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differential renal function (DRF) less than 40 % in suc-
cessive radionuclide scans, iii) deteriorating renal function  
more than 5 %, iv) progressive thinning of the renal cortex 
with or without compensatory hypertrophy of the other 
kidney, v) clinical findings such as ipsilateral flank pain, 
vi) frequent pyelonephritis, vii) significant grade hydrone-
phrosis, usually greater than 20 mm, and viii) other symp-
toms such as hypertension, hematuria, kidney stones8.

Statistics
We used for statistical analyses the GraphPad Instat 

(GraphPad Inc., San Diego, CA, USA) software package. 
Due to the small sample, a nonparametric statistical anal-
ysis was performed. A Mann-Whitney U test was used to 
compare controls and patients while Kruskal-Wallis and 
Wilcoxon signed rank tests were used to analyze the pa-
tient group. A p value <0.05 was considered significant. 

Results
Clinical parameters of the patient and control groups 

are presented in Table 1. A total of 17 UPJO patients (14 
boys, three girls) were recruited. The mean serum creati-
nine values were normal in all patients and controls. Ten 
out of the 17 patients were diagnosed with hydronephrosis 
grade four and seven with hydronephrosis grade three ac-
cording to the SFU classification system9. T ½ in the (99m)
Tc-MAG3 renogram was above 20 minutes in all patients. 

The mean serum MMP2 concentration in UPJO patients 
was 502.2 ± 64.2 ng/ml while in controls it was 471.42 ± 
123.35 ng/ml. However, the difference was not statistically 
significant (p =0.206). On the contrary, MMP9 levels were 
significantly decreased in the serum samples of UPJO pa-
tients (418.53 ± 256.78 ng/ml) compared to controls (572 
± 226.96) (p =0.037). Interestingly there was no significant 
correlation between MMP9 values and T ½ values in MAG3 
(r2 =0.217) neither between MMP9 values and antero-poste-
rior renal pelvis diameter values (r2 =0.03).

Discussion
This study found significantly decreased concentra-

tions of MMP9 in the serum of patients with obstructive 
UPJO, however, according to our results, we found no 

significant difference in MMP2 levels between obstruc-
tive UPJO and healthy controls. 

Having in mind, firstly that the pathogenesis of renal 
damage in obstructive nephropathy consists of a sequence 
of events which result in progressive interstitial fibrosis, 
secondly that MMPs hold pro- as well as anti-fibrotic 
properties depending on the context6 and thirdly con-
sidering the published data by animal and human stud-
ies, the potential role of MMPs as biomarkers in UPJO 
seemed more than probable. In this context, we attempt-
ed to measure MMP2 and MMP9 levels in the serum of 
UPJO patients since the molecular weight of these two 
gelatinases (72 kD and 92 kD respectively) is relatively 
small. However, one should take under consideration that 
renal reabsorption in this age group is clearly affected. 

In 2010 Nicksa GA et al created a fetal ovine model and 
reported that urinary MMP activity correlates with the degree 
of kidney damage10. The presence of MMP-9 and that of 63-
kD MMP2 was described as independent predictors of sever-
ity, and the authors suggested that prenatal urinary MMPs 
profiling may enhance patient stratification and counseling in 
the setting of congenital obstructive uropathy10. Altered ex-
pression or activity of MMPs has also been documented in the 
renal tissue of rats with hydronephrosis11-12. 

Furthermore, studies in mice have pointed out the 
role of MMP9 in stimulation of renal fibrosis through an 
endothelial-mesenchymal transition during the evolution 
of renal injury post-obstruction13. On the other hand, sci-
entists demonstrated that mesenchymal stem cells, which 
offer a protective role against obstruction-induced renal 
fibrosis, do so by decreasing MMP9 production14. More-
over, it has been proven that MMP9 contributes to kid-
ney fibrosis via the endothelial–mesenchymal transition 
through Notch signaling in primary mouse renal peritu-
bular endothelial cells15 and also in human kidney glo-
merular endothelial cells16. In addition to the above, since 
2013 researchers depicted in mice with unilateral ureteral 
obstruction, that renal MMP9 expression followed a bi-
phasic early- and late-stage upregulation of MMP9 activ-
ity17. During the early stages tubular epithelial cells were 
the principal source of MMP9, while during late-stages 
tubular epithelial cells, macrophages and myofibroblasts 

Table 1: Demographic and clinical characteristics of the 17 pediatric patients with ureteropelvic junction obstruction and the 
17 controls that were included in the study.

Patients Controls
Gender (male/female) 14/3 11/6
Laterality (left/right) 7/10 -
Age at diagnosis (prenatal/post) 16/1 -
Age at sampling (months) 1.5 (1- 20) 1.5 (0.5-16)
Preoperative AP diameter (SFU grade 4/SFU grade 3) 10/7 -
MMP2 (ng/ml) 502.2  ± 64.2 471.42 ± 123.35
MMP9 (ng/ml) 418.53 ± 256.78 572 ± 226.96

MMP: matrix metalloproteinase, SFU: Society of Fetal Urology classification system, AP: anteroposterior. Age at sampling for both patients 
and controls is presented as median and range in parenthesis (min-max). The concentrations of MMP2 and MMP9 are also depicted for the two 
groups as mean ± standard deviation.


