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Abstract

Colorectal cancer (CRC) is the most prevalent type of gastrointestinal cancer. Genetic, epigenetic, and lifestyle
factors have been implicated in the development of CRC. Non-coding RNAs such as HOX transcript antisense
RNA (HOTAIR) and miR-3117 have been associated with cell proliferation, progression, invasion, and metas-
tasis, as well as poor survival in several cancer types. This study examines the potential association between
the HOTAIR (rs920778 T>C) and miR-3117 (rs7512692 C>T and rs4655646 G>A) variants and the clinicopa-
thological features of CRC in Mexican patients. The study included genomic DNA of peripheral blood samples
from 557 individuals (296 CRC patients and 261 controls). The variants were identified by polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP). The association was calculated using the
odds ratio (OR) test. P-values were adjusted using the Bonferroni test (0.016). Individuals carrying the T/C
and C/C genotypes for the HOTAIR rs920778 variant exhibited a higher susceptibility to CRC (OR=1.73, 95%
CI: 1.15-2.58, P=0.009 and OR=2.78, 95% CI: 1.74-4.45, P=0.001, respectively). Male patients older than 50
years and carrying the C/C genotype demonstrated an increased susceptibility to developing CRC (OR=2.77,
95% CI: 1.63-4.70, P=0.001). Additionally, C/C genotype carriers exhibited an association with the advanced
TNM stage. Furthermore, for the rs7512692 variant of the miR-3117 gene, patients carrying the C/T genotype
exhibited increased susceptibility to developing CRC (OR=1.92, 95% CI: 1.35-2.74, P=0.001). Male patients
over 50 years of age and carrying the C/T genotype demonstrated increased susceptibility for early TNM
stages and tumor location in the colon. The results obtained suggest that the HOTAIR 1rs920778 and miR-3117
r$7512692 variants play a significant role in colorectal cancer risk.
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1. Introduction ethnicity, genetic mutations, epigenetic factors, dietary

Colorectal cancer (CRC) is a neoplasm caused by the
uncontrolled development of cells located in the layers of
the colon wall [1]. It is estimated that CRC is among the
main types of cancer with the highest incidence and mor-
tality worldwide, according to GLOBOCAN statistics. In
Mexico, it is in third position both in terms of incidence
and mortality [2]. CRC is a multifactorial disease, the
pathogenesis of which is not fully understood. At present,
several risk factors have been identified, including age,

factors, smoking, and alcohol consumption [3]. Various
studies have shown that its occurrence and development
are closely related to the inactivation of tumor suppres-
sor genes, oncogene activation, apoptosis imbalance, and
cell proliferation [4]. Non-coding RNAs (ncRNAs) have
recently gained attention because of their involvement
in different biological processes. An increasing number
of studies have demonstrated that mutations or abnormal
expression of ncRNAs are closely associated with various
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diseases, including CRC [5].

HOTAIR is a long non-coding RNA (IncRNA), located
in chromosome 12q13.13 that has been linked to cancer
development, progression, and metastasis [6]. It has been
observed that the overexpression of HOTAIR can contri-
bute to the progression of multiple cancers, including ova-
rian, breast, pancreatic, hepatocellular, lung, gastric, and
colorectal cancers [7]. In addition, there is growing evi-
dence that HOTAIR expression levels may be useful as a
prognostic and predictive cancer biomarker [6]. It has also
been suggested that HOTAIR may function as a molecu-
lar decoy in tumors, where it may sequester RNA-binding
proteins (RBPs) and several microRNAs (miRNAs) [6].
Peng et al. have proposed that HOTAIR may play a role
in accelerating colorectal cancer development by down-
regulating miRNA-34a [8].

A considerable number of studies have suggested that
variants in the HOTAIR gene may serve as potential gene-
tic markers for cancer susceptibility [9]. Some studies have
demonstrated that the rs920778 T>C variant is associated
with increased susceptibility to developing cancer, inclu-
ding breast cancer [10], oral cancer [11], and colorectal
cancer [6], [12]; however, the results remain controversial
between populations.

miRNAs are short, non-coding sequences of approxi-
mately 20-24 nucleotides that play an important role in
post-transcriptional regulation, which can affect the stabi-
lity and translation of several mRNAs [12]. Recent stu-
dies have demonstrated that miRNAs can modulate up to
60% of protein-coding genes in the human genome [13].
Consequently, due to their pivotal role in gene regulation,
miRNAs are implicated in numerous and significant pro-
cesses that facilitate the maintenance and homeostasis of
the tissues [14], through the regulation of proliferation
[15], differentiation [16], apoptosis [17], and hematopoie-
sis [18]. Most miRNAs are situated in genomic regions
that frequently undergo rearrangements as amplifications
or deletions, indicating that abnormalities in miRNAs play
a significant role in carcinogenesis [19].

miR-3117 is located at chromosome 1p31.3 and pro-
duces the miR-3117-3p, which has affinity for genes in-
volved in the mitogen-activated protein kinase (MAPK)
pathway [20]. Alterations in this pathway have been des-
cribed in several types of cancer, including colorectal can-
cer [21]. The role of the rs7512692 and rs4655646 variants
in miR-3117 gene regarding cancer has only been inves-
tigated in acute lymphoblastic leukemia [22] and breast
cancer [23]. In CRC, these variants have not been ana-
lyzed.

This study aims to investigate, for the first time, the
potential association of HOTAIR (rs920778) and the miR-
3117 (rs7512692 and rs4655646) variants with the deve-
lopment and clinicopathological characteristics of CRC in
Mexican patients.

2. Materials and Methods

The study included 296 patients with sporadic colorec-
tal adenocarcinoma who were clinically diagnosed and
histologically confirmed between the years of 2019 and
2023. The patients were diagnosed according to the Cli-
nical Practice Guidelines for colon and rectal cancer and
the clinicopathological criteria of the Specialty Hospital
of the West National Medical Center of the Mexican Ins-
titute of Social Security (IMSS) in Guadalajara, Mexico.

Pathologic tumor staging and grading were done accor-
ding to the tumor-node-metastasis (TNM) classification.
The control group comprised 261 individuals who were
not related and had undergone a negative colonoscopy for
malignancy. Patients and controls were excluded if they
were diagnosed with an autoimmune or inflammatory
bowel disease or had a family history of any known here-
ditary cancer syndrome. The control group was age-mat-
ched to the patients group. Informed consent forms were
signed by both cases and controls. The study was appro-
ved by the National Committee for Scientific Research of
the Mexican Institute of Social Security (IMSS) (R-2019-
785-171) and conducted in accordance with national and
international ethical standards. All participants provided
informed consent for participation in this study. A stan-
dard epidemiological questionnaire was used to collect
personal data, including age, sex, drinking and smoking
status, and familial history. Information on the clinical and
pathological characteristics of the patients was obtained
from their medical records.

2.1. Genotyping

Genomic DNA was extracted from peripheral blood
using standard methods, as described by Miller et al.
(1988). The variants rs920778 (C>T) in the HOTAIR gene
and rs7512692 (C>T) and rs4655646 (G>A) in the miR-
3117 gene were genotyped by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)
using the following primer pairs: For the HOTAIR rs920778
variant, the following primer pairs were used: rs920778-F:
5'- TTA CAG CTT AAA TGT CTG AAT GTT CC-3" and
1s920778-R: 5'- GCC TCT GGA TCT GAG AAA GAAA
-3" [31]. For the miR-3117 gene, the following sequences
were used: 1s7512692-F: 5'-TGG CAG TTG CTG GTA
CTC TT-3' and 1s7512692-R: 5'- CTC AAG TCT CCT
CCC CCA TC-3'" and for the variant rs4655646-F: 5" TGG
CAT GTG AGG AAA GTT GGA-3" and 1s4655646-R: 5°
AGA TAT TGG GCC TCT ACC CGT-3"[30].

A polymerase chain reaction (PCR) reaction was
conducted for the HOTAIR (rs920778) and miR-3117
(rs7512692 and rs4655646) variants in a 10 pL volume.
The reaction mixture contained 100 ng of DNA, 10X buf-
fer (500 mM KCI, 100 mM Tris-HCI, and 0.1% Triton
X-100), 2.0 mM MgCI2, 200 mM dNTPs, 1 pM of each
primer, and 2 U Taq DNA polymerase (Thermo Fisher
Scientific, USA). The amplification program consisted of
an initial denaturation at 95 °C for 5 min, followed by 35
cycles of denaturation at 94 °C for 30 s, annealing at 62
°C for (rs920778), 58 °C for (rs7512692), and 60 °C for
(rs46556406) respectively for 45 s, and extension at 72 °C
for 30 s, followed by final extension at 72 °C for 10 min.
Five microliters of each PCR product were subjected to
digestion with 5U of the following restriction enzymes:
The HOTAIR 1920778 (Mspl) and miR-3117 157512692
(Hpy18811l) and 1s4655646 (Tagl) (New England Bio-
labs, USA), and were digested according to the manufac-
turer’s instructions and separated in a 6% polyacrylamide
gel. Genotypes were identified according to the methods
described by Kashani et al. (2021) and Sarabandi et al.
(2021) [24, 25]. To ensure the quality of the genotyping
processes, approximately 10% of the randomly selected
samples were reprocessed, and the results were found to
be 100% consistent.
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2.2. Statistical Analysis

Genotype and allele frequencies were estimated by di-
rect counting in both groups. The Chi-square test was em-
ployed to assess the Hardy-Weinberg equilibrium (HWE)
and to identify differences in genotype and allele distri-
butions in relation to the clinical features of patients and
controls. Statistical analysis included odds ratio analysis
and the Yates-corrected Chi-square test. The association of
genotypes or alleles with CRC and stratification by demo-
graphic and clinicopathological characteristics was calcu-
lated by odds ratio (OR) and confidence intervals (CI) in
an SPSS v25.0 software package (SPSS Inc., Chicago, IL,
USA). All statistical analyses were conducted with a signi-
ficance level of P <0.05. A Bonferroni correction test was
applied to adjust the P values (P < 0.016).

3. Results
3.1. Characteristics of the subjects included in the stu-
dy

Table 1 presents the clinicopathological characteris-
tics of the subjects included in the study. The mean age
observed was 58.59 (£12.31) for the CRC group and 59.56
(£12.50) years in the control group (P=0.360). Tobacco
consumption exhibited significant differences (P=0.003)
between these groups. The analysis revealed that age, sex,

and alcohol consumption did not exhibit significant diffe-
rences between the analyzed groups (P > 0.05).

For the rs920778 variant in the HOTAIR gene, a sta-
tistically significant association was observed in indivi-
duals over 50 years of age and carrying the T/C and C/C
genotypes (OR = 1.88, 95% CI = 1.19-2.95, P = 0.008
and OR = 2.77, 95% CI = 1.63-4.70, P = 0.001, respecti-
vely). Males with the C/C genotype exhibited a significant-
ly increased susceptibility to developing CRC (OR =2.55,
95% CI = 1.36-4.80, P = 0.005). The analysis of disease
development revealed that individuals carrying the C/C
genotype exhibited a significantly increased susceptibility
to developing CRC in advanced TNM stages (III+1V) (OR
=2.03, 95% CI = 1.26-4.80, P = 0.002) (Table 3).

A statistical significance was observed in patients over
50 years of age and carrying the C/T genotype for the miR-
3117 (rs7512692) variant (OR =1.92, 95% CI =1.28-2.87,
P=0.001). The C/T genotype was found to confer a signi-
ficantly increased susceptibility to developing CRC (OR =
2.36, 95% CI = 1.38-4.04, P = 0.002). The consumption
of tobacco was found to be statistically significant (OR
=2.64, 95% CI = 1.33-5.25, P = 0.008). The analysis of
disease development revealed that individuals carrying the
C/T genotype exhibited a significantly increased suscepti-
bility to develop CRC in both early and advanced TNM

Table 1. Demographic and clinical features of the colorectal cancer patients and control subjects.

L. CRC Group Control Group P-value
Characteristic
n=296 (100%) n=261 (100%)
Mean Age 58.59 (£12.31) 59.56 (£12.50) 0360
(years SD) 20-92 37-93
Age (in years)
<50 53 (18) 67 (26) 0.020
> 50 243 (82) 194 (74)
Sex
Male 169 (57) 138 (53) 0.318
Female 127 (43) 123 (47)
Smoking status
Yes 101 (34) 59 (23) 0.003
No 195 (66) 202 (77)
Drinking status
Yes 85(29) 56 (21) 0.049
No 211 (71) 205 (79)
Clinical stage TNM
I 5(2)
II 101 (34)
I 116 (39)
v 74 (25)
Tumor location
Colon 91 (31)
Rectum 205 (69)
Pathological Response
Complete response 126 (43)
Partial response 92 (31)
Without response 78 (26)

P-values were calculated by the Chi-square test. P-values were adjusted by the Bonferroni test (0.016).
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Table 2. Distribution of genotypes and allelic frequencies of the HOTAIR rs920778, miR-3117 1s7512692 and rs4655646 variants

in CRC and control group.

Genotype HSI;&((;I"&;{,BO) flgggf}f;;gg OR (95% CI) P value
HOTAIR (rs920778 T>C)
T 64 (21.6) 94 (36.0) 1.00 (Reference)
or 139 (47.0) 118 (45.2) 1.73 (1.15-2.58) 0.009
cc 93 (31.4) 49 (18.8) 2.78 (1.74 — 4.45) 0.001
C/T+T/T vs. C/C 232 (78.4) 167 (64.0) 2.04 (1.40 — 2.96) 0.001
Allele
T 267 (45.1) 306 (58.6) 1.00 (Reference)
C 325 (54.9) 216 (41.6) 1.72 (1.35-2.18) 0.001
miR-3117 (rs7512692 C>T)
cc 95 (32.1) 118 (45.2) 1.00 (Reference)
ar 188 (63.5) 121 (46.4) 1.92 (1.35-2.74) 0.001
T 13 (4.4) 22 (8.4) 0.73 (0.35-1.53) 0.521
C/T+T/Tvs. C/C 201 (67.9) 143 (54.8) 1.74 (1.23 - 2.46) 0.002
Allele
C 378 (63.9) 357 (68.4) 1.00 (Reference)
T 214 (36.1) 165 (31.6) 1.22 (0.95-1.57) 0.125
miR-3117 (rs4655646 G>A)
G/G 14 (4.7) 18 (6.9) 1.00 (Reference)
G/A 110 (37.2) 85 (32.6) 1.66 (0.78- 3.53) 0.253
A/A 172 (58.1) 158 (60.5) 1.39 (0.67- 2.90) 0.471
G/A+A/A vs. G/G 282 (95.3) 243 (93.1) 1.49 (0.72 — 3.06) 0.360
Allele
G 138 (23.3) 121(23.2) 1.00 (Reference)
A 454 (76.7) 401(76.8) 0.99 (0.75-1.31) 1.000

P-value were adjusted by the Bonferroni test (0.016).

stages (I+II and III+IV) (OR = 2.37, 95% CI = 1.44-3.89,
P=0.001 and OR =1.72, 95% CI = 1.16-2.56, P =0.009),
respectively. The analysis based on tumor location indi-
cates that individuals with the C/T genotype are more sus-
ceptible to developing tumors in the colon (OR = 2.01;
95% CI = 1.21-3.36, P = 0.009) (Table 4). Regarding the
miR-3117 (rs4655646) variant, no statistical association
was observed when comparing sex, age, alcohol, tobac-
co consumption, TNM stage, and tumor location among
groups (Table 5). Four distinct haplotypes were identified
within the miR-3117 gene, yet none of these exhibited a
statistically significant association (Table 2).

The results of the multiple logistic regression analysis,
which included confounding variables, are presented in
Table 6. Statistical significance was observed for tobacco
consumption in the presence of the two variants associated
with HOTAIR (rs920778) and miR3117 (rs7512692) (OR
=2.12; 95% CI = 1.44-3.12; P = 0.001 and OR = 1.81;
95% CI = 1.27-2.59; P = 0.001, respectively), suggesting
that tobacco consumption increases the risk and suscepti-

bility of developing CRC.

4. Discussion

Colorectal cancer is a complex disease that is influenced
by numerous factors, including genetics, epigenetics, and
environmental factors. Non-coding RNAs have recently
emerged as a subject of interest due to their involvement
in a variety of biological processes. An increasing number
of studies have demonstrated that mutations or abnormal
expression of ncRNAs are closely associated with CRC.

The present investigation aimed to examine the impact
of genetic variants in HOTAIR (1s920778) and miR-3117
(rs7512692 and rs4655646) on the likelihood of devel-
oping CRC in the Mexican population. In this study, in-
volving 296 patients, a significant increase in CRC was
observed in individuals over the age of 50 (82%), which
is consistent with the established statistics [25]. Although
the incidence of early-onset CRC in individuals under the
age of 50 is increasing, the risk is much higher in those
over the age of 50 [26]. Significant statistical differences
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Table 3. Association of the HOTAIR 1s920778 variant with demographic and clinical variables.

HOTAIR (rs920778)
CRC/Control OR (95% CI); P value
Variable TT TC CC TC versus TT CCversus TT TC + CC versus TT
Age (years)
<50 10/20 25/35 18/12 1.42 (0.57 -3.57); 0.592 3.00 (1.04-8.60); 0.070 1.82(0.77 -4.34); 0.243
>50 54/74 114/83 75/37 1.88 (1.19 -2.95); 0.008 2.77 (1.63-4.70); 0.001 2.15(1.41 -3.28); 0.001
Sex
Male 39/48 76/64 54/26 1.46 (0.85 -2.50); 0.211 2.55 (1.36-4.80); 0.005 1.77 (1.07 -2.93); 0.032
Female 25/46 63/54 39/23 2.14 (1.16 -3.94); 0.019 3.12 (1.53 -6.33); 0.002 2.43 (1.37 -4.30); 0.003
Smoke status
Yes 23/21 43/28 35/10 1.40 (0.65 -2.99); 0.496 3.19 (1.27 -8.00); 0.021 1.87(0.92 -3.80); 0.116
Drinking status
Yes 18/22 40/21 27/13 2.32 (1.02 -5.26); 0.065 2.53 (1.02 -6.29); 0.071 2.40 (1.14 -5.08); 0.032
TNM stage
I+II 23/64 54/118 29/49 1.27 (0.71 -2.26); 0.496 1.64 (0.84-3.19); 0.188 1.38 (0.80 -2.38); 0.300
I+1v 41/64 85/118 64/49 1.12 (0.69 -1.81); 0.722 2.03 (1.18-3.50); 0.013 1.39 (0.88 -2.18); 0.182
Localization
Colon 21/64 40/118 30/49 1.03 (0.56 -1.90); 1.000 1.84 (0.95 -3.64); 0.095 1.27(0.72 -2.25); 0.478
Rectum 43/64 98/118 63/49 1.23(0.77 -1.97); 0.444 1.91 (1.11 -3.27); 0.024 1.43(0.92 -2.23); 0.136

P-values were adjusted by the Bonferroni test (0.016).
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Table 4. Association of the miR-3117 (rs7512692) variant with demographic and clinical variables.

miR-3117 (rs7512692)

CRC/Control OR (95% CI); P value
Variable CC CT TT CT versus CC TT versus GG CT+TT versus CC
Age (years)
<50 20/32 32/28 1/8 1.82 (0.85 -3.88); 0.166 0.19 (0.02 -1.66); 0.211 1.46 (0.70 -3.04); 0.399
>50 75/86 156/93 12/14 1.92 (1.28 -2.87); 0.001 0.98 (0.42 -2.25); 1.000 1.80 (1.21 -2.66); 0.004
Sex
Male 58/62 102/66 9/10 1.65 (1.02 -2.65); 0.049 0.96 (0.36 -2.53); 1.000 1.56 (0.98 -2.47); 0.075
Female 37/56 86/55 4/12 2.36 (1.38 -4.04); 0.002 0.50 (0.15 -1.68); 0.396 2.03 (1.20 -3.42); 0.010
Smoke status
Yes 33/30 67/23 1/6 2.64 (1.33 -5.25); 0.008 0.15(0.01 -1.33); 0.129 2.13 (1.1 -4.11); 0.035
Drinking status
Yes 33/30 47/21 5/5 2.03 (0.99 -4.15); 0.074 0.90 (0.23 -3.45); 1.000 1.81(0.91 -3.59); 0.121
TNM stage
I+I1 30/118 73/121 3/22 2.37 (1.44 -3.89); 0.001 0.53 (0.15-1.91); 0.485 2.09 (1.28 -3.4); 0.004
HI+1v 65/118 115/121 10/22 1.72 (1.16 -2.56); 0.009 0.82 (0.36 -1.84); 0.789 1.58 (1.07 -2.33); 0.024
Localization
Colon 29/118 60/121 2/22 2.01 (1.21 -3.36); 0.009 0.36 (0.08 -1.66); 0.290 1.76 (1.06 -2.91); 0.035
Rectum 66/118 128/121 11/22 1.89 (1.27 -2.79); 0.001 0.89 (0.40 -1.95); 0.934 1.73 (1.18 -2.54); 0.005

P-value were adjusted by the Bonferroni test (0.016).
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Table 5. Association of the miR-3117 rs4655646 variant with demographic and clinical variables.

miR-3117 (rs4655646)

CRC/Control OR (95% CI); P value
Variable GG GA AA GA versus GG AA versus GG GA + AA versus GG
Age (years)
<50 3/5 25/21 25/42 1.98 (0.42 -9.29); 0.619 0.99 (0.21 -4.51); 1.000 1.32 (0.30 -5.80); 0.001
>50 11/13 85/64 147/116 1.59 (0.66 -3.73); 0.421 1.49 (0.64 -3.46); 0.462 1.52 (0.66 -3.48); 0.427
Sex
Male 7/11 66/42 96/85 2.46 (0.88 -6.87); 0.131 1.77 (0.65 -4.78); 0.368 2.00 (0.75 -5.31); 0.239
Female 7/7 44/43 76/73 1.02 (0.33 -3.16); 1.000 1.04 (0.34 -3.11); 1.000 1.03 (0.35 -3.04); 1.000
Smoke status
Yes 6/4 39/22 56/33 1.18 (0.30 -4.64); 1.000 1.13 (0.29 -4.30); 1.000 1.15(0.31 -4.25); 1.000
Drinking status
Yes 2/8 32/18 51/30 7.11 (1.36 -37.16); 0.026 5.10 (1.02 -25.35); 0.066 5.72 (1.17 -27.94); 0.039
TNM stage
I+II 4/18 37/85 65/158 1.95 (0.62 -6.18); 0.365 1.85 (0.60 -5.68); 0.399 1.88 (0.62 -5.71); 0.368
HI+1V 10/18 73/85 107/158 1.54 (0.67 -3.55); 0.410 1.21 (0.54 -2.74); 0.782 1.33 (0.60 -2.95); 0.608
Localization
Colon 5/18 35/85 51/158 1.76 (0.48 -6.48); 0.565 1.29 (0.36 -4.63); 0.928 1.45 (0.41 -5.10); 0.760
Rectum 9/18 75/85 121/158 1.76 (0.74 -4.16); 0.271 1.53 (0.66 -3.52); 0.421 1.61 (0.7 -3.67); 0.342

P-values were adjusted by the Bonferroni test (0.016).
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Table 6. Logistic regression analysis for the HOTAIR and miR-3117 variants analyzed with confounding variables.

Independent Variable Regression coefficient ~ Standard error Wald test Degrees of freedom P value OR (95% IC)
Age 1.63 (1.06 -2.48)
>50 vs. <50 0.489 0.216 5.131 1 0.024
Sex 1.13 (0.80 -1.61)
Male vs. Female 0.127 0.178 0.507 1 0.477

. 1.69 (1.13 -2.53)
Smoking status 0.530 0.204 6.747 1 0.009
Yes vs. No

- 1.39 (0.91 -2.11)

Drinking status 0.333 0.213 2.439 I 0.118
Yes vs. No
miR-3117 1.81(1.27 -2.59)
157512692 0.597 0.182 10.699 1 0.001
CT+TT
HgT}IR
1s920778 0.754 0.197 14.677 1 0.001 2.12 (1.44-3.12)
TC+CC
Constant -0.126 0.085 2.196 1 0.138
Model X?=42.215 d.f=6 P=0.001

Bonferroni test was used to adjust the P value (0.016).
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were observed between the groups in terms of tobacco
consumption. These findings are consistent with those re-
ported by Yang LP et al. in 2021, who observed a signifi-
cant CRC increase in smoking patients, particularly those
with left-sided tumors; a longer duration and higher rate of
smoking were associated with the CRC risk, being up to
55% higher than in non-smokers [27]. In a different study,
Huang et al. (2022) found that smoking is associated with
the development of CRC and with a high risk of mortality
(1.11 times higher in smokers than in non-smokers); such
a risk was present in patients who smoked more than 12
cigarettes per day or for more than 30 years [28].

HOTAIR has been identified as a functional IncRNA
that plays a role in the development of several types of
cancer. It is located on chromosome 12, within the HOXC
locus [29]. HOTAIR interacts with epigenetic regulators,
including the polycomb repressive complex 2 (PRC2)
and the lysine-specific demethylase 1A (LSD1) complex,
to regulate the epigenetic silencing of various genes as-
sociated with cancer, such as the HOXD gene [28], [30].
It has been reported that RNA interference-mediated
knockdown of HOTAIR causes altered gene expression of
the HOTAIR target genes and suppresses the invasion of
gastrointestinal stromal tumor cells [6]. This study report-
ed that HOTAIR functions as a “miRNA sponge,” which
silences some miRNAs with tumor suppressor functions
and thereby induces upregulation of oncogenic genes [6].
Recently, HOTAIR SNPs have also been widely studied;
however, there are insufficient studies to establish the link
between HOTAIR variants and CRC. The most extensively
studied SNP in the HOTAIR gene is 1s920778, which has
been associated with cancer by HOTAIR upregulation [6],
[10]. In this study, an analysis of genotypic and allelic fre-
quencies for the HOTAIR rs920778 T>C variant revealed
significant differences. The T/C and C/C genotypes were
found to be significantly associated with an increased risk
of CRC, thereby confirming the relation as a risk factor
for CRC susceptibility. Furthermore, males over the age
of 50 exhibited an association with advanced TNM stages
(IIT and 1V).

Although these findings are reported for the first time
among Mexican patients with CRC, such an association
between colorectal cancer and the T/C and C/C genotypes
had already been reported in the Saudi population [12]; on
the other hand, differences were observed regarding the
susceptibility and the clinicopathological characteristics
such as TNM stage, tumor location, and mortality in the
Korean population [6]. Several investigations have dem-
onstrated that miRNAs are involved in regulating more
than 30% of the human genome [31], [32]; moreover, it is
postulated that miRNAs may be involved in numerous bi-
ological pathways, including proliferation and metastasis.

Neerincx et al. (2015) examined miRNA expression
profiles in paired non-cancerous, primary, and metastatic
colorectal cancer tissues and found that miR-3117 exhib-
ited specific expression in advanced colorectal cancer
tissues [32], [33]. Nevertheless, the role of miR-3117 in
tumor progression remains to be elucidated. The studies
conducted on the SNPs 157512692 and rs4655646 of the
miR-3117 gene have been relatively limited in scope and
primarily focused on analyzing the risk associated with
these variants in breast cancer [23].

The analysis of genotypic and allelic frequencies for
the miR-3117 rs7512692 and rs4655646 variants revealed

significant differences only for the rs7512692 variant. In-
dividuals with the C/T genotype of the rs7512692 variant
exhibited a significantly elevated risk of developing CRC.
This association was observed in females over the age of
50 with early TNM stages (I and II) and tumor location in
the colon. Furthermore, a significant difference was ob-
served in patients who used tobacco (Table 6). Haplotype
analysis did not reveal statistically significant differenc-
es among the two SNPs analyzed in the miR-3117 gene.
These findings are consistent with those reported in breast
cancer [23]. Another set of SNPs analyzed in miR-3117
(rs12402181 and rs62571442), showed no association
with acute lymphoblastic leukemia [33].

Previous studies have demonstrated that miRNA-3117
plays a role in the development of CRC and exhibits
higher expression in metastatic CRC [32]. Although the
expression of miRNA-3117 was not analyzed in this study,
it is reasonable to hypothesize that the polymorphic al-
leles could influence the precise identification of its target
mRNA sequences. The loss of binding could result in an
increase in the expression of its target genes. In silico anal-
ysis revealed that the target genes of miR-3117 regulate the
mRNA of the MAPK signaling pathway [34]. The genes
predicted to be targeted by miR-3117 are in the initial stag-
es of the cascade (CACNGI, CACNGS, PDGFR, GRB?2,
SOS1, and RAS), which could result in the deregulation
of subsequent stages. Aberrant expression of this pathway
is a major and highly prevalent oncogenic event in many
human cancers [34].

In conclusion, the failure of miR-3117 to recognize its
targets due to the change of the rs7512692 C allele to the
A allele in the seed region may contribute to colorectal
carcinogenesis by leading to an aberrant activation of the
RAS-MAPK pathway. The multivariable analysis demon-
strated, for the first time, that tobacco consumption is a
risk factor for CRC in carriers of the T/C or C/C genotypes
of the rs920778 HOTAIR variant and the C/T or T/T geno-
types of the rs7512692 miR-3117 variant. Lifestyle factors
that may be modified, such as tobacco consumption, have
been associated with an increased risk of CRC in studies
conducted in Western populations [35].

Further studies with larger sample sizes, functional ge-
nomics, and analysis in other populations are necessary
to validate the genetic effects of HOTAIR and miR-3117
polymorphisms in CRC. One limitation of this study was
the absence of follow-up data on the patients. Further
studies are required to investigate the association between
other SNPs in the HOTAIR and miR-3117 genes and the
risk of CRC.

5. Conclusion

This study represents the first to identify the HOTAIR
1s920778 and miR-3117 1s7512692 variants as potential
markers for CRC risk. Furthermore, these polymorphic
variants were found to be associated with age, sex, TNM
stages, and tumor localization.

Conflict of Interest
The author has no conflicts with any step of the article
preparation.

Consent for publications
The author read and approved the final manuscript for
publication.

39



HOTAIR and miR-3117 genotypes in CRC.

Cell. Mol. Biol. 2025, 71(3): 31-41

Ethics approval and consent to participate

The study was approved by the National Committee for
Scientific Research of the Mexican Institute of Social Se-
curity (IMSS) (R-2019-785-171) and conducted in accor-
dance with national and international ethical standards.

Availability of data and material
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Acknowledgments

This study was supported by Grants from the “Fondo de
Investigacion en Salud. Instituto Mexicano del Seguro
Social” (FIS/IMSS/PROT/PRIO/19/095) and Fundacion
IMSS (R-2019-785-171). This study was supported by
Grants from “Fondo de Investigacion en Salud” from “Ins-
tituto Mexicano del Seguro Social”.

Author Contributions

All authors contributed to the study conception and design.
Material preparation, data collection and analysis were
performed by [Yuri Giovanna Vanessa Trujillo-Fernan-
dez], [Dalia Elizabeth Rodriguez-Torres], [Cesar de Jesus
Tovar-Jacome], [Patricio Barros-Nufiez], [Miriam Yadira
Godinez-Rodriguez], [Perla Janeth Pérez-Bojorquez],
[Luis Alberto Flores-Martinez], [Tomas Daniel Pineda-
Razo], [Maria Eugenia Marin-Contreras], [Aldo Antonio
Alcaraz-Wong], [Ignacio Mariscal-Ramirez] and [Moénica
Alejandra Rosales-Reynoso]. The first draft of the manus-
cript was written by [Monica Alejandra Rosales-Reynoso
and Patricio Barros-Nufiez] and all authors commented on
previous versions of the manuscript. All authors read and
approved the final manuscript.

References

1. WHO (2022) Colorrectal Cancer. https://www.who.int/news-
room/fact-sheets/detail/colorectal-cancer

2. TIARC (2022) Mexico Source: Globocan 2022. International
Agency for Research on Cancer WHO 29:1-2. https://gco.iarc.
fr/today/data/factsheets/populations/484-mexico-fact-sheets.pdf

3. American Cancer Society (2024) Colorectal Cancer Risk Factors.
https://www.cancer.org/cancer/types/colon-rectal-cancer/causes-
risks-prevention/risk-factors.html

4. Zhong J, Liu SQ, and Tang JC (2023) Genetic polymorphism of
RADS1 influences susceptibility to colorectal cancer in Chinese
population. Eur Rev for Med and Pharmacol Sci 27:4865-4875.

5. Wang J et al (2015) Regulatory Roles of Non-Coding RNAs in
Colorectal Cancer expression. Int. J. Mol. Sci.16(8):19886—
19919. doi: https://doi.org/10.3390/ijms160819886.

6. Kim JO et al (2020) Genetic Variants of HOTAIR Associated
with Colorectal Cancer Susceptibility and Mortality. Front Oncol
10(72)1-10. doi: https://doi.org/10.3389/fonc.2020.00072.

7. Stelzer G et al (2023) Gen Cards,” The GeneCards Suite: From
Gene Data Mining to Disease Genome Sequence Analysis, Cur-
rent Protocols in Bioinformatics 54:1.30.1-1.30.33. doi: 10.1002
/ cpbi.5.

8. Peng CL, Zhao XJ, Wei CC, and Wu JW (2019) LncRNA HO-
TAIR promotes colon cancer development by down-regulating
miRNA-34a. Eur Rev for Med and Pharmacol Sci 23: 5752-5761

9.  Minn AKK, Sato N, Mieno MN, Arai T, and Muramatsu M (2020)
Association study of long non-coding RNA HOTAIR 15920778
polymorphism with the risk of cancer in an elderly Japanese popu-
lation. Gene 729(144263):27. doi: 10.1016/j.gene.2019.144263.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rajagopal T, et al (2020) Association of HOTAIR (rs920778 and
rs1899663) and NME1 (rs16949649 and rs2302254) gene poly-
morphisms with breast cancer risk in India. Gene 15(762):145033.
doi: 10.1016/j.gene.2020.145033.

Wang C, et al (2018) HOTAIR IncRNA SNPs rs920778 and
rs1899663 are associated with smoking, male gender, and squa-
mous cell carcinoma in a Chinese lung cancer population. Acta
Pharmacol Sin 39(11):1797-1803. doi: 10.1038/s41401-018-
0083-x.

Alzeer HS, et al (2023) Genetic Variants of HOTAIR Associated
with Colorectal Cancer: A Case-Control Study in the Saudi Popu-
lation. Genes (Basel)14(3). doi: 10.3390/genes14030592.
Bethesda (MD)(2022) Biblioteca Nacional de Medicina (EE.
UU.), “Protein.”

Catalanotto C, Cogoni C, and Zardo G (2016) MicroRNA in
Control of Gene Expression: An Overview of Nuclear Func-
tions. Int J Mol Sci 17(10):1712. doi: https://doi.org/10.3390/
jms17101712.

Wang Z, Luo X, Lu Y, and Yang B (2008) miRNAs at the heart
of the matter. ] Mol Med 86:771-783. doi: 10.1007/s00109-008-
0341-3.

Xu J, Wu KJ, Jia QJ, and Ding XF (2020) Roles of miRNA and
IncRNA in triple-negative breast cancer. J Zhejiang Univ Sci B
21(9):673-689. doi: 10.1631/jzus.B1900709.

Galagali H and Kim JK (2020) The multifaceted roles of microR-
NAs in differentiation. Curr Opin Cell Biol 67:118-140. doi:
10.1016/j.ceb.2020.08.015.

Taghavipour M, et al (2020) Apoptotic functions of microRNAs
in pathogenesis, diagnosis, and treatment of endometriosis. Cell
Biosci 10(12). doi: https://doi.org/10.1186/s13578-020-0381-0.
Nassiri SM, Afshar NA, and Almasi P (2023) Insight into microR-
NAs’ involvement in hematopoiesis: current standing point of fin-
dings. Stem Cell Res Ther 14(282). doi: https://doi.org/10.1186/
s13287-023-03504-3.

Calin GA, Sevignani C, Dumitru CD, and Croce CM (2004)
Human microRNA genes are frequently located at fragile sites
and genomic regions involved in cancers. Prog Nucl Energy
6 Biol Sci 101(9): 2999-3004. doi: https://doi.org/10.1073/
pnas.0307323101.

Gutierrez-Camino A, et al (2018) Involvement of SNPs in miR-
3117 and miR-3689d2 in childhood acute lymphoblastic leuke-
mia risk. Oncotarget 9(33):22907-22914. doi: 10.18632/oncotar-
get.25144.

Stefani C, et al (2021) Growth Factors, PI3K/AKT/mTOR and
MAPK Signaling Pathways in Colorectal Cancer Pathogenesis:
Where Are We Now? Int J Mol Sci 22(19):10260. doi: 10.3390/
jms221910260.

Ayon-Pérez MF, et al (2022) Association of MIR3117 and MIR612
Genes Polymorphisms with Childhood Acute Lymphoblastic
Leukemia in the Mexican Population. Arch Med Res 53(6):603—
609. doi: https://doi.org/10.1016/j.arcmed.2022.07.004.

Kashani S, Sasan HA, Bahari G, Mollashahi B, Hashemi SM, and
Taheri M (2021) Association between HOTAIR Polymorphisms
and Lymphoma. Asian Pac J Cancer Prev 22(9):2831-2835. doi:
10.31557/APJCP.2021.22.9.2831.

Sarabandi S, et al (2021) Association between Genetic Polymor-
phisms of miR-1307, miR-1269, miR-3117 and Breast Cancer
Risk in a Sample of South East Iranian Women. Asian Pacific
Journal of Cancer Prevention 22(1):201-208. doi: 10.31557/
APJCP.2021.22.1.201.

Hassanzarei S, Hashemi M, Sattarifard H, Hashemi SM, Bahari
G, and Ghavami S (2017) Genetic polymorphisms of HOTAIR
gene are associated with the risk of breast cancer in a sample
of southeast Iranian population. Tumour Biol 39(10). doi:

40



HOTAIR and miR-3117 genotypes in CRC.

Cell. Mol. Biol. 2025, 71(3): 31-41

27.

28.

29.

30.

31.

10.1177/1010428317727539.

Siegel RL, et al (2020) Colorectal cancer statistics 2020. CA Can-
cer J Clin 70(3):145-164. doi: 10.3322/caac.21601.

Huang YM, Wei PL, Ho CH, and Yeh CC (2022) Cigarette Smo-
king Associated with Colorectal Cancer Survival: A Nationwide,
Population-Based Cohort Study. J Clin Med 11(4):913. doi:
10.3390/jcm11040913.

Yang LP, et al (2021) Association between cigarette smoking and
colorectal cancer sidedness: A multi-center big-data platform-
based analysis. J Transl Med 19(150). doi: https://doi.org/10.1186/
$12967-021-02815-4.

Chi Y, Wang D, Wang J, Yu W, and Yang J (2019) Long Non-Co-
ding RNA in the Pathogenesis of Cancers. Cells 8(9):1015. doi:
https://doi.org/10.3390/cells8091015.

Lloyd JM, Mclver CM, Stephenson SA, Hewett PJ, Rieger N, and
Hardingham JE (2006) Identification of Early-Stage Colorectal
Cancer Patients at Risk of Relapse Post-Resection by Immuno-
bead Reverse Transcription-PCR Analysis of Peritoneal Lavage

32.

33.

34.

Fluid for Malignant Cells. Clinical Cancer Research 12(2):417—
423. doi: https://doi.org/10.1158/1078-0432.CCR-05-1473.
Filipowicz W, Bhattacharyya SN, and Sonenberg N (2008)
Mechanisms of post-transcriptional regulation by microRNAs:
are the answers in sight? Nature 9:102-114. doi: https://doi.
org/10.1038/nrg2290.

Neerincx M, et al (2015) MiR expression profiles of paired
primary colorectal cancer and metastases by next-generation
sequencing. Oncogenesis 4(e170). doi: https://doi.org/10.1038/
oncsis.2015.29.

Gutierrez-Camino A, et al (2018) Mir-pharmacogenetics of Vin-
cristine and peripheral neurotoxicity in childhood B-cell acute
lymphoblastic leukemia. Pharmacogenomics J 18:704-712. doi:
https://doi.org/10.1038/s41397-017-0003-3.

Masliah-Planchon J, Garinet S, and Pasmant E (2016) RAS-
MAPK pathway epigenetic activation in cancer: miRNAs in
action. Oncotarget 7(25):38892-38907. doi: 10.18632/oncotar-
get.6476.

41



