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Abstract. – OBJECTIVE: To explore the spe-
cific role of ILK (integrin-linked kinase) in reg-
ulating renal fibrosis and its underlying mech-
anism. 

MATERIALS AND METHODS: NRK-52E cells 
were induced by transforming growth factor-β1 
(TGF-β1) for observing phenotype change. 
Renal tubular epithelial cell marker, fibrosis 
marker and expression level of ILK in NRK-
52E cells were also detected. After overex-
pression of ILK, phenotype change of NRK-
52E cells was observed. For in vivo experi-
ments, we constructed UUO (unilateral ureter-
al obstruction) model in CD1 mice. Renal tubu-
lar epithelial cell marker, fibrosis marker and 
expression level of ILK in UUO mice were de-
tected. The regulatory effect of ILK on renal fi-
brosis was detected after injection of ILK over-
expression plasmid. Western blot was per-
formed to detect related genes in the TGF-β1/
smad pathway. 

RESULTS: Accompanied by the TGF-β1-in-
duced phenotype change in NRK-52E cells, both 
mRNA and protein levels of ILK were upregu-
lated. Overexpression of ILK remarkably stim-
ulated the phenotype change in NRK-52E cells. 
Similarly, ILK was highly expressed in UUO 
mice. Renal fibrosis was aggravated after injec-
tion of ILK overexpression plasmid in UUO mice. 
Western blot results showed that expressions 
of p-smad3 and smad3 were upregulated during 
the process of renal fibrosis. 

CONCLUSIONS: ILK is upregulated during the 
process of renal fibrosis. ILK participates in the 
development of renal fibrosis by altering phe-
notypes of renal tubular epithelial cells via a 
TGF-β1/smad pathway.

Key Words:
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Introduction

Chronic kidney disease (CKD) severely threat-
ens human health throughout the world. In recent 
years, the incidence of CKD has increased each 
year. It is reported that the global incidence of 
CKD is about 14%1, and its mortality rate has ris-
en as well2. CKD not only affects life quality of 
affected patients, but also brings a huge economic 
burden on their families.

Renal interstitial fibrosis is the final patho-
logical performance of CKD caused by various 
factors, which is a key factor in determining the 
progression of renal failure3,4. Fibroblasts are ac-
tivated and aggregated in the renal stroma, which 
in turn produces a large number of extracellular 
matrices, including collagen I, collagen III, and 
fibronectin (FN). Fibroblasts are directly related 
to the progression of CKD5,6. Renal interstitial 
myofibroblasts are originated from many sources, 
such as kidney-derived fibroblasts, tubular epi-
thelial cells, endothelial cell transdifferentiation, 
pericyte differentiation, and bone marrow-de-
rived mesenchymal stem cells7-11. Among them, 
epithelial-to-mesenchymal transition (EMT) of 
renal tubular epithelial cells is of great signifi-
cance for tubulointerstitial fibrosis12-15.

Some studies16-19 have found that activation of 
transforming growth factor-β1 (TGF-β1)/smad 
pathway can promote renal fibrosis. ILK (inte-
grin-linked kinase) exerts its role as a co-tran-
scription factor for a variety of transcription 
factors20,21. ILK regulates transcription of target 
genes via TGF-β1/smad pathway22-25. Therefore, 
we hypothesized that ILK is involved in renal 
interstitial fibrosis. Most studies have been con-
ducted to investigate the role of ILK in tumors, 
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the specific mechanism of which in renal intersti-
tial fibrosis still remains unclear. We believed that 
ILK may serve as a novel target in preventing and 
treating renal fibrosis. 

Materials and Methods

Animal Procedure 
Male CD-1 mice in clean level weighing 18-20 

g (Shanghai laboratory animal center, Shanghai, 
China) were selected and given to free access to 
water and diet. Mice were randomly assigned into 
sham group, Day 1 group, Day 3 group, and Day 
7 group, with 4 mice in each group.

For constructing UUO (unilateral ureteral ob-
struction) mouse model, mice received an intra-
peritoneal injection of 0.75% pentobarbital sodi-
um at a dose of 70 mg/kg. After anesthesia, the 
abdominal cavity was exposed for ligation of the 
left ureter with 4-0 suture twice. Mice in the sham 
group were only cut open without UUO proce-
dure. Mouse kidney tissue was collected at the 
postoperative 1st, 3rd, and 7th day, respectively. The 
Animal Ethics Committee of Soochow University 
Animal Center and the Institutional Animal Care 
approved this investigation.

Cell Culture
Rat renal tubular epithelial cell line NRK-52E 

was cultured in Dulbecco’s Modified Eagle Me-
dium/F12 (DMEM/F12; Gibco, Rockville, MD, 
USA) supplemented with 10% fetal bovine se-
rum (FBS; Gibco, Rockville, MD, USA), 100 U/
mL penicillin and 100 μg/mL streptomycin, and 
maintained in a 5% CO2 incubator at 37°C. Se-
rum-free medium was replaced for overnight cul-
ture when the confluence was up to 80%. Cells 
were then induced with TGF-β1 for the following 
experiments. 

Cell Transfection
Cells were seeded in a 6-well plate and cul-

tured in DMEM/F12 containing 10% fetal bo-
vine serum. When the cell confluence was up to 
90-95%, 1.5 mL of serum-free DMEM/F12 was 
replaced. In brief, 2.5 μg of plasmid DNA or 5 
μL of Lipofectamine 2000 (Invitrogen, Carls-
bad, CA, USA) was added in 250 μL of Op-
ti-MEM and incubated at room temperature for 5 
min, respectively. The two kinds of transfection 
solution were mixed together and maintained at 
room temperature for 20 min. Culture medium 
was replaced 6 h later. 

Western Blot
Total protein was extracted from treated cells 

and quantified using the bicinchoninic acid (BCA) 
method (Pierce, Rockford, IL, USA). Protein sam-
ples were separated by gel electrophoresis and 
transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA). The 
incubation with primary and secondary antibodies 
was performed following the standard protocols of 
Western blot. Immunoreactive bands were exposed 
by enhanced chemiluminescence (ECL) method.

Immunofluorescence
Slides were pre-placed in the 24-well plates. 

Cells were washed with phosphate buffered sa-
line (PBS) three times and fixed with pre-cooled 
methanol/acetone (1:1) at -20°C for 20 min. Cells 
were subsequently incubated with a blocking buf-
fer containing 0.1% TritonX-100 and 2% bovine 
serum albumin (BSA) for 40 min at room tem-
perature, followed by incubation with primary 
and secondary antibodies. Cell nuclei were stained 
with DAPI (4’,6-diamidino-2-phenylindole) in the 
dark, and captured using Nikon Eclipse 80i mi-
croscope (Tokyo, Japan).

Immunohistochemistry
Paraffin-embedded kidney tissues were sliced 

with 3 μm of thickness. Kidney slices were depa-
raffinized, hydrated in ethyl alcohol and blocked 
in blocking solution for 30 min. After the incuba-
tion with primary antibody at 4°C overnight and 
secondary antibody at room temperature for 1 h, 
immunohistochemistry results were captured us-
ing Nikon Eclipse 80i microscope (Tokyo, Japan).

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

16.0 statistical software (SPSS Inc., Chicago, IL, 
USA) was used for data analysis. Measurement 
data were expressed as mean ± standard deviation 
(x– ± s). Comparison of measurement data was con-
ducted using the t-test. Comparison of differences 
among each group was conducted using one-way 
ANOVA, followed by post-hoc analysis. p < 0.05 
was considered statistically significant.

Results

Phenotype Change of NRK-52E Cells 
Induced by TGF-β1

Previous studies have shown that TGF-β1 exerts 
an important role in the renal interstitial. In our 
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study, NRK-52E cells were induced by TGF-β1. 
Western blot results indicated that E-cadherin 
expression was downregulated, whereas expres-
sions of FN, α-SMA, and ILK were upregulated. 
Moreover, protein expression changes of E-cad-
herin, FN, α-SMA, and ILK presented time- and 
dose-dependent manners (Figure 1A and 1B). 
The mRNA level of ILK was also elevated after 
TGF-β1 induction in NRK-52E cells (Figure 1C 
and 1D). The above results suggested that ILK ex-
pression is elevated during the process of pheno-
type changes in the renal tubular epithelial cells.

ILK Overexpression Resulted in 
Phenotype Change in NRK-52E Cells 

To explore the effect of ILK on phenotype al-
teration of renal tubular epithelial cells, we first 
constructed ILK overexpression plasmid and 
pcDNA3 as negative control. Transfection effica-
cies in NRK-52E cells were verified by qRT-PCR 
(Figure 2A). Overexpression of ILK remarkably 

decreased E-cadherin expression, but increased 
expressions of FN and α-SMA, which were simi-
lar to those results of TGF-β1 induction in NRK-
52E cells (Figure 2B). Immunofluorescence ob-
tained the similar results (Figure 2C). 

ILK Overexpression and Phenotype 
Change of Renal Tubular Epithelial 
Cells in UUO Mouse Model 

We constructed a model of obstructive ne-
phropathy using unilateral ureteral obstruction 
(UUO) approach. Western blot results showed 
that the expression of E-cadherin was decreased 
in the obstructed renal tissues. However, expres-
sions of FN, α-SMA, and ILK were increased in a 
time-dependent manner (Figure 3A). The mRNA 
level of ILK was also markedly upregulated (Fig-
ure 3B). Immunohistochemical staining showed 
that ILK-positive cells were mainly the impaired 
tubular epithelial cells and renal interstitial cells 
(Figure 3C and 3D).

Figure 1. Phenotype change of NRK-52E cells induced by TGF-β1. A, Protein expressions of E-cadherin, FN, α-SMA, 
and ILK in NRK-52E cells after TGF-β1 induction for 48 h. B, Protein expressions of E-cadherin, FN, α-SMA, and ILK 
in NRK-52E cells after TGF-β1 (2 ng/ml) induction for different time points. C, The mRNA level of ILK in NRK-52E 
cells after TGF-β1 induction for 48 h. D, The mRNA level of ILK in NRK-52E cells after TGF-β1 (2 ng/mL) induction for 
different time points.
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ILK Overexpression Aggravated 
Renal Fibrosis

After successful construction of UUO 
mouse model, we injected the ILK overexpres-
sion plasmid into the tail vein on the next day. 
Both mRNA and protein levels of ILK were 
elevated in UUO mice (Figure 4A and 4B). 
Kidney tissues of UUO mice were collected 7 

days after UUO procedures. Western blot re-
sults showed that protein expressions of FN 
and α-SMA were markedly elevated in kidney 
tissues of mice injected with ILK overexpres-
sion plasmid, indicating the aggravated renal 
fibrosis (Figure 4C). Similarly, mRNA levels 
of FN and α-SMA were increased as well (Fig-
ure 4D and 4E).

Figure 2. ILK overexpression resulted in phenotype change in NRK-52E cells. A, Protein expression of ILK after transfection 
of ILK overexpression plasmid for 48 h. B, Protein expressions of E-cadherin, FN, and α-SMA in NRK-52E cells. C, 
Immunofluorescence results of E-cadherin, FN and α-SMA in NRK-52E cells (magnification 400×).



ILK participates in renal interstitial fibrosis via TGF-β1/smad pathway

293

Figure 3. ILK overexpression and phenotype change of renal tubular epithelial cells in UUO mouse model. A, Protein 
expressions of E-cadherin, FN, α-SMA and ILK in kidney tissues of UUO mice. B, The mRNA level of ILK in kidney 
tissues of UUO mice. C, Immunohistochemical staining of ILK in kidney tissues of control mice (magnification 400×). D, 
Immunohistochemical staining of ILK in kidney tissues of UUO mice (magnification 400×). 

Figure 4. ILK overexpression aggravated renal fibrosis. A, Protein expression of ILK in kidney tissue after injection of ILK 
overexpression plasmid for 24 h. B, The relative level of ILK in kidney tissue after injection of ILK overexpression plasmid for 
24 h. C, Protein expressions of FN and α-SMA in kidney tissues of UUO mice. D, The mRNA level of FN in kidney tissues of 
UUO mice. E, The mRNA level of α-SMA in kidney tissues of UUO mice.
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TGF-β1/Smad Pathway Was Activated 
During the Process of Renal Tubular 
Epithelial Cell Transdifferentiation

The TGF-β1/smad pathway is one of the main 
pathways involved in the regulation of renal tu-
bular phenotype changes. Existing studies have 
shown that ILK is capable of activating the 
TGF-β1/smad pathway. In our study, TGF-β1 in-
duction in NRK-52E cells upregulated protein 
level of p-smad3, which was more pronounced af-
ter ILK overexpression (Figure 5A and 5B). The 
mRNA level of p-smad3 presented the similar el-
evated trend (Figure 5C). In vivo experiments also 
found p-smad3 upregulation in UUO mice (Fig-
ure 5D). Injection of ILK overexpression plasmid 
remarkably elevated the protein and mRNA levels 
of p-smad3 in UUO mice (Figure 5E and 5F).

Discussion

Renal interstitial fibrosis is a common patho-
logical manifestation of CKD. A large number of 

studies16-19 have shown that TGF-β1/smad pathway 
is involved in regulating renal fibrosis. TGF-β1/
smad signaling pathway also participates in the 
regulation of many pathophysiological processes, 
such as organ development, tissue homeostasis, 
and disease development.

Studies22-25 have shown that ILK is involved 
in the regulation of the TGF-β1/smad signaling 
pathway in a variety of cells. In the present work, 
we first established a UUO mouse model. ILK ex-
pression was upregulated in renal fibrosis mice. 
Besides, ILK upregulation promoted the trans-
differentiation of renal tubular epithelial cells to 
myofibroblasts. The above researches showed that 
ILK is a significant factor in regulating renal fi-
brosis. Subsequently, we observed that ILK can 
activate the TGF-β1/smad pathway in rat proxi-
mal tubular epithelial cells, further upregulating 
smad3 expression. The above data confirmed 
that ILK regulates EMT in kidney tissues via a 
TGF-β1/smad pathway.

There are still some. First of all, we didn’t con-
struct the tubule-specific ILK-/- mouse to provide 

Figure 5. TGF-β1/smad pathway was activated during the process of renal tubular epithelial cell trans-differentiation. A, 
Protein expressions of p-smad3 and smad3 in NRK-52E cells after TGF-β1 induction. B, Protein expressions of p-smad3 and 
smad3 in NRK-52E cells after ILK overexpression. C, The mRNA level of p-smad3 in NRK-52E cells. D, Protein expressions 
of p-smad3 and smad3 in kidney tissues of UUO mice. E, Protein expressions of p-smad3 and smad3 in kidney tissues of UUO 
mice after injection of ILK overexpression plasmid. F, The mRNA level of p-smad3 in kidney tissues of UUO mice.
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a direct correlation between ILK and renal fibro-
sis in vivo. Secondly, ILK is not only expressed 
in renal tubular epithelial cells, but also in fibro-
blasts. Further studies should be carried out to 
explore whether fibroblast-expressing ILK could 
regulate renal fibrosis.

Conclusions

We found that ILK is upregulated during the 
process of renal fibrosis. ILK participates in the 
development of renal fibrosis by altering pheno-
types of renal tubular epithelial cells via a TGF-β1/
smad pathway. We consider that ILK may serve 
as a potential target for alleviating CKD. 
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