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Abstract. – OBJECTIVE: To explore a new ap-
proach for treating renal insufficiency with gene 
therapy by implanting decorin (DCN)-express-
ing fibroblasts within the renal tissue of rats 
with renal failure to neutralize TGF-β1 activity.

MATERIALS AND METHODS: The 5/6 kidney 
of the selected male SD rats were removed un-
der aseptic conditions. The rats were grouped 
randomly after the establishment of the model. 
There were 10 rats in the sham-operated group 
(Group A), 10 in the operation control group 
(without treatment, Group B), 10 in the blank con-
trol group [treated with empty vector-transfected 
fibroblasts (FB (LXSN) cells), Group C], and 10 in 
the treatment group [treated with FB (LDCNSN) 
cells, Group D]. The pathological changes of rats 
including body weight, blood lipids, renal func-
tion, and renal histology, were observed. The ex-
pression of TGF-β1 and DCN in renal tissue was 
detected by immunohistochemistry. 

RESULTS: There were no significant differenc-
es in body weight and blood lipids between the 
groups at 4 weeks after treatment. The levels of 
blood urea nitrogen and serum creatinine in rats 
in Group D were significantly decreased com-
pared with those in Group C (p < 0.05). Although 
the differences were not statistically significant, 
the levels of those pathological indicators are 
higher than baseline values. The expression of 
DCN in renal tissue increased significantly af-
ter 4 weeks in rats of Group D and the differ-
ences were significant compared with the oth-
er groups. There were no significant differences 
in TGF-β1 expression between any two groups 
of Group D, B, and C. Furthermore, pathological 
damage to the renal interstitium of rats in Group 
D was significantly decreased compared with 
that of Group B and C.

CONCLUSIONS: DCN can alleviate fibrosis 
and delay the progression of renal failure.
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Introduction

The clinical manifestations of kidney disease 
progress to kidney failure. The main pathologi-

cal changes associated with renal insufficiency 
are glomerular sclerosis and renal interstitial fi-
brosis1. Glomerular sclerosis and renal interstitial 
fibrosis are closely associated with the increased 
expression of TGF-β1 in renal cells and infiltrating 
inflammatory cells2. Chronic renal failure is the 
outcome of various renal diseases and is one of the 
most complex problems in clinical practice. Renal 
damage can be caused by various causes, leading 
to ingravescence, severe nephron injury, and irre-
versible damage to the renal parenchyma3. When 
renal function declines closely to 10% of normal 
function, uremia occurs as a consequence of disor-
dered metabolite excretion, electrolyte regulation, 
and acid-base balance4. There are various causes 
of chronic renal failure. Several primary and sec-
ondary renal diseases are continually progressive, 
resulting in damage to the renal parenchyma that 
ultimately leads to renal failure. It is generally 
believed that this trend is progressive and irre-
versible5,6. Immunological and gene therapies with 
TGF-β1 are the two focuses of research in the 
field of renal diseases. Decorin (DCN) is a natural 
antagonist of TGF-β1 that can neutralize the bio-
logical activity of TGF-β17. In the present work, 
DCN-expressing fibroblasts (FB (LDCNSN) cells) 
were seeded in the renal tissue of rats with renal 
failure to neutralize the activity of TGF-β1. With 
the established renal failure model, we aimed at 
exploring a new approach to gene therapy for the 
treatment of renal insufficiency.

Materials and Methods

Experimental Animals and Grouping
Male Sprague-Dawley (SD) rats weighing 

from 180 to 200 g were purchased from Shang-
hai Slac Laboratory Animal Co. Ltd. (Shanghai, 
China). The study was approved by the Ethics 
Committee of Binzhou People’s Hospital. The 
5/6 kidney of the selected male SD rats were 
removed using a two-step method under aseptic 
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conditions. The rats were grouped randomly 
after the establishment of the model. The 10 rats 
in the sham-operated group (Group A) were sub-
jected to the same surgical procedures as rats in 
the other groups except that both kidneys were 
retained. Rats in this group were allowed free 
access to water and food after surgery. There 
were 10 rats in the operation control group 
without injection of cells, (Group B), 10 rats in 
the blank control group treated with empty vec-
tor-transfected fibroblasts (FB) (LXSN), (Group 
C), and 10 rats in the treatment group treated 
with FB (LDCNSN) cells, (Group D).

The transfected fibroblasts, FB (LDCNSN) 
and FB (LXSN) cells were cultured in Dulbec-
co’s Modified Eagle Medium (DMEM) contain-
ing 300 ng/ml G418 and 10% fetal calf serum 
(FCS). Cells were digested with EDTA-trypsin, 
and then were harvested, and washed three times 
with high-pressure disinfected normal saline. 
Cells were then resuspended and adjusted to a 
concentration of l × 107/ml. Rats in the blank 
control group and treatment group were subjected 
to 5/6 nephrectomy, followed by multi-point in-
jection with FB (LXSN) and FB (LDCNSN) cells 
into the renal medulla, respectively. There were 
5-6 injection sites that were uniformly distributed 
on the kidneys of the rates in both groups. The 
number of total injected cells was 1 × 106/kidney. 
The rats were allowed to eat and drink ad libitum 
after surgery.

Sample Collection and 
Observational Indexes

The rats in all the groups were subjected to 
body weight (BW) measurement, femoral artery 
blood sampling, and measurement of serum tri-
glyceride (TG), cholesterol (Tch), creatinine (Scr), 
and blood urea nitrogen (BUN) with an automatic 
biochemical analyzer before treatment, and at 1 
and 4 weeks after treatment. Renal tissue spec-
imens were fixed in 10% formalin solution and 
then were preserved in liquid nitrogen.

Histological Examination
Renal tissues were embedded in paraffin and 

sliced into slices with a thickness of 2-3 μm. Af-
ter dewaxing and staining with hematoxylin and 
eosin (HE), the samples were observed under a 
light microscope. Renal tubulointerstitial lesions 
were semiquantitatively graded: Grade 0: normal; 
Grade I: extent of disease was < 25%; Grade II: 
extent of disease was 26-50%; Grade III: extent 
of disease was > 50%8.

Expression of DCN and TGF-β1 in
Renal Tissue

The EnVision immunohistochemical staining 
method was used to detect changes in the ex-
pression of DCN and TGF-β1 in renal tissue. The 
sections of paraffin-embedded renal tissue were 
routinely dewaxed. The anti-TGF-β1 antibody 
(Amresco, Solon, OH, USA) was added to a dilu-
tion of 1:100 and anti-DCN antibody (Sigma-Al-
drich, St. Louis, MO, USA) was added to a dilu-
tion of 1:400. The sections were washed at room 
temperature for 1 h. Signals were developed with 
diaminobenzidine (DAB) after adding the sec-
ondary antibody of EnVision, and sections were 
counterstained with hematoxylin. Sections were 
observed microscopically and photographed. The 
expression of TGF-β1 and DCN was analyzed 
with a semiquantitative method and the analysis 
was conducted simultaneously by three people. 
Based on the distribution of tubules within the 
mesenchyme, staining was divided into Grades 
0-3: Grade 0: no staining; Grade 1: occasional 
staining; Grade 2: local lesion staining; Grade 3: 
diffuse staining9.

Statistical Analysis
All data were expressed as mean ± standard 

deviation (x– ± s). Student’s t-test was used for 
comparisons. p < 0.05 was considered to be sta-
tistically significant.

Results

Effect of DCN Treatment on Body 
Weight of Rats With Renal Failure

There were no significant differences in body 
weight among all groups of rats before the exper-
iments. The body weights in the four groups of 
rats were increased to different extents at 4 weeks 
after surgery, but the inter-group differences were 
not significant (Figure 1). 

Effect of DCN Treatment on TG and Tch
The levels of blood lipids in the rats of the four 

groups were increased significantly after 4 weeks 
compared with the baseline values (p < 0.05) 
(Figure 2).

Effect of DCN Treatment on 
Renal Function

The levels of BUN and Scr in rats of Group 
D were significantly decreased compared with 
those in the rats of Group C (p < 0.05). Although 
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Figure 1. Changes in the body weight of rats in the different groups over time.

Figure 2. The levels of blood lipids in rats at the different time points.
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the differences were not statistically significant, 
the levels of BUN and Scr were still higher than 
baseline values at week 0 (p > 0.05) (Figure 3).

Effect of DCN on Pathological 
Tubulointerstitial Changes, and 
Renal Expression of DCN and TGF-β1

The expression of DCN in renal tissue was 
increased significantly in rats with renal failure 
at 4 weeks after treatment with FB (LDCNSN) 
cells. Significant differences were found when 
compared with the other three groups (p < 0.05). 
There were no significant differences in TGF-β1 
expression among the four groups (Figure 4).

Pathological Examination
The renal tissue of rats with renal failure was 

characterized by extensive diffuse or aggregated 

inflammatory cell infiltration, moderate hyper-
plasia of fibrous tissue, fasciculation, multiple 
lesions, reticular formation, partial extent of le-
sions over 50%, mild or moderate atrophy, and 
degeneration of renal tubular epithelial cells. The 
tubulointerstitial changes were alleviated to some 
extents after treatment with FB (LDCNSN) cells 
compared with those of the control cells (Figure 
5).

Discussion

Tubulointerstitial inflammation and degree of 
fibrosis are closely associated with the progres-
sion of renal diseases. Renal interstitial fibrosis, 
which is the outcome of the combined action 
of various factors, is the accumulation of large 

Figure 3. Renal function of rats in the different groups at the different time points.
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Figure 4. Tubulointerstitial changes and the expression of DCN and TGF-β1 at 4 weeks.

Figure 5. Pathological changes in the different groups after 4 weeks (200×).
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amounts of matrix proteins within the mesen-
chyme and the proliferation of fibroblasts10. Blood 
lipids can affect cell proliferation, fibrosis-pro-
moting cytokines secretion, macrophage aggre-
gation and maturation, and other inflammation 
responses, and the regulation of signal transduc-
tion in cells11,12.

The 5/6 nephrectomy model is a model of 
renal interstitial fibrosis. We observed different 
groups of rats for pathological changes in renal 
function. The levels of BW and blood lipids 
of the rats in different groups were increased 
slightly compared with the baseline values, al-
though there were no significant differences 
between the four groups. Therefore, it’s believed 
that blood lipids have no effect on renal function 
and renal pathology. The levels of Scr in rats 
of the group treated with FB (LDCNSN) cells 
decreased significantly compared with the rats 
in the group that received FB (LXSN) cells and 
the operation group, indicating that DCN im-
proved renal function in rats with renal failure. 
The histopathological examination showed that 
DCN alleviated the degree of renal interstitial 
fibrosis in rats and delayed the progression of 
renal failure.

The expression of DCN and TGF-β1 in renal 
tissue of rats from Groups B, C, and D, was 
increased to different degrees compared with 
those in renal tissue of rats from sham-operat-
ed group (Group A). The expression of DCN 
increased significantly in Group D compared 
with Group B and C. This was related to the 
expression of DCN in renal tissue by DCN-ex-
pressing fibroblasts. The increase of TGF-β1 is 
closely associated with the progression of loss 
of renal function. The 5/6 nephrectomy model is 
characterized by the increased TGF-β1 expres-
sion in renal tissue13,14. We found that there were 
no significant differences in TGF-β1 expression 
between Group B, C, and D, indicating that the 
different treatments given to rats with chronic 
renal failure caused no significant changes in 
TGF-β1 expression. Further experiments using 
immunohistochemistry are required to deter-
mine whether it is associated with the amount 
TGF-β1 protein or TGF-β1 activity. Therefore, 
the balance of DCN/TGF-β1 in renal tissue of 
rats with renal failure is changed toward DCN 
after treatment with DCN. Large amounts of 
DCN can neutralize TGF-β1 and inhibit patho-
logical changes to the kidney, which in turn 
improve renal function15. Previous researches16,17 
have shown that the expression of DCN in renal 

tissue in rodent models of diabetic nephropathy 
and obstructive nephropathy was not decreased 
but increased. Therefore, it is thought that the 
expression of DCN during the progression of re-
nal diseases is insufficient and cannot neutralize 
TGF-β1 activity.

Exogenous DCN or DCN gene therapy can 
prevent the accumulation of extracellular ma-
trix resulting from TGF-β1 activity18. Using 
the anti-Thyl-1 nephritis model, Lishmanov et 
al19 demonstrated that increases in TGF-β1 can 
cause increased synthesis of DCN. They pro-
posed that DCN may serve as a growth inhibitor 
that inhibits the production of mesangial matrix 
components. Hence, DCN can serve as a criti-
cal factor that controls excessive production of 
TGF-β1 and can potentially be used for the clin-
ical treatment of glomerular diseases20. Ghosh 
et al21 showed that injections of pharmacological 
doses of DCN (450 μg) in the anti-Thyl-1 nephri-
tis model prevented excessive accumulation of 
matrix components and the progression of pro-
teinuria. No effect was observed at 1-2 d after 
application, while extracellular matrix compo-
nents, such as fibronectin (FN) and fibronectin 
extra domain-a (FN-EDA) decreased signifi-
cantly at 4-6 d after application22. Research-
es23,24 have also shown that diseased glomeruli 
appeared mostly normal and DCN had no toxic 
effect on the patients treated with DCN. Several 
studies have attempted to demonstrate the diag-
nostic value of DCN by applying gene therapy. 
DCN cDNA was injected into host skeletal mus-
cle via liposomes to transfect skeletal muscle 
cells. DCN protein was synthesized in myocytes 
and secreted into blood, and acts on the kidneys 
via blood flow. The expression of FN-EDA and 
type-1 collagen within glomeruli decreased sig-
nificantly after treatment. The levels of protein-
uria also decreased significantly. There were no 
significant differences in functions of glomeruli 
between the treatment group and normal control 
group at day 1425,26.

Conclusions

We showed that in rats DCN can markedly al-
leviate fibrosis and delay the progression of renal 
failure.

Conflict of Interest
The Authors declare that they have no conflict of interests.



Effect of treating renal failure with decorin gene therapy

2489

References

 1) Krishna MM, subbalaxMi MV, uppin M, radhiKa s. 
Delayed onset renal failure in a patient on tenofo-
vir based antiretroviral regimen. Indian J Pharma-
col 2014; 46: 230-231.

 2) KuMar s. Dopamine vs nesiritide for acute heart 
failure with renal dysfunction. JAMA 2014; 311: 
1565.

 3) Fretellier n, bouzian n, parMentier n, bruneVal p, 
Jestin G, Factor c, Mandet c, daubine F, Massicot F, 
lapreVote o, hollenbecK c, port M, idee JM, corot 
c. Nephrogenic systemic fibrosis-like effects of 
magnetic resonance imaging contrast agents in 
rats with adenine-induced renal failure. Toxicol 
Sci 2013; 131: 259-270.

 4) haller st, Kennedy dJ, shidyaK a, budny GV, Malho-
tra d, FedoroVa oV, shapiro Ji, baGroV ay. Mono-
clonal antibody against marinobufagenin revers-
es cardiac fibrosis in rats with chronic renal fail-
ure. Am J Hypertens 2012; 25: 690-696.

 5) eziMora a, FaulKner Ml, adebiyi o, oGunGbeMile 
a, Marianna sV, nzerue c. Retroperitoneal fibro-
sis: a rare cause of acute renal failure. Case Rep 
Nephrol 2012; 2012: 645407.

 6) daMMan K, Masson s, hilleGe hl, Voors aa, Van 
Veldhuisen dJ, rossiGnol p, proietti G, barbuzzi s, 
nicolosi Gl, taVazzi l, MaGGioni ap, latini r. Tu-
bular damage and worsening renal function in 
chronic heart failure. JACC Heart Fail 2013; 1: 
417-424.

 7) therrien FJ, aGharazii M, lebel M, lariViere r. Neu-
tralization of tumor necrosis factor-alpha reduces 
renal fibrosis and hypertension in rats with renal 
failure. Am J Nephrol 2012; 36: 151-161.

 8) penG M, cai p, Ma h, MenG h, xu y, zhanG x, si G. 
Chinese herbal medicine Shenqi detoxification 
granule inhibits fibrosis in adenine induced chron-
ic renal failure rats. Afr J Tradit Complement Al-
tern Med 2014; 11: 194-204.

 9) Khor lK, tan Kb, loi hy, lu sJ. Nephrogenic 
systemic fibrosis in a patient with renal failure 
demonstrating a “reverse superscan” on bone 
scintigraphy. Clin Nucl Med 2013; 38: 203-204.

10) shen W, JianG xx, li yW, he Q. Mitochondriamedi-
ated disturbance of fatty acid metabolism in prox-
imal tubule epithelial cells leads to renal intersti-
tial fibrosis. Eur Rev Med Pharmacol Sci 2018; 
22: 810-819.

11) Grenier n. [Imaging and renal failure: From inflam-
mation to fibrosis]. J Radiol 2011; 92: 323-335.

12) asdahl ph, Warner lF, bendix K, hasle h. Acute re-
nal failure and normal blood count: a rare pre-
sentation of T-cell acute lymphoblastic leukemia. 
Leuk Res Rep 2013; 3: 14-16.

13) belaid-nouira y, baKhta h, haouas z, Flehi-sliM i, 
ben ch. Fenugreek seeds reduce aluminum tox-
icity associated with renal failure in rats. Nutr Res 
Pract 2013; 7: 466-474.

14) Varol e, ozaydin M. Mean platelet volume mea-
surement in chronic renal failure: confounding 
factors must have been taken into account. Ren 
Fail 2014; 36: 488.

15) dorGalaleh a, MahMudi M, tabibian s, Khatib zK, 
taMaddon Gh, MoGhaddaM es, baMedi t, alizadeh 
s, Moradi e. Anemia and thrombocytopenia in 
acute and chronic renal failure. Int J Hematol On-
col Stem Cell Res 2013; 7: 34-39.

16) Fedele F, bruno n, brasolin b, caira c, d’aMbrosi a, 
Mancone M. Levosimendan improves renal func-
tion in acute decompensated heart failure: pos-
sible underlying mechanisms. Eur J Heart Fail 
2014; 16: 281-288.

17) KesiK V, deMirKaya e, buyuKpaMuKcu M. Urinary neu-
trophil gelatinase associated lipocalin as a bio-
marker in ifosfamide induced chronic renal fail-
ure. Eur Rev Med Pharmacol Sci 2015; 19: 4851-
4857.

18) dubois-laForGue d, boutboul d, leVy dJ, Joly d, tiM-
sit J. Severe acute renal failure in patients treated 
with glucagon-like peptide-1 receptor agonists. 
Diabetes Res Clin Pract 2014; 103: e53-e55.

19) lishManoV i, Vesnina z, KriVonoGoV nG. [Scinti-
graphic evaluation of impairments in cardiopul-
monary hemodynamics and renal functional ac-
tivity in patients with coronary heart disease and 
circulatory failure]. Vestn Rentgenol Radiol 2013; 
4: 18-24.

20) WalduM b, stubnoVa V, WestheiM as, oMland t, 
GrundtViG M, os i. Prognostic utility of B-type na-
triuretic peptides in patients with heart failure and 
renal dysfunction. Clin Kidney J 2013; 6: 55-62.

21) Ghosh Jb. Influenza-B associated rhabdomyolysis 
with acute renal failure. Indian Pediatr 2013; 50: 
1160-1161.

22) WanG l, WanG J, WanG y, Fu Q, lei yh, nie zy, Qiu 
J, bao ty. Protective effect of exogenous matrix 
metalloproteinase-9 on chronic renal failure. Exp 
Ther Med 2014; 7: 329-334.

23) Gunal sy, ustundaG b, Gunal ai. The assessment 
of oxidative stress on patients with chronic renal 
failure at different stages and on dialysis patients 
receiving different hypertensive treatment. Indian 
J Clin Biochem 2013; 28: 390-395.

24) lee iJ, hilliard b, sWaMi a, Madara Jc, rao s, patel 
t, GauGhan Jp, lee J, GadeGbeKu ca, choi et, co-
hen pl. Growth arrest-specific gene 6 (Gas6) lev-
els are elevated in patients with chronic renal fail-
ure. Nephrol Dial Transplant 2012; 27: 4166-4172.

25) taKeMura y, KoshiMichi M, suGiMoto K, yanaGida h, 
FuJita s, MiyazaWa t, MiyazaKi K, oKada M, taKeMu-
ra t. A tubulointerstitial nephritis antigen gene de-
fect causes childhood-onset chronic renal failure. 
Pediatr Nephrol 2010; 25: 1349-1353.

26) naKaMura a, niiMi r, yanaGaWa y. Protection from 
sepsis-induced acute renal failure by adenovi-
ral-mediated gene transfer of beta2-adrenocep-
tor. Nephrol Dial Transplant 2010; 25: 730-737.


