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ABSTRACT

Colorectal cancer is among the most aggressive tumors, and its development involves an interplay between various
genetic and environmental familial risk factors. Several genetic polymorphisms have been reported to be associ-
ated with colorectal cancer in recent studies. In this current study, we aimed to evaluate the possible relationship
between a CDKN2A/B, single nucleotide polymorphisms (SNP) (rs10811661), with the risk of colorectal cancer.
A total of 541 individuals with, or without cancer were recruited. DNA was extracted, and genotyped using a Taq-
Man based real-time PCR method. The rs10811661 SNP was associated with an increased risk of colorectal cancer
(additive model: OR=3.46, CI= 1.79-6.69, p<0.0001 and recessive model: 5.72, CI= 3.12-10.49, p<0.0001). The
distribution of minor alleles in the total population for homozygote allele was 9.2 %, while this was 20.1 % for
heterozygotes. In summary, our findings indicate that the rs10811661 polymorphism of the CDKN2A/B gene was
strongly related to the occurrence of colorectal cancer suggesting its potential role as a prognostic biomarker for
the management of colorectal cancer.
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INTRODUCTION cancer diagnosis and prognosis. Recently,
multiple molecular mechanisms have been re-
ported in CRC tumorigenesis including inac-
tivation of tumor suppressor genes (Rahmani
et al.,, 2018; Soleimani et al., 2018, 2020;
Bahreyni et al., 2018; Binaba;j et al., 2018).
Several genetic association studies have sug-
gested that genetic variations on chromosome

Colorectal cancer (CRC) is among the
most common tumors worldwide with over
700,000 deaths annually (Soleimani et al.,
2019; Gabelloni et al., 2019). Attempts have
been made to identify new markers for colo-
rectal cancer; few of them are approved for
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9p21 may be involved in various malignan-
cies including leukemia, glioma, ovarian,
breast and pancreatic cancers (Congrains et
al.,2013; Dgbniak et al., 2005; Sherborne et
al., 2010; Qiu et al., 2015; Gu et al., 2013;
Seifietal., 2019; Abdeahad et al., 2020). This
region encodes for cyclin-dependent kinase
inhibitors A and B known as CDKN2A/B
which contributes in various metabolic and
pathological disorders such as diabetes, meta-
bolic syndrome, cardiovascular and Alz-
heimer diseases (Hannou et al., 2015;
Mehramiz et al., 2018; Yu et al.,, 2010;
Zeggini et al., 2007). Recent data has shown
that the CDKN2A/B gene can regulate cell
growth by arresting the cell cycle at G1 phase.
The cell cycle progression at the G1 phase is
mainly modulated by p144RF p15™NK4B and
16™K4A proteins (Hannou et al., 2015; Nielsen
et al., 2001; McLendon et al., 2008). The
p15™K4B and 16™K4A tumor suppressor pro-
teins induce cell cycle arrest by downregulat-
ing cyclin-dependent kinase 4 and 6 (CDK4,
6) while the p142%F protein promotes apopto-
sis and cell cycle arrest by promoting mdm?2 -
p53 signaling pathway (Krimpenfort et al.,
2019; Sharpless and DePinho, 1999). It has
been shown that while the tumor suppressors
pl4*F and pl16™4A are encoded by
CDKN2A, the p15™&4B protein is encoded by
CDKN2B (Sharpless and DePinho, 1999).
There is emerging evidence that genes at
the CDKN2A/B locus genes are mutated or
deleted in several human malignancies. There
are various SNPs in the CDKN2A/2B locus
resulting in downregulation of their expres-
sion and inducing tumor cell proliferation and
progression (Zeggini et al., 2007; Royds et al.,
2016). Recent data have shown that the
CDKN2A/B deletion was correlated with
poor prognosis and lower survival in patients
with cutaneous T-cell lymphomas (Laharanne
et al., 2010). Another large-scale meta-analy-
sis study performed by Lu et al. on the rela-
tionship between CDKN2A/B gene polymor-
phism rs4977756 and the risk of glioma was
assessed in 18893 individuals with, or without
cancer. This analysis showed that the
14977756 polymorphism was significantly

associated with the risk of glioma (Lu et al.,
2015). Consistent with these studies, the cor-
relation of CDKN2A/B gene (rs10811661)
polymorphism was investigated in 564 breast
cancer patients and results revealed that indi-
viduals with the TT genotype had greater sus-
ceptibility to breast cancer (ShahidSales et al.,
2018). The association of two SNP of the
CDKN2A/B  locus  (rs1333049 and
rs10811661) and clinical manifestations of
esophageal squamous cell carcinoma (ESCC)
was assessed and suggested that the CC gen-
otype of rs1333049 polymorphism was re-
lated to a poorer prognosis and lower overall
survival in patient with ESCC (Ghobadi et al.,
2019).

Thus, we aimed to explore the association
of CDKN2A/B gene (rs10811661) polymor-
phism in Iranian colorectal cancer patients.

MATERIAL AND METHODS

Patient samples

A total of 541 individuals (132 colorectal
cancer patients and 409 matched controls)
were recruited from Omid or Ghaem Hospi-
tals of Mashhad University of Medical Sci-
ences (MUMS). The cases with colorectal
cancer were diagnosed with colonoscopy
findings followed by histopathological analy-
sis (between 2016 to 2018). All patients pro-
vided written, informed consent, and the
study was approved by the Ethics Committee
of MUMS.

DNA genotyping

DNA genotyping was performed on ge-
nomic DNAs obtained from whole blood leu-
kocytes. First, DNA samples were extracted
by commercial Extraction Kit (Parstous,
Mashhad, Iran) according to manufacturer’s
instruction. Next, the quality and quantity of
extracted DNA were studied by spectropho-
tometry  (NanoDrop-Thermo  Scientific,
USA). Genotyping of CDKN2A/B variants
were performed by qPCR method and the
PCR mixture consisted of 20 ng DNA+
2.13 pl TagMan® Master Mix with specific
probes in 12 pl total volume (Rahmani et al.,
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2020). The ABI PRISM- 7500 instrument was
used to determine the sample genotype.

Statistics

Kolmogorov-Smirnov tests were used to
assess the normality of the distribution of data
within the subgroups. The normally distrib-
uted continuous data were tested by Student’s
t-tests. The frequencies of CDKN2A/B
rs10811661 polymorphism were compared
using Pearson y2 tests and the Hardy-Wein-
berg test was evaluated through comparing
the genotype frequencies via Pearson 2 test.
The demographic and clinicopathological
data of 132 cases were evaluated in various
genotypes using independent t-test and Pear-
son chi square tests. The association between
the CC and CT genotypes, related to the risk
genotype TT on additive and recessive mod-
els were evaluated by logistic regression.
Odds ratios and 95 % confidence interval for
each genotype on rs10811661 was assessed
by multivariate logistic regression models.
The data analysis was conducted by SPSS-22
software. p-values less than 0.05 were taken
as statistically significant and all tests were
two-sided.

RESULTS

Association of the CDKN2A/B
(rs10811661) with clinical characteristics

Demographic and clinicopathological
data including age, weight, metastasis, and tu-
mor grade were investigated in colorectal can-
cer patients (Table 1). No relationship was
found for TT and TC/CC genotypes with age,
weight, metastasis, and tumor grade in reces-
sive genetic model (p > .05) (Table 2).

Association of the CDKN2A/B
(rs10811661) with the risk of colorectal
cancer

In order to investigate the correlation be-
tween CDKN2A/B polymorphism, rs10811661,
and susceptibility to colorectal cancer, geno-
typing was performed on genomic DNAs ob-
tained from whole blood leukocytes. Also, the
Hardy-Weinberg equilibrium was assessed in

Table 1: Clinicopathological features of patients
with colorectal cancer (n=132)

Variable Mean % SD (%)
Age 54+13
Weight 62+18
Metastasis 56 %
Tumor (PD) 6.3 %
Grade (%) (MD) 59.9 %
(WD) 33.8%
(UD) 0.00

Abbreviations: PD, poorly differentiated; MD, moderately dif-
ferentiated; WD, well differentiated; UD, undifferentiated

Table 2: Baseline and clinicopathological charac-
teristics of patients with colorectal cancer under
the recessive model

Variable TT (n=30) TC/CC
(n=102)

Age (MeanzSD) 54 + 11 53+13
Weight 62 £ 14 64 +16

(MeanzSD)

Metastasis 20 55
Tumor (PD) 3 6
Grade (MD) 18 62

(%) (WD) 9 34
(UD) 0 0

Abbreviations: PD, poorly differentiated; MD, moderately dif-
ferentiated; WD, well differentiated; UD, undifferentiated

the population (Table 3). The distribution of
CDKN2A/B genotypes in healthy and CRC
samples is presented in Table 3. In the total
population, the frequencies of TT, CT, CC
genotype calculated 9.2, 20.1, and 70.6 %.
This genotype distribution was in accordance
with the H-W equilibrium. Our results
showed that subjects with TT genotype of
CDKN2A/B rs10811661 have an increased
risk of CRC (p<0.0001) in comparison with
the healthy controls (Table 3). Additionally,
the logistic regression analysis on recessive
and additive models indicate that individuals
with the CC/CT genotypes had a lower sus-
ceptibility for colorectal cancer (recessive
model: OR=5.72, CI= 3.12-10.49, p<0.0001
and additive model: OR=3.46, CI=1.79-6.69,
p<0.0001) compared to TT carriers. In addi-
tion, no significant correlation was found in
dominant genetic model (Table 4).
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Table 3: Allele and genotype frequencies of CDKN2A/B rs10811661 polymorphism

Gene SNP Major/minor Major allele Hetero- Minor allele HWE
allele homo- zygote (%) homo- p-value
zygote (%) zygote (%)
CDKN2A/B rs10811661 CIT 382 (70.6 %) 109 (20.1 %) 50 (9.2 %) 0.003
Control CRC Total Genetic model P value
(n=409) (n=132) (n=541)
cc 291 (71.1 %) 91(68.9 %) 382 (70.6 %) Additive 0. <0.0001
CT 98 (24 %) 11(8.3 %) 109 (20.1 %) Dominant 0. 62
TT 20 (4.9 %) 30 (22.7 %) 50 (9.2 %) Recessive 0. <0.0001
2010). In agreement with these data, Sun et al.
DISCUSSION examined the expression of ANRIL in 97

In conclusion, our results suggest a rela-
tionship between a polymorphism at the
CDKN2A/B gene (rs10811661) locus and a
poor prognosis in patients with colorectal can-
cer. Individuals with a TT genotype had a
greater susceptibility for colorectal cancer. In
line with our results, recent studies have also
indicated the prognostic role of CDKN2A/B
in pancreatic, lung, breast, melanoma and
ovarian cancers (Qiu et al., 2015; Seifi et al.,
2019; Campa et al., 2016; Schuster et al.,
2014). This observation may be explained by
the role of CDKN2A/B in suppressing cellu-
lar proliferation and inducing tumor cell
death. There are several studies demonstrated
that methylation or ANRIL regulation may
downregulate CDKN2A/B and its down-
stream tumor suppressors (pl14*RF and
p16™K44) " resulting in tumor formation and
progression. ANRIL has been shown to have
a major role in promoting transcriptional re-
pressors involved in downregulation of the
CDKN2A/B genes resulting in genetic sus-
ceptibility to various cancers (Congrains et
al., 2013; Yap et al., 2010; Popov and Gil,

paired tumoral and non-tumoral CRC tissue
samples. They found that the over-expression
of ANRIL in tumor tissues was related to
lower survival in CRC patients. Moreover
their in vitro results demonstrated that down-
regulation of ANRIL in CRC cell lines de-
creased cellular proliferation and invasion
(Sun et al., 2016a). In another study, the cor-
relation between ANRIL expression and
clinicopathological features of CRC was as-
sessed in 108 patients. Their results demon-
strated that the over-expression of ANRIL in
CRC patient may be considered as a risk fac-
tor for poor prognosis and tumor metastasis
(Sun et al., 2016b). However, the potential
role of ANRIL in colorectal tumorigenesis
still requires to be determined. Recently, a
large-scale genome wide association study
was performed to explore the correlation of
9p21 locus SNPs and the risk of neoplastic
transformation in multiple cancers. Their data
revealed that there are various genetic varia-
tions in this region related to the development
of several types of cancers (Li et al., 2014). In
line with this, Gu et al. analyzed 203 SNPs on

Table 4: Multivariable logistic regression analysis of rs10811661 polymorphism and colorectal cancer

under different genetic models

Risk allele Additive model OR
(95 % CI)
T 3.46 (1.79-6.69)
p<0.0001

Dominant model OR

Genetic models

Recessive model OR

(95 % Cl) (95 % Cl)
0.9 (0.58-1.37) 5.72 (3.12-10.49)
P=0.62 p<0.0001
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the 9p21.3 region in several cancers including
colorectal cancer. Their findings indicated
that the genetic variants in CDKN2A may be
related to the risk of colorectal cancer and
other tumors (Gu et al., 2013).

In agreement with these observations, our
data support a significant correlation between
the CDKN2A/B gene polymorphism,
rs10811661, and colorectal cancer. Further
studies in a larger sample are required to val-
idate our results and investigate the prognos-
tic potential of rs10811661 in determining the
risk of developing colorectal cancer.

Funding
This study was supported by grant from
Mashhad University of Medical Sciences.

Conflict of interest
The authors have no conflicts of interest
to declare.

REFERENCES

Abdeahad H, Bahrami A, Sacedi N, Shabani M, Pez-
eshki M, Khazaei M, et al. Association between genetic
variants at 9p21 locus with risk of breast cancer: A sys-
tematic review and meta-analysis. Pathol Res Pract.
2020;2020:152987.

Bahreyni A, Samani SS, Ghorbani E, Rahmani F, Kha-
yami R, Toroghian Y, et al. Adenosine: an endogenous
mediator in the pathogenesis of gynecological cancer.
J Cell Physiol. 2018;233:2715-22.

Binabaj MM, Bahrami A, Bahreyni A, Shafiee M, Rah-
mani F, Khazaei M, et al. The prognostic value of long
noncoding RNA MEG3 expression in the survival of
patients with cancer: A meta-analysis. J Cell Biochem.
2018;119:9583-90.

Campa D, Pastore M, Gentiluomo M, Talar-
Wojnarowska R, Kupcinskas J, Malecka-Panas E, et al.
Functional single nucleotide polymorphisms within the
cyclin-dependent kinase inhibitor 2A/2B region affect
pancreatic cancer risk. Oncotarget. 2016;7(35):57011.

Congrains A, Kamide K, Ohishi M, Rakugi H. ANRIL:
molecular mechanisms and implications in human
health. Int J Mol Sci. 2013;14:1278-92.

D¢bniak T, Gorski B, Huzarski T, Byrski T, Cybulski
C, Mackiewicz A, et al. A common variant of
CDKN2A (p16) predisposes to breast cancer. J] Med
Genet. 2005;42:763-5.

Gabelloni M, Del Secco L, Arena C, Faggioni L, Co-
cuzza P, Alberich-Bayarri A, et al. Value of radiomics
analysis in predictive response to treatment in patients
with locally advanced rectal cancer. In: ECR-2019. Eu-
ropean Congress of Radiology, Vienna, 27.02.-
03.03.2019 (pp C-3413). Vienna: ECR, 2019.

Ghobadi N, Mehramiz M, ShahidSales S, Rezaei Bro-
jerdi A, Anvari K, Khazaei M, et al. A genetic variant
in CDKN2A/2B locus was associated with poor prog-
nosis in patients with esophageal squamous cell carci-
noma. J Cell Physiol. 2019;234:5070-6.

Gu F, Pfeiffer R, Bhattacharjee S, Han S, Taylor P,
Berndt S, et al. Common genetic variants in the 9p21
region and their associations with multiple tumours.
Brit J Cancer. 2013;108:1378-86.

Hannou SA, Wouters K, Paumelle R, Staels B. Func-
tional genomics of the CDKN2A/B locus in cardiovas-
cular and metabolic disease: what have we learned
from GWASs? Trends Endocrinol Metab. 2015;26:
176-84.

Krimpenfort P, Snoek M, Lambooij J-P, Song J-Y, van
der Weide R, Bhaskaran R, et al. A natural WNT sig-
naling variant potently synergizes with Cdkn2ab loss
in skin carcinogenesis. Nat Commun. 2019;10(1):
1425.

Laharanne E, Chevret E, Idrissi Y, Gentil C, Longy M,
Ferrer J, et al. CDKN2A-CDKN2B deletion defines an
aggressive subset of cutaneous T-cell lymphoma. Mod
Pathol. 2010;23:547.

Li W-Q, Pfeiffer RM, Hyland PL, Shi J, Gu F, Wang
Z, et al. Genetic polymorphisms in the 9p21 region as-
sociated with risk of multiple cancers. Carcinogenesis.
2014;35:2698-705.

LuH, Yang Y, Wang J, Liu Y, Huang M, Sun X, et al.
The CDKN2A-CDKN2B rs4977756 polymorphism
and glioma risk: a meta-analysis. Int J Clin Exp Med.
2015;8:17480.

McLendon R, Friedman A, Bigner D, The Cancer Ge-
nome Atlas Research Network, et al. Comprehensive
genomic characterization defines human glioblastoma
genes and core pathways. Nature. 2008;455 (7216):
1061-8.

1320



EXCLI Journal 2020;19:1316-1321 —ISSN 1611-2156

Received: February 08, 2020, accepted: September 14, 2020, published: September 14, 2020

Mehramiz M, Ghasemi F, Esmaily H, Tayefi M, Has-
sanian SM, Sadeghzade M, et al. Interaction between a
variant of CDKN2A/B-gene with lifestyle factors in
determining dyslipidemia and estimated cardiovascu-
lar risk: A step toward personalized nutrition. Clin
Nutr. 2018;37:254-61.

Nielsen N, Roos G, Emdin S, Landberg G. Methylation
of the pl6Ink4a tumor suppressor gene 5'-CpG island
in breast cancer. Cancer Lett. 2001;163:59-69.

Popov N, Gil J. Epigenetic regulation of the INK4b-
ARF-INK4a locus: in sickness and in health. Epigenet-
ics. 2010;5:685-90.

QiuJ-J, Lin Y-Y, Ding J-X, Feng W-W, Jin H-Y, Hua
K-Q. Long non-coding RNA ANRIL predicts poor
prognosis and promotes invasion/metastasis in serous
ovarian cancer. Int J Oncol. 2015;46:2497-505.

Rahmani F, Avan A, Hashemy SI, Hassanian SM. Role
of Wnt/B-catenin signaling regulatory microRNAs in
the pathogenesis of colorectal cancer. J Cell Physiol.
2018;233:811-7.

Rahmani F, Hasanzadeh M, Hassanian SM, Khazaei
M, Esmaily H, Ferns GA, et al. Association of a genetic
variant in the angiopoietin-like protein 4 gene with cer-
vical cancer. Pathol Res Pract. 2020;2020:153011.

Royds JA, Pilbrow AP, Ahn A, Morrin HR, Frampton
C, Russell IA, et al. The rs11515 polymorphism is
more frequent and associated with aggressive breast tu-
mors with increased ANRIL and decreased pl6INK4a
expression. Front Oncol. 2016;5:306.

Schuster K, Venkateswaran N, Rabellino A, Girard L,
Pena-Llopis S, Scaglioni PP. Nullifying the
CDKN2AB locus promotes mutant K-ras lung tumor-
igenesis. Mol Cancer Res. 2014;12:912-23.

Seifi S, Pouya F, Rahmani M, Mehramiz M, Rastgar-
Moghadam A, Gharib M, et al. Association of cyclin-
dependent kinase inhibitor 2A/B with increased risk of
developing breast cancer. J Cell Physiol. 2019;235:
5141-5.

ShahidSales S, Mehramiz M, Ghasemi F, Aledavood
A, Shamsi M, Hassanian SM, et al. A genetic variant
in CDKN2A/B gene is associated with the increased
risk of breast cancer. J Clin Lab Anal. 2018;32(1):
€22190.

Sharpless NE, DePinho RA. The INK4A/ARF locus
and its two gene products. Curr Opin Genet Dev.
1999;9(1):22-30.

Sherborne AL, Hosking FJ, Prasad RB, Kumar R,
Koehler R, Vijayakrishnan J, et al. Variation in
CDKN2A at 9p21. 3 influences childhood acute lym-
phoblastic leukemia risk. Nat Genet. 2010;42(6):492.

Soleimani A, Rahmani F, Ferns GA, Ryzhikov M,
Avan A, Hassanian SM. Role of regulatory oncogenic
or tumor suppressor miRNAs of PI3K/AKT signaling
axis in the pathogenesis of colorectal cancer. Curr
Pharm Design. 2018;24:4605-10.

Soleimani A, Rahmani F, Saeedi N, Ghaffarian R,
Khazaei M, Ferns GA, et al. The potential role of reg-
ulatory microRNAs of RAS/MAPK signaling pathway
in the pathogenesis of colorectal cancer. J Cell Bio-
chem. 2019;120:19245-53.

Soleimani A, Rahmani F, Ferns GA, Ryzhikov M,
Avan A, Hassanian SM. Role of the NF-kB signaling
pathway in the pathogenesis of colorectal cancer.
Gene. 2020;726:144132.

Sun Y, Zheng ZP, Li H, Zhang HQ, Ma FQ. ANRIL is
associated with the survival rate of patients with colo-
rectal cancer, and affects cell migration and invasion in
vitro. Mol Med Rep. 2016a;14:1714-20.

Sun Z, Ou C, Ren W, Xie X, Li X, Li G. Downregula-
tion of long non-coding RNA ANRIL suppresses lym-
phangiogenesis and lymphatic metastasis in colorectal
cancer. Oncotarget. 2016b;7(30):47536.

Yap KL, Li S, Mufioz-Cabello AM, Raguz S, Zeng L,
Mujtaba S, et al. Molecular interplay of the noncoding
RNA ANRIL and methylated histone H3 lysine 27 by
polycomb CBX7 in transcriptional silencing of INK4a.
Mol Cell. 2010;38:662-74.

YuJ-T, Yu Y, Zhang W, Wu Z-C, Li Y, Zhang N, et
al. Single nucleotide polymorphism rs1333049 on
chromosome 9p21. 3 is associated with Alzheimer's
disease in Han Chinese. Clin Chim Acta. 2010;411:
1204-7.

Zeggini E, Weedon MN, Lindgren CM, Frayling TM,
Elliott KS, Lango H, et al. Replication of genome-wide
association signals in UK samples reveals risk loci for
type 2 diabetes. Science. 2007;316(5829):1336-41.

1321



