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Losartan reduces myocardial interstitial fibrosis in
diabetic cardiomyopathy rats by inhibiting
JAK/STAT signaling pathway
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Abstract: Purpose: This study was designed to investigate the effect of losartan on the myocardial interstitial fibrosis
in diabetic cardiomyopathy (DCM) rats. Methods: In this study, a total of 48 male Wister rats (3 groups of 16 ani-
mals each) were examined, including the control group, DCM group and losartan-treated (DCM + L) group. Control
group was fed with standard diet (14 KJ/g); DCM group and losartan-treated (DCM + L) group were both fed with
high glucose and fat diet (20 KJ/g). Diabetes was induced by streptozotocin (STZ) intraperitoneal injuction (IP, 30
mg/kg body weight). Rats of DCM + L group were treated with losartan (30 mg/kg body weight) daily by oral gavage
for 16 weeks. Biochemical, hemodynamic, histological and western blotting analyses were performed. Results:
Compared with DCM rats, the quantity of p-JAK2 and p-STAT3 in myocardium of rats treated with losartan was lower,
the expression of TGF-f1 was down-regulate, the content of collagen in myocardium decreased, LVSP and + dp/
dt increased, LVEDP decreased, the level of myocardial fibrosis reduced, and heart function improved evidently.
Conclusion: Losartan has a protective effect on heart function against myocardial interstitial fibrosis of DCM by
inhibiting JAK/STAT signaling pathway and lowering the expression of TGF-1.
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Introduction

With the improvement of people’s living stan-
dard, type 2 diabetes caused by excess nutri-
ents which is a worldwide public health prob-
lem has become a global disease and it’s the
top 5 reason causing death in the world [1].
1972, Rubler first put the concept of diabetic
cardiomyopathy (DCM) forward, and thought it
was an independent cardiomyopathy from the
large vessels and coronary atherosclerosis [2].
With further researches, DCM has been recog-
nized as a unique diabetes complication, and it
is closely associated with the high incidence
and mortality of cardiovascular disease in dia-
betic patients [3-5].

The early-onset diastolic heart failure is a char-
acteristic of DCM, with a decreased myocardial
relaxation and an increased myocardial stiff-
ness. And one important cause of the develop-
ment of diastolic heart failure is myocardial

interstitial fibrosis. The development of DCM is
shown by the myocardial structural changes
and it will lead to the myocardial interstitial
fibrosis [6]. Transforming growth factor B1 (TGF-
1) is a kind of polypeptide regulates cell growth
and differentiation [7]. As one of the most
important factors to promote myocardial fibro-
sis, it promotes the expression of college, also
the synthesis and deposition in extracellular
matrix. Cytokine signal transduction pathway
JAK/STAT is closely related to cardiac hypertro-
phy caused by pressure overload, heart failure,
cardiac dysfunction induced by ischemia-reper-
fusion, etc. [8].

Studies indicate that JAK/STAT signaling path-
way of vascular endothelial cells can be acti-
vated by both high glucose and angiotensin Il in
vitro, and JAK2 will be phosphorylated followed
by the phosphorylation of STAT1 and STAT3,
leading to the proliferation of endothelial cells
[9]. Inhibiting JAK/STAT signaling pathway of
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Table 1. The heart weight in each group at the end of experiment with a fasting blood glucose

Group N Tibial length (mm, TL) Heart weight (g, HW) HW/TL 2 16.7 mmol/L, a lower ISI
(insulin  sensitivity index)

Control 8 4521 +1.13 1450062 0032100236 ' | g
DCM 8  44.23+1.07 137 +0.063"  0.0310 +0.0352° ' oaln E(;nti;oar:?jtsbrizal\?vz?é
DCM+L 8  4553+1.21 13940054  0.0305+00205 PovYPhag poly

“P < 0.05, *P < 0.01 vs. control group.

mesangial cells cultured in high glucose can
decrease the synthesis of TGF-B1 and fibrin
[10].

Clinical trials have confirmed that angiotensin 1
(AT1) receptor antagonist can delay the devel-
opment of diabetic nephropathy. But whether
the antagonist of AT1 receptor has the protec-
tive effect on DCM is unknown. It is necessary
to research the relationship between JAK/STAT
signaling pathway and TGF-B1 in DCM and
whether the AT1 receptor antagonist can
reduce myocardial interstitial fibrosis in DCM by
JAK/STAT signaling pathway. Therefore, an ani-
mal model of diabetes was established, and
DCM rats are treated with losartan in this study,
to investigate the effect of losartan on myocar-
dial interstitial fibrosis in DCM.

Materials and methods
Animals

The experimental study was conducted on 60
male Wistar rats, aged 60-90 days and weigh-
ing approximately 200 + 20 g, provided by
HebeiProvincial Laboratory Animal Center. Expe-
rimental procedures were performed in accor-
dance with the Guidance Suggestions for the
Care and Use of Laboratory Animals, formulat-
ed by the Ministry of Science and Technology of
the People’s Republic of China in 1998, and
was approved by the Animal Ethics Committee
of Hebei Medical University.

Animal models

Rats are randomly divided into three groups:
control group, fed with standard diet (14 KJ/g);
DCM group and losartan-treated (DCM + L)
group, both fed with high glucose and fat diet
(20 KJ/g). After 5 weeks, the rats of DCM and
DCM + L groups were injected intraperitoneally
with STZ (Sigma, USA, 30 mg/kg body weight)
in citrate buffer (pH 4.2) to establish diabetic
models, and the control rats were only injected
with an equal volume of citrate buffer. The rats
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regarded as diabetic. And
then losartan (30 mg/kg
body weight) was adminis-
tered daily by oral gavage to rats in DCM + L
group for 16 weeks. After the experiments all
the rats were sacrificed by carotid artery exsan-
guination.

Biochemical analysis

Rats were weighted weekly, and the fasting
blood glucose was determined every 4 weeks.
One week before and after STZ injection, and at
the end of experiments, the blood was drawn to
determine the fasting blood glucose (FBQG),
fasting insulin (FINS), total cholesterol (T-CHO)
and triglycerides (TQ). Insulin sensitivity index
[12] [ISI = In (FINS x FBG)™*] and insulin resis-
tance index [13] (HOMA-IR = FBG x FINs/22.5)
were calculated. Blood glucose was measured
by a blood glucose meter (Johnson & Johnson,
USA). TG was measured by glycerol phosphate
oxidase method (Triglycerides assay Kit,
Biosino, China). T-CHO was measured by enzy-
matic colorimetric method (Total cholesterol
assay kit, Biosino, China). Insulin was mea-
sured by radioimmunoassay (Rat insulin RIA Kit,
BNIBT).

Hemodynamics parameters

At the end of experiments, rats were connected
to pressure transducer via right common carot-
id artery intubation, recording heart rate (HR)
and mean arterial pressure (MAP) by a
Powerlab/8 s polygraph (AD Instrument,
Australia), and the catheter was inserted into
the left ventricle to determine the left ventricu-
lar systolic pressure (LVSP), left ventricular end-
diastolic pressure (LVEDP), left ventricular pres-
sure change rate (+ dp/dtmax) and other hemo-
dynamic parameters.

Histological examinations

After hemodynamic analysis, rat hearts were
harvested and weighted. Left ventricular ante-
rior walls from each experimental group (n = 6)
were fixed in 4% paraformaldehyde, dehydrated
in graded ethanol, deparaffinized in xylene, rou-
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Table 2. The biochemical indexes in each group at the end of experiment (x £s, n = 8)

Group FBG (mmol/L) Insulin (U/L) ISI HOMO-IRI TG (mmol/L) T-CHO (mmol/L)
Control 5.96 +0.62 64.28+21.06 -5.81+0.38 15.76 + 5.84 0.32+0.11 1.14 +0.22
DCM 28.68 +5.46™ 18.37 +5.95” -6.41+0.38"" 28.86+12.05° 0.68+0.17" 1.94 +0.19™
DCM+L 28.39+6.18" 1729+6.41™ -6.32+0.26” 26.35+9.47° 0.73+0.15" 1.84+0.23"

“P < 0.05, P < 0.01 vs. control group.

Table 3. Changes of cardiac function in each group at the end of experiment

Group N MAP (mmHg) LVSP (mmHg) LVEDP (mmHg) + dp/dtmax (mmHg/s) -dp/dtmax (mmHg/s)
Control 8 106.83 +13.72 146.00 £ 6.45 2.71+111 6234 + 465 4517 + 819
DCM 8 95.00+9.56" 118.00+8.56" 8.75+2.05™ 4960 + 750" 3430 + 749"

DCM+L 8 98.00+10.12" 129.00 + 7.43"* 5.68 + 1.89"*

5483 + 585"* 3947 + 743"

“P < 0.05, "P < 0.01 vs. control group; #P < 0.05 vs. DCM group.

tine paraffin-embedded, sectioned, HE stained
and examined for pathological changes of myo-
cardial cells under light microscope.

Apical myocardium from each experimental
group (n = 8) were cut into blocks of 2 mm x 2
mm x 2 mm on ice, fixed in 2.5% glutaralde-
hyde, washed twice in 0.1 mol-L* cacodylate
buffer, post-fixed in 1% osmium tetroxide, dehy-
drated in acetone series, impregnated in epoxy
resin, embedded, ultrathin sectioned, uranyl
acetate-lead citrate stained, and examined the
ultrastructure changes of myocardium cells
with transmission electron microscope (TEM).

Determination of collagen content in myocar-
dium

About 100 mg left ventricular anterior walls
from each experimental group (n = 6) were
used to measure myocardial hydroxyproline
content with a hydroxyproline detection kit
(Nanjing Jiancheng Biotechnique Institute) and
normalized to total protein. Because hydroxy-
proline is incorporated only into collagen, and it
is assumed that collagen contains 13.4% of
total hydroxyproline, myocardial collagen con-
tent (mg/g heart weight) = hydroxyproline con-
tent x 7.46 [14].

Llevel of phospho-JAK2 (p-JAK2) and phospho-
STAT3 (p-STAT3) in myocardial tissue

Extraction of myocardial protein: about 100mg
myocardium tissue was cut into pieces, and
total protein was extracted with RIPA lysate (1%
NP-40, 1% SDS, 150 mmol/L NaCl, 50 mmol/L
Tris-ClI, pH 7.5, 10% glycerol, 1 mmol/L sodium
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vanadate, 1 mmol/L PMSF). The protein con-
centration was determined by the CBB
(Coomassie brilliant blue) method.

Western blotting

50 yg sample protein per lane was separated
by 8% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene-
difluoride (PVDF) membrane. The membranes
were incubated in 5% skimmed milk for 2 h at
37°C, and overnight at 4°C with primary anti-
bodies (mice anti-p-JAK2, 1:200 dilution, Santa
Cruz; p-STAT3, 1:200 dilutions, Santa Cruz).
B-actin was used as a loading control. The
membranes were exposed to the negative films
to develop target bands after incubated with
enhanced chemiluminescence (Santa Cruz,
USA). The intensities of bands were quantitated
by LabWorks 4.5 software (UVP, USA).

Expression of TGF-B1 in myocardial tissue

The expression of TGF-B1 in myocardial tissue
was determined by Western blotting. TGF-f1
was separated by 12% SDS-PAGE.

Statistics analysis

SPSS 13.0 was used for statistical analysis. All
data were expressed as mean = SD (Standard
deviations), and the statistical differences
among different groups were assessed by one-
way ANOVA. The two groups were compared
using paired t test, and Spearman correlation
was used to analyze the relationship between
two variables. P < 0.05 indicated a significant
difference; P < 0.01 indicated that there was a
very significant difference.
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Figure 1. Pathological changes of myocardium by light microscope. A: Control group HE staining x 200; B: DCM
group HE staining x 200; C: DCM + L group HE staining x 200.

mitochondrion

mitochondrion

X4000

Figure 2. Pathological changes of ultrastructure of myocardium by electron microscope. A: Control group x 4000; B:
DCM group x 25000; C: DCM group x 4000; D: DCM + L group x 4000.

Results

Experimental rats had clinical features com-
patible with type Il diabetes

Since the blood glucose of 9 rats didn't meet
16.7 mmol/L and 3 rats died during experi-
ments, a total of 48 rats completed the experi-
ment, and control, DCM and DCM + L groups
each had 16 rats.
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At the end of experiment, the heart weights of
rats were normalized against their tibial length
(HW/TL). HW/TL of DCM group rats was signifi-
cantly lower than the control rats (P < 0.05)
(Table 1). There were no significant differences
between DCM and DCM + L group (P < 0.05).

The FBG, T-CHO and TG of DCM and DCM + L
rats were significantly higher than the control (P
< 0.05 or P < 0.01). Compared to the control
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Figure 3. Change of cardium collagen in each group.
*P < 0.05, **P < 0.01 vs. control group; #P < 0.05,
##P < 0.01 vs. DCM group.

rats, DCM and DCM + L rats had significantly
lower FINS and ISI (P < 0.01), while had a higher
HOMA-IR (P < 0.05) (Table 2).

The biochemical characteristics of experimen-
tal rats were compatible with type Il diabetes,
suggesting the rat model of type Il diabetic was
successfully established in this study.

Hemodynamics parameters changed signifi-
cantly in experimental rats

Compared to the control rats, LVSP and + dp/dt
of DCM and DCM + L rats were significantly
lower (P < 0.05 or P < 0.01), LVEDP was higher
(P < 0.05 or P < 0.01), however HR and MAP
were not significantly different (P > 0.05).
Compared to DCM group, rats of DCM + L group
had significantly higher LVSP and + dp/dt (P <
0.05), a lower LVEDP (P < 0.05), and no signifi-
cant differences for HR and MAP (P > 0.05)
(Table 3).

Myocardial injuries were induced in experi-
mental rats

Observed by light microscopy, myocardial cell
of DCM rats were predominantly of swelling,
loss or disappearance of cross striations within
myocardial fibers, accumulation of myocardial
extracellular matrix and increasing collagen
(Figure 1). DCM + L group had decreased swell-
ing and less extracellular matrix and collagen
than DCM group.

As the ultrastructural observation by electron

microscopy, DCM rats had myocardial fiber dis-
organization, myocardial cells and nucleus
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swelling, severe mitochondria swelling and cris-
tae disorganization, breaking, lysis and disap-
pearance (Figure 2). However DCM + L group
rats were observed with normal myocardial
nucleus, organized myofilament and no extra-
cellular collagen accumulation.

The collagen content in myocardium was sig-
nificantly higher in experimental rats

As the analysis, the collagen content in myocar-
dium of DCM (n = 6, 12.48 + 3.51 mg/g) and
DCM + L (n =6, 27.50 + 6.64 mg/g) group rats
was significantly higher than control group (n =
6, 20.20 + 5.33 mg/g) (P < 0.01), and DCM + L
group had a lower content of myocardial colla-
gen than DCM group (P < 0.05) (Figure 3). It
suggested that a myocardial fibrosis was car-
ried out in experimental rats.

The expression of p-JAK2 and p-STAT3 was up-
regulated in myocardium of rats treated with
lorsartan

The expression of TGF-B1 in myocardium of
DCM group rats was higher than control group
(P < 0.05), and the level of p-JAK2 and p-STAT3
in myocardium was also higher (P < 0.05, P <
0.01) (Figure 4). As the correlation analysis, the
relative content of p-JAK2 and the expression
of TGF-B1 in myocardium of DCM rats were pos-
itively correlated (r = 0.643, P < 0.05), and the
relative content of p-JAK2 and the collagen con-
tent in myocardium of DCM rats were also posi-
tively correlated (r = 0.67, P < 0.05). The expres-
sion of TGF-B1 and the level of p-JAK2 and
p-STAT3 in myocardium of DCM + L group rats
was significantly lower than DCM group (P <
0.05), but higher than control group (P < 0.05
or P <0.01) (Figure 4).

Discussion

Cardiovascular complication of diabetes is the
main cause of hospitalization and death [15].
DCM is an independent complication of diabe-
tes, characterized by early-onset diastolic dys-
function followed by systolic dysfunction and a
diastolic heart failure of which myocardial inter-
stitial fibrosis takes an important part in the
occurrence and development at the end [16,
17]. Diabetic patients are more possible to
have a heart failure than hypertension or isch-
emic heart disease patients and have a worse
prognosis [18].

Studies indicate that activation of renin-angio-
tensin system (RAS) is important to the occur-
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A Control DCM  DCM+L

rence and development of myocardial intersti-
tial fibrosis in DCM [19]. Studies shown that
diabetic rats have cardiomyocyte hypertrophy
and myocardial interstitial collagen deposition
at 10-12 weeks after the onset of diabetes
while the level of Ang Il in myocardium increased
significantly and Ang Il in serum increased 3
months after diabetes [20]. Ang Il is a multi-
functional hormone and it regulates the heart
function by activating Angiotensin Il receptor
type 1 [21]. Ang Il can cause cell hypertrophy
and stimulate collagen production and trans-
forming growth factor-B1 (TGF-B1) released
from cardiac fibroblasts simulated by Ang Il can
promote the development of myocardial inter-
stitial fibrosis. TGF-B1 is currently considered
one of the most important factors to promote
myocardial fibrosis. Studies have shown that
TGF-B1 can regulate the growth and differentia-
tion of many cell types and increase the colla-
gen and extracellular matrix production [22].
Hyperglycemia, hyperinsulinemia and insulin
resistance and other metabolic disorders can
increase the secretion of TGF-B1 [23], and it will
promote the collagen production by combining
with TGF-B1 receptors high expressed in left
ventricles of type Il diabetic rats [24]. Therefore,
in diabetes RAS is activated, and Ang Il will
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The expression of TGF-f1, ©
p-JAKZ, and p-STAT3 (ICD)

0.5- @8 Control
* 0 DCMm
0.44 @8 DCM+L

TGF-B1 (ICD) p-JAK2 p-STAT3 (ICD)

Figure 4. Western blotting and quantification. A: Western
blotting of TGF-B1 in myocardium; B: Western blotting of
p-JAK2 in myocardium; C: Western blotting of p-STAT3
in myocardium; D: Bar graph for the quantitative com-
parison among TGF-B1, p-JAK2 and p-STAT3 expression
quantity of the three groups. *P < 0.05, **P < 0.01 vs.
control group; #P < 0.05 vs. DCM group.

cause heart disease and vascular fibrosis while
the increasing expression of TGF-B1 in cardiac
cells and fibroblasts can enhance the fibrosis
induced by Ang Il [25].

As the results, the TGF-B1 expression in myo-
cardium of DCM group rats was significantly
higher than control and positively correlated
with the content of collagen. It suggested that
TGF-B1 was very important to the myocardial
interstitial fibrosis in DCM. Compared to DCM
group, rats treated with losartan had less TGF-
B1 expression in myocardium, less collagen,
increased LVSP and + dp/dt, decreased LVEDP,
improved heart function, reduced myocardial
fibrosis and lighter histopathological damages.
It showed losartan intervention reduced myo-
cardial fibrosis and improved heart function for
DCM rats. As a specific AT1 receptor antago-
nist, losartan prevent Ang Il binding to the AT1
receptor to protect myocardium from effects of
Ang Il on the myocardial fibrosis. But further
studies are still needed to know which path-
ways losartan delay myocardial interstitial fibro-
sis in DCM through.

JAK kinase/signal transducer and activator of

transcription (JAK/STAT) signaling pathway is
an important cytokine signal transduction path-

Int J Clin Exp Pathol 2015;8(1):466-473



Effect of losartan on myocardial fibrosis

way, regulating diverse physiological and patho-
logical processes including cellular immunity,
proliferation, differentiation, apoptosis and
inflammation.

Ang Il is one of the factors can activate JAK/
STAT signaling pathway. Studies have shown
that Ang Il can quickly induce the phosphoryla-
tion of JAK2 and Tyk2 in cultured cardiomyo-
cytes, to phosphorylate STAT1 and STAT2 and
induce the phosphorylation of STAT3 in 2 hours
[26]. High glucose or glycosylated products in
diabetes can stimulate RAS to produce Ang Il
followed by the activation of JAK/STAT signaling
pathway.

In our study, the quantity of p-JAK2 and p-STAT3
was significant up-regulate in rats of DCM
group contrast with control rats. And the rela-
tive content of p-JAK2 was positively correlated
to the expression of TGF-31, also the content of
collagen in myocardium. Compared with DCM
rats, the quantity of p-JAK2 and p-STAT3 in
myocardium of rats treated with losartan was
lower, the expression of TGF-B1 was down-regu-
late, the content of collagen in myocardium
decreased, LVSP and + dp/dt increased, LVEDP
decreased, the level of myocardial fibrosis
reduced, and heart function improved evident-
ly. This declares that losartan has a protective
effect on myocardial interstitial fibrosis in DCM
by inhibiting JAK/STAT signaling pathway.

As a specific AT1 receptor antagonist, losartan
blocks the effect of Ang Il followed by inhibiting
JAK/STAT signaling pathway and the down-reg-
ulated expression of TGF-B1, and delays the
development of myocardial interstitial fibrosis
in DCM to improve heart function. In conclu-
sion, losartan had a protective effect on myo-
cardial interstitial fibrosis in DCM by a down-
regulated JAK/STAT signaling pathway.
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