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Abstract

Aim—The aim of the study was to evaluate the use of global and gene-specific DNA methylation
changes as potential biomarkers for gallbladder cancer (GBC) in a cohort from Chile.

Material & methods—DNA methylation was analyzed through an ELISA-based technique and
quantitative methylation-specific PCR.

Results—Global DNA Methylation Index (p = 0.02) and promoter methylation of SSBP2 (p =
0.01) and ESR1 (p = 0.05) were significantly different in GBC when compared with cholecystitis.
Receiver curve operator analysis revealed promoter methylation of APC, CDKN2A, ESR1,
PGP9.5 and SSBP2, together with the Global DNA Methylation Index, had 71% sensitivity, 95%
specificity, a 0.97 area under the curve and a positive predictive value of 90%.

Conclusion—Global and gene-specific DNA methylation may be useful biomarkers for GBC
clinical assessment.

Keywords

gallbladder cancer; global and gene-specific DNA methylation; molecular biomarkers panel;
tumor suppressor genes

Gallbladder cancer (GBC) is the fifth most common cancer of the Gl tract [1] and the most
prevalent malignancy of the biliary tract [2,3]. GBC has marked regional and ethnic
variation worldwide, with the highest incidence rates being reported in Chile, Mexico,
Bolivia, India, Central European countries and among Native Americans in North America
[3-6]. While in Chile GBC is the leading cause of cancer deaths among women, with a
mortality rate of 16.2./100,000 [7], in the USA it is a rare neoplasm, where 10,650 new
cases are expected in 2014 representing 0.7% of all cancer cases [8].

GBC is a highly aggressive malignancy and is usually detected at an advanced unresectable
stage [9], when the disease has already metastasized. Only 20% of the patients have disease
confined to the gallbladder at the time of diagnosis [9]. This late detection is associated with
poor prognosis; the 5-year survival rate is only 10% [9]. Although little is known about
genetic predisposing factors associated with GBC, a few studies have reported mutations in
KRAS, TP53, p16/CDKN2A, microsatellite instability, overexpression of COX2, VEGF,
hTERT and ERBB2 in GBC [10]. Besides the occurrence of genetic alterations, other risk
factors have been associated with GBC: gallbladder disease (cholecystitis, chronic
inflammation of the gallbladder, congenital biliary abnormalities and polyps) age, obesity or
environmental factors such as exposure to carcinogens. However, the etiology of GBC is not
well understood and the influence of these risk factors for GBC tumorigenesis is not clearly
established [5,11-12].

There are two carcinogenic pathways known for GBC, the metaplasia—dysplasia—carcinoma
and the adenoma—carcinoma, arising from two different types of epithelial lesions. The most
frequent type, the metaplasia—dysplasia—carcinoma seen in most epithelial tumors, is
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secondary to chronic irritation or inflammation, as a result of gallstones and biliary tract
infections. The evolution of chronic gallbladder inflammation, or cholecystitis, into
displasia, carcinoma in situ and progression to invasive carcinoma, tracks at the molecular
level, with tumor suppressor gene silencing by DNA methylation, together with global and
gene-specific loss of methylation [7,10]. However, there are only limited studies [13-16]
related to GBC and its pre-neoplastic lesions’ methylome and methylation alterations.

We conducted a study akin to a Phase | Biomarker Development Trial [17], to identify a
panel of epigenetic biomarkers that can distinguish cholecystitis from GBC patients. We
quantified the GBC global methylome with an ELISA-based technique and promoter DNA
methylation of eight genes that regulate multiple oncogenic pathways with quantitative
methylation-specific PCR (gMSP) in patients from Chile: 19 GBC cases and seven chronic
cholecystitis cases, which were used as non-cancer controls for this study. We examined
gene-specific promoter methylation in a panel of eight tumor suppressor genes (TSG)
reported to be frequently methylated in various tumor types (APC, CDKN2A, ESR1, MCAM,
MGMT, PGP9.5, RARf# and SSBP2) [13,18-21]. We hypothesized that a subset of these
eight genes, together with the global DNA methylation index (GMI) would significantly
discriminate between cholecystitis and gallbladder cancer patients.

Materials & methods

Sample collection

Tissue samples from 19 GBC cases and seven chronic cholecystitis cases were collected
from 2004 to 2008, at the clinic of Doctor Herndn Henriquez Aravena (HHA) tertiary care
regional hospital, in Temuco, Chile. The diagnosis was confirmed by histological
examination (biopsy) performed by a team of three pathologists from HHA. A random set of
pathology slides from the study samples was sent for diagnostic confirmatory review to a
pathologist at Johns Hopkins School of Medicine. The Institutional Review Boards of the
HHA and the Johns Hopkins School of Medicine approved the protocol for this study.

DNA extraction

DNA was extracted from 5 mg of frozen tissue from each sample by digestion with 1% SDS
and 20 pg/ml proteinase K (Roche, Manhein, Germany) at 48°C for 24 h, followed by
phenol/chloroform extraction and ethanol precipitation of DNA as previously described
[22].

Bisulfite treatment

Genomic DNA extracted from the tissues was subjected to bisulfite modification, which
converts unmethylated cytosine residues to uracil, using EpiTect Bisulfite Kit (QIAGEN,
CA, USA) according to the manufacturer’s protocol as previously described [23].

Global DNA methylation index

Global DNA methylation levels on tissue and cell line DNA were obtained with an ELISA-
based commercial kit (MDQ1, Imprint® Methylated DNA Quantification Kit; Sigma
Aldrich, MO, USA). The MDQ1 kit is a high-throughput, molecular biology kit, which uses
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a 96-well plate format to provide accurate differential global DNA methylation absorbance
readings with as little as 50 ng of genomic DNA. In total, 2 pl of DNA at a concentration of
100 ng/ul were diluted with 28 pl of lysis and binding buffers and incubated at 60°C. The
samples were incubated with capture and detection antibodies and absorbance was read at
450 nanometers. Quantification of global DNA methylation was obtained from calculating
the amount of methylated cytosines in the sample (5 mC) relative to global cytidine (5 mC +
dC) in a positive control that had been previously methylated. All samples were analyzed in
duplicate as previously described [24].

Quantitative methylation-specific PCR

We used previously developed gMSP primers and probes, which amplify the promoters of
eight genes that play an important role in oncogenesis: cell adhesion, cellular proliferation,
cell cycle control, cellular differentiation, cell migration, apoptosis, DNA repair, cell growth
and protein degradation — MCAM [25,26], SSBP2 [21,27], ESR1 [28,29], APC [30,31],
CDKN2A [32,33], MGMT [33,34], RARA[35] and PGP9.5 [36,37] and the promoter of the
internal control ACTB (B-actin gene). The primer and probe sequences, which we designed
for our previous methylation studies based on bisulfite sequencing data, along with the
annealing temperatures are provided in Supplementary Table 1 (see
www.futuremedicine.com/doi/suppl/10.2217/fon.14.165).

Fluorogenic PCR reactions were performed in duplicates in a reaction volume of 20 pl that
contained 3 pl of bisulfite-modified DNA; 600 nM of each primer; 200 nM probe; 0.75 U of
platinum Taq polymerase (Invitrogen, MD, USA); 200 uM of each dATP, dCTP, dGTP and
dTTP; 200 nM ROX dye reference; 1X buffer (16.6 mM ammonium sulfate; 67 mM Trizma
[Sigma]; 6.7 mM of magnesium chloride; 10 mM of mercaptoethanol and 0.1% dimethy!I-
sulfoxide). Amplifications were performed using the reaction profile: 95°C for 3 min,
followed by 50 cycles at 95°C for 15 s and 60°C for 1 min in a 7900 HT sequence detector
(Applied Biosystems, CA, USA) and were analyzed by a sequence detector system (SDS
2.4; Applied Biosystems). Each plate included patient DNA samples, positive controls
(leukocytes from a healthy individual were methylated in vitro using Sssl methyltransferase;
New England Biolabs, MA, USA) and multiple water blanks as non-template controls.
Serial dilutions (90-0.0009 ng) of in vitro methylated DNA were used to construct a
standard curve for each plate. The relative level of methylated DNA for each gene in each
sample was determined as a ratio of the amplified gene quantity to the quantity of 3-actin
multiplied by 1000.

Quantitative real-time reverse transcription PCR

RNA samples from three GBC cell lines (SNU308, GBD1 and G415) and from four GBC
samples (GB82, GB95, GB126 and GB127) were assessed for ESR1, P16, PGP9.5, APC,
SSBP2 and GAPDH expression levels using quantitative real-time reverse transcription
(gRT-PCR). Reverse transcription was performed with random hexamer primers and
Superscript 11 Reverse Transcriptase (Invitrogen) according to manufacturer’s instructions.
gRT-PCR was then carried out on the Applied Biosystems 7900HT Sequence Detection
Instrument using TagMan expression assays (Applied Biosystems). The 272ACt method was
used to quantify relative gene expression [38].
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Statistical analysis for gMSP data

gqMSP values were adjusted for DNA input by expressing results as ratios between 2
absolute measurements. The relative level of methylated DNA for each gene in each sample
was determined as a ratio of qMSP for the amplified gene to ACTB and then multiplied by
100 for easier tabulation ([average DNA quantity of methylated gene of interest/average
DNA quantity for internal reference gene -actin] x 100) [28]. The samples were
categorized as unmethylated or methylated based on detection of methylation above a
threshold set for each gene. For quality control, all amplification curves were visualized and
scored without knowledge of the clinical data. Receiver operator characteristic (ROC)
curves were used to identify a cutoff ratio above the highest control ratio observed for each
gene to set specificity at the percentage that maximizes the number of samples correctly
classified. Promoter methylation ratios for each gene were compared between cancer GBC
and cholecystitis samples. The Fisher’s exact and x2 tests (significance level = 0.05; Cl: 95)
were used to compare GMI and gMSP methylation levels. Results with a p < 0.05 were
considered significant. Once the best individually discriminating genes were found, a
stepwise bootstrapping approach was used to identify the gene panel with the highest
sensitivity, specificity, area under the curve (AUC), and positive and negative predictive
value. All analyses were performed using STATA version 12.

Results

Patient characteristics

A sequential cohort of patients were selected for this study in Temuco, Chile. The available
demographic and clinical patient data is listed in Table 1. The age among GBC patients
varied between 41 to 84 years (median: 62 years; average: 63.5 years) and between 33 to 88
years (median: 68 years; average: 63.5 years) for cholecystitis patients. The mean age for
both groups showed no significant statistical difference. The majority of patients (78.6%)
selected for the present study were women and 21.4% were of Mapuche descent, the
indigenous inhabitants of south-central Chile.

Global DNA methylation

GMI was evaluated in 26 patients: 19 cancer and seven cholecystitis tissue samples. We
observed a significant global loss of DNA methylation in GBC (p = 0.02). Most GBC
patients (74%) had a GMI below the cutoff value of 60. The median GMI in two of three
GBC cell lines, GBD1 and SNU308, was also below the cutoff value of 60. Figure 1. shows
a boxplot of the GMI of the two patients groups and the three cell lines.

Quantitative methylation-specific PCR

Promoter methylation of APC, CDKN2A, ESR1, MCAM, MGMT, PGP9.5, RARfS and SSBP2
was evaluated in DNA samples from 19 primary tumors and in seven cholecystitis tissue
samples (Figure 2). We found that SSBP2 (p = 0.01) and ESR1 (p = 0.05) significantly
discriminated GBC from cholecystitis patients (Table 2). Promoter methylation scatter plots
of the eight genes are shown in Figure 3 & 4. APC was methylated in six out of 19 (32%) of
GBC samples and in one in seven (14%) of chronic cholecystitis samples. CDKN2A was
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methylated in five in 19 (26%) of GBC samples and in one of seven (14%) of chronic
cholecystitis samples. ESR1 was methylated in eight of 19 (42%) GBC samples and in zero
out of seven (0%) of chronic cholecystitis samples. MCAM was methylated in seven of 19
(37%) of GBC samples and in one out of seven (14%) of chronic cholecystitis samples.
MGMT was methylated in two out of seven (29%) of GBC samples and in one out of seven
(14%) chronic cholecystitis samples. PGP9.5 was methylated in four of of 19 (21%) GBC
samples and in one of seven (14%) chronic cholecystitis samples. RARS was methylated in
seven out of 19 (37%) GBC samples and in two out of seven (29%) chronic cholecystitis
samples. SBPP2 was methylated in ten of 19 (53%) of GBC samples and in zero out of
seven (0%) of chronic cholecystitis samples. The association of aberrant DNA methylation
and demographic features was also examined. Detectable methylation levels were not
associated with age or gender in this group of patients except for SSBP2, which is associated
to gender (Supplementary Table 2). However, the small sample size makes it difficult to
identify strong associations.

ROC curve analysis revealed that SSBP2 had 68% sensitivity, 86% specificity and a 0.83
AUC; ESR1 had 42% sensitivity, 100% specificity and a 0.56 AUC; CDKN2A had 47%
sensitivity, 86% specificity and a 0.69 AUC; APC had 32% sensitivity, 86% specificity and
a 0.56 AUC and PGP9.5 had 21% sensitivity, 86% specificity and a 0.47 AUC (Figure 5). A
gene panel combining the GMI with promoter DNA methylation results for these five genes
had 71% sensitivity, 95% specificity, a 0.97 AUC, a positive predictive value (PPV) of 90%
and a negative predictive value (NPV) of 83% (Figure 5).

Quantitative real-time reverse transcription PCR

To examine if the promoter methylation data we have generated relates to gene silencing or
not, we quantified expression levels of the five genes included in the molecular panel in
three GBC cell lines (SNU308, GBD1 and G415) and four GBC tissues. Differential
transcript levels for APC, CDKN2A, ESR1, SSBP2 and PGP9.5 were confirmed by
quantitative RT-PCR in some of the RNA samples used for gMSP analysis and in GBC cell
lines RNA (Supplementary Table 1). The relative expression levels showed consistency with
the gMSP results obtained for ESR1 and SSBP2 in GBC tissue and cell lines (Supplementary
Figures 1A-1D).

Discussion

Our main objective in this study was to determine the methylation profile of a panel of genes
in GBC using a quantitative method (QMSP) as well as assess global methylation in GBC.
We report here for the first time a global loss of DNA methylation and ESR1 and SSBP2
promoter methylation in GBC. Using ROC curve analysis we identified a panel of five TSG,
which combined with the GMI have the potential of serving as biomarker(s) for GBC
clinical management.

Global loss of methylation and gene-specific DNA promoter methylation occur frequently
during carcinogenesis and have been considered as potential molecular markers for cancer
initiation and progression [39]. DNA methylation in mammals is mostly seen at position 5
of the cytosine ring in CpG through the covalent bond of a methyl group. NonCpG
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sequences can also become methylated but with less frequency [40-42]. In normal tissue,
methylation of CpG islands usually increases with age, although the total genomic content
of the methylcytosines decreases [43]. During carcinogenesis a global loss of DNA
methylation, together with tumor suppressor gene silencing by promoter DNA methylation,
has been observed in most tumor types [44]. Promoter methylation in CpG islands of tumor
suppressor genes has been demonstrated as a hallmark in cancer [39]. Earlier studies have
profiled gene-specific promoter methylation in head and neck squamous cell carcinoma
[45,46], bladder cancer [47,48], lung cancer [49] and liver cancer [50], among others.

Epigenetic studies conducted to determine the promoter methylation profile of GBC have
found promoter methylation of multiple genes associated with poor survival, disease
progression and histology subtype — 3-OST-2, CDH1, CDH13, RUNX3, APC, RIZI,
CDKN2A, HPP1, MGMT, hMLH1, DAPK and many others — were shown to be methylated
in their promoter regions by conventional PCR. Presence of aberrant promoter DNA
methylation in some genes was associated with poor survival, disease progression and
histology subtype [14,16,51-52]. So far, only PGP9.5 has been described to lose promoter
methylation in GBC [53].

Previous studies evaluated promoter methylation status in GBC by MSP. One of the
drawbacks of this approach is that it is a subjective technique, as it scores for methylation
based on visualization of bands in an electrophoresis gel [54]. Real-time gMSP allows a
rapid detection and quantitation of promoter methylation and is better suited than
conventional MSP for high-throughput studies, due to its high sensitivity and ease of
automation [55]. qMSP has been put forward as a platform to develop biomarkers for early
detection, diagnosis and clinical management of cancer [56]. We designed the qMSP
primers and probes tested in this study using the pipeline first published by our laboratory in
2001 [57]. In this pipeline bisulfite sequencing is performed at the onset of primer
development stage, not only to assess the methylation status of the CpGs contained in that
area but also to verify that we are amplifying the genomic region of interest. The fact that
gMSP is an easily reproducible and quantitative method that can be used to query large
number of samples, makes this method a feasible approach to be used in the clinics to test
tissue and biofluid samples from GBC patients for the presence of methylation
(Supplementary Figure 2A & 2B).

In this study we identified a molecular panel of DNA methylation events that can distinguish
GBC from chronic cholecystitis. The panel consists of the gMSP values for five TSGs
(APC, SSBP2, CDKN2A, PGP9.5 and ESR1) together with the GMI. While ESR1 and
SSBP2 could significantly distinguish between GBC and cholecystitis by themselves, it was
not until they were combined with APC, CDKN2A, PGP9.5 and the GMI that the panel’s
sensitivity (71%) and specificity (95%) attained clinically relevant levels. Our study was
designed to identify a panel of epigenetic biomarkers that could discriminate between GBC
and chronic cholecystitis, akin to a Phase | biomarker development trial. Phase | biomarker
development trials are designed to identify biomarkers that can discriminate between cancer
and noncancer tissue. The small sample size did not permit us to carry out a properly
powered trial. This design does not lend its self to classify biomarkers as drivers or
passengers of the oncogenic process, nor to examine their functional characteristics in GBC
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cell lines. We did however test the expression status of this gene panel in three GBC cell
lines, SNU308, GBD1, G415 and four GBC tumor samples. The relative expression levels
showed consistency with the gMSP results obtained for ESR1 and SSBP2 in GBC tissue and
cell lines. Given these results we plan to examine the functional characteristics of ESR1 and
SSBP2 in future studies (Supplementary Figure 2C).

SSBP2 is a tumor-suppressor gene that belongs to a very conserved family of DNA binding
proteins. The SSBP family components stabilize single strand DNA (ssDNA) regions
avoiding degradation and incorrect processing until the regular cellular processes can be
performed. Because of this crucial function SSBP2 plays a role in DNA replication and
repair [58]. SSBP2 promoter methylation is associated with gene silencing in prostate cancer
and esophageal carcinomas. In prostate cancer, aberrant methylation was not detected in
normal tissue, whereas 61.4% of the neoplastic samples showed the epigenetic alteration
[25,59]. Methylation of this gene was reported to be present in 86% of esophageal cancer
samples [25,59]. SSBP2 seems to have an effective role in cell proliferation and cell cycle
control. Induction of its expression in prostate and esophageal cancer cell lines resulted in
reduced cell proliferation and cell cycle arrest [25,59]. We observed a significant difference
on SSBP2 DNA methylation frequency when comparing GBC and noncancer samples.
SSBP2 aberrant methylation in GBC, as well in other tumor types, might result in gene
silencing which will impact in DNA replication and repair and genome stability. We found
promoter methylation of SSBP2 and minimal SSBP2 expression in one of the three GBC cell
lines we tested: GBD1. On the contrary, SSBP2 expression does not seem to be regulated by
promoter methylation in SNU308 and G415 GBC cell lines (Supplementary Figures 1A &
B).

MCAM, also known as CD146, is a calcium-independent transmembrane glycoprotein
adhesion molecule. It is expressed in endothelial cells and plays a role in cohesion of the
endothelial monolayer. It was initially identified as a marker for progression and metastasis
in melanoma [60]. Later studies showed decreased expression of MCAM and its role in
tumor progression and metastasis in multiple cancers including GBC [61] and breast [62].
Promoter methylation of MCAM has been associated with advanced tumor stage in prostate
cancer [25]. However, the authors detected high frequency of promoter methylation in the
gene promoter but with positive protein expression by immunohistochemistry suggesting
that, at least in prostate cancer, methylation is not the major factor controlling MCAM
expression. Positive expression of MCAM has been described in GBC, while the protein
levels were reduced in noncancer gall-bladder tissue. Higher levels of MCAM have been
associated with increased angiogenesis and lymphangiogenesis and this gain of expression
showed important impact on disease progression, metastasis and survival in gallbladder
adenocarcinomas [61]. Here, we investigated the methylation status of MCAM in an attempt
to understand its regulation in GBC. However, no difference was observed between the
cancer and noncancer gallbladder tissue.

The high incidence rates of GBC among women may be partly attributed to hormonal
factors [63]. ESR1 encodes for a ligand-activated transcription factor involved in regulation
of gene expression that affects cellular proliferation and differentiation in specific tissues
[64]. Genetic alterations in ESR1 gene seem to have different impacts in the risk for GBC. A
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susceptibility risk polymorphism on ESR1, rs1801132, is associated with higher risk to bile
duct and ampulla of Vater cancers but not GBC [63]. However, presence of the homozygous
variant genotype for the marker rs2234693 (ESR1-397TT) is associated with significant
higher risk to GBC (odds ratio: 1.8) [65]. Promoter methylation of ESR1 in association with
gene silencing has been observed in other tumor types such as breast cancer [66], rectal
cancer [67] and cervical cancer [28]. Our study is the first to evaluate the methylation status
of ESR1 in GBC. Here, we described a methylation frequency of 42% among cancer
patients, while no methylation was detected in noncancer samples. ESR1 hypermethylation
followed by transcriptional blockade may result in downregulation of cell cycle and growth
regulators, once this gene is known to have a role in transcription regulation by the
recruitment of proteins of the transcriptional protein complex [68]. Our cell line data
supports the mechanistic link between promoter metylation and down-regulation of ESR1 in
GBC. Two of the three cell lines we tested, GBD1 and G415, have evidence of ESR1
promoter methylation and expression downregulation. Conversely, ESR1 downregulation in
SNU308 does not seem to be under methylation control (Supplementary Figures 1C & D).

APC, a tumor suppressor gene, encodes a protein involved in cell migration, cell adhesion,
transcriptional activation and apoptosis. Promoter methylation of APC and its role in
tumorigenesis has been reported in rectal [67], esophageal [69], breast [29] and cervical [28]
cancers. In GBC, promoter methylation has been observed to be present in 30-40% of cases
[13-15]. APC regulates the level of free -catenin, which is involved in Wnt signaling.
Besides APC gene mutation, inactivation of APC by aberrant promoter methylation results
in increased B-catenin levels, which subsequently triggers tumor formation, through Wnt
signaling [70,71]. The relevance of APC hypermethylation in the development of GBC
might be associated with the dysregulation of the Wnt pathway, showing the necessity of
follow-up investigations on this important pathway.

Silencing of CDKN2A by promoter methylation is frequently observed in solid tumors [72—
74]. This gene encodes a protein (p16) that negatively regulates cell cycle progression. p16
protein binds to CDK4/6 inhibiting their ligation to cyclin D [75]. In GBC, CDKN2A
methylation has been described in multiple studies with varied frequencies, (14.5-80%) but
there is no reported association with prognosis or clinicopathologic variables [1,14—
16,52,76-77]. Besides the fact that CDKN2A methylation showed no association with GBC,
this gene is an important cell cycle regulator and further analysis on the epigenetic and
genetic alterations in these tumors is critical for the comprehension of their biology.

MGMT gene is a DNA methyltransferase. The aberrant methylation of this gene is known to
be associated with response to alkylating chemotherapeutic agents in glioblastomas [78,79].
House et al. reported MGMT methylation in 13% of GBC cases evaluated [13]. Here, maybe
due to the fact that we used a more sensitive method for methylation detection, we found
that 30% of GBC samples present methylation in this gene promoter, while the frequency in
noncancer patients was 14%. MGMT DNA methylation, as well as in glioblastoma, seems to
be associated to therapeutic response with alkylating agents. Gallbladder cell lines treated
with the bifunctional alkylating agent 1-(4-amino-2-methyl-5-pyrimidinyl)methyl-3-(2-
chloroethyl)-3-nitrosourea showed different proliferation rates according to MGMT protein
expression status, GBC cell lines harboring MGMT downregulation were more sensitive to
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1-(4-amino-2-methyl-5-pyrimidinyl)methyl-3-(2-chloroethyl)-3-nitrosourea [80]. Aberrant
methylation of MGMT might be a useful tool to determine the better treatment modality to
be applied in each GBC patient.

RAR/S encodes a receptor that when activated participates in cell growth and differentiation.
RARZ s a tumor suppressor gene and loss of this gene plays an important role in
tumorigenesis [81]. RARS promoter methylation has been reported in rectal [67] and cervical
[28] cancers. RARS methylation in gall bladder cancer is associated with disease progression
from cholecystitis to GBC. Progressive increase in DNA methylation level of this gene was
observed following the evolution of chronic inflammation to invasive cancer, suggesting
that this event plays a role in gall bladder tumorigenesis [13,16]. Methylation of RARS
promoter region was observed in a significant proportion of cancer-free high-fat consumers
[82]. Gallstones disease, a known GBC risk factor, shows higher incidence among
overweight and obese patients [5]. This evidence indicates that presence of RARS promoter
methylation may be associated with obesity in GBC patients. The information about obesity
was not collected on our cohort, however, in future studies it might be a relevant fact to be
taken into account when evaluating the association between GBC and RAR/ methylation.

PGP9.5 is the only gene selected for our study with a reported loss of promoter methylation
in GBC. Also known as UCHL1, PGP9.5 prevents protein degradation by the proteosome-
dependant pathway by removing ubiquitin from ubiquitinated proteins [83]. In a previous
study, PGP9.5 methylation was detected in 84.6% of normal gall bladder [35] epithelia and
in only 27.2% of the GBC samples. Methylation status was inversely correlated with protein
expression levels. These data suggest that PGP9.5 in GBC might have a role as an oncogene
[53]. We report a similar frequency of PGP9.5 promoter methylation in GBC patients
(21%). In addition, none of our three cell lines show evidence of methylation and the
difference in PGP9.5 promoter methylation frequency between cholecystitis (14%) and
GBC patients is not significant (p = 0.69). Our data suggest that the normal GB epithelium
undergoes a loss of PGP9.5 promoter methylation early in the inflammation-associated
metaplasia—dysplasia—carcinoma pathway for GBC.

To our knowledge this is the first study to report a global loss of DNA methylation in GBC.
A global loss of DNA methylation is a hallmark of human cancer, first reported more than
30 years ago [84]. This global loss, commonly referred to as global DNA hypomethylation,
is mostly seen in the repetitive elements, interspersed repeats and tandem repeats that
comprise approximately half of the human genome [85]. The global loss of DNA
methylation in repetitive elements can lead to neighboring gene disruption via
transcriptional interference and activation of transposable elements, which can lead to
chromosomal and microsatellite instability throughout the genome [43,86]. Global DNA
hypomethylation has been studied as a marker of cancer risk in peripheral blood leukocytes
[87-89] and as a biomarker for breast [90], prostate [91], ovarian [92], lung [93], liver [94],
bladder [95], oral [94] and laryngeal cancer [96]. Our data in GBC tissues and cell lines is
consistent with published data for other tumor types. We observed a statistically significant
difference in the GMI when comparing cholecystitis with GBC patients. The GMI index in
cell lines provides further evidence to the hypothesis that there is a progressive global loss of
DNA methylation in GBC.
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In the present study we observed that 52.6% (ten out of 19) of the GBC cases presented two
or more methylated genes. In these cases, more than one TSG may have their functions
disrupted by promoter methylation, suggesting a probable imbalance in the activity of the
signaling pathways those genes help to regulate. Subsequent concomitant deregulation of
multiple pathways might be important for the initiation and progression of this tumor type.
However, further investigation to determine the importance of each of the regulatory
pathways implicated by this study in GBC, as well as the identification of the driving and
passenger molecular alterations associated with them, are crucial for a better understanding
of GBC biology.

The majority of GBC are not resectable when diagnosed as a result of lack of specific
symptoms in early stages of the disease. This late diagnosis results in a 5-year survival rate
of only 10%. The highest occurrence rates among men and women are registered in Chile
with this last group being more frequently affected. It is well established that chronic
cholecystitis and gallstones are risk factors for the development of GBC, however the
etiology of these tumors is poorly understood [5,97]. Identification of the molecular
mechanisms involved in GBC tumorigenesis is of extreme importance for better
understanding of their biological behaviour as well as prognosis determination. A variety of
genetic alterations (mutations, microsatellite instability and aberrant expression) are present
in GBC and are associated with bad prognosis for patients harboring these changes [10].
Aberrant DNA methylation including global loss of methylation and gene-specific gain of
methylation in the promoter are also common features of this cancer type (Supplementary
Figure 3). DNA promoter methylation is a cumulative event during cancer progression and
is implicated in gene silencing of the majority of its target genes, resulting in
downregulation of important tumor suppressors [7].

Hence, a panel that incorporates global and gene-specific changes can serve as a useful early
detection molecular tool. A panel of genetic and epigenetic changes would be even more
relevant if proven to be detected in bodily fluids (bile, serum, plasma or urine) from GBC
patients. Evaluation of cell-free DNA is an approach that has to be explored in this tumor
type, one that can lead to a noninvasive screening method for GBC.

Conclusion

Using a quantitative method we show for the first time that GBC undergoes a significant
loss of global DNA methylation and two genes, SSBP2 and ESR1 that are differentially
methylated in GBC. We also show that the GMI, together with promoter methylation in a
panel of five genes (APC, CDKN2A, ESR1, SSBP2 and PGP9.5), may act as a potential
early detection biomarker panel for GBC. Further studies including larger groups of GBC
and cholecystitis patients are important to validate our findings and examine their
association with somatic mutations and known GBC prognostic factors using tissue and
body fluids, including bile.
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Future perspective

GBC is a gastrointestinal neoplasia with specific geographic and ethnic variation with the
highest incidence rates described in Chilean women. It is an aggressive disease associated
with low survival rates. Late diagnosis, due to lack of symptoms in early stages, is the main
factor associated with poor prognosis. Gallbladder stones and inflammatory conditions are
risk factors involved in the ethiology of GBC. The signaling pathways that are disturbed and
culminate in gallbladder tumorigenesis are not well understood.

The results of this study suggest that a panel of five methylated TSGs combined with the
GMI can be potential biomarkers for early detection of GBC. Further molecular studies
involving larger cohorts that examine combined somatic mutations and epigenomic
alterations in crucial genes in the GBC tumorigenesis process are essential to enable the
clinical application of these markers in liquid biopsies, as they become part of routine
clinical follow-up in the future. Liquid biposies in bile, blood or urine, testing for panels of
combined genetic and epigenetic alterations associated with GBC early detection, response
to treatment and survival, will inform the differential diagnosis of gastrointestinal
oncologists in the not-so-distant future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

Papers of special note have been highlighted as:
» of interest;
o« of considerable interest

1. Tadokoro H, Shigihara T, Ikeda T, Takase M, Suyama M. Two distinct pathways of p16 gene
inactivation in gallbladder cancer. World J Gastroenterol. 2007; 13(47):6396-6403. [PubMed:
18081229]

2. Misra S, Chaturvedi A, Misra NC. Gallbladder cancer. Curr Treat Options Gastroenterol. 2006;
9(2):95-106. [PubMed: 16539870]

3. Lazcano-Ponce EC, Miquel JF, Munoz N, et al. Epidemiology and molecular pathology of
gallbladder cancer. CA Cancer J Clin. 2001; 51(6):349-364. [PubMed: 11760569]

4. Murthy NS, Rajaram D, Gautham MS, et al. Trends in incidence of gallbladder cancer — Indian
scenario. Gastrointestin Cancer Targets Ther. 2011; 1:1-9.

5. Eslick GD. Epidemiology of gallbladder cancer. Gastroenterol Clin N Am. 2010; 39(2):307-330. ix.

6. Randi G, Franceschi S, La Vecchia C. Gallbladder cancer worldwide: geographical distribution and
risk factors. Int J Cancer. 2006; 118(7):1591-1602. [PubMed: 16397865]

7e. Letelier P, Brebi P, Tapia O, Roa JC. DNA promoter methylation as a diagnostic and therapeutic

biomarker in gallbladder cancer. Clin Epigenet. 2012; 4(1):11. The authors propose the use of
DNA methylation as a diagnostic and therapeutic biomarker for gall bladder cancer.

8. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin. 2014; 64(1):9-29.
[PubMed: 24399786]

9. Misra S, Chaturvedi A, Misra NC, Sharma ID. Carcinoma of the gallbladder. Lancet Oncol. 2003;
4(3):167-176. [PubMed: 12623362]

Future Oncol. Author manuscript; available in PMC 2015 February 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kagohara et al.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Page 13

. Goldin RD, Roa JC. Gallbladder cancer: a morphological and molecular update. Histopathology.
2009; 55(2):218-229. [PubMed: 19490172]

. Kumar JR, Tewari M, Rai A, Sinha R, Mohapatra SC, Shukla HS. An objective assessment of
demography of gallbladder cancer. J Surg Oncol. 2006; 93(8):610-614. [PubMed: 16724352]

. Stinton LM, Shaffer EA. Epidemiology of gallbladder disease: cholelithiasis and cancer. Gut Liver.
2012; 6(2):172-187. [PubMed: 22570746]

. House MG, Wistuba li, Argani P, et al. Progression of gene hypermethylation in gallstone disease
leading to gallbladder cancer. Ann Surg Oncol. 2003; 10(8):882-889. [PubMed: 14527906]

. Takahashi T, Shivapurkar N, Riquelme E, et al. Aberrant promoter hypermethylation of multiple
genes in gallbladder carcinoma and chronic cholecystitis. Clin Cancer Res. 2004; 10(18 Pt 1):
6126—6133. [PubMed: 15447999]

. Roa JC, Anabalon L, Roa I, et al. Promoter methylation profile in gallbladder cancer. J
Gastroenterol. 2006; 41(3):269-275. [PubMed: 16699861]

. Garcia P, Manterola C, Araya JC, et al. Promoter methylation profile in preneoplastic and
neoplastic gallbladder lesions. Mol Carcinog. 2009; 48(1):79-89. [PubMed: 18543280]

. Pepe MS, Etzioni R, Feng Z, et al. Phases of biomarker development for early detection of cancer.
J Natl Cancer Inst. 2001; 93(14):1054-1061. [PubMed: 11459866]

. Yamashita K, Park HL, Kim MS, et al. PGP9.5 methylation in diffuse-type gastric cancer. Cancer
Res. 2006; 66(7):3921-3927. [PubMed: 16585221]

. Konishi K, Shen L, Jelinek J, et al. Concordant DNA methylation in synchronous colorectal
carcinomas. Cancer Prev Res. 2009; 2(9):814-822.
«. Vasiljevic N, Wu K, Brentnall AR, et al. Absolute quantitation of DNA methylation of 28
candidate genes in prostate cancer using pyrosequencing. Dis Markers. 2011; 30(4):151-161.
Use of pyrosequencing to perform DNA quantitation in prostate cancer. [PubMed: 21694441]

. Liu JW, Nagpal JK, Sun W, et al. ssDNA-binding protein 2 is frequently hypermethylated and
suppresses cell growth in human prostate cancer. Clin Cancer Res. 2008; 14(12):3754-3760.
[PubMed: 18559593]

. Hoque MO, Lee CC, Cairns P, Schoenberg M, Sidransky D. Genome-wide genetic characterization
of bladder cancer: a comparison of high-density single-nucleotide polymorphism arrays and PCR-
based microsatellite analysis. Cancer Res. 2003; 63(9):2216-2222. [PubMed: 12727842]

. Hoque MO, Topaloglu O, Begum S, et al. Quantitative methylation—specific polymerase chain
reaction gene patterns in urine sediment distinguish prostate cancer patients from control subjects.
J Clin Oncol. 2005; 23(27):6569-6575. [PubMed: 16170165]

. Guerrero-Preston R, Goldman LR, Brebi-Mieville P, et al. Global DNA hypomethylation is
associated with in utero exposure to cotinine and perfluorinated alkyl compounds. Epigenetics.
2010; 5(6):539-546. [PubMed: 20523118]

. Liu JW, Nagpal JK, Jeronimo C, et al. Hypermethylation of MCAM gene is associated with
advanced tumor stage in prostate cancer. Prostate. 2008; 68(4):418-426. [PubMed: 18196513]

. Brait M, Munari E, Lebron C, et al. Genome-wide methylation profiling and the PI3K-AKT
pathway analysis associated with smoking in urothelial cell carcinoma. Cell Cycle. 2013; 12(7):
1058-1070. [PubMed: 23435205]

. Michailidi C, Soudry E, Brait M, et al. Genome-wide and gene-specific epigenomic platforms for
hepatocellular carcinoma biomarker development trials. Gastroenterol Res Pract. 2014;
2014:597164. [PubMed: 24829571]

. Wisman GB, Nijhuis ER, Hoque MO, et al. Assessment of gene promoter hypermethylation for
detection of cervical neoplasia. International journal of cancer. J Int Cancer. 2006; 119(8):1908—
1914.

. Hoque MO, Prencipe M, Poeta ML, et al. Changes in CpG islands promoter methylation patterns
during ductal breast carcinoma progression. Cancer Epidemiol Biomark Prevent. 2009; 18(10):
2694-2700.

. Topaloglu O, Hoque MO, Tokumaru Y, et al. Detection of promoter hypermethylation of multiple
genes in the tumor and bronchoalveolar lavage of patients with lung cancer. Clin Cancer Res.
2004; 10(7):2284-2288. [PubMed: 15073103]

Future Oncol. Author manuscript; available in PMC 2015 February 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kagohara et al.

Page 14

31. Hoque MO, Feng Q, Toure P, et al. Detection of aberrant methylation of four genes in plasma
DNA for the detection of breast cancer. J Clin Oncol. 2006; 24(26):4262—-4269. [PubMed:
16908936]

32. Rosas SL, Koch W, Da Costa Carvalho MG, et al. Promoter hypermethylation patterns of p16, O6-
methylguanine-DNA-methyltransferase, and death-associated protein kinase in tumors and saliva
of head and neck cancer patients. Cancer Res. 2001; 61(3):939-942. [PubMed: 11221887]

33. Hoque MO, Begum S, Topaloglu O, et al. Quantitative detection of promoter hypermethylation of
multiple genes in the tumor, urine, and serum DNA of patients with renal cancer. Cancer Res.
2004; 64(15):5511-5517. [PubMed: 15289362]

34. Esteller M, Toyota M, Sanchez-Cespedes M, et al. Inactivation of the DNA repair gene O6-
methylguanine-DNA methyltransferase by promoter hypermethylation is associated with G to A
mutations in K-ras in colorectal tumorigenesis. Cancer Res. 2000; 60(9):2368-2371. [PubMed:
10811111]

35. Ostrow KL, Hoque MO, Loyo M, et al. Molecular analysis of plasma DNA for the early detection
of lung cancer by quantitative methylation—specific PCR. Clin Cancer Res. 2010; 16(13):3463—
3472. [PubMed: 20592015]

36. Mandelker DL, Yamashita K, Tokumaru Y, et al. PGP9.5 promoter methylation is an independent
prognostic factor for esophageal squamous cell carcinoma. Cancer Res. 2005; 65(11):4963-4968.
[PubMed: 15930319]

37. Brait M, Maldonado L, Noordhuis MG, et al. Association of promoter methylation of VGF and
PGP9.5 with ovarian cancer progression. PloS ONE. 2013; 8(9):e70878. [PubMed: 24086249]

38. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative
PCR and the 2(-Delta Delta C(T)). Method Methods. 2001; 25(4):402-408.

39. Paz MF, Fraga MF, Avila S, et al. A systematic profile of DNA methylation in human cancer cell
lines. Cancer Res. 2003; 63(5):1114-1121. [PubMed: 12615730]

40. Feinberg AP, Tycko B. The history of cancer epigenetics. Nat Rev Cancer. 2004; 4(2):143-153.
[PubMed: 14732866]

41. Jones PA, Baylin SB. The epigenomics of cancer. Cell. 2007; 128(4):683-692. [PubMed:
17320506]

42. Baylin SB, Esteller M, Rountree MR, Bachman KE, Schuebel K, Herman JG. Aberrant patterns of
DNA methylation, chromatin formation and gene expression in cancer. Hum Mol Genet. 2001;
10(7):687-692. [PubMed: 11257100]

43. Fraga MF, Ballestar E, Paz MF, et al. Epigenetic differences arise during the lifetime of
monozygotic twins. Proc Natl Acad Sci USA. 2005; 102(30):10604-10609. [PubMed: 16009939]

44+« Baylin SB, Jones PA. A decade of exploring the cancer epigenome — biological and translational

implications. Nat Rev Cancer. 2011; 11(10):726-734. Thorough update on epigenomics by two
of the leading researchers in the field. [PubMed: 21941284]

45, Carvalho AL, Henrique R, Jeronimo C, et al. Detection of promoter hypermethylation in salivary
rinses as a biomarker for head and neck squamous cell carcinoma surveillance. Clin Cancer Res.
2011; 17(14):4782-4789. [PubMed: 21628494]

46. Demokan S, Chang X, Chuang A, et al. KIF1A and EDNRB are differentially methylated in
primary HNSCC and salivary rinses. Int J Cancer. 2010; 127(10):2351-2359. [PubMed:
20162572]

47. Hoque MO, Begum S, Topaloglu O, et al. Quantitation of promoter methylation of multiple genes
in urine DNA and bladder cancer detection. J Natl Cancer Inst. 2006; 98(14):996-1004. [PubMed:
16849682]

48. Meng W, Huebner A, Shabsigh A, Chakravarti A, Lautenschlaeger T. Combined RASSF1A and
RASSF2A promoter methylation analysis as diagnostic biomarker for bladder cancer. Mol Biol
Int. 2012; 2012:701814. [PubMed: 22530128]

49. Leng S, Do K, Yingling CM, et al. Defining a gene promoter methylation signature in sputum for
lung cancer risk assessment. Clin Cancer Res. 2012; 18(12):3387-3395. [PubMed: 22510351]

50. Guerrero—Preston R, Santella RM, Blanco A, Desai M, Berdasco M, Fraga M. Global DNA
hypomethylation in liver cancer cases and controls: a phase | preclinical biomarker development
study. Epigenetics. 2007; 2(4):223-226. [PubMed: 18032927]

Future Oncol. Author manuscript; available in PMC 2015 February 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kagohara et al.

Page 15

51. Sato K, Kitajima Y, Kohya N, Miyoshi A, Koga Y, Miyazaki K. Deficient MGMT and proficient
hMLH1 expression renders gallbladder carcinoma cells sensitive to alkylating agents through G2—
M cell cycle arrest. Int J Oncol. 2005; 26(6):1653-1661. [PubMed: 15870882]

52. Klump B, Hsieh CJ, Dette S, et al. Promoter methylation of INK4a/ARF as detected in bile-
significance for the differential diagnosis in biliary disease. Clin Cancer Res. 2003; 9(5):1773-
1778. [PubMed: 12738733]

53. Lee YM, Lee JY, Kim MJ, et al. Hypomethylation of the protein gene product 9.5 promoter region
in gallbladder cancer and its relationship with clinicopathological features. Cancer Sci. 2006;
97(11):1205-1210. [PubMed: 16965602]

54. Herman JG, Graff JR, Myohanen S, Nelkin BD, Baylin SB. Methylation—specific PCR: a novel
PCR assay for methylation status of CpG islands. Proc Natl Acad Sci USA. 1996; 93(18):9821-
9826. [PubMed: 8790415]

55. Lo YM, Wong IH, Zhang J, Tein MS, Ng MH, Hjelm NM. Quantitative analysis of aberrant p16
methylation using real-time quantitative methylation-specific polymerase chain reaction. Cancer
Res. 1999; 59(16):3899-3903. [PubMed: 10463578]

56. Kagan J, Srivastava S, Barker PE, Belinsky SA, Cairns P. Towards clinical application of
methylated DNA sequences as cancer biomarkers: a joint NCI’s EDRN and NIST workshop on
standards, methods, assays, reagents and tools. Cancer Res. 2007; 67(10):4545-4549. [PubMed:
17510378]

57. Brabender J, Usadel H, Danenberg KD, et al. Adenomatous polyposis coli gene promoter
hypermethylation in non—small cell lung cancer is associated with survival. Oncogene. 2001;
20(27):3528-3532. [PubMed: 11429699]

58. Castro P, Liang H, Liang JC, Nagarajan L. A novel, evolutionarily conserved gene family with
putative sequence-specific single-stranded DNA-binding activity. Genomics. 2002; 80(1):78-85.
[PubMed: 12079286]

59. Huang Y, Chang X, Lee J, et al. Cigarette smoke induces promoter methylation of single-stranded
DNA-binding protein 2 in human esophageal squamous cell carcinoma. Int J Cancer. 2011;
128(10):2261-2273. [PubMed: 20658532]

60. Lehmann JM, Riethmuller G, Johnson JP. MUC18, a marker of tumor progression in human
melanoma, shows sequence similarity to the neural cell adhesion molecules of the
immunoglobulin superfamily. Proc Natl Acad Sci USA. 1989; 86(24):9891-9895. [PubMed:
2602381]

61. Wang W, Yang ZL, Liu JQ, Jiang S, Miao XY. Identification of CD146 expression, angiogenesis,
and lymphangiogenesis as progression, metastasis, and poor-prognosis related markers for
gallbladder adenocarcinoma. Tumour Biol. 2012; 33(1):173-182. [PubMed: 22076922]

62. Zabouo G, Imbert AM, Jacquemier J, et al. CD146 expression is associated with a poor prognosis
in human breast tumors and with enhanced motility in breast cancer cell lines. Breast Cancer Res.
2009; 11(1):R1. [PubMed: 19123925]

63. Park SK, Andreotti G, Rashid A, et al. Polymorphisms of estrogen receptors and risk of biliary
tract cancers and gallstones: a population—based study in Shanghai, China. Carcinogenesis. 2010;
31(5):842-846. [PubMed: 20172949]

64. Leitman DC, Paruthiyil S, Yuan C, et al. Tissue-specific regulation of genes by estrogen receptors.
Semin Reprod Med. 2012; 30(1):14-22. [PubMed: 22271290]

65e. Srivastava A, Sharma KL, Srivastava N, Misra S, Mittal B. Significant role of estrogen and

progesterone receptor sequence variants in gallbladder cancer predisposition: a multi-analytical
strategy. PloS ONE. 2012; 7(7):e40162. Reports a multianalytical strategy to identify relevant
receptor sequence biases. [PubMed: 22808109]

66. Kornegoor R, Moelans CB, Verschuur-Maes AH, et al. Promoter hypermethylation in male breast
cancer: analysis by multiplex ligation-dependent probe amplification. Breast Cancer Res. 2012;
14(4):R101. [PubMed: 22765268]

67. Leong KJ, Wei W, Tannahill LA, et al. Methylation profiling of rectal cancer identifies novel
markers of early-stage disease. Br J Surg. 2011; 98(5):724-734. [PubMed: 21360524]

68. Moggs JG, Orphanides G. Estrogen receptors: orchestrators of pleiotropic cellular responses.
EMBO Rep. 2001; 2(9):775-781. [PubMed: 11559590]

Future Oncol. Author manuscript; available in PMC 2015 February 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kagohara et al.

Page 16

69. Kim YT, Park JY, Jeon YK, et al. Aberrant promoter CpG island hypermethylation of the
adenomatosis polyposis coli gene can serve as a good prognostic factor by affecting lymph node
metastasis in squamous cell carcinoma of the esophagus. Dis Esophagus. 2009; 22(2):143-150.
[PubMed: 18847451]

70. Polakis P. The adenomatous polyposis coli (APC) tumor suppressor. Biochim Biophys Acta. 1997;
1332(3):F127-147. [PubMed: 9196022]

71. Aoki M, Hecht A, Kruse U, Kemler R, Vogt PK. Nuclear endpoint of Wnt signaling: neoplastic
transformation induced by transactivating lymphoid-enhancing factor 1. Proc Natl Acad Sci USA.
1999; 96(1):139-144. [PubMed: 9874785]

72. Costello JF, Berger MS, Huang HS, Cavenee WK. Silencing of p16/CDKN2 expression in human
gliomas by methylation and chromatin condensation. Cancer Res. 1996; 56(10):2405-2410.
[PubMed: 8625319]

73. Nuovo GJ, Plaia TW, Belinsky SA, Baylin SB, Herman JG. In situ detection of the
hypermethylation—induced inactivation of the p16 gene as an early event in oncogenesis. Proc Natl
Acad Sci USA. 1999; 96(22):12754-12759. [PubMed: 10535995]

74. Esteller M, Corn PG, Baylin SB, Herman JG. A gene hypermethylation profile of human cancer.
Cancer Res. 2001; 61(8):3225-3229. [PubMed: 11309270]

75. Canepa ET, Scassa ME, Ceruti JM, et al. INK4 proteins, a family of mammalian CDK inhibitors
with novel biological functions. IUBMB Life. 2007; 59(7):419-426. [PubMed: 17654117]

76. Tozawa T, Tamura G, Honda T, et al. Promoter hypermethylation of DAP-kinase is associated
with poor survival in primary biliary tract carcinoma patients. Cancer Sci. 2004; 95(9):736-740.
[PubMed: 15471559]

77. Ueki T, Hsing AW, Gao YT, et al. Alterations of p16 and prognosis in biliary tract cancers from a
population—based study in China. Clin Cancer Res. 2004; 10(5):1717-1725. [PubMed: 15014024]

78. Esteller M, Herman JG. Generating mutations but providing chemosensitivity: the role of O6-
methylguanine DNA methyltransferase in human cancer. Oncogene. 2004; 23(1):1-8. [PubMed:
14712205]

79. Liu L, Gerson SL. Targeted modulation of MGMT: clinical implications. Clin Cancer Res. 2006;
12(2):328-331. [PubMed: 16428468]

80. Sato K, Kitajima Y, Koga Y, Miyazaki K. The effect of 06-methylguanine-DNA methyltransferase
(MGMT) and mismatch repair gene (hMLH1) status on the sensitivity to alkylating agent 1-(4-
amino-2-methyl-5-pyrimidinyl)methyl-3-(2-chloroethyl)-3-nitrosourea(ACNU) in gallbladder
carcinoma cells. Anticancer Res. 2005; 25(6B):4021-4028. [PubMed: 16309194]

81. Yang Q, Sakurai T, Kakudo K. Retinoid, retinoic acid receptor beta and breast cancer. Breast
Cancer Res Treat. 2002; 76(2):167-173. [PubMed: 12452454]

82+. Brait M, Ford JG, Papaiahgari S, et al. Association between lifestyle factors and CpG island

methylation in a cancer—free populatio n. Cancer Epidemiol Biomarkers Prev. 2009; 18(11):
2984-2991. Reports promoter DNA methylation alterations associated to lifestyle factors in a
normal population. [PubMed: 19861513]

83. Bittencourt Rosas SL, Caballero OL, Dong SM, Da Costa Carvalho Mda G, Sidransky D, Jen J.
Methylation status in the promoter region of the human PGP9.5 gene in cancer and normal tissues.
Cancer Lett. 2001; 170(1):73-79. [PubMed: 11448537]

84. Feinberg AP, Vogelstein B. Hypomethylation distinguishes genes of some human cancers from
their normal counterparts. Nature. 1983; 301(5895):89-92. [PubMed: 6185846]

85e. Torano EG, Petrus S, Fernandez AF, Fraga MF. Global DNA hypomethylation in cancer: review

of validated methods and clinical significance. Clin Chem Lab Med. 2012; 50(10):1733-1742.
Good update on the use and clinical significance of validated methods to quantify global DNA
methylation. [PubMed: 23089701]

86. Fraga MF, Herranz M, Espada J, et al. A mouse skin multistage carcinogenesis model reflects the
aberrant DNA methylation patterns of human tumors. Cancer Res. 2004; 64(16):5527-5534.
[PubMed: 15313885]

87. Delgado—Cruzata L, Wu HC, Perrin M, et al. Global DNA methylation levels in white blood cell
DNA from sisters discordant for breast cancer from the New York site of the Breast Cancer
Family Registry. Epigenetics. 2012; 7(8):868-874. [PubMed: 22705975]

Future Oncol. Author manuscript; available in PMC 2015 February 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kagohara et al.

Page 17

88. Deroo LA, Bolick SC, Xu Z, et al. Global DNA methylation and one—carbon metabolism gene
polymorphisms and the risk of breast cancer in the Sister Study. Carcinogenesis. 2014; 35(2):333—
338. [PubMed: 24130171]

89e. Friso S, Udali S, Guarini P, et al. Global DNA hypomethylation in peripheral blood mononuclear

cells as a biomarker of cancer risk. Cancer Epidemiol Biomark Prevent. 2013; 22(3):348-355.
Shows the use of global DNA methylation as a biomarker of cancer risk on peripheral
mononuclear cells.

90. Hon GC, Hawkins RD, Caballero OL, et al. Global DNA hypomethylation coupled to repressive
chromatin domain formation and gene silencing in breast cancer. Genome Res. 2012; 22(2):246—
258. [PubMed: 22156296]

91. Yang B, Sun H, Lin W, et al. Evaluation of global DNA hypomethylation in human prostate cancer
and prostatic intraepithelial neoplasm tissues by immunohistochemistry. Urol Oncol. 2013; 31(5):
628-634. [PubMed: 21704537]

92. Woloszynska—Read A, Zhang W, Yu J, et al. Coordinated cancer germline antigen promoter and
global DNA hypomethylation in ovarian cancer: association with the BORIS/ CTCF expression
ratio and advanced stage. Clin Cancer Res. 2011; 17(8):2170-2180. [PubMed: 21296871]

93. Daskalos A, Logotheti S, Markopoulou S, et al. Global DNA hypomethylation-induced DeltaNp73
transcriptional activation in non-small cell lung cancer. Cancer Lett. 2011; 300(1):79-86.
[PubMed: 20926182]

94. Guerrero-Preston R, Baez A, Blanco A, Berdasco M, Fraga M, Esteller M. Global DNA
methylation: a common early event in oral cancer cases with exposure to environmental
carcinogens or viral agents. Puerto Rico Health Sci J. 2009; 28(1):24-29.

95. Seifert HH, Schmiemann V, Mueller M, et al. In situ detection of global DNA hypomethylation in
exfoliative urine cytology of patients with suspected bladder cancer. Exp Mol Path. 2007; 82(3):
292-297. [PubMed: 17026997]

96. Stembalska A, Leszczynski P, Gil J, et al. Global DNA methylation status in laryngeal cancer.
Head Neck. 2014; 36(3):419-424. [PubMed: 23729003]

97ee. Srivastava K, Srivastava A, Mittal B. Potential biomarkers in gallbladder cancer: present status

and future directions. Biomarkers. 2013; 18(1):1-9. Discusses the challenges and opportunities
for gall bladder cancer biomarker development. [PubMed: 22931385]

Future Oncol. Author manuscript; available in PMC 2015 February 18.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kagohara et al.

Page 18

EXECUTIVE SUMMARY
Background

» Gall bladder cancer (GBC) is a rare disease associated with poor survival rates
due to late diagnosis.

e Inthe present study, global and DNA methylation was evaluated in GBC
samples and cholecystitis tissue to identify biomarkers for prognosis, early
detection and treatment.

Material & methods

»  Frozen tissue samples were obtained from patients with cholecystitis (non-
neoplastic tissue) and with GBC.

e GBCttissue and cell line DNA was used for global DNA methylation index
determination and for promoter methylation profile analysis of APC, CDKN2A,
ESR1, MCAM, MGMT, PGP9.5, RARS and SSBP2.

Results

» Asignificant difference was observed in global methylation index between the
cholecystitis and GBC samples.

» DNA methylation analysis showed that promoter methylation of SBBP2 and
ESR1 are significantly more frequent in GBC patients.

e A panel that includes the GMI and promoter methylation of five genes — SSBP2,
ESR1, CDKN2A, APC and PGP9.5 — discriminates GBC from cholecystitis
samples with 71% sensitivity, 95% specificity, a 0.97 area under the curve, and
a positive predictive value of 90% and a negative predicative value of 83%.

Conclusion

e  Global and gene-specific differential promoter DNA methylation panels can be
used as biomarkers for GBC early detection.

» A biomarker development trial examining the global DNA methylation index
(GMI), and the promoter methylation status of SSBP2, ESR1, CDKN2A, APC
and PGP9.5 in a larger and well-characterized group of samples is warranted to
verify the results obtained in this study.

» A sensitive and specific panel of global and promoter DNA metylation
biomarkers will enable a new generation of early detection, diagnostic and
prognostic devices, and reduce gall bladder cancer mortality rates worldwide.
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Global DNA methylation index
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Cholecystitis G-415 GBD1 SNU308 GBC

Figure 1. Global DNA methylation index in three gall bladder cancer cell lines (G-415, GBD1
and SNU308), cholecystitis patients (n = 7) and gall bladder cancer (n = 19) patients

Global DNA methylation was determined by the ratio between the amount of methylated
cytosines in the sample and a fully methylated positive control. The red line represents the
cutoff value for the lobal DNA methylation index in gall bladder cancer (60).

GBC: Gall bladder cancer.
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Figure 2. Promoter methylation frequency for APC, CDKN2A, ESR1, MCAM, MGMT, PGP9.5,

RARBand SSBP2 in cholecystitis (n = 7) and gallbladder cancer (GBC) patients (n = 19)

Samples are ordered by frequency of methylation, first in the cholecystitis patients and then
in the GBC patients. The frequency of promoter methylation for cholecystitis patients ranges
from 0 to 38%. The frequency of promoter methylation for patients ranges from 0 to 100%.

GBC: Gallbladder cancer; NA: Not applicable.
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Figure 3. Quantitative methylation-specific PCR results for APC, CDKN2A, ESR1, MCAM,
MGMT, PGP9.5, RARf and SSBP2

Graphical expression of the logistic regression, Pr (GBC = 1) = logit™ (b + by x
methylation) in tissue from 26 participants with data overlain. The predictor methylation is
the gMSP value for each case (1) and each control (0). Cutoff methylation values for APC,
CDKN2A, ESR1, MCAM, MGMT, PGP9.5, RARp, and SSBP2 are shown by the vertical
dotted line. Probability of GBC is shown in red.

GBC: Gallbladder cancer.
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Figure 4. Quantitative methylation-specific PCR analysis of candidate gene promoters in the
validation screen cohort, which consisted of 17 gallbladder cancer tumor tissue samples and
seven cholecystitis tissue samples

The relative level of methylated DNA for each gene in each sample was determined as a
ratio of methylation-specific PCR for the amplified gene to ACTB and then multiplied by
1000 ([average value of duplicates of gene of interest/average value of duplicates of ACTB]
x 1000) for APC, CDKN2A, ESR1, MCAM, MGMT, PGP9.5, RARS and SSBP2. Red line

denotes cutoff value.
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Figure 5. Receiver operator characteristic curve analysis for molecular panel: GMI, APC,
CDKNZ2A, ESR1, PGP9.5 and SSBP2

(A) Sensitivity, specificity and area under the curve results for quantitative methylation-
specific PCR analysis, and (B) receiver operator characteristics curve for the GMI and
promoter methylation of APC, CDKN2A, ESR1, PGP9.5 and SSBP2. Demonstrates that for
this molecular panel the global DNA methylation index and gMSP results have 71%
sensitivity, 95% specificity, a 0.97 AUC, a PPV of 90% and a NPV of 83%.

TSSBP2, CDKN2A, ESR1, APC and PGP9.5.

AUC: Area under the curve; NPV: Negative predictive value; PPV: Positive predictive
value.
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Table 1

Demographic and clinicopathological characteristics.

Variable Frequency Percentage
Gender

Female 11 78.6
Male 3 21.4
Age (years)

<50 3 214
>50 11 78.6
Mapuche

No 11 78.6
Yes 3 21.4
Diagnosis

Cholecystitis 7 26.9
Cancer 19 73.1
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