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Abstract: Tubulointerstitial fibrosis is characterized by tubular atrophy with basement membrane thickening and ac-
cumulation of interstitial extracellular matrix. Decreased matrix metalloproteinase-2 (MMP-2) activity may promote 
the process. Although human renal proximal tubular cells are sensitive to oxygen deprivation, it is unknown whether 
cellular endocytosis induced by hypoxia could alter the activity of MMP-2. The aim of this study was to investigate 
whether the endocytosis mediated by caveolin-1 has inhibitory effects on the activity of MMP-2 in human renal proxi-
mal tubular cells (HK-2 cells) under hypoxia. Our study indicated that HK-2 cells exposed to 1% O2 hypoxic milieu for 
24 hours resulted in increased level of collagen IV and decreased MMP-2 activity. After HK-2 cells were treated with 
filipin, the endocytosis mediated by Caveolin-1 was inhibited but the expression of MMP-2 in the cells and its activity 
in the cultural supernatant was respectively enhanced. Furthermore, inhibition of Caveolin-1 expression by Cav-1 
shRNA led to increase of MMP-2 activity, which was similar to the results of HK-2 cells treated with an endocytotic 
inhibitor filipin under hypoxia. Our data suggest that hypoxia may be an important pro-fibrogenic stimulus that acts 
partly via endocytosis, and that Caveolin-1 is a potential target for regulating MMP-2 activity in the tubulointerstitial 
fibrogenesis.
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Introduction

Chronic kidney disease (CKD) is increasingly 
recognized as a worldwide public health issue 
[1, 2]. It is known that tubular atrophy is a typi-
cal characteristic of tubulointerstitial fibrosis in 
kidney diseases. When the interstitial cell num-
ber increases with the appearance of myofibro-
blastic cells and extracellular matrix (ECM) 
accumulation, tubulointerstitial fibrosis occurs, 
leading to increased thickness of the tubular 
basement membrane (TBM) and accumulation 
of interstitial ECM [3-5]. MMP-2 plays a major 
role in the degradation of the ECM macromole-
cules [6]. In particular, MMP-2 is involved in the 
breakdown of ECM, degrading type IV collagen 
(Col-IV), a major component of the TMB [4, 
7-11]. MMP-2 is synthesized as a secreted pro-
enzyme, the removal of an amino-terminal pro-
peptide on the MMP converts it into an active 
form [12].

Chronic hypoxia often occurs in the kidney tis-
sues of many patients with CKD. In vitro data 
suggest that hypoxia can induce functional and 
phenotypic changes in renal epithelial cells and 
fibroblasts, which is consistent with the chang-
es observed in these cells in fibrosis [13]. 
Adaptation to hypoxia at the cellular level is 
regulated by a dual mechanism. On one hand, 
hypoxia leads to an increase in the efficiency of 
energy-producing pathways, and on the other 
hand, it decreases energy-consuming process-
es such as the activity of Na- and K-ATPases 
[14]. As a cellular adaptive response, hypoxia 
decreases Na- and K-ATPase activity by trigger-
ing the endocytosis of the α1 subunit in alveolar 
epithelia [15], suggesting that hypoxia induces 
endocytosis.

Some studies found that matrix metalloprotein-
ase-2 (MMP-2) activity was decreased in human 
renal proximal tubular cells (HK-2 cells) under 
hypoxic condition, but the mechanism is still 
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unclear [16]. We previously reported that 
altered expression and activity of MMP-2 in 
hepatic stellate cells under hypoxic condition 
[17]. Recent studies have shown that MMP-2 
activity is inhibited in the heart by Caveolin-1 
(Cav-1), which is the principal component of the 
caveolae membranes and is involved in recep-
tor-independent endocytosis [18]. Breakdown 
of Cav-1 activates MMP-2 in HT1080 cells [19], 
while the overexpression of Cav-1 in some cells 
causes decreased MMP-2 activity [20]. 
However, the effect of Cav-1 on MMP-2 activity 
in kidney disease is unknown.

In this study, we present evidence that a sensi-
tive inhibitor of caveolae enhanced the activity 
of MMP-2 in HK-2 cells under hypoxia and that 
suppressing the expression of Cav-1 by interfer-
ence techniques also increased MMP-2 activi-
ty. Considering that HK-2 cells play a key role in 
the development of renal fibrosis [21], our study 
provides a useful clue for controlling the pro-
gression of renal fibrosis.

Materials and methods

Cell culture and hypoxic treatment

Human renal proximal tubular epithelial cell line 
(HK-2 cells) was purchased from the Cell Bank 
of Type Culture Collection of Chinese Academy 
of Sciences (Shanghai, China). The HK-2 cells 
were cultured in DMEM supplemented with 
10% fetal bovine serum, 100 units/mL penicil-
lin, and 100 μg/mL streptomycin (Thermo 
Fisher Scientific, USA). The cells were seeded 
on 6-well plates at a density of 5×105 cells/
well. To mimic hypoxic conditions, the cells in 
culture medium were then subjected to low-
oxygen condition. The oxygen concentrations 
were maintained at 1%-3% using three gas 
incubator of Thermo Fisher, which was held 
under a positive pressure in an atmosphere of 
94%-92% N2/5% CO2/1%-3% O2. There were 
four treatment groups in triplicate wells, includ-
ing normoxic group (control cells), hypoxic 
group, hypoxic+filipin (filipin III, Sigma) group 
and hypoxic+Cav-1 shRNA group for 24 hours. 
The control cells were cultured under the nor-
moxic condition.

Stable transfection of cells

The EGFP-Rab7 (Rab7 gene No. HSU44104) 
lentiviral vector (Shanghai GenePharma. China) 
was infected into the cells following the manu-

facturer’s instructions. Short hairpin RNAs 
(shRNA) directed towards Cav-1 (ACGAGC- 
TGAGCGAGA AGCA AGTGTAT TCA AGAGAT- 
ACACTTGCTTCTCGCTCAGCTCGT) were deliv-
ered to HK-2 cells (creating stable Cav-1 shRNA 
expressing cells) using lentiviral vector 
(Shanghai Hanbio. China) following the manu-
facturer’s instructions. The dosage of G418 
used for selection was determined by challeng-
ing HK-2 cells with gradually increased concen-
trations of the drug. The optimal dose was 500 
μg/mL.

Transmission electron microscopy (TEM)

TEM was used to observe and analyze the mor-
phology of the endocytosis in HK-2 cells post 
hypoxic treatment. The cells were exposed in 
an atmosphere of 94%-92 N2/5% CO2/1%-3% 
O2 for 24 hours. The control cells were cultured 
under the normoxic condition. Fixed in 2.5% 
glutaraldehyde for 2 hours. Then the post-fixa-
tion with 1% osmium tetroxide was performed. 
Finally, the specimens were cut into ultra-thin 
sections (5070 nm), which were placed onto 
copper grids and stained with uranyl acetate 
and lead citrate. The ultrastructural analysis 
was performed using a JEM-1011EX TEM 
instrument (JEOL, Japan).

Confocal microscopy

Cells were plated on cover slips in a 24-well 
plate and fixed with 4% paraformaldehyde for 
15 minutes at room temperature. After were 
extensively washed and treated with nuclear 
stain (4,6-Diamidino-2-phenylindole, DAPI) for 
5 minutes at room temperature. Finally, the 
images were taken using a Confocal Micro- 
scope (FV1000, Olympus Corporation, Japan).

Western blotting

The cells were lysed with immunoprecipitation 
assay buffer containing protease inhibitors. 
The protein concentrations were examined 
using the BCA Protein Assay kit (Vazyme 
Biotech, China). 40 µg of proteins were sepa-
rated by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
onto a piece of polyvinylidene diluoride mem-
brane. The membranes were blocked with 5% 
non-fat milk in TBST (Tris-buffered saline with 
0.5% of Triton X-100) for 1 hour at room tem-
perature, and then incubated with the appropri-
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ate primary antibody against Cav-1 (Abcam, 
UK) or GAPDH (Protech, China) overnight at 
4°C. The membranes were washed three times 
in TBST, followed by incubation with the appro-
priate horseradish peroxidase-linked second-
ary antibodies (Protech, China) for 1 hour at 
room temperature. The specific proteins on the 
blots were developed with enhanced chemilu-
minescence (Vazyme Biotech, China) and visu-
alized as the bands on the CL-XPosure Film 
(Thermo Fisher Scientific, USA). 

Real-time PCR 

Total RNA from HK-2 cells was isolated and 
reverse transcription was performed using the 
RNeasy Mini kit (Vazyme Biotech, China). Real-
Time PCR was performed to determine the 
expression of human MMP-2 in a SYBR Green 
PCR Master mix (Vazyme Biotech, China) using 
the StepOnePlus™ Real-Time PCR Detection 
systems (Step One Plus 2.1 software) with  
universal thermal cycling parameters. The fol-
lowing primers were used: MMP-2 Forward 
primer: 5’-GAGAACCAAAGTCTGAAGAG-3’, Re- 
verse primer: 5’-GGAGTGAGAATGCTGATTAG-3’, 
GAPDH Forward primer: 5’-GGAAGGTGAAGG- 
TCGGAGTCA-3’, Reverse primer: 5’-GCAACAA- 
TATCCACTTTACCAG-3’. 

ELISA to quantify MMP-2 and Col-IV in culture 
media

ELISA kits were used to detect the contents of 
MMP-2 and Col-IV protein in culture media  
following the manufacturer’s instructions 
(Shanghai Hengyuan Biological Technology, 

China). Purified MMP-2 or Col-IV antibody were 
applied to coat the microtiter plate wells, then 
culture supernatants were added to the wells 
and incubated at 37°C for 2 hours. After the 
plates were washed, another MMP-2 antibody 
or Col-IV antibody labeled with HRP was added 
to the plate. Then the plates were washed thor-
oughly, the 3,3’,5,5’-Tetramethylbenzidine sub-
strate solution was added. The reaction was 
terminated by the addition of a sulphuric acid 
solution, and the color was measured by a 
spectrophotometry at a wavelength 450 nm. 
The level of MMP-2 or Col-IV protein in the sam-
ples was then calculated according to the stan-
dard curve. 

Detection of MMP-2 activity by zymography

The activity of MMP-2 was determined by gela-
tin zymography using MMP Zymography Assay 
Kit (Applygen Technologies, China) according to 
the manufacturer’s protocol. MMP-2 was sepa-
rated by SDS-PAGE. Subsequently, the SDS 
was extracted with Triton X-100 from the gels, 
then incubated for 48 hours at 37°C. The gels 
were stained with Coomassie brilliant blue 
G250 and decolorized. The clear band against 
a blue background represented the activity of 
MMP-2 and was measured by using a Gel Image 
System (Image master 1D analysis software, 
Pharmacia) and recorded with the total A (area 
of clear band times mean A) [22].

Statistical analysis

Statistical analyses were performed using the 
SPSS 13.0 statistical software package (SPSS 
Inc., USA). The data were expressed as mean ± 

Figure 1. Endocytosis induced by hypoxia in HK-2 cells. TEM images of HK-2 cells under normoxic (A) and hypoxic 
(B) conditions for 24 hours. Endosome: black arrows in (B). Abbreviations: TEM, transmission electron microscopy.
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standard deviation (SD). Differences between 
groups were analyzed with Student’s t-test. 
P<0.05 was considered to be statistically 
significant.

Results

Endocytosis in HK-2 cells subjected to hypoxia 

To observe the ultrastructure of HK-2 cells in 
1% O2 hypoxic milieu for 24 hours, we used the 
TEM to observe the changes. The images 
revealed in Figure 1B that there were endo-
somes (black arrows) in the cytoplasm of HK-2 
cells subjected to hypoxia. In contrast, endocy-
tosis was rarely observed in control cells (Figure 
1A).

Filipin inhibited endocytosis in HK-2 cells with 
EGFP-Rab7 under hypoxia

Rab7 is a Ras-related protein involved in endo-
cytosis, vesicular transport and maturation of 
endosomes [23]. To verify whether filipin inhib-
its endocytosis induced by hypoxia, we gener-
ated stably infected HK-2 cells with EGFP-Rab7 
overexpression. At first, we observed by fluores-
cence microscopy that the EGFP signal was 
associated with round vesicles labeled with 

that filipin is an effective inhibitor for endocyto-
sis in hypoxia.

Inhibition of endocytosis increased the MMP-
2 activity in culture media of hypoxia-treated 
HK-2 cells 

Gel zymography of MMP-2 generally showed 
two major bands, one at 62 kDa, representing 
the active form of MMP-2, and another at 72 
kDa, representing pro-MMP-2. The activity of 
MMP-2 in the hypoxic group (0.36±0.06) was 
found to be lower than that in the normoxic 
group (1.00±0.00) (Figure 3A). The relative 
activity of MMP-2 in HK-2 cells treated with fili-
pin (0.60±0.08) was significantly elevated in 
the group treated with filipin and hypoxia com-
pared with the hypoxic group (P<0.01) (Figure 
3A, 3B).

Inhibition of endocytosis enhanced MMP-2 
expression at the mRNA level in HK-2 cells 
treated with hypoxia

To understand MMP-2 expression and its cor-
relation with endocytosis, we investigated the 
expression of MMP-2 in HK-2 cells by real-time 
PCR. Compared with the normoxic group, the 
level of MMP-2 mRNA was not affected in the 

Figure 2. Endosome formation inhibited by filipin in HK-2 cells infected with 
expressing EGFP-Rab7 protein under hypoxia. HK-2 cells stably expressing 
EGFP-Rab7 were exposed to filipin for 24 hours in hypoxia, then fixed. Nucle-
ar staining was performed with DAPI (shown in blue in each panel). Pictures 
were taken using a confocal microscope. The change of EGFP-Rab7 was 
shown in hypoxic HK-2 cells.

Rab7, indicating that Rab7 was 
related to the membrane of 
endocytosis vesicles under 
both normoxic and hypoxic 
conditions. By inducing endo-
cytosis in cells with hypoxia, it 
was found that the dense 
puncta formation of Rab7 rep-
resented aggregates of Rab7 
protein. Rab7 fine puncta were 
diffusely distributed in the 
cytoplasm of normoxic cells 
(Figure 2). In contrast, there 
were more Rab7 aggregates in 
hypoxia-treated cells, and the 
protein was located near the 
nucleus compared to normox-
ic cells (Figure 2). Furthermore, 
the cells treated with inhibi-
tors for endocytosis showed 
reduced Rab7 aggregates 
under hypoxic conditions. In 
other words, Rab7 indicates 
the level of endocytosis in this 
study. These data suggest 
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cells treated with hypoxia. However, filipin dra-
matically increased the level of MMP-2 mRNA 
in hypoxic cells (P<0.01). The relative amount 
of MMP-2 in hypoxic group was 1.24±0.16 and 
6.40±4.22 in hypoxic+filipin group (Figure 3C).

Inhibition of endocytosis altered the levels of 
MMP-2 protein and Col-IV protein in culture 
media of hypoxia-treated cells

MMP-2 protein in cell culture media was deter-
mined by ELISA. The MMP-2 protein in culture 
media included pro-MMP-2 protein and active 
MMP-2 protein. As shown in Figure 3D, MMP-2 
protein (3.71±0.12 μg/L) was significantly 
diminished in hypoxia-treated cells compared 
with normoxic group (4.54±0.33 μg/L) 
(P<0.05). When the cells were incubated with 
the inhibitor filipin under hypoxia for 24 hours, 
the level of MMP-2 protein in the culture media 
was increased (4.44±0.31 μg/L) (Figure 3D) 

(P<0.05) compared with hypoxic group. 
Because the level of Col-IV protein in cell cul-
ture media is opposite to the MMP-2 activity, 
we examined Col-IV protein by ELISA to assess 
the enzymatic activity of MMP-2. Figure 3E 
showed that the level of Col-IV protein in the 
hypoxic group (5.33±0.14 μg/L) was increased 
compared with the normoxic group (5.02±0.07 
μg/L), suggesting decreased activity of MMP-2. 
The level of Col-IV protein was also decreased 
in the hypoxic+filipin group (5.18±0.02 μg/L) 
compared to the hypoxic group (Figure 3E).
These data indicate increased MMP-2 activity 
in the presence of filipin. 

Suppression of Cav-1 by shRNA in hypoxia-
treated cells

To investigate the role of Cav-1 in HK-2 cells, we 
used the Cav-1 shRNA lentiviral vector to infect 
the cells. We generated a stable HK-2 cell line 

Figure 3. Effects of filipin on HK-2 cells under hypoxia. (A) Relative MMP-2 activity in the normoxic group, hypoxic 
group, and hypoxic+filipin group for 24 hours. (B) Gels were scanned and quantified by densitometry, and relative 
MMP-2 activity was calculated as a percentage of the relevant control values (assigned values of 1) from arbitrary 
densitometry units. Data is the mean of three separate experiments. (C) Relative mRNA levels in the normoxic 
group, hypoxic group, and hypoxic+filipin group for 24 hours as a percentage of the relevant control values. The 
content of MMP-2 protein (D) and Col-IV protein (E) in the normoxic group, hypoxic group, and hypoxic+filipin group 
for 24 hours, respectively. Results were analyzed by unpaired Student’s t-test, *P<0.05, **P<0.01.
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(Cav-1 shRNA) in which Cav-1 expression was 
suppressed by approximately 50% in protein 
levels compared with the non-shRNA group in 
hypoxia (Figure 4A, 4B).

Effect on MMP-2 activity in culture media by 
Cav-1 shRNA in hypoxia-treated cells

In the effect of Cav-1 suppression on MMP-2 
activity, gel zymography of MMP-2 was per-
formed. After 24 hours of hypoxia, there was a 
significant increase in MMP-2 activity by shRNA 
in the hypoxic+Cav-1 shRNA group (Figure 4C), 
which was still suppressed in the hypoxic group 
under hypoxia. When the HK-2 cells were treat-
ed with shRNA of Cav-1, the MMP-2 activity of 
the hypoxic+Cav-1 shRNA group was 0.72±0.03 
(Figure 4A), the activity of the hypoxic group 
was 0.22±0.02. The difference in the data from 
the two groups is significant (P<0.01) (Figure 
4C, 4D). 

Effect on MMP-2 expression at the mRNA level 
by Cav-1 shRNA in hypoxia-treated cells

To evaluate the effect of Cav-1 suppression on 
MMP-2 mRNA level, we tested the mRNA level 
of MMP-2 by real-time PCR. The mRNA level of 
MMP-2 in HK-2 cells interfered with Cav-1 
shRNA was higher than that of in hypoxic group. 
The relative amount of MMP-2 was 1.24±0.16 (hypo- 
xic group) and 15.80±3.11 (hypoxic+shRNA 
group). These results demonstrate that down-
regulation of the Cav-1 gene not only enhances 
MMP-2 activity but also increases the expres-
sion of MMP-2 at the mRNA level (Figure 4E).

Effect on the levels of MMP-2 protein and Col-
IV protein in culture media by Cav-1 shRNA

The culture media was analyzed using an ELISA 
assay to measure the levels of MMP-2 and Col-
IV proteins. As shown in Figure 4F and 4G, the 

Figure 4. Effects of shRNA on HK-2 cells under hypoxia. (A) Western blotting analysis of Cav-1 proteins. (B) Expres-
sion of Cav-1 relative to GAPDH. (C) Relative MMP-2 activity in the normoxic group, hypoxic group, and hypoxic+Cav-1 
shRNA group for 24 hours. (D) Gels were scanned and quantified by densitometry, and relative MMP-2 activity was 
calculated as a percentage of the relevant control values (assigned values of 1) from arbitrary densitometry units. 
Data is the mean of three separate experiments. (E) Relative mRNA levels in the normoxic group, hypoxic group, and 
hypoxic+Cav-1 shRNA group for 24 hours. The contents of MMP-2 protein (F) and Col-IV protein (G) in the normoxic 
group, hypoxic group, and hypoxic+Cav-1 shRNA group for 24 hours, respectively. Results were analyzed by unpaired 
Student’s t-test, *P<0.05, **P<0.01.
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level of MMP-2 in the hypoxic group was 
3.54±0.20 µg/L, and a marked increase 
appeared in the hypoxic+Cav-1 shRNA group 
(4.15±0.26 µg/L). The level trend of Col-IV pro-
tein in the cell culture media is opposite to the 
level trend of MMP-2 protein in culture media. 
As shown in Figure 4F and 4G, displaying the 
changes in MMP-2 protein and Col-IV protein, 
the level of MMP-2 in the hypoxic+Cav-1 shRNA 
group was higher than that of hypoxic group. In 
contrast, the level of Col-IV protein (5.30±0.20 
µg/L) in the hypoxic group was higher than that 
of in the hypoxic+Cav-1 shRNA group 
(4.90±0.60 µg/L). These data suggest that 
MMP-2 activity was increased with the silenc-
ing of Cav-1 by Cav-1 shRNA (Figure 4F, 4G).

Discussion

Renal hypoxia is a major factor in the patho-
physiology of acute kidney injury to CKD transi-
tion [24]. To maintain normal metabolism, HK-2 
cells require a large amount of oxygen to func-
tion properly, and renal proximal tubular cells 
may be the primary target of a hypoxic insult 
[25]. Hypoxia induces endocytosis. There are 
many endocytic receptors on the renal proximal 
tubule [26], which may affect the endocytotic 
activity of the cells. While the thickening of TBM 
and decreasing activity of MMP-2 in patients of 
tubulointerstitial fibrosis are well known [7], 
however, it is unclear whether hypoxia-induced 
endocytosis would affect the activity of MMP-2 
in the proximal tubular cells. In this study, we 
first observed an increase of endocytosis under 
hypoxia in HK-2 cells by TEM analysis. Then, we 
examined the change in Rab7 in hypoxia-treat-
ed HK-2 cells with EGFP-Rab7 using filipin, a 
sensitive inhibitor of endocytosis involving 
Cav-1 [27]. When the HK-2 cells with EGFP- 
Rab7 were treated with filipin under hypoxia, 
decreased endocytosis was observed in the 
cells, suggesting that filipin effectively inhibits 
endocytosis in hypoxia.

Next, we found that the specific endocytosis 
inhibitor altered the activity of MMP-2 in hypox-
ia-treated HK-2 cells. ELISA results for Col-IV 
protein and MMP-2 protein in culture media 
confirmed the observations. The endocytosis 
inhibitor also increased the MMP-2 mRNA lev-
els in cells subjected to hypoxia. These data 
imply that endocytosis altered the expression 
and activity of MMP-2 under hypoxic conditions 
via Cav-1. Although the underlying mechanism 

remains unclear, this information may provi- 
de new insight into understanding the 
mechanism. 

To further investigate the possible role of Cav-1 
in HK-2 cells under hypoxia, we employed 
shRNA technology to suppress the expression 
of the Cav-1 gene in HK-2 cells under hypoxia. 
In this study, we found that the Cav-1 protein 
was increased in cells in hypoxia compared 
with HK-2 cells in the normoxic group. The 
expression level of the Cav-1 gene in hypoxia 
was suppressed by approximately 1-fold in 
Cav-1 protein level compared with HK-2 cells in 
hypoxia (hypoxic group). Next, we analyzed the 
MMP-2 activity by detecting the level of Cav-1 
suppressed by shRNA. The Cav-1 shRNA group 
exhibited a 3.4-fold increase in MMP-2 activity 
with respect to the non-shRNA group (hypoxic 
group) under hypoxia. In addition, the signifi-
cant suppression of Cav-1 up-regulated the 
expression of MMP-2 at the mRNA level under 
hypoxia.

We found that endocytosis mediated by Cav-1 
inhibits the activity of MMP-2 in hypoxic HK-2 
cells. The ELISA assay results on the MMP-2 
protein and Col-IV protein in the culture media 
were consistent with the results of gel zymogra-
phy. Previous reports have shown that Cav-1 is 
responsible for maintaining MMP-2 in a mem-
brane-associated and inhibited configuration 
[18], and that the overexpression of Cav-1 in 
some cells causes decreased MMP-2 activity 
[19, 20]. Our results showed that Cav-1 also 
inhibits the mRNA level of MMP-2 in addition to 
inhibiting MMP-2 activity. Studies showed that 
the binding of caveolin scaffolding domain to 
the motifs of MMP-2 may inhibit MMP-2 activity 
by preventing substrate binding [28]. More 
Cav-1 protein anchors MMP-2 to the mem-
brane, preventing activation of the enzyme [29, 
30]. Our results from the presented study 
proved this point that means the expression of 
Cav-1 influences MMP-2 activity in HK-2 cells 
under hypoxia. However, further investigation 
of interactions between MMP-2 and Cav-1 is 
warranted. 

In summary, we have firstly demonstrated that 
endocytosis mediated by Cav-1 inhibits the 
activity of MMP-2 in HK-2 cells under hypoxia 
using inhibitor and Cav-1 shRNA. Our study pro-
vides the novel insight that Cav-1 may be a 
potential pharmacological target to inhibit renal 
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fibrogenesis and prevent TBM thickness and 
accumulation of interstitial ECM in renal 
diseases.
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