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Introduction

Diabetic kidney disease  (DKD), often referred to as diabetic 
nephropathy  (DN), a progressive disorder, remains the 
commonest cause of  end‑stage kidney disease (ESKD).[1,2] The 
process of  development of  DN involves cellular processes 
such as Glomerular Basement Membrane (GBM) thickening in 

the early stage, followed by nodular and subsequently diffuse 
glomerulosclerosis during late stage.[3,4] As stated by the American 
Diabetes Association  (ADA) and Kidney Disease Improving 
Global Outcomes (KDIGO) recommendations, the diagnosis 
of  chronic kidney disease in diabetics is based on evidence 
of  increased urine albumin excretion  (≥30  mg/g creatinine) 
or decreased estimated glomerular filtration rate  (eGFR) 
i.e. <60 ml/min/1.73 m2, which have persisted for more than 
three months.[5] In the early phase, hyperfiltration can maintain 
the estimated glomerular filtration rate at a high‑normal or even 
elevated level, which makes it more challenging in diagnosis. 
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Abstract

Background: Diabetic Nephropathy (DN) constitutes nearly half of cases of end stage renal disease. Despite decrease in kidney 
function, eGFR in the early stages may remain unaltered, making diagnosis difficult pointing towards need of more accurate 
biomarkers for early detection. Altered serum Matrix Metallo‑Proteinase‑7 (MMP‑7) and transforming growth factor‑ β (TGF‑β) has 
been noted independently in diabetic complications. The role of MMP‑7 with TGF‑β together has been highlighted in extracellular 
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of present study is to evaluate role of serum MMP‑7 and TGF‑β in DN. Methods: This case control Study included 61 DN cases, 
61 diabetes Mellitus controls and 61 healthy controls. After clinical evaluation routine biochemical parameters were estimated 
along with serum MMP‑7 and TGF‑β. They were analysed in relation to glycemia and eGFR along with correlation analysis. Results: 
Serum MMP‑7 and TGF‑β registered significant rise (P value‑<0.001) in DN cases in comparison to control groups. Their substantial 
association with each other and with glycaemic status and renal function was noted in the correlational analysis. Diagnostic accuracy 
of MMP‑7 and TGF‑β for DN was also noted with significant sensitivity and specificity. Multiple regression analysis documented 
MMP‑7 as an independent determinant for Diabetic nephropathy. Conclusion: Serum MMP‑7 along with TGF‑β play significant role 
in the pathogenesis of DN. Prospective longitudinal study with future Genetic analysis for their expression is needed to establish 
their role in disease diagnosis and progression.
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Early detection of  diabetic nephropathy  (DN) with more 
accurate biomarkers of  kidney damage is therefore essential 
for its effective management and retarding its progression with 
intervention using therapeutic targets.[1,5]

A primary pathologic characteristic of  diabetes complications is 
fibrosis resulting from dysregulated remodelling of  extracellular 
matrix (ECM) in organs, most common being the kidney resulting 
in its retarded function.[6] MMP‑7, the smallest molecule of  matrix 
metalloproteinases  (MMPs) well known as Matrilysin plays a 
vital role in both structure and function of  ECM.[7] Previous 
studies have cited that MMP‑7 is hardly expressed in adult 
healthy kidneys, but it is highly expressed in kidney injuries, both 
acute kidney injury (AKI) and chronic kidney disease (CKD).[7,8] 
Increased urinary MMP‑7 level has also been documented as a 
predictor of  acute kidney injury after post‑cardiac surgery in 
IgA Nephropathy cases showing raised production of  MMP‑7 
by kidneys.[9]

Li et al.[10] have documented that MMP‑7 participates in ECM 
remodelling involving an inflammatory marker TGF‑β in 
STZ‑induced diabetic rats. Critical role played by TGF‑ β in 
regulating MMP‑7 expression has also been cited by others.[7] 
There exist studies reporting MMP‑7 level in different diabetes 
associated conditions like Diastolic Dysfunction, DKD and 
Periodontitis.[6,11] However detailed interaction between MMP‑7 
and TGF‑β in diabetes and DN is not reported much. Hence the 
present study was proposed to evaluate serum MMP‑7, TGF‑ β, 
and their association with risk of  diabetic nephropathy, which 
may act as a target of  therapeutic significance.

Materials and Methods

This study involved three study groups; one group of  cases (diabetic 
nephropathy) and two control groups (healthy control and Diabetics 
without nephropathy as Diseased Control). Total 183 participants 
were enrolled in the study with each group having 61 participants. 
Sample size was calculated in https://sample-size.net/website 
taking data from a previous study.[12] Study was approved by 
institutional ethical committee. Subjects of  either sex, age above 
18 years, clinically diagnosed with diabetic nephropathy admitted 
to Department of  Nephrology were included as cases, diabetes 
without complications from NCD clinic were included as diabetic 
control. Age, sex matched relatives or attenders of  patients coming 
to outpatient department, without history of  diabetes were included 
in the study as healthy control. All participants submitted their 
consent. Age <18 years, seriously ill patients, pregnant women, 
patients with previous history of  kidney disease (both acute and 
chronic kidney disease) and cancers were excluded from the study. 
Diabetic nephropathy cases were staged based on their eGFR. Thirty 
three patients, with eGFR >60 ml/min/1.73 m2 were grouped as 
mild and twenty eight patients with eGFR <60 ml/min/1.73 m2 
were grouped as moderate to severe.[13,14]

5 ml of  venous blood sample was collected in plain vial and serum 
was aliquoted and stored at ‑20 degree Celsius for further analysis. 

By using sandwich technique of  Enzyme‑linked immunosorbent 
assay (ELISA) serum concentration of  MMP‑7 and TGF‑ β was 
estimated as per manufacturer’s protocol (ELK biotechnology). 
Routine biochemical parameters like fasting plasma glucose 
or FPS  (hexokinase method), glycated hemoglobin or 
HbA1c (negative immunoturbidimetry), serum creatinine (Jaffe’s 
end point method), serum urea  (urease method), serum uric 
acid (uricase method) were estimated by using Beckman coulter 
AU5800 autoanalyzer. eGFR was calculated using CKD‑EPI 
Formula.[15] Additional information related to cases was collected 
from case record of  the patient.

Statistical analysis
Descriptive statistics was represented as Mean  ±  SD for 
parametric data and as median, range for non‑parametric 
data. ANOVA test with post hoc analysis was used to compare 
parametric data and Kruskal Wallis test for non‑parametric data. 
Chi square test was conducted to compare categorical variables 
among cases and two control groups. For multiple comparisons 
Tukey’s honestly significant difference  (HSD) post‑hoc test 
was performed. Continuous variables between two groups 
of  DN were analyzed using T‑test. Spearman’s correlation 
analysis was performed to document the association among the 
parameters. Diagnostic accuracy of  the parameters was assessed 
by taking area under the curve  (AUC) in receiver operating 
characteristic curve (ROC) analysis. Multiple regression analysis 
was done to exclude the role of  confounders. P value less than 
0.05 (P value < 0.05) was considered significant. Statistical analysis 
was done using SPSS (version 26).

Results

Present study did not reveal significant difference in age and 
male to female distribution amongst groups in study population. 
BMI was found to be significantly higher in DN group as 
compared to DM controls and healthy controls (Mean ± SD 
for DN = 28.09 ± 2.6 kg/m2, DM = 27.55 ± 2.4 kg/m2, healthy 
control = 21.76 ± 2.4 kg/m2, P value <0.05). Mean duration 
was four years and seven years for DM and DN respectively. 
Marked rise in FPS and HbA1c was observed in the DN 
group with Mean value of  155.32 mg/dl, 6.93% respectively 
as compared to healthy control group with Mean value of  
90.51 mg/dl, 4.87 respectively (P value <0.001). Other routine 
parameters like serum creatinine, urea and uric acid were also 
observed to be markedly (P value <0.001) raised in DN group 
compared to DM and healthy controls. Mean eGFR reflecting 
renal function documented significant  (P  value  <0.001) 
fall in DN group  (57.1  ml/min/1.73 m2) in comparison 
to DM  (91.8  ml/min/1.73 m2) and healthy controls 
(111.4  ml/min/1.73 m2). Glycaemic and renal function 
parameters were more prominently deranged in DN cases as 
compared to healthy controls and DM controls in multiple 
comparisons (P value < 0.001, P value <0.001, respectively).

Serum MMP‑7 and TGF‑β levels measured in all the three 
study groups were represented in box plot [Figure 1] revealing 

https://sample-size.net/


Panda, et al.: Serum MMP‑7 and TGF‑β in diabetic nephropathy

Journal of Family Medicine and Primary Care	 999	 Volume 14  :  Issue 3  :  March 2025

significantly raised serum value of  both the parameters in diabetic 
nephropathy cases when compared across the groups.

Sixty‑one DN cases were divided into two groups based on 
eGFR i.e., mild (>60 ml/min/1.73 m2) and moderate to severe 
(<60  ml/min/1.73 m2) respectively. Severity of  alteration of  
MMP‑7 and TGF‑β serum levels was analysed with severity of  
kidney involvement in DN cases. Both the parameters registered 
significant rise in moderate to severe cases when compared to 
mild group of  DN [Table 1].

Spearman’s Correlation analysis  [Figure 2] revealed significant 
positive association between both serum MMP‑7 levels and 
TGF‑β  (P = <0.001) with a r value of  0.80 pointing towards 
existence of  association between them in Diabetic Nephropathy.
Both MMP‑7 and TGF‑β registered significant positive 
association (P value < 0.05 with glycemic status and a marked 
negative relation (P value < 0.05) with renal function as shown 
with eGFR  [Table  2] pointing towards association of  raised 
MMP‑7 and TGF‑β with fall in renal function.

Figure 3 represents receiver operating characteristic curve (ROC) 
analysis of  serum MMP‑7 and TGF‑β for diagnostic accuracy 
for DN, which was noticed significant for both serum 
MMP‑7 and serum TGF‑β, as indicated by their high AUC 
values, i.e.,  0.901,0.947 respectively. Serum MMP‑7 appeared 
to have a slightly lower sensitivity but higher specificity 
compared to serum TGF‑ β to diagnose DN with cut off  
value of  8.2 ng/ml and 154.3 pg/ml for MMP‑7 and TGF‑ β, 
respectively.

Multiple regression analysis for determinants in the pathogenesis 
of  DN with Adjusted R2 of  0.108 revealed that age, BMI, 
duration of  diabetes, glycaemic parameters, and TGF –β were 
not significantly associated with declined eGFR. Whereas 
serum MMP‑7 documented significant association with eGFR 
(β = ‑0.51, P value = 0.03) reflecting its contributory role towards 
deteriorating renal function [Table 3].

Discussion

The present study was intended to highlight the involvement 
of  MMP‑7 and TGF‑β in DN which was reported previously 
in STZ induced diabetic rats showing TGF beta signaling being 
related to MMP/TIMPs expression.[10]

The classical pathology of  DN is glomerulosclerosis with ECM 
deposition affecting renal function. MMP‑7 being an ECM 
remodelling enzyme and TGF‑β as an inflammatory cytokine 
have been shown as crucial players in the pathogenesis and 
disease progression of  DN individually.[3,16] Current study 
assessed interrelation of  MMP‑7, TGF‑β and their contributory 
role in the etiopathogenesis of  DN cases as compared to diabetics 
without Nephropathy and healthy controls.

Elevated expression of  MMP‑7 associated with poor prognosis 
has previously been documented in several cancers and fibrotic 
conditions.[17–22] In addition, MMP‑7 has also been linked to 
plaque rupture and cardiovascular disease.[23,24] It is one of  the 
best  studied MMPs in kidney disorders, with prior research 
demonstrating that it is elevated in renal disorders investigated 
to date. It was observed that MMP‑7 is hardly expressed in 
healthy human kidneys but in kidney diseases, including polycystic 
kidney disease, lupus‑affected kidneys, diabetic kidney disease, 
and post‑cardiac surgery patients with IgA nephropathy, MMP‑7 
expression was more than normal.[25,26] Current study also 
noted overexpression of  MMP‑7 in DN patients with raised 
serum levels being positively correlated with hyperglycaemia 
and deteriorating renal function as reflected by eGFR. Ban 
et  al.[6] proposed that the raised serum MMP‑7 in diabetic 
kidney disease may be due accumulation of  MMP‑7 rather than 

Table 1: MMP‑7 and TGF‑β in DN cases as per staging
Diabetic Nephropathy P

Mild (n=33)
Mean (SD)

Modrate to severe (n=28)
Mean (SD)

CKD‑EPI eGFR  
(ml/min/1.73 m2)

97.1 (19.6) 34.1 (15.4) 0.05

MMP‑7 (ng/ml) 4.2 (5.3) 13.4 (8.6) <0.001
TGF‑β (pg/ml) 92.3 (137.9) 299.6 (164.95) 0.03
P<0.05 is considered statistically significant

Figure 1: Box plot of serum MMP‑7 and serum TGF‑ β in three study populations
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insufficient kidney clearance. Zeidán‑Chuliá et al.[11] stated that 
reactive oxygen species along with other MMPs like MMP‑2 
and MMP‑9 facilitates the overexpression of  MMP‑7 through 
various signalling pathways in hyperglycaemic conditions as in 
diabetic periodontitis.

The possible mechanism of  MMP‑7 mediated kidney 
damage altering the micro‑architecture of  the glomerular 
apparatus is by destroying components of  the glomerular 
ECM. [7,27] Cleavage of  Nephrin, a direct substrate of  
MMP‑7 compromises the integrity of  the slit diaphragm, 
hence promoting proteinuria. By degrading E‑cadherin 
MMP‑7 disrupts the E‑cadherin/β‑catenin complex on cell 
membrane and increases intracellular β‑catenin,[8,28] which 
is then translocated to nucleus increasing the expression of  
Wnt/β‑catenin target genes, one of  them being MMP‑7.[29,30] 
Overexpressed MMP‑7 further cleaves the E‑cadherin and 
the vicious cycle gets established.[8] In addition to cleaving 
E‑cadherin, degrading collagen IV and laminin in renal 
basement membrane, and by epithelial to mesenchymal 
transition (EMT), it subsequently leads to fibrosis in kidney.[7]

Continuous release of  TGF‑β, a pro inflammatory cytokine from 
Kidney during injury leads to tubular, interstitial and glomerular 
fibrosis.[31‑33] Study by Mehta et  al.[34] has shown that plasma 
TGF‑β is independently associated with declined eGFR being 
negatively co‑related with it in kidney disease patients. TGF‑β 
is a critical regulator in Diabetic Nephropathy, being related 
to hazardous ambient factors like hyperglycaemia, advanced 
glycation end products, reactive oxygen species, dyslipidaemia, 
etc.[35,36] Present study also witnessed marked rise of  TGF‑β in 

DN cases with significant association with hyperglycaemia and 
deteriorating renal function in agreement to above.

However studies regarding the complex relation of  MMP‑7 and 
TGF‑β in DN are scarce which has been explored in the present 
study. Which also documented positive association between both 
MMP‑7 and TGF‑β themselves as well as with hyperglycaemia and 
worsened kidney function having significant diagnostic accuracy 
towards DN pointing to the fact that they may act in a synergistic 
way. Further when DN patients were staged in to mild and moderate 
to severe group based on eGFR. Severity of  renal damage was 
found to be linked with elevated levels of  both serum MMP‑7 
and TGF‑β, giving clue about existence of  cross talk between 
them contributing towards renal damage. MMP‑7 facilitates the 
dissociation of  the TGF‑β–latency‑associated peptide  (LAP) 
activating TGF‑β which is majorly acts via TGF‑β/Smad 
signalling pathway.[35] The Smad component attaches itself  directly 
to gene promoters to trigger the transcription of  pro‑fibrotic 
molecules, such as collagen I, α‑smooth muscle actin (α‑SMA), 
and tissue inhibitor of  matrix metalloproteinases (TIMP), which 
cause the activation of  myofibroblasts and the deposition of  
matrix ultimately leading to fibrosis.[36,37] Smad‑4, an intracellular 
signal transducer, and transcriptional activator of  MMP‑7 leads 
to MMP‑7 overexpression. This may be a probable interaction 
of  TGF‑β increasing expression of  MMP‑7. Additionally TGF‑β 
binding to its receptor can also induce β‑catenin in cytoplasm 
which is a transcriptional activator of  MMP‑7.[7]

The regression analysis observation excluding expected multiple 
confounders like age, BMI, duration of  DM and glycaemic 
parameters revealed significant contributory role  (β =  ‑0.51, 
P value = 0.03) of  MMP‑7 in etiopathogenesis of  deteriorating 
renal function that indicates probably MMP‑7 dominates over 
TGF‑β for causing kidney damage in DN.

Thus, the present study revealed synergistic interaction of  
MMP‑7 and TGF‑β in etiopathogenesis of  renal fibrosis with 

Table 2: Spearman’s correlation coefficient (r) showing 
association of MMP‑7 and TGF‑β with glycaemic 
status (FBS, HbA1c) and renal function (eGFR)

Parameters MMP‑7 
(r)

P TGF‑β 
(r)

P

FPS (mg/dl) 0.33 <0.001 0.37 <0.001
HbA1c (%) 0.38 <0.001 0.35 <0.001
eGFR (ml/min/1.73 m2) ‑0.65 <0.001 ‑0.49 <0.001
P<0.05 is considered statistically significant

Figure 3: Receiver operating characteristic curve (ROC) analysis of 
MMP‑7 and TGF‑ β as biomarker to diagnose DN

Figure 2: Spearman’s Correlation of serum MMP‑7 with serum TGF‑ β. 
Spearman’s correlation coefficient: 0.80 (P value = <0.001)
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declining kidney function in diabetic nephropathy. Targeting 
MMP‑7, individually as well as together with TGF‑β may help 
in retarding further progression of  renal damage with resultant 
better long‑term outcome in Diabetic cases, an approach 
important in primary care set up.

Conclusion

The significant association of  raised MMP‑7 and TGF‑β with 
glycaemic status and renal function along with their diagnostic 
predictability in patients of  Diabetic Nephropathy indicates 
towards their critical role in disease process. MMP‑7 registered 
to be an independent determinant of  kidney function in DN. 
Highlighting contribution of  both MMP‑7, an extracellular enzyme 
and pro‑inflammatory cytokine TGF‑β in diabetic nephropathy 
indeed, is the strength of  the present study. However, the complex 
bidirectional relationship of  MMP‑7 and TGF‑β with Smad 
signalling needs to be further explored. Elucidating the molecular 
mechanisms like MMP‑7 promoter site polymorphisms influencing 
its expression in Diabetic Nephropathy would give more insight to 
the above observation.

Financial support and sponsorship
Self‑funded.

Conflicts of interest
There are no conflicts of  interest.

References

1.	 Cole JB, Florez JC. Genetics of diabetes mellitus and diabetes 
complications. Nat Rev Nephrol 2020;16:377‑90.

2.	 Umanath K, Lewis JB. Update on diabetic nephropathy: Core 
curriculum 2018. Am J Kidney Dis 2018;71:884‑95.

3.	 Liu H, Feng J, Tang L. Early renal structural changes and 
potential biomarkers in diabetic nephropathy. Front Physiol 
2022;13:1020443.

4.	 Hoogeveen, Ellen K. The epidemiology of diabetic kidney 
disease. Kidney Dial 2022;2:433‑42.

5.	 Rossing P, Caramori ML, Chan JCN, Heerspink HJL, Hurst C, 
Khunti K, et al. KDIGO 2022 clinical practice guideline for 
diabetes management in chronic kidney disease. Kidney Int 
2022;102:S1–127.

6.	 Ban  CR, Twigg  SM, Franjic  B, Brooks  BA, Celermajer  D, 

Yue DK, et al. Serum MMP‑7 is increased in diabetic renal 
disease and diabetic diastolic dysfunction. Diabetes Res 
Clin Pract 2010;87:335–41.

7.	 Ke B, Fan C, Yang L, Fang X. Matrix metalloproteinases‑7 
and kidney fibrosis. Front Physiol 2017;8:21.

8.	 Liu  Z, Tan  RJ, Liu  Y. The many faces of matrix 
metalloproteinase‑7 in kidney diseases. Biomolecules 
2020;10:960.

9.	 Yang X, Ou J, Zhang H, Xu X, Zhu L, Li Q, et al. Urinary matrix 
metalloproteinase 7 and prediction of IgA nephropathy 
progression. Am J Kidney Dis 2020;75:384–93.

10.	 Li  Y, Li  L, Zeng  O, Liu  JM, Yang  J. H2S improves renal 
fibrosis in STZ‑induced diabetic rats by ameliorating TGF‑β1 
expression. Ren Fail 2017;39:265–72.

11.	 Zeidán‑Chuliá F, Yilmaz D, Häkkinen L, Könönen E, Neves 
de Oliveira BH, Güncü G, et al. Matrix metalloproteinase‑7 
in periodontitis with type 2 diabetes mellitus. J Periodontal 
Res 2018;53:916–23.

12.	 Manjari   KS,  Jyothy  A, Kumar  PS,  Prabhakar  B, 
Nallari  P, Venkateshwari  A. Association of matrix 
m e t a l l o p r o t e i n a s e   ‑ 7   ( ‑ 1 8 1 A / G )  p r o m o t e r 
polymorphism in chronic pancreatitis. Indian J Med Res 
2014;140:609–15.

13.	 Raja P, Maxwell AP, Brazil DP. The Potential of albuminuria 
as a biomarker of diabetic complications. Cardiovasc Drugs 
Ther 2021;35:455–66.

14.	 Estimated Glomerular Filtration Rate  (eGFR) | National 
Kidney Foundation. Available from: https://www.kidney.
org/atoz/content/gfr. [Last accessed on 2024 May 18].

15.	 Florkowski  CM, Chew‑Harris  JS. Methods of estimating 
GFR – different equations including CKD‑EPI. Clin Biochem 
Rev 2011;32:75–9.

16.	 Zheng CM, Lu KC, Chen YJ, Li CY, Lee YH, Chiu HW. Matrix 
metalloproteinase‑7 promotes chronic kidney disease 
progression via the induction of inflammasomes and 
the suppression of autophagy. Biomed Pharmacother 
2022;154:113565.

17.	 Anudee PP, Kumari S, Dasmajumdar S, Mangaraj M. Matrix 
Metalloproteinase‑7 Promoter Site Single Nucleotide 
Polymorphism  (‑181A>G) in Epithelial Ovarian Cancer in 
the Eastern Indian Population. Cureus 2024;16:e56417.

18.	 Liao CH, Chang WS, Hsu WL, Hu PS, Wu HC, Hsu SW, et al. 
Association of matrix metalloproteinase‑7 genotypes with 
prostate cancer risk. Anticancer Res 2023;43:381–7.

19.	 Kubik A, Das Virgens IPA, Szabó A, Váradi M, Csizmarik A, 
Keszthelyi  A, et  al. Comprehensive analysis of the 
prognostic value of circulating MMP‑7 levels in urothelial 
carcinoma: A combined cohort analysis, systematic review, 

Table 3: Multiple regression analysis showing association of determinants with kidney function (eGFR)
Determinants Unstandardized 

Coefficients
Standardized
Coefficients

Beta

95.0% Confidence 
Interval for B

P

B Std. Error Lower Bound Upper Bound
Age 0.30 0.36 0.10 ‑0.42 1.02 0.40
BMI ‑1.38 1.21 ‑0.14 ‑3.82 1.05 0.25
Duration of  diabetes ‑1.81 3.06 ‑0.10 ‑7.96 4.33 0.55
HbA1c (%) ‑3.43 3.04 ‑0.24 ‑9.53 2.67 0.26
FPS (mg/dl) 0.03 0.07 0.07 ‑0.12 0.18 0.69
MMP‑7(ng/ml) ‑1.74 0.78 ‑0.51 ‑3.31 ‑0.16 0.03
TGF‑β(pg/ml) 0.06 0.03 0.39 ‑0.01 0.14 0.10
Dependent variable: CKD EPI eGFR, Adjusted R2=0.108



Panda, et al.: Serum MMP‑7 and TGF‑β in diabetic nephropathy

Journal of Family Medicine and Primary Care	 1002	 Volume 14  :  Issue 3  :  March 2025

and meta‑analysis. Int J Mol Sci 2023;24:7859.

20.	 Irvine  KM, Okano  S, Patel  PJ, Horsfall  LU, Williams  S, 
Russell A, et al. Serum matrix metalloproteinase 7 (MMP7) 
is a biomarker of fibrosis in patients with non‑alcoholic 
fatty liver disease. Sci Rep 2021;11:2858.

21.	 Bauer Y, White ES, de Bernard S, Cornelisse P, Leconte  I, 
Morganti A, et al. MMP‑7 is a predictive biomarker of disease 
progression in patients with idiopathic pulmonary fibrosis. 
ERJ Open Res 2017;3:00074–2016.

22.	 Han  YJ, Hu  SQ, Zhu  JH, Cai  X, Lai  DM, Chen  BH, et  al. 
Accurate prediction of biliary atresia with an integrated 
model using MMP‑7 levels and bile acids. World J Pediatr 
WJP 2024;20:822‑33.

23.	 Olejarz W, Łacheta D, Kubiak‑Tomaszewska  G. Matrix 
metalloproteinases as biomarkers of atherosclerotic plaque 
instability. Int J Mol Sci 2020;21:3946.

24.	 Abbas A, Aukrust P, Russell D, Krohg‑Sørensen K, Almås T, 
Bundgaard D, et al. Matrix metalloproteinase 7 is associated 
with symptomatic lesions and adverse events in patients 
with carotid atherosclerosis. PLoS One 2014;9:e84935.

25.	 Avello A, Guerrero‑Mauvecin J, Sanz AB. Urine MMP7 as a 
kidney injury biomarker. Clin Kidney J 2024;17:sfad233.

26.	 Wang G, Wu L, Su H, Feng X, Shi M, Jin L, et al. Association 
of urinary matrix metalloproteinase 7 levels with incident 
renal flare in lupus nephritis. Arthritis Rheumatol 
2021;73:265–75.

27.	 Chang M. Matrix metalloproteinase profiling and their roles 
in disease. RSC Adv 2023;13:6304–16.

28.	 Im NR, Kim B, Jung KY, Baek SK. Matrix metalloproteinase‑7 
induces E‑cadherin cleavage in acid‑exposed primary human 
pharyngeal epithelial cells via the ROS/ERK/c‑Jun pathway. 

J Mol Med Berl Ger 2022;100:313–22.

29.	 Sharma A, Mir R, Galande S. Epigenetic regulation of the 
wnt/β‑catenin signaling pathway in cancer. Front Genet 
2021;12:681053.

30.	 Jovanovic V, Dugast AS, Heslan JM, Ashton‑Chess J, Giral M, 
Degauque N, et al. Implication of matrix metalloproteinase 
7 and the noncanonical wingless‑type signaling pathway 
in a model of kidney allograft tolerance induced by the 
administration of anti‑donor class II antibodies. J Immunol 
2008;180:1317–25.

31.	 Park  CH, Yoo  TH. TGF‑β inhibitors for therapeutic 
management of kidney fibrosis. Pharmaceuticals 
2022;15:1485.

32.	 Gu YY, Liu XS, Huang XR, Yu XQ, Lan HY. Diverse role of 
TGF‑β in kidney disease. Front Cell Dev Biol 2020;8:123.

33.	 Meng X ming, Nikolic‑Paterson DJ, Lan HY. TGF‑β: The master 
regulator of fibrosis. Nat Rev Nephrol 2016;12:325–38.

34.	 Mehta  T, Buzkova  P, Kizer  JR, Djousse  L, Chonchol  M, 
Mukamal  KJ, et  al. Higher plasma transforming growth 
factor  (TGF)‑β is associated with kidney disease in older 
community dwelling adults. BMC Nephrol 2017;18:98.

35.	 Wang  L, Wang  HL, Liu  TT, Lan  HY. TGF‑beta as a 
master regulator of diabetic nephropathy. Int J Mol Sci 
2021;22:7881.

36.	 Gomes  KB, Rodrigues  KF, Fernandes  AP. The role of 
transforming growth factor‑beta in diabetic nephropathy. 
Int J Med Genet 2014;2014:6.

37.	 Antar  SA, Ashour  NA, Marawan  ME, Al‑Karmalawy  AA. 
Fibrosis: Types, effects, markers, mechanisms for disease 
progression, and its relation with oxidative stress, immunity, 
and inflammation. Int J Mol Sci 2023;24:4004.


