Association study between matrix
metalloproteinase-9 gene (MMP9)
polymorphisms and the risk of
Henoch-Schonlein purpura in children

E.D. Xu!, Y.F. Xiao', J.J. Wang' and L. Dong*

"Department of Pediatrics,

The Second Affiliated Hospital of Xi’an Jiaotong University, Xi’an, China
2Department of Gastroenterology,

The Second Affiliated Hospital of Xi’an Jiaotong University, Xi’an, China

Corresponding author: L. Dong
E-mail: duanchanghongys@163.com

Genet. Mol. Res. 15 (2): gmr.15028095
Received November 18, 2015

Accepted February 11, 2015

Published June 3, 2016

DOI http://dx.doi.org/10.4238/gmr.15028095

ABSTRACT. Henoch-Schonlein purpura nephritis (HSPN), the most
serious long-term complication of Henoch-Schonlein purpura, is one of
the most common renal diseases in children. Matrix metalloproteinase-9
(MMP-9) is implicated in the pathogenesis of renal diseases. Genomic
DNA was isolated from the venous blood leukocytes of 220 unrelated
patients with HSPN and 205 unrelated healthy individuals. To identify
markers contributing to genetic susceptibility to HSPN, this study
examined the potential association between HSPN and four single
nucleotide polymorphisms of the MMP-9 gene (MMPY) (rs17576,
r$3918254, rs3787268, and rs2236416) by using the MassARRAY
system. The allelic or genotypic frequencies of the rs17576 (exon 6)
and rs3918254 (intron 6) polymorphisms in HSPN were significantly
different from those in the healthy controls. The HSPN subjects had a
significantly higher frequency of the G allele of rs17576 (x> = 8.416, P
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=0.004, OR = 1.556, 95%CI = 1.153-2.100) and a significantly lower
frequency of the A allele of rs2236416 (x> = 10.363, P = 0.001, OR =
0.545, 95%CI = 0.375-0.791). Linkage disequilibrium was observed in
two blocks (D' > 0.9; r> > 0.8 in control). In block 1, significantly more
G-C haplotypes (P =10.011) and significantly fewer A-C haplotypes (P =
0.008) were found in the HSPN subjects. In block 2, significantly more
G-G haplotypes (P = 0.016) and significantly fewer A-G haplotypes
(P = 0.006) were found in the HSPN subjects. These observations
suggest that the rs17576 and rs3918254 polymorphisms of MMP9 are
associated with HSPN.
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INTRODUCTION

Henoch-Schénlein purpura (HSP) is one of the most common vasculitides in children.
Manifestations of HSP include skin purpura, arthritis, abdominal pain, and renal involvement
(Chen and Mao, 2015). The severity of renal involvement is the major factor determining
the long-term outcome for children with HSP and Henoch-Schonlein purpura nephritis
(HSPN). Approximately 40% of children with HSP develop nephritis, usually within 4-6
weeks after the initial onset of typical purpuric rashes. It has been found that levels of matrix
metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloproteinases-1 (TIMP-1), and the
ratio of MMP-9 to TIMP-1 in the serum and urine are notably higher in patients with HSPN,
but serum MMP-9 is more sensitive. Therefore, serum MMP-9 may be associated with the
occurrence and development of renal involvement in HSPN, making it an important indicator
for early diagnosis of HSPN (Qin et al., 2011). Considering the racial diversity and clinical
heterogeneity of subjects, genetic factors might play a role in the pathogenesis of HSP and
HSPN (Yilmaz et al., 2009; Li and Liu, 2011; Zhou and Yin, 2013).

In the last decade MMPs have been reported to be the most important proteolytic
enzymes involved in remodeling the extracellular matrix. They are also crucial for tissue
development and homeostasis. In human beings, MMP-9, an enzyme of the MMP family that
is also known as gelatinase B or 92-kDa-type IV collagenase, is encoded by the MMP9 gene.
In vascular lesions, the disintegration of arterial elastic lamella and basement membranes by
proteolytic enzymes may play an important role in arterial stability, excessive cell migration,
and proliferation (Raffetto and Khalil, 2008). The MMP9 gene is involved in the pathogenesis
of inflammatory vascular diseases (Nikkari et al., 1996; Takeshita et al., 2001). Therefore,
because it plays a pivotal role in facilitating the extravasation and migration of leukocytes
by breaking down the basement membrane, it is suggested that this gene contributes to the
pathogenesis of HSP and HSPN.

MMP9 has the chromosomal locus 20q12.2-13.1. Single nucleotide polymorphisms
(SNPs) have been described in MMP9. Previous studies have shown that the -1562 C/T
polymorphism in the promoter region of the human MMP9 gene is associated with MMP-9
protein activity (Medley et al., 2004). In human aortic samples, MMP-9 mRNA and protein
expression were significantly higher in T allele carriers (Medley et al., 2004). However,
the relationship between genetic susceptibility to HSPN and MMP9 gene has not yet been
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investigated. Because of the limited weak linkage disequilibrium (LD) between SNPs in
MMPY, it has been hypothesized that there may not be true causality between the SNPs and
predisposition to the development of HSPN; therefore, we hypothesized that the common
variants in the MMP9 gene might contribute more significantly to this predisposition. In the
present study, we investigated the association between four SNPs of the MMP9 gene (1s17576,
1s3918254, 1s3787268, and rs2236416) and the risk of HSPN in a Chinese population by
comparing the allele frequencies and genotypes of 220 patients with HSPN and 205 healthy
controls.

MATERIAL AND METHODS
Subjects

A total of 220 unrelated subjects with HSPN (mean age 7.26 + 2.51 years) were
recruited from The Second Affiliated Hospital of Xi’an Jiaotong University. HSP was
diagnosed if the major manifestations of the illness consisted of a purpuric rash without
thrombocytopenia. Additional features including arthritis and abdominal pain were accepted
as being consistent with the diagnosis (Kawasaki et al., 2003; Reamy et al., 2009). HSPN was
defined by abnormal urinalysis results in HSP patients and categorized as follows: normal
levels of proteinuria (proteinuria <0.5 g/L and hematuria >5 red blood cells per high-power
microscopic field); low-grade proteinuria (<1 g/L and/or hematuria >5 red blood cells per high-
power microscopic field); and heavy proteinuria (>1 g/L and/or hematuria >5 red blood cells
per high-power microscopic field) (Hung et al., 2006; de Almeida et al., 2007). The control
group included 204 unrelated healthy people (mean age 6.75 £ 2.36 years) recruited from the
medical examination center of our hospital. All participants were genetically unrelated, of Han
Chinese ethnicity, and from Henan Province. The study complied with the guidelines of our
local Medical Ethics Committee, and all participants recruited to this study provided written
informed consent.

Genotyping

Peripheral blood (3-5 mL) was collected from each participant and placed in
ethylenediaminetetraacetic acid-containing specimen tubes. Genomic DNA was extracted
using a TTANamp Blood DNA Kit (TIANGEN, Beijing, China) and then stored at -20°C until
required. SNP genotyping was performed using matrix-assisted laser desorption ionization-
time of flight mass spectrometry (MALDI-TOF MS) (MassARRAY system, Sequenom Inc.,
San Diego, CA, USA). Primers were designed using the Sequenom software, and the extension
reaction produced allele-specific products with masses differing by 30 Da, or approximately
the size of one single nucleotide. Primer extension and polymerase chain reaction (PCR) were
performed according to the manufacturer instructions. Genotype calling was performed in
real-time using the MassARRAY RT software version 3.0.0.4 and data analysis was performed
using the MassARRAY Typer software version 3.4 (Sequenom Inc.).

Statistical analysis

Allele and genotype frequencies for each individual polymorphism and the Hardy-
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Weinberg equilibrium were evaluated using the chi-square test. Potential association between
HSPN and each polymorphism was analyzed using Fisher exact test or the Pearson chi-
square test. All statistical analyses were performed using SPSS 20.0 with P < 0.05 denoting
statistically significant difference. Pairwise LD statistics (D' and r?) and haplotype frequency
were computed using Haploview 4.0 to construct haplotype blocks.

RESULTS

The genotype distribution of the three polymorphisms was consistent with the Hardy-
Weinberg equilibrium. The distribution of genotype and allele frequencies and statistical
analysis of the three SNPs are listed in Table 1.

Table 1. Genotypic and allelic frequencies of MMP-9 polymorphisms in the controls and patients with
Henoch-Schénlein purpura in children.

Variable [ Controls [ Henoch-Schénlein purpura in children | %% P value? OR (95%CT)
| No. I % | No. I % |
1517576
G/G 93 45.59 123 55.91 8.291,0.016
A/G 86 42.16 87 39.55
A/A 25 12.25 10 4.55
G 272 66.67 333 75.68 8.416, 0.004 1.556 (1.153-2.100)
A 136 33.33 107 2432
153918254
c/C 125 60.98 148 67.27 3.471,0.176
C/T 74 36.10 62 28.18
T/T 6 2.93 10 4.55
C 324 79.02 358 81.36 0.732,0.392 1.159 (0.827-1.625)
T 86 20.98 82 18.64
153787268
G/G 88 42.93 83 37.73 5.748, 0.056
A/IG 97 4732 98 44.55
A/A 20 9.76 39 17.73
G 237 66.59 264 60.00 0.970, 0.325 0.867 (0.653-1.152)
A 137 33.41 176 40.00
152236416
A/A 157 76.59 136 61.82 10.983, 0.004
A/G 45 2195 77 35.00
G/G 3 1.46 7 3.18
A 359 87.56 349 79.32 10.363, 0.001 0.545 (0.375-0.791)
G 51 12.44 91 20.68

“P values were calculated by 2 x 3 and 2 x 2 chi-squared tests based on codominant, dominant for the rare allele,
heterosis, and recessive for the rare allele models of inheritance. The alpha value was adjusted by the Bonferroni
correction and P < 0.0125 indicates statistically significant results.

The allelic and genotypic frequencies of the rs17576 polymorphisms in patients with
HSPN were significantly different from those in the healthy controls. The HSPN subjects
had a significantly higher frequency of the G allele of rs17576 (x> = 8.416, P = 0.004, OR =
1.556, 95%CI = 1.153-2.100). The difference in the distribution of genotype frequencies of
152236416 between HSPN subjects and healthy controls was significant (P = 0.0021). The
HSPN subjects had a significantly lower frequency of the A allele of rs2236416 (3> = 10.363,
P=0.001, OR = 0.545, 95%CI = 0.375-0.791).

LD analyses of the patient and control data revealed that two SNPs (rs17576 and
1s3918254) are located in haplotype block 1 and two SNPs (1s2236416 and rs3787268) are
located in haplotype block 2 (D'> 0.9, Figure 1). In block 1, significantly more G-C haplotypes
(P = 0.011) and significantly fewer A-C haplotypes (P = 0.008) were found in the HSPN
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subjects (Table 2). In block 2, significantly more G-G haplotypes (P = 0.016) and significantly
fewer A-G haplotypes (P = 0.006) were found in the HSPN subjects (Table 3).
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Figure 1. Linkage disequilibrium plot of the single nucleotide polymorphisms in the MMPI gene in the controls.

Table 2. MMP-9 haplotype in block 1 frequencies and the results of their associations with risk of Henoch-
Schonlein purpura in children.

Haplotype

Frequency (%) P value®
rs17576 153918254 Cases Controls
HAP1 G C 0.606 0.459 0.011
HAP2 A C 0.207 0.332 0.008
HAP2 G T 0.155 0.210 0.186

“Based on comparison of frequency distribution of all haplotypes for the combination of single nucleotide

polymorphisms.

Table 3. MMP-9 haplotype in block 2 frequencies and the results of their associations with risk of Henoch-
Schénlein purpura in children.

Haplotype Frequency (%) P value®
1s2236416 1s3787268 Cases Controls
HAP1 A A 0.369 0.334 0335
HAP2 A G 0.397 0.541 0.006
HAP2 G G 0.203 0.124 0.016
“Based on comparison of frequency distribution of all haplotypes for the combination of single nucleotide
polymorphisms.

Accelerated extracellular matrix breakdown caused by the increased activity of MMPs
has been implicated in several rheumatic disorders and systemic vasculitides, especially
HSPN. This study demonstrated the upregulated expression of MMP-9 in peripheral blood
mononuclear cells, which are an important source of elevated MMP production in the serum
of subjects with HSP (Mahajan et al., 2010). Our data are further supported by an isolated
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report by Zou et al. (2006), which indicated that there are increased plasma levels of MMP-9 in
children in the acute phase of HSP compared with healthy controls. Our results provide direct
evidence that a genetic change in MMP-9 is linked to HSPN in children, and the relevant markers
were mapped to different locations in the MMP9 gene. The association signals in the region were
identified, and some significantly associated haplotypes also appeared in this region.

In this study, the frequency of the MMP9 rs17576 G allele was significantly higher
in patients with HSPN than in the healthy controls. Genotype frequency distribution revealed
that in rs17576 the frequency of the GG genotype was significantly higher in the patients with
HSPN. We have also demonstrated that the HSPN subjects had a significantly lower frequency
of the MMP9 12236416 A allele. Although the precise molecular mechanism underlying our
observations is unclear, one possible explanation is that the variants of the MMPY gene may
lead to altered gene expression in HSPN patients. Another important finding in our study
was that transcriptional expressions and serum activities of both MMP-2 and MMP-9 were
significantly higher in HSP subjects in the convalescent phase than in healthy controls. Our
observations thus strongly suggest that determining levels of MMP-9 could be useful in the
long-term monitoring of HSPN disease (Mahajan et al., 2010).

We further investigated genetic interactions among polymorphisms and strong LD
was observed. The haplotype analysis revealed that significantly more G-C haplotypes (block
1) and G-G haplotypes (block 2) were found in the patients with HSPN. These results indicate
that the patients with G-C and G-G haplotypes of the MMP9 gene were more prone to HSPN.
We also found significantly fewer A-C haplotypes (block 1) and A-G haplotypes (block 2) in
HSPN subjects, suggesting that these haplotypes may protect against HSPN. To some extent,
this finding further supports a role of MMP9 polymorphisms in HSPN.

In conclusion, our study suggests a potential role of MMP9 SNPs and their related
haplotypes in the genetic susceptibility to HSPN. Further studies are needed to determine how
these SNPs affect the function of HSPN.
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