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Abstract. – OBJECTIVE: This study aims to 
explore the protective effect of cyclosporine 
on inflammation-induced renal tubular epithelial 
cells and its potential mechanism. 

MATERIALS AND METHODS: Human kid-
ney-2 (HK-2) cells were induced by transforming 
growth factor-β (TGF-β) for constructing an in-
flammatory injury model. Cells were then treat-
ed with different concentrations of cyclosporine 
for further investigating the biological functions. 
Cell viability was detected via cell counting kit-8 
assay (CCK-8). The cytotoxicity was detected via 
lactate dehydrogenase (LDH) release assay. Ex-
pression levels of cell damage factors and mam-
malian target of rapamycin (mTOR) pathway-re-
lated genes were detected via polymerase chain 
reaction (PCR), immunofluorescence and West-
ern blotting, respectively. 

RESULTS: TGF-β inhibited the viability of HK-
2 cells, increased expressions of tumor necro-
sis factor-α (TNF-α), interleukin-1β (IL-1β) and 
apoptosis-related genes. Cyclosporine treat-
ment greatly reversed the cell damage on HK-
2 cells induced by TGF-β. Expression levels of 
mTOR pathway-related genes were downregu-
lated after cyclosporine treatment. 

CONCLUSIONS: Cyclosporine protects HK-
2 cells from inflammatory injury via regulating 
mTOR pathway.
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Introduction

Chronic kidney injury (CKI) is a result of 
many pathological factors, including diabetes, 
hypertension, infection, atherosclerosis, renal 
artery or ureteral obstruction, etc.1. Injuries of 
glomerular, renal tubular or renal vascular will 
cause pathological changes in renal structure and 
function. With the pathological progress of CKI, 
it eventually develops into fibrosis, decreased 
nephrons and scar formation2. One of the main 

symptoms of CKI is proteinuria, which is caused 
by a large number of microvascular damages due 
to vascular endothelial dysfunction3. Researches 
have suggested that cyclosporine exerts a ther-
apeutic effect on CKI via endothelium repair 
and vascular endothelial growth factor (VEGF) 
downregulation. VEGF is a key cytokine leading 
to endothelial cell morphological changes and 
proteinuria development regulation4.

Water-soluble ingredients are the main active 
ingredients of cyclosporine (CSA) in the treat-
ment of CKI. Clinical studies have shown that 
the mixture of a variety of salvianolic acid, total 
cyclosporine phenolic acid, can reduce plasma 
level of endothelin-1 and urinary protein, there-
after improving renal function in CKI patients5. 
Total cyclosporine phenolic acid can improve 
the renal function of CKI rats through inhibiting 
the epithelial to mesenchymal transition (EMT) 
of glomerular basement membrane via down-
regulating endothelin. Moreover, it can delay 
the renal interstitial fibrosis of rats undergoing 
unilateral ureteral occlusion (UUO) by inhibiting 
the formation of transforming growth factor-β1 
(TGF-β1). Total cyclosporine phenolic acid can 
significantly reduce the expressions of α-smooth 
muscle actin (α-SMA), vimentin, TGF-β1, matrix 
metalloproteinase-2 in renal tissues of UUO rats. 
It can also improve the renal interstitial fibrosis 
and renal function6. In in vitro studies, salvian-
olic acid B inhibits the TGF-β1-induced EMT in 
human kidney-2 (HK-2) cells and antagonizes the 
TGF-β1-induced fibronectin (FN) upregulation 
via inhibiting the Jagged/Notch signaling path-
way7.

Mammalian target of rapamycin (mTOR) is a 
kind of highly-conserved phosphoinositide 3-ki-
nase (PI3K)-related kinase. It is a key regulator 
of cell growth and proliferation, which can be 
regulated by growth factor, nutrition, energy and 
other signals. It also plays a role through PI3K/
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serine/threonine kinase (AKT) or Ras/Extracel-
lular regulated protein kinases (ERK) signaling 
pathways. Inactivation of the mTOR-signaling 
pathway results in cell cycle arrest in G1 phase 
and triggers apoptosis. Relative studies pointed 
out that mTOR is involved in the renal dysfunc-
tion and fibrosis in CKI via activating mac-
rophage activity and inflammatory factors8. In 
addition, mTOR can cause chronic renal tubular 
injury through binding to receptors on the tubular 
epithelial cells9. It is concluded that mTOR path-
way plays a role in the kidney damage, fibrosis 
and renal tubular epithelial damage, etc.

This study focuses on the protective effect of 
CSA on inflammatory injury of renal tubular epi-
thelial cells and its underlying mechanism.

 

Materials and Methods

Cells and Experimental Reagents
HK-2 cells were commonly selected for the in 

vitro study of CKI10,11. HK-2 cells were purchased 
from Shanghai Institute of Cell Research, Chi-
nese Academy of Sciences (Shanghai, China). 
Dulbecco’s modified eagle medium (DMEM) and 
fetal bovine serum (FBS) were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Tumor 
necrosis factor-α (TNF-α) and interleukin-1β (IL-
1β) detection kits were purchased from Roche 
(Basel, Switzerland). Experimental antibodies 
were obtained from Santa Cruz Biotechnology, 
Inc. (Santa Cruz, CA, USA). Other reagents were 
purified in analytical grade.

Cell Culture and Modeling
HK-2 cells were cultured in DMEM containing 

10% FBS in an incubator containing 5% CO2 at 
37°C. In the preliminary experiment, cells were 
treated with different concentrations of TGF-β 
for 24 h, 48 h and 72 h, respectively. We found 
that 5 ng/mL TGF-β induction for 72 h exhibited 
the strongest inhibitory effect on HK-2 cells (data 
not shown). Serum-free culture was replaced, 
and cells were induced with transforming growth 
factor-β (TGF-β) (5 ng/mL) for 24 h, followed 
by CSA treatment for 3 d. Culture medium was 
replaced every day.

Cell Counting Kit-8 (CCK-8) Assay
Cells in the logarithmic growth phase were 

centrifuged after digestion with 0.25% trypsin. 
The supernatant was discarded and cells were 
resuspended in Dulbecco’s Modified Eagle Medi-

um (DMEM) containing 10% FBS. Cell density 
was adjusted to 1.0×105 cells/mL. Cell suspension 
was inoculated into the 96-well plate (100 μL per 
well) and cultured in an incubator containing 5% 
CO2 at 37°C for 4 h. After intervention according 
to the experimental grouping (4 wells/group), 
10 μL of CCK-8 solution (Dojindo, Kumamoto, 
Japan) were added into each well and cells were 
maintained in an incubator containing 5% CO2 
at 37°C for 4 h. The absorbance at 450 nm was 
determined using the microplate reader.

Lactate Dehydrogenase (LDH) Detection
Cells in the logarithmic growth phase were 

digested with 0.25% trypsin and EDTA (Ethylene 
Diamine Tetraacetic Acid) (Thermo Fisher Scien-
tific, Waltham, MA, USA). Cells were resuspend-
ed in DMEM containing 10% FBS and inoculated 
into the 96-well plate at a density of 5.0×103 cells/
mL, with three replicates in each group. After 
cell adherence and drug intervention, the culture 
plate was maintained in an incubator containing 
5% CO2 at 37°C for 24 h. The supernatant was 
taken (20 μL each well) and the corresponding 
LDH reagents were added according to the kit in-
structions. After the solution was placed at room 
temperature for 3 min, 1 cm optical cuvette was 
used for zero set with 440 nm double distilled 
water. OD (optical density) value of each tube 
was determined using the microplate reader. For 
unit definition, 1000 mL culture solution were 
reacted with substrate for 15 min at 37°C, and 1 
gmol pyruvic acid was produced in the reaction 
system as l unit. The LDH content in the medium 
was calculated according to the formula.

Enzyme-Linked Immunosorbent Assay 
(ELISA)

Cell culture medium was collected into 3 k 
concentrated centrifuge tube, followed by cen-
trifugation at 7500 rpm/min for 20 min. The 
operation liquid was prepared according to the 
instructions and 100 μL assay diluent were added 
into each well of the 96-well plate for two groups, 
with 6 well per group. The first group was the 
standard curve group, and the prepared work-
ing solution was added into 6 wells. The second 
group was added with the conditioned medium. 
The culture medium collected from each group 
was added from the first well, incubated at 37°C 
for 2 h, and washed with 400 μL wash buffer 
for 3 times. All the liquid was removed finally. 
200 μL conjugate were added into each well for 
incubation at 37°C for 2 h and washed with 400 
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μL wash buffer for 3 times. Subsequently, 200 μL 
substrate were added and incubated at 37°C for 
half an hour in dark. Finally, 50 μL terminator 
were added into each well, and the 96-well plate 
was slightly shaken and mixed. The OD value 
was measured at a wavelength of 450 nm. The 
standard curve was drawn, and the HGF concen-
tration in each sample was obtained via solving 
equations.

Terminal Deoxynucleotidyl Transferase 
dUTP Nick-end Labeling (TUNEL) Assay

Apoptosis of HK-2 cells was detected follow-
ing the instructions of ApopTag Plus Peroxidase 
In Situ Apoptosis Detection Kit (Chemicon, Mil-
lipore, Billerica, MA). Each kidney sample was 
sliced for 5 sections and stained with TUNEL 
solution, followed by re-stain of methyl green. 
The amount of TUNEL-positive cells in 10 ran-
domly selected fields was calculated under a high 
power microscope (200×). 

Flow Cytometry Analysis of 
the Cell Apoptosis

HK-2 cells in logarithmic growth period were 
seeded in the 6-well plate and treated with corre-
sponding intervention for 24 h. After cells were 
washed with phosphate-buffered saline (PBS) 
twice, they were resuspended in the binding solu-
tion and incubated at room temperature for 15 
min in dark. Subsequently, cells were incubated 
with 5 μL AnnexinV-FITC and 5 μL propidium 
iodide (PI) in dark, followed by flow cytometry 
detection.

Immunofluorescence 
After cell confluence was up to 95-100% on 

coverslips, the cells were fixed with 4% formal-
dehyde, permeabilized with 0.5% Triton X-100 
at 37°C for 20 min and sealed with FBS. Sub-
sequently, cells were incubated TGF-β (1:100), 
4EBP1 (1:100) and mTOR (1:100) at 4°C overnight. 
After incubation with corresponding secondary 
antibody, the cells were re-stained with DAPI 
(4’,6-diamidino-2-phenylindole) (Sigma-Aldrich, 
St. Louis, MO, USA) and mounted with 95% glyc-
erol. Observations and imaging were conducted 
under a confocal fluorescence microscope.

RNA Extraction and Quantitative 
Reverse Transcription-Polymerase 
Chain Reaction (qRT-PCR)

Cells were digested and transferred to the 
1.5 mL ribozyme-free Eppendorf tube (EP). 1 

mL TRIzol was added (Invitrogen, Carlsbad, 
CA, USA), followed by blowing and beating 
evenly until cells were sufficiently denatured. 
After trichloromethane was added, the mixture 
was vigorously stirred and placed on ice for 15 
min, followed by centrifugation at 12000 rpm/
min at 4°C for 15 min. 500 mL isopropyl alcohol 
were added, mixed and placed on ice for 15 min. 
Centrifugation was performed at 12000 rpm/
min, 4°C for 15 min. Next, the supernatant was 
discarded and 75% ethanol was added to wash the 
precipitate, followed by centrifugation at 8000 
rpm/min, 4°C for 5 min. The supernatant was 
discarded, and the precipitate was dried and dis-
solved in 20 μL diethyl pyrocarbonate (DEPC) 
water (Beyotime, Shanghai, China) for concen-
tration measurement. The reverse transcription 
system was added for the reverse transcription 
reaction according to the sample concentration. 
After the reaction system of complementary 
Deoxyribose Nucleic Acid (cDNA) was synthe-
sized, PCR amplification was performed. Prim-
er design software Primer premier 5.0 (Palo 
Alto, CA, USA) was used for primer sequence 
design: Bax, F: 5’-CAGAAAACATTTCAG-
CCGCCACTC-3’, R: 5’-CCTTTTGCTTCAG-
GGTTTCATCCAG-3’; Bcl-2, F: 5’-CTGAG-
TACCTGAACCGGCATCT-3’, R: 5’-GAGA-
CAGCCAGGAGAAGTCAAAC-3’; 4EBP1, F: 
5’-AGCCGTAGGACGCAATGAT-3’, R: 5’-ACA-
GAGGCACAAGGAGGTATGT-3’; β-actin, F: 
5’-GGCCAGAAAGACTGCTATGTG-3’, R: 
5’-GCTCGTTGTAGAAAGTGTGGTG-3’. The 
real-time fluorescence signal was collected after 
each cycle, and the amplification and dissolution 
curves were recorded.

Western Blotting
Cells in each group were collected and the total 

protein was extracted using the protein extraction 
kit. The protein concentration was determined 
using bicinchoninic acid (BCA) method (Pierce, 
Rockford, IL, USA). After protein quantification, 
5 μL 5×loading buffer were added and the protein 
was boiled at 99°C for 5 min. Protein sample was 
separated via sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE). The con-
centration of concentrated gel was 5%, while that 
of lower separation gel was 10%. Voltage in the 
constant voltage separation were set as 90 V for 
upper gel for 90 min, and 150 V for separation gel 
for 150 min. The protein was separated until the 
bromophenol blue reached the bottom of the gel. 
The gel, filter paper and polyvinylidene difluoride 
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(PVDF) membrane (Millipore, Billerica, MA, 
USA) were placed sequentially in the electropho-
resis tank for membrane transfer. After that, the 
membrane was removed, labeled and sealed in 
5% skim milk powder at 37°C for 1 h. After the 
sealing fluid was washed clean with PBS for three 
times, membranes were incubated overnight with 
primary antibody (diluted at 1:850) at 4°C in 
dark. On the next day, the primary antibody was 
recycled, and the membrane was washed with 
PBS for 3 times (5 min/time). The secondary 
antibody horseradish-peroxidase (HRP)-labeled 
goat anti-rabbit IgG, diluted at 1:5000) was added 
for incubation on the shaking table at 37°C for 2 
h. The secondary antibody was discarded, and the 
membrane was washed with PBS for 3 times (15 
min/time). Finally, the image gray was scanned 
using ImageJ after color development in the de-
veloping instrument.

Statistical Analysis
Data were presented as mean ± standard de-

viation. One-way analysis of variance (ANOVA) 
was used for intergroup comparison, followed by 
Least Significant Difference as its Post-Hoc Test. 
p < 0.05 indicated the difference was statistically 
significant. Statistical Product and Service Solu-
tions (SPSS) 17.0 software (SPSS Inc., Chicago, 
IL, USA) was used for data analysis.

Results 

Cyclosporine Alleviated Decreased Cell 
Viability Induced by TGF-β

Cell viability in blank group, TGF-β group, 
TGF-β + different concentrations of cyclosporine 
(0.1 μM, 1 μM, 2 μM, 4 μM and 8 μM) group was 
measured via CCK-8 assay. The results showed 
that the cell viability in TGF-β group was signifi-
cantly decreased compared with that in control 
group (p < 0.05). There were no significant dif-
ferences between 0.1 μM group, 1 μM group and 
TGF-β group. The cell viability in 2 μM group 
and 4 μM group was significantly higher than 
that in TGF-β group (p < 0.05). However, the cell 
viability in 8 μM group was slightly decreased 
compared with that in TGF-β group (Figure 1A).

Cyclosporine Alleviated the
Cell Damage Induced by TGF-β

Cell damage was detected via LDH assay. The 
results showed that the LDH release in TGF-β 
group was significantly increased compared with 

that in control group (p < 0.05). There were no 
significant differences between 0.1 μM group, 
1 μM group and TGF-β group. LDH releases in 
2 μM group and 4 μM group were significantly 
lower than that in TGF-β group (p < 0.05). How-
ever, LDH release in 8 μM group was slightly 
increased compared with that in TGF-β group 
(Figure 1B).

Cyclosporine Reduced the Release of 
Inflammatory Factors Induced by TGF-β

The releases of TNF-α and IL-1β in super-
natant of blank group, TGF-β group and TGF-β 
+ cyclosporine (4 μM) group were detected via 
immunofluorescence and ELISA, respectively. 
We found that the release of TNF-α in TGF-β 
group was 2-fold higher than that in blank group 
(p < 0.05). However, the release of TNF-α was 
significantly decreased after cyclosporine treat-
ment (p < 0.05). Similar results were obtained 

Figure 1. Drug concentration detection test. A, Detection 
of cell viability via CCK-8 assay. The cell viability of blank 
group, TGF-β group, TGF-β + different concentrations of 
cyclosporine group (0.1 μM, 1 μM, 2 μM, 4 μM and 8 μM) 
was detected via CCK-8 assay. B, Detection of cytotoxicity 
via LDH assay. Cytotoxicity in TGF-β group and TGF-β + 
different concentrations of cyclosporine group (0.1 μM, 1 
μM, 2 μM, 4 μM and 8 μM) was detected via the ratio of 
LDH release to that in blank group. #Compared with blank 
group, p < 0.05; *Compared with TGF-β group, p < 0.05; 
**Compared with 2 μM group, p < 0.05.
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in detecting IL-1β release (Figure 2). The re-
sults proved that cyclosporine can significantly 
reduce the release of inflammatory factors in-
duced by TGF-β.

Cyclosporine Reduced the Production of 
Apoptotic Proteins Induced by TGF-β

TUNEL assay and flow cytometry indicated 
that apoptotic cells in TGF-β group were much 
more than those of blank group. However, TGF-β 
+ cyclosporine group showed less apoptosis com-
pared with that in TGF-β group (p < 0.05, Figure 
3A and 3B).

The mRNA expressions of mTOR pathway 
downstream molecules were detected via PCR. 
The results showed that the mRNA expression of 
Bax in TGF-β group was significantly higher than 

that in blank group (p < 0.05), whereas it was sig-
nificantly decreased after cyclosporine treatment 
(p < 0.05, Figure 3C). The mRNA expression 
of Bcl-2 in TGF-β group was significantly low-
er than that in blank group (p < 0.05), whereas 
it was significantly increased after cyclosporine 
treatment (p < 0.05, Figure 3C). The expres-
sions of apoptosis-related proteins, Bax, Bcl-2, 
caspase3 and cleaved-caspase3, were detected 
via Western blotting. The results showed that 
the ratio of cleaved-caspase3/caspase3 in TGF-β 
group was significantly higher than that in blank 
group (p < 0.05), whereas it was significantly 
decreased after cyclosporine treatment (p < 0.05, 
Figure 3D-3J). The results proved that cyclospo-
rine can significantly reduce the TGF-β-induced 
apoptosis.

Figure 2. Detection of inflammatory factor release via immunofluorescence and ELISA. A, The release of TNF-α in 
supernatant of blank group, TGF-β group and TGF-β + cyclosporine (4 μM) group was detected by immunofluorescence. B, 
The releases of TNF-α and IL-1β in supernatant of blank group, TGF-β group and TGF-β + cyclosporine (4 μM) group were 
detected via ELISA. *Compared with blank group, p < 0.05; **Compared with TGF-β group, p < 0.05.
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Cyclosporine Inhibited the Activation of 
mTOR Pathway Induced by TGF-β

Immunofluorescence indicated that the fluores-
cence densities of 4EBP1 and mTOR in TGF-β 
group were higher compared with those in blank 
group, which were remarkably decreased in TGF-β 
+ cyclosporine group (p < 0.05, Figure 4A and 4B).

Whether the protective effect of cyclosporine 
on cell function of HK-2 cells was related to 
mTOR pathway was further studied. The mRNA 
expressions of mTOR pathway downstream mole-
cules were detected via PCR. The results showed 

that the mRNA expression of eukaryotic transla-
tion initiation factor 4E-binding protein (4EBP1) 
in TGF-β group was significantly higher than that 
in blank group (p < 0.05), but it was significantly 
decreased after cyclosporine treatment (p < 0.05, 
Figure 4C). Protein expressions of mTOR, phos-
phorylated mTOR (p-mTOR) and 4EBP1 were 
detected via Western blotting. The results showed 
that the ratio of p-mTOR/mTOR and the expres-
sion of 4EBP1 in TGF-β group were significantly 
higher than those in blank group (p < 0.05), but 
it was significantly decreased after cyclosporine 

Figure 3. Detection of expressions of apoptosis related pathway. A, The efficiencies of cell apoptosis in blank group, TGF-
βgroup and TGF-β+ cyclosporine (4 μM) group were detected via flow cytometry. B, Representative images (200×) of TUNEL 
immunostaining in kidney tissues. Quantification of TUNEL-positive cells by average number of 5 HPF in different groups. C, 
The mRNA expressions of apoptosis-related molecules, Bcl-2 and Bax, in blank group, TGF-β group and TGF-β + cyclosporine 
(4 μM) group were detected via PCR. D, The expressions of apoptosis-related molecules, Bcl-2 and Bax, cleaved-caspase3 and 
caspase3 in blank group, TGF-β group and TGF-β + cyclosporine (4 μM) group were detected via Western blotting. E-H, Data 
statistics of gray scan of apoptosis-related molecules, Bcl-2 and Bax, cleaved-caspase3 and caspase3 in blank group, TGF-β 
group and TGF-β + cyclosporine (4 μM) group. I-J, Data statistics of ratios of apoptosis-related molecules, Bcl-2 and Bax, 
cleaved-caspase3 and caspase3 in blank group, TGF-β group and TGF-β + cyclosporine (4 μM) group. *Compared with blank 
group, p < 0.05; **Compared with TGF-β group, p < 0.05.
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treatment (p < 0.05, Figure 4D-4J). The results 
proved that cyclosporine can remarkably inhibit 
the activity of mTOR pathway induced by TGF-β.

Discussion 

Cyclosporine and its aqueous solution are 
widely applied in the prevention and treatment 
of CKI. Since cyclosporine ketone in traditional 
water decoction is very difficult to be dissolved, 
the water-soluble component is considered as the 
main material basis6. Cyclosporine structure is 
the chemical parent nucleus of a variety of salvi-
anolic acids, and other components of cyclospo-
rine in the body are hydrolyzed into cyclosporine. 

In this study, in vitro CKI model was established 
by TGF-β induction in renal tubular epithelial 
HK-2 cells. HK-2 cells were then treated with dif-
ferent concentrations of cyclosporine. The results 
showed that cyclosporine could protect HK-2 cells 
from CKI in a concentration-dependent manner. 
Through the detection of cell viability and LDH 
release, we found that 2 μM cyclosporine had 
protective effect on HK-2 cells, which reached the 
peak at 4 μM. Therefore, 4 μM cyclosporine was 
selected for follow-up study.

Inflammation plays an important role in the 
occurrence and progression of CKI12. In the CKI 
animal model, the expressions of nuclear fac-
tor-κB (NF-κB), IL, monocyte chemoattractant 
protein-1 (MCP-1) and other pro-inflammatory 

Figure 4. Detection of expressions of mTOR-related pathway. A-B, The expressions of two EMT markers (4EBP1 and mTOR) 
in HK-2 cells were assayed using a Nikon (Melvile, NY, USA) Eclipse TE300 fluorescence microscope (magnification 200×). 
C, The mRNA expression of 4EBP1 in blank group, TGF-β group and TGF-β + cyclosporine (4 μM) group was detected via 
PCR. D, The expressions of cellular pathways-related molecule, 4EBP1, mTOR and p-mTOR in blank group, TGF-β group and 
TGF-β + cyclosporine (4 μM) group were detected via Western blotting. E-H, Data statistics of gray scan of cellular pathways-
related molecule, 4EBP1, mTOR and p-mTOR in blank group, TGF-β group and TGF-β + cyclosporine (4 μM) group. I-J, Data 
statistics of ratios of cellular pathways-related molecule, 4EBP1, mTOR and p-mTOR in blank group, TGF-β group and TGF-β 
+ cyclosporine (4 μM) group. *Compared with blank group, p < 0.05; **Compared with TGF-β group, p < 0.05.
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cytokines are significantly up-regulated13. It has 
been reported that TGF-β recruits inflamma-
tory cells to the injury site via upregulating 
SMAD3-mediated MCP-1 expression, thereby 
regulating the renal inflammatory response14,15. 
In this study, it was found that 4 μM cyclospo-
rine could significantly reduce the releases of 
TNF-α and IL-1β induced by TGF-β. In addition 
to inflammatory response, recent studies16 have 
suggested that the excessive apoptosis of renal 
tubular epithelial cells would lead to the atrophy 
of renal tubules and deterioration of renal func-
tion. In this study, it was found that cyclosporine 
could significantly reduce the ratio of Bax/Bcl-
2 and cleaved-caspase3/caspase3, indicating that 
cyclosporine could remarkably alleviate TGF-β-
induced apoptosis.

At present, works8 have shown that mTOR 
pathway is closely related to the inflammatory 
response, and renal fibrosis progression in CKI. 
The specific role of mTOR pathway in renal func-
tion is controversial. Some studies 17,18 have found 
that mTOR pathway exerts a protective role in 
cell transformation and renal function improve-
ment. However, most studies on CKI showed that 
the mTOR pathway activates the renal injury. 
In addition, corresponding receptors of mTOR 
play important roles during the renal fibrosis 
progression caused by TGF-β/SMAD3 pathway18. 
In order to further investigate the mechanism 
in the protective effect of cyclosporine on HK-2 
cells, the expressions of mTOR-related pathway 
proteins were detected. The results showed that 
cyclosporine could significantly reduce the ex-
pressions of p-mTOR and p70, suggesting that the 
protective role of cyclosporine in HK-2 cells may 
be related to mTOR pathway. In the present study, 
we only explored partial downstream genes in 
mTOR pathway. Further investigations need to be 
carried out to explore the in-depth mechanism of 
mTOR pathway in CKI. 

Conclusions

We found that cyclosporine downregulated 
the expressions of the apoptosis-related proteins 
through the inhibition of mTOR pathway, there-
by protecting renal tubular epithelial HK-2 cells 
from CKI caused by TGF-β.
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