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Original Article
MicroRNA profiling identifies miR-129-5p as a regulator 
of EMT in tubular epithelial cells
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Abstract: The importance of microRNAs in various diseases has been demonstrated, but their potential role in the 
pathogenesis of renal fibrosis needs to further research. We have profiled changes in microRNA levels in human 
kidney proximal tubular cell line HK-2 with TGF-β treatment and identified significantly altered miRNAs. miR-129-5p, 
was one of the significant down-regulated miRNAs in experimental models. PDPK1 was a potential target gene of 
miR-129-5p and luciferase assay analysis identified PDPK1 as a new direct target gene of miR-129-5p. Further re-
search indicated that miR-129-5p suppressed PDPK1 mRNA and protein levels in HK-2 cells. miR-129-5p inhibited 
EMT via PDPK1 in HK-2 cells. In a conclusion, our findings suggested that miR-129-5p may function as a suppressor 
in renal fibrosis by targeting PDPK1.
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Introduction

Renal fibrosis is a common phenomenon of 
chronic kidney disease progressing to end-
stage renal failure. Renal fibrosis is generally 
characterized either by interstitial extracellular 
matrix (ECM), or myofibroblast accumulation, 
and destruction of renal tubules [1, 2]. Although 
there are great advancement in diagnostic 
techniques and improvement in treatment 
modalities, the cure effect of renal fibrosis is 
still not good. There are many reports show that 
numerous pathways are activated during renal 
fibrosis. However, the mechanism is still far 
from clear, there needs to identify new molecu-
lar targets for renal fibrosis. 

MicroRNAs (miRNAs) are small RNA and nega-
tive regulate gene expression in various cells 
[3]. The target genes of miRNAs can be down-
regulated on post-transcriptional levels. Their 
function in the cells depends on their direct tar-
get genes [4, 5]. Emerging evidence showed 
that a set of miRNAs involves in the regulation 
of basic cellular processes such as cell prolif-
eration, differentiation, apoptosis and metasta-
sis in renal fibrosis. Previous reports showed 
that miR-146a, miR-145, miR-217 and other 
miRNAs play roles in renal fibrosis [6-8]. 
However, the molecular mechanism of renal 
fibrosis regulated by miRNAs needs to further 

research for finding new diagnostic marker or 
therapeutic methods.

Transforming growth factor-beta (TGF-β), a criti-
cal molecule, plays important roles in fibrosis 
[1, 2]. The study will focus on investigating the 
miRNAs profile of renal fibrosis in the cell model 
with TGF-β treatment to find different miRNAs 
and selecting significant miRNAs to explore 
their underlying roles in renal fibrosis. 

Materials and methods

Tubular epithelial cell lines

Human kidney proximal tubular cell line HK-2 
was purchased from the Institute of Basic 
Medical Science, Beijing, China. The cells were 
grown in Dulbecco’s Modified Eagle Medium 
(DMEM, Gibco, Germany)/F-12 supplemented 
with 10% fetal bovine serum (FBS), penicillin 
and streptomycin, and maintained at 37°C in 
humidified air with 5% CO2 [9]. 

miRNA array

HK-2 cells were exposed to TGF-β (10 ng/mL) 
for 24 h, and miRNAs were extracted using mir-
Vana miRNA Isolation kit (Ambion) according to 
manufacturer’s instructions. miRNA array was 
assayed by Kangcheng Company (Shanghai, 
China).
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Vector construction and transfection

To generate the PDPK1 expression vector, the 
open reading frame of human PDPK1 cDNA 
was cloned into the pcDNA 3.1. The primers 
used for the amplification of the open-reading 
frame of the PDPK1 cDNA were 5’ATGGC- 
CAGGACCACCAGCCAGCTGTATGACG3’ (forward 
primer) and 5’AGTGACGTGTCGCCGCAGGCCCA- 
CCGA3’ (reverse primer). For transient transfec-
tion, the cells were transfected with pcDNA 3.1 
vector or pcDNA 3.1-PDPK1 at about 80% con-
fluence using the Lipofectamine™2000 (Invi- 
trogen, San Diego, CA, USA) reagent according 
to the manufacturer’s instructions.

Luciferase assays

About 105 HK-2 cells were seeded in 12-well 
plates for 24 h before transfection. The cells 

were cotransfected with miR-129-5p or control 
combining with 100 ng of wild-type or mutant 
PDPK1 3’-UTR psiCHECK-2 plasmid (Promega) 
using Lipofectamine reagent (Invitrogen). Cell 
lysates were harvested 48 h after transfection 
and then firefly and Renilla luciferase activities 
were measured by the Dual- Luciferase Re- 
porter Assay System (Promega) on a Berthold 
AutoLumat LB9507 rack luminometer. Renilla 
luciferase activities were normalized to firefly 
luciferase activities to control for transfection 
efficiency.

Western blotting

Total protein was extracted from the cells with 
miR-129-5p or PDPK1 transfection. Protein 
was separated in 10% SDS-PAGE and then 
transferred to PVDF membranes (Millipore). 
The membranes were incubated with primary 

Figure 1. TGF-β alters the expression profile 
of miRNAs in tubular epithelial cells. A. miR-
NA array was performed in HK-2 tubular epi-
thelial cells treated with TGF-β (10 ng/ml). B. 
miR-129-5p was down-regulated with dose-
dependent in the tubular epithelial cells HK-2 
treated with TGF-β. The data presented are 
shown as means ± s.d. collected from three 
independent experiments. **P<0.01.
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Figure 2. miR-129-5p inhibits EMT of tubular epithelial cells induced by TGF-β. A. miR-129-5p inhibited EMT of HK-2 cells stimulated by TGF-β. HK-2 cells were 
transfected with miR-129-5p mimics (miR-129-5p) and miRNA control (Control) for 24 h and then exposed to TGF-β (10 ng/ml) for 24 h. E-cadherin and Fibronec-
tion were strained by immunofluresence. B. miR-129-5p changed EMT associated protein levels in HK-2 cells. HK-2 cells were transfected with miR-129-5p mimics 
(miR-129-5p) and miRNA control (Control) for 24 h and then exposed to TGF-β (10 ng/ml) for 24 h. Total protein was extracted for western blotting. C-F. Qualification 
of protein bands from B. The data presented are shown as means ± s.d. collected from three independent experiments. **P<0.01; *P<0.05.
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antibodies overnight at 4°C and then with the 
appropriate horseradish peroxidase-conjugat-
ed secondary antibody at room temperature. 
The protein bands were visualized using the 
enhanced chemiluminescence system and 
exposed to Kodak XOMAT film (Rochester, New 
York, USA). The primary antibodies PDPK1, 
E-cadherin, fibronection, FSP1 and α-SMA were 
purchased from Cell Signaling (Danvers, MA, 
USA). The β-actin antibody was purchased from 
Sigma.

qRT-PCR

Total RNA from the cells were isolated and per-
formed for qRT-PCR. The primers based on the 

microRNA sequences DNA were amplified with 
specific primers and Platinum SYBR Green 
qPCR SuperMix-UDG with ROX (Invitrogen) on 
an ABI PRISM 7900 real-time PCR system 
(Applied Biosystems). The relative expression 
levels were calculated by comparing Ct values 
of the samples with those of the reference, all 
data normalized to GAPDH or U6 control.

Statistical analysis

Statistical analysis was carried out using SPSS 
15.0 (SPSS Inc., Chicago, IL, USA). Student’s t 
test was used to analyze the results expressed 
as mean ± SD. A P value of <0.05 was consid-
ered to be statistically significant. All experi-
ments were performed in triplicate.

Figure 3. miR-129-5p down-regulates PDPK1 expression. A. The 3’-UTR of the PDPK1 gene contains binding sites 
for miR-129-5p according to bioinformatic analysis. B. miR-129-5p suppressed the expression of a luciferase re-
porter gene harboring the 3’-UTR of PDPK1. C. miR-129-5p down-regulated PDGFRA mRNA in HK-2 cells. Cells 
were transfected with miR-129-5p or control for 48 hours, then collected for real-time PCR. D. anti-miR-129-5p 
up-regulated PDPK1 mRNA in HK-2 cells. Cells were transfected with anti-miR-129-5p or control for 48 hours, then 
collected for real-time PCR. E. miR-129-5p down-regulated PDPK1 protein in HK-2 cells. Cells were transfected 
with anti-miR-129-5p or control for 48 hours, then collected for western blotting. The data presented are shown as 
means ± s.d. collected from three independent experiments. **P<0.01.
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Results

TGF-β alters the expression profile of miRNAs 
in tubular epithelial cell

To find out the different miRNAs that involves in 
renal fibrosis, tubular epithelial cells were treat-
ed with TGF-β and performed for miRNA array 
analysis. The results showed that there were 
many different miRNAs altered in a tubular epi-
thelial cell line HK-2 with TGF-β treatment 
(Figure 1A). miR-129-5p is the one of most sig-
nificant one. The result confirmed miR-129-5p 
was inhibited greatly in HK-2 cells treated with 
different concentration of TGF-β (Figure 1B).

miR-129-5p inhibits EMT of tubular epithelial 
cells induced by TGF-β

To further investigate the effect of miR-129-5p 
on EMT, tubular epithelial cells HK-2 were trans-
fected with miR-129-5p mimics and miRNA 
control, the result showed that EMT of HK-2 
induced by TGF-β (10 ng/ml) was inhibited 
(Figure 2A). The EMT associated proteins were 
also examined by western blotting and it was 
found that E-cadherin protein levels increased 
and Fibronection, FSP1, α-SMA decreased in 
HK-2 cells with miR-129-5p transfection (Figure 
2B and 2C). The data indicated that miR-129-

5p could inhibit EMT of tubular epithelial cells 
induced by TGF-β.

miR-129-5p down-regulates PDPK1 expression 
in HK-2 cells

miR-129-5p plays suppressing roles in EMT of 
HK-2 cells, however, its target gene is not fully 
clear. Bioinformatic analysis showed that 3- 
phosphoinositide dependent protein kinase-1 
(PDPK1) (NM_002613) was directly sup-
pressed by miR-129-5p (Figure 3A). As shown 
in Figure 3B, the luciferase activity of PDPK1 in 
HK-2 cells was much lower than in control cells. 
The luciferase activity of mutation was rescued 
in the cells. We next examined whether miR-
129-5p could regulate endogenous PDPK1 
expression in the cells. In HK-2 cells, compared 
with control, endogenous PDPK1 mRNA (Figure 
3C) and protein levels (Figure 3D) were down-
regulated in the cells with miR-129-5p trans- 
fection. 

miR-129-5p inhibits PDPK1 induced EMT of 
tubular epithelial cells

Above data showed that PDPK1 was the target 
gene of miR-129-5p, we want to know whether 
miR-129-5p inhibits EMT by targeting PDPK1. 
HK-2 cells were transfected with PDPK1 plas-
mids and PDPK1 protein increased (Figure 4A). 

Figure 4. miR-129-5p inhibits PDPK1 induced EMT of tubu-
lar epithelial cells. A. PDPK1 protein increased in HK-2 cells 
with PDPK1 transfection compared with the control. B. HK-2 
cells were co-transfected with miR-129-5p and PDPK1. Total 
protein was extracted for Western blotting. C. Qualification 
of protein bands from B. The data presented are shown as 
means ± s.d. collected from three independent experiments. 
*P<0.05. **P<0.01.
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Next, HK-2 cells were co-transfected with miR-
129-5p mimics and PDPK1 and the data 
showed that miR-129-5p inhibited EMT of HK-2 
cells induced by PDPK1 overexpression (Figure 
4B and 4C). 

Discussion

In the present study, our findings showed that 
miR-129-5p is usually downregulated in renal 
fibrosis and plays an important role in metasta-
sis by targeting PDPK1. Data of miRNA profile 
indicated that there are many changes of miR-
NAs in the established renal fibrosis models. 
The up-regulated miRNA included miR-633, 
miR-34a, miR-132, miR-155; the down-regulat-
ed miRNs included miR-15a, miR-20b, miR-
29c, miR-1303, miR-143. In this study, we cho-
sen miR-129-5p because of its significant 
different from other down-regulated miRNAs 
and its previous reported roles in diseases, 
which show that miR-129-5p could inhibit can-
cer cell proliferation, migration and invasion 
[10-17]. With bioinformatics prediction and it 
was identified that PDPK1 is the direct target of 
miR-129-5p. Overexpression of miR-129-5p 
decreased the levels of PDPK1 protein and 
mRNA, suggesting that PDPK1 is a down-
stream gene of miR-129-5p in cells. But miR-
129-5p in HK-2 cells may be targets other 
genes in different biological systems. 
Absolutely, there are molecules influencing 
miR-129-5p which involves in rental fibrosis 
development, growth and other functions.

3-Phosphoinositide-dependent kinase 1 (PD- 
K1), encoded by the gene PDPK1, is a molecu-
lar kinase belonging to the phosphoinositide-
3-kinase (PI3K) signaling pathway [18, 19]. 
PDPK1 is usually activated in many types of 
cancer and its role in renal disease including 
fibrosis is lack of evidence from the reports. 
Our study showed that PDPK1 is overexpressed 
in tubular epithelial cells with TGF-β treatment 
and miR-129-5p could inhibit its expression on 
post-transcriptional levels.

To draw a conclusion, our present study verified 
that the deregulated expression of miR-129-5p 
was associated with poor prognosis and 
aggressive phenotype of renal fibrosis. This 
study also implied that miR-129-5p played an 
important role in the regulation of EMT of tubu-
lar epithelial cells by directly targeting PDPK1. 
Generally, the study suggested that miR-129-

5p might be a potential prognostic biomarker 
and a therapeutic molecule in renal fibrosis.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yanlin Li, Depart- 
ment of Nephropathy Zhongshan Hospital of 
Traditional Chinese Medicine, 3 Kangxin Road, 
Zhongshan, Guangdong, China. Tel: +86-7608998- 
0746; E-mail: yanlinli2@126.com

References

[1] Böttinger EP. TGF-beta in renal injury and dis-
ease. Semin Nephrol 2007; 27: 309-20. 

[2] Liu Y. Cellular and molecular mechanisms of 
renal fibrosis. Nat Rev Nephrol 2011; 7: 684-
96.

[3] Chung AC, Lan HY. MicroRNAs in renal fibrosis. 
Front Physiol 2015; 6: 50.

[4] van den Akker EK, Dor FJ, IJzermans JN, de 
Bruin RW. MicroRNAs in Kidney Transplanta-
tion: Living up to Their Expectations? J Trans-
plant 2015; 2015: 354826.

[5] Bhatt K, Mi QS, Dong Z. microRNAs in kidneys: 
biogenesis, regulation, and pathophysiological 
roles. Am J Physiol Renal Physiol 2011; 300: 
F602-10.

[6] Morishita Y, Imai T, Yoshizawa H, Watanabe M, 
Ishibashi K, Muto S, Nagata D. Delivery of mi-
croRNA-146a with polyethylenimine nanopar-
ticles inhibits renal fibrosis in vivo. Int J Nano-
med 2015; 10: 3475-88. 

[7] McLendon JM, Joshi SR, Sparks J, Matar M, 
Fewell JG, Abe K, Oka M, McMurtry IF, Gerthof-
fer WT. Lipid nanoparticle delivery of a microR-
NA-145 inhibitor improves experimental pul-
monary hypertension. J Control Release 2015; 
210: 67-75.

[8] Han F, Konkalmatt P, Chen J, Gildea J, Felder 
RA, Jose PA, Armando I. MiR-217 mediates the 
protective effects of the dopamine D2 receptor 
on fibrosis in human renal proximal tubule 
cells. Hypertension 2015; 65: 1118-25. 

[9] Guo Y, Li Z, Ding R, Li H, Zhang L, Yuan W, 
Wang Y. Parathyroid hormone induces epitheli-
al-to-mesenchymal transition via the Wnt/β-
catenin signaling pathway in human renal 
proximal tubular cells. Int J Clin Exp Pathol 
2014; 7: 5978-87.

[10] Tan G, Cao X, Dai Q, Zhang B, Huang J, Xiong S, 
Zhang YY, Chen W, Yang J, Li H. A novel role for 
microRNA-129-5p in inhibiting ovarian cancer 
cell proliferation and survival via direct sup-
pression of transcriptional co-activators YAP 
and TAZ. Oncotarget 2015; 6: 8676-86. 

mailto:yanlinli2@126.com


miR-129-5p promotes EMT of tubular epithelial cells

20616 Int J Clin Exp Med 2015;8(11):20610-20616

[11] Ma N, Chen F, Shen SL, Chen W, Chen LZ, Su Q, 
Zhang LJ, Bi J, Zeng WT, Li W, Huang XH, Wang 
Q. MicroRNA-129-5p inhibits hepatocellular 
carcinoma cell metastasis and invasion via tar-
geting ETS1. Biochem Biophys Res Commun 
2015; 461: 618-23. 

[12] Xiao L, Zhou X, Liu F, Hu C, Zhu X, Luo Y, Wang 
M, Xu X, Yang S, Kanwar YS, Sun L. MicroRNA-
129-5p modulates epithelial-to-mesenchymal 
transition by targeting SIP1 and SOX4 during 
peritoneal dialysis. Lab Invest 2015; 95: 817-
32.

[13] Døssing KB, Binderup T, Kaczkowski B, Jacob-
sen A, Rossing M, Winther O, Federspiel B, 
Knigge U, Kjær A, Friis-Hansen L. Down-Regu-
lation of miR-129-5p and the let-7 Family in 
Neuroendocrine Tumors and Metastases 
Leads to Up-Regulation of Their Targets Egr1, 
G3bp1, Hmga2 and Bach1. Genes (Basel) 
2014; 6: 1-21. 

[14] Wu Q, Yang Z, Xia L, Nie Y, Wu K, Shi Y, Fan D. 
Methylation of miR-129-5p CpG island modu-
lates multi-drug resistance in gastric cancer by 
targeting ABC transporters. Oncotarget 2014; 
5: 11552-63. 

[15] Li M, Tian L, Wang L, Yao H, Zhang J, Lu J, Sun 
Y, Gao X, Xiao H, Liu M. Down-regulation of 
miR-129-5p inhibits growth and induces apop-
tosis in laryngeal  squamous cell carcinoma by 
targeting APC. PLoS One 2013; 8: e77829.

[16] Zongaro S, Hukema R, D’Antoni S, Davidovic L, 
Barbry P, Catania MV, Willemsen R, Mari B, 
Bardoni B. The 3’ UTR of FMR1 mRNA is a tar-
get of miR-101, miR-129-5p and miR-221: im-
plications for the molecular pathology of FXTAS 
at the synapse. Hum Mol Genet 2013; 22: 
1971-82. 

[17] Brest P, Lassalle S, Hofman V, Bordone O, 
Gavric Tanga V, Bonnetaud C, Moreilhon C, 
Rios G, Santini J, Barbry P, Svanborg C, Mogra-
bi B, Mari B, Hofman P. MiR-129-5p is required 
for histone deacetylase inhibitor-induced cell 
death in thyroid cancer cells. Endocr Relat 
Cancer 2011; 18: 711-9. 

[18] Caohuy H, Yang Q, Eudy Y, Ha TA, Xu AE, Glover 
M, Frizzell RA, Jozwik C, Pollard HB. Activation 
of 3-phosphoinositide-dependent kinase 1 
(PDK1) and serum-and glucocorticoid-induced 
protein kinase 1 (SGK1) by short-chain sphin-
golipid C4-ceramide rescues the trafficking de-
fect of ΔF508-cystic fibrosis transmembrane 
conductance regulator (ΔF508-CFTR). J Biol 
Chem 2014; 289: 35953-68.

[19] Block K, Eid A, Griendling KK, Lee DY, Wittrant 
Y, Gorin Y. Nox4 NAD(P)H oxidase mediates 
Src-dependent tyrosine phosphorylation of 
PDK-1 in response to angiotensin II: role in me-
sangial cell hypertrophy and fibronectin ex-
pression. J Biol Chem 2008; 283: 24061-76.


