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Abstract

Background: Matrix metalloproteinases (MMPs) are involved in tumor invasion and progression in colorectal cancer (CRC). 
Variants rs11568818, rs11225395, rs2276109 and rs2252070 have been associated with this neoplasm. Objective: To eval-
uate MMPs 7, 8, 12, and 13 haplotypes and their association with CRC. Material and methods: One-hundred and four patients 
and 112 healthy individuals were genotyped by polymerase chain reaction-restriction fragment length polymorphism analysis 
(PCR-RFLP). For the association analysis, odds ratio and confidence interval values ​​were calculated. Haplotype and linkage 
disequilibrium (LD) analysis was performed with Arlequin software, v3.5. Results: LD was present between rs2276109 and 
rs2252070. Haplotypes rs11568818(A)-rs11225395(T)-rs2276109(A)-rs2252070(A) and rs11568818(A)-rs11225395(C)-
rs2276109(A)-rs2252070(G) were associated with CRC risk, and haplotypes rs11568818(G)-rs11225395(C)-rs2276109(A)-
rs2252070(A) and rs11568818(A)-rs11225395(T)-rs2276109(A)-rs2252070(G), with protection. Conclusion: Variants rs2276109 
and rs2252070 showed genetic linkage. Two haplotypes were associated with the development of CRC (ATAA and ACAG) 
and two were associated with protection (GCAA and ATAG). This study represents the first report on variants rs11225395 and 
rs2276109 frequency in a Mexican population.
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Haplotipos en los genes de las metaloproteinasas 7, 8, 12 y 13 asociados con cáncer 
colorrectal en población mexicana

Resumen

Antecedentes: Las metaloproteinasas (MMP) se involucran en invasión y progresión tumoral en cáncer colorrectal (CCR). 
Las variantes rs11568818, rs11225395, rs2276109 y rs2252070 se han asociado con esta neoplasia. Objetivo: Evaluar ha-
plotipos de las MMP 7, 8, 12, y 13 y su asociación con CCR. Material y métodos: Se genotipificaron 104 pacientes y 112 
individuos sanos mediante reacción en cadena de la polimerasa con análisis del polimorfismo de los fragmentos de restricción 
(PCR-RFLP). Para el análisis de asociación fueron calculados valores de odds ratio e intervalo de confianza. El análisis de 
haplotipos y desequilibrio de ligamiento (LD) se realizó con el software Arlequin v3.5. Resultados: Se presentó LD entre 
rs2276109 y rs2252070. Los haplotipos rs11568818(A)-rs11225395(T)-rs2276109(A)-rs2252070(A) y 
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Introduction

Colorectal cancer (CRC) is one of the most preva-
lent cancers in the world. Its incidence and mortality 
markedly vary between countries.1 In the Mexican 
population, CRC is the third most common cause of 
mortality.2 Carcinogenesis in CRC is a complex pro-
cess where normal cells undergo different genetic and 
epigenetic alterations, which turn them into malignant 
cells.3 In this process, matrix metalloproteinases 
(MMPs) participate in extracellular matrix proteins 
(ECM) remodeling and degradation, and are therefore 
involved in tumor progression and invasion by cata-
lyzing cell proliferation, migration and differentiation.4,5 
Metalloprotease genes are located very close, be-
tween chr11:102530930  -102955810 (GRCh38.p13). 
Variants in MMP genes promoter have been associ-
ated with CRC.6-8 MMP7 rs11568818 (-181A>G), MMP8 
rs11225395 (-799C>T), MMP12 rs2276109 (-82A>G) 
and MMP13 rs2252070 (-77A>G) have been implicat-
ed in several types of cancer. Therefore, the purpose 
of the present study was to infer haplotypes between 
these variants and their possible association with 
CRC in Mexican patients.

Material and Methods

Subjects

This study included 104 patients with colorectal ad-
enocarcinoma histopathological diagnosis who had 
not received treatment with radiotherapy or chemo-
therapy. The reference group consisted of 112 healthy 
peripheral blood donors. All samples were collected 
between December 2008 and December 2013, and 
informed consent from participants was obtained as 
well at Hospital Civil de Guadalajara “Dr. Juan I. Men-
chaca”. Questionnaires were applied to assess patient 
lifestyle; in addition, medical records were reviewed 
to obtain clinical-pathological characteristics. The 
study meets the criteria of the Declaration of Helsinki, 

and the ethics and research committees of the Uni-
versity Center of Health Sciences of the University of 
Guadalajara and Hospital Civil “Dr. Juan I. Menchaca” 
of Guadalajara, Jalisco, Mexico, approved the study 
(registration numbers: CI-14409 and 935/09, 
respectively).

Genotyping

DNA was extracted using peripheral blood samples 
from both patients and individuals from the general 
population group, using a modification of the CTAB-
DTAB method.9 Variants were genotyped by poly-
merase chain reaction-restriction fragment length 
polymorphism analysis (PCR-RFLP). Genotyping and 
digestion conditions for rs11568818 (MMP7) and 
rs2252070 (MMP13) have been described by our 
working group.10 The following primers were designed 
to identify the rs11225395 (MMP8) variant: 5’-AGCT-
GCTGCTCCACTATG-3’ and 5’-TCTGGAGGATGTG-
GTTTG-3’. Previously reported primers11 were used to 
identify rs2276109 (MMP12). PCR reactions were per-
formed in a 25 µL volume containing 100 ng of DNA. 
The PCR for rs11225395 (MMP8) consisted of 26 cy-
cles and denaturation was performed at a temperature 
of 94 °C, alignment at 63.1 °C and elongation at 72 °C 
for 30 s. Similar PCR conditions were used for the 
rs2276109 (MMP12) variant, with the exception that 
alignment was carried out at 55 °C for 40 cycles. The 
PCR products were subjected to digestion with the 
SfcI and HpyCH4II enzymes for rs11225395 (MMP8) 
and rs2276109 (MMP12), respectively. Four units of 
the enzyme and 10 µL of the PCR product were used. 
The fragments observed for rs11225395 (MMP8) cor-
responded to 399 bp for the wild allele (C) and 336 bp 
and 62  bp for polymorphic allele T. For rs2276109 
(MMP12), the observed fragments were 163  bp and 
22  bp for the wild allele (A) and 101  bp, 62  bp, and 
22  bp for the polymorphic allele (G). As genotyping 
quality control, this procedure was randomly repeated 
in 20% of the samples. For digestion positive control, 
restriction enzymes were used with bacteriophage 

rs11568818(A)-rs11225395(C)-rs2276109(A)-rs2252070(G) se asociaron con riesgo de CCR y los haplotipos rs11568818(G)-
rs11225395(C)-rs2276109(A)-rs2252070(A) y rs11568818(A)-rs11225395(T)-rs2276109(A)-rs2252070(G) con protección. Con-
clusión: Las variantes rs2276109 y rs2252070 mostraron ligamiento génico. Dos haplotipos fueron asociados con el desarro-
llo de CCR (ATAA y ACAG) y dos fueron asociados con protección (GCAA y ATAG). Este estudio representa el primer 
reporte de frecuencias de las variantes rs11225395 y rs2276109 en población mexicana.

PALABRAS CLAVE: Cáncer colorrectal. Haplotipos. Metaloproteinasas. Población mexicana.
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vector Lambda. The fragments were visualized on 
6 % polyacrylamide gels stained with silver nitrate.

Statistical analysis

Allelic and genotypic frequencies were estimated by 
direct count. Hardy-Weinberg equilibrium (HWE) was 
determined using the chi-square test. To measure the 
association between the variants and CRC, odds ra-
tios (OR) and a 95 % confidence interval (CI) were 
calculated. Arlequin v3.512 software was used to per-
form the haplotype analysis, and linkage disequilibri-
um (LD) was measured using the r2 and D’ coefficients. 
r2 values > 0.33 indicated a strong LD, and D’ = 1 
indicated complete LD.13,14 For all statistical analyses, 
a p-value < 0.05 was regarded as significant.

Results

The characteristics of the 104 patients with CRC are 
shown in table 1. In these patients, tumor location was 
mainly in the colon (55%). The reference group was 
characterized by individuals older than 18 years, out 
of whom 58% were males. The distribution of alleles 
and genotypes for variants rs11225395 (MMP8) and 
rs2276109 (MMP12) was in HWE (p > 0.05), and no 
significant association was found. Single nucleotide 
variant (SNV) analysis, including the genetic models, 
is shown in table  2. The frequencies for rs11568818 
(MMP7) and rs2252070 (MMP13) were described in 
previous works.10

LD analysis was carried out considering the geno-
type frequency results reported by Moreno-Ortiz et al. 
(2014) for rs11568818 (MMP7) and rs2252070 (MMP13). 
Genotype frequencies of rs11225395 (MMP8) and 
rs2276109 (MMP12) variants showed imbalance for 
rs2276109 (MMP12) and rs2252070 (MMP13), 
with D’ = 1 for the reference group and D’ = 0.74 for 
the patients, and are reported in table 3.

Haplotype inference for all SNVs led to the identifi-
cation of 11 haplotypes for the reference group and 12 
for the group of patients with CRC. However, only those 
with a frequency higher than 10% at each one of the 
groups are presented in table 4. Haplotypes rs11568818 
(A)-rs11225395(T)-rs2276109(A)-rs2252070(A) and 
r s11568818(A) - r s11225395(C) - r s2276109(A) -
rs2252070 (G) showed an increase in the risk for CRC, 
and haplotypes rs11568818(G)-rs11225395(C)-
rs2276109(A)-rs2252070(A) and rs11568818(A)-
rs11225395(T)-rs2276109(A)-rs2252070(G) were 
associated with protection against CRC.

Discussion

In different types of cancer, MMP expression and 
activation are an important mark in tumor progression, 
including angiogenesis, invasion and metastasis. 
MMP elevated levels are also related to survival.5 
Specific variants in MMP genes and their haplotypes 
could have an impact on their protein. In the present 
study, variants rs2276109 (MMP12) and rs2252070 
(MMP13) showed imbalance, with this being mainly 
due to the distance between them because of their 
position in the chromosome. While variant rs2276109 
(MMP12) is located at chr11:102875061, variant 
rs2252070 (MMP13) is located at chr11:102955810; 
i.e., there is a distance of 80,749  bp between them. 
In the chromosome, these are the genes that are 
closest to each other in comparison with the other 
analyzed MMPs. LD analysis was independently car-
ried out for controls and CRC patients in order to 

Table  1. Characteristics of the patients with colorectal cancer 
(CRC)

Characteristics Patients with CRC (n  =  104)

Age (years) 59 ± 14

Weight (kg) 68 ± 15

Height (m) 1.7 ± 10

Gender
Males
Females

53%
47%

Presence of DM2 
Yes
No
NA

80%
16%
4%

Overweight and/or obesity
Yes
No
NA

24%
52%
24%

Alcohol consumption
Yes
No
NA

58%
34%
8%

Tobacco consumption 
Yes
No
NA 

57%
39%
4% 

Physical activity
Yes 
No
NA

54%
34%
12%

DM2: type 2 diabetes mellitus; NA: data not available.
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determine the risk conferred by these genetic mark-
ers. The combination of these SNVs were in perfect 
LD (D’ = 1), demonstrating their strong association.

There have been no studies that have analyzed 
haplotypes with the variants presented in this study. 
The main haplotypes identified as a risk factor for 
CRC were MMP7 rs11568818(A)-MMP8 rs11225395(T)-
MMP12 rs2276109(A)-MMP13 rs2252070(A) (OR: 5.6; 
95 % CI: 2.4-12.8; p = 0.001) and MMP7 rs11568818(A)-
MMP8 rs11225395(C)-MMP12 rs2276109(A)-MMP13 
rs2252070(G) (OR: 3.1; 95% CI: 1.2-7.9; p = 0.001). In 
these haplotypes, the alleles that make them up have 
been associated with increased or decreased risk and 
even protection against different types of cancer such 
as CRC,10,15 liver cancer,15,16 breast cancer, lung can-
cer, hepatocellular carcinoma, esophageal adenocar-
cinoma and gastric cancer.15 Specifically, genotypes 
AA and AG, which are homozygous and heterozygous 
for MMP7 (rs11568818), respectively, were associated 
with risk for CRC. Conversely, individuals with MMP13 
(rs2252070) AA genotypes had three times higher risk 
for developing CRC.10 For the variant located in 

MMP13, it is found in a consensus sequence for tran-
scription factor PEA3, where the presence of allele A 
doubly increases the promoter activity.17 This variant 
is associated with a highly aggressive risk of oral can-
cer, and allele A appears to be a prognostic factor for 
tumor progression.18 Regarding MMP12 (rs2276109), 

Table 2. Comparison of variants rs11225395 and rs2276109 genotypical frequencies between colorectal cancer (CRC) patients and the 
reference group (healthy)

Gene/variant Genotype/allele Reference group (healthy)
n (%)

Patients with CRC
n (%)

p* OR

n  =  112 n  =  102

MMP8/rs11225395 CC 40 (36) 32 (31) 1.0 (reference)

CT 53 (47) 53 (52) 0.46 1.25 (0.68‑2.27)

TT 19 (17) 17 (17) 0.78 1.11 (0.50‑2‑49)

C 133 (59) 117 (57)  1.0 (reference)

T 91 (41) 87 (43) 0.67 1.08 (0.73‑1.59)

CT + TT 93 (83) 85 (83) 1 (reference)

CC 19 (17) 17 (17) 0.95 0.97 (0.47‑2.00)

n  =  102 n  =  104

MMP12/rs2276109 AA 89 (87) 89 (86) 1.0 (reference)

AG 11 (11) 14 (13) 0.57 1.27 (0.54‑2.95)

GG 2 (2) 1 (1) 0.57 0.50 (0.04‑5.61)

A 189 (93) 192 (92) 1.0 (reference)

G 15 (7) 16 (8) 0.89 1.05 (0.50‑2.18)

AG + GG 100 (98) 103 (99) 1 (reference)

AA 2 (2) 1 (1) 0.55 0.48 (0.04‑5.43)

*χ2 or Fisher.
OR: odds ratio.

Table 3. Linkage disequilibrium between analyzed variables

Gene/variant Reference group 
(healthy)

Patients with 
CRC

D’ r2 D’ r2

MMP7/rs11568818
MMP8/rs11225395
MMP12/rs2276109
MMP13/rs2252070

0.21
0.82
0.35

0.01
0.07
0.07

0.29
0.32
0.59

0.05
0.02
0.23

MMP8/rs11225395
MMP12/rs2276109
MMP13/rs2252070

0.74
0.51

0.02
0.10

0.84
0.27

0.34
0.03

MMP12/rs2276109
MMP13/rs2252070 1.00 0.20 0.74 0.15

CRC: colorectal cancer.
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allele A has been found to be associated with high 
promoter activity,8,15 given that this variant is located 
at the binding site for transcription factor AP1, with 
higher affinity being demonstrated.8,19 For the MMP8 
variant (rs11225395), allele T was associated with an 
increased risk of liver cancer in an American 
population.16

Haplotypes MMP7 rs11568818(G)–MMP8 
rs11225395(C)–MMP12 rs2276109(A)–MMP13 
rs2252070(A) (OR: 0.2; 95 % CI: 0.1-0.4; p = 0.01) and 
MMP7 rs11568818(A)–MMP8 rs11225395(T)–MMP12 
rs2276109(A)–MMP13 rs2252070(G) (OR: 0.3; 95 % 
CI: 0.1-0.8; p = 0.01) appear to be protective factors 
against CRC. Some of the alleles that make up these 
haplotypes, in addition to being associated with risk, 
have also been identified for having protective effects 
against CRC. Variant rs11225395 (MMP8) allele T has 
been associated with low susceptibility for developing 
metastasis and also has indicated a better survival 
prognosis in patients with breast cancer. Similarly, in 
oral cancer, several reports have shown a low suscep-
tibility to oral cancer.20 In addition, no significant rela-
tionships have been identified in children with leukemia 
in the Taiwanese population.21

In this sense, there has been no predominance of 
any specific allele. However, it should be noted that, 
in the rs11225395 (MMP8) variant, allele T has been 
associated with protection in different types of can-
cer.20,21 In this study, the comparison of rs11225395 
(MMP8) between the reference group and the group 
of patients with CRC did not show significant differ-
ences (p > 0.05). However, this report represents the 
first study on the association of the rs11225395 variant 
with CRC in a Mexican population. Regarding 
rs2276109 (MMP12), it is important to mention that 

allele G has the lowest frequencies in comparison with 
the other analyzed variants (MAF = 0.05  1000 Ge-
nome Project), and that the absence of allele G could 
possibly play a role in the reduction of CRC risk.

It is important mentioning that, in haplotype MMP7 
rs11568818(A)-MMP8 rs11225395(T)-MMP12 
rs2276109(A)-MMP13 rs2252070(A), compared to an-
other that was analyzed: MMP7-181A-MMP1–
1607dupG-MMP3-1171A-82A, allele A predominated 
for the variants in MMP7 and MMP12. Furthermore, 
the analyzed haplotype was more frequent in patients 
with CRC than in healthy controls.8 Thus, it could be 
that there is a stronger haplotypic force deriving from 
the presence of a specific allele and not from the sum 
of all alleles. On the other hand, in the haplotype 
analysis of three SNVs (MMP8 rs2509013 C>T/MMP8 
rs11225395 G>A/MMP27 rs3809017 T>C),22 most 
haplotypes that had T were associated with a de-
crease in the recurrence of pregnancies; therefore, 
the influence of a single allele could be relevant.

Conclusion

Our results suggest that haplotypes rs11568818(A)-
rs11225395(T)-rs2276109(A)-rs2252070(A) and 
r s11568818(A) - r s11225395(C) - r s2276109(A) -
rs2252070(G) confer an increase in the risk for CRC, 
while haplotypes rs11568818(G)-rs11225395(C)-
rs2276109(A)-rs2252070(A) and rs11568818(A)-
rs11225395 (T)-rs2276109 (A)-rs2252070(G) act as a 
protective factor against CRC. LD was present be-
tween rs2276109 (MMP12) and rs2252070 (MMP13). 
Furthermore, it would be important for further studies 
to be carried out in order to show the possible impact 
a single allele might have as part of a haplotype. On 

Table 4. Haplotype frequencies and their association with CRC

# MMP7/
rs11568818

MMP8/
rs11225395

MMP12/
rs2276109

MMP13/
rs2252070

Reference group 
(healthy)

Patients with CRC OR (95% CI) p

1 A C A A 0.46 0.72 1.0 (reference)

2 A T A A 0.44 0.39 5.6 (2.4‑12.8) p = 0.00

3 G C A A 0.36 0.10 0.2 (0.1‑0.4) p = 0.00

4 A C A G 0.19 0.11 3.1 (1.2‑7.9) p = 0.01

5 A T A G 0.18 0.90 0.3 (0.1‑0.8) p  = 0.01

6 G T A G 0.14 0.18 1.7 (0.6‑5.2) p = 0.30

7 G T A A 0.09 0.19 0.6 (0.1‑2.9) p = 0.50

CRC: colorectal cancer; OR: odds ratio; CI: confidence interval.
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the other hand, SNVs rs11225395 (MMP8) and 
rs2276109 (MMP12) did not show significant associa-
tion with CRC. Regarding rs11225395 (MMP8), this is 
the first report in patients with CRC.
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