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Background & objectives: Loss of function of adenomatous polyposis coli (4PC) has been reported in
cancer. The two promoters of APC, 1A and 1B also have roles in cancer. But, the epigenetic role of APC
promoters is not yet clear in gallbladder cancer (GBC) and gallstone diseases (GSD). We undertook this
study to determine the epigenetic role of APC in GBC and GSD.

Methods: Methylation-specific (MS)-PCR was used to analyze the methylation of 4APC gene. The expression
of APC gene was studied by semi-quantitative PCR, real-time PCR and immunohistochemistry (IHC) in

GBC, GSD and adjacent normal tissues.

Results: Of the two promoters, APC 1A promoter was found methylated in 96 per cent GBC (P=0.0155)
and 80 per cent GSD (P=0.015). Exon 1 was downregulated in grade II (P=0.002) and grade III (P=0.0001)
of GBC, while exon 2 was normally expressed. Scoring analysis of IHC revealed 0 or negativity in 34.48
per cent (P=0.057) and 1+ in 24.14 per cent (P=0.005) GBC cases suggesting loss of 4APC expression.

Interpretation & conclusions: The present findings indicate epigenetic silencing of APC in advanced
GBC. The methylation pattern, followed by expression analysis of 4APC may be suggested for diagnostic,

prognostic and therapeutic purposes in GBC in future.
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Gallbladder cancer (GBC) is a common neoplasm
with high incidence in central India'. Due to lack of
suitable diagnostic early biomarkers and its location
inside the body, the success rate of chemotherapy and
radiotherapy treatments has remained a major problem.
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Therefore, its early diagnosis is important in disease
management. Adenomatous polyposis coli (4PC) is
a tumour suppressor gene, located on chromosome
52123, Multiple forms of APC transcripts were
found to be expressed in tissue specific manner, and
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its two transcripts have origin from exon 1A and
1B, respectively*’. Differential methylation patterns of
1A and 1B are involved in cancers of gastric, skin, breast
and lung™. Both somatic'® and germline'' mutations
of APC play a key role in familial adenomatous
polyposis (FAP) and colorectal cancer. Inactivation
of 1B has been observed in FAP due to deletion
mutation in the promoter region!?. Lower frequency
of APC promoter methylation was earlier reported in
Chilean GBC patients!*'4. But, the actual role of both
promoters is not yet elucidated in GBC. Based on our
preliminary observations, we hypothesize that APC
might be functionally inactive in GBC due to promoter
methylation. Here, we report which promoter(s)
of APC, 1A, 1B or both, is responsible for loss of
expression of this gene in GBC and GSD (gallstone
disease), that provides a significant clue on its role in
the pathogenesis of GBC.

Material & Methods

Gallbladder tissue samples were collected from
Cancer Hospital and Research Institute (CHRI),
Gwalior, India. Prior to collection of samples, a written
informed consent was obtained from the patients. The
study protocol was approved by the Institutional Ethics
Committee of Jiwaji University, Gwalior, India. Freshly
resected tissues were transported from the Department
of Pathology, CHRI, to the Centre for Genomics, Jiwaji
University in an ice pack (-10°C). All GBC and GSD
samples, finally diagnosed by fine needle aspiration
cytology (FNAC) and histopathological examination,
were included in the study. Epigenetic study was
done in 50 GBC, 30 GSD and corresponding adjacent
normal tissues (ANT). For expression analysis at RNA
level, 20 GBC, 20 GSD tissues and 20 ANT were
selected. For immunohistochemical analysis on tissue
microarray (TMA), archival 138 gallbladder cases (88
GBC, 31 GSD and 19 adjacent normal tissues) were
included in the study. Tissue samples were collected
during January 2009 - December 2013, and stored at
-70°C until use.

Genomic DNA isolation and bisulphite modification:
Genomic DNA was isolated from the gallbladder
tissues by manual phenol-chloroform-isoamyl alcohol
method'’®. The quality and quantity of the DNA was
checked by UV-VIS Spectrophotometer (Shimadzu
Scientific Instruments, Japan). One pg of genomic DNA
was used for bisulphite modification (Zymo Research,
USA); 100 per cent methylated standard gold DNA
(Zymo Research, USA) was used as positive control

and the reaction was set with unmodified genomic
DNA as negative control in methylation specific PCR
(MS-PCR).

Methylation-specific PCR (MS-PCR): Methylation-
specific PCR was carried as described by Herman et
al'®, with slight modification. The master mix was
composed of 1.5 mM MgCl,, 200 uM dNTPs, 10 pmol
each of forward and reverse primers and 1U of Hotstart
Taqg polymerase (Qiagen, Germany). The primer
sequences of APC 1A promoter were - AMF (Promoter
IA, methylated, forward): 5’-TGTTTTGCGGATTT
TTTTC-3’, AMR: 5’-GCAATAAAACACAAAACCC
CG-3> and AUMF (IA, unmethylated, forward) :
5’-GTGTTTTATTGTGGAGTGTGGGTT-3’, AUMR:
5’-CCAATCAACAAACTCCCAACAA-3’, and APC
1B promoter are BMF (Promoter IB, methylated,
forward): 5-TGTTTAGGTAGTAATGGTTTAC-3’,
BMR: 5’-TAAAACCTATTATACGCAAACG-3’ and
(Promoter 1B, unmethylated, forward): 5’-GGTT
GTTTAGGTAGTAATGGTTTAT-3’, BUR: 5’-AAAC
TAAAACCTATTATACACAAACA-37. The PCR
products were separated on 10 per cent polyacrylamide
gel, followed by silver staining. Gel images were
acquired by gel documentation system (BioRad, USA).

Total RNA and cDNA preparation: Frozen tissues
(25 mg), stored in RNA Later Solution (Qiagen,
Germany), were taken for total RNA preparation using
RNAeasy Fibrous Tissue kit (Qiagen, Germany).
QIAshredder spin column (Qiagen, Germany) was
used for tissue homogenization. Quality control of
RNA was done by Bio-analyzer 2100 (Agilent, USA).
cDNA was prepared from 750 ng of total RNA by
using QuantiTect Reverse Transcription Kit (Qiagen,
Germany), following the manufacturer’s instructions.
Working aliquots of cDNAs were prepared in the ratio
of 1:30 and kept frozen until further use.

Semi-quantitative reverse transcriptase PCR (RT-
PCR): Two pl of cDNA sample (working) was used in
25 plreaction mix for RT-PCR. The reaction master mix
contained 1x 7ag PCR buffer, 4 pmol of each primer,
2 mM MgCl,, 200 uM dNTPs and 1U 7ag Polymerase
(Fermentas, USA). B-actin gene was used as internal
control and reaction set without template as negative
control. Primer sequences of APCexon 1 Awere - forward:
5’-GGAGACAGAATGGAGGTGC-3’ and reverse: 5’°-
CAACTGATCATATGAAGCTGCAGCCAT-3’, and
for exon 1B forward: 5’-GCGAGCAGGAGCTGCG
T-3°, and reverse: 5’- CAACTGATCATATGAAGC
TGCAGCCAT- 3"". The primer sequences of beta actin
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were forward: 5’-CCAGAGCAAGAGAGGTATCC-3’,
and reverse: 5’-CTGTGGTGGTGAAGCTGTAG-3"".
Equal amount of PCR products (5 ul) were separated
on 10 per cent polyacrylamide gel, followed by silver
staining'®. In densitometric analysis, after loading the
gel to the Image Lab software (Gel Doc XR+, BioRad,
USA), lanes were manually marked and adjusted
respective to their positions. Band detection sensitivity
programme detected the correct bands on the gel
against a 100 bp ladder (Fermentas, USA).

Real-time PCR: Two pl of diluted ¢cDNA, each from
GBC and GSD, was used for real-time PCR to estimate
the normalized relative fold expression AAC, of exon 1
(1A) and exon 2 (1B) in the GBC and GSD tissues with
respect to their adjacent normal tissues. Average of C;
values of APC exon 1 and exon 2 were 29.65 and 29.21
in GBC, 28.65 and 28.71 in GSD, respectively. The C;
value of beta-actin was in 28.05 and 27.34 in GBC and
GSD, respectively. Each reaction was set in duplicate.
The primers used in the semi-quantitative PCR, were
also used in real-time PCR (CFX96 BioRad, USA).
Power SYBR green PCR mix (Applied Biosystem,
USA) was used for real time PCR. CFX manager
software (BioRad, USA) was used for quantitative
analysis.

Immunohistochemistry (IHC): Tissue microarray (TMA)
of 138 archival gallbladder tissues in duplicate cores
was commercially developed. These samples from
gallbladder cancer patients included grade =13,
grade [1=32, grade III=35, poorly differentiated
adenocarcinoma (PDA)=4, squamous cell carcinoma
(SCC)=2, colloidal carcinoma (CoC)=1, mucinous
carcinoma (MC)=1, GSD=31 and adjacent normal
tissues (ANT)=19. One core each of kidney, ovary,
cervix, liver, stomach, colon, salivary and breast
were included as internal tissue controls. Vectastain
Universal ABC kit (Vector laboratories, USA) was
used for immunohistological staining. For tissue
staining, the protocol given in the kit was followed,
but with slight modification as standardised in our
laboratory. The primary antibody against APC (Santa
Cruz Biotechnology Inc., USA; Catalogue number
sc-896) was used at a dilution of 1:500. Nuclei were
counterstained with haematoxylin. Images were
acquired and analysed in a fluorescence microscope
(DM 4000, Leica, Germany). Scoring and analysis
were done according to America Society of Clinical
Oncology/College of American Pathologists Guidelines
Recommendations'®.

Statistical analysis: For methylation analysis, Student’s
t test was performed to determine the differences in the
methylation status of tumour and control samples using
Graph pad Prism version 5". Linear regression analysis
was performed to check the association of methylation
with GBC and GSD. For RNA and protein analyses,
Student’s t test was performed to test the significance
of difference in APC expression.

Results

In a total of 80 patients (50 gallbladder cancer
and 30 gallstone diseases), almost 80 per cent of
the gallbladder cases possessed either gallstones or
chronic inflammation (chronic cholecystitis). Most
of the patients (>70%) included in this study were
females (n=49) from the age group 40-50 yr, and had
adenocarcinoma type of gallbladder. Mean age of GBC
patients was 47 = 8.5 yr (Table).

Methylation status of promoter 1A and 1B in
gallbladder cancer: MSP analysis showed the
presence of methylated alleles of APC exon 1 (1A)
in 46 (96%; P=0.0155) GBC cases (Fig. 1a). Linear
regression analysis revealed significant association of
APC promoter 1A methylation with GBC (P=0.0159)
(Fig. 1b). A few samples of adjacent normal tissues
of GBC (n=10) also displayed methylation. Both
methylation and unmethylation were observed in 12
GBC and five adjacent normal tissues. 1B promoter
region was unmethylated. The DNA samples from
30 cancerous tissues showed methylated allele of 1A
(AM), but none of the cancerous samples examined,
showed unmethylated 1A (AU) allele (Table). Most
tumour cells, which had origin at the body region of
gallbladder and metastasized in hepatic cells, showed
higher frequency of methylation. None of the samples
showed presence of methylated alleles of 1B (BU).

Methylation status of promoter 14 and 1B in gallstone
diseases: Of the 30 GSD samples, 24 (80%; P=0.015)
showed methylated allele of 1A promoter region (Fig.
la). Regression analysis showed a positive association
of APC 1A promoter methylation in GSD (£<0.0001)
(Fig. 1c). While only five adjacent normal tissues
showed methylation, 25 adjacent normal tissues
displayed no methylation. Out of 24 GSD, only two
samples showed both methylated and unmethylated
alleles of 1A. Only six GSD samples possessed
unmethylated allele of 1A (AU), while all 30 GSD and
adjacent normal tissues showed absence of methylated
alleles of 1B (BU).
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Fig. 1(a). Polyacrylamide gel (silver stained) showing MS-PCR products of methylated (M) and unmethylated (U) 1A and 1B promoters
of APC in gallbladder cancer (GBC), gallbladder disease (GSD) tissues and ANT (adjacent normal tissues). Lane 7 showed faint band for
unknown reason. (1b) Linear regression analysis of 4PC methylation and GBC. (1¢) Linear regression analysis of APC methylation and
GSD. (1d) Polyacrylamide gel (silver stained) showing semi-quantitative PCR products of exon 1, exon 2 of APC and beta actin gene in
GBC, GSD and ANT (adjacent normal tissues) tissues of gallbladder. Lane 10 of APC exon 2 did not show amplification of unknown reason.

Expression status (transcription) of exon 1 (14) and
exon 2 (1B) in gallbladder cancer: Semi-quantitative
and quantitative RT-PCRs were carried out to estimate
the levels of exon 1 and exon 2 transcripts. Comparative
banding pattern and densitometric analyses (after semi-
quantitative PCR) revealed downregulation of exon 1
and normal transcription of exon 2 in both GBC and
GSD (see Fig. 1d). On densitometric analysis, exon 1
was quantified to be about 17.6 U (or ng/ul) in grade |
(25.5 U in adjacent normal tissues from grade 1), 12.96
U in grade II (29.4 U in adjacent normal tissues from

grade 1), and 11.5 U in grade III (25 U in adjacent
normal tissues from grade 1) GBC tissues (Fig. 2a).
The downregulation of 1A exon in grade II GBC
samples was found to be significant. Real-time PCR
analysis also revealed < 3 unit fold expression of exonl
in GBC grade II (P=0.002) and < 1 unit fold expression
in grade III (P=0.0001) tissues with respect to their
adjacent normal tissues (Fig. 3a, 3b).

The approximate quantities of exon 2 in different
GBC tissue samples were 36.06 U in grade I (62.7 U
in adjacent normal tissues from grade I), 23.9 U in
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Fig. 2a. Semi-quantitative PCR analysis showing the estimated
concentrations or expression level (U or ng/ul) of APC exonl in
GBC, GSD and ANT (adjacent normal tissues).
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Fig. 2b. Semi-quantitative PCR analysis showing the estimated
concentration or expression level (U or ng/pl) of APC exon 2 in
GBC, GSD and ANT (adjacent normal tissues).

grade II (61 U in adjacent normal tissues from grade
II) and 65.56 U in grade III (67 U in adjacent normal
tissues from grade III) (Fig. 2b). However, the real
time analysis of exon 2 was not significant.

Expression status (transcription) of exon 1 (14) and
exon 1 (IB) in gallstone diseases: Semi-quantitative
PCR showed downregulation of 1A in GSD, as also
observed in GBC. Exon 1 was amplified at an average
value of 17.67 U and 25 U in GSD and adjacent normal
tissues, respectively. Of the GSD samples, two showed

visibly faint band. Exon 2 was transcribed normally in
19 GSD samples with an average value of 47.66 U,
as compared to 56 U in adjacent normal tissues. Only
one sample showed weak amplification. Real-time
PCR analysis also revealed normalized 6.5 unit fold
expression of exon 1 in comparison to their respective
adjacent normal tissues with normalized 12 unit fold
expression (Fig. 3a, 3b). Real time analysis of exon 2
was not significant in GSD.

Expression level of APC protein in gallbladder
cancer and gallstone diseases: In TMA analysis for
APC expression, we observed complete silencing or
negative scores of APC in grades II and III of GBC, as
well as in various subtypes of GBC, including poorly
differentiated adenocarcinoma, colloid carcinoma and
mucinus carcinoma. Both adjacent normal tissues and
GSD were indiscriminately scored. In all GBC cores,
less than 6 per cent of tumour cells showed weak
expression of APC (Fig. 4), about 34.48 per cent of
GBC cases scored negative (P=0.057), about 24.14 per
cent of GBC cases showed very low intensity of stain,
i.e. 1+ score (P=0.005), 25.85 per cent of early stage or
GSD showed normal expression of APC, i.e. scores 2+
(P=0.091), and the remaining 15.52 per cent showed
exceptionally intense stain of APC antibody (P=0.078).

Discussion

The present study showed epigenetic alteration of
APCinthemolecular pathogenesis of gallbladder cancer
and gallstone diseases as reported in tumorigenesis
of stomach’, melanoma?®, prostate®, breast’’ and
colorectum®. Lower frequency of methylation in 27
and 30 per cent of GBC'**in Chilean population has
encouraged us to further investigate the expression of
APC in our sample. We observed both methylated and
unmethylated APC 1A alleles in 12 GBC, two GSD
and five ANT which could be due to the presence of
mono-alleles or heterogenous hypermethylation. High
frequency of APC 1A promoter methylation in GBC
and GSD indicates importance of differential role of
exon 1A (not exon 1B) in gallbladder carcinogenesis.
About 80 per cent of GBC possesses stones irrespective
of size and number® suggesting the mechanistic
influence of stones to the epithelial cells to display
hypermethylation. Single nucleotide polymorphisms
(SNPs) and mutations are the common mechanisms
to inactivate APC in familial adenomatous polyposis,
colorectal, breast, pancreatic and Lung cancers®'!1:2428,
Such a mechanism is also possible in GBC.
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Fig. 3a. Real-time PCR analysis showing normalized relative fold expression, AAC; of APC exon 1 in GSD and different GBC grades as
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Fig. 3b. Real-time PCR analysis showing normalized relative fold expression, AAC; of APC exon 2 in tissues of GSD and different GBC

grades as compared to their respective adjacent normal tissues.

Functional inactivation of APC in GBC and not in
GSD: High frequency of methylation of APC was
further processed to evaluate the expression pattern
in GBC and GSD. A differential expression pattern
of APC exon 1 and 2 was observed in GBC. A slight
downregulation of APC exon 1 in GSD indicates an
early onset of epigenetic regulation in GSD. Exon 2
was not of significance. Promoter methylation

of APC 1is responsible for loss of expression in
stomach’, breast and lung’ cancers. Mutation in APC
is one of the mechanisms responsible for tumorigenic
transformation of normal cells of colon?, pancreas®,
lung? and stomach??%. Two cases of GBC and ANT
showed similar pattern of expression of APC exon 1A
suggesting normal transcription mechanism. Moreover,
two GSD amplified very weak signal of exon 1A.



TEKCHAM et al: EPIGENETICS OF APC IN GALLBLADDER CANCER &9

Fig. 4. Immunohistochemistry of APC in ANT (adjacent normal
tissues) gallbladder tissues (1), GSD (2), dysplasia (3) grades I
(4), 11 (5), IIT GBC (6), and poorly differentiated adenocarcinoma
(PDA). Negative control (NC) slide (8) is without primary antibody
to check the non-specific stain in gallbladder tissue and positive
controls were taken from eight different tissues. Arrow heads show
the cells where cytoplasmic staining of antibody APC is observed
(a=5X, b=10X and c=40X magnifications). Inset shown in (a) is
magnified in (b), and inset shown in (b) is magnified in (c).

This may likely be explained due to the presence of
heterozygous methylated alleles which might mask the
binding of transcription factors, thereby, blocking the
transcription of exon 1A. A low level of insignificant
expression of exon 2 in GBC and GSD may have
protected the normal cells from transformation. This
explain the role of exon 1 (promoter 1A), rather
than exon 2 (promoter 1B), in the tumorigenesis of
gallbladder.

Normal translation of APC requires both 1A and 1B
to be active. Our IHC data showed loss of expression of
APC in advanced GBC grades II and III, not in GSD.
This suggests an altered translation of APC despite
normal status of exon 1B. Contradictory findings on
APC 1B in cancers of gastric epithelium’, breast’, efc.
need to be studied further to unravel the differential role
of the two exons in GBC. Negative scoring of grades II
and III cases further confirms epigenetic silencing of
APC. The similar expression level of APC in GSD and
ANT suggests that 4PC does not have any role in the
transformation of GSD to GBC, and downregulation of
APC is just initiated during the early stage of GBC, i.e.
Grade 1. The present study was conducted in limited
numbers of human GBC tissue samples (not in blood).
But, the final validation needs large number of samples
as well as in vitro analysis using GBC cell lines.

In conclusion, 1A promoter plays a cardinal role
in the epigenetic silencing of APC in GBC. Epigenetic
guided loss of expression of APC may be one of
the key steps towards gallbladder carcinogenesis.
Thus, detection of methylation pattern followed
by expression analysis of APC may be useful in the
disease management/prognosis or diagnosis of GBC.
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