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Abstract

Background: Matrix metalloproteinase 9 (MMP-9) is an important inflammatory marker in diabetic nephropathy.
Many studies assessed the association between MMP-9 gene polymorphism and different microvascular
complications of type 2 diabetes mellitus, though the results were inconclusive and need further exploration. Our
study aimed to assess the association between MMP-9 -1562C/T gene polymorphism and diabetic nephropathy in
patients with type 2 diabetes mellitus.

Results: Taking CC genotype of rs3918242 (MMP-9-1562C/T SNP) as the reference genotype and C as the reference
allele, TT genotype, T allele showed significantly lower frequency in diabetic nephropathy group than without
nephropathy (2.9% versus 20%, 20% versus 35.7% respectively), with the possible significant protective effect against
diabetic nephropathy development (OR = 0.269, 0450 respectively); it was considered as an independent predictor

for diabetic nephropathy occurrence.

Conclusions: This study suggested that T allele of MMP-9 -1562C/T single nucleotide polymorphism had a
protective role against diabetic nephropathy development and also had a role for early prediction of patients
susceptible to this complication, so it helps in prevention and management of those patients.

Background

Diabetes is a leading cause of end-stage renal disease
worldwide [1]. Diabetic nephropathy (DN) occurs in about
25% of patients with type 2 diabetes mellitus (DM) [2]. In
Egypt, 42% of diabetic patients had nephropathy [3]. Series
of pathophysiological events triggered by genetic and envir-
onmental factors are involved in the development of
DN [4, 5]. These events are caused not only by
hemodynamic (systemic and renal hypertension, mechanical
strain, altered shear stress) and metabolic changes (forma-
tion of advanced glycation end products and hyperlipid-
emia), but also inflammation and inflammatory molecules
play an important role. One of these events is extracellular
matrix protein (EMP) over-accumulation in renal glomeruli
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due to overproduction by glomerular mesangial cells and
decrease in its degradation [6].

Matrix metalloproteinase proteins (MMPs) are endo-
proteinases of non-specific affinity to compounds of
extracellular matrix which are involved in degradation of
extracellular matrix components (collagenous and non-
collagenous). They are bound by specific inhibitors
known as tissue inhibitors of metalloproteinase (TIMPs).
Local imbalance between the activity of MMPs and
TIMPs was involved in diabetic renal remodeling [7].
Matrix metalloproteinase 9 (MMP-9) is an important
inflammatory marker in DN [8]. It is released in inflam-
matory response by neutrophils, monocytes, macro-
phages, and eosinophils and plays a role in degradation
of type four collagen. Its increase precedes microalbumi-
nuria in type 2 diabetes, but its exact role is not clearly
known [9]. The MMP-9 gene is located on the chromo-
some 20q.13.12 in humans and contains four promoter

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s43162-021-00035-2&domain=pdf
http://orcid.org/0000-0001-8516-2516
http://creativecommons.org/licenses/by/4.0/
mailto:irbret8@gmail.com

Shalaby et al. The Egyptian Journal of Internal Medicine (2021) 33:7

regions. MMP-9 -1562C/T is located upstream of the
promoter and contains binding sites for transcriptional
repressors [10]. The association of MMP-9 gene promoter
polymorphism and microvascular complications of diabetes
have been assessed in many studies; however, the results
are inconclusive [11]. Our study hypothesized presence of
association between matrix metalloproteinase-9 (MMP-9)
-1562C/T gene polymorphism and diabetic nephropathy in
patients with type 2 DM.

Aim of the work

The aim of this study was to assess matrix
metalloproteinase-9 (MMP-9) -1562C/T gene polymorphism
and its correlation with diabetic nephropathy in patients with
type 2 DM.

Methods

This is a case control study done from October 2017 to
June 2019. The patients enrolled in this study were
thirty-five diabetic patients with diabetic nephropathy
(DN) and thirty-five diabetic patients without nephropa-
thy (DWN), all with duration of diabetes more than 5
years. The diagnosis was based on the World Health
Organization (WHO) diagnostic and classification cri-
teria in 1999. Criteria for diagnosis of DN include serum
creatinine (Cr) > 1.8 mg/dl, blood urea nitrogen (BUN) >
21.84 mg/dl, and urinary albumin excretion rate (UAER)
> 30 mg/24 h confirmed in at least two independent con-
secutive examinations. Thirty non-diabetic persons were
selected to be a control group. The control and diabetic
groups were matched for age and sex.

Patients and controls were subjected to the following:
full history taking, clinical examination with stress on
blood pressure measurement, and examination of lower
limb for edema. Type 2 DM patients, diagnosed depend-
ing on the WHO consulting criteria (i.e., [FBG] > 7.0
mmol/L [126 mg/dL] and/or a 2-h post glucose value >
11.1 mmol/L [200 mg/dL]) [12], with age > 18 years were
included in the study. Patients with other kidney disease
(primary or secondary), taking nephrotoxic drugs, and
pregnant females were excluded. An informed consent
was taken from each participant. All data of patients
were confidential with private code and used for the
current medical research only.

Laboratory investigations were done for all patients
and control groups as complete blood picture was done
using Cell Dyn Emerald, Abbott, USA. Random blood
sugar, serum creatinine, total cholesterol, and triglycer-
ides were estimated by automated chemistry analyzer
Cobas, C311 (Roche-Germany); hemoglobin (HAlc) was
done using automated chemistry analyzer, Cobas Integra
400+ (Roche-Germany). Albumin and creatinine in urine
were estimated for each subject by automated chemistry
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analyzer Cobas C311 (Roche Germany), and micro-
albumin creatinine ratio (ACR) was calculated.

Polymerase chain reaction-restriction fragment length of
polymorphism (PCR-RFLP)

All patients and controls were subjected to molecular
biology techniques for detection of SNPs of MMP-9
gene -1562C/T which include DNA extraction, polymer-
ase chain reaction (PCR), and restriction fragment length
polymorphism (RFLP) electrophoresis (Fig. 1).

DNA extraction

DNA was extracted from peripheral venous blood of all
patients and control groups using the GeneJET Genomic
DNA Purification Kit (Thermo Scientific) which is quali-
fied by isolating genomic DNA from 200 puL of blood
and 5 mg of mammalian tissue following described pro-
tocols. The DNA extract is stored in a refrigerator at —
20 until PCR amplification.

For amplification of the region containing the MMP-9
-1562C/T polymorphism, the following primers were
used: sense primer 5-CTT CCT AGC CAG CCG GCA
TC-3 and antisense 5-GCC TGG CCT ATA GTA GGC
CC-3 [13]. PCR amplification was performed using
DreamTaq PCR Green Master Mix (2X) (cat no k1081,
Lithuania, EU). PCR was performed using the following
thermal cycling conditions [13] by using thermal cycle
(Bio-Rad PTC-100 Peltier, USA:

v 94.°C for 5 min

V' 35 cycles of amplification at 94 °C for 35s, 60 °C for
30s, and 72°C for 45s

v 72 °C for 5 min

Digestion of PCR products with Sphl restriction endo-
nuclease Thermo Scientific FastDigest, cat no FD 0604,
Lithuania, EU, to detect the MMP-9 -1562C/T SNP
[13]. Separation of restriction products by electrophor-
esis in 2% agarose gels, after that visualization of the re-
striction products using an ultraviolet transilluminator.

Interpretation of MMP-9 —1562C/T allele SNPs

e The CC genotype was not digested by the enzyme
and represented by a single (435-bp) band.

e The TT genotype was digested by Sphl restriction
enzyme into two bands (247 and 188 bp).

e The CT genotype was represented by three bands
(435, 247, and 188 bp).

Statistical analysis
The collected data were analyzed by using the Statistical
Package for Social Sciences (SPSS/PC/VER 17).
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Fig. 1 PCR-RFLP with Sphl restriction enzyme

Results

Analysis of the demographic data showed that 49 (49%) of
the study population were males, divided as twenty have
DN, sixteen diabetic without nephropathy (DWN), and
thirteen controls, while 51 (51%) were females, divided as
fifteen have DN, nineteen DWN, and seventeen controls,
with mean ages of 58 + 12.3, 58.9 + 8.5, and 55.7 + 15.2
years in DN, DWN, and control group, respectively. No
significant differences were found in age and gender distri-
bution among the studied groups (Table 1).

Systolic blood pressure (SBP) was significantly higher in
DN group when compared to control or DWN groups,
while diastolic blood pressure (DBP) was not significantly
different among all groups. Number of patients with
hypertension was significantly higher in the DN group
than in control and in the DWN groups (Table 1).

Fasting blood glucose (FBG) and glycosylated hemoglobin
(HbA1c) were significantly more elevated in the DN group
than the control and DWN groups, and also significantly
more raised in DWN than control group. Serum creatinine,

Table 1 Comparison of demographic and clinical data among studied groups

Control N = 30 Diabetic without nephropathy Diabetic nephropathy p
(DWN) N =35 (DN) N =35
Age (years) 557 £ 152 589 £ 85 58 £123 0.541*
Males 13,43.3% 16, 45.7% 20, 57.1% 0481%
Females 17, 56.7% 19, 54.3% 15, 42.9%
P1 P2 P3
SBP (mmHg) 1148 £ 11.2 119978 1273 £16.7 0.294" 0.041" 0.033'
DBP(mmHg) 742 64 76.1 £ 69 7869 0.298" 0.122° 0.184°
Hypertension 4,133% 7, 20% 19, 54.3% 0475% 0.001% 0.003%
FBS (mg/dL) 90 £ 83 1219 + 289 166.5 £ 51 0.014° <0.001" <0.001"
HbA1C (%) 42 %07 69+ 22 92%22 <0.001" <0.001" <0.001"
Creatinine (mg/dL) 08 %02 1+03 15204 0.157° <0.001" <0.001"
ACR (mg/g) 74 %25 135+ 38 176.2 £ 54.7 0.723" <0.001" <0.001"
TC (mg/dL) 1276 £12.1 136.8 + 356 163.1 £ 529 0.338° <0.001" 0.005"
TG (mg/dL) 1073 £ 275 1083 + 34 163.8 + 509 0961° 0.006" 0.005"

SD standard deviation, P comparison between DN, DWN, and control, p7 comparison between DWN and control, p2 comparison between DN and control, p3

comparison between DWN and DN groups
Student’s t test

ZChi square test

*ANOVA



Shalaby et al. The Egyptian Journal of Internal Medicine (2021) 33:7

total cholesterol (TC) and triglyceride (TG), and ACR levels
were significantly higher in the DN group than the control
and DWN groups (Table 1).

The rs3918242 (-1562C/T) SNP had C and T alleles. C
is the reference allele. It is located on the long arm of
chromosome 20 within matrix metallopeptidase 9
(MMP-9) gene (Table 2).

Applying Hardy-Weinberg equation revealed MMP-9
-1562C/T SNP (rs3918242) genotypes in all studied
groups. There were CC genotypes in 11, CT in 11, and
TT in 8 subjects of the control group, while CC geno-
types were in 17, CT in 11, and TT in 7 patients of the
DWN group, but in the DN group, we found CC geno-
type in 22 patients, CT in 12 patients, and TT in one
patient in Hardy-Weinberg equilibrium (Table 3).

Taking rs3918242 (MMP-9 -1562C/T SNP) CC as
the reference genotype and C as the reference allele in
all studied groups (Fig. 2), no significant associations
were found in genotypes and allele frequencies be-
tween the DWN cases and control group (Table 4),
while DN group had significantly lower frequencies of
TT, CT + TT genotypes, and T allele when compared
to the control group (2.9% versus 26.7%, 37.1% versus
63.3%, and 20% versus 45% respectively), with signifi-
cant protective effect of T allele against DN develop-
ment (Table 5). Moreover, TT genotype and T allele
showed significantly lower frequency in the DN group
when compared to the DWN group (2.9% versus 20%,
and 20% versus 35.7% respectively), with significant
protective effect against DN development (Table 6).

Logistic regression analysis was conducted for predic-
tion of DN development using various risk factors in-
cluding age, gender, hypertension, HBA1C, TC, TG, and
MMP-9 -1562C/T SNP (rs3918242) genotypes. Hyper-
tension, higher HBA1C, TC, and TG were associated
with DN occurrence while TT genotype was protective
against DN in univariable analysis. Considering signifi-
cant covariates in univariable analysis, multivariable ana-
lysis revealed that hypertension, higher HBA1C, and TC,
but not TG, were considered as risk predictors for DN
development while TT genotype was significant pre-
dictor for protection against DN development (Table 7).

Table 2 Genetic features of studied SNP according to the
National Center for Biotechnology Information (NCBI) database

SNP ID rs3918242
-1562C/T
Alleles [@2)
Reference allele C
Chromosomal location 20q13.12

Gene matrix metallopeptidase 9 (MMP-9)
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Table 3 Assessment of the Hardy-Weinberg equilibrium (HWE)
of studied SNP in all studied groups

Control, N = 30 Diabetic without

Diabetic nephropathy

nephropathy (DWN) (DN) N = 35
N=35
Distribution Distribution Distribution
153918242
cc 1 17 22
CcT 11 " 12
T 8 7 1
P 0156 0.062 0673
Discussion

Many factors contribute to the development of diabetic
nephropathy, including metabolic, hemodynamics, and
inflammatory changes. These factors help the develop-
ment of DN through the accumulation of extracellular
matrix protein (ECM), thickening of glomerular base-
ment membrane (GBM), endothelial dysfunction, tubu-
lar fibrosis, and hyalinosis of renal arterioles [14, 15].
Matrix metalloproteinase 9 (MMP-9) belongs to gelati-
nases; it is known also as gelatinase B or type IV collage-
nase. It plays an important role in extracellular matrix
degradation and remodeling [16]. Bai et al. suggested
that exposure to hyperglycemia increases or decreases
MMP-9 production; this may contribute to the abnor-
mality of GBM produced by an imbalance in extracellu-
lar matrix synthesis and degradation, and may have a
critical role in the pathogenesis of DN [17].

The association of MMP-9 gene promoter polymorph-
ism and microvascular diabetic complications had been
assessed in previous studies [18—20]. Nevertheless, the
results are inconclusive [11], so the current study aimed
to assess the association between (MMP-9) -1562C/T
gene polymorphism and DN in type 2 DM. The patients
enrolled in this study were thirty-five diabetic patients
with DN, thirty-five diabetic patients without DN, and
thirty non-diabetic personnel as a healthy control group.

In the current study, there was a non-significant differ-
ence between patients with DN and DWN as regard age
and gender. This is in agreement with Palazhy and Vis-
wanathan, who found that age and sex were comparable
in patients with and without DN [21]. Also, another
study found that the prevalence of diabetic kidney dis-
ease remained stable among the age group [22], as well
as other researchers reported that diabetic nephropathy
affects male and female sex equally [23]. However, other
studies stated that male gender is a risk factor for dia-
betic nephropathy development and progression in type
2 diabetic patients [24, 25].

Additionally, Russo et al. reported that male sex, age,
and DM duration were more prevalent in the albuminuria
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CT, 36.70%

Control

Fig. 2 MMP-9 153918242 genotypes in all studied groups
A

CT, 31.40%

DWN

CT, 34.30%

DN

group of type 2 diabetic patients [26]; this discrepancy
might be attributable to different characteristics of studied
diabetic patients than our study as they studied elderly
people, correspondingly the exposure to higher drugs, side
effects of management of DN, including hypoglycemia,
and frequent co-morbidities [27].

Hypertension is highly prevalent in type 2 diabetic
patients with DN. Mechanisms of hypertension in DN
include activation of renal renin-angiotensin-aldosterone
system activation, increased sympathetic nervous system
activity, endothelial cell dysfunction, reactive oxygen
species upregulation, and nitric oxide downregulation.
These mechanisms have the main role in the onset and
deterioration of hypertension in these patients with DN
[28]. This is in agreement with our results, which
showed that hypertension was significantly higher in the
DN group than in the control or the DWN groups.
Moreover, the risk factor profile was worst in the DN

group; previous study showed higher HBAlc, triglycer-
ides = 150 mg/dl, and BP > 140/85 mmHg in the albu-
minuria positive group [26]. This is in partial harmony
with our results, which showed that systolic BP, FBG,
and HbA1C, TC, and TG levels were significantly higher
in the group with DN than without. Though Palazhy
and Viswanathan concluded that dyslipidemia (high TG,
low HDL, and high LDL) was highly prevalent among
diabetic patients with nephropathy, this is in agreement
with our data, but on contrary, they found that hyper-
tension and HBA1C were comparable in both groups
(DN and DWN) [21].

Also, in the study done by Low et al., which included
diabetic patients with CKD, defined by GFR < 60 mL/
min per 1.73m” or ACR > 30mg/g in one spot urine
analysis, they restated that the main traditional risk fac-
tors as smoking, hyperglycemia, dyslipidemia, and hyper-
tension were associated with chronic kidney disease [29].

Table 4 Comparison of MMP-9 genotypes and alleles between diabetic without nephropathy cases and control groups

Control N = 30 Diabetic without nephropathy (DWN) N = 35 P OR 95% ClI
N % N %
rs3918242

cc 11 36.7 17 486 - 1 (Reference)
cT M 36.7 11 314 0449 0.762 0.377 1.541
T 8 26.7 7 20 0378 0.701 0318 1.545
CT+T1T 19 63.3 18 514 0.334 0.737 0.396 1.369
C 33 55.0 45 64.3 - 1 (Reference)
T 27 450 25 357 0.282 0679 0.335 1.375

Logistic regression test was used
OR odds ratio, CI confidence interval
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Table 5 Comparison of MMP-9 genotypes and alleles between diabetic nephropathy cases and control groups
Control, N = 30 Diabetic nephropathy (DN) N = 35 p OR 95% Cl
N % N %
rs3918242
cC 11 36.7 22 629 - 1 (Reference)
cT 11 36.7 12 343 0.276 0.686 0.349 1.351
T 8 26.7 1 29 0.006 0.192 0.059 0618
CT+TT 19 633 13 37.1 0.036 0513 0275 0.956
C 33 55 56 80 - 1 (Reference)
T 27 45 14 20 0.003 0306 0.141 0.664
Logistic regression test was used
OR odds ratio, C/ confidence interval
On the other hand, Okada et al. showed that systolic  diabetic patients without complications and the

blood pressure visit-to-visit variability was a risk factor
for the progression or development of albuminuria [30].
Also, annual FPG and HbAlc variations have a strong
association with diabetic nephropathy in patients with
type 2 diabetes [31].

In our study, the DWN group and control group
showed non-significant difference as regard frequency of
alleles and genotypes of MMP-9 (-1562C/T) gene poly-
morphism, and we found that TT genotype and T allele fre-
quencies were significantly lower in DN when compared to
the control and DWN groups, with the possibility of a pro-
tective effect of T allele against DN development. This is in
harmony with Feng et al. [13]. This protective role of the T
allele could be explained by transcriptional suppression that
is decreased so the expression of MMP-9 is elevated, which
leads to increase degradation of ECM, delayed interstitial fi-
brosis, and renal glomerular sclerosis with the subsequent
delay in DN development and progression [13], while Feng
et al. found that as regard T allele frequency, the DN group
was different when compared with the DWN group,
but did not reach statistically significant values.
Conflicting to our results, Singh et al. revealed that
the allele distribution differed significantly between

normal control group [20]. This difference between
the two results might be attributable to dissimilar
diabetic complications in these two works.

In the current study, logistic regression analysis
showed that hypertension, TC, and TG were associated
with DN occurrence while the TT genotype was protect-
ive against DN in univariable analysis.

However, the multivariate analysis revealed that hyper-
tension, higher TC, HBAlc, and MMP-9 -1562C/T SNP
(rs3918242) TT genotype were considered as risk predic-
tors for DN development. This is in partial harmony
with Feng et al., who reported that SBP, TG, and TC
were independent risk factors for DN, and TT genotype
of MMP-9 -1562C/T SNP (rs3918242) was a protective
factor against DN [13]. Additionally, in the meta-analysis
which was retrieved from PubMed, Medline, Embase,
China National Knowledge Infrastructure, Web of Sci-
ence, and Cochrane databases, there was a significant as-
sociation between the MMP-9-1562 C/T genotype and
the risk of DN in Asians, and the MMP-9-1562 T gene
mutation might reduce the risk of DN [11].

The current study acknowledges some limitations in-
cluding a small sample size; we advise further study with

Table 6 Comparison of MMP-9 genotypes and alleles between diabetic nephropathy and diabetic without nephropathy groups

Diabetic without nephropathy (DWN) N = 35 Diabetic nephropathy (DN) N = 35 p OR 95% Cl
N % N %
rs3918242

cc 17 486 22 629 - 1 (Reference)
cT 11 314 12 343 0.746 0.899 0470 1.717
T 7 20 1 29 0.030 0.269 0.083 0.878
CT+TT 18 514 13 37.1 0.229 0694 0383 1.258
C 45 64.3 56 80 - 1 (Reference)
T 25 357 14 20 0.040 0450 0.210 0.965

Logistic regression test was used
OR odds ratio, C/ confidence interval
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Table 7 Regression analysis for prediction of diabetic nephropathy development within diabetic cases

Univariable Multivariable
p OR 95% Cl p OR 95% Cl
Age 0713 0.995 0.967 1.023
Gender 0.339 0.750 0416 1.353
Hypertension 0.003 2622 1.382 4.974 0.015 2.867 1.877 3.973
HBA1C <0.001 1.304 1.134 1.500 0.001 1316 1.112 1.557
TC 0.019 1.008 1.001 1.015 0.048 2.684 1934 6.210
TG 0.023 1.007 1.001 1014 0953 1.028 0408 2589
153918242
CcC - 1 (Reference) - 1 (Reference)
cT 0.746 0.899 0470 1.717 0.980 0.996 0717 1382
T 0.030 0.269 0.083 0.878 0.042 0538 0.043 0918

Logistic regression test was used
OR odds ratio, C/ confidence interval

a large number of populations to ascertain the role of
MMP-9 gene polymorphisms in DN prediction.

Conclusions

This study suggested the protective role of the T allele
of MMP-9 SNP (-1562C/T) gene polymorphism and
lower HbA1c against diabetic nephropathy development.
This may be useful in the early prediction of patients
susceptible to diabetic nephropathy and for further early
prevention and management.
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