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Akut Bobrek Hasarinda uMMP7 ile Prognoz, Komorbidite ve Mortalite Arasindaki Iliski
Relationship Between uMMP7 and Prognosis, Comorbidity and Mortality in Acute Kidney Injury
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Giris: uMMP7 son yillarda ¢ok gesitli hastaliklarla iliskilendirilen bir molekiildiir. Bu ¢aligmadaki amacimiz akut bobrek hasari (ABH) nedeniyle
klinigimizde yatan hastalarda uMMP7'nin komorbid durumlar, mortalite ve kisa ddnem ABH prognozu ile iligkisini incelemektir.

Yontem: Klinigimizde ABH tanisiyla takip edilen 160 hasta ¢aligmaya dahil edildi. Yas, cinsiyet, bagvuru anindaki kreatinin diizeyi, bazal kreatinin diizeyi,
taburculuk sonrasi kreatinin diizeyi, baslangi¢c glomeriiler filtrasyon hiz1 (GFR), bazal GFR, kontrol GFR, komorbiditeler, kalici renal replasman tedavisine
(RRT) gegis, mortalite ve Hastalarin uMMP?7 diizeylerine bakildi.

Bulgular: Komorbid hastaliklardan uMMP?7 diizeyi sadece hipertansiyon hastalarinda anlamli olarak diisiik bulundu (p=0,001). Bu durum anjiyotensin
doniistiiricii enzim inhibitorii (ACEI) kullanimu ile iligkiliydi. Bagvuru anindaki UMMP-7 diizeyi ile kreatinin diizeyi arasinda anlamli ve pozitif bir iligki,
bagvuru anindaki GFR diizeyi ile ise istatistiksel olarak anlamli ve negatif iliski bulunmugtur. AKIN kriterine gore evre 3 hastalarin idrar MMP7 diizeyi, evre
1 ve evre 2 olanlara gore anlamli derecede yiiksekti(p=0,004). RIFLE kriterine gére 3. derece hastalarin uMMP7 diizeyi 2. derece hastalara gére anlamli
olarak yiiksek bulunmustur.

Sonug¢: ABH'nin siddeti arttikga uMMP7 diizeyi de artmaktadir. Hipertansiyon hastalarinda uMMP7 diizeyi anlamli derecede diisiiktii ve bu durum ACEI
kullanimuyla iligkiliydi.

Anahtar Kelimeler: ABH, hipertansiyon, morbidite, uMMP7
ABSTRACT

Objective: uMMP7 is a molecule that has been associated with a wide range of diseases in recent years. Our aim in this study is to examine the relationship
of uUMMP7 with comorbid conditions, short-term mortality and acute kidney injury (AKI) prognosis in patients hospitalized in our clinic due to AKI.

Method: 160 patients who were followed up in our clinic with the diagnosis of AKI were included in the study. The relationship among age, gender,
creatinine level at admission, basal creatinine level, post-discharge creatinine level, initial glomerular filtration rate (GFR), basal GFR, control GFR,
comorbidities, transition to permanent renal replacement therapy (RRT), mortality and uMMP?7 levels of the patients were examined.

Results: Of the comorbid diseases, the uUMMP?7 level was found to be significantly lower only in hypertension patients(p=.001).This was associated with the
use of angiotensin converting enzyme inhibitor (ACEI). A significant and positive relationship was found between the uMMP7 level and the creatinine level
at admission, and a statistically significant and negative relationship was found with the GFR level at admission. According to the AKIN criteria, the uUMMP7
level of Grade 3 patients was significantly higher than those who are grade 1 or grade 2(p=.004). According to the RIFLE criterion, the uMMP?7 level of
grade 3 patients was found to be significantly higher compared to the grade 2 patients.

Conclusion: As the severity of AKI increases, uMMP?7 level increases. UMMP?Y level was significantly lower in hypertension patients, and this was associated
with the use of ACEL.
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INTRODUCTION

MMPs, also known as matricines, are a group of calcium-dependent
endopeptidases whose active site is zinc, which lead to reshaping by
breaking down proteins in the extracellular matrix (ECM). (1). MMP7
belongs to the matrix subgroup of metalloproteinases (2). The activities of
MMPs are restricted by two types of endogenous inhibitors. The first of
these is specific endogenous tissue inhibitors (TIMP) (3).It provides
inhibition by combining with MMPs and closing the catalytic area and
hemopexin areas (4). Four TIMPs (TIMP-1-4) were identified in
vertebrates and have structures compatible with the active region of the
catalytic area of the MMPs. TIMP1 and TIMP2 have been shown to act as
growth factors in some cancers (1). Another inhibitor of MMPs is alpha 2
macroglobulin (5). Metalloproteinases involved in ECM reshaping are
involved in such as pregnancy, wound healing, angiogenesis, embryonic
development, hair follicle cycle, bone reshaping, cervical dilatation,
apoptosis, endometrial cycle, ovulation, while they are also responsible for
pathological tissue destruction such as atherosclerosis, aneurysm,
myocardial  infarction, arthritis, ulcer, emphysm,  nephritis,
encephalomyelitis, tumor invasion, and metastasis (6).

MMP 7 was first discovered in the womb of the rat (7, 8). It is
synthesized by epithelial cells, fibroblasts, keratinocytes, macrophages,
especially liver, salivary glands, pancreas, reproductive organs, and
glandular epithelial cells of the breast (9). MMP-7 also plays an important
role in natural immunity by activating antimicrobial peptides such as pro-
defensin and stimulating the release of TNF from macrophages (10). The
transcription of MMP-7 is regulated by Wnt/B-catenin and TGF- (11).
The ECM plays an important role in the stabilization of atherosclerotic
cap. MMP-7 plays an important role in deterioration of the plaques and
tissue on the arterial wall (12). MMP-7 is synthesized in the renal tubular
epitheliumis and excreted in uring(13). In some studies, it was observed
that MMP-7 activity increased in a wide range of renal diseases (7, 14).
When MMP inhibition was performed before the proteinuria stage, kidney
damage regressed, while MMP inhibition advanced the damage after the
proteinuria stage started(15).

Renal fibrosis is a pathological consequence of CKD caused by
excessive ECM accumulation (16) . Activation of wnt/B-catenin in the
kidney is known to be associated with fibrosis (17). It has also been proven
that wnt/B-catenin activation increases UMMP7 transcription. It is possible
to measure uUMMP?7 level as another option for evaluating renal fibrosis
(14). 1t was observed that urine MMP9 level increased as proteinuria
increased in patients with diabetic nephropathy (DNP) (18). In type 1
diabetes mellitus (DM), an increase in urinary MMP7 excretion was
detected and showed positive correlation with high glycemic values and
albuminuria (19). In a study published, MMP7 expression was examined
in various AKI models and the role of MMP7 in AKI was tried to be
understood using mice whose MMP7 gene was deactivated.In models
where the MMP7 gene was deactivated, a greater increase in NGAL, a
higher creatinine increase, and more serious morphological damage were
observed. Based on the fact that morphological changes such as higher
mortality rate, tubular cell loss and brush border deletion were more severe
in those without the MMP7 gene by 72% to 20%, MMP7 loss has been
shown to exacerbate cisplatin-induced AKI. In order to better explain the
importance of MMP7 in AKI, MMP-7 negative mice were injected with

exogenous MMP7 and it was observed that renal functions were largely
preserved. (20).

This study aims to examine the relationship between uMMP7 level and
morbidity, comorbidities and mortality in patients hospitalized for AKI.

MATERIALS AND METHODS

This prospective study evaluated volunteers who were admitted to the
Nephrology Clinic with the diagnosis of AKI. Approval was received
from the local ethics committee of Selcuk University Faculty of Medicine
(approval number 2020/543)The patients were selected from those who
volunteered to participate in the study and a written informed consent form
was obtained. Information such as age, gender, comorbid diseases, used
drugs regarding the 160 patients diagnosed with AKI, who were eligible
for the study, was questioned, and urine samples were collected during
routine examinations. Patients’ creatinine level at admission, basal
creatinine level, control creatinine level, first GFR, basal GFR, GFR at the
time of control, status of RRT, mortality status were evaluated. Serum
creatinine levels were used for the diagnosis of AKI. The patients were
grouped according to RIFLE and AKIN stages. Urine samples were placed
in 10 ml tubes and stored at -80°C. Among these stored samples, the
UMMP7 level was studied by ELISA (Enzyme-Linked Immunosorbent
assay) method as indicated in the catalog of the manufacturer (Human
TOTAL MMP7 Quantikine Elisa Kit). For AKI, the highest creatinine
level at admission and the lowest GFR value were taken as creatinine
levels. For the prognosis determination, control creatinine values were
examined 59 days after the first recorded creatinine of the patients. Patients
with a procalcitonin value greater than 0.5 ug/L at admission were included
for sepsis status (21).

Statistical Analysis

All statistical analyzis were performed by Selguk University Faculty of
Medicine Department of Biostatistics using the program R version 3.6.0
(The R Foundation for Statistical Computing, Vienna, Austria;
https://www.r-project.org). Before the analyses, the normality of the data
was checked by the Shapiro-Wilk normality test and Q-Q graphs, and the
homogeneity of the group variances was checked by the Levene test.
Descriptive statistics for numerical variables were submitted as average +
standard deviation or median (IQR: interquartile range) or as frequency (n
and percentage (%)) for categorical variables. The effect of urinary MMP7
level on prognosis and its relationship with other diseases in patients with
acute renal failure and without chronic renal failure were examined with
the Mann-Whitney U test, and its relationship with creatinine and GFR
was examined with Spearman'’s rho correlation coefficient. The differences
of UMMP7 level according to the AKIN and RIFLE criteria were examined
by the Kruskal Wallis test, and the paired comparisons for the variables
with significant difference were examined by the Bonferroni-corrected
Dunn test. The significance level was taken as 5%.

RESULTS

There were 160 patients in total, the age range was 19-94 years (67.95
+ 16.04) and 50.6% of the patients were male. The overall mortality rate
was found to be 15.6%. The effect of uUMMP7 level on the prognosis of
AKI is presented in the Table 1.
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Table 1. The Effect of MMP-7 Level on Prognosis in AKI
n Urinary MMP- value
7 level (ng/ml) P
Partial . 12.39
recovery unrecovering 61 (9.10—14.73) .309
recoverin 86 12.02
g (6.38 — 14.55)
Complete . 12.09
recovery unrecovering 90 (8.99 — 14.70) 337
recoverin 57 1222
9 (6.22—14.54)
. . 12.18
Exitus Living 122 (7.97 - 14.56) .817
12.26
Death 25 (7.36 - 14.70)
Data are presented as median (IQR: interquartile range). The p-value
was calculated with the Mann-Whitney U test.

It was found that there was no statistically significant relationship
between uMMP?7 level and prognostic factors(p> .05). The relationship
between uMMP?7 level and other diseases was examined in the Table 2.

It was determined that the uMMP?7 level was significantly lower only
in hypertensive patients (11.15 [IQR, 6.93 — 14.21] vs. 14.34 [IQR, 12.26
—15.06], p=".001). The uMMP7 level in patients using ACEI or ARB (9.45
+4.88 ng/ml) was significantly lower (11.6 +4.42 ng/ml) (p=0.003) (Table
3). When we split the patients as those who use ACEI and non-users,
uMMP7 levels were significantly lower in ACEI users (8.79 + 5.29 ng/ml)
compared to the non-users (11.10 +4.60 ng/ml) (p=0.05)

The relationship between MMP7 level and creatinine and GFR is
shown in Table 4.

A significant and positive correlation was found between uMMP7 level
and creatinine level at the time of admission (Spearman's rho=0.361, p<
.001), and a statistically significant and negative correlation was found
between uMMP7 and GFR level at the time of admission (Spearman's
rho=-0.352, p< .001) (Figure 1).

The relationship between uMMP7 level and AKIN and RIFLE criteria
was examined in the Table 5.

The uMMP?7 level of the patients determined as Grade 3 (14.09 [IQR,
10.10 — 14.97] according to the AKIN criterion was significantly higher
than those determined as Grade 1(10.52 [IQR8.39 — 13.94], Bonferroni p
=.040) and Grade 2 (10.19 [IQR, 5.60 — 12.57], Bonferroni p = .010) (p=
.004). The uUMMPT level of the patients classified as grade 3 according to
the RIFLE criterion was significantly higher compared to the patients
classified as grade 2 (14.22 [9.02 — 15.20] vs. 10.14 [6.22 — 14.04],
Bonferroni p =.029) (Figure 2).

Diagnostic performance of UMMP?Y level in differentiating severe AKI
from non-severe AKI. The reference line was colored with light-grey; the
ROC curve of uMMP7 level was colored with red (Cut-off value of 12.39
with Sensitivity, 66.7% (95% ClI, 55.1 — 76.9); Specificity, 67.1% (95%
Cl, 55.8 — 77.1); PPV, 65.8% (95% Cl, 57.7 — 73.1); NPV, 67.9% (95%
Cl, 59.9 — 75)) (Figure 3).

Table 2. Relationship Between MMP-7 Levels and Other Diseases

Urinary MMP

: level (ng/ml) p-value
11.91
No 107 (7.85 - 14.41) 192
Sepsis
13.69
ves 53 (8.92 - 14.89)
12.75
Noo 1 9T eto1a70) | M
oM 12.22
Yes | 83 1 g8 1450)
14.34
No 41 1226-1508 | 0%
Hypertansion
11.15
Yi 111
e (6.93 - 14.21)
i No 107 13.06 451
Cardiovascular (8 —14.65)
disease 11.56
ves 53 (7.75 - 14.42)
12.18
No 144 135
Rheumatological (7.66 — 14.54)
disease 14.43
Yi 1 !
e 6 (9.59 — 14.96)
_ No 139 1226 998
Neurological (8-14.58)
disease 13.06
Yes |2t (6.38 - 14.83)
12.13
N 1 2
° 39 | (7.88-1453) 66
Malignancy
14.22
Yi 21
o (8.92 - 14.70)
12.37
Renal No 156 (7.91-14.61) 952
transplantation 10.79
Yes |4 (7.98—14.18)
12.37
N 154 _
o ° > (7.97 - 14.59) 833
Thyroid diseases 068
v )
e 6 (6.58 — 14.50)
No 136 12.39 .863
End-stage renal (8-14.57)
disease 11.91
Yes | 24 (6.95— 14.73)
12.41
N 1 201
o ° | (8.03-14.65) 0
Hepatic cirrhosis v
ves 4 (6.21 - 10.27)

Data are presented as median (IQR: interquartile range). The p-value
was calculated with the Mann-Whitney U test.
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Table 3. Relationship Between ACEI or ARB use and u-MMP7 Level

ACEI or ARB
No Yes
Hypertension No 14.28 (11.78 — 15.04) 15.19 (15.19 - 15.19) 377
Yes 11.96 (8.96 — 14.66) 10.52 (5.88 — 13.55) .061
All patients 13.75(9.18 - 14.77) 10.56 (6.05 — 13.77) .003
ACEI angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers
Table 4. u-MMP7 Levels by ACEI or ARB use
Urinary MMP-7 Level (ng/ml) p-value
ACEI or ARB users (n=60)(n=60) 9,45 + 4,88 0.003
Not using ACEls or ARBs (n=100) 11,6 £4,42 '
ACEI users (n=17)
; _ 8,79 £5,29
Not using ACEI (n=143) 11,10 + 4,60 0,05
ARB users (n=46) 9,92 +4,71 011
Not using ARB (n=114) 11,2 +4,68 '
ACEI angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers
Table 5. Relationship Between uMMP-7 Level, Creatinine and GFR
Urinary MMP-7 level (ng/ml)
Spearman’mn rho p-value
Creatinine level at admission (mg/dl) 0.361 <.001
Basal creatinine level (mg/dl) 0.071 .390
Control creatinine level (mg/dl) 0.143 .084
Number of days between hospitalization and control creatinine -0.021 799
GFR level at admission (ml/min/1.73m2) -0.352 <.001
Control GFR level (ml/min/1.73m2) —-0.139 .094
Basal GFR level (ml/min/1.73m2) -0.035 .673
Table 6. Relationship Between MMP-7 Level and AKIN and RIFLE Criteria
n Urinary MMP-7 level (ng/ml) p-value
AKIN criteria Grade 1 55 10.52 (8.39 — 13.94)2 .004
Grade 2 27 10.19 (5.60 — 12.57)2
Grade 3 78 14.09 (10.10 — 14.97)°
RIFLE criteria Grade 1 37 10.85 (8.73 - 13.81) .015
Grade 2 45 10.14 (6.22 — 14.04)2
Grade 3 63 14.22 (9.02 — 15.20)°
Grade 5 15 13.90 (12.16 — 14.57)

Data are presented as median (IQR: interquartile range).The p-value was calculated with the Kruskal Wallis test, followed by multiple
comparisons using the Bonferroni-corrected Dunn test. Different superscripts in columns indicate statistically significant difference.
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DISCUSSION

UMMP7 expression is almost absent in normal kidney. Its expression is
induced in AKI (22, 23). It exerts a protective effect against AKI (10). There
is increasing evidence and studies that uUMMP?7 is a noninvasive marker for
predicting AKI prognosis and monitoring CKD progression (13, 24). There
is increasing evidence and studies that UMMP?7 is a noninvasive marker for
predicting AKI prognosis and monitoring CKD progression (13, 24). In a
study conducted by Afkarian et al., UMMP7 concentration was associated
with increased mortality in proteinuric diabetic kidney disease patients (25).
In contrast, in a study conducted by Agarwal et al. for 24 biomarkers
including uUMMP7 in 67 US veterans with diabetic kidney disease, no
correlation was found between uMMP7 level and ESRD or mortality. We
did not find any association between uMMP7 level and mortality or ESRD
in AKI (26). Yang et al. investigated whether uMMP7 level could be a
biomarker that could be used to predict progression in 946 patients with
biopsy-proven IgAN. Risk assessment of IgA nephropathy progression was
performed on seven other markers. Among these markers, uMMP7 had the
strongest association with 1gA progression (27). We found that there was
no statistically significant association between uMMP?7 level, one of the
prognostic factors, and complete recovery and exitus. The possible reason
may be that our study group consisted of patients with AKI of very diverse
etiologies.

In another study, UMMP7 was compared with five biomarkers to predict
the severity of AKI after cardiac surgery. uMMP?7 levels were significantly
higher in both adults and children who developed severe AKI (KDIGO
stage 2 or 3). No significant change was found in plasma MMP7 levels in
all patients with or without AKI. In this study, increased uUMMP7 levels
predicted AKI, and higher uMMP?7 levels were associated with severe AKI
(3). In our study, we found that uMMP7 levels increased as AKI severity
increased. What induces MMP7 activity in the damaged kidney is still a
subject of investigation. Some studies have shown that it is associated with
canonical Wnt/B-catenin activity (14). In a study by Surendran et al., folic
acid nephropathy was identified as a model of AKI for matrixilin mRNA
expression in mice. MMP7 expression was induced in all animals and the
degree of MM7 mRNA induction was associated with renal
dysfunction(28). In our study, we found a significant and positive
correlation between u-MMP7 level and creatinine level and a negative
correlation with GFR level.

Among comorbid diseases, we found that uMMP7 levels were
significantly lower in hypertensive patients. Subgroup analysis showed that
this difference persisted in ACEI users and was related to ACEI use.
Zervoudaki et al. measured plasma concentrations of active MMP2 and
MMP9 in untreated essential hypertensive and normotensive individuals.
MMP2 and MMP9 were found to be suppressed in essential hypertensive
patients (29). Li-Saw-Hee FL et al. also found that both MMP9 and TIMP-
1 were significantly lower in untreated hypertensive patients compared to
normotensive controls (30). Angiotensin Il induces the synthesis of
plasminogen activator inhibitor-1 (PAI-1). PAI-1 inhibits plasmin-
mediated activation of MMP. ACEI has been shown to inhibit MMP in
many studies (31, 32). Hotchi and colleagues demonstrated the plaque-
stabilizing effects of ACEI and ARBs. Furthermore, ACEI was shown to
reduce MMP9 expression and gelatinolytic activity in the intima, while
ARB did not alter gelatinolytic activity (33). Wang and colleagues showed

that MMP7 expression was reduced only in the ACEI group in mice with
implanted gastric cancer (34). Inhibition of the renin-angiotensin system by
ACEI and ARB has been shown to treat hypertension and proteinuria (35).
In addition to its hemodynamic effects, angiotensin 11 has several other
effects on glomerular cells, such as induction of cytokine production.
Angiotensin 11 stimulates mesangial cell proliferation and induces TGF-p
expression (36). Lods et al. found that MMP activities in patients with
biopsy-proven glomerular inflammatory disease were similar in patients
with untreated glomerulonephritis and in patients treated with ARBs,
whereas MMP activity was reduced in patients treated with ACEls (32).
Martinez Fierro et al. showed that urinary MMP2 concentration increases
the risk of developing PE in women (37). In our study, the lower uMMP7
level in the ACEl-only group is consistent with these studies.

The limitations of this study are that it is a single-center study, the
follow-up period is relatively short, and the etiologies of AKI in the
patients are heterogeneous.

CONCLUSION

In accordance with the literature, UMMP7 level increases as the severity
of AKI increases. We can say that it is a marker showing the severity of
AKI but we could not determine its relationship with prognosis. We also
found that uMMP7 levels are significantly lower in hypertensive patients
associated with the use of ACEI.

Ethics Committee Approval: Approval was received from the local
ethics committee of Selcuk University Faculty of Medicine (approval
number 2020/543)

Author Contributions: FB(writing, data collection, data entry), YCY
(data collection, review), ZB(data entry), MKKorez(statistical analysis),
SA( biochemical analysis), Lutfullah A(review)

Conflict of Interest: The authors have declared that no conflict of
interest exists. No financial support was received

Funding: No financial support was received.
Acknowledgments: No

Informed Consent: Informed consent forms were obtained from all
patients.

REFERENCES

1. Visse R, Nagase H. Matrix metalloproteinases and tissue inhibitors of
metalloproteinases: structure, function, and biochemistry. Circulation
research. 2003;92(8):827-39.

2. Yamamoto H, Vinitketkumnuen A, Adachi Y, Taniguchi H, Hirata T,
Miyamoto N et al. Association of matrilysin-2 (MMP-26) expression
with tumor progression and activation of MMP-9 in esophageal
squamous cell carcinoma. Carcinogenesis. 2004;25(12):2353-2360.

3. Cui N, Hu M, Khalil RA. Biochemical and Biological Attributes of
Matrix Metalloproteinases. Prog Mol Biol Transl Sci. 2017;147:1-73.

4. Nagase H, Visse R, Murphy G. Structure and function of matrix
metalloproteinases and TIMPs. Cardiovasc Res. 2006;69(3):562-573.

5. Kristensen T, Moestrup SK, Gliemann J, Bendtsen L, Sand O, Sottrup-

39



Altinbas F et al.

Kocaeli Med J 2025;14(1):35-41

Jensen L. Evidence that the newly cloned low-density-lipoprotein
receptor related protein (LRP) is the alpha 2-macroglobulin receptor.
FEBS Lett. 1990;276(1-2):151-155.

6. Egeblad M, Werb Z. New functions for the matrix metalloproteinases in
cancer progression. Nature reviews Cancer. 2002;2(3):161-174.

7. Woessner JF, Jr., Taplin CJ. Purification and properties of a small latent
matrix metalloproteinase of the rat uterus. The Journal of biological
chemistry. 1988;263(32):16918-16925.

8. ZhouD, LiY, LinL, Zhou L, Igarashi P, Liu Y. Tubule-specific ablation
of endogenous p-catenin aggravates acute kidney injury in mice. Kidney
international. 2012;82(5):537-547.

9. Nagase H, Woessner JF, Jr. Matrix metalloproteinases. The Journal of
biological chemistry. 1999;274(31):21491-21494.

10.Burke B. The role of matrix metalloproteinase 7 in innate immunity.
Immunobiology. 2004;209(1-2):51-56.

11.Wang D, Dai C, Li Y, Liu Y. Canonical Wnt/B-catenin signaling
mediates transforming growth factor-B1-driven podocyte injury and
proteinuria. Kidney international. 2011;80(11):1159-1169.

12.Fu X, Kassim SY, Parks WC, Heinecke JW. Hypochlorous acid
oxygenates the cysteine switch domain of pro-matrilysin (MMP-7). A
mechanism for matrix metalloproteinase activation and atherosclerotic
plaque rupture by myeloperoxidase. The Journal of biological
chemistry. 2001;276(44):41279-41287.

13.Harrell PC, McCawley LJ, Fingleton B, Mcintyre JO, Matrisian LM.
Proliferative effects of apical, but not basal, matrix metalloproteinase-7
activity in polarized MDCK cells. Experimental cell research.
2005;303(2):308-320.

14.He W, Tan RJ, Li Y, Wang D, Nie J, Hou FF et al. Matrix
metalloproteinase-7 as a surrogate marker predicts renal Wnt/B-catenin
activity in CKD. Journal of the American Society of Nephrology :
JASN. 2012;23(2):294-304.

15. Zeisherg M, Khurana M, Rao VH, Cosgrove D, Rougier JP, Werner MC
et al. Stage-specific action of matrix metalloproteinases influences
progressive hereditary kidney disease. PLoS Med. 2006;3(4):e100.

16.Farris AB, Alpers CE. What is the best way to measure renal fibrosis?:
A pathologist's perspective. Kidney international supplements.
2014;4(1):9-15.

17.Tan RJ, Zhou D, Zhou L, Liu Y. Wnt/B-catenin signaling and kidney
fibrosis. Kidney international supplements. 2014;4(1):84-90.

18. Tashiro K, Koyanagi |, Ohara l, Ito T, Saitoh A, Horikoshi S et al. Levels
of urinary matrix metalloproteinase-9 (MMP-9) and renal injuries in
patients with type 2 diabetic nephropathy. Journal of clinical laboratory
analysis. 2004;18(3):206-210.

19. Thrailkill KM, Moreau CS, Cockrell GE, Jo CH, Bunn RC, Morales-
Pozzo AE et al. Disease and gender-specific dysregulation of NGAL and
MMP-9 in type 1 diabetes mellitus. Endocrine. 2010;37(2):336-343.

20.Fu H, Zhou D, Zhu H, Liao J, Lin L, Hong X et al. Matrix
metalloproteinase-7 protects against acute kidney injury by priming
renal tubules for survival and regeneration. Kidney international.
2019;95(5):1167-1180.

21.Lenihan RAF, Ang J, Pallmann P, Romaine ST, Waldron CA,
Thomas-Jones E et al. Mid-Regional Pro-Adrenomedullin in
Combination With Pediatric Early Warning Scores for Risk
Stratification of Febrile Children Presenting to the Emergency
Department: Secondary Analysis of a Nonprespecified United
Kingdom Cohort Study. Pediatric critical care medicine : a journal of
the Society of Critical Care Medicine and the World Federation of
Pediatric Intensive and Critical Care Societies. 2022;23(12):980-989.

22.Surendran K, Simon TC, Liapis H, McGuire JK. Matrilysin (MMP-7)
expression in renal tubular damage: association with Wnt4. Kidney
international. 2004;65(6):2212-2222.

23.Catania JM, Chen G, Parrish AR. Role of matrix metalloproteinases in
renal pathophysiologies. American journal of physiology Renal
physiology. 2007;292(3):F905-F911.

24.Kessenbrock K, Wang CY, Werb Z. Matrix metalloproteinases in stem
cell regulation and cancer. Matrix biology : journal of the International
Society for Matrix Biology. 2015;44-46:184-190.

25. Afkarian M, Zelnick LR, Ruzinski J, Kestenbaum B, Himmelfarb J,
de Boer IH et al. Urine matrix metalloproteinase-7 and risk of kidney
disease progression and mortality in type 2 diabetes. Journal of
diabetes and its complications. 2015;29(8):1024-1031.

26. Agarwal R. Anti-inflammatory effects of short-term pioglitazone
therapy in men with advanced diabetic nephropathy. Am J Physiol
Renal Physiol. 2006;290(3):F600-F605.

27.Yang X, Ou J, Zhang H, Xu X, Zhu L, Li Q et al. Urinary Matrix
Metalloproteinase 7 and Prediction of IgA Nephropathy Progression.
American journal of kidney diseases : the official journal of the
National Kidney Foundation. 2020;75(3):384-393.

28. Surendran K, Simon TC, Liapis H, McGuire JK. Matrilysin (MMP-7)
expression in renal tubular damage: association with Wnt4. Kidney
international. 2004;65(6):2212-2222.

29. Zervoudaki A, Economou E, Stefanadis C, Pitsavos C, Tsioufis K,
Aggeli C et al. Plasma levels of active extracellular matrix
metalloproteinases 2 and 9 in patients with essential hypertension
before and after antihypertensive treatment. Journal of human
hypertension. 2003;17(2):119-124.

30. Li-Saw-Hee FL, Edmunds E, Blann AD, Beevers DG, Lip GY Matrix
metalloproteinase-9 and tissue inhibitor metalloproteinase-1 levels in
essential hypertension. Relationship to left ventricular mass and anti-
hypertensive therapy. International journal of cardiology.
2000;75(1):43-47.

31.Rawlings ND, Tolle DP, Barrett AJ. Evolutionary families of
peptidase inhibitors. The Biochemical journal. 2004;378(Pt 3):705-
716.

40



Altinbas F et al.

Kocaeli Med J 2025;14(1):35-41

32.Lods N, Ferrari P, Frey FJ, Kappeler A, Berthier C, Vogt B et al.
Angiotensin-converting enzyme inhibition but not angiotensin Il
receptor blockade regulates matrix metalloproteinase activity in patients
with glomerulonephritis. Journal of the American Society of
Nephrology : JASN. 2003;14(11):2861-2872.

33.Hotchi J, Hoshiga M, Takeda Y, Yuki T, Fujisaka T, Ishihara T et al.
Plaque-stahilizing effect of angiotensin-converting enzyme inhibitor
and/or angiotensin receptor blocker in a rabbit plague model. Journal of
atherosclerosis and thrombosis. 2013;20(3):257-266.

34.Wang L, Cai SR, Zhang CH, He YL, Zhan WH, Wu H et al. Effects of
angiotensin-converting enzyme inhibitors and angiotensin Il type 1
receptor blockers on lymphangiogenesis of gastric cancer in a nude
mouse model. Chinese medical journal. 2008;121(21):2167-2171.

35.Taal MW, Brenner BM. Renoprotective benefits of RAS inhibition:
from ACEI to angiotensin Il antagonists. Kidney international.
2000;57(5):1803-1817.

36.Kagami S, Border WA, Miller DE, Noble NA. Angiotensin Il stimulates
extracellular matrix protein synthesis through induction of transforming
growth factor-beta expression in rat glomerular mesangial cells. The
Journal of clinical investigation. 1994;93(6):2431-2437.

37.Martinez-Fierro ML, Perez-Favila A, Garza-Veloz I, Espinoza-Juarez
MA, Avila-Carrasco L, Delgado-Enciso I, et al. Matrix
metalloproteinase multiplex screening identifies increased MMP-2
urine concentrations in women predicted to develop preeclampsia.
Biomarkers : biochemical indicators of exposure, response, and
susceptibility to chemicals. 2018;23(1):18-24.

41



