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Introduction

Abstract

Background Recessive dystrophic epidermolysis bullosa (RDEB) is a severe genetic skin
blistering disorder caused by mutations in the gene COL7A1 encoding type VIl collagen.
Most of the patients’ clinical severity depends in part on the nature and location of the
mutations, ranging from the mild form described as RDEB other-generalized (RDEB-O) to
the more aggressive phenotype described as RDEB severe-generalized (RDEB-sev gen).
However, interfamilial and interindividual differences in subjects with identical COL7A1
mutations suggest the presence of modifier elements, which may influence severity. There
is a single nucleotide polymorphism (SNP) at the promoter of the MMP1 gene-encoding
matrix metalloproteinase type 1, which has been studied as a genetic disease modifier in
different patient cohorts with different findings.

Methods We tested the SNP in 30 patients with RDEB and 130 controls whose four
grandparents were born in northeastern Mexico. Patients were clinically classified as
RDEB-sev gen and RDEB-O by three dermatologists. The SNPStats, RXC, and SPSS
software were used to perform statistical testing.

Results The allele frequencies for 2G were 0.607, 0.562, and 0.642 for RDEB-O, RDEB-
sev gen, and the control group, respectively. When the genotype frequencies were
compared, there was no significant difference between RDEB-sev gen (OR = 0.38, Cl 95%
0.12-1.21), RDEB-O (OR = 1.03, Cl 95% 0.21-4.96), and the control group.

Conclusion We found no significant association in relation to the severity of the study
subjects and the SNP at the promoter of the MMP1 gene.

Patients with RDEB-sev gen present with extensive skin
erosions and blistering, mutilating scarring, fusion of the

Recessive dystrophic epidermolysis bullosa (RDEB) is a
rare severe genetic skin blistering disorder characterized
by trauma-induced blister formation and healing with
scarring.” RDEB is caused by loss-of-function mutations
in COL7A1 gene encoding type VII collagen (Col7),
which forms key structures, for dermal-epidermal adher-
ence.* ™

Different clinical forms of severity are recognized, rang-
ing from the mild localized form RDEB other-generalized
(REDEB-O) with limited blistering, to the particularly
severe and mutilating phenotype observed in the RDEB
severe-generalized (RDEB-sev gen) previously known as
Hallopeau-Siemens type.*

© 2014 The International Society of Dermatology

extremities, joint contractures, and profound nutritional
impairment, which can require gastrostomy. The risk of
skin squamous cell carcinoma is also markedly increased
in these patients with an accumulative risk of 90.1% by
the age of 55 years old.’ Patients with RDEB-O display
extensive skin and mucosal blistering but no tendency to
fusion of the fingers and toes. The inversa type spares the
extremities, affects the folds, and often develops esopha-
geal stenosis. The localized form shows limited blistering
in traumatic areas without syndactyly or mucosal involve-
ment.’

The clinical severity of RDEB depends in part on the
nature and location of the COL7Ar mutations and on
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their consequences on mRNA and protein level.>%7
However, establishing genotype—phenotype correlations is
not always easy due to significant interfamilial and inter-
individual differences in subjects with identical COL7A T~
mutations. Considerable efforts have been made to corre-
late the clinical presentation with the COL7Ar geno-
type.> #°® Phenotypic variation has been attributed to
genetic modifiers, environmental factors, random events,
and interactions between any of these sources in gen-
eral e

Our group recently reported that the level of type VII
collagen in the basal membrane in patients with RDEB
does not always correlate with clinical severity, measuring
the amount of fluorescent immunostaining localized to
the basement membrane of skin sections in a cohort of
13 Mexican patients.""

Before the COL7Ar gene was implicated by linkage
analysis to the RDEB,"*"3 the MMP1 gene encoding the
matrix metalloproteinase type I (MMP-1) was first impli-
cated, and it has been studied as a candidate gene in
RDEB."#*5

MMP-1 is the most ubiquitously expressed interstitial
collagenase, thereby assigning it a prominent role in colla-
gen degradation. Overexpression of MMP-1 is associated
with several pathological conditions, including the irre-
versible degradation of cartilage, tendon, and bone in
arthritis™® and the degradation of collagens T and TII in
tumor invasion and metastasis.'” In the skin, MMP-1 is
secreted by basal keratinocytes and dermal fibroblasts
and as type VII collagen is one of its substrates,"®*® an
increase in MMP-1 activity could worsen RDEB disease
severity through enhanced degradation of type VII colla-
gen molecules.

It has been reported that there is a single nucleotide
polymorphism (SNP) in the promoter region of the human
MMPr1 gene, — 1607del/insG (rs1799750, designated as
1G 2G) where an additional guanine (G) creates an Ets
binding site, 5'GGA-3".*° Upon the interaction of adjacent
AP-1 site, the promoter activity and hence the transcrip-
tion level of MMPr can be considerably increased.

Studies in non-epidermolysis bullosa patients have
shown the SNP in the MMP1 to be associated with higher
cancer invasiveness.”"** These observations raised the
possibility that increased MMP-1 expression could influ-
ence disease severity in patients with RDEB.

Titeux and colleagues examined 31 patients with DEB,
and the results shows that two genotypes, homozygous
2G (2G2G) and heterozygous (1G2G), were associated
with a more severe RDEB phenotype.® However, Kern
et al.’ did not find evidence for the involvement of this
SNP in a larger cohort of 103 patients with RDEB.

As this presumptive disease modifier could have an
important prognostic value and implications for the
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design of therapy approaches, we evaluated the MMP1
SNP role in a northeastern Mexico cohort of patients
with RDEB.

Northeastern Mexico, which includes the states of
Nuevo Leén, Coahuila, Tamaulipas, San Luis Potosi, and
Zacatecas, has an area of 432,480 km* and has a popula-
tion of more than 14.4 million inhabitants in 2010.*?
Admixture estimates based on blood group data indicate
that the populations of northeastern Mexico are similar
in terms of the contribution of Spanish (60%), Amerin-
dian (37%), and African (3%) genes. There is no non-
random association of alleles among the genetic marker
systems, despite the admixed origin of this Mestizo popu-
lation. >4 >¢

The aim of this case—control study was to find the asso-
ciation of the MMP1 gene promoter region polymor-
phism — 1607 2G with patients with RDEB disease in
northeastern Mexico.

Materials and methods

Study subjects

From the DEBRA Mexico Association database of 240
patients with EB, subjects were selected whereby four
grandparents were born in northeastern Mexico, obtaining a
sample of 30 patients whose clinical, morphological, and
molecular characteristics were consistent with RDEB. Each
patient was examined and classified separately by three
dermatologists from the dermatology department of the
University Hospital from the Universidad Autdnoma de Nuevo
Ledn (UANL) in accordance with the Third International
Consensus Meeting and classification of EB considering':

(i) area of damaged skin; (ii) involvement of nails, mouth,
eyes, larynx, and esophagus; (iii) scarring of hands; (iv) skin
cancer; (v) chronic wounds; (vi) alopecia; (vii) nutritional
compromise; and (viii) delayed puberty among other systemic
involvement. In addition, the Birmingham Epidermolysis
Bullosa Severity score was performed for each patient.?”
Fourteen patients were diagnosed with RDEB-O and 16
patients with RDEB-sev gen.

Controls

After completing a questionnaire and discarding any sibling with
RDEB, a total of 130 healthy control volunteers whose four
grandparents were also born in northeastern Mexico were
recruited to determine background allele frequencies in the
population.

Following the informed consent to patients and controls,
ethylenediamine tetraacetic acid—blood was obtained. The study
protocol was approved by the ethics committee of the
University Hospital “José E. Gonzalez” of the UANL, in
accordance with the guidelines of the World Medical
Association’s Declaration of Helsinki.?®
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MMP1 polymorphism

Primers were designed using the software Primer Design 3
(SourceForge, General Public License).?° The sequences of the
primers used to amplify and detect MMP1 promoter region were
5'-GCACCCTCCCTCTGATGCC TCT-3' (forward primer) and
5-GGTGTCTCCCAGCTTTCC CACTGT-3' (reverse primer); the
product amplified is 280 base pairs.

The 5’ terminal promoter region of MMP1 (ENSEBL:
ENSR00000568021) was directionally sequenced using ABI
BigDye terminator v3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA, USA) and an ABI Prism 3100 Avant
Genetic Analyzer (Applied Biosystems) following the
manufacturer’s instructions. Sequence Analysis 5.2 software
(Applied Biosystems) was used to help analyze the raw data.
Assembled contigs were aligned to the MMP1 reference
sequence (ENSEBL: ENSR00000568021) using Geneious 4.7.%°

Statistical analyses

For the MMP1 SNP, genotype and allele frequencies, tests for
Hardy-Weinberg equilibrium, analysis of association, odds ratio,
and multiple inheritance model (co-dominant) were carried out
using the SNPStats software (http://bioinfo.iconcologia.net/
SNPstats). The comparison of the genotype and allelic profiles
of patients and controls with 50,000 simulations was carried out
using the RXC software package of Miller*. P < 0.05 was
considered significant.

Results

MMP1 single nucleotide polymorphism in controls
In order of frequency, the genotypes 1G/1G, 1G/2G, and 2G/
2G (12.6, 41.4, and 46%) were present in our control group.

Table 1 MMP1 single nucleotide polymorphism genotype
and allele frequency

RDEB-sev
Genotype Controls RDEB-O gen Hispanic?
1G/1G 19 (12.6%) 2 (14.3%) 5 (31.2%) 17.4%
1G/2G 55 (41.4%) 7 (50.0%) 4 (25.0%) 39.1%
2G/2G 56 (46.0%) 5 (35.7%) 7 (43.8%)  43.5%
Total patient 130 14 16 23
number
1G allele 0.3577 0.3929 0.4375 0.370
frequency
2G allele 0.6423 0.6071 0.5625 0.630
frequency

O, other generalized; RDEB, recessive dystrophic epidermo-
lysis bullosa; sev gen, severe generalized.

*Twenty-three individuals of self-described Hispanic heritage
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?
s=1799750).

*Guo SW, Thompson EA. Technical Report No. 187.
Departmental of Statistics, University of Washington; 1989.
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The distributions of the three genotypes are shown in
Table 1. The major allele in our control group was 2G
(64.2%), similar to that reported in the NCBI SNP database
for another control Hispanic population (63 %) (http://www.
ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=1799750).

MMP1 single nucleotide polymorphism in patients with
recessive dystrophic epidermolysis bullosa

The 2G MMP1r SNP was consistent with the Hardy—
Weinberg equilibrium in patients and controls. The major
allele in our patient groups was 2G (58.4%), showing less
frequency compared with controls, yet this decrease was
not statistically significant (P > o0.05). The allele frequen-
cies for 2G were 60.7 and 56.2% for RDEB-O and
RDEB-sev gen groups, respectively.

MMP1 single nucleotide polymorphism clinical
association with recessive dystrophic epidermolysis
bullosa other-generalized and severe-generalized groups
When the genotype frequencies were compared, there was
no significant difference between the RDEB-sev gen
(OR =0.38, CI 95% o.12-1.21), RDEB-O (OR = 1.03,
CI 95% 0.21-4.96), and control group (see Table 2).

Discussion

The regulation of the MMP1 gene depends on expression
levels and regulations of the endogenous tissue inhibitors
of metalloproteinase; this homeostasis system occurs in
normal wound healing and because in patients with
RDEB the skin is repeatedly disrupted and there is a
chronic wound situation that could lead to disturbances
of the balance between MMP-1 and its inhibitors.

The 2G MMP1 SNP has a significantly higher tran-
scriptional activity in MMP-1 expression, increasing the
collagenase activity, and therefore has shown to be asso-
ciated with higher cancer invasiveness, arthritis, and other
diseases where collagen degradation is involved.

It has been proposed that this genetic variant, which
increases MMP1 expression, could have a modulator role
of disease severity, which is an important prognostic
value and implications for the design of molecular ther-
apy approaches in patients with RDEB.®

Table 2 MMP1 single nucleotide polymorphism clinical
association with RDEB-O and RDEB-sev gen groups

2 OR Cl 95% P-value
Controls vs. RDEB-O 0.00 1.03 [0.21-4.96] 0.97

Controls vs. RDEB-sev gen 2.87 0.38 [0.12-1.21] 0.09

O, other generalized; RDEB, recessive dystrophic epidermo-
lysis bullosa; sev gen, severe generalized; OR, odds ratio; CI,
confidence interval
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Kern et al.’> suggested that given the relatively small
numbers of patients available and the likely low magni-
tude of effect size, replication of results in independent
populations is essential.

As described by Salas-Alanis and McGrath,?>* we also
found that mutation 2470insG located in exon 18/19 of
the COL7AT1 gene was most prevalent in our patients. It
is expected that patients with this mutation have a homo-
geneous phenotype, but as we can see in Table 3, not all
patients with the mutation 'x 18/19, 2470insG of
COL7A1 has the same clinical features. However, no
relationship was found with the MMP1 gene SNP, assum-
ing that other disease-modifying factors are involved.

Our study analyzed 130 control individuals where
grandparents were specifically from northeast Mexico, a
genetically homogeneous population in all Mexico, and
compared with 30 patients with the same geographic
background.

The 2G SNP allele frequencies in the Hispanic popula-
tion is different from the Caucasian population where the

Table 3 RDEB phenotypes, COL7A1 mutations, and MMP1 SNP
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major allele found was 1G (56.7%) in contrast to the
Hispanic population where 2G is the major allele (63%).

The higher allele frequency of the SNP in the Hispanic
population may suggest greater clinical severity in patients
with RDEB; however, regardless of the type of mutation in
the COL7Ar gene, the group of patients with less severe
RDEB showed higher frequency of the presence of SNP
compared with the group of patients with RDEB-sev gen.

Although we cannot rule out a small amount of bias,
we did not find significant differences between the RDEB-
sev gen group and the control group. It will be important,
in the future, to increase the sample size and investigate
other RDEB populations to determine the contribution, if
any, of the MMP1 gene SNP.

Conclusion

There was no association between the clinical severity of
patients with RDEB and the SNP 2G MMPr gene
’promoter in patients with RDEB in our northeastern

Code Age MUT1 MUT2 Predicted phenotype  Actual phenotype @ BEBS score  Mmp1 SNP
GEP1062 38 'x 56, G1703E 'x 69, 5772insT o o 15.6 2G/2G
GEP1061 52 'x 18/19, 2471insG 'x 56, G1703E o SG 23.5 2G/2G
GEP1095 35 'x 56, G1703E 'x 69, 5772insT o o 241 2G/2G
GEP1057 32 'x 18/19, 2471insG 'x 18/19, 2471insG SG SG 23.4 2G/2G
GEP1074 37 'x 56, G1703E ivs23-1G>A (¢} SG 20.5 2G/2G
GEP1060 42 'x 56, G1703E ivs23-1G>A o SG 20.75 2G/2G
GEP1072 19 'x 73, 6026 G>C; G2009A  N/A O SG 20.75 2G/G
GEP1133 42 'x 18/19, 2471insG 'x 18/19, 2471insG SG (@] 26.75 2G/G
GEP1076 32 'x 18/19, 2471insG 'x 18/19, 2471insG ~ SG o 27 2G/G
G08472 62 'x 18/19, 2471insG 'x 18/19, 2471insG SG O 29.5 2G/G
GEP1055 29 'x 56, G1703E 'x 84, ¢.6696insC (e} o 15.5 2G/G
GEP1068 36 'x 18/19, 2471insG 'x 18/19, 2471insG ~ SG O 8.75 G/G
GEP1066 35 'x 18/19, 2471insG 'x 18/19, 2471insG ~ SG o 15.5 G/G
GEP577 27 'x 18/19, 2471insG 'x 32, 3948insT SG SG 19.5 G/G
GEP1067 37 'x 18/19, 2471insG 'x 18/19, 2471insG ~ SG SG 20 G/G
GEP1065 16 'X79 6501G>A N/A (¢} SG 30 G/G
GEP1073 16 N/A N/A N/A SG 59.75 G/G
GEP1048 5 NA NA N/A (0] 12 2G/2G
GEP1064 11 N/A N/A N/A SG 19.6 2G/2G
GEP1069 9 N/A N/A N/A o 20.75 2G/2G
GEP1075 16 N/A N/A N/A SG 29 2G/2G
GEP1093 16 N/A N/A N/A SG 31 2G/2G
GEP1053 25 N/A N/A N/A o 15.5 2G/2G
GEP1058 6 N/A N/A N/A O 6.7 2G/G
GEP1056* 10 NA NA N/A SG 15 2G/G
GEP1059 16 N/A N/A N/A SG 234 2G/G
GEP946 39 N/A N/A N/A SG 34.5 2G/G
GEP1047 5 N/A N/A N/A O 15.5 2G/G
GEP1049* 19 N/A N/A N/A o 6.7 2G/G
GEP1071 6 N/A N/A N/A SG 18.5 G/G

BEBS, the Birmingham Epidermolysis Bullosa Severity score; O, other generalized; RDEB, recessive dystrophic epidermolysis
bullosa; SG, severe generalized; SNP, single nucleotide polymorphism.
“Deceased during the study.
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Mexican cohort. Given the low incidence of the disease,
RDEB studies in other populations are needed to assess
the real impact of this polymorphism on the clinical
severity of these patients. Some of the limitations of the
study were that controls were not matched to each case;
however, the ratio of controls to patients was 3 : 1 to
give a proper statistical weight to the study. In addition,
we only performed a disease severity score and not a dis-
ease activity index; therefore, we suggest that future stud-
ies take into account different clinical parameters to
assess the correlation between them and the genetic modi-
fiers. Future analysis of the complex balance between
proteases and their inhibitor could clarify the role of
the MMPs in EB and help to find new therapeutic
approaches to increase the quality of life in our patients
with RDEB.
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