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Effect of erythropoietin on the expression of dynamin-related
protein-1 in rat renal interstitial fibrosis
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Abstract. This study aimed to observe the expression of
dynamin-related protein-1 (Drp-1) in the renal interstitium in
a rat model of renal interstitial fibrosis induced by unilateral
ureteral obstruction (UUQO). In addition, the renoprotective
effect of erythropoietin in this model was investigated. A total
of 81 rats were randomly assigned to sham surgery, UUO model
and treatment groups. Following surgery, the rats in the treat-
ment group were subcutaneously administered erythropoietin
at a dose of 3,000 IU/kg once a week until the time of sacrifice.
Rats in the sham surgery and UUO model groups were admin-
istered an identical volume of normal saline. In each group,
nine rats were chosen randomly for sacrifice on days 7, 14 and
21 after surgery for histological examination of renal tissue.
Renal tissue specimens were examined by hematoxylin and
eosin and Masson's trichrome staining. Immunohistochemical
analysis was performed to determine the expression of Drp-1
in the renal interstitium. Renal function damage, as evaluated
by the measurement of serum creatinine (Cr) and blood urea
nitrogen (BUN) levels, was less severe in the treatment group
compared with that in the model group at day 21 (P<0.01).
Compared with the UUO model group, the renal interstitial
injury score and fibrotic area of the treatment group were
decreased markedly at the three time points (P<0.05). The
expression level of Drp-1 in the treatment group was decreased
markedly at the three time points compared with that in the
model group (P<0.05). In conclusion, the expression of Drp-1
is increased in rat renal interstitial fibrosis, and erythropoietin
may alleviate the degree of renal interstitial fibrosis by down-
regulating the expression of Drp-1.
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Introduction

Renal interstitial fibrosis is the common pathway of a
variety of kidney diseases that develop into end-stage renal
failure (1). The process of renal interstitial fibrosis involves
the loss of renal tubules and peritubular capillary endothelial
cells, and the accumulation of inflammatory cells, interstitial
myofibroblasts and extracellular matrix (2). A study has
demonstrated that reductions in kidney function are more
closely correlated with renal interstitial fibrosis levels than
with glomerular sclerosis (3). Renal interstitial fibrosis is
associated with a decline in renal function and is the most
important prognostic marker (1,4). Therefore, renal inter-
stitial fibrosis is the focus of increasing attention and has
become a popular research topic in international nephrology
in recent years.

The pathogenesis of renal fibrosis is very complex. Studies
have indicated that kidney diseases lead to renal tubular and
interstitial cell apoptosis, affect renal remodeling and repair,
and exacerbate renal interstitial fibrosis (5,6). Furthermore,
other studies have shown that apoptotic stimuli increase Drp-1
expression, induce mitochondrial division, cause changes in
the expression and translocation of factors associated with
apoptosis, and induce cell apoptosis (7,8). Research suggests
that more severe interstitial fibrosis is associated with increased
cell apoptosis (9).

Studies suggest that erythropoietin (EPO) is a multifunc-
tional cytokine superfamily member with a protective effect
on multiple organs (10,11). EPO has been demonstrated to exert
a renoprotective effect in addition to a hematopoietic effect
in acute and chronic kidney injury (12). It plays an important
role in antioxidation, antiapoptosis and anti-inflammation
in many models of kidney diseases (13,14,15). A number of
clinical studies have demonstrated that the early treatment of
anemia in chronic kidney disease patients with EPO results in
a slowing of the progressive decline in renal function (16-18).

In the present study, the renoprotective effect of EPO
treatment was investigated in a unilateral ureteric obstruction
(UUO) rat model of renal interstitial fibrosis. The hypothesis
that EPO treatment may have a renoprotective effect that is
mediated through modifying the expression of Drp-1 was also
evaluated.
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Table I. Serum creatinine levels in all groups (xmol/l).

Groups n 7 days 14 days 21 days
Sham surgery 9 38.36+3.52 43.05+5.27 44.096+4.68
Model 9 84.19+4.27° 108.44+5.63*¢ 157.43+5.73*¢
Treatment 9 59.62+2.78*° 74.39+6.80*¢ 113.32+6.21*¢
F-value 146.293 214.086 207.425
P-value <0.05 <0.05 <0.05

Results are presented as the mean = standard deviation. “P<0.05 vs. the sham surgery group; *P<0.05 vs. the model group; “P<0.05 vs. the

previous time point in the same group.

Table II. Blood urea nitrogen levels in all groups (mmol/l).

Groups n 7 days 14 days 21 days
Sham surgery 9 5.72+0.14 6.03+0.35 6.28+0.09
Model 9 8.61+0.30* 17.56+0.23%¢ 24 .56+1 .42
Treatment 9 6.49+1.28*° 11.98+0.64*¢ 16.84+0.47%¢
F-value 79.264 113.489 161.731
P-value <0.05 <0.05 <0.05

Results are presented as the mean + standard deviation. “P<0.05 vs. the sham surgery group; "P<0.05 vs. the model group; °P<0.05 vs. the

previous time point in the same group.

Materials and methods

Animal care and model. This study was carried out in strict
accordance with the recommendations in the Guide for the Care
and Use of Laboratory Animals of the National Institutes of
Health. The animal use protocol has been reviewed and approved
by the Institutional Animal Care and Use Committee (IACUC)
of Henan Provincial People's Hospital (Zhengzhou, China). The
Sprague-Dawley rats, weighing 250-300 g, were obtained from
Xinxiang Medical College Animal Center (Xinxiang, China).
The rats were randomly divided into sham surgery, UUO model
and treatment groups, with 27 rats in each group. The modeling
method for the model and treatment groups was to ligate the left
ureter and cut it. The modeling method for the sham surgery
group was to free the ureter without ligation (19). The treat-
ment group was administered EPO at a dose of 3,000 U/kg
body weight by subcutaneous injection after surgery. The sham
surgery and model groups were administered the same volume
of saline by injection. Nine rats in each group were selected at
random for sacrifice on each of days 7, 14 and 21 after surgery.
Blood was collected from the heart at the time of sacrifice.
Serum creatinine (Cr) and blood urea nitrogen (BUN) levels
in the blood were tested. Kidney specimens were fixed in 10%
formalin solution and embedded in paraffin as 3-um sections
for hematoxylin and eosin (H&E), Masson's trichrome and
immunohistochemical staining.

Renal histology and immunohistochemistry. After H&E
and Masson's trichrome staining, the relative area of renal

interstitial fibrosis was calculated using an IDA-2000 high-reso-
lution digital image analysis system (Leica, Wetzlar, Germany).
Ten non-overlapping visual fields were randomly selected in
each slice in order to determine the renal interstitial fibrosis
area as a percentage of the total interstitial area in the same
visual field. The percentage of renal interstitial fibrosis in each
slice was calculated as an average value. Renal interstitial
injury was scored using a semi-quantitative scoring system.
An average score was determined based on the score of each
slice. The scoring system was as follows: 0 points, no lesions; 1
point, <25% lesions; 2 points, 25-50% lesions; 3 points, >50%
lesions (20).

Immunohistochemical staining. The streptavidin biotin
complex method was used to detect Drp-1 in the renal tissue.
The staining procedure was conducted as described by the
instructions provided with the Streptavidin Biotin Complex
(SABC) kit (Wuhan Boster Biological Engineering Co.,
Ltd., Wuhan, China). Under a light microscope (SPZ-50
PFM; Carton Optical Industries, Ltd., Tokyo, Japan), histo-
logical sections were observed, and areas in which brown
particles were deposited were positive staining areas. Under
a high-power lens (magnification, x400), renal interstitial
areas without glomeruli and vascular features were randomly
selected in 10 non-overlapping visual fields. Images were
collected and analyzed by the IDA-2000 high resolution digital
image analysis system. The area with a gray level indicative of
positive staining was calculated as a percentage of the total
visual field, and an average value was determined (21).
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Table III. Renal tubulointerstitial damage score of all groups (%).
Groups n 7 days 14 days 21 days
Sham surgery 9 0.49+0.03 0.51+0.07 0.52+0.04
Model 9 341+0.18° 5.07+0.26%¢ 6.38+0.25%¢
Treatment 9 2.32+0.21%° 3.94+0.15%¢ 5.03+£0.28*¢
F-value 46.274 103.655 116.937
P-value <0.01 <0.01 <0.01

Results are presented as the mean =+ standard deviation. “P<0.05 vs. the sham surgery group; "P<0.05 vs. the model group; “P<0.05 vs. the

previous time point in the same group.

Figure 1. Hematoxylin and eosin staining for the assessment of interstitial fibrosis in mice following unilateral ureteral obstruction. Staining conducted (A) 7,
(B) 14 and (C) 21 days after surgery in the sham surgery group; (D) 7, (E) 14 and (F) 21 days after surgery in the model group; and (G) 7, (H) 14 and (I) 21 days

after surgery in the treatment group (magnification, x40).

Statistical analysis. SPSS software, version 16.0 (SPSS, Inc.,
Chicago, IL, USA) was used. The data are expressed as the
mean + standard deviation. The differences between groups
were analyzed by single factor variance. Relevance judgments
were analyzed by Pearson correlation. P<0.05 was considered
to indicate a statistically significant difference.

Results

Renal function. The serum Cr and BUN levels of the model
and treatment groups were increased significantly compared
with those in the sham surgery group at the same time point
(P<0.05). However, the serum Cr and BUN levels of the

treatment group were decreased significantly compared with
those in the model group at each time point. The differences
were statistically significant (P<0.05; Tables I and II).

Kidney histology. H&E and Masson's trichrome staining results
showed that in the model group on day 7 after surgery, the renal
interstitium was infiltrated by inflammatory cells, the cytoplasm
of the renal tubular epithelial cells was loose with swelling and
vacuolar degeneration, partial tubular dilation had occurred, the
interstitium was widened, cells and extracellular matrix were
increased in quantity, and fibrosis was visible in the cortex and
the corticomedullary zone. On day 14 after surgery, the renal
interstitium was markedly infiltrated by inflammatory cells,
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Table I'V. Relative area of renal interstitial fibrosis in all groups (%).
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Groups n 7 days 14 days 21 days
Sham surgery 9 1.63+0.09 1.72+0.11 1.86+0.15
Model 9 14.43+0.57* 27.85+1.39%¢ 53.16+2.45%
Treatment 9 9.77+0.62** 17.36+0.82*¢ 31.29+£1.94*¢
F-value 85.033 126.572 187.836
P-value <0.01 <0.01 <0.01

Results are presented as the mean =+ standard deviation. “P<0.05 vs. the sham surgery group; "P<0.05 vs. the model group; “P<0.05 vs. the

previous time point in the same group.

Figure 2. Masson's trichrome staining for the assessment of interstitial fibrosis in mice following unilateral ureteral obstruction. Staining conducted (A) 7,
(B) 14 and (C) 21 days after surgery in the sham surgery group; (D) 7, (E) 14 and (F) 21 days after surgery in the model group; and (G) 7, (H) 14 and (I) 21 days

after surgery in the treatment group (magnification, x40).

tubular dilatation was evident, partial shedding and atrophy of
tubular epithelial cells was visible, the interstitium was widened
significantly, and the cortex and corticomedullary zone were
clearly fibrotic. On day 21 after surgery, the renal interstitium
was diffusely infiltrated by inflammatory cells, the renal tubular
structures were seriously damaged, tubular dilation, deforma-
tion and atrophy were severe, tubulointerstitial broadening was
more evident, and fibrous hyperplasia was observed. The renal
tissue of the sham surgery group showed none of these changes.
The treatment group at each time point was compared with the
model group. In the treatment group, renal interstitial infiltration

by inflammatory cells was reduced, tubular dilation and atrophy
were attenuated significantly, the area of renal interstitial
fibrosis was reduced and the renal interstitial injury score was
significantly decreased (P<0.05), although it remained higher
than that in the sham surgery group (P<0.01). The renal tubular
interstitial damage scores are shown in Table III and Fig. 1, and
the relative area of renal interstitial fibrosis is shown in Table IV
and Fig. 2.

Immunohistochemistry. Drp-1 in the sham surgery group
at each time point was expressed at low levels in renal
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Table V. Relative expression area of Drp-1 in renal tissue of the three groups at different time points (%).

Groups n 7 days 14 days 21 days
Sham surgery 9 0.88+0.09 1.05+0.14 1.06+0.17
Model 9 9.92+0.37* 16.42+0.58% 25.74+0.19%¢
Treatment 9 6.05+0.21*° 11.28+0.13*¢ 18.63+0.22%¢
F-value 153.628 428.371 507.845
P-value <0.05 <0.05 <0.05

Results are presented as the mean =+ standard deviation. “P<0.05 vs. the sham surgery group; "P<0.05 vs. the model group; “P<0.05 vs. the

previous time point in the same group.

. = .
A BE . . ga ?.U Ur" B oo o . Poe=" >
2 e A GL 2 o 1 B w8 08 "o o ‘-o\’.“a
® v 2 . ©
ol BrSy fo 0 2.6 4 oo > .3 -
L LR [ EL B s «* AN T 9Ty
‘e Lo noT 4 2 " 24 (] L - ) SR
Fen _?- B N 1o i * e s ""‘f'z . Y Ve
Aw ’\\"O i ST 30 o F 01 Ve ol Ao PO
[ '._"I'._ o o 3 Lo g 0 o © o‘l\\ . 1 U ‘ w®
L e ¥s VoL e & A S . e
’ y g . @ od- el L LT B N
S ‘.40 P 9.0 ; Fap hb"-*‘—"ﬁ,é’.\‘ '
3 ',/l - c.-.g - e 9 o 10 \t‘. ¢
igeie’e © S O L el -
4 it 4 e ok® L a'{‘,' o ;c\-' R
L R » e \.b  #T 08 . ® 3 o 0 ity
il iy 4 'q": T i, R & = K i
"’ ~ - \‘ ‘ > q_ s - ae U o ;‘: - =4 - g

%

I%, *f
Qe ?

A

Figure 3. Representative images of kidney sections stained for Drp-1 in mice following unilateral ureteral obstruction. Staining conducted (A) 7, (B) 14 and
(C) 21 days after surgery in the sham surgery group; (D) 7, (E) 14 and (F) 21 days after surgery in the model group; and (G) 7, (H) 14 and (I) 21 days after
surgery in the treatment group (magnification, x400). Drp-1, dynamin-related protein-1.

interstitial and tubular epithelial cells. In the model group,
the expression of Drp-1 was located in the cell cytoplasm
of the renal tubular epithelial cells and interstitium, and the
expression levels gradually increased with the prolonga-
tion of UUO. In the treatment and model groups, the sites
of expression were essentially the same, but the scope and
intensity were decreased in the treatment group. Parallel
comparison showed that Drp-1 expression in the model
and treatment groups at each time point was significantly
increased compared with that in the sham surgery group
(P<0.05), and that Drp-1 expression in the treatment group

was reduced compared with that in the model group. The
difference was statistically significant (P<0.05; Table V and
Fig. 3).

Correlation analysis. By analyzing the area of positive
Drp-1 expression, renal tubulointerstitial injury, and relative
area of renal interstitial fibrosis of the model and treatment
groups, it was identified that the positively stained area of
Drp-1, renal tubulointerstitial injury and relative area of
renal interstitial fibrosis were positively correlated (r=0.923,
0.895).
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Discussion

Renal interstitial fibrosis is the common pathway for a variety
of chronic kidney disease as they develop to end-stage renal
failure. The pathological features include renal interstitial
fibroblast proliferation and the excessive accumulation of extra-
cellular matrix (22). There is evidence that, in renal interstitial
fibrosis, there is a close relationship between the apoptosis of
renal tubular epithelial cells and tubular atrophy; the increase
in the apoptosis index is one of the causes (23) of extracel-
lular matrix formation. A study suggests that more severe
interstitial fibrosis is associated with increased cell apoptosis,
with a positive correlation existing between the degree of
interstitial fibrosis and the apoptotic cell number (24). One
of the main processes involved in apoptosis is mitochondrial
fracture. Drp-1 in mammalian cells is an important executive
molecule for mitochondrial fission. Drp-1 is mainly located in
the cytoplasm as a polymer. It can be translocated to the outer
mitochondrial membrane and accumulated into the potential
sites of mitochondrial division when it is recruited by the mole-
cules of the mitochondrial outer membrane. Multiple Drp-1
molecules surrounding the mitochondria ultimately lead to the
breakdown of the mitochondria and apoptosis (25). A previous
study found that the overexpression of Drp-1 may lead to an
acceleration of mitochondrial fission, resulting in the produc-
tion of a large number of mitochondrial fragments (26). The
inhibition of endogenous Drp-1 by gene knockout can inhibit
mitochondrial fission (27). A study of the apoptosis of renal
tubular epithelial cells induced by ATP depletion found that
the activation of Drp-1 leads to the fragmentation of mitochon-
dria, resulting in the release of intermembrane pro-apoptotic
proteins, and induction of the apoptosis of cells (28).

Erythropoietin is bone marrow stimulation factor, synthe-
sized by the kidneys and liver, and a multifunctional member
of the cytokine super family (29). A previous study found that
EPO can ameliorate anemia, inhibit inflammatory reactions,
promote the growth of blood vessels, inhibit apoptosis, and
reduce the expression of cytokines and inflammatory factors,
thereby protecting organs from damage (30). In recent
years, a large number of animal experiments have shown
that EPO can delay the progress of chronic kidney disease
and improve the degree of interstitial fibrosis, and has a
certain renal protective effect (31-33). A study conducted by
Nakazawa et al demonstrated that EPO is able to inhibit renal
tubule cell apoptosis, thereby reducing the degree of renal
interstitial fibrosis (34).

In the present study, a rat model of UUO was established to
study the expression of Drp-1 in renal interstitial fibrosis and
the ability of erythropoietin to protect against it. The results
showed that 7, 14, and 21 days after surgery, in the treatment
group at each time point compared with the model group, the
renal function was improved significantly and infiltration of
the renal interstitium by inflammatory cells was reduced. In
addition, tubular dilatation and atrophy, the relative area of
renal interstitial fibrosis, and the renal interstitial injury score
were markedly decreased. Immunohistochemical analysis
showed that in the model and treatment groups at each time
point, Drp-1 expression levels were significantly increased
compared with those in the sham surgery group (P<0.05). The
Drp-1 expression levels in the kidneys of rats in the treatment
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group were decreased significantly compared with those in the
model group at the same time point. The results of correlation
analysis showed that the expression of Drp-1 in renal tissue,
the renal interstitial injury score and relative area of renal
interstitial fibrosis were positively correlated. The results indi-
cate that erythropoietin may reduce apoptosis and decrease
renal interstitial fibrosis by inhibiting the expression of Drp-1
in renal tissue.

In summary, the overexpression of Drp-1 is potentially
one of the mechanisms underlying the development of renal
interstitial fibrosis. Erythropoietin may delay the development
of renal interstitial fibrosis and protect the kidney by inhibiting
the expression of Drp-1 in the renal tissue of rats subjected
to UUO. However, the mechanism by which erythropoietin
inhibits the expression of Drp-1 in the renal tissue in this
model requires further study.
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