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Abstract

Background: Matrix metalloproteinase-9 (MMP-9) is an enzyme implicated in the pathogenesis of renal diseases. Renal involve-
ment is the principal cause of morbidity and mortality in children with Henoch-Schönlein purpura (HSP).
Objectives: The aim of this study was to evaluate whether serum and urinary MMP-9 levels are associated with renal involvement
in HSP
Patients and Methods: We evaluated 40 children with HSP (patient group) and 27 healthy volunteer children (control group).
The patient group was divided into two subgroups based on the presence or absence of nephritis. Nephritis was defined as the
existence of hematuria and/or proteinuria. All anthropometric data, physical examination findings, blood pressure, and laboratory
parameters were recorded. The serum and urine samples were analyzed to determine the MMP-9 levels three days after the initial
phase of the disease.
Results: The mean age was 7.65± 3.41 (range 2 - 16) years in the patient group and 9.52± 3.91 (range 2 - 16) years in the control group.
Henoch-Schonlein purpura nephritis (HSPN) was identified in eight patients. There was no significant difference in the serum MMP-
9 levels between the HSPN subgroup and the controls (P > 0.05). However, there were significant differences in the urinary MMP-9
levels between the HSP subgroup and the control group (P < 0.05), with the urinary MMP-9 levels being significantly higher in
patients in the HSP subgroup (P = 0.001). Further, the urinary MMP-9 levels were significantly higher in the patients with nephritis
than in the patients without nephritis (P = 0.001) and the controls (P = 0.001). The optimal cut-off point (sensitivity; specificity) of
the urinary MMP-9 level for the diagnosis of HSPN was 94.7 pg/mL.
Conclusions: The levels of MMP-9 in the urine were remarkably high in patients with HSPN. This non-invasive marker may therefore
be an important indicator for the early diagnosis of nephritis in children with HSP.
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1. Background

Henoch-Schönlein purpura (HSP) is one of the most
common forms of vasculitis that affects the small blood
vessels in children (1, 2). This form of leukocytoclas-
tic vasculitis is associated with IgA-mediated immune de-
posits and it predominantly affects the skin, gastrointesti-
nal tract, joints, and kidneys (3). Although HSP can be
self-limiting, it can sometimes lead to serious complica-
tions. Renal involvement is the most important and life-
threatening complication of HSP. In the pediatric popula-
tion, HSP is usually known as Henoch-Schönlein purpura
nephritis (HSPN) when it affects the kidneys. Affected chil-
dren have a 40% risk of developing nephritis within 4 - 6

weeks of the initial presentation (4). HSPN that is charac-
terized by the presence of hematuria alone or by different
levels of proteinuria (5, 6) is usually a benign condition;
however, it can also lead to renal failure (4).

The matrix metalloproteinases (MMPs) are a family of
zinc-dependent proteinases and they are the main promot-
ers of extracellular matrix (ECM) degradation. The MMP
family plays a major role in ECM synthesis and breakdown
in healthy kidney glomeruli (7). The imbalance between
ECM synthesis and breakdown, as well as a deteriorating
construction matrix, are important for the progression to
glomerular disease (8).

Currently, the cause of HSPN remains unclear (2). How-
ever, glomerular mesangial cell proliferation and mesan-
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gial matrix accumulation are thought to be responsible for
the development of renal involvement (7). Early diagnos-
tic criteria are still being investigated for the diagnosis of
HSPN. As MMP-9 has been reported to be the most impor-
tant proteolytic enzyme involved in ECM remodeling, it is
thought to be responsible for renal impairment (9).

Previous studies have reported changes in the serum
and urinary MMP-9 levels in patients with HSPN (7, 10-18).
However, only a limited number of studies have so far been
conducted on this subject.

2. Objectives

In the present study, we evaluated the role of MMP-9
in renal impairment by measuring the serum and urinary
MMP-9 levels of children with HSP.

3. Patients andMethods

This study was conducted in the Department of Pe-
diatrics at Bagcilar Training and research hospital in Is-
tanbul, Turkey, between January 2014 and December 2015.
Forty HSP patients and 27 healthy children were included
in the study. HSP was diagnosed in patients with non-
thrombocytopenic palpable purpura on the extensor as-
pects of the legs or on the buttocks (mandatory criterion)
in the presence of at least one of the following four fea-
tures: diffuse abdominal pain, any biopsy showing a pre-
dominant IgA deposition, arthritis or arthralgia, or renal
involvement (any hematuria and/or proteinuria) (19). Chil-
dren who required regular treatment for a chronic disease
and those with urinary tract or systemic infections were ex-
cluded from the study. The control group was made up of
healthy volunteers from the same age group. All anthro-
pometric data and physical examination findings related
to the control group were normal.

All anthropometric data, physical examination find-
ings, blood pressure, biochemistry, and coagulation test
results were recorded. Serum and urine samples were ob-
tained from patients admitted to our clinics with a pur-
puric rash and then diagnosed with HSP within the first
three days of admission. At baseline, none of the patients
had renal involvement. All serum and urine samples were
centrifuged for 5 minutes before being stored at -20°C
prior to use. The overall length of follow-up for all patients
was one year.

In eight patients, renal involvement developed during
the 3rd week of the follow-up period. Renal involvement
is indicated by abnormal urinalysis results in HSP patients
and it is categorized into three types: normal levels of pro-
teinuria (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), or heavy proteinuria (≥
1 g/L) and/or hematuria (≥ 5 red blood cells per high-power
microscopic field) (5, 6).

The Human MMP-9 ELISA kit (Ab100610, Abcam, USA)
was used for the quantitative measurement of MMP-9 in
the serum and urine samples. The samples and standards
were added to the appropriate wells of a plate pre-coated
with an anti-human monoclonal antibody prior to incuba-
tion. Then, biotin was added to the wells and combined
with Streptavidin-HRP to form immune complexes. The in-
cubation and washing steps were performed to remove the
uncombined enzyme. Chromogen solutions A and B were
added, thereby changing the color of the liquid to blue.
The effect of the acid changed the color to yellow. The opti-
cal density was read on a standard automated plate reader
at 450 nm (Perkin Elmer, 1420 Victor3). The detection range
of the kit was between 24.69 and 12.000 pg/mL.

The study was approved by the local ethics committee
(2014 - 244), and informed consent was obtained from all
children and/or their parents.

3.1. Statistics

All statistical descriptions and hypothesis tests were
analyzed using SPSS version 23 and MedCalc 16.2 software.
The explanatory statistics are given as the mean ± stan-
dard deviation for the continuous variables and as the fre-
quency and percentage for the discrete variables. The con-
formity of the continuous variables with the normal distri-
bution was evaluated using the Kolmogorov-Smirnov test.
Two independent sample t-tests were used to compare the
variables that were in conformity with the normal distri-
bution, while the Mann-Whitney U test was used to com-
pare the variables that were not in conformity with the nor-
mal distribution. A ROC analysis was conducted to evalu-
ate whether the serum and urinary MMP-9 values of the pa-
tient group were distinct from those of the control group,
and the area under the curve was assessed. P < 0.05 was
accepted as statistically significant.

4. Results

The mean age was 7.65 ± 3.41 years in the patient
group and 8.67 ± 3.78 years in the control group, while
the male/female ratio was 23/17 in the patient group and
16/11 in the control group. There were no significant dif-
ferences in terms of age and gender between the patient
and control groups. The patient height and weight per-
centiles were 25 - 50. All patients had a polymorphic rash
with petechiae on the lower extremities, buttocks, and feet.
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Seven patients had swollen joints, particularly the knees
and ankles, while 12 patients had abdominal pain due to
HSP. This acute episode lasted for seven days. Skin biopsies
were performed in three cases presenting with purpura
but no renal involvement, abdominal pain, or arthritis. In
these three patients, the skin biopsies were consistent with
leukocytoclastic vasculitis and an immunofluorescence ex-
amination revealed immunoglobulin A deposits.

HSPN was identified in eight patients. Only two pa-
tients with renal involvement had a blood pressure above
the 95th percentile; the other patients exhibited normal
blood pressure. All patients had normal kidney function
and platelet levels. Coagulation system tests revealed that
the fibrinogen and activated partial thromboplastin time
(aPTT) concentrations and the prothrombin time were
normal. Ultrasonography of the abdomen revealed the
kidneys to be of normal size and echogenicity.

4.1. Comparison of HSP Patients Without Renal Involvement
and the Control Group

There was no significant difference between the serum
MMP-9 levels of the HSP patients without renal involve-
ment and those of the control group. However, the urinary
MMP-9 levels in these patients were significantly higher
than those of the control group (P < 0.05; Table 1).

4.2. Comparison of Patients with HSPN and the Control Group

There was no significant difference between the serum
MMP-9 levels of patients with renal involvement and those
of the control group (P > 0.05). Yet, the urinary MMP-9
levels of the patients with HSPN were significantly higher
when compared to those of the control group (P = 0.001;
Table 2).

A ROC analysis was performed to obtain the area under
the curve and the optimal cut-off point for urinary MMP-9
for the diagnosis of HSPN. The optimal cut-off point (sen-
sitivity; specificity) for the urinary MMP-9 level was found
to be 94.7 pg/mL. Thus, patients with urinary MMP-9 levels
higher than 94.7 can be evaluated as patients with renal in-
volvement (P < 0.05; Figure 1).

4.3. Comparison of the Three Groups

The urinary MMP-9 level of the patients with HSPN was
significantly higher than the levels of the HSP patients
without renal involvement and the control group (P <
0.005; Table 3).

5. Discussion

One of the most serious complications that can de-
velop during the course of HSP is renal involvement, which
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Figure 1. Receiver-Operator Curves of Urinary Matrix Metalloproteinase-9 for the
Diagnosis of HSPN

is evaluated as HSPN. Non-invasive biomarkers that can de-
tect renal involvement during the early stage and that may
develop over the course of HSP have been investigated;
however, the studies previously conducted on this issue
have proved inadequate. The matrix metalloproteinases
are known to play a role in renal involvement during in-
flammatory events. Due to this involvement, the present
study was conducted to determine the possibility of using
MMP-9 for the early detection of renal damage in patients
with HSP.

Under normal physiological conditions, both MMP-9
activation and secretion with the matrix degradation pro-
tein are very low (20, 21). MMP-9 becomes active during in-
flammatory events, leading to the migration of leukocytes
throughout the basal membrane and extracellular matrix
degradation due to inflammatory precursor cytokine re-
lease from the extracellular matrix (22). Danilewicz et al.
(23) reported that the renal damage in HSP patients with
nephritis and IgA nephropathy showed similarities. The
changes in glomerular cell proliferation and the ECM con-
tent and composition led to sclerosis and fibrosis in the
glomeruli, which could progress to end-stage renal dam-
age. The authors also reported that MMP-9 was respon-
sible for the event that initiated EMC degradation in the
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Table 1. Comparison of the Serum and Urinary MMP-9 Levels of the HSP Group and the Control Group

MMP-9 (pg/mL) N Mean± SD P Valuea

Serum

Control 27 4917.1 ± 2340.1

HSP 32 5358.3 ± 1393.9 0.903

Urine

Control 27 28.2 ± 16.8

HSP 32 71.8 ± 98.4 0.001

aP < 0.05 is significant.

Table 2. Comparison of the Serum and Urinary MMP-9 Levels of the HSPN Group and the Control Group

MMP-9 (pg/mL) N Mean± SD P Valuea

Serum

Control 27 4917.1 ± 2340.1

HSPN 8 6101.5 ± 809.7 0.550

Urine

Control 27 28.2 ± 16.8

HSPN 8 4307.9 ± 2796.5 0.011

aP < 0.05 is significant.

Table 3. Comparison of Urinary MMP-9 Levels of the Three Groupsa

UrineMMP-9 (pg/mL) Control HSP HSPN HSP vs HSPN

N 27 32 8 40

Mean± SD 28.2 ± 16.8 71.8 ± 98.4 4307.9 ± 2796.5

P value 0.011*A 0.001*B 0.002*C

aThe Mann-Whitney U test was used as a post hoc test to identify group differences, and the P values were interpreted with the Bonferroni correction. P < 0.05 was
significant. P*A is the comparison between patients without renal involvement and the control group, P*B is the comparison between patients with renal involvement
and the control group, and P*C is the comparison between HSP patients without renal involvement and those with renal involvement.

glomeruli in both diseases.

The mechanism of serum and urinary MMP-9 elevation
in patients with HSP and HSPN is not yet known, although
different opinions on the matter do exist. Abnormal EMC
remodeling is responsible for the glomerulus damage in
HSPN (23). One possible explanation is the excretion of
MMP-9 resulting in increased levels in the serum and urine
as a result of inflammation in patients with HSPN (24). The
excretion of MMP-9 in the urine increases concomitantly
with its increase in the serum. In a study performed by
Shin et al. (25) investigating the MMP-9 gene expression
profiles of children with HSP, the serum MMP level during
the acute phase was significantly higher than that of the
control group.

In a meta-analysis evaluating eight studies, the serum

MMP-9 level was reported to be a risk factor for the devel-
opment of HSPN (26). All eight studies were conducted in
a Chinese population, with seven published in Chinese and
only one published in English (7). In the latter (7), both
the urinary and serum MMP-9 levels were higher in chil-
dren with renal involvement when compared to children
with HSP but without renal involvement and children in
the control group. Moreover, the serum MMP-9 level was re-
ported to exhibit a five-fold increase in patients with HSPN
when compared to the control group’s serum MMP-9 level.
The authors found that the optimal cut-off point (sensitiv-
ity; specificity) for the serum MMP-9 level for the diagno-
sis of HSPN was 179.79 mg/L (0.96; 0.88) (7). Furthermore,
serum MMP-9 was reported to possibly predict the onset of
HSPN in children.
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In our study, the serum MMP-9 level in HSP patients
with and without renal involvement did not differ from
that of the control group. Thus, the results of our study
were not consistent with those of previous studies. In a
study conducted by Zou et al. (27), the serum MMP level in
samples collected from acute phase HSP patients without
renal involvement was significantly higher than the level
found in samples collected during the healing phase, while
the serum MMP-9 level of some HSP patients was lower
than the levels found in the control group. This situation
was explained by the finding that the MMP-9 level could
increase in cases other than HSP (27). In our study, only
healthy children with no acute or chronic illness were in-
cluded; hence, the high MMP-9 levels detected in the con-
trol group were not correlated with any other cause.

Another possible explanation for the increased MMP-
9 level in the urine and serum is that the increase in
the MMP-9 level during inflammation deteriorates mem-
brane integrity and permeability, leading to damage to the
glomerular basal membrane and thereby increasing the
MMP-9 level in the urine (28).

Previous studies reported that the urinary MMP-9 level
was increased in HSP patients with renal involvement (7,
10-12). In a meta-analysis evaluating four studies, the uri-
nary MMP-9 level was found to be increased in patients
with HSPN and hence it could be used as an early indica-
tor (26). In this study, the urinary MMP-9 level of the pa-
tients with HSPN was higher than that of the patients with-
out renal involvement and the control group. The results
of our study are therefore consistent with the results of
other studies reported to date. Under normal conditions,
a robust glomerulus basal membrane does not allow the
passage of these small MMP-9 molecules (23). The urinary
MMP-9 level in both the HSP and HSPN patients was high
during the early period of the respective disease in this
study, which might indicate that the glomerulus damage
started early. A limitation of this study is the insufficient
number of patients with HSPN.

5.1. Conclusion

The urinary MMP-9 level could be a useful indicator
of renal damage during the acute phase in patients with
HSPN. However, further studies are needed to support this
hypothesis.
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