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Characteristics in Colorectal Cancer Patients
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Colorectal cancer is the third cause of cancer and the second leading cause of death worldwide. The
CD44 gene plays a key role in malignant processes, including growth, survival, epithelial to mesenchymal
transition and metastasis. It is also known that some variants as rs187116 (c.67+4883G>A) and rs7116432
(c.2024+779A>G) can modulate the function of the CD44 gene and malignant transformation in several
neoplasms. This study aims to explore, for the first time, the association of the CD44 rs187116 and
rs7116432 variants in patients with colorectal cancer. Genomic DNA from 250 patients and 250 healthy
blood donors were analyzed. The identification of variants was made by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) methodology. Association was calculated by the
odds ratio (OR) test and multivariate analysis. Individuals carrying the G/A and A/A genotypes for the
rs187116 polymorphism showed an increased risk for colorectal cancer (OR = 3.11, 95% CI: 1.87-5.16, P =
0.001 and OR = 3.59, 95% CI: 2.06-6.25, P = 0.001, respectively). After adjusting for age and gender,
these same genotypes and the G/G genotype of the rs7116432 polymorphism were associated with TNM
stage and tumor location in the colon. Moreover, the A-G (rs187116 and rs7116432) haplotype was
associated with increased risk; while, the haplotype G-A (rs187116 and rs7116432) was related with
decreased risk. In conclusion, our results suggest that the here analyzed CD44 variants are involved with
risk, TNM stage and tumor location in colorectal cancer.
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inhabitants (World Health Organization 2018). CRC is a

Introduction complex disease which is caused by environmental factors,

Colorectal cancer (CRC) is the third most frequent genetic and epigenetic alterations in different kinds of genes
cancer in American countries (Bray et al. 2018). In Mexico, (oncogenes, mismatch repair, cell cycle and tumor suppres-
the CRC incidence was 11,484 cases, with a rate of sor genes), which alter signaling pathways that have been

9.6/100,000 inhabitants and a mortality rate of 4.1/100,000 identified as molecular mechanisms underlying to CRC
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development (Fischer et al. 2019). When some of these
genetic alterations and environmental factors accumulate,
they can lead to the onset and progression of CRC through
a multistage tumorigenesis process known as the adenoma-
carcinoma sequence (Fearon and Vogelstein 1990). It is
assumed that the tumorigenesis process is caused by dys-
regulation of crucial signaling pathways in cancer stem
cells (CSCs), altering the balance of several cellular biolog-
ical processes that include growth, proliferation and apop-
tosis (Orian-Rousseau and Schmitt 2015; Skandalis et al.
2019).

CSCs are a group of tumor cells with self-renewal
potential, recognized as responsible for tumor development,
chemoresistance, metastasis and recurrence (Hen and
Barkan 2019; Rossari et al. 2019; Skandalis et al. 2019).
These cells express various specific or non-specific CSCs
markers; some of them have been utilized for cell separa-
tion and characterization (Atashzar et al. 2020). These
markers increase in the advanced stages of many types of
cancer and correlate with clinicopathological parameters,
becoming valuable biomarkers for cancer diagnosis and
prognosis (Atashzar et al. 2020).

Currently, some tumor-initiating cells markers as
CD24, CD26, CD29, CD44; CD133, CD166; Musashi-1,
Leucine-rich repeat-containing G-protein coupled receptor
and the aldehyde dehydrogenase 1 family member Al have
been reported in CRC (Reya et al. 2001; Ricci-Vitiani et al.
2007; Dalerba et al. 2007; Vermeulen et al. 2008; Mueller
et al. 2009; Sanders and Majumdar 2011). Among them,
CD166 (ALCAM) correlates with overall survival, and it is
considered a predictive biomarker for stage II in CRC
patients (Han et al. 2017; Wahab et al. 2017). Likewise, the
CD44 expression correlates 100% in CRC patients, and its
expression is significantly associated with poor prognosis
(Huh et al. 2009; Wahab et al. 2017). CD44 is a cell sur-
face glycoprotein encoded by the CD44 gene and plays a
role in numerous cellular processes as cell-cell interactions,
cell adhesion, migration and regulation of growth and hom-
ing of lymphocytes (Spring et al. 1988; Dalerba et al.
2007).

The effect of CD44 polymorphisms on human cancer
susceptibility, prognosis and recurrence has been assessed
in several human cancers as gastric adenocarcinoma, breast,
hepatocellular, prostate and colorectal cancer (Gerger et al.
2011; Winder et al. 2011; Zhou et al. 2011; Chou et al.
2014; Stremitzer et al. 2015; Stotz et al. 2017; Freedman et
al. 2018; Wan et al. 2019). Among them, the rs187116
(c.67+4883G>A) polymorphism, located in intron 1 of the
CD44 gene, is the most frequently studied (Winder et al.
2011; Suenaga et al. 2015; Sapcharoen et al. 2019) and pro-
posed as genetic marker that predicting the clinical outcome
in cancer patients (Tulsyan et al. 2013; Liu et al. 2015; Lin
et al. 2017; Tongtawee et al. 2017; Bitaraf et al. 2018).
Another polymorphism in the CD44 gene is rs7116432
(c.2024+779A>G) located in non-coding exon 19, which
has been associated only with overall survival and tumor

recurrence in gastric cancer (Bitaraf et al. 2018).
Accurately, in CRC, the CD44 rs187116 and rs7116432
polymorphisms have been analyzed only for prognosis and
disease recurrence (Gerger et al. 2011; Stremitzer et al.
2015; Stotz et al. 2017). Although the biological signifi-
cance of these polymorphisms remains unknown, it is plau-
sible to think that the CD44 polymorphisms may have a
direct impact on the regulation of gene-splicing mechanism,
explaining its participation in numerous tumorigenic pro-
cesses. This study aims to examine for the first time the
distribution of alleles, genotypes and haplotypes of these
two polymorphisms of the CD44 gene (rs187116 G>A and
rs7116432 A>QG), evaluating their possible association with
the development and with clinicopathological characteris-
tics of CRC.

Materials and Methods

Subjects

This study included 250 clinically diagnosed and his-
tologically confirmed patients with sporadic colorectal ade-
nocarcinoma between 2014 and 2018, according to the
Clinical Practice Guidelines in the colon and rectal cancer
and the clinicopathological criteria of the Specialty Hospital
of the West National Medical Center of the Mexican
Institute of Social Security (IMSS) in Guadalajara, Jalisco.
Pathological tumor staging and grading were performed
according to the tumor-node-metastasis (TNM) classifica-
tion. The control group included 250 healthy unrelated
individuals, colonoscopy-negative for malignancy and not
matched by age with the patient group. The exclusion cri-
teria used for the patients and controls were: autoimmune
or inflammatory bowel disease, personal history of cancer,
or familial history of any known hereditary cancer syn-
dromes. The study was approved by the Ethical Committee
1305 (R-2014-1305-8 and R-2018-1305-001) of West
Biomedical Research Center, IMSS, and conducted accord-
ing to national and international ethical standards. All the
participants signed the informed consent for participation in
this study. An epidemiological questionnaire allowed us to
collect personal data, including age, gender, drinking and
smoking status and familial history. Information about the
clinical and pathological features of the patients was
obtained from the hospital records.

Genotyping

Genomic DNA was isolated from peripheral blood
using standard methods (Miller et al. 1988). The polymor-
phisms 15187116 (G>A) and rs7116432 (A>Q) in the CD44
gene were genotyped by polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP) using the
following primer pairs: rs7116432-F: 5’- CAT CGT CTT
CTT GCT GTT AGG A-3” and 7116432-R: 5’-GGT CTT
GGT TCA GGT AGG GAG A-3’ and rs187116-F: 5’-AGG
TGG TTG GAG ATC ACC TG -3’, rs187116-R: 5’-CTT
TCG CAA GAA CCA CTT CC -3’ (Bitaraf et al. 2018).
For the rs7116432 polymorphism, PCR was performed
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Fig. 1. Restriction fragment length analysis on 8% polyacrylamide gels stained with AgNO3.

A. Enzymatic digestion with the Mspl endonuclease to identify the genotypes of the CD44 rs187116 polymorphism.
Lanes 1, 3, 5: Individuals with genotype heterozygous (G/A) showing bands of 153 + 93 + 60 bp. Lanes 4 and 6: Indi-
viduals with genotype homozygous polymorphic (A/A) showing band of 153 bp. Lane 8: Individual with genotype ho-
mozygous wildtype (G/G) showing bands of 93 + 60 bp. Lane 2: without sample.

B. Enzymatic digestion with Nlalll endonuclease to identify the genotypes of the CD44 rs7116432 polymorphism.
Lane 1: Individual with genotype homozygous wildtype (A/A) showing a band of 150 bp. Lanes 2, 3, 5, and 7: Individ-
uals with genotype heterozygous (A/G) showing bands of 150 + 100 + 50 bp. Lane 6: without sample. Lane 8: Individ-
ual with genotype homozygous polymorphic (G/G) showing bands of 100 + 50 bp.

using a 10 uL volume containing, 10X buffer (500 mM
KCl, 100 mM Tris- HCI and 0.1% Triton TMX-100), 2.0
mM MgCl2, 150 uM dNTPs, 1 M of each primer, 2 U Taq
DNA Polymerase and 100 ng DNA. Denaturation was car-
ried out at 95°C for 5 min, annealing at 61°C for 30 sec,
and elongation at 72°C for 30 sec and a final extension for
5 min at 72°C for 35 cycles. The rs187116 polymorphism
was identified under the same PCR conditions except for
the annealing temperature (58°C). Four units of Mspl
enzyme restriction at 37°C overnight (New England
Biolabs, USA) were used to digest 5 4L of the PCR amplifi-
cation product of the rs187116 polymorphism, according to
the manufacturer’s instruction. The digested products were
separated on 8% polyacrylamide gels. The Mspl endonu-
clease recognizes the restriction site CCGG and cuts
between the 2 cytosines. The homozygous wildtype geno-
type G/G contains a recognition site for the enzyme Mspl,
so yields two DNA fragments of 93 and 60 bp in length.
The homozygous polymorphic genotype A/A does not con-
tain a recognition site for the enzyme Mspl, so the 153 bp
amplificon remains unaltered after incubation with Mspl
enzyme. Digestion of the amplificon containing the hetero-
zygous genotype G/A produces three DNA fragments of
153, 93, and 60 bp (Fig. 1A). For the rs7116432 polymor-
phism, five microliters of the PCR product were digested
with 3U of NIalll restriction enzyme at 37°C overnight
(New England Biolabs, USA), according to the manufac-
turer’s instructions, and separated on 8% polyacrylamide
gels. The Nlalll endonuclease recognizes the restriction
site CATG and cuts after the guanine nucleotide. The
homozygous wildtype genotype A/A does not contain a rec-
ognition site for the enzyme Nlalll, so the 150 bp amplifi-
con remains unaltered after incubation with Nlalll. The

homozygous polymorphic genotype G/G contains a recog-
nition site for the enzyme Nlalll, so the digestion yields two
DNA fragments of 100 and 50 bp. Lastly, the heterozygous
genotype A/G produces three DNA fragments 150, 100 and
50 bp (Fig. 1B). The quality control for these assays was
evaluated by re-genotyping 10% of samples, randomly
selected by an independent technician. Concordance
between genotyping tests was 100%.

Statistical analysis

Genotype and allele frequencies were estimated by
direct counting in both groups. The Chi-square test
assessed the Hardy-Weinberg equilibrium (HWE). The chi-
square test also evaluated differences in genotype and allele
distributions with the clinical features of patients and con-
trols. Statistical analysis included odds ratio analysis and
Yates corrected Chi-square test. Association of genotypes
or alleles with CRC and stratified TNM stage were calcu-
lated by odds ratio (OR) and confidence intervals (CI) in an
SPSS v17.0 software package (SPSS Inc., Chicago, IL,
USA). Logistic regression was then used for multivariate
analyses employing SPSS software in order to include
demographic, clinical data, and confounding variables such
as gender and age. Haplotype analysis was performed
using the Haploview 4.2 software. For all statistical analy-
ses, P < 0.05 was considered significant.

Results

Characteristics of the subjects included in the study

The CRC group included 250 patients (145 males and
105 females); meanwhile, the control group included 117
males and 133 females (250 healthy individuals), all of
them efficiently genotyped for the CD44 rs187116 and
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Table 1. Demographic and clinical characteristics of the CRC patients and
control subjects.

Characteristic CRC group Control group P
n =250 (%) n =250 (%) value
Mean Age (years)
Mean 58.6 38.2 0.001
<50 54 (21.6) 202 (80.8)
>50 196 (78.4) 48 (19.2) 0.001
Sex
Female 105 (42) 133 (53.2) 0.151
Male 145 (58) 117 (46.8)
Smoking status
Yes 87 (35) 89 (35.6) 0.851
No 163 (65) 161 (64.4)
Drinking status
Yes 73 (29) 70 (28) 0.766
No 177 (71) 180 (72)
Family History
- Diabetes Mellitus 26 (10) 86 (34)
- Hypertension 18(7.2) 84 (35) 0.078
TNM pathological stage
1 6(2) -
11 70 (28) -
11 94 (38) -
v 80 (32) -
Tumor location
Colon 140 (56) -
Rectum 110 (44) -

P values were calculated by the Chi-square test.

rs7116432 polymorphisms. Table 1 shows a comparative
analysis of demographic and clinical data from CRC
patients and control subjects. Significant differences in age
distribution were detected (P = 0.001). The CRC group
showed an average age of 58.6 years (range 18 to 91); for
the control group, the mean age was 38.2 years (range 29 to
59). There were no significant differences between the two
groups respecting gender, family history and smoking and
drinking consumption.

Genotype frequencies of the CD44 polymorphisms in CRC
patients and control individuals

The comparative analysis of both CD44 variants in
CRC patients and controls showed significant differences
(Table 2). In the control group, the two analyzed SNPs
were observed in Hardy-Weinberg equilibrium (data not
shown). The G/G wildtype genotype of the rs187116 poly-
morphism was found in 10.8% (27/250) of CRC patients
and 28.4% (71/250) of control group individuals. The G/A
genotype was observed in 56.4% (141/250) of CRC patients
and 48% (119/250) of control group, showing that the G/A
genotype is positively associated to CRC (OR = 3.11; 95%
CI=1.87-5.16,P=0.001). The A/A polymorphic genotype

was observed in 32.8% (82/250) of CRC patients and 24%
(60/250) of control individuals, revealing that the A/A gen-
otype was also associated with CRC (OR = 3.59; 95% CI =
2.06-6.25, P = 0.001). Under a dominant pattern of allelic
interaction (G/A+A/A vs. G/Q), the allele A was also corre-
lated to CRC (OR = 3.27; 95% CI = 2.01-5.32, P = 0.001).
Allelic frequencies were also significantly different, demon-
strating that carriers of the A allele have increased the risk
of CRC (OR =1.70; 95% CI =1.32-2.19, P=0.001).
Regarding the polymorphism CD44 rs7116432, the A/
A wildtype genotype was observed in 28% (71/250) of
CRC patients and 40.8% (102/250) of control individuals.
The A/G genotype was observed in 46% (115/250) of CRC
patients and 47% (118/250) of control individuals. The G/
G polymorphic genotype was observed in 26% (64/250) of
CRC patients and 12% (30/250) of control individuals,
exhibiting a significant difference (OR = 3.06; 95% CI =
1.80-5.20, P = 0.001). Under a dominant pattern of allelic
interaction, the risk analysis A/G+G/G vs. A/A showed an
association between the allele G and CRC risk (OR = 1.80;
95% CI = 1.24-2.61, P = 0.002). Likewise, the allele fre-
quencies were different (OR = 1.71; 95% CI = 1.32-2.20, P
=0.001); showing the allele G is associated with CRC.
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Table 2. Distribution of genotypes and allelic frequencies of the CD44 gene polymorphisms and the risk of CRC.

Frequencies
Genotype CRC group Control group OR (95% CI) P value
n =250 (%) n =250 (%)
CD44 (rs187116)
G/G 27(10.8) 71 (28.4) 1.00 (Reference)
G/A 141 (56.4) 119 (48) 3.11 (1.87-5.16) 0.001
A/A 82 (32.8) 60 (24) 3.59 (2.06-6.25) 0.001
G/A+A/A vs. G/IG 223 (89.2) 179 (71.6) 3.27 (2.01-5.32) 0.001
Allele
G 195 (0.39) 261 (0.48) 1.00 (Reference)
A 305 (0.61) 239 (0.52) 1.70 (1.32-2.19) 0.001
CD44 (rs7116432)
A/A 71 (28) 102 (40.8) 1.00 (Reference)
A/G 115 (46) 118 (47) 1.40 (0.94-2.82) 0.118
G/G 64 (26) 30 (12) 3.06 (1.80-5.20) 0.001
A/G+G/G vs. A/A 179 (72) 148 (59.2) 1.80 (1.24-2.61) 0.002
Allele
A 257 (0.51) 322 (0.64) 1.00 (Reference)
G 243 (0.49) 178 (0.35) 1.71 (1.32-2.20) 0.001

P values were calculated by chi-square test.

Table 3. Stratification analysis of the association of CD44 polymorphisms with CRC under genetic models.
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rs187116
Case/Control OR (95% CI); P value
Variable GG GA AA GA vs. GG AA vs. GG GA+AA vs. GG
Sex
Male 13/35 86/56 46/26 4.13 (2.01-8.49); 0.001 4.76 (2.14-10.5); 0.001 4.33 (2.16-8.67); 0.001
Female 14/36 55/63 36/34 2.44 (1.09-4.59); 0.038 2.72 (1.25-5.91); 0.017 2.41 (1.22-4.76); 0.015
Smoking
Yes 4/12 51/57 32/20 2.68 (0.81-8.84); 0.161 4.80 (1.35-16.9); 0.022 3.23 (1.00-10.4); 0.073
No 23/28 90/92 50/41 1.19 (0.63-2.22); 0.695 1.48 (0.74-2.95); 0.341 1.28 (0.70-2.33); 0.510
Alcohol
Yes 5/9 46/41 22/20 2.01 (0.62-6.51); 0.366 1.98 (0.56-6.90); 0.440 2.00 (0.63-6.31); 0.353
No 22/42 95/100 60/38 0.92 (0.48-1.73); 0.930 1.79 (0.88-3.62); 0.144 1.13 (0.61-2.10); 0.801
Age (years)
<50 16/59 27/97 11/46 1.02 (0.51-2.06); 1.000 2.35(0.80-6.83); 0.180 0.88 (0.37-2.08); 0.944
> 50 21/12 104/22 71/14 2.70 (1.16-6.29); 0.034 2.89 (1.16-7.21); 0.036 2.77 (1.25-6.15); 0.018
rs7116432
Case/Control OR (95% CI); P value
Variable AA AG GG AG vs. AA GG vs. AA AGH+GG vs. AA
Sex
Male 35/44 69/63 41/10 1.37(0.78-2.41); 0.327 5.15 (2.26-11.7); 0.001 1.89 (1.11-3.22); 0.025
Female 36/58 46/55 23/20 1.34 (0.76-2.38); 0.379 1.85(0.89-3.84); 0.138 1.48 (0.87-2.51); 0.184
Smoking
Yes 23/20 42/50 22/19 0.73 (0.35-1.51); 0.506 1.00 (0.42-2.37); 1.000 0.80 (0.40-3.76); 0.662
No 48/63 73/71 42/27 1.34 (0.82-2.21); 0.291 2.04 (1.10-3.76); 0.301 1.54 (0.97-2.44); 0.085
Alcohol
Yes 20/19 36/35 17/16 0.97 (0.44-2.13); 1.000 1.00 (0.39-2.55); 1.000 0.98 (0.47-2.06); 1.000
No 51/73 79/81 47/26 1.39 (0.86-2.24); 0.206 2.58 (1.42-4.70); 0.202 1.68 (1.00-2.61); 0.065
Age (years)
<50 12/75 22/107 20/20 1.28 (0.59-2.75); 0.649 6.25 (2.62-14.90); 0.001  1.91 (0.95-3.86); 0.093
> 50 59/17 88/25 49/6 1.01 (0.50-2.04); 1.000 2.35(0.86-6.42); 1.141 1.27 (0.65-2.47); 0.590
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Association of the CD44 genotypes with gender, age, alco-
hol and smoking consumption

The analysis of each SNP by gender, age, consumption
of alcohol and smoking are shown in Table 3. CRC males
shown a significant association with the G/A and A/A geno-
types of the rs187116 polymorphism (OR = 4.13; 95% CI =
2.01-8.49, P=0.001 and OR = 4.76; 95% CI = 2.14-10.57,
P =0.001, respectively). Such an association was also evi-
dent under the dominant model of inheritance G/A+A/A vs.
G/G (OR =4.33; 95% CI = 2.16-8.67, P=0.001). Regard-
ing to age, the CRC patients > 50 years shown an increased
risk in presence of G/A, and A/A genotypes (OR = 2.70;
95% CI = 1.16-6.29, P = 0.034 and OR = 2.89; 95% CI =
1.16-7.21, P = 0.036, respectively). This association was
also observed under the dominant model of inheritance G/
A+A/A vs. G/G (OR = 2.77; 95% CI = 1.25-6.15, P =

R.M. Marquez-Gonzalez et al.

0.018). Regarding the location of the tumor, an association
was found only for tobacco in patients carrying the A/A
genotype (OR =4.80; 95% CI =1.35-16.9, P = 0.022).

For the rs7116432 polymorphism, CRC males were
associated with the G/G genotype (OR = 5.15; 95% CI =
2.26-11.72, P =0.001) and this association was also evident
under the dominant model of inheritance (OR = 1.89; 95%
CI=1.11-3.22, P =0.025). Regarding the age, we observed
an increased risk in patients < 50 years carrying the G/G
genotype (OR = 6.25; 95% CI = 2.62-14.90, P = 0.001).
With respect to the tobacco and alcohol consumption, we
did not observe any significant difference.

Association of CD44 genotypes with TNM stage and tumor
location
Analysis of each SNP by TNM stage and tumor loca-

Table 4. Association between TNM stage and the genotypes distribution for the rs187116 and rs7116432 polymorphisms of the CD44
gene.
SNP I+II stage  III+IV Stage  Control  I+II Stage vs. P I+IT Stage vs. P ITI+1V Stage vs. P III+IV Stage vs. P
rs187116 n =76 (%) n=174 (%) n=250(%) Control value Control value* Control value Control value*
OR (95% CI) OR (95% CI)* OR (95% CI) OR (95% CI)*
Genotype
G/IG 6(7) 21(12) 71 (28)  1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
G/A 46 (61) 95 (55) 119 (48) 4.57 (1.85-11.2)  0.001  4.12 (1.54-11.0)  0.005  2.69 (1.54-4.70)  0.001  2.44(1.26-4.74)  0.008
A/A 24 (32) 58 (33) 60(24) 4.73 (1.81-12-3) 0.001  3.59 (1.25-10.3) 0.017 3.26 (1.78-5.99) 0.001 1.97 (0.90-4.30)  0.088
G/A+A/A 70 (92) 153 (88) 179 (72) 4.62 (1.92-11.1)  0.001  3.94 (1.52-10.1) 0.005 2.88 (1.67-4.92) 0.001 2.31 (1.21-4.40) 0.010
SNP I+II stage  III+IV Stage  Control  I+II Stage vs. P I+II Stage vs. P ITI+IV Stage vs. P III+IV Stage vs. P
rs7116432 n =76 (%) n=174 (%) n=250 (%) Control value Control value* Control value Control value*
OR (95% CI) OR (95% CI)* OR (95% CI) OR (95% CI)*
Genotype
A/A 21(28) 50 (29) 102 (41)  1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
AIG 36 (47) 79 (45) 118 (47) 1.48(0.81-2.69) 0.254  1.27(0.64-2.54) 0.487 1.36(0.87-2.12) 0.203  1.50(0.86-2.62)  0.145
G/G 19 (25) 45 (26) 30(12)  3.07 (1.46-6.46) 0.004 291 (1.22-6.92) 0.015 3.06 (1.72-5.42) 0.001 3.36 (1.51-7.49) 0.003
AG/+G/G 55(72) 124 (71) 148 (59) 1.80(1.02-3.16) 0.000 1.56(0.82-2.97) 0.169 1.70 (1.12-2.58) 0.014 1.82 (1.08-3.05) 0.024

Bold values are statistically significant (P < 0.05).
*Adjust for age and sex.

Table 5. Association between tumor location and the genotypes distribution for the rs187116 and rs7116432 polymorphisms of the

CD44 gene.
SNP Colon Rectum Control Colon vs. P Colon vs P Rectum vs. P Rectum vs P
rs187116 n=140(%) n=110 (%) n =250 (%) Control value Control value* Control value Control value*
OR (95% CI) OR (95% CI)* OR (95% CI) OR (95% CI)*
Genotype
G/IG 11 (8) 16 (14) 71 (28) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
G/A 77 (55) 64 (58) 119 (48) 4.17 (2.08-8.38)  0.001  3.63 (1.55-8.49) 0.003 2.38 (1.28-4-44) 0.006 2.76 (1.38-5.52) 0.004
A/A 52.(37) 30 (28) 60 (24) 5.59 (2.68-11.67) 0.001 4.16 (1.60-10.8) 0.003  2.21 (1.10-4.45) 0.036 1.72(0.76-3.87) 0.190
G/A+A/A 129 (92) 94 (85) 179 (72) 4.65(2.37-9.12)  0.001 3.83 (1.66-8.80) 0.002 2.33 (1.28-4.23) 0.004 2.18 (1.12-4.26) 0.022
SNP Colon Rectum Control Colon vs. P Colon vs. P Rectum vs. P Rectum vs P
rs7116432 n=140 (%) n=110 (%) n =250 (%) Control value Control value* Control value Control value*
OR (95% CI) OR (95% CI)* OR (95% CI) OR (95% CI)*
Genotype
A/A 39 (28) 32 (29) 102 (41) 1.00 (Reference) 1.00 (Reference)
A/G 60 (43) 55(50) 118 (47) 1.32(0.82-2.15)  0.299 1.84 (0.96-3.50) 0.062 1.48(0.89-2.47) 0.162 1.12(0.63-1.99) 0.680
G/G 41 (29) 23 (21) 30(12) 3.57 (1.96-6.50)  0.001 5.94 (2.40-14.7) 0.001 2.22(1.24-4.78) 0.013 1.89(0.86-4.16) 0.110
A/G+G/G 107 (72) 78 (71) 179 (72) 1.78 (1.14-2.79)  0.014 2.46 (1.35-4.51) 0.003 2.17 (1.35-3.48) 0.001 1.27(0.74-2.16) 0.382

Bold values are statistically significant (P < 0.05).
*Adjust for age and sex
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Table 6. Logistic regression analysis for the rs187116 and rs7116432 polymorphisms in the CD44

gene.
Independent Variable B! s.e’ Wald? d.f? P value OR (95% IC)

Colon vs. Rectum 0.543 0.263 4.270 1 0.039 1.72 (1.02-2.88)
Stage ITI+IV vs. I+ -0.249 0.286 0.753 1 0.385 0.78 (0.44-1.36)
Age 0.315 0.333 0.898 1 0.343 1.37(0.71-2.63)
> 50 vs. <50

rs187116

GA+AA 0.357 0.414 0.741 1 0.390 1.42 (0.63-3.21)
Constant -1.613 0.809 3.974 1 0.046

Model X?=6.95 df=4 P=0.138

Colon vs. Rectum 0.517 0.264 3.829 1 0.050 1.67(1.00-2.81)
Stage II+IV vs. I[+11 -0.266 0.288 0.855 1 0.355 0.76 (0.43-1.34)
Age 0.370 0.336 1.214 1 0.271 1.44 (0.74-2.80)
> 50 vs. <50

rs7116432

AG+GG 0.466 0.289 2.603 1 0.107 1.59 (0.90-2.80)
Constant -1.821 0.771 5.58 1 0.018

Model X?>=8.819 d.f=4 P=0.066

'regression coefficient.
*standard error.

*Wald Test.

*degrees of freedom.

tion is showed in Tables 4 and 5. In table 4, results adjust-
ment by age and sex shown that patients in TNM I + II
stages are associated with the G/A and A/A genotypes of
the rs187116 polymorphism (OR = 4.12; 95% CI = 1.54-
11.0, P = 0.005 and OR = 3.59; 95% CI = 1.25-10.3, P =
0.017, respectively); meanwhile, carriers of G/G genotype
and under a dominant model of inheritance (A/G+G/G) of
1s7116432 polymorphism were associated with advanced
TNM stages (IIT + IV) (OR => 3). Analysis adjustment by
age and sex for tumor location showed that patients with
colon localization of the tumor are associated with the G/A,
and A/A genotypes for the rs187116 polymorphism (OR =
3.63; 95% CI = 1.55-8.49, P = 0.003 and OR = 4.16; 95%
CI = 1.60-10.8, P = 0.003, respectively). These same
results were observed for the patients with colon localiza-
tion of the tumor and carrying the G/G genotype of the
rs7116432 polymorphism (OR = 5.94; 95% CI = 2.40-14.7,
P=0.001).

Multivariate analysis of CD44 polymorphisms with clinico-
pathological characteristics in CRC patients

Table 6 shows the results of the multivariate analysis.
Males patients with advanced TNM stages (III-IV) and
older than 50 years that carry the G/A and A/A genotypes
for the rs187116 polymorphism have a significantly
increased risk (OR = 1.72; 95% CI = 1.02-2.88, P = 0.039).

While, male patients carrying the genotypes A/G and G/G
of the rs7116432 polymorphism are only marginally associ-
ated with advanced TNM stages in CRC (OR = 1.67; 95%
CI=1.00-2.81, P=0.050).

CD44 haplotypes

Four different haplotypes in the CD44 gene were
observed (Table 7). Our results indicate that both loci
rs187116 and rs7116432 are in linkage disequilibrium. The
frequencies of the haplotypes were as follows A-A (CRC:
31.3%; controls: 31%), A-G (CRC: 29.7%; controls:
16.8%), G-A (CRC: 20.1%; controls: 33.4%), and G-G
(CRC: 18.9%; controls: 18.8%). We observed that the com-
bination of the A allele in rs187116 and the G allele in
rs7116432 might be a risk factor for CRC susceptibility
(OR =2.08; 95% CI = 1.35-3.19, P = 0.000). However, the
combination of the G allele in rs187116 and the A allele in
rs7116432 have a protective effect against colorectal cancer
(OR =0.49; 95% CI = 0.32-0.74, P = 0.000).

Discussion

Currently, CSCs have been involved in the develop-
ment, migration, invasion, resistance, aggressiveness and
pluripotency of the malignant cells. CD44 is a CSC gene
with 50 kb long and 20 exons, located on the chromosome
11p13 (Basakran 2015); the CD44 protein in conjunction
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Table 7. Association of the CD44 gene haplotypes with colorectal cancer.

Haplotypes of the Frequencies X? OR (95% CI) P value
CD44 gene
CRC Group Control Group
n =250 (%) n =250 (%)
rs187116- rs7116432
A A 78(31.3) 76 (31) 0.008  1.038 (0.71-1.51) 0.846
G A 50(20.1) 84 (33.4) 22.44  0.494 (0.32-0.74) 0.001
A G 74 (29.7) 42 (16.8) 23.45  2.08 (1.35-3.19) 0.001
G G 47 (18.9) 47 (18.8) 0.001  1.11 (0.70-1.77) 0.631

with their ligands (osteopontin and hyaluronan), interact
with each other in a signaling network to trigger various
tumorigenic processes as growth, differentiation, motility,
survival, epithelial to mesenchymal transition (EMT) and
metastasis (Zoller 2011; Zeilstra et al. 2013). In the intesti-
nal mucosa, the CD44 protein is prominently expressed in
stem cells and is a primary direct target of the Wnt signal-
ing pathway (Wielenga et al. 1999; Zeilstra et al. 2008,
2013; van der Flier et al. 2009). Currently, there is accumu-
lated evidence showing that CD44 is involved in the onset,
progression and metastasis of intestinal tumors (Kim et al.
1994; Harada et al. 2001; Zeilstra et al. 2008, 2013; Todaro
etal. 2010; Zoller 2011).

Several studies have demonstrated that CD44 poly-
morphisms are significantly associated with susceptibility,
prognosis and disease recurrence in different types of can-
cer. In CRC, the CD44 rs187116 and rs7116432 polymor-
phisms have been analyzed only for prognosis and disease
recurrence (Gerger et al. 2011; Stremitzer et al. 2015; Stotz
et al. 2017), so that until our knowledge, the present study
assesses, for the first time, the potential association of the
CD44 rs187116 and rs7116432 polymorphisms with sus-
ceptibility and clinicopathological parameters in Mexican
patients with CRC.

From the 250 CRC patients here analyzed, 78.4% were
> 50 years old (average 58.6 years). Several studies have
observed a high incidence of CRC in patients who were
around 50 years old (Pourhoseingholi 2014; Siegel et al.
2014; Ferlay et al. 2015; Cancer Network Home of the
Journal Oncology 2016; Gutierrez-Hurtado et al. 2016).
The American Society of Clinical Oncology 2019 has stated
that the average age at the time of diagnosis of colon cancer
is 70 years, while, for rectal cancer, the average age is 63
years. As expected, the risk of colorectal cancer increases
as people get to be older, although it can occur even in teen-
agers and young adults. In this study, a significant risk of
cancer was observed in individuals over 50 years of age
carrying the G/A and A/A genotypes of the rs187116 poly-
morphism; meanwhile, the patients carrying the G/G geno-
type in the rs7116432 polymorphism showed a significant
CRC risk but in patients under 50. The increased suscepti-
bility to cancer associated with patients younger than 50
years carrying the G/G genotype of the rs7116432 polymor-
phism could be related to a worse prognosis in these

patients. It is possible to assume that the presence of this
genotype would allow an earlier onset and a faster progres-
sion of the tumor, which would explain its more significant
presence in patients younger than 50 years. On the other
hand, the G/A, and A/A genotypes of the rs187116 poly-
morphism could induce a later and probably slower onset of
CRC, thus explaining their preponderant presence in
patients older than 50 years.

Regard gender, we found a slightly increased risk to
develop CRC in males; this statistically significant risk
regarding the control group was associated with the two
polymorphisms analyzed in the CD44 gene (rs187116 and
rs7116432). These findings agree with the results reported
by the American Society of Clinical Oncology (2019),
accepting a marginally augmented risk of CRC in males.
According to ESMO Clinical Practice Guidelines
(Diagnosis, Treatment, and Follow-up), the estimated inci-
dence of CRC is quite higher in males (ratio 4:1); further-
more, a 10-fold difference in incidence has been described
for some regions (Labianca et al. 2013).

Our results shown that CRC patients in early TNM
stages (I + II) more frequently carry the G/A and A/A geno-
types of rs187116 polymorphism (OR = 4.12; 95% CI =
1.54-11.0, P = 0.001 and OR = 4.73; 95% CI=1.81-12.3, P
= 0.001 respectively); meanwhile, CRC patients in
advanced TNM stages (III + IV), recurrently shown the G/
G genotype of rs7116432 polymorphism (OR = 3.36; 95%
CI = 1.51-7.49, P = 0.003). It is well known and accepted
that CRC is a continuous multistep process that requires
additional mutational changes and environmental factors
that occur together over some time; therefore, it is not clear
why, in the group of patients here studied, the early and
advanced TNM stages exhibit different genotypes.
Although we do not know when each patient included in
this study began their malignant process, or how rapidly it
evolved, it is possible to suppose that patients with CRC
carrying the G/A and A/A genotypes of the rs187116 poly-
morphism could progress more slowly to through the first
stages | and II before evolve on to advanced stages III or
IV. Such a hypothesis could explain why the G/A, and A/A
genotypes of rs187116 polymorphism are preponderantly
observed in the early TNM stages. Although it is evident
that the G/A and A/A genotypes of the rs187116 polymor-
phism represent a risk factor in developing CRC, the pres-
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ence of these variants seems to provide some protection to
the tumor cells, making them move more slowly from the
early to the advanced stages. Conversely, CRC patients
carrying the G/G genotype of the rs7116432 polymorphism
could trigger biologic processes and induce mayor progress
to reach stages III and IV in less time.

Interestingly, this situation coincides entirely with the
results observed when comparing these genotypes with the
age of patients with CRC. Thus: individuals who carry the
G/A and A/A genotypes of rs187116 are over 50 years old
with early TNM stages (I + II) (a less aggressive pheno-
type); meanwhile, individuals carrying the G/G genotype of
the rs7116432 polymorphism are less than 50 years old and
exhibit advanced TNM stage (III + IV) (a more aggressive
phenotype).

For the first time, our results show that tobacco con-
sumption is a risk factor for CRC in carriers of the A/A
genotype of rs187116 polymorphism (OR = 4.80; 95% CI =
1.35-16.9, P = 0.022). Cigarette and alcohol consumption
are potentially modifiable lifestyle factors that have been
linked to colorectal cancer risk in multiple studies in
Western populations (Tsong et al. 2007; Johnson et al.
2013; Cho et al. 2015). Moreover, Liang P. et al., in an
extensive meta-analysis, found strong evidence that smok-
ing is associated with an increased risk to CRC; however,
no information demonstrates an association with the poly-
morphism rs187116 (Liang et al. 2009).

Regarding the location of the tumor, the presence of
G/A and A/A genotypes for the rs187116 polymorphism
(OR = 3.63; 95% CI = 1.55-8.49, P = 0.003, OR = 4.16;
95% CI = 1.60-10.8, P = 0.003) respectively and the pres-
ence of G/G genotype for rs7116432 polymorphism (OR =
5.94; 95% CI = 2.40-14.7, P = 0.001) were associated with
an increased risk for tumor development in the colon. In
support of these results, studies achieved in Western coun-
tries found that two-thirds of CRC is in the colon, and only
one third in the rectum (Paschke et al. 2018). Such a differ-
ence could be explained with the considerable length of the
colon and consequently, a more extensive mucosa where a
tumor could eventually start. It is also clear that, from a
biological and histopathological point of view, the colon
and rectum are distinct entities (Slattery et al. 2011). In
previous studies realized in the Mexican population, we
have observed that patients with CRC also showed a greater
susceptibility to develop tumors in the colon. (Rosales-
Reynoso et al. 2019 a, b).

The multivariate analysis performed in our study
showed that male patients carrying risk genotypes for the
rs187116 and rs7116432 polymorphisms have a significant
risk of developing colon cancer specifically (OR = 1.72;
95% CI =1.02-2.88, P =0.039; OR = 1.67; 95% CI = 0.99-
2.81, P=0.050) respectively.

The haplotype analysis showed that the combination
of risk alleles (haplotype A-G) of the rs187116 and
rs7116432 polymorphisms is associated with an increased
risk to CRC (OR = 2.08; 95% CI = 1.35-3.19, P = 0.000);

while the combination of wild-type alleles (G-A haplotype)
is associated with protection.

For the first time, an association of the CD44 rs187116
and rs7116432 polymorphisms with CRC risk and with
some clinic-pathological features of CRC is demonstrated
in this study. These same polymorphisms have also been
associated with an increased risk of breast and gastric can-
cer, as reported by several studies in different populations
(Winder et al. 2011; Suenaga et al. 2015; Tongtawee et al.
2017; Sapcharoen et al. 2019).

In conclusion, the analysis of results in this study
reveals that the CD44 rs187116 and rs7116432 polymor-
phisms mean genetic risk factors for CRC. Some of these
genotypes are also associated with the tumor location and
with the TNM stage in these patients. Although additional
studies including larger samples and functional analysis of
the polymorphisms are necessary to confirm and extend our
findings, it is reasonable to propose that the CD44 rs187116
and rs7116432 SNPs could be considered useful biomarkers
of prognosis and tumor location in CRC. A limitation of
this study was the absence of follow-up data and treatment
response outcomes in these patients.
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