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Abstract: Background/Objectives. Colorectal cancer (CRC) is a multifactorial disease where the
inflammatory state is crucial. This study analyzes the association of the IL-1RN (rs2234663) and IL-
1B (rs1143627, rs16944) variants and IL-1f3 levels with CRC. Methods. This study included 230 CRC
patients and 256 controls. Genotypes were determined by PCR and plasma IL-1§3 levels by ELISA.
RegulomeDB analyzed the variants” functional impacts, while OncoDB assessed IL-18 and IL-1RN
expression’s influence on CRC. Results. The A1A1 genotype and dominant pattern of the rs2234663
variant were risk factors for CRC, whereas the A1A2 genotype showed a protective effect. The TC
genotype of the rs1143627 variant and the T allele of rs16944 were associated with increased risk,
whereas the C allele had a protective effect. The A1A1 genotype was associated with stage I-II CRC
diagnosis, while the A2A2 genotype was associated with stage III-IV and ethanol consumption. The
CC genotype of rs1143627 was associated with people younger than 50 years and tobacco use, and
the TCCC genotype was related to stage III-IV stages and metastasis and hemorrhoids (p < 0.05).
IL-1p levels were not associated with CRC. In silico analysis revealed that the variants are in located
in important regions regulatory of genes. Elevated IL-1B and IL-IRN mRNA levels were found in
CRC, linked to clinicopathological features of the disease. Conclusions. The analyzed variants are
associated with CRC and may influence gene regulation by being located at critical sites of key
genetic regulators.
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1. Introduction

Colorectal cancer (CRC) is characterized by the uncontrolled growth of cancer cells
in the colon and rectum [1]. Recent data from GLOBOCAN indicate that it is the third
most commonly diagnosed neoplasm worldwide and the second leading cause of cancer
mortality [2]. Although CRC is a multifactorial disease, genetic aspects contributing to
chronic inflammation, a key factor in its etiology, are of great relevance due to their role
in carcinogenesis [1,3-5]. In this context, the IL-IRN and IL-1f genes play critical roles in
the regulation of the inflammatory response, with genetic variants in these genes
potentially influencing the levels of this cytokine and increasing the risk of CRC.

The IL-1RN and IL-18 genes play critical roles in the regulation of the inflammatory
response. IL-1RN encodes the interleukin-1 antagonist receptor, a molecule that inhibits
the activity of the proinflammatory cytokines IL-la and IL-13, thus modulating
inflammation [6]. Variants in IL-1RN, such as rs2234663, may alter its function and
influence susceptibility to inflammatory diseases and CRC [7-9]. On the other hand, IL-18
encodes interleukin-1f3, a potent proinflammatory cytokine involved in the promotion of
cell proliferation, angiogenesis, and the inhibition of apoptosis [10], all processes that
facilitate cancer development and progression. Genetic variants in IL-16, such as rs1143627
and rs16944, have been associated with various inflammatory diseases [11] and breast [12]
and cervical [13] cancers.

According to the NCBI SNP database, the variants analyzed in this study are located
in the regulatory regions of the genes; the rs2234663 variant is a multiallelic insertion-
deletion (INDEL) of VNTR (variable number tandem repeat) type, located in intron 2 of
the IL-1RN gene [14]. On the other hand, the rs1143627 variant is located in the 5’ region
of the IL-18 gene and corresponds to a single nucleotide variant (SNV) of transition type
(G > A), where the G allele presents a global frequency of 0.528 and the A allele a frequency
of 0.472 [15]. In addition, the variant rs16944, also located in the 5’ UTR region of the IL-
1B gene, is another transition-type SNV (A > G), with a worldwide frequency of the A
allele of 0.509 and of the G allele of 0.491 [16].

Thus, understanding how these genetic variants influence inflammation and CRC
pathogenesis is critical for the development of preventive and therapeutic strategies.

2. Materials and Methods
2.1. Study Population

Genomic DNA was isolated from peripheral blood samples collected from 230
individuals diagnosed with CRC and 256 healthy subjects who served as the reference
group. Participants self-reported Mexican ancestry for at least three generations to ensure
population homogeneity. The procedure involved lysing leukocytes using a lysis buffer,
followed by protein digestion with Proteinase K and DNA precipitation through a salting-
out method, ensuring high-quality DNA for downstream analyses. The CRC study group
included men and women from the Mexican population, over 18 years of age, with a
clinical and pathological diagnosis of CRC. The reference group was composed of men
and women over 18 years of age, healthy donors, and volunteers from the Mexican
population.

This study was conducted following the Declaration of Helsinki, which establishes
ethical principles for medical research involving human subjects, including informed
consent, protection of privacy, and well-being of the participants. All subjects signed an
informed consent form. The protocol was approved by the local ethics committee
(registration 2015-1305-3, 2024-1305-039) of the Centro de Investigacion Biomédica de
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Occidente, Instituto Mexicano del Seguro Social (CLIES #1305), complying with all
applicable ethical and legal regulations.

2.2. Genotyping of Variants

Genotyping of the variants was performed by polymerase chain reaction (PCR)
followed by enzymatic digestion. The PCR mixture had a total volume of 15 puL and
included 0.25 mM dNTPs (Invitrogen, Carlsbad, CA, USA), 5 pmol of each primer, 3.0 mM
MgCl,, 1 uL of DMSO, 2.5 U of Taq polymerase (Invitrogen, Carlsbad, CA, USA) and 50
ng of genomic DNA. Amplification was performed at an alignment temperature of 56 °C
for the IL-1RN variant (rs2234663), 58 °C for the rs1143627 variant, and 55 °C for the
rs16944 variant.

Primers used for each variant were as follows: for rs2234663, 5'-CTC AGC AAC ACT
CCT AT-3’ (sense) and 5" TCC TGG TCT GCA GGT AA 3’ (antisense). The rs1143267
variant used the primers 5-AGGCAATAGGTTTTTTGAGGGCCAT-3' (sense) and 5'-
TCCTCCCTGCTCCCGGATTTCCG-3' (antisense), while the rs16944 variant amplified the
primers 5-AGAAGACCCCCCCCTCGGAACC-3 (sense) and 5’
TTGGGGGGACACACAAGCATCAAGG-3' (antisense).

Genotypes of the rs2234663 variant were identified on 6% (29:1) polyacrylamide gels
stained with silver nitrate. The alleles were as follows: allele 1 of 410 bp (Al =4 repeats of
86 bp), allele 2 of 240 bp (A2 =2 repeats), allele 3 of 500 bp (A3 = 5 repeats), allele 4 of 325
bp (A4 =3 repeats), and allele 5 of 584 bp (A5 = 6 repeats) (Figure 1A). PCR products for
IL-1p variants were digested with variant-specific restriction enzymes: Alul for rs1143627,
where the TT genotype (polymorphic) was identified by 2 bands of 173 and 100 bp, the
wild-type CC by a single band of 273 bp, and the heterozygote by 3 bands of 100, 173, and
273 bp (Figure 1B). The Aval restriction enzyme was used for rs16944, with the TT
genotype showing a single band of 304 bp, the CC genotype 2 bands of 114 and 190 bp,
and the heterozygote 3 bands of 114, 190, and 304 bp (Figure 1C). The resulting fragments
were separated on 6% polyacrylamide gels (29:1) and visualized by silver staining. To
ensure accuracy, 10% of the reactions were repeated.

For the rs2234663 variant, no restriction enzymes were required, since the alleles were
identified based on their distinct molecular weights. This allowed for direct visualization
of the different alleles by comparing the size of the PCR products, where each allele
exhibited a unique banding pattern corresponding to the number of repeats in the
fragment. In contrast, the restriction enzymes, Alul and Aval, were necessary for
151143627 and rs16944 because they recognize specific recognition sites in the amplified
fragments. The use of these restriction enzymes ensured precise genotyping by cleaving
the amplified products only at the target sequences, which helped to accurately identify
the genetic variants of IL-18.



Genes 2024, 15, 1528

4 of 18

(A) »
‘ ‘ - —
500b :
584bp \ ¢
a1 - |
[ S obg [ N— ) —— — : Obp '
325b, 1
325bp 300bp
20080
100bp
Al1/A4 A1 A1/A2 A1/A2 A1/A2 AVAS AVA1 AT/AY A1/A2 A2/A2  Al/A2 —
(B)

aled 1 L) so0m
271}300pr
- -- -
200b
i L P 190bp ‘ 200bp

@P - 17300 173bp) 1’299 u [ [ ‘

100bp e --“4

S —a - poe

o, L SR T FYRE ) P
Figure 1. (A) Electrophoretic bands corresponding to the alleles of the rs2234663 variant identified
on 6% (29:1) polyacrylamide gels stained with silver nitrate: allele 1 (410 bp, 4 repeats), allele 2 (240
bp, 2 repeats), allele 3 (500 bp, 5 repeats), allele 4 (325 bp, 3 repeats), and allele 5 (584 bp, 6 repeats).
(B) Genotypes of rs1143627 digested with Alul: TT (173 and 100 bp) and heterozygous CT (100, 173,

and 273 bp). (C) Genotypes of rs16944 digested with Aval: TT (304 bp) and heterozygous TC (114,
190, and 304 bp).

2.3. Quantification of Plasma IL-18 Levels

Plasma levels of IL-13 were measured using an ELISA technique following the
manufacturer’s instructions (R&D Systems Inc., Minneapolis, MN, USA), with the ELISA
kit catalog number QLBOOB. Absorbance was read at 450 nm using a microplate reader
(iMark™ Microplate Absorbance Reader, BIORAD, Hercules, CA, USA).

2.4. In Silico Analysis

To assess the biological and molecular impact of the variants studied, the
RegulomeDB platform [17] (http://regulomedb.org, accessed on 15 July 2024) was used to
investigate how these variants might influence gene regulation. In addition, through the
OncoDB platform [18] (http://oncodb.org, accessed on 17 July 2024), we analyzed IL-1RN
and IL-1 mRNA expression in colon cancer (COAD) and rectal cancer (READ) samples.

2.5. Statistical Analysis

The allelic and genotypic frequency of the variants was determined by direct
counting, which allowed us to obtain an accurate estimate of the distribution of alleles in
the population studied. To assess the Hardy—Weinberg equilibrium, the chi-square test
was used to compare the expected genotypes with the observed ones.

SPSS 24 software (IBM Corp., Armonk, NY, USA) was used to perform comparisons
of genotypic frequencies between the CRC group and the reference group. In addition,
odds ratios were calculated to examine the relationship between genotypic frequencies
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and clinicopathologic characteristics of the CRC group, providing valuable information
on the association between genetic variants and disease progression. A value of p < 0.05
was considered significant for all statistical tests performed. For in silico analyses, p-values
< 0.05 were considered to compare expression patterns between study groups.

3. Results
3.1. Sociodemographic and Clinicopathological Characteristics of the Study Groups

When analyzing the sociodemographic characteristics of the study groups, it was
observed that the average age at diagnosis of colorectal cancer (CRC) was 59.4 + 12.1 years
in the study population, compared to 59.0 + 11.9 years in the reference group, though no
significant differences were observed (p > 0.05) (Table 1). The gender distribution was
similar, with 49% of CRC patients being female and 51% male. Tobacco and alcohol
consumption were significantly associated with CRC, with odds ratios of 3.3 (p < 0.001)
and 4.4 (p <0.0001), respectively (Table 1).

Table 1. Sociodemographic characteristics of the study groups.

Patients (n = 230) Reference (n = 256) p-Value
Age Years (¥ +SD) 59.4 £12.1 59.0+11.9 0.379 *
N % n % OR IC (95%)
<50 years (45) 20 (60) 23
>50 years (185) 80 (196) 77 1.25 (0.8-19.4) 0.354 **
Sex
Female (113) 49 (173) 68
Male (117) 51 (83) 32 1.2 (0.7-2.1) 0.44 **
Tobacco
Yes (113) 49 (36) 14 3.3 (1.6-6.5) <0.001 **
No (117) 51 (220) 86
Alcohol
Yes (116) 50.4 (33) 13 44 (2.1-8.9) <0.0001 **
No (114) 49.6 (223) 87
X (Sample Mean), SD (Standard Deviation), OR (Odds Ratio from regression analysis), * Student’s
t-test; ** x2 test.

When the clinicopathological characteristics were analyzed in the CRC group, we
observed that 35% had colon cancer and 65% had rectal cancer. Most were diagnosed at
advanced stages (III-1V) (84%). Regarding the response to chemotherapy, 36% of patients
responded positively, while 64% did not. In laboratory tests, 67% of patients had elevated
carcinoembryonic antigen (CEA) levels (Table 2).

Table 2. Clinicopathological characteristics of CRC patients.
CRC Patients (230)
(n) (%) (n) (%)
. Colon (80) 35 Lymph node metastasis Positive (96) 42

Location /

Recto (150) 65 Negative  (134) 58
Personal
Pathological No (135) 59  Metastasis Yes (125) 54
History

DM-HAS (66) 29 No (105) 46

Diverticula/Hemorrhoids (29) 12 Chemotherapy Response Yes (82) 36
Stage I-11 (36) 16 No (148) 64
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Carcinoembryonic
MI-1vV (192) &4 Antigen (0-5 ug/L) Normal (76) 33
Adenocarcinoma Differentiated (61) 27 Elevated  (154) 67
Histology Moderately differentiated (142) 62
Not differentiated 27y 11
DM (Diabetes mellitus), HAS (systematic arterial hypertension).
3.2. Allelic and Genotypic Frequencies of the Variants
When analyzing the allelic and genotypic frequencies of the variants among the
study groups, we observed that the A1A1 genotype (OR 1.5, 95% CI 1.50-1.04, p = 0. 027)
and the dominant pattern (OR 1.95, 95% CI 1.14-3.32, p = 0.013) of the rs2234663 variant
were associated as risk factors for CRC. On the other hand, the A1A2 genotype was
identified as a protective factor (OR 0.6, 95% CI 0.41-0.88, p = 0.008). In addition, the TC
genotype of the rs1143627 variant was observed as a risk factor for CRC (OR 1.5, 95% CI
1.1-2.2, p = 0.02). As for the rs16944 variant, the T allele was associated as a risk factor for
CRC (OR 1.6, 95% CI1.2-2.0, p = 0.003), whereas the C allele was identified as a protective
factor (OR 0.6, 95% CI 0.5-0.8, p = 0.003) (Table 3).
Table 3. Allelic and Genotypic Distribution of the Studied Variants.
Variant Genotypes  Patients (n = 230) Reference (n = 256) OR (95% CI) p-Value
rs2234663 (n) % (n) %
AlA1 (104) 45.0 (85) 33.2 15 (1.50-1.04) 0.027
A2A2 (50) 22.0 (55) 21.4 1.0 (0.65-1.5) 0.945
AlA2 (73) 31.7 (111) 43.0 0.6 (0.41-0.88) 0.008
AlA3 (2) 0.9 0) 0
AlA4 0) 0 (2) 1.0
A2A3 (1) 0.4 ) 0
A2A4 0) 0 (1) 0.4
A2A5 0) 0 (2) 1.0
Alleles (2n = 460) Alleles (2n =512)
Al (283) 61.5 (283) 55.3 1.2 (1.01-1.67) 0.048
A2 (174) 37.8 (224) 43.7 0.78 (0.60-1.01) 0.060
A3 3) 0.7 0)
A4 0) (3) 0.6
Ab 0) (2) 0.4
Model
Codominant Al/A1 103 44.8% 84 32.8%  1.00
H* 75 32.6% 118 46.1%  1.95 (1.08-3.50) 0.046
A2/A2 52 22.6% 54 21.1%  1.95 (0.99-3.83)
Dominant Al/A1 103 44.8% 84 32.8%  1.00
H-A2/A2 127 55.2% 172 67.2%  1.95 (1.14-3.32) 0.013
Recesive A2A2 52 22.6% 54 21.1%  1.38 (0.76-2.52) 0.29
Al/A1-H 178 77.4% 202 789%  1.00
rs1143627
Genotypes (n=230) % (n=220) %
TT (54) 23 (64) 29 1.0*%
TC (143) 62 (112) 51 1.5 (1.1-2.2) 0.02
CcC (33) 15 (44) 20
Alleles (2n = 460) Alleles (2n = 440)
C (251) 0.54 (240) 0.54 0.94

T (209) 046 (198) 0.46 0.94
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Model
Dominant TT 54 23 64 29 0.67 (0.37-1.22) 0.19
TC+CC 176 77 156 71
Recesive CcC 33 15 44 20 1.04 (0.522.06) 0.91
TT + TC 197 85 179 80
rs16944
Model Genotype (n=230) % (n=247) %
cc (61) 27 (73) 30
CT (132) 57 (129) 52 0.68 (0.38-1.23) 0.4
T 37) 16 (45) 18 0.92 (0.422.03)
Alleles (2n = 460) Alleles (2n = 494)
T (254) 0.55 (215) 0.44 1.6 (1.2-2.0) 0.0003
C (206) 0.45 (279) 0.56 0.6 (0.5-0.8) 0.0003
Model
Dominant CcC 61 27 73 30 0.73 (0.42-1.28) 0.28
CT+TT 169 73 174 70
Recesive TT 37 16 45 18 1.17 (0.49-2.36) 0.65
CC+CT 98 42 118 47
OR (Odds Ratio from regression analysis), CI (Confidence Interval). * includes A3, A4, and A5
alleles.
When we compared genotypes with the clinicopathologic characteristics of CRC
patients, we observed that the A1A1 genotype of the rs2234663 variant was associated
with the early stages (I-1I) in those CRC patients diagnosed at less than 5 years (OR 2.6,
95% CI 1.1-5.8, p = 0.016), as well as with the A2A2 genotype in advanced stages (III-1V),
and with alcohol-consuming patients (OR 10, 95% CI 1.3-38.1, p = 0.007); however, the
confidence intervals were wide. The CC genotype of the rs1143627 variant was associated
with ages younger than 50 years (OR 2.3, 95% CI 1.1-5.6, p = 0.046). Furthermore, the CT
genotype of the rs16944 variant was associated with hemorrhoids/diverticula (OR 2.7, 95%
CI1.1-7.1, p = 0.041), while the TT genotype was associated with gastric toxicity (OR 1.8,
95% CI1.1-3.3, p = 0.040). Finally, the TCCC genotype correlated with multiple factors in
stage III-1V, including lymph-node metastases (OR 3.1, 95% CI1 1.3-7.9, p = 0.01) (Table 4).
Table 4. Variants and their association with the clinical and pathological features in the CRC
group.
Variant Genotype Variable OR  (95%CI) p-Value
0234663 AlA1 iiaige I-II with diagnosis less than 5 years 26 (11-5.8) 0.016
A2A2 Stage III-IV and ethanol consumption 10 (1.3-38.1) 0.007
rs1143627 CC Age (<50 years) 2.3 (1.1-5.6) 0.046
rs16944 CT Hemorrhoids/Diverticula 2.7 (1.1-7.1) 0.041
TT Gastric toxicity 1.8 (1.1-3.3) 0.040
TCCC Stage III-IV with lymph nodes-metastasis 3.1 (1.3-7.9) 0.01

OR (Odds Ratio from regression analysis), CI (Confidence Interval).

When analyzing haplotypic frequencies, we observed that haplotype A1TC
presented the highest frequency, with 0.21 in both the CRC group and the reference group.
Haplotype A1CT followed this in the CRC group (0.15), and haplotype A2TC presented
the same way in the reference group (0.22). No statistically significant differences were
found between the study groups. The linkage disequilibrium analysis obtained a value of
D’ =0.5 (Table 5).



Genes 2024, 15, 1528

8 of 18

Table 5. Haplotypic distribution among the study groups.

Haplotype Frequency OR 95%CI p-Value
rs2234663 * rs1143627 rs16944 CCR Reference

Al T C 0.2145 0.2198 0.9 0.479-1.850 1

A2 T C 0.1291 0.2215 0.5 0.250-1.122 0.136
Al C T 0.1541 0.1946 0.7 0.358-1.580 0.572
A2 C T 0.0918 0.145 0.6 0.250-1.476 0.375
Al C C 0.1241 0.0811 1.5 0.611-4.019 0.479
Al T T 0.1182 0.0631 2.1 0.768-5.937 0.216
A2 T T 0.0838 0.0397 2 0.607-7.167 0.371

OR (Odds Ratio from regression analysis), CI (Confidence Intervals). * A3, A4, and A5 alleles were
not included in the analysis because of their low frequency.

Comparative analysis of plasma IL-1{ levels between CRC patients and the reference
group revealed no significant differences. Likewise, the comparison of plasma values
between stage I-1I and III-1V patients also showed no significant differences (Figure 2 and
Table 6).

104 -
103.81+19.26

103 -+
I 101.39+2.81

102 I

101 -

100 -~ l

99

98 - l
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9 -

95 T )
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Figure 2. Plasma levels of IL-1p3. No significant differences in mean IL-1f3 levels were observed
between the CRC group and the reference group (p > 0.05).

Table 6. Plasma levels of IL-1 in the study groups.

Group (n) Mean SD p-Value
CCR 48 103.81 19.26 0.47
Reference 34 101.39 2.81

CCR

I-1I Stage 9 99.54 0.96 0.46
III-IV Stage 39 104.94 21.56

SD (Standard Deviation).

3.3. In Silico Analysis
3.3.1. Gene Regulation Mediated by the Studied Variants

Results obtained from the RegulomeDB database for the rs1143627, rs16944, and
rs2234663 variants show different rankings of functional evidence. The rs1143627 variant
has a score of 0.76 and a range of 1b, corresponding to evidence for quantitative trait
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expression (eQTL/caQTL), transcription factor (TF) binding with any motif, a footprint,
and a chromatin accessibility peak. The rs16944 variant has a range of 1f and a score of
0.19549, indicating that it has evidence of eQTL/caQTL, TF binding, and a chromatin
accessibility peak, but no specific motif. Finally, the rs2234663 variant is classified with a
score of 4 and a score of 0.60906, indicating that there is evidence of TF binding and a
chromatin accessibility peak (Figure 3).
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Figure 3. Regulatory elements (A) targeting the genomic region of the variants. The rs1143627
variant is located in a region harboring numerous IL-1f regulatory elements, including transcription
factors. Similarly, rs2234663 is located in regions where CEBPA and ZNF605 play regulatory roles
on IL-IRN. (B) The chromatin state in the genomic region of the variants. It is observed that the
variants are located in regions with a chromatin state associated with regulatory functions,
indicating that they could influence the regulation of gene expression.

3.3.2. mRNA Analysis

When analyzing the mRNA expression of IL-1RN and IL-1f, we observed that both
genes are overexpressed in CRC. IL-1[3 shows a median expression of 20.5 in colon cancer
(COAD) versus 8.4 in the normal colon (log FC 1.29, p = 6.8 x 10-4). On the other hand, IL-
IRN shows a median of 17.6 in COAD compared to 4.7 in the unaltered colon (log FC 1.90,
p=1x10"2) (Table 7, Figure 4A). In the case of rectal cancer (READ), significantly higher
IL-1RN gene expression was observed, with a median of 12.1 in READ versus 7.9 in the
normal rectum (log FC 0.62, p = 1.5 x 10-2) (Table 7, Figure 4B).
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Figure 4. Expression of IL-1f, and IL-1RN in COAD (A). Statistically significant differences (p <0.05)
were identified in IL-18 expression in COAD (median = 20.5) versus normal tissue (median = 8.4), as
well as in IL-1RN in COAD (median = 17.6) compared to normal tissue (median =4.7). In READ (B),
significant differences were observed in IL-IRN expression (median = 12.1) versus normal tissue
(median = 7.9), while no differences were found in IL-18 expression between READ tissues and
normal tissue (p > 0.05). (Outliers were removed from the plot to improve the Y-axis visualization,
but the median values were calculated considering all data, including outliers).

Table 7. Expression of IL-1f8, and IL-1RN in both COAD and READ.

IL-1B IL-1RN

COAD READ COAD READ
Average 56.1 38.7 36.1 21.8
Median 20.5 17.2 17.6 12.1

Normal Normal Normal Normal
Average 15.6 34.4 74 10.8
Median 8.4 16 4.7 7.9
Lon2 FC 1.29 0.10 1.90 0.62
p-Value 6.8 x 10+ 8.3 x 10! 1.7 x 1012 1.5 x 102

In addition, we observed a positive correlation in the co-expression of IL-1f3, and IL-
1RN in COAD (r=0.6101, p = 8.68 x 10-®) (Figure 5A) and READ (r = 0.6569, p = 6.48 x 10-13)
(Figure 5B).
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Figure 5. Correlation of expression between IL-18 and IL-1RN in COAD (A) and READ (B). In COAD
and READ, a mutual correlation is observed between the expression of IL-1f and IL-1RN.

Comparing clinicopathological characteristics with IL-13 mRNA expression, it was
observed that the expression of this gene is associated with the pathological T stage in
COAD. Higher expression was found in the T2 stage (median = 30.6), while lower
expression was observed in the T1 stage (median = 11.5) (p = 1.7 x 10-3) (Figure 5A). The
median expression for T3 was 16.7, and for T4, it was 20.5. On the other hand, in READ,
higher expression was also associated with being underweight, obesity, and being
overweight (median = 25.6, 19.9 and 17.6, respectively, with lower expression observed in
normal weight (median = 10.4) (Figure 6A, Table 8) (p =2 x 10-2).

In addition, IL-1RN was also associated with body mass index (BMI) in READ, with
higher expression in individuals who were underweight, obese, or overweight (median =
21.9, 13.4, and 11, respectively) and lower expression in individuals with normal weights
(median =9.8) (p = 3.4 x 102) (Figure 6B, Table 8).
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Figure 6. Expression of IL-1f in the pathological T stage of COAD and by BMI in READ (A), and IL-
IRN by BMI in READ (B). Differences in IL-1f expression were observed when comparing T status
in COAD, with higher expression in T2 and lower in T1 (p < 0.05). In READ, IL-18 showed higher
expression in underweight, overweight, and obese individuals, compared to those with normal
weights (p < 0.05). IL-1RN showed significantly higher expression in underweight compared to
normal-weight individuals in READ (p < 0.05). Outliers were removed from the plot to improve the
Y-axis visualization, but the median values were calculated considering all data, including outliers.
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Table 8. Clinical and Pathological Characteristics Related to IL-1f, and IL-1RN Expression.

Average Median SD p-Value *
IL-18
COAD Stage n
T1 6 12.5 11.5 3.4 1.70 x 108
T2 44 38.2 30.6 32.9
T3 191 37.6 16.7 62.3
T4 37 119.7 20.5 456.9
READ BMI n
Normal 14 224 10.4 224 2.00 x 102
Under Weight 4 334 25.6 25.4
Obesity 14 69.5 19.9 138.5
Overweight 35 38.1 17.6 59.4
IL-1IRN
READ
BMI n
Normal 14 17.1 9.8 16.3 3.40 x 102
Under Weight 4 19.7 21.9 8.8
Obesity 14 33.8 13.4 46.9
Overweight 35 21.8 11 22.4

SD (Standard Deviation), * ANOVA test.

4. Discussion
4.1. General Characteristics of the Study Groups

In our analysis regarding the clinical characteristics of the patients, we observed that
the age at diagnosis of colorectal cancer (CRC) was usually older than 50 years, which has
been described in other populations [19]. The frequency of CRC occurrence in men and
women showed a slight increase in men (51%) compared to women. In this regard, the
most recent reports provided by GLOBOCAN [2] indicate that the frequency of CRC in
five continents is similar in both genders, although slightly higher in men than in women
[20]. In addition, tobacco and alcohol consumption were found to be higher in the patient
group; in this context, it has been established that alcohol and tobacco consumption are
risk factors for the development of various pathologies, including CRC [21].

4.2. Clinical Characteristics of the Group of Patients

When we compared the clinicopathological characteristics of the study patients, we
observed that the majority of the tumors were located on the left side, mainly affecting the
rectum. This was similar to the characteristics described in the literature, where it was
estimated that 60% of tumors were located on the left side of the rectum [19]. Many CRC
patients were diagnosed at advanced stages (III, and IV); in this sense, it has been
described that the diagnosis of patients with CRC in advanced stages is due to the lack of
programs for early detection of CRC, as well as the absence of specific symptoms of the
disease, which favors diagnosis in advanced stages [20,21]. In the present study, the
presence of metastases, elevated levels of embryonic carcinoma (CEA), and non-response
to chemotherapy were also observed in high frequency. Studies in the literature have
shown that the presence of metastases and high levels of CEA are considered proportional
to tumor development [22,23].

4.3. Variant in the IL-1RN Gene
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The IL-1RN antagonist is known to function as a cytosine by competitively inhibiting
the binding of IL1-{ to its receptor, preventing the activation of the signaling cascade and
the inflammatory process [24]. IL-1RN levels increase during the inflammatory process to
terminate the acute phase of the inflammatory process [25]. The rs2234663 variant studied
in this gene is known as 86bp VNTR, located in intron 2 of the gene and actively
functioning in its regulation. In this study, the A1 allele was the most frequent and the A2
allele the least frequent; these results were congruent with those described in the literature
[26,27]. Regarding the A3, A4, and A5 alleles, the frequency observed in both study groups
was less than 1%, which is consistent with that described in the literature [28]. In the
association of the polymorphism in intron 2 of the IL-IRN gene with CRC, we observed
that both the Al allele and the A1A1 genotype were associated with CRC. It has been
observed that carriers of long alleles such as Al, A3, A4, and A5 have lower levels of IL-
1RN compared with carriers of the A2 allele, so it is thought that reduced levels of IL-IRN
favor a more severe inflammatory reaction, which could influence the development of
cancer [29,30]

It has been observed that 89% of patients with stage Il CRC were homozygous for the
Al allele [30]. Additionally, it was observed that a higher frequency of carriers of the Al
allele were in the early stages of CRC [30,31]. On the other hand, one study has associated
A2 with increased IL-1RN production [32], so it could be expected that the A2A2 genotype
would be associated with decreased risk of CRC development; however, this association
was not demonstrated in the present study. Additionally, when comparing the genotypes
only in the group of patients according to early (I and II) and advanced (III and IV) stages,
it was observed that the A2A2 genotype was associated with the advanced stages of CRC.
A possible explanation for this could be that individuals homozygous for the A2 allele
experience a shorter CRC recurrence period (5.7 years) compared to homozygotes for the
Al allele (10.7 years) [30]. This shorter recurrence period suggests a faster progression of
cancer, leading to diagnosis at more advanced stages. One plausible explanation for why
the A2A2 genotype might be linked to advanced CRC is that the A2 allele may interact
with other genetic polymorphisms that increase IL-1 production, which plays a
significant role in the inflammatory pathways involved in cancer progression. Studies
have shown that the A2A2 genotype is associated with elevated IL-1{3 levels [30,33], which
could contribute to chronic inflammation, a key factor in cancer development.
Additionally, alcohol consumption in individuals with the A2A2 genotype has been
shown to be associated with advanced CRC stages. Alcohol is a known risk factor for CRC,
and, in this context, it may accelerate cancer progression by modulating the GSK3p3/$3-
catenin pathway, further promoting tumorigenesis and advancing CRC development [34].

Additionally, the association between the A2A2 genotype and advanced CRC may
be influenced by the interplay of genetic and environmental factors. The A2 allele may
contribute to an inflammatory environment that accelerates tumor progression,
particularly in individuals exposed to risk factors like alcohol consumption. Chronic
inflammation driven by IL-1f3 and other cytokines can enhance tumorigenesis, suggesting
that the A2A2 genotype could promote more aggressive CRC progression.

Finally, it was observed that the A1A2 genotype was associated with a decreased risk
of CRC; a possible explanation for this is that the A2 allele, without the presence of the T
allele, decreases the inflammatory process and thus the risk of CRC. Having only one A2
allele, however, reduces the possibility of the presence of the T allele; however, it is
necessary to perform genotyping of the IL-1{3 variant to confirm this theory, since other
publications have reported the association of the haplotypes of these two members of the
IL-1 family with CRC, concluding that haplotypes formed with alleles associated with
increased production of IL-1f3, such as IL-1RN decrease alleles (>4 repeats), are associated
with neoplasms [30].

Regarding other alleles of the IL-1RN gene, a case—control study described that the
A3 allele is associated with CRC. The study also reported a higher frequency of the Al
allele in patients with early-stage CRC compared to those with advanced stages [31]. The
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frequency of the A3 allele observed in the present study was low (0.7%) and was only
present in one group of patients; therefore, a statistical analysis was not performed with
this allele.

4.4. Variants in the IL-1B Gene

In the association study of the rs1143627 variant, we observed that the TC genotype
was significantly associated with CRC, whereas the CC genotypes were associated with
age at diagnosis of less than 50 years and overweight status. These results are consistent
with previous research that has linked this variant with triple-negative breast cancer, as
well as with clinical characteristics such as age younger than 40 years and hormone
receptor (HR and ER) expression [12]. In addition, this variant has also been described to
be associated with prostate cancer [35]. These findings suggest that the rs1143627 variant
may play an important role in predisposition to various types of cancer, including CRC,
and that its influence may manifest differently depending on the demographic and clinical
characteristics of patients.

On the other hand, we observed that the rs16944 variant, specifically the T allele, was
associated as a risk factor for CRC, while the C allele was also identified as a risk factor.
However, in a previous study, it was reported that this variant was not associated with
CRC in a population from Romania [36]. In addition, this variant has shown an association
with cervical cancer in Asian women [37]. These findings suggest that the rs16944 variant
may play a variable role in cancer susceptibility, depending on population-specific ethnic
and genetic factors.

4.5. Haplotypes of Polymorphisms in IL-1f

In the present study, the IL-18 haplotype was shown to be in linkage disequilibrium.
The above is in consistent with what was previously described [30], where it was observed
that different polymorphisms in IL-1f are linked, among these the rs16944, and that the
haplotype between allele 1 of VNTR IL-1RN and allele C of rs16944 is associated with
stage II CRC. However, there is controversy in this regard; some authors emphasize that
polymorphismsin IL-18 and IL-1RN are not in linkage disequilibrium. One study reported
that the rs1143627 and rs16944 variants are in linkage in the Korean population [38],
without being linked to the 89bp VNTR in IL-1RN. Another, similar study, in patients with
keratoconus in the Korean population, observed that the rs1143627 and rs16944 variants
are linked [35].

4.6. Plasma Levels of IL-1B Protein

IL-18 levels were not associated with CRC in the present study, which is consistent
with a previous study [36] that found no association in serum IL-1{3 levels between 24
CRC patients and a control group. However, a recent study [37] reported significantly
higher IL-1f protein levels in gastroesophageal cancer and squamous cell carcinoma.

4.7. In Silico Results

Our in silico results suggest that the rs1143627, rs16944, and rs2234663 variants are
located at key sites for gene regulation, indicating their possible functional involvement
in gene expression. These findings support the notion that these variants may play a
crucial role in the regulation of gene expression, particularly in contexts involving
transcription factor-mediated signaling pathways or chromatin accessibility. In a recent
study [39], rs1143627 and rs16944 variants were reported to be associated with increased
putamen volume in the left cerebral hemisphere, suggesting their possible involvement in
brain structure development.

In mRNA expression analysis, we observed an overexpression of IL-1 and IL-1RN
genes in CRC. These results are in agreement with a previous study [40], which also
reported that IL-18 was overexpressed in CRC. The overexpression of IL-1B suggests that
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this gene plays a proinflammatory role in the tumor microenvironment, thus contributing
to cell proliferation and angiogenesis. In a recent study [41], it was described that
overexpression of an IL-1/IL-1R axis in CRC can influence epithelial-mesenchymal
transition (EMT) and several carcinogenic processes, such as cell invasion and
proliferation, among others.

On the other hand, IL-1RN showed considerable overexpression in CRC; these results
are in agreement with a previous study [42], in which overexpression of this gene was also
observed in thyroid cancer. On the other hand, a recent study [43] reported that IL-1RN is
significantly underexpressed in oral squamous cell carcinomas (OSCCs) compared to
normal tissues. However, despite its decreased expression in the early stages, it was
observed that, in advanced cases of OSCC, IL-1RN expression is increased. The above
findings suggest that, although IL-1RN acts as an IL-1f antagonist, its increase in tumor
tissue could be an adaptive response to IL-18 -mediated inflammation.

Furthermore, the significant positive correlation in the co-expression of IL-1f and IL-
IRN in READ suggests that both genes, although overexpressed in cancer, interact in an
inflammatory cycle, as previously demonstrated [41], where a 13/1IRN axis regulates
various aspects of CRC via autophagy. Thus, the above suggests that, while IL-1p
potentiates tumor progression, IL-IRN overexpression may reflect an attempt by the
organism to modulate that inflammation, although not enough to slow tumor
progression. These dynamics highlight the complexity of inflammatory pathways in the
tumor microenvironment.

When analyzing the clinicopathologic characteristics in relation to IL-18 expression,
it was observed that IL-1§ expression is associated with the pathologic T state in COAD,
with higher expression in the T4 state and a lower expression in the T1 state. In READ, IL-
16 expression was also associated with obesity, with higher levels observed in obese
patients compared to normal-weight patients. These results are consistent with a previous
study [44] in which this gene was found to be overexpressed in obese individuals. This
suggests that IL-1f-mediated inflammation could be related to the patient’s metabolic
context, where obesity could exacerbate inflammatory activity in the tumor
microenvironment.

Likewise, IL-1RN expression also showed an association with BMI in READ, with
higher levels in obese and lower levels in normal-weight individuals. This has also been
observed in a previous study [45] where an increase in IL-1RN expression was reported in
obese individuals. This relationship indicates that, although IL-1RN acts as an antagonist
of IL-1p, its expression could be influenced by metabolic factors, suggesting a complex
mechanism of regulation of inflammation in relation to the nutritional status of the
patient.

Although no association between plasma IL-13 levels and CRC was found in this
study, the discrepancy between mRNA overexpression and circulating IL-1{3 levels could
be attributed to local regulation of IL-1{3 in tumor tissue. In the tumor microenvironment,
IL-1p may be produced and regulated at the site of the tumor, leading to elevated mRNA
expression without a corresponding increase in plasma levels. This suggests that, while
plasma IL-1f levels might not reflect the local tumor activity, mRNA levels could serve as
a more accurate marker of the biological activity of the tumor. On the other hand, the
absence of a significant association between plasma IL-1f3 levels and CRC may indeed be
attributed to the elevated mRNA levels, suggesting a potential discrepancy between
systemic and local inflammatory responses.

The findings of this study highlight the potential relevance of IL-IRN and IL-1f gene
variants and their expression patterns in the pathogenesis of CRC. The identification of
regulatory variants associated with CRC could contribute to the development of genetic
biomarkers for early detection or risk stratification in Mexican populations. Furthermore,
the observed overexpression of IL-IRN and IL-1f in CRC tissues underscores their
potential as therapeutic targets.
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One limitation of this study is its population stratification. Although Mexican
individuals of Mexican origin up to the third generation were included, genetic markers
were not used to confirm this ancestry, which could introduce some bias. However, the
association study identified novel findings on variants and their relationship with CRC.
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haplotype analysis was not associated with CRC, and plasma IL-1p levels were not
associated with CRC. In silico analysis suggests that these variants are located in
regulatory regions of the genes, which may influence their expression. In addition,
increased expression of IL-1RN and IL-18 genes was observed in CRC compared to normal
samples, and both genes showed a positive correlation in this pathology.

Author Contributions: Conceptualization, M.P.G.-A., AF.G.-R,, LA.G-H, GM.Z-G,, LEF. and
B.C.G.-M.; methodology, M.P.G.-A., AF.G.-R. and [.LA.G.-H.; validation, M.P.G.-A., AF.G.-R,
LA.G.-H., AMP.-P. and J.E.G.-O.; formal analysis, M.P.G.-A., AF.G.-R., LA.G.-H,, AM.P.-P. and
J.E.G.-O.; investigation, M.P.G.-A., A.F.G.-R. and 1.A.G.-H.; resources, M.P.G.-A., AF.G.-R. and
I.A.G.-H.; writing —original draft preparation, M.P.G.-A., AF.G.-R. and I.A.G.-H.; writing —review
and editing, M.P.G.-A., AF.G.-R. and I.A.G.-H.; visualization, M.P.G.-A., A[F.G.-R,, LA.G.-H,,
GM.Z.-G, LEF, B.C.G--M. and AM.P.-P; supervision, M.P.G.-A., AF.G-R, LA.G-H, GM.Z.-G,,
LEF, B.C.G-M, AMP.-P, JEG.-O., JID.-S, PB.C-G, M.dJR-R. and BM.T.-M.; project
administration, M.P.G.-A; funding acquisition, M.P.G.-A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The research obtained authorization from the local ethics
1305 committee (CLIES #1305) with registration code 2015-1305-3 and 2024-1305-039. All procedures
carried out during the study followed the guidelines established in the 1964 Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: Data and materials are available in the article.

Acknowledgments: We express our gratitude to the CIBO (IMSS) and CONAHCYT for providing
the necessary facilities that enabled the successful completion of this project.

Conflicts of Interest: The authors declare no conflicts of interest.

Ionescu, V.A.; Gheorghe, G.; Bacalbasa, N.; Chiotoroiu, A.L.; Diaconu, C. Colorectal Cancer: From Risk Factors to Oncogenesis.
Medicina 2023, 59, 1646. https://doi.org/10.3390/medicina59091646.

Cancer Today. Available online: http://gco.iarc.fr/today/home (accessed on 8 December 2022).

Nardone, O.M.; Zammarchi, I.; Santacroce, G.; Ghosh, S.; Iacucci, M. Inflammation-Driven Colorectal Cancer Associated with
Colitis: From Pathogenesis to Changing Therapy. Cancers 2023, 15, 2389. https://doi.org/10.3390/cancers15082389.
Bardeléikova, A.; éoltys, J.; Mojzis, J. Oxidative Stress, Inflammation and Colorectal Cancer: An Overview. Antioxidants 2023,
12, 901. https://doi.org/10.3390/antiox12040901.

Cao, Y.; Zheng, X.; Hu, Y,; Li, J.; Huang, B.; Zhao, N.; Liu, T.; Cai, K,; Tian, S. Levels of Systemic Inflammation Response Index
Are Correlated with Tumor-Associated Bacteria in Colorectal Cancer. Cell Death Dis. 2023, 14, 69. https://doi.org/10.1038/s41419-

023-05602-9.
PubChem

IL1RN-Interleukin 1 Receptor Antagonist (Human). Available online:

https://pubchem.ncbi.nlm.nih.gov/gene/ILIRN/human (accessed on 30 September 2024).



Genes 2024, 15, 1528 17 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Issac, M.S.M.; El Nahid, M.S. Association of IL-1p Rs16944 and IL-1RN Rs2234663 Gene Polymorphisms with Graft Function in
Renal Transplant Recipients. Egypt. |. Med. Hum. Genet. 2023, 24, 69. https://doi.org/10.1186/s43042-023-00449-3.

Wang, Q.; Huang, X.; Zhou, S.; Ding, Y.; Wang, H.; Jiang, W.; Xu, M. ILIRN and PRRX1 as a Prognostic Biomarker Correlated
with Immune Infiltrates in Colorectal Cancer: Evidence from Bioinformatic Analysis. Int. J. Genom. 2022, 2022, 2723264.
https://doi.org/10.1155/2022/2723264.

Ibrahimi, M.; Moossavi, M.; Mojarad, E.N.; Musavi, M.; Mohammadoo-khorasani, M.; Shahsavari, Z. Positive Correlation
between Interleukin-1 Receptor Antagonist Gene 86bp VNTR Polymorphism and Colorectal Cancer Susceptibility: A Case-
Control Study. Immunol. Res. 2019, 67, 151-156. https://doi.org/10.1007/s12026-018-9034-3.

PubChem IL1B-Interleukin 1 Beta (Human). Available online: https://pubchem.ncbi.nlm.nih.gov/gene/IL1B/human (accessed
on 30 September 2024).

Fu, L.Y,; Qiu, X,; Deng, Q.L.; Huang, P.; Pi, L.; Xu, Y.; Che, D.; Zhou, H.; Lu, Z; Tan, Y.; et al. The IL-1B Gene Polymorphisms
Rs16944 and Rs1143627 Contribute to an Increased Risk of Coronary Artery Lesions in Southern Chinese Children with
Kawasaki Disease. J. Immunol. Res. 2019, 2019, 4730507. https://doi.org/10.1155/2019/4730507.

Sghaier, I.; Sheridan, J.M.; Daldoul, A.; El-Ghali, RM.; Al-Awadi, A.M.; Habel, A.F.; Aimagambetova, G.; Almawi, W.Y.
Association of IL-1 Gene Polymorphisms Rs1143627, Rs1799916, and Rs16944 with Altered Risk of Triple-Negative Breast
Cancer. Cytokine 2024, 180, 156659. https://doi.org/10.1016/j.cyto.2024.156659.

Wang, L.; Zhao, W.; Hong, J.; Niu, F.; Li, ].; Zhang, S.; Jin, T. Association between IL1B Gene and Cervical Cancer Susceptibility
in Chinese Uygur Population: A Case—Control Study. Mol. Genet. Genom. Med. 2019, 7, €779. https://doi.org/10.1002/mgg3.779.
Rs2234663 RefSNP Report-dbSNP-NCBI. Available online: https://www.ncbi.nlm.nih.gov/snp/rs2234663 (accessed on 30
September 2024).

Rs1143627 RefSNP Report-dbSNP-NCBI. Available online: https://www.ncbi.nlm.nih.gov/snp/rs1143627 (accessed on 30
September 2024).

Rs16944 RefSNP Report-dbSNP-NCBI. Available online: https://www.ncbi.nlm.nih.gov/snp/rs16944 (accessed on 30 September
2024).

Dong, S.; Zhao, N.; Spragins, E.; Kagda, M.S.; Li, M.; Assis, P.; Jolanki, O.; Luo, Y.; Cherry, ] M.; Boyle, A.P.; et al. Annotating
and Prioritizing Human Non-Coding Variants with RegulomeDB v.2. Nat. Genet. 2023, 55 724-726.
https://doi.org/10.1038/s41588-023-01365-3.

Tang, G.; Cho, M.; Wang, X. OncoDB: An Interactive Online Database for Analysis of Gene Expression and Viral Infection in
Cancer. Nucleic Acids Res. 2022, 50, D1334-D1339. https://doi.org/10.1093/nar/gkab970.

Waldstein, S.; Spengler, M.; Pinchuk, I.V.; Yee, N.S. Impact of Colorectal Cancer Sidedness and Location on Therapy and Clinical
Outcomes: Role of Blood-Based Biopsy for Personalized Treatment. J. Pers. Med. 2023, 13, 1114.
https://doi.org/10.3390/jpm13071114.

Roberson, ].; Maguire, L. Epidemiological Trends in Stage IV Colorectal Cancer. Semin. Colon. Rectal Surg. 2023, 34, 100967.
https://doi.org/10.1016/j.scrs.2023.100967.

Dantas, A.A.G.; de Oliveira, N.P.D.; Costa, G.A.B.; Martins, L.F.L.; dos Santos, ].E.M.; Migowski, A.; de Camargo Cancela, M.;
de Souza, D.L.B. Multilevel Analysis of Social Determinants of Advanced Stage Colorectal Cancer Diagnosis. Sci. Rep. 2024, 14,
9667. https://doi.org/10.1038/s41598-024-60449-0.

Ozawa, T.; Matsuda, K; Ishihara, S.; Fukushima, Y.; Shimada, R.; Hayama, T.; Nozawa, K.; Hashiguchi, Y. The Robust
Performance of Carcinoembryonic Antigen Levels after Adjuvant Chemotherapy for the Recurrence Risk Stratification in
Patients with Colorectal Cancer. J. Surg. Oncol. 2021, 124, 97-105. https://doi.org/10.1002/js0.26497.

Konishi, T.; Shimada, Y.; Hsu, M,; Tufts, L.; Jimenez-Rodriguez, R.; Cercek, A.; Yaeger, R.; Saltz, L.; Smith, ].J.; Nash, G.M.; et
al. Association of Preoperative and Postoperative Serum Carcinoembryonic Antigen and Colon Cancer Outcome. JAMA Oncol.
2018, 4, 309-315. https://doi.org/10.1001/jamaoncol.2017.4420.

Ding, Y.; Yi, J.; Wang, J.; Sun, Z. Interleukin-1 Receptor Antagonist: A Promising Cytokine against Human Squamous Cell
Carcinomas. Heliyon 2023, 9, €14960. https://doi.org/10.1016/j.heliyon.2023.e14960.

Graziano, F.; Ruzzo, A.; Canestrari, E.; Loupakis, F.; Santini, D.; Rulli, E.; Humar, B.; Galluccio, N.; Bisonni, R.; Floriani, I.; et al.
Variations in the Interleukin-1 Receptor Antagonist Gene Impact on Survival of Patients with Advanced Colorectal Cancer.
Pharmacogenomics J. 2009, 9, 78-84. https://doi.org/10.1038/tpj.2008.16.

Caudi, S.; Buligan, C.; Rocchi, F.; Salvador, I.; Xodo, L.; Stinco, G. Interleukin 1 Receptor Antagonist Gene Variable Number of
Tandem  Repeats  Polymorphism and  Cutaneous Melanoma.  Oncol.  Lett. 2019, 18,  5759-5768.
https://doi.org/10.3892/01.2019.10923.

Mattar, R.; Marques, S.B.; dos Santos, A.F.; do Monteiro, M.S.; Iriya, K.; Carrilho, F.J. A Possible Role of IL-IRN Gene
Polymorphism in the Outcome of Gastrointestinal Diseases Associated with H. Pylori Infection. Clin. Exp. Gastroenterol. 2013, 6,
35. https://doi.org/10.2147/CEG.542260.

Witkin, S.S.; Gerber, S.; Ledger, W.]. Influence of Interleukin-1 Receptor Antagonist Gene Polymorphism on Disease. Clin. Infect.
Dis. 2002, 34, 204-209. https://doi.org/10.1086/338261.

Singh, R.D.; Dholariya, S.; Shekher, A.; Avadhesh; Parchwani, D.; Gupta, S.C. Role of IL-1 Gene Polymorphisms in Common
Solid Cancers. In Multifaceted Role of IL-1 in Cancer and Inflammation; Singh, M., Ed.; Academic Press: Cambridge, MA, USA,
2023; pp. 1-69, ISBN 978-0-12-824273-5.



Genes 2024, 15, 1528 18 of 18

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Lurje, G.; Hendifar, A.E.; Schultheis, A.M.; Pohl, A.; Husain, H.; Yang, D.; Manegold, P.C.; Ning, Y.; Zhang, W.; Lenz, H.-].
Polymorphisms in Interleukin 1 Beta and Interleukin 1 Receptor Antagonist Associated with Tumor Recurrence in Stage II
Colon Cancer. Pharmacogenet Genom. 2009, 19, 95-102. https://doi.org/10.1097/FPC.0b013e32831a%ad1.

Viet, HT.; Wéagsdter, D.; Hugander, A.; Dimberg, J. Interleukin-1 Receptor Antagonist Gene Polymorphism in Human
Colorectal Cancer. Oncol. Rep. 2005, 14, 915-918.

Hacker, U.T.; Erhardt, S.; Tschop, K.; Jelinek, T.; Endres, S. Influence of the IL-1Ra Gene Polymorphism on in Vivo Synthesis of
IL-1Ra and IL-1beta after Live Yellow Fever Vaccination. Clin. Exp. Immunol. 2001, 125, 465-469. https://doi.org/10.1046/j.1365-
2249.2001.01621.x.

Santtila, S.; Savinainen, K.; Hurme, M. Presence of the IL-1RA Allele 2 (ILIRN*2) Is Associated with Enhanced IL-1beta
Production in Vitro. Scand. ]. Immunol. 1998, 47, 195-198. https://doi.org/10.1046/j.1365-3083.1998.00300.x.

Xu, M.; Wang, S.; Qi, Y.; Chen, L.; Frank, J.A;; Yang, X.H.; Zhang, Z.; Shi, X,; Luo, J. Role of MCP-1 in Alcohol-Induced
Aggressiveness of Colorectal Cancer Cells. Mol. Carcinog. 2016, 55, 1002-1011. https://doi.org/10.1002/mc.22343.

Kim, S.-H.; Mok, ].-W.; Kim, H.-S; Joo, C.K. Association of -31T>C and -511 C>T Polymorphisms in the Interleukin 1 Beta (IL1B)
Promoter in Korean Keratoconus Patients. Mol. Vis. 2008, 14, 2109.

Ueda, T.; Shimada, E.; Urakawa, T. Serum Levels of Cytokines in Patients with Colorectal Cancer: Possible Involvement of
Interleukin-6 and Interleukin-8 in  Hematogenous Metastasis. . Gastroenterol. 1994, 29,  423-429.
https://doi.org/10.1007/BF02361238.

Rébé, C.; Ghiringhelli, F. Interleukin-1p and Cancer. Cancers 2020, 12, 1791. https://doi.org/10.3390/cancers12071791.

Lee, ].M.; Kang, Y.R.; Park, S.H.; Cha, S.I; Kim, ].S.; Kang, H.K,; Lee, W.K,; Kim, M.]; Kim, C.H.; Kim, N.S.; et al. Polymorphisms
in Interleukin-1B and Its Receptor Antagonist Genes and the Risk of Chronic Obstructive Pulmonary Disease in a Korean
Population: A Case—Control Study. Respir. Med. 2008, 102, 1311-1320. https://doi.org/10.1016/j.rmed.2008.03.026.

Strenn, N.; Palsson, E.; Liberg, B.; Landén, M.; Ekman, A. Influence of Genetic Variations in IL1B on Brain Region Volumes in
Bipolar Patients and Controls. Psychiatry Res. 2021, 296, 113606. https://doi.org/10.1016/j.psychres.2020.113606.

Mager, L.F.; Wasmer, M.-H.; Rau, T.T.; Krebs, P. Cytokine-Induced Modulation of Colorectal Cancer. Front. Oncol. 2016, 6, 96.
https://doi.org/10.3389/fonc.2016.00096.

Chen, Y.; Yang, Z.; Deng, B.; Wu, D.; Quan, Y.; Min, Z. Interleukin 18/1RA Axis in Colorectal Cancer Regulates Tumor Invasion,
Proliferation and Apoptosis via Autophagy. Oncol. Rep. 2020, 43, 908. https://doi.org/10.3892/0r.2020.7475.

Xie, Z.; Li, X.;; He, Y.; Wu, S;; Wang, S.; Sun, J.; He, Y.; Lun, Y.; Xin, S.; Zhang, J. Analysis of the Expression and Potential
Molecular Mechanism of Interleukin-1 Receptor Antagonist (ILIRN) in Papillary Thyroid Cancer via Bioinformatics Methods.
BMC Cancer 2020, 20, 1143. https://doi.org/10.1186/s12885-020-07620-8.

Shiiba, M.; Saito, K.; Yamagami, H.; Nakashima, D.; Higo, M.; Kasamatsu, A.; Sakamoto, Y.; Ogawara, K.; Uzawa, K.; Takiguchi,
Y.; et al. Interleukin-1 Receptor Antagonist (ILIRN) Is Associated with Suppression of Early Carcinogenic Events in Human
Oral Malignancies. Int. ]. Oncol. 2015, 46, 1978-1984. https://doi.org/10.3892/ij0.2015.2917.

Neira, G.; Gdmez-Ambrosi, J.; Cienfuegos, J.A.; Ramirez, B.; Becerril, S.; Rodriguez, A.; Burrell, M.A_; Baixauli, J.; Mentxaka, A.;
Casado, M,; et al. Increased Expression of IL-13 in Adipose Tissue in Obesity Influences the Development of Colon Cancer by
Promoting Inflammation. J. Physiol. Biochem. 2024, 1-12. https://doi.org/10.1007/s13105-024-01048-5.

Friihbeck, G.; Catalan, V.; Ramirez, B.; Valenti, V.; Becerril, S.; Rodriguez, A.; Moncada, R.; Baixauli, J.; Silva, C.; Escalada, J.; et
al. Serum Levels of IL-1 RA Increase with Obesity and Type 2 Diabetes in Relation to Adipose Tissue Dysfunction and Are
Reduced After Bariatric Surgery in Parallel to Adiposity. J. Inflamm. Res. 2022, 15, 1331. https://doi.org/10.2147/JIR.S354095.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury
to people or property resulting from any ideas, methods, instructions or products referred to in the content.



