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Histopathology and Immunoexpression of some Markers of
Renal Fibrosis in the Hyperhomocysteinemic Sand Rat Model
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SUMMARY : Several studies have shown that hyperhomocysteinemia (Hhcy), a risk factor for cardiovascular diseases, is also
linked to other pathologies, including the aggravation of renal lesions in humans and some animal models. To our knostigtige, no
have been conducted on the potential impact of Hhcy on renal fibrosis and tissue remodeling in #sahmatsriys obegu$he aim
of this study was to analyze renal histopathology as well as the immunoexpression of some fibrosis markers during Hmatsin sand
Hhcy was induced in this species by intraperitoneal administration of methionine (150 mg/kg body weight/day) for thre&maonths.
kidney removed at the end of the experiment was subjected to histomorphometric (Masson's trichrome staining, Sirius red) and
immunohistochemical (collagen | and I;SMA, MMP-2 and -9) studies. Our results showed that the kidnBgarinmomysihcy is
the site of significant interstitial fibrosis, leukocytic infiltration, and disorganization of tubular and corpuscular etructur
Immunohistochemistry revealed the involvement of type | and lll fibrillar collagen in the development of fibrosis. Strolagrojtop
immunoexpression of collagen | and Il in inflammatory cells af8MA in the renal interstitium indicated the involvement of both
leukocytes and myofibroblasts in the fibrosis process. Furthermore, we observed a decrease in MMP-2 and -9 immunoexpression in
tubular cells and an increase in interstitial tissue and inflammatory cells. In conclusion, the kidPsgsofomys obeseshibited
fibrosis and tissue remodeling secondary to Hhcy..

KEY WORDS: Hyperhomocysteinemia; Fibrosis; Kidney; Psammomys obesus.

INTRODUCTION

Hyperhomocysteinemia (Hhcy), a risk factor forand cause of renal pathology and probably to the animal
cardiovascular diseases, is linked to other pathologies suvRdel. Indeed, in rats with unilateral ureteral obstruction,
as chronic kidney disease (CKD) development (Catten 0-SMA expression has been reported at the interstitial level,
al., 2019). In patients with CKD, Hhcy is negativelyindicating a phenotypic change from fibroblasts to
correlated with glomerular filtration rate and positivelynyofibroblasts (Liet al., 2020). In patients with
associated with mortality risk (Shishehledal, 2008). The glomerulonephritisa-SMA is expressed at both interstitial
deleterious effects of Hhcy on the kidney are mediated ipd glomerular levels, showing phenotypic modulation of
several mechanisms, including oxidative stresdibroblasts and mesangial cells (specialized pericytes) to
inflammation, ER stress, DNA hypomethylation and fibrosigyofibroblasts (Saratlija Novakowvét al, 2012). In diabetic
induction (Long & Nie, 2016). Renal fibrosis resulting frommice, a-SMA expression is reported not at the interstitial
fibrillar collagens accumulation is a consequence dével but in tubular epithelial cells, indicating Epithelial-
myofibroblast activation and proliferation (Huaetal, Mesenchymal Transition (EMT) (Chext al, 2016). Hhcy
2021). The localization ofa-SMA, a marker of causes glomerulosclerosis in Sprague-Dawley rats, which
myofibroblasts, could be modified according to the natur& associated with a moderate increase in glomest&vIA
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expression, whereas at the interstitial level, nprocedures were carried out in accordance with Algerian
accumulation of collagens oo-SMA expression was legislation (Law 12-235/2012 relating to the protection of
observed (Caet al, 2013). In contrast, the expressioranimals), and the recommendations of the Algerian
levels of metalloproteinases 2 and 9 (MMP-2 and -9) af&ssociation of Experimental Animal Sciences® (8b/
upregulated during renal fibrosis (Cheegal, 2017). DGLPAG/DVA/SDA/14).
Variations in MMP-2 and -9 expression in different renal
structures and cells have been observed according to Hasma homocysteine determination.Plasma
origin of the renal pathology and its progressive stagemocysteine levels were measured using a fluorescence
(Chenget al, 2017). polarization enzyme immunoassay (FPIA). Indeed, all
forms of homocysteine present in the plasma are reduced
The sand rasammomys obegua diurnal rodent to free homocysteine by dithiothreitol. Total free
in the Gerbillidae family, is considered a prime animditomocysteine is transformed into S-adenosyl-I-
model for the study of type 2 diabetes, dyslipidaemiaomocysteine (SAH) by SAH hydrolase in the presence
(Sahraoukt al, 2016), and Hhcy (Chaouatlal, 2019). of excess adenosine. The sample containing only SAH was
Although several studies have examined some aspectsrked with two reagents: one containing an anti-SAH
renal remodeling in diabetic sand rats (Aroatal, 2017), monoclonal antibody, and the other containing a
the effect of Hhcy on this remodeling has not beeftuorescein-labeled S-adenosyl-L-cysteine tracer. SAH and
investigated in this species. The aim of the study was ttee labeled tracer compete for the binding sites on the anti-
analyze the renal remodeling in hyperhomocysteinem&AH antibody. The intensity of fluorescence polarization
sand rats. We focused on possible variations in fibrillavas measured using the optical system of an analyzer
collagen types | and llig-SMA and metalloproteinase 2 (Abbott IMx).
and 9 localization, and their immunoexpression levels.
Histological study. We used the common histological
MATERIAL AND METHOD techniques to reveal the possible cellular and/or matrix
alterations generated by Hhcy Rsammomys obesus
Animal experiments. Our experiment, which lasted for 3kidneys. After fixation in 10 % formalin for two days, the
months, involved 10 male sand rd@&s@émmomys obegus organs were dehydrated in increasing alcohol bath (50 %,
These animals were captured in the EI-Outaya region, 20 %, 96 %, and 100 %) for 30 min each, and cleared in
km north of Biskra (East of Algeria) and placed inwo butanol baths for 30 min each. After impregnation in
individual cages on arrival at the laboratory. After amolten paraffin (two baths of two hours each at@pand
adaptation period of 2 weeks in an animal houdadocking, organs were cut using a Lab-Kite microtome. The
(temperature 2%C, 50 % humidity, 12h light/dark cycle), 5um thick sections were placed on Superfrost Plus slides
the rats were divided equally into two groups: and dried at 37C for 24 h. The slides were stained with
Masson's Trichrome and Sirius red, which selectively stained
- A control group (N=5) with a body weight of the collagen fibers in red. Kidney histological sections were
131.3&12.72 g receives 50 g of halophilic plants dailyobserved and analyzed using a Zeiss photonic microscope.
Sections were photographed using a digital camera (Canon
- An experimental group (N=5) with body weight ofPower Shot A640) integrated with a Zeiss microscope.
136.04t8.2 g received the same diet and intraperitoneal
administration of 150 mg/kg body weight/day of DL-Morphometric measurements and collagens
methionine (Sigma-Aldrich, 64340) dissolved in a 0.quantification. Morphometric measurements were
% NacCl solution. performed using CARL ZEISS AxioVision 4.9.1 software,
following the calibration. For each parameter analysed at
At the end of the experiment, the animals wer&000x magnification, 100 measurements were performed
anesthetized by intraperitoneal injection of ketamine at 76r each group of rats (on average, 20 randomly selected
mg/kg body weight. Blood was then collected from theneasurements per animal). The glomerular and corpuscular
retro-orbital sinus of the eye using a heparinized Pasteurfaces and their ratio were measured. In the proximal and
pipette to determine plasma homocysteine. After cervicdistal convoluted tubules, cell height, tubular surface,
dislocation and dissection, organs were removed ahgninal surface, and their ratio were assessed. Only
rapidly fixed in 10 % formalin for histological andtransversely cut tubules were considered for these
immunohistochemical analyses. This study was approvettasurements.
by the Scientific Council of the faculty of biology at
USTHB (N° 62/SDRFHU/2020). All experimental Sirius red staining allowed us to quantify, in
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percentage, fibrillar collagens in the intertubular interstitiakpresented as a percentage change in the experimental
space using the threshold function of image J softwaamimals compared with the controls.
(1.47u-National Institutes of Health. USA). We randomly
selected 10 tissue sections of the renal cortex devoid RESULTS
renal corpuscles from each control and experimental animal
(n =5). The surface area of each section was 3O Homocysteinemia analysis.After 3 months of
at 400 ¥ magnification. experimentation, we recorded a significant increase of
about 884 % (p<0.001) in plasma Hcy in rats subjected to
Immunohistochemical analysisimmunohistochemistry of methionine compared with controls (20488675 vs
collagen | and Ill,a-SMA, MMP-2 and -9 was performed 2.12+0.32uM). Therefore, the methionine-treated group
using the Vectastain Elite Universal Kit (Vectordeveloped Hhcy.
Laboratories, CA, USA). Sand rat kidney histological
sections were de-paraffinized in 2 cyclohexane baths fRenal histomorphometry.In the kidneys oPsammomys
15 min each and rehydrated in decreasing alcohol baths (esusHhcy induced several histological alterations that
%, 96 %, 70 %, and 50 %), followed by a distilled wateaffected both the nephron structure and surrounding
bath. The sections were incubated for 40 min in 3,@,H interstitial tissue (Fig. 1). Indeed, we observed important
diluted in PBSx1 to block the endogenous peroxidasefiltration of inflammatory cells at the interstitial level
activity. After washing with PBSx1 and application of Dako{Fig. 1. C), but also in the lumen of the renal tubules (Fig.
pen, the sections were incubated with 2 % BSA for 60 mih E). We also noticed disorganization of the proximal
to block non-specific antigenic sites. The primary antibodgonvoluted tubules, with heterogeneity in their tubular
was applied to the sections at the following dilutions: Idiameters (Fig. 1. F). Several distal convoluted tubules
100 for rabbit polyclonal antibody anti-collagen | (Abcamexhibited extensive luminal dilatation (Fig. 1. E). In
ab34710), anti-collagen Ill (Abcam ab7778) and mousaddition, we observed an accumulation of collagens in the
monoclonal anti-a-SMA (Dako clone 1A4), 1/25 for rabbiintertubular space and around the renal corpuscles, leading
polyclonal antibody anti-MMP-2 (Abcam ab37150) ando renal fibrosis (Fig. 1. C, D, F).
anti-MMP-9 (Abcam ab38898). After application of the
primary antibodies overnight at°€, the sections were Morphometric study (Table I) performed on some
rinsed twice with PBSx1 for 5 min and incubated for 6@ephron parameters showed a significant change in all
min with a biotinylated secondary antibody (Anti-Mouseparameters analyzed in Hhcy rats compared to controls.
Anti-Rabbit IgG, Vector Laboratories, CA, USA). Anotherindeed, we recorded a significant increase of 38.53 % and
wash with PBSx1 was necessary before and after the D.03 % in both corpuscular and glomerular surfaces,
min application of the avidin-biotin-peroxidase complextespectively. In contrast, the glomerular/corpuscular surface
After revelation with Novared (peroxidase substrate, Skarea ratio decreased by 10.78 %. In Hhcy rats, we noted
4805, Vector Laboratories) and counterstaining witiverse variations in morphometry between proximal and
haematoxylin QS (Vector Laboratories, CA, USA), thalistal convoluted tubes. We noted in the proximal convoluted
sections were dehydrated and mounted in Permount.tébes a significant increase in epithelial cell height by 56.94
negative control was used for each protein analyzed Pfand in the tubular surface by 51 %. In contrast, the luminal
omitting the primary antibody. surface decreased by 39.94 % and the luminal/tubular surface
ratio decreased by 59.39 %. In the distal convoluted tubules,
Immunohistochemical analysis was performed blindly bghere was a significant increase in epithelial cell height (27.27
two qualified observers. They assigned the symbol (-) W), tubular surface area (168.82 %), luminal surface area
the absence of staining in renal cells/compartments or od&1.76 %), and the luminal/tubular surface area ratio (109.3
or more symbols (+) in the presence of staining, accordifg). Quantification of fibrillar collagens in the renal
to the degree of intensity and importance. interstitium showed a significant increase of 116.33 % in
Hhcy rats compared with control rats.
Statistical study. The results of the quantitative studies
were analyzed using STATISTICA 6.1 software (StatSoftmmunohistochemical analysis.In the immuno
Inc.). The mean and standard deviation were determinkidtochemical study, we targeted the analysis of fibrillar
for each series of analyses. We used the Mann-Whitneycbllagen | and 11l to determine the type of collagen involved
test to evaluate the differences between the quantitativerenal fibrosis, a-SMA for the possible involvement of
parameters of the control and experimental animals. Theyofibroblasts, and MMP-2 and -9 to analyze the
difference was considered statistically significant if the Biodulation of the biochemical composition of the renal
value was less than 0.05. This significant difference wastracellular matrix (ECM).
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Control

Fig. 1. Histology of the renal cortex of control (A, B) and Hhcy

trichrome, and the bottom sections are stained with Sirius red. G: Glomeruli. PCT: Proximal Convoluted Tubule. DCT: DadtakGonv
Tubule. The renal cortex of control animals (A, B) showed a normal structure, where a weak presence of fibrillar collagssrveas o
between the tubules and around the renal corpuscles (white triangles). The proximal and distal convoluted tubules sloowogemepis
diameter (white arrows). In Hhey rats (C, D, E, F), we observed an accumulation of collagen fibers in the renal interstioumdrihe
renal corpuscles (black triangles), heterogeneity in the diameter of the proximal convoluted tubules (black arrows), aamidadiisorgf
their structure (white chevron). Important leukocyt e infiltration is reported in the interstitial tissue (white star) ndLioniemn (black star).
Many distal convoluted tubules showed luminal dilation (black chevron).

Table I. Morphometric study of some renal parameters and quantification of intertubular fibrillar collagen.

Parameters Control Hhcy P-value

Renal corpuscles

Corpuscular surface (fin 3702.49+136.85 5129.20+152.38 P<0.0001

Glomerular surface (L 2700.77+91.84 3430.74+116.81 P<0.0001

Glomerular/corpuscular surface ( %) 74.18 +0.78 66.22+0.63 P<0.0001
Proximal convoluted tubes

Cell height (um) 07.20+0.10 11.28+0.23 P<0.0001

Tubular surface (ufi 622.82+1521 940.43+21 65 P<0.0001

Luminal surface (um 124174562 74.59+3.63 P<0.0001

Luminal/tubular srface ( %) 19.68+0.62 7.99+0.36 P<0.0001
Distal convoluted tubules

Cell height (um) 04.40+0.08 05.55+0.15 P<0.0001

Tubular surface (uf 381.97+10.74 1026.91+37.28 P<0.0001

Luminal surface (um 107.24+4.49 612.93+30.47 P<0.0001

Luminal/tubular grface ( %) 27.74+0.71 57.88+1.13 P<0.0001
Fibrillar collagen/renal surface (%) 09.80 £0.44 21.2+0.76 P<0.0001

Values are presented as meaBEM. A total of 100 measurements were performed for renal corpuscles and
proximal and distal convoluted tubule parameters and 50 measurements for fibrillar collagen surface in control
(n=5) and Hhcy (n=5) animals. Statistical test performed was the Mann-Whitney test.
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In control rats, we observed a low accumulation afontrast, very low deposition of collagen | and Ill was
type | collagen in the tubulointerstitial tissue and aroungbserved in the mesangial matrix of renal glomeruli. At
the renal corpuscles (Fig. 2. A). Type lll collagen wathe interstitial and perivascular levels, we observed strong
very weakly expressed (Fig. 2. D). No labeling of collagegranular immunostaining of collagen | and Ill in the
| or 1l was observed in the glomeruli. In Hhcy rats, weytoplasm of inflammatory cells (Fig. 2. B, C, E). This
noticed significant accumulation of these two types afbservation indicates that inflammatory cells are at least
collagen in the interstitial tissue and around the renpértially implicated in the synthesis of fibrillar collagens
corpuscles and blood vessels (Fig. 2. B, C, E, F). Irand lll.
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Fig. 2. Immunohistochemistry of fibrillar collagen | and Il in the renal cortex of control and PHaymomygroups. In the control group
(A), a low level of fibrillar collagen type | was observed between the tubules and around the renal corpuscles (whife miattgdgsats
(B, C), we observed an important accumulation of collagen | between the tubules and around the renal corpuscles (biEclatribagle
perivascular level (black star), and in the cytoplasm of inflammatory cells infiltrating the intertubular (black chevrenaadyar spaces
(white chevron). We also observed weak immunostaining for collagen | in the glomeruli of Hhcy rats (gray triangles). Caodegeng
Ill, we observed a very weak presence of this collagen type in the renal interstitial tissue (small white arrows) in tlgeazgn(i®). In
Hhcy group (E, F), we report an important accumulation of collagen Il in the renal interstitium (large black arrows)apitte#inance of

weak immunostaining in the glomeruli (small gray arrows). Strong immunostaining for type Ill collagen was observed in |perivascu
inflammatory cells in Hhcy (gray chevron).

Immunostaining fora-SMA outside vascular extent in intertubular interstitial tissue (Fig. 3. B). &ilo
smooth muscle cells (VSMCs) is an indication oBEMA immunostaining was observed in the glomeruli or
myofibroblasts activation and proliferation, the majotubular cells of the two animal groups.
fibrillar collagen-producing cells. In control animals, we
observed a few a-SMA-immunostained cells in the renal Immunostaining analysis of MMP-2 and -9
interstitial tissue (Fig. 3. A). In Hhcy rats, strom¢sMA  indicates variability in their expression and localization
immunostaining was observed in terms of intensity arubtween the kidneys of control and HiRsammomysdn
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the controlrats, we observed strong immunoexpression @xpressing MMP-2 in the glomeruli was higher in Hhcy rats
MMP-2 in the epithelial cell cytoplasm of the proximal andhan in the control rats. Regarding MMP-9, we observed
distal convoluted tubules (Fig. 3. C). Afew rare cells expresgeak immunostaining in tubular cells but no labeling in
MMP-2 in the renal glomeruli, but no immunostaining haglomeruli or interstitial tissue (Fig. 3. E). In Hhcy rats, we
been reported in the tubulointerstitial tissue. In Hhcy ratepserved strong immunostaining at the interstitial level and
we observed weak immunostaining of MMP-2 in tubulavery strong labeling of the inflammatory cells (Fig. 3. F).
cells and tubulointerstitial tissue, and very strong labelingo labeling was observed in the tubular and glomerular cells.
in inflammatory cells (Fig. 3. D). The number of cellsAll these observations are summarized in Table II.
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Fig. 3. Immunohistochemistry of a-SMA, MMP-2 and -9 in the renal cortex of control andR$acymomygroups. G: Glomeruli.

PCT: Proximal Convoluted Tubule. DCT: Distal Convoluted Tubule. BV: Blood Vessel. Excluding the strong immunostaining of a-SMA
in VSMCs of both groups of animals (gray triangles), we observed in control group (A) some myofibroblasts expressing a<:vA betw
the renal tubules (white triangle). In Hhcy group (B), strong immunoexpression of a-SMA (black triangles) was observethieetween
renal tubules. Strong immunostaining of MMP-2 was reported in control animals (C) in renal tubule cells (large black arsmnsd an
glomerular cells (small white arrow). In Hhcy rats (D), weak immunostaining of MMP-2 was observed in renal tubule ceiisaflarge
arrow) and interstitial tissue (large white arrow), and strong immunostaining was observed in inflammatory cells (blatie star).
number of cells expressing MMP-2 increased in the glomeruli of Hhcy rats (small black arrows). Concerning MMP-9, very weak
immunolabelling was observed in renal tubule cells (white chevrons) of control rats (E). In Hhcy rats (F), weak immunesigining
observed in the interstitial tissue (gray chevrons) and was slightly stronger in the inflammatory cells (black chevron).

DISCUSSION

The objective of this study was to analyze rendite of interstitial fibrosis and inflammatory cell infiltration.
remodeling and fibrosis in sand rats with Hhcy usinglhcy increases endothelial cell adhesion and induces a pro-
histomorphometric and immunohistochemical approachesflammatory state in the vascular wall by promoting the
Our results show that Hhcy Psammomyg&idneys is the expression of adhesion molecules and recruitment of
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Table Il. Immunolocalization and immunostaining been reported in the kidneys of Fisher rats, rendering Hhcy

intensity of collagen I and lly-SMA, MMP-2 and -9 in by a diet supplemented with methionine (1.25 %) and

the kidney of control and Hhcy rats. deficient in folate for 12 weeks (Kumagei al, 2002).

Immunolocalization Control Hhcy Similarly, a diet low in methionine in mice decreased plasma

Collagen I homocysteine concentrations and reduced some markers of
Glomeruli - * renal fibrosis and inflammation (Cooks al, 2018).
;E\l:g?;z‘:i;e'[lilzsue - s According to several recent studies, including those by Wang
VSMCs ) ) et al (2022), type | and type Il collagens are involved in
Inflammatory cells - Fa—— interstitial and perivascular fibrosis during CKD in humans

and in some animal models.

Collagen l1lI
Glomeruli - +
Tubular cells . . In Hhcy rats, we also noted strong collagen | and IlI
Interstitial tissue + e+ labeling in inflammatory cells, indicating that these cells
VSMCs - - are involved in renal fibrosis. To find out whether
Inflammatory cells - et myofibroblasts are similarly involved in fibrosis, we

a-SMA analyzeda-SMA. We reported in Hhey rats a significant
Glomeruli - - increase in interstitial a-SMA immunoexpression, indicating
Tubular cells - - the proliferation and differentiation of fibroblasts into
Interstitial tissue + et myofibroblasts. Numerous studies have demonstrated that
VSMCs ++++ ++++

myofibroblasts, which are reactive under pathological

conditions, are responsible for the accumulation of interstitial

MMP-2 ECM components, such as type | and Ill collagens (Kramann
Glomeruli * b etal, 2013). Caet al (2013) observed glomerulosclerosis

Inflammatory cells - -

;l;wligruslztrie;etlilzsue ++_++ :: + associated with increased glomerular a-SMA expression in
VSMCs . i Sprague Dawley rats. In contrast to our results, these
Inflammatory cells - o+ investigators did not report interstitial fibrosis mSMA
MMP-9 |nte.rst|t|al expression. Similarly, Ossatial (2_004) reported
Glomeruli ) + no interstitial fibrosis or glomerulosclerosis in Wistar rats
Tubular cells T+ + subjected to moderate Hhcy for 10 and 44 weeks. These
Interstitial tissue - ++ authors noted no changedrSMA expression between the
VSMCs - - Hhcy and control rats. Taken together, these results suggest
Inflammatory cells - +Ht that sand rats may be more sensitive to Hhcy in the
Absence of immunohistochemical markers (-). Estimation of the development of interstitial fibrosis than laboratory rats.

importance of immunohistochemical marker by observation (+).

Renal matrix remodeling involves variations in the

monocytes, particular MCP-1 (Monocyte chemoattractagiPression of MMPs, particularly MMP-2 and -9 in patients
protein-1), interleukin-8, VCAM-1 (Vascular cell adhesiorith CDK (Chenget al, 2017). From this perspective, we
molecule 1), ICAM-1 (Intercellular adhesion molecule) an@nalyzed, by immunohistochemistry, the possible
endothelin-1 (Yuamt al, 2022). According to Zharet al modifications of these remodeling factors in the kidney of
(2004), Hhcy activates NF-kB and induces iNOS expressid#icy Psammomy4\Ve reported a high expression of MMP-

in the kidney, Consequenﬂy increasing peroxynitrit@ in prOXimal and distal tubular cells in the kidneys of control
formation. Peroxynitrite alters the redox state of the vascultgts- MMP-9, on the other hand is very weakly expressed in
wall, thereby increasing the expression of VCAM-1, IcAamihese cells. These observations are in agreement with Cheng
1, E-selectin, and MCP-1 in endothelial cells (Huang, 2003jt @l (2017), who reported that, under physiological
In view of these data, it would probably be interesting téonditions, MMP-2 and -9 are found in the inactive

analyze some markers of inflammation, notably VCAM-1zymogenic form (pro-MMPs) in renal tubular cells.
ICAM-1 and MCP-1. Similarly, Neeet al (2004) reported that in cultured human

proximal tubule cells, no detectable MMP-9 production was
Interstitial fibrosis in the kidneys of Hhcy animals isobserved, whereas the pro-MMP-2 form was visible. In
a result of fibrillar collagen types | and Ill accumulationtubular cells from our Hhcy rats, MMP-2 expression
According to Huangt al (2021), renal fibrosis is a typical decreased, whereas MMP-9 expression became undetectable.
feature of CKD and represents the final common pathwa{“\/lp'z and -9 appears in the tubulointerstitial tissue of Hhcy
in all progressive kidney diseases. Interstitial fibrosis hd@ts. These results suggest that MMP-2 and -9 are
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constitutively synthesized in renal tubular cells ofmostraron que el rifion dsammomyslhcy es el sitio de fibrosis
Psammomysn an inactive latent form. Hhcy causes thénterstici.al .s:ignificativa, infiltraciéon leucocitica y
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and their activation. Tsat al (2012) found that renal fibrosis inmunohistoquimica revel6 la intervencién de colageno fibrilar

is associated with decreased expression of MMP-9 in tﬁg tipo Iy Il en el desarrollo de 1a fibrosis. La fuerte

. ._Inmunoexpresion citoplasmatica de colageno 1y lll en células
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