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Abstract

Connective tissue growth factor (CTGF) and Caspase 8 (CASP8) have been implicated in cancer development
and progression. Variants such as CASP8 rs3834129 (-652 6N I/D) and CTGF rs6918698 (-945 C>G) have
been associated with several cancers, although their association is still debated between populations. This
study investigates the possible association between the CASPS rs3834129 and CTGF rs6918698 variants with
colorectal cancer (CRC) in Mexican patients. Genomic DNA was extracted from 250 CRC patients and 250
control subjects. The identification of CASP8 and CTGF variants was performed by polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-RFLP) methodology. The association was determined
by the odds ratio (OR) analysis and P values were adjusted by the Bonferroni correction. Patients carrying the
D/D genotype for the CASPS rs3834129 variant exhibited an increased susceptibility to CRC (P =0.012). The
D/D genotype was associated with older 50-year-old patients (P = 0.006). In addition, this same D/D geno-
type was associated with TNM II stage (P = 0.013) and rectal localization (P = 0.023). Additionally, patients
carrying the G/G genotype for the CTGF rs6918698 variant showed a decreased susceptibility to CRC (P =
0.009), and in the sex stratification, this gene has protective role in males (P = 0.008). This same genotype was
associated with decreased susceptibility to early TNM stages (I+1I) (P = 0.023) and right-sided colon tumor
localization (P = 0.002). There was no association between response to treatment and the variants analyzed.
Our findings suggest that the CASPS 1s3834129 and CTGF rs6918698 variants have a significant impact on
the development of CRC.
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1. Introduction

Worldwide, CRC is the third type of cancer with the
highest incidence after breast cancer and lung cancer.
According to Globocan 2022, there were 1,926,425 new
cases reported for both sexes and 904,019 deaths [1]. In
Mexico, CRC ranks as the third among the top five cancers
with the highest number of affected patients. In addition,
the statistics indicate 16,082 new cases of CRC, corre-
sponding to an incidence rate of 10.9 per 100,000 inhabit-
ants and mortality rate of 8.6 per 100,000 [2]. CRC is a
heterogeneous disease initiated by a succession of genetic,

epigenetic, and environmental events leading to the un-
controlled development of cells in the epithelial lining of
the colon segments [3]. The development and progression
of CRC involve dysregulated proliferation of epithelial
cells, which is associated with a sequence of cumulative
genetic and epigenetic alterations [4]. Evidence suggests
that the prolonged survival of these genetically unstable
colorectal epithelial cells may culminate in a final malig-
nant transformation due to random events. This transfor-
mation is associated with the gradual inhibition of apopto-
sis, a mechanism in which CASPS plays a critical role [5].

CASPS is a crucial regulator of apoptosis, serving as an
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essential protective mechanism against hyperproliferation
and tumorigenesis [4]. CASP8 is a protease that initiates
apoptosis within cells via the Fas/FasL pathway [6]. The
gene is located at chromosome 2q33.1 and comprises 15
exons and 14 introns [7]. The principal function is to pre-
vent the development of tumors by controlling the hyper-
proliferation of cancer cells [6]. The altered expression or
function of this gene affects the immune system's response
and apoptosis. While CASP8 typically acts as a tumor
suppressor by regulating cell death, it can paradoxically
promote tumor formation and cancer progression when its
function is compromised; additionally, alterations in this
protein have been described to give rise to resistance to
treatments in various cancers, including breast, cervical,
lung, gastric, esophageal, renal, and CRC [5, 8]. Currently,
significant research has focused on the rs3834129 (-652
6N I/D) (del AGT AAG) variant in the promoter region of
this gene [9]. This variant has been reported to influence
cancer risk. However, the association between rs3834129
and the risk of CRC remains unclear, with studies showing
inconclusive results [8, 10, 11].

The connective tissue growth factor (CTGF), also
known as CCN-2 (cysteine-rich 61/connective tissue
growth factor/nephroblastoma), corresponds to the CCN
family [12, 13]. The CTGF gene is located at 6q23.2 and
contains 5 exons and 4 introns [13]. It encodes a member
of the CCN protein group (extracellular matrix-associ-
ated proteins)[12]. CTGF participates in several cellular
processes, including adhesion, cell proliferation, devel-
opment, angiogenesis, chemotaxis, migration, tumori-
genesis, and apoptosis [14—18]. Studies have indicated
that CTGF is activated by basic fibroblast growth factor
(bFGF) and vascular endothelial growth factor (VEGF)
[15,17]. Transforming growth factor B (TGF-p) is one of
the primary regulators of CTGF production since it influ-
ences on tumor development and progression [17, 19, 20].
In vitro studies have indicated that when antagonists block
the functional effect of CTGF, endothelial cell migration
and proliferation are reduced [14]. The alteration of CTGF
expression and its association with cancer development
have been studied in various types of cancer, including
CRC, and it is considered a prognostic marker in several
human cancers [17, 21-25]. A few variants in the CTGF
gene have been analyzed concerning different pathologies;
however, the rs6918698 variant has been associated with
CRC [17] and Crohn's disease [14, 26, 27]. For this reason,
this study aims to examine for the first time the distribu-
tion of alleles and genotypes of these two variants, CASPS
(rs3834129) and CTGF (rs6918698), evaluating their pos-
sible association with the development and clinicopatho-
logical characteristics of CRC in Mexican patients.

2. Materials and methods

The study included 250 patients clinically diagnosed
and histologically confirmed as having sporadic colorectal
adenocarcinoma according to the Clinical Practice Guide-
lines on Colon and Rectal Cancer and the clinicopatho-
logical criteria of the Specialty Hospital of West National
Medical Center in the IMSS in Guadalajara, Mexico. The
control group included 250 healthy blood-donating indi-
viduals. In this study, CRC patients and unrelated healthy
individuals, matched in age and sex with the case group,
were recruited from 2018 to 2022 at the Specialty Hospital
of West National Medical Center at IMSS in Guadalajara,

Mexico. Tumor staging and grading were performed ac-
cording to the Tumor-Node-Metastasis (TNM) classifica-
tion. The study was approved by the Ethics Committee
1305 of the West Biomedical Research Center of the Mex-
ican Institute of Social Security (IMSS) (R-2018-1305-
001) and conducted under national and international ethi-
cal standards. The inclusion criteria for the CRC patients
were patients diagnosed with sporadic CRC, according to
the clinical and pathological criteria, and staged by TNM
classification, without another type of cancer, with age and
sex indistinct. The control group was composed of healthy
individuals, none of whom were related, regardless of age
and sex. Demographic, clinical, and anatomopathological
data of the CRC patients and controls were obtained from
hospital records.

2.1. Genotyping

Genomic DNA was extracted from peripheral blood
lymphocytes using the salting out method [28]. The ge-
notyping was performed by Polymerase Chain Reaction-
Restriction Fragment Length Polymorphisms (PCR-
RFLPs) using the following primer pairs: for rs3834129
(CASPS):  forward  5’-CTGCATGCCAGGAGCTA-
AGT-3’ and reverse 5’-GCCATAGTAATTCTTGCTCT-
GC-3’ [6], for 156918698 (CTGF): forward 5’-GAGAC-
CAAAGACGCGTGTGA-3’ and reverse 5’-CTCCTAG-
GTGAACCCCCTTT-3’[29]. The PCR amplification of
rs3834129 (CASPS8) and rs6918698 (CTGF) was carried
out with the following reaction mixture: 100 ng of DNA,
1 X PCR buffer (500 mM KCI, 100 mM Tris-HCI, and
0.1% Triton X-100), 2.0 mM MgCl,, 150 uM dNTPs, 1
uM of each primer, 2 U Taq DNA Polymerase, and H,O
to adjust the volume of 10 pL. The primers for rs3834129
(CASPS) were: forward 5’-CTGCATGCCAGGAGCTA-
AGT -3’ and reverse 5’-GCCATAGTAATTCTTGCTCT-
GC-3’ [6]; for 156918698 (CTGF): forward 5’-GAGAC-
CAAAGACGCGTGTGA-3’ and reverse 5’-CTCCTAG-
GTGAACCCCCTTT-3’ [29]. The PCR reaction was per-
formed under the following conditions: initial denaturation
at 95 °C for 5 min, 30 cycles of denaturation at 95 °C for
45 s, annealing at 59 °C (for rs3834129-CASPS8) and 54 °C
(for rs6918698-CTGF) for 45 s, extension at 72 °C for 45
s, and final extension at 72°C for 10 min.

For 1s3834129 (CASPS), the PCR fragment had a
length of 171 bp, and it was verified in polyacrylamide
gels at 6%. The fragment was digested with the restric-
tion enzyme Bfal according to the manufacturer's instruc-
tions and separated on 6% polyacrylamide gels. The Bfal
endonuclease recognizes the C*"TAG restriction site. The
homozygous genotype wild type I/ contains a recognition
site for the enzyme Bfal, so the digestion yields two DNA
fragments of 146 and 31 bp. The homozygous polymor-
phic genotype D/D does not contain a recognition site for
the enzyme Bfal, so the 171 bp amplicon remains unal-
tered after incubation with endonuclease. Lastly, the het-
erozygous genotype I/D produces three DNA fragments of
171, 146, and 31 bp.

The rs6918698 (CTGF) PCR fragment had a length of
244 bp (verified in polyacrylamide gels at 6%), it was di-
gested with the restriction enzyme Mn/l according to the
manufacturer's instructions and was separated on 6% poly-
acrylamide gels.

The Mnll endonuclease recognizes the CCTC(N).*
restriction site. The homozygous polymorphic genotype
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G/G contains a recognition site for the enzyme Mnll, so
the digestion yields two DNA fragments of 120 and 93 bp.
The homozygous genotype wild type C/C does not contain
a recognition site for the enzyme Mnll, so the 244 bp am-
plicon remains unaltered after incubation with endonucle-
ase. Lastly, the heterozygous genotype C/G produces three
DNA fragments of 244, 120, and 93 bp. The quality con-
trol for these assays was evaluated by re-genotyping 10%
of samples, randomly selected by an independent techni-
cian. Concordance between genotyping tests was 100%.

2.2. Statistical Analysis

The genotypic and allelic frequencies were determined
by direct counting. In both variants, the Hardy-Weinberg
equilibrium was calculated with the Chi-square test. Anal-
ysis of the association of demographic, clinical, and anato-
mopathological characteristics with the genotypes was
performed with Odds ratio (OR) analysis with confidence
intervals (CI) of 95% and Yates corrected Chi-square test
in SPSS 25.0 and Epilnfo 7.2.3.1 software packages. The
significance level considered in all analyses was p < 0.05.
A Bonferroni correction test was applied to adjust the P
values (P < 0.025).

3. Results
3.1. Characteristics of the individuals studied
Table 1 shows the demographic, clinical, and anatomo-

pathological data of CRC patients and the control group.
The group of CRC patients included 140 men and 110
females, and the mean age was 58.39 years. The control
group included 120 men and 130 females, with a mean age
of 58.03 years. Non-statistical significance was observed
for sex and age between the groups; however, we found
significant differences in tobacco and alcohol consump-
tion (P = 0.001). In the description of the CRC patients,
69.6% were in clinical stages TNM III and IV; the most
frequent tumor location was the rectum, and the liver was
the most frequent site of metastasis. 43.6% of the patients
had a complete pathological response.

3.2. Genotype frequencies of the CASP8 and CTGF
variants in CRC patients and control individuals

The variants rs3834129 (CASPS) and rs6918698
(CTGF) in the control group were in Hardy-Weinberg
equilibrium (data not shown). For the variant rs3834129
(CASPS), the genotype wild type I/I was found in 22.4%
of the CRC patients, while in the control group it was
found in 28.8% of individuals; the I/D genotype was found
in 40.8% of the CRC patients and 46% of the controls,
and the D/D polymorphic genotype was found in 36.8%
and 25.2% in CRC patients and controls, respectively. In
the association analysis, we observed that patients carry-
ing the D/D genotype have an increased susceptibility to
developing colorectal cancer (OR = 1.87; 95% CI 1.16-

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

CRC Control Pvalue

n=250 (100%) n=250 (100%)
Age mean (£S.D.) 58.39(+12.49) 58.03(+10.84) 0.731
>50 years 187 (74.8%) 200 (80%) 0.199
<50 years 63 (25.2%) 50 (20%)
Sex
Male 140 (56%) 120 (48%) 0.089
Female 110 (44%) 130 (52%)
Tobacco 85 (34%) 34 (13.6%) 0.001
Alcohol 73 (29.2%) 29 (11.6%) 0.001
TNM stage
I 6 (2.4%) -
11 70 (28%) -
111 94 (37.6%) -
v 80 (32%) -

Tumor location
Ascendent colon
Descendent colon

50 (20%)
3 (1.2%)

Sigmoid colon
Rectum
Pathological Response
Complete response
Partial response
Non-response
Metastasis

Liver

Lung

Liver and lung
Peritoneum

Lung and peritoneum
Ovary

Brain

Non-available

62 (24.8%)
135 (54%)

109 (43.6%)
73 (29.2%)
68 (27.2%)

30 (37.5%)

13 (16.2%)
9 (11.3%)
3 (3.7%)

3 (3.7%)

2 (2.5%)
1(1.2%)

19 (23.9%)

P-values were adjusted by the Bonferroni test (0.025); Bold text highlights statistically significant findings.
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3.01; P=10.012). Allele frequencies were also statistically
significant (OR = 1.43; 95% CI 1.11-1.84; P = 0.005)
(Table 2). For the variant rs6918698 (CTGF) the C/C ho-
mozygous genotype was observed in 37.6% of the CRC
patients and 26.8% of the control group; the C/G heterozy-
gous genotype was observed in 46% of the CRC patients
and 49.6% of the control group, and the G/G polymor-
phic genotype was observed in 16.4% of the CRC patients
and 23.6% of the controls. In the association analysis, we
observed that patients carrying the G/G genotype have a
decreased susceptibility to developing CRC (OR = 0.49;
95% CI 0.29-0.82; P=10.009). This decreased susceptibil-
ity was observed under the dominant model of inheritance
C/G+G/G (OR = 0.60; 95% CI 0.41-0.88, P = 0.012). Al-
lele frequencies were also statistically significant (OR =
0.69; 95% CI 0.53-0.89, P = 0.005) (Table 2).

3.3. Association of the genotypes with demographical,
clinical and anatomopathological features

In the analysis by age of diagnosis, for the variant
CASPS 153834129, patients over 50 years old and carrying
the D/D genotype have an increased susceptibility to CRC
(OR = 2.18; 95% CI 1.27-3.73, P = 0.006). We did not
observe an association between the genotypes I/D or D/D
in the CASP8 rs3834129 variant with the characteristics as
sex, tobacco, and alcohol consumption (Table 3). For the
variant CTGF 156918698, the genotype G/G in male pa-
tients was associated with decreased susceptibility to CRC
(OR = 0.36; 95% CI 0.17-0.74, P = 0.008). We did not
find an association of the CTGF 156918698 variant with
the variables age, tobacco, and alcohol consumption (P >
0.05) (Table 3).

In the TNM stage and tumor location analysis for the
CASPS 153834129 variant, we observed that the patients
in TNM stage II and carriers of the D/D genotype showed
an increased susceptibility (OR =2.80; 95% CI 1.28-6.10;
P =0.013); in addition, we observed that the patients with

tumor location in the rectum and carriers of the D/D ge-
notype showed an increased susceptibility (OR = 2.03;
95% CI 1.13-3.62; P = 0.023) (Table 4). For the CTGF
rs6918698 variant, we observed that the patient’s carriers
of C/G and G/G genotypes and with TNM stage I+I1 had
a decreased susceptibility (OR = 0.47; 95% IC 0.26-0.84;
P=10.016) and (OR = 0.40; 95% CI1 0.19-0.75; P = 0.023),
respectively. In addition, we observed that the patient’s
carriers of the G/G genotype and tumor location in the co-
lon showed a decreased susceptibility to developing CRC
(OR =0.38; 95% IC 0.19-0.75; P = 0.007). Interestingly,
we observed that the patient’s carriers of C/G and G/G
genotypes and tumor location in the right colon showed
the same decreased susceptibility (Table 4). Finally, in the
analysis of response to treatment between patients, we do
not observe any statistical significance (Table 5).

4. Discussion

It has been described that familial and hereditary pre-
disposition accounts for ~20% of all colorectal cancers
[30]; likewise, germline mutations in mismatch repair
(MMR) genes, APC, SMAD4, STK1I/LKBI, MUTYH/
MYH, and ALK3 account for 5% of cases [31]. Variation
in genetic risk is probably manifested by combinations of
frequent variants with lower penetrance. Although these
common alleles may confer only minute differences in
CRC risk, some people may be at significant risk through
interaction with other alleles. In this study, we investigated
the potential association of CASPS rs3834129 (-652 6N
I/D) and CTGF 1rs6918698 (-945 C>QG) variants with the
susceptibility to developing colorectal cancer. The results
of this study carried out in the Mexican population show
an evident increase of CRC in people older than 50 years
(74.8%), a finding that has been previously reported when
considering the average age of diagnosis between 50 and
75 years of age [8, 10]. According to international guide-
lines, consumption of tobacco and alcohol are risk factors

Table 2. Genotypes and Allelic Frequencies of the CASPS (rs3834129) and CTGF (rs6918698) variants in the Study

Subjects.
Genotype - 5%?1?)0% ) nzzcs‘:)‘g;‘::%) OR(C.L95%)  Pvalue
CASPS8 rs3834129
1 56(22.4%) 72(28.8%) 1.00 (Reference) -
I/D 102(40.8%) 115(46.0%) 1.14 (0.73-1.76) 0.635
D/D 92(36.8%) 63(25.2%) 1.87 (1.16-3.01) 0.012
I/D+D/D vs. /1 194(77.6%) 178(71.2%) 1.40 (0.93-2.09) 0.124
Allele
I 214(42.8%) 259(51.8%) 1.00 (Reference) -
D 286(57.2%) 241(48.2%) 1.43 (1.11-1.84) 0.005
CTGF rs6918698
C/C 94(37.6%) 67(26.8%) 1.00 (Reference) -
C/G 115(46.0%) 124(49.6%) 0.66 (0.44-0.98) 0.055
G/G 41(16.4%) 59(23.6%) 0.49 (0.29-0.82) 0.009
CG+GG 156(62.4%) 183(73.2%) 0.60 (0.41-0.88) 0.012
Allele
C 303(60.6%) 258(51.6%) 1.00 (Reference) -
G 197(39.4%) 242(48.4%) 0.69 (0.53-0.89) 0.005

P-values were adjusted by the Bonferroni test (0.025); Bold text highlights statistically significant findings.
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that play an important role in colorectal carcinogenesis
[32-35]. This finding was consistent with our results,
showing that 34% of CRC patients consume tobacco and
29.2% consume alcohol (P = 0.001). Regarding the clini-
cal stage, most studies show that due to the lack of early
diagnosis, the majority are diagnosed in stages III and IV.
As shown in this study, with 69.6 percent overall, most are
in stage III with 37.6%, while in stage IV with 32% [35,
36].

The gene CASPS8 encodes the protein Caspase 8, a pro-
tein that participates in the extrinsic pathway of apoptosis.
The rs3834129 is the most investigated promoter, and it is
well documented that this variant abolishes a binding site
for the transcription activator 1 (Sp1), causing a decreased
activity of CASPS due to lower expression of the CASPS
protein in lymphocytes, reducing apoptosis [37]. This type
of variant influences immune status and can modify CRC
susceptibility.

Regarding the CASPS rs3834129 variant, in this study,
the risk of developing CRC was statistically evident in
individuals carrying the D/D genotype. Similar findings
were reported in a previous study performed in patients
with cutaneous melanoma [5] and colorectal cancer [11].
We can observe that a statistically significant risk asso-
ciation was found in this study with the D/D genotype,
as well as in the frequency of the D allele. These results
are similar to those reported by Ying Y et al. (2018) in
the Asian population, where an association with CRC was
found [11]. However, in other populations, controversial
results have been observed; in a Chinese population, this
variant was associated with a decreased susceptibility to
developing colorectal cancer as well as other types of can-
cer such as breast, lung, gastric, esophageal, and cervical
cancers [38]. These controversial results may be due to
variations between the analyzed populations.

Connective tissue growth factor (CTGF) is an impor-
tant signal-regulating molecule that plays an essential
role in the processes of cell adhesion, angiogenesis, pro-
liferation, migration, and tissue repair. CTGF expression
has previously been described to increase the growth of
hepatocellular cancer as well as in the early stages of co-
lon cancer; however, it appears to have a protective effect
against metastasis in the late stages of colon cancer [39].
Normally, the presence of the C allele at position —945 is
paramount to suppressing CTGF transcription via the Sp3
junction. As a result of this suppression, the production of
CTGF would be reduced [40]. Spl frequently participates
as a stronger activator than Sp3, and Sp3 also acts as a
repressor at the CTGF promoter [17]. In vitro studies have
shown that when antagonists block the functional effect
of CTGF, endothelial cell proliferation and migration are
decreased [41].

Regarding the rs6918698 (-945 C>QG) variant, it has
been little studied in cancer, and only one study has been
associated with the risk of developing CRC [17]. In this
study, a decreased risk of developing CRC was statisti-
cally evident in individuals carrying the G/G genotype.
However, in 2015, Ahmad et al. in the Swiss population
found that the G/G genotype is associated with an in-
creased risk of developing colon cancer [17]. The results
shown are contradictory, maybe due to variations between
the analyzed populations. In India, a study analyzed the
expression of CTGF in patients with CRC, demonstrated
that patients in early TNM stage (I/Il) had better survival

and lower probability of recurrence compared to those in
advanced stages (I1I/IV) and that the expression increased
according to the stage [18], also in a CRC meta-analysis,
indicates that high expression of CTGF decreases the risk
of lymph node metastasis and that it has been observed
in patients in early TNM stages [41]. Contrary to this, in
prostate cancer it was observed that a high expression of
CTGF favored cancer cells to progress to advanced stages
and later metastasis to bone [42]. Therefore, the presence
of this variant could be considered as a prognostic factor
regarding the survival of patients with CRC.

Our results show that the presence of at least one poly-
morphic G allele in the genotype of the individuals confers
protection against tumors located in the colon. However,
there are currently no other studies that demonstrate this
association.

5. Conclusion

In conclusion, the results of the present study indicate
that the D/D genotype of rs3834129 (CASPS) and the G/G
of 156918698 (CTGF) are significantly associated with
colorectal carcinogenesis. Functional studies, including
larger sample sizes, should be performed to corroborate
the results of this study.
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