgagat gttttcagaa
841 atcctetgtg acgatctgga tttgaacceg ctgacgtttyg tgccagccat cgcctetgece
901 atcagacagc agatcgagtc ctaccccacg gacagcatce tggaggacca gtcagaccag
961 cgegteatca tcaagectgaa catccatgtg ggaaacattt ccctggtgga ccagtttgag
1021 tgggacatgt cagagaagga gaactcacca gagaagtttg ccctgaagcect gtgctcggag
1081 ctggggttgg gcggggagtt tgtcaccacc atcgcataca gcatccgggg acagctgagce
1141 tggcatcaga agacctacgc cttcagcgag aaccctcectge ccacagtgga gattgccatce
1201 cggaacacgg gcgatgegga ccagtggtge ccactgcetgg agactctgac agacgctgag
1261 atggagaaga agatccgcga ccaggacagg aacacgaggce ggatgaggeg tcettgecaac
1321 acggceccegg cctggtaacce ageccatcag cacacggcete ccacggagca tctcagaaga
1381 ttgggccgee tetectecat cttetggeaa ggacagagge gaggggacag cccagegeca

1441 tcctgaggat cgggtggggyg tggagtgggg gcettceccaggt ggcccttecec ggcacacatt
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-continued

1501 ccatttgttg agccccagtce ctgccceccca ceccacccte cctaccecte cccagtcetcet

1561 ggggtcagga agaaacctta ttttaggttg tgttttgttt ttgtatagga gccccaggca

1621 gggctagtaa cagtttttaa ataaaaggca acaggtcatg ttcaatttct tcaacaaaaa

1681 aaaaaaaaaa

[0116] A subject in need thereof may have reduced expres- for the wild type residue lysine (K) at amino acid position
sion, haploinsufficiency, and/or loss of function of ATRX. 688 of SEQ ID NO: 5 (K688N), and a substitution of
For example, a subject can comprise a mutation selected isoleucine (1) for the wild type residue methionine (M) at

from the group consisting of a substitution of asparagine (N) amino acid position 366 of SEQ ID NO: 5 (M366]).

Homo sapiens alpha thalassemia/mental retardation syndrome X-linked
(ATRX) isoform 1
(SEQ ID NO: 5)

1 mtaepmsesk Intlvgklhd flahsseese etsspprlam ngntdkisgs gsnsdmmens

61 keegtsssek skssgssrsk rkpsivtkyv esddekpldd etvnedasne nsenditmgs
121 lpkgtvivgp epvlnedkdd fkgpefrsrs kmktenlkkr gedglhgivs ctacgggvnh
181 fgkdsiyrhp slgvlickne fkyymsddis rdsdgmdeqc rwcaeggnli ccdfchnafc
241 kkcilrnlgr kelstimden ngwycyichp eplldlvtac nsvfenleqgl lggnkkkikv
301 dseksnkvye htsrfspkkt ssncngeekk lddscsgsvt ysysalivpk emikkakkli
361 ettanmnssy vkflkgatdn seissatklr glkafksvla dikkahlale edlnsefram
421 davnkekntk ehkvidakfe tkarkgekpc alekkdisks eaklsrkgvd sehmhgnvpt
481 eegrtnkstg gehkksdrke epgyepants edldmdivsv pssvpedife nletamevgs
541 svdhqgdgss gtegevesss vklnisskdn rggiksktta kvtkelyvkl tpvslsnspi
601 kgadcgevpg dkdgykscgl npklekcglg gensdnehlv enevslllee sdlrrsprvk
661 ttplrrptet npvtsnsdee cnetvkekgk lsvpvrkkdk rnssdsaidn pkpnklpksk
721 gsetvdgnsd sdemlailke vsrmshssss dtdineihtn hktlydlktqg agkddkgkrk
781 rksstsgsdf dtkkgksaks siiskkkrgt gsessnydse lekeiksmsk igaarttkkr
841 ipntkdfdss edekhskkgm dngghknlkt sgegssddae rkgeretfss aegtvdkdtt
901 imelrdrlpk kggasastdg vdklsgkeqs ftslevrkva etkekskhlk tktckkvgdg
961 lsdiaekflk kdgsdetsed dkkgskkgte ekkkpsdfkk kvikmeqgye sssdgteklp
1021 ereeichfpk gikgikngtt dgekkskkir dktskkkdel sdyaekstgk gdscdssedk
1081 kskngaygre kkrckllgks srkrgdcsss dtekysmked genssdkrlk rielrerrnl
1141 sskrntkeilq sgssssdaee ssednkkkkq rtsskkkavi vkekkrnslr tstkrkgadi
1201 tgssssdied ddgnsigegs sdegkikpvt enlvlsshtg fcgssgdeal sksvpvtvdd
1261 ddddndpenr iakkmlleei kanlssdedg ssddepeegk krtgkgneen pgdeeakngv
1321 nsesdsdsee skkpryrhrl lrhkltvsdg esgeekktkp kehkevkgrn rrkvssedse
1381 dsdfgesgvs eevsesedeq rprtrsakka eleengrsyk gkkkrrrikv gedsssenks

1441 ns ke eeeedendds kspgkgrkki rkilkddklr tetgnalkee

1501 eerrkriaer erereklrev ieiedasptk cpittklvld edeetkeplv gvhrnmvikl
1561 kphgvdgvgf mwdcccesvk ktkkspgsgce ilahemglgk tlgvvsflht vlledkldfs
1621 talvvepint alnwmnefek wgeglkddek levselatvk rpgersymlq rwgedggvmi
1681 igyemyrnla ggrnvksrkl keifnkalvd pgpdfvvcde ghilkneasa vskamnsirs

1741 rrriiltgtp lgnnlieyhc mvnfikenll gsikefrnrf inpignggca dstmvdvrvm
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1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

kkrahilyem
seggrgkaga
slssddytkk
lkleeskats
sgslisldli
efndetnvryg
yvyrflaggt
ekkkkrdtpm
ekkgltmrfn
svtavrigpl
liscvgrilm

dpvaggmgpp

Homo sapiens alpha

(ATRX) ,
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381

1441

transcript
aattctectyg
cegeggetec
gcagctacag
gcagatcgge
tgagcccatg
acactcatca
cacagataaa
gggaactage
ttcaattgta
aaatgaagat
aggtacagtg
gcctgaattt
tgggettcat
agattccatt
ttacatgagt
tgcggaaggt
cattctacge
gtattgctac
atttgagaat
aaagagtaat
ttgtaatgga
ttcegeacta
agccaacatg
cagttetget

gaaggctcat

-continued

lagcvgrkdy taltkflppk heyvlavrmt

klfgdfgmls
kkkgkkgkkd
ssnpsspapd
edflelasre
rlfiistkag
medkiydrgv
lpkdtilael
iptgtnlppv
ediisavwke
nrrlqgqgyng

plgrapppmr

riwthpwelg
ssssgsgsdn
wykdfvtdad
ktedkdkpli
slginlvaan
tkgslsfrvv
lgihkehivg
sfnsqtpyip
nmnlseaqgvqg
qqqaamtyqq

sknpgpsagk

ldyiskenkg
dvevikvwns
aevlehsgkm
vkgegkwlrn
rviifdaswn
dgggverhft
vhehdslldh
fnlgalsams
alalsrgasq
atlghlmmpk

sm

15

sigcklyqyy
yidedsmdef
rsrgggegnv
vllfeilrma
idyyrldgst
psydigsifr
mneltelytf
keeeelteee
ngqledling
eldvkrreai

ppnlimnpsn

1ldhltgvgnn
iasdsdetsm
detgnnpsys
eeigdkvlvE
tagsrkkwae
vyrfggtkpv
epdllddpns
rkaawvaeyea
grekvveatn
yndvltkggm

yqgidmrgmy

thalassemia/mental retardation syndrome X-linked

variant 1,
cctgagecte
tgeggeggtyg
tgacgactaa
geccagcaat
agtgaaagca
gaagaatcty
atcagtggtt
tcttecagaaa
acaaagtatg
gegtctaaty
attgtacage
agaagcagaa
gggattgtga
tatagacacc
gatgatatta
ggaaacttga
aaccttggte
atttgtcacce
ttagaacagt
aaagtatatg
gaagaaaaga
attgtgeccca
aactccagtt
acaaaattac

cttgcattgg

mMRNA

ggcccaacaa

gecagtggtag

gactccagtyg

cacagaagcc

agttgaatac

aagaaacaag

ctggaagtaa

aatccaagtc

tagaatcaga

aaaattcaga

cagagccagt

gtaaaatgaa

gctgcactge

cttcattgea

gcegtgacte

tttgttgtga

gaaaggagtt

cagagecttt

tgttgcagea

aacatacatc

aattagatga

aagagatgat

atgttaaatt

gtcagcttaa

aagaagactt

aatggcggeg
cggectttga
catttctatc
gacaaggcgt
attggtgcag
ttctecteca
ctctgatatg
ttcaggatcg
tgatgaaaaa
aaatgatatt
gctgaatgaa
aactgaaaat
ttgtggacaa
agttcttatt
agatggaatg
cttttgecat
gtccacaata
gttggacttyg
aaataagaag
cagattttct
ttecctgttet
taagaaggca
tttaaagcag
ggcttttaag

aaattccgag

(SEQ ID NO:

gecageggtgt
getgtgggga
gtaaccggge
tcaagcgaaa
aagcttcatg
cgacttgcaa
atggaaaaca
tcacgatcaa
cctttggatyg
actatgcaga
gacaaagatg
ctcaaaaaac
caggtcaatc
tgtaagaatt
gatgaacaat
aatgctttet
atggatgaaa
gtcactgcat
aagataaaag
ccaaagaaga
ggctctgtaa
aaaaaactga
gcaacagata
tctgtgttyg

tttcegagega

cgetttgttt

ggttccagca

dgegggggage

acatgaccge

acttcettge

tgaatcaaaa

gcaaggaaga

agaggaaacc

atgaaactgt

gcttgecaaa

attttaaagg

dcggagaaga

attttcaaaa

gctttaagta

gtaggtggtg

gcaagaaatg

acaaccaatg

gtaacagcgt

ttgacagtga

ctagttcaaa

cctactctta

ttgagaccac

attcagaaat

ctgatattaa

tggatgctgt

6)
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1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

aaacaaagag

acgaaaagga

actttcaaga

aagaacaaat

atatgaacct

agttccagaa

tcatcaaggg

aaatatttct

aaaagaatta

tgattgtcag

gttagagaaa

agtttcatta

cttgaggega

aacagttaag

ttctgacagt

gactgtggat

gatgagtcac

tttgtatgat

ttctacatct

ttctaaaaag

agagataaag

tacaaaagat

agggcacaaa

agagagagag

attaagagat

getttetggy

agaaaagagc

tattgcagag

gcagagcaaa

taaaatggaa

agaaatttgt

aaagaaaagt

tgctgagaag

gaatggagca

gagacaagat

ctettetgat

gagaaatact

agataataaa

gaaaaagaga

aaaaatacca

gaaaaacctt

aaacaggtag

aaaagtaccyg

gccaacactt

gacatttttg

gatggcagca

tcaaaagaca

tatgttaaac

gaagttccac

tgtggacttg

cttttagagg

ccgacagaaa

gagaaacaaa

gctatagata

caaaattcag

agttcttett

ttaaagactc

ggctcagatt

aaacgacaaa

agcatgagta

tttgactett

aatttgaaga

actttctett

cgacttecta

aaagagcaga

aagcatctca

aaattcctaa

aagggaactg

caacagtatg

cattttccta

aaaaaaataa

tcaacaggga

tatggtagag

tgttcatcat

aagagactga

aaggaaatac

aagaagaagc

aactccctaa

-continued
aagagcataa agtcatagat

gtgctttgga aaagaaggat
atagtgagca catgcatcag
gtggtgaaca taagaaatct
ctgaagattt agacatggat
agaatcttga gactgctatg
gtggaactga acaagaagtg
acagaggagyg tattaaatca
tcactcctgt ttecctttet
aagataaaga tggctataaa
gacaggaaaa cagtgataat
aatctgatct tcgaagatce
ctaaccctgt aacatctaat
aactatcagt tccagtgaga
atcctaagece taataaattg
attctgatga aatgctagca
cagatactga tattaatgaa
aggcggggaa agatgataaa
ttgatactaa aaagggcaaa
cccagtetga gtettetaat
aaattggtgce tgccagaacc
ctgaagatga gaaacacagc
cctcacaaga aggatcatct
cagcagaagyg cacagttgat
agaagcagca agcaagtgct
gttttactte tttggaagtt
aaaccaaaac atgtaaaaaa
agaaagacca gagcgatgaa
aagaaaaaaa gaaaccttca
aatcttcate tgatggcact
agggcataaa acaaattaag
gagataaaac ttctaaaaag
aaggagatag ttgtgactct
agaagaaaag gtgcaagttg
ctgatactga gaaatattcc
aaagaataga attgagggaa
aaagtggctce atcatcatct
aaagaacttc atctaaaaag

gaacaagcac taaaaggaag

16

gctaagttty
atttcaaagt
aatgttccaa
gatagaaaag
attgtgtetg
gaagttcaga
gagagttcat
aaaactacag
aattccccaa
agttgtggte
gagcatttgg
ccacgtgtaa
tcagatgaag
aaaaaggata
ccaaaatcta
atcctcaaag
attcatacaa
ggaaaaagga
tcagctaaga
tatgactcag
accaaaaaaa
aaaaaaggaa
gatgatgcetyg
aaagacacga
tccactgatg
agaaaagttg
gtacaggatg
acttctgaag
gactttaaga
gaaaagttac
aatggaacaa
aaggatgaat
tcagaggata
cttggaaaga
atgaaagaag
agaagaaatt
gatgctgagg
aaggcagtca

caagctgaca

aaacaaaagc

cagaagctaa

cagaggaaca

aagaacctca

ttccttecte

gttcagttga

ctgtaaaatt

ctaaagtaac

ttaaaggtge

tgaaccccaa

ttgaaaatga

agactacacc

aatgtaatga

agcgtaattce

agcaatcaga

aggtgagcag

accataagac

aacgaaaaag

gctctataat

aattagaaaa

gaattccaaa

tggataatca

aaagaaaaca

ccatcatgga

gtgtcgataa

ctgaaactaa

gcttatctga

atgataaaaa

aaaaagtaat

ctgagcgaga

ctgatggaga

tatctgatta

aaaagagtaa

gttcaaggaa

atggttgtaa

taagttcaaa

aaagttctga

ttgtcaagga

ttacatcctce
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3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

5161

5221

5281

5341

5401

5461

5521

5581

5641

5701

5761

5821

5881

5941

6001

6061

6121

atcttecttet

acagaaaatt

atcttcagga

cgacaatgat

tctttectet

tggaaaacaa

atcagattca

caaattgact

taaagaagtc

ttttcaggaa

aacaaggtct

gaaaaggcga

dgaagaagag

ggaagatgaa

tcttaaagat

acgaaaacgt

tgaagatgcet

agaaaccaaa

tcaagtagat

gaaatctcca

ggtggtaagt

agtggtttgt

gggattaaaa

dgagagaagc

tgagatgtat

atttaacaaa

tctaaaaaat

gattatttta

ttttatcaag

aattcaaaat

tgctcacatt

aacaaaattc

gtgcaagcetce

tggaagagga

gactcatcct

tgaagacagt

ctcegatgat

aagtggaagt

gggaggtggt

gatatagaag

aagcctgtga

gatgaagect

cctgagaata

gatgaggatg

aatgaagaaa

gattctgaag

gtgagtgacg

aaaggcagaa

tcaggagtta

gcaaagaaag

cgtattaagg

gaggaaaaag

aatgatgatt

gataaactga

attgctgaga

tcacccacca

gaacctttag

ggtgttcagt

ggttcaggat

tttcttcata

cctcttaata

gatgatgaga

tacatgetge

agaaatcttg

getttggttyg

gaagcatctyg

acaggaacac

gaaaatttac

ggtcagtgtg

ctctatgaga

ttgcctecaa

tatcagtact

aaggcaggtg

tggtgtttge

atggatgaat

tatacaaaaa

ggcagtgaca

gaaggaaatg

-continued

atgatgatca

ctgaaaattt

tatctaaatc

gaattgccaa

gatcttcaga

acccaggaga

aatctaagaa

gagaatctgg

acagaagaaa

gtgaagaagt

cagagttgga

ttcaagaaga

aagaggagga

ccaagtctec

gaacagaaac

gggagcgtga

agtgtccaat

tgcaggttca

ttatgtggga

gcattettge

cagttetttt

ctgetttgaa

agcttgaggt

agaggtggeca

ctcaaggaag

atccaggeec

ctgtttctaa

cacttcaaaa

ttggatccat

cagattctac

tgttagctgg

aacacgaata

acttagatca

caaagctttt

agctagacta

ttatagccte

agaagaaaaa

atgatgttga

tggatgaaac

gaattctata

agtgctgtcet

agtgeetgte

gaagatgcett

tgatgagcca

tgaggaagca

gccaagatac

agaagaaaaa

ggtgagcagt

tagtgaatcc

agaaaatcag

ttcatccagt

dgaagaggag

tggaaaaggc

acaaaatgct

gcgagaaaaa

aacaaccaag

tagaaatatg

ttgctgetgt

ccactgtatg

gtgtgacaaa

ttggatgaat

ttctgaatta

agaagatggt

gaatgtgaag

tgattttgtt

agctatgaat

taacctaatt

taaggagttc

catggtagat

atgtgttcag

tgtgttaget

cttaacaggt

ccaagatttt

cattagcaaa

agattctgat

agggaaaaag

agtgattaag

aggaaacaat

17

ggtgagggaa
tcacatactg
acagtggatg
ttagaagaaa
gaagaaggga
aaaaatcaag
agacataggc
aagacaaagc
gaagattcag
gaagatgaac
cggagetata
gaaaacaaga
gaggaggagg
agaaagaaaa
cttaaggaag
ttgagagagg
ttggttttag
gttatcaaat
gagtctgtga
ggccttggta
ctggatttca
gaatttgaga
gcaactgtga
ggtgttatga
agtcggaaac
gtttgtgatg
tctatacgat
gagtatcatt
aggaatagat
gtcagagtga
aggaaagatt
gtgagaatga
gtgggcaata
cagatgttaa
gaaaataagg
gaaacctcca
gggaaaaaag
gtctggaatt

ccttetgttt

gcagcgatga
gattttgcca
atgatgatga
ttaaagccaa
aaaaaagaac
tcaattctga
ttttgcggca
ctaaagagca
aagattctga
agcggeccag
aacagaaaaa
gtaattctga
aagaggagga
ttcggaagat
aggaagagag
tgatagaaat
atgaagatga
tgaaacccca
aaaaaacaaa
agactttaca
gcacggegtt
agtggcaaga
aacgtcctca
tcataggeta
ttaaagaaat
aaggccatat
caaggaggag
gtatggttaa
ttataaatcc
tgaaaaaacg
atacagcatt
cttctattca
atagtgaagg
gtagaatatg
gttattttga
tgagtttaag
atagtagctce
caagatctecg

ctttaaaact
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6181

6241

6301

6361

6421

6481

6541

6601

6661

6721

6781

6841

6901

6961

7021

7081

7141

7201

7261

7321

7381

7441

7501

7561

7621

7681

7741

7801

7861

7921

7981

8041

8101

8161

8221

8281

8341

8401

8461

ggaagaaagt
agattttgtt
ctttgaaatt
ccteatatet
agataaagat
ttaccgttta
tgatgaaact
aattaatctg
tgacatccag
taggttctta
gtcactgtct
gcttactgaa
gaagaagagg
acataaagaa
agaagagttg
gggactgacc
ctctecaaact
getggaggac
agcagtgagg
tctetecagag
tgttaaacga
ctgtgttecag
gcaacaaatg
tttgatcatg
ggctggtggt
tccaggacct
aaatcataga
taaatagttt
aaatagggca
acacgctgag
agtaacaact
ttgtcataaa
taaaaacaca
taatccattt
aaactggget
gacacagaat
cagttatctt
cttetttagt

aaaatttcag

aaagctactt

acagatgctg

cttegaatgg

ctggacttga

aaacccctta

gatggttcca

aatgtgagag

gtagctgceta

agtatattca

gctcagggaa

tttcgagtty

ctttatactt

gatactccca

cacattgtag

actgaagaag

atgcgtttea

ccttatattce

ctcattaatc

attcaacctc

gcccaagtac

agagaagcaa

cgaatactta

acttatcaac

aatccttcta

atgcageccac

tcccaaggga

aagatctttt

ggtccectta

taccatttct

tacagaagat

ccacagattt

attaataaat

cagctgagtt

cttgattaaa

cctgetttat

tgtgtgcaat

agcattgtat

ccttetgeca

ggttgtggat

-continued
cttcttctaa tccaagcage

atgctgaggt tttagagcat
cagaggaaat tggggataaa
ttgaagattt tcttgaatta
tttataaagyg tgaggggaag
ctactgcaca gtcaaggaag
gacgattatt tatcatttct
atcgagtaat tatattcgac
gagtttatcg ctttggacaa
ccatggaaga taagatttat
ttgatcagca gcaggtggag
ttgagccaga cttattagat
tgctgccaaa ggataccata
gataccatga acatgattct
aaagaaaagc agcttggget
acataccaac tgggaccaat
ctttcaattt gggagccctyg
aaggaagaga aaaagttgta
ttgaggatat aatttcagct
aggcgttage attaagtaga
tctacaatga tgtattgaca
tgaacagaag gctccagcag
aagcaacact gggtcacctce
actaccagca gattgatatg
caccattaca gcgtgcacca
aatcaatgtyg attttgcact
atttttttag gaatcaatga
aatgccaatc ttccatatta
tcctgacatt tgtcagtgat
atttcaaatt gttttcagtg
cctetetaaa tttttatgee
ttaggaaaga ataaagattt
cttagagttyg attcctcaag
gtgattgaaa tggttttaat
tgtctetgtyg actgaaagtt
attcttaaat actactgetce
aaacagcctt aagtatagec
ttttttattt tcagttatat

tatcttccac acatgaattt

18

ccagcetecag
tctgggaaaa
gtcettgttt
gctagtaggyg
tggcttegaa
aagtgggctg
actaaagcag
gcettettgga
actaagcctyg
gatcggcaag
cgtcatttta
gaccctaatt
cttgcagage
cttttggace
gagtatgaag
ttaccceetyg
tcagcaatga
gaagcaacaa
gtatggaagg
caagccagec
aaacaacaga
cagtacaatc
atgatgccaa
agaggaatgt
ccecccaatga
aaaagcttaa
cttaacagaa
gttttacttt
gttgcctaga
aaaacaagtc
tgcttttage
atatattcat
ttatgaaata
gttettttga
agaaactgag
taaaagttgg
taagaagaga
gtgctgaaat

tctetetect

actggtacaa

tggtacttet

tcagccagte

agaagacaga

acattgacta

aagaatttaa

gatctctagyg

atccatctta

tttatgtata

taactaagca

ctatgaatga

cagaaaagaa

tccttecagat

acaaagaaga

cagagaagaa

tcagtttcaa

gtaatcaaca

acagtgtgac

agaacatgaa

aggagcttga

tgttaatcag

agcagcaaca

agcccccaaa

atcagccagt

gaagcaaaaa

tggattgtta

ctcaactgta

o o o o o o o o o of

atcttcttac

cttccataat

aaccataaaa

tctttacata

cttttgtact

ctgaagtctyg

ggttatcttt

agaagtcttg

attccttttt

aattactggt

ggcacgaata
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8521

8581

8641

8701

8761

8821

8881

8941

9001

9061

9121

9181

9241

9301

9361

9421

9481

9541

9601

9661

9721

9781

9841

9901

9961

10021

10081

10141

10201

10261

10321

10381

10441

10501

10561

10621

10681

10741

10801

taaagcacat

gggatgtgga

ttgttaggtt

taggttcaca

ttcctetgaa

cttttacccce

ttagattgtg

ttttactaga

ataaatttat

ctatgggagt

aaacagctta

ctttgettta

tgtttggatg

agagcactag

cactttccca

tgtaatcaga

aagacaagat

gtatttctac

tggtctaatt

tttcaccatg

agagtttgaa

atataatatg

cacgtcagta

gcaatggatt

tcteccacatt

tgatattgta

ggctgctgaa

ttetgtattyg

ttgtaatata

atactatctg

atgtcattta

aaaatctgtyg

tggttetttt

ctgttatata

ggaagtccat

tgtttececaa

tagaaaagct

attttgtage

tatttatgtg

ctcttaactg

cttagaaaat

cacaccetgt

tgaggaatgt

agataagaat

agtttectta

aggcaattat

aaatgtatta

tcatgtacaa

caactcaaca

agaattccaa

ggtatcactyg

attaagagat

gattgtgata

tgatgaaata

tttatttaat

ttatgagaaa

aagttcagaa

atttactcaa

gatgaaacta

ataaaacttg

tactttgagt

aaatactaaa

aaaaatgatg

ttgtaacctyg

tatgttttgt

atcatacagc

agtatcttaa

tataaggact

tgttttcacc

ataaagtgac

cacatactgt

gcacatttag

ctaaattctg

gtgtgtttgt

cagctgtaac

gcttaccatt

ctteecttag

ccccaaacaa

-continued

catggtgeca

caagttctag

tttataaaca

acttttaaca

cactggette

cattttttta

taaatcaaaa

cattttattt

ttttggttac

tggcagaacc

aaaaaaaaaa

gattagaatg

tgccattttt

cagaatttgt

tcactaataa

tgggtggggce

tatttgaagg

tattttaaac

agacatagat

taacttaaag

gaccactttyg

ataacatcaa

aggctcattt

atttaaaatg

ttttatttect

cccagttgta

tgtgaagact

gtactgtaga

ggaattgtgt

attcaaagtg

caaaatgtgt

ttcatagaaa

ttatttaata

taaagggaga

gttagttttg

actcatttta

cagaagcttce

ctatgttcat

aactttaaga

gtgctaatge
cattttagta
acatcaaaat
attcccagta
tatgcgette
aattgtttca
ttaattcatc
tttcttaatc
ttgaattgtt
atttttgaga
aaaaaaaaaa
agtttaacat
atcttggaag
gaggtttggt
atcctgtata
aggtgtgtat
cagtacactc
ctgatttact
gtgaaaattt
aataatactt
tatacactct
gctttaacaa
ttatatttgt
ttgcttgtaa
ttgggtgtaa
tagtaatgtt
tgcctttgtt
aaagatgtca
ttttaaagaa
ctgtttagta
tgtgctettt
atgtatagct
ttgagaggtc
tctectcatcet
gatgtetttyg
agtcaagcag
cttattacct
tttcecteca

gcagttacat

19

ttcatcctgt
ggttaacact
ggcagaacca
ctatcagtat
ttttctectea
gagtttgttt
caatacccct
cagttectgea
aaagaaaaca
tgatgataca
aaaagaaaac
tagctaaaac
aactagtggt
ggatccacge
tttagatatt
ttactttaga
tggccaactyg
agacctggga
taggcaacct
agaagggtta
tctcacttga
atatttaaag
tttagatgtt
tacagttttg
agcgtttttyg
tcagtccate
tctgttagac
cttettectt
aagcattcaa
gttgaaactt
attgtatttt
tttgttgtece
acgaagtttg
caaaaagaat
tgtaatccag
ggctaccaac
ggcctccaaa
ttatcataaa

tctgteccag

tgctggcagt

gaagttgtgy

ttgctgactt

tgtgaaataa

tcatcatgtt

tttttttagt

ttactagaag

aaaatgacct

ttgtttttga

acaggtagtg

tgggtttggg

tgctttgagt

aaaacatcca

cccecteteccee

atgctageca

aaaaatgaaa

ttaccagttg

attttcaaca

tctaaatctt

attggaaatc

cattttaget

acaaaaaaat

ttaaatagtt

cctgctaaat

cttagtattg

atccagettt

tgcttttcag

taaggctgtt

gtatgacaat

aaactattta

cacagetttyg

tatataatgg

gttattgaat

ttacatacca

cceccatttec

ccacacttga

tgagctgaat

atcagatcga

tagccettgt
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-continued
10861 ttectttgag agtagcatgt tgtgaggcta tagagactta ttctaccagt aaaacaggtce

10921 aatcctttta catgtttatt atactaaaaa ttatgttcag ggtatttact actttattte

10981 accagactca gtctcaagtg acttggctat ctccaaatca gatctaccct tagagaataa

11041 acatttttct accgttattt tttttcaagt ctataatctg agccagtccc aaaggagtga

11101 tcaagtttca gaaatgcttt catcttcaca acattttata tatactatta tatggggtga

11161 ataaagtttt aaatccgaaa tataaaaaaa aaaaaaaaaa aa

Homo sapiens alpha thalassemia/mental retardation syndrome X-linked

(ATRX) isoform 2

(SEQ ID NO: 7)
1 mtaepmsesk Intlvgklhd flahsseese etsspprlam ngntdkisgs gsnsdmmens
61 keegtsssek skssgssrsk rkpsivtkyv esddekpldd etvnedasne nsenditmgs

121 lpkedglhgi vsctacggqv nhfgkdsiyr hpslgvlick ncfkyymsdd isrdsdgmde
181 gcrwcaeggn liccdfchna fokkeilrnl grkelstimd enngwycyic hpeplldlvt
241 acnsvifenle gllggnkkki kvdseksnkv yehtsrfspk ktssncngee kklddscsgs
301 vtysysaliv pkemikkakk liettanmns syvkflkgat dnseissatk lrglkafksv
361 ladikkahla leedlnsefr amdavnkekn tkehkvidak fetkarkgek pcalekkdis
421 kseaklsrkg vdsehmhgnv pteegrtnks tggehkksdr keepqgyepan tsedldmdiv
481 svpssvpedi fenletamev gssvdhggdg ssgtegeves ssvklnissk dnrggikskt
541 takvtkelyv kltpvslsns pikgadcgev pgdkdgyksc glnpklekcg lggensdneh
601 lvenevslll eesdlrrspr vkttplrrpt etnpvtsnsd eecnetvkek gklsvpvrkk
661 dkrnssdsail dnpkpnklpk skgsetvdgn sdsdemlail kevsrmshss ssdtdineih
721 tnhktlydlk tgagkddkgk rkrksstsgs dfdtkkgksa kssiiskkkr gtgsessnyd
781 selekeiksm skigaarttk kripntkdfd ssedekhskk gmdngghknl ktsgegssdd
841 aerkgeretf ssaegtvdkd ttimelrdrl pkkggasast dgvdklsgke gsftslevrk
901 vaetkekskh lktktckkvg dglsdiaekf lkkdgsdets eddkkgskkyg teekkkpsdf
961 kkkvikmegq yesssdgtek lpereeichf pkgikgikng ttdgekkskk irdktskkkd
1021 elsdyaekst gkgdscdsse dkkskngayg rekkrckllg kssrkrgdcs ssdtekysmk
1081 edgcnssdkr lkrielrerr nlsskrntke igsgssssda eessednkkk kgrtsskkka
1141 vivkekkrns lrtstkrkga ditsssssdi edddgnsige gssdegkikp vtenlvlssh
1201 tgfcgssgde alsksvpvtv ddddddndpe nriakkmlle eikanlssde dgssddepee
1261 gkkrtgkgne enpgdeeakn gvnsesdsds eeskkpryrh rllrhkltvs dgesgeekkt

1321 kpkehkevkg rnrrkvssed sedsdfgesg vseevsesed eqrprtrsak kaeleengrs

1381 vkagkkkrrri kvgedsssen ksns k dend dskspgkgrk
1441 kirkilkddk lrtetgnalk eeeerrkria ererereklr evieiedasp tkecpittklv
1501 ldedeetkep lvgvhrnmvi klkphgvdgv gfmwdccces vkktkkspgs gcilahcemgl
1561 gktlgvvsfl htvllcdkld fstalvvcpl ntalnwmnef ekwgeglkdd eklevselat
1621 vkrpgersym lgrwgedggv miigyemyrn laggrnvksr klkeifnkal vdpgpdfvve
1681 deghilknea sayskamnsi rsrrriiltg tplgnnliey hemvnfiken llgsikefrn
1741 rfinpigngq cadstmvdvr vmkkrahily emlagcvgrk dytaltkflp pkheyvlavr
1801 mtsigcklyqg yyldhltgvg nnseggrgka gaklfgdfgm lsriwthpwe lgldyisken

1861 kgyfdedsmd efiasdsdet smslssddyt kkkkkgkkgk kdssssgsgs dndvevikvw
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1921

1981

2041

2101

2161

2221

2281

2341

2401

nsrsrgggeg

kmvllfeilr
rnidyyrldg
wnpsydigsi
ftmneltely
dhkeeeelte
msnggledli
sgeldvkrre

pkppnlimnp

Homo sapiens alpha

(ATRX) ,
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

1621

transcript
aattctectyg
cegeggetec
gcagctacag
gcagatcgge
tgagcccatg
acactcatca
cacagataaa
gggaactage
ttcaattgta
aaatgaagat
agaagatggg
tcaaaaagat
taagtattac
gtggtgtgcg
gaaatgcatt
ccaatggtat
cagegtattt
cagtgaaaag
ttcaaattgt
ctcttattcec
gaccacagcc
agaaatcagt
tattaagaag
tgctgtaaac
aaaagcacga
agctaaactt
ggaacaaaga

acctcaatat

nvdetgnnps
maeeigdkvl
sttagsrkkw
frvyrfggtk
tfepdllddp
eerkaawaey
nggrekvvea
aiyndvltkqg

snygqidmrg

-continued

vslkleeska
visgslisld
aeefndetnv
pvyvyrflag
nsekkkkrdt
eaekkgltmr
tnsvtavriq
gmliscvgri

mydpvaggmg

tsssnpsspa
liedflelas
rgrlfiistk
gtmedkiydr
pmlpkdtila
fniptgtnlp
plediisavw
Imnrrlqgqy

ppplgrappp

21

pdwykdfvtd
rektedkdkp
agslginlva
gvtkgslsfr
ellgihkehi
pvsfnsgtpy
kenmnlseaq
nqqgaaqamty

mrsknpgpsq

adaevlehsg
liykgegkwl
anrviifdas
vvdgggverh
vgyhehds1l
ipfnlgalsa
vgalalsrqga
ggatlghlmm

gksm

thalassemia/mental retardation syndrome X-linked

variant 2,
cctgagecte
tgeggeggtyg
tgacgactaa
geccagcaat
agtgaaagca
gaagaatcty
atcagtggtt
tcttecagaaa
acaaagtatg
gegtctaaty
cttecatggga
tccatttata
atgagtgatg
gaaggtggaa
ctacgecaacce
tgctacattt
gagaatttag
agtaataaag
aatggagaag
gcactaatty
aacatgaact
tctgctacaa
getecatetty
aaagagaaaa
aaaggagaaa
tcaagaaaac
acaaataaaa

gaacctgeca

mMRNA

ggcccaacaa

gcagtggtag

gactccagtyg

cacagaagcc

agttgaatac

aagaaacaag

ctggaagtaa

aatccaagtc

tagaatcaga

aaaattcaga

ttgtgagetyg

gacaccctte

atattageceg

acttgatttg

ttggtcgaaa

gtcacccaga

aacagttgtt

tatatgaaca

aaaagaaatt

tgcccaaaga

ccagttatgt

aattacgtca

cattggaaga

ataccaaaga

aaccttgtge

aggtagatag

gtaccggtgg

acacttctga

aatggcggcg
cggectttga
catttctatc
gacaaggcgt
attggtgcag
ttctecteca
ctctgatatg
ttcaggatcg
tgatgaaaaa
aaatgatatt
cactgettgt
attgcaagtt
tgactcagat
ttgtgacttt
ggagttgtce
gectttgtty
gcagcaaaat
tacatccaga
agatgattcc
gatgattaag
taaattttta
gcttaagget
agacttaaat
gcataaagtce
tttggaaaag
tgagcacatg
tgaacataag

agatttagac

(SEQ ID NO:

gcageggtgt
getgtgggga
gtaaccggge
tcaagcgaaa
aagcttcatg
cgacttgcaa
atggaaaaca
tcacgatcaa
cctttggatyg
actatgcaga
ggacaacagg
cttatttgta
ggaatggatg
tgccataatg
acaataatgg
gacttggtca
aagaagaaga
ttttctceccaa
tgttctgget
aaggcaaaaa
aagcaggcaa
tttaagtctg
tccgagttte
atagatgcta
aaggatattt
catcagaatg
aaatctgata

atggatattg

cgetttgttt

ggttccagca

dgegggggage

acatgaccge

acttcettge

tgaatcaaaa

gcaaggaaga

agaggaaacc

atgaaactgt

gcttgecaaa

tcaatcattt

agaattgett

aacaatgtag

ctttectgeaa

atgaaaacaa

ctgcatgtaa

taaaagttga

agaagactag

ctgtaaccta

aactgattga

cagataattc

tgttggctga

gagcgatgga

agtttgaaac

caaagtcaga

ttccaacaga

gaaaagaaga

tgtctgttee

8)
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1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

ttecteagtt

agttgatcat

aaaattaaat

agtaacaaaa

aggtgctgat

ccccaagtta

aaatgaagtt

tacacccttyg

taatgaaaca

taattcttet

atcagagact

gagcaggatg

taagactttg

aaaaagttct

tataatttct

agaaaaagag

tccaaataca

taatcaaggg

aaaacaagag

catggaatta

cgataagett

aactaaagaa

atctgatatt

taaaaagcag

agtaattaaa

gcgagaagaa

tggagaaaag

tgattatget

gagtaagaat

aaggaagaga

ttgtaactct

ttcaaagaga

ttctgaagat

caaggagaaa

atcctcatct

cgatgaacag

ttgccaatcet

tgatgacgac

agccaatctt

ccagaagaca

caaggggatg

atttcttcaa

gaattatatg

tgtcaggaag

gagaaatgtyg

tcattacttt

aggcgaccga

gttaaggaga

gacagtgcta

gtggatcaaa

agtcacagtt

tatgatttaa

acatctgget

aaaaagaaac

ataaagagca

aaagattttg

cacaaaaatt

agagagactt

agagatcgac

tctgggaaag

aagagcaagc

gcagagaaat

agcaaaaagg

atggaacaac

atttgtcatt

aaaagtaaaa

gagaagtcaa

ggagcatatg

caagattgtt

tctgataaga

aatactaagg

aataaaaaga

aagagaaact

tcttetgata

aaaattaagc

tcaggagatg

aatgatcctg

tcctetgatg

-continued

tttttgagaa

gcagcagtgg

aagacaacag

ttaaactcac

ttccacaaga

gacttggaca

tagaggaatc

cagaaactaa

aacaaaaact

tagataatcc

attcagattc

cttettecaga

agactcaggce

cagattttga

gacaaaccca

tgagtaaaat

actcttetga

tgaagacctc

tctetteage

ttcctaagaa

agcagagttt

atctcaaaac

tcctaaagaa

gaactgaaga

agtatgaatc

ttcctaaggyg

aaataagaga

cagggaaagg

gtagagagaa

catcatctga

gactgaaaag

aaatacaaag

agaagcaaag

ccctaagaac

tagaagatga

ctgtgactga

aagccttatce

agaatagaat

aggatggatc

tcttgagact

aactgaacaa

aggaggtatt

tecetgtttee

taaagatggc

ggaaaacagt

tgatcttega

ccctgtaaca

atcagttcca

taagcctaat

tgatgaaatg

tactgatatt

ggggaaagat

tactaaaaag

gtctgagtet

tggtgetgec

agatgagaaa

acaagaagga

agaaggcaca

gcagcaagca

tacttetttyg

caaaacatgt

agaccagagc

aaaaaagaaa

ttcatctgat

cataaaacaa

taaaacttct

agatagttgt

gaaaaggtgce

tactgagaaa

aatagaattg

tggctcatca

aacttcatct

aagcactaaa

tgatcagaat

aaatttagtg

taaatcagtg

tgccaagaag

ttcagatgat

22

gctatggaag
gaagtggaga
aaatcaaaaa
ctttctaatt
tataaaagtt
gataatgagce
agatccccac
tctaattcag
gtgagaaaaa
aaattgccaa
ctagcaatcc
aatgaaattc
gataaaggaa
ggcaaatcag
tctaattatg
agaaccacca
cacagcaaaa
tcatctgatg
gttgataaag
agtgcttcca
gaagttagaa
aaaaaagtac
gatgaaactt
cctteagact
ggcactgaaa
attaagaatg
aaaaagaagg
gactcttcag
aagttgcttg
tattccatga
agggaaagaa
tcatctgatg
aaaaagaagg
aggaagcaag
tctataggtyg
ctgtctteac
cctgteacag

atgcttttag

gagccagaag

ttcagagttce

gttcatctgt

ctacagctaa

ccccaattaa

gtggtctgaa

atttggttga

gtgtaaagac

atgaagaatg

aggataagcg

aatctaagca

tcaaagaggt

atacaaacca

aaaggaaacg

ctaagagcetce

actcagaatt

aaaaaagaat

aaggaatgga

atgctgaaag

acacgaccat

ctgatggtgt

aagttgctga

aggatggett

ctgaagatga

ttaagaaaaa

agttacctga

gaacaactga

atgaattatc

aggataaaaa

gaaagagttc

aagaagatgg

gaaatttaag

ctgaggaaag

cagtcattgt

ctgacattac

agggaagcag

atactggatt

tggatgatga

aagaaattaa

aagggaaaaa
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4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

5161

5221

5281

5341

5401

5461

5521

5581

5641

5701

5761

5821

5881

5941

6001

6061

6121

6181

6241

6301

aagaactgga

ttctgaatca

gcggcacaaa

agagcataaa

ttctgatttt

gcccagaaca

gaaaaagaaa

ttctgaggaa

dgaggaggaa

gaagattctt

agagagacga

agaaattgaa

agatgaagaa

accccatcaa

aacaaagaaa

tttacaggtyg

ggcgttagtg

gcaagaggga

tcctecaggag

aggctatgag

agaaatattt

ccatattcta

gaggaggatt

ggttaatttt

aaatccaatt

aaaacgtget

agcattaaca

tattcagtgce

tgaaggtgga

aatatggact

ttttgatgaa

tttaagetec

tagctcaagt

atctegggga

aaaactggaa

gtacaaagat

acttctettt

ccagteecte

gacagaagat

aaacaaaatg

gattcagatt

ttgactgtga

gaagtcaaag

caggaatcag

aggtctgeaa

aggcgacgta

gaagaggagyg

gatgaaaatg

aaagatgata

aaacgtattg

gatgcttcac

accaaagaac

gtagatggtg

tctecaggtt

gtaagtttte

gtttgtecte

ttaaaagatg

agaagctaca

atgtatagaa

aacaaagctt

aaaaatgaag

attttaacag

atcaaggaaa

caaaatggtc

cacattctct

aaattcttge

aagctctatce

agaggaaagg

catccttggt

gacagtatgg

gatgattata

ggaagtggca

ggtggtgaag

gaaagtaaag

tttgttacag

gaaattctte

atatctetgg

aaagataaac

-continued

aagaaaaccc

ctgaagaatc

gtgacggaga

gcagaaacag

gagttagtga

agaaagcaga

ttaaggttca

aaaaagaaga

atgattccaa

aactgagaac

ctgagaggga

ccaccaagtyg

ctttagtgea

ttcagtttat

caggatgcat

ttcatacagt

ttaatactgce

atgagaagct

tgctgcagag

atcttgctea

tggttgatcc

catctgetgt

gaacaccact

atttacttgg

agtgtgcaga

atgagatgtt

ctccaaaaca

agtactactt

caggtgcaaa

gtttgcaget

atgaatttat

caaaaaagaa

gtgacaatga

gaaatgtgga

ctacttctte

atgctgatge

gaatggcaga

acttgattga

cccttattta

aggagatgag
taagaagcca
atctggagaa
aagaaaggtyg
agaagttagt
gttggaagaa
agaagattca
ggaggaggaa
gtctectgga
agaaacacaa
gcgtgagega
tccaataaca
ggttcataga
gtgggattge
tcttgeccac
tettttgtgt
tttgaattygg
tgaggtttect
gtggcaagaa
aggaaggaat
aggccectgat
ttctaaagct
tcaaaataac
atccattaag
ttctaccatg
agctggatgt
cgaatatgtg
agatcactta
gcttttecaa
agactacatt
agcctcagat
gaaaaaaggg
tgttgaagtg
tgaaacagga
ttctaatcca
tgaggtttta
ggaaattggg
agattttctt

taaaggtgag

23

gaagcaaaaa
agatacagac
gaaaaaaaga
agcagtgaag
gaatccgaag
aatcagcgga
tccagtgaaa
gaggaggagg
aaaggcagaa
aatgctctta
gaaaaattga
accaagttgg
aatatggtta
tgctgtgagt
tgtatgggec
gacaaactgg
atgaatgaat
gaattagcaa
gatggtggtg
gtgaagagtc
tttgttgttt
atgaattcta
ctaattgagt
gagttcagga
gtagatgtca
gttcagagga
ttagctgtga
acaggtgtgg
gattttcaga
agcaaagaaa
tctgatgaaa
aaaaagggga
attaaggtct
aacaatcctt
agcagcccag
gagcattctyg
gataaagtce

gaattagcta

gggaagtgge

atcaagtcaa

ataggetttt

caaagcctaa

attcagaaga

atgaacagcg

gctataaaca

acaagagtaa

aggaggaaga

agaaaattcg

aggaagagga

gagaggtgat

ttttagatga

tcaaattgaa

ctgtgaaaaa

ttggtaagac

atttcagcac

ttgagaagtg

ctgtgaaacyg

ttatgatcat

ggaaacttaa

gtgatgaagg

tacgatcaag

atcattgtat

atagatttat

gagtgatgaa

aagattatac

gaatgacttce

gcaataatag

tgttaagtag

ataagggtta

cctecatgag

aaaaagatag

ggaattcaag

ctgtttettt

ctccagactyg

ggaaaatggt

ttgttttcag

gtagggagaa

ttcgaaacat
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6421

6481

6541

6601

6661

6721

6781

6841

6901

6961

7021

7081

7141

7201

7261

7321

7381

7441

7501

7561

7621

7681

7741

7801

7861

7921

7981

8041

8101

8161

8221

8281

8341

8401

8461

8521

8581

8641

tgactattac

atttaatgat

tctaggaatt

atcttatgac

tgtatatagg

taagcagtca

gaatgagcett

aaagaagaag

tcagatacat

agaagaagaa

Jaagaaggga

tttcaactct

tcaacagetyg

tgtgacagca

catgaatctce

gettgatgtt

aatcagetgt

gcaacagcaa

cccaaatttyg

gccagtgget

caaaaatcca

ttgttaaaat

actgtataaa

ttttttaaat

tcttacacac

cataatagta

ataaaattgt

tacatataaa

tgtacttaat

agtctgaaac

atctttgaca

gtcttgcagt

ctttttette

actggtaaaa

cgaatataaa

ggcagtggga

ttgtggttgt

tgactttagg

aaataattcc

cgtttagatg

gaaactaatg

aatctggtag

atccagagta

ttettagetce

ctgtetttte

actgaacttt

aagagggata

aaagaacaca

gagttgactyg

ctgaccatge

caaactcctt

gaggacctca

gtgaggattc

tcagaggecc

aaacgaagag

gttcagcgaa

caaatgactt

atcatgaatc

ggtggtatgc

ggacctteee

catagaaaga

tagtttggtce

agggcatacc

gctgagtaca

acaactccac

cataaaatta

aacacacagc

ccatttettyg

tgggctectyg

cagaattgtg

tatcttagea

tttagtcctt

tttcagggtt

gcacatctet

tgtggactta

taggttcaca

ttcacatgag

tctgaaagat

-continued
gttccactac tgcacagtca

tgagaggacyg attatttatc
ctgctaateyg agtaattata
tattcagagt ttatcgettt
agggaaccat ggaagataag
gagttgttga tcagcagcag
atacttttga gccagactta
ctcccatget gecaaaggat
ttgtaggata ccatgaacat
aagaagaaag aaaagcagct
gtttcaacat accaactggg
atattccttt caatttggga
ttaatcaagyg aagagaaaaa
aacctcttga ggatataatt
aagtacaggc gttagcatta
aagcaatcta caatgatgta
tacttatgaa cagaaggctc
atcaacaagc aacactgggt
cttctaacta ccagcagatt
agccaccacce attacagegt
aagggaaatc aatgtgattt
tcttttattt ttttaggaat
cccttaaatyg ccaatcttee
atttcttect gacatttgte
gaagatattt caaattgttt
agatttcctce tctaaatttt
ataaatttag gaaagaataa
tgagttctta gagttgattce
attaaagtga ttgaaatggt
ctttattgte tctgtgactyg
tgcaatattc ttaaatacta
ttgtataaac agccttaagt
ctgccatttt ttattttcag
gtggattatc ttccacacat
taactgcatyg gtgccagtge
gaaaatcaag ttctagcatt
ccctgtttta taaacaacat
gaatgtactt ttaacaattc

aagaatcact ggcttctatg

24

aggaagaagt
atttctacta
ttcgacgett
ggacaaacta
atttatgatc
gtggagcgte
ttagatgacc
accatacttg
gattctcettt
tgggctgagt
accaatttac
gcectgteag
gttgtagaag
tcagctgtat
agtagacaag
ttgacaaaac
cagcagcagt
cacctcatga
gatatgagag
gcaccaccee
tgcactaaaa
caatgactta
atattagttt
agtgatgttg
tcagtgaaaa
tatgcetget
agatttatat
ctcaagttat
tttaatgtte
aaagttagaa
ctgctctaaa
atagcctaag
ttatatgtge
gaattttcte
taatgcttca
ttagtaggtt
caaaatggca
ccagtactat

cgettetttt

gggctgaaga
aagcaggatc
cttggaatce
agcctgttta
ggcaagtaac
attttactat
ctaattcaga
cagagctect
tggaccacaa
atgaagcaga
ccectgteag
caatgagtaa
caacaaacag
ggaaggagaa
ccagecagga
aacagatgtt
acaatcagca
tgccaaagec
gaatgtatca
caatgagaag
gcttaatgga
acagaactca
tacttttttt
cctagaatct
caagtcctte
tttagcaacc
attcattctt
gaaatacttt
ttttgactga
actgagggtt
agttggagaa
aagagaattc
tgaaataatt
tctectggea
tcetgttget
aacactgaag
gaaccattge
cagtattgtg

ctctcatcat
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8701

8761

8821

8881

8941

9001

9061

9121

9181

9241

9301

9361

9421

9481

9541

9601

9661

9721

9781

9841

9901

9961

10021

10081

10141

10201

10261

10321

10381

10441

10501

10561

10621

10681

10741

10801

10861

10921

catgttettt

tttagtttag

tagaagtttt

tgacctataa

ttttgactat

gtagtgaaac

tttgggettt

ttgagttgtt

catccaagag

ctcececccact

tagccatgta

atgaaaaaga

cagttggtat

tcaacatggt

aatcttttte

gaaatcagag

ttagctatat

aaaaatcacyg

atagttgcaa

ctaaattctce

gtattgtgat

agctttgget

tttcagttet

getgttttgt

gacaatatac

tatttaatgt

gctttgaaaa

taatggtggt

ttgaatctgt

ataccaggaa

atttcetgtt

acttgataga

ctgaatattt

gatcgatatt

ccttgtttec

caggtcaatc

tatttcacca

gaataaacat

taccccagtt

attgtgaggce

actagaaaat

atttattcat

gggagtcaac

agcttaagaa

gctttaggta

tggatgatta

cactaggatt

ttcccatgat

atcagattta

caagatttat

ttctacaagt

ctaattattt

accatggatg

tttgaaataa

aatatgtact

tcagtaaaat

tggattaaaa

cacattttgt

attgtatatg

gctgaaatca

gtattgagta

aatatatata

tatctgtgtt

catttaataa

tctgtgeaca

tcttttgeac

tatatactaa

gtccatgtgt

tcccaacage

aaagctgett

tgtagectte

tatgtgeccc

tttgagagta

cttttacatg

gactcagtct

ttttctacey

-continued
tecttacatt tttttaaatt

aattattaaa tcaaaattaa
gtattacatt ttattttttc
gtacaatttt ggttacttga
tcaacatgge agaaccattt
ttccaaaaaa aaaaaaaaaa
tcactggatt agaatgagtt
agagattgcce atttttatct
gtgatacaga atttgtgagg
gaaatatcac taataaatcc
tttaattggy tggggcaggt
gagaaatatt tgaaggcagt
tcagaatatt ttaaacctga
actcaaagac atagatgtga
aaactataac ttaaagaata
aacttggacc actttgtata
ttgagtataa catcaagctt
actaaaaggc tcatttttat
atgatgattt aaaatgttge
aacctgtttt atttectttgg
ttttgtccca gttgtatagt
tacagctgtyg aagacttgec
tcttaagtac tgtagaaaag
aggactggaa ttgtgttttt
ttcaccattc aaagtgctgt
agtgaccaaa atgtgttgtg
tactgtttca tagaaaatgt
atttagttat ttaatattga
attctgtaaa gggagatctce
gtttgtgtta gttttggatg
tgtaacactc attttaagtc
accattcaga agcttecctta
ccttagetat gttcatttte
aaacaaaact ttaagagcag
gcatgttgtyg aggctataga
tttattatac taaaaattat
caagtgactt ggctatctece

ttattttttt tcaagtctat

25

gtttcagagt
ttcatccaat
ttaatccagt
attgttaaag
ttgagatgat
aaaaaaaaaa
taacattagc
tggaagaact
tttggtggat
tgtatattta
gtgtatttac
acactctgge
tttactagac
aaattttagg
atacttagaa
cactcttete
taacaaatat
atttgtttta
ttgtaataca
gtgtaaagcyg
aatgtttcag
tttgtttetg
atgtcactte
aaagaaaagc
ttagtagttg
ctctttattg
atagcettttg
gaggtcacga
tcatctcaaa

tctttgtgta

aagcagggct
ttacctggee
cctecattat
ttacattctg
gacttattet
gttcagggta
aaatcagatc

aatctgagec

ttgtttettet

acccctttac

tctgcaaaaa

aaaacattgt

gatacaacag

gaaaactggg

taaaactgct

agtggtaaaa

ccacgeccect

gatattatge

tttagaaaaa

caactgttac

ctgggaattt

caaccttcta

gggttaattyg

acttgacatt

ttaaagacaa

gatgttttaa

gttttgectyg

tttttgcectta

tccatcatcce

ttagactgct

ttectttaag

attcaagtat

aaacttaaac

tattttcaca

ttgtcctata

agtttggtta

aagaatttac

atccageccee

accaacccac

tccaaatgag

cataaaatca

tcccagtage

accagtaaaa

tttactactt

tacccttaga

agtcccaaag
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-continued
10981 gagtgatcaa gtttcagaaa tgctttcatc ttcacaacat tttatatata ctattatatg
11041 gggtgaataa agttttaaat ccgaaatata aaaaaaaaaa aaaaaaaa
[0117] A subject in need thereof may have reduced expres-

sion, haploinsufficiency, and/or loss of function of ARID1A.
For example, a subject may comprise a mutation selected
from the group consisting of a nonsense mutation for the
wild type residue cysteine (C) at amino acid position 884 of
SEQ ID NO: 11 (C884*), a substitution of lysine (K) for the
wild type residue glutamic acid (F) at amino acid position
966 (E966K), a nonsense mutation for the wild type residue
glutamine (Q) at amino acid position 1411 of SEQ ID NO:
11 (Q1411%), a frame shift mutation at the wild type residue
phenylalanine (F) at amino acid position 1720 of SEQ ID
NO: 11 (F1720fs), a frame shift mutation after the wild type
residue glycine (G) at amino acid position 1847 of SEQ ID
NO: 11 (G18471fs), a frame shift mutation at the wild type
residue cysteine (C) at amino acid position 1874 of SEQ ID
NO: 11 (C1874fs), a substitution of glutamic acid (E) for the
wild type residue aspartic acid (D) at amino acid position
1957 (D1957E), a nonsense mutation for the wild type
residue glutamine (QQ) at amino acid position 1430 of SEQ
ID NO: 11 (Q1430%), a frame shift mutation at the wild type
residue arginine (R) at amino acid position 1721 of SEQ ID
NO: 11 (R17211s), a substitution of glutamic acid (E) for the
wild type residue glycine (G) at amino acid position 1255
(G1255E), a frame shift mutation at the wild type residue
glycine (G) at amino acid position 284 of SEQ ID NO: 11
(G284fs), a nonsense mutation for the wild type residue

arginine (R) at amino acid position 1722 of SEQ ID NO: 11
(R1722%), a frame shift mutation at the wild type residue
methionine (M) at amino acid position 274 of SEQ ID NO:
11 (M274{s), a frame shift mutation at the wild type residue
glycine (G) at amino acid position 1847 of SEQ ID NO: 11
(G1847fs), a frame shift mutation at the wild type residue P
at amino acid position 559 of SEQ ID NO: 11 (P559fs), a
nonsense mutation for the wild type residue arginine (R) at
amino acid position 1276 of SEQ ID NO: 11 (R1276%), a
frame shift mutation at the wild type residue glutamine (Q)
at amino acid position 2176 of SEQ ID NO: 11 (Q2176fs),
a frame shift mutation at the wild type residue histidine (H)
at amino acid position 203 of SEQ ID NO: 11 (H203fs), a
frame shift mutation at the wild type residue alanine (A) at
amino acid position 591 of SEQ ID NO: 11 (A591fs), a
nonsense mutation for the wild type residue glutamine (Q)
at amino acid position 1322 of SEQ ID NO: 11 (Q1322%),
a nonsense mutation for the wild type residue serine (S) at
amino acid position 2264 of SEQ ID NO: 11 (S2264%*), a
nonsense mutation for the wild type residue glutamine (Q)
at amino acid position 586 of SEQ ID NO: 11 (Q586*), a
frame shift mutation at the wild type residue glutamine (Q)
at amino acid position 548 of SEQ ID NO: 11 (Q548fs), and
a frame shift mutation at the wild type residue asparagine
(N) at amino acid position 756 of SEQ ID NO: 11 (N756fs).
“*#’used herein refers to a stop codon. “fs” used herein refers
to a frame shift.

AT-rich interactive domain-containing protein 1A (ARID1A) isoform a

[Homo sapiens]

(SEQ ID NO: 9)

1 maagvapaaa sslgnppppp pselkkaeqq greeaggeaa aaaaaergem kaaaggeseg
61 pavgppaplg kelgdgaesn gggggggags gggpgaepdl knsngnagpr palnnnltep
121 prggggggssd gvgapphsaa aalpppaygf ggpygrspsa vaaaaaavih gghggqgspg
181 laalgsgggg glepyagpdqq nshdhgfpnh gynsyypnrs aypppapaya lssprggtpg
241 sgaaaaagsk pppsssasas sssssfaqgqr fgamggggps aagggtpgpt atptlngllt
301 spssargydg ypggdysggp gdggagkgpa dmasgcwgaa aaaaaaaaas ggaggrshha
361 pmspgssggg gaplartpgp sspmdgmgkm rpgpyggtnp ysqddgppsg paqghgypgd
421 pygsqtpgry pmtmggrags amgglsytdd ippygddgps gygdagdrpy ynggsphpag
481 dappysqdpp sqtphadgpsy qqapdsdppd ldssdppysd dpsdpphdgs papypsagst
541 taghpgsqgpp ysdpgadspy ddqdpqdapap stlsqggaayp gpdsqdsqdt aysqqrfppp
601 gelsqgdsfygs gassapsmts skgggedmnl slgsrpsslp dlsgsiddlp mgtegalspg
661 vstsgisssg gegsnpagsp fsphtsphlp girgpspspv gspasvagsr sgplspaavp
721 gnaqmpprpps ggsdsimhps mngssiagdr gymgrnpgmp gysspdpgsa lsprgpsggq
781 ihtgmgsyqq nsmgsygpdg gqygpdggyp rdpnynalpn anypsagmag ginpmgaggg
841 mhggpgippy gtlppgrmsh asmgnrpygp nmanmppgvg sgmcpppggm nrktgetava
901 mhvaansign rppgypnmng ggmmgtgppy gdginsmagm inpggppysm ggtmannsag
961 maaspemmgl gdvkltpatk mnnkadgtpk teskskksss stttnekitk lyelggeper

1021 kmwvdrylaf teekamgmtn lpavgrkpld lyrlyvsvke iggltgvnkn kkwrelatnl
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1081 nvgtsssaas slkkqgyigcl yafeckierg edpppdifaa adskksqgpki gppspagsgs
1141 mggpgtpgst sssmaeggdl kpptpastph sqgipplpgms rsnsvgigda fndgsdstfq
1201 krnsmtpnpg ygpsmntsdm mgrmsyepnk dpygsmrkap gsdpfmssgqg gpnggmgdpy
1261 sraagpglgn vamgprghyp yggpydrvrt epgigpegnm stgapgpnlm psnpdsgmys
1321 psryppqqdd qqqqrhdsyg ngfstqgtps gspfpsqqtt mygqgqanyk rpmdgtygpp
1381 akrhegemys vpystgqgdp ddddqlppagp dpasdgqgaaq pspgqdvyng ygnaypatat
1441 aaterrpagg pangfpfgfg rdrvsappgt naggnmppgm mggpigasae vagqgtmwqgg
1501 rndmtynyan rgstgsapqg payhgvnrtd emlhtdgran hegswpshgt rgppygpsap
1561 vppmtrppps nydgpppsmgn hipgvsspap lprpmenrts pskspflhsg mkmgkagppv
1621 pashiapapv gppmirrdit fppgsveatq pvlkgrrrlt mkdigtpeaw rvmmslksgl
1681 laestwaldt inillyddns imtfnlsqglp gllellveyf rrclieifgi lkeyevgdpg
1741 grtlldpgrf skvsspapme gg 1lg pkl vvendeeiaf sgkdkpasen
1801 seekliskfd klpvkivgkn dpfvvdecsdk lgrvgefdsg llhwrigggd ttehigthfe
1861 sktellpsrp hapcppaprk hvttaegtpg ttdgegpppd gppekritat mddmlstrss
1921 tltedgakss eaikesskfp fgispagshr nikiledeph skdetplctl ldwgdslakr
1981 cvevsntirs lsfvpgndfe mskhpgllli 1lgklillhhk hperkqgaplt yekeeeqddqg
2041 vscnkvewww dclemlrent lvtlanisgq ldlspypesi clpvldgllh wavcpsaeaq
2101 dpfstlgpna vlspgrlvle tlsklsigdn nvdlilatpp fsrleklyst mvrflsdrkn
2161 pveremavvl lanlaggdsl aaraiavgkg signllgfle dslaatgfqq sgasllhmgn
2221 ppfeptsvdm mrraaralla lakvdenhse ftlyesrlld isysplmnsl vsgvicdvlf

2281 liggs

Homo sapiens AT rich interactive domain 1A (SWI-like) (ARID1A),
transcript variant 1, mRNA
(SEQ ID NO: 10)

1 cagaaagcgyg agagtcacag cggggecagg ccctggggag cggagectcee accgecccce
61 tcattcccag gecaagggett ggggggaatyg agecgggaga gecgggtece gagectacag
121 agcegggage agctgageceg ceggegecte ggecgeegece gecgectect cctecteege
181 cgecegecage ccggagectyg agecggegdg geggggggga gaggagegag cgcagcegeag
241 cagcggagece cegegaggece cgeccgggeg ggtggggagg geageceggg ggactgggece
301 ccggggeggg gtgggagggyg gggagaagac gaagacaggg ccgggtcetct cegeggacga
361 gacagcgggg atcatggeeg cgcaggtege ccecgecgee gecageagece tgggcaaccce
421 geegeegeeg ccegecectegg agctgaagaa agecgagcag cageageggg aggaggeggg
481 gggcgaggcg gceggceggegg cageggcecga gcgeggggaa atgaaggcag ccgcecgggea
541 ggaaagcgag ggccccgeag tggggecgee gcagecgetg ggaaaggage tgcaggacgg
601 ggccgagage aatgggggtg gcggeggcegg cggagcecgge ageggeggeg ggcccggege
661 ggagceggac ctgaagaact cgaacgggaa cgcgggecct aggeccgece tgaacaataa
721 ccteacggag cegeccggeg geggeggtgg cggcageage gatggggtgg gggegectee
781 tcactcagee geggecgect tgeegecccee agectacgge ttegggcaac cctacggecyg
841 gagccegtet geegtegeeg cegecgegge cgecgtette caccaacaac atggeggaca
901 acaaagcect ggectggeag cgctgeagag cggeggegge gggggectgg agecctacge

961 ggggccccag cagaactcte acgaccacgyg cttccccaac caccagtaca actcctacta
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1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

ccccaaccgce

tggcactceg

cgecteegec

aggcggecec

ccaactgete

cagtggcggg

ttggggggct

gagccaccac

gaccccteag

cgggactaac

gtacccaggyg

ccgggcgcag

acaaggccec

tcacccteag

ccaacctteg

tccatactcce

ccageagteg

tcagtctect

ggctgegtat

cttececteca

ctcaatgacc

ctcecagettyg

tctgagtect

agctcagtet

ccegtecect

tgctgeagtyg

catgcatcct

cceecagatyg

ttceggagga

tggtececag

tgcettgece

tgccggaggt

gaggatgagt

acctcaggtt

aactgetgte

caatatgaat

tatggetgge

caattctgea

tccagecace

agcgectacce

ggcteeggeg

tcectegtegt

tcegeggeey

acgtcgecca

cceccaggacy

geggeggegy

gcegeccatga

ccatccagte

ccatactege

cagccatacyg

agtgccatgg

agcgggtaty

cagcagcagce

tatcagcagce

cagcagecat

acgacacagc

taccagcagce

ccteagecec

ccegcaggagce

tccagtaagg

cctgatetat

ggagtgagca

cctttetcete

gttggetete

ccaggcaacce

tccatgaacce

ccccagtaca

cagatacaca

gggggtcagt

aatgccaact

caaatgcatg

cacgecteca

gggtcaggga

gccatgeatyg

caagggggca

atgatcaacc

gggatggcag

aaaatgaaca

-continued

cceagecage

¢ggeggegge

cttegtectt

dcegggggaac

gcteggecey

dgggcgecgy

cagetgegge

gcceccgggag

caatggatca

agcaacaggg

ggtcccagac

geggectete

gtcaacaggyg

caccctactce

agccacagtc

cccagectee

agcaccccca

agcaacctca

agtctcagea

tatctcaaga

gagggcaaga

ctggttcaat

catcagggat

ctcatacctce

cegecagtgt

agatgccacc

aatcaagcat

gttccecceca

caggcatggg

atggcccaca

accccagtge

gacagcctygyg

tgggcaaccyg

tgtgtcceee

ttgctgecaa

tgatgggaac

ctcagggacc

ccageccaga

acaaggcaga

cceggectac

tgceggetec

cgctcageag

tccecagece

gggctaccag

caagggceceg

ggcggccgcec

cagcggcggce

gatgggcaag

acctcegtea

ccegeagegy

ttatacacag

ccagactcca

ccagcaacca

tcaaccacca

acatcagcag

gagccagece

gcagccagca

gtcccagcaa

ttecatttggy

agatatgaac

agatgacctce

ttccagcage

cccteacety

tgctcagtet

teggecaccee

tgcccaagat

gceceggetcea

ctecctaccag

aggtggctac

aggcatggcet

catcccacct

gccttatgge

accagggggc

ctctatccaa

tggacctect

cccatattcec

gatgatgggc

tgggacaccc

28

gegetgaget
aagccgecte
cgcttegggg
accgecaccec
ggctaccecey
gcggacatgg
tcgggagggg
ggggggcage
atgagacctce
ggaccgcage
tacccgatga
cagattccte
tattacaacc
cegteccaga
cagctecagt
tcceceggete
ccctacteac
cectegacge
actgcctatt
tctcaggeat
ctgagectte
cccatgggga
caaggagagc
cctggeatee
cgctcaggac
agtggccagt
cgaggttata
gccttatete
cagaactcca
cccaggeage
ggaggcataa
tatggcacac
cctaacatgg
atgaaccgga
aacaggccge
tatggacaag
atgggtggaa
cttggggatg

aagacagaat

ccecgagagyg
cctectecag
ccatgggggg
ccaccctcaa
ggggcgacta
cctegeagty
cccaacaaag
cgctegeeeyg
agccatatgg
aaggacatgg
ccatgcaggyg
cttatggaca
agcaaagtcc
ccecteatge
ccteteagec
cataccecte
agccacaggc
tcteccagea
cccageageg
ccteageccee
agtcaagacc
cagaaggagc
agagtaatcc
gaggcectte
cactctegee
cggacagcat
tgcagaggaa
cgegteagec
tggggagcta
caaactataa
accccatggyg
tcecctecagy
ccaatatgec
aaacccaaga
caggctacce
ggattaatag
ccatggecaa
taaagttaac

ccaaatccaa

Aug. 20, 2020
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3361 gaaatccagt tcttctacta caaccaatga gaagatcacc aagttgtatg agctgggtgg
3421 tgagcctgag aggaagatgt gggtggaccg ttatctggec ttcactgagg agaaggccat
3481 gggcatgaca aatctgcctg ctgtgggtag gaaacctcetg gacctctate gectctatgt
3541 gtctgtgaag gagattggtg gattgactca ggtcaacaag aacaaaaaat ggcgggaact
3601 tgcaaccaac ctcaatgtgg gcacatcaag cagtgctgcc agctceccttga aaaagcagta
3661 tatccagtgt ctctatgect ttgaatgcaa gattgaacgg ggagaagacc ctcccccaga
3721 catctttgca gctgctgatt ccaagaagtc ccagcccaag atccagcecte cctctectge
3781 gggatcagga tctatgcagg ggccccagac tccccagtca accagcagtt ccatggcaga
3841 aggaggagac ttaaagccac caactccagce atccacacca cacagtcaga tccccccatt
3901 gccaggcatg agcaggagca attcagttgg gatccaggat gcctttaatg atggaagtga
3961 ctccacattc cagaagcgga attccatgac tccaaaccct gggtatcage ccagtatgaa
4021 tacctctgac atgatggggc gcatgtccta tgagccaaat aaggatcctt atggcagcat
4081 gaggaaagct ccagggagtg atcccttcat gtcectcaggg cagggcccca acggegggat
4141 gggtgaccce tacagtcgtg ctgccggecce tgggctagga aatgtggcga tgggaccacg
4201 acagcactat ccctatggag gtccttatga cagagtgagg acggagcctg gaatagggcece
4261 tgagggaaac atgagcactg gggccccaca gcecgaatcte atgecttcca acccagactce
4321 ggggatgtat tctectagee gectaccccce geagcagcag cagcagcage agcaacgaca
4381 tgattcctat ggcaatcagt tctccaccca aggcacccct tctggcagec ccttecccag
4441 ccagcagact acaatgtatc aacagcaaca gcagaattac aagcggccaa tggatggcac
4501 atatggccct cctgccaage ggcacgaagg ggagatgtac agegtgccat acagcactgg
4561 gcaggggcayg cctcagcagce agcagttgec cccagcccag cceccagectyg ccagecagea
4621 acaagctgcce cagccttece ctcagcaaga tgtatacaac cagtatggca atgcctatcce
4681 tgccactgcee acagctgcta ctgagcegecg accagcagge ggcccccaga accaatttece
4741 attccagttt ggccgagacc gtgtctctge accccecctgge accaatgccc agcaaaacat
4801 gccaccacaa atgatgggcg gccccataca ggcatcaget gaggttgete agcaaggcac
4861 catgtggcag gggcgtaatg acatgaccta taattatgcc aacaggcaga gcacgggcte
4921 tgccceccag ggcccegect atcatggegt gaaccgaaca gatgaaatge tgcacacaga
4981 tcagagggcece aaccacgaag getegtggece tteccatgge acacgecage ccccatatgg
5041 tcectetgee cctgtgecce ccatgacaag gecccecteca tctaactacce agceccccace
5101 aagcatgcag aatcacattc ctcaggtatc cagccctget cccctgceccece ggccaatgga
5161 gaaccgcacce tctcctagca agtctccatt cctgcactet gggatgaaaa tgcagaaggce
5221 aggtccccca gtacctgect cgcacatage acctgceccct gtgcagcccecce ccatgattceg
5281 gcgggatatc accttecccac ctggctcetgt tgaagccaca cagcectgtgt tgaagcagag
5341 gaggcggctc acaatgaaag acattggaac cccggaggca tggcgggtaa tgatgtcecct
5401 caagtctggt ctcctggcag agagcacatg ggcattagat accatcaaca tcctgctgta
5461 tgatgacaac agcatcatga ccttcaacct cagtcagctc ccagggttgce tagagctcct
5521 tgtagaatat ttccgacgat gcctgattga gatctttgge attttaaagg agtatgaggt
5581 gggtgaccca ggacagagaa cgctactgga tcctgggagg ttcagcaagg tgtctagtcece

5641 agcteecatyg gagggtgggg aagaagaaga agaacttcta ggtcctaaac tagaagagga
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5701 agaagaagag gaagtagttg aaaatgatga ggagatagcc ttttcaggca aggacaagcce
5761 agcttcagag aatagtgagg agaagctgat cagtaagttt gacaagcttc cagtaaagat
5821 cgtacagaag aatgatccat ttgtggtgga ctgctcagat aagcttgggce gtgtgcagga
5881 gtttgacagt ggcctgctge actggcggat tggtgggggyg gacaccactg agcatatcca
5941 gacccactte gagagcaaga cagagctget gectteeegg cctcacgcac cctgeccace
6001 agcccectegg aagcatgtga caacagcaga gggtacacca gggacaacag accaggaggg
6061 gcceccacct gatggaccte cagaaaaacg gatcacagcec actatggatg acatgttgtce
6121 tactcggtcet agcaccttga ccgaggatgg agctaagagt tcagaggcca tcaaggagag
6181 cagcaagttt ccatttggca ttagcccagce acagagccac cggaacatca agatcctaga
6241 ggacgaaccce cacagtaagg atgagacccc actgtgtacc cttctggact ggcaggattce
6301 tcttgccaag cgctgcgtet gtgtgtccaa taccattcga agcctgtcat ttgtgccagg
6361 caatgacttt gagatgtcca aacacccagg gctgctgectce atcctgggca agctgatcct
6421 gctgcaccac aagcacccag aacggaagca ggcaccacta acttatgaaa aggaggagga
6481 acaggaccaa ggggtgagct gcaacaaagt ggagtggtgg tgggactgct tggagatgct
6541 ccgggaaaac accttggtta cactcgeccaa catctcecgggg cagttggacce tatctccata
6601 ccecgagagce atttgectge ctgtectgga cggactcecta cactgggcag tttgcectte
6661 agctgaagcce caggaccect tttccaccct gggccccaat geccgtcecttt ccccgcagag
6721 actggtcttg gaaaccctca gcaaactcag catccaggac aacaatgtgg acctgattcet
6781 ggccacacce cccttcagee gectggagaa gttgtatage actatggtge gettectcag
6841 tgaccgaaag aacccggtgt gccgggagat ggctgtggta ctgctggeca acctggcetca
6901 gggggacagc ctggcagctce gtgccattgce agtgcagaag ggcagtatcg gcaacctect
6961 gggcttecta gaggacagcece ttgccgecac acagttcecag cagagccagyg ccagectcect
7021 ccacatgcag aacccaccct ttgagccaac tagtgtggac atgatgcggce gggctgeccg
7081 cgcgetgett gecttggeca aggtggacga gaaccactca gagtttacte tgtacgaatce
7141 acggctgttg gacatctegg tatcaccgtt gatgaactca ttggtttcac aagtcatttg
7201 tgatgtactg tttttgattg gccagtcatg acagccecgtgg gacacctceccec cccecccegtgt
7261 gtgtgtgegt gtgtggagaa cttagaaact gactgttgcc ctttatttat gcaaaaccac
7321 ctcagaatcc agtttaccct gtgctgtcca gettcectcecct tgggaaaaag tctctectgt
7381 ttectetetee tecttecace tecccectecet cecatcaccte acgectttet gttecttgte
7441 ctcaccttac tccecctcagg accctaccee accctetttg aaaagacaaa gctctgecta
7501 catagaagac tttttttatt ttaaccaaag ttactgttgt ttacagtgag tttggggaaa
7561 aaaaataaaa taaaaatggc tttcccagtc cttgcatcaa cgggatgcca catttcataa
7621 ctgtttttaa tggtaaaaaa aaaaaaaaaa aatacaaaaa aaaattctga aggacaaaaa
7681 aggtgactgc tgaactgtgt gtggtttatt gttgtacatt cacaatcttg caggagccaa
7741 gaagttcgca gttgtgaaca gaccctgttce actggagagg cctgtgcagt agagtgtaga
7801 ccetttecatg tactgtactg tacacctgat actgtaaaca tactgtaata ataatgtcte
7861 acatggaaac agaaaacgct gggtcagcag caagctgtag tttttaaaaa tgtttttagt
7921 taaacgttga ggagaaaaaa aaaaaaggct tttcccccaa agtatcatgt gtgaacctac

7981 aacaccctga cctectttete tectecttga ttgtatgaat aaccctgaga tcacctcectta
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8041

8101

8161

8221

8281

8341

8401

8461

8521

8581

AT-rich

61

121

181

241

301

361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

gaactggttt
tgtacattgce
tagtatgacg
ttgccagata
gtctcageag
tctttctaat
aattgagatt
ttgatgtaaa
gaaatcttta
acttt

interactive
maagvapaaa
pavgppdplyg
pggggggssd
laalgsgggyg
sgaaaaagsk
spssargydqg
pmspgssggg
pygsqtpary
EIYYES 19y
tqghpgsqpp
gelsgdsfgs
vstsgisssq
gnqmpprpps
ihtgmgsyqgq
mhgqpgippy
mhvaansign
maaspemmgl
kmwvdrylaf
nvgtsssaas
magpgtpgst
krnsmtpnpg
sraagpglgn
Psryppqqqq
rtspskspfl
rltmkdigtp
eyfrrcliei

eeevvendee

dsgllhwrig

taacctttag
acataccctt
agttaacaag
tcegecectet
ccaatcaact
cgaggtgtga
ttttcagtga
ttcctecttt

tactatatgt

domain-containing protein 1A (ARIDI1A)

ss1lgnppppp

kelgdgaesn
gvgapphsaa
glepyagpaq
pppsssasas
yPggdysggp
gqplartpgp
pmtmggrags
sgtphagpsy
ysapqaqspy
gassapsmts
gegsnpadgsp
ggsdsimhps
nsmgsygpdag
gtlppgrmsh
rppgypnmng
gdvkltpatk
teekamgmtn
slkkqyigcl
sssmaeggdl
ygpsmnt sdm
vamgprghyp
qqqqrhdsyg
hsgmkmgkag
eawrvmmslk
fgilkeyevyg
iafsgkdkpa

ggdttehigt

-continued

ctgcagegge
ggatccccac
ttggtgacct
tggtgcgatg
tatagtttat
aaaagttcta
taaaatctge
ttttectttt

tccacgtgtt

pselkkaeqq
gggggggags
aalpppaygf
nshdhgfpnh
sssssfaqgqgr
adggagkgpa
sspmdgmgkm
amgglsytqq
JqAIPISIPPI

dq9gpddapap

skgggedmnl
fsphtsphlp
mngssiagdr
gaygpdggyp
asmgnrpygp

ggmmgt gppy
mnnkadgtpk
lpavgrkpld
vafeckierg
kpptpastph
mgrmsyepnk
yggpydrvrt
ngfstqgtps
ppvpashiap
sgllaestwa
dpgqrtlldp

senseeklis

hfesktellp

tacgctgeca
agtttggtcc
gcacaaagcg
ctgtacaggt
ttttttetyg
ggttcagtty
atatttgtat
ttggcttaat

aagaataaat

greeaggeaa
gggpgaepdl
gapygrspsa
qynsyypnrs
fgamggggps
dmasgcwgaa
rpapyggtnp
ippygdqqgps
lgssqppysq
stlsggaayp
slgsrpsslp
girgpspspv
gymgrnpmp
rgpnynalpn
nmanmppgvyg
ggginsmagm
teskskksss
lyrlyvsvke
edpppdifaa
sqipplpgms
dpygsmrkap
epgigpegnm
gspfpsqqgtt
apvgppmirr
ldtinillyd
grfskvsspa

kfdklpvkiv

srphapcppa

31

cgtgtgtata
tccteccage
agacacagct
ctctgtaaaa
gtttttgttt
aagttctgat
ttcaacaatg
gaatatcatt

gtacattaaa

aaaaaergem
knsngnagpr
vaaaaaavfh
aypppapaya
aagggtpgpt
aaaaaaaaas
Ysqqagppsg
gygdadagqarpy
apsqpphaqgs
qpgsagsqqt
dlsgsiddlp
gspasvagsr
Jqysspdpgsa
anypsagmag
sgmepppggm

inpggppy sm

stttnekitk
iggltgvnkn
adskksgpki
rsnsvgiqgda
gsdpfmssgg
stgapgpnlm
myqqqaqvss
ditfppgsve
dnsimtfnls
pmeggeeeee
gkndpfvvdc

prkhvttaeg

tatatgacgt

taccccttta

atttaatctc

agtccttget

tgttttgttt

gaagaaacac

tagctaaaac

tattcagtat

tcttggtaag

isoform b
(SEQ ID NO:

kaaaggeseg
palnnnltep
aghggaqspg
lssprggtpg
atptlngllt
ggaqggrshha
pgaghgypgq
ynggsphpag
papypsqdst
aysqqrfppp
mgtegalspyg
sgplspaavp
lsprapsggq
ginpmgaggq
nrktgetava
ggtmannsag
lyelggeper
kkwrelatnl
dprpspagsgs
fndgsdstfq
gpnggmgdpy
psnpdsgmys
paplprpmen
atgpvlkgrr
glpgllellv
llgpkleeee

sdklgrvgef

tpgttdgegp

11)
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-continued

1681 ppdgppekri tatmddmlst rsstltedga ksseaikess kfpfgispaq shrnikiled
1741 ephskdetpl ctlldwgdsl akrcvcevsnt irslsfvpgn dfemskhpgl 11i1gklill
1801 hhkhperkga pltyekeeeq dggvscnkve wwwdclemlr entivtlani sgqldlspyp
1861 egsiclpvldg llhwavcpsa eaqgdpfstlg pnavlspgrl vletlsklsi gdnnvdlila
1921 tppfsrlekl ystmvrflsd rknpvcrema vvllanlaqg dslaaraiav gkgsignllg
1981 fledslaatqg fggsgasllh mgnppfepts vdmmrraara llalakvden hseftlyesr
2041 1ldisvsplm nslvsgvicd v1fliggs

Homo sapiens AT rich interactive domain 1A (SWI-like) (ARID1A),
transcript variant 2, mRNA
(SEQ ID NO: 12)

1 cagaaagcgyg agagtcacag cggggecagg ccctggggag cggagectcee accgecccce

61 tcattcccag gecaagggett ggggggaatyg agecgggaga gecgggtece gagectacag
121 agcegggage agctgageceg ceggegecte ggecgeegece gecgectect cctecteege
181 cgecegecage ccggagectyg agecggegdg geggggggga gaggagegag cgcagcegeag
241 cagcggagece cegegaggece cgeccgggeg ggtggggagg geageceggg ggactgggece
301 ccggggeggg gtgggagggyg gggagaagac gaagacaggg ccgggtcetct cegeggacga
361 gacagcgggg atcatggeeg cgcaggtege ccecgecgee gecageagece tgggcaaccce
421 geegeegeeg ccegecectegg agctgaagaa agecgagcag cageageggg aggaggeggg
481 gggcgaggcg gceggceggegg cageggcecga gcgeggggaa atgaaggcag ccgcecgggea
541 ggaaagcgag ggccccgeag tggggecgee gcagecgetg ggaaaggage tgcaggacgg
601 ggccgagage aatgggggtg gcggeggcegg cggagcecgge ageggeggeg ggcccggege
661 ggagceggac ctgaagaact cgaacgggaa cgcgggecct aggeccgece tgaacaataa
721 ccteacggag cegeccggeg geggeggtgg cggcageage gatggggtgg gggegectee
781 tcactcagee geggecgect tgeegecccee agectacgge ttegggcaac cctacggecyg
841 gagccegtet geegtegeeg cegecgegge cgecgtette caccaacaac atggeggaca
901 acaaagcect ggectggeag cgctgeagag cggeggegge gggggectgg agecctacge
961 ggggccccag cagaactcte acgaccacgyg cttccccaac caccagtaca actcctacta
1021 ccccaaccge agegectace cecegecege cceggectac gegetgaget ccecgagagg
1081 tggcacteeyg ggcteeggeg cggeggegge tgecggetece aagecgecte cctectecag
1141 cgecctecgece tectegtegt cttegtectt cgctcagcag cgcttegggyg ccatgggggg
1201 aggcggeccee teegeggeeg gegggggaac tceccageece accgcecacce ccaccctcaa
1261 ccaactgete acgtegecca geteggeceg gggctaccag ggctacceeg ggggcgacta
1321 cagtggeggyg ccccaggacyg ggggegeegg caagggeceg geggacatgg cctegecagtyg
1381 ttgggggget geggeggegyg cagetgegge ggeggeegece tegggagggg cccaacaaag
1441 gagccaccac gcgcccatga geccegggayg cageggegge ggggggeage cgetegeceg
1501 gacccctecag ccatccagte caatggatca gatgggcaag atgagacctce agccatatgg
1561 cgggactaac ccatactege agcaacaggdg acctecgteca ggaccgcage aaggacatgg
1621 gtacccaggg cagccatacg ggtcccagac cccgcagegg tacccgatga ccatgcaggg
1681 ccgggcegcag agtgccatgg geggcectcte ttatacacag cagattccte cttatggaca

1741 acaaggcccece agcegggtatg gtcaacaggg ccagactcca tattacaacce agcaaagtcece
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1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

4021

4081

tcacccteag

ccaacctteg

tccatactcce

ccageagteg

tcagtctect

ggctgegtat

cttececteca

ctcaatgacc

ctcecagettyg

tctgagtect

agctcagtet

ccegtecect

tgctgeagtyg

catgcatcct

cceecagatyg

ttceggagga

tggtececag

tgcettgece

tgccggaggt

gaggatgagt

acctcaggtt

aactgetgte

caatatgaat

tatggetgge

caattctgea

tccagecace

gaaatccagt

tgagectgag

gggcatgaca

gtctgtgaag

tgcaaccaac

tatccagtgt

catctttgea

gggatcagga

aggaggagac

gccaggeatyg

ctccacattce

tacctetgac

gaggaaagct

cagcagcagce

tatcagcagce

cagcagecat

acgacacagc

taccagcagce

ccteagecec

ccegcaggagce

tccagtaagg

cctgatetat

ggagtgagca

cctttetcete

gttggetete

ccaggcaacce

tccatgaacce

ccccagtaca

cagatacaca

gggggtcagt

aatgccaact

caaatgcatg

cacgecteca

gggtcaggga

gccatgeatyg

caagggggca

atgatcaacc

gggatggcag

aaaatgaaca

tcttctacta

aggaagatgt

aatctgectyg

gagattggtg

ctcaatgtgg

ctctatgect

gctgetgatt

tctatgeagyg

ttaaagccac

agcaggagca

cagaagcgga

atgatggggc

ccagggagtg

-continued

caccctactce

agccacagtc

cccagectee

agcaccccca

agcaacctca

agtctcagea

tatctcaaga

gagggcaaga

ctggttcaat

catcagggat

ctcatacctce

cegecagtgt

agatgccacc

aatcaagcat

gttccecceca

caggcatggg

atggcccaca

accccagtge

gacagcctygyg

tgggcaaccyg

tgtgtcceee

ttgctgecaa

tgatgggaac

ctcagggacc

ccageccaga

acaaggcaga

caaccaatga

gggtggaccyg

ctgtgggtag

gattgactca

gcacatcaag

ttgaatgcaa

ccaagaagtc

ggccccagac

caactccagce

attcagttgg

attccatgac

gcatgtecta

atcccttecat

ccagcaacca

tcaaccacca

acatcagcag

gagccagece

gcagccagca

gtcccagcaa

ttecatttggy

agatatgaac

agatgacctce

ttccagcage

cccteacety

tgctcagtet

teggecaccee

tgcccaagat

gceceggetcea

ctecctaccag

aggtggctac

aggcatggcet

catcccacct

gccttatgge

accagggggc

ctctatccaa

tggacctect

cccatattcec

gatgatgggc

tgggacaccc

gaagatcacc

ttatctggee

gaaacctetyg

ggtcaacaag

cagtgetgec

gattgaacgg

ccageccaag

tccccagtea

atccacacca

gatccaggat

tccaaaccct

tgagccaaat

gtcctecaggy

33

cegteccaga
cagctecagt
tcceceggete
ccctacteac
cectegacge
actgcctatt
tctcaggeat
ctgagectte
cccatgggga
caaggagagc
cctggeatee
cgctcaggac
agtggccagt
cgaggttata
gccttatete
cagaactcca
cccaggeage
ggaggcataa
tatggcacac
cctaacatgg
atgaaccgga
aacaggccge
tatggacaag
atgggtggaa
cttggggatg
aagacagaat
aagttgtatg
ttcactgagg
gacctetate
aacaaaaaat
agctcettga
ggagaagacc
atccagecte
accagcagtt
cacagtcaga
gcctttaaty
gggtatcage
aaggatcctt

cagggcccca

ccecteatge

ccteteagec

catacccectce

agccacaggc

tcteccagea

cccageageg

ccteageccee

agtcaagacc

cagaaggagc

agagtaatcc

gaggcectte

cactctegee

cggacagcat

tgcagaggaa

cgegteagec

tggggagcta

caaactataa

accccatggyg

tcecctecagy

ccaatatgec

aaacccaaga

caggctacce

ggattaatag

ccatggecaa

taaagttaac

ccaaatccaa

agctgggtgg

agaaggccat

gcectetatgt

ggcgggaact

aaaagcagta

ctceeccaga

cctetectge

ccatggcaga

tcececceccatt

atggaagtga

ccagtatgaa

atggcagcat

acggcgggat
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4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

5161

5221

5281

5341

5401

5461

5521

5581

5641

5701

5761

5821

5881

5941

6001

6061

6121

6181

6241

6301

6361

6421

gggtgaccce

acagcactat

tgagggaaac

ggggatgtat

tgattectat

ccagecagact

gccaatggag

gcagaaggca

catgattegg

gaagcagagyg

gatgtcccte

cctgetgtat

agagctectt

gtatgaggtg

gtctagtceca

agaagaggaa

ggacaagcca

agtaaagatc

tgtgcaggag

gcatatccag

ctgeecacca

ccaggagggy

catgttgtet

caaggagagc

gatcctagag

gcaggattct

tgtgecagge

gctgatecty

dgaggaggaa

ggagatgcetce

atctccatac

ttgcecttea

ccegeagaga

cctgattetyg

cttecteagt

cctggeteag

caacctectyg

cagectecte

ggctgecege

tacagtegtyg

ccctatggag

atgagcactg

tctectagee

ggcaatcagt

acaatgtatc

aaccgcacct

ggtcccccag

cgggatatca

aggcggetcea

aagtctggtce

gatgacaaca

gtagaatatt

ggtgacccag

gcteccatgy

gaagaagagyg

gcttcagaga

gtacagaaga

tttgacagtg

acccactteg

gccectegga

cceecaccetyg

actcggtcta

agcaagtttc

gacgaaccce

cttgccaage

aatgactttg

ctgcaccaca

caggaccaag

cgggaaaaca

ccecgagagea

gctgaagece

ctggtettgg

gccacacccce

gaccgaaaga

ggggacagcc

ggcttectag

cacatgcaga

gegetgetty

-continued
ctgceggecc tgggctagga

gtccttatga cagagtgagg
gggccccaca gcecgaatcete
gctacccece gcagcagcag
tctecaccca aggcacccect
aacagcaaca gcaggtatcc
ctcctagecaa gtctecatte
tacctgecte gcacatagca
cctteccace tggetetgtt
caatgaaaga cattggaacc
tcectggcaga gagcacatgg
gcatcatgac cttcaaccte
tccgacgatyg cctgattgag
gacagagaac gctactggat
agggtgggga agaagaagaa
aagtagttga aaatgatgag
atagtgagga gaagctgatc
atgatccatt tgtggtggac
geetgetgea ctggeggatt
agagcaagac agagctgetg
agcatgtgac aacagcagag
atggacctece agaaaaacgg
gcaccttgac cgaggatgga
catttggcat tagcccagca
acagtaagga tgagacccca
getgegtetyg tgtgtccaat
agatgtccaa acacccaggg
agcacccaga acggaagcag
gggtgagetyg caacaaagtyg
ccttggttac actegecaac
tttgcectgee tgtectggac
aggacccctt ttecacccetg
aaacccteag caaactcage
cctteagecy cctggagaag
acceggtgty ccgggagatg
tggcagcteyg tgccattgea
aggacagcct tgecgecaca

acccaccctt tgagccaact

ccttggecaa ggtggacgag

34

aatgtggcga
acggagectyg
atgcctteca
cagcagcage
tctggeagec
agcectgete
ctgcactetyg
cectgeceety
gaagccacac
cceggaggeat
gcattagata
agtcagctce
atctttggca
cctgggaggt
gaacttctag
gagatagcct
agtaagtttg
tgctcagata
g9tg999ggy
cecttecegge
ggtacaccag
atcacagcca
gctaagagtt
cagagccacc
ctgtgtacce
accattcgaa
ctgetgetcea
gcaccactaa
gagtggtggt
atctegggge
ggactecctac
ggccccaaty
atccaggaca
ttgtatagca
gcetgtggtac
gtgcagaagg
cagttccage
agtgtggaca

aaccactcag

tgggaccacyg

gaatagggce

acccagactce

agcaacgaca

ccttecccag

cectgeceeyg

ggatgaaaat

tgcageeece

agcetgtgtt

ggcgggtaat

ccatcaacat

cagggttget

ttttaaagga

tcagcaaggt

gtcctaaact

tttcaggcaa

acaagcttece

agcttgggcg

acaccactga

ctcacgcace

ggacaacaga

ctatggatga

cagaggccat

ggaacatcaa

ttctggactyg

gcectgteatt

tcctgggeaa

cttatgaaaa

gggactgett

agttggacct

actgggcagt

cegtecttte

acaatgtgga

ctatggtgeg

tgctggecaa

gcagtatcgg

agagccagge

tgatgcggcg

agtttactct
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-continued

6481 gtacgaatca cggctgttgg acatctceggt atcaccgttg
6541 agtcatttgt gatgtactgt ttttgattgg ccagtcatga
6601 cceecegtgtg tgtgtgegtyg tgtggagaac ttagaaactg
6661 caaaaccacc tcagaatcca gtttaccctg tgctgtceccag
6721 ctectectgtt tctectctect cecttcecacct cecectceecte
6781 ttecttgtee tcaccttact ccecctcagga cectacccca
6841 ctctgectac atagaagact ttttttattt taaccaaagt
6901 ttggggaaaa aaaataaaat aaaaatggct ttcccagtcc
6961 atttcataac tgtttttaat ggtaaaaaaa aaaaaaaaaa
7021 ggacaaaaaa ggtgactgct gaactgtgtg tggtttattg
7081 aggagccaag aagttcgcag ttgtgaacag accctgttca
7141 gagtgtagac cctttcatgt actgtactgt acacctgata
7201 taatgtctca catggaaaca gaaaacgctg ggtcagcagce
7261 gtttttagtt aaacgttgag gagaaaaaaa aaaaaggctt
7321 tgaacctaca acaccctgac ctctttcectet cctecttgat
7381 cacctcttag aactggtttt aacctttage tgcagcggcet
7441 atatgacgtt gtacattgca catacccttg gatccccaca
7501 acccctttat agtatgacga gttaacaagt tggtgacctg
7561 tttaatctct tgccagatat cgcccctcett ggtgcgatge
7621 gtcecttgetyg tectcagcage caatcaactt atagtttatt
7681 gttttgtttt ctttctaatc gaggtgtgaa aaagttctag
7741 aagaaacaca attgagattt tttcagtgat aaaatctgca
7801 agctaaaact tgatgtaaat tcctcectttt tttecttttt
7861 attcagtatg aaatctttat actatatgtt ccacgtgtta
7921 cttggtaaga cttt

[0118] The present invention also provides methods of

inducing neuronal differentiation by contacting a cell with a
compound (i.e., an EZH2 inhibitor) of the invention. Pref-
erably, the compound is in an amount sufficient to increase
expression of at least one gene selected from the group
consisting of CDI133 (also called PROMI1), DOCK4,
PTPRK, PROM2, LHXI1, LHX6, LHX9, PAX6, PAX7,
VEFGA, FZD3B, FYN, HIF1A, HTRA2, EVX1, CCDC64,
and GFAP.

[0119] The term “inducing neuronal differentiation” used
herein refers to causing a cell to develop into a cell of the
neuronal lineage as a result of a direct or intentional effect
on the cell.

[0120] The present invention also provides methods of
inducing cell cycle inhibition by contacting a cell with a
compound of the invention. Preferably, the compound is in
an amount sufficient to increase expression of at least one
gene selected from the group consisting of CKDNIA,
CDKN2A, MEN1, CHEKI, IRF6, ALOX15B, CYP27B1,
DBCI1, NME6, GMNN, HEXIMI, LATS1, MYC, HRAS,
TGFBI, IFNG, WNTI, TP53, THBSI, INHBA, IL8, IRF1,
TPR, BMP2, BMP4, ETS1, HPGD, BMP7, GATA3,
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atgaactcat tggtttcaca

cagcegtggyg acaccteccc

actgttgcce tttatttatg

cttectecctt gggaaaaagt

catcacctca cgectttetg

ccctetttga aaagacaaag

tactgttgtt tacagtgagt

ttgcatcaac gggatgccac

atacaaaaaa aaattctgaa

ttgtacattc acaatcttge

ctggagagge ctgtgcagta

ctgtaaacat actgtaataa

aagctgtagt ttttaaaaat

ttcccccaaa gtatcatgtg

tgtatgaata accctgagat

acgctgecac gtgtgtatat

gtttggtect ccteccaget

cacaaagcga gacacagcta

tgtacaggte tctgtaaaaa

tttttetggg tttttgtttt

gttcagttga agttctgatg

tatttgtatt tcaacaatgt

tggcttaatyg aatatcattt

agaataaatyg tacattaaat

NR2F2, APC, PTPN3, CALR, IL12A, IL12B, PML,
CDKN2B, CDKN2C, CDKNIB, SOX2, TAF6, DNA2,
PLK1, TERF1, GAS1, CDKN2D, MLF1, PTEN, TGFB2,
SMAD3, FOX04, CDK6, TFAP4, MAP2K1, NOTCH?2,
FOXC1, DLG1, MAD2L1, ATM, NAE1, DGKZ, FHLI,
SCRIB, BTG3, PTPRK, RPS6KA2, STKI11, CDKN3,
TBRG1, CDC73, THAP5, CRLF3, DCUN1D3, MYOCD,
PAF1, LILRB1, UHMKI, PNPT1, USP47, HEXIM2,
CDK5RAP1, NKX3-1, TIPIN, PCBP4, USP44, RBM38,
CDT1, RGCC, RNF167, CLSPN, CHMPIA, WDRS,
TCF7L2, LATS2, RASSF1, MLTK, MAD2L2, FBXOS,
ING4, and TRIM3S.

[0121] The term “inducing cell cycle inhibition” used
herein refers to causing an accumulation or an arrest at any
phase during cell division and/or duplication.

[0122] The present invention also provides methods of
inducing tumor suppression by contacting a cell with a
compound of the invention. Preferably, the compound is in
an amount sufficient to increase expression of BIN1 or any
tumor suppressors.

[0123] The term “inducing tumor suppression” may
include, but is not limited to, a reduction in size of a tumor,
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a reduction in tumor volume, a decrease in number of
tumors, a decrease in number of metastatic lesions in other
tissues or organs distant from the primary tumor site, an
increase in average survival time of a population of treated
subjects in comparison to a population receiving carrier
alone, an increase in average survival time of a population
of treated subjects in comparison to a population of
untreated subjects, an increase in average survival time of a
population of treated subjects in comparison to a population
receiving monotherapy with a drug that is not a compound
of the present invention, a decrease in the mortality rate of
a population of treated subjects in comparison to a popula-
tion receiving carrier alone, a decrease in tumor growth rate,
or a decrease in tumor regrowth rate.

[0124] The present invention also provides methods of
inhibiting hedgehog signaling by contacting a cell with a
compound of the invention. Preferably, the compound is in
an amount sufficient to reduce expression of at least one
gene selected from the group consisting of GLI1, PTCHI1,
SUFU, KIF7, GLI2, BMP4, MAP3K10, SHH, TCTN3,
DYRK2, PTCHDI, and SMO.

[0125] The phrase “inhibiting hedgehog signaling” means
the hedgehog signaling strength (intensity) with a compound
treatment is reduced by at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 100%, 200%, 300%, 400%, 500%,
1000%, 1500%, or more compared to the hedgehog signal-
ing strength (intensity) without any compound treatment.
[0126] The present invention also provides methods of
inducing a gene expression by contacting a cell with a
compound of the invention. Preferably, the compound is in
an amount sufficient to induce neuronal differentiation, cell
cycle inhibition and/or tumor suppression. Such gene is
selected from the group consisting of CD133 (also called
PROM1), DOCK4, PTPRK, PROM2, LHXI1, LHXG6,
LHX9, PAX6, PAX7, VEFGA, FZD3B, FYN, HIF1A,
HTRA2, EVX1, CCDC64, GFAP, CKDNI1A, CDKN2A,
MEN1, CHEKI1, IRF6, ALOX15B, CYP27B1, DBCI,
NME6, GMNN, HEXIM1, LATS1, MYC, HRAS, TGFB1,
IFNG, WNT1, TP53, THBS1, INHBA, IL8, IRF1, TPR,
BMP2, BMP4, ETS1, HPGD, BMP7, GATA3, NR2F2,
APC, PTPN3, CALR, IL12A, 1IL12B, PML, CDKN2B,
CDKN2C, CDKNI1B, SOX2, TAF6, DNA2, PLK1, TERF1,
GAS1, CDKN2D, MLF1, PTEN, TGFB2, SMAD3,
FOXO0O4, CDK6, TFAP4, MAP2K1, NOTCH2, FOXC1,
DLG1, MAD2L1, ATM, NAE1l, DGKZ, FHL1, SCRIB,
BTG3, PTPRK, RPS6KA2, STK11, CDKN3, TBRGI,
CDC73, THAPS, CRLF3, DCUN1D3, MYOCD, PAF1,
LILRB1, UHMKI1, PNPT1, USP47, HEXIM?2,
CDKS5RAP1, NKX3-1, TIPIN, PCBP4, USP44, RBM38,
CDT1, RGCC, RNF167, CLSPN, CHMPI1A, WDRG,
TCF7L2, LATS2, RASSF1, MLTK, MAD2L2, FBXOS,
ING4, TRIM35, BIN1 and any tumor suppressors.

[0127] The phrase “inducing a gene expression” means the
expression level of a particular gene of interest is increased
by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
100%, 200%, 300%, 400%, 500%, 1000%, 1500%, or more
compared to the expression level of this gene without any
compound treatment.

[0128] The present invention also provides methods of
inhibiting a gene expression comprising contacting a cell
with a compound of the invention. Preferably, the compound
is in an amount sufficient to inhibit hedgehog signaling.
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Such gene is GLI1, PTCH1, SUFU, KIF7, GLI2, BMP4,
MAP3K10, SHH, TCTN3, DYRK2, PTCHD1, or SMO.
[0129] The phrase “inhibiting a gene expression” means
the expression level of a particular gene of interest is
reduced by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 100%, 200%, 300%, 400%, 500%, 1000%,
1500%, or more compared to the expression level of this
gene without any compound treatment.

[0130] Neuronal differentiation, cell cycle inhibition,
tumor suppression and hedgehog signaling inhibition can be
determined by any methods known in the art.

[0131] As used herein, a cell refers to any cell that can be
obtained and used by a method described herein. For
example, a cell may be obtained from a cell culture. Alter-
natively, a cell may be isolated from a subject. A cell may
also refer to a cell of a subject.

[0132] A cell may comprise loss of function of SNF5,
ARID1A, ATRX, and/or a component of the SWI/SNF
complex. Preferably, a cell may comprise a deletion of
SNFS5.

[0133] A cell may be a cancer cell, where the cancer is
selected from the group consisting of medulloblastoma,
oligodendroglioma, ovarian clear cell adenocarcinoma,
ovarian endomethrioid adenocarcinoma, ovarian serous
adenocarcinoma, pancreatic ductal adenocarcinoma, pancre-
atic endocrine tumor, malignant rhabdoid tumor, astrocy-
toma, atypical teratoid rhabdoid tumor, choroid plexus car-
cinoma, choroid plexus papilloma, ependymoma,
glioblastoma, meningioma, neuroglial tumor, oligoastrocy-
toma, oligodendroglioma, pineoblastoma, carcinosarcoma,
chordoma, extragonadal germ cell tumor, extrarenal rhab-
doid tumor, schwannoma, skin squamous cell carcinoma,
chondrosarcoma, clear cell sarcoma of soft tissue, ewing
sarcoma, gastrointestinal stromal tumor, osteosarcoma,
rhabdomyosarcoma, epithelioid sarcoma, renal medullo car-
cinoma, diffuse large B-cell lymphoma, follicular lymphoma
and not otherwise specified (NOS) sarcoma. More prefer-
ably a cell is a cancer cell of medulloblastoma, malignant
rhabdoid tumor, or atypical teratoid rhabdoid tumor.
[0134] A cancer that is to be treated can be staged accord-
ing to the American Joint Committee on Cancer (AJCC)
TNM classification system, where the tumor (T) has been
assigned a stage of TX, T1, Tlmic, Tla, T1b, Tlc, T2, T3,
T4, T4a, T4b, T4c, or T4d; and where the regional lymph
nodes (N) have been assigned a stage of NX, NO, N1, N2,
N2a, N2b, N3, N3a, N3b, or N3c; and where distant metas-
tasis (M) can be assigned a stage of MX, MO, or M1. A
cancer that is to be treated can be staged according to an
American Joint Committee on Cancer (AJCC) classification
as Stage I, Stage IIA, Stage IIB, Stage IIIA, Stage IIIB,
Stage I1IC, or Stage IV. A cancer that is to be treated can be
assigned a grade according to an AJCC classification as
Grade GX (e.g., grade cannot be assessed), Grade 1, Grade
2, Grade 3 or Grade 4. A cancer that is to be treated can be
staged according to an AJCC pathologic classification (pN)
of pNX, pNO, PNO (I-), PNO (I+), PNO (mol-), PNO (mol+),
PN1, PN1(mi), PN1a, PN1b, PNlc, pN2, pN2a, pN2b, pN3,
pN3a, pN3b, or pN3c.

[0135] A cancer that is to be treated can be evaluated by
DNA cytometry, flow cytometry, or image cytometry. A
cancer that is to be treated can be typed as having 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, or 90% of cells in the
synthesis stage of cell division (e.g., in S phase of cell
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division). A cancer that is to be treated can be typed as
having a low S-phase fraction or a high S-phase fraction.
[0136] As used herein, a “normal cell” is a cell that cannot
be classified as part of a “cell proliferative disorder”. A
normal cell lacks unregulated or abnormal growth, or both,
that can lead to the development of an unwanted condition
or disease. Preferably, a normal cell possesses normally
functioning cell cycle checkpoint control mechanisms.
[0137] As used herein, “contacting a cell” refers to a
condition in which a compound or other composition of
matter is in direct contact with a cell, or is close enough to
induce a desired biological effect in a cell.

[0138] As used herein, “monotherapy” refers to the
administration of a single active or therapeutic compound to
a subject in need thereof. Preferably, monotherapy will
involve administration of a therapeutically effective amount
of an active compound. For example, cancer monotherapy
with one of the compound of the present invention, or a
pharmaceutically acceptable salt, polymorph, solvate, ana-
log or derivative thereof, to a subject in need of treatment of
cancer. Monotherapy may be contrasted with combination
therapy, in which a combination of multiple active com-
pounds is administered, preferably with each component of
the combination present in a therapeutically effective
amount. In one aspect, monotherapy with a compound of the
present invention, or a pharmaceutically acceptable salt,
polymorph or solvate thereof, is more effective than com-
bination therapy in inducing a desired biological effect.
[0139] As used herein, “treating” or “treat” describes the
management and care of a patient for the purpose of com-
bating a disease, condition, or disorder and includes the
administration of a compound of the present invention, or a
pharmaceutically acceptable salt, polymorph or solvate
thereof, to alleviate one or more symptoms or complications
of a disease, condition or disorder, or to eliminate the
disease, condition or disorder. The term “treat” can also
include treatment of a cell in vitro or an animal model.
[0140] A compound of the present invention, or a phar-
maceutically acceptable salt, polymorph or solvate thereof,
can also be used to prevent a disease, condition or disorder,
or used to identify suitable candidates for such purposes. As
used herein, “preventing” or “prevent” describes reducing or
eliminating the onset of the symptoms or complications of
the disease, condition or disorder.

[0141] As used herein, the term “alleviate” is meant to
describe a process by which the severity of a sign or
symptom of a disorder is decreased. Importantly, a sign or
symptom can be alleviated without being eliminated. In a
preferred embodiment, the administration of pharmaceutical
compositions of the invention leads to the elimination of a
sign or symptom, however, elimination is not required.
Effective dosages are expected to decrease the severity of a
sign or symptom. For instance, a sign or symptom of a
disorder such as cancer, which can occur in multiple loca-
tions, is alleviated if the severity of the cancer is decreased
within at least one of multiple locations.

[0142] As used herein, the term “severity” is meant to
describe the potential of cancer to transform from a precan-
cerous, or benign, state into a malignant state. Alternatively,
or in addition, severity is meant to describe a cancer stage,
for example, according to the TNM system (accepted by the
International Union Against Cancer (UICC) and the Ameri-
can Joint Committee on Cancer (AJCC)) or by other art-
recognized methods. Cancer stage refers to the extent or
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severity of the cancer, based on factors such as the location
of the primary tumor, tumor size, number of tumors, and
lymph node involvement (spread of cancer into lymph
nodes). Alternatively, or in addition, severity is meant to
describe the tumor grade by art-recognized methods (see,
National Cancer Institute, www.cancer.gov). Tumor grade is
a system used to classify cancer cells in terms of how
abnormal they look under a microscope and how quickly the
tumor is likely to grow and spread. Many factors are
considered when determining tumor grade, including the
structure and growth pattern of the cells. The specific factors
used to determine tumor grade vary with each type of cancer.
Severity also describes a histologic grade, also called dif-
ferentiation, which refers to how much the tumor cells
resemble normal cells of the same tissue type (see, National
Cancer Institute, www.cancer.gov). Furthermore, severity
describes a nuclear grade, which refers to the size and shape
of the nucleus in tumor cells and the percentage of tumor
cells that are dividing (see, National Cancer Institute, www.
cancer.gov).

[0143] In another aspect of the invention, severity
describes the degree to which a tumor has secreted growth
factors, degraded the extracellular matrix, become vascular-
ized, lost adhesion to juxtaposed tissues, or metastasized.
Moreover, severity describes the number of locations to
which a primary tumor has metastasized. Finally, severity
includes the difficulty of treating tumors of varying types
and locations. For example, inoperable tumors, those can-
cers which have greater access to multiple body systems
(hematological and immunological tumors), and those
which are the most resistant to traditional treatments are
considered most severe. In these situations, prolonging the
life expectancy of the subject and/or reducing pain, decreas-
ing the proportion of cancerous cells or restricting cells to
one system, and improving cancer stage/tumor grade/histo-
logical grade/nuclear grade are considered alleviating a sign
or symptom of the cancer.

[0144] As used herein the term “symptom” is defined as an
indication of disease, illness, injury, or that something is not
right in the body. Symptoms are felt or noticed by the
individual experiencing the symptom, but may not easily be
noticed by others. Others are defined as non-health-care
professionals.

[0145] As used herein the term “sign™ is also defined as an
indication that something is not right in the body. But signs
are defined as things that can be seen by a doctor, nurse, or
other health care professional.

[0146] Cancer is a group of diseases that may cause almost
any sign or symptom. The signs and symptoms will depend
on where the cancer is, the size of the cancer, and how much
it affects the nearby organs or structures. If a cancer spreads
(metastasizes), then symptoms may appear in different parts
of the body.

[0147] Treating cancer can result in a reduction in size of
a tumor. A reduction in size of a tumor may also be referred
to as “tumor regression”. Preferably, after treatment, tumor
size is reduced by 5% or greater relative to its size prior to
treatment; more preferably, tumor size is reduced by 10% or
greater; more preferably, reduced by 20% or greater; more
preferably, reduced by 30% or greater; more preferably,
reduced by 40% or greater; even more preferably, reduced
by 50% or greater; and most preferably, reduced by greater
than 75% or greater. Size of a tumor may be measured by
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any reproducible means of measurement. The size of a
tumor may be measured as a diameter of the tumor.
[0148] Treating cancer can result in a reduction in tumor
volume. Preferably, after treatment, tumor volume is
reduced by 5% or greater relative to its size prior to
treatment; more preferably, tumor volume is reduced by
10% or greater; more preferably, reduced by 20% or greater;
more preferably, reduced by 30% or greater; more prefer-
ably, reduced by 40% or greater; even more preferably,
reduced by 50% or greater; and most preferably, reduced by
greater than 75% or greater. Tumor volume may be mea-
sured by any reproducible means of measurement.

[0149] Treating cancer results in a decrease in number of
tumors. Preferably, after treatment, tumor number is reduced
by 5% or greater relative to number prior to treatment; more
preferably, tumor number is reduced by 10% or greater;
more preferably, reduced by 20% or greater; more prefer-
ably, reduced by 30% or greater; more preferably, reduced
by 40% or greater; even more preferably, reduced by 50% or
greater; and most preferably, reduced by greater than 75%.
Number of tumors may be measured by any reproducible
means of measurement. The number of tumors may be
measured by counting tumors visible to the naked eye or at
a specified magnification. Preferably, the specified magni-
fication is 2x, 3x, 4x, 5x, 10x, or 50x.

[0150] Treating cancer can result in a decrease in number
of metastatic lesions in other tissues or organs distant from
the primary tumor site. Preferably, after treatment, the
number of metastatic lesions is reduced by 5% or greater
relative to number prior to treatment; more preferably, the
number of metastatic lesions is reduced by 10% or greater;
more preferably, reduced by 20% or greater; more prefer-
ably, reduced by 30% or greater; more preferably, reduced
by 40% or greater; even more preferably, reduced by 50% or
greater; and most preferably, reduced by greater than 75%.
The number of metastatic lesions may be measured by any
reproducible means of measurement. The number of meta-
static lesions may be measured by counting metastatic
lesions visible to the naked eye or at a specified magnifica-
tion. Preferably, the specified magnification is 2x, 3x, 4x,
5%, 10x, or 50x.

[0151] Treating cancer can result in an increase in average
survival time of a population of treated subjects in compari-
son to a population receiving carrier alone. Preferably, the
average survival time is increased by more than 30 days;
more preferably, by more than 60 days; more preferably, by
more than 90 days; and most preferably, by more than 120
days. An increase in average survival time of a population
may be measured by any reproducible means. An increase in
average survival time of a population may be measured, for
example, by calculating for a population the average length
of survival following initiation of treatment with an active
compound. An increase in average survival time of a popu-
lation may also be measured, for example, by calculating for
a population the average length of survival following
completion of a first round of treatment with an active
compound.

[0152] Treating cancer can result in an increase in average
survival time of a population of treated subjects in compari-
son to a population of untreated subjects. Preferably, the
average survival time is increased by more than 30 days;
more preferably, by more than 60 days; more preferably, by
more than 90 days; and most preferably, by more than 120
days. An increase in average survival time of a population
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may be measured by any reproducible means. An increase in
average survival time of a population may be measured, for
example, by calculating for a population the average length
of survival following initiation of treatment with an active
compound. An increase in average survival time of a popu-
lation may also be measured, for example, by calculating for
a population the average length of survival following
completion of a first round of treatment with an active
compound.

[0153] Treating cancer can result in increase in average
survival time of a population of treated subjects in compari-
son to a population receiving monotherapy with a drug that
is not a compound of the present invention, or a pharma-
ceutically acceptable salt, polymorph, solvate, analog or
derivative thereof. Preferably, the average survival time is
increased by more than 30 days; more preferably, by more
than 60 days; more preferably, by more than 90 days; and
most preferably, by more than 120 days. An increase in
average survival time of a population may be measured by
any reproducible means. An increase in average survival
time of a population may be measured, for example, by
calculating for a population the average length of survival
following initiation of treatment with an active compound.
An increase in average survival time of a population may
also be measured, for example, by calculating for a popu-
lation the average length of survival following completion of
a first round of treatment with an active compound.

[0154] Treating cancer can result in a decrease in the
mortality rate of a population of treated subjects in com-
parison to a population receiving carrier alone. Treating
cancer can result in a decrease in the mortality rate of a
population of treated subjects in comparison to an untreated
population. Treating cancer can result in a decrease in the
mortality rate of a population of treated subjects in com-
parison to a population receiving monotherapy with a drug
that is not a compound of the present invention, or a
pharmaceutically acceptable salt, polymorph, solvate, ana-
log or derivative thereof. Preferably, the mortality rate is
decreased by more than 2%; more preferably, by more than
5%; more preferably, by more than 10%; and most prefer-
ably, by more than 25%. A decrease in the mortality rate of
a population of treated subjects may be measured by any
reproducible means. A decrease in the mortality rate of a
population may be measured, for example, by calculating for
a population the average number of disease-related deaths
per unit time following initiation of treatment with an active
compound. A decrease in the mortality rate of a population
may also be measured, for example, by calculating for a
population the average number of disease-related deaths per
unit time following completion of a first round of treatment
with an active compound.

[0155] Treating cancer can result in a decrease in tumor
growth rate. Preferably, after treatment, tumor growth rate is
reduced by at least 5% relative to number prior to treatment;
more preferably, tumor growth rate is reduced by at least
10%; more preferably, reduced by at least 20%; more
preferably, reduced by at least 30%; more preferably,
reduced by at least 40%; more preferably, reduced by at least
50%; even more preferably, reduced by at least 50%; and
most preferably, reduced by at least 75%. Tumor growth rate
may be measured by any reproducible means of measure-
ment. Tumor growth rate can be measured according to a
change in tumor diameter per unit time.
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[0156] Treating cancer can result in a decrease in tumor
regrowth. Preferably, after treatment, tumor regrowth is less
than 5%; more preferably, tumor regrowth is less than 10%;
more preferably, less than 20%; more preferably, less than
30%; more preferably, less than 40%; more preferably, less
than 50%; even more preferably, less than 50%; and most
preferably, less than 75%. Tumor regrowth may be measured
by any reproducible means of measurement. Tumor
regrowth is measured, for example, by measuring an
increase in the diameter of a tumor after a prior tumor
shrinkage that followed treatment. A decrease in tumor
regrowth is indicated by failure of tumors to reoccur after
treatment has stopped.

[0157] Treating cancer can result in a reduction in the rate
of cellular proliferation. Preferably, after treatment, the rate
of cellular proliferation is reduced by at least 5%; more
preferably, by at least 10%; more preferably, by at least 20%;
more preferably, by at least 30%; more preferably, by at least
40%; more preferably, by at least 50%; even more prefer-
ably, by at least 50%; and most preferably, by at least 75%.
The rate of cellular proliferation may be measured by any
reproducible means of measurement. The rate of cellular
proliferation is measured, for example, by measuring the
number of dividing cells in a tissue sample per unit time.
[0158] Treating cancer can result in a reduction in the
proportion of proliferating cells. Preferably, after treatment,
the proportion of proliferating cells is reduced by at least
5%; more preferably, by at least 10%; more preferably, by at
least 20%; more preferably, by at least 30%; more prefer-
ably, by at least 40%; more preferably, by at least 50%; even
more preferably, by at least 50%; and most preferably, by at
least 75%. The proportion of proliferating cells may be
measured by any reproducible means of measurement. Pref-
erably, the proportion of proliferating cells is measured, for
example, by quantifying the number of dividing cells rela-
tive to the number of nondividing cells in a tissue sample.
The proportion of proliferating cells can be equivalent to the
mitotic index.

[0159] Treating cancer can result in a decrease in size of
an area or zone of cellular proliferation. Preferably, after
treatment, size of an area or zone of cellular proliferation is
reduced by at least 5% relative to its size prior to treatment;
more preferably, reduced by at least 10%; more preferably,
reduced by at least 20%; more preferably, reduced by at least
30%; more preferably, reduced by at least 40%; more
preferably, reduced by at least 50%; even more preferably,
reduced by at least 50%; and most preferably, reduced by at
least 75%. Size of an area or zone of cellular proliferation
may be measured by any reproducible means of measure-
ment. The size of an area or zone of cellular proliferation
may be measured as a diameter or width of an area or zone
of cellular proliferation.

[0160] Treating cancer can result in a decrease in the
number or proportion of cells having an abnormal appear-
ance or morphology. Preferably, after treatment, the number
of cells having an abnormal morphology is reduced by at
least 5% relative to its size prior to treatment; more prefer-
ably, reduced by at least 10%; more preferably, reduced by
at least 20%; more preferably, reduced by at least 30%; more
preferably, reduced by at least 40%; more preferably,
reduced by at least 50%; even more preferably, reduced by
at least 50%; and most preferably, reduced by at least 75%.
An abnormal cellular appearance or morphology may be
measured by any reproducible means of measurement. An
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abnormal cellular morphology can be measured by micros-
copy, e.g., using an inverted tissue culture microscope. An
abnormal cellular morphology can take the form of nuclear
pleiomorphism.

[0161] Treating cancer can result in cell death, and pref-
erably, cell death results in a decrease of at least 10% in
number of cells in a population. More preferably, cell death
means a decrease of at least 20%; more preferably, a
decrease of at least 30%; more preferably, a decrease of at
least 40%; more preferably, a decrease of at least 50%; most
preferably, a decrease of at least 75%. Number of cells in a
population may be measured by any reproducible means. A
number of cells in a population can be measured by fluo-
rescence activated cell sorting (FACS), immunofluorescence
microscopy and light microscopy. Methods of measuring
cell death are as shown in Li et al., Proc Natl Acad Sci USA.
100(5): 2674-8, 2003. In an aspect, cell death occurs by
apoptosis.

[0162] As used herein, the term “selectively” means tend-
ing to occur at a higher frequency in one population than in
another population. The compared populations can be cell
populations. Preferably, a compound of the present inven-
tion, or a pharmaceutically acceptable salt, polymorph or
solvate thereof, acts selectively on a cancer or precancerous
cell but not on a normal cell. Preferably, a compound of the
present invention, or a pharmaceutically acceptable salt,
polymorph or solvate thereof, acts selectively to modulate
one molecular target (e.g., a target protein methyltrans-
ferase) but does not significantly modulate another molecu-
lar target (e.g., a non-target protein methyltransferase). The
invention also provides a method for selectively inhibiting
the activity of an enzyme, such as a protein methyltrans-
ferase. Preferably, an event occurs selectively in population
A relative to population B if it occurs greater than two times
more frequently in population A as compared to population
B. An event occurs selectively if it occurs greater than five
times more frequently in population A. An event occurs
selectively if it occurs greater than ten times more frequently
in population A; more preferably, greater than fifty times;
even more preferably, greater than 100 times; and most
preferably, greater than 1000 times more frequently in
population A as compared to population B. For example, cell
death would be said to occur selectively in cancer cells if it
occurred greater than twice as frequently in cancer cells as
compared to normal cells.

[0163] A compound of the present invention, or a phar-
maceutically acceptable salt, polymorph or solvate thereof,
can modulate the activity of a molecular target (e.g., a target
protein methyltransferase). Modulating refers to stimulating
or inhibiting an activity of a molecular target. Preferably, a
compound of the present invention, or a pharmaceutically
acceptable salt, polymorph or solvate thereof, modulates the
activity of a molecular target if it stimulates or inhibits the
activity of the molecular target by at least 2-fold relative to
the activity of the molecular target under the same condi-
tions but lacking only the presence of said compound. More
preferably, a compound of the present invention, or a phar-
maceutically acceptable salt, polymorph or solvate thereof,
modulates the activity of a molecular target if it stimulates
or inhibits the activity of the molecular target by at least
5-fold, at least 10-fold, at least 20-fold, at least 50-fold, at
least 100-fold relative to the activity of the molecular target
under the same conditions but lacking only the presence of
said compound. The activity of a molecular target may be
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measured by any reproducible means. The activity of a
molecular target may be measured in vitro or in vivo. For
example, the activity of a molecular target may be measured
in vitro by an enzymatic activity assay or a DNA binding
assay, or the activity of a molecular target may be measured
in vivo by assaying for expression of a reporter gene.

[0164] A compound of the present invention, or a phar-
maceutically acceptable salt, polymorph or solvate thereof,
does not significantly modulate the activity of a molecular
target if the addition of the compound does not stimulate or
inhibit the activity of the molecular target by greater than
10% relative to the activity of the molecular target under the
same conditions but lacking only the presence of said
compound.

[0165] As used herein, the term “isozyme seclective”
means preferential inhibition or stimulation of a first isoform
of an enzyme in comparison to a second isoform of an
enzyme (e.g., preferential inhibition or stimulation of a
protein methyltransferase isozyme alpha in comparison to a
protein methyltransferase isozyme beta). Preferably, a com-
pound of the present invention, or a pharmaceutically
acceptable salt, polymorph or solvate thereof, demonstrates
a minimum of a fourfold differential, preferably a tenfold
differential, more preferably a fifty fold differential, in the
dosage required to achieve a biological effect. Preferably, a
compound of the present invention, or a pharmaceutically
acceptable salt, polymorph or solvate thereof, demonstrates
this differential across the range of inhibition, and the
differential is exemplified at the IC, i.e., a 50% inhibition,
for a molecular target of interest.

[0166] Administering a compound of the present inven-
tion, or a pharmaceutically acceptable salt, polymorph or
solvate thereof, to a cell or a subject in need thereof can
result in modulation (i.e., stimulation or inhibition) of an
activity of a protein methyltransferase of interest.

[0167] Detection of methylation of H3-K27, formation of
trimethylated H3-K27, conversion of monomethylated
H3-K27 to dimethylated H3-K27, or conversion of dimeth-
ylated H3-K27 to trimethylated H3-K27 can be accom-
plished using any suitable method. Exemplary methods can
be found in US20120071418, the contents of which are
incorporated herein by reference.

[0168] Administering a compound of the present inven-
tion, or a pharmaceutically acceptable salt, polymorph or
solvate thereof, to a cell or a subject in need thereof results
in modulation (i.e., stimulation or inhibition) of an activity
of an intracellular target (e.g., substrate). Several intracel-
Iular targets can be modulated with the compounds of the
present invention, including, but not limited to, protein
methyltrasferase.

[0169] Preferably, an effective amount of a compound of
the present invention, or a pharmaceutically acceptable salt,
polymorph or solvate thereof, is not significantly cytotoxic
to normal cells. A therapeutically effective amount of a
compound is not significantly cytotoxic to normal cells if
administration of the compound in a therapeutically effec-
tive amount does not induce cell death in greater than 10%
of normal cells. A therapeutically effective amount of a
compound does not significantly affect the viability of
normal cells if administration of the compound in a thera-
peutically effective amount does not induce cell death in
greater than 10% of normal cells. In an aspect, cell death
occurs by apoptosis.
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[0170] Contacting a cell with a compound of the present
invention, or a pharmaceutically acceptable salt, polymorph
or solvate thereof, can induce or activate cell death selec-
tively in cancer cells. Administering to a subject in need
thereof a compound of the present invention, or a pharma-
ceutically acceptable salt, polymorph or solvate thereof, can
induce or activate cell death selectively in cancer cells.
Contacting a cell with a compound of the present invention,
or a pharmaceutically acceptable salt, polymorph or solvate
thereof, can induce cell death selectively in one or more cells
affected by a cell proliferative disorder. Preferably, admin-
istering to a subject in need thereof a compound of the
present invention, or a pharmaceutically acceptable salt,
polymorph or solvate thereof, induces cell death selectively
in one or more cells affected by a cell proliferative disorder.
[0171] One skilled in the art may refer to general reference
texts for detailed descriptions of known techniques dis-
cussed herein or equivalent techniques. These texts include
Ausubel et al., Current Protocols in Molecular Biology,
John Wiley and Sons, Inc. (2005); Sambrook et al., Molecu-
lar Cloning, A Laboratory Manual (3" edition), Cold Spring
Harbor Press, Cold Spring Harbor, N.Y. (2000); Coligan et
al., Current Protocols in Immunology, John Wiley & Sons,
N.Y.; Enna et al., Current Protocols in Pharmacology, John
Wiley & Sons, N.Y.; Fingl et al., The Pharmacological Basis
of Therapeutics (1975), Remington’s Pharmaceutical Sci-
ences, Mack Publishing Co., Easton, Pa., 18* edition
(1990). These texts can, of course, also be referred to in
making or using an aspect of the invention.

[0172] A compound (i.e., an EZH2 inhibitor) that can be
used in any methods described herein may have the follow-
ing Formula I:

@

R706
R705/

R704

HN

R702 x RT03

or a pharmaceutically acceptable salt thereof; wherein
[0173] R is H, F, OR’%, NHR"”’, —(C=C)—(CH,)
—R7%, phenyl, 5- or 6-membered heteroaryl, C3-8
cycloalkyl, or 4-7 membered heterocycloalkyl containing
1-3 heteroatoms, wherein the phenyl, 5- or 6-membered
heteroaryl, C3-8 cycloalkyl or 4-7 membered heterocy-
cloalkyl each independently is optionally substituted with
one or more groups selected from halo, C1-3 alkyl, OH,
0—C, 4 alkyl, NH—C,  alkyl, and, C,_; alkyl substituted
with C;_ ¢ cycloalkyl or 4-7 membered heterocycloalkyl
containing 1-3 heteroatoms, wherein each of the O—C, ¢
alkyl and NH—C, ¢ alkyl is optionally substituted with
hydroxyl, O—C,_; alkyl or NH—C, ; alkyl, each of the
O—C, _; alkyl and NH—C, ; alkyl being optionally further
substituted with O—C, 5 alkyl or NH—C, _; alkyl;
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[0174] each of R7%% and R”%, independently is H, halo,
C,_, alkyl, C, ¢ alkoxyl or C4-C,, aryloxy, each optionally
substituted with one or more halo;

[0175] each of R7°* and R7®°, independently is C,_, alkyl;
[0176] R is cyclohexyl substituted by N(C,_, alkyl),
wherein one or both of the C, _, alkyl is substituted with C, ¢
alkoxy; or R7° is tetrahydropyranyl;

[0177] R is C,_, alkyl optionally substituted with one or
more groups selected from hydroxyl, C,_, alkoxy, amino,
mono- or di-C, , alkylamino, C; g cycloalkyl, and 4-7 mem-
bered heterocycloalkyl containing 1-3 heteroatoms, wherein
the C; g cycloalkyl or 4-7 membered heterocycloalkyl each
independently is further optionally substituted with C, 5
alkyl;

[0178] R7®®is C,_, alkyl optionally substituted with one or
more groups selected from OH, halo, and C,_, alkoxy, 4-7
membered heterocycloalkyl containing 1-3 heteroatoms, or
O—C, 4 alkyl, wherein the 4-7 membered heterocycloalkyl
can be optionally further substituted with OH or C, ¢ alkyl;
and

[0179] n,is 0, 1 or 2.

[0180] For example, R7°° is cyclohexyl substituted by
N(C,_, alkyl), wherein one of the C, _, alkyl is unsubstituted
and the other is substituted with methoxy.

[0181] For example, R7%° is
/.
~ AT
[0182] For example, the compound is of Formula II:

an

[O\
wg

R704

R70 1
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[0183] For example, R7°% is methyl or isopropyl and R7°
is methyl or methoxyl.

[0184] For example, R7°* is methyl.

[0185] For example, R7°* is OR7%” and R”" is C,_; alkyl
optionally substituted with OCH; or morpholine.

[0186]
[0187] For example, R’ is tetrahydropyranyl, phenyl,
pyridyl, pyrimidyl, pyrazinyl, imidazolyl, or pyrazolyl, each
of which is optionally substituted with methyl, methoxy,
ethyl substituted with morpholine, or —OCH,CH,OCHj;.
[0188] For example, R7°® is morpholine, piperidine, pip-
erazine, pyrrolidine, diazepane, or azetidine, each of which
is optionally substituted with OH or C, ; alkyl.

[0189]

For example, R7° is H or F.

For example, R7°® is morpholine

[0190] For example, R7°® is piperazine substituted with
C, ¢ alkyl.

[0191] For example, R7%® is methyl, t-butyl or C(CH,)
>OH.

[0192] A compound (i.e., an EZH2 inhibitor) that can be

used in any methods described herein may have the follow-
ing Formula I1I:

(I

N RSOI

RSOZ R803

or a pharmaceutically acceptable salt thereof.

[0193] In this formula:

[0194] R®**is C, 4 alkyl, C,_ 4 alkenyl, C,_, alkynyl, C; ¢
cycloalkyl, 4-7 membered heterocycloalkyl containing 1-3
heteroatoms, phenyl or 5- or 6-membered heteroaryl, each of
which is substituted with O—C, 4 alkyl-R or NH—C, ¢
alkyl-R,, wherein R, is hydroxyl, O—C, ; alkyl or
NH-—C, ; alkyl, and R, is optionally further substituted with
O—C, ; alkyl or NH—C, ; alkyl except when R, is
hydroxyl; or R®! is phenyl substituted with -Q,-T,, wherein
Q, is a bond or C,-C; alkyl linker optionally substituted with
halo, cyano, hydroxyl or C,-C alkoxy, and T, is optionally
substituted 4- to 12-membered heterocycloalkyl; and R** is
optionally further substituted;

[0195] each of R®*%? and R®®, independently is H, halo,
C,_, alkyl, C, ; alkoxyl or C4-C,, aryloxy, each optionally
substituted with one or more halo;

[0196] each of R*%* and R*°, independently is C,_, alkyl;
and
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[0197] R®*is -Q -T,, wherein Q, is a bond or C,_, alkyl -continued
linker, T is H, optionally substituted C, _, alkyl, optionally (Ivb)
substituted C;-Cg cycloalkyl or optionally substituted 4- to O\
14-membered heterocycloalkyl.
[0198] For example, each of Q_ and Q, independently is a N/

bond or methyl linker, and each of T, and T, independently
is tetrahydropyranyl, piperidinyl substituted by 1, 2, or 3
C,, alkyl groups, or cyclohexyl substituted by N(C, ,
alkyl), wherein one or both of the C,_, alkyl is optionally

. . O
substituted with C, ¢ alkoxy; g7,

N

[0199] For example, R® is cyclohexyl substituted by §
N(C,_, alkyl), or R®*C is tetrahydropyranyl. ~ x

[0200] For example, R®° is

R803

/ .
~ X/\)I\J‘O R802

N

wherein Z' is CH or N, and R*7 is C,_; alkyl-R..

[0203] For example, R*7 is —CH,CH,OH,
—CH,CH,0OCH,;, or —CH,CH,OCH,CH,OCHj;.

[0204] For example, R®* is methyl or isopropyl and R
is methyl or methoxyl.

[0205] For example, R** is methyl.

[0206] A compound of the present invention may have the
following Formula (V):

[0201] For example, R®°! is phenyl or 5- or 6-membered
heteroaryl substituted with O—C, 4 alkyl-R,, or R*" is

A%
phenylsubstituted with CH,-tetrahydropyranyl. Ry v
[0202] For example, a compound of the present invention 111 Re,
is of Formula IVa or IVb: Ry
Ry
(€] HN (6]
I
(Iva) N
Ny
N
R NN
7 o or a pharmaceutically acceptable salt or ester thereof.
™ Rso7 [0207] In this formula:
Z or [0208] R? R*and R'? are each independently C,_, alkyl;
\/N x [0209] R®is C4C,q aryl or 5- or 6-membered heteroaryl,

each of which is optionally substituted with one or more
-Q,-T,, wherein Q, is a bond or C,-C; alkyl linker option-
ally substituted with halo, cyano, hydroxyl or C,-C, alkoxy,
and T, is H, halo, cyano, —OR_,, —NR_R,, —(NR R, R)*
o A~,—C(O)R,, —C(O)OR,,—C(O)NR_R,,—NR,C(O)R,
—NR,C(O)OR,,,—S(0),R,, —S(O),NR_R,, or Rg,, in
which each of R, R, and R, independently is H or Rg;, A~
is a pharmaceutically acceptable anion, each of R, and R,
independently, is C,-Cg4 alkyl, C;-Cq cycloalkyl, C-C,, aryl,
4 to 12-membered heterocycloalkyl, or 5- or 6-membered
heteroaryl, or R, and R, together with the N atom to which
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they are attached, form a 4 to 12-membered heterocycloalkyl
ring having 0 or 1 additional heteroatom, and each of R,
Rg;, and the 4 to 12-membered heterocycloalkyl ring formed
by R, and R,, is optionally substituted with one or more
-Q5-T5, wherein Q5 is a bond or C,-C; alkyl linker each
optionally substituted with halo, cyano, hydroxyl or C,-Cq
alkoxy, and T} is selected from the group consisting of halo,
cyano, C,-C, alkyl, C;-C4 cycloalkyl, C,-C,,, aryl, 4 to
12-membered heterocycloalkyl, 5- or 6-membered het-
eroaryl, OR, COOR,, —S(O),R,, —NR_R_, and —C(O)
NR_R,, each of R, and R, independently being H or C,-C
alkyl, or -Q;-T; is oxo; or any two neighboring -Q,-T,,
together with the atoms to which they are attached form a 5-
or 6-membered ring optionally containing 1-4 heteroatoms
selected from N, O and S and optionally substituted with one
or more substituents selected from the group consisting of
halo, hydroxyl, COOH, C(O)O—C,-C; alkyl, cyano, C,-Cg
alkoxyl, amino, mono-C,-C; alkylamino, di-C,-C alky-
lamino, C;-Cq cycloalkyl, C¢-C,,, aryl, 4 to 12-membered
heterocycloalkyl, and 5- or 6-membered heteroaryl;

[0210] R, is -Q,-T,, in which Q, is a bond, C,-C, alkyl
linker, or C,-C, alkenyl linker, each linker optionally sub-
stituted with halo, cyano, hydroxyl or C,-C, alkoxy, and T,
is H, halo, cyano, NRR, , —OR, —C(O)R, —C(O)OR,
—C(ONRR,, —C(O)NROR,, —NR C(O)R,, —S(O),R 4
or Ry,, in which each of R, and R_, independently is H or
Rgs, each of R, and Rgs, independently is C,-Cg4 alkyl,
C,-Cy alkenyl, C,-C4 alkynyl, C;-Cg cycloalkyl, C,-C,,
aryl, 4 to 12-membered heterocycloalkyl, or 5- or 6-mem-
bered heteroaryl, and each of Rg, and R is optionally
substituted with one or more -Qs-Ts, wherein Qs is a bond,
C(0), C(O)NR,, NR,C(0), S(O),, or C,-C; alkyl linker, R,
being H or C,-C, alkyl, and T is H, halo, C,-C; alkyl,
hydroxyl, cyano, C,-C alkoxyl, amino, mono-C,-C, alky-
lamino, di-C,-C alkylamino, C;-Cg cycloalkyl, C4-C,  aryl,
4 to 12-membered heterocycloalkyl, 5- or 6-membered
heteroaryl, or S(O),R, in which q is 0, 1, or 2 and R is
C,-Cs alkyl, C,-C4 alkenyl, C,-C; alkynyl, C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 12-membered heterocycloalkyl,
or 5- or 6-membered heteroaryl, and T5 is optionally sub-
stituted with one or more substituents selected from the
group consisting of halo, C,-C, alkyl, hydroxyl, cyano,
C,-C alkoxyl, amino, mono-C,-C, alkylamino, di-C,-Cg
alkylamino, C;-C4 cycloalkyl, C,-C,, aryl, 4 to 12-mem-
bered heterocycloalkyl, and 5- or 6-membered heteroaryl
except when Ts is H, halo, hydroxyl, or cyano; or -Qs-T; is
oxo; and

[0211] Ry is H, halo, hydroxyl, COOH, cyano, R g, OR 4,
or COORg, in which Ry is C,-Cg alkyl, C,-C alkenyl,
C,-Cq alkynyl, C;-Cg cycloalkyl, 4 to 12-membered hetero-
cycloalkyl, amino, mono-C,-C4 alkylamino, or di-C,-Cq
alkylamino, and Ry, is optionally substituted with one or
more substituents selected from the group consisting of halo,
hydroxyl, COOH, C(0)0O—C,-C, alkyl, cyano, C,-Cg
alkoxyl, amino, mono-C,-C alkylamino, and di-C,-Cg alky-
lamino; or R, and Ry, together with the N atom to which they
are attached, form a 4 to 11-membered heterocycloalkyl ring
having 0 to 2 additional heteroatoms, and the 4 to 11-mem-
bered heterocycloalkyl ring formed by R, and Ry is option-
ally substituted with one or more -Q4-T,, wherein Qg is a
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bond, C(O), C(O)NR,,, NR,,C(O), S(O),, or C,-C; alkyl
linker, R, being H or C,-C; alkyl, and T is H, halo, C,-C,
alkyl, hydroxyl, cyano, C,-C alkoxyl, amino, mono-C,-Cg
alkylamino, di-C,-C, alkylamino, C5-Cq cycloalkyl, C,-C,
aryl, 4 to 12-membered heterocycloalkyl, 5- or 6-membered
heteroaryl, or S(O),R, in which p is 0, 1, or 2 and R,, is
C,-Cs alkyl, C,-C4 alkenyl, C,-C4; alkynyl, C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 12-membered heterocycloalkyl,
or 5- or 6-membered heteroaryl, and T, is optionally sub-
stituted with one or more substituents selected from the
group consisting of halo, C,-C, alkyl, hydroxyl, cyano,
C,-C alkoxyl, amino, mono-C,-C, alkylamino, di-C,-Cgq
alkylamino, C;-C4 cycloalkyl, C4-C,, aryl, 4 to 12-mem-
bered heterocycloalkyl, and 5- or 6-membered heteroaryl
except when T is H, halo, hydroxyl, or cyano; or -Qg-T is
0X0.

[0212] For example, R® is C,-C,,, aryl or 5- or 6-mem-
bered heteroaryl, each of which is optionally, independently
substituted with one or more -Q,-T,, wherein Q, is a bond
or C,-C; alkyl linker, and T, is H, halo, cyano, —OR_,
—NR,R,, —(NR_R,R)"A~, —C(O)NR_R,, —NR,C(O)
R,, —S(O),R,, or Rg,, in which each of R, and R,,
independently is H or Rg,, each of R, and R, indepen-
dently, is C,-C; alkyl, or R , and R, together with the N atom
to which they are attached, form a 4 to 7-membered hetero-
cycloalkyl ring having 0 or 1 additional heteroatom, and
each of Rg,, Rg;, and the 4 to 7-membered heterocycloalkyl
ring formed by R, and R,, is optionally, independently
substituted with one or more -Q;-T;, wherein Q; is a bond
or C,-C; alkyl linker and Tj; is selected from the group
consisting of halo, C,-C; alkyl, 4 to 7-membered heterocy-
cloalkyl, OR ;, —S(O),R ;, and —NR R, each of R ;and R,
independently being H or C,-C; alkyl, or -Q;-T; is oxo; or
any two neighboring -Q,-T,, together with the atoms to
which they are attached form a 5- or 6-membered ring
optionally containing 1-4 heteroatoms selected from N, O
and S.

[0213] For example, the compound of the present inven-
tion is of Formula (VI):

VD

Q—T

| *

/
H
O, N

R N
7
~ Il\I AN
Re o}

or a pharmaceutically acceptable salt thereof, wherein Q, is
a bond or methyl linker, T, is H, halo, —OR,, —NR_R,,
—(NR_R,R)*A", or —S(0),NR_R,, R, is piperidinyl, tet-
rahydropyran, cyclopentyl, or cyclohexyl, each optionally
substituted with one -Qs-T5 and Ry is ethyl.



US 2020/0262823 Al

[0214] A compound of the present invention may have the
following Formula (Vla):
(VIa)
i
N
Rb
H
(6] N s
7\III ~
Rg (6]

wherein each of R, and R,, independently is H or Rg;, Rg5
being C,-Cq4 alkyl, C;-Cg cycloalkyl, C,-C,, aryl, 4 to
12-membered heterocycloalkyl, or 5- or 6-membered het-
eroaryl, or R, and R,, together with the N atom to which
they are attached, form a 4 to 12-membered heterocycloalkyl
ring having 0 or 1 additional heteroatom, and each of R,
and the 4 to 12-membered heterocycloalkyl ring formed by
R, and R,, is optionally substituted with one or more -Q;-T
wherein Q5 is a bond or C,-C; alkyl linker each optionally
substituted with halo, cyano, hydroxyl or C,-C alkoxy, and
T, is selected from the group consisting of halo, cyano,
C,-C; alkyl, C;-C4 cycloalkyl, C4-C,, aryl, 4 to 12-mem-
bered heterocycloalkyl, 5- or 6-membered heteroaryl, OR ,
COOR,, —S(0),R,;, —NR_R_, and —C(O)NR _R_, each of
R, and R, independently being H or C,-C; alkyl, or -Q;-T;
is 0Xo0;

[0215] R, is -Q,-T,, in which Q, is a bond, C,-C, alkyl
linker, or C,-C, alkenyl linker, each linker optionally sub-
stituted with halo, cyano, hydroxyl or C,-C, alkoxy, and T,
is H, halo, cyano, NRR_, —OR, —C(O)R —C(O)OR,
—C(O)NRfR %(O)NRfOR —NRfC(O)R —S(O)zRf,
or Rg, in which each of R.and R, 1ndependently is H or
Rgs, each of R, and Rgs, 1ndependently is C,-Cy alkyl,
C,-Cy alkenyl, C,-C4 alkynyl, C;-Cq cycloalkyl, Cs-Cio
aryl, 4 to 7-membered heterocycloalkyl, or 5- or 6-mem-
bered heteroaryl, and each of RS4 and Ry is optionally
substituted with one or more -Qs-Ts, wherein Qs is a bond,
C(0), C(O)NR,, NR,C(0), S(O),, or C,-C; alkyl linker, R,
being H or C,-Cq alkyl, and Ty is H, halo C,-Cs alkyl,
hydroxyl, cyano, C -C, alkoxyl, amino, mono- C C alky-
lamino, di-C,-Cg alkylamino, C5-Cq cycloalkyl, C6-C 1o aryl,
4 to 7-membered heterocycloalkyl, 5- or 6-membered het-
eroaryl, or S(O), R, in which q is 0, 1, or 2 and R, is C,-Cs
alkyl, C,-C4 alkenyl, C,-C, alkynyl, C;-Cycycloalkyl,
Cs-C,o aryl, 4 to 7-membered heterocycloalkyl, or 5- or
6-membered heteroaryl, and T is optionally substituted with
one or more substituents selected from the group consisting
ofhalo, C,-C; alkyl, hydroxyl, cyano, C,-C, alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cq
cycloalkyl, C,-C,, aryl, 4 to 7-membered heterocycloalkyl,
and 5- or 6-membered heteroaryl except when T is H, halo,
hydroxyl, or cyano; or -Qs-T; is oxo; provided that R, is not
H; and

[0216] Rg is H, halo, hydroxyl, COOH, cyano, R g5, OR 4,
or COORg, in which Ry is C;-C alkyl, C,-C; alkenyl,
C,-C; alkynyl, amino, mono-C, -C, alkylamino, or di-C,-C
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alkylamino, and R, is optionally substituted with one or
more substituents selected from the group consisting of halo,
hydroxyl, COOH, C(O)O—C,-C; alkyl, cyano, C,-Cq
alkoxyl, amino, mono-C, -C alkylamino, and di-C,-Cg alky-
lamino; or R, and Ry, together with the N atom to which they
are attached, form a 4 to 11-membered heterocycloalkyl ring
which has 0 to 2 additional heteroatoms and is optionally
substituted with one or more -Q4-T, wherein Q, is a bond,
C(0), C(O)NR,,, NR,,C(O), S(O),, or C,-C; alkyl linker, R,
being H or C,-C, alkyl, and T, is H, halo, C,-C; alkyl,
hydroxyl, cyano, C,-Cg alkoxyl, amino, mono-C,-C, alky-
lamino, di-C,-C alkylamino, C;-Cg cycloalkyl, C¢-C,  aryl,
4 to 7-membered heterocycloalkyl, 5- or 6-membered het-
eroaryl, or S(O),R,, in which p is 0, 1, or 2 and R, is C,-Cs

alkyl, C,-Cg fkenyl C,-Cq alkynyl C,-Cq cycloalkyl

Cs-Cip aryl 4 to 7-membered heterocycloalkyl or 5- or
6-membered heteroaryl, and Ty is optionally substituted with
one or more substituents selected from the group consisting
ot’halo, C,-C; alkyl, hydroxyl, cyano, C,-C alkoxyl, amino,
mono-C,-C, alkylamino, di-C,-C, alkylamino, C;-Cq
cycloalkyl, C4-C,, aryl, 4 to 7-membered heterocycloalkyl,
and 5- or 6-membered heteroaryl except when T is H, halo,
hydroxyl, or cyano; or -Q4-T, is oxo.

[0217] For example, R, and R,, together with the N atom
to which they are attached, form a 4 to 7-membered hetero-
cycloalkyl ring having 0 or 1 additional heteroatoms to the
N atom and the ring is optionally substituted with one or
more -Q;-T;, wherein the heterocycloalkyl is azetidinyl,
pyrrolidinyl, imidazolidinyl, pyrazolidinyl, oxazolidinyl,
isoxazolidinyl, triazolidinyl, piperidinyl, 1,2,3,6-tetrahydro-
pyridinyl, piperazinyl, or morpholinyl.

[0218] For example, R, is C;-Cg cycloalkyl or 4 to
7-membered heterocycloalkyl, each optionally substituted
with one or more -Qs-T5

[0219] For example, R, is piperidinyl, tetrahydropyran,
tetrahydro-2H-thiopyranyl, cyclopentyl, cyclohexyl, pyrro-
lidinyl, or cycloheptyl, each optionally substituted with one
or more -Qs-Ts.

[0220] For example, Ry is H or C,-C4 alkyl which is
optionally substituted with one or more substituents selected
from the group consisting of halo, hydroxyl, COOH, C(O)
0O—C,-C; alkyl, cyano, C,-C, alkoxyl, amino, mono-C,-Cg
alkylamino, and di-C,-C alkylamino.

[0221] In some embodiments, a compound that can be
used in any methods presented here is:

(Compound A)
o/\
(o
O

O

ZT

P

O
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stereoisomers thereof or pharmaceutically acceptable salt or
solvate thereof.

[0222] In some embodiments, a compound that can be
used in any methods presented here is:

®)

©

)
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-continued

~u

sz

x

stereoisomers thereof or pharmaceutically acceptable salts
and solvates thereof.

[0223] In some embodiments, a compound that can be
used in any methods presented here is:

\ N\\\"‘
0
N
Y
(F)
N/\
\ !
N/
\
o N 0
HN
jive A CH;

stereoisomers thereof or pharmaceutically acceptable salts
and solvates thereof.

[0224] In some embodiments, the compounds suitable for
use in the method of this invention include compounds of
Formula (VII):
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(VID)

wherein,
[0225] V'is Nor CR’,

[0226] V?is N or CR?, provided when V' is N, V2 is N,
[0227] X and Z are selected independently from the group
consisting of hydrogen, (C,-Cy)alkyl, (C,-Cy)alkenyl, (C,-
Cg)alkynyl, unsubstituted or substituted (C;-Cg)cycloalkyl,
unsubstituted or substituted (C;-Cg)cycloalkyl-(C,-Cy)alkyl
or —(C,-Cy)alkenyl, unsubstituted or substituted (Cs-Cg)
cycloalkenyl, unsubstituted or substituted (C5-Cg)cycloalk-
enyl-(C,-Cglalkyl or —(C,-Cyalkenyl, (Cg-C,,)bicy-
cloalkyl, unsubstituted or substituted heterocycloalkyl,
unsubstituted or substituted heterocycloalkyl-(C,-Cg)alkyl
or —(C,-Cylalkenyl, unsubstituted or substituted aryl,
unsubstituted or substituted aryl-(C,-Cy)alkyl or —(C,-Cy)
alkenyl, unsubstituted or substituted heteroaryl, unsubsti-
tuted or substituted heteroaryl-(C,-Cy)alkyl or —(C,-Cy)
alkenyl, halo, cyano,

—COR*—CO,R*, —CONR“R?, —CONR“NR“R”, —SR?,
—SOR?, —80,R*, —S0,NR*R?, nitro, —NR*R?, —NR“C
(O)R?, —NR*C(O)NR“R?, —NR“C(0)OR“, —NR*SO,R?,
—NR*SO,NR“R?, —NRNR“R?, —NR*NR*C(O)R®,
—NR“NR“C(O)NR“R®?, —NR“NR“C(O)OR4, —OR*,
—OC(O)R?, and —OC(O)NR“R?;

[0228] Y is H or halo;

[0229] R' is (C,-Cyalkyl, (C,-Cgalkenyl, (C,-Cgalky-
nyl, unsubstituted or substituted (C;-Cq)cycloalkyl, unsub-
stituted or substituted (C;-Cg)cycloalkyl-(C,-Cylalkyl or
—(C,-Cy)alkenyl, unsubstituted or substituted (Cs-Cg)cy-
cloalkenyl, unsubstituted or substituted (C5-Cg)cycloalk-
enyl-(C,-Cglalkyl or —(C,-Cy)alkenyl, unsubstituted or
substituted (C,-C,,)bicycloalkyl, unsubstituted or substi-
tuted heterocycloalkyl or —(C,-Cy)alkenyl, unsubstituted or
substituted heterocycloalkyl-(C,-Cy)alkyl, unsubstituted or
substituted aryl, unsubstituted or substituted aryl-(C,-Cyg)
alkyl or —(C,-Cy)alkenyl, unsubstituted or substituted het-
eroaryl, unsubstituted or substituted heteroaryl-(C,-Cy)alkyl
or —(C,-Cp)alkenyl, —COR?, —CO,R,, —CONRR?,
—CONR“NR“R?;

[0230] R? is hydrogen, (C,-Cyalkyl, triftuoromethyl,
alkoxy, or halo, in which said (C,-Cy)alkyl is optionally
substituted with one to two groups selected from amino and
(C,-C5)alkylamino;

[0231] R, is hydrogen, (C,-C;)alkyl, or alkoxy;

[0232] R? is hydrogen, (C,-Cglalkyl, cyano, trifluorom-
ethyl, —NR“R?, or halo;

[0233] R is selected from the group consisting of hydro-
gen, halo, (C,-Cylalkyl, (C,-Cylalkenyl, (C,-Cgalkynyl,
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unsubstituted or substituted (C;-Cg)cycloalkyl, unsubsti-
tuted or substituted (C5-Cg)cycloalkyl-(C, -Cg)alkyl, unsub-
stituted or substituted (C5-Cg)cycloalkenyl, unsubstituted or
substituted (C5-Cq)cycloalkenyl(C, -Cy)alkyl, (C4-C,)bicy-
cloalkyl, unsubstituted or substituted heterocycloalkyl,
unsubstituted or substituted heterocycloalkyl-(C,—Cy)
alkyl, unsubstituted or substituted aryl, unsubstituted or
substituted aryl-(C,-Cg)alkyl, unsubstituted or substituted
heteroaryl, unsubstituted or substituted heteroaryl-(C,-Cy)
alkyl, cyano, —COR“, —CO,R,

—CONR“R?, —CONR“NR“R”, —SR*,—SOR?, —SO.R ,
—SO,NR“R?, nitro, —NR“R?, —NR*C(O)R®, —NR“C(O)
NR“R?, —NR*C(O)OR?, —NR“SO,R”, —NR*SO,NR“R?,
—NR“NR“R?, —NR*NR“C(O)R?, —NR*NR*C(O)NR*R?,

—NR*NRC(O)OR?, —OR? —OC(O)R?, —0OC(0O)
NR*R?;
[0234] wherein any (C,-Cy)alkyl, (C,-Cy)alkenyl, (C,-Cy)

alkynyl, cycloalkyl, cycloalkenyl, bicycloalkyl, heterocy-
cloalkyl, aryl, or heteroaryl group is optionally substituted
by 1, 2 or 3 groups independently selected from the group
consisting of —O(C,-Cyalkyl(R,), ,, —S(C,-Cylalkyl(R,)
12 —(C,-CyalkylR,),,, —(C,-Cy)alkyl-heterocy-
cloalkyl, (C5-Cg)cycloalkyl-heterocycloalkyl, halo, (C,-Cg)
alkyl, (C;-Cy)cycloalkyl, (Cs-Cg)cycloalkenyl, (C,-Cy)
haloalkyl, cyano, —COR?, —CO,R_,,—CONR“R”, —SR?,
—SOR?%,—S0O,R,, —SO,NR“R?, nitro, —NR*R?, —NR*C
(O)R?, —NR*C(O)NR“R?, —NR“C(O)OR,,, —NR*SO,R?,
—NR“SO,NR“R?, —OR®, —OC(O)R*, OC(O)NRR?, het-
erocycloalkyl, aryl, heteroaryl, aryl(C,-C,)alkyl, and het-
eroaryl(C,-C,)alkyl;

[0235] wherein any aryl or heteroaryl moiety of said
aryl, heteroaryl, aryl(C,-C,)alkyl, or heteroaryl(C,-C,)
alkyl is optionally substituted by 1, 2 or 3 groups
independently selected from the group consisting of
halo, (C,-Cylalkyl, (C;-Cg)eycloalkyl, (Cs5-Cg)ey-
cloalkenyl, (C,-Cyhaloalkyl, cyano, —COR?,
—CO,R?, —CONR“R?,—SR*,

[0236] SOR?#, —SO,R* —SO,NR“R?, nitro, —NR“R?,
—NR“C(O)R?,—NR“C(ONR“R?, —NR“C(O)OR,,
—NR“SO,R?, —NR“SO,NR“R?, —OR?, —OC(O)R,,
and —OC(O)NR“R”;

[0237] R* and R” are each independently hydrogen, (C,-
Cylalkyl, (C,-Cgalkenyl, (C,-Cylalkynyl, (C;-Cq)ey-
cloalkyl, (Cs-Cg)cycloalkenyl, (Cs-C,)bicycloalkyl, het-
erocycloalkyl, aryl, or heteroaryl, wherein said (C,-Cy)
alkyl, (C,-Cylalkenyl, (C,-Cylalkynyl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocycloalkyl, aryl or het-
eroaryl group is optionally substituted by 1, 2 or 3 groups
independently selected from halo, hydroxyl, (C,-C,)alkoxy,
amino, (C,-Cpalkylamino, ((C,-C,alkyl)((C,-C,)alkyl)
amino, —CO,H, —CO,(C,-C)alkyl, —CONH,,—CONH
(C,-Cyalkyl,
—CON((C,-C,alky)((C,-Cy)alkyl),
—SO,NH,,—SO,NH(C,-C,)alkyl,
alky)((C,-Cy)alkyl);

[0238] or R® and R? taken together with the nitrogen to
which they are attached represent a 5-8 membered saturated
or unsaturated ring, optionally containing an additional
heteroatom selected from oxygen, nitrogen, and sulfur,
wherein said ring is optionally substituted by 1, 2 or 3 groups
independently selected from (C,-C,alkyl, (C,-C,)ha-
loalkyl, amino, (C,-C,)alkylamino, ((C,-C,)alky)((C,-C,)
alkyl)amino, hydroxyl, oxo, (C,-C,)alkoxy, and (C,-C,)

—S0,(C,-C,)alkyl,
and SO,N((C,-C,)
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alkoxy(C,-C,)alkyl, wherein said ring is optionally fused to
a (C;-Cg)eycloalkyl, heterocycloalkyl, aryl, or heteroaryl
ring;

[0239] or R? and R? taken together with the nitrogen to
which they are attached represent a 6- to 10-membered
bridged bicyclic ring system optionally fused to a (C;-Cy)
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring;
[0240] each R° is independently (C,-C,)alkylamino,
—NR“SO,R?, —SOR?%, —SO,R% —NR“C(O)OR?,
—NR“R?, or —CO,R%

[0241] or a salt thereof.

[0242] Subgroups of the compounds encompassed by the
general structure of Formula (I) are represented as follows:
[0243] Subgroup A of Formula (VII)

[0244] X and Z are selected from the group consisting of
(C,-Cy)alkyl, (C5-Cq)eycloalkyl, heterocycloalkyl, aryl, het-
eroaryl, —NR“R”’, and —OR*;

[0245] YisHorF;

[0246] R' is selected from the group consisting of (C,-
Cyalkyl, (C5-Cg)cycloalkyl, heterocycloalkyl, aryl, and het-
eroaryl;

[0247] R? is hydrogen, (C,-Cyalkyl, triftuoromethyl,
alkoxy, or halo, in which said (C,-Cg)alkyl is optionally
substituted with one to two groups selected from amino and
(C,-C5)alkylamino;

[0248] R7 is hydrogen, (C,-C,)alkyl, or alkoxy;

[0249] R? is selected from the group consisting of hydro-
gen, (C,-Cglalkyl, cyano, trifluoromethyl,—NR“R”, and
halo;

[0250] R is selected from the group consisting of hydro-
gen, halo, cyano, trifluoromethyl, amino, (C,-Cy)alkyl, (C;-
Cg)eycloalkyl, aryl, heteroaryl, acylamino; (C,-Cg)alkynyl,
arylalkynyl, heteroarylalkynyl; —SO,R“; —SO,NR“R” and
—NR*SO,R?;

[0251] wherein any (C,-Cyalkyl, (C;-Cg)cycloalkyl,
(C,-Cy)alkynyl, arylalkynyl, heteroarylalkynyl group
is optionally substituted by 1, 2 or 3 groups indepen-
dently selected from —O(C,-Cy)alkyl(R%), ,, —S(C, -
CoalkylR?) .., —(C,-Colalkyl(R7)i-2,  —(C,-Cy)
alkyl-heterocycloalkyl, (C5-Cg)cycloalkyl-
heterocycloalkyl, halo, (C,;-Cyalkyl, (C;-Cy)
cycloalkyl, (Cs-Cg)eycloalkenyl, (C,-Cghaloalkyl,
cyano, —COR®, —CO,R% —CONR“R’, —SR',
—SOW, —SO,R% —SO,NR“R?, nitro, —NR“R?,
—NR“C(O)R?, —NR“C(O)NR“R?, —NR“C(0O)OR*,
—NR“SO,R?,—NR“SO,NR“R?, —OR?*, —OC(O)R?,
—OC(O)NR“R?, heterocycloalkyl, aryl, heteroaryl,
aryl(C,-C,)alkyl, and heteroaryl(C,-C,)alkyl;

[0252] R* and R are each independently hydrogen, (C,-
Cglalkyl, (C,-Cglalkenyl, (C,-Cglalkynyl, (C;-Cg)ey-
cloalkyl, (C5-Cg)cycloalkenyl, (C4-C,)bicycloalkyl, het-
erocycloalkyl, aryl, or heteroaryl, wherein said (C,-Cy)
alkyl, (C,-Cylalkenyl, (C,-Cylalkynyl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocycloalkyl, aryl or het-
eroaryl group is optionally substituted by 1, 2 or 3 groups
independently selected from halo, hydroxyl, (C,-C,)alkoxy,
amino, (C,-C,alkylamino, ((C,-C,alky])((C,-C,)alkyl)
amino, —CO,H, —CO,(C,-C,)alkyl, —CONH,, —CONH
(C,-C,alkyl, —CON((C,-Calkyl)((C,-C,)alkyl), —SO,
(C,-C,)alkyl, —SO,NH,,—SO,NH(C, -C )alkyl, and
—SO,N((C,-Cyalky)((C,-Cy)alkyl);

[0253] or R and R? taken together with the nitrogen to
which they are attached represent a 5-8 membered saturated
or unsaturated ring, optionally containing an additional
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heteroatom selected from oxygen, nitrogen, and sulfur,
wherein said ring is optionally substituted by 1, 2 or 3 groups
independently selected from (C,-C,alkyl, (C,-C,)ha-
loalkyl, amino, (C,-C,)alkylamino, ((C,-C,)alky)((C,-C,)
alkyl)amino, hydroxyl, oxo, (C,-C,)alkoxy, and (C,-C,)
alkoxy(C,-C,)alkyl, wherein said ring is optionally fused to
a (C;-Cg)eycloalkyl, heterocycloalkyl, aryl, or heteroaryl
ring;

[0254] or R® and R” taken together with the nitrogen to
which they are attached represent a 6- to 10-membered
bridged bicyclic ring system optionally fused to a (C;-Cy)
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring. An aryl
or heteroaryl group in this particular subgroup A is selected
independently from the group consisting of furan, thiophene,
pyrrole, oxazole, thiazole, imidazole, pyrazole, oxadiazole,
thiadiazole, triazole, tetrazole, benzofuran, benzothiophene,
benzoxazole, benzothiazole, phenyl, pyridine, pyridazine,
pyrimidine, pyrazine, triazine, tetrazine, quinoline, cinno-
line, quinazoline, quinoxaline, and naphthyridine or another
aryl or heteroaryl group as follows:

M

A
-
SN

B

wherein in (1),

[0255] Ais O,NH, or S; Bis CH or N, and C is hydrogen
or C,-Cg alkyl; or

@

wherein in (2),

[0256] D is N or C optionally substituted by hydrogen or
C,-C, alkyl; or

&)

wherein in (3),

[0257] Eis NHor CH,; Fis O or CO; and G is NH or CH,,;
or

@)
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wherein in (4),
[0258] Jis O, S or CO; or

Q/Ij %
L A

\M F
wherein in (5),

[0259] Qis CH or N;

[0260] M is CH or N; and

[0261] L/(5) is hydrogen, halo, amino, cyano, (C,-Cy)
alkyl, (C5-Cg)cycloalkyl, —COR?, —CO,R?, —CONR“R?,
—CONR“NR“R®?, —SO,R% —SO,NR“R?, —NR“R®,
—NR*C(0)R?,—NR*SO,R?, —NR“SO,NR“R?, —NR*N-

®

R“R?, —NR“NR“C(O)R?>, —NR*NR“C(O)NR“R’®, or
—OR?,
[0262] wherein any (C,-Cg)alkyl or (C;-Cy)cycloalkyl

group is optionally substituted by 1, 2 or 3 groups
independently selected from (C,-Cy)alkyl, (C5-Cg)cy-
cloalkyl, (C5-Cg)eycloalkenyl,  (C,-Cghaloalkyl,
cyano, —COR?, —CO,R% —CONR“R?, —SR?,
—SOR?, —S80O,R*, —SO,NR“R?, nitro, —NR“R?,
—NR“C(O)R?, —NR*C(O)NR“R?, —NR“C(O)OR?,
—NR“SO,R?, —NR“SO,NR“R?, —OR?, —OC(O)R*,
and —OC(O)NR_R”; wherein R“ and R” are defined as
above; or

)

wherein in (6),
[0263] L/(6)is NH or CH,; or

M

wherein in 7,

[0264] M/(7) is hydrogen, halo, amino, cyano, (C,-Cy)
alkyl, (C5-Cg)cycloalkyl, heterocycloalkyl, —COR®,
—CO,R?%, —CONR“R?, —CONR*NR“R?, —SO,R*,
—SO,NR“R?, —NR?R?, —NR*C(O)R?,
—NR“SO,R?, —NR“SO,NR“R?, —NR*NR“R?,
—NR“NR“C(O)R?,  —NR“NRC(ONR“R?,  or
—OR?,

[0265] wherein any (C,-Cy)alkyl, (C5-Cy)cycloalkyl, or
heterocycloalkyl group is optionally substituted by 1, 2
or 3 groups independently selected from (C,-Cy)alkyl,
(C5-Cg)eycloalkyl, (C5-Cg)eycloalkenyl, (C,-Cy)ha-
loalkyl, cyano, —COR?, —CO,R% —CONR‘R?,
—SR%, —8OR% —SO,R* —SO,NR“R?, nitro,
—NR“R?, —NR“C(O)R’,  —NR“C(O)NRR?,
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—NR“C(O)OR?, —NR“SO,R’, —NR“SO,NRR?,
—OR?, —OC(0)R?, and —OC(O)NR“R?; wherein R*
and R? are defined as above; or

T

®

wherein in (8),

[0266] P is CH,, NH, O, or S; Q/(8) is CH or N; and n is
0-2; or
©®
R
7
Il
NS
U

wherein in (9),

[0267] S/(9) and T/(9) is C, or S/(9) is C and T/(9) is N,
or S/(9) is N and T/(9) is C;

[0268] R is hydrogen, amino, methyl, triftuoromethyl, or
halo;
[0269] U is hydrogen, halo, amino, cyano, nitro, trifluo-
romethyl, (C,-Cglalkyl, (C;-Cg)eycloalkyl, —COR®,
—CO,R% ~—CONR“R?’, —SO,R% —SO,NR“R®,
—NR“R?, —NRC(O)R’,—NR“SO,R?,
—NR“SO,NR“R?, —NR“NR“R’, —NR*NR*C(O)R®,
—OR?, or 4-(1H-pyrazol-4-yl),

[0270] wherein any (C,-Cg)alkyl or (C5-Cg)cycloalkyl
group is optionally substituted by 1, 2 or 3 groups
independently selected from (C,-Cy)alkyl, (C;-Cg)cy-
cloalkyl, (C5-Cg)cycloalkenyl, (Cl-C%)haloalkyl,
cyano, —COR® —CO,R“—CONR“R’, —SRY,
SOR? —SO,R% —SO,NR“R®, nitro, —NR“R?,
—NR“C(O)R?, —NR“C(O)NR“R?, —NR“C(0O)OR*,
—NR“SO,R?, —NR“SO,NR“R”, —OR*—OC(O)R*,
and —OC(O)NR“R?; wherein R® and R” are defined as
above.

[0271] Subgroup B of Formula (VII)

[0272] X and Z are selected independently from the group
consisting of (C,-Cylalkyl, (C;-Cg)cycloalkyl, heterocy-
cloalkyl, aryl, heteroaryl, —NR“R”, and —OR¢;

[0273] Y is H;

[0274] R! is (C,-Cy)alkyl, (C5-Cg)cycloalkyl, or hetero-
cycloalkyl;

[0275] R?is hydrogen, (C,-C,)alkyl, or halo, in which said
(C,-C5)alkyl is optionally substituted with one to two groups
selected from amino and (C,-C;)alkylamino;

[0276] R7 is hydrogen, (C,-C,)alkyl, or alkoxy;

[0277] R? is hydrogen, (C,-Cy)alkyl or halo;

[0278] R® is hydrogen, halo, cyano, trifluoromethyl,
amino, (C,-Cglalkyl, (C;-Cg)eycloalkyl, aryl, heteroaryl,
acylamino; (C,-Cy)alkynyl, arylalkynyl, heteroarylalkynyl,
—SO,R?%, —SO,NR“R?, or

—NR“SO,R?;

[0279] wherein any (C,-Cglalkyl, (C;-Cg)eycloalkyl,
(C,-Cg)alkynyl, arylalkynyl, or heteroarylalkynyl
group is optionally substituted by 1, 2 or 3 groups
independently selected from halo, (C,-Cy)alkyl, (C;-
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Cg)cycloalkyl, (C5-Cg)eycloalkenyl, (C,-Cg)haloalkyl,
cyano, —COR?, —CO,R* —CONR“R?, —SR?,
—SOR?, —SO,R*—SO,NR“R?, nitro, —NR“R?,
—NR“C(O)R?, —NR*C(O)NR“R?, —NR“C(O)OR®,
—NR“SO,R?, —NR“SO,NR“R?, —OR?, —OC(O)R*,
—OC(O)NRR?, heterocycloalkyl, aryl, heteroaryl,
aryl(C,-C,)alkyl, and heteroaryl(C,-C,)alkyl;
[0280] R* and R are each independently hydrogen, (C,-
Cyalkyl, (C,-Cylalkenyl, (C,-Cylalkynyl, (C;-Cy)cy-
cloalkyl, (C5-Cg)cycloalkenyl, (C4-C,)bicycloalkyl, het-
erocycloalkyl, aryl, or heteroaryl, wherein said (C,-Cy)
alkyl, (C,-Cylalkenyl, (C,-Cglalkynyl, cycloalkyl,
cycloalkenyl, bicycloalkyl, heterocycloalkyl, aryl or het-
eroaryl group is optionally substituted by 1, 2 or 3 groups
independently selected from halo, hydroxyl, (C,-C,)alkoxy,
amino, (C,-Cpalkylamino, ((C,-C,alkyl)((C,-C,)alkyl)
amino, —CO,H, —CO,(C,-C,)alkyl, —CONH,,—CONH
(C-Cylalkyl,
—CON((C,-CalkyD((C,-C,)alkyl), —SO,(C,-C,)alkyl,
—SO,NH,, —SO,NH(C,-Calkyl, and —SO,N((C,-C,)
alkyl)((C,-C.alkyl);
[0281] or R? and R taken together with the nitrogen to
which they are attached represent a 5-8 membered saturated
or unsaturated ring, optionally containing an additional
heteroatom selected from oxygen, nitrogen, and sulfur,
wherein said ring is optionally substituted by 1, 2 or 3 groups
independently selected from (C,-C,)alkyl, (C,-C,ha-
loalkyl, amino, (C,-C,)alkylamino, ((C,-C,)alky)((C,-C,)
alkyl)amino, hydroxyl, oxo, (C,-C,)alkoxy, and (C,-C,)
alkoxy(C,-C,)alkyl, wherein said ring is optionally fused to
a (C,;-Cy)eycloalkyl, heterocycloalkyl, aryl, or heteroaryl
ring;
[0282] or R and R? taken together with the nitrogen to
which they are attached represent a 6- to 10-membered
bridged bicyclic ring system optionally fused to a (C;5-Cy)
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl ring. Aryl
and heteroaryl in this definition are selected from the group
consisting of furan, thiophene, pyrrole, oxazole, thiazole,
imidazole, pyrazole, oxadiazole, thiadiazole, triazole, tetra-
zole, benzofuran, benzothiophene, benzoxazole, benzothi-
azole, phenyl, pyridine, pyridazine, pyrimidine, pyrazine,
triazine, tetrazine, quinoline, cinnoline, quinazoline, qui-
noxaline, and naphthyridine or a compound of another aryl
or heteroaryl group as follows:

M
e

c
Y
wherein in (1),

[0283] Ais O,NH, or S; Bis CH or N, and C is hydrogen
or C,-Cg alkyl; or

A
B

i

@

Aug. 20, 2020

wherein in (2),

[0284] D is N or C optionally substituted by hydrogen or
C,-C, alkyl; or

&)
\E =

wherein in (3),

[0285] Eis NH or CH,; Fis O or CO; and G is NH or CH,;
or

@)

wherein in (4),
[0286] Jis O, S or CO; or

®)

o | N
[}
LT
S /
M

wherein in (5),
[0287] Qis CH or N;
[0288] M is CH or N; and
[0289] L/(5) is hydrogen, halo, amino, cyano, (C,-Cy)

alkyl, (C5-Cg)eycloalkyl, —COR?, —CO,R*, —CONR“R?,
—CONR“NR“R?, —SO,R% —SO,NR“R?, —NR“R®,
—NR“C(O)R?,—NR*SO,R?, —NR“SO,NR“R?, —NR"N-

R“R?, —NR*NR“C(O)R’, —NR*NR“C(O)NR“R?, or
—OR?,
[0290] wherein any (C,-Cglalkyl, (C;-Cg)eycloalkyl,

group is optionally substituted by 1, 2 or 3 groups
independently selected from (C,-Cy)alkyl, (C;-Cg)cy-
cloalkyl, (C5-Cg)eycloalkenyl, (C,-Cghaloalkyl,
cyano, —COR?, —CO,R% —CONR“R?, —SR?,
—SOR?, —S0O,R*, —SO,NR“R?, nitro, —NR“R?,
—NR“C(O)R?, —NR*C(O)NR“R?, —NR“C(0O)OR®,
NR“SO,R?, —NR*SO,NR“R’, —OR?, —OC(O)R*,
and —OC(O)NR“R?,

wherein R and R? are defined as above; or

©)
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wherein in (6),
[0291] L/(6) is NH or CH,; or

M

wherein in (7),

[0292] M/(7) is hydrogen, halo, amino, cyano, (C,-Cy)
alkyl, (C5-Cg)cycloalkyl, heterocycloalkyl, —COR“,—
CO,R? —CONR“R?, —CONR“NR“R?,—SO,R?,
—SO,NR“R?, —NR*R?, —NR“C(O)R*,—
NR“SO,R?, —NR“SO,NR“R?, —NR“NR“R?,
—NR“NR“C(O)R?,  —NR“NRC(ONR“R?,  or
—OR?,

[0293] wherein any (C,-Cyalkyl, (C,;-Cy)cycloalkyl,
heterocycloalkyl group is optionally substituted by 1, 2
or 3 groups independently selected from (C,-Cy)alkyl,
(C5-Cg)eycloalkyl, (C5-Cg)eycloalkenyl, (C,-Cgy)ha-
loalkyl, cyano, —COR“, —CO,R%, —CONR“R’—
SR% —SOR% —SO,R% —SO,NR“R®, nitro,
—NR“R?, —NR“C(O)R”, NR*C(O)NR“R?, —NR“C
(O)OR?, —NR“SO,R?, —NR“SO,NR“R’, —OR?,
—OC(0O)R?, —OC(O)NR“R?; wherein R* and R” are
defined as above; or

H
o) N K
| \%
IPI/
wherein in (8),

[0294] P is CH,, NH, O, or S; Q/(8) is CH or N; and n is
0-2; or

®

R
T I

S

X
U

wherein in (9),
[0295] S/(9) and T/(9) is C, or S/(9) is C and T/(9) is N,
or S/(9) is N and T/(9) is C;

[0296] R is hydrogen, amino, methyl, trifluoromethyl,
halo;

[0297] U is hydrogen, halo, amino, cyano, nitro, trifluo-
romethyl, (C,-Cglalkyl, (C;-Cg)eycloalkyl, —COR®,
—CO,R*, —CONR“R?, —SO,R%  —SO,NR“R?,
—NR“R?, —NR“C(O)R’,—NR“SO,R?,
—NR*SO,NR“R?, —NRNR“R?, —NR*NR*C(O)R®,

—OR?, or 4-(1H-pyrazol-4-yl),
[0298] wherein any (C,-Cg)alkyl, or (C;-Cy)cycloalkyl
group is optionally substituted by 1, 2 or 3 groups
independently selected from (C,-Cy)alkyl, (C5-Cg)cy-
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cloalkyl, (C5-Cg)eycloalkenyl, (C,-Cghaloalkyl,
cyano, —COR®, —CO,R* —CONR“R’—SOR“,—
SO,R%, —SO,NR“R?, nitro, —NR*R”, —NR“C(O)R?,
—NR“C(O)NR“R?, —NR*C(0)OR®, —NR*SO,R?,
—NR“SO,NR“R?, —OR?*, —OC(O)R?, and —OC(0O)
NR®R?, wherein R® and R? are defined as above.
[0299] In some embodiments, the EZH2 inhibitor is:

©)

stereoisomers thereof or pharmaceutically acceptable salt or
solvate thereof.
[0300] In some embodiments, the EZH2 inhibitor is

(H)

stereoisomers thereof or pharmaceutically acceptable salt or
solvate thereof.

[0301] The compounds described herein can be synthe-
sized according to any method known in the art. For
example, the compounds having the Formula (VII) can be
synthesized according to the method described in WO
2011/140325; WO 2011/140324; and WO 2012/005805,
each of which is incorporated by reference in its entirety.
[0302] As used herein, “alkyl”, “C,, C,, C;, C,, C5 or Cq
alkyl” or “C,-C alkyl” is intended to include C,, C,, C5, C,,
C; or C, straight chain (linear) saturated aliphatic hydrocar-
bon groups and C;, C,, Cs or C, branched saturated aliphatic
hydrocarbon groups. For example, C,-C alkyl is intended to
include C,, C,, C;, C,, C5 and C; alkyl groups. Examples of
alkyl include, moieties having from one to six carbon atoms,
such as, but not limited to, methyl, ethyl, n-propyl, i-propyl,
n-butyl, s-butyl, t-butyl, n-pentyl, s-pentyl or n-hexyl.
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[0303] In certain embodiments, a straight chain or
branched alkyl has six or fewer carbon atoms (e.g., C,-C, for
straight chain, C;-C, for branched chain), and in another
embodiment, a straight chain or branched alkyl has four or
fewer carbon atoms.

[0304] As used herein, the term “cycloalkyl” refers to a
saturated or unsaturated nonaromatic hydrocarbon mono- or
multi-ring (e.g., fused, bridged, or spiro rings) system hav-
ing 3 to 30 carbon atoms (e.g., C;-C,,). Examples of
cycloalkyl include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooc-
tyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, and ada-
mantyl. The term “heterocycloalkyl” refers to a saturated or
unsaturated nonaromatic 3-8 membered monocyclic, 7-12
membered bicyclic (fused, bridged, or spiro rings), or 11-14
membered tricyclic ring system (fused, bridged, or spiro
rings) having one or more heteroatoms (such as O, N, S, or
Se), unless specified otherwise. Examples of heterocy-
cloalkyl groups include, but are not limited to, piperidinyl,
piperazinyl, pyrrolidinyl, dioxanyl, tetrahydrofuranyl, isoin-
dolinyl, indolinyl, imidazolidinyl, pyrazolidinyl, oxazolidi-
nyl, isoxazolidinyl, triazolidinyl, tetrahyrofuranyl, oxiranyl,
azetidinyl, oxetanyl, thietanyl, 1,2,3,6-tetrahydropyridinyl,
tetrahydropyranyl, dihydropyranyl, pyranyl, morpholinyl,
1,4-diazepanyl, 1,4-oxazepanyl, 2-oxa-5-azabicyclo[2.2.1]
heptanyl, diazabicyclo[2.2.1]heptanyl, 2-oxa-6-azaspiro[3.
3lheptanyl,  2,6-diazaspiro[3.3]heptanyl,  1,4-dioxa-8-
azaspiro[4.5]decanyl and the like.

[0305] The term “optionally substituted alkyl” refers to
unsubstituted alkyl or alkyl having designated substituents
replacing one or more hydrogen atoms on one or more
carbons of the hydrocarbon backbone. Such substituents can
include, for example, alkyl, alkenyl, alkynyl, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylamin-
ocarbonyl,  dialkylaminocarbonyl,  alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, amino (in-
cluding alkylamino, dialkylamino, arylamino, diarylamino
and alkylarylamino), acylamino (including alkylcarbo-
nylamino, arylcarbonylamino, carbamoyl and ureido), ami-
dino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate,
sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido,
nitro, triffuoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic moiety.

[0306] An “arylalkyl” or an “aralkyl” moiety isan alkyl
substituted with an aryl (e.g., phenylmethyl (benzyl)). An
“alkylaryl” moiety isan aryl substituted with an alkyl (e.g.,
methylphenyl).

[0307] As used herein, “alkyl linker” is intended to
include C,, C,, C;, C,, Cs5 or Cq straight chain (linear)
saturated divalent aliphatic hydrocarbon groups and C;, C,,,
C; or Cg branched saturated aliphatic hydrocarbon groups.
For example, C,-C; alkyl linker is intended to include C,,
C,, Cs;, C,, Cs and Cy alkyl linker groups. Examples of alkyl
linker include, moieties having from one to six carbon
atoms, such as, but not limited to, methyl (—CH,—), ethyl
(—CH,CH,—), n-propyl (—CH,CH,CH,—), i-propyl
(—CHCH,CH,—), n-butyl (—CH,CH,CH,CH,—), s-bu-
tyl (—CHCH,;CH,CH,—), i-butyl (—C(CH;),CH,—),
n-pentyl (—CH,CH,CH,CH,CH,—), s-pentyl
(—CHCH;CH,CH,CH,—) or n-hexyl
(—CH,CH,CH,CH,CH,CH,—).
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[0308] “Alkenyl” includes unsaturated aliphatic groups
analogous in length and possible substitution to the alkyls
described above, but that contain at least one double bond.
For example, the term “alkenyl” includes straight chain
alkenyl groups (e.g., ethenyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl, nonenyl, decenyl), and branched
alkenyl groups. In certain embodiments, a straight chain or
branched alkenyl group has six or fewer carbon atoms in its
backbone (e.g., C,-C for straight chain, C,;-C, for branched
chain). The term “C,-C,” includes alkenyl groups contain-
ing two to six carbon atoms. The term “C,-C,” includes
alkenyl groups containing three to six carbon atoms.

[0309] The term “optionally substituted alkenyl” refers to
unsubstituted alkenyl or alkenyl having designated substitu-
ents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can
include, for example, alkyl, alkenyl, alkynyl, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylamin-
ocarbonyl,  dialkylaminocarbonyl,  alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, amino (in-
cluding alkylamino, dialkylamino, arylamino, diarylamino
and alkylarylamino), acylamino (including alkylcarbo-
nylamino, arylcarbonylamino, carbamoyl and ureido), ami-
dino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate,
sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido,
nitro, trifluoromethyl, cyano, heterocyclyl, alkylaryl, or an
aromatic or heteroaromatic moiety.

[0310] “Alkynyl” includes unsaturated aliphatic groups
analogous in length and possible substitution to the alkyls
described above, but which contain at least one triple bond.
For example, “alkynyl” includes straight chain alkynyl
groups (e.g., ethynyl, propynyl, butynyl, pentynyl, hexynyl,
heptynyl, octynyl, nonynyl, decynyl), and branched alkynyl
groups. In certain embodiments, a straight chain or branched
alkynyl group has six or fewer carbon atoms in its backbone
(e.g., C,-C; for straight chain, C;-C, for branched chain).
The term “C,-C;” includes alkynyl groups containing two to
six carbon atoms. The term “C;-C;” includes alkynyl groups
containing three to six carbon atoms.

[0311] The term “optionally substituted alkynyl” refers to
unsubstituted alkynyl or alkynyl having designated substitu-
ents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can
include, for example, alkyl, alkenyl, alkynyl, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylamin-
ocarbonyl,  dialkylaminocarbonyl,  alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, amino (in-
cluding alkylamino, dialkylamino, arylamino, diarylamino
and alkylarylamino), acylamino (including alkylcarbo-
nylamino, arylcarbonylamino, carbamoyl and ureido), ami-
dino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate,
sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido,
nitro, triffuoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic moiety.

[0312] Other optionally substituted moieties (such as
optionally substituted cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl) include both the unsubstituted moieties and the
moieties having one or more of the designated substituents.
For example, substituted heterocycloalkyl includes those
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substituted with one or more alkyl groups, such as 2,2,6,6-
tetramethyl-piperidinyl and 2,2,6,6-tetramethyl-1,2,3,6-tet-
rahydropyridinyl.

[0313] “Aryl” includes groups with aromaticity, including
“conjugated,” or multicyclic systems with at least one aro-
matic ring and do not contain any heteroatom in the ring
structure. Examples include phenyl, benzyl, 1,2,3,4-tetrahy-
dronaphthalenyl, etc.

[0314] “Heteroaryl” groups are aryl groups, as defined
above, except having from one to four heteroatoms in the
ring structure, and may also be referred to as “aryl hetero-
cycles” or “heteroaromatics.” As used herein, the term
“heteroaryl” is intended to include a stable 5-, 6-, or 7-mem-
bered monocyclic or 7-, 8-, 9-; 10-, 11- or 12-membered
bicyclic aromatic heterocyclic ring which consists of carbon
atoms and one or more heteroatoms, e.g., 1 or 1-2 or 1-3 or
1-4 or 1-5 or 1-6 heteroatoms, or e.g. 2, 3, 4, 5, or 6
heteroatoms, independently selected from the group consist-
ing of nitrogen, oxygen and sulfur. The nitrogen atom may
be substituted or unsubstituted (i.e., N or NR wherein R is
H or other substituents, as defined). The nitrogen and sulfur
heteroatoms may optionally be oxidized (i.e., N—=O and
S(0),, where p=1 or 2). It is to be noted that total number
of S and O atoms in the aromatic heterocycle is not more
than 1.

[0315] Examples of heteroaryl groups include pyrrole,
furan, thiophene, thiazole, isothiazole, imidazole, triazole,
tetrazole, pyrazole, oxazole, isoxazole, pyridine, pyrazine,
pyridazine, pyrimidine, and the like.

[0316] Furthermore, the terms “aryl” and “heteroaryl”
include multicyclic aryl and heteroaryl groups, e.g., tricy-
clic, bicyclic, e.g., naphthalene, benzoxazole, benzodiox-
azole, benzothiazole, benzoimidazole, benzothiophene,
methylenedioxyphenyl, quinoline, isoquinoline, naphthry-
dine, indole, benzofuran, purine, benzofuran, deazapurine,
indolizine.

[0317] In the case of multicyclic aromatic rings, only one
of the rings needs to be aromatic (e.g., 2,3-dihydroindole),
although all of the rings may be aromatic (e.g., quinoline).
The second ring can also be fused or bridged.

[0318] The cycloalkyl, heterocycloalkyl, aryl, or het-
eroaryl ring can be substituted at one or more ring positions
(e.g., the ring-forming carbon or heteroatom such as N) with
such substituents as described above, for example, alkyl,
alkenyl, alkynyl, halogen, hydroxyl, alkoxy, alkylcarbony-
loxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbony-
loxy, carboxylate, alkylcarbonyl, alkylaminocarbonyl,
aralkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbo-
nyl, arylcarbonyl, aralkylcarbonyl, alkenylcarbonyl, alkoxy-
carbonyl, aminocarbonyl, alkylthiocarbonyl, phosphate,
phosphonato, phosphinato, amino (including alkylamino,
dialkylamino, arylamino, diarylamino and alkylarylamino),
acylamino (including alkylcarbonylamino, arylcarbo-
nylamino, carbamoyl and ureido), amidino, imino, sulthy-
dryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfi-
nyl, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an
aromatic or heteroaromatic moiety. Aryl and heteroaryl
groups can also be fused or bridged with alicyclic or
heterocyclic rings, which are not aromatic so as to form a
multicyclic system (e.g., tetralin, methylenedioxyphenyl).
[0319] As used herein, “carbocycle” or “carbocyclic ring”
is intended to include any stable monocyclic, bicyclic or
tricyclic ring having the specified number of carbons, any of
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which may be saturated, unsaturated, or aromatic. Carbo-
cycle includes cycloalkyl and aryl. For example, a C;-C,,
carbocycle is intended to include a monocyclic, bicyclic or
tricyclic ring having 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14
carbon atoms. Examples of carbocycles include, but are not
limited to, cyclopropyl, cyclobutyl, cyclobutenyl, cyclopen-
tyl, cyclopentenyl, cyclohexyl, cycloheptenyl, cycloheptyl,
cycloheptenyl, adamantyl, cyclooctyl, cyclooctenyl,
cyclooctadienyl, fluorenyl, phenyl, naphthyl, indanyl, ada-
mantyl and tetrahydronaphthyl. Bridged rings are also
included in the definition of carbocycle, including, for
example, [3.3.0]bicyclooctane, [4.3.0]bicyclononane, [4.4.
OJbicyclodecane and [2.2.2]bicyclooctane. A bridged ring
occurs when one or more carbon atoms link two non-
adjacent carbon atoms. In one embodiment, bridge rings are
one or two carbon atoms. It is noted that a bridge always
converts a monocyclic ring into a tricyclic ring. When a ring
is bridged, the substituents recited for the ring may also be
present on the bridge. Fused (e.g., naphthyl, tetrahydronaph-
thyl) and spiro rings are also included.

[0320] As used herein, “heterocycle” or ‘“heterocyclic
group” includes any ring structure (saturated, unsaturated, or
aromatic) which contains at least one ring heteroatom (e.g.,
N, O or S). Heterocycle includes heterocycloalkyl and
heteroaryl. Examples of heterocycles include, but are not
limited to, morpholine, pyrrolidine, tetrahydrothiophene,
piperidine, piperazine, oxetane, pyran, tetrahydropyran, aze-
tidine, and tetrahydrofuran.

[0321] Examples of heterocyclic groups include, but are
not limited to, acridinyl, azocinyl, benzimidazolyl, benzo-
furanyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzoxazolinyl, benzthiazolyl, benztriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, carba-
zolyl, 4aH-carbazolyl, carbolinyl, chromanyl, chromenyl,
cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro[2,3-b]tetrahydrofuran, furanyl, furazanyl, imi-
dazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indole-
nyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isatinoyl,
isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl,
isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, methyl-
enedioxyphenyl, morpholinyl, naphthyridinyl, octahy-
droisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-0x-
adiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, 1,2.4-
oxadiazol5(4H)-one, oxazolidinyl, oxazolyl, oxindolyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, phenoxathinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, pipero-
nyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyri-
doimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidi-
nyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, qui-
nazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,
3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-
thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thienothiazolyl,
thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2,
3-triazolyl, 1,2.4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl
and xanthenyl.

[0322] The term “substituted,” as used herein, means that
any one or more hydrogen atoms on the designated atom is
replaced with a selection from the indicated groups, pro-
vided that the designated atom’s normal valency is not
exceeded, and that the substitution results in a stable com-
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pound. When a substituent is oxo or keto (i.e., —O), then 2
hydrogen atoms on the atom are replaced. Keto substituents
are not present on aromatic moieties. Ring double bonds, as
used herein, are double bonds that are formed between two
adjacent ring atoms (e.g., C—C, C—=N or N—N). “Stable
compound” and “stable structure” are meant to indicate a
compound that is sufficiently robust to survive isolation to a
useful degree of purity from a reaction mixture, and formu-
lation into an efficacious therapeutic agent.

[0323] When a bond to a substituent is shown to cross a
bond connecting two atoms in a ring, then such substituent
may be bonded to any atom in the ring. When a substituent
is listed without indicating the atom via which such sub-
stituent is bonded to the rest of the compound of a given
formula, then such substituent may be bonded via any atom
in such formula. Combinations of substituents and/or vari-
ables are permissible, but only if such combinations result in
stable compounds.

[0324] When any variable (e.g., R,) occurs more than one
time in any constituent or formula for a compound, its
definition at each occurrence is independent of its definition
at every other occurrence. Thus, for example, if a group is
shown to be substituted with 0-2 R, moieties, then the group
may optionally be substituted with up to two R, moieties and
R, at each occurrence is selected independently from the
definition of R,. Also, combinations of substituents and/or
variables are permissible, but only if such combinations
result in stable compounds.

[0325] The term “hydroxy” or “hydroxyl” includes groups
with an —OH or —O".

[0326] As used herein, “halo” or “halogen™ refers to
fluoro, chloro, bromo and iodo. The term “perhalogenated”
generally refers to a moiety wherein all hydrogen atoms are
replaced by halogen atoms. The term “haloalkyl” or
“haloalkoxyl” refers to an alkyl or alkoxyl substituted with
one or more halogen atoms.

[0327] The term “carbonyl” includes compounds and moi-
eties which contain a carbon connected with a double bond
to an oxygen atom. Examples of moieties containing a
carbonyl include, but are not limited to, aldehydes, ketones,
carboxylic acids, amides, esters, anhydrides, etc.

[0328] The term “carboxyl” refers to —COOH or its
C,-C, alkyl ester.

[0329] “Acyl” includes moieties that contain the acyl
radical (R—C(O)—) or a carbony] group. “Substituted acyl”
includes acyl groups where one or more of the hydrogen
atoms are replaced by, for example, alkyl groups, alkynyl
groups, halogen, hydroxyl, alkylcarbonyloxy, arylcarbony-
loxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbo-
nyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthio-
carbonyl, alkoxyl, phosphate, phosphonato, phosphinato,
amino (including alkylamino, dialkylamino, arylamino, dia-
rylamino and alkylarylamino), acylamino (including alkyl-
carbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxy-
late, sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfona-
mido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylaryl, or an aromatic or heteroaromatic moiety.

[0330] “Aroyl” includes moieties with an aryl or het-
eroaromatic moiety bound to a carbonyl group. Examples of
aroyl groups include phenylcarboxy, naphthyl carboxy, etc.
[0331] “Alkoxyalkyl,” <“alkylaminoalkyl,” and “thio-
alkoxyalkyl” include alkyl groups, as described above,
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wherein oxygen, nitrogen, or sulfur atoms replace one or
more hydrocarbon backbone carbon atoms.

[0332] The term “alkoxy” or “alkoxyl” includes substi-
tuted and unsubstituted alkyl, alkenyl and alkynyl groups
covalently linked to an oxygen atom. Examples of alkoxy
groups or alkoxyl radicals include, but are not limited to,
methoxy, ethoxy, isopropyloxy, propoxy, butoxy and pen-
toxy groups. Examples of substituted alkoxy groups include
halogenated alkoxy groups. The alkoxy groups can be
substituted with groups such as alkenyl, alkynyl, halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbo-
nyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylamin-
ocarbonyl,  dialkylaminocarbonyl,  alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, amino (in-
cluding alkylamino, dialkylamino, arylamino, diarylamino,
and alkylarylamino), acylamino (including alkylcarbo-
nylamino, arylcarbonylamino, carbamoyl and ureido), ami-
dino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate,
sulfates, alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido,
nitro, triffuoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic moieties. Examples of
halogen substituted alkoxy groups include, but are not
limited to, fluoromethoxy, difluoromethoxy, trifluo-
romethoxy, chloromethoxy, dichloromethoxy and trichlo-
romethoxy.

[0333] The term “ether” or “alkoxy” includes compounds
or moieties which contain an oxygen bonded to two carbon
atoms or heteroatoms. For example, the term includes
“alkoxyalkyl,” which refers to an alkyl, alkenyl, or alkynyl
group covalently bonded to an oxygen atom which is
covalently bonded to an alkyl group.

[0334] The term “ester” includes compounds or moieties
which contain a carbon or a heteroatom bound to an oxygen
atom which is bonded to the carbon of a carbonyl group. The
term “ester” includes alkoxycarboxy groups such as
methoxycarbonyl,  ethoxycarbonyl, propoxycarbonyl,
butoxycarbonyl, pentoxycarbonyl, etc.

[0335] The term “thioalkyl” includes compounds or moi-
eties which contain an alkyl group connected with a sulfur
atom. The thioalkyl groups can be substituted with groups
such as alkyl, alkenyl, alkynyl, halogen, hydroxyl, alkylcar-
bonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycar-
bonyloxy, carboxylate, carboxyacid, alkylcarbonyl, arylcar-
bonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbo-
nyl, alkoxyl, amino (including alkylamino, dialkylamino,
arylamino, diarylamino and alkylarylamino), acylamino (in-
cluding alkylcarbonylamino, arylcarbonylamino, carbamoyl
and ureido), amidino, imino, sulthydryl, alkylthio, arylthio,
thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfa-
moyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,
heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moieties.

[0336] The term “thiocarbonyl” or “thiocarboxy” includes
compounds and moieties which contain a carbon connected
with a double bond to a sulfur atom.

[0337] The term “thioether” includes moieties which con-
tain a sulfur atom bonded to two carbon atoms or heteroa-
toms. Examples of thioethers include, but are not limited to
alkthioalkyls, alkthioalkenyls, and alkthioalkynyls. The term
“alkthioalkyls” include moieties with an alkyl, alkenyl, or
alkynyl group bonded to a sulfur atom which is bonded to an
alkyl group. Similarly, the term “alkthioalkenyls™ refers to
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moieties wherein an alkyl, alkenyl or alkynyl group is
bonded to a sulfur atom which is covalently bonded to an
alkenyl group; and alkthioalkynyls” refers to moieties
wherein an alkyl, alkenyl or alkynyl group is bonded to a
sulfur atom which is covalently bonded to an alkynyl group.
[0338] As used herein, “amine” or “amino” refers to
unsubstituted or substituted —NH,. “Alkylamino” includes
groups of compounds wherein nitrogen of —NH, is bound
to at least one alkyl group. Examples of alkylamino groups
include benzylamino, methylamino, ethylamino, phenethyl-
amino, etc. “Dialkylamino” includes groups wherein the
nitrogen of —NH, is bound to at least two additional alkyl
groups. Examples of dialkylamino groups include, but are
not limited to, dimethylamino and diethylamino. “Ary-
lamino” and “diarylamino” include groups wherein the
nitrogen is bound to at least one or two aryl groups,
respectively. “Aminoaryl” and “aminoaryloxy” refer to aryl
and aryloxy substituted with amino. “Alkylarylamino,”
“alkylaminoaryl” or “arylaminoalkyl” refers to an amino
group which is bound to at least one alkyl group and at least
one aryl group. “Alkaminoalkyl” refers to an alkyl, alkenyl,
or alkynyl group bound to a nitrogen atom which is also
bound to an alkyl group. “Acylamino” includes groups
wherein nitrogen is bound to an acyl group. Examples of
acylamino include, but are not limited to, alkylcarbo-

nylamino, arylcarbonylamino, carbamoyl and ureido
groups.
[0339] The term “amide” or “aminocarboxy” includes

compounds or moieties that contain a nitrogen atom that is
bound to the carbon of a carbonyl or a thiocarbonyl group.
The term includes “alkaminocarboxy” groups that include
alkyl, alkenyl or alkynyl groups bound to an amino group
which is bound to the carbon of a carbonyl or thiocarbonyl
group. It also includes “arylaminocarboxy” groups that
include aryl or heteroaryl moieties bound to an amino group
that is bound to the carbon of a carbonyl or thiocarbonyl
group. The terms “alkylaminocarboxy”, “alkenylaminocar-
boxy”, “alkynylaminocarboxy” and “arylaminocarboxy”
include moieties wherein alkyl, alkenyl, alkynyl and aryl
moieties, respectively, are bound to a nitrogen atom which
is in turn bound to the carbon of a carbonyl group. Amides
can be substituted with substituents such as straight chain
alkyl, branched alkyl, cycloalkyl, aryl, heteroaryl or hetero-
cycle. Substituents on amide groups may be further substi-
tuted.

[0340] In the present specification, the structural formula
of'the compound represents a certain isomer for convenience
in some cases, but the present invention includes all isomers,
such as geometrical isomers, optical isomers based on an
asymmetrical carbon, stereoisomers, tautomers, and the like,
it being understood that not all isomers may have the same
level of activity. In addition, a crystal polymorphism may be
present for the compounds represented by the formula. It is
noted that any crystal form, crystal form mixture, or anhy-
dride or hydrate thereof is included in the scope of the
present invention. Furthermore, so-called metabolite which
is produced by degradation of the present compound in vivo
is included in the scope of the present invention.

[0341] “Isomerism” means compounds that have identical
molecular formulae but differ in the sequence of bonding of
their atoms or in the arrangement of their atoms in space.
Isomers that differ in the arrangement of their atoms in space
are termed “stereoisomers.” Stereoisomers that are not mir-
ror images of one another are termed “diastereoisomers,”
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and stereoisomers that are non-superimposable mirror
images of each other are termed “enantiomers” or some-
times optical isomers. A mixture containing equal amounts
of individual enantiomeric forms of opposite chirality is
termed a “racemic mixture.”

[0342] A carbon atom bonded to four nonidentical sub-
stituents is termed a “chiral center.”

[0343] “Chiral isomer” means a compound with at least
one chiral center. Compounds with more than one chiral
center may exist either as an individual diastereomer or as a
mixture of diastereomers, termed “diastereomeric mixture.”
When one chiral center is present, a stereoisomer may be
characterized by the absolute configuration (R or S) of that
chiral center. Absolute configuration refers to the arrange-
ment in space of the substituents attached to the chiral
center. The substituents attached to the chiral center under
consideration are ranked in accordance with the Sequence
Rule of Cahn, Ingold and Prelog. (Cahn et al., Angew. Chem.
Inter. Edit. 1966, 5, 385; errata 511; Cahn et al., Angew.
Chem. 1966, 78, 413; Cahn and Ingold, J. Chem. Soc. 1951
(London), 612; Cahn et al., Experientia 1956, 12, 81; Cahn,
J. Chem. Educ. 1964, 41, 116).

[0344] “Geometric isomer” means the diastereomers that
owe their existence to hindered rotation about double bonds
or a cycloalkyl linker (e.g., 1,3-cylcobutyl). These configu-
rations are differentiated in their names by the prefixes cis
and trans, or Z and E, which indicate that the groups are on
the same or opposite side of the double bond in the molecule
according to the Cahn-Ingold-Prelog rules.

[0345] It is to be understood that the compounds of the
present invention may be depicted as different chiral isomers
or geometric isomers. It should also be understood that when
compounds have chiral isomeric or geometric isomeric
forms, all isomeric forms are intended to be included in the
scope of the present invention, and the naming of the
compounds does not exclude any isomeric forms, it being
understood that not all isomers may have the same level of
activity.

[0346] Furthermore, the structures and other compounds
discussed in this invention include all atropic isomers
thereof, it being understood that not all atropic isomers may
have the same level of activity. “Atropic isomers” are a type
of stereoisomer in which the atoms of two isomers are
arranged differently in space. Atropic isomers owe their
existence to a restricted rotation caused by hindrance of
rotation of large groups about a central bond. Such atropic
isomers typically exist as a mixture, however as a result of
recent advances in chromatography techniques, it has been
possible to separate mixtures of two atropic isomers in select
cases.

[0347] “Tautomer” is one of two or more structural iso-
mers that exist in equilibrium and is readily converted from
one isomeric form to another. This conversion results in the
formal migration of a hydrogen atom accompanied by a
switch of adjacent conjugated double bonds. Tautomers exist
as a mixture of a tautomeric set in solution. In solutions
where tautomerization is possible, a chemical equilibrium of
the tautomers will be reached. The exact ratio of the tau-
tomers depends on several factors, including temperature,
solvent and pH. The concept of tautomers that are intercon-
vertable by tautomerizations is called tautomerism.

[0348] Of the various types of tautomerism that are pos-
sible, two are commonly observed. In keto-enol tautomerism
a simultaneous shift of electrons and a hydrogen atom
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occurs. Ring-chain tautomerism arises as a result of the
aldehyde group (—CHO) in a sugar chain molecule reacting
with one of the hydroxy groups (—OH) in the same mol-
ecule to give it a cyclic (ring-shaped) form as exhibited by
glucose.

[0349] Common tautomeric pairs are: ketone-enol, amide-
nitrile, lactam-lactim, amide-imidic acid tautomerism in
heterocyclic rings (e.g., in nucleobases such as guanine,
thymine and cytosine), imine-enamine and enamine-enam-
ine. An example of keto-enol equilibria is between pyridin-
2(1H)-ones and the corresponding pyridin-2-ols, as shown

below.
O
OH
x |
P
pyridin-2(1H)-one pyridin-2-ol
[0350] It is to be understood that the compounds of the

present invention may be depicted as different tautomers. It
should also be understood that when compounds have
tautomeric forms, all tautomeric forms are intended to be
included in the scope of the present invention, and the
naming of the compounds does not exclude any tautomer
form. It will be understood that certain tautomers may have
a higher level of activity than others.

[0351] The term “crystal polymorphs™, “polymorphs™ or
“crystal forms” means crystal structures in which a com-
pound (or a salt or solvate thereof) can crystallize in different
crystal packing arrangements, all of which have the same
elemental composition. Different crystal forms usually have
different X-ray diffraction patterns, infrared spectral, melt-
ing points, density hardness, crystal shape, optical and
electrical properties, stability and solubility. Recrystalliza-
tion solvent, rate of crystallization, storage temperature, and
other factors may cause one crystal form to dominate.
Crystal polymorphs of the compounds can be prepared by
crystallization under different conditions.

[0352] The compounds of any of Formulae disclosed
herein include the compounds themselves, as well as their
salts or their solvates, if applicable. A salt, for example, can
be formed between an anion and a positively charged group
(e.g., amino) on an aryl- or heteroaryl-substituted benzene
compound. Suitable anions include chloride, bromide,
iodide, sulfate, bisulfate, sulfamate, nitrate, phosphate, cit-
rate, methanesulfonate, trifluoroacetate, glutamate, glucuro-
nate, glutarate, malate, maleate, succinate, fumarate, tartrate,
tosylate, salicylate, lactate, naphthalenesulfonate, and
acetate (e.g., trifluoroacetate). The term “pharmaceutically
acceptable anion” refers to an anion suitable for forming a
pharmaceutically acceptable salt. Likewise, a salt can also
be formed between a cation and a negatively charged group
(e.g., carboxylate) on an aryl- or heteroaryl-substituted ben-
zene compound. Suitable cations include sodium ion, potas-
sium ion, magnesium ion, calcium ion, and an ammonium
cation such as tetramethylammonium ion. The aryl- or
heteroaryl-substituted benzene compounds also include
those salts containing quaternary nitrogen atoms.

[0353] Additionally, the compounds of the present inven-
tion, for example, the salts of the compounds, can exist in
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either hydrated or unhydrated (the anhydrous) form or as
solvates with other solvent molecules. Nonlimiting
examples of hydrates include monohydrates, dihydrates, etc.
Nonlimiting examples of solvates include ethanol solvates,
acetone solvates, etc.

[0354] “Solvate” means solvent addition forms that con-
tain either stoichiometric or non stoichiometric amounts of
solvent. Some compounds have a tendency to trap a fixed
molar ratio of solvent molecules in the crystalline solid state,
thus forming a solvate. If the solvent is water the solvate
formed is a hydrate; and if the solvent is alcohol, the solvate
formed is an alcoholate. Hydrates are formed by the com-
bination of one or more molecules of water with one
molecule of the substance in which the water retains its
molecular state as H,O.

[0355] As used herein, the term “analog” refers to a
chemical compound that is structurally similar to another but
differs slightly in composition (as in the replacement of one
atom by an atom of a different element or in the presence of
a particular functional group, or the replacement of one
functional group by another functional group). Thus, an
analog is a compound that is similar or comparable in
function and appearance, but not in structure or origin to the
reference compound.

[0356] As defined herein, the term “derivative” refers to
compounds that have a common core structure, and are
substituted with various groups as described herein. For
example, all of the compounds represented by Formula (I)
are aryl- or heteroaryl-substituted benzene compounds, and
have Formula (I) as a common core.

[0357] The term “bioisostere” refers to a compound result-
ing from the exchange of an atom or of a group of atoms
with another, broadly similar, atom or group of atoms. The
objective of a bioisosteric replacement is to create a new
compound with similar biological properties to the parent
compound. The bioisosteric replacement may be physico-
chemically or topologically based. Examples of carboxylic
acid bioisosteres include, but are not limited to, acyl sulfo-
nimides, tetrazoles, sulfonates and phosphonates. See, e.g.,
Patani and LaVoie, Chem. Rev. 96, 3147-3176, 1996.

[0358] The present invention is intended to include all
isotopes of atoms occurring in the present compounds.
Isotopes include those atoms having the same atomic num-
ber but different mass numbers. By way of general example
and without limitation, isotopes of hydrogen include tritium
and deuterium, and isotopes of carbon include C-13 and
C-14.

[0359] The present invention provides methods for the
synthesis of the compounds of any Formula disclosed
herein. The present invention also provides detailed methods
for the synthesis of various disclosed compounds of the
present invention according to the following schemes as
shown in the Examples.

[0360] Throughout the description, where compositions
are described as having, including, or comprising specific
components, it is contemplated that compositions also con-
sist essentially of, or consist of, the recited components.
Similarly, where methods or processes are described as
having, including, or comprising specific process steps, the
processes also consist essentially of, or consist of, the recited
processing steps. Further, it should be understood that the
order of steps or order for performing certain actions is
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immaterial so long as the invention remains operable. More-
over, two or more steps or actions can be conducted simul-
taneously.

[0361] The synthetic processes of the invention can toler-
ate a wide variety of functional groups, therefore various
substituted starting materials can be used. The processes
generally provide the desired final compound at or near the
end of the overall process, although it may be desirable in
certain instances to further convert the compound to a
pharmaceutically acceptable salt, polymorph or solvate
thereof.

[0362] Compounds of the present invention can be pre-
pared in a variety of ways using commercially available
starting materials, compounds known in the literature, or
from readily prepared intermediates, by employing standard
synthetic methods and procedures either known to those
skilled in the art, or which will be apparent to the skilled
artisan in light of the teachings herein. Standard synthetic
methods and procedures for the preparation of organic
molecules and functional group transformations and
manipulations can be obtained from the relevant scientific
literature or from standard textbooks in the field. Although
not limited to any one or several sources, classic texts such
as Smith, M. B., March, I., March’s Advanced Organic
Chemistry: Reactions, Mechanisms, and Structure, 57 edi-
tion, John Wiley & Sons: New York, 2001; Greene, T. W,
Wauts, P. G. M., Protective Groups in Organic Synthesis, 37
edition, John Wiley & Sons: New York, 1999; R. Larock,
Comprehensive Organic Transformations, VCH Publishers
(1989); L. Fieser and M. Fieser, Fieser and Fieser's
Reagents for Organic Synthesis, John Wiley and Sons
(1994); and L. Paquette, ed., Encyclopedia of Reagents for
Organic Synthesis, John Wiley and Sons (1995), incorpo-
rated by reference herein, are useful and recognized refer-
ence textbooks of organic synthesis known to those in the
art. The following descriptions of synthetic methods are
designed to illustrate, but not to limit, general procedures for
the preparation of compounds of the present invention.
[0363] Compounds of the present invention can be con-
veniently prepared by a variety of methods familiar to those
skilled in the art. The compounds of this invention with any
Formula disclosed herein may be prepared according to the
procedures illustrated in Schemes 1-10 below, from com-
mercially available starting materials or starting materials
which can be prepared using literature procedures. The Z
and R groups (such as R,, R;, R,, Rg, R, R, and R,,) in
Schemes 1-10 are as defined in any of Formulae disclosed
herein, unless otherwise specified.

[0364] One of ordinary skill in the art will note that, during
the reaction sequences and synthetic schemes described
herein, the order of certain steps may be changed, such as the
introduction and removal of protecting groups.

[0365] One of ordinary skill in the art will recognize that
certain groups may require protection from the reaction
conditions via the use of protecting groups. Protecting
groups may also be used to differentiate similar functional
groups in molecules. A list of protecting groups and how to
introduce and remove these groups can be found in Greene,
T. W., Wuts, P. G. M., Protective Groups in Organic Syn-
thesis, 3™ edition, John Wiley & Sons: New York, 1999.

[0366] Preferred protecting groups include, but are not
limited to:

[0367] For a hydroxyl moiety: TBS, benzyl, THP, Ac
[0368] For carboxylic acids: benzyl ester, methyl ester,

ethyl ester, allyl ester
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[0369] For amines: Cbz, BOC, DMB
[0370] For diols: Ac (x2) TBS (x2), or when taken
together acetonides

[0371] For thiols: Ac
[0372] For benzimidazoles: SEM, benzyl, PMB, DMB
[0373] For aldehydes: di-alkyl acetals such as dimethoxy

acetal or diethyl acetyl.

[0374] In the reaction schemes described herein, multiple
stereoisomers may be produced. When no particular stereoi-
somer is indicated, it is understood to mean all possible
stereoisomers that could be produced from the reaction. A
person of ordinary skill in the art will recognize that the
reactions can be optimized to give one isomer preferentially,
or new schemes may be devised to produce a single isomer.
If mixtures are produced, techniques such as preparative thin
layer chromatography, preparative HPL.C, preparative chiral
HPLC, or preparative SFC may be used to separate the
isomers.

[0375] The following abbreviations are used throughout
the specification and are defined below:

[0376] Ac acetyl

[0377] AcOH acetic acid

[0378] aq. aqueous

[0379] BID or b.i.d. bis in die (twice a day)

[0380] BOC tert-butoxy carbonyl

[0381] Cbz benzyloxy carbonyl

[0382] CDCI; deuterated chloroform

[0383] CH,CI, dichloromethane

[0384] DCM dichloromethane

[0385] DMB 2,4 dimethoxy benzyl

[0386] DMF N,N-Dimethylformamide

[0387] DMSO Dimethyl sulfoxide

[0388] EA or EtOAc Ethyl acetate

[0389] EDC or EDCI N-(3-Dimethylaminopropyl)-N'-eth-
ylcarbodiimide

[0390] ESI- Electrospray negative mode

[0391] ESI+ Electrospray positive mode

[0392] EtOH ethanol

[0393] h hours

[0394] H,O water

[0395] HOBt 1-Hydroxybenzotriazole

[0396] HCI hydrogen chloride or hydrochloric acid
[0397] HPLC High performance liquid chromatography
[0398] K,CO; potassium carbonate

[0399] LC/MS or LC-MS Liquid chromatography mass
spectrum

[0400] M Molar

[0401] MeCN Acetonitrile

[0402] min minutes

[0403] Na,CO; sodium carbonate

[0404] Na,SO, sodium sulfate

[0405] NaHCO; sodium bicarbonate

[0406] NaHMDs Sodium hexamethyldisilazide
[0407] NaOH sodium hydroxide

[0408] NaHCO; sodium bicarbonate

[0409] Na,SO, sodium sulfate

[0410] NMR Nuclear Magnetic Resonance

[0411] Pd(OH), Palladium dihydroxide

[0412] PMB para methoxybenzyl

[0413] p.o. per os (oral adinsitration)

[0414] ppm parts per million
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[0415] prep HPLC preparative High Performance Liquid
Chromatography

[0416] PYBOP (Benzotriazol-1-yloxy)tripyrrolidinophos-
phonium hexafluorophosphate

[0417] Rt or RT Room temperature

[0418] TBME tert-Butyl methyl ether

[0419] TFA trifluoroacetic acid

[0420] THEF tetrahydrofuran

[0421] THP tetrahydropyran

[0422] The present invention also provides pharmaceuti-

cal compositions comprising a compound of any Formula
disclosed herein in combination with at least one pharma-
ceutically acceptable excipient or carrier.

[0423] A “pharmaceutical composition” is a formulation
containing the compounds of the present invention in a form
suitable for administration to a subject. In one embodiment,
the pharmaceutical composition is in bulk or in unit dosage
form. The unit dosage form is any of a variety of forms,
including, for example, a capsule, an IV bag, a tablet, a
single pump on an aerosol inhaler or a vial. The quantity of
active ingredient (e.g., a formulation of the disclosed com-
pound or salt, hydrate, solvate or isomer thereof) in a unit
dose of composition is an effective amount and is varied
according to the particular treatment involved. One skilled
in the art will appreciate that it is sometimes necessary to
make routine variations to the dosage depending on the age
and condition of the patient. The dosage will also depend on
the route of administration. A variety of routes are contem-
plated, including oral, pulmonary, rectal, parenteral, trans-
dermal, subcutaneous, intravenous, intramuscular, intraperi-
toneal, inhalational, buccal, sublingual, intrapleural,
intrathecal, intranasal, and the like. Dosage forms for the
topical or transdermal administration of a compound of this
invention include powders, sprays, ointments, pastes,
creams, lotions, gels, solutions, patches and inhalants. In one
embodiment, the active compound is mixed under sterile
conditions with a pharmaceutically acceptable carrier, and
with any preservatives, buffers, or propellants that are
required.

[0424] As used herein, the phrase “pharmaceutically
acceptable” refers to those compounds, anions, cations,
materials, compositions, carriers, and/or dosage forms
which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings
and animals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate
with a reasonable benefit/risk ratio.

[0425] “Pharmaceutically acceptable excipient” means an
excipient that is useful in preparing a pharmaceutical com-
position that is generally safe, non-toxic and neither bio-
logically nor otherwise undesirable, and includes excipient
that is acceptable for veterinary use as well as human
pharmaceutical use. A “pharmaceutically acceptable excipi-
ent” as used in the specification and claims includes both one
and more than one such excipient.

[0426] A pharmaceutical composition of the invention is
formulated to be compatible with its intended route of
administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral
(e.g., inhalation), transdermal (topical), and transmucosal
administration. Solutions or suspensions used for parenteral,
intradermal, or subcutaneous application can include the
following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene glycols,
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glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl para-
bens; antioxidants such as ascorbic acid or sodium bisulfite;
chelating agents such as ethylenediaminetetraacetic acid;
buffers such as acetates, citrates or phosphates, and agents
for the adjustment of tonicity such as sodium chloride or
dextrose. The pH can be adjusted with acids or bases, such
as hydrochloric acid or sodium hydroxide. The parenteral
preparation can be enclosed in ampoules, disposable
syringes or multiple dose vials made of glass or plastic.
[0427] A compound or pharmaceutical composition of the
invention can be administered to a subject in many of the
well-known methods currently used for chemotherapeutic
treatment. For example, for treatment of cancers, a com-
pound of the invention may be injected directly into tumors,
injected into the blood stream or body cavities or taken
orally or applied through the skin with patches. The dose
chosen should be sufficient to constitute effective treatment
but not so high as to cause unacceptable side effects. The
state of the disease condition (e.g., cancer, precancer, and the
like) and the health of the patient should preferably be
closely monitored during and for a reasonable period after
treatment.

[0428] The term “therapeutically effective amount”, as
used herein, refers to an amount of a pharmaceutical agent
to treat, ameliorate, or prevent an identified disease or
condition, or to exhibit a detectable therapeutic or inhibitory
effect. The effect can be detected by any assay method
known in the art. The precise effective amount for a subject
will depend upon the subject’s body weight, size, and health;
the nature and extent of the condition; and the therapeutic or
combination of therapeutics selected for administration.
Therapeutically effective amounts for a given situation can
be determined by routine experimentation that is within the
skill and judgment of the clinician. In a preferred aspect, the
disease or condition to be treated is cancer. In another aspect,
the disease or condition to be treated is a cell proliferative
disorder.

[0429] For any compound, the therapeutically effective
amount can be estimated initially either in cell culture
assays, e.g., of neoplastic cells, or in animal models, usually
rats, mice, rabbits, dogs, or pigs. The animal model may also
be used to determine the appropriate concentration range
and route of administration. Such information can then be
used to determine useful doses and routes for administration
in humans. Therapeutic/prophylactic efficacy and toxicity
may be determined by standard pharmaceutical procedures
in cell cultures or experimental animals, e.g., EDs, (the dose
therapeutically effective in 50% of the population) and LDy,
(the dose lethal to 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic
index, and it can be expressed as the ratio, LDsy/EDs,.
Pharmaceutical compositions that exhibit large therapeutic
indices are preferred. The dosage may vary within this range
depending upon the dosage form employed, sensitivity of
the patient, and the route of administration.

[0430] Dosage and administration are adjusted to provide
sufficient levels of the active agent(s) or to maintain the
desired effect. Factors which may be taken into account
include the severity of the disease state, general health of the
subject, age, weight, and gender of the subject, diet, time and
frequency of administration, drug combination(s), reaction
sensitivities, and tolerance/response to therapy. Long-acting
pharmaceutical compositions may be administered every 3
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to 4 days, every week, or once every two weeks depending
on half-life and clearance rate of the particular formulation.
[0431] The pharmaceutical compositions containing
active compounds of the present invention may be manu-
factured in a manner that is generally known, e.g., by means
of conventional mixing, dissolving, granulating, dragee-
making, levigating, emulsifying, encapsulating, entrapping,
or lyophilizing processes. Pharmaceutical compositions may
be formulated in a conventional manner using one or more
pharmaceutically acceptable carriers comprising excipients
and/or auxiliaries that facilitate processing of the active
compounds into preparations that can be used pharmaceu-
tically. Of course, the appropriate formulation is dependent
upon the route of administration chosen.

[0432] Pharmaceutical compositions suitable for inject-
able use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or dis-
persion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremo-
phor EL.™ (BASEF, Parsippany, N.J.) or phosphate buffered
saline (PBS). In all cases, the composition must be sterile
and should be fluid to the extent that easy syringeability
exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene glycol, and the
like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in
the case of dispersion and by the use of surfactants. Pre-
vention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols such as
manitol and sorbitol, and sodium chloride in the composi-
tion. Prolonged absorption of the injectable compositions
can be brought about by including in the composition an
agent which delays absorption, for example, aluminum
monostearate and gelatin.

[0433] Sterile injectable solutions can be prepared by
incorporating the active compound in the required amount in
an appropriate solvent with one or a combination of ingre-
dients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the active compound into a sterile vehicle that
contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, methods of preparation are vacuum drying and
freeze-drying that yields a powder of the active ingredient
plus any additional desired ingredient from a previously
sterile-filtered solution thereof.

[0434] Oral compositions generally include an inert
diluent or an edible pharmaceutically acceptable carrier.
They can be enclosed in gelatin capsules or compressed into
tablets. For the purpose of oral therapeutic administration,
the active compound can be incorporated with excipients
and used in the form of tablets, troches, or capsules. Oral
compositions can also be prepared using a fluid carrier for
use as a mouthwash, wherein the compound in the fluid
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carrier is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the
composition. The tablets, pills, capsules, troches and the like
can contain any of the following ingredients, or compounds
of a similar nature: a binder such as microcrystalline cellu-
lose, gum tragacanth or gelatin; an excipient such as starch
or lactose, a disintegrating agent such as alginic acid,
Primogel, or corn starch; a lubricant such as magnesium
stearate or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or
a flavoring agent such as peppermint, methyl salicylate, or
orange flavoring.

[0435] For administration by inhalation, the compounds
are delivered in the form of an aerosol spray from pressured
container or dispenser, which contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer.

[0436] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transder-
mal administration, penetrants appropriate to the barrier to
be permeated are used in the formulation. Such penetrants
are generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the active compounds
are formulated into ointments, salves, gels, or creams as
generally known in the art.

[0437] The active compounds can be prepared with phar-
maceutically acceptable carriers that will protect the com-
pound against rapid elimination from the body, such as a
controlled release formulation, including implants and
microencapsulated delivery systems. Biodegradable, bio-
compatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polyglycolic acid, collagen, poly-
orthoesters, and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art.
The materials can also be obtained commercially from Alza
Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to infected cells
with monoclonal antibodies to viral antigens) can also be
used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the
art, for example, as described in U.S. Pat. No. 4,522,811.

[0438] It is especially advantageous to formulate oral or
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form
as used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in asso-
ciation with the required pharmaceutical carrier. The speci-
fication for the dosage unit forms of the invention are
dictated by and directly dependent on the unique character-
istics of the active compound and the particular therapeutic
effect to be achieved.

[0439] In therapeutic applications, the dosages of the
pharmaceutical compositions used in accordance with the
invention vary depending on the agent, the age, weight, and
clinical condition of the recipient patient, and the experience
and judgment of the clinician or practitioner administering
the therapy, among other factors affecting the selected
dosage. Generally, the dose should be sufficient to result in
slowing, and preferably regressing, the growth of the tumors
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and also preferably causing complete regression of the
cancer. Dosages can range from about 0.01 mg/kg per day to
about 5000 mg/kg per day. In preferred aspects, dosages can
range from about 1 mg/kg per day to about 1000 mg/kg per
day. In an aspect, the dose will be in the range of about 0.1
mg/day to about 50 g/day; about 0.1 mg/day to about 25
g/day; about 0.1 mg/day to about 10 g/day; about 0.1 mg to
about 3 g/day; or about 0.1 mg to about 1 g/day, in single,
divided, or continuous doses (which dose may be adjusted
for the patient’s weight in kg, body surface area in m?, and
age in years). An effective amount of a pharmaceutical agent
is that which provides an objectively identifiable improve-
ment as noted by the clinician or other qualified observer.
For example, regression of a tumor in a patient may be
measured with reference to the diameter of a tumor.
Decrease in the diameter of a tumor indicates regression.
Regression is also indicated by failure of tumors to reoccur
after treatment has stopped. As used herein, the term “dos-
age effective manner” refers to amount of an active com-
pound to produce the desired biological effect in a subject or
cell.

[0440] The pharmaceutical compositions can be included
in a container, pack, or dispenser together with instructions
for administration.

[0441] The compounds of the present invention are
capable of further forming salts. All of these forms are also
contemplated within the scope of the claimed invention.

[0442] As wused herein, “pharmaceutically acceptable
salts” refer to derivatives of the compounds of the present
invention wherein the parent compound is modified by
making acid or base salts thereof. Examples of pharmaceu-
tically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as
amines, alkali or organic salts of acidic residues such as
carboxylic acids, and the like. The pharmaceutically accept-
able salts include the conventional non-toxic salts or the
quaternary ammonium salts of the parent compound formed,
for example, from non-toxic inorganic or organic acids. For
example, such conventional non-toxic salts include, but are
not limited to, those derived from inorganic and organic
acids selected from 2-acetoxybenzoic, 2-hydroxyethane sul-
fonic, acetic, ascorbic, benzene sulfonic, benzoic, bicar-
bonic, carbonic, citric, edetic, ethane disulfonic, 1,2-ethane
sulfonic, fumaric, glucoheptonic, gluconic, glutamic, gly-
colic, glycollyarsanilic, hexylresorcinic, hydrabamic, hyd-
robromic, hydrochloric, hydroiodic, hydroxymaleic,
hydroxynaphthoic, isethionic, lactic, lactobionic, lauryl sul-
fonic, maleic, malic, mandelic, methane sulfonic, napsylic,
nitric, oxalic, pamoic, pantothenic, phenylacetic, phos-
phoric, polygalacturonic, propionic, salicyclic, stearic, sub-
acetic, succinic, sulfamic, sulfanilic, sulfuric, tannic, tar-
taric, toluene sulfonic, and the commonly occurring amine
acids, e.g., glycine, alanine, phenylalanine, arginine, etc.

[0443] Other examples of pharmaceutically acceptable
salts include hexanoic acid, cyclopentane propionic acid,
pyruvic acid, malonic acid, 3-(4-hydroxybenzoyl)benzoic
acid, cinnamic acid, 4-chlorobenzenesulfonic acid, 2-naph-
thalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfo-
nic acid, 4-methylbicyclo-[2.2.2]-oct-2-ene-1-carboxylic
acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary
butylacetic acid, muconic acid, and the like. The present
invention also encompasses salts formed when an acidic
proton present in the parent compound either is replaced by
a metal ion, e.g., an alkali metal ion, an alkaline earth ion,

Aug. 20, 2020

or an aluminum ion; or coordinates with an organic base
such as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like. In the salt
form, it is understood that the ratio of the compound to the
cation or anion of the salt can be 1:1, or any ration other than
1:1, e.g., 3:1, 2:1, 1:2, or 1:3.

[0444] It should be understood that all references to phar-
maceutically acceptable salts include solvent addition forms
(solvates) or crystal forms (polymorphs) as defined herein,
of the same salt.

[0445] The compounds of the present invention can also
be prepared as esters, for example, pharmaceutically accept-
able esters. For example, a carboxylic acid function group in
a compound can be converted to its corresponding ester, e.g.,
a methyl, ethyl or other ester. Also, an alcohol group in a
compound can be converted to its corresponding ester, e.g.,
acetate, propionate or other ester.

[0446] The compounds, or pharmaceutically acceptable
salts or solvates thereof, are administered orally, nasally,
transdermally, pulmonary, inhalationally, buccally, sublin-
gually, intraperintoneally, subcutaneously, intramuscularly,
intravenously, rectally, intrapleurally, intrathecally and par-
enterally. In one embodiment, the compound is administered
orally. One skilled in the art will recognize the advantages
of certain routes of administration.

[0447] The dosage regimen utilizing the compounds is
selected in accordance with a variety of factors including
type, species, age, weight, sex and medical condition of the
patient; the severity of the condition to be treated; the route
of administration; the renal and hepatic function of the
patient; and the particular compound or salt thereof
employed. An ordinarily skilled physician or veterinarian
can readily determine and prescribe the effective amount of
the drug required to prevent, counter, or arrest the progress
of the condition.

[0448] Techniques for formulation and administration of
the disclosed compounds of the invention can be found in
Remington: the Science and Practice of Pharmacy, 19"
edition, Mack Publishing Co., Easton, Pa. (1995). In an
embodiment, the compounds described herein, and the phar-
maceutically acceptable salts thereof, are used in pharma-
ceutical preparations in combination with a pharmaceuti-
cally acceptable carrier or diluent. Suitable pharmaceutically
acceptable carriers include inert solid fillers or diluents and
sterile aqueous or organic solutions. The compounds will be
present in such pharmaceutical compositions in amounts
sufficient to provide the desired dosage amount in the range
described herein.

[0449] All percentages and ratios used herein, unless oth-
erwise indicated, are by weight. Other features and advan-
tages of the present invention are apparent from the different
examples. The provided examples illustrate different com-
ponents and methodology useful in practicing the present
invention. The examples do not limit the claimed invention.
Based on the present disclosure the skilled artisan can
identify and employ other components and methodology
useful for practicing the present invention.

[0450] In the synthetic schemes described herein, com-
pounds may be drawn with one particular configuration for
simplicity. Such particular configurations are not to be
construed as limiting the invention to one or another isomer,
tautomer, regioisomer or stereoisomer, nor does it exclude
mixtures of isomers, tautomers, regioisomers or stereoiso-
mers; however, it will be understood that a given isomer,
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tautomer, regioisomer or stereoisomer may have a higher
level of activity than another isomer, tautomer, regioisomer
or stereoisomer.

[0451] Compounds designed, selected and/or optimized
by methods described above, once produced, can be char-
acterized using a variety of assays known to those skilled in
the art to determine whether the compounds have biological
activity. For example, the molecules can be characterized by
conventional assays, including but not limited to those
assays described below, to determine whether they have a
predicted activity, binding activity and/or binding specific-
ity.

[0452] Furthermore, high-throughput screening can be
used to speed up analysis using such assays. As a result, it
can be possible to rapidly screen the molecules described
herein for activity, using techniques known in the art.
General methodologies for performing high-throughput
screening are described, for example, in Devlin (1998) High
Throughput Screening, Marcel Dekker; and U.S. Pat. No.
5,763,263. High-throughput assays can use one or more
different assay techniques including, but not limited to, those
described below.

[0453] An EZH2 inhibitor of the present invention may, if
desired, be presented in a kit (e.g., a pack or dispenser
device) which may contain one or more unit dosage forms
containing the EZH2 inhibitor. The pack may for example
comprise metal or plastic foil, such as a blister pack. The
pack or dispenser device may be accompanied by instruc-
tions for administration. Compositions comprising an EZH2
inhibitor of the invention formulated in a compatible phar-
maceutical carrier may also be prepared, placed in an
appropriate container, and labeled for treatment of an indi-
cated condition. Instructions for use may also be provided.
[0454] Also provided herein are kits comprising a plurality
of methylation detection reagents that detect the methylated
H3-K27. For example, the kit includes mono-methylated
H3-K27, di-methylated H3-K27 and tri-methylated H3-K27
detection reagents. The detection reagent is for example
antibodies or fragments thereof, polypeptide or aptamers.
[0455] A kit may also include reagents for detecting loss
of function of at least one component of the SWI/SNF
complex, e.g., nucleic acids that specifically identify a
mutant component nucleic acid sequence by having homolo-
gous nucleic acid sequences, such as oligonucleotide
sequences, complementary to a portion of the mutant com-
ponent nucleic acid sequence or antibodies to proteins
encoded by the wild type and/or mutant component nucleic
acids packaged together in the form of a kit. The oligonucle-
otides can be fragments of the component gene. For example
the oligonucleotides can be 200, 150, 100, 50, 25, 10 or less
nucleotides in length. The kit may contain in separate
containers an aptamer or an antibody, control formulations
(positive and/or negative), and/or a detectable label such as
fluorescein, green fluorescent protein, rhodamine, cyanine
dyes, Alexa dyes, luciferase, radiolabels, among others. In
addition, reagents for detecting the biological activity of the
SWI/SNF complex (such as its chromatin remodeling activ-
ity) may be included in the kit.

[0456] Instructions (e.g., written, tape, VCR, CD-ROM,
etc.) for carrying out the assay may be included in the kit.
The assay may for example be in the form of a Western Blot
analysis, Immunohistochemistry (IHC), immunofluores-
cence (IF), sequencing and Mass spectrometry (MS) as
known in the art.
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Example 1: Durable Tumor Regression in
Genetically Altered Lymphomas and Malignant
Rhabdoid Tumors by Inhibition of EZH2

[0457] Compound A is a Potent and Selective Inhibitor of
EZH2:
[0458] Cell free biochemical assays that included radio-

labeled SAM and either chicken erythrocyte oligonucle-
osomes or peptides corresponding to H3K27 as substrates
showed that Compound A selectively inhibited the activity
of human PRC2 containing wild-type EZH2 with an inhi-
bition constant (Ki) value of 2.5+0.5 nmol/LL and ICs,, values
of 11£5 nM (nucleosome assay) or 1612 nM (peptide
assay). The IC,, values were similar for human and rat
EZH2 enzymes as well as for EZH2 proteins bearing all
known lymphoma change-of-function mutations. The ICs,
value of Compound A increased with increasing concentra-
tion of SAM, but was minimally affected by increasing the
amount of oligonucleosome which is consistent with a
SAM-competitive and nucleosome-noncompetitive modal-
ity of inhibition. In order to demonstrate HMT selectivity,
inhibition by Compound A against a panel of HMTs other
than EZH2 encompassing both lysine and arginine HMTs
was assessed. Compound A displayed a 35-fold selectivity
versus EZH1 and greater than 4500-fold selectivity relative
to the 14 other HMTs tested.

[0459] Compound A Specifically Inhibits Cellular H3K27
Methylation in Cells:

[0460] When WSU-DLCL2 EZH2 Y641F mutant lym-
phoma cells were incubated with Compound A for 4 days, a
concentration-dependent reduction in global H3K27Me3
levels was observed with an average 1Cs, value of 0.26 uM
(H3K27Me3 levels determined by ELISA). When studying
the kinetics of methylation inhibition, the half-life of
H3K27Me3 was approximately 1 day as 90% inhibition was
only achieved after 3 to 4 days of incubation. When OCI-
LY 19 EZH2 wild-type lymphoma cells were incubated with
2.7 uM Compound A for 4 days, the only methyl marks
affected were the H3K27Mel, H3K27Me2 and H3K27Me3,
the three known products of PRC2 catalysis. Incubation with
Compound A also resulted in an increase in H3K27 acety-
lation. The ability of Compound A to reduce global H3K27
trimethylation levels was further tested in several other
human lymphoma cell lines including lines expressing either
wild-type or mutant EZH2. Compound A reduced
H3K27Me3 with similar potency in all cell lines indepen-
dent of the EZH2 status (Table 1).

[0461] Compound A Leads to Selective Killing of Lym-
phoma Cell Lines Bearing EZH2 Point Mutations:

[0462] Incubation of WSU-DLCL2 EZH2 Y641F mutant
cells with Compound A lead to anti-proliferative effects with
an average 1C,, value of 0.28+0.14 uM in a 6 day prolif-
eration assay. The kinetics of the effect of Compound A on
viable cell number was further tested over an extended
period of 11 days. The antiproliferative effect of Compound
A was apparent after WSU-DLCL2 cells had been exposed
to compound for longer than 4 days, consistent with the
kinetics of Compound A-mediated cellular H3K27 methyl-
ation inhibition. The 1C,, value for Compound A inhibition
of proliferation of WSU-DLCL2 cells in the 11-day assay
(0.0086 uM, Table 1) was lower when compared with results
obtained with a 6-day proliferation assay, suggesting
increased sensitivity with longer incubation periods. In
contrast to the WSU-DLCL2 cells, the growth of OCI-LY19
human lymphoma cells (EZH2 wild type for residue Y641)
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over 11 days was not significantly affected, despite compa-
rable ICs, values for H3K27Me3 inhibition for both cell
lines (Table 1). In order to identify a concentration at which
cells stop proliferating considering the entire incubation
period of 11 days, the lowest cytotoxic concentration (LLCC)
for a particular cell line was calculated. The LCC value for
WSU-DLCL2 EZH2 Y641F mutant human lymphoma cells
was significantly lower when compared with OCI-LY19
cells that are wild type for EZH2 (Table 1). This context
specific cell killing was further supported by results from
11-day proliferation assays with an extended lymphoma cell
line panel. All cell lines harboring an EZH2 mutation, with
the exception of the RL cell line (EZH2 Y641N), were more
sensitive to the antiproliferative effects of Compound A
when compared with cell lines with wild-type EZH2 (Table
1). The Pfeiffer cell line (EZH2 A677G) showed a 20 to 300
fold increase in sensitivity to Compound A, as measured by
1C,, value and LCC, respectively, over the Y641 mutant cell
lines. Next the minimum time of compound exposure nec-
essary for sustained cell killing was investigated by washout
experiments. The LCC values on day 11 or 14 for WSU-
DLCL 2cells that were either incubated with Compound A
for 7 days (followed by 7 days of compound washout) or
continvously for 14 days were similar (Table 2). Drug
exposure for only 4 days, however, was not sufficient to
induce LCC values similar to continuous incubation.

[0463] Compound A Induces G, Arrest and Apoptosis in
EZH2 Mutant Lymphoma Cells:

[0464] Next, the effects of incubation with Compound A (1
uM) for 7 days on cell cycle progression and apoptosis in
WSU-DLCL2 cells were assessed. An increase in the per-
centage of cells in G, phase, and a decrease in the percentage
of cells in S phase and G2/M phase was apparent after 2 days
of Compound A incubation. The maximum effect was
achieved after 4 days. There was no apparent increase in the
sub-G, fraction suggesting that apoptosis was not induced
by Compound A incubation for 7 days. This is in agreement
with the growth curves of WSU-DLCL2 cells in the pres-
ence of Compound A indicating that cytotoxic effects were
observed only after 7 days of incubation. Following incu-
bation of WSU-DLCL2 cells with Compound A for up to 14
days, the fraction of apoptotic cells determined by TUNEL
assay was significantly increased on day 14 compared to
vehicle, indicating that Compound A-mediated cell death
occurred through the induction of apoptosis.

[0465] Oral Administration of Compound A Leads to
EZH2 Target Inhibition in EZH2 Mutant Xenograft Models
in Mice:

[0466] The effect of oral dosing of Compound A on
systemic compound exposure and in vivo target inhibition in
mice bearing EZH2 mutant lymphoma xenografts was
investigated. First, SCID mice implanted subcutaneously
with WSU-DLCL2 xenografts were orally dosed with Com-
pound A for 4 or 7 days. Measuring Compound A plasma
levels either 5 minutes before or 3 hours after the last dose
revealed a clear dose dependent increase in exposure. Only
animals dosed at 160 mg/kg TID or 213 mg/kg BID main-
tained mean compound levels in plasma above the LCC for
WSU-DLCL2 cells throughout a dosing cycle (1652 ng/mL,
with mouse plasma protein binding considered). Compound
determination in homogenates from tumors collected 3
hours after the last dose revealed that only for the highest
dose groups compound levels in the 2 compartments were
similar. When H3K27Me3 levels in tumors were analyzed,
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dose dependent EZH2 target inhibition was observed.
H3K27Me3 inhibition was less in tumors from mice dosed
at 213 mg/kg QD, suggesting that maintaining a plasma
concentration above LCC throughout a dosing cycle is
required for optimal target inhibition. Dosing for 4 days at
160 mg/kg TID resulted in slightly lower target inhibition
than dosing for 7 days at the same dose and schedule,
indicating that prolonged dosing increased the degree of
target inhibition in WSU-DLCL2 tumors. A similar 7-day
study in nude mice implanted subcutaneously with
KARAPS-422 xenografts assessing both BID and QD
schedules was performed. Compound A induced a dose-
dependent reduction of tumor H3K27Me3 levels at both
regimens.

[0467] Compound A Induces Significant Antitumor
Effects in Several EZH2 Mutant Lymphoma Xenografts:
[0468] When WSU-DLCL2 EZH2 Y641F mutant xeno-
graft tumor bearing SCID mice were treated with Compound
Afor 28 days, dose-dependent tumor growth inhibition, 58%
at the highest dose of 150 mg/kg TID, was observed. Only
animals administered the highest dose maintained mean
Compound A plasma levels above LCC for WSU-DLCL2
cells throughout the dosing cycle. Dosing of Compound A
for 28 days led to a relative compound accumulation in
tumor tissue compared with plasma, in contrast to what was
observed with 7-day dosing. ELISA analysis of histones
from tumors collected on day 28 indicated dose-dependent
target inhibition. H3K27Me3 levels in WSU-DLCL2 xeno-
grafts were lower in mice dosed for 28 days compared with
7 days indicating that prolonged administration of Com-
pound A increased the degree of target inhibition. In KAR-
PAS-422 EZH2 Y461N mutant xenografts, 28-day dosing of
Compound A on a BID schedule had much more dramatic
effects. Tumor growth inhibition was observed at doses as
low as 80.5 mg/kg BID, but higher doses eradicated the
xenografts, and no re-growth was observed for up to 90 days
after cessation of dosing. When intermittent dosing sched-
ules were investigated in KARPAS-422 xenograft bearing
mice, Compound A again showed significant dose-depen-
dent antitumor effects with two cycles of 7-day on/7-day off
and 21 day on/7 day off schedules. For all dosing schedules,
tumor growth inhibition and complete regressions were
observed at 90 and 361 mg/kg BID, respectively. The
Pfeiffer EZH2 A677G mutant xenograft model was the most
sensitive tumor model, as suggested by the potent anti-
proliferative effects of Compound A on this cell line in vitro.
All Compound A dose groups (QD schedule) except the
lowest one (30 mg/kg QD) showed complete tumor regres-
sions in all animals. Again, tumor re-growth was not
observed until the end of the study (36 days after stopping
Compound A administration). Although tumor re-growth
was observed at 30 mg/kg QD, this very low dose induced
tumor stasis during the administration period. Due to toler-
ability issues dosing was stopped on day 12 for mice
administered 1140 mg/kg QD; still, durable complete regres-
sions were observed in this group that were only exposed to
Compound A for 12 days.

[0469] Compound A Selectively Kills SMARCB1 Mutant
MRT Cells In Vitro and in Vivo:

[0470] Whether EZH2 inhibition had any effects on the
growth and survival of SMARCBI1-deleted MRT cells was
tested. Incubating SMARCBI1-deleted MRT cell lines G401
and A204 with Compound A in a 14-day proliferation assay
in vitro induced strong anti-proliferative effects with IC,,
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values in the nM range while the control cell lines RD and
SJCRH30 which expressed SMARCB1 were minimally
affected (Table 3). Dosing of SCID mice bearing subcuta-
neous G401 xenografts with Compound A at 266 or 532
mg/kg BID for 28 days eliminated those extremely fast
growing tumors. Similar to the KARPAS-422 and Pfeiffer
EZH2 mutant NHL xenograft models re-growth was not
observed at study end, 32 days after dosing stop. Compound
A dosed at 133 mg/kg induced stasis during the administra-
tion period, and produced a significant tumor growth delay
compared to vehicle after dosing stop. Tumors that were
harvested from subsets of mice from each group on day 21
showed strong EZH2 target inhibition at all doses.

[0471] Compound A Inhibits H3K27 Methylation in Non-
tumor Tissues in a Dose Dependent Manner:

[0472] The data described above demonstrate that Com-
pound A represents a new treatment modality for SWI/SNF
driven cancers and MRTs. Measuring pharmacodynamic
biomarker modulation post-dose is often performed in early
clinical trials to assess the degree of target inhibition that is
predicted to produce a response based on data from pre-
clinical models. Since the collection of post-dose tumor
biopsies is often not possible, easier accessible surrogate
tissues such as peripheral blood mononuclear cells (PB-
MCs), skin or bone marrow are often collected instead. To
test EZH2 target inhibition in surrogate tissues male and
female Sprague Dawley rats were orally administered 100,
300, or 1000 mg/kg Compound A for 28 days, and PBMCs,
bone marrow and skin samples were collected at study end.
Plasma levels of Compound A increased dose-dependently
in both male and female rats, and the plasma levels were
generally higher in females compared with those in males.
Due to tolerability issues, females in the 1000 mg/kg group
had to be euthanized on day 23. Dose-dependent target
inhibition was observed in PBMCs and bone marrow from
rats dosed with Compound A, as measured by ELISA. The
degree of target inhibition was less pronounced for PBMCs
from females that were dosed for 22 days compared with
males that were dosed for 28 days (same dose of 1000
mg/kg). A dose dependent reduction in H3K27Me3 positive
cells was observed in the epidermis of skin of Compound
A-dosed rats, as assessed by an IHC assay. The maximum
effect was observed at the highest dose, and was already
evident after 22 days of Compound A administration.

[0473] Compound A displayed similar properties as other
EZH2 inhibitors in vitro, such as very high specificity for
EZH2 in biochemical assays when compared with other
HMTs and specific inhibition of cellular H3K27 methylation
leading to context specific killing of EZH2 mutated NHL
cell lines. However, this compound achieved an approxi-
mately 10-fold increase in potency, reflected by decreased K,
and IC,, values determined in biochemical and cell-func-
tional assays. In addition, Compound A showed excellent
oral bioavailability when administered to rodents which lead
to dose dependent EZH?2 target inhibition in xenograft tumor
and nontumor tissues. Importantly, dosing of Compound A
induced significant antitumor effects in mice bearing EZH2
mutant lymphoma xenografts. The responses ranged from
tumor eradication (no regrowth after dosing cessation) to
dose-dependent tumor growth inhibition. The delayed onset
of antitumor activity (after 4 to 7 days) was consistent with
the kinetics of methylation inhibition and antiproliferative
activity induced by incubation of cells with Compound A in
vitro. Keeping Compound A plasma levels above LCC
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throughout a dosing cycle was necessary for the WSU-
DLCL2 xenograft model to induce maximal target inhibition
and antitumor response. The other two lymphoma xenograft
models (KARPAS-422 and Pfeiffer), however, were
extremely sensitive to Compound A administration, and
keeping plasma levels above LCC was not necessary.
Pfeiffer EZH2 A677G mutant xenograft tumors disappeared
permanently with very low doses or short dosing periods,
suggesting that patients with this type of genetically defined
NHL would have a significant treatment effect with Com-
pound A.

[0474] MRTs are extremely aggressive pediatric cancers
of the brain, kidney, and soft tissues that are highly malig-
nant, locally invasive, frequently metastatic, and particularly
lethal, but they are typically diploid and lack genomic
aberrations. They are, however, characterized by an almost
complete penetrance of loss of expression of the
SMARCBI, a core component of the SWI/SNF chromatin
remodeling complex. The biallelic inactivation of
SMARCBI, for instance induced by mutations, is in essence
the sole genetic event in MRTs which suggests a driver role
for this genetic aberration. Through genetic studies it has
been suggested that PRC2 and SWI/SNF antagonistically
regulate gene expression around the RB, Cyclin D1 and
MYC pathways. Here, it has been demonstrated pharmaco-
logical EZH2 inhibition induced antiproliferative effects in
SMARCBI1 deleted MRT cell lines and permanently eradi-
cated MRT xenografts in mice. This confirms the depen-
dency of such cancers, in which EZH2 itself is not geneti-
cally altered, on PRC2 activity.

[0475] Compound A represents a new treatment modality
for genetically defined subsets of NHL and for MRTs. The
ability to measure dose-dependent changes in H3K27Me3
levels in skin, PBMCs and bone marrow portends the use of
signal from these surrogate tissues as a non-invasive phar-
macodynamics biomarker in human clinical trials.

TABLE 1

IC5, Values for Methylation and Proliferation as well as
LCC Values for Compound A in Human Lymphoma Cell Lines

Methylation Proliferation

ICsq 1Csq LCC
Cell Line EZH2 Status (nmol/L)* (umol/L)?  (umol/L)”
DOHH-2 Wild Type ND 1.7 >10
Farage Wild Type ND 0.099 >10
OCI-LY19 Wild Type 8 6.2 10-25
Toledo Wild Type ND 7.6 >10
Karpas-422 Y641IN 90 0.0018 0.12
Pfeiffer A677G 2 0.00049 0.0005
RL Y641IN 22 5.8 >25
SU-DHL-10 Y641F ND 0.0058 0.14
SU-DHL-6 Y641IN 20 0.0047 0.21
WSU-DLCL2 Y641F 9 0.0086 0.17

“Derived after incubation for 4 days by immunoblot. Values represent the result from one
experiment.

"Derived after incubation for 11 days. Compound incubations for each experiment were
performed in triplicate, and values represent one experiment for all cell lines except
OCI-LY19, Pfeiffer, and WSU-DLCL2. For the remaining three cell lines, values represent
the mean from the following number of experiments: OCI-LY19 n = 9; Pfeiffer n = 2 and
WSU-DLCL2 n = 15.
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TABLE 2
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TABLE 4-continued

LCC Values for Compound A for WSU-DLCL2 Human Lymphoma Cells
Dosed Either Continuously or After Compound Washout

Day 11 Day 14
Lce Lce
WSU-DLCL2 Washout (nM) (nM)
No Washout 0.17 0.11
4-day Compound A; 0.36 0.42
11-day Washout
7-day Compound A; 0.19 0.075

7-day Washout

Values represent the mean of duplicate experiments with three replicates per incubation
concentration within the experiments.

TABLE 3

ICsq Values for Compound A for SMARCBI1 Negative MRT
Cell Lines and SMARCBI Positive Control Cell Lines

Proliferation Proliferation
SMARCBI IC5 (M), ICs (M),
Cell Line Status day 7 day 14
RD Wild Type 9.2 5.2
SICRH30 Wild Type 6.1 8.8
G401 Mutant 0.087 0.042
A204 Mutant 3.2 0.14

Values represent the mean of duplicate experiments with three replicates per incubation
concentration within the experiments.

Example 2: Durable Tumor Regression in
Genetically Altered Malignant Rhabdoid Tumors by
Inhibition of EZH2

[0476] Compound A is a Potent and Selective Inhibitor of
EZH2:
[0477] Compound A was developed through iterative

medicinal chemistry (FIG. 10A). Compound A inhibited the
activity of human PRC2 containing wild-type EZH2 with an
inhibition constant (K,) value of 2.5+0.5 nM, and similar
potency was observed for EZH2 proteins bearing all known
lymphoma change-of-function mutations (Table 5). The
compound was found to be SAM-competitive and nucle-
osome-noncompetitive by steady state kinetic studies (FIG.
11). Inhibition by Compound A against a panel of HMTs
other than EZH2 encompassing both lysine and arginine
HMTs was also assessed. Compound A displayed a 35-fold
selectivity versus EZH1 and >4500-fold selectivity relative
to 14 other HMTs tested (Table 5).

TABLE 4

Histone Methyltransferase Inhibition by Compound A

ICsq % Inhibition at
Enzyme Assay (nM) 1 uM Compound A*
CARM1 >50,000° 5£3
DOTIL >50,000¢ 28
EHMT1 >50,000¢ 66
EHMT2 >50,000¢ 73
EZH1%¢ 392 + 7 98 =1
EZH2 Peptide 11=5 ND
Assay®©
EZH2 Nucleosome 16 =12 100 = 1
Assay?
A677G EZH2%¢ 20 ND
A687V EZH2%* 20 ND

Histone Methyltransferase Inhibition by Compound A

ICsq % Inhibition at
Enzyme Assay (nM) 1 pM Compound A*
Y641F EZH2%¢ 145 ND
Y641C EZH2%¢ 16¢ ND
Y641H EZH2%° 6° ND
Y641N EZH2%¢ 38% ND
Y6418 EZH2%¢ 6° ND
rat EZH2%¢ 4¢ ND
PRMT1 >50,000¢ 5+4
PRMT3 ND 2:2
PRMT5/MEP50 >50,000¢ 2:6
PRMT6 ND 3£3
PRMTS >50,000¢ 73
SETD7 ND 43
SMYD2 >50,000¢ 1£2
SMYD3 ND 0x5
WHSC1 >100,000° 8=3
WHSCIL1 >100,000° 9:8

“Values represent the mean and standard deviation of duplicate experiments determined at
10 pmolL Compound A.
"Values represent the mean of duplicate experiments with two replicates per experiment.

“Values represent one experiment with two replicates per experiment.

4All EZH1 and EZH2 proteins were assayed in the context of 4 PRC2 components
(EZH1/2, SUZ12, RBAP4S, EED).
“Assayed with H3K27 peptides as substrates.

[0478] Compound A Specifically Inhibits Cellular H3K27
Methylation Leading to Selective Apoptotic Killing of
SMARCB1 Mutant MRT Cells:

[0479] A panel of SMARCBI deficient MRT cells and
SMARM wild-type control cells (confirmed by immunoblot,
FIG. 12A) were treated with Compound A for 4 days,
resulting in concentration-dependent reductions in global
H3K27Me3 levels (FIG. 10B and table 6). Treatment of
either wild-type or mutant cells resulted in diminution only
of methyl marks on H3K27, with no other histone methyl
marks being affected (FIG. 12B). In vitro treatment of
SMARCBI1-deleted MRT cell lines with Compound A
induced strong anti-proliferative effects with IC;, values in
the nM range; while the control (wild-type) cell lines were
minimally affected (FIG. 10C and table 6). Antiproliferative
effects were apparent in SMARCB1-deleted MRT cells after
7 days of compound exposure, but required 14 days of
exposure for maximal activity. The effects of incubation
with Compound A (1 uM) for 14 days on cell cycle pro-
gression and apoptosis in G401 and RD cells were also
assessed. Compound A incubation of RD SMARCBI1 wild-
type cells showed no changes in cell cycle or apoptosis
compared to the DMSO control (FIG. 13A). In contrast,
G401 SMARCBI-deleted cells showed an increase in the
percentage of cells in G, phase, and a concomitant decrease
in S phase and G2/M phase after 7 days (FIG. 13B). There
was no apparent increase in the sub-G, fraction through day
7, suggesting that apoptosis was not yet induced by that
time. This coincides with the growth curves of G401 cells in
the presence of Compound A that display cytotoxicity only
after 7 days of incubation (FIG. 10C). Following Compound
A treatment of G401 cells for up to 14 days, the fraction of
cells in sub-G, as well as apoptotic cells determined by
TUNEL assay increased in a time dependent manner through
days 11 and 14, indicating that Compound A-mediated cell
death occurred through the induction of apoptosis (FIG.
13B).
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TABLE 6
Proliferation

SMARCBI1 Methylation IC5o on Day
Cell Line Status ICso (NM)* 14 (nM)®
G401 mutant 2.7 135
A204 mutant 14 590
G402 mutant 1.7 144
KYM-1 mutant 4.3 32
RD wild-type 5.6 6100, >10000¢
293 wild-type 2.4 >10000
SICRH30 wild-type 49 5100. >10000°

“Derived after incubation for 4 days, extraction of histones, immunoblot and densitometry.
Values represent the mean from two experiments.

Compound incubations for each experiment were performed in triplicate, and values
represent the mean of 2 experiments for all cell lines.

“Mean calculation of duplicate experiment not possible.

[0480] Compound A Induces Genes of Neuronal Differ-
entiation and Cell Cycle Inhibition while Suppressing
Expression of Hedgehog Pathway Genes, MYC and EZH2:

[0481] It has been suggested that SMARCBI loss drives
cancer formation through simultaneous epigenetic perturba-
tion of key cancer pathways. The present data confirmed the
previously described reduced expression of genes important
for neuronal differentiation (CD133, DOCK4, PTPRK), cell
cycle inhibition (CDKN2A) and tumor suppression (BIN1),
as well as increased expression of the hedgehog pathway
gene GLI1 in SMARCBI1-deleted G401 cells compared to
control cells (FIG. 14A). Compound A treatment of G401
cells for up to 7 days strongly induced expression of CD133,
DOCK4 and PTPRK and up-regulated cell cycle inhibitors
CDKNI1A and CDKN2A and tumor suppressor BIN1, all in
a time-dependent manner (FIG. 14B). Simultaneously, the
expression of hedgehog pathway genes, MYC and EZH2
were reduced. Notably, G402 SMARCBI1-deleted cells
exposed to Compound A for 14 days assumed a neuron-like
morphology (FIG. 14C). In contrast, Compound A incuba-
tion of RD control cells had minimal effect on expression of
the above-mentioned genes.

[0482] Compound A Eradicates SMARCB1 Mutant MRT
Xenografts:
[0483] Oral dosing of Compound A led to systemic com-

pound exposure, in vivo target inhibition and antitumor
activity in mice bearing SMARCBI1-deleted MRT xeno-
grafts. A study in SCID mice bearing subcutaneous G401
xenografts was performed where animals were dosed for 21
days with Compound A. Half of the mice per group were
euthanized on day 21 to collect blood and tissues, while the
remaining animals were treated for an additional 7 days and
then left without dosing for another 32 days. Compound A
was well tolerated at all doses with minimal effect on body
weight (FIG. 15A). Dosing at 250 or 500 mg/kg twice daily
(BID) for 21 to 28 days practically eliminated the fast-
growing G401 tumors (FIGS. 15B, 14C and 16A). R -
growth was not observed for 32 days after dose cessation.
Compound A dosed at 125 mg/kg induced tumor stasis
during the administration period, and produced a significant
tumor growth delay compared to vehicle after the dosing
period. Measuring Compound A plasma levels either 5 min
before or 3 h after dosing on day 21 revealed a clear
dose-dependent increase in systemic exposure (FIG. 15D).
Tumors that were harvested from subsets of mice from each
group on day 21 showed strong inhibition of H3K27me3,
correlating with the antitumor activity (maximum effect
achieved at 250 mg/kg, FIG. 16B). In addition, dose-
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dependent changes in the expression of CD133, PTPRK,
DOCK4 and GLI1 were detected in the G401 xenograft
tumors (FIG. 16C).

[0484] The present data demonstrate that pharmacological
inhibition of EZH2 induced antiproliferative effects specifi-
cally in SMARCB1-deleted MRT cell lines and permanently
eradicated MRT xenografts in mice. This confirms the
dependency of such cancers on PRC2 activity, despite the
fact that EZH2 itself is not genetically altered in this context.
Data presented herein show that in the context of
SMARCBI1-deleted MRT, inhibition of EZH2 functions as a
SMARCBI surrogate and de-represses neuronal differentia-
tion genes, cell cycle inhibitors and tumor suppressors while
reducing GLI1, PTCH1, MYC and EZH2. The sum of the
effects of Compound A mediated EZH2 inhibition on several
cancer pathways is the cause for the dramatic and permanent
anti-tumor activity seen in MRT models. Thus, Compound
A represents a new treatment modality for these lethal
childhood tumors.

[0485] Furthermore, since several members of the SWI/
SNF complex are genetically altered in other cancer types
besides MRT, it is conceivable that EZH2 also plays a role
in tumor maintenance and survival in a spectrum of cancer
types. Combined with recent reports demonstrating the
effectiveness of EZH2 inhibitors in selective killing of
EZH2 mutant bearing non-Hodgkin lymphomas, the present
data demonstrate that small molecule-based inhibition of
EZH2 is an effective mechanism of therapeutic intervention
in a variety of hematologic and solid tumors for which
genetic alterations—either target-directed or indirect—con-
fer a proliferative dependency on EZH2 enzymatic activity.

Example 3: Material and Methods

[0486] Cell Culture:

[0487] Cell lines 293T, RD, SJCRH30, A204, G401,
G402, and KYM-1. 293T (CRL-11268), RD (CRL-136),
SJCRH30 (CRL-2061), A204 (HTB-82), G401 (CRL-
1441), and G402 (CRL-1440) were obtained from ATCC.
KYM-1 (JCRB0627) was obtained from JCRB. 293T and
RD cells were cultured in DMEM+10% FBS. SJCRH30
cells were cultured in RPMI+10% FBS. A204, G401, and
G402 cells were cultured in McCoys 5a+10% FBS. KYM-1
cells were cultured in DMEM/Ham’s F12+10% FBS.

[0488] Western Blots Analysis:

[0489] Histones were acid extracted as previously
described (Daigle et al., Blood. 2013 Aug. 8; 122(6):1017-
25). Western blots for acid extracted histones were per-
formed as previously described (Knutson et al., Proc Natl
Acad Sci USA. 2013 May 7; 110(19):7922-7). Whole cell
lysates (WCL) were prepared using a modified RIPA buffer
(10xRIPA Lysis Buffer (Millipore #20-188), 0.1% SDS
(Invitrogen AM9823), protease mini-tablet (Roche
#1836153)). Cells were pelleted, washed with ice cold PBS,
resuspended in ice cold RIPA buffer, and incubated on ice for
5 minutes. Lysates were sonicated 3x for 10 sec at 50%
power, then incubated on ice for 10 minutes. Lysates were
then centrifuged at max speed for 15 minutes at 4 degrees in
a table top centrifuge. Clarified lysates were aliquoted to a
fresh tube, and protein concentrations for WCL were deter-
mined by BCA assay (Pierce). Ten micrograms of each
lysate was fractionated on 10-20% Tris-Glycine gel (Bio-
rad), transferred using iBlot (7 minutes on program 3, using
Nitrocellulose transfer stacks), and probed with the follow-
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ing antibodies in Odyssey blocking buffer: SNF5 (CST
#8745), EZH2 (CST #5246), and Beta-actin (CST #3700).

[0490] In Vitro Cell Assays:

[0491] For the adherent cell line proliferation assays (all
cell lines except KYM-1, which was analyzed as previously
described for suspension cell lines (Daigle et al., Blood.
2013 Aug. 8; 122(6):1017-25), plating densities for each cell
line were determined based on growth curves (measured by
ATP viability) and density over a 7 day timecourse. On the
day before compound treatment, cells were plated in either
96-well plates in triplicate (for the day 0-7 timecourse) or
6-well plates (for replating on day 7 for the remainder of the
timecourse). On Day 0, cells were either untreated, DMSO-
treated, or treated with Compound A starting at 10 uM and
decreasing in either 3- or 4-fold dilutions. Plates were read
on Day 0, Day 4, and Day 7 using CellTiter-Glo® (Pro-
mega), with compound/media being replenished on Day 4.
On Day 7, the 6-well plates were trypsinized, centrifuged,
and resuspended in fresh media for counting by Vi-Cell.
Cells from each treatment were replated at the original
density in 96-well plates in triplicate. Cells were allowed to
adhere to the plate overnight, and cells were treated as on
Day 0. On Day 7, 11 and 14, plates were read using
CellTiter-Glo®, with compound/media being replenished on
Day 11. Averages of triplicates were used to plot prolifera-
tion over the timecourse, and calculate IC;, values. For cell
cycle and apoptosis, G401 and RD cells were plated in 15
cm dishes in duplicate at a density of 1x10° cells per plate.
Cells were incubated with Compound A at 1 uM, in a total
of 25 mL, over a course of 14 days, with cells being split
back to original plating density on day 4, 7, and 11. Cell
cycle analysis and TUNEL assay were performed using a
Guava® flow cytometer, following the manufacturer’s pro-
tocol.

[0492] Gene Expression Analysis:

[0493] G401 and RD cells were plated in T-75 flasks at
175,000 cells/flask and 117,000 cells/flask respectively and
allowed to adhere overnight. On Day 0, cells were treated in
duplicates with DMSO or 1 uM Compound A. Cells were
harvested and pelleted on Day 2, 4, and 7 with media and
compound being replenished on Day 4. Tumor tissue from
the G401 xenograft animals dosed for 21 days (vehicle, 125
mg/kg, and 250 mg/kg (6 animals each) and 500 mg/kg (4
animals) Compound A dose groups) were used for gene
expression analysis. Total mRNA was extracted from cell
pellets and tumor tissue using the RNeasy Mini Kit (Qiagen
#74106) and reverse transcribed by the High Capacity
c¢DNA Reverse Transcription Kit (Applied Biosystems (AB)
#4368813). RT-PCR was performed by ViiA™ 7 Real-Time
PCR Systems (AB) using TagMan Fast Advanced Master
Mix (AB #4444964) and TagMan primer/probe sets in table
below. Gene expression was normalized to 18S (AB #
Hs99999901_s1) and fold change was calculated using the
AACt method. For the in vivo samples, the average Ct
value+/-SD was determined for each dose group and fold
change compared to vehicle dose group was calculated using
the AACt method.

Gene AB#

MYC Hs00153408_m1
EZH2 Hs00172783_ml
PTCH1 Hs00181117_m1
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-continued
Gene AB#
PROMI1 (CD133) Hs01009250_m1
GLI1 Hs01110766__m1
DOCK4 Hs00206807_m1
PTPRK Hs00267788_m1
BIN1 Hs00184913_m1

[0494] ELISA:

[0495] Histones were isolated from tumors as previously
described (Daigle et al) and were prepared in equivalent
concentrations (0.5 ng/ul for H3 and 4 ng/ul for H3K27Me3)
in coating buffer (PBS with 0.05% BSA). Sample or stan-
dard (100 pl.) was added in duplicate to two 96-well ELISA
plates (Thermo Labsystems, Immulon 4HBX #3885). His-
tones isolated from G401 cells that were treated with DMSO
or 10 umol/I. Compound A for 4 days were added to control
wells at the same histone concentration as the tumor histone
samples. The plates were sealed and incubated overnight at
4° C. The following day, plates were washed 3 times with
300 ul/well PBST (PBS with 0.05% Tween 20; 10xPBST,
KPL #51-14-02) on a Bio Tek plate washer. Plates were
blocked with 300 plL/well of diluent (PBS+2% BSA+0.05%
Tween 20), incubated at room temperature for 2 hours, and
washed 3 times with PBST. All antibodies were diluted in
diluent. 100 ul/well of anti-H3K27Me3 (CST #9733, 50%
glycerol stock 1:1000) or anti-total H3 (Abcam # ab1791,
50% glycerol stock 1:10,000) was added to each plate.
Plates were incubated for 90 minutes at room temperature
and washed 3 times with PBST. 100 plL/well of anti-R,-
IgG-HRP (Cell Signaling Technology, 7074) was added
1:2000 to the H3K27Me3 plate and 1:6000 to the H3 plate
and incubated for 90 minutes at room temperature. Plates
were washed 4 times with PB ST. For detection, 100 pl./well
of TMB substrate (BioFx Laboratories, # TMBS) was added
and plates incubated in the dark at room temperature for 5
minutes. Reaction was stopped with 100 ul/well 1N H2504.
Absorbance at 450 nm was read on SpectraMax MS5
Microplate reader.

[0496] Xenograft Study:

[0497] All the procedures related to animal handling, care
and the treatment in this study were performed according to
the guidelines approved by the Institutional Animal Care and
Use Committee (IACUC) of Shanghai Chemparner follow-
ing the guidance of the Association for Assessment and
Accreditation of Laboratory Animal Care (AAALAC). For
the in vivo study, mice were inoculated subcutaneously at
the right flank with G-401 tumor cells (5x10%mouse) in 0.2
ml mixture of base media and Matrigel (McCoy’s SA:
Matrigel=1:1) for tumor development. The treatments were
started when the tumor size reached approximately 157
mm3 for the tumor efficacy study (n=16 mice per group).
Compound A or vehicle (0.5% NaCMC+0.1% Tween-80 in
water) was administered orally BID at a dose volume of 10
ul/g for either 21 or 28 days. Animal body weights were
measured every day during the first week, then twice weekly
for the remainder of the study. Tumor size was measured
twice weekly in two dimensions using a caliper, and the
volume was expressed in mm>. For PK/PD analysis, 8 mice
with the largest tumor burden were euthanized for tumor and
blood collection after 21 days of dosing. The remaining mice
continued dosing for one more week, and from day 29,
treatment was stopped and the mice were enrolled in a tumor
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growth delay study. Mice were observed as individuals until
they reached the tumor weight endpoint (2000 mm?) or until
day 60 (whichever came first).

[0498] Pharmacokinetic Analyses:

[0499] Dexamethasone was used as internal standard. An
aliquot of 30 plL plasma sample was added with 30 pl. IS
(Dexamethasone, 1000 ng/ml) and 150 pl. ACN. The
mixture was vortexed for 5 min and centrifuged at 14000
rpm for 5 min. An aliquot of 2 pl. supernatant was injected
for LC-MS/MS analysis (Q-trap 3200). For 10-fold diluted
plasma samples an aliquot of 3 ulL plasma sample was added
with 27 ulL blank plasma, the dilution factor was 10, then
added with 30 pL. IS (Dexamethasone, 1000 ng/ml.) and 150
pul, ACN. The mixture was vortexed for 5 min and centri-
fuged at 14000 rpm for 5 min. An aliquot of 2 pulL supernatant
was injected for LC-MS/MS analysis. Tumor samples were
homogenized on Beadbeater® for 30 seconds with 3xPBS
(w/v) to obtain a tumor homogenate. An aliquot of 30 uL
tumor homogenate sample was added with 30 pL IS (Dex-
amethasone, 1000 ng/ml.) and 150 ul. ACN. The mixture
was vortexed for 5 min and centrifuged at 14000 rpm for 5
min. An aliquot of 2 ul. supernatant was injected for
LC-MS/MS analysis.

Example 4: General Experimental Procedures

NMR

[0500] 'H-NMR spectra were taken using CDCl, unless
otherwise stated and were recorded at 400 or 500 MHz using
a Varian or Oxford instruments magnet (500 MHz) instru-
ments. Multiplicities indicated are s=singlet, d=doublet,
t=triplet, q=quartet, quint=quintet, sxt=sextet, m=multiplet,
dd=doublet of doublets, dt=doublet of triplets; br indicates a
broad signal.

LCMS and HPLC

[0501] Shimadzu LC-Q, Shimadzu LCMS-2010EV or
Waters Acquity Ultra Performance LLC. HPLC: Products
were analyzed by Shimadzu SPD-20A with 150x4.5 mm
YMC ODS-M80 column or 150x4.6 mm YMC-Pack Pro
C18 column at 1.0 ml/min.

[0502] Mobile phase was MeCN:H20=3:2 (containing
0.3% SDS and 0.05% H,PO,),

[0503] 0.05% TFA in water, 0.05% TFA in acetonitrile
(gradient Initial 20%, then 0.05% TFA/MeCN to conc. to
95% in 3 min. holds for 0.5 min. at 3.51 to 4.50 min then
0.05% TFA/MeCN conc. 20%).

[0504] Alternatively the LCMS, 2 different methods were
used; the one we use the most is the high pH (METCR1600)
and the other one for more standard compounds
(METCR1416).

[0505] 0.1% Formic acid in water—Mobile phase “A”
0.1% Formic acid in acetonitrile—Mobile phase “B” utiliz-
ing Waters Atlantis dC18, 2.1 mmx100 mm, 3 um column,
with a flow rate=0.6 ml/min Column temperature=40° C.;
Time (mins) % B 0.00 min 5% B. 5.0 mins 100% B, 5.4 mins
100% B and 0.42 mins 5% B

[0506] 3.5 minute method refers to Atlantis dC18, 2.1
mmx50 mm, 3 um column, flow rate of 1 ml/min at 40C.
Mobile phase A Formic acid (aq.) 0.1% mobile phase B
formic acid (MeCN) 0.1%, injection 3 ul., gradient O mins
(5% organic), 2.5 min (100% organic), 2.7 mins (100%
organic), 2.71 min (5% organic), 3.5 min (5% organic)
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[0507] 7.0 minute method refers to Atlantis dC18, 2.1
mmx100 mm, 3 pm column, flow rate of 0.6 ml/min at 40C.
Mobile phase A Formic acid (aq.) 0.1% mobile phase B
formic acid (MeCN) 0.1%, injection 3 ul., gradient 0 mins
(5% organic), 5 min (100% organic), 5.4 mins (100%
organic), 5.42 min (5% organic), 7 min (5% organic)

[0508] Both the 3. 5 and 7 minute methods were per-
formed on a MS18 Shimadzu LCMS-2010EV or a MS19
Shimadzu LCMS-2010EV system utilizing LC-20AB
pumps and SPD-M20A PDA detectors.

[0509] Products were purified by HPLC/MS using Waters
AutoPurification System with 3100 Mass Detector.

[0510] HPLC analyses may also be performed on a Shim-
dazu LC-2010CHT using an YMC ODS-A, C18, (150x4.
6x5 um) column at ambient temperature with a flow Rate of
1.4 ml/min. An injection volume of 10 pl is utilized and
detection occurs via UV/PDA. Mobile Phase A is 0.05 TFA
in water and Mobile Phase B is 0.05 TFA in acetonitrile with
a gradient program of Initial 5% B to 95% B in 8 min, hold
for 1.5 min, at 9.51 to 12 min B. conc. 0.5%. The diluent is
the mobile phase

OTHER

[0511] Automated flash column chromatography was per-
formed on a Biotage Isolera version 4. 10 g SNAP cartridge
running at 12 ml/min or a 25 g SNAP cartridge running at
25 ml/min and detecting at 254 nm and 280 nm.

[0512] Select Nitrile reductions may be performed on a
ThalesNano H-Cube® according to the conditions described
in the experimental procedure.

[0513] Other related general procedures can also be found
in PCT publication No. WO12/118812, PCT application No.
PCT/US2012/033648 and PCT application No. PCT/
US2012/033662, each of which is incorporated herein by
reference in its entirety.

Example 5: Synthesis of N((4,6-dimethyl-2-ox0-1,

2-dihydropyridin-3-yl)methyl)-5-(ethyl (tetrahydro-

2H-pyran-4-yl)amino)-4-methyl-4'-(morpholinom-
ethyl)-[1,1'-biphenyl]-3-carboxamide

[0514]
Compound A
D )
N k/O
O
e} HN O
HN
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Step 1: Synthesis of
5-bromo-2-methyl-3-nitrobenzoic Acid

[0515]

Br. NO,

COOH

[0516] To stirred solution of 2-methyl-3-nitrobenzoic acid
(100 g, 552 mmol) in conc. H,SO, (400 mL), 1,3-dibromo-
5,5-dimethyl-2,4-imidazolidinedione (88 g, 308 mmol) was
added in a portion wise manner at room temperature and the
reaction mixture was then stirred at room temperature for 5
h. The reaction mixture was poured onto ice cold water, the
precipitated solid was filtered off, washed with water and
dried under vacuum to afford the desired compound as a
solid (140 g, 98%). The isolated compound was taken
directly into the next step. "H NMR (DMSO-d,, 400 MHz)
d 831 (s, 1H), 8.17 (s, 1H), 2.43 (s, 3H).

Step 2: Synthesis of methyl
5-bromo-2-methyl-3-nitrobenzoate

[0517]

Br NO,

[0518] To a stirred solution of 5-bromo-2-methyl-3-ni-
trobenzoic acid (285 g, 1105 mmol) in DMF (2.8 L) at room
temperature was added sodium carbonate (468 g, 4415
mmol) followed by addition of methyl iodide (626.6 g, 4415
mmol). The resulting reaction mixture was heated at 60° C.
for 8 h. After completion (monitored by TLC), the reaction
mixture was filtered (to remove sodium carbonate) and
washed with ethyl acetate (11.x3). The combined filtrate was
washed with water (3L.x5) and the aqueous phase was back
extracted with ethyl acetate (1L.x3). The combined organic
layers were dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure to afford the title
compound as a solid (290 g, 97% yield). The isolated
compound was taken directly into the next step. '"H NMR
(CDCl;, 400 MHz) 8 8.17 (s, 1H), 7.91 (s, 1H), 3.96 (s, 3H),
2.59 (s, 3H).
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Step 3: Synthesis of methyl
3-amino-5-bromo-2-methylbenzoate

[0519]

H,N Br

[0520] To a stirred solution of methyl 5-bromo-2-methyl-
3-nitrobenzoate (290 g, 1058 mmol) in ethanol (1.5 L) was
added aqueous ammonium chloride (283 g, 5290 mmol
dissolved in 1.5 L water). The resulting mixture was stirred
at 80° C. to which iron powder (472 g, 8451 mmol) was
added in a portion wise manner. The resulting reaction
mixture was heated at 80° C. for 12 h. Upon completion as
determined by TLC, the reaction mixture was hot filtered
over Celite® and the celite bed was washed with methanol
(5 L) followed by washing with 30% MeOH in DCM (5 L).
The combined filtrate was concentrated in-vacuo, the resi-
due obtained was diluted with aqueous sodium bicarbonate
solution (2 L) and extracted with ethyl acetate (5L.x3). The
combined organic layers were dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to
afford the title compound as a solid (220 g, 85%). The
compound was taken directly into the next step. '"H NMR
(CDCl;, 400 MHz) § 7.37 (s, 1H), 6.92 (s, 1H), 3.94 (s, 3H),
3.80 (bs, 2H), 2.31 (s, 3H).

Step 4: Synthesis of methyl 5-bromo-2-methyl-3-
((tetrahydro-2H-pyran-4-yl) amino) benzoate

[0521]
el
N Br
e} 0
|

[0522] To a stirred solution of methyl 3-amino-5-bromo-
2-methylbenzoate(15 g, 61.5 mmol) and dihydro-2H-pyran-
4(3)-one (9.2 g, 92 mmol) in dichloroethane (300 mlL.) was
added acetic acid (22 g, 369 mmol) and the reaction mixture
stirred at room temperature for 15 minutes, then the reaction
mixture was cooled to 0° C. and sodium triacetoxyborohy-
dride (39 g, 184 mmol) was added. The reaction mixture was
stirred overnight at room temperature. Upon completion of
the reaction as determined by TLC, aqueous sodium bicar-
bonate solution was added to the reaction mixture until a pH
of 7-8 was obtained. The organic phase was separated and
the aqueous phase was extracted with ethyl acetate. The
combined organic layers were dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure.
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The crude compound was purified by column chromatog-
raphy (100-200 mesh silica gel) eluting with ethyl acetate:
hexane to afford the desired compound as a solid (14 g,
69%). "H NMR (DMSO-d,, 400 MHz) 8 7.01 (s, 1H), 6.98
(s, 1H), 5.00 (d, 1H, J=7.6 Hz), 3.84-3.87 (m, 2H), 3.79 (s,
3H), 3.54-3.56 (m, 1H), 3.43 (1, 2H, J=12 Hz), 2.14 (s, 3H),
1.81-1.84 (m, 2H), 1.47-1.55 (m, 2H).

Step 5: Synthesis of methyl 5-bromo-3-(ethyl (tet-
rahydro-2H-pyran-4-yl) amino)-2-methylbenzoate

[0523]
0
N Br
(@)
(|) (6]
[0524] To a stirred solution of methyl 5-bromo-2-methyl-

3-((tetrahydro-2H-pyran-4-yl) amino) benzoate (14 g, 42.7
mmol) in dichloroethane (150 ml) was added acetaldehyde
(3.75 g, 85.2 mmol) and acetic acid (15.3 g, 256 mmol). The
resulting reaction mixture was stirred at room temperature
for 15 minutes. The mixture was cooled to 0° C. and sodium
triacetoxyborohydride (27 g, 128 mmol) was added. The
reaction mixture was stirred at room temperature for 3 hours.
Upon completion of the reaction as determined by TLC,
aqueous sodium bicarbonate solution was added to the
reaction mixture until a pH 7-8 was obtained, the organic
phase was separated and the aqueous phase was extracted
with ethyl acetate. The combined organic layers were dried
over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The crude compound was purified
by column chromatography (100-200 mesh silica gel) elut-
ing with ethyl acetate: hexane to afford the desired com-
pound as a viscous liquid (14 g, 93%). 'H NMR (DMSO-dj,
400 MHz) § 7.62 (s, 1H), 7.52 (s, 1H), 3.80 (bs, 5H), 3.31
(t, 2H), 2.97-3.05 (m, 2H), 2.87-2.96 (m, 1H), 2.38 (s, 3H),
1.52-1.61 (m, 2H), 1.37-1.50 (m, 2H), 0.87 (t, 3H, J=6.8
Hz).

Step 6: Synthesis of 5-bromo-N-((4, 6-dimethyl-2-

ox0-1, 2-dihydropyridin-3-yl) methyl)-3-(ethyl (tet-

rahydro-2H-pyran-4-yl) amino)-2-methylbenzamide
[0525]
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[0526] To a stirred solution of 5-bromo-3-(ethyl (tetra-
hydro-2H-pyran-4-yl) amino)-2-methylbenzoate (14 g, 39.4
mmol) in ethanol (100 mL) was added aqueous NaOH (2.36
g, 59.2 mmol in 25 mL. water) and the resulting mixture was
stirred at 60° C. for 1 h. Upon completion of the reaction as
determined by TLC, the solvent was removed under reduced
pressure and the residue obtained was acidified with 1N HCI
until a pH 7 was obtained and then aqueous citric acid
solution was added until a pH 5-6 was obtained. The
aqueous layer was extracted with 10% MeOH in DCM (200
mlx3), the combined organic layers were dried over anhy-
drous sodium sulfate, filtered and concentrated under
reduced pressure to give the respective acid (14 g, 100%).
[0527] The above acid (14 g, 40.9 mmol) was then dis-
solved in DMSO (70 mL) and 3-(amino methyl)-4, 6-dim-
ethylpyridin-2(1H)-one (12.4 g, 81.9 mmol) was added to it.
The reaction mixture was stirred at room temperature for 15
minutes, then PYBOP (31.9 g, 61.4 mmol) was added and
stirring was continued for overnight at room temperature.
Upon completion of the reaction as determined by TLC, the
reaction mixture was poured onto ice-cold water (700 mL),
stirred for 30 minutes and the precipitated solid was col-
lected by filtration, washed with water (500 ml.) and air
dried. The solid obtained was stirred with acetonitrile (75
ml.x2), filtered and air dried. The solid obtained was again
stirred with 5% MeOH in DCM (100 mL), filtered and dried
completely under vacuum to afford the title compound as a
solid (14 g, 74%). 'H NMR (DMSO-d,, 400 MHz) § 11.47
(s, 1H), 8.23 (t, 1H), 7.30 (s, 1H), 7.08 (s, 1H), 5.85 (s, 1H),
4.23 (d, 2H, J=4.4 Hz), 3.81 (d, 2H, J=10.4 Hz), 3.20-3.26
(m, 2H), 3.00-3.07 (m, 1H), 2.91-2.96 (m, 2H), 2.18 (s, 3H),
2.14 (s, 3H), 2.10 (s, 3H), 1.58-1.60 (m, 2H), 1.45-1.50 (m,
2H), 0.78 (t, 3H, J=6.8 Hz).

Step 7: Synthesis of N-((4, 6-dimethyl-2-oxo0-1,
2-dihydropyridin-3-yl) methyl)-5-(ethyl (tetrahydro-
2H-pyran-4-yl) amino)-4-methyl-4'-(morpholinom-

ethyl)[1, 1'-biphenyl]-3-carboxamide

) LT

[0528]

(€] HN (6]
HN
x
[0529] To a stirred solution of 5-bromo-N-((4, 6-dimethyl-

2-0x0-1, 2-dihydropyridin-3-yl) methyl)-3-(ethyl (tetra-
hydro-2H-pyran-4-yl) amino)-2-methylbenzamide (14 g,
29.5 mmol) in dioxane/water mixture (70 mL/14 ml) was
added 4-(4-(4, 4, 5, 5-tetramethyl-1, 3, 2-dioxaborolan-2-yl)
benzyl) morpholine (13.4 g, 44.2 mmol) followed by addi-
tion of Na,CO; (11.2 g, 106.1 mmol). The solution was
purged with argon for 15 minutes and then Pd (PPh,), (3.40
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g, 2.94 mmol) was added and the solution was again purged
with argon for a further 10 min. The reaction mixture was
heated at 100° C. for 4 h. After completion (monitored by
TLC), the reaction mixture was diluted with water and
extracted with 10% MeOH/DCM. The combined organic
layers were dried over anhydrous sodium sulphate, filtered
and concentrated under reduced pressure. The crude com-
pound was purified by column chromatography (100-200
mesh silica gel) eluting with methanol: DCM to the title
compound as a solid (12 g, 71%). Analytical Data: LCMS:
57335 (M+1)*; HPLC: 99.5% (@ 254 nm) (R, 3.999;
Method: Column: YMC ODS-A 150 mmx4.6 mmx5y;
Mobile Phase: A; 0.05% TFA in water/B; 0.05% TFA in
acetonitrile; Inj. Vol: 10 pL, Col. Temp.: 30° C.; Flow rate:
1.4 mL/min.; Gradient: 5% B to 95% B in 8 min, Hold for
1.5 min, 9.51-12 min 5% B); '"H NMR (DMSO-d,, 400
MHz) § 11.46 (s, 1H), 8.19 (t, 1H), 7.57 (d, 2H, J=7.2 Hz),
7.36-7.39 (m, 3H), 7.21 (s, 1H), 5.85 (s, 1H), 4.28 (d, 2H,
J=2.8 Hz), 3.82 (d, 2H, J=9.6 Hz), 3.57 (bs, 4H), 3.48 (s,
2H), 3.24 (t, 2H, J=10.8 Hz), 3.07-3.09 (m, 2H), 3.01 (m,
1H), 2.36 (m, 4H), 2.24 (s, 3H), 2.20 (s, 3H), 2.10 (s, 3H),
1.64-1.67 (m, 2H), 1.51-1.53 (m, 2H), 0.83 (t, 3H, J=6.4
Hz).

Step 8: Synthesis of N4(4,6-dimethyl-2-oxo-1,2-

dihydropyridin-3-yl)methyl)-5-(ethyl (tetrahydro-

2H-pyran-4-yl)amino)-4-methyl-4'-(morpholinom-
ethyl)[1,1'-biphenyl]-3-carboxamide

Trihydrochloride
[0530]
O
I
x
[0531] N-((4, 6-dimethyl-2-0x0-1, 2-dihydropyridin-3-yl)

methyl)-5-(ethyl (tetrahydro-2H-pyran-4-yl)  amino)-4-
methyl-4'-(morpholinomethyl)-[1,  1'-biphenyl]-3-carbox-
amide (12 g, 21.0 mmol) was dissolved in methanolic HCI
(200 mL) and stirred at room temperature for 3 h. After three
hours of stirring, the reaction mixture was concentrated
under reduced pressure. The solid obtained was stirred with
ether (100 mL.x2) to afford the desired salt as a solid (11 g,
77%). Analytical Data of the tri-HCI salt: LCMS: 573.40
M+1)*; HPLC: 99.1% (@ 254 nm) (R,; 3.961; Method:
Column: YMC ODS-A 150 mmx4.6 mmx5y; Mobile Phase:
A; 0.05% TFA in water/B; 0.05% TFA in acetonitrile; Inj.
Vol: 10 uL, Col. Temp.: 30° C.; Flow rate: 1.4 mL/min.;
Gradient: 5% B to 95% B in 8 min, Hold for 1.5 min,
9.51-12 min 5% B); '"H NMR (D,O 400 MHz) 8 7.92 (bs,
1H,) 7.80 (s, 1H), 7.77 (d, 2H, J=8 Hz), 7.63 (s, 1H), 7.61
(s, 1H), 6.30 (s, 1H), 4.48 (s, 2H), 4.42 (s, 2H), 4.09-4.11 (m,
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4H), 3.95-3.97 (m, 2H), 3.77 (t, 3H, J=10.4 Hz), 3.44-3.47
(m, 3H), 3.24-3.32 (m, 3H), 2.42 (s, 3H), 2.35 (s, 3H), 2.26
(s, 3H), 2.01 (m, 2H), 1.76 (m, 2H), 1.04 (t, 3H, J=6.8 Hz).

Example 6: N-((4, 6-dimethyl-2-0x0-1,2-dihydro-
pyridin-3-yl)methyl)-5-(((1r,4r)-4-(dimethylamino)
cyclohexyl)(ethyl)amino)-4-methyl-4'-(morpholi-
nomethyl)[1,1'-biphenyl]-3-carboxamide

[0532]

Compound E

/
&,
O

Step 1: 5-bromo-2-methyl-3-nitrobenzoic Acid

[0533] To stirred solution of 2-methyl-3-nitrobenzoic acid
(100 g, 552.48 mmol) in conc. H,SO, (400 mL), 1,3-
dibromo-5,5-dimethyl-2,4-imidazolidinedione (87.98 g,
307.70 mmol) was added in a portion-wise manner at room
temperature. The reaction mixture was then stirred at room
temperature for 5 h. The reaction mixture was poured into
ice cold water, the precipitated solid collected by filtration,
washed with water and dried under vacuum to afford desired
5-bromo-2-methyl-3-nitrobenzoic acid as off-white solid
(140 g, 97.90% yield). 'H NMR (DMSO-dg, 400 MHz) 8
8.31 (s, 1H), 8.17 (s, 1H), 2.43 (s, 3H).

Step 2: methyl 5-bromo-2-methyl-3-nitrobenzoate

[0534] To a stirred solution of 5-bromo-2-methyl-3-ni-
trobenzoic acid (285 g, 1104.65 mmol) in DMF (2.8 L) was
added sodium carbonate (468 g, 4415.09 mmol) followed by
addition of methyl iodide (626.63 g, 4415 mmol) at room
temperature. The resulting reaction mixture was stirred at
60° C. for 8 h. The reaction mixture was then filtered to
remove suspended solids which were washed well with ethyl
acetate (3x1 L). The combined filtrates were washed well
with water (5x3 L) and the aqueous phase back extracted
with ethyl acetate (3x1 L). The combined organic extracts
dried over anhydrous sodium sulfate, filtered and concen-
trated under reduced pressure to afford methyl 5-bromo-2-
methyl-3-nitrobenzoate as an off-white solid (290 g, 97%
yield). 'H NMR (CDCl,, 400 MHz) 8 8.17 (s, 1H), 7.91 (s,
1H), 3.96 (s, 3H), 2.59 (s, 3H).

Step 3: methyl 3-amino-5-bromo-2-methylbenzoate

[0535] To a stirred solution of methyl 5-bromo-2-methyl-
3-nitrobenzoate (290 g, 1058.39 mmol) in ethanol (1.5 L)
was added aqueous ammonium chloride (283 g, 5290 mmol
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dissolved in 1.5 L water). The resulting mixture was stirred
and heated at 80° C. followed by addition of iron powder
(472 g, 8451 mmol) in portions at 80° C. The resulting
reaction mixture was heated at 80° C. for 12 h. The reaction
mixture was then hot filtered through Celite® and the
Celite® bed washed well methanol (5 L) and then with 30%
MeOH in DCM (5 L). The combined filtrates were concen-
trated in vacuo and the residue obtained was diluted with
aqueous bicarbonate (2 1) and extracted with ethyl acetate
(3x5 L). The combined organic layers were dried over
anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to afford methyl 3-amino-5-bromo-2-
methylbenzoate as a brown solid (220 g, 89.41% yield).
[0536] A portion of the product (5 g) was dissolved in hot
ethanol (20 mL), insoluble residue filtered off and mother
liquor concentrated to obtain methyl 3-amino-5-bromo-2-
methylbenzoate (3.5 g, 70% yield) with HPLC purity
93.81% as light brown solid. '"H NMR (CDCl,, 400 MHz)
87.37 (s, 1H), 6.92 (s, 1H), 3.94 (s, 3H), 3.80 (bs, 2H), 2.31
(s, 3H).

Step 4: methyl 5-bromo-3-(((1r,4r)-4-((tert-butoxy-
carbonyl)amino)cyclohexyl)amino)-2-methylbenzo-
ate

[0537] To a stirred solution of methyl 3-amino-5-bromo-
2-methylbenzoate(5 g, 20.5 mmol) and tert-butyl (4-oxocy-
clohexyl)carbamate (5.69 g, 26.7 mmol) in dichloroethane
(50 mL), acetic acid (7.4 g, 123 mmol) was added and the
reaction was stirred at room temperature for 10 minutes.
Sodium triacetoxyborohydride (13.1 g, 61.7 mmol) was then
added at 0° C. and reaction was stirred at room temperature
for 16 hours. The reaction was quenched with aqueous
sodium bicarbonate, the organic phase separated and the
aqueous phase extracted with dichloromethane. The com-
bined organic layers were dried over anhydrous sodium
sulfate and concentrated in vacuo. The crude product was
purified by silica gel column chromatography (100-200
mesh size) eluting with 10% ethyl acetate in hexane to afford
3.5 g of the more polar (trans) isomer, methyl 5-bromo-3-
(((1r,4r)-4-((tert-butoxycarbonyl)amino)cyclohexyl)
amino)-2-methylbenzoate, as solid (38.46%). 'H NMR
(CDCl,, 400 MHz) d 7.21 (s, 1H), 6.80 (s, 1H), 4.41 (bs,
1H), 3.85 (s, 3H), 3.60 (m, 1H), 3.45 (m, 1H), 3.20 (m, 1H),
2.22 (s, 3H), 2.15 (bs, 2H), 2.05 (bs, 2H), 1.45 (s, 9H), 1.30
(m, 4H).

Step 5: methyl 5-bromo-3-(((1r,4r)-4-((tert-butoxy-
carbonyl)amino)cyclohexyl)-(ethyl)amino)-2-meth-
ylbenzoate

[0538] To a stirred solution of methyl 5-bromo-3-(((1r,4r)-
4-((tert-butoxycarbonyl)amino)-cyclohexyl)(ethyl)amino)-

2-methylbenzoate (55 g, 0.124 mol) and acetaldehyde (11 g,
0.25 mol) in dichloroethane (550 mL), acetic acid (44.64 g,
0.744 mol) was added and the reaction mixture stirred at
room temperature for 10 minutes. Sodium triacetoxyboro-
hydride (79 g, 0.372 mol) was then added at 0° C. and the
reaction mixture was stirred at room temperature for 16
hours. The reaction was quenched with aqueous sodium
bicarbonate, the organic phase separated and the aqueous
phase extracted with dichloromethane. The combined
extracts were dried over anhydrous sodium sulfate and
concentrated in-vacuo. The crude compound was purified by
silica gel column chromatography (100-200 mesh size)
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eluting with 10% ethyl acetate in hexane to afford 44 g of
methyl 5-bromo-3-(((1r,4r)-4-((tert-butoxycarbonyl)amino)
cyclohexyl)-(ethyl)amino)-2-methylbenzoate (75.2%) as
solid. '"H NMR (DMSO-d,, 400 MHz) § 7.55 (s, 1H), 7.45
(s, 1H), 6.65 (d, 1H), 3.80 (s, 3H), 3.15 (bs, 1H), 3.05 (q,
2H), 2.60 (m, 1H), 2.30 (s, 3H), 1.75 (m, 4H), 1.40 (m, 2H),
1.35 (s, 9H), 1.10 (m, 2H), 0.80 (t, 3H).

Step 6: tert-butyl ((1r,4r)-4-((5-bromo-3-(((4,6-dim-
ethyl-2-ox0-1,2-dihydropyridin-3-yl)methyl)carbam-
oyl)-2-methylphenyl)(ethyl )Jamino)cyclohexyl)car-
bamate

[0539] Aqueous NaOH (3.5 g, 0.08 mol in 10 mLL H,0)
was added to a solution of methyl 5-bromo-3-(((1r,4r)-4-
((tert-butoxycarbonyl)amino)cyclohexyl)-(ethyl)amino)-2-
methylbenzoate (25 g, 0.053 mol) in EtOH (100 mL) and
stirred at 60° C. for 1 h. The ethanol was then removed under
reduced pressure and acidified to pH 8 with dilute HCl and
to pH 6 with citric acid. The mixture was extracted with 10%
methanol in DCM (3x200 ml). The combined organic
layers were dried and concentrated giving the respective
acid (24.2 g, 99.0%). '"H NMR (DMSO-d,, 400 MHz)
13.13 (s, 1H), 7.54 (s, 1H), 7.43 (s, 1H), 6.68 (d, 1H), 3.14
(bs, 1H), 3.03 (g, 2H), 2.56 (m, 1H), 2.33 (s, 3H), 1.80-1.65
(m, 4H), 1.40 (m, 2H), 1.35 (s, 9H), 1.10 (m, 2H), 0.77 (t,
3H).

[0540] The acid (24 g, 0.053 mol) was dissolved in DMSO
(100 mL) and 3-(aminomethyl)-4,6-dimethylpyridin-2(1H)-
one (16 g, 0.106 mol) and triethylamine (5.3 g, 0.053 mol)
was added. The reaction mixture was stirred at room tem-
perature for 15 min before PyBop (41 g, 0.079 mmol) was
added and stirring was then continued for overnight at room
temperature. The reaction mixture was poured into ice water
(1 L). The resulting precipitate was collected by filtration,
washed well with water (2x1 L) and dried. The product
obtained was further purified by washings with acetonitrile
(3x200 mL) and DCM (100 mL) to afford tert-butyl ((1r,
4r)-4-((5-bromo-3-(((4,6-dimethyl-2-0x0-1,2-dihydropyri-
din-3-yl)methyl)carbamoyl)-2-methylphenyl)(ethyl)amino)
cyclohexyl)-carbamate (24 g, 77%). NMR (DMSO-d,, 400
MHz) d 11.47 (s, 1H), 8.24 (t, 1H), 7.25 (s, 1H), 7.04 (s, 1H),
6.67 (d, 1H), 5.85 (s, 1H), 4.24 (d, 2H), 3.13 (bs, 1H), 3.01
(9, 2H), 2.53 (m, 1H), 2.18 (s, 3H), 2.10 (s, 6H), 1.80-1.65
(m, 4H), 1.40 (m, 2H), 1.35 (s, 9H), 1.10 (m, 2H), 0.77 (t,
3H).

Step 7: tert-butyl ((1r,4r)-4-((5-(((4,6-dimethyl-2-
oxo0-1,2-dihydropyridin-3-yl)methyl)carbamoyl)-4-
methyl-4'-(morpholinomethyl)-[1,1'-biphenyl]-3-y1)
(ethyl)amino)cyclohexyl)carbamate

[0541] To a stirred solution of tert-butyl ((1r,4r)-4-((5-
bromo-3-((4,6-dimethyl-2-oxo0-1,2-dihydropyridin-3-yl)

methyl)carbamoyl)-2-methylphenyl)(ethyl)amino)cyclo-

hexyl)-carbamate (24 g, 0.041 mol) and 4-(4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)morpholine (18
g, 0.061 mol) in dioxane/water mixture (160 mL+40 mlL.),
Na,CO, (15 g, 0.15 mol) was added and solution purged
with argon for 15 min. Pd(PPh;), (4.7 g, 0.041 mol) was
then added and the reaction mixture again purged with argon
for 10 min. The reaction mixture was heated at 100° C. for
4 h. The reaction mixture was then diluted with 10%
MeOH/DCM (500 mL) and filtered. The filtrate was con-
centrated, diluted with water (500 mL) and extracted with
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10% MeOH in DCM (3x500 mL). The combined organic
layers were dried over Na,SO, and solvent removed under
reduced pressure. The crude product was purified by silica
gel column chromatography (100-200 mesh) eluting with
7% MeOH in DCM to afford tert-butyl ((1r,4r)-4-((5-(((4,
6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)carbam-
oyl)-4-methyl-4'-(morpholinomethyl)-[ 1,1'-biphenyl]-3-y1)
(ethyl)amino)cyclohexyl)carbamate (20 g, 71.43%). 'H
NMR (DMSO-d,, 400 MHz) d 11.46 (s, 1H), 8.20 (t, 1H),
7.56 (d, 2H), 7.36 (m, 3H), 7.17 (s, 1H), 6.66 (d, 1H), 5.85
(s, 1H), 4.28 (d, 2H), 3.57 (bs, 4H), 3.48 (s, 2H), 3.20-3.05
(m, 3H), 2.62 (m, 1H), 2.36 (bs, 4H), 2.20 (s, 6H), 2.10 (s,
3H), 1.75 (m, 4H), 1.42 (m, 2H), 1.35 (s, 9H), 1.10 (m, 2H),
0.82 (t, 3H).

Step 8: 5-(((1r,4r)-4-aminocyclohexyl)(ethyl)
amino)-N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-
3-yl)methyl)-4-methyl-4'-(morpholinomethyl)-[1,1'-

biphenyl]-3-carboxamide

[0542] To a stirred solution of tert-butyl ((1r,4r)-4-((5-(((4,
6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)carbam-
oyl)-4-methyl-4'-(morpholinomethyl)-[ 1,1'-biphenyl]-3-y1)
(ethyl)amino)cyclohexyl)carbamate (20 g, 0.03 mol) in
DCM (200 mL) at 0° C., TFA (75 mL) was added and
reaction was stirred for 2 h at room temperature. The
reaction mixture was then concentrated to dryness and the
residue basified with aqueous saturated bicarbonate solution
(300 mL) to pH 8. The mixture was extracted with 20%
methanol in DCM (4x200 m). The combined extracts were
dried over Na,SO, and the solvent removed under reduced
pressure to afford 5-(((1r,4r)-4-aminocyclohexyl)(ethyl)
amino)-N-((4,6-dimethyl-2-ox0-1,2-dihydropyridin-3-yl)
methyl)-4-methyl-4'-(morpholinomethyl)-[ 1,1'-biphenyl]-3-
carboxamide (15.5 g, 91%) which was used as is in the next
reaction. 'H NMR (DMSO-d,, 400 MHz)  8.18 (bs, 1H),
7.57 (d, 2H), 7.38 (m, 3H), 7.20 (s, 1H), 5.85 (s, 1H), 4.29
(d, 2H), 3.57 (bs, 4H), 3.48 (s, 2H), 3.31 (bs, 2H), 3.10 (m,
2H), 2.91 (m, 1H), 2.67 (m, 1H), 2.36 (bs, 4H), 2.21 (s, 3H),
2.20 (s, 3H), 2.10 (s, 3H), 1.90 (m, 2H), 1.83 (m, 2H), 1.45
(m, 2H), 1.23 (m, 2H), 0.83 (t, 3H).

Step 9: N-((4,6-dimethyl-2-0x0-1,2-dihydropyridin-
3-yDmethyl)-5-(((1r,4r)-4-(dimethylamino)cyclo-
hexyl)(ethyl)amino)-4-methyl-4'-(morpholinom-

ethyl)-[1,1'-biphenyl]-3-carboxamide

[0543] To a stirred solution of 5-(((1r,4r)-4-aminocyclo-
hexyl)(ethyl)amino)-N-((4,6-dimethyl-2-ox0-1,2-dihydro-

pyridin-3-yl)methyl)-4-methyl-4'-(morpholinomethyl)-[ 1,

1'-biphenyl]-3-carboxamide(14 g, 0.023 mol) in
dichloromethane (150 mL) was added aqueous 35% form-
aldehyde solution (2.4 g, 0.080 mol) at 0° C. After stirring
for 20 min, Na(OAc),BH (12.2 g, 0.057 mol) was added and
stirring continued for 2 h at 0° C. Water (100 mL) was then
added to the reaction mixture and the mixture extracted with
20% methanol in DCM (3x200 mL). The combined extracts
were dried over Na,SO, and the solvent removed under
reduced pressure. The crude product was purified by basic
alumina column chromatography eluting with 6-7% MeOH
in DCM to afford the title compound (10 g, 63.6%). LCMS:
614.65 (M+1)"; HPLC: 98.88% (@ 210-370 nm) (R,; 3.724;
Method: Column: YMC ODS-A 150 mmx4.6 mmx5 p;
Mobile Phase: A; 0.05% TFA in water/B; 0.05% TFA in
acetonitrile; Inj. Vol: 10 pL, Col. Temp.: 30° C.; Flow rate:
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1.4 mL/min.; Gradient: 5% B to 95% B in 8 min, Hold for
1.5 min, 9.51-12 min 5% B); ‘H NMR (DMSO-d,, 400
MHz) & 11.45 (s, 1H), 8.17 (t, 1H), 7.56 (d, 2H, J=8 Hz),
7.36 (m, 3H), 7.17 (s, 1H), 5.85 (s, 1H), 4.29 (d, 2H, J=4.4
Hz), 3.57 (bs, 4H), 3.48 (s, 2H), 3.09 (q, 2H), 2.66 (m, 1H),
2.36 (bs, 4H), 2.21 (s, 3H), 2.20 (s, 3H), 2.11 (s, 9H), 1.79
(m, 4H), 1.36 (m, 2H), 1.11 (m, 2H), 0.82 (t, 3H, J=6.4&6.8
Hz).

Example 7: Bioassay Protocol and General
Methods

Protocol for Wild-Type and Mutant PRC2 Enzyme Assays

[0544] General Materials.

[0545] S-adenosylmethionine (SAM), S-adenosylhomo-
cyteine (SAH), bicine, KCIl, Tween20, dimethylsulfoxide
(DMSO) and bovine skin gelatin (BSG) were purchased
from Sigma-Aldrich at the highest level of purity possible.
Dithiothreitol (DTT) was purchased from EMD. *H-SAM
was purchased from American Radiolabeled Chemicals with
a specific activity of 80 Ci/mmol. 384-well streptavidin
Flashplates were purchased from PerkinElmer.

[0546] Substrates.

[0547] Peptides representative of human histone H; resi-
dues 21-44 containing either an unmodified lysine 27
(H;K27me0) or dimethylated lysine 27 (H;K27me2) were
synthesized with a C-terminal G(K-biotin) linker-affinity tag
motif and a C-terminal amide cap by 21% Century Biochemi-
cals. The peptides were high-performance liquid chroma-
tography (HPLC) purified to greater than 95% purity and
confirmed by liquid chromatography mass spectrometry
(LC-MS). The sequences are listed below.

H3K27meO:
(SEQ ID NO: 13)
ATKAARKSAPATGGVKKPHRYRPGGK (biotin) -amide

H3K27me2 :
(SEQ ID NO: 14)
ATKAARK (me2) SAPATGGVKKPHRYRPGGK (biotin) -amide

[0548] Chicken erythrocyte oligonucleosomes were puri-
fied from chicken blood according to established proce-
dures.

[0549] Recombinant PRC2 Complexes.

[0550] Human PRC2 complexes were purified as 4-com-
ponent enzyme complexes co-expressed in Spodoptera fru-
giperda (s19) cells using a baculovirus expression system.
The subunits expressed were wild-type EZH2 (NM_
004456) or EZH2 Y641F, N, H, S or C mutants generated
from the wild-type EZH2 construct, EED (NM_003797),
Suz12 (NM_015355) and RbAp48 (NM_005610). The EED
subunit contained an N-terminal FLLAG tag that was used to
purity the entire 4-component complex from sf9 cell lysates.
The purity of the complexes met or exceeded 95% as
determined by SDS-PAGE and Agilent Bioanalyzer analy-
sis. Concentrations of enzyme stock concentrations (gener-
ally 0.3-1.0 mg/ml.) was determined using a Bradford assay
against a bovine serum albumin (BSA) standard.

[0551] General Procedure for PRC2 Enzyme Assays on
Peptide Substrates.

[0552] The assays were all performed in a buffer consist-
ing of 20 mM bicine (pH=7.6), 0.5 mM DTT, 0.005% BSG
and 0.002% Tween20, prepared on the day of use. Com-
pounds in 100% DMSO (1 ul) were spotted into polypro-
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pylene 384-well V-bottom plates (Greiner) using a Platemate
2x3 outfitted with a 384-channel pipet head (Thermo).
DMSO (1 pL) was added to columns 11, 12, 23, 24, rows
A-H for the maximum signal control, and SAH, a known
product and inhibitor of PRC2 (1 pL.) was added to columns
11, 12, 23, 24, rows I-P for the minimum signal control. A
cocktail (40 pl) containing the wild-type PRC2 enzyme and
H;K27me0 peptide or any of the Y641 mutant enzymes and
H;K27me2 peptide was added by Multidrop Combi
(Thermo). The compounds were allowed to incubate with
PRC2 for 30 min at 25° C., then a cocktail (10 pL)
containing a mixture of non-radioactive and *H-SAM was
added to initiate the reaction (final volume=51 pl). In all
cases, the final concentrations were as follows: wild-type or
mutant PRC2 enzyme was 4 nM, SAH in the minimum
signal control wells was 1 mM and the DMSO concentration
was 1%. The final concentrations of the rest of the compo-
nents are indicated in Table 7, below. The assays were
stopped by the addition of non-radioactive SAM (10 uL.) to
a final concentration of 600 uM, which dilutes the *H-SAM
to a level where its incorporation into the peptide substrate
is no longer detectable. 50 pL. of the reaction in the 384-well
polypropylene plate was then transferred to a 384-well
Flashplate and the biotinylated peptides were allowed to
bind to the streptavidin surface for at least 1 h before being
washed three times with 0.1% Tween20 in a Biotek ELx405
plate washer. The plates were then read in a PerkinElmer
TopCount platereader to measure the quantity of *H-labeled
peptide bound to the Flashplate surface, measured as disin-
tegrations per minute (dpm) or alternatively, referred to as
counts per minute (cpm).

TABLE 7

Final concentrations of components for each assay variation
based upon EZH? identity (wild-type or Y641 mutant EZH2

PRC2 Enzyme

(denoted by EZH2 Peptide Non-radioactive SAM ~ 3H-SAM
identity) (nM) (M) (M)
Wild-type 185 1800 150
Y641F 200 850 150
Y641N 200 850 150
Yo641H 200 1750 250
Y6418 200 1300 200
Yo641C 200 3750 250

[0553] General Procedure for Wild-Type PRC2 Enzyme
Assay on Oligonucleosome Substrate.

[0554] The assays was performed in a buffer consisting of
20 mM bicine (pH=7.6), 0.5 mM DTT, 0.005% BSG, 100
mM KCl and 0.002% Tween20, prepared on the day of use.
Compounds in 100% DMSO (1 pl) were spotted into
polypropylene 384-well V-bottom plates (Greiner) using a
Platemate 2x3 outfitted with a 384-channel pipet head
(Thermo). DMSO (1 pL.) was added to columns 11, 12, 23,
24, rows A-H for the maximum signal control, and SAH, a
known product and inhibitor of PRC2 (1 pul) was added to
columns 11, 12, 23, 24, rows I-P for the minimum signal
control. A cocktail (40 ul) containing the wild-type PRC2
enzyme and chicken erythrocyte oligonucleosome was
added by Multidrop Combi (Thermo). The compounds were
allowed to incubate with PRC2 for 30 min at 25° C., then a
cocktail (10 pul.) containing a mixture of non-radioactive and
3H-SAM was added to initiate the reaction (final volume=51
pl). The final concentrations were as follows: wild-type
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PRC2 enzyme was 4 nM, non-radioactive SAM was 430
nM, *H-SAM was 120 nM, chicken erythrocyte oligno-
nucleosome was 120 nM, SAH in the minimum signal
control wells was 1 mM and the DMSO concentration was
1%. The assay was stopped by the addition of non-radioac-
tive SAM (10 L) to a final concentration of 600 uM, which
dilutes the *H-SAM to a level where its incorporation into
the chicken erythrocyte olignonucleosome substrate is no
longer detectable. 50 pl. of the reaction in the 384-well
polypropylene plate was then transferred to a 384-well
Flashplate and the chicken erythrocyte nucleosomes were
immobilized to the surface of the plate, which was then
washed three times with 0.1% Tween20 in a Biotek ELx405
plate washer. The plates were then read in a PerkinElmer
TopCount platereader to measure the quantity of *H-labeled
chicken erythrocyte oligonucleosome bound to the Flash-
plate surface, measured as disintegrations per minute (dpm)
or alternatively, referred to as counts per minute (cpm).

[0555] % Inhibition Calculation
q —d] ;
% inh =100 - (M] %100
APy = APy,
[0556] Where  dpm=disintegrations per  minute,

cmpd=signal in assay well, and min and max are the
respective minimum and maximum signal controls.

[0557] Four-Parameter IC,, Fit
(Top — Bottom)
Y = Bottom + X\ Hill Coefficient
1+ (—)
1Cso
[0558] Where top and bottom are the normally allowed to

float, but may be fixed at 100 or 0 respectively in a
3-parameter fit. The Hill Coefficient normally allowed to
float but may also be fixed at 1 in a 3-parameter fit. Y is the
% inhibition and X is the compound concentration.

[0559] IC,, values for the PRC2 enzyme assays on peptide
substrates (e.g., EZH2 wild type and Y641F) are presented
in Table 8 below.

[0560] WSU-DLCL2 Methylation Assay

[0561] WSU-DLCL2 suspension cells were purchased
from DSMZ (German Collection of Microorganisms and
Cell Cultures, Braunschweig, Germany). RPMI/Glutamax
Medium, Penicillin-Streptomycin, Heat Inactivated Fetal
Bovine Serum, and D-PBS were purchased from Life Tech-
nologies, Grand Island, N.Y., USA. Extraction Buffer and
Neutralization Buffer(5x) were purchased from Active
Motif, Carlsbad, Calif., USA. Rabbit anti-Histone H; anti-
body was purchased from Abcam, Cambridge, Mass., USA.
Rabbit anti-H;K27me3 and HRP-conjugated anti-rabbit-
IgG were purchased from Cell Signaling Technology, Dan-
vers, Mass., USA. TMB “Super Sensitive” substrate was
sourced from BioFX Laboratories, Owings Mills, Md.,
USA. IgG-free Bovine Serum Albumin was purchased from
Jackson ImmunoResearch, West Grove, Pa., USA. PBS with
Tween (10xPBST) was purchased from KPL, Gaithersburg,
Md., USA. Sulfuric Acid was purchased from Ricca Chemi-
cal, Arlington, Tex., USA. Immulon ELISA plates were
purchased from Thermo, Rochester, N.Y., USA. V-bottom
cell culture plates were purchased from Corning Inc., Corn-
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ing, N.Y., USA. V-bottom polypropylene plates were pur-
chased from Greiner Bio-One, Monroe, N.C., USA.

[0562] WSU-DLCL2 suspension cells were maintained in
growth medium (RPMI 1640 supplemented with 10% v/v
heat inactivated fetal bovine serum and 100 units/mL peni-
cillin-streptomycin) and cultured at 37° C. under 5% CO,.
Under assay conditions, cells were incubated in Assay
Medium (RPMI 1640 supplemented with 20% v/v heat
inactivated fetal bovine serum and 100 units/mL penicillin-
streptomycin) at 37° C. under 5% CO, on a plate shaker.

[0563] WSU-DLCL2 cells were seeded in assay medium
at a concentration of 50,000 cells per mL to a 96-well
V-bottom cell culture plate with 200 pl, per well. Compound
(1 ul) from 96 well source plates was added directly to
V-bottom cell plate. Plates were incubated on a titer-plate
shaker at 37° C., 5% CO, for 96 hours. After four days of
incubation, plates were spun at 241xg for five minutes and
medium was aspirated gently from each well of cell plate
without disturbing cell pellet. Pellet was resuspended in 200
ul. DPBS and plates were spun again at 241xg for five
minutes. The supernatant was aspirated and cold (4° C.)
Extraction buffer (100 pl.) was added per well. Plates were
incubated at 4° C. on orbital shaker for two hours. Plates
were spun at 3427xgx10 minutes. Supernatant (80 ul. per
well) was transferred to its respective well in 96 well
V-bottom polypropylene plate. Neutralization Buffer 5x (20
per well) was added to V-bottom polypropylene plate con-
taining supernatant. V-bottom polypropylene plates contain-
ing crude histone preparation (CHP) were incubated on
orbital shakerxfive minutes. Crude Histone Preparations
were added (24, per well) to each respective well into
duplicate 96 well ELISA plates containing 100 ul Coating
Buffer (1xPBS+BSA 0.05% w/v). Plates were sealed and
incubated overnight at 4° C. The following day, plates were
washed three times with 300 pL. per well 1xPBST. Wells
were blocked for two hours with 300 ul, per well ELISA
Diluent ((PBS (1x) BSA (2% w/v) and Tween20 (0.05%
v/v)). Plates were washed three times with 1xPBST. For the
Histone H, detection plate, 100 per well were added of
anti-Histone-H; antibody (Abcam, ab1791) diluted 1:10,000
in ELISA Diluent. For H;K27 trimethylation detection plate,
100 uL. per well were added of anti-H;K27me3 diluted
1:2000 in ELISA diluent. Plates were incubated for 90
minutes at room temperature. Plates were washed three
times with 300 pl, 1xPBST per well. For Histone Hj
detection, 100 pL. of HRP-conjugated anti-rabbit IgG anti-
body diluted to 1:6000 in ELISA diluent was added per well.
For H;K27me3 detection, 100 pL of HRP conjugated anti-
rabbit IgG antibody diluted to 1:4000 in ELISA diluent was
added per well. Plates were incubated at room temperature
for 90 minutes. Plates were washed four times with 1xPBST
300 pL per well. TMB substrate 100 ul. was added per well.
Histone H; plates were incubated for five minutes at room
temperature. H;K27me3 plates were incubated for 10 min-
utes at room temperature. The reaction was stopped with
sulfuric acid 1N (100 pL per well). Absorbance for each
plate was read at 450 nm.

[0564] First, the ratio for each well was determined by:

(H3K27me3 0DA450 Value)
Histone H3 ODAS0 value
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[0565] Each plate included eight control wells of DMSO
only treatment (Minimum Inhibition) as well as eight control
wells for maximum inhibition (Background wells).

[0566] The average of the ratio values for each control
type was calculated and used to determine the percent
inhibition for each test well in the plate. Test compound was
serially diluted three-fold in DMSO for a total of ten test
concentrations, beginning at 25 pM. Percent inhibition was
determined and IC,, curves were generated using duplicate
wells per concentration of compound. 1Cs, values for this
assay are presented in Table 8 below.

(Individual Test Sample Ratio) —

(Background Avg Ratio)

Percent Inhibition = 100 = | < Tnhibition Ratio) —

%100

(Background Average Ratio)

[0567] Cell Proliferation Analysis

[0568] WSU-DLCL2 suspension cells were purchased
from DSMZ (German Collection of Microorganisms and
Cell Cultures, Braunschweig, Germany). RPMI/Glutamax
Medium, Penicillin-Streptomycin, Heat Inactivated Fetal
Bovine Serum were purchased from Life Technologies,
Grand Island, N.Y., USA. V-bottom polypropylene 384-well
plates were purchased from Greiner Bio-One, Monroe, N.C.,
USA. Cell culture 384-well white opaque plates were pur-
chased from Perkin Elmer, Waltham, Mass., USA. Cell-Titer
Glo® was purchased from Promega Corporation, Madison,
Wis., USA. SpectraMax M5 plate reader was purchased
from Molecular Devices LLC, Sunnyvale, Calif., USA.
[0569] WSU-DLCL2 suspension cells were maintained in
growth medium (RPMI 1640 supplemented with 10% v/v
heat inactivated fetal bovine serum and cultured at 37° C.
under 5% CO,. Under assay conditions, cells were incubated
in Assay Medium (RPMI 1640 supplemented with 20% v/v
heat inactivated fetal bovine serum and 100 units/mL peni-
cillin-streptomycin) at 37° C. under 5% CO,.

[0570] For the assessment of the effect of compounds on
the proliferation of the WSU-DLCL2 cell line, exponentially
growing cells were plated in 384-well white opaque plates at
a density of 1250 cell/ml in a final volume of 50 ul of assay
medium. A compound source plate was prepared by per-
forming triplicate nine-point 3-fold serial dilutions in
DMSO, beginning at 10 mM (final top concentration of
compound in the assay was 20 pM and the DMSO was
0.2%). A 100 nL aliquot from the compound stock plate was
added to its respective well in the cell plate. The 100%
inhibition control consisted of cells treated with 200 nM
final concentration of staurosporine and the 0% inhibition
control consisted of DMSO treated cells. After addition of
compounds, assay plates were incubated for 6 days at 37° C.,
5% CO,, relative humidity>90% for 6 days. Cell viability
was measured by quantization of ATP present in the cell
cultures, adding 35 pl of CellTiter-Glo®® reagent to the cell
plates. Luminescence was read in the SpectraMax MS5. The
concentration inhibiting cell viability by 50% was deter-
mined using a 4-parametric fit of the normalized dose
response curves.

INCORPORATION BY REFERENCE

[0571] The entire disclosure of each of the patent docu-
ments and scientific articles referred to herein is incorpo-
rated by reference for all purposes.
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[0572] All publications and patent documents cited herein EQUIVALENTS
are incorporated herein by reference as if each such publi-
cation or document was specifically and individually indi- [0573] The invention can be embodied in other specific

cated to be incorporated herein by reference. Citation of
publications and patent documents is not intended as an
admission that any is pertinent prior art, nor does it consti-
tute any admission as to the contents or date of the same. The
invention having now been described by way of written
description, those of skill in the art will recognize that the
invention can be practiced in a variety of embodiments and
that the foregoing description and examples above are for
purposes of illustration and not limitation of the claims that
follow.

forms without departing from the spirit or essential charac-
teristics thereof. The foregoing embodiments are therefore
to be considered in all respects illustrative rather than
limiting on the invention described herein. Scope of the
invention is thus indicated by the appended claims rather
than by the foregoing description, and all changes that come
within the meaning and range of equivalency of the claims
are intended to be embraced therein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 385

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Met Met Met Met Ala
1 5

Thr Phe

10

Leu Ser Lys Gly Gln Lys

Phe Gln Glu

20

Glu Phe

25

Leu Asp Asp Gly Tyr Met Ile Gly

Gly Asn Tyr Leu Met Phe Ser Leu

35

Arg Arg

40

Gly Tyr Lys

45

Ala
55

Leu Leu Thr Val Glu Glu

50

Ser Trp Arg Arg Arg

60

Lys

Ala
65

Thr Asn Thr

75

Ser Ser His Gly Lys Pro

70

Lys Lys Lys

Thr Thr Ala Thr Val Thr Leu Leu Ala

90

Tyr Leu Ser Lys

Glu Glu Ile Glu

105

Leu Asn Ala

100

Asp Gly Asp Lys Tyr Lys

Thr Glu

115

Thr Glu Gln Ala

125

Leu
120

Ser Pro Pro Tyr Arg Lys

Gln
130

Val Thr His His

140

Leu Pro Asn Ser Ser

135

Ser Trp Pro

Val
145

Thr Thr

150

Pro Cys Ser Ile Asn Arg Asn Arg Met

155

Gly

Thr Phe Pro Leu Phe His Pro

165

Lys Arg Cys Asp Asp

170

Asp

Glu Ala

180

Gln Glu Val

185

Asn Ser Pro Leu Val Pro Ile

Met Glu Ile

195

Gln Ala Phe Thr

205

Leu
200

Asp Gly Lys Arg Asp

Glu
210

Met Thr Glu Met Phe Glu

220

Pro Ser Ile

215

Asn Lys Leu

Thr Phe Val Pro Ala Ile

235

Pro Leu

230

Asp Leu Leu Asn

225

Asp

Ile Gln Gln Ile

245

Glu Thr

250

Arg Ser Tyr Pro Asp Ser Ile

Gln Gln

260

Ser Asp Arg Val Ile Ile Lys Leu Asn Ile His

265

Val
15

Pro Lys

Ser Glu Val

Arg Tyr Pro

Lys Ile Val

Asp His Gly

80

Glu
95

Ser Val

Val
110

Ser Ile

Lys Arg Asn

Leu Asp Ala

Arg Asp Lys

160
Ala Val
175

Ile

Arg Leu

190

Asp

Trp Asn Met

Leu Cys Asp

Ala Ala

240

Ser

Glu
255

Leu Asp

Val
270

Gly Asn
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Ile Ser Leu Val Asp Gln Phe Glu Trp Asp Met Ser Glu Lys Glu Asn
275 280 285

Ser Pro Glu Lys Phe Ala Leu Lys Leu Cys Ser Glu Leu Gly Leu Gly
290 295 300

Gly Glu Phe Val Thr Thr Ile Ala Tyr Ser Ile Arg Gly Gln Leu Ser
305 310 315 320

Trp His Gln Lys Thr Tyr Ala Phe Ser Glu Asn Pro Leu Pro Thr Val
325 330 335

Glu Ile Ala Ile Arg Asn Thr Gly Asp Ala Asp Gln Trp Cys Pro Leu
340 345 350

Leu Glu Thr Leu Thr Asp Ala Glu Met Glu Lys Lys Ile Arg Asp Gln
355 360 365

Asp Arg Asn Thr Arg Arg Met Arg Arg Leu Ala Asn Thr Ala Pro Ala
370 375 380

Trp
385

<210> SEQ ID NO 2

<211> LENGTH: 1717

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

aacgccageg cctgegeact gagggeggee tggtegtegt ctgeggegge ggeggegget 60
gaggagcceg gctgaggege cagtaccegyg ccceggtecge atttegectt ceggettegg 120
tttecectegyg cccagecacge cecggoceeg ccccagecct cetgatcect cgcagecegg 180
cteceggeage cegectetge cgecgcaatyg atgatgatgg cgetgagcaa gacctteggg 240
cagaagccceg tgaagtteca getggaggac gacggcgagt tcetacatgat cggcetccgag 300
gtgggaaact acctccgtat gttccgaggt tctcectgtaca agagataccce ctcactetgg 360
aggcgactag ccactgtgga agagaggaag aaaatagttg catcgtcaca tggtaaaaaa 420
acaaaaccta acactaagga tcacggatac acgactctag ccaccagtgt gaccctgtta 480
aaagcctegyg aagtggaaga gattctggat ggcaacgatg agaagtacaa ggetgtgtcece 540
atcagcacag agccccccac ctacctcagg gaacagaagg ccaagaggaa cagccagtgg 600
gtacccacce tgcccaacag ctcccaccac ttagatgeeg tgecatgetce cacaaccatc 660
aacaggaacc gcatgggeceg agacaagaag agaaccttec cectttgett tgatgaccat 720
gacccagetyg tgatccatga gaacgcatct cagcccgagg tgetggtece catceggetg 780
gacatggaga tcgatgggca gaagctgcga gacgccttca cctggaacat gaatgagaag 840
ttgatgacge ctgagatgtt ttcagaaatce ctetgtgacg atctggattt gaacccegetg 900
acgtttgtge cagccatege ctetgecate agacagcaga tegagtccta ccccacggac 960

agcatcctgg aggaccagtc agaccagcgc gtcatcatca agctgaacat ccatgtggga 1020

aacatttccce tggtggacca gtttgagtgg gacatgtcag agaaggagaa ctcaccagag 1080

aagtttgccce tgaagctgtg ctecggagcectg gggttgggeg gggagtttgt caccaccatce 1140

gcatacagca tccggggaca gcetgagetgg catcagaaga cctacgectt cagegagaac 1200

cctetgecca cagtggagat tgecatcegg aacacgggeg atgeggacca gtggtgecca 1260

ctgctggaga ctcetgacaga cgctgagatg gagaagaaga tecgcegacca ggacaggaac 1320



US 2020/0262823 Al Aug. 20, 2020
76

-continued

acgaggcgga tgaggegtcet tgccaacacg gecccggect ggtaaccage ccatcagcac 1380
acggctcecca cggagcatct cagaagattg ggccgcectet cctcecatctt ctggcaagga 1440
cagaggcgag gggacagccce agcgccatcece tgaggategyg gtgggggtgyg agtggggget 1500
tccaggtgge cctteccgge acacattcca tttgttgage cccagtcecctg ccccccacce 1560
cacccteect acccecteecece agtcectetggg gtcaggaaga aaccttattt taggttgtgt 1620
tttgtttttg tataggagcc ccaggcaggg ctagtaacag tttttaaata aaaggcaaca 1680
ggtcatgttc aatttcttca acaaaaaaaa aaaaaaa 1717
<210> SEQ ID NO 3

<211> LENGTH: 376

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Met Met Met Ala Leu Ser Lys Thr Phe Gly Gln Lys Pro Val Lys
1 5 10 15

Phe Gln Leu Glu Asp Asp Gly Glu Phe Tyr Met Ile Gly Ser Glu Val
20 25 30

Gly Asn Tyr Leu Arg Met Phe Arg Gly Ser Leu Tyr Lys Arg Tyr Pro
35 40 45

Ser Leu Trp Arg Arg Leu Ala Thr Val Glu Glu Arg Lys Lys Ile Val
50 55 60

Ala Ser Ser His Asp His Gly Tyr Thr Thr Leu Ala Thr Ser Val Thr
65 70 75 80

Leu Leu Lys Ala Ser Glu Val Glu Glu Ile Leu Asp Gly Asn Asp Glu
85 90 95

Lys Tyr Lys Ala Val Ser Ile Ser Thr Glu Pro Pro Thr Tyr Leu Arg
100 105 110

Glu Gln Lys Ala Lys Arg Asn Ser Gln Trp Val Pro Thr Leu Pro Asn
115 120 125

Ser Ser His His Leu Asp Ala Val Pro Cys Ser Thr Thr Ile Asn Arg
130 135 140

Asn Arg Met Gly Arg Asp Lys Lys Arg Thr Phe Pro Leu Cys Phe Asp
145 150 155 160

Asp His Asp Pro Ala Val Ile His Glu Asn Ala Ser Gln Pro Glu Val
165 170 175

Leu Val Pro Ile Arg Leu Asp Met Glu Ile Asp Gly Gln Lys Leu Arg
180 185 190

Asp Ala Phe Thr Trp Asn Met Asn Glu Lys Leu Met Thr Pro Glu Met
195 200 205

Phe Ser Glu Ile Leu Cys Asp Asp Leu Asp Leu Asn Pro Leu Thr Phe
210 215 220

Val Pro Ala Ile Ala Ser Ala Ile Arg Gln Gln Ile Glu Ser Tyr Pro
225 230 235 240

Thr Asp Ser Ile Leu Glu Asp Gln Ser Asp Gln Arg Val Ile Ile Lys
245 250 255

Leu Asn Ile His Val Gly Asn Ile Ser Leu Val Asp Gln Phe Glu Trp
260 265 270

Asp Met Ser Glu Lys Glu Asn Ser Pro Glu Lys Phe Ala Leu Lys Leu
275 280 285



US 2020/0262823 Al Aug. 20, 2020
77

-continued

Cys Ser Glu Leu Gly Leu Gly Gly Glu Phe Val Thr Thr Ile Ala Tyr
290 295 300

Ser Ile Arg Gly Gln Leu Ser Trp His Gln Lys Thr Tyr Ala Phe Ser
305 310 315 320

Glu Asn Pro Leu Pro Thr Val Glu Ile Ala Ile Arg Asn Thr Gly Asp
325 330 335

Ala Asp Gln Trp Cys Pro Leu Leu Glu Thr Leu Thr Asp Ala Glu Met
340 345 350

Glu Lys Lys Ile Arg Asp Gln Asp Arg Asn Thr Arg Arg Met Arg Arg
355 360 365

Leu Ala Asn Thr Ala Pro Ala Trp
370 375

<210> SEQ ID NO 4

<211> LENGTH: 1690

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

aacgccageg cctgegeact gagggeggee tggtegtegt ctgeggegge ggeggegget 60
gaggagcceg gctgaggege cagtaccegyg ccceggtecge atttegectt ceggettegg 120
tttecectegyg cccagecacge cecggoceeg ccccagecct cetgatcect cgcagecegg 180
cteceggeage cegectetge cgecgcaatyg atgatgatgg cgetgagcaa gacctteggg 240
cagaagccceg tgaagtteca getggaggac gacggcgagt tcetacatgat cggcetccgag 300
gtgggaaact acctccgtat gttccgaggt tctcectgtaca agagataccce ctcactetgg 360
aggcgactag ccactgtgga agagaggaag aaaatagttg catcgtcaca tgatcacgga 420
tacacgactc tagccaccag tgtgaccetg ttaaaagect cggaagtgga agagattcetg 480
gatggcaacg atgagaagta caaggctgtyg tccatcagca cagagccccce cacctaccte 540
agggaacaga aggccaagag gaacagccag tgggtaccca cectgeccaa cagctcccac 600
cacttagatg ccgtgecatg ctccacaace atcaacagga accgcatggg ccgagacaag 660
aagagaacct tcccectttg ctttgatgac catgacccag ctgtgatcca tgagaacgca 720
tctecageceg aggtgetggt ceccateegg ctggacatgg agatcgatgg gcagaagetg 780
cgagacgect tcacctggaa catgaatgag aagttgatga cgcctgagat gttttcagaa 840
atcctetgtyg acgatctgga tttgaacceg ctgacgtttg tgccagecat cgectetgece 900
atcagacagc agatcgagte ctaccccacg gacagcatece tggaggacca gtcagaccag 960

cgcgtcatca tcaagctgaa catccatgtg ggaaacattt ccctggtgga ccagtttgag 1020

tgggacatgt cagagaagga gaactcacca gagaagtttg ccctgaagct gtgctcggag 1080

ctggggttgg gcggggagtt tgtcaccacc atcgcataca gcatccgggg acagctgagce 1140

tggcatcaga agacctacgc cttcagcgag aaccctcetge ccacagtgga gattgccatce 1200

cggaacacgg gcgatgegga ccagtggtge ccactgetgg agactctgac agacgctgag 1260

atggagaaga agatccgega ccaggacagg aacacgaggce ggatgaggeg tcettgccaac 1320

acggcccegyg cctggtaace ageccatcag cacacggcete ccacggagca tctcagaaga 1380

ttgggccgee tctectecat cttetggecaa ggacagagge gaggggacag cccagegeca 1440

tcetgaggat cgggtggggyg tggagtgggg gcttceccaggt ggcccttceece ggcacacatt 1500
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ccatttgttg agccccagte ctgccceccca cceccaccecte cctaccecte cecagtetet 1560
ggggtcagga agaaacctta ttttaggttg tgttttgttt ttgtatagga gccccaggca 1620
gggctagtaa cagtttttaa ataaaaggca acaggtcatg ttcaatttct tcaacaaaaa 1680
aaaaaaaaaa 1690
<210> SEQ ID NO 5

<211> LENGTH: 2492

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Met Thr Ala Glu Pro Met Ser Glu Ser Lys Leu Asn Thr Leu Val Gln
1 5 10 15

Lys Leu His Asp Phe Leu Ala His Ser Ser Glu Glu Ser Glu Glu Thr
20 25 30

Ser Ser Pro Pro Arg Leu Ala Met Asn Gln Asn Thr Asp Lys Ile Ser
35 40 45

Gly Ser Gly Ser Asn Ser Asp Met Met Glu Asn Ser Lys Glu Glu Gly
50 55 60

Thr Ser Ser Ser Glu Lys Ser Lys Ser Ser Gly Ser Ser Arg Ser Lys
65 70 75 80

Arg Lys Pro Ser Ile Val Thr Lys Tyr Val Glu Ser Asp Asp Glu Lys
Pro Leu Asp Asp Glu Thr Val Asn Glu Asp Ala Ser Asn Glu Asn Ser
100 105 110

Glu Asn Asp Ile Thr Met Gln Ser Leu Pro Lys Gly Thr Val Ile Val
115 120 125

Gln Pro Glu Pro Val Leu Asn Glu Asp Lys Asp Asp Phe Lys Gly Pro
130 135 140

Glu Phe Arg Ser Arg Ser Lys Met Lys Thr Glu Asn Leu Lys Lys Arg
145 150 155 160

Gly Glu Asp Gly Leu His Gly Ile Val Ser Cys Thr Ala Cys Gly Gln
165 170 175

Gln Val Asn His Phe Gln Lys Asp Ser Ile Tyr Arg His Pro Ser Leu
180 185 190

Gln Val Leu Ile Cys Lys Asn Cys Phe Lys Tyr Tyr Met Ser Asp Asp
195 200 205

Ile Ser Arg Asp Ser Asp Gly Met Asp Glu Gln Cys Arg Trp Cys Ala
210 215 220

Glu Gly Gly Asn Leu Ile Cys Cys Asp Phe Cys His Asn Ala Phe Cys
225 230 235 240

Lys Lys Cys Ile Leu Arg Asn Leu Gly Arg Lys Glu Leu Ser Thr Ile
245 250 255

Met Asp Glu Asn Asn Gln Trp Tyr Cys Tyr Ile Cys His Pro Glu Pro
260 265 270

Leu Leu Asp Leu Val Thr Ala Cys Asn Ser Val Phe Glu Asn Leu Glu
275 280 285

Gln Leu Leu Gln Gln Asn Lys Lys Lys Ile Lys Val Asp Ser Glu Lys
290 295 300

Ser Asn Lys Val Tyr Glu His Thr Ser Arg Phe Ser Pro Lys Lys Thr
305 310 315 320
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Ser Ser Asn Cys Asn Gly Glu Glu Lys Lys Leu Asp Asp Ser Cys Ser
325 330 335

Gly Ser Val Thr Tyr Ser Tyr Ser Ala Leu Ile Val Pro Lys Glu Met
340 345 350

Ile Lys Lys Ala Lys Lys Leu Ile Glu Thr Thr Ala Asn Met Asn Ser
355 360 365

Ser Tyr Val Lys Phe Leu Lys Gln Ala Thr Asp Asn Ser Glu Ile Ser
370 375 380

Ser Ala Thr Lys Leu Arg Gln Leu Lys Ala Phe Lys Ser Val Leu Ala
385 390 395 400

Asp Ile Lys Lys Ala His Leu Ala Leu Glu Glu Asp Leu Asn Ser Glu
405 410 415

Phe Arg Ala Met Asp Ala Val Asn Lys Glu Lys Asn Thr Lys Glu His
420 425 430

Lys Val Ile Asp Ala Lys Phe Glu Thr Lys Ala Arg Lys Gly Glu Lys
435 440 445

Pro Cys Ala Leu Glu Lys Lys Asp Ile Ser Lys Ser Glu Ala Lys Leu
450 455 460

Ser Arg Lys Gln Val Asp Ser Glu His Met His Gln Asn Val Pro Thr
465 470 475 480

Glu Glu Gln Arg Thr Asn Lys Ser Thr Gly Gly Glu His Lys Lys Ser
485 490 495

Asp Arg Lys Glu Glu Pro Gln Tyr Glu Pro Ala Asn Thr Ser Glu Asp
500 505 510

Leu Asp Met Asp Ile Val Ser Val Pro Ser Ser Val Pro Glu Asp Ile
515 520 525

Phe Glu Asn Leu Glu Thr Ala Met Glu Val Gln Ser Ser Val Asp His
530 535 540

Gln Gly Asp Gly Ser Ser Gly Thr Glu Gln Glu Val Glu Ser Ser Ser
545 550 555 560

Val Lys Leu Asn Ile Ser Ser Lys Asp Asn Arg Gly Gly Ile Lys Ser
565 570 575

Lys Thr Thr Ala Lys Val Thr Lys Glu Leu Tyr Val Lys Leu Thr Pro
580 585 590

Val Ser Leu Ser Asn Ser Pro Ile Lys Gly Ala Asp Cys Gln Glu Val
595 600 605

Pro Gln Asp Lys Asp Gly Tyr Lys Ser Cys Gly Leu Asn Pro Lys Leu
610 615 620

Glu Lys Cys Gly Leu Gly Gln Glu Asn Ser Asp Asn Glu His Leu Val
625 630 635 640

Glu Asn Glu Val Ser Leu Leu Leu Glu Glu Ser Asp Leu Arg Arg Ser
645 650 655

Pro Arg Val Lys Thr Thr Pro Leu Arg Arg Pro Thr Glu Thr Asn Pro
660 665 670

Val Thr Ser Asn Ser Asp Glu Glu Cys Asn Glu Thr Val Lys Glu Lys
675 680 685

Gln Lys Leu Ser Val Pro Val Arg Lys Lys Asp Lys Arg Asn Ser Ser
690 695 700

Asp Ser Ala Ile Asp Asn Pro Lys Pro Asn Lys Leu Pro Lys Ser Lys
705 710 715 720
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Gln Ser Glu Thr Val Asp Gln Asn Ser Asp Ser Asp Glu Met Leu Ala
725 730 735

Ile Leu Lys Glu Val Ser Arg Met Ser His Ser Ser Ser Ser Asp Thr
740 745 750

Asp Ile Asn Glu Ile His Thr Asn His Lys Thr Leu Tyr Asp Leu Lys
755 760 765

Thr Gln Ala Gly Lys Asp Asp Lys Gly Lys Arg Lys Arg Lys Ser Ser
770 775 780

Thr Ser Gly Ser Asp Phe Asp Thr Lys Lys Gly Lys Ser Ala Lys Ser
785 790 795 800

Ser Ile Ile Ser Lys Lys Lys Arg Gln Thr Gln Ser Glu Ser Ser Asn
805 810 815

Tyr Asp Ser Glu Leu Glu Lys Glu Ile Lys Ser Met Ser Lys Ile Gly
820 825 830

Ala Ala Arg Thr Thr Lys Lys Arg Ile Pro Asn Thr Lys Asp Phe Asp
835 840 845

Ser Ser Glu Asp Glu Lys His Ser Lys Lys Gly Met Asp Asn Gln Gly
850 855 860

His Lys Asn Leu Lys Thr Ser Gln Glu Gly Ser Ser Asp Asp Ala Glu
865 870 875 880

Arg Lys Gln Glu Arg Glu Thr Phe Ser Ser Ala Glu Gly Thr Val Asp
885 890 895

Lys Asp Thr Thr Ile Met Glu Leu Arg Asp Arg Leu Pro Lys Lys Gln
900 905 910

Gln Ala Ser Ala Ser Thr Asp Gly Val Asp Lys Leu Ser Gly Lys Glu
915 920 925

Gln Ser Phe Thr Ser Leu Glu Val Arg Lys Val Ala Glu Thr Lys Glu
930 935 940

Lys Ser Lys His Leu Lys Thr Lys Thr Cys Lys Lys Val Gln Asp Gly
945 950 955 960

Leu Ser Asp Ile Ala Glu Lys Phe Leu Lys Lys Asp Gln Ser Asp Glu
965 970 975

Thr Ser Glu Asp Asp Lys Lys Gln Ser Lys Lys Gly Thr Glu Glu Lys
980 985 990

Lys Lys Pro Ser Asp Phe Lys Lys Lys Val Ile Lys Met Glu Gln Gln
995 1000 1005

Tyr Glu Ser Ser Ser Asp Gly Thr Glu Lys Leu Pro Glu Arg Glu
1010 1015 1020

Glu Ile Cys His Phe Pro Lys Gly Ile Lys Gln Ile Lys Asn Gly
1025 1030 1035

Thr Thr Asp Gly Glu Lys Lys Ser Lys Lys Ile Arg Asp Lys Thr
1040 1045 1050

Ser Lys Lys Lys Asp Glu Leu Ser Asp Tyr Ala Glu Lys Ser Thr
1055 1060 1065

Gly Lys Gly Asp Ser Cys Asp Ser Ser Glu Asp Lys Lys Ser Lys
1070 1075 1080

Asn Gly Ala Tyr Gly Arg Glu Lys Lys Arg Cys Lys Leu Leu Gly
1085 1090 1095

Lys Ser Ser Arg Lys Arg Gln Asp Cys Ser Ser Ser Asp Thr Glu
1100 1105 1110

Lys Tyr Ser Met Lys Glu Asp Gly Cys Asn Ser Ser Asp Lys Arg
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1115 1120 1125

Leu Lys Arg Ile Glu Leu Arg Glu Arg Arg Asn Leu Ser Ser Lys
1130 1135 1140

Arg Asn Thr Lys Glu Ile Gln Ser Gly Ser Ser Ser Ser Asp Ala
1145 1150 1155

Glu Glu Ser Ser Glu Asp Asn Lys Lys Lys Lys Gln Arg Thr Ser
1160 1165 1170

Ser Lys Lys Lys Ala Val Ile Val Lys Glu Lys Lys Arg Asn Ser
1175 1180 1185

Leu Arg Thr Ser Thr Lys Arg Lys Gln Ala Asp Ile Thr Ser Ser
1190 1195 1200

Ser Ser Ser Asp Ile Glu Asp Asp Asp Gln Asn Ser Ile Gly Glu
1205 1210 1215

Gly Ser Ser Asp Glu Gln Lys 1Ile Lys Pro Val Thr Glu Asn Leu
1220 1225 1230

Val Leu Ser Ser His Thr Gly Phe Cys Gln Ser Ser Gly Asp Glu
1235 1240 1245

Ala Leu Ser Lys Ser Val Pro Val Thr Val Asp Asp Asp Asp Asp
1250 1255 1260

Asp Asn Asp Pro Glu Asn Arg Ile Ala Lys Lys Met Leu Leu Glu
1265 1270 1275

Glu Ile Lys Ala Asn Leu Ser Ser Asp Glu Asp Gly Ser Ser Asp
1280 1285 1290

Asp Glu Pro Glu Glu Gly Lys Lys Arg Thr Gly Lys Gln Asn Glu
1295 1300 1305

Glu Asn Pro Gly Asp Glu Glu Ala Lys Asn Gln Val Asn Ser Glu
1310 1315 1320

Ser Asp Ser Asp Ser Glu Glu Ser Lys Lys Pro Arg Tyr Arg His
1325 1330 1335

Arg Leu Leu Arg His Lys Leu Thr Val Ser Asp Gly Glu Ser Gly
1340 1345 1350

Glu Glu Lys Lys Thr Lys Pro Lys Glu His Lys Glu Val Lys Gly
1355 1360 1365

Arg Asn Arg Arg Lys Val Ser Ser Glu Asp Ser Glu Asp Ser Asp
1370 1375 1380

Phe Gln Glu Ser Gly Val Ser Glu Glu Val Ser Glu Ser Glu Asp
1385 1390 1395

Glu Gln Arg Pro Arg Thr Arg Ser Ala Lys Lys Ala Glu Leu Glu
1400 1405 1410

Glu Asn Gln Arg Ser Tyr Lys Gln Lys Lys Lys Arg Arg Arg Ile
1415 1420 1425

Lys Val Gln Glu Asp Ser Ser Ser Glu Asn Lys Ser Asn Ser Glu
1430 1435 1440

Glu Glu Glu Glu Glu Lys Glu Glu Glu Glu Glu Glu Glu Glu Glu
1445 1450 1455

Glu Glu Glu Glu Glu Glu Asp Glu Asn Asp Asp Ser Lys Ser Pro
1460 1465 1470

Gly Lys Gly Arg Lys Lys Ile Arg Lys Ile Leu Lys Asp Asp Lys
1475 1480 1485

Leu Arg Thr Glu Thr Gln Asn Ala Leu Lys Glu Glu Glu Glu Arg
1490 1495 1500
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Arg Lys Arg Ile Ala Glu Arg Glu Arg Glu Arg Glu Lys Leu Arg
1505 1510 1515

Glu Val 1Ile Glu Ile Glu Asp Ala Ser Pro Thr Lys Cys Pro Ile
1520 1525 1530

Thr Thr Lys Leu Val Leu Asp Glu Asp Glu Glu Thr Lys Glu Pro
1535 1540 1545

Leu Val Gln Val His Arg Asn Met Val Ile Lys Leu Lys Pro His
1550 1555 1560

Gln Val Asp Gly Val Gln Phe Met Trp Asp Cys Cys Cys Glu Ser
1565 1570 1575

Val Lys Lys Thr Lys Lys Ser Pro Gly Ser Gly Cys 1Ile Leu Ala
1580 1585 1590

His Cys Met Gly Leu Gly Lys Thr Leu Gln Val Val Ser Phe Leu
1595 1600 1605

His Thr Val Leu Leu Cys Asp Lys Leu Asp Phe Ser Thr Ala Leu
1610 1615 1620

Val Val Cys Pro Leu Asn Thr Ala Leu Asn Trp Met Asn Glu Phe
1625 1630 1635

Glu Lys Trp Gln Glu Gly Leu Lys Asp Asp Glu Lys Leu Glu Val
1640 1645 1650

Ser Glu Leu Ala Thr Val Lys Arg Pro Gln Glu Arg Ser Tyr Met
1655 1660 1665

Leu Gln Arg Trp Gln Glu Asp Gly Gly Val Met Ile 1Ile Gly Tyr
1670 1675 1680

Glu Met Tyr Arg Asn Leu Ala Gln Gly Arg Asn Val Lys Ser Arg
1685 1690 1695

Lys Leu Lys Glu Ile Phe Asn Lys Ala Leu Val Asp Pro Gly Pro
1700 1705 1710

Asp Phe Val Val Cys Asp Glu Gly His Ile Leu Lys Asn Glu Ala
1715 1720 1725

Ser Ala Val Ser Lys Ala Met Asn Ser Ile Arg Ser Arg Arg Arg
1730 1735 1740

Ile Ile Leu Thr Gly Thr Pro Leu Gln Asn Asn Leu Ile Glu Tyr
1745 1750 1755

His Cys Met Val Asn Phe Ile Lys Glu Asn Leu Leu Gly Ser Ile
1760 1765 1770

Lys Glu Phe Arg Asn Arg Phe Ile Asn Pro Ile Gln Asn Gly Gln
1775 1780 1785

Cys Ala Asp Ser Thr Met Val Asp Val Arg Val Met Lys Lys Arg
1790 1795 1800

Ala His Ile Leu Tyr Glu Met Leu Ala Gly Cys Val Gln Arg Lys
1805 1810 1815

Asp Tyr Thr Ala Leu Thr Lys Phe Leu Pro Pro Lys His Glu Tyr
1820 1825 1830

Val Leu Ala Val Arg Met Thr Ser Ile Gln Cys Lys Leu Tyr Gln
1835 1840 1845

Tyr Tyr Leu Asp His Leu Thr Gly Val Gly Asn Asn Ser Glu Gly
1850 1855 1860

Gly Arg Gly Lys Ala Gly Ala Lys Leu Phe Gln Asp Phe Gln Met
1865 1870 1875
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Leu Ser Arg Ile Trp Thr His Pro Trp Cys Leu Gln Leu Asp Tyr
1880 1885 1890

Ile Ser Lys Glu Asn Lys Gly Tyr Phe Asp Glu Asp Ser Met Asp
1895 1900 1905

Glu Phe 1Ile Ala Ser Asp Ser Asp Glu Thr Ser Met Ser Leu Ser
1910 1915 1920

Ser Asp Asp Tyr Thr Lys Lys Lys Lys Lys Gly Lys Lys Gly Lys
1925 1930 1935

Lys Asp Ser Ser Ser Ser Gly Ser Gly Ser Asp Asn Asp Val Glu
1940 1945 1950

Val Ile Lys Val Trp Asn Ser Arg Ser Arg Gly Gly Gly Glu Gly
1955 1960 1965

Asn Val Asp Glu Thr Gly Asn Asn Pro Ser Val Ser Leu Lys Leu
1970 1975 1980

Glu Glu Ser Lys Ala Thr Ser Ser Ser Asn Pro Ser Ser Pro Ala
1985 1990 1995

Pro Asp Trp Tyr Lys Asp Phe Val Thr Asp Ala Asp Ala Glu Val
2000 2005 2010

Leu Glu His Ser Gly Lys Met Val Leu Leu Phe Glu Ile Leu Arg
2015 2020 2025

Met Ala Glu Glu Ile Gly Asp Lys Val Leu Val Phe Ser Gln Ser
2030 2035 2040

Leu Ile Ser Leu Asp Leu Ile Glu Asp Phe Leu Glu Leu Ala Ser
2045 2050 2055

Arg Glu Lys Thr Glu Asp Lys Asp Lys Pro Leu Ile Tyr Lys Gly
2060 2065 2070

Glu Gly Lys Trp Leu Arg Asn Ile Asp Tyr Tyr Arg Leu Asp Gly
2075 2080 2085

Ser Thr Thr Ala Gln Ser Arg Lys Lys Trp Ala Glu Glu Phe Asn
2090 2095 2100

Asp Glu Thr Asn Val Arg Gly Arg Leu Phe Ile Ile Ser Thr Lys
2105 2110 2115

Ala Gly Ser Leu Gly Ile Asn Leu Val Ala Ala Asn Arg Val Ile
2120 2125 2130

Ile Phe Asp Ala Ser Trp Asn Pro Ser Tyr Asp Ile Gln Ser Ile
2135 2140 2145

Phe Arg Val Tyr Arg Phe Gly Gln Thr Lys Pro Val Tyr Val Tyr
2150 2155 2160

Arg Phe Leu Ala Gln Gly Thr Met Glu Asp Lys Ile Tyr Asp Arg
2165 2170 2175

Gln Val Thr Lys Gln Ser Leu Ser Phe Arg Val Val Asp Gln Gln
2180 2185 2190

Gln Val Glu Arg His Phe Thr Met Asn Glu Leu Thr Glu Leu Tyr
2195 2200 2205

Thr Phe Glu Pro Asp Leu Leu Asp Asp Pro Asn Ser Glu Lys Lys
2210 2215 2220

Lys Lys Arg Asp Thr Pro Met Leu Pro Lys Asp Thr Ile Leu Ala
2225 2230 2235

Glu Leu Leu Gln Ile His Lys Glu His Ile Val Gly Tyr His Glu
2240 2245 2250

His Asp Ser Leu Leu Asp His Lys Glu Glu Glu Glu Leu Thr Glu
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2255 2260 2265

Glu Glu Arg Lys Ala Ala Trp Ala Glu Tyr Glu Ala Glu Lys Lys
2270 2275 2280

Gly Leu Thr Met Arg Phe Asn Ile Pro Thr Gly Thr Asn Leu Pro
2285 2290 2295

Pro Val Ser Phe Asn Ser Gln Thr Pro Tyr Ile Pro Phe Asn Leu
2300 2305 2310

Gly Ala Leu Ser Ala Met Ser 2Asn Gln Gln Leu Glu Asp Leu Ile
2315 2320 2325

Asn Gln Gly Arg Glu Lys Val Val Glu Ala Thr Asn Ser Val Thr
2330 2335 2340

Ala Val Arg Ile Gln Pro Leu Glu Asp Ile Ile Ser Ala Val Trp
2345 2350 2355

Lys Glu Asn Met Asn Leu Ser Glu Ala Gln Val Gln Ala Leu Ala
2360 2365 2370

Leu Ser Arg Gln Ala Ser Gln Glu Leu Asp Val Lys Arg Arg Glu
2375 2380 2385

Ala Ile Tyr Asn Asp Val Leu Thr Lys Gln Gln Met Leu Ile Ser
2390 2395 2400

Cys Val Gln Arg Ile Leu Met Asn Arg Arg Leu Gln Gln Gln Tyr
2405 2410 2415

Asn Gln Gln Gln Gln Gln Gln Met Thr Tyr Gln Gln Ala Thr Leu
2420 2425 2430

Gly His Leu Met Met Pro Lys Pro Pro Asn Leu Ile Met Asn Pro
2435 2440 2445

Ser Asn Tyr Gln Gln Ile Asp Met Arg Gly Met Tyr Gln Pro Val
2450 2455 2460

Ala Gly Gly Met Gln Pro Pro Pro Leu Gln Arg Ala Pro Pro Pro
2465 2470 2475

Met Arg Ser Lys Asn Pro Gly Pro Ser Gln Gly Lys Ser Met
2480 2485 2490

<210> SEQ ID NO 6

<211> LENGTH: 11202

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

aattctecetyg cctgagecte ggeccaacaa aatggeggeg geageggtgt cgetttgttt 60

cegeggetee tgeggeggtyg geagtggtag cggectttga getgtgggga ggttcecagea 120

gcagctacag tgacgactaa gactccagtyg catttctate gtaaccggge gegggggage 180
gcagatcgge gcccagcaat cacagaagcec gacaaggcegt tcaagcgaaa acatgaccgce 240
tgagcccatg agtgaaagca agttgaatac attggtgcag aagettcatg acttccttge 300
acactcatca gaagaatctg aagaaacaag ttctectcca cgacttgcaa tgaatcaaaa 360
cacagataaa atcagtggtt ctggaagtaa ctctgatatg atggaaaaca gcaaggaaga 420
gggaactagc tcttcagaaa aatccaagtce ttcaggatcg tcacgatcaa agaggaaacc 480
ttcaattgta acaaagtatg tagaatcaga tgatgaaaaa cctttggatg atgaaactgt 540
aaatgaagat gcgtctaatg aaaattcaga aaatgatatt actatgcaga gcttgccaaa 600

aggtacagtyg attgtacage cagagccagt gctgaatgaa gacaaagatg attttaaagg 660
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gectgaattt agaagcagaa gtaaaatgaa aactgaaaat ctcaaaaaac gcggagaaga 720
tgggcttcat gggattgtga gectgcactge ttgtggacaa caggtcaatc attttcaaaa 780
agattccatt tatagacacc cttcattgca agttcttatt tgtaagaatt gctttaagta 840
ttacatgagt gatgatatta gccgtgactce agatggaatg gatgaacaat gtaggtggtg 900
tgcggaaggt ggaaacttga tttgttgtga cttttgccat aatgctttet gcaagaaatg 960

cattctacgc aaccttggtc gaaaggagtt gtccacaata atggatgaaa acaaccaatg 1020
gtattgctac atttgtcacc cagagccttt gttggacttg gtcactgcat gtaacagcgt 1080
atttgagaat ttagaacagt tgttgcagca aaataagaag aagataaaag ttgacagtga 1140
aaagagtaat aaagtatatg aacatacatc cagattttct ccaaagaaga ctagttcaaa 1200
ttgtaatgga gaagaaaaga aattagatga ttcctgttect ggctctgtaa cctactctta 1260
ttccgcacta attgtgccca aagagatgat taagaaggca aaaaaactga ttgagaccac 1320
agccaacatg aactccagtt atgttaaatt tttaaagcag gcaacagata attcagaaat 1380
cagttctgct acaaaattac gtcagcttaa ggcttttaag tctgtgttgg ctgatattaa 1440
gaaggctcat cttgcattgg aagaagactt aaattccgag tttcgagcga tggatgcetgt 1500
aaacaaagag aaaaatacca aagagcataa agtcatagat gctaagtttg aaacaaaagc 1560
acgaaaagga gaaaaacctt gtgctttgga aaagaaggat atttcaaagt cagaagctaa 1620
actttcaaga aaacaggtag atagtgagca catgcatcag aatgttccaa cagaggaaca 1680
aagaacaaat aaaagtaccg gtggtgaaca taagaaatct gatagaaaag aagaacctca 1740
atatgaacct gccaacactt ctgaagattt agacatggat attgtgtctg ttecttecte 1800
agttccagaa gacatttttg agaatcttga gactgctatg gaagttcaga gttcagttga 1860
tcatcaaggg gatggcagca gtggaactga acaagaagtg gagagttcat ctgtaaaatt 1920
aaatatttct tcaaaagaca acagaggagg tattaaatca aaaactacag ctaaagtaac 1980
aaaagaatta tatgttaaac tcactcctgt ttcecctttet aattccccaa ttaaaggtgce 2040
tgattgtcag gaagttccac aagataaaga tggctataaa agttgtggtc tgaaccccaa 2100
gttagagaaa tgtggacttg gacaggaaaa cagtgataat gagcatttgg ttgaaaatga 2160
agtttcatta cttttagagg aatctgatct tcgaagatcc ccacgtgtaa agactacacc 2220
cttgaggcga ccgacagaaa ctaaccctgt aacatctaat tcagatgaag aatgtaatga 2280
aacagttaag gagaaacaaa aactatcagt tccagtgaga aaaaaggata agcgtaattc 2340
ttctgacagt gctatagata atcctaagcce taataaattg ccaaaatcta agcaatcaga 2400
gactgtggat caaaattcag attctgatga aatgctagca atcctcaaag aggtgagcag 2460
gatgagtcac agttcttctt cagatactga tattaatgaa attcatacaa accataagac 2520
tttgtatgat ttaaagactc aggcggggaa agatgataaa ggaaaaagga aacgaaaaag 2580
ttctacatct ggctcagatt ttgatactaa aaagggcaaa tcagctaaga gctctataat 2640
ttctaaaaag aaacgacaaa cccagtctga gtcttctaat tatgactcag aattagaaaa 2700
agagataaag agcatgagta aaattggtgc tgccagaacc accaaaaaaa gaattccaaa 2760
tacaaaagat tttgactctt ctgaagatga gaaacacagc aaaaaaggaa tggataatca 2820
agggcacaaa aatttgaaga cctcacaaga aggatcatct gatgatgctg aaagaaaaca 2880

agagagagag actttctctt cagcagaagg cacagttgat aaagacacga ccatcatgga 2940
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attaagagat cgacttccta agaagcagca agcaagtgct tccactgatg gtgtcgataa 3000
gctttetggyg aaagagcaga gttttacttce tttggaagtt agaaaagttg ctgaaactaa 3060
agaaaagagc aagcatctca aaaccaaaac atgtaaaaaa gtacaggatg gcttatctga 3120
tattgcagag aaattcctaa agaaagacca gagcgatgaa acttctgaag atgataaaaa 3180
gcagagcaaa aagggaactg aagaaaaaaa gaaaccttca gactttaaga aaaaagtaat 3240
taaaatggaa caacagtatg aatcttcatc tgatggcact gaaaagttac ctgagcgaga 3300
agaaatttgt cattttccta agggcataaa acaaattaag aatggaacaa ctgatggaga 3360
aaagaaaagt aaaaaaataa gagataaaac ttctaaaaag aaggatgaat tatctgatta 3420
tgctgagaag tcaacaggga aaggagatag ttgtgactct tcagaggata aaaagagtaa 3480
gaatggagca tatggtagag agaagaaaag gtgcaagttg cttggaaaga gttcaaggaa 3540
gagacaagat tgttcatcat ctgatactga gaaatattcc atgaaagaag atggttgtaa 3600
ctcttectgat aagagactga aaagaataga attgagggaa agaagaaatt taagttcaaa 3660
gagaaatact aaggaaatac aaagtggctc atcatcatct gatgctgagg aaagttctga 3720
agataataaa aagaagaagc aaagaacttc atctaaaaag aaggcagtca ttgtcaagga 3780
gaaaaagaga aactccctaa gaacaagcac taaaaggaag caagctgaca ttacatccte 3840
atcttcttet gatatagaag atgatgatca gaattctata ggtgagggaa gcagcgatga 3900
acagaaaatt aagcctgtga ctgaaaattt agtgctgtct tcacatactg gattttgeca 3960
atcttcagga gatgaagcct tatctaaatc agtgcctgtce acagtggatg atgatgatga 4020
cgacaatgat cctgagaata gaattgccaa gaagatgctt ttagaagaaa ttaaagccaa 4080
tctttectet gatgaggatg gatcttcaga tgatgagceca gaagaaggga aaaaaagaac 4140
tggaaaacaa aatgaagaaa acccaggaga tgaggaagca aaaaatcaag tcaattctga 4200
atcagattca gattctgaag aatctaagaa gccaagatac agacataggc ttttgcggca 4260
caaattgact gtgagtgacg gagaatctgg agaagaaaaa aagacaaagc ctaaagagca 4320
taaagaagtc aaaggcagaa acagaagaaa ggtgagcagt gaagattcag aagattctga 4380
ttttcaggaa tcaggagtta gtgaagaagt tagtgaatcc gaagatgaac agcggcccag 4440
aacaaggtct gcaaagaaag cagagttgga agaaaatcag cggagctata aacagaaaaa 4500
gaaaaggcga cgtattaagg ttcaagaaga ttcatccagt gaaaacaaga gtaattctga 4560
ggaagaagag gaggaaaaag aagaggagga ggaagaggag gaggaggagg aagaggagga 4620
ggaagatgaa aatgatgatt ccaagtctce tggaaaaggce agaaagaaaa ttcggaagat 4680
tcttaaagat gataaactga gaacagaaac acaaaatgct cttaaggaag aggaagagag 4740
acgaaaacgt attgctgaga gggagcgtga gcgagaaaaa ttgagagagg tgatagaaat 4800
tgaagatgct tcacccacca agtgtccaat aacaaccaag ttggttttag atgaagatga 4860
agaaaccaaa gaacctttag tgcaggttca tagaaatatg gttatcaaat tgaaacccca 4920
tcaagtagat ggtgttcagt ttatgtggga ttgctgctgt gagtctgtga aaaaaacaaa 4980
gaaatctcca ggttcaggat gcattcttge ccactgtatg ggccttggta agactttaca 5040
ggtggtaagt tttcttcata cagttctttt gtgtgacaaa ctggatttca gcacggegtt 5100
agtggtttgt cctcttaata ctgctttgaa ttggatgaat gaatttgaga agtggcaaga 5160

gggattaaaa gatgatgaga agcttgaggt ttctgaatta gcaactgtga aacgtcctca 5220
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ggagagaagc tacatgctgc agaggtggca agaagatggt ggtgttatga tcataggcta 5280
tgagatgtat agaaatcttg ctcaaggaag gaatgtgaag agtcggaaac ttaaagaaat 5340
atttaacaaa gctttggttg atccaggcce tgattttgtt gtttgtgatg aaggccatat 5400
tctaaaaaat gaagcatctg ctgtttctaa agctatgaat tctatacgat caaggaggag 5460
gattatttta acaggaacac cacttcaaaa taacctaatt gagtatcatt gtatggttaa 5520
ttttatcaag gaaaatttac ttggatccat taaggagttc aggaatagat ttataaatcc 5580
aattcaaaat ggtcagtgtg cagattctac catggtagat gtcagagtga tgaaaaaacg 5640
tgctcacatt ctctatgaga tgttagctgg atgtgttcag aggaaagatt atacagcatt 5700
aacaaaattc ttgcctccaa aacacgaata tgtgttaget gtgagaatga cttctattca 5760
gtgcaagctc tatcagtact acttagatca cttaacaggt gtgggcaata atagtgaagg 5820
tggaagagga aaggcaggtg caaagctttt ccaagatttt cagatgttaa gtagaatatg 5880
gactcatcct tggtgtttge agctagacta cattagcaaa gaaaataagg gttattttga 5940
tgaagacagt atggatgaat ttatagcctc agattctgat gaaacctcca tgagtttaag 6000
ctccgatgat tatacaaaaa agaagaaaaa agggaaaaag gggaaaaaag atagtagcte 6060
aagtggaagt ggcagtgaca atgatgttga agtgattaag gtctggaatt caagatctcg 6120
gggaggtggt gaaggaaatg tggatgaaac aggaaacaat ccttctgttt ctttaaaact 6180
ggaagaaagt aaagctactt cttcttctaa tccaagcagc ccagctccag actggtacaa 6240
agattttgtt acagatgctg atgctgaggt tttagagcat tctgggaaaa tggtacttct 6300
ctttgaaatt cttcgaatgg cagaggaaat tggggataaa gtccttgttt tcagccagtce 6360
cctcatatct ctggacttga ttgaagattt tcttgaatta gctagtaggg agaagacaga 6420
agataaagat aaacccctta tttataaagg tgaggggaag tggcttcgaa acattgacta 6480
ttaccgttta gatggttcca ctactgcaca gtcaaggaag aagtgggctg aagaatttaa 6540
tgatgaaact aatgtgagag gacgattatt tatcatttct actaaagcag gatctctagg 6600
aattaatctg gtagctgcta atcgagtaat tatattcgac gecttcecttgga atccatctta 6660
tgacatccag agtatattca gagtttatcg ctttggacaa actaagcctg tttatgtata 6720
taggttctta gctcagggaa ccatggaaga taagatttat gatcggcaag taactaagca 6780
gtcactgtcect tttcgagttg ttgatcagca gcaggtggag cgtcatttta ctatgaatga 6840
gcttactgaa ctttatactt ttgagccaga cttattagat gaccctaatt cagaaaagaa 6900
gaagaagagg gatactccca tgctgccaaa ggataccata cttgcagagc tccttcagat 6960
acataaagaa cacattgtag gataccatga acatgattct cttttggacc acaaagaaga 7020
agaagagttg actgaagaag aaagaaaagc agcettggget gagtatgaag cagagaagaa 7080
gggactgacc atgcgtttca acataccaac tgggaccaat ttaccccctg tcagtttcaa 7140
ctctcaaact ccttatattc ctttcaattt gggagccctg tcagcaatga gtaatcaaca 7200
gctggaggac ctcattaatc aaggaagaga aaaagttgta gaagcaacaa acagtgtgac 7260
agcagtgagg attcaacctc ttgaggatat aatttcagct gtatggaagg agaacatgaa 7320
tctctcagag geccaagtac aggcgttage attaagtaga caagccagcc aggagcttga 7380
tgttaaacga agagaagcaa tctacaatga tgtattgaca aaacaacaga tgttaatcag 7440

ctgtgttcag cgaatactta tgaacagaag gctccagcag cagtacaatc agcagcaaca 7500
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gcaacaaatyg acttatcaac aagcaacact gggtcacctc atgatgccaa agcccccaaa 7560
tttgatcatg aatccttcta actaccagca gattgatatg agaggaatgt atcagccagt 7620
ggctggtggt atgcagccac caccattaca gecgtgcacca cccccaatga gaagcaaaaa 7680
tccaggacct tcccaaggga aatcaatgtg attttgcact aaaagcttaa tggattgtta 7740
aaatcataga aagatctttt atttttttag gaatcaatga cttaacagaa ctcaactgta 7800
taaatagttt ggtcccctta aatgccaatc ttccatatta gttttacttt tttttttttt 7860
aaatagggca taccatttct tcecctgacatt tgtcagtgat gttgcctaga atcttcttac 7920
acacgctgag tacagaagat atttcaaatt gttttcagtg aaaacaagtc cttccataat 7980
agtaacaact ccacagattt cctctctaaa tttttatgecc tgcttttage aaccataaaa 8040
ttgtcataaa attaataaat ttaggaaaga ataaagattt atatattcat tctttacata 8100
taaaaacaca cagctgagtt cttagagttg attcctcaag ttatgaaata cttttgtact 8160
taatccattt cttgattaaa gtgattgaaa tggttttaat gttcttttga ctgaagtctg 8220
aaactgggct cctgctttat tgtctcetgtg actgaaagtt agaaactgag ggttatcttt 8280
gacacagaat tgtgtgcaat attcttaaat actactgctc taaaagttgg agaagtcttg 8340
cagttatctt agcattgtat aaacagcctt aagtatagcc taagaagaga attccttttt 8400
cttctttagt ccttectgeca ttttttattt tcagttatat gtgctgaaat aattactggt 8460
aaaatttcag ggttgtggat tatcttccac acatgaattt tctctctceet ggcacgaata 8520
taaagcacat ctcttaactg catggtgcca gtgctaatgce ttcatcctgt tgctggcagt 8580
gggatgtgga cttagaaaat caagttctag cattttagta ggttaacact gaagttgtgg 8640
ttgttaggtt cacaccctgt tttataaaca acatcaaaat ggcagaacca ttgctgactt 8700
taggttcaca tgaggaatgt acttttaaca attcccagta ctatcagtat tgtgaaataa 8760
ttcctetgaa agataagaat cactggcttce tatgecgettce ttttcectctceca tcatcatgtt 8820
cttttacccce agtttcctta cattttttta aattgtttca gagtttgttt tttttttagt 8880
ttagattgtg aggcaattat taaatcaaaa ttaattcatc caatacccct ttactagaag 8940
ttttactaga aaatgtatta cattttattt tttcttaatc cagttctgca aaaatgacct 9000
ataaatttat tcatgtacaa ttttggttac ttgaattgtt aaagaaaaca ttgtttttga 9060
ctatgggagt caactcaaca tggcagaacc atttttgaga tgatgataca acaggtagtg 9120
aaacagctta agaattccaa aaaaaaaaaa aaaaaaaaaa aaaagaaaac tgggtttggg 9180
ctttgcttta ggtatcactyg gattagaatg agtttaacat tagctaaaac tgctttgagt 9240
tgtttggatg attaagagat tgccattttt atcttggaag aactagtggt aaaacatcca 9300
agagcactag gattgtgata cagaatttgt gaggtttggt ggatccacgc ccctcteccce 9360
cactttccca tgatgaaata tcactaataa atcctgtata tttagatatt atgctagceca 9420
tgtaatcaga tttatttaat tgggtggggc aggtgtgtat ttactttaga aaaaatgaaa 9480
aagacaagat ttatgagaaa tatttgaagg cagtacactc tggccaactg ttaccagttg 9540
gtatttctac aagttcagaa tattttaaac ctgatttact agacctggga attttcaaca 9600
tggtctaatt atttactcaa agacatagat gtgaaaattt taggcaacct tctaaatctt 9660
tttcaccatg gatgaaacta taacttaaag aataatactt agaagggtta attggaaatc 9720

agagtttgaa ataaaacttg gaccactttg tatacactct tctcacttga cattttaget 9780
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atataatatg tactttgagt ataacatcaa gctttaacaa atatttaaag acaaaaaaat 9840
cacgtcagta aaatactaaa aggctcattt ttatatttgt tttagatgtt ttaaatagtt 9900
gcaatggatt aaaaatgatg atttaaaatg ttgcttgtaa tacagttttg cctgctaaat 9960
tctccacatt ttgtaacctg ttttatttcet ttgggtgtaa agegtttttg cttagtattg 10020
tgatattgta tatgttttgt cccagttgta tagtaatgtt tcagtccatc atccagettt 10080
ggctgctgaa atcatacagce tgtgaagact tgcctttgtt tcectgttagac tgcttttcag 10140
ttctgtattg agtatcttaa gtactgtaga aaagatgtca cttcecttcctt taaggetgtt 10200
ttgtaatata tataaggact ggaattgtgt ttttaaagaa aagcattcaa gtatgacaat 10260
atactatctg tgttttcacc attcaaagtg ctgtttagta gttgaaactt aaactattta 10320
atgtcattta ataaagtgac caaaatgtgt tgtgctcttt attgtatttt cacagectttg 10380
aaaatctgtg cacatactgt ttcatagaaa atgtatagct tttgttgtcc tatataatgg 10440
tggttctttt gcacatttag ttatttaata ttgagaggtc acgaagtttg gttattgaat 10500
ctgttatata ctaaattctg taaagggaga tctctcatct caaaaagaat ttacatacca 10560
ggaagtccat gtgtgtttgt gttagttttg gatgtctttg tgtaatccag ccccatttece 10620
tgtttcccaa cagctgtaac actcatttta agtcaagcag ggctaccaac ccacacttga 10680
tagaaaagct gcttaccatt cagaagcttc cttattacct ggcectccaaa tgagctgaat 10740
attttgtagc cttceccttag ctatgttcat tttccctecca ttatcataaa atcagatcga 10800
tatttatgtg ccccaaacaa aactttaaga gcagttacat tctgtcccag tagcccttgt 10860
ttectttgag agtagcatgt tgtgaggcta tagagactta ttctaccagt aaaacaggtce 10920
aatcctttta catgtttatt atactaaaaa ttatgttcag ggtatttact actttatttce 10980
accagactca gtctcaagtg acttggctat ctccaaatca gatctaccct tagagaataa 11040
acatttttct accgttattt tttttcaagt ctataatctg agccagtccc aaaggagtga 11100
tcaagtttca gaaatgcttt catcttcaca acattttata tatactatta tatggggtga 11160
ataaagtttt aaatccgaaa tataaaaaaa aaaaaaaaaa aa 11202
<210> SEQ ID NO 7

<211> LENGTH: 2454

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Thr Ala Glu Pro Met Ser Glu Ser Lys Leu Asn Thr Leu Val Gln
1 5 10 15

Lys Leu His Asp Phe Leu Ala His Ser Ser Glu Glu Ser Glu Glu Thr
20 25 30

Ser Ser Pro Pro Arg Leu Ala Met Asn Gln Asn Thr Asp Lys Ile Ser
35 40 45

Gly Ser Gly Ser Asn Ser Asp Met Met Glu Asn Ser Lys Glu Glu Gly
50 55 60

Thr Ser Ser Ser Glu Lys Ser Lys Ser Ser Gly Ser Ser Arg Ser Lys
65 70 75 80

Arg Lys Pro Ser Ile Val Thr Lys Tyr Val Glu Ser Asp Asp Glu Lys
85 90 95

Pro Leu Asp Asp Glu Thr Val Asn Glu Asp Ala Ser Asn Glu Asn Ser
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100 105 110

Glu Asn Asp Ile Thr Met Gln Ser Leu Pro Lys Glu Asp Gly Leu His
115 120 125

Gly Ile Val Ser Cys Thr Ala Cys Gly Gln Gln Val Asn His Phe Gln
130 135 140

Lys Asp Ser Ile Tyr Arg His Pro Ser Leu Gln Val Leu Ile Cys Lys
145 150 155 160

Asn Cys Phe Lys Tyr Tyr Met Ser Asp Asp Ile Ser Arg Asp Ser Asp
165 170 175

Gly Met Asp Glu Gln Cys Arg Trp Cys Ala Glu Gly Gly Asn Leu Ile
180 185 190

Cys Cys Asp Phe Cys His Asn Ala Phe Cys Lys Lys Cys Ile Leu Arg
195 200 205

Asn Leu Gly Arg Lys Glu Leu Ser Thr Ile Met Asp Glu Asn Asn Gln
210 215 220

Trp Tyr Cys Tyr Ile Cys His Pro Glu Pro Leu Leu Asp Leu Val Thr
225 230 235 240

Ala Cys Asn Ser Val Phe Glu Asn Leu Glu Gln Leu Leu Gln Gln Asn
245 250 255

Lys Lys Lys Ile Lys Val Asp Ser Glu Lys Ser Asn Lys Val Tyr Glu
260 265 270

His Thr Ser Arg Phe Ser Pro Lys Lys Thr Ser Ser Asn Cys Asn Gly
275 280 285

Glu Glu Lys Lys Leu Asp Asp Ser Cys Ser Gly Ser Val Thr Tyr Ser
290 295 300

Tyr Ser Ala Leu Ile Val Pro Lys Glu Met Ile Lys Lys Ala Lys Lys
305 310 315 320

Leu Ile Glu Thr Thr Ala Asn Met Asn Ser Ser Tyr Val Lys Phe Leu
325 330 335

Lys Gln Ala Thr Asp Asn Ser Glu Ile Ser Ser Ala Thr Lys Leu Arg
340 345 350

Gln Leu Lys Ala Phe Lys Ser Val Leu Ala Asp Ile Lys Lys Ala His
355 360 365

Leu Ala Leu Glu Glu Asp Leu Asn Ser Glu Phe Arg Ala Met Asp Ala
370 375 380

Val Asn Lys Glu Lys Asn Thr Lys Glu His Lys Val Ile Asp Ala Lys
385 390 395 400

Phe Glu Thr Lys Ala Arg Lys Gly Glu Lys Pro Cys Ala Leu Glu Lys
405 410 415

Lys Asp Ile Ser Lys Ser Glu Ala Lys Leu Ser Arg Lys Gln Val Asp
420 425 430

Ser Glu His Met His Gln Asn Val Pro Thr Glu Glu Gln Arg Thr Asn
435 440 445

Lys Ser Thr Gly Gly Glu His Lys Lys Ser Asp Arg Lys Glu Glu Pro
450 455 460

Gln Tyr Glu Pro Ala Asn Thr Ser Glu Asp Leu Asp Met Asp Ile Val
465 470 475 480

Ser Val Pro Ser Ser Val Pro Glu Asp Ile Phe Glu Asn Leu Glu Thr
485 490 495

Ala Met Glu Val Gln Ser Ser Val Asp His Gln Gly Asp Gly Ser Ser
500 505 510
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Gly Thr Glu Gln Glu Val Glu Ser Ser Ser Val Lys Leu Asn Ile Ser
515 520 525

Ser Lys Asp Asn Arg Gly Gly Ile Lys Ser Lys Thr Thr Ala Lys Val
530 535 540

Thr Lys Glu Leu Tyr Val Lys Leu Thr Pro Val Ser Leu Ser Asn Ser
545 550 555 560

Pro Ile Lys Gly Ala Asp Cys Gln Glu Val Pro Gln Asp Lys Asp Gly
565 570 575

Tyr Lys Ser Cys Gly Leu Asn Pro Lys Leu Glu Lys Cys Gly Leu Gly
580 585 590

Gln Glu Asn Ser Asp Asn Glu His Leu Val Glu Asn Glu Val Ser Leu
595 600 605

Leu Leu Glu Glu Ser Asp Leu Arg Arg Ser Pro Arg Val Lys Thr Thr
610 615 620

Pro Leu Arg Arg Pro Thr Glu Thr Asn Pro Val Thr Ser Asn Ser Asp
625 630 635 640

Glu Glu Cys Asn Glu Thr Val Lys Glu Lys Gln Lys Leu Ser Val Pro
645 650 655

Val Arg Lys Lys Asp Lys Arg Asn Ser Ser Asp Ser Ala Ile Asp Asn
660 665 670

Pro Lys Pro Asn Lys Leu Pro Lys Ser Lys Gln Ser Glu Thr Val Asp
675 680 685

Gln Asn Ser Asp Ser Asp Glu Met Leu Ala Ile Leu Lys Glu Val Ser
690 695 700

Arg Met Ser His Ser Ser Ser Ser Asp Thr Asp Ile Asn Glu Ile His
705 710 715 720

Thr Asn His Lys Thr Leu Tyr Asp Leu Lys Thr Gln Ala Gly Lys Asp
725 730 735

Asp Lys Gly Lys Arg Lys Arg Lys Ser Ser Thr Ser Gly Ser Asp Phe
740 745 750

Asp Thr Lys Lys Gly Lys Ser Ala Lys Ser Ser Ile Ile Ser Lys Lys
755 760 765

Lys Arg Gln Thr Gln Ser Glu Ser Ser Asn Tyr Asp Ser Glu Leu Glu
770 775 780

Lys Glu Ile Lys Ser Met Ser Lys Ile Gly Ala Ala Arg Thr Thr Lys
785 790 795 800

Lys Arg Ile Pro Asn Thr Lys Asp Phe Asp Ser Ser Glu Asp Glu Lys
805 810 815

His Ser Lys Lys Gly Met Asp Asn Gln Gly His Lys Asn Leu Lys Thr
820 825 830

Ser Gln Glu Gly Ser Ser Asp Asp Ala Glu Arg Lys Gln Glu Arg Glu
835 840 845

Thr Phe Ser Ser Ala Glu Gly Thr Val Asp Lys Asp Thr Thr Ile Met
850 855 860

Glu Leu Arg Asp Arg Leu Pro Lys Lys Gln Gln Ala Ser Ala Ser Thr
865 870 875 880

Asp Gly Val Asp Lys Leu Ser Gly Lys Glu Gln Ser Phe Thr Ser Leu
885 890 895

Glu Val Arg Lys Val Ala Glu Thr Lys Glu Lys Ser Lys His Leu Lys
900 905 910
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Thr Lys Thr Cys Lys Lys Val Gln Asp Gly Leu Ser Asp Ile Ala Glu
915 920 925

Lys Phe Leu Lys Lys Asp Gln Ser Asp Glu Thr Ser Glu Asp Asp Lys
930 935 940

Lys Gln Ser Lys Lys Gly Thr Glu Glu Lys Lys Lys Pro Ser Asp Phe
945 950 955 960

Lys Lys Lys Val Ile Lys Met Glu Gln Gln Tyr Glu Ser Ser Ser Asp
965 970 975

Gly Thr Glu Lys Leu Pro Glu Arg Glu Glu Ile Cys His Phe Pro Lys
980 985 990

Gly Ile Lys Gln Ile Lys Asn Gly Thr Thr Asp Gly Glu Lys Lys Ser
995 1000 1005

Lys Lys 1Ile Arg Asp Lys Thr Ser Lys Lys Lys Asp Glu Leu Ser
1010 1015 1020

Asp Tyr Ala Glu Lys Ser Thr Gly Lys Gly Asp Ser Cys Asp Ser
1025 1030 1035

Ser Glu Asp Lys Lys Ser Lys Asn Gly Ala Tyr Gly Arg Glu Lys
1040 1045 1050

Lys Arg Cys Lys Leu Leu Gly Lys Ser Ser Arg Lys Arg Gln Asp
1055 1060 1065

Cys Ser Ser Ser Asp Thr Glu Lys Tyr Ser Met Lys Glu Asp Gly
1070 1075 1080

Cys Asn Ser Ser Asp Lys Arg Leu Lys Arg Ile Glu Leu Arg Glu
1085 1090 1095

Arg Arg Asn Leu Ser Ser Lys Arg Asn Thr Lys Glu Ile Gln Ser
1100 1105 1110

Gly Ser Ser Ser Ser Asp Ala Glu Glu Ser Ser Glu Asp Asn Lys
1115 1120 1125

Lys Lys Lys Gln Arg Thr Ser Ser Lys Lys Lys Ala Val Ile Val
1130 1135 1140

Lys Glu Lys Lys Arg Asn Ser Leu Arg Thr Ser Thr Lys Arg Lys
1145 1150 1155

Gln Ala Asp Ile Thr Ser Ser Ser Ser Ser Asp Ile Glu Asp Asp
1160 1165 1170

Asp Gln Asn Ser Ile Gly Glu Gly Ser Ser Asp Glu Gln Lys Ile
1175 1180 1185

Lys Pro Val Thr Glu Asn Leu Val Leu Ser Ser His Thr Gly Phe
1190 1195 1200

Cys Gln Ser Ser Gly Asp Glu Ala Leu Ser Lys Ser Val Pro Val
1205 1210 1215

Thr Val Asp Asp Asp Asp Asp Asp Asn Asp Pro Glu Asn Arg Ile
1220 1225 1230

Ala Lys Lys Met Leu Leu Glu Glu Ile Lys Ala Asn Leu Ser Ser
1235 1240 1245

Asp Glu Asp Gly Ser Ser Asp Asp Glu Pro Glu Glu Gly Lys Lys
1250 1255 1260

Arg Thr Gly Lys Gln Asn Glu Glu Asn Pro Gly Asp Glu Glu Ala
1265 1270 1275

Lys Asn Gln Val Asn Ser Glu Ser Asp Ser Asp Ser Glu Glu Ser
1280 1285 1290

Lys Lys Pro Arg Tyr Arg His Arg Leu Leu Arg His Lys Leu Thr
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1295 1300 1305

Val Ser Asp Gly Glu Ser Gly Glu Glu Lys Lys Thr Lys Pro Lys
1310 1315 1320

Glu His Lys Glu Val Lys Gly Arg Asn Arg Arg Lys Val Ser Ser
1325 1330 1335

Glu Asp Ser Glu Asp Ser Asp Phe Gln Glu Ser Gly Val Ser Glu
1340 1345 1350

Glu Val Ser Glu Ser Glu Asp Glu Gln Arg Pro Arg Thr Arg Ser
1355 1360 1365

Ala Lys Lys Ala Glu Leu Glu Glu Asn Gln Arg Ser Tyr Lys Gln
1370 1375 1380

Lys Lys Lys Arg Arg Arg Ile Lys Val Gln Glu Asp Ser Ser Ser
1385 1390 1395

Glu Asn Lys Ser Asn Ser Glu Glu Glu Glu Glu Glu Lys Glu Glu
1400 1405 1410

Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Asp Glu
1415 1420 1425

Asn Asp Asp Ser Lys Ser Pro Gly Lys Gly Arg Lys Lys Ile Arg
1430 1435 1440

Lys Ile Leu Lys Asp Asp Lys Leu Arg Thr Glu Thr Gln Asn Ala
1445 1450 1455

Leu Lys Glu Glu Glu Glu Arg Arg Lys Arg Ile Ala Glu Arg Glu
1460 1465 1470

Arg Glu Arg Glu Lys Leu Arg Glu Val Ile Glu Ile Glu Asp Ala
1475 1480 1485

Ser Pro Thr Lys Cys Pro Ile Thr Thr Lys Leu Val Leu Asp Glu
1490 1495 1500

Asp Glu Glu Thr Lys Glu Pro Leu Val Gln Val His Arg Asn Met
1505 1510 1515

Val Ile Lys Leu Lys Pro His Gln Val Asp Gly Val Gln Phe Met
1520 1525 1530

Trp Asp Cys Cys Cys Glu Ser Val Lys Lys Thr Lys Lys Ser Pro
1535 1540 1545

Gly Ser Gly Cys Ile Leu Ala His Cys Met Gly Leu Gly Lys Thr
1550 1555 1560

Leu Gln Val Val Ser Phe Leu His Thr Val Leu Leu Cys Asp Lys
1565 1570 1575

Leu Asp Phe Ser Thr Ala Leu Val Val Cys Pro Leu Asn Thr Ala
1580 1585 1590

Leu Asn Trp Met Asn Glu Phe Glu Lys Trp Gln Glu Gly Leu Lys
1595 1600 1605

Asp Asp Glu Lys Leu Glu Val Ser Glu Leu Ala Thr Val Lys Arg
1610 1615 1620

Pro Gln Glu Arg Ser Tyr Met Leu Gln Arg Trp Gln Glu Asp Gly
1625 1630 1635

Gly Val Met Ile Ile Gly Tyr Glu Met Tyr Arg Asn Leu Ala Gln
1640 1645 1650

Gly Arg Asn Val Lys Ser Arg Lys Leu Lys Glu Ile Phe Asn Lys
1655 1660 1665

Ala Leu Val Asp Pro Gly Pro Asp Phe Val Val Cys Asp Glu Gly
1670 1675 1680
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His Ile Leu Lys Asn Glu Ala Ser Ala Val Ser Lys Ala Met Asn
1685 1690 1695

Ser Ile Arg Ser Arg Arg Arg Ile Ile Leu Thr Gly Thr Pro Leu
1700 1705 1710

Gln Asn Asn Leu Ile Glu Tyr His Cys Met Val Asn Phe Ile Lys
1715 1720 1725

Glu Asn Leu Leu Gly Ser Ile Lys Glu Phe Arg Asn Arg Phe Ile
1730 1735 1740

Asn Pro Ile Gln Asn Gly Gln Cys Ala Asp Ser Thr Met Val Asp
1745 1750 1755

Val Arg Val Met Lys Lys Arg Ala His Ile Leu Tyr Glu Met Leu
1760 1765 1770

Ala Gly Cys Val Gln Arg Lys Asp Tyr Thr Ala Leu Thr Lys Phe
1775 1780 1785

Leu Pro Pro Lys His Glu Tyr Val Leu Ala Val Arg Met Thr Ser
1790 1795 1800

Ile Gln Cys Lys Leu Tyr Gln Tyr Tyr Leu Asp His Leu Thr Gly
1805 1810 1815

Val Gly Asn Asn Ser Glu Gly Gly Arg Gly Lys Ala Gly Ala Lys
1820 1825 1830

Leu Phe Gln Asp Phe Gln Met Leu Ser Arg Ile Trp Thr His Pro
1835 1840 1845

Trp Cys Leu Gln Leu Asp Tyr Ile Ser Lys Glu Asn Lys Gly Tyr
1850 1855 1860

Phe Asp Glu Asp Ser Met Asp Glu Phe Ile Ala Ser Asp Ser Asp
1865 1870 1875

Glu Thr Ser Met Ser Leu Ser Ser Asp Asp Tyr Thr Lys Lys Lys
1880 1885 1890

Lys Lys Gly Lys Lys Gly Lys Lys Asp Ser Ser Ser Ser Gly Ser
1895 1900 1905

Gly Ser Asp Asn Asp Val Glu Val Ile Lys Val Trp Asn Ser Arg
1910 1915 1920

Ser Arg Gly Gly Gly Glu Gly Asn Val Asp Glu Thr Gly Asn Asn
1925 1930 1935

Pro Ser Val Ser Leu Lys Leu Glu Glu Ser Lys Ala Thr Ser Ser
1940 1945 1950

Ser Asn Pro Ser Ser Pro Ala Pro Asp Trp Tyr Lys Asp Phe Val
1955 1960 1965

Thr Asp Ala Asp Ala Glu Val Leu Glu His Ser Gly Lys Met Val
1970 1975 1980

Leu Leu Phe Glu Ile Leu Arg Met Ala Glu Glu Ile Gly Asp Lys
1985 1990 1995

Val Leu Val Phe Ser Gln Ser Leu Ile Ser Leu Asp Leu Ile Glu
2000 2005 2010

Asp Phe Leu Glu Leu Ala Ser Arg Glu Lys Thr Glu Asp Lys Asp
2015 2020 2025

Lys Pro Leu Ile Tyr Lys Gly Glu Gly Lys Trp Leu Arg Asn Ile
2030 2035 2040

Asp Tyr Tyr Arg Leu Asp Gly Ser Thr Thr Ala Gln Ser Arg Lys
2045 2050 2055
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Lys Trp Ala Glu Glu Phe Asn Asp Glu Thr Asn Val Arg Gly Arg
2060 2065 2070

Leu Phe 1Ile Ile Ser Thr Lys Ala Gly Ser Leu Gly 1Ile Asn Leu
2075 2080 2085

Val Ala Ala Asn Arg Val Ile 1Ile Phe Asp Ala Ser Trp Asn Pro
2090 2095 2100

Ser Tyr Asp Ile Gln Ser Ile Phe Arg Val Tyr Arg Phe Gly Gln
2105 2110 2115

Thr Lys Pro Val Tyr Val Tyr Arg Phe Leu Ala Gln Gly Thr Met
2120 2125 2130

Glu Asp Lys Ile Tyr Asp Arg Gln Val Thr Lys Gln Ser Leu Ser
2135 2140 2145

Phe Arg Val Val Asp Gln Gln Gln Val Glu Arg His Phe Thr Met
2150 2155 2160

Asn Glu Leu Thr Glu Leu Tyr Thr Phe Glu Pro Asp Leu Leu Asp
2165 2170 2175

Asp Pro Asn Ser Glu Lys Lys Lys Lys Arg Asp Thr Pro Met Leu
2180 2185 2190

Pro Lys Asp Thr Ile Leu Ala Glu Leu Leu Gln Ile His Lys Glu
2195 2200 2205

His Ile Val Gly Tyr His Glu His Asp Ser Leu Leu Asp His Lys
2210 2215 2220

Glu Glu Glu Glu Leu Thr Glu Glu Glu Arg Lys Ala Ala Trp Ala
2225 2230 2235

Glu Tyr Glu Ala Glu Lys Lys Gly Leu Thr Met Arg Phe Asn Ile
2240 2245 2250

Pro Thr Gly Thr Asn Leu Pro Pro Val Ser Phe Asn Ser Gln Thr
2255 2260 2265

Pro Tyr 1Ile Pro Phe Asn Leu Gly Ala Leu Ser Ala Met Ser Asn
2270 2275 2280

Gln Gln Leu Glu Asp Leu Ile 2Asn Gln Gly Arg Glu Lys Val Val
2285 2290 2295

Glu Ala Thr Asn Ser Val Thr Ala Val Arg Ile Gln Pro Leu Glu
2300 2305 2310

Asp Ile Ile Ser Ala Val Trp Lys Glu Asn Met Asn Leu Ser Glu
2315 2320 2325

Ala Gln Val Gln Ala Leu Ala Leu Ser Arg Gln Ala Ser Gln Glu
2330 2335 2340

Leu Asp Val Lys Arg Arg Glu Ala Ile Tyr Asn Asp Val Leu Thr
2345 2350 2355

Lys Gln Gln Met Leu Ile Ser Cys Val Gln Arg Ile Leu Met Asn
2360 2365 2370

Arg Arg Leu Gln Gln Gln Tyr Asn Gln Gln Gln Gln Gln Gln Met
2375 2380 2385

Thr Tyr Gln Gln Ala Thr Leu Gly His Leu Met Met Pro Lys Pro
2390 2395 2400

Pro Asn Leu Ile Met Asn Pro Ser Asn Tyr Gln Gln Ile Asp Met
2405 2410 2415

Arg Gly Met Tyr Gln Pro Val Ala Gly Gly Met Gln Pro Pro Pro
2420 2425 2430

Leu Gln Arg Ala Pro Pro Pro Met Arg Ser Lys Asn Pro Gly Pro
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2435 2440 2445
Ser Gln Gly Lys Ser Met

2450
<210> SEQ ID NO 8
<211> LENGTH: 11088
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8
aattctccetyg cctgagecte ggcccaacaa aatggceggeyg gcageggtgt cgetttgttt 60
cegeggetee tgcggeggtyg gecagtggtag cggectttga getgtgggga ggttecagea 120
gcagctacag tgacgactaa gactccagtg catttctatce gtaaccggge gegggggage 180
gcagatcgge gcccagcaat cacagaagcc gacaaggcegt tcaagcgaaa acatgaccge 240
tgagcccatyg agtgaaagca agttgaatac attggtgcag aagcttcatg acttecttge 300
acactcatca gaagaatctg aagaaacaag ttctccteca cgacttgcaa tgaatcaaaa 360
cacagataaa atcagtggtt ctggaagtaa ctctgatatg atggaaaaca gcaaggaaga 420
gggaactage tcttcagaaa aatccaagtc ttcaggatcg tcacgatcaa agaggaaacce 480
ttcaattgta acaaagtatg tagaatcaga tgatgaaaaa cctttggatg atgaaactgt 540
aaatgaagat gcgtctaatg aaaattcaga aaatgatatt actatgcaga gcttgccaaa 600
agaagatggg cttcatggga ttgtgagcetg cactgcttgt ggacaacagyg tcaatcattt 660
tcaaaaagat tccatttata gacacccttc attgcaagtt cttatttgta agaattgcett 720
taagtattac atgagtgatg atattagccg tgactcagat ggaatggatyg aacaatgtag 780
gtggtgtgeyg gaaggtggaa acttgatttg ttgtgacttt tgccataatg ctttctgcaa 840
gaaatgcatt ctacgcaacc ttggtcgaaa ggagttgtcc acaataatgg atgaaaacaa 900
ccaatggtat tgctacattt gtcacccaga gectttgttg gacttggtca ctgcatgtaa 960
cagcgtattt gagaatttag aacagttgtt gcagcaaaat aagaagaaga taaaagttga 1020
cagtgaaaag agtaataaag tatatgaaca tacatccaga ttttctccaa agaagactag 1080
ttcaaattgt aatggagaag aaaagaaatt agatgattcc tgttctggct ctgtaaccta 1140
ctcttattce gecactaattg tgcccaaaga gatgattaag aaggcaaaaa aactgattga 1200
gaccacagcc aacatgaact ccagttatgt taaattttta aagcaggcaa cagataattc 1260
agaaatcagt tctgctacaa aattacgtca gcttaaggct tttaagtctg tgttggctga 1320
tattaagaag gctcatcttg cattggaaga agacttaaat tccgagtttc gagcgatgga 1380
tgctgtaaac aaagagaaaa ataccaaaga gcataaagtc atagatgcta agtttgaaac 1440
aaaagcacga aaaggagaaa aaccttgtgc tttggaaaag aaggatattt caaagtcaga 1500
agctaaactt tcaagaaaac aggtagatag tgagcacatg catcagaatg ttccaacaga 1560
ggaacaaaga acaaataaaa gtaccggtgg tgaacataag aaatctgata gaaaagaaga 1620
acctcaatat gaacctgcca acacttctga agatttagac atggatattg tgtctgttcece 1680
ttecctecagtt ccagaagaca tttttgagaa tcttgagact gctatggaag ttcagagttce 1740
agttgatcat caaggggatg gcagcagtgg aactgaacaa gaagtggaga gttcatctgt 1800
aaaattaaat atttcttcaa aagacaacag aggaggtatt aaatcaaaaa ctacagctaa 1860
agtaacaaaa gaattatatg ttaaactcac tcctgtttcce ctttctaatt ccccaattaa 1920
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aggtgctgat tgtcaggaag ttccacaaga taaagatggc tataaaagtt gtggtctgaa 1980
ccccaagtta gagaaatgtg gacttggaca ggaaaacagt gataatgagce atttggttga 2040
aaatgaagtt tcattacttt tagaggaatc tgatcttcga agatccccac gtgtaaagac 2100
tacacccttg aggcgaccga cagaaactaa ccctgtaaca tctaattcag atgaagaatg 2160
taatgaaaca gttaaggaga aacaaaaact atcagttcca gtgagaaaaa aggataagcg 2220
taattcttct gacagtgcta tagataatcc taagcctaat aaattgccaa aatctaagca 2280
atcagagact gtggatcaaa attcagattc tgatgaaatg ctagcaatcc tcaaagaggt 2340
gagcaggatg agtcacagtt cttcttcaga tactgatatt aatgaaattc atacaaacca 2400
taagactttg tatgatttaa agactcaggc ggggaaagat gataaaggaa aaaggaaacg 2460
aaaaagttct acatctggct cagattttga tactaaaaag ggcaaatcag ctaagagctc 2520
tataatttct aaaaagaaac gacaaaccca gtctgagtct tctaattatg actcagaatt 2580
agaaaaagag ataaagagca tgagtaaaat tggtgctgec agaaccacca aaaaaagaat 2640
tccaaataca aaagattttg actcttctga agatgagaaa cacagcaaaa aaggaatgga 2700
taatcaaggg cacaaaaatt tgaagacctc acaagaagga tcatctgatg atgctgaaag 2760
aaaacaagag agagagactt tctcttcagce agaaggcaca gttgataaag acacgaccat 2820
catggaatta agagatcgac ttcctaagaa gcagcaagca agtgcttcca ctgatggtgt 2880
cgataagctt tctgggaaag agcagagttt tacttctttg gaagttagaa aagttgctga 2940
aactaaagaa aagagcaagc atctcaaaac caaaacatgt aaaaaagtac aggatggctt 3000
atctgatatt gcagagaaat tcctaaagaa agaccagagc gatgaaactt ctgaagatga 3060
taaaaagcag agcaaaaagg gaactgaaga aaaaaagaaa ccttcagact ttaagaaaaa 3120
agtaattaaa atggaacaac agtatgaatc ttcatctgat ggcactgaaa agttacctga 3180
gcgagaagaa atttgtcatt ttcctaaggg cataaaacaa attaagaatg gaacaactga 3240
tggagaaaag aaaagtaaaa aaataagaga taaaacttct aaaaagaagg atgaattatc 3300
tgattatgct gagaagtcaa cagggaaagg agatagttgt gactcttcag aggataaaaa 3360
gagtaagaat ggagcatatg gtagagagaa gaaaaggtgc aagttgcttg gaaagagttc 3420
aaggaagaga caagattgtt catcatctga tactgagaaa tattccatga aagaagatgg 3480
ttgtaactct tctgataaga gactgaaaag aatagaattg agggaaagaa gaaatttaag 3540
ttcaaagaga aatactaagg aaatacaaag tggctcatca tcatctgatg ctgaggaaag 3600
ttctgaagat aataaaaaga agaagcaaag aacttcatct aaaaagaagg cagtcattgt 3660
caaggagaaa aagagaaact ccctaagaac aagcactaaa aggaagcaag ctgacattac 3720
atcctcatct tecttectgata tagaagatga tgatcagaat tctataggtg agggaagcag 3780
cgatgaacag aaaattaagc ctgtgactga aaatttagtg ctgtcttcac atactggatt 3840
ttgccaatct tcaggagatg aagccttatc taaatcagtg cctgtcacag tggatgatga 3900
tgatgacgac aatgatcctg agaatagaat tgccaagaag atgcttttag aagaaattaa 3960
agccaatctt tcectcectgatg aggatggatc ttcagatgat gagccagaag aagggaaaaa 4020
aagaactgga aaacaaaatg aagaaaaccce aggagatgag gaagcaaaaa atcaagtcaa 4080
ttctgaatca gattcagatt ctgaagaatc taagaagcca agatacagac ataggctttt 4140

geggcacaaa ttgactgtga gtgacggaga atctggagaa gaaaaaaaga caaagcctaa 4200
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agagcataaa gaagtcaaag gcagaaacag aagaaaggtyg agcagtgaag attcagaaga 4260
ttctgatttt caggaatcag gagttagtga agaagttagt gaatccgaag atgaacagcg 4320
gcecagaaca aggtctgcaa agaaagcaga gttggaagaa aatcagcgga gctataaaca 4380
gaaaaagaaa aggcgacgta ttaaggttca agaagattca tccagtgaaa acaagagtaa 4440
ttctgaggaa gaagaggagg aaaaagaaga ggaggaggaa gaggaggagyg aggaggaaga 4500
ggaggaggaa gatgaaaatg atgattccaa gtctcctgga aaaggcagaa agaaaattcg 4560
gaagattctt aaagatgata aactgagaac agaaacacaa aatgctctta aggaagagga 4620
agagagacga aaacgtattg ctgagaggga gcgtgagcga gaaaaattga gagaggtgat 4680
agaaattgaa gatgcttcac ccaccaagtg tccaataaca accaagttgg ttttagatga 4740
agatgaagaa accaaagaac ctttagtgca ggttcataga aatatggtta tcaaattgaa 4800
accccatcaa gtagatggtg ttcagtttat gtgggattge tgctgtgagt ctgtgaaaaa 4860
aacaaagaaa tctccaggtt caggatgcat tcttgcccac tgtatgggcce ttggtaagac 4920
tttacaggtg gtaagttttc ttcatacagt tcttttgtgt gacaaactgg atttcagcac 4980
ggcgttagtyg gtttgtccte ttaatactge tttgaattgg atgaatgaat ttgagaagtg 5040
gcaagaggga ttaaaagatg atgagaagct tgaggtttct gaattagcaa ctgtgaaacyg 5100
tcetcaggag agaagctaca tgctgcagag gtggcaagaa gatggtggtg ttatgatcat 5160
aggctatgag atgtatagaa atcttgctca aggaaggaat gtgaagagtc ggaaacttaa 5220
agaaatattt aacaaagctt tggttgatcc aggccctgat tttgttgttt gtgatgaagg 5280
ccatattcta aaaaatgaag catctgctgt ttctaaagct atgaattcta tacgatcaag 5340
gaggaggatt attttaacag gaacaccact tcaaaataac ctaattgagt atcattgtat 5400
ggttaatttt atcaaggaaa atttacttgg atccattaag gagttcagga atagatttat 5460
aaatccaatt caaaatggtc agtgtgcaga ttctaccatg gtagatgtca gagtgatgaa 5520
aaaacgtgct cacattctcect atgagatgtt agctggatgt gttcagagga aagattatac 5580
agcattaaca aaattcttgc ctccaaaaca cgaatatgtg ttagctgtga gaatgacttce 5640
tattcagtgc aagctctatc agtactactt agatcactta acaggtgtgg gcaataatag 5700
tgaaggtgga agaggaaagg caggtgcaaa gcttttccaa gattttcaga tgttaagtag 5760
aatatggact catccttggt gtttgcagct agactacatt agcaaagaaa ataagggtta 5820
ttttgatgaa gacagtatgg atgaatttat agcctcagat tctgatgaaa cctccatgag 5880
tttaagctee gatgattata caaaaaagaa gaaaaaaggg aaaaagggga aaaaagatag 5940
tagctcaagt ggaagtggca gtgacaatga tgttgaagtg attaaggtct ggaattcaag 6000
atctcgggga ggtggtgaag gaaatgtgga tgaaacagga aacaatcctt ctgtttettt 6060
aaaactggaa gaaagtaaag ctacttcttc ttctaatcca agcagcccag ctccagactg 6120
gtacaaagat tttgttacag atgctgatgc tgaggtttta gagcattctg ggaaaatggt 6180
acttctettt gaaattcttc gaatggcaga ggaaattggg gataaagtcc ttgttttcag 6240
ccagtceccte atatctctgg acttgattga agattttett gaattagcta gtagggagaa 6300
gacagaagat aaagataaac cccttattta taaaggtgag gggaagtggc ttcgaaacat 6360
tgactattac cgtttagatg gttccactac tgcacagtca aggaagaagt gggctgaaga 6420

atttaatgat gaaactaatg tgagaggacg attatttatc atttctacta aagcaggatc 6480
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tctaggaatt aatctggtag ctgctaatcg agtaattata ttcgacgctt cttggaatcc 6540
atcttatgac atccagagta tattcagagt ttatcgcttt ggacaaacta agcctgttta 6600
tgtatatagg ttcttagctc agggaaccat ggaagataag atttatgatc ggcaagtaac 6660
taagcagtca ctgtcttttec gagttgttga tcagcagcag gtggagcgtce attttactat 6720
gaatgagctt actgaacttt atacttttga gccagactta ttagatgacc ctaattcaga 6780
aaagaagaag aagagggata ctcccatgct gccaaaggat accatacttg cagagctcct 6840
tcagatacat aaagaacaca ttgtaggata ccatgaacat gattctcttt tggaccacaa 6900
agaagaagaa gagttgactg aagaagaaag aaaagcagct tgggctgagt atgaagcaga 6960
gaagaaggga ctgaccatgc gtttcaacat accaactggg accaatttac cccctgtcecag 7020
tttcaactct caaactcctt atattceccttt caatttggga geccctgtcag caatgagtaa 7080
tcaacagctyg gaggacctca ttaatcaagg aagagaaaaa gttgtagaag caacaaacag 7140
tgtgacagca gtgaggattc aacctcttga ggatataatt tcagctgtat ggaaggagaa 7200
catgaatctc tcagaggccc aagtacaggc gttagcatta agtagacaag ccagccagga 7260
gcttgatgtt aaacgaagag aagcaatcta caatgatgta ttgacaaaac aacagatgtt 7320
aatcagctgt gttcagcgaa tacttatgaa cagaaggctc cagcagcagt acaatcagca 7380
gcaacagcaa caaatgactt atcaacaagc aacactgggt cacctcatga tgccaaagec 7440
cccaaatttg atcatgaatc cttctaacta ccagcagatt gatatgagag gaatgtatca 7500
gecagtgget ggtggtatge agccaccacce attacagegt gcaccacccce caatgagaag 7560
caaaaatcca ggaccttcecec aagggaaatc aatgtgattt tgcactaaaa gcttaatgga 7620
ttgttaaaat catagaaaga tcttttattt ttttaggaat caatgactta acagaactca 7680
actgtataaa tagtttggtc cccttaaatg ccaatcttcecc atattagttt tacttttttt 7740
ttttttaaat agggcatacc atttcttcct gacatttgtc agtgatgttg cctagaatct 7800
tcttacacac gctgagtaca gaagatattt caaattgttt tcagtgaaaa caagtccttce 7860
cataatagta acaactccac agatttcctce tctaaatttt tatgcctget tttagcaacc 7920
ataaaattgt cataaaatta ataaatttag gaaagaataa agatttatat attcattctt 7980
tacatataaa aacacacagc tgagttctta gagttgattc ctcaagttat gaaatacttt 8040
tgtacttaat ccatttcttg attaaagtga ttgaaatggt tttaatgttc ttttgactga 8100
agtctgaaac tgggctcctg ctttattgte tctgtgactg aaagttagaa actgagggtt 8160
atctttgaca cagaattgtg tgcaatattc ttaaatacta ctgctctaaa agttggagaa 8220
gtcttgcagt tatcttagca ttgtataaac agccttaagt atagcctaag aagagaattc 8280
ctttttette tttagtcectt ctgccatttt ttattttcag ttatatgtge tgaaataatt 8340
actggtaaaa tttcagggtt gtggattatc ttccacacat gaattttcte tectectggcea 8400
cgaatataaa gcacatctct taactgcatg gtgccagtgce taatgcttca tectgttget 8460
ggcagtggga tgtggactta gaaaatcaag ttctagcatt ttagtaggtt aacactgaag 8520
ttgtggttgt taggttcaca ccctgtttta taaacaacat caaaatggca gaaccattgc 8580
tgactttagg ttcacatgag gaatgtactt ttaacaattc ccagtactat cagtattgtg 8640
aaataattcc tctgaaagat aagaatcact ggcttctatg cgcttcectttt ctetcatcat 8700

catgttecttt taccccagtt tceccttacatt tttttaaatt gtttcagagt ttgttttttt 8760



US 2020/0262823 Al Aug. 20, 2020
100

-continued

tttagtttag attgtgaggc aattattaaa tcaaaattaa ttcatccaat acccctttac 8820
tagaagtttt actagaaaat gtattacatt ttattttttc ttaatccagt tctgcaaaaa 8880
tgacctataa atttattcat gtacaatttt ggttacttga attgttaaag aaaacattgt 8940
ttttgactat gggagtcaac tcaacatggc agaaccattt ttgagatgat gatacaacag 9000
gtagtgaaac agcttaagaa ttccaaaaaa aaaaaaaaaa aaaaaaaaaa gaaaactggyg 9060
tttgggcecttt gectttaggta tcactggatt agaatgagtt taacattagce taaaactgcet 9120
ttgagttgtt tggatgatta agagattgcc atttttatct tggaagaact agtggtaaaa 9180
catccaagag cactaggatt gtgatacaga atttgtgagg tttggtggat ccacgcccct 9240
ctccececcact ttcecccatgat gaaatatcac taataaatcc tgtatattta gatattatgce 9300
tagccatgta atcagattta tttaattggg tggggcaggt gtgtatttac tttagaaaaa 9360
atgaaaaaga caagatttat gagaaatatt tgaaggcagt acactctggc caactgttac 9420
cagttggtat ttctacaagt tcagaatatt ttaaacctga tttactagac ctgggaattt 9480
tcaacatggt ctaattattt actcaaagac atagatgtga aaattttagg caaccttcta 9540
aatctttttc accatggatg aaactataac ttaaagaata atacttagaa gggttaattg 9600
gaaatcagag tttgaaataa aacttggacc actttgtata cactcttctc acttgacatt 9660
ttagctatat aatatgtact ttgagtataa catcaagctt taacaaatat ttaaagacaa 9720
aaaaatcacg tcagtaaaat actaaaaggc tcatttttat atttgtttta gatgttttaa 9780
atagttgcaa tggattaaaa atgatgattt aaaatgttgc ttgtaataca gttttgcctg 9840
ctaaattctc cacattttgt aacctgtttt atttctttgg gtgtaaagcg tttttgctta 9900
gtattgtgat attgtatatg ttttgtccca gttgtatagt aatgtttcag tccatcatcce 9960
agctttggct gctgaaatca tacagetgtg aagacttgece tttgtttcetg ttagactget 10020
tttcagttct gtattgagta tcecttaagtac tgtagaaaag atgtcacttc ttcctttaag 10080
gctgttttgt aatatatata aggactggaa ttgtgttttt aaagaaaagc attcaagtat 10140
gacaatatac tatctgtgtt ttcaccattc aaagtgctgt ttagtagttg aaacttaaac 10200
tatttaatgt catttaataa agtgaccaaa atgtgttgtg ctctttattg tattttcaca 10260
gctttgaaaa tcectgtgcaca tactgtttca tagaaaatgt atagcttttg ttgtcctata 10320
taatggtggt tcttttgcac atttagttat ttaatattga gaggtcacga agtttggtta 10380
ttgaatctgt tatatactaa attctgtaaa gggagatctc tcatctcaaa aagaatttac 10440
ataccaggaa gtccatgtgt gtttgtgtta gttttggatg tctttgtgta atccagccce 10500
atttcctgtt tcccaacagce tgtaacactc attttaagtc aagcagggct accaacccac 10560
acttgataga aaagctgctt accattcaga agcttcctta ttacctggcc tccaaatgag 10620
ctgaatattt tgtagccttc ccttagctat gttcatttte cctcecattat cataaaatca 10680
gatcgatatt tatgtgccce aaacaaaact ttaagagcag ttacattctg tcccagtage 10740
ccttgtttee tttgagagta gcatgttgtg aggctataga gacttattct accagtaaaa 10800
caggtcaatc cttttacatg tttattatac taaaaattat gttcagggta tttactactt 10860
tatttcacca gactcagtct caagtgactt ggctatctcce aaatcagatc tacccttaga 10920
gaataaacat ttttctaccg ttattttttt tcaagtctat aatctgagcc agtcccaaag 10980

gagtgatcaa gtttcagaaa tgctttcatc ttcacaacat tttatatata ctattatatg 11040
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gggtgaataa agttttaaat ccgaaatata aaaaaaaaaa aaaaaaaa 11088

<210> SEQ ID NO 9

<211> LENGTH: 2285

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Met Ala Ala Gln Val Ala Pro Ala Ala Ala Ser Ser Leu Gly Asn Pro
1 5 10 15

Pro Pro Pro Pro Pro Ser Glu Leu Lys Lys Ala Glu Gln Gln Gln Arg
20 25 30

Glu Glu Ala Gly Gly Glu Ala Ala Ala Ala Ala Ala Ala Glu Arg Gly
35 40 45

Glu Met Lys Ala Ala Ala Gly Gln Glu Ser Glu Gly Pro Ala Val Gly
50 55 60

Pro Pro Gln Pro Leu Gly Lys Glu Leu Gln Asp Gly Ala Glu Ser Asn
65 70 75 80

Gly Gly Gly Gly Gly Gly Gly Ala Gly Ser Gly Gly Gly Pro Gly Ala
85 90 95

Glu Pro Asp Leu Lys Asn Ser Asn Gly Asn Ala Gly Pro Arg Pro Ala
100 105 110

Leu Asn Asn Asn Leu Thr Glu Pro Pro Gly Gly Gly Gly Gly Gly Ser
115 120 125

Ser Asp Gly Val Gly Ala Pro Pro His Ser Ala Ala Ala Ala Leu Pro
130 135 140

Pro Pro Ala Tyr Gly Phe Gly Gln Pro Tyr Gly Arg Ser Pro Ser Ala
145 150 155 160

Val Ala Ala Ala Ala Ala Ala Val Phe His Gln Gln His Gly Gly Gln
165 170 175

Gln Ser Pro Gly Leu Ala Ala Leu Gln Ser Gly Gly Gly Gly Gly Leu
180 185 190

Glu Pro Tyr Ala Gly Pro Gln Gln Asn Ser His Asp His Gly Phe Pro
195 200 205

Asn His Gln Tyr Asn Ser Tyr Tyr Pro Asn Arg Ser Ala Tyr Pro Pro
210 215 220

Pro Ala Pro Ala Tyr Ala Leu Ser Ser Pro Arg Gly Gly Thr Pro Gly
225 230 235 240

Ser Gly Ala Ala Ala Ala Ala Gly Ser Lys Pro Pro Pro Ser Ser Ser
245 250 255

Ala Ser Ala Ser Ser Ser Ser Ser Ser Phe Ala Gln Gln Arg Phe Gly
260 265 270

Ala Met Gly Gly Gly Gly Pro Ser Ala Ala Gly Gly Gly Thr Pro Gln
275 280 285

Pro Thr Ala Thr Pro Thr Leu Asn Gln Leu Leu Thr Ser Pro Ser Ser
290 295 300

Ala Arg Gly Tyr Gln Gly Tyr Pro Gly Gly Asp Tyr Ser Gly Gly Pro
305 310 315 320

Gln Asp Gly Gly Ala Gly Lys Gly Pro Ala Asp Met Ala Ser Gln Cys
325 330 335

Trp Gly Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ser Gly Gly
340 345 350
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Ala Gln Gln Arg Ser His His Ala Pro Met Ser Pro Gly Ser Ser Gly
355 360 365

Gly Gly Gly Gln Pro Leu Ala Arg Thr Pro Gln Pro Ser Ser Pro Met
370 375 380

Asp Gln Met Gly Lys Met Arg Pro Gln Pro Tyr Gly Gly Thr Asn Pro
385 390 395 400

Tyr Ser Gln Gln Gln Gly Pro Pro Ser Gly Pro Gln Gln Gly His Gly
405 410 415

Tyr Pro Gly Gln Pro Tyr Gly Ser Gln Thr Pro Gln Arg Tyr Pro Met
420 425 430

Thr Met Gln Gly Arg Ala Gln Ser Ala Met Gly Gly Leu Ser Tyr Thr
435 440 445

Gln Gln Ile Pro Pro Tyr Gly Gln Gln Gly Pro Ser Gly Tyr Gly Gln
450 455 460

Gln Gly Gln Thr Pro Tyr Tyr Asn Gln Gln Ser Pro His Pro Gln Gln
465 470 475 480

Gln Gln Pro Pro Tyr Ser Gln Gln Pro Pro Ser Gln Thr Pro His Ala
485 490 495

Gln Pro Ser Tyr Gln Gln Gln Pro Gln Ser Gln Pro Pro Gln Leu Gln
500 505 510

Ser Ser Gln Pro Pro Tyr Ser Gln Gln Pro Ser Gln Pro Pro His Gln
515 520 525

Gln Ser Pro Ala Pro Tyr Pro Ser Gln Gln Ser Thr Thr Gln Gln His
530 535 540

Pro Gln Ser Gln Pro Pro Tyr Ser Gln Pro Gln Ala Gln Ser Pro Tyr
545 550 555 560

Gln Gln Gln Gln Pro Gln Gln Pro Ala Pro Ser Thr Leu Ser Gln Gln
565 570 575

Ala Ala Tyr Pro Gln Pro Gln Ser Gln Gln Ser Gln Gln Thr Ala Tyr
580 585 590

Ser Gln Gln Arg Phe Pro Pro Pro Gln Glu Leu Ser Gln Asp Ser Phe
595 600 605

Gly Ser Gln Ala Ser Ser Ala Pro Ser Met Thr Ser Ser Lys Gly Gly
610 615 620

Gln Glu Asp Met Asn Leu Ser Leu Gln Ser Arg Pro Ser Ser Leu Pro
625 630 635 640

Asp Leu Ser Gly Ser Ile Asp Asp Leu Pro Met Gly Thr Glu Gly Ala
645 650 655

Leu Ser Pro Gly Val Ser Thr Ser Gly Ile Ser Ser Ser Gln Gly Glu
660 665 670

Gln Ser Asn Pro Ala Gln Ser Pro Phe Ser Pro His Thr Ser Pro His
675 680 685

Leu Pro Gly Ile Arg Gly Pro Ser Pro Ser Pro Val Gly Ser Pro Ala
690 695 700

Ser Val Ala Gln Ser Arg Ser Gly Pro Leu Ser Pro Ala Ala Val Pro
705 710 715 720

Gly Asn Gln Met Pro Pro Arg Pro Pro Ser Gly Gln Ser Asp Ser Ile
725 730 735

Met His Pro Ser Met Asn Gln Ser Ser Ile Ala Gln Asp Arg Gly Tyr
740 745 750
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Met Gln Arg Asn Pro Gln Met Pro Gln Tyr Ser Ser Pro Gln Pro Gly
755 760 765

Ser Ala Leu Ser Pro Arg Gln Pro Ser Gly Gly Gln Ile His Thr Gly
770 775 780

Met Gly Ser Tyr Gln Gln Asn Ser Met Gly Ser Tyr Gly Pro Gln Gly
785 790 795 800

Gly Gln Tyr Gly Pro Gln Gly Gly Tyr Pro Arg Gln Pro Asn Tyr Asn
805 810 815

Ala Leu Pro Asn Ala Asn Tyr Pro Ser Ala Gly Met Ala Gly Gly Ile
820 825 830

Asn Pro Met Gly Ala Gly Gly Gln Met His Gly Gln Pro Gly Ile Pro
835 840 845

Pro Tyr Gly Thr Leu Pro Pro Gly Arg Met Ser His Ala Ser Met Gly
850 855 860

Asn Arg Pro Tyr Gly Pro Asn Met Ala Asn Met Pro Pro Gln Val Gly
865 870 875 880

Ser Gly Met Cys Pro Pro Pro Gly Gly Met Asn Arg Lys Thr Gln Glu
885 890 895

Thr Ala Val Ala Met His Val Ala Ala Asn Ser Ile Gln Asn Arg Pro
900 905 910

Pro Gly Tyr Pro Asn Met Asn Gln Gly Gly Met Met Gly Thr Gly Pro
915 920 925

Pro Tyr Gly Gln Gly Ile Asn Ser Met Ala Gly Met Ile Asn Pro Gln
930 935 940

Gly Pro Pro Tyr Ser Met Gly Gly Thr Met Ala Asn Asn Ser Ala Gly
945 950 955 960

Met Ala Ala Ser Pro Glu Met Met Gly Leu Gly Asp Val Lys Leu Thr
965 970 975

Pro Ala Thr Lys Met Asn Asn Lys Ala Asp Gly Thr Pro Lys Thr Glu
980 985 990

Ser Lys Ser Lys Lys Ser Ser Ser Ser Thr Thr Thr Asn Glu Lys Ile
995 1000 1005

Thr Lys Leu Tyr Glu Leu Gly Gly Glu Pro Glu Arg Lys Met Trp
1010 1015 1020

Val Asp Arg Tyr Leu Ala Phe Thr Glu Glu Lys Ala Met Gly Met
1025 1030 1035

Thr Asn Leu Pro Ala Val Gly Arg Lys Pro Leu Asp Leu Tyr Arg
1040 1045 1050

Leu Tyr Val Ser Val Lys Glu Ile Gly Gly Leu Thr Gln Val Asn
1055 1060 1065

Lys Asn Lys Lys Trp Arg Glu Leu Ala Thr Asn Leu Asn Val Gly
1070 1075 1080

Thr Ser Ser Ser Ala Ala Ser Ser Leu Lys Lys Gln Tyr Ile Gln
1085 1090 1095

Cys Leu Tyr Ala Phe Glu Cys Lys Ile Glu Arg Gly Glu Asp Pro
1100 1105 1110

Pro Pro Asp Ile Phe Ala Ala Ala Asp Ser Lys Lys Ser Gln Pro
1115 1120 1125

Lys Ile Gln Pro Pro Ser Pro Ala Gly Ser Gly Ser Met Gln Gly
1130 1135 1140

Pro Gln Thr Pro Gln Ser Thr Ser Ser Ser Met Ala Glu Gly Gly
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1145 1150 1155

Asp Leu Lys Pro Pro Thr Pro Ala Ser Thr Pro His Ser Gln Ile
1160 1165 1170

Pro Pro Leu Pro Gly Met Ser Arg Ser Asn Ser Val Gly Ile Gln
1175 1180 1185

Asp Ala Phe Asn Asp Gly Ser Asp Ser Thr Phe Gln Lys Arg Asn
1190 1195 1200

Ser Met Thr Pro Asn Pro Gly Tyr Gln Pro Ser Met Asn Thr Ser
1205 1210 1215

Asp Met Met Gly Arg Met Ser Tyr Glu Pro Asn Lys Asp Pro Tyr
1220 1225 1230

Gly Ser Met Arg Lys Ala Pro Gly Ser Asp Pro Phe Met Ser Ser
1235 1240 1245

Gly Gln Gly Pro Asn Gly Gly Met Gly Asp Pro Tyr Ser Arg Ala
1250 1255 1260

Ala Gly Pro Gly Leu Gly Asn Val Ala Met Gly Pro Arg Gln His
1265 1270 1275

Tyr Pro Tyr Gly Gly Pro Tyr Asp Arg Val Arg Thr Glu Pro Gly
1280 1285 1290

Ile Gly Pro Glu Gly Asn Met Ser Thr Gly Ala Pro Gln Pro Asn
1295 1300 1305

Leu Met Pro Ser Asn Pro Asp Ser Gly Met Tyr Ser Pro Ser Arg
1310 1315 1320

Tyr Pro Pro Gln Gln Gln Gln Gln Gln Gln Gln Arg His Asp Ser
1325 1330 1335

Tyr Gly Asn Gln Phe Ser Thr Gln Gly Thr Pro Ser Gly Ser Pro
1340 1345 1350

Phe Pro Ser Gln Gln Thr Thr Met Tyr Gln Gln Gln Gln Gln Asn
1355 1360 1365

Tyr Lys Arg Pro Met Asp Gly Thr Tyr Gly Pro Pro Ala Lys Arg
1370 1375 1380

His Glu Gly Glu Met Tyr Ser Val Pro Tyr Ser Thr Gly Gln Gly
1385 1390 1395

Gln Pro Gln Gln Gln Gln Leu Pro Pro Ala Gln Pro Gln Pro Ala
1400 1405 1410

Ser Gln Gln Gln Ala Ala Gln Pro Ser Pro Gln Gln Asp Val Tyr
1415 1420 1425

Asn Gln Tyr Gly Asn Ala Tyr Pro Ala Thr Ala Thr Ala Ala Thr
1430 1435 1440

Glu Arg Arg Pro Ala Gly Gly Pro Gln Asn Gln Phe Pro Phe Gln
1445 1450 1455

Phe Gly Arg Asp Arg Val Ser Ala Pro Pro Gly Thr Asn Ala Gln
1460 1465 1470

Gln Asn Met Pro Pro Gln Met Met Gly Gly Pro Ile Gln Ala Ser
1475 1480 1485

Ala Glu Val Ala Gln Gln Gly Thr Met Trp Gln Gly Arg Asn Asp
1490 1495 1500

Met Thr Tyr Asn Tyr Ala Asn Arg Gln Ser Thr Gly Ser Ala Pro
1505 1510 1515

Gln Gly Pro Ala Tyr His Gly Val Asn Arg Thr Asp Glu Met Leu
1520 1525 1530
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His Thr Asp Gln Arg Ala Asn His Glu Gly Ser Trp Pro Ser His
1535 1540 1545

Gly Thr Arg Gln Pro Pro Tyr Gly Pro Ser Ala Pro Val Pro Pro
1550 1555 1560

Met Thr Arg Pro Pro Pro Ser Asn Tyr Gln Pro Pro Pro Ser Met
1565 1570 1575

Gln Asn His Ile Pro Gln Val Ser Ser Pro Ala Pro Leu Pro Arg
1580 1585 1590

Pro Met Glu Asn Arg Thr Ser Pro Ser Lys Ser Pro Phe Leu His
1595 1600 1605

Ser Gly Met Lys Met Gln Lys Ala Gly Pro Pro Val Pro Ala Ser
1610 1615 1620

His Ile Ala Pro Ala Pro Val Gln Pro Pro Met Ile Arg Arg Asp
1625 1630 1635

Ile Thr Phe Pro Pro Gly Ser Val Glu Ala Thr Gln Pro Val Leu
1640 1645 1650

Lys Gln Arg Arg Arg Leu Thr Met Lys Asp Ile Gly Thr Pro Glu
1655 1660 1665

Ala Trp Arg Val Met Met Ser Leu Lys Ser Gly Leu Leu Ala Glu
1670 1675 1680

Ser Thr Trp Ala Leu Asp Thr Ile Asn Ile Leu Leu Tyr Asp Asp
1685 1690 1695

Asn Ser Ile Met Thr Phe Asn Leu Ser Gln Leu Pro Gly Leu Leu
1700 1705 1710

Glu Leu Leu Val Glu Tyr Phe Arg Arg Cys Leu Ile Glu Ile Phe
1715 1720 1725

Gly Ile Leu Lys Glu Tyr Glu Val Gly Asp Pro Gly Gln Arg Thr
1730 1735 1740

Leu Leu Asp Pro Gly Arg Phe Ser Lys Val Ser Ser Pro Ala Pro
1745 1750 1755

Met Glu Gly Gly Glu Glu Glu Glu Glu Leu Leu Gly Pro Lys Leu
1760 1765 1770

Glu Glu Glu Glu Glu Glu Glu Val Val Glu Asn Asp Glu Glu Ile
1775 1780 1785

Ala Phe Ser Gly Lys Asp Lys Pro Ala Ser Glu Asn Ser Glu Glu
1790 1795 1800

Lys Leu 1Ile Ser Lys Phe Asp Lys Leu Pro Val Lys Ile Val Gln
1805 1810 1815

Lys Asn Asp Pro Phe Val Val Asp Cys Ser Asp Lys Leu Gly Arg
1820 1825 1830

Val Gln Glu Phe Asp Ser Gly Leu Leu His Trp Arg Ile Gly Gly
1835 1840 1845

Gly Asp Thr Thr Glu His Ile Gln Thr His Phe Glu Ser Lys Thr
1850 1855 1860

Glu Leu Leu Pro Ser Arg Pro His Ala Pro Cys Pro Pro Ala Pro
1865 1870 1875

Arg Lys His Val Thr Thr Ala Glu Gly Thr Pro Gly Thr Thr Asp
1880 1885 1890

Gln Glu Gly Pro Pro Pro Asp Gly Pro Pro Glu Lys Arg Ile Thr
1895 1900 1905
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Ala Thr Met Asp Asp Met Leu Ser Thr Arg Ser Ser Thr Leu Thr
1910 1915 1920

Glu Asp Gly Ala Lys Ser Ser Glu Ala Ile Lys Glu Ser Ser Lys
1925 1930 1935

Phe Pro Phe Gly Ile Ser Pro Ala Gln Ser His Arg Asn Ile Lys
1940 1945 1950

Ile Leu Glu Asp Glu Pro His Ser Lys Asp Glu Thr Pro Leu Cys
1955 1960 1965

Thr Leu Leu Asp Trp Gln Asp Ser Leu Ala Lys Arg Cys Val Cys
1970 1975 1980

Val Ser Asn Thr Ile Arg Ser Leu Ser Phe Val Pro Gly Asn Asp
1985 1990 1995

Phe Glu Met Ser Lys His Pro Gly Leu Leu Leu Ile Leu Gly Lys
2000 2005 2010

Leu Ile Leu Leu His His Lys His Pro Glu Arg Lys Gln Ala Pro
2015 2020 2025

Leu Thr Tyr Glu Lys Glu Glu Glu Gln Asp Gln Gly Val Ser Cys
2030 2035 2040

Asn Lys Val Glu Trp Trp Trp Asp Cys Leu Glu Met Leu Arg Glu
2045 2050 2055

Asn Thr Leu Val Thr Leu Ala Asn Ile Ser Gly Gln Leu Asp Leu
2060 2065 2070

Ser Pro Tyr Pro Glu Ser Ile Cys Leu Pro Val Leu Asp Gly Leu
2075 2080 2085

Leu His Trp Ala Val Cys Pro Ser Ala Glu Ala Gln Asp Pro Phe
2090 2095 2100

Ser Thr Leu Gly Pro Asn Ala Val Leu Ser Pro Gln Arg Leu Val
2105 2110 2115

Leu Glu Thr Leu Ser Lys Leu Ser Ile Gln Asp Asn Asn Val Asp
2120 2125 2130

Leu Ile Leu Ala Thr Pro Pro Phe Ser Arg Leu Glu Lys Leu Tyr
2135 2140 2145

Ser Thr Met Val Arg Phe Leu Ser Asp Arg Lys Asn Pro Val Cys
2150 2155 2160

Arg Glu Met Ala Val Val Leu Leu Ala Asn Leu Ala Gln Gly Asp
2165 2170 2175

Ser Leu Ala Ala Arg Ala Ile Ala Val Gln Lys Gly Ser Ile Gly
2180 2185 2190

Asn Leu Leu Gly Phe Leu Glu Asp Ser Leu Ala Ala Thr Gln Phe
2195 2200 2205

Gln Gln Ser Gln Ala Ser Leu Leu His Met Gln Asn Pro Pro Phe
2210 2215 2220

Glu Pro Thr Ser Val Asp Met Met Arg Arg Ala Ala Arg Ala Leu
2225 2230 2235

Leu Ala Leu Ala Lys Val Asp Glu Asn His Ser Glu Phe Thr Leu
2240 2245 2250

Tyr Glu Ser Arg Leu Leu Asp Ile Ser Val Ser Pro Leu Met Asn
2255 2260 2265

Ser Leu Val Ser Gln Val Ile Cys Asp Val Leu Phe Leu Ile Gly
2270 2275 2280

Gln Ser
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2285
<210> SEQ ID NO 10
<211> LENGTH: 8585
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10
cagaaagcgg agagtcacag cggggcecagg ccctggggag cggagectcee accgecccecce 60
tcattcccag gcaagggett ggggggaatyg agecgggaga gecgggtece gagectacag 120
agcegggage agctgagecog ceggegecte ggecgeegee gecgectect cctectecege 180
cgeegecage cceggagectyg agecggeggg geggggggga gaggagegag cgcagegeag 240
cagcggagece ccgegaggece cgeccgggeg ggtggggagg geageecggdg ggactgggece 300
ccggggceggg gtgggagggyg gggagaagac gaagacaggg ccgggtctct ccgeggacga 360
gacagcegggg atcatggeeg cgcaggtege ccccgecgee gecagcageco tgggcaacec 420
gecgeegeeg cegecctegg agcetgaagaa agccgagcag cagcageggy aggaggeggyg 480
gggcgaggeg gcggceggegg cagcggecga gcgceggggaa atgaaggcag ccgecgggcea 540
ggaaagcgag ggccccgeeg tggggecgee gcagcecegetg ggaaaggagce tgcaggacgg 600
ggccgagage aatgggggtg geggcggcegg cggagcecgge ageggeggeg ggcccggege 660
ggagcceggac ctgaagaact cgaacgggaa cgcgggccct aggeccgecce tgaacaataa 720
cctecacggag ccgeccggeg goeggeggtgg cggcageage gatggggtgg gggegectece 780
tcactcagee geggecgect tgecgececee agectacgge ttegggcaac cctacggecg 840
gagccegtet geegtegeeg cegecgegge cgcecgtette caccaacaac atggeggaca 900
acaaagccct ggectggeag cgctgcagag cggeggegge gggggectgg agecctacge 960
ggggccccag cagaactcte acgaccacgyg cttccccaac caccagtaca actcctacta 1020
cceccaaccge agcegectace cecegecege cceggectac gegetgaget ccccgagagg 1080
tggcactceg ggcteeggeg cggeggegge tgecggetece aagecgecte cctectecag 1140
cgectecegee tectegtegt cttegtectt cgectcagcag cgcttegggg ccatgggggyg 1200
aggcggeccee teegeggeag goegggggaac tceccagecce accgcecacce ccaccctcaa 1260
ccaactgete acgtegecca geteggeceg gggctaccag ggctacceceg ggggegacta 1320
cagtggeggyg ccccaggacg ggggcgeegg caagggeceg geggacatgg cctegecagtg 1380
ttggggggct geggeggegg cagetgegge ggeggecgece tegggagggg cccaacaaag 1440
gagccaccac gcgceccatga gecccgggayg cageggcegge ggggggcage cgetegeceg 1500
gaccecctcag ccatccagte caatggatca gatgggcaag atgagacctc agccatatgg 1560
cgggactaac ccatactege agcaacaggg acctecgtea ggaccgcage aaggacatgg 1620
gtacccaggg cagccatacg ggtcccagac cccgcagegg tacccgatga ccatgeaggg 1680
ccgggegcag agtgccatgg geggectcte ttatacacag cagattccte cttatggaca 1740
acaaggcccce agcegggtatg gtcaacaggg ccagactcca tattacaacce agcaaagtcece 1800
tcaccctecag cagcagcage caccctacte ccagcaacca cegtcccaga ccectcatge 1860
ccaaccttecg tatcagcagc agccacagtc tcaaccacca cagctccagt cctctcagece 1920
tccatactcece cagcagccat cccagcectcee acatcagcag tccccggcte catacccecte 1980
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ccagcagteg acgacacagc agcacccecca gagcecagece ccectactcac agccacagge 2040
tcagtctect taccagcagce agcaacctca gecagccagea ccectegacge tcteccagea 2100
ggctgcgtat cctcageccce agtcectcagca gtcccagcaa actgectatt cccagcageg 2160
cttcecteca cecgcaggagce tatctcaaga ttcatttggg tcectcaggcat cctcagccce 2220
ctcaatgacc tccagtaagg gagggcaaga agatatgaac ctgagccttce agtcaagacc 2280
ctccagettg cctgatctat ctggttcaat agatgacctce cccatgggga cagaaggagc 2340
tctgagtect ggagtgagca catcagggat ttccagcagce caaggagagce agagtaatcce 2400
agctcagtct cctttctete ctcataccte ccctcacctg cectggcatee gaggecctte 2460
ccegtecect gttggctete cegeccagtgt tgctcagtet cgctcaggac cactctegece 2520
tgctgcagtyg ccaggcaacc agatgccacce teggccaccee agtggccagt cggacagcat 2580
catgcatcct tccatgaacc aatcaagcat tgcccaagat cgaggttata tgcagaggaa 2640
cceccagatg cecccagtaca gttceccceccca gceceecggetca gecttatcte cgegtcagece 2700
ttececggagga cagatacaca caggcatggg ctectaccag cagaactcca tggggagcta 2760
tggteccccag gggggtcagt atggcccaca aggtggctac cccaggcage caaactataa 2820
tgccttgece aatgccaact accccagtge aggcatggct ggaggcataa accccatggg 2880
tgccggaggt caaatgcatg gacagcctgg catcccacct tatggcacac teccctcecagg 2940
gaggatgagt cacgcctcca tgggcaaccg gccttatgge cctaacatgg ccaatatgece 3000
acctcaggtt gggtcaggga tgtgtcccce accaggggge atgaaccgga aaacccaaga 3060
aactgctgtc geccatgcatg ttgctgccaa ctcectatccaa aacaggccgce caggctacce 3120
caatatgaat caagggggca tgatgggaac tggacctcecct tatggacaag ggattaatag 3180
tatggctgge atgatcaacc ctcagggacc cccatattcce atgggtggaa ccatggccaa 3240
caattctgca gggatggcag ccagcccaga gatgatgggce cttggggatg taaagttaac 3300
tccagecace aaaatgaaca acaaggcaga tgggacaccce aagacagaat ccaaatccaa 3360
gaaatccagt tcttctacta caaccaatga gaagatcacc aagttgtatg agctgggtgg 3420
tgagcctgag aggaagatgt gggtggaccg ttatctggcce ttcactgagg agaaggccat 3480
gggcatgaca aatctgecctg ctgtgggtag gaaacctctg gacctctatc gcecctcectatgt 3540
gtctgtgaag gagattggtg gattgactca ggtcaacaag aacaaaaaat ggcgggaact 3600
tgcaaccaac ctcaatgtgg gcacatcaag cagtgctgcce agctccttga aaaagcagta 3660
tatccagtgt ctctatgcct ttgaatgcaa gattgaacgg ggagaagacc ctcccccaga 3720
catctttgca gectgctgatt ccaagaagtc ccagcccaag atccagcecte cctcetectge 3780
gggatcagga tctatgcagg ggccccagac tccccagtca accagcagtt ccatggcaga 3840
aggaggagac ttaaagccac caactccage atccacacca cacagtcaga tccccccatt 3900
gccaggcatyg agcaggagca attcagttgg gatccaggat gectttaatg atggaagtga 3960
ctccacattc cagaagcgga attccatgac tccaaaccct gggtatcage ccagtatgaa 4020
tacctctgac atgatggggc gcatgtccta tgagccaaat aaggatcctt atggcagcat 4080
gaggaaagct ccagggagtg atcccttcat gtectcaggg cagggceccca acggcegggat 4140
gggtgaccee tacagtcgtg ctgccggeccce tgggctagga aatgtggcga tgggaccacy 4200

acagcactat ccctatggag gtccttatga cagagtgagg acggagcctg gaatagggcce 4260
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tgagggaaac atgagcactg gggccccaca gecgaatcte atgectteca acccagacte 4320
ggggatgtat tctecctagee gctacccccee gecagcagcag cagcagcagce agcaacgaca 4380
tgattcctat ggcaatcagt tcectccaccca aggcaccect tcectggcagece ccecttecccag 4440
ccagcagact acaatgtatc aacagcaaca gcagaattac aagcggccaa tggatggcac 4500
atatggccct cctgccaage ggcacgaagg ggagatgtac agegtgccat acagcactgg 4560
gcaggggcayg cctcagcage agcagttgcece cccageccag ceccagectg ccagecagea 4620
acaagctgcce cagccttecece ctcagcaaga tgtatacaac cagtatggca atgcctatcce 4680
tgccactgee acagctgcta ctgagegecg accagcagge ggceccccaga accaatttcee 4740
attccagttt ggccgagacc gtgtctectge accccctgge accaatgccce agcaaaacat 4800
gccaccacaa atgatgggeg gccccataca ggcatcaget gaggttgetce agcaaggcac 4860
catgtggcag gggcgtaatg acatgaccta taattatgcc aacaggcaga gcacgggctce 4920
tgccecccag ggcccecgect atcatggegt gaaccgaaca gatgaaatgce tgcacacaga 4980
tcagagggcee aaccacgaag gectcegtggece tteccatgge acacgccage ccccatatgg 5040
tcectetgee cectgtgceeccee ccatgacaag gcccccteca tctaactacce agcccccace 5100
aagcatgcag aatcacattc ctcaggtatc cagccctget ceccctgceccee ggccaatgga 5160
gaaccgcacc tctectagca agtcectccatt cctgcactet gggatgaaaa tgcagaaggce 5220
aggtccceccca gtacctgect cgcacatagce acctgccect gtgcagcecce ccatgattceg 5280
gcgggatate accttcecccac ctggctetgt tgaagccaca cagcecctgtgt tgaagcagag 5340
gaggcggcte acaatgaaag acattggaac cccggaggca tggcgggtaa tgatgtccect 5400
caagtctggt ctcctggcag agagcacatg ggcattagat accatcaaca tecctgctgta 5460
tgatgacaac agcatcatga ccttcaacct cagtcagctc ccagggttgce tagagctcect 5520
tgtagaatat ttccgacgat gcctgattga gatctttgge attttaaagg agtatgaggt 5580
gggtgaccca ggacagagaa cgctactgga tcctgggagg ttcagcaagg tgtctagtcece 5640
agcteccatyg gagggtgggyg aagaagaaga agaacttcta ggtcctaaac tagaagagga 5700
agaagaagag gaagtagttg aaaatgatga ggagatagcc ttttcaggca aggacaagcc 5760
agcttcagag aatagtgagg agaagctgat cagtaagttt gacaagcttc cagtaaagat 5820
cgtacagaag aatgatccat ttgtggtgga ctgctcagat aagcttgggc gtgtgcagga 5880
gtttgacagt ggcctgctge actggcggat tggtgggggg gacaccactg agcatatcca 5940
gacccactte gagagcaaga cagagctgcet gectteccgg cctcacgcac cctgeccace 6000
agccectegg aagcatgtga caacagcaga gggtacacca gggacaacag accaggaggg 6060
gccececcacct gatggaccte cagaaaaacg gatcacagec actatggatg acatgttgtce 6120
tactcggtct agcaccttga ccgaggatgg agctaagagt tcagaggcca tcaaggagag 6180
cagcaagttt ccatttggca ttagcccagce acagagccac cggaacatca agatcctaga 6240
ggacgaaccce cacagtaagg atgagacccc actgtgtacc cttcectggact ggcaggattce 6300
tcttgccaag cgctgcgtet gtgtgtccaa taccattcga agcectgtcat ttgtgccagg 6360
caatgacttt gagatgtcca aacacccagg gctgctgcectce atcctgggca agctgatcect 6420
gctgcaccac aagcacccag aacggaagca ggcaccacta acttatgaaa aggaggagga 6480

acaggaccaa ggggtgagct gcaacaaagt ggagtggtgg tgggactgct tggagatgcet 6540
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ccgggaaaac accttggtta cactcgccaa catctcgggg cagttggacce tatctcecata 6600
ccecgagage atttgectge ctgtcectgga cggactcecta cactgggcag tttgccctte 6660
agctgaagcce caggaccect tttceccaccct gggccccaat gecgtecttt cecccgcagag 6720
actggtcecttg gaaaccctca gcaaactcag catccaggac aacaatgtgg acctgattct 6780
ggccacacce cccttcagcee gcecctggagaa gttgtatage actatggtgce gcttectceag 6840
tgaccgaaag aacccggtgt gecgggagat ggctgtggta ctgctggcca acctggctca 6900
gggggacagc ctggcagcte gtgccattge agtgcagaag ggcagtatcg gcaacctect 6960
gggettecta gaggacagee ttgecgecac acagttcecag cagagccagg ccagectect 7020
ccacatgcag aacccaccct ttgagccaac tagtgtggac atgatgcggce gggctgcccg 7080
cgecgetgett gecttggeca aggtggacga gaaccactca gagtttactce tgtacgaatce 7140
acggctgttg gacatctegg tatcaccgtt gatgaactca ttggtttcac aagtcatttg 7200
tgatgtactg tttttgattg gccagtcatg acagccgtgg gacacctcece ccccceegtgt 7260
gtgtgtgegt gtgtggagaa cttagaaact gactgttgcc ctttatttat gcaaaaccac 7320
ctcagaatcc agtttaccct gtgctgtcca gcttcecteect tgggaaaaag tcectctcectgt 7380
ttectectetee tecttceccace teccectecct ccatcaccte acgcectttet gttecttgte 7440
ctcaccttac tcccectcagg accctaccce acccectcetttg aaaagacaaa gcetctgecta 7500
catagaagac tttttttatt ttaaccaaag ttactgttgt ttacagtgag tttggggaaa 7560
aaaaataaaa taaaaatggc tttcccagtc cttgcatcaa cgggatgcca catttcataa 7620
ctgtttttaa tggtaaaaaa aaaaaaaaaa aatacaaaaa aaaattctga aggacaaaaa 7680
aggtgactgc tgaactgtgt gtggtttatt gttgtacatt cacaatcttg caggagccaa 7740
gaagttcgca gttgtgaaca gaccctgttce actggagagg cctgtgcagt agagtgtaga 7800
ccetttecatg tactgtactyg tacacctgat actgtaaaca tactgtaata ataatgtctce 7860
acatggaaac agaaaacgct gggtcagcag caagctgtag tttttaaaaa tgtttttagt 7920
taaacgttga ggagaaaaaa aaaaaaggct tttcccccaa agtatcatgt gtgaacctac 7980
aacaccctga cctcetttete tectecttga ttgtatgaat aaccctgaga tcacctcetta 8040
gaactggttt taacctttag ctgcagcggce tacgctgcca cgtgtgtata tatatgacgt 8100
tgtacattgc acataccctt ggatccccac agtttggtecce tectcecccage tacccecttta 8160
tagtatgacg agttaacaag ttggtgacct gcacaaagcg agacacagct atttaatctce 8220
ttgccagata tcgcccctet tggtgcgatg ctgtacaggt ctctgtaaaa agtccttget 8280
gtctcagcag ccaatcaact tatagtttat ttttttctgg gtttttgttt tgttttgttt 8340
tctttcectaat cgaggtgtga aaaagttcta ggttcagttg aagttctgat gaagaaacac 8400
aattgagatt ttttcagtga taaaatctgc atatttgtat ttcaacaatg tagctaaaac 8460
ttgatgtaaa ttcctccttt ttttcectttt ttggcttaat gaatatcatt tattcagtat 8520
gaaatcttta tactatatgt tccacgtgtt aagaataaat gtacattaaa tcttggtaag 8580

acttt 8585

<210> SEQ ID NO 11

<211> LENGTH: 2068

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 11

Met Ala Ala Gln Val Ala Pro Ala Ala Ala Ser Ser Leu Gly Asn Pro
1 5 10 15

Pro Pro Pro Pro Pro Ser Glu Leu Lys Lys Ala Glu Gln Gln Gln Arg
20 25 30

Glu Glu Ala Gly Gly Glu Ala Ala Ala Ala Ala Ala Ala Glu Arg Gly
Glu Met Lys Ala Ala Ala Gly Gln Glu Ser Glu Gly Pro Ala Val Gly
50 55 60

Pro Pro Gln Pro Leu Gly Lys Glu Leu Gln Asp Gly Ala Glu Ser Asn
65 70 75 80

Gly Gly Gly Gly Gly Gly Gly Ala Gly Ser Gly Gly Gly Pro Gly Ala
85 90 95

Glu Pro Asp Leu Lys Asn Ser Asn Gly Asn Ala Gly Pro Arg Pro Ala
100 105 110

Leu Asn Asn Asn Leu Thr Glu Pro Pro Gly Gly Gly Gly Gly Gly Ser
115 120 125

Ser Asp Gly Val Gly Ala Pro Pro His Ser Ala Ala Ala Ala Leu Pro
130 135 140

Pro Pro Ala Tyr Gly Phe Gly Gln Pro Tyr Gly Arg Ser Pro Ser Ala
145 150 155 160

Val Ala Ala Ala Ala Ala Ala Val Phe His Gln Gln His Gly Gly Gln
165 170 175

Gln Ser Pro Gly Leu Ala Ala Leu Gln Ser Gly Gly Gly Gly Gly Leu
180 185 190

Glu Pro Tyr Ala Gly Pro Gln Gln Asn Ser His Asp His Gly Phe Pro
195 200 205

Asn His Gln Tyr Asn Ser Tyr Tyr Pro Asn Arg Ser Ala Tyr Pro Pro
210 215 220

Pro Ala Pro Ala Tyr Ala Leu Ser Ser Pro Arg Gly Gly Thr Pro Gly
225 230 235 240

Ser Gly Ala Ala Ala Ala Ala Gly Ser Lys Pro Pro Pro Ser Ser Ser
245 250 255

Ala Ser Ala Ser Ser Ser Ser Ser Ser Phe Ala Gln Gln Arg Phe Gly
260 265 270

Ala Met Gly Gly Gly Gly Pro Ser Ala Ala Gly Gly Gly Thr Pro Gln
275 280 285

Pro Thr Ala Thr Pro Thr Leu Asn Gln Leu Leu Thr Ser Pro Ser Ser
290 295 300

Ala Arg Gly Tyr Gln Gly Tyr Pro Gly Gly Asp Tyr Ser Gly Gly Pro
305 310 315 320

Gln Asp Gly Gly Ala Gly Lys Gly Pro Ala Asp Met Ala Ser Gln Cys
325 330 335

Trp Gly Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ala Ser Gly Gly
340 345 350

Ala Gln Gln Arg Ser His His Ala Pro Met Ser Pro Gly Ser Ser Gly
355 360 365

Gly Gly Gly Gln Pro Leu Ala Arg Thr Pro Gln Pro Ser Ser Pro Met
370 375 380

Asp Gln Met Gly Lys Met Arg Pro Gln Pro Tyr Gly Gly Thr Asn Pro
385 390 395 400
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Tyr Ser Gln Gln Gln Gly Pro Pro Ser Gly Pro Gln Gln Gly His Gly
405 410 415

Tyr Pro Gly Gln Pro Tyr Gly Ser Gln Thr Pro Gln Arg Tyr Pro Met
420 425 430

Thr Met Gln Gly Arg Ala Gln Ser Ala Met Gly Gly Leu Ser Tyr Thr
435 440 445

Gln Gln Ile Pro Pro Tyr Gly Gln Gln Gly Pro Ser Gly Tyr Gly Gln
450 455 460

Gln Gly Gln Thr Pro Tyr Tyr Asn Gln Gln Ser Pro His Pro Gln Gln
465 470 475 480

Gln Gln Pro Pro Tyr Ser Gln Gln Pro Pro Ser Gln Thr Pro His Ala
485 490 495

Gln Pro Ser Tyr Gln Gln Gln Pro Gln Ser Gln Pro Pro Gln Leu Gln
500 505 510

Ser Ser Gln Pro Pro Tyr Ser Gln Gln Pro Ser Gln Pro Pro His Gln
515 520 525

Gln Ser Pro Ala Pro Tyr Pro Ser Gln Gln Ser Thr Thr Gln Gln His
530 535 540

Pro Gln Ser Gln Pro Pro Tyr Ser Gln Pro Gln Ala Gln Ser Pro Tyr
545 550 555 560

Gln Gln Gln Gln Pro Gln Gln Pro Ala Pro Ser Thr Leu Ser Gln Gln
565 570 575

Ala Ala Tyr Pro Gln Pro Gln Ser Gln Gln Ser Gln Gln Thr Ala Tyr
580 585 590

Ser Gln Gln Arg Phe Pro Pro Pro Gln Glu Leu Ser Gln Asp Ser Phe
595 600 605

Gly Ser Gln Ala Ser Ser Ala Pro Ser Met Thr Ser Ser Lys Gly Gly
610 615 620

Gln Glu Asp Met Asn Leu Ser Leu Gln Ser Arg Pro Ser Ser Leu Pro
625 630 635 640

Asp Leu Ser Gly Ser Ile Asp Asp Leu Pro Met Gly Thr Glu Gly Ala
645 650 655

Leu Ser Pro Gly Val Ser Thr Ser Gly Ile Ser Ser Ser Gln Gly Glu
660 665 670

Gln Ser Asn Pro Ala Gln Ser Pro Phe Ser Pro His Thr Ser Pro His
675 680 685

Leu Pro Gly Ile Arg Gly Pro Ser Pro Ser Pro Val Gly Ser Pro Ala
690 695 700

Ser Val Ala Gln Ser Arg Ser Gly Pro Leu Ser Pro Ala Ala Val Pro
705 710 715 720

Gly Asn Gln Met Pro Pro Arg Pro Pro Ser Gly Gln Ser Asp Ser Ile
725 730 735

Met His Pro Ser Met Asn Gln Ser Ser Ile Ala Gln Asp Arg Gly Tyr
740 745 750

Met Gln Arg Asn Pro Gln Met Pro Gln Tyr Ser Ser Pro Gln Pro Gly
755 760 765

Ser Ala Leu Ser Pro Arg Gln Pro Ser Gly Gly Gln Ile His Thr Gly
770 775 780

Met Gly Ser Tyr Gln Gln Asn Ser Met Gly Ser Tyr Gly Pro Gln Gly
785 790 795 800
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Gly Gln Tyr Gly Pro Gln Gly Gly Tyr Pro Arg Gln Pro Asn Tyr Asn
805 810 815

Ala Leu Pro Asn Ala Asn Tyr Pro Ser Ala Gly Met Ala Gly Gly Ile
820 825 830

Asn Pro Met Gly Ala Gly Gly Gln Met His Gly Gln Pro Gly Ile Pro
835 840 845

Pro Tyr Gly Thr Leu Pro Pro Gly Arg Met Ser His Ala Ser Met Gly
850 855 860

Asn Arg Pro Tyr Gly Pro Asn Met Ala Asn Met Pro Pro Gln Val Gly
865 870 875 880

Ser Gly Met Cys Pro Pro Pro Gly Gly Met Asn Arg Lys Thr Gln Glu
885 890 895

Thr Ala Val Ala Met His Val Ala Ala Asn Ser Ile Gln Asn Arg Pro
900 905 910

Pro Gly Tyr Pro Asn Met Asn Gln Gly Gly Met Met Gly Thr Gly Pro
915 920 925

Pro Tyr Gly Gln Gly Ile Asn Ser Met Ala Gly Met Ile Asn Pro Gln
930 935 940

Gly Pro Pro Tyr Ser Met Gly Gly Thr Met Ala Asn Asn Ser Ala Gly
945 950 955 960

Met Ala Ala Ser Pro Glu Met Met Gly Leu Gly Asp Val Lys Leu Thr
965 970 975

Pro Ala Thr Lys Met Asn Asn Lys Ala Asp Gly Thr Pro Lys Thr Glu
980 985 990

Ser Lys Ser Lys Lys Ser Ser Ser Ser Thr Thr Thr Asn Glu Lys Ile
995 1000 1005

Thr Lys Leu Tyr Glu Leu Gly Gly Glu Pro Glu Arg Lys Met Trp
1010 1015 1020

Val Asp Arg Tyr Leu Ala Phe Thr Glu Glu Lys Ala Met Gly Met
1025 1030 1035

Thr Asn Leu Pro Ala Val Gly Arg Lys Pro Leu Asp Leu Tyr Arg
1040 1045 1050

Leu Tyr Val Ser Val Lys Glu Ile Gly Gly Leu Thr Gln Val Asn
1055 1060 1065

Lys Asn Lys Lys Trp Arg Glu Leu Ala Thr Asn Leu Asn Val Gly
1070 1075 1080

Thr Ser Ser Ser Ala Ala Ser Ser Leu Lys Lys Gln Tyr Ile Gln
1085 1090 1095

Cys Leu Tyr Ala Phe Glu Cys Lys Ile Glu Arg Gly Glu Asp Pro
1100 1105 1110

Pro Pro Asp Ile Phe Ala Ala Ala Asp Ser Lys Lys Ser Gln Pro
1115 1120 1125

Lys Ile Gln Pro Pro Ser Pro Ala Gly Ser Gly Ser Met Gln Gly
1130 1135 1140

Pro Gln Thr Pro Gln Ser Thr Ser Ser Ser Met Ala Glu Gly Gly
1145 1150 1155

Asp Leu Lys Pro Pro Thr Pro Ala Ser Thr Pro His Ser Gln Ile
1160 1165 1170

Pro Pro Leu Pro Gly Met Ser Arg Ser Asn Ser Val Gly Ile Gln
1175 1180 1185

Asp Ala Phe Asn Asp Gly Ser Asp Ser Thr Phe Gln Lys Arg Asn
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1190 1195 1200

Ser Met Thr Pro Asn Pro Gly Tyr Gln Pro Ser Met Asn Thr Ser
1205 1210 1215

Asp Met Met Gly Arg Met Ser Tyr Glu Pro Asn Lys Asp Pro Tyr
1220 1225 1230

Gly Ser Met Arg Lys Ala Pro Gly Ser Asp Pro Phe Met Ser Ser
1235 1240 1245

Gly Gln Gly Pro Asn Gly Gly Met Gly Asp Pro Tyr Ser Arg Ala
1250 1255 1260

Ala Gly Pro Gly Leu Gly Asn Val Ala Met Gly Pro Arg Gln His
1265 1270 1275

Tyr Pro Tyr Gly Gly Pro Tyr Asp Arg Val Arg Thr Glu Pro Gly
1280 1285 1290

Ile Gly Pro Glu Gly Asn Met Ser Thr Gly Ala Pro Gln Pro Asn
1295 1300 1305

Leu Met Pro Ser Asn Pro Asp Ser Gly Met Tyr Ser Pro Ser Arg
1310 1315 1320

Tyr Pro Pro Gln Gln Gln Gln Gln Gln Gln Gln Arg His Asp Ser
1325 1330 1335

Tyr Gly Asn Gln Phe Ser Thr Gln Gly Thr Pro Ser Gly Ser Pro
1340 1345 1350

Phe Pro Ser Gln Gln Thr Thr Met Tyr Gln Gln Gln Gln Gln Val
1355 1360 1365

Ser Ser Pro Ala Pro Leu Pro Arg Pro Met Glu Asn Arg Thr Ser
1370 1375 1380

Pro Ser Lys Ser Pro Phe Leu His Ser Gly Met Lys Met Gln Lys
1385 1390 1395

Ala Gly Pro Pro Val Pro Ala Ser His Ile Ala Pro Ala Pro Val
1400 1405 1410

Gln Pro Pro Met Ile Arg Arg Asp Ile Thr Phe Pro Pro Gly Ser
1415 1420 1425

Val Glu Ala Thr Gln Pro Val Leu Lys Gln Arg Arg Arg Leu Thr
1430 1435 1440

Met Lys Asp Ile Gly Thr Pro Glu Ala Trp Arg Val Met Met Ser
1445 1450 1455

Leu Lys Ser Gly Leu Leu Ala Glu Ser Thr Trp Ala Leu Asp Thr
1460 1465 1470

Ile Asn Ile Leu Leu Tyr Asp Asp Asn Ser Ile Met Thr Phe Asn
1475 1480 1485

Leu Ser Gln Leu Pro Gly Leu Leu Glu Leu Leu Val Glu Tyr Phe
1490 1495 1500

Arg Arg Cys Leu Ile Glu Ile Phe Gly Ile Leu Lys Glu Tyr Glu
1505 1510 1515

Val Gly Asp Pro Gly Gln Arg Thr Leu Leu Asp Pro Gly Arg Phe
1520 1525 1530

Ser Lys Val Ser Ser Pro Ala Pro Met Glu Gly Gly Glu Glu Glu
1535 1540 1545

Glu Glu Leu Leu Gly Pro Lys Leu Glu Glu Glu Glu Glu Glu Glu
1550 1555 1560

Val Val Glu Asn Asp Glu Glu Ile Ala Phe Ser Gly Lys Asp Lys
1565 1570 1575
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Pro Ala Ser Glu Asn Ser Glu Glu Lys Leu Ile Ser Lys Phe Asp
1580 1585 1590

Lys Leu Pro Val Lys Ile Val Gln Lys Asn Asp Pro Phe Val Val
1595 1600 1605

Asp Cys Ser Asp Lys Leu Gly Arg Val Gln Glu Phe Asp Ser Gly
1610 1615 1620

Leu Leu His Trp Arg Ile Gly Gly Gly Asp Thr Thr Glu His Ile
1625 1630 1635

Gln Thr His Phe Glu Ser Lys Thr Glu Leu Leu Pro Ser Arg Pro
1640 1645 1650

His Ala Pro Cys Pro Pro Ala Pro Arg Lys His Val Thr Thr Ala
1655 1660 1665

Glu Gly Thr Pro Gly Thr Thr Asp Gln Glu Gly Pro Pro Pro Asp
1670 1675 1680

Gly Pro Pro Glu Lys Arg Ile Thr Ala Thr Met Asp Asp Met Leu
1685 1690 1695

Ser Thr Arg Ser Ser Thr Leu Thr Glu Asp Gly Ala Lys Ser Ser
1700 1705 1710

Glu Ala 1Ile Lys Glu Ser Ser Lys Phe Pro Phe Gly Ile Ser Pro
1715 1720 1725

Ala Gln Ser His Arg Asn Ile Lys Ile Leu Glu Asp Glu Pro His
1730 1735 1740

Ser Lys Asp Glu Thr Pro Leu Cys Thr Leu Leu Asp Trp Gln Asp
1745 1750 1755

Ser Leu Ala Lys Arg Cys Val Cys Val Ser Asn Thr Ile Arg Ser
1760 1765 1770

Leu Ser Phe Val Pro Gly Asn Asp Phe Glu Met Ser Lys His Pro
1775 1780 1785

Gly Leu Leu Leu Ile Leu Gly Lys Leu Ile Leu Leu His His Lys
1790 1795 1800

His Pro Glu Arg Lys Gln Ala Pro Leu Thr Tyr Glu Lys Glu Glu
1805 1810 1815

Glu Gln Asp Gln Gly Val Ser Cys Asn Lys Val Glu Trp Trp Trp
1820 1825 1830

Asp Cys Leu Glu Met Leu Arg Glu Asn Thr Leu Val Thr Leu Ala
1835 1840 1845

Asn Ile Ser Gly Gln Leu Asp Leu Ser Pro Tyr Pro Glu Ser Ile
1850 1855 1860

Cys Leu Pro Val Leu Asp Gly Leu Leu His Trp Ala Val Cys Pro
1865 1870 1875

Ser Ala Glu Ala Gln Asp Pro Phe Ser Thr Leu Gly Pro Asn Ala
1880 1885 1890

Val Leu Ser Pro Gln Arg Leu Val Leu Glu Thr Leu Ser Lys Leu
1895 1900 1905

Ser Ile Gln Asp Asn Asn Val Asp Leu Ile Leu Ala Thr Pro Pro
1910 1915 1920

Phe Ser Arg Leu Glu Lys Leu Tyr Ser Thr Met Val Arg Phe Leu
1925 1930 1935

Ser Asp Arg Lys Asn Pro Val Cys Arg Glu Met Ala Val Val Leu
1940 1945 1950
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Leu Ala Asn Leu Ala Gln Gly Asp Ser Leu Ala Ala Arg Ala Ile
1955 1960 1965

Ala Val Gln Lys Gly Ser Ile Gly Asn Leu Leu Gly Phe Leu Glu
1970 1975 1980

Asp Ser Leu Ala Ala Thr Gln Phe Gln Gln Ser Gln Ala Ser Leu
1985 1990 1995

Leu His Met Gln Asn Pro Pro Phe Glu Pro Thr Ser Val Asp Met
2000 2005 2010

Met Arg Arg Ala Ala Arg Ala Leu Leu Ala Leu Ala Lys Val Asp
2015 2020 2025

Glu Asn His Ser Glu Phe Thr Leu Tyr Glu Ser Arg Leu Leu Asp
2030 2035 2040

Ile Ser Val Ser Pro Leu Met Asn Ser Leu Val Ser Gln Val Ile
2045 2050 2055

Cys Asp Val Leu Phe Leu Ile Gly Gln Ser
2060 2065

<210> SEQ ID NO 12

<211> LENGTH: 7934

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

cagaaagcgg agagtcacag cggggcecagg ccctggggag cggagectcee accgecccecce 60
tcattcccag gcaagggett ggggggaatyg agecgggaga gecgggtece gagectacag 120
agcegggage agctgagecog ceggegecte ggecgeegee gecgectect cctectecege 180

cgeegecage cceggagectyg agecggeggg geggggggga gaggagegag cgcagegeag 240
cagcggagece ccgegaggece cgeccgggeg ggtggggagg geageecggdg ggactgggece 300
ccggggceggg gtgggagggyg gggagaagac gaagacaggg ccgggtctct ccgeggacga 360
gacagcegggg atcatggeeg cgcaggtege ccccgecgee gecagcageco tgggcaacec 420
gecgeegeeg cegecctegg agcetgaagaa agccgagcag cagcageggy aggaggeggyg 480
gggcgaggeg gcggceggegg cagcggecga gcgceggggaa atgaaggcag ccgecgggcea 540
ggaaagcgag ggccccgeeg tggggecgee gcagcecegetg ggaaaggagce tgcaggacgg 600
ggccgagage aatgggggtg geggcggcegg cggagcecgge ageggeggeg ggcccggege 660
ggagcceggac ctgaagaact cgaacgggaa cgcgggccct aggeccgecce tgaacaataa 720
cctecacggag ccgeccggeg goeggeggtgg cggcageage gatggggtgg gggegectece 780
tcactcagee geggecgect tgecgececee agectacgge ttegggcaac cctacggecg 840
gagccegtet geegtegeeg cegecgegge cgcecgtette caccaacaac atggeggaca 900
acaaagccct ggectggeag cgctgcagag cggeggegge gggggectgg agecctacge 960
ggggccccag cagaactcte acgaccacgyg cttccccaac caccagtaca actcctacta 1020
cceccaaccge agcegectace cecegecege cceggectac gegetgaget ccccgagagg 1080
tggcactceg ggcteeggeg cggeggegge tgecggetece aagecgecte cctectecag 1140
cgectecegee tectegtegt cttegtectt cgectcagcag cgcttegggg ccatgggggyg 1200
aggcggeccee teegeggeag goegggggaac tceccagecce accgcecacce ccaccctcaa 1260

ccaactgete acgtegecca geteggeceg gggctaccag ggctacceceg ggggegacta 1320
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cagtggeggyg ccccaggacg ggggcgeegg caagggeceg geggacatgg cctegecagtg 1380
ttggggggct geggeggegg cagetgegge ggeggecgece tegggagggg cccaacaaag 1440

gagccaccac gcgceccatga gecccgggayg cageggcegge ggggggcage cgetegeceg 1500

gaccecctcag ccatccagte caatggatca gatgggcaag atgagacctc agccatatgg 1560
cgggactaac ccatactcgce agcaacaggg acctccegtea ggaccgcage aaggacatgg 1620
gtacccaggyg cagccatacg ggtcccagac cccgcagegg tacccgatga ccatgcaggg 1680

ccgggegcag agtgccatgg geggectcte ttatacacag cagattccte cttatggaca 1740

acaaggccce agcgggtatg gtcaacaggg ccagactcca tattacaacc agcaaagtcce 1800
tcaccctcag cagcagcagce caccctactce ccagcaacca ccegtceccaga cccctcatge 1860
ccaaccttecg tatcagcagc agccacagtc tcaaccacca cagctccagt cctctcagece 1920
tccatactcece cagcagccat cccagcectcee acatcagcag tccccggcte catacccecte 1980

ccagcagteg acgacacagc agcacccecca gagcecagece ccectactcac agccacagge 2040
tcagtctect taccagcagce agcaacctca gecagccagea ccectegacge tcteccagea 2100
ggctgcgtat cctcageccce agtcectcagca gtcccagcaa actgectatt cccagcageg 2160
cttcecteca cecgcaggagce tatctcaaga ttcatttggg tcectcaggcat cctcagccce 2220
ctcaatgacc tccagtaagg gagggcaaga agatatgaac ctgagccttce agtcaagacc 2280
ctccagettg cctgatctat ctggttcaat agatgacctce cccatgggga cagaaggagc 2340
tctgagtect ggagtgagca catcagggat ttccagcagce caaggagagce agagtaatcce 2400
agctcagtct cctttctete ctcataccte ccctcacctg cectggcatee gaggecctte 2460
ccegtecect gttggctete cegeccagtgt tgctcagtet cgctcaggac cactctegece 2520
tgctgcagtyg ccaggcaacc agatgccacce teggccaccee agtggccagt cggacagcat 2580
catgcatcct tccatgaacc aatcaagcat tgcccaagat cgaggttata tgcagaggaa 2640
cceccagatg cecccagtaca gttceccceccca gceceecggetca gecttatcte cgegtcagece 2700
ttececggagga cagatacaca caggcatggg ctectaccag cagaactcca tggggagcta 2760
tggteccccag gggggtcagt atggcccaca aggtggctac cccaggcage caaactataa 2820
tgccttgece aatgccaact accccagtge aggcatggct ggaggcataa accccatggg 2880
tgccggaggt caaatgcatg gacagcctgg catcccacct tatggcacac teccctcecagg 2940
gaggatgagt cacgcctcca tgggcaaccg gccttatgge cctaacatgg ccaatatgece 3000
acctcaggtt gggtcaggga tgtgtcccce accaggggge atgaaccgga aaacccaaga 3060
aactgctgtc geccatgcatg ttgctgccaa ctcectatccaa aacaggccgce caggctacce 3120
caatatgaat caagggggca tgatgggaac tggacctcecct tatggacaag ggattaatag 3180
tatggctgge atgatcaacc ctcagggacc cccatattcce atgggtggaa ccatggccaa 3240
caattctgca gggatggcag ccagcccaga gatgatgggce cttggggatg taaagttaac 3300
tccagecace aaaatgaaca acaaggcaga tgggacaccce aagacagaat ccaaatccaa 3360
gaaatccagt tcttctacta caaccaatga gaagatcacc aagttgtatg agctgggtgg 3420
tgagcctgag aggaagatgt gggtggaccg ttatctggcce ttcactgagg agaaggccat 3480
gggcatgaca aatctgecctg ctgtgggtag gaaacctctg gacctctatc gcecctcectatgt 3540

gtctgtgaag gagattggtg gattgactca ggtcaacaag aacaaaaaat ggcgggaact 3600
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tgcaaccaac ctcaatgtgg gcacatcaag cagtgctgcce agctccttga aaaagcagta 3660
tatccagtgt ctctatgcct ttgaatgcaa gattgaacgg ggagaagacc ctcccccaga 3720
catctttgca gectgctgatt ccaagaagtc ccagcccaag atccagcecte cctcetectge 3780
gggatcagga tctatgcagg ggccccagac tccccagtca accagcagtt ccatggcaga 3840
aggaggagac ttaaagccac caactccage atccacacca cacagtcaga tccccccatt 3900
gccaggcatyg agcaggagca attcagttgg gatccaggat gectttaatg atggaagtga 3960
ctccacattc cagaagcgga attccatgac tccaaaccct gggtatcage ccagtatgaa 4020
tacctctgac atgatggggc gcatgtccta tgagccaaat aaggatcctt atggcagcat 4080
gaggaaagct ccagggagtg atcccttcat gtectcaggg cagggceccca acggcegggat 4140
gggtgaccee tacagtcgtg ctgccggeccce tgggctagga aatgtggcga tgggaccacy 4200
acagcactat ccctatggag gtccttatga cagagtgagg acggagcctg gaatagggcce 4260
tgagggaaac atgagcactg gggccccaca gecgaatcte atgectteca acccagacte 4320
ggggatgtat tctecctagee gctacccccee gecagcagcag cagcagcagce agcaacgaca 4380
tgattcctat ggcaatcagt tcectccaccca aggcaccect tcectggcagece ccecttecccag 4440
ccagcagact acaatgtatc aacagcaaca gcaggtatce agccctgete ccctgecccg 4500
gccaatggag aaccgcacct ctectagcaa gtctceccatte ctgcactcectg ggatgaaaat 4560
gcagaaggca ggtcccccag tacctgecte gecacatagca cctgccectg tgcagcccee 4620
catgattcgg cgggatatca ccttcccacce tggctctgtt gaagccacac agectgtgtt 4680
gaagcagagyg aggcggctca caatgaaaga cattggaacc ccggaggcat ggcgggtaat 4740
gatgtccecte aagtctggte tcectggcaga gagcacatgg gcattagata ccatcaacat 4800
cctgctgtat gatgacaaca gcatcatgac cttcaacctc agtcagctcce cagggttgcet 4860
agagctcecctt gtagaatatt tccgacgatg cctgattgag atctttggca ttttaaagga 4920
gtatgaggtg ggtgacccag gacagagaac gctactggat cctgggaggt tcagcaaggt 4980
gtctagtcca gctecccatgg agggtgggga agaagaagaa gaacttctag gtcctaaact 5040
agaagaggaa gaagaagagg aagtagttga aaatgatgag gagatagcct tttcaggcaa 5100
ggacaagcca gcttcagaga atagtgagga gaagctgatc agtaagtttg acaagcttcce 5160
agtaaagatc gtacagaaga atgatccatt tgtggtggac tgctcagata agcttgggcg 5220
tgtgcaggag tttgacagtg gcctgctgca ctggcggatt ggtggggggg acaccactga 5280
gcatatccag acccacttceg agagcaagac agagctgcetg cctteceegge ctcacgcacce 5340
ctgcecacca gccectegga agcatgtgac aacagcagag ggtacaccag ggacaacaga 5400
ccaggagggg cccccacctg atggacctee agaaaaacgg atcacagcca ctatggatga 5460
catgttgtct actcggtcta gcaccttgac cgaggatgga gctaagagtt cagaggccat 5520
caaggagagc agcaagtttc catttggcat tagcccagea cagagccacce ggaacatcaa 5580
gatcctagag gacgaaccce acagtaagga tgagacccca ctgtgtaccce ttcectggactg 5640
gcaggattcect cttgccaage gctgcgtetg tgtgtccaat accattcgaa gcctgtcatt 5700
tgtgccagge aatgactttg agatgtccaa acacccaggg ctgctgctca tectgggcaa 5760

getgatcectyg ctgcaccaca agcacccaga acggaagcag gcaccactaa cttatgaaaa 5820

ggaggaggaa caggaccaag gggtgagctyg caacaaagtg gagtggtggt gggactgett 5880
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ggagatgctc cgggaaaaca ccttggttac actcgccaac atctcggggce agttggacct 5940
atctccatac cccgagagca tttgcctgce tgtectggac ggactcctac actgggcagt 6000
ttgceccttca gectgaagece aggacccecctt ttecacccetg ggccccaatg cegtecttte 6060
ccegeagaga ctggtettgg aaaccctcag caaactcage atccaggaca acaatgtgga 6120
cctgattetg geccacaccee ccttcagecg cctggagaag ttgtatagca ctatggtgeg 6180
cttcctecagt gaccgaaaga acccggtgtg ccgggagatg getgtggtac tgctggccaa 6240
cctggetcag ggggacagcec tggcagctceg tgccattgca gtgcagaagg gcagtatcegg 6300
caacctccetyg ggcttectag aggacagect tgecgccaca cagttccage agagcecagge 6360
cagcctecte cacatgcaga acccaccctt tgagccaact agtgtggaca tgatgcggceg 6420
ggctgcecege gegetgettg ccttggecaa ggtggacgag aaccactcag agtttactcet 6480
gtacgaatca cggctgttgg acatctceggt atcaccgttg atgaactcat tggtttcaca 6540
agtcatttgt gatgtactgt ttttgattgg ccagtcatga cagccgtggg acacctcccce 6600
ccecegtgtg tgtgtgegtyg tgtggagaac ttagaaactg actgttgcce tttatttatg 6660
caaaaccacc tcagaatcca gtttaccctg tgctgtecag cttcteccctt gggaaaaagt 6720
ctctectgtt tetcectcectect cectteccacct ccecteecte catcaccteca cgectttetg 6780
ttecttgtee tcaccttact cccctcagga ccectacccecca cectectttga aaagacaaag 6840
ctctgectac atagaagact ttttttattt taaccaaagt tactgttgtt tacagtgagt 6900
ttggggaaaa aaaataaaat aaaaatggct ttcccagtcc ttgcatcaac gggatgccac 6960
atttcataac tgtttttaat ggtaaaaaaa aaaaaaaaaa atacaaaaaa aaattctgaa 7020
ggacaaaaaa ggtgactgct gaactgtgtg tggtttattg ttgtacattc acaatcttge 7080
aggagccaag aagttcgcag ttgtgaacag accctgttca ctggagaggc ctgtgcagta 7140
gagtgtagac cctttcatgt actgtactgt acacctgata ctgtaaacat actgtaataa 7200
taatgtctca catggaaaca gaaaacgctg ggtcagcagc aagctgtagt ttttaaaaat 7260
gtttttagtt aaacgttgag gagaaaaaaa aaaaaggctt ttcccccaaa gtatcatgtg 7320
tgaacctaca acaccctgac ctctttectcet cctecttgat tgtatgaata accctgagat 7380
cacctcttag aactggtttt aacctttagce tgcagcggct acgctgccac gtgtgtatat 7440
atatgacgtt gtacattgca catacccttg gatccccaca gtttggtcecet ccteccaget 7500
acccctttat agtatgacga gttaacaagt tggtgacctg cacaaagcga gacacagcta 7560
tttaatctct tgccagatat cgcccctcett ggtgcgatge tgtacaggtce tcetgtaaaaa 7620
gtcettgetyg tcetcagcage caatcaactt atagtttatt tttttcetggg tttttgtttt 7680
gttttgtttt ctttctaatc gaggtgtgaa aaagttctag gttcagttga agttctgatg 7740
aagaaacaca attgagattt tttcagtgat aaaatctgca tatttgtatt tcaacaatgt 7800
agctaaaact tgatgtaaat tcctcctttt tttecttttt tggcttaatg aatatcattt 7860
attcagtatg aaatctttat actatatgtt ccacgtgtta agaataaatg tacattaaat 7920

cttggtaaga cttt 7934

<210> SEQ ID NO 13

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthesized peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: wherein the Lys is attached to a biotin and an

amide

<400> SEQUENCE: 13

Ala Thr Lys Ala Ala Arg Lys Ser Ala Pro Ala Thr Gly Gly Val Lys

1 5 10

Lys Pro His Arg Tyr Arg Pro Gly Gly Lys
20 25

<210> SEQ ID NO 14

<211> LENGTH: 26

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(7)

15

<223> OTHER INFORMATION: wherein the Lys is trimethylated

<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: wherein the Lys is attached to a biotin and an

amide

<400> SEQUENCE: 14

Ala Thr Lys Ala Ala Arg Lys Ser Ala Pro Ala Thr Gly Gly Val Lys

1 5 10

Lys Pro His Arg Tyr Arg Pro Gly Gly Lys
20 25

15

1. A method for treating or alleviating a symptom of a
SWI/SNF-associated cancer in a subject comprising admin-
istering to a subject in need thereof a therapeutically effec-
tive amount of an EZH2 inhibitor, wherein the subject has a
cancer selected from the group consisting of brain and
central nervous system cancer, head and neck cancer, kidney
cancer, ovarian cancer, pancreatic cancer, leukemia, lung
cancer, lymphoma, myeloma, sarcoma, breast cancer, and
prostate cancetr.

2. The method of claim 1, wherein the SWI/SNF-associ-
ated cancer is characterized by reduced expression or loss of
function of the SWI/SNF complex or one or more compo-
nents of the SWI/SNF complex.

3. The method of claim 1, wherein the subject has a cancer
selected from the group consisting of medulloblastoma,
malignant rhabdoid tumor and atypical teratoid/rhabdoid
tumor.

4. The method of claim 2, wherein the one or more
components are selected from the group consisting of SNF5,
ATRX and ARIDI1A.

5. The method of claim 2, wherein the loss of function is
caused by a loss of function mutation resulting from a point
mutation, a deletion and/or an insertion.

6. The method of claim 1, wherein the subject has a
deletion of SNF5.

7. The method of claim 1, wherein the subject has a
mutation of ATRX selected from the group consisting of a
substitution of asparagine (N) for the wild type residue
lysine (K) at amino acid position 688 of SEQ ID NO: 5
(K688N), and a substitution of isoleucine (I) for the wild
type residue methionine (M) at amino acid position 366 of
SEQ ID NO: 5 (M366]).

8. The method of claim 1, wherein said subject has a
mutation of ARID1A selected from the group consisting of
a nonsense mutation for the wild type residue cysteine (C)
at amino acid position 884 of SEQ ID NO: 11 (C884%), a
substitution of lysine (K) for the wild type residue glutamic
acid (E) at amino acid position 966 (E966K), a nonsense
mutation for the wild type residue glutamine (Q) at amino
acid position 1411 of SEQ ID NO: 11 (Q1411%*), a frame
shift mutation at the wild type residue phenylalanine (F) at
amino acid position 1720 of SEQ ID NO: 11 (F1720fs), a
frame shift mutation after the wild type residue glycine (G)
at amino acid position 1847 of SEQ ID NO: 11 (G1847fs),
a frame shift mutation at the wild type residue cysteine (C)
at amino acid position 1874 of SEQ ID NO: 11 (C1874fs),
a substitution of glutamic acid (E) for the wild type residue
aspartic acid (D) at amino acid position 1957 (D1957E), a
nonsense mutation for the wild type residue glutamine (Q)
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at amino acid position 1430 of SEQ ID NO: 11 (Q1430%),
a frame shift mutation at the wild type residue arginine (R)
at amino acid position 1721 of SEQ ID NO: 11 (R1721fs),
a substitution of glutamic acid (E) for the wild type residue
glycine (G) at amino acid position 1255 (G1255E), a frame
shift mutation at the wild type residue glycine (G) at amino
acid position 284 of SEQ ID NO: 11 (G284fs), a nonsense
mutation for the wild type residue arginine (R) at amino acid
position 1722 of SEQ ID NO: 11 (R1722%), a frame shift
mutation at the wild type residue methionine (M) at amino
acid position 274 of SEQ ID NO: 11 (M274f1s), a frame shift
mutation at the wild type residue glycine (G) at amino acid
position 1847 of SEQ ID NO: 11 (G18471s), a frame shift
mutation at the wild type residue P at amino acid position
559 of SEQ ID NO: 11 (P559fs), a nonsense mutation for the
wild type residue arginine (R) at amino acid position 1276
of SEQ ID NO: 11 (R1276%*), a frame shift mutation at the
wild type residue glutamine (QQ) at amino acid position 2176
of SEQ ID NO: 11 (Q2176fs), a frame shift mutation at the
wild type residue histidine (H) at amino acid position 203 of
SEQ ID NO: 11 (H2031s), a frame shift mutation at the wild
type residue alanine (A) at amino acid position 591 of SEQ
ID NO: 11 (A5911s), a nonsense mutation for the wild type
residue glutamine (QQ) at amino acid position 1322 of SEQ
1D NO: 11 (Q1322%), a nonsense mutation for the wild type
residue serine (S) at amino acid position 2264 of SEQ ID
NO: 11 (82264%*), a nonsense mutation for the wild type
residue glutamine (Q) at amino acid position 586 of SEQ ID
NO: 11 (Q586%*), a frame shift mutation at the wild type
residue glutamine (Q) at amino acid position 548 of SEQ ID
NO: 11 (Q5481s), and a frame shift mutation at the wild type
residue asparagine (N) at amino acid position 756 of SEQ ID
NO: 11 (N756fs).

9-18. (canceled)

19. A method of inducing neuronal differentiation, cell
cycle inhibition, gene expression or tumor suppression com-
prising contacting a cell with an EZH2 inhibitor.

20. The method of claim 19, wherein the EZH2 inhibitor
is in an amount sufficient to increase expression of at least
one gene selected from the group consisting of CD133,
DOCK4, PTPRK, CKDN1A, CDKN2A, and BINI.

21. A method of inhibiting hedgehog signaling or gene
expression comprising contacting a cell with an EZH2
inhibitor.

22. The method of claim 21, wherein the EZH2 inhibitor
is in an amount sufficient to reduce expression of GLI1
and/or PTCHI.

23. (canceled)

24. The method of claim 19, wherein the EZH2 inhibitor
is in an amount sufficient to induce neuronal differentiation,
cell cycle inhibition and/or tumor suppression.

25-26. (canceled)

27. The method of claim 21, wherein the EZH2 inhibitor
is in an amount sufficient to inhibit hedgehog signaling.
28. (canceled)

29. The method of claim 19, wherein the cell comprises
loss of function of SNF5, ARID1A, ATRX, and/or a com-
ponent of the SWI/SNF complex.

Aug. 20, 2020

30. The method of claim 29, wherein the loss of function
is caused by a deletion of SNFS.

31. The method of claim 19, wherein the cell is a cancer
cell.

32. The method of claim 31, wherein the cancer is
selected from the group consisting of medulloblastoma,
malignant rhabdoid tumor, and atypical teratoid rhabdoid
tumor.

33. The method of claim 1, wherein the EZH2 inhibitor is:
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or pharmaceutically acceptable salt thereof.

34. The method of claim 1, wherein the EZH2 inhibitor is:
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or pharmaceutically acceptable salt thereof.
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