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LABORATORY STUDY

Losartan Alleviates Renal Fibrosis by Down-Regulating HIF-1α and
Up-Regulating MMP-9/TIMP-1 in Rats with 5/6 Nephrectomy

Wencheng Fu1, Yunman Wang1, Zhouhui Jin2, Hao Wang1, Weiwei Cheng1, Haishan Zhou1,
Peihao Yin1 and Wen Peng1

1Department of Nephrology, Putuo Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai, PR China;
2Department of Nephrology, Liqun Hospital, Shanghai, PR China

Abstract

Background: This study investigated the effects of losartan intervention on the expressions of hypoxia-inducible factor-1α
(HIF-1α), matrix metalloproteinase-9 (MMP-9), and tissue inhibitor of metalloproteinase-1 (TIMP-1) in renal fibrosis in rats
with 5/6 nephrectomy.Methods: Sprague Dawley rats were randomly divided into three groups. Rats in the losartan group
were gavaged with losartan (33.3 mg/kg/day) from 1 week after 5/6 nephrectomy, and those in the sham group and the
model group only received an equal volume of saline solution by gavage. Rats were sacrificed at the ends of the 4, 8 and
12 weeks, respectively. Urinary N-acetyl-glucosaminidase (NAG), 24-h urinary protein, serum cystatin C, blood urea
nitrogen (BUN), and serum creatinine (Scr) levels were assessed. Kidney tissues were observed under light and electron
microscope. The expressions of HIF-1α, transforming growth factor-β1 (TGF-β1), MMP-9, and TIMP-1 were determined
by immunohistochemistry andWestern blotting.Results: Twenty-four hour urinary protein, urinary NAG, serum cystatin C,
BUN, and Scr levels in the model group were significantly higher than those in the sham group (p < 0.05), but losartan
treatment improved these changes. The apparent glomerular sclerosis and tubulointerstitial fibrosis were also found in the
model group, whichwere ameliorated by losartan. The expressions of HIF-1α, TGF-β1,MMP-9, and TIMP-1were elevated
andMMp-9/TIMP-1 ratio was lowered in the model group (p < 0.05), but losartan increased the expression of MMP-9 and
MMp-9/TIMP-1 ratio (p < 0.05) and lessened the expressions of HIF-1α, TGF-β1, and TIMP-1 (p < 0.05). Conclusion:
Losartanmay ameliorate renal fibrosis partly by down-regulating HIF-1α and up-regulatingMMP-9/TIMP-1 in rats with 5/6
nephrectomy.

Keywords: losartan, renal fibrosis, hypoxia inducible factor-1α, matrix metalloproteinase-9, tissue inhibitor of
metalloproteinase-1

INTRODUCTION

Chronic kidney disease (CKD) has become a major
threat to human health and a global public health issue
following cardiovascular and cerebrovascular diseases,
cancer, and diabetes. According to data published by
the US Renal Data System (USRDS),1 the total treated
end-stage renal disease (ESRD) population rose above
570,000 in 2009. The rate of prevalent ESRD cases
reached 1738 per million population, an increase of
2.1% in 2008 and consistent with a similar rise per year
since 2002.1 It is estimated that in the next 10 years, the
number will increase at a rate of 4.1% per year.2 A latest
epidemiological study in China showed that the overall
prevalence of CKD was 10.8%, and the number of

patients with CKD in China is estimated to be about
119.5 million (112.9–125.0 million).3

Renal fibrosis, including glomerulosclerosis and tubu-
lointerstitial fibrosis, is a final common pathway to end-
stage renal failure. Once renal damage reaches a certain
threshold, the progression of CKD is consistent, irrever-
sible, and largely independent of the initial insults.
Chronic hypoxia plays a central pathogenic role in the
process of tubulointerstitial injury and ESRD.4 Hypoxia-
inducible factor-1α (HIF-1α) stabilization in hypoxic
conditions is the critical factor in the development of
renal fibrosis and subsequent renal failure.5 Long-term
activation of HIF-1α in CKD can regulate multiple sig-
naling pathways to involve in the pathological process of
renal fibrosis. HIF-1α not only mediates angiotensin
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II-(ANG II) induced profibrotic effects by the activation
of cell transdifferentiation but also stimulates collagen
accumulation by the activation of fibrogenic factors,
such as plasminogen activator inhibitor (PAI) and tissue
inhibitor of metalloproteinase-1 (TIMP-1). Besides,
HIF-1α also contributes to renal epithelial cell collagen
expression and renal fibrosis by a talk with transforming
growth factor-β (TGF-β)/Smad3 signaling.6

ANG II is a major pathogenic factor producing renal
fibrosis in chronic renal injury. ANG II inhibits HIF
prolyl-hydroxylases activity and increase HIF-1α level,
indicating a possible role of HIF prolyl-hydroxylases in
ANG II-induced profibrotic action.7 It has been well
recognized that ANG II AT1 receptor blocker (ARB)
can reduce proteinuria and block the progression of
CKD, but the detailed mechanisms for ARB to protect
the kidneys from chronic damage are not fully under-
stood. Previous studies demonstrated that the ARBs
played an anti-fibrosis role through the inhibition of the
expression of TGF-β and its downstream factors.8 A
recent study indicated that ARBs could attenuate renal
interstitial fibrosis by inhibiting HIF-1a pathway and
decreasing TIMP-1 level in rats with diabetic nephropa-
thy.9 Therefore, this study was performed to investigate
whether losartan could alleviate renal fibrosis by regulat-
ing the expression of HIF-1α and the balance of matrix
metalloproteinase-9 (MMP-9)/TIMP-1 in rats with 5/6
nephrectomy.

MATERIALS AND METHODS

Materials
Animals
Seventy-two clean-grade healthy male Sprague Dawley
(SD) rats with 9–10 weeks of age weighing between 160
and 180 g were provided by Shanghai Xipu’er-bikai
Experimental Animal Co., Ltd. Qualified No.
2008001603691, license number: SCXK (Shanghai)
2008–0016.

Experimental Medication
Losartan potassium tablets (100 mg/tablet, Batch num-
ber: 100094) were provided by Hangzhou MSD
Pharmaceutical Co., Ltd., Hangzhou, PR China.
Tablets were dissolved and diluted by saline with a con-
centration of 3.33 mg losartan/mL of solution. The solu-
tion was preserved at 4�C in refrigerator.

The Main Reagents
Rat β-N-acetyl glucosaminidase (NAG) enzyme assay kit
was provided by Wuhan EIAab Science Co., Ltd.,
Wuhan,PRChina, and rat cystatinC (Cys-C) quantitative
kit was provided by R&D system, Inc., MN, USA. HIF-
1α, TGF-β1,MMP-9,TIMP-1 primary antibody, β-actin,
and the secondary antibody were provided by Santa Cruz
Biotechnology, Inc., CA, USA; Coomassie brilliant blue
protein assay kit and bicinchoninic acid (BCA) protein

concentration assay kit were provided by Fisher
Scientific Co., Pittsburgh, PA, USA.

Methods
Animal Model, Grouping, and Medical
Administration
Seventy-two SD rats were randomized into the sham
group, the model group, and the losartan group. Rats in
the model group and the losartan group underwent 5/6
nephrectomy by selective ligation of renal artery branches
followed by contralateral nephrectomy, and those in the
sham group underwent abdominal incision and manipu-
lation of both kidneys without excision. The procedures
were performed by the same operator. Rats in the losartan
groupwere gavagedwith losartan (33.3mg/kg/day) from1
week after 5/6 nephrectomy, and those in the sham group
and the model group only received an equal daily volume
of saline solution (10 mL/kg/day) by gavage. The rats in
each group were weighed once every week, and the doses
of saline solution and losartan were adjusted accordingly.

Histological Analysis of Kidney Tissue Injury
After routine hematoxylin–eosin staining and Masson
staining, the renal tissues were observed under light
microscopy. Semiquantitative score was given according
to themethod of Raij et al.10 Scores based on the degree of
glomerular sclerosis are 0–4 points (0: normal glomerulus;
1: mesangial expansion or with a sclerotic area of less than
25%; 2: a sclerotic area of 25%–50%; 3: a sclerotic area of
50%–75%; 4: a sclerotic area over 75%). A total of 50
glomeruli per specimen were observed under light micro-
scope at 200� magnification, and the average number, as
the mean glomerulosclerosis index, was calculated as fol-
lows: (1 � N1 þ 2� N2 þ 3 � N3 þ 4 � N4)/40, where
N1, N2, N3, and N4 indicates the number of 1-point, 2-
point, 3-point, and 4-point glomerular damage, respec-
tively. Tubulointerstitial injury score: the presences of
tubular dilatation, atrophy, necrosis and degeneration of
the epithelial cells, interstitial inflammation, and intersti-
tial fibrosis area were given from 0 point to 3 points (0: no
tubule interstitial damage; 1: lesions <25%; 2: lesions of
25%–50%; 3: lesion extendsmore than 50%). Each speci-
men was observed in 10 fields under light microscope at
200�magnification, and the average was calculated as the
renal tubular interstitial lesion score.

Sample Collection and Biochemical Tests
Four, eight, and twelve weeks after administration, eight
rats of each group were randomly chosen and sacrificed.
The day prior to sacrifice, rats were placed in metabolic
cages, fasting but without water limitation, and the 24-h
urinary protein wasmeasured after collection of the urine
using Coomassie brilliant blue protein kit assay. Rats
were anesthetized with 3% iso-pentobarbital sodium,
the abdominal aortic blood samples were collected
prior to centrifugation (3000 r/min, 15 min), the serum
samples were separated for determination of serum

Renal Failure

1298 W. Fu et al.



BUN Scr (automatic biochemical analyzer) and Cys-C
(ELISA kit assay).

Immunohistochemistry and Image Analysis
The expressions of HIF-1α, TGF-β1,MMP-9, and TIMP-
1 were determined using immunohistochemical strept
avidin-biotin complex (SABC) method. According to kit
instructions, the primary antibody (1:100) was added over-
night at 4�C, while no antibody was added to the negative
control group; phosphate buffered saline (PBS) was then
added before the addition of biotin-conjugated secondary
antibody and streptavidin-peroxidase. The sample slices
were stained with diaminobenzidine (DAB) and being
mildly re-stained with hematoxylin. Routine sample dehy-
dration, hyalinization, and mounting were done before
observation under microscope. Six samples in each group
were analyzed using MIQAS medical image quantitative
analysis system (Motic China Group Co., Ltd.,
Shenzheng, Guangdong, China), and each sample was
observed in randomly selected five positive fields under
light microscope at 200� magnification; the immunohisto-
chemical positive index was calculated after analysis of
immunohistochemical staining. Immunohistochemical
positive index¼ positive area�OD/total area.

Western Blotting
Tissues were placed on ice after taken from the liquid
nitrogen; protein was then added followed by repeated
grinding and low-temperature centrifugation; the super-
natant was separated and protein concentration was mea-
sured using the BCA method. A total of 20 μg of sample
protein was added per lane before sodium dodecyl sulfate
polyacrylamide gel electrophoresis (Bio-Rad, Hercules,
USA) with polyacrylamide gel followed by nitrocellulose
membrane. After incubated at room temperature, rabbit
anti-mouse antibody (1:200) was added and incubated
overnight at 4�C. Horseradish peroxidase (HRP) labeled
secondary antibody (IgG) was added and incubated for
1 h, and X-ray film was exposed with the light-emitting
material luminescence of the enhanced chemilumines-
cence reagent in the darkroom before developing and
fixing. β-actin was used as internal control.

Statistical Methods
All data analyzed using SPSS 15.0 (SPSS Ltd., Chicago,
IL, USA) were presented as ð�χ � SÞ. Difference between

groups was compared using one-way analysis of variance
(ANOVA test), difference with homogenous variance
between groups was compared using the LSD test, and
p < 0.05 was considered statistically significant.

RESULTS

Urine Protein and NAG Enzyme
At the ends of 4, 8 and 12weeks after administration, 24-h
urinary protein and NAG excretions in the model group
were significantly increased (p < 0.05) when compared
with the sham group, whereas losartan treatment reduced
significantly the above items (p < 0.05) (see Figure 1).
The results indicated that urine protein andNAG levels in
rats after 5/6 nephrectomy significantly elevated, which
were due to glomerular injuries and proximal tubular
damages. However, losartan administration reduced urin-
ary protein and NAG enzyme excretion by improving
glomerular filter and proximal tubular damages.

Blood Levels of Cys-C, BUN, and Scr
At 4, 8, and 12 weeks, the rats in model group showed a
significant increase in serumCyc-C, BUN, and Scr levels
as compared with the sham group (p < 0.05), losartan
group demonstrated a reduction in serumCyc-C and Scr
levels(p < 0.05), but did not get a significant decrease in
BUN (p > 0.05) (see Tables 1 and 2). The results sug-
gested that losartan administration could alleviate renal
function impairment induced by 5/6 nephrectomy.

Histological Analysis of the Kidney Tissue and
Immunohistochemistry
Light Microscopy
The glomerular, tubular, and interstitium structures were
normal in the sham group. Four weeks after gavage, glo-
merular hypertrophy, capsule expansion tubular dilata-
tion, and mesangial cell proliferation with inflammatory
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Figure 1. Differences of urine protein and NAG enzyme between different groups.
Note: Compared with sham group, 24-h urinary protein and urinary NAG levels in model group were significantly increased (p < 0.05), but
losartan reduced urine protein and NAG levels (p < 0.05).

Table 1. Cys-C (mg/L) levels in different groups ð�χ � SÞ.
Group 4 weeks 8 weeks 12 weeks

Sham 0.56 � 0.04 0.54 � 0.04 0.83 � 0.01
Model 0.74 � 0.01a 0.77 � 0.04a 0.97 � 0.02a

Losartan 0.64 � 0.02a,b 0.65 � 0.03a,b 0.91 � 0.01a,b

Notes: ap < 0.05 versus sham group.
bp < 0.05 versus model group.

© 2012 Informa Healthcare USA, Inc.
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cell infiltration in renal interstitium were observed in the
model group; at 8 weeks, partial glomerulosclerosis, tubu-
lointerstitial damage, tubule fusion, and necrosis pre-
sented; at 12 weeks, focal or complete glomerular
sclerosis, renal tubular epithelial cell degeneration and
necrosis, partial tubular atrophy, accompanied by some
degree of interstitial fibrosis, and renal artery wall thicken-
ing in the kidney could be seen; The increasing patholo-
gical scores of glomerulosclerosis and tubulointerstitial
damages were also found in the model group (see
Table 3). However, pathological changes and scores in
the losartan group were significant alleviated when com-
pared with the model group in the same period (see
Figure 2).

Electron Microscopy
Glomerular structure is clear in the sham group with
intact filtration membranes and well-shaped epithelial
cell foot processes without fusion. Tubular microvilli
were found with clear and intact structure with normal
endoplasmic reticulum and mitochondria, and the
nucleus was approximately round with clear nucleolus.
In the model group, the glomerular structure was still
clear 4 weeks after gavage, with slightly curved and thick-
ened glomerular basement membrane, showing mesan-
gial cell proliferation, inflammatory response, and
increased interstitial fibroblasts; at 8 weeks, swelling of
some podocytes, fusion and flattening of part of the of
foot processes, and swelling of some tubules and intra-
cytoplasmic vacuoles in some epithelial cells were
observed, as well as swelling of microvilli and interstitial
fibrosis; at 12 weeks, acceptable glomerular capillary
opening, bending and thickening of the basal membrane,
podocyte swelling with fusion and flattening of part of the
foot processes, and tubular swelling and degeneration
were found with significant interstitial fibroblast prolif-
eration. Pathological changes in the losartan group were

alleviated compared to the model group in the same
period (see Figure 2).

Immunohistochemical Results
(1) There was almost no expression of HIF-1α in the
glomeruli in the sham group, except a very little expres-
sion in the tubulointerstitial tissues, whereas it was abun-
dantly expressed in tubular tissues in the model group
(p< 0.05). After losartan treatment,HIF-1α level in renal
tissue was significantly decreased when compared with
the model group (p < 0.05). (2) There was only tracing
tubulointerstitial expression of TGF-β1 in the sham
group, whereas it was significantly increased in the
model group (p < 0.05). After losartan treatment,
TGF-β1 expression in renal tissue was significantly
decreased when compared with the model group
(p < 0.05). (3) Only tracing glomerular expression of
MMP-9 was detected in the sham group, whereas it was
significantly increased in the model group (p < 0.01).
After losartan treatment, glomerular MMP-9 expression
was significantly increased when compared with the
model group (p < 0.05). (4) Only a very small amount
of renal expression of TIMP-1 was detected in the sham
group, whereas it was significantly increased in themodel
group. After losartan treatment, renal TIMP-1 expres-
sion in the model group was significantly decreased
(p < 0.05) (see Table 4 and Figure 3). The results
demonstrated that losartan treatment caused a signifi-
cant increase in MMP-9 expression and a significant
decrease in TIMP-1expression, indicating that losartan
could promote extracellular matrix (ECM) degradation
in renal tissue by the up-regulation of MMP-9/TIMP-1.

Western Blotting
TheWestern blotting results showed that HIF-1α, TGF-
β1 MMP-9, and TIMP-1 protein expressions in the
model group were significantly higher than those in the

Table 2. BUN and Scr levels in different groups ð�χ � SÞ.
BUN (mmol/L) Scr (μmol/L)

Group 4 weeks 8 weeks 12 weeks 4 weeks 8 weeks 12 weeks

Sham 5.53 � 0.51 6.58 � 0.48 5.36 � 0.49 17.87 � 2.23 18.00 � 2.39 17.62 � 1.92
Model 16.99 � 5.49a 15.52 � 3.30a 18.74 � 3.87a 60.00 � 7.66a 65.00 � 23.29a 66.42 � 17.21a

Losartan 13.58 � 2.16a 15.45 � 1.29a 17.04 � 1.84a 47.85 � 5.69a,b 50.71 � 8.32a,b 51.28 � 8.46a,b

Notes: ap < 0.05 versus sham group.
bp < 0.05 versus model group.

Table 3. Comparison of pathological score of rat kidneys ð�χ � S; n ¼ 6Þ.
Glomerulosclerosis Tubulointerstitial damage

Group 4 weeks 8 weeks 12 weeks 4 weeks 8 weeks 12 weeks

Sham 0.02 � 0.02 0.03 � 0.02 0.03 � 0.03 0.01 � 0.02 0.03 � 0.05 0.06 � 0.08
Model 0.23 � 0.06a 0.56 � 0.12a 1.02 � 0.10a 0.45 � 0.10a 0.90 � 0.14a 1.30 � 0.13a

Losartan 0.12 � 0.03a,b 0.33 � 0.11a,b 0.56 � 0.05a,b 0.28 � 0.07a,b 0.46 � 0.13a,b 0.71 � 0.11a,b

Notes: ap < 0.05 versus sham group.
bp < 0.05 versus model group.
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sham group (p < 0.05), and losartan treatment caused a
significant reduction of HIF-1α, TGF-β1, and TIMP-1
expressions, but a significant increase of MMP-9 expres-
sion (p < 0.05) (Figure 4).

DISCUSSION

Losartan, as a classic drug of ARBs, has been widely
recognized to play its protective effects on the kidney by

reducing urinary protein, lowering blood pressure, and
slowing the progression of chronic renal failure. This
study indicated that losartan treatment lowered signifi-
cantly the serum creatinine (Scr), serum Cyc-C, and 24-
h urinary protein in rats with 5/6 nephrectomy(p < 0.05).
The glomerulosclerosis and tubulointerstitial fibrosis in
rats with 5/6 nephrectomy at 12 weeks were also substan-
tially decreased by losartan treatment. The results indi-
cated that losartan was beneficial to improving renal filter

Sham M L

Figure 2. Histopathological changes in rat renal tissue samples at 12th week (HE, Hematoxylin–eosin staining �200; Masson, Masson
staining �200; EM, electron microscopy �5000); (A) There was no significant histological abnormality in the sham group (HE); (B)
glomerular sclerosis, renal tubular epithelial cell degeneration and necrosis, partial tubular atrophy, and some degree of interstitial fibrosis
could be seen (HE); (C) in the losartan group, only local mild glomerular and tubular epithelial lesions were observed (HE); (D) there was no
fibrosis of the interstitium in the sham group (Masson); (E) glomerular sclerosis with moderate fibrosis of the interstitium was seen in the
model group (Masson); (F) a less severe renal fibrosis was observed in the losartan group (Masson); (G) the ultrastructure of intact
glomerulus was seen in the sham group (EM); (H) an bending and thickening of the glomerular basement membrane, and podocytes
swelling with fusion and flattening of part of the foot processes were found in themodel group (EM); (I) less severe damages of the glomerular
basementmembrane and podocytes were observed in the losartan group (EM); (J) the normal tubule epithelial cells and basementmembrane
were seen in the control group (EM); (K) in the model group, tubular swelling and degeneration were found with significant interstitial
fibroblast proliferation (EM); (L) a Less severe tubulointerstitial damage was observed in the losartan group (EM). Sham: sham-operation
group, M: model group, L: losartan group.

Table 4. Renal expression of HIF-1α, TGF-β1, MMP-9, and TIMP-1 in different groups ð�χ � SÞ.
Group HIF-1α TGF-β1 MMP-9 TIMP-1 MMP-9/TIMP-1

Sham 0.39 � 0.14 0.32 � 0.16 0.35 � 0.17 0.38 � 0.19 0.96 � 0.35
Model 4.75 � 0.65a 6.22 � 0.78a 1.87 � 0.41a 6.39 � 0.56a 0.29 � 0.06a

Losartan 2.56 � 0.419a,b 4.08 � 0.49a,b 2.46 � 0.32a,b 4.60 � 0.54a,b 0.53 � 0.09a,b

Notes: ap < 0.05 versus sham group.
bp < 0.05 versus model group.

© 2012 Informa Healthcare USA, Inc.
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function, reducing urinary protein excretion, and ameli-
orating renal fibrosis.

Renal fibrosis is characterized by the accumulation of
ECM components within the glomerulus and intersti-
tium, which results from the imbalance between ECM
production and degradation. Chronic hypoxia is one of
the main factors leading to renal ECM accumulation and
renal fibrosis, which is mediated by HIF-1α.11,12 Long-
term activation of HIF-1α not only mediates ANG II-
induced profibrotic effects but also stimulates collagen
accumulation by the activation of TIMP-1. The profi-
brotic effects of ANG II can be attenuated by ARBs
through inhibiting HIF-1a pathway and decreasing
TIMP-1 level.9

The decreased degradation of ECM is another poten-
tial mechanism of renal fibrosis. Normal kidneys pro-
duce proteases responsible for the hydrolysis of ECM,
among which MMPs are the most important ones, and
their activity is subject to the regulation of the inhibitors
(TIMPs).MMP-9 is one of themost importantMMPs in
the human body inducing enzymatic degradation of
ECM molecules, and TIMP-1 is specific for the

inhibition of MMP-9. The MMP-9/TIMP-1 ratio regu-
lates the aggregation and degradation of the ECM, which
are closely related to renal fibrosis.13 A normal ratio of
MMP-9 and TIMP-1 plays an important role in the
regulation of ECM secretion and accumulation in glo-
merular mesangial cells.14 ARBs treatment can increase
the MMP-9/TIMP-1 mRNA ratio, thereby promoting
ECM degradation and ameliorating renal fibrosis.14

Chronic hypoxia can increase the synthesis of ECM,
whereas inhibits its degradation, thus causing an accu-
mulation of ECM, the mechanism of which might be
hypoxia-induced low expression of MMPs and high
expression of TIMPs. The activation of HIF-1α-depen-
dent HGF-signaling can promote the expression of
TIMP-1.15 MMP-9/TIMP-1 ratio imbalance, by either
reduced MMP-9 expression or increased TIMP-1
expression, promotes the progression of renal fibrosis.
However, ARBs treatment not only corrects theMMP-9/
TIMP-1 ratio imbalance but also inhibits the activation
of HIF-1α. According to these above results, we deduced
that the inhibition of renin–angiotensin system (RAS)
with ARBs might have a beneficial effect on ameliorating

Sham M L

HIF-1α

TGF-β1

MMP-9

TIMP-1

Figure 3. The expressions of HIF-1α, TGF-β1, MMP-9, and TIMP-1 in rat renal tissues at 12th week (immunochemistry �200). (1) In
sham group, there was a very little expression of HIF-1α in the tubulointerstitial tissues, but abundant expression in tubular tissues in the
model group. After losartan treatment, HIF-1α level in renal tissue was lower than in model group (p < 0.05). (2) A tracing tubulointerstitial
expression of TGF-β1 was found in the sham group, whereas the expression in the model group increased significantly. Losartan treatment
led to significantly decreasing TGF-β1 expression (p < 0.05). (3) Thimbleful glomerular expression of MMP-9 was detected in the sham
group, while expression increased in the model group, and losartan treatment further increased significantly glomerular MMP-9 expression
(p < 0.05). (4) A very small amount of renal expression of TIMP-1 was detected in the sham group, while expression increased in the model
group, and losartan treatment decreased significantly renal TIMP-1 expression (p< 0.05). Sham: sham-operation group,M:model group, L:
losartan group.
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renal fibrosis by regulating HIF-1α level and MMP-9/
TIMP-1 ratio balance. This study showed that HIF-1α
and TGF-β1 protein expressions in renal tissue in rats
with 5/6 nephrectomy were significantly increased after a
12-week period (p < 0.05). Expressions of the two pro-
teins were significantly reduced by losartan treatment
(p < 0.05). The results indicate that losartan can reduce
the production of ECM by under-regulating HIF-1α
expression. Besides, losartan increased MMP-9 expres-
sion and decreased TIMP-1 expression in renal tissue in
rats with 5/6 nephrectomy, thereby up-regulating MMP-

9/TIMP-1 ratio. The results indicate that losartan can
promote the degradation of ECMand delay renal fibrosis
by improving MMP-9/TIMP-1 ratio balance.

The determinative role of the activation of RAS in the
progression of renal fibrosis has been generally accepted.
ANG II is the main effective molecule in the RAS sys-
tem.16 In a hypoxic environment, the renal tissue can
stimulate the production of multiple cytokines, which
further activate the RAS system and the activity of
endothelial cell angiotensin-converting enzymes and
increase the synthesis of rennin and angiotensin. ANG

Figure 4. The difference of HIF-1α (A), TGF-β1 (B), MMP-9 (C), and TIMP-1 (D) protein expressions in rat renal tissues at 12 weeks
between different groups. Sham: sham-operation group, M: model group, L: losartan group.
Notes: The expressions of HIF-1α, TGF-β1, MMP-9, and TIMP-1 in the model group were higher than those in the sham group (p < 0.05),
losartan treatment induced a decrease in HIF-1α, TIMP-1, and TGF-β1 and an increase in MMP-9 (p < 0.05). #p < 0.05 versus sham-
operation group, �p < 0.05 versus model group.

© 2012 Informa Healthcare USA, Inc.

Effects of Losartan Intervention on the Expressions of HIF-1α, MMP-9, and TIMP-1 1303



II promotes renal fibrosis through pathways such as acti-
vation of HIF-1α in renal cells,17 acceleration of fibro-
blast phenotypic changes, inflammation, and TGF-β1
secretion and increases ECM proteins synthesis through
renal interstitial fibroblasts and tubular cell proliferation
and hypertrophy by TGF-β1; TGF-β1 can directly
increase ECM collagen synthesis from renal tubular
cells and interstitial fibrocytes, and it inhibits MMPs
activity while facilitates expression of TIMP and PAI-1
genes, thereby inhibiting the degradation of ECM. Our
findings demonstrated that losartan could ameliorate
renal fibrosis by inhibiting the activation of HIF-1α and
regulating MMP-9/TIMP-1 balance, independent of
blocking the ANG II-induced effects such as vasocon-
striction, sympathetic activation, and secretion of
aldosterone.18,19

In summary, losartan has obvious renoprotective
effects on rats with 5/6 subtotal nephrectomy. The poten-
tial mechanisms may be associated with the decreased
production of ECM by down-regulating HIF-1α and the
increased degradation of ECM by up-regulating MMP-
9/TIMP-1.
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