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Abstract

Background: Despite many efforts to discover the important role of the autophagy
process in the pathogenesis of colorectal cancer (CRC), the exact involved molec-
ular mechanism still remains to be elucidated. Recently, a limited number of stud-
ies have been employed to discover the impact of autophagy genes’ variants on the
development and progression of CRC. Here, we evaluated the association between
two single-nucleotide polymorphisms (SNPs) in the main components of the au-
tophagy genes, ATG16L1 rs2241880, and ATG5 rs1475270, and the CRC risk in an
Iranian population.

Methods: During this investigation, a total of 369 subjects, including 179 CRC patients
and 190 non-cancer controls have been genotyped using Tetra-primer amplification
refractory mutation system-polymerase chain reaction (TP-ARMS-PCR) method.
Result: The results demonstrated that the T allele of the ATG16L1 rs2241880 was
significantly associated with the increased risk of CRC in the studied population
(OR 1.64, 95% Cl: 1.21-2.22, p = 0.0015). Moreover, ATG16L1 rs2241880 TT geno-
type increased the susceptibility to CRC (OR 3.31, 95% Cl: 1.64-6.69, p = 0.0008).
Furthermore, a significant association was observed under the recessive and dom-
inant inheritance models (p = 0.0015 and p = 0.017, respectively). No statistically
significant differences were found in the ATG5 rs1475270 alleles and genotypes be-
tween the cases and controls.

Conclusion: The results of the present study may be helpful concerning the risk strati-
fication in CRC patients based on the genotyping approach of autophagy pathways
and emphasize the need for further investigations among different populations and

ethnicities to refine our conclusions.
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1 | INTRODUCTION

Colorectal cancer (CRC), with a high rate of mortality and morbid-
ity, imposes a large social and economic burden in the world.>? It
has been estimated that approximately 1,400,000 new cases suffer
from CRC worldwide.® Although, the figures for the incidence and
mortality rate could be varied depending on the race and ethnicity,
as well as geographical features, generally, CRC is the third most fre-
quent cancer all around the world.>? Moreover, in Iran, CRC is the
third most prevalent neoplasia.* Considering the etiology of CRC,
multiple factors contribute to the disease development consisting
of both genetic and non-genetic elements, including nutrition pat-
terns, alcohol consumption, body mass index, physical inactivity
and smoking. However, to discover all exact factors involved in the
pathogenesis of CRC, different aspects of the CRC must be con-
sidered.®™ Clearly, in CRC, more than one pathway is related with
the tumor to undergo tumorigenesis.!® Autophagy is a highly evo-
lutionary conserved catabolic process implicating in human health
and diseases and dysregulated in a wide spectrum of human can-
cers, including CRC.* Although autophagy is considered as a tumor-
suppressive mechanism against the early stage of tumorigenesis due
to providing the cellular homeostasis; however, in some context, it
could promote tumor survival.'?>!2 The elucidation of the functional
relevance of the autophagy pathway and different aspects of CRC,
including development, progression, and metastasis still remain a
challenging issue.**"* This multistep catabolic process is mediated
by ubiquitin-like systems consist of multiple autophagy-related pro-
teins (ATG).Y Single-nucleotide polymorphisms (SNPs) play a role in
the disease mechanisms and effect the development of the precision
medicine.’® Given the importance of the autophagy pathway in the
etiology of neoplasia, recently, some emerging data have supported
that the SNPs in main lysosomal pathway genes associate with the
risk of multiple cancers, including breast cancer, melanoma, gastric
cancer, prostate cancer, and colorectal cancer.'7?2 Hence, we se-
lected and performed genotyping of two SNPs in autophagy core
genes, ATG16L1 rs2241880 and ATG5 rs1475270, to evaluate the po-
tential role of these polymorphisms on the risk of CRC in an Iranian

population.

2 | MATERIALS AND METHODS
2.1 | Ethics statement

This survey was performed according to the Declaration of Helsinki
and approval of the Ethics Committee of Shahid Beheshti University
of Medical Sciences (SBMU). Written informed consent was ob-

tained from all participants.

2.2 | Subjects

During this case-control investigation, 369 participants, including 179
patients, and 190 non-cancer controls were recruited. All participants
were referred from Taleghani General Hospital, Tehran, Iran, between
2006 and 2015. First, based on a structured interview, the clinico-
pathologic information was gathered according to the medical records
and interview, including age, sex, family history of cancer, ethnicity,
literacy, occupation, marital status, stage, and grade. Furthermore, the
confirmation of all affected diagnosed with CRC was checked based
on their medical records involving clinical examination, colonoscopy,
and histopathological features. Some exclusion criteria were consid-
ered, including a history of hereditary or other malignant diseases.

2.3 | DNA extraction and genotyping

Genomic DNA was extracted from lymphocytes of peripheral blood
from each subject using the standard salting-out method.?® Genotyping
was performed by using Tetra-primer amplification refractory mu-
tation system-polymerase chain reaction method (TP-ARMS-PCR).

Primer1 online software?*

was utilized to design primers for geno-
typing of both ATG16L1 rs2241880 and ATG5 rs1475270 polymor-
phisms. PCR reactions were carried out on a GeneTouch thermocycler
(BIOER) instrument using a total volume of 20 pl, including 10 pl Taq
DNA Polymerase 2X Master Mix Red (Amplicon), 1 pL of each primer
(10 pmol), 1 pl genomic DNA (100-200 ng), and 5 pl PCR grade water.

The cycling conditions consisted of: 5 min for initial denaturation at

TABLE 1 Primer sequences and TP-ARMS-PCR conditions for ATG16L1 rs2241880 and ATG5 rs1475270 amplification

SNP Primer Primer sequence Amplicon size (bp) TA
rs2241880 Fl CCTCACTTCTTTACCAGAACCAGGATGCGC 181 (C allele) 55°C
RI CCCAGTCCCCCAGGACAATGTGGCTA 107 (T allele)
FO GGGTTCGGGGCTGAAGCATACTTACGAA 235
RO GGCAGTCTGCTTAAGCAAGGTCGTCTTGG
rs1475270 Fl TGATTTTAAAAGTCATGGAAAATTACTG 209 (G allele) 51.5°C
RI TTTCATACTTTTCATGGTTATTCTCATTT 275 (A allele)
FO AATCTACAAAACACCTGGAAATAAAAAG 426
RO CCCTGGTTTATAGTAAAGTAGTTTGAC

Note: The nucleotide specificity is indicated in parentheses.

Abbreviations: bp, base pair;F, forward; |, inner; O, outer; R, reverse; SNP, Single-nucleotide polymorphism; TA, annealing temperature.
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95°C, followed by 32 cycles of denaturation at 95°C for 30 s, annealing
temperature as presented in Table 1 for 1 min, and extension at 72°C
for 1 min. The final elongation step was conducted at 72°C for 5 min.
Table 1 describes the primer sequences and TP-ARMS-PCR conditions
for amplification of ATG16L1 rs2241880 and ATG5 rs1475270 alleles.
After PCR amplification, 2% of agarose gel electrophoresis containing
RedSafe stain (iNtRON) in 0.5X tris/borate/EDTA (TBE) was used to

separate the amplification products.

2.4 | Statistical analysis

Statistical analyses for allele count and genotype frequencies were
performed based on Hardy-Weinberg equilibrium approach using
online software, including SNPstats?®> and MEDCALC online soft-
ware available from (https://www.medcalc.org/calc/odds_ratio.
php). Statistically significant was considered according to p-value
less than 0.05.

3 | RESULTS

Totally, 179 patients diagnosed with CRC (90 males and 89 females)
with an average age of 52.1 + 9.8 years were recruited in the cur-

rent study. The sex- and age-matched control group was composed

TABLE 2 Demographic data and clinical characteristics of the
study participants

CRC (hn=179) Non-cancer

Characteristics patients controls (n = 190)
Median age, years 52.1+9.8 51.2+9.1
Gender

Male 90 98

Female 89 92
Primary tumor location

Colon 60%

Rectum 27%
Cecum 13%

Differentiation

Well-differentiated 35%

Moderately differentiated  27%

Poorly differentiated 7%

Not determined 31%
Cigarette smoking

No 85%

Yes 15%
Clinical stages, TNM

| 17%

1 47%

1 29%

\% 7%

of 190 non-cancerous subjects (98 males and 92 females) with the
mean age of 51.2 + 9.1 years. All controls were the same ethnic
background. Table 2 describes the demographic and clinical infor-
mation of the studied individuals.

Table 3 demonstrates genotypes and allele frequencies for
ATG16L1 rs2241880 and ATG5 rs1475270 polymorphisms in CRC
and control subjects. Both SNPs, which were genotyped in the con-
trol group, were consistent with those expected from the Hardy-
Weinberg equilibrium model. We assessed the association between
the risk of CRC and polymorphic variants at ATG16L1 rs2241880
and ATG5 rs1475270 in recessive and dominant inheritance models.
The data obtained from statistical analysis illustrated that the T al-
lele of ATG16L1 rs2241880 increased the risk for CRC in the studied
population (OR 1.64, 95% CI: 1.21-2.22, p = 0.0015) and ATG16L1
rs2241880 T/T genotype was associated with the increased risk
of CRC in the patients (OR 3.31, 95% ClI: 1.64-6.69, p = 0.0008).
Moreover, the T/T+ C/T vs. C/C genotypes were statistically asso-
ciated with an enhanced CRC risk (OR = 1.71; 95% Cl: 1.10-2.65,
p=0.017)as well as T/T vs. C/C+C/T (OR = 2.76; 95% Cl: 1.44-5.30,
p = 0.0015). No significant association was observed between ATG5
rs1475270 alleles and genotypes with the CRC risk in any of the in-
heritance models (Table 3).

4 | DISCUSSION

Despite a considerable improvement in the recent biological and
molecular knowledge of autophagy in the field of cancers, the
exact molecular mechanisms involving in CRC based on cell-type
and context-dependent remain poorly understood.}*** To date,
a limited number of studies have paid attention to the association
of genetic variations in the autophagy genes and their impact on
the cancer susceptibility and clinical outcome of malignancies in
the diverse populations.”’zo*26 In the present study, we evaluated
the association of autophagy-related genes, ATG16L1 rs2241880
and ATG5 rs1475270, with CRC risk in an Iranian population. Our
results revealed that the ATG16L1 rs2241880 T allele served as a
CRC-risk allele in the studied population (p = 0.0015) and ATG16L1
rs2241880 TT genotype was associated with elevated suscepti-
bility of CRC (p = 0.0008). Previously, Grimm WA and colleagues
showed that the ATG16L1 Ala/Ala genotype was associated with
longer overall survival and reduced metastasis in human colorectal
cancer.?” In addition, Nicoli ER et al.?® reported an association be-
tween ATG16L1 genotypes and tumor stages in CRC patients. They
found that the patients carrying GG genotype were at higher risk
for developing CRC. The relation between rs2241880 and unfa-
vorable clinical outcomes for colorectal cancer was also reported in
Chinese population.? Fernandez-Mateos et al.?’ reported the as-
sociation between ATG16L1 rs2241880 CC genotype and increased
susceptibility of oral carcinoma in an Spanish population. While,
Diler et al. observed no association between this variant and suscep-
tibility to prostate and bladder cancers in the Turkish population.?!
According to HaploReg®® and PROMO®! software, it is suggested
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TABLE 3 Allele and genotype

Control N .

Genotype/Allele CaseN(%) (%) OR (95% CI) p-Value ;fj:‘;gcs'iss f;;g;?g?nizii;iﬁf: gR c
ATG16I1 rs2241880 T>C and controls

c/C 52(30.1) 76 (42) 1 (reference)

C/T 87 (50.3) 90 (49.7) 1.41(0.89-2.24) 0.14

T 34 (19.6) 15(8.3) 3.31(1.64-6.69) 0.0008

T/T+ C/Tvs.C/C 1.71 (1.10-2.65) 0.017

T/T vs. C/C+C/T 2.76 (1.44-5.30) 0.0015

C 191 (55) 242 (67) 0.61(0.45-0.83) 0.0015

T 155 (45) 120(33) 1.64(1.21-2.22) 0.0015

G/G 88 (50.6) 78 (45.4) 1 (reference)
ATG5 rs1475270 A>G

A/G 69 (39.7) 68 (39.5) 0.90 (0.57-1.41) 0.65

A/A 17 (9.8) 26(15.1) 0.58 (0.29-1.15) 0.12

G/Gvs. A/G-A/A 0.84 (0.55-1.28) 0.41

G/G-A/Gvs. A/A 0.59 (0.31-1.13) 0.11

G 245 (70) 224 (65) 1.27 (0.93-1.75) 0.14

A 103 (30) 120 (35) 0.78 (0.57-1.08) 0.14

Abbreviations: Cl, confidence interval; OR, odds ratio.

that the ATG16L1 rs2241880 variant may change the binding affin-
ity of several transcription factors, including REST, GATA-1, TFII-I,
and ETVA4. In addition, rSNPBase®? results showed that ATG16L1
rs2241880 may affect the proximal regulation. Alterations in the
transcription binding affinity may be a causative factor contribut-
ing to colorectal cancer development. These transcription factors
play an important role in several cancers. For example, REST (RE1
Silencing Transcription Factor) is a protein-coding gene that acts as
a putative tumor suppressor in different colon cell lines and GATA-1,
a member of the GATA transcription factor family, is overexpressed
in colorectal cancer, and predicts poor clinical outcome in CRC 3334

We further investigated the association between ATG5
rs1475270 polymorphism and CRC susceptibility in our stud-
ied population. Previously, the association between variations in
ATG5 gene and enhanced risk of tumorigenesis was reported in
multiple cancers, including breast cancer, melanoma and squamous
cell carcinoma.®>3¢ However, we failed to detect any association be-
tween ATG5 rs1475270 and the CRC risk in our study. According to
HaploReg,?° ORegAnno,®” and PROMO?®! software, it is suggested
that the rs1475270 variant may influence the binding affinity of dif-
ferent transcription factors and proteins, including Dbx2, Hoxb3,
XBP-1, SMARCA4, and c-Jun. SMARCAA4 acts as a tumor-suppressor
gene and is often mutated or silenced in tumors.®®

In conclusion, taking into account the frequency and the heavy
burden of CRC on the social and economic health system, more
attention is needed to determine the susceptible factors that may
impact the risk of the disease. Current data suggest that ATG16L1
rs2241880 may impact on CRC risk and support the potential prog-
nostic role of this variant in colorectal cancer based on population.
However, our concept about the autophagy process might be lim-
ited depending on the tumor conditions and types. The present

investigation suffers from limitations such as relatively small sam-
ple size. Therefore, confirmation in larger sample size is required.
Second, our study is restricted to the Iranian population and cannot
be generalized to diverse ethnic populations. So, more studies in dif-

ferent populations are required.
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