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(57) ABSTRACT

Provided herein are a kit and method for detecting mutations
in CTNNBI1, and their use in detection and management of
hepatocellular carcinoma (HCC). The kit comprises a first
pair of primers, configured to specifically bind sequences
flanking the genomic region for amplifying the genomic
region in a first PCR reaction; and at least one clamp, each
configured to bind to one first allele but not any second allele
at an annealing temperature in the first PCR reaction to
thereby selectively suppress amplification of the one first
allele but still allow amplification of other second allele(s).
A method for detecting or monitoring recurrence of HCC is
further disclosed, which comprises determining levels of
five DNA markers, including CTNNB1 mutations, hTERT
mutations, TP53 mutations, RASSF1A methylation, and
GSTP1 methylation.

Specification includes a Sequence Listing.
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CTNNB1 MUTATION DETECTION KIT,
METHOD, AND USE IN HCC DETECTION
AND MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a divisional application
of U.S. patent application Ser. No. 15/492,385 filed on Apr.
20, 2017, which claims the benefit of U.S. Provisional
Application No. 62/325,457 filed on Apr. 20, 2016. The
disclosure of these above patent documents is hereby incor-
porated by reference in their entirety.

GOVERNMENT SUPPORT

[0002] This invention was made with government support
under R43CA165312 and R44CA165312 awarded by the
National Institute of Health. The government has certain
rights in the invention.

REFERENCE TO SEQUENCE LISTING
SUBMITTED ELECTRONICALLY

[0003] The content of the electronically submitted
sequence listing, file name seq-listing-ST25.1xt, size 5,820
bytes, and date of creation Mar. 20, 2020, filed herewith, is
incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0004] The present disclosure relates generally to the field
of biotechnology, and more specifically to early molecular
cancer detection and disease management, including detect-
ing and quantitatively measuring mutations and methylation
in nucleic acid sequences associated with cancer using
samples from tissues and biological fluids, and in more
particular to a method for screening, detection and disease
management of the hepatocellular carcinoma (HCC).

BACKGROUND

[0005] Hepatocellular carcinoma (HCC) is an aggressive
malignancy that has a survival rate of 14% (Simard, Ward et
al. 2012, American Cancer Society 2017). HCC is the fifth
most common cancer in the world, and is the second leading
cause of cancer mortality, responsible for between 250,000
and 800,000 deaths per year (Howlader N 2016). Most HCC
patients are diagnosed at a late stage using conventional
methods of detection, with a survival rate less than 5% after
the diagnosis and subsequent treatment. The prognosis is
much better if HCC patients are diagnosed at an early stage
and treated with surgical and chemotherapeutic intervention.
Unfortunately, the early stage of liver cancer is mostly
asymptomatic, making the early detection of liver cancer a
challenge.

[0006] Current methods in detecting HCC include moni-
toring high risk groups, such as those infected with HBV or
HCV, with regular (usually annual or biannual) physical
examinations, serum liver function tests (LFTs), ultrasound
and other imaging studies. These methods all have their
shortcomings. For example, ultrasound imaging is not sen-
sitive for detecting small liver lesions. Other imaging meth-
ods, such as CT scan and MM scan, are very expensive and
submit patients to radiation exposure, prohibiting routine
use of such methods.
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[0007] In addition to imaging techniques, elevated serum
concentrations of alpha-fetoprotein (AFP) is a useful surro-
gate marker for HCC, because on an average 50% of HCC
patients have an elevated AFP level at the time of diagnosis.
However, the elevated level of AFP is influenced by and can
result from a number of non-malignant conditions. It is
nearly impossible to detect HCC sufficiently early using
current methods. Thus, there is a clear and urgent need for
non-invasive, sensitive, reliable methods for the early detec-
tion of HCC (Bruix and Sherman 2011).

[0008] The high mortality rate of HCC (where 85% of
patients die within 5 years) is mainly due to late detection
and a high recurrence rate (Sherman 2008, Kamiyama,
Nakanishi et al. 2009, Hung, Wong et al. 2016). Rates of
recurrence range from 15% for liver transplantation to
nearly 100% for surgery or ablation. Recurrence is most
common within 2 years.

[0009] The high HCC recurrence rate can be attributed to
(1) incomplete treatment, (2) micro-metastases within the
liver, and (3) de novo lesions (Sherman 2008).

[0010] The early detection of recurrent HCC has been
difficulty with the currently available diagnostic methods
and serial imaging (Kamiyama, Nakanishi et al. 2009,
Minami and Kudo 2015). Notably, there are no specific
guidelines addressing how HCC recurrence should be moni-
tored. MRI/CT imaging is the gold standard for diagnosis,
although it is expensive and has limited utility in the
detection of small tumors (<2 cm), tumors in the presence of
previously treated lesions (especially from local ablation),
cirrhosis, obesity, and dysplastic nodules (Willatt, Hussain et
al. 2008, Minami, Nishida et al. 2014, Minami and Kudo
2015). Thus, there is an urgent unmet medical need to have
a sensitive test for monitoring HCC recurrence.

SUMMARY

[0011] In a first aspect, the present disclosure provides a
kit for characterizing, in a biological sample containing at
least one first allele of a gene, at least one second allele in
a genomic region of the gene. The kit comprises a first pair
of primers and at least one clamp. The first pair of primers
are configured to specifically bind sequences flanking the
genomic region to thereby allow amplification of at least one
polynucleotide harboring the genomic region in a first PCR
reaction; and each of the at least one clamp is configured to
bind to one of the at least one first allele but not any of the
at least one second allele at an annealing temperature in the
first PCR reaction to thereby selectively suppress amplifi-
cation of the one of the at least one first allele but still allow
amplification of the at least one second allele.

[0012] Herein the genomic region can be a mutation
hotspot where multiple mutation sites are concentrated in the
mutation hotspot, such as hotspot region 1 of the CTNNB1
gene, which corresponds to codon 32-37 of -catenin protein
(encoded by CTNNB1), but the genomic region can be a
short region that covers one mutation. Herein “characteriz-
ing” can be “detecting/identifying” or “quantifying”, etc.
Herein, the “clamp” can be a bridged nucleic acid (BNA)
clamp, a locked nucleic acid (LNA) clamp, or any other
molecule that can selectively bind to, thus clamp, one or
more first allele to be suppressed for amplification while
does not clamp one or more second allele to be allowed for
amplification in the first PCR reaction.

[0013] The kit can further comprise a second pair of
primers and at least one probe, which are configured to allow
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characterization of one or more of the at least one second
allele in a second PCR reaction over the at least one
polynucleotide. Herein the second PCR reaction can be a
real-time PCR, or a quantitative PCR, etc., and the probe can
be a hydrolysis probe (such as a fluorescent probe) that
allows for quantification purpose for the second PCR reac-
tion.

[0014] According to some embodiments, at least one of
the first pair of primers comprises an oligonucleotide of an
artificial sequence at a 5'-end thereof and is configured to
interrupt a secondary structure of DNA molecules of the
gene or to increase a Tm of the at least one of the first pair
of primers in the first PCR reaction using amplified products
as templates to thereby increase an efficiency of the ampli-
fication of the at least one polynucleotide in the first PCR
reaction.

[0015] In some embodiments of the kit, the gene is
CTNNBI, the genomic region is hotspot region 1 encoding
codons 32-37 of CTNNBI, the at least one first allele
comprises a wild-type allele of CTNNBI in hotspot region
1, the at least one second allele comprises one or more
mutant alleles of CTNNBI in hotspot region 1, and the at
least one clamp comprises a bridged nucleic acid (BNA)
clamp specifically targeting the wildtype allele of CTNNBI1.
For the first PCR reaction, the BNA clamp can have a
nucleotide sequence as set forth in SEQ ID NO: 3, and the
first pair of primers can respectively have a nucleotide
sequence as set forth in SEQ ID NO: 1 and SEQ ID NO: 2.
For the second PCR reaction, the probe can be a hydrolysis
probe having a nucleotide sequence as set forth in SEQ ID
NO: 4, which is configured to allow detection or quantifi-
cation of the one or more mutant alleles of CINNB1 in a
second PCR reaction over the at least one polynucleotide
obtained from the first PCR reaction.

[0016] In some other embodiments of the kit, the gene is
hTERT, the genomic region comprises nucleotide position
-129 to -119 upstream from a start codon of hTERT, the at
least one first allele comprises a wildtype allele of hTERT,
the at least one second allele comprises one or more mutant
alleles of hTERT in the genomic region, and the at least one
clamp comprises a bridged nucleic acid (BNA) clamp spe-
cifically targeting the wild-type allele of hTERT. To increase
PCR efficiency, the kit can further include DMSO, which
can have a concentration of ~5% in the first PCR reaction.
For the first PCR reaction, the BNA clamp can have a
nucleotide sequence as set forth in SEQ ID NO: 13, and the
first pair of primers can respectively have a nucleotide
sequence as set forth in SEQ ID NO: 11 and SEQ ID NO:
12. For the second PCR reaction, the probe can be a
hydrolysis probe having a nucleotide sequence as set forth in
SEQ ID NO: 15 or SEQ ID NO: 16, which are configured
to respectively allow detection or quantification of the
wildtype allele or any of the one or more mutant alleles of
hTERT in a second PCR reaction over the at least one
polynucleotide obtained from the first PCR reaction. Addi-
tionally, a second pair of primers respectively having a
nucleotide sequence as set forth in SEQ ID NO: 11 and SEQ
ID NO: 14 can be included in the kit, which are configured
to be employed in the second PCR reaction.

[0017] In a second aspect, the present disclosure further
provides a method for characterizing, in a biological sample
containing at least one first allele of a gene, at least one
second allele in a genomic region of the gene, by means of
the kit as described above.
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[0018] The method comprises step (a): performing the first
PCR reaction over a mixture of the biological sample, the
first pair of primers, and the at least one clamp to thereby
obtain a first PCR product. Step (a) can comprise a sub-step
of annealing the mixture at an annealing temperature for a
time period such that each of the at least one clamp binds to
one of the at least one first allele but not any of the at least
one second allele to thereby selectively suppress amplifica-
tion of the one of the at least one first allele but still allow
amplification of the at least one second allele.

[0019] The method can further comprise step (b): perform-
ing a second PCR reaction over the first PCR product by
means of a second pair of primers and at least one probe to
allow characterization of one or more of the at least one
second allele.

[0020] In some embodiments of the method, the second
PCR reaction in step (b) is configured to quantify one or
more of the at least one second allele. As such, a first cycle
number for the first PCR reaction and a second cycle number
for the second PCR reaction are configured to avoid non-
specific amplification and to ensure amplification is within a
range of linearity.

[0021] In some embodiments of the method, the gene is
CTNNBI, the genomic region is hotspot region 1 encoding
codons 32-37 of CTNNBI, the at least one first allele
comprises a wildtype allele of CTNNB1 in hotspot region 1,
the at least one second allele comprises one or more mutant
alleles of CTNNBI in hotspot region 1, the first pair of
primers respectively have a nucleotide sequence as set forth
in SEQ ID NO: 1 and SEQ ID NO: 2, and the at least one
clamp comprises a bridged nucleic acid (BNA) clamp hav-
ing a nucleotide sequence as set forth in SEQ ID NO: 3.
Accordingly, in the sub-step of annealing the mixture at an
annealing temperature for a time period in the first PCR
reaction, the annealing temperature can have a range of
52-56° C. In order to quantify CTNNB1 mutations, the
method includes step (b): performing a second PCR reaction
over the first PCR product by means of a second pair of
primers and a probe, respectively having nucleotide
sequences as set forth in SEQ ID NO: 1, SEQ ID NO: 2, and
SEQ ID NO: 4.

[0022] In some other embodiments of the method, the
gene is hTERT, the genomic region comprises nucleotide
position =129 to -119 upstream from a start codon of
hTERT, the at least one first allele comprises a wildtype
allele of hTERT, the at least one second allele comprises one
or more mutant alleles of hTERT in the genomic region, the
first pair of primers respectively have a nucleotide sequence
as set forth in SEQ ID NO: 11 and SEQ ID NO: 12, and the
at least one clamp comprises a bridged nucleic acid (BNA)
clamp having a nucleotide sequence as set forth in SEQ ID
NO: 13. Accordingly, in the sub-step of annealing the
mixture at an annealing temperature for a time period in the
first PCR reaction, the annealing temperature can have a
range of 78-82° C. In order to quantify hTERT mutation(s),
the method includes step (b): performing a second PCR
reaction over the first PCR product by means of a second
pair of primers and a probe, wherein the second pair of
primers respectively have a nucleotide sequences as set forth
in SEQ ID NO: 11 and SEQ ID NO: 14; and the probe has
a nucleotide sequence as set forth in SEQ ID NO: 15 or SEQ
ID NO: 16, configured to respectively allow detection or
quantification of the wildtype allele or any of the one or
more mutant alleles of hTERT.
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[0023] In a third aspect, the disclosure further provides a
method of detecting or monitoring a recurrence of hepato-
cellular carcinoma (HCC), in a DNA sample obtained from
a biological sample of a subject in need thereof. The method
comprises the step of: (i) determining a level of mutation or
methylation of one or more genes from a group consisting of
TP53, CTNNBI1, hTERT, RASSF1A, and GSTP1 in the
biological sample; and (ii) detecting a presence or an
absence of HCC based on the level of mutation or methyl-
ation of the one or more genes.

[0024] Herein the biological sample can be an tissue
sample, such as a biopsy sample, or can be a blood, serum,
gastrointestinal fluid, bile, cerebrospinal fluid, pericardial,
vaginal fluid, seminal fluid, prostatic fluid, peritoneal fluid,
pleural fluid, urine, synovial fluid, interstitial fluid, intrac-
ellular fluid or cytoplasm and lymph, bronchial secretions,
mucus, or vitreous or aqueous humor. A particularly useful
biological sample in the present disclosure is urine sample.
[0025] According to some embodiments, step (i) com-
prises determining a level of mutation of CTNNB1 in the
biological sample, which comprises the sub-steps of:
[0026] performing a first PCR reaction over a mixture of
the biological sample, a first pair of primers, and a clamp to
thereby obtain a first PCR product, wherein the first pair of
primers and the clamp respectively have a nucleotide
sequence as set forth in SEQ ID NO: 1, SEQ ID NO: 2, and
SEQ ID NO: 3; and

[0027] performing a second PCR reaction over the first
PCR product by means of a second pair of primers and a
probe to determine the level of mutation of CTNNBI,
wherein: the second pair of primers and the probe respec-
tively have a nucleotide sequence as set forth in SEQ ID NO:
1, SEQ ID NO: 2, and SEQ ID NO: 4.

[0028] Herein the biological sample can be a urine sample,
and step (ii) can comprise: detecting a presence of HCC, if
the level of mutation of CTNNBI in the urine sample is
more than or equal to 10 copies of mutated CTNNBI1 per
1,000 copies of CTNNB1 gene.

[0029] According to some other embodiments, step (i)
comprises: determining a level of mutation of h'TERT in the
biological sample, which comprises the sub-steps of:
[0030] performing a first PCR reaction over a mixture of
the biological sample, a first pair of primers, and a clamp to
thereby obtain a first PCR product, wherein the first pair of
primers and the clamp respectively have a nucleotide
sequence as set forth in SEQ ID NO: 11, SEQ ID NO: 12,
and SEQ ID NO: 13; and

[0031] performing a second PCR reaction over the first
PCR product by means of a second pair of primers and a
probe to determine the level of mutation of hTERT, wherein:
the second pair of primers and the probe respectively have
a nucleotide sequence as set forth in SEQ ID NO: 11, SEQ
ID NO: 14, and SEQ ID NO: 16.

[0032] Herein the biological sample can be a urine sample,
and step (ii) can comprise: detecting a presence of HCC, if
the level of mutation of hTERT in the urine sample is more
than or equal to 20 copies of mutated hTERT per 1,000
copies of hTERT gene.

[0033] According to some embodiments of the method,
step (i) comprises: determining a level of mutation or
methylation of each of TP53, CTNNBI1, hTERT, RASSF1A,
and GSTP1 in the biological sample; and step (ii) comprises:
detecting a presence or an absence of HCC based on the
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level of mutation or methylation of each of TP53, CTNNB1,
hTERT, RASSF1A, and GSTP1 in the biological sample.
[0034] According to some other embodiments of the
method, step (i) further comprises: determining a level of
alpha-fetoprotein (AFP) in the biological sample; and step
(i1) comprises: detecting a presence or an absence of HCC
based on the level of mutation or methylation of each of
TP53, CTNNBI, hTERT, RASSF1A, and GSTPI, and the
level of AFP, in the biological sample.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 shows a schematic of the CTNNBI1 (encod-
ing .beta.-catenin) exon 3 mutational frequencies associated
with HCC: Data from several studies that have sequenced
CTNNBI1 exon 3 in patients with HCC was compiled and is
depicted in this graph. Nearly 90% of all HCC tumors with
a mutation in CTNNBI1 reside within one of two hotspot
regions: region 1 (codons 32-37; 54.6%) and region 2
(codons 41-45; 34.3%). The X-axis denotes the codon
number in exon 3 of CTNNBI1 gene and the amino acid
encoded by it is indicated below. The box linked to the
indicated amino acid lists the reported missense mutations
within the codon and the corresponding amino acid.
[0036] FIGS. 2A-2B show the development of a BNA-
clamp mediated PCR assay to detect CTNNBI1 hotspot
mutations: FIG. 2A shows the primers that were designed
flanking the hotspot region 1 in the presence of a BNA clamp
that targets this hotspot region (step 1). The amplified
product from step 1 was then analyzed by qPCR with a
hydrolysis probe that targets hotspot region 1 (step 2). FIG.
2B shows the amplification and standard curves of the
reconstituted standards and controls in the BNA clamp
mediated CTNNB1 32-37 mutation qPCR assay. Curves
were generated with varying dilutions of the pCTNNB1_
S37C plasmid in a background of wild-type sonicated
Hep3B cell line DNA. Analysis was carried out using Roche
LightCycler® 480 software. FIG. 2C shows Sanger
sequencing of the dilutions of the pCTNNB1 S37C plasmid
in a background of wild-type sonicated Hep3B cell line
DNA.

[0037] FIGS. 3A-B show the analysis of CTNNB1 muta-
tion in liver diseased tissue samples. FIG. 3A shows the
distribution of percent CTNNB1 hotspot mutation obtained
by the CTNNB1 32-37 mutation qPCR assay in liver tissues
of patients with HCC, hepatitis, and cirrhosis. FIG. 3B
shows the validation of CTNNB1 32-37 mutation qPCR
assay by Sanger sequencing. 11 of the 18 samples testing
positive by the qPCR assay were randomly selected and
evaluated by Sanger sequencing. Of these samples, 4/11 had
detectable CTNNB1 mutation. To enrich or the mutation,
Sanger sequencing was repeated using BNA in the PCR
amplification of these 11 samples. Sanger sequencing with
BNA confirmed 3 additional samples. Sample A35K could
not be amplified with BNA.

[0038] FIGS. 4A-4B show the standardization of the
CTNNBI1 assay using SNU398 genomic DNA. FIG. 4A
shows agarose gel electrophoresis of 30 ng of intact genomic
and fragmented genomic SNU398 DNA. The SNU398
genomic DNA was fragmented through sonication, giving
rise to 200-500 bp genomic fragments. FIG. 4B shows the
comparison of the quantity of mutated CTNNBI in the intact
and fragmented genomic SNU398 DNA to pCTNNB1 S37C
in a background of Human genomic DNA (3 ng), which was
the standard used for quantification by the CTNNB1 32-37
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mutation qPCR assay. The SNU398 cell line is heterozygous
for the S37C mutation. Compared side by side, the frag-
mented cell line was 7-times overestimated over the intact
genomic DNA. Sonicated genomic DNA is approximately
3-times overestimated, and intact genomic DNA is approxi-
mately 2.2-times underestimated by the plasmid standards.
[0039] FIG. 5 is a chemical structure drawing illustrating
unmodified RNA, locked nucleic acid (LNA), and bridged
nucleic-acid (BNA);

[0040] FIGS. 6A-6B provide a schematic of a BNA-clamp
mediated PCR assay to detect hTERT mutations. FIG. 6A
shows primers that were designed flanking the hotspot
region 1 in the presence of a BNA clamp that targets this
hotspot region (step 1). The amplified product from step 1
was then analyzed by qPCR with a hydrolysis probe that
targets the —124 G/A mutation (step 2). FIG. 6B shows
amplification and standard curves of the standards in the
BNA clamp mediated hTERT mutation assay. Curves were
generated with varying dilutions of the sonicated SNU398
cell line (known —124 G/A mutation) in reconstituted soni-
cated Hep3B cell line.

[0041] FIGS. 7A-7F provide box plots showing five urine
DNA biomarkers (mRASSF1A, mGSTP1, TP53, CTNNBI
and hTERT), along with serum AFP, in distinguishing HCC
from non-HCC: Box plots in FIG. 7A show serum AFP (top)
and TP53 249T (bottom); FIG. 7B shows mRASSF1A (top)
and mGSTP1 (bottom); FIG. 7C shows CTNNB1 (top) and
hTERT (bottom) hotspot mutations. FIG. 7D provides uni-
variate receiver operating curves for serum AFP (top) and
TP53 249T (bottom); FIG. 7E provides univariate receiver
operating curves for mRASSF1A (top) and mGSTP1 (bot-
tom); and FIG. 7F provides univariate receiver operating
curves for CTNNBI1 (top) and hTERT (bottom) hotspot
mutations.

[0042] FIG. 8 shows the ROC curves generated using a
multivariate statistical method of analysis using the HCC
urine biomarker panel and serum AFP as variables for
distinguishing HCC from non-HCC (top); The table below
compares the sensitivity of serum AFP, urine DNA markers
and “urine DNA markers plus AFP” at a fixed specificity of
80% and 90%.

[0043] FIGS. 9A-9E illustrate DNA biomarkers levels in
serial urine samples from 10 patients (Cases 1-10) moni-
tored for HCC recurrence. Three DNA biomarker values
(copies/mL urine), TP53 249T mutation (TP53mut) (open
square), methylated RASSF1A (mRASSF1A) (open tri-
angle) and methylated GSTP1 (mGSTP1) (solid diamond),
along with serum AFP (ng/mL serum), were plotted at office
visits until the last available visit in which an Mill was
performed. The “Pos™ represents detection of HCC recur-
rence by MRI and the “Neg” represents no recurrence was
detected by MM at the time of the visit. HCC: hepatocellular
carcinoma; MM: magnetic resonance imaging; AFP: alpha
fetal protein. FIG. 9A: Case 1 (top) and Case 2 (bottom);
FIG. 9B: Case 3 (top) and Case 4 (bottom); FIG. 9C: Case
5 (top) and Case 6 (bottom); FIG. 9D: Case 7 (top) and Case
8 (bottom); and FIG. 9E: Case 9 (top) and Case 10 (bottom).

DETAILED DESCRIPTION OF THE
INVENTION

[0044] Disclosed herein is a sensitive, specific, and quan-
titative test for early detection of cancer.

[0045] Circulating cell-free DNA (cfDNA) has been iden-
tified in biological fluids (Anker, Lyautey et al. 2001, Chan,
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Chiu et al. 2003, Diehl, Schmidt et al. 2008). For example,
in urine, two species are seen: a high-molecular-weight
(HMW) DNA, greater than 1 kb, derived mostly from
sloughed off cell debris from the urinary tract, and a low-
molecular-weight (LMW) DNA, approximately 150 to 250
base pairs (bp), derived primarily from apoptotic cells (Su,
Wang et al. 2004).

[0046] It has been demonstrated that urine containing
fragmented cfDNA. This urine fragmented DNA can be used
for detection of cancer-related DNA markers, if a tumor is
present (Su, Wang et al. 2004, Su, Wang et al. 2005, Su,
Wang et al. 2008, Lin, Dhillon et al. 2011, Song, Jain et al.
2012). CTNNBI1 hotspot mutations and hTERT promoter
mutations have been suggested to be useful and appropriate
for detection of tumor presence.

[0047] More specifically the disclosure relates to detecting
HCC in a subject by determining the level of mutation and
methylation of a panel of genes comprising DNA markers
for the early detection of HCC, monitoring HCC recurrence,
and for disease management. The development of HCC, as
with other solid tumors, is believed to require the dysregu-
lation of at least 3 biochemical pathways (proliferation, cell
cycle, apoptosis/cell survival) within the cell (Pepe and
Thompson 2000, Zhang, Yu et al. 2007, Gerszten and Wang
2008). In addition to genetic mutations, the aberrant meth-
ylation of tumor suppressors plays important roles through-
out the process of HCC carcinogenesis. Thus, the urine DNA
panel test is designed to detect both genetic mutations
including TP53 mutation, CTNNB1 hotspot mutations,
hTERT mutations (Nault, Mallet et al. 2013), and epigenetic
methylated DNA markers including mRASSF1A (Nishida,
Nagasaka et al. 2008, Newell, Toffanin et al. 2009), and
mGSTP1 (Yang, Guo et al. 2003, Nomoto, Kinoshita et al.
2007, Harder, Opitz et al. 2008, Nishida, Nagasaka et al.
2008), to obtain sufficient sensitivity and specificity for HCC
screening, detection, and disease management.

[0048] Mutations arising in the CTNNBI1 gene have been
associated with many cancers, often presenting in nearly
10-40% of all cases. In HCC, mutations in the CTNNBI1
gene occur in nearly 20-40% of all cases, and the majority
are found in a hotspot region of codons 32-37. Current
methods to detect CTNNB1 mutations rely mainly on PCR-
based assays followed by DNA sequencing, which is insen-
sitive, time consuming and labor intensive. Thus, a need
exists for quantitative measurements of CTNNB1 hotspot
mutations that is robust and reliable to serve as a screening
test for early detection of HCC.

[0049] Somatic mutations in the hTERT promoter region
have been reported in several tumor types. K TERT mutations
are most frequently observed —124 nt from the ATG start
site, as a G/A or G/T substitution. Downstream conse-
quences of altered hTERT transcription are unknown,
although this mutation is believed to be one of the most
frequently occurring in HCC. Current methods rely mainly
on PCR-based assays followed by DNA sequencing, and a
need exists for quantitative measurements of hTERT muta-
tions that is robust and reliable to serve as a screening test
for early detection of HCC.

[0050] There remains a need for a method to more con-
sistently and accurately determine the mutation level of the
CTNNBI1 gene and the mutation level of the hTERT gene for
HCC screening, early disease detection, and disease man-
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agement. There also remains a need for whether the mutated
DNA derived from HCC can be detected in urine, plasma or
other body fluids.

[0051] The present subject matter may be understood
more readily by reference to the following detailed descrip-
tion taken in connection with the accompanying examples,
which form a part of this disclosure. It is to be understood
that this invention is not limited to the specific devices,
methods, applications, conditions or parameters described
and/or shown herein, and that the terminology used herein is
for the purpose of describing particular embodiments by
way of example only and is not intended to be limiting of the
claimed invention.

[0052] Also, as used in the specification including the
appended claims, the singular forms “a,” “an,” and “the”
include the plural, and reference to a particular numerical
value includes at least that particular value, unless the
context clearly dictates otherwise. The term “plurality,” as
used herein, means more than one. When a range of values
is expressed, another embodiment includes from the one
particular value and/or to the other particular value. Simi-
larly, when values are expressed as approximations, by use
of the antecedent “about,” it is understood that the particular
value forms another embodiment. All ranges are inclusive
and combinable.

[0053] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art pertinent to the
methods and compositions described. As used herein, the
following terms and phrases have the meanings ascribed to
them unless specified otherwise.

[0054] The term “genome” and “genomic™ refer to any
nucleic acid sequences (coding and non-coding) originating
from any living or non-living organism or single-cell. These
terms also apply to any naturally occurring variations that
may arise through mutation or recombination through means
of'biological or artificial influence. An example is the human
genome, which is composed of approximately 3x10° base
pairs of DNA packaged into chromosomes, of which there
are 22 pairs of autosomes and 1 allosome pair.

[0055] The term “nucleotide sequence” as used herein
indicates a polymer of repeating nucleic acids (Adenine,
Guanine, Thymine, and Cytosine, and Uracil) that is capable
of base-pairing with complement sequences through Wat-
son-Crick interactions. This polymer may be produced syn-
thetically or originate from a biological source.

[0056] The term “nucleic acid” refers to a dexoyribonucle-
otide (DNA) or ribonucleotide (RNA) and complements
thereof. The size of nucleotides is expressed in base pairs
“bp”. Polynucleotides are single- or double stranded poly-
mers of nucleic acids and complements thereof.

[0057] The term “deoxyribonucleic acid” and “DNA”
refer to a polymer of repeating deoxyribonucleic acids.
[0058] The term “ribonucleic acid” and “RNA” refer to a
polymer of repeating ribonucleic acids.

[0059] A biological fluid can comprise, for example,
whole tissue, such biopsy sample. Other examples of a
biological fluid include, but are not limited to, saliva,
nasopharyngeal, blood, plasma, serum, gastrointestinal
fluid, bile, cerebrospinal fluid, pericardial, vaginal fluid,
seminal fluid, prostatic fluid, peritoneal fluid, pleural fluid,
urine, synovial fluid, interstitial fluid, intracellular fluid or
cytoplasm and lymph. bronchial secretions, mucus, or vit-
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reous or aqueous humor. Biological fluid can also include a
culture medium. A particularly useful biological fluid in the
present method is urine.

[0060] As used herein, “cancer” refers to any stage of
abnormal growth or migration of cells or tissue, including
precancerous and all stages of cancerous cells, including but
not limited to adenomas, metaplasias, heteroplasias, dyspla-
sias, neoplasias, hyperplasias, and anaplasias.

[0061] The term “biomarker” is an agent used as an
indicator of a biological state. It can be a characteristic that
is objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or phar-
macologic responses to a therapeutic intervention. A bio-
marker can be a fragment of genomic DNA sequence that
causes disease or is associated with susceptibility to disease,
and may or may not comprise a gene.

[0062] In certain embodiments, a platform uses biological
samples containing fragmented circulation derived DNA
known as “low molecular weight” (LMW) DNA. The DNA
is low molecule weight because it is generally less than 300
base pairs in size. This LMW DNA is released into circu-
lation through necrosis or apoptosis by both normal and
cancer cells. It has been shown that LWM DNA is excreted
into the urine and can be used to detect tumor-derived DNA,
provided a suitable assay, such as a short template assay for
which detection is available (Su, Song et al. 2008). Based on
the present discovery of how to modify LMW nucleic acid
sequences to prevent amplification of the wildtype
sequences in a nucleotide amplification reaction assay,
LMW DNA from biological samples, for example urine, can
be compared to wildtype control DNA with a high degree of
specificity.

[0063] A “locked nucleic acid” LNA is a chemically
modified RNA nucleotide whose ribose is modified with a
methylene bridge connecting the 2'-oxygen and 4'-carbon.

[0064] A “bridged nucleic acid” BNA is a chemically
modified RNA nucleotide whose ribose is modified with an
aminoethylene bridge connecting the 2'-oxygen and 4'-car-
bon.

[0065] The term “nucleotide amplification reaction” refers
to any suitable procedure that amplifies a specific region of
polynucleotides (target) using primers.

[0066] A “detectable label” is a molecule or atom which
can be conjugated to an antibody moiety to produce a
molecule useful for diagnosis. Examples of detectable labels
include chelators, photoactive agents, radioisotopes, fluo-
rescent agents, paramagnetic ions, or other marker moieties.

[0067] The term “effective amount,” in the context of
treatment of a disease or disorder refers to the amount of
such molecule that is sufficient to inhibit the occurrence or
ameliorate one or more clinical or diagnostic symptoms of
the disease or disorder in a subject. The term “effective
regime” refers to a combination of amount of the agent being
administered and dosage frequency adequate to accomplish
treatment or prevention of the disease or disorder.

[0068] Due to the imprecision of standard analytical meth-
ods, molecular weights and lengths of polymers are under-
stood to be approximate values. When such a value is
expressed as “about” X or “approximately” X, the stated
value of X will be understood to be accurate to +10%.

[0069] Examples are provided to assist in a further under-
standing of the inventions. Particular materials used, proto-
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cols and conditions are intended to be further illustrative of
the inventions and should not be construed to limit the
reasonable scope thereof.

[0070] The disclosure includes methods to noninvasively
detect levels of mutations or methylation of a panel of genes
for HCC screening, cancer progression, and for HBV dis-
ease monitoring.

[0071] Provided herein is a method for detecting the
presence or absence of a cancer in an individual by deter-
mining the level of mutation and methylation of a panel of
genes from the individual, comparing the level of mutation
and methylation with a baseline level of mutation and
methylation found in one or more control samples from
individuals known not to have the cancer, and correlating a
finding of elevated mutation or methylation in the individual
with an enhanced likelihood that the individual has cancer.
The cancer can be hepatocellular carcinoma (HCC) and the
control can be non-HCC. The tumor-associated genes can be
TP53, CINNB1, hTERT, RASSF1A, and GSTPI. The regu-
latory region can be the promoter of the hTERT, RASSF1A
and GSTP1 genes, the first exon of the RASSF1A and
GSTP1 genes, or both. The individual can be a human.

[0072] Also described herein is a method providing a
sensitive, specific, and quantitative assay for detecting muta-
tions in the codon 32-37 region of exon3 of the CTNNBI1
gene, using isolated nucleic acid sequences compared to
wildtype CTNNB1 sequences from a biological sample such
as a tissue or a body fluid. Any tumor-derived DNA isolated
from patients can be used in the present method because of
selective amplification of mutated DNA sequences but not
wildtype sequence in a nucleotide amplification reaction
such as PCR. The method uses a seventeen nucleotide
bridged nucleic acid (BNA) clamp designed to suppress the
amplification of wildtype sequences; amplifying selective
CTNNBI1 templates that do not contain any mismatches with
the BNA clamp. The PCR product was quantified by a
hydrolysis probe in the second step PCR. The running time
of the assay is approximately 6 hours and can be used daily
as a high throughput format for a blood or urine test for HCC
screening. For areas with a low prevalence of the mutation,
this screening assay may be combined with other comple-
mentary screening tests such as the alpha-fetoprotein blood
test and ultrasound imaging. The cutoff CTNNB1 mutation
level for detecting HCC can be at 10 copies of mutated
CTNNBI1 per ml. of urine.

[0073] Also described herein is a process to quantify the
amount of mutated nucleic acid in the CTNNBI1 codons
32-37 region. The first step of the two-step PCR assay
targets a small amplicon using primers of the nucleotide
sequence as set forth in SEQ ID NO: 1 and SEQ ID NO: 2
in addition to a BNA clamp, SEQ ID NO: 3, which is used
to suppress the amplification of a wildtype DNA template.
For the second PCR step primers used for amplification
include the nucleotide sequence as set forth in SEQ 1D NO:
1 and SEQ ID NO: 2, in addition to a hydrolysis probe, SEQ
ID NO: 4, that detects the region of codons 32-37. The assay
has high sensitivity and specificity. The BNA clamp-medi-
ated PCR assay detects up to a few copies of the mutated
sequence with a high specificity ratio of 1:1,000 (0.1%) of
mutant to wildtype sequences. The suppression of wildtype
template amplification by the BNA clamp is based on the
perfect match of the BNA clamp to the wildtype sequences.
The base pairing of BNA to DNA exerts higher thermosta-
bility than that of DNA to DNA, resulting in a wide range
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of Tm differences (6-10° C.) between the perfect match and
a single base pair mismatch. Based on the Tm difference the
inventors optimized the PCR conditions to selectively
amplify only the mutated sequence and not the wildtype
sequence. Of importance, the assay is able to detect any
mutation in the region of codons 32-37 of CTNNBI1.
[0074] In addition to high sensitivity and specificity, the
process also achieved accurate quantification of the mutated
nucleic acid in CTNNB1 codon 32-37 region. For at least the
three reasons that follow, quantification of the mutated
nucleic acid is particularly difficult: (1) it is difficult to
determine the cycle numbers for the first round PCR to
ensure within-linear-range amplification after two steps of
amplification; (2) the cycle numbers for the second round
PCR needs to be precise in order to avoid non-specific
amplification and to ensure the amplification is within the
range of linearity; and (3) a degree of secondary structure is
thought to exist in this region presenting unique challenges
for amplification. The addition of artificial tag sequences at
the 5' end of the SEQ ID NO: 2 enabled the successful PCR
amplification of the sequences of interest, because of (1)
increase of the Tm of the primer to the templates generated
from PCR reaction resulting high efficiency of amplification
and (2) potential interference of the secondary structure
formation of the templates.

[0075] The methods described herein can be used to
determine the status of existing disease identified in a
subject. For example, when 13 urine samples that were
positive for CTNNBI1 hotspot mutation were tested, 7 of
these samples showed that the detected CTNNB1 mutation
was undetectable after the HCC was surgically removed.
The other 6 patients all had recurrence. Thus, mutations
detected in the urine collected before and after the surgery
can be tested to determine if the status of the patient has
changed by evaluating whether LMW nucleic acid with the
mutation is no longer detectable in the urine collected after
the surgical removal of HCC tumor.

[0076] Also described herein is a method providing a
sensitive, specific, and quantitative assay for detecting muta-
tions in the promoter region of the hTERT gene located nt.
-129 to -119 upstream of the ATG start codon, using
isolated nucleic acid sequences compared to wildtype
hTERT sequences from a biological samples including body
fluid. Any tumor-derived DNA isolated from patients can be
used in the present method because of selective amplifica-
tion of mutated DNA sequences but not wildtype sequence
in a nucleotide amplification reaction such as PCR. The
method uses an eleven nucleotide BNA clamp designed to
suppress the amplification of wildtype sequences; amplify-
ing selective hTERT templates that do not contain any
mismatches with the BNA clamp. The PCR product was
quantified by a hydrolysis probe in the second-step PCR
reaction. The running time of the assay is approximately 6
hours and can be used daily as a high throughput format for
ablood or urine test for HCC screening. For areas with a low
prevalence of the mutation, this screening assay may be
combined with other complementary screening tests such as
the alpha-fetoprotein blood test and ultrasound imaging. The
cutoff hTERT mutation level for detecting HCC can be at 20
copies of mutated hTERT per ml. of urine.

[0077] Also described herein is a process to quantify the
amount of mutated nucleic acid in of hTERT promoter
mutations. The first step of the two-step PCR assay targets
a small amplicon using primers of the nucleotide sequence
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as set forth in SEQ ID NO: 11 and SEQ ID NO: 12 in
addition to a BNA clamp, SEQ ID NO: 13, which is used to
suppress the amplification of a wildtype DNA template. For
the second PCR step primers used for amplification include
the nucleotide sequence as set forth in SEQ ID NO: 11 and
SEQ ID NO: 14, in addition to a hydrolysis probe, SEQ ID
NO: 15 or SEQ ID NO: 16, that detects WT and -124
promoter mutant of hTERT, respectively. The assay has high
sensitivity and specificity. The BNA clamp-mediated PCR
assay detects up to a few copies of the mutated sequence
with a high specificity ratio of 1:1,000 (0.1%) of mutant to
wildtype sequences. The suppression of wildtype template
amplification by the BNA clamp is based on the perfect
match of the BNA clamp to the wildtype sequences. The
base pairing of BNA to DNA exerts higher thermostability
than that of DNA to DNA, resulting in a wide range of Tm
differences (6-10° C.) between the perfect match and a
single base pair mismatch. Based on the Tm difference the
inventors invented and optimized the PCR conditions to
selectively amplify only the mutated sequence and not the
wild-type sequence. The PCR selectivity is achieved in the
first step PCR of this two-step PCR assay. After a conven-
tional 95° C. denaturing the templates, the reaction is
followed by an annealing step (78-82° C.) for BNA to bind
to wildtype templates, but not to mutated templates, and then
followed by a combination step of primer annealing and
extension at 70-74° C. This high primer annealing tempera-
ture was designed to keep the high GC content of amplified
region (84% GC in this 50 basepair amplified region)
templates in single-stranded denatured form for primers to
anneal. In addition, 5% DMSO was added to overcome this
extreme high GC content PCR reaction and the addition of
artificial tag sequences at the 5' end of the SEQ ID NO: 11
enabled high efficient PCR amplification of the sequences of
interest, because of the increase of the Tm of the primer to
the templates generated from PCR reaction.

[0078] The methods described herein can be used to
identify subject patients for treatment and to determine risk
factors associated with specific mutant CTNNB1 or mutant
hTERT associated cancers. Such methods can include, for
example, determining whether an individual has relatives
who have been diagnosed with a particular disease. Screen-
ing methods can also include, for example, conventional
work-ups to determine familial status for a particular disease
known to have a heritable component. Screening may be
implemented as indicated by known patient symptomology,
age factors, related risk factors, etc. These methods allow the
clinician to routinely select patients in need of the methods
described herein for treatment. In accordance with these
methods, screening may be implemented as an independent
program or as a follow-up, adjunct, or to coordinate with
other treatments. Thus, the methods as disclosed herein can
be used for cancer screening, particularly for early detection,
monitoring of recurrence, disease management, and to
develop a personalized medicine regime for a cancer patient.

[0079] The performance of a 5-DNA marker panel
(mRASSF1A, TP53, mGSTP1, CTNNBI, and hTERT) was
tested alone or in combination with AFP, to distinguish HCC
from cirrhosis and hepatitis and shown that DNA marker
panel plus AFP detected 89% HCC at the specificity of 90%
in the study cohort described in Table 1.
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TABLE 1

Summary of the clinicopathological characteristics
of the patients in the study cohort.

HCC Cirrhosis Hepatitis
Characteristics (n=284) (n = 106) (m=97)
Mean age = SD years 593 +11.72 582 109 5243 £10.3
Male/Female/Unknown 63/21 72/34 58/38/1
HBV/HCV/other 46/21/17 34/50/22 55/43
Stage 1/2/3/4/unknown 25/35/19/2/3 NA NA
Grade 1/2/3/unknown 9/51/21/3 NA NA
AFP levels, ng/mL, = SD 5669.0 + 23,885 2.3 x23 7.3 £23.5

AFP, alpha-fetoprotein;

HBYV, hepatitis B virus;

HCC, hepatocellular carcinoma;
HCV, Hepatitis C virus;

SD, standard deviation;

NA, Not applicable.

[0080] It is to be understood that the above described
embodiments are merely illustrative of numerous and varied
other embodiments which may constitute applications of the
principles of the invention. Such other embodiments may be
readily devised by those skilled in the art without departing
from the spirit or scope of this invention and it is our intent
they be deemed within the scope of our invention.

[0081] The invention is further illustrated by the following
non-limiting examples.

[0082] Study Subjects and Methods

[0083] Samples, for this study were acquired under IRB
(institutional review board) approval from the National
Cheng-Kung University Medical Center in Taiwan, which
provided 73 tissue samples from cancer patients who had
undergone surgical resection, as well as noncancerous adja-
cent tissue to trace methylation throughout the pathology of
HCC. Additional diseased tissue (35 hepatitis and 35 cir-
rhotic) was also obtained under IRB approval from the
Buddhist Tzu Chi Medical center in Hualien, Taiwan. The
clinicopathological characteristics of these samples are pro-
vided in Table 1. The urine samples were collected at the
National Cheng-Kung University Medical Center in accor-
dance with the guidelines of the institutional review board.
[0084] DNA Isolation from Tissue and Urine

[0085] Tissue DNA was isolated by using the Qiagen
DNAeasy Blood and Tissue Kit™ (Qiagen, Valencia, Calif.)
according to the manufacturer’s instructions. The DNA
concentration was measured using a Nanodrop 1000™
spectrophotometer (Thermo Fisher Scientific Inc, Wilming-
ton, Del.) at 260 nm absorbance. The procedures for urine
collection and urine DNA isolation were carried out as
described previously (Lin, Dhillon et al. 2011). Briefly, 0.5
M EDTA, pH 8.0, was added to a fresh urine sample to a
final concentration of 10 mM EDTA to inhibit possible
nuclease activity and stored at =70° C. To isolate total urine
DNA, the frozen urine sample was thawed at room tem-
perature and then placed immediately in ice prior to DNA
isolation. DNA was isolated from thawed urine within an
hour. Urine samples were mixed with 1 volume of 6M
guanidine thiocyanate by inverting 8 times. Then, 1 ml of
resin (Wizard DNA purification kit, Promega, Madison,
Wis.) was added to the urine lysate and incubated for 2 hours
to overnight at room temperature with gentle mixing. The
resin-DNA complex was centrifuged, transferred to a mini-
column (provided in the kit), and washed with a buffer
provided by the manufacturer; the DNA was then eluted
with Tris-EDTA buffer. The LMW urine DNA fractions were
obtained using carboxylated magnetic beads (CMBs)
(Agencourt Bioscience Corporation, Beverly, Mass.) and a
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binding method developed previously by our laboratory(Su,
Song et al. 2008). Total urine DNA (resuspended in Tris-
EDTA buffer) was mixed with 5 M NaCl and 20% polyeth-
ylene glycol 8000 (AMRESCO Inc., Solon, Ohio) to final
concentrations of 0.3 M and 8%, respectively. The CMB
suspension (Agencourt Bioscience Corporation) was
washed and resuspended with Tris-EDTA buffer prior to use.
Ten microliters of prewashed CMB suspension was added to
the DNA mix and incubated for 1 to 2 hours at room
temperature to allow binding of HMW DNA to the beads.
The beads bound with HMW DNA were then removed from
the suspension using a magnetic plate (Agencourt Biosci-
ence Corporation). The LMW DNA remaining in the sus-
pension was collected by adding 10 microliters of pre-
washed CMB in a solution of 1.2 M NaCl and 10%
polyethylene glycol 8000. The beads bound with LMW or
HMW DNA were then washed with 75% ethanol and the
DNA was eluted in Tris-EDTA buffer.
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[0086]

[0087] The mutational frequency of the CTNNBI gene in
cancer is known to occur at a frequency from 10-40%. FIG.
1 shows a schematic of the CINNBI1 exon 3 mutational
frequencies associated with HCC. Data from several studies
that have sequenced CTNNBI1 exon 3 in patients with HCC
was compiled and is depicted in this graph. As shown in
FIG. 1, nearly 90% of all HCC tumors with a mutation in
CTNNBI reside within one of two hotspot regions: region 1
(codons 32-37; 54.6%) and region 2 (codons 41-45; 34.3%).

[0088] DNA oligonucleotides used for the CTNNBI1
hotspot mutation assay and hTERT promoter mutation assay.
The primers, probes, and BNA clamp sequences that are
used in the PCR assays claimed in this application, including
the CTNNBI1 hotspot mutation assay and hTERT promoter
mutation assay, are listed in Table 2 and Table 3.

Frequency of CTNNBI1 Hotspot Mutations

TABLE 2

Sequence and locationg of CTNNB1l oligonucleotidesg used in thisg stud

Nucleotide

Primer and probe name

location

Sequence

CTNNB1_F32A
(SEQ ID NO: 1)

CTNNB1_R37A
(SEQ ID NO: 2)

CTNNB1_BNA32
(SEQ ID NO: 3)

CTNNB1_TQ32
(SEQ ID NO: 4)

CTNNB1_R1
(SEQ ID NO: 5)

CTNNB1_F
(SEQ ID NO: 6)

CTNNB1_F1_AMP
(SEQ ID NO: 7)

CTNNB1_R37A_AMP_tag NA
(SEQ ID NO: 8)

CTNNB1_F2_AMP NA
(SEQ ID NO: 9)

CTNNB1_R2_ AMP NA
(SEQ ID NO: 10)

27068-27085

27105-27120

27087-27103

27086-27111

27201-27219

27007-27024

27068-27085

5'-GCAGCAACAGTCTTACCT-3"

5'-ctgtgtgctcttegtgtgtggtgt CTGTGGTAGTGGCACC-3!

5'-G+G+AC+ T+ CT+ G+ GA+A+ TC+ C+ AT+ TC-3 ' PH

5'[6FAM]|-GGACTCTGGAATCCATTCTGGTGCCA-[BHQ1]3 "

5'-GAGTGAAGGACTGAGAAAA-3!

5'-CTGATTTGATGGAGTTGG-3"

5'-tcgtcggcagegtcagatgtgtataagagacagGCAGCAACA
GTCTTACCT-3"'

5'-gtctcegtgggcteggagatgtgtataagagacagCTGTGTGC
TCTTCGTGTGTGGTGT-3'

5'-TCGTCGGCAGCGTC-3"

5'-GTCTCGTGGGCTCGGA-3"!

CTNNB1 is GenBank No. AY463360.

The nucleotides boldfaced, having a

“+7, and italicized nucleotides denote BNA bases.

The lower-case bases indicate a non-complementary accessory tag.

The underlined bases indicate the sequencing primers.

The fluorescent tags are indicated by brackets [ ].

FAM, fluorescein; BBQ, BlackBerry Quencher.

PH indicates a phosphorylation modification.

TABLE 3

Sequence and locationg of hTERT oligonucleotideg used in thig stud

Nucleotide

Primer and probe name

location

Sequence

TERT_124F1_AMP
(SEQ ID NO: 11)

43928-43945

5'-tcgtcggcagegtcagatgtgtataagagacagAGGGGCTGG
GAGGGCCCG-3!
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TABLE 3-continued
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Sequence and locationg of hTERT oligonucleotides used in this stud

Nucleotide

Primer and probe name location Sequence

TERT_124R1
(SEQ ID NO: 12)

43960-43977

TERT_BNA 43943-43953

(SEQ ID NO: 13)

TERT_R1
(SEQ ID NO: 14)

43965-43980

TERT_TQ1_WT
(SEQ ID NO: 15)

43944-43962

TERT_TQL_124
(SEQ ID NO: 16)

43944-43962

5'-GACCCCTCCCGGGTCCCC-3!

5'-G+CC+C+C+C+T+CC+GG-3 ' PH

5'-CCGACCCCTCCCGGG-3"!

5'[6FAM]- CGGAGGGGGCTGGGCCGG- [BHQ1]3!

5'[6FAM]- CGGAAGGGGCTGGGCCGG- [BHQ1]3!

hTERT is GenBank No. NG009265.
The nucleotides boldfaced, having a “+7,

The lower-case bases indicate a non-complementary accessory tag.

The underlined bases indicate the sequencing primers.
The fluorescent tags are indicated by brackets [ ].
FAM, fluorescein; BBQ, BlackBerry Quencher.

PH indicates a phosphorylation modification.

Embodiment 1: CTNNB1 Hotspot Mutation Assay

[0089] Development of a qPCR assay for CTNNBI
hotspot mutations.

[0090] The CTNNBI1 mutation hotspot region 1 assay was
developed using a two-step BNA clamp-mediated PCR
assay, illustrated in FIG. 2A. In this assay, primers were
designed flanking the hotspot region 1 in the presence of a
BNA clamp that targets this hotspot region (step 1). The
amplified product from step 1 was then analyzed by qPCR
with a hydrolysis probe that targets hotspot region 1 (step 2).
[0091] Specifically, the hotspot region of CTNNBI (co-
dons 32-37) was targeted with a BNA clamp just outside of
this region. The first PCR reaction was performed in a
thermocycler (Eppendorf, Hamburg, Germany) using the
primers SEQ ID NO: 1 and SEQ ID NO: 2 (0.5 uM), BNA
clamp SEQ ID NO: 3 (2 uM), dNTP (200 uM), and HotStar
Taq Plus polymerase (Qiagen) under the following condi-
tions: 95° C. for 5 minutes to activate the polymerase, then
95° C. for 30 seconds, 70° C. for 20 seconds, and 60° C. for
30 seconds cycled 15 times, followed by 72° C. for 4
minutes.

[0092] Amplified DNA from the first PCR step was next
quantified by a real-time PCR step. The DNA template (1 ul)
was added to a mixture containing the primer set SEQ ID
NO: 1 and SEQ ID NO: 2 (1 uM), a hydrolysis probe (SEQ
ID NO: 4; 0.2 uM), and 1x LightCycler® Probes Master
(Roche). The gPCR was carried out using a LightCycler®
480 real-time PCR system under the following conditions:
95° C. for 5 minutes to activate the polymerase, then 95° C.
for 10 seconds, 60° C. for 10 seconds, and 72° C. for 10
seconds cycled 40 times.

[0093] Determining the Sensitivity of the CTNNBI
Hotspot Mutation Assay

[0094] FIG. 2B shows amplification curves of the stan-
dards in the BNA clamp mediated CTNNBI assay. Curves
were generated with varying dilutions of the S37C-ex3
plasmid in reconstituted standards of sonicated Hep3B cell
line DNA. Analysis was carried out using Roche LightCy-
cler® 480 software. Specifically, to determine quantification

and italicized nucleotides denote BNA bases.

values and sensitivity, serial dilutions of a plasmid contain-
ing the CTNNB1 gene with TCT to TGT mutation at codon
37 (37Cys3) were used ranging from 10-10,000 copies.
Sonicated Hep3B DNA (10,000 copies) and HuG DNA
(10,000 copies) were used as negative controls.

[0095] Sequencing of Samples to Validate qPCR Results

[0096] As shown in FIG. 2C, dilutions of the S37C-ex3
plasmid in reconstituted WT standards was sequenced to
contrast the improved sensitivity when BNA is present.
Specifically, isolated tissue DNA (ing) was amplified in a
PCR reaction using the B-Cat F (5'-ctgatttgatggagttog-3")
and B-CAT R1 (5'-gagtgaaggactgagaaaa-3') primer set (0.5
uM), dNTP’s (200 uM), and HotStar Taq Plus polymerase
(Qiagen) in PCR buffer under the following conditions: 95°
C. for 5 minutes to activate the polymerase, then 95° C. for
30 seconds, 52-56° C. for 30 seconds, and 72° C. for 30
seconds cycled 40 times, followed by 72° C. for 4 minutes.
For sequencing using the BNA clamp, isolated tissue DNA
(2 ng) was amplified in a PCR reaction using the B-Cat
F32A and R37A primer set (0.5 uM), B-Cat BNA, dNTP’s,
and HotStar Taq Plus polymerase (Qiagen) in PCR buffer
under the following conditions: 95° C. for 5 minutes to
activate the polymerase, then 95° C. for 30 seconds, 70° C.
for 20 seconds, and 60° C. for 30 seconds cycled 25 times,
followed by 72° C. for 4 minutes. Next, a second PCR
reaction was carried out using the B-Cat F1_AMP and R37
AMP tag primer set (0.2 uM), dNTP’s (200 uM), and
HotStar Taq Plus polymerase (Qiagen) in PCR buffer under
the following conditions: 95° C. for 5 minutes to activate the
polymerase, then 95° C. for 30 seconds, 60° C. for 30
seconds, and 72° C. for 30 seconds cycled 5 times, then 95°
C. for 30 seconds, and 70° C. for 30 seconds cycled 5 times,
followed by 72° C. for 4 minutes.

[0097] All preparations were cleaned using a Zymo DNA
(PCR) Clean-up and Concentration kit (Zymo Research)
according to the manufacturers instructions, and verified for
correct size using a Lonza gel. All samples were dried in a
speed-vac and submitted to the NAPCore Facility (CHOP,
Philadelphia, Pa.) for sequencing.
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[0098] The CTNNBI1 Hotspot Mutation Assay Discrimi-
nates Between HCC and Non-HCC Diseased Tissue
[0099] The qPCR CTNNBI assay was used to test tissue
biopsies of patients with HCC, hepatitis, and cirrhosis. As
shown in FIG. 3A, with the HCC subset (n=73) 18 patients
tested positive to varying degrees above the human genomic
DNA standard, while none of hepatitis (n=35) or cirrhosis
(n=35) samples tested positive. Next, a selection of the HCC
population was further analyzed by Sanger sequencing to
confirm the mutation in hotspot region 1. As shown in FIG.
3B, of the 23 negative samples that were selected, none
contained a mutation after sequencing analysis. For one of
these patients (A47K), we identified a mutation in the
CTNNBI1 hotspot region 2, which was not detected since the
designed BNA clamp only targets hotspot region 1. For the
samples that were identified as positive by the qPCR assay,
11 were analyzed by Sanger sequencing for validation. 4 of
the 11 samples were confirmed by Sanger sequencing, and
these mostly correlated with higher mutant copy number
with the exception of A53K, which detected low but was
clearly mutated from the sequencing results. Addition of
BNA to the amplification reaction improved detection,
allowing three additional samples to be confirmed.

[0100] FIG. 4 shows the standardization of the CTNNBI1
assay using SNU398 genomic DNA. The smaller size of a
plasmid (3-5 Kb) such as pCTNNB1 S37C becomes an
easier target for PCR amplification compared the same
mutation in human genomic DNA (3,000 Mb). As shown in
FIG. 4A, to highlight this phenomenon we took a portion of
an SNU398 stock and fragmented it through sonication,
giving rise to 200-500 bp genomic fragments. As shown in
FIG. 4B, compared side by side, the sonicated cell line was
7-times overestimated of the intact genomic DNA. In addi-
tion, the SNU398 cell line is heterozygous for the S37C
mutation, meaning these observations are 2-times underes-
timated when compared to the plasmid control. This means
that sonicated genomic DNA is approximately 3-times over-
estimated, and intact genomic DNA is approximately 2.2-
times underestimated.

[0101] FIG. 5 is a chemical structure drawing illustrating
unmodified RNA, locked nucleic acid (LNA), and bridged
nucleic-acid (BNA). In LNA the bridge is a 2'-O-4'-meth-
ylene bridge, and in BNA the bridge is a 2'-O-4'-aminoeth-
ylene bridge.

[0102] Detection of CTNNBI1 Hotspot Mutations from
c¢fDNA in the Urine Originates from the HCC Tumor
[0103] Total urine DNA from 13 patients was isolated,
fractionated into LMW DNA, and quantified by qPCR for
CTNNBI1 hotspot mutation as described above. From our
studies of analyzing CTNNB1 mutation in patients diag-
nosed with HCC, we identified a subset of 13 patients that
presented as positive with this assay (Table 4). This indi-
cated that the assay was applicable to the short, low abun-
dant DNA found in urine. While tissue contains localized
DNA from an identified tumor, urine is a source of hetero-
geneous DNA fragments. In order to show that the DNA we
detected in urine as positive for CTNNB1 mutation came
from the tumor in the liver, we followed these patients after
liver cancer resection. Urine was tested within a day of
surgery, and then again after surgery at a follow-up visit. In
7 of these patients, we could no longer detect CTNNBI1
mutation after surgical removal of the tumor, including
patient UA61 that had the highest mutant copy detection.
The other 6 patients remained positive for CTNNB1 muta-
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tion after surgery, and all 6 had recurrence of HCC within 5
years. Interestingly, one patient tested very high for
CTNNBI1 mutation after surgery, and was diagnosed with
lung metastasis nearly a year post-surgery. Only 4 patients
(or 31%) were free of recurrence in this study, and all 4 were
also free of CTNNBI1 mutation after surgery. Collectively,
this data provides supportive evidence that CTNNB1 muta-
tions identified from urine cfDNA is derived from the liver
tumor of HCC patients.

TABLE 4

Detection of CTNNBI hotspot mutation from urine
of HCC patients before & after tumor resection

CTNNBI1 gPCR (copies/ml) Recurrence
Months Months

Sam- Serum Before  After  post post
ple AFP treat- treat- treat-  De-  treat-
D (ng/mL) ment ment ment tected ment Method
UASS5 6.88 2-20 ND 10 No — —
UA68 4.99 2-20 29 — Yes 26 RFA
UB81 19.09 2-20 881 — Lung 13 CT
UB83 1.81 2-20 23 — Yes 51 MRI
UBg4 11.73 2-20 2-20 — Yes 21 MRI
UB53 6.45 21 ND 2 No — —
UAO1 — 24 ND 10 Yes 21 RFA
UB66 3.8 29 ND — No — —
UA26 6101 39 ND 2 Yes 4 RFA
UA20 4.03 42 ND 3 No — —
UB76 0 101 34 2 YES 7 CT
UA60 — 142 26 1 Yes 47 MRI
UAS61 4.28 498 ND 1 Yes 57 MRI

ND: not detectable or blow limit of detection

Embodiment 2: hTERT Promoter Mutation Assay

[0104] Development of a qPCR Assay for hTERT Pro-
moter Mutations

[0105] The hTERT promoter mutation quantification
assay was developed using a two-step BNA clamp-mediated
PCR assay. The schematic of the assay is illustrated in FIG.
6A. Primers were designed flanking the hotspot region 1 in
the presence of a BNA clamp that targets this hotspot region
(step 1). The amplified product from step 1 was then
analyzed by qPCR with a hydrolysis probe that targets the
-124 G/A mutation (step 2). Specifically, the region —129 to
-119 nt upstream of the start codon of the hTERT gene
(NG_009265: 43927-43976) was targeted with a BNA
clamp primer that is a perfect complementary match of
non-mutated. The first PCR reaction was performed in a
thermocycler (Eppendorf, Hamburg, Germany) using this
primer set of SEQ ID NO: 11 and SEQ ID NO: 12 (0.25 uM),
BNA clamp SEQ ID NO: 13 (1 pM), dNTP (200 uM),
DMSO (5%), and HotStar Taq Plus polymerase (Qiagen)
under the following conditions: 95° C. for 5 minutes to
activate the polymerase, then 95° C. for 30 seconds, 78-82°
C. for 20 seconds, and 70-74° C. for 45 seconds cycled 35
times, followed by 72° C. for 4 minutes. Amplified DNA
from the first PCR step was next quantified by a real-time
PCR step. The DNA template (1 pl) was added to a mixture
containing the primer set from step 1 (1 uM), a hydrolysis
probe (SEQ ID NO 16; 0.2 uM), and 1x LightCycler®
Probes Master (Roche). The qPCR was carried out using a
LightCycler® 480 real-time PCR system under the follow-
ing conditions: 95° C. for 5 minutes to activate the poly-
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merase, then 95° C. for 10 seconds, 61° C. for 10 seconds,
and 72° C. for 10 seconds cycled 40 times.

[0106] Determining the Sensitivity of the hTERT Pro-
moter Mutation Assay

[0107] FIG. 6B illustrates amplification curves of the
standards in the BNA clamp mediated hTERT mutation
assay. Curves were generated with varying dilutions of the
sonicated SNU398 cell line (known -124 G/A mutation) in
reconstituted sonicated Hep3B cell line. Specifically, serial
dilutions of sonicated SNU398 cell line DNA (harboring the
hTERT promoter mutation) were used ranging from 10-1,
000 copies in order to determine quantification values and
sensitivity. Sonicated Hep3B cell line DNA (10,000 copies)
and was used as a negative control. Analysis was carried out
using Roche LightCycler® 480 software.

[0108] The hTERT Promoter Mutation Assay Discrimi-
nates Between HCC and Non-HCC Diseased Tissue
[0109] Of 72 HCC tissue samples tested, 26 were found to
harbor a G/A —124 promoter mutation in the hTERT gene as
determined by Sanger sequencing (Table 5). These samples
were all tested with the hTERT-124 promoter mutation
assay. Out of the 26 samples with a known G/A -124
mutation, 21 were detected by the assay. For the 46 samples
without a G/A —124 mutation, 40 were found negative by the
assay. The six samples that detected positive with the assay
were actually found to harbor the mutation by sequencing
when BNA was used to help enrich the mutant. This
indicates the mutation in some tissue samples is too low for
detection in tissue, however it can be picked up by the
hTERT mutation assay.

TABLE 5

hTERT promoter mutant analysis from HCC tissue

Sanger qPCR

- 46 - 40

Embodiment 3: Evaluation of 5 DNA Biomarkers
for Distinguishing HCC from Non-HCC

[0110] Performance of each biomarker for distinguishing
HCC from non-HCC in the study population described in
Table 1.

[0111] FIG. 7 shows the (A-C) summary of box plot of
biomarker values in two disease groups, HCC and non-
HCC, and p-values between the biomarker values between
two disease groups and (D-F) the univariate ROC for the
study population described in Table 1, for distinguishing
HCC (n=84) from non-HCC (97 hepatitis and 106 cirrhosis)
subjects. The area under the ROC curve for each marker is
shown. Box plots were generated to assess each urine
biomarker in relationship with HCC status. As shown in
FIG. 7A-7C, serum AFP, nRASSF1A, mGSTP1, and TP53,
and hTERT had statistically significant higher levels in HCC
as compared to non-HCC (Wilcoxon rank sum test P<0.
0001). Next, to evaluate the performance of each marker in
detecting HCC, a univariate logistic regression model was
generated for each individual biomarker on the entire data-
set. ROC curves were generated and AUCs were calculated,
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as shown in FIG. 7D-7F. In this study cohort, none of urine
biomarkers performed better individually than serum AFP
(AUC 0.8561), with AUC ranging from 0.51 to 0.7461.
[0112] Performance of urine DNA biomarker panel for
distinguishing HCC from non-HCC.

[0113] FIG. 8 shows ROC curves for serum AFP, urine
DNA marker panel, and urine DN A marker panel plus serum
AFP plotted to distinguish HCC (n=84) from non-HCC (97
hepatitis and 106 cirrhosis) subjects. The area under the
ROC curve is shown in parenthesis. The vertical line crosses
the X-axis at 90% specificity. The sensitivity of each test is
listed for indicated specificities in the inserted table.
Whereas AFP alone can detect 63.1% of HCC at specificity
01 90% in this study cohort (n=287), the urine DNA marker
panel (termed, and shown in FIG. 8, as “urine DNA mark-
ers”, including the following five DNA markers:
mRASSF1A, mGSTP1, and TP53, hTERT, and CTNNBI1)
can detect 84.5% of HCC at specificity of 90%, and the urine
DNA marker panel with AFP (termed, and shown in FIG. 8,
as “urine DNA markers plus AFP” in FIG. 8) can detect
89.3% of HCC at specificity of 90%.

Embodiment 4: Detection of Urine DNA Markers
for Monitoring Recurrent Hepatocellular Carcinoma

[0114] In this study, we demonstrate the examples of early
detection of recurrent HCC by detecting five known HCC
associated DNA modifications: TP53, CTNNBI, and
hTERT mutation, and mGSTP1 and mRASSF1A markers in
urine as compared to the MRI imaging in a small (n=10)
blinded prospective study. In this study, 10 HCC patients
were studied at the Liver Disease Prevention Center, Divi-
sion of Gastroenterology and Hepatology, Thomas Jefferson
University Hospital, Philadelphia. After curative tumor abla-
tion, patients were monitored for recurrence by MRI and
serum AFP. Urine specimens were prospectively obtained
when available. The urine was retrospectively examined for
the presence of the five HCC DNA biomarkers.

[0115] Urine collection, storage, and DNA isolation were
carried out with written informed consent from patients as
described previously in example 1. DNA from urine speci-
mens was isolated and fractionated to obtain low molecular
weight (LMW) urine DNA (<1 kb size). Bisulfite (BS)
treatment of DNA was performed using the EZ DNA
Methylation-Lightning™ Kit (Zymo Research, Irvine,
Calif)) following manufacturer’s guidelines. Five DNA
modifications, TP53, CTNNBI1, and hTERT mutations,
aberrant promoter methylation of GSTP1 (mGSTP1), and
aberrant promoter methylation of RASSF1A (mRASSF1A),
were quantified in duplicate using assays kits, TP53 qPCR
kit, CTNNB1 mutation qPCR kit, hTERT mutation gPCR
kit, mGSTP1 qPCR kit, and mRASSF1A gPCR kit (JBS
Science Inc., Doylestown, Pa.), as described previously.
[0116] FIG. 9A-9E show DNA biomarkers levels in serial
urine samples from 10 patients. All patients were monitored
for HCC recurrence by Mill and serum AFP. The urine
samples were collected prospectively from HCC patients
(when available) after curative treatment (indicated by
arrows) and at follow-up visits. Samples were retrospec-
tively measured for HCC DNA biomarkers in a blinded
fashion, with a follow-up MRI diagnosis of whether or not
recurrence was detected. Five DNA biomarker values (cop-
ies per ml urine), TP53, CTNNBI1, and hTERT mutations,
methylated RASSF1A (mRASSF1A) and methylated
GSTP1 (mGSTP1), along with serum AFP (ng/mL serum),
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were plotted at office visits until the last available visit in
which an MM was performed. The “Pos” represents detec-
tion of HCC recurrence by MM and the “Neg” represents no
recurrence was detected by MRI at the time of the visit.
[0117] Specifically, in order to compare the detection of
urine DNA markers to the currently available diagnostic
methods (serum AFP and MRI imaging) for the diagnosis of
HCC recurrence, urine DNA marker values were measured
in a blinded fashion and plotted alongside serum AFP at the
time of each collection (as shown in each panel in FIGS.
9A-9E). Briefly, urine samples were collected prospectively
from HCC patients (when available) after curative treatment
at follow-up visits. The samples were retrospectively ana-
lyzed for the HCC DNA biomarkers.

[0118] Of the 10 patients with >6 months of monitoring
with urine DNA markers, case #1-5 had recurrence of HCC
confirmed by MM. Recurrent patients had one or more of the
five DNA markers examined found in urine before or at the
time of MRI diagnosis. One recurrent case (#5) died of
progressive HCC. Case #6 was lost for follow up during the
period of the study. Four patients (case #7-10) had no
recurrence confirmed by MRI. Their urine DNA markers
were either not detected (case #7), fluctuated (case #8), or
detected at low levels (case #9 and #10).

[0119] Case #1 A 68 year-old male underwent transarterial
chemoembolization (TACE) for HCC. Six years later, he
showed tumor recurrence (Pos) by MM. Urine specimens
were obtained at 6 and 3 months prior to the MRI confir-
mation of recurrence (indicated as -6, -3 on the X-axis,
upper panel in FIG. 9A). In the urine specimens, TP53
mutation and mRASSF1A markers were detected at 6
months prior and increased at 3 months before MM detec-
tion of recurrence. Unfortunately urine is missing at the time
of MM imaging. His serum AFP levels remained at 2 ng/ml
throughout the study, indicating the tumor was AFP-nega-
tive.(Bruix and Sherman 2005) He later received liver
transplant.

[0120] Case #2 A 73 year-old male underwent TACE for
HCC. Urine samples were collected after the treatment and
during the follow-up period of 12 months when the tumor
recurred (see lower panel in FIG. 9A). Three months after
the initial TACE treatment (indicated by a black arrow on the
X-axis), TP53 mutation and mRASSF1A levels were
elevated while serum AFP had returned to a baseline level of
5.3 ng/ml from 88.9 ng/ml at the time of TACE treatment.
These two urine DNA markers dropped to baseline on the
next visit 3 months later. The TP53 mutation and serum AFP
levels rose again about 3 months prior to the detection of
recurrence by MM. At the time of detection of the second
recurrence (marked “Pos”), both TP53 mutation and
mRASSF1A levels were elevated. Serum AFP level was at
36.4 ng/ml, indicating a rise from the baseline. Two months
after the second treatment, serum AFP, TP53 mutation, and
mRASSF1A all decreased. The patient did not return after
this visit.

[0121] Case #3 A 55 year-old male with a 4 cm HCC
received TACE. The tumor recurred 5 years later, which was
treated with microwave ablation (indicated by the black
arrow on the X-axis; upper panel in FIG. 9B). The tumor
recurred again during a follow up appointment 3 months
later (marked “Pos”; upper panel in FIG. 9B). Urine DNA
markers at two visits prior to the first recurrence were below
the level of detection. However, mGSTP1 was elevated one
month after microwave treatment. Interestingly, when the
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tumor recurred for a second time (1.6 cm) 3 months after
treatment, the mGSTP1 was undetectable while TP53 muta-
tion was elevated. This may indicate the heterogeneity of
HCC. Note, the serum AFP levels were below 20 ng/mL in
the period of study.

[0122] Case #4 A 54 year-old male diagnosed with HCC
and elevated AFP. Urine was collected at the time of
diagnosis and treatment with microwave ablation (lower
panel in FIG. 9B). The DNA marker mGSTP1 was highly
elevated in urine at the time of HCC diagnosis. Two months
after treatment, both urine mGSTP1 and serum AFP levels
decreased to the normal range while urine mRASSF1A was
elevated. This could be due to the apoptotic tumor cells
following microwave treatment. At the next visit three
months later, mRASSF1A decreased but remained detect-
able while the two other DNA markers, TP53 mutation and
mGSTP1, increased. Four months later, an MM detected a
recurrent tumor (solid lesion). Unfortunately, the urine was
not collected at “-2” and at the time of diagnosis “Pos”,
hence there is no marker data available at these time points.
[0123] Case #5 A 56 year-old male underwent TACE for
HCC. Urine was collected on the day of treatment and at a
follow-up visit 1 month later (upper panel in FIG. 9C). The
mRASSF1A marker was detected in the urine on the day of
TACE treatment, and the levels of mRASSF1A and hTERT
mutation was detected in the urine on the day of TACE
treatment, and the levels of mRASSF1A and hTERT muta-
tion dropped one month following treatment. Similarly,
serum AFP levels decreased nearly 10-fold from 3770 ng/ml
to 323 ng/ml. However, four months later MM detected
HCC recurrence and increased levels of serum AFP (1522
ng/ml). The patient continued to have active HCC with
detectable CTNNB1 mutation and mRASSF1A. Despite
receiving another TACE treatment, the patient passed away
8 months later.

[0124] Case #6 A 56 year-old male with HCC underwent
TACE. Urine samples were collected at 3 and 4 years after
TACE. mRASSF1A was found elevated at 3 years and
negative at 4 years post TACE. The patient has had no
recurrence (lower panel in FIG. 9C). AFP was in normal
range. The patient was lost for follow up.

[0125] Case #7 A 58 year-old male with HCC received
TACE followed by radiofrequency ablation (RFA). Urine
collection started one year after RFA. No biomarkers were
detected 2 years post RFA, as the patient remained recur-
rence free (upper panel in FIG. 9D).

[0126] Case #8 A 62 year-old male with HCC received
RFA. Urine samples were collected on the day of treatment
and every three months after for 9 months (lower panel in
FIG. 9D). Serum AFP, TP53 mutation, and mRASSF1A
levels were all elevated on the day of RFA, and decreased 3
and 6 months following the treatment to below the limit of
detection. There has been no recurrence by MM.

[0127] Case #9 A 27 year-old female was diagnosed with
HCC at age 20 and the original tumor was treated three times
with TACE in a three-year period. Urine was collected every
six months starting 4 years after the last TACE. TP53
mutation was detected in the urine collected on the second
visit and decreased, but remained detectable in the third
urine sample as indicated in upper panel in FIG. 9E. MRI
suggested a mass in the liver, but the mass was not con-
firmed as recurrent HCC. The serum AFP levels were below
20 ng/ml in the period of study. The patient has been on
antiviral treatment since the diagnosis of HCC.
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[0128] Case #10 A 66 year-old male with HCC underwent
RFA followed by resection. He has had no recurrence for the
past 10 years. Two urine samples were collected at 8 years
(-18) and 9 years (=6) after resection (lower panel in FIG.
10E). Serum AFP is normal, and none of the DNA markers
were detected until 6 months prior to the MM, when the
TP53 mutation and mRASSF1A markers were elevated
(lower panel in FIG. 9E). TP53 mutation reverted to baseline
and mRASSF1A levels declined three months later (-3). At
the time of MM testing there was no HCC recurrence
detected from the visit.

[0129] This study demonstrates the applicability of using
urine DNA markers in combination with serum AFP for the
early detection of HCC recurrence in a small 10-case study.
HCC recurrence is known to be the major factor for poor
prognosis. In this small 10-case study, MRI identified recur-
rence in 5 out of 10 patients (cases 1-5). Encouragingly, for
all four recurrent patients that remain in the study (cases
1-4), urine DNA markers were found to be elevated in urine
samples as early as 9 months before MM confirmation.

[0130] Although this is a small longitudinal 10 patient
study, the use of these urine DNA markers for management
of HCC recurrence and important characteristics of HCC
recurrence is demonstrated. First, for all remaining recurrent
cases (case #1-4), DNA markers were elevated before or at
the time of diagnosis by MRI imaging. MRI/CT imaging is
the gold standard for diagnosis of recurrent HCC, but has
difficulty in detecting early recurrence in the previously
treated areas (especially after local ablation). This may
explain why the DNA markers were found in urine earlier
than MM diagnosis. Secondly, HCC, like other cancers, is a
disease of the genome. Detection of genetic drivers of HCC
may provide not only sensitive and earlier detection for
monitoring HCC recurrence, but may also provide HCC
genetic information to assist in patient management. Fur-
thermore, since collection of urine can potentially be done at
home and then shipped to certified laboratories for testing,
the urine screening may result in better compliance while
not requiring a doctor’s office visit. Lastly, the levels of
DNA biomarkers in urine can also be useful to measure
effectiveness of cancer treatments that induces apoptosis of
tumor cells. We have shown that circulating tumor DNA
found in urine was mostly from apoptotic tumor cells. The
treatment that induce apoptosis should increase the amount
of tumor derived DNA deposited in the blood and secreted
into urine. This could be the circumstance for cases #2, #3,
#4 and #5 where an elevated mRASSF1A, mGSTP1,
CTNNB1 mutation, and hTERT mutation markers were
detected after the treatment, suggesting the potential to use
urine DNA markers to monitor effectiveness of therapy that
induces tumor cell apoptosis.

[0131] Finally, HCC is often recognized as being multi-
clonal. Interestingly, in recurrent case #3, mGSTP1 levels
returned to not detectable in urine while TP53 mutation was
elevated in the urine collected 3 month later with the MRI
report of a 1.6 cm lesion. We speculate that the rising of the
TP53 mutated clone was different from the previously
treated tumor nodule and was either not responding to the
treatment or was derived from tumor evolution.

[0132] It is important to note that the levels of urine DNA
markers can fluctuate for several reasons including hydra-
tion of the patient at time of collection (which can result in
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diluted DNA in the urine). Therefore the use of an internal
control is important for appropriately setting cutoffs for the
urine marker values.

[0133] In conclusion, we have demonstrated that urine
DNA biomarker testing can be used for the early detection
of HCC recurrence, can overcome the inherent limitations of
imaging technology, thus to provide a highly sensitive tool
for monitoring HCC recurrence.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

<210> SEQ ID NO 1

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gcagcaacag tcttacct

<210> SEQ ID NO 2

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(24)

18

<223> OTHER INFORMATION: non-complementary accessory tag
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-continued
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (25)..(40)
<223> OTHER INFORMATION: CTNNB1l sequence
<400> SEQUENCE: 2
ctgtgtgcte ttcecgtgtgtyg gtgtcectgtgg tagtggcacce 40
<210> SEQ ID NO 3
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: BNA clamp
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (2)..(2)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
«<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8)..(8)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (11)..(11)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (14)..(14)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (15)..(15)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (17)..(17)
<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (18)..(18)
<223> OTHER INFORMATION: phosphorylation modification
<400> SEQUENCE: 3

ggactctgga atccatte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4
LENGTH: 26
TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

18

OTHER INFORMATION: hydrolysis probe
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: fluorescent tag 6FAM
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (26)..(26)

<223> OTHER INFORMATION: fluorescent tag BHQLl

<400> SEQUENCE: 4

ggactctgga atccattctg gtgeca

<210> SEQ ID NO 5

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

gagtgaagga ctgagaaaa

<210> SEQ ID NO 6

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

ctgatttgat ggagttgg

<210> SEQ ID NO 7

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(33)

<223> OTHER INFORMATION: non-complementary accessory tag
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (34)..(51)

<223> OTHER INFORMATION: CTNNB1l sequence

<400> SEQUENCE: 7

tcgteggcag cgtcagatgt gtataagaga caggcagcaa cagtcttace t

<210> SEQ ID NO 8

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(34)

<223> OTHER INFORMATION: non-complementary accessory tag
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (35)..(58)

<223> OTHER INFORMATION: CTNNB1l sequence

<400> SEQUENCE: 8

gtctegtggyg cteggagatg tgtataagag acagetgtgt getcettegtyg tgtggtgt

<210> SEQ ID NO 9
<211> LENGTH: 14

26

19

18

51

58
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 9

tcgteggcag cgte 14

<210> SEQ ID NO 10

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized

<400> SEQUENCE: 10

gtctegtggg ctecgga 16

<210> SEQ ID NO 11

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(33)

<223> OTHER INFORMATION: non-complementary accessory tag
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (34)..(51)

<223> OTHER INFORMATION: hTERT sequence

<400> SEQUENCE: 11

tcgteggecag cgtcagatgt gtataagaga cagagggget gggagggece g 51

<210> SEQ ID NO 12

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

gacccecteee gggtecce 18

<210> SEQ ID NO 13

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: BNA clamp

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:

<221> NAME/KEY: misc_feature
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-continued

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: bridged nucleic acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: phosphorylation modification

<400> SEQUENCE: 13

gecececteeyg g

<210> SEQ ID NO 14

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

ccgaccecte ccegygyg

<210> SEQ ID NO 15

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hydrolysis probe
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: fluorescent tag 6FAM
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: fluorescent tag BHQLl

<400> SEQUENCE: 15

cggagggggc tgggccgg

<210> SEQ ID NO 16

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hydrolysis probe
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: fluorescent tag 6FAM
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: fluorescent tag BHQLl

<400> SEQUENCE: 16

cggaaggggc tgggccgg

11

15

18

18

1. A kit for characterizing, in a biological sample con-
taining at least one first allele of CTNNBI, at least one
second allele in a genomic region of CTNNBI, the kit
comprising:

a first pair of primers, configured to specifically bind

sequences flanking the genomic region to thereby allow

amplification of at least one polynucleotide harboring
the genomic region in a first PCR reaction; and

at least one clamp, each configured to bind to one of the
at least one first allele but not any of the at least one
second allele at an annealing temperature in the first
PCR reaction to thereby selectively suppress amplifi-
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cation of the one of the at least one first allele but still
allow amplification of the at least one second allele;
wherein:

at least one of the first pair of primers comprises an
oligonucleotide of an artificial sequence at a 5'-end
thereof, configured to interrupt a secondary structure
of DNA molecules of CTNNBI1 or to increase a Tm
of the at least one of the first pair of primers in the
first PCR reaction using amplified products as tem-
plates to thereby increase an efficiency of the ampli-
fication of the at least one polynucleotide in the first
PCR reaction.

2. The kit of claim 1, wherein:

the genomic region is hotspot region 1 encoding codons
32-37 of CTNNBI;

the at least one first allele comprises a wildtype allele of
CTNNBI in hotspot region 1; and

the at least one second allele comprises one or more
mutant alleles of CTNNBI in hotspot region 1.

3. The kit of claim 2, wherein the first pair of primers
respectively have a nucleotide sequence as set forth in SEQ
ID NO: 1 and SEQ ID NO: 2.

4. The kit of claim 1, wherein the at least one clamp
comprises at least one of a bridged nucleic acid (BNA)
clamp or a locked nucleic acid (LNA) clamp, configured to
specifically target the wildtype allele of CTNNBI1.

5. The kit of claim 4, wherein the BNA clamp has a
nucleotide sequence as set forth in SEQ ID NO: 3.

6. The kit of claim 2, further comprising a second pair of
primers and at least one probe, configured to allow charac-
terization of one or more of the at least one second allele in
a second PCR reaction over the at least one polynucleotide.

7. The kit of claim 6, wherein the at least one probe
comprises a hydrolysis probe having a nucleotide sequence
as set forth in SEQ ID NO: 4, configured to allow detection
or quantification of the one or more mutant alleles of
CTNNBI in a second PCR reaction over the at least one
polynucleotide obtained from the first PCR reaction.

8. The kit of claim 7, wherein the second pair of primers
respectively have a nucleotide sequence comprising SEQ 1D
NO: 1 and SEQ ID NO: 2.

9. The kit of claim 8, wherein the first pair of primers
respectively have a nucleotide sequence as set forth in SEQ
ID NO: 1 and SEQ ID NO: 2, and the at least one clamp
comprises a bridged nucleic acid (BNA) clamp having a
nucleotide sequence as set forth in SEQ ID NO: 3.

10. A method for characterizing, in a biological sample
containing at least one first allele of CTNNBI, at least one
second allele in a genomic region of CTNNB1, by means of
the kit according to claim 1, the method comprising a step
of:

(a) performing the first PCR reaction over a mixture of the
biological sample, the first pair of primers, and the at
least one clamp to thereby obtain a first PCR product,
comprising a sub-step of:
annealing the mixture at an annealing temperature for

a time period such that each of the at least one clamp
binds to one of the at least one first allele but not any
of' the at least one second allele to thereby selectively
suppress amplification of the one of the at least one
first allele but still allow amplification of the at least
one second allele.

11. The method according to claim 10, further comprising
a step of:
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(b) performing a second PCR reaction over the first PCR
product by means of a second pair of primers and at
least one probe to allow characterization of one or more
of the at least one second allele.
12. The method according to claim 11, wherein the second
PCR reaction in step (b) is configured to quantify one or
more of the at least one second allele, wherein:
a first cycle number for the first PCR reaction and a
second cycle number for the second PCR reaction are
configured to avoid non-specific amplification and to
ensure amplification is within a range of linearity.
13. The method according to claim 10, wherein:
the genomic region is hotspot region 1 encoding codons
32-37 of CTNNBI;
the at least one first allele comprises a wildtype allele of
CTNNBI in hotspot region 1;
the at least one second allele comprises one or more
mutant alleles of CTNNBI1 in hotspot region 1;
the first pair of primers respectively have a nucleotide
sequences as set forth in SEQ ID NO: 1 and SEQ ID
NO: 2; and
the at least one clamp comprises a bridged nucleic acid
(BNA) clamp having a nucleotide sequence as set forth
in SEQ ID NO: 3.
14. The method according to claim 13, wherein in the
sub-step of annealing the mixture at an annealing tempera-
ture for a time period, the annealing temperature has a range
of 52-56° C.
15. The method according to claim 13, further comprising
a step of:
(b) performing a second PCR reaction over the first PCR
product by means of a second pair of primers and a
probe, respectively having nucleotide sequences as set
forth in SEQ ID NO: 1, SEQ ID NO: 2, and SEQ ID
NO: 4.
16. A method of detecting or monitoring a recurrence of
hepatocellular carcinoma (HCC), in a DNA sample obtained
from a biological sample of a subject in need thereof,
comprising the step of:
(1) determining a level of mutation or methylation of one
or more genes from a group consisting of TPS53,
CTNNBI, hTERT, RASSF1A, and GSTP1 in the bio-
logical sample; and
(i) detecting a presence or an absence of HCC based on
the level of mutation or methylation of the one or more
genes.
17. The method of claim 16, wherein step (i) comprises:
determining a level of mutation of CTNNBI in the
biological sample, comprising the sub-steps of:
performing a first PCR reaction over a mixture of the
biological sample, a first pair of primers, and a clamp
to thereby obtain a first PCR product, wherein the
first pair of primers and the clamp respectively have
a nucleotide sequences as set forth in SEQ ID NO: 1,
SEQ ID NO: 2, and SEQ ID NO: 3; and

performing a second PCR reaction over the first PCR
product by means of a second pair of primers and a
probe to determine the level of mutation of
CTNNB1, wherein the second pair of primers and
the probe respectively have a nucleotide sequences
as set forth in SEQ ID NO: 1, SEQ ID NO: 2, and
SEQ ID NO: 4.

18. The method of claim 17, wherein the biological
sample is a urine sample, and step (ii) comprises:
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detecting a presence of HCC, if the level of mutation of
CTNNBI in the urine sample is more than or equal to
10 copies of mutated CTNNBI1 per 1,000 copies of
CTNNBI1 gene.

19. The method of claim 16, wherein:

step (i) comprises: determining a level of mutation or
methylation of each of TP53, CTNNBI1, hTERT,
RASSF1A, and GSTP1 in the biological sample; and

step (ii) comprises: detecting a presence or an absence of
HCC based on the level of mutation or methylation of
each of TP53, CTNNBI1, hTERT, RASSFI1A, and
GSTP1 in the biological sample.

20. The method of claim 19, wherein:

step (i) further comprises: determining a level of alpha-
fetoprotein (AFP) in the biological sample; and

step (ii) comprises: detecting a presence or an absence of
HCC based on the level of mutation or methylation of
each of TP53, CTNNBI1, hTERT, RASSFI1A, and
GSTP1, and the level of AFP, in the biological sample.

#* #* #* #* #*



