
ORIGINAL ARTICLE

Association of cancer stem cell markers genetic variants
with gallbladder cancer susceptibility, prognosis, and survival

Anu Yadav1 & Annapurna Gupta1 & Neeraj Rastogi2 & Sushma Agrawal2 &

Ashok Kumar3 & Vijay Kumar4 & Balraj Mittal1

Received: 29 June 2015 /Accepted: 12 August 2015 /Published online: 30 August 2015
# International Society of Oncology and BioMarkers (ISOBM) 2015

Abstract Genes important to stem cell progression have been
involved in the genetics and clinical outcome of cancers. We
investigated germ line variants in cancer stem cell (CSC) genes
to predict susceptibility and efficacy of chemoradiotherapy
treatment in gallbladder cancer (GBC) patients. In this study,
we assessed the effect of SNPs in CSC genes (surface markers
CD44, ALCAM, EpCAM, CD133) and (molecular markers
NANOG, SOX-2, LIN-28A, ALDH1A1, OCT-4) with GBC
susceptibility and prognosis. Total 610 GBC patients and 250
controls were genotyped by using PCR-RFLP, ARMS-PCR,
and TaqMan allelic discrimination assays. Chemotoxicity grad-
ed 2–4 in 200 patients and tumor response was recorded in 140
patients undergoing neoadjuvant chemotherapy (NACT). Dif-
ferences in genotype and haplotype frequency distributions
were calculated by binary logistic regression. Gene-gene inter-
action model was analyzed by generalized multifactor dimen-
sionality reduction (GMDR). Overall survival was assessed by
Kaplan-Meier survival curve and multivariate Cox-
proportional methods. ALCAM Ars1157Crs10511244 (P=0.0035)
haplotype was significantly associated with GBC susceptibility.

In GMDR analysis, ALCAM rs1157G>A, EpCAM
rs1126497T>C emerged as best significant interaction model
with GBC susceptibility and ALDH1A1 rs13959T>G with in-
creased risk of grade 3–4 hematological toxicity. SOX-2
rs11915160A>C, OCT-4 rs3130932T>G, and NANOG
rs11055786T>C were found best gene-gene interaction model
for predicting response to NACT. In both Cox-proportional and
recursive partitioning ALCAM rs1157GA+AA genotype
showed higher mortality and hazard ratio. ALCAM gene poly-
morphisms associated with GBC susceptibility and survival
whileOCT-4, SOX-2, and NANOG variants showed an interac-
tive role with treatment response.

Keywords Cancer stem cell (CSC) . Gallbladder cancer
(GBC) . Treatment outcomes . Survival recursive partitioning
(Rpart)

Introduction

Cancer is known as malignant neoplasia related to uncon-
trolled proliferation. Until now, there are over 200 different
kinds of cancers that can affect the human body [1]. Among
them, gallbladder cancer (GBC) is the most common biliary
tract cancer in North Indian population, characterized by its
high lethality, aggressive nature, and dismal prognosis [2]. For
all advances in chemoradiation, the outcome of treatment with
advanced GBC is still poor, because of chemoresistance and
recurrence due to heterogeneity of tumor cells. Cancer stem
cell (CSC) presents in a heterogeneous tumor with properties
of tumor progression, chemoresistance, and recurrence [3].

Cancer stem cells are identified by expression of surface
markers CD44, ALCAM, EpCAM, CD133, and molecular
markers NANOG, SOX-2, LIN-28A, ALDH1A1, and OCT-
4. Surface markers are transmembrane glycoprotein in nature
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and are involved in cell proliferation, invasion, and metastasis
of cancer stem cell [4, 5]. CD44+CD133+ cells showed
chemoresistance and CSCs like characteristics in gallbladder
cancer cell lines [6, 7]. Our earlier reports have shown the
important role of CD44 gene variants in GBC susceptibility
[8]. ALCAM-ALCAM interconnections have a role in the
development and maintenance of tissue architecture and tu-
mor progression [9]. ALCAM considered as a breast cancer
prognostic marker [10]. EpCAM+ cells have been possessed a
tumor-initiating role [11]. EpCAM is overexpressed in differ-
ent tumors, including colon, lung, pancreas, breast, and ovary
[12].

Molecular marker ALDH1A1 enzyme belongs to dehydro-
genases family of proteins that participates in cellular detoxi-
fication and differentiation through the oxidation of intracel-
lular aldehydes [13] while Oct-4, Sox-2, and Nanog transcrip-
tion factors responsible for pluripotency of stem cell. Oct-4,
Sox-2, and Nanog induce expression in cooperative manner
for maintaining pluripotency of cancer stem cells [14]. LIN28
encodes a microRNA-binding protein that binds to let-7
microRNA and inhibits production of the mature let-7
microRNA in stem cells [15].

Many studies have reported significant associations of CSC
gene polymorphisms with susceptibility and treatment response
in cancers [16–18]. Till now; there are a limited number of
studies involving CSC genetic variants with GBC [8]. There-
fore, in this study, we investigated 15 CSCs (surface and molec-
ular marker) germline polymorphisms that have been previously
associated with different cancers, to evaluate their influence on
the risk and treatment outcomes of GBC in the North Indian
population. In future, some cancer stem cell genetic variants
may act as potential predictive and prognostic markers for GBC.

Materials and methods

Recruitment of subjects

In this study, 610 histologically confirmed gallbladder cancer
patients and 250 controls were recruited after taking their in-
formed consent. All healthy controls were age-, gender-, and
ethnicity-matched and without gastrointestinal disorders and
belonged to same geographical region. The study protocol
was approved by the Ethics Committee of SGPGIMS. Two
hundred GBC patients receiving adjuvant or neoadjuvant che-
moradiotherapy, in a sequential manner for three cycles, were
followed for treatment response. Radiotherapy was given by
IMRT and 3D-CRT techniques. Chemotherapeutic drugs
gemcitabine, 5-flurouracil, and cisplatin were given in combi-
nation. Two hundred patients were followed-up for drug tox-
icity according to the National Cancer Institute (NCI) Com-
mon Toxicity Criteria for Adverse Events (CTCAE), version
3.0 (http://ctep.cancer.gov). Tumor response was assessed in

140 NACT-treated patients, according to the Response Eval-
uation Criteria in Solid Tumors (RECIST1.1 criteria). Details
of patient enrollment and treatment plan are shown in Fig. 1.

Patients with static and progressive disease were consid-
ered as nonresponders while with complete and partial patho-
logical response were considered as responders. In
chemotoxicity, grade 0–1 was considered as mild toxicity
and grade 2–4 as moderate to severe. Hematological toxicity
was in terms of anemia, leucopenia, and thrombocytopenia.
We evaluated overall survival on the basis of patient’s histo-
pathological and clinical stages in 199 patients. Treatment
modality and clinical stage affect the survival pattern, so we
divided 199 patients in three groups’ postoperative, metasta-
tic, and locally advanced for survival analysis. Median follow-
up survival period was 18 months.

Basic characteristics of study population and clinical data
of follow up patients are given in Tables 1 and 2, respectively.

SNP selection

Most Informative tagger SNPs (Haploview software 4.2) were
selected with >5 % MAF in GIH and CEU population by
using the HapMap project database. The sample size was cal-
culated by using QUANTO1.1. This study achieved 80 %
power.

Genotyping

Venous blood (4 ml) was collected from patients, and the
genomic DNA was extracted from peripheral blood using
the standard salting out method [19]. Genotyping of the SNPs
was carried out using the TaqMan allelic discrimination assay,
ARMS-PCR, and PCR-RFLP. Details of genotyping methods
are summarized in Table S1 (supplementary data).

Statistical evaluation

Descriptive statistics of patients were presented as mean and
standard deviations for continuous measures and frequencies
and percentages for categorical measures. Correlations be-
tween various genotypes and treatment outcomes were exam-
ined using binary logistic regression. The association was
expressed with odds ratios (OR) or risk estimates with 95 %
confidence intervals (CI). Statistical analysis was done using
SPSS statistical analysis software, version 20.0. Haplotype
analysis was done by using the SNPstat Software
(bioinfo.iconcologia.net/SNPstats). Global P value represents
a difference between the means associated with pair of haplo-
types. To reduce chances of obtaining false-positive results
(type I errors) Bonferroni correction was applied in subgroup
analysis. The Bonferroni correction is an adjustment made to
P values when several dependent or independent statistical
tests are being performed simultaneously on a single dataset.
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To perform a Bonferroni correction, we divided the critical P
value (0.05) by the number of comparisons being made (0.05/
2=0.025). The statistical power of the study is then calculated
based on this modified P value (0.025).

The functional effects of polymorphisms were determined
by online F-SNP (http://compbio.Cs.Queens.CA/F-SNP/)
database. F-SNP database provides integrated information
about the functional effects of SNPs obtained from 16 bioin-
formatics tools and databases and provides output in terms of
FS score. The functional effects are predicted and indicated at

Table 1 Characteristics of the subjects

Cases, N (%) Controls, N (%)

Subjects 610 (100) 250 (100)

Female 435 (71.3) 145 (58.0)

Male 175 (28.7) 105 (42.0)

Age±SD 52.19+10.4 43.24+11.5

Gallstone present 346 (56.8 %) None

Gallstone absent 264 (43.2 %) 250 (100)

Tobacco users 146 (25.3 %) NA

Tobacco nonusers 423 (73.3 %) NA

Unknown tobacco status 8 (1.4 %) NA

Early age of onset (<50) 371 (60.8 %) NA

Late age of onset (≥50) 239 (39.2 %) NA

NA not applicable

Table 2 Characteristics of followed up patients

GBC200[%]

Gender

Male 55 (27.5 %)

Female 145 (72.5 %)

TNM status

Stage I (T1 N0 M0) 5 (2.5 %)

Stage II (T2 N0 M0) 15 (7.5 %)

Stage IIIA (T3 N0 M0) 21 (10.5 %)

Stage IIIB (T1–3 N1 M0) 27 (13.5 %)

Stage IVA (T4 N0–1 M0) 35 (17.5 %)

Stage IVB (T4 N0-1 M1) 97 (48.5 %)

Radiotherapy 49 (24.5 %)

Chemotherapy

Adjuvant 60 (30 %)

Neoadjuvant 140 (70 %)

Treatment response

Responders=CR+PR 48 (34.2 %)

Nonresponders=PD+SD 92 (65.7 %)

Extent of tumor

Postoperative 84 (42.0 %)

Metastasis 67 (33.5 %)

Locally advanced 49 (24.5 %)

Fig. 1 Study plan flow diagram. GBC susceptibility group and follow-up group with treatment outcomes
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Table 3 Frequency distribution
of CSCs surface markers
polymorphisms in GBC and
controls (age and gender
adjusted)

Genotypes Controls, N (%) GBC, N (%) OR (95 % CI) P value

CD44rs13347C>T
CC 162 (64.8) 378 (62.0) 1 (reference) –
CT 80 (32.0) 201 (33.0) 0.87 (0.59–2.88) 0.48
TT 8 (3.2) 31 (5.1) 1.99 (0.80–4.96) 0.14
C 404 (80.8) 957 (78.44) 1 (reference) –
T 96 (19.2) 263 (21.56) 1.17 (0.7–2.9) 0.12

CD44 rs353639A>C
AA 167 (66.8) 388 (63.6) 1 (reference) –
AC 68 (27.2) 174 (28.5) 1.05 (0.70–1.57) 0.81
CC 15 (6.0) 48 (7.9) 1.71 (.795–3.67) 0.17
A 402 (80.4) 950 (77.87) 1 (reference) –
C 98 (19.6) 270 (22.13) 1.79 (0.27–2.53) 0.13

CD44 rs187116G>A
GG 99 (39.6) 226 (37.0) 1 (reference) –
GA 89 (35.6) 230 (37.7) 0.97 (0.64–1.47) 0.89
AA 62 (24.8) 154 (25.2) 0.82 (0.52–1.29) 0.39
G 287 (57.4) 682 (55.9) 1 (reference) –
A 213 (42.6) 538 (44.1) 0.85 (0.66–1.10) 0.21

CD44 rs187115 T>C
TT 150 (60.0) 353 (57.9) 1 (reference) –
TC 70 (28.0) 178 (29.2) 1.13 (0.76–1.70) 0.54
CC 30 (12.0) 79 (13.0) 0.71 (0.41–1.26) 0.24
T 370 (74.0) 884 (72.46) 1 (reference) –
C 130 (26.0) 336 (27.54) 0.81 (0.61–1.08) 0.15

ALCAM rs1157 G>A
GG 134 (53.6) 302 (49.5) 1 (reference) –
GA 105 (42.0) 259 (42.5) 1.23 (0.85–1.77) 0.28
AA 11 (4.4) 49 (8.0) 2.40 (1.09–5.29) 0.03
G 373 (58.65) 863 (70.74) 1 (reference) –
A 263 (41.35) 357 (29.26) 1.42 (1.07–4.89) 0.016

ALCAM rs10511244 T>C
TT 174 (69.6) 403 (66.1) 1 (reference) –
TC 64 (25.6) 160 (26.2) 1.02 (0.68–1.54) 0.92
CC 12 (4.8) 47 (7.7) 2.10 (0.97–4.55) 0.06
T 412 (82.4) 966 (79.18) 1 (reference) –
C 88 (17.6) 254 (20.82) 1.42 (1.02–4.96) 0.036

EpCAM rs1126497 T>C
TT 67 (26.8) 161 (26.4) 1 (reference) –
TC 120 (48.0) 293 (48.0) 0.76 (0.50–1.16) 0.20
CC 63 (25.2) 156 (25.6) 0.87 (0.53–1.42) 0.57
T 254 (50.8) 615 (50.5) 1 (reference) –
C 246 (49.2) 605 (49.5) 0.99 (0.77–1.27) 0.94

EpCAM rs1421 T>C
TT 205 (82.0) 484 (79.3) 1 (reference) –
TC 32 (12.8) 90 (14.8) 1.09 (0.64–1.84) 0.75
CC 13 (5.2) 36 (5.9) 1.27 (0.59–2.74) 0.54
T 442 (88.4) 1058 (86.7) 1 (reference) –
C 58 (11.6) 162 (13.3) 0.90 (0.62–1.31) 0.58

CD133 rs3130 C>T
CC 157 (62.8) 371 (60.8) 1 (reference) –
CT 77 (30.8) 192 (31.5) 1.04 (0.70–1.55) 0.84
TT 16 (6.4) 47 (7.7) 0.99 (0.48–2.04) 0.98
C 391 (78.2) 934 (76.56) 1 (reference) –
T 109 (21.8) 286 (23.44) 1.09 (0.80–1.48) 0.59

CD133 rs2240688 T>G
TT 148 (59.2) 353 (57.9) 1 (reference) –
TG 81 (32.4) 206 (33.8) 1.02 (0.69–1.49) 0.94
GG 21 (8.4) 51 (8.4) 1.45 (0.75–2.82) 0.28
T 377 (75.4) 912 (74.7) 1 (reference) –
G 123 (24.6) 308 (25.25) 0.98 (0.73–1.30) 0.86

Significant P values shown in bold
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the splicing, transcriptional, translational, and posttranslation-
al level. As such, the F-SNP database helps identify and focus
on SNPs with potential pathological effect to human health.

Generalized multifactor dimensionality reduction (GMDR)
analysis was done for the adjustment of quantitative and dis-
crete covariants with gene-gene interactions [20]. GMDR rep-
lication of permutation determines accuracy of the P value
assessed by permutation. We used 1000 replication of permu-
tation to get significant P values.

The best gene-gene interaction model was obtained by re-
ducing multi-locus genotypes into low-risk and high-risk
groups on the basis of highest testing accuracy and permuta-
tion results, and cross-validation consistency (CVC) was con-
sidered to be statistically significant at the 0.05 level.

Survival curve was constructed using Kaplan-Meier meth-
od, and differences between the groups were tested by the log-
rank method. The hazard ratio was calculated by Cox-

proportional method at 95 % confidence interval. More intu-
itive survival model was generated by recursive partitioning
(rpart version 3.1). Protein direct and functional interactions
were determined by STRING database.

Results

Association of genetic variants with GBC susceptibility

In this study, we evaluated the frequency distribution of ge-
netic polymorphisms in cancer stem cell surface markers
CD44, ALCAM, EpCAM, and CD133 and molecular
markers ALDH1A1, OCT-4, SOX-2, LIN-28A, and NANOG
polymorphisms between healthy controls and GBC patients.
All studied polymorphisms were in Hardy-Weinberg equilib-
rium in controls (P>0.05).

Log rank p= 0.026Fig. 2 Kaplan-Meier survival
curve with ALCAM rs1157 in
metastatic GBC patients

Table 4 GMDR: gene-gene interaction

GBC susceptibility Best interaction model Testing accuracy CVC P value OR (95 % CI)

Molecular marker OCT-4 rs3130932, LIN-28A rs4274112 0.568 10/10 0.007 1.84 (2.18–5.88)

Surface marker ALCAM rs1157, EpCAM rs1126497 0.574 10/10 0.005 1.8 (2.17–6.78)

Treatment outcomes Molecular markers

Gastrointestinal toxicity LIN-28A rs4274112 0.594 8/10 0.179 2.97 (1.583–15.18)

Hematological toxicity ALDH1A1 rs13959 0.613 9/10 0.016 3.0 (1.25–7.47)

Treatment response NANOGrs11055786, OCT-4rs3130932, SOX-2rs11915160 0.695 7/10 0.003 5.6 (1.71–18.3)

Surface markers

Gastrointestinal toxicity CD44 rs187116 0.631 10/10 0.056 5.1 (0.85–31.3)

Hematological toxicity ALCAM rs1157 0.592 8/10 0.072 2.1 (0.9317–4.77)

Treatment response CD44 rs187116, CD44 rs187115, CD133 rs2240688 0.747 10/10 0.30 1.16 (2.79–7.0)

Significant P values shown in bold
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The f requenc ies of ALCAM rs1157G>A and
rs10511244T>C polymorphisms were found to be significant-
ly associated with GBC risk, at genotypic [rs1157(AA), OR
(CI)=2.4 (1.09–5.29), P value=0.03] and allelic levels
[rs1157(A), OR (CI)=1.42 (1.07–4.89), P value=0.016;
rs10511244 (C),OR (CI)=1.42 (1.02–4.96), P value=0.036],
respectively (Tables 3 and S2).

To determine the effect of multiple single nucleotide
polymorphisms within a gene, haplotype analysis was
done. Those haplotypes, which did not cross rare haplo-
type frequency (<0.05 %), were excluded from analysis.
Bonferroni correction was applied in subgroup analysis.
TheArs1157Crs10511244 haplotype of ALCAM was signifi-
cantly associated with increased risk in GBC patients
[Table S3 OR (CI)=2.40 (1.34–4.32), P value=0. 0035],
but the significance was lost after Bonferroni correction.
ALCAM Ars1157Crs10511244 haplotype in GBC patients
harboring gallstones [Table S4 OR (CI)=3.71 (1.90–
7.26), P value=1e−04*] and GBC females [Table S5 OR
(CI)=3.62 (1.53–8.57), P value=0. 0035*] remained sig-
nificant after Bonferroni correction (P<0.025).

Individual CD44 gene polymorphisms had no significant
differences in frequency distribution between GBC
c a s e s a n d c o n t r o l s , b u t h a p l o t y p e o f CD44
Crs13347Ars353639Ars187116Crs187115 [OR (CI) = 0.51
(0.27–0.95)], P value=0.033] was significantly associated
with lower risk of GBC. Here also, the significance was lost
after Bonferroni correction (Table S3).

There were no significant associations of EpCAM
rs1126497T>C, EpCAM rs1421T>C, CD133 rs3130C>T,
CD133 rs2240688T>G, ALDH1A1 rs13959A>G, OCT-4
rs3130932T>G, SOX-2 rs11915160A>C, LIN-28A
rs4274112T>C, and NANOG rs11055786T>C polymor-
phismswithGBC risk in terms of overall case control frequen-
cy distribution, gender stratification, and gallstone status
(Tables 3, S2, S3, S4, and S5).

Gene-gene interaction for GBC susceptibility GMDR anal-
ysis was used to evaluate gene-gene interaction with GBC
susceptibility by adjusting age, gender, tobacco, and gallstone
status covariants.

We performed separate gene-gene interaction analysis for
surface and molecular markers. In surface markers, ALCAM
rs1157 and EpCAM rs1126497 [Table 4, OR (CI)=1.8 (1.17–

6.78), P value=0. 005] was best significant interaction model
for GBC susceptibility. In molecular markers OCT-4
rs3130932, LIN-28A rs4274112 [Table 4, OR (CI)=1. 84
(1.18–5.88), P value=0. 007] was best significant interaction
model for GBC susceptibility.

Association of CSC genetic variants with treatment
response and toxicity

Univariable analysis did not show significant association
of variants in surface and molecular marker between
responders and nonresponders of chemoradiotherapy
treatment outcomes at allele, genotype, and haplotype
levels (haplotypes, Table S6). Results were consistent
after multivariable analysis. Hematological and gastroin-
testinal toxicity of treatment in GBC patients also did
not associate with any particular CSC genetic variants
(Tables S7 and S8).

The GMDR analysis was used to evaluate gene-gene inter-
action with clinical outcome by adjustment of the covariants
tumor stage, age, gender, and treatment modality. The best
combination model for clinical outcome is given in Table 4.

For surface markers, we did not get significant interaction
model for treatment response. However, in molecular
markers, the best significant model was NANOG
rs11055786, OCT-4 rs3130932, and SOX-2 rs11915160 (Ta-
ble 4, OR (CI)=5.6 (1.71–18.3), P value=0. 003] for treat-
ment response. ALDH1A1 rs13959 (Table 4, OR (CI)=3.0
(1.25–7.47), P value=0.016) emerged as the best interaction
model for hematological toxicity.

Fig. 3 Decision tree constructed by recursive partitioning analysis

Table 5 Cox-proportional
hazard model Variables HR 95 % CI P value

GG and GA+AA genotype for ALCAM rs1157 1.714 1.032–2.844 0.037

Gender 1.154 0.643–2.073 0.631

Gallstone 0.837 0.500–1.399 0.497

Gastrointestinal toxicity 0.598 0.322–1.111 0.104

Hematological toxicity 1.061 0.632–1.780 0.823
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Associations between the CSCs genetic variants and GBC
survival Kaplan-Meier survival curves were used to assess
the associations between the CSCs polymorphisms and sur-
vival time. Survival was calculated separately in the three
patient groups’ postoperative, metastatic, and locally ad-
vanced. The median survival period for metastatic was
9.5 months. Metastatic GBC cases with ALCAM rs1157GG
genotype showed a higher survival rate than the individuals
with GA+AA genotype (log-rank p=0.026) (Fig. 2). In Cox-
proportional hazardmodel ALCAM rs1157GA+AAgenotype
in GBC cases, associated with higher hazard ratio (HR=1. 7,
CI=1.03–2.84, Table 5) as compared with GG genotype.
Kaplan-Meier survival curve did not show any significant
differences in other CSC polymorphisms’ survival rate be-
tween wild and variant genotypes. Model-based classical re-
cursive partitioning is a statistical method that creates a deci-
sion tree with the split criteria of log-rank test that strives to
correctly classify according survival times and the Kaplan-

Meier graphs. Tree-structured survival analysis of our data
represented that ALCAM (GA+AA) end node had highest
hazard ratio and lowest survival period as compared to
CD133rs3130C>T and OCT-4 rs3130932 (Figs. 3 and 4).

Discussion

Cancer stem cells are responsible for tumor growth, migration,
invasion, aggressiveness, resistance, and pluripotency of a tu-
mor. This study was conducted to determine the role of cancer
stem cell gene variants in gallbladder cancer susceptibility and
treatment outcomes.

CSC genetic variants and GBC susceptibility Our results
obtained by analyzing 610 GBC patients and 250 controls
demonstrated that ALCAM rs1157G>A and rs10511244T>C
polymorphisms were significantly associated with increased

Table 6 In silico analysis
Result of F SNP

Genetic variation Functional category Prediction tool Prediction result FS score

CD44 rs13347 C>T Transcriptional regulation TFSearch Changed 0.176

CD44 rs353639 A>C Transcriptional regulation TFSearch Changed 0.176

CD44 rs187116 G>A Transcriptional regulation TFSearch Not changed 0

CD44 rs187115 T>C Transcriptional regulation TFSearch Changed 0.176

ALCAM rs10511244 T>C Transcriptional regulation GoldenPath Exist 0.101

ALCAM rs1157G>A Transcriptional regulation GoldenPath Exist 0.101

ALDH1A1 rs13959 A>G Splicing regulation ESRseacrh Changed 0.237

Survival 
node

HR (95%CI) Median months
95%CI)

Node1 1 Reference 6(4.76-7.24)
Node2 1.033(0.70-1.53) 9(5.41-12.59)
Node3 1.134(0.82-1.58) 7(5.14-8.86)
Node4 2.561(1.51-4.34) 6(3.42-8.58)

Fig. 4 Kaplan-Meier survival
curve of the risk groups based on
a specific gene variant profile
including CD133 rs3130G>T,
OCT-4 rs3130932, and ALCAM
rs1157 G>A
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risk in GBC patients at genotype and haplotype analysis. On
the other hand, CD44 Crs13347Ars353639Ars187116Crs187115 hap-
lotype was significantly associated with a protective effect.
The ALCAM and CD44 are cell surface adhesion molecules
which mediate adhesion interactions between cell-cell and
cell-substrates [9, 21]. Previous studies also showed ALCAM
rs1157 homozygous variant to be associated with breast can-
cer susceptibility [22]. The ALCAM rs1157G>A and
ALCAM rs10511244T>C are present in 3′UTR and intron1
region of the gene, respectively. By F-SNP, we hypothesized
that the variant alleles of ALCAMrs1157 G>A and
ALCAMrs10511244T>C may be involved in transcription
regulation (Table 6). Variant allele may result in increased
ALCAM expression which may disrupt adhesion interactions
that disturb tissue architecture between cells [23].

In our study, CD44Crs13347Ars353639Ars187116Crs187115

haplotype conferred lower risk of GBC which reconfirms
our earlier observation in smaller number of samples [8].
However, CD44 rs187116–rs187115 T-A haplotype has
been reported to confer higher risk of gastric adenocarci-
noma [24]. CD44rs187115 variant genotype was also cor-
related with risk of oral cancer development [25]. CD44
has been reported to be highly expressed in subserous
gallbladder carcinoma [26] and CD44 protein variant
overexpression was related to histologic dedifferentiation
of gallbladder carcinoma [27]. Several mechanistic studies
have shown dualistic nature of CD44, after its ligand
hyaluronic acid interaction. In silico analysis using F-
SNP predicted change in transcriptional regulation for
rs13347, rs353639, and rs187115 SNPs (Table 6),
supporting the influence of selected CD44 genetic vari-
ants on gene transcription and splicing mechanisms.

On applying logistic regression and haplotype analysis, we
did not f ind s igni f icant assoc ia t ion of EpCAM
rs1126497T>C, EpCAM rs1421T>C, CD133 rs3130C>T,
CD133 rs2240688T>G, ALDH1A1 rs13959A>G, OCT-4
rs3130932T>G, SOX-2 rs11915160A>C, LIN-28A
rs4274112 T>C, and NANOG rs11055786T>C polymor-
phisms with overall frequency distribution, gender, and gall-
stone status. Some other studies showed that EpCAM
rs1126497 CT+TT and OCT-4 rs3130932 T>G were associ-
ated with susceptibility to breast cancer risk, whereas no as-
sociation was observed with EpCAM rs1421 [28, 29].

In genetic association studies involving low penetrance
genes, effect of individual genes in disease risk is rather lim-
ited and gene-gene interaction have been proposed as impor-
tant contributor in risk assessments. For gene-gene interaction
analysis by GMDR with adjusting covariants, we found that
SNPs ALCAM rs1157 and EpCAM rs1126497 surface mark-
er as best significant interaction model with increased risk of
GBC susceptibility. F-SNP predicted EpCAM rs1126497
functional role in splicing regulation. STRING 10 also sug-
gested ALCAM and EpCAM protein- protein interaction

(Fig. 5). So, there must be an interacting role of ALCAM
and EpCAM in GBC susceptibility.

Likewise, GMDR analysis predicted interactive role of
OCT-4 rs3130932 and LIN-28A rs4274112 molecular marker
with GBC susceptibility. Lin-28a is a mRNA binding protein
and facilitates posttranscriptional regulation of OCT-4 protein
[30]. Our previous study also reported LIN-28A rs4274112
(AG+GG) association with lymph node metastases and OCT-
4rs3130932 with hormone receptor positive tumors in breast
cancer [31]. These findings uncover a new level of gene-gene
interaction in gallbladder cancer susceptibility.

CSCs genetic variants and GBC treatment response At
both univariable andmultivariable logistic regression and hap-
lotype analyses, none of the CSC polymorphisms were signif-
icantly associated with GBC treatment response. Even after
GMDR analysis, CSCs genetic variants for surface markers
still did not significantly associate with treatment response
and toxicity. In a previous study also, ALCAM rs1157 had
no statistical significance with 5-FU-treated colon cancer re-
currence [32] while in other study, it was shown to be associ-
ated with colon cancer recurrence [17]. CD44rs187116 and
rs187115 T-A haplotype had lower risk to develop gastric
adenocarcinoma recurrence [24]. The expression of CD44
with tumor prognosis is controversial. Certain studies have
indicated that the overexpression of CD44 is correlated with
elevated chemoradiotherapy resistance and increased risk of
recurrence [33] whereas others have related poor prognosis to
CD44 downregulation in tumor cells [34]. For EpCAM

Fig. 6 STRING 10 protein-protein interactions for cancer stem cell
molecular markers

Fig. 5 STRING 10 protein-protein interactions for cancer stem cell
surface marker
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rs1126497T>C, rs1421T>C, our results with treatment re-
sponse and toxicity are in tune with previous studies which
also did not show any significant effect of these variants on
prognosis in nonsmall cell lung cancer [35].

Variants for molecular marker genes showed an inter-
active association with treatment outcomes. In GMDR
analysis, SNPs in SOX2 rs11915160, OCT4 rs3130932,
and NANOG rs11055786 turned out to be the best inter-
action models for predicting poor response to NACT in
GBC. The cooperative interaction sox-oct cis regulatory
element is essential for nanog pluripotency. STRING 10
analysis showed interaction among SOX-2, OCT-4, and
NANOG proteins (Fig. 6). Our earlier report also sug-
gested SOX-2 rs11915160, OCT-4 rs3130932, and
NANOG rs11055786 interactive role with treatment out-
comes in breast cancer [31].

ALDH1A1 rs13959 elicited as the best model for higher
grade 3–4 hematological toxicity. ALDH1A1 belongs to de-
hydrogenase family and plays a role in the detoxification of
active cyclophosphamide metabolites. Our findings suggest
that ALDH1A1 rs13959A>G genetic variations may affect
the risk of severe hematological toxicity caused by myelosup-
pressive chemotherapy drugs. ALDH1A1 rs13959A>G is a
synonymous polymorphism present in exon 3. F-SNP predict-
ed its role in change in splicing regulation (Table 6). This
variant allele could thus affect ALDH enzyme activity, thus
resulting in an increased risk of chemotherapeutic drug toxic-
i ty. ALDH1A1 polymorphisms (rs3764435 C>A-
rs63319C>A) A-A were also reported to be associated with
grade 3–4 hematological toxicity in breast cancer [36].

CSC genetic variants and GBC survival Survival analysis
results showed that ALCAM rs1157 GA+AA genotype is
associated with unfavorable survival in GBCmetastasis cases.
The Cox-proportional hazard regression analysis demonstrat-
ed that GA+AA genotype had higher hazard ratio. Swedish
population study also showed similar results; ALCAM rs1157
homozygous minor allele carriers had worse survival in breast
cancer [37]. CD44, EpCAM, CD133, NANOG, SOX-2, LIN-
28A, OCT-4, and ALDH1A1 polymorphisms did not signifi-
cantly associate with overall survival. But previously reported,
CD44 rs187116G>A–rs187115T>C T-A haplotype and
CD44rs13347 variant genotype associated with lowered sur-
vival rate in breast cancer patients [24, 38]. Survival decision
tree terminal node determined ALCAM GA+AA as worse
survival subgroup with higher hazard ratio.

These data collectively suggest important biological role of
the CSC genetic variants in the susceptibility and prognosis of
gallbladder cancer. However, functional studies are needed to
elucidate the effects of the CSC genetic variants in various
cancers. In future, cancer stem cells may prove to be important
in defeating gallbladder cancer.

In conclusion, our findings suggest important role of
CSC genetic variants in GBC susceptibility, prognosis,
and survival outcomes.
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