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 Urinary [IGFBP7×TIMP-2] involved in G1 cell cycle arrest during the 

early phases of cellular stress or injury caused by various insults (e.g., 

oxidative stress, sepsis, ischemia and toxins). This Cross-sectional Study 

was designed under the supervision of College of Medicine, Almustansiriya 

University, Chemistry and Biochemistry Department. A 176 patients, 88 

patients with primary renal stone, and 88 patients with secondary renal 

stone. Urinary [IGFBP7×TIMP-2] level in primary renal stone group was 

significantly lower than of secondary renal stone group. p ≤0.0001, AUC 

for [TIMP-2 × IGFBP-7], was 1.000, primary renal stone group has urinary 

[TIMP-2 × IGFBP-7] level lower than 1.93620 (ng/ml)2, secondary renal 

stone group has urinary [TIMP-2 × IGFBP-7] level higher than 1.93620 

(ng/ml)2. Urinary [IGFBP7×TIMP-2] in both of primary renal stone group 

and secondary renal stone group were a perfect markers for predicting 

Renal stone disease in patients with acute kidney injury. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

TIMP-2 has a molecular weight of approximately 21 kDa and IGFBP7 has a molecular mass of 30 kDa. Both 

of them are expressed and secreted by renal tubular cells, and involved in G1 cell cycle arrest during the early 

phases of cellular stress or injury caused by various insults (e.g. sepsis, ischemia, oxidative stress and toxins). 

[3] increases in [IGFBP7•TIMP-2] enhanced crystal adhesion capacity of renal tubular cells and improve 

stone development [5]. 

 

2. Materials and Methods 

This Cross-sectional Study was designed under the supervision of College of Medicine, Almustansiriya 

University, Chemistry and Biochemistry Department, and clinical data and samples were collected from 

December 2020 to March 2021. Samples were taken from Salah Aldin General Hospital in Tikrit, Urology 

Department, under the supervision of Surgical Urologist Doctor; Jamal Abbas, and Doctor Jamal Alsamarrie 

Private Hospital in Samarra, Surgical Department. Samples were collected from Hospitalized and Non – 
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Hospitalized patients attending the Urology consultation and patients diagnosed with Primary Renal Stone or 

Secondary Renal Stone by a Urologist; All patients with Secondary Renal Stone were treated with 

Extracorporeal Shock Wave Lithotripsy for kidney stone. 

 

2.1 Sampling 

Fresh urine (about 10 ml) were taken from patients with primary and secondary stone, (all samples were from 

non- fasting patients), Urine samples were centrifuged at 1000rpm for 15 minutes (Fig 2-3), Then supernant 

were placed into two (2) Eppendrof tubes, and stored at -20 C0 until the time of analysis. 

 

2.2 Subject Groups 

A hundred and seventy six (176) patients were registered (104 male) and (72 female) aged between twenty 

to seventy (20-70) years. The total subjects were divided into two groups: 

 Group I: Patients with Primary Renal Stone, Primary renal stone called for first incidence, diagnosis, 

and first formation for a kidney stone. are diagnosed proved by X-ray technique and ultrasonography 

technique associated with laboratory test which verified diagnosis of renal stone disease. Include eighty-eight 

(88) patients, (58 male, 30 female), aged between twenty to seventy (20-70) years, and diagnosed by Urologist 

consultant. 

 Group II: Patients with Secondary Renal Stone (Recurrent renal stone), It is the stone that recreate 

again (recurrent) after patient with Primary renal stone treated with extracorporeal shock wave lithotripsy 

(ESWL), are diagnosed proved by X-ray technique and ultrasonography technique associated with laboratory 

test which verified diagnosis of renal stone disease after they treated with Extracorporeal Shock Wave 

Lithotripsy for patients who had previous kidney stone. Include eighty-eight (88) patients, (46 male, 42 

female), aged between twenty to seventy (20-70) years, and diagnosed by consultant Urologist. 

 

2.3 Methods 

2.3.1 Determination of Urinary Tissue Inhibitors of Metalloproteinase-2 (TIMP-2) level 

Tissue inhibitors of metalloproteinase 2(TIMP-2) urine concentration was measured by enzyme-linked 

immune sorbent assay kit. This kit was based on sandwich enzyme-linked immune sorbent assay technology. 

It is based on biotin double antibody sandwich technology to assay Human Tissue inhibitors of 

metalloproteinase 2(TIMP-2). Tissue inhibitors of metalloproteinase 2(TIMP-2) were added to wells that are 

pre-coated with Tissue inhibitors of metalloproteinase 2(TIMP-2) monoclonal antibody and then incubated. 

After incubation, anti TIMP-2 antibodies labeled with biotin were added to unite with streptavidin-HRP, 

which forms the immune complex. Unbound enzymes were removed after incubation and washing, then 

substrate A and B were added. The solution were turned to blue and changed to yellow with the effect of acid. 

The shades of solution and the concentration of Human Tissue inhibitors of metalloproteinase 2(TIMP-2) 

were positively correlated. 

 

2.3.2 Determination of Urinary Insulin Like Growth Factor Binding Prptein -7 (IGFBP-7) level 

Insulin like growth factor binding prptein -7 (IGFBP-7) urine concentration was measured by enzyme-linked 

immune sorbent assay kit. This kit was based on sandwich enzyme-linked immune sorbent assay technology. 

Is an in vitro enzyme-linked immunosorbent assay for the quantitative measurement of Human IGFBP7 in 

Cell Culture Supernatants, Serum, Plasma, Urine. This assay employs an antibody specific for Human 

IGFBP7 coated on a 96-well plate. Standards and samples were pipetted into the wells and IGFBP7 present 

in a sample was bound to the wells by the immobilized antibody. The wells were washed and biotinylated 

anti-Human IGFBP7 antibody was added. After washing away unbound biotinylated antibody, HRP-

conjugated streptavidin was pipetted to the wells. The wells were again washed, a TMB substrate solution 

was added to the wells and color develops in proportion to the amount of IGFBP7 bound. The Stop Solution 
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changed the color from blue to yellow, and the intensity of the color was measured at 450 nm. 

 

2.3.3 Objective 

To estimate urinary (TIMP-2) and (IGFBP-7) levels in patients with primary renal stones and compare it with 

recurrent renal stone group and find the relation (TIMP-2)*(IGFBP-7) if  has a diagnostic value. 

 

3. Results 

 

3.1 General Analysis and Comparison Between Primary Renal Stone and Secondary Renal Stone 

The urinary Tissue inhibitor of metalloproteinase-2 (TIMP-2) was significant, (p ≥ 0.0001) the mean of 

primary renal stone group (0.93±0.30) was significantly lower than for secondary renal stone group 

(1.52±0.32). The urinary Insulin growth factor binding protein -7 (IGFBP-7) was significant, (p ≥ 0.0001) the 

mean of primary renal stone group (1.14±0.31) was significantly lower than for secondary renal stone group 

(2.49±0.53). The TIMP-2 × IGFBP-7 was significant, (p ≥ 0.0001) the mean of primary renal stone group 

(1.13±0.61) was significantly lower than for secondary renal stone group (3.71±0.85), This results in Table 

(3-1). 

 

Table (3-1): Descriptive statistics for Urinary: (TIMP-2), (IGFBP-7), (TIMP-2)×(IGFBP-7). 

 
Primary 

(88) 

Secondary 

(88( 
P value  

Normal 

Range 
  

Urinary Tissue Inhibitor of 

Metalloproteinase-2 (TIMP-2) 

(ng/ml) 

0.93±0.30 

(0.50-

2.60) 

1.52±0.32 

(0.81-

2.10) 

0.0001#  
less than 

0.4 ng/ml 
  

Urinary Insulin like Growth 

Factor Binding Protein-7 

(IGFBP-7) (ng/ml) 

1.14±0.31 

(0.63-

1.68) 

2.49±0.53 

(1.68-

3.91) 

0.0001#  
less than 

0.5 ng/ml 
  

TIMP2 x IGFBP7 Urinary 

1.13±0.61 

(0.24-

3.874) 

3.71±0.85 

(2.00-

4.902) 

0.0001#  
0.04-0.15 

ng/ml 
  

-Data were presented as Mean±SD (Range)     

#Significant difference between two independent means using Students-t-

test at 0.05 level. 
    

 

3.2 The Age Differentiation 

The results of ANOVA test was not significant for urinary TIMP2 p=0.838, mean of age: lower than 40 years 

was(1.24±0.42) (ng/ml), between(40---59) years was (1.21±0.40) (ng/ml), between(60---70) years was 

(1.18±0.44) (ng/ml). 

 

The ANOVA test was not significant for urinary IGFBP-7 p =0.481, mean of age: lower than 40 years was 

(1.88±0.81) (ng/ml), between (40---59) years was (1.74±0.76) (ng/ml), between (60---70) years was 
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(1.88±0.92) (ng/ml). 

 

Urinary TIMP-2×IGFBP-7 were not significant p =0.616, mean of age: lower than 40 years was (2.54±1.48) 

(ng/ml)2, between (40---59) years was (2.30±1.45) (ng/ml)2, between (60---70) years was (2.44±1.61) 

(ng/ml)2. This results in Table (3-2). 

 

Table (3-2): The mean level of the studied biomarker with different age of patients. 

 

Age (years) 
P 

value <40years(65) 
40---59 

(83) 
≥60years(28) 

Urinary Tissue Inhibitor of Metalloproteinase-2 

(TIMP-2) (ng/ml) 
1.24±0.42 1.21±0.40 1.18±0.44 0.838 

Urinary Insulin like Growth Factor Binding 

Protein-7 (IGFBP-7) (ng/ml) 
1.88±0.81 1.74±0.76 1.88±0.92 0.481 

Urinary TIMP2 x IGFBP7 2.54±1.48 2.30±1.45 2.44±1.61 0.616 

-Data were presented as Mean±SD 

#Significant difference among three independent means using ANOVA-test at 0.05 level. 

 

3.3 The Gender Differentiation 

There was significant difference in gender for urinary IGFBP-7 p =0.008, male (1.68±0.44) was significantly 

lower than female(2.01±0.82), urinary TIMP-2×IGFBP-7 was significant p < 0.03, male (2.21±1.48) was 

significantly lower than female(2.70±1.44). This results in Table (3-3). 

 

Table (3-3): Descriptive statistics for gender comparisons among study groups 

 
Gender (176) 

P value 
Male(104) Female(72) 

Urinary Tissue Inhibitor of 

Metalloproteinase-2 (TIMP-2) (ng/ml) 
1.18±0.44 1.26±0.38 0.203 

Urinary Insulin like Growth Factor Binding 

Protein-7 (IGFBP-7) (ng/ml) 
1.68±0.77 2.01±0.82 0.008# 

TIMP2 x IGFBP7 Urinary 2.21±1.48 2.70±1.44 0.030# 

-Data were presented as Mean±SD 

#Significant difference between two independent means using Students-t-test at 0.05 level. 

 

Table (3-4): ROC analysis criteria of selected markers as differentiating between primary renal stone group 

and secondary renal stone group 

Test Result Variables 

Area Under 

the Curve 

Std. 

Erro

P 

value 

95% Confidence 

Interval 
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(AUC) r Lower 

Bound 

Upper 

Bound 

Tissue Inhibitor of 

Metalloproteinase-2 (TIMP-2) 

(ng/ml) 

0.919 0.021 0.0001 0.878 0.960 

(IGFBP-7) (ng/ml) Insulin like 

Growth Factor Binding Protein-7 

1.000 0.001 0.0001 - - 

TIMP2 x IGFBP7 1.000 0.001 0.0001 - - 
 

4. Discussion 

Analysis of variance for urinary TIMP-2 were significant, p ≤0.0001, indicating there were significant 

difference in TIMP-2 among primary renal stone group and secondary renal stone group, which mean that 

secondary renal stone (recurrent stone) could increase kidney injury in comparable with primary renal stone. 

Due to crystal growth and compression of surrounding tissue. These results was agreed with result of [5], [8] 

when they found a strong relationship between TIMP-2 and Acute kidney injury. 

 

Analysis of variance for urinary IGFBP-7 were significant, p ≤0.0001, indicating there were significant 

difference in IGFBP-7 among primary renal stone group and secondary renal stone group, These results was 

compatible with results of [4], [7], [2]. When they hypothesized that the defect in cell proliferation and 

repressing G1 cell cycle, during tissue repair process may be involved in the increased crystal adhesion 

capacity at the injured locale. Crystal adhesion capacity of renal tubular epithelial cells lining luminal side of 

renal tubules could facilitate nucleation of new crystals inside renal tubules, leading to crystal growth, 

aggregation, and finally stone formation [9]. Mean of [TIMP-2 × IGFBP-7] were significant, p ≤0.0001, 

indicating there were significant difference in [TIMP-2 ×IGFBP-7] among primary renal stone group and 

secondary renal stone group, These results was compatible with result of [10], [6], [1]. When they support 

the thesis that increases in [IGFBP7×TIMP-2] enhanced crystal adhesion capacity of renal tubular cells and 

improve stone development. While the Gender results indicated was significant difference in gender for 

urinary IGFBP-7 p =0.008, male was significantly lower than female, urinary TIMP-2×IGFBP-7 was 

significant p < 0.03, male was significantly lower than female, which mean that increase in urinary IGFBP7 

levels might also be due to metabolic syndrome such as insulin resistance. Female estrogen may regulate 

insulin action directly via actions on insulin-sensitive tissues or indirectly by regulating factors like oxidative 

stress, which contribute to insulin resistance, also estrogen is positively involved in renal calcium reabsorption 

via the upregulation of epithelial calcium channels that cause calcium stone. Receiver Operator Characteristic 

(ROC) curve used to estimate the diagnosis TIMP-2, IGFBP-7, and [TIMP-2 × IGFBP-7]. In comparison 

between primary renal stone group and secondary renal stone group, the area under the curve (AUC) for 

Urinary Tissue Inhibitor of Metalloproteinase-2 (TIMP-2), was 0.919, the cut off value was 1.1700, in 

comparison between primary renal stone group and secondary renal stone group, primary renal stone group 

has TIMP-2 level lower than 1.1700 (ng/ml), secondary renal stone group has TIMP-2 level higher than 

1.1700 (ng/ml). (AUC) for Urinary Insulin like Growth Factor Binding Protein-7 (IGFBP-7), was 1.000, the 

cut off value was 1.6850, in comparison between primary renal stone group and secondary renal stone group, 

primary renal stone group has IGFBP-7 level lower than 1.6850 (ng/ml), secondary renal stone group has 

IGFBP-7 level higher than 1.6850 (ng/ml). The area under the curve (AUC) for urinary [TIMP-2 × IGFBP-

7], was 1.000, in comparison between primary renal stone group and secondary renal stone group, primary 

renal stone group has urinary [TIMP-2 × IGFBP-7] level lower than 1.93620 (ng/ml)2, secondary renal stone 

group has urinary [TIMP-2 × IGFBP-7] level higher than 1.93620 (ng/ml)2. Considered as TIMP-2, IGFBP-

7, and [TIMP-2 × IGFBP-7] in both of primary renal stone group and secondary renal stone group were a 

perfect markers for predicting Renal stone disease in patients with acute kidney injury. 
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5. Conclusion 

The urinary TIMP-2 and IGFBP-7 levels were significantly higher in secondary (recurrent) renal stone than 

primary renal. Urinary [ TIMP-2 × IGFBP-7] has a diagnostic value and may be consider as a predictor of 

renal stone disease which were higher in secondary renal stone group. Females had a significant elevated 

levels of urinary IGFBP-7, and urinary [TIMP-2 × IGFBP-7] than males. 
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