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Abstract. – OBJECTIVE: To determine the ex-
pression level of the microRNA in the process of
epithelial-mesenchymal transition (EMT) of the
peritoneal mesothelial cells (PMCs) induced by
high glucose.

MATERIALS AND METHODS: The PMCs were
cultured using M199 medium with 10% fetal
bovine serum, and the EMT was induced by D-
glucose stimulation. Epithelial-mesenchymal
transition was determined by changes in cell
morphology and the expression levels of the
EMT marker genes. Changes in cell morphology
were observed by inverted microscope, and the
expression levels of the EMT marker genes were
determined by real-time PCR. The expression
levels of the microRNA were detected by real-
time PCR with microRNA-specific stem-loop
structure primer.

RESULTS: The PMCs changed to fusiformis
following a high-glucose medium stimulated for
48 hours, and the EMT marker genes changed
significantly, such as the decrease of E-cadherin
and an increase of Vimentin (p < 0.01). These re-
sults proved the EMT had been induced by high-
glucose. Applying real-time PCR with microRNA-
specific stem-loop structure primer, miR-193a in-
creased notably (p < 0.01), and miR-15a and let-
7e decreased (p < 0.01), while miR-16 and miR-
21 had no significant changes (p > 0.05). Most
importantly, the increase of miR-193a was corre-
lated with stimulus duration.

CONCLUSIONS: MicroRNA with abnormal ex-
pression levels have a primary role in regulating
the EMT of PMCs induced by high glucose.

Key Words:
MicroRNA, Epithelial-mesenchymal transition, Peri-

toneal fibrosis, Abnormal expression.

Introduction

Continuous improvement of peritoneal dialy-
sis, progressive peritoneal fibrosis, and high per-
meability of membrane and ultrafiltration fail-
ure1,2 have been observed in some long-term dial-
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ysis patients. Although the mechanism is not
clear, it may be related to long-term exposure to
the high glucose, hypertonic, acid dialysate, glu-
cose degradation products and glycosylated end
products3,4. Epithelial-Mesenchymal Transition
(EMT) is the transition process in which the ep-
ithelial cells with polarity transform into mes-
enchymal cells which can move freely in the ex-
tracellular matrix. Epithelial-Mesenchymal Tran-
sition promotes tissue repair and is related to
chronic inflammation, cancer metastasis and de-
velopment, organ fibrosis and other pathological
states5,6. The EMT of peritoneal mesothelial cells
(PMCs) is regarded as the key part in the initia-
tion and reversible process of peritoneal fibrosis1.

A microRNA is a single chain non-coding
RNA, and is conserved in evolution with 18-25
nucleotides and inhibits the expression of target
genes. It binds to the untranslated region of the
target genes according to the principle of com-
plementary base pairing7,8. At present, numerous
microRNAs are cloned or predicted by bioinfor-
matics methods in plant, nematode, drosophila
and mammalian tissues and cells9. It is supposed
that every microRNA can regulate hundreds of
genes and one third of the genes in the human
genome are regulated by microRNAs. Functional
studies of microRNA find that they are involved
in a variety of physiological and pathological
processes such as cell proliferation, differentia-
tion, apoptosis and cancer. In this study, EMT
was induced in PMCs by high glucose and real-
time PCR was used to assess expression levels of
several important microRNAs.

Materials and Methods

Human PMCs were frozen cells from our depart-
ment. The TRIzol used in this experiment was pur-
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chased from Invitrogen and the reverse transcriptase
and SYBR Green real-time PCR kit were pur-
chased from TAKARA. The PMCs were cultured
and digested when the cells grew to 80% fusion.

After counting with a microscope, we adjusted
the cell concentration with M199 medium and
inoculated the whole in a 12-well culture plate
(5×105/well). After cultivation for 24 hours in an
incubator with 37 and 5% CO2, we induced for
different time with a high glucose solution
(M199 medium with 50 mmol/L glucose). The
M199 medium with 5.6 mmol/L glucose was
used as control10.

Total cellular RNA was extracted using the
TRIzol reagent and spectrophotometer was used
to determine the concentration and purity of
RNA. Then, we queried the sequence of the mR-
NA of the target genes with a gene database
(http://www.ncbi.nlm.nih.gov/). The sequences
of primer for real-time PCR were designed with
Primer 3 (http://frodo.wi.mit.edu/) according to
the primer parameters. Reverse transcription
primers and PCR primers were designed utilizing
microRNA-specific stem-loop structure and syn-
thesized by the Shanghai Invitrogen Company.

One-step SYBR® Green RT PCR kit was used
to detect target genes and microRNAs. The reac-
tions occurred at 95 for 5 s and then at 60 for 30
s in a cycle. There were 40 cycles in total. All the
experiments were repeated for three times.

Statistical Analysis
The data were expressed as the mean ± SE.

SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was
used to analyze the data. The Student’s t-test was

employed to assess the statistical differences be-
tween the two groups and the one-way ANOVA
was conducted for more than two groups. p <
0.05 was considered statistically significant.

Results

The PMCs were cultured for 48 hours with high
glucose medium. Microscope observation revealed
that the control cells were oval, grown adherently,
and arranged closely; while after high glucose
stimulating, the PMCs became longer, fusiformis,
and were arranged in disorder. Real-time PCR re-
action amplification curve (see Figure 1) shows
that after high glucose stimulating for 48 hours,
the expression level of E-cadherin significantly de-
creased and was 35.6 ± 5.674% of the control
group (p < 0.01). While the expression level of Vi-
mentin significantly increased and was 2.45 ±
0.245 times than the control (p < 0.01). All the re-
sults suggested that EMT induced by high glucose
in PMCs had genetic changes.

The Relative Expression Levels of
miRNAs During EMT

MicroRNAs are involved in regulating the oc-
currence and development of renal diseases. The
microRNAs (miR-193a, miR-21, miR-15a, miR-
16 and let-7e) expressions related to kidney de-
velopment and diseases were assessed during
EMT. Relative expression levels were calculated
normalizing with U6. The results (Figure 2)
showed that compared with control, the relative
expression level of miR-193a increased by 2.56 ±

Figure 1. The relative expression levels of genes. Note: **p < 0.01 vs control.
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ulatory role in a series of life processes, such as
cell proliferation, differentiation and apoptosis,
embryo development, morphogenesis and dis-
eases11,12. Recent studies have found a series of
microRNAs associated with EMT13,14, suggesting
that the microRNA may play an important role in
peritoneal fibrosis. Gregory et al15 reported that
members of the miR-200 family (miR-200 a,
miR-200 b, miR-200 c, miR-141 and miR-429)
and miR-205 were own regulated during EMT
induced by TGF-β in MDCK cells. Zavadil et al16

found that 8 microRNAs (miR-21, miR-32, miR-
137, miR-346, miR-136, miR-192, miR-210 and
miR-211) were related to changes to EMT in-
duced by TGF-β in human skin keratinocytes.
These findings suggest that microRNA may play
an important regulatory role during in EMT in
PMCs.

0.32 times (p < 0.01). While the relative expres-
sion levels of miR-15a and let-7e decreased by
67.3 ± 9.53% and 66.5 ± 8.35% respectively (p <
0.01), there were no significant changes of miR-
16 and miR-21 expressions (p > 0.05).

The Expression Pattern of miR-193a
During EMT Induced by High Glucose

The expression levels of miR-193a at different
times (12 hr, 24 hr, 36 hr and 48 hr) were detect-
ed using real-time PCR. The results showed that
the expression level of miR-193a increased after
stimulating for 12 hours and was correlated with
stimulation time (Figure 3). The results indicated
that miR-193a might play an important role in
the process of EMT induced by high glucose.

Discussion

In this study, after inducing by high-glucose in
PMCs, EMT was confirmed by the morphologi-
cal changes of the cells and the expression
changes of the EMT marker genes. Some mi-
croRNAs (miR-193a, miR-21, miR-15a, miR-16
and let-7e) expressions related to kidney devel-
opment and diseases, were assessed by real-time
PCR. The expression level of miR-193a in-
creased, and miR-15a and let-7e decreased, while
miR-16 and miR-21 had no significant changes.
The increase of miR-193a was correlated with
stimulus duration, suggesting that miR-193a
played an important role.

A microRNA is an endogenous non-coding
small RNA molecule. It plays an important mod-

Figure 2. The relative expression levels of miRNAs. Note: **p < 0.01 vs control.

Figure 3. The expression levels of miR-193a at different
times induced by high-glucose. Note: **p < 0.01 vs the 0 hr
group.
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MiR-193a is an independent transcription mi-
croRNA in the intergenic region on chromosome
17 in humans. Previous studies17 demonstrated
that miR-193a was abnormal in tumor tissue and
may regulate the occurrence and the development
of the tumor. In acute myelogenous leukemia,
miR-193a was found to suppress the tumor
through the inhibition of c-kit17.

A recent study18 indicated that miR-193a
played an important role in the focal segmental
glomerulosclerosis. It has not been reported that
the miR-193a regulates the peritoneal fibrosis
process. However, we found that miR-193a in-
creased during EMT induced by high glucose in
PMCs. The preliminary results indicated that the
miR-193a might be involved in the EMT of the
PMCs and regulates peritoneal fibrosis.

Conclusions

MicroRNAs are very important in kidney-re-
lated diseases and can be regarded as new drug
targets to treat renal diseases. As a new research
field, the regulating effects of microRNA in the
disease development are getting more attention.
Further studies on the effects of microRNA on
diseases and the application of microRNA as a
target for new therapeutic interventions are re-
quired.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) LEE HB, HA H. Mechanism of epithelial-mesenchy-
mal transition of peritoneal mesothelial cells dur-
ing peritoneal dialysis. J Korean Med Sci 2007;
22: 943-945.

2) YUNG S, CHAN TM. Pathophysiology of the peri-
toneal membrane during peritoneal dialysis: the
role of hyaluronan. J Biomed Biotechnol 2011;
2011: 180594.

3) LAI KN, LEUNG JC. Inflammation in peritoneal dialy-
sis. Nephron Clin Pract 2010; 116: c11-c18.

4) MITTELMAIER S, NIWA T, PISCHETSRIEDER M. Chemical
and physiological relevance of glucose degrada-
tion products in peritoneal dialysis. J Ren Nutr
2012; 22: 181-185.

5) FLESSNER MF. The effect of fibrosis on peritoneal
transport. Contrib Nephrol 2006; 150: 174-180.

6) AROEIRA LS, AGUILERA A, SÁNCHEZ-TOMERO JA, BAJO

MA, DEL PESO G, JIMÉNEZ-HEFFERNAN JA, SELGAS R,
LÓPEZ-CABRERA M. Epithelial to mesenchymal tran-
sition and peritoneal membrane failure in peri-
toneal dialysis patients: pathologic significance
and potential therapeutic interventions. J Am Soc
Nephrol 2007; 18: 2004-2013.

7) AMBROS V. The functions of animal microRNAs.
Nature 2004; 431: 350-355.

8) KLOOSTERMAN WP, PLASTERK RH. The diverse func-
tions of microRNAs in animal development and
disease. Dev Cell 2006; 11: 441-450.

9) CARRINGTON JC, AMBROS V. Role of microRNAs in
plant and animal development. Science 2003;
301: 336-338.

10) HA H, YU MR, LEE HB. High glucose-induced PKC
activation mediates TGF-beta 1 and fibronectin
synthesis by peritoneal mesothelial cells. Kidney
Int 2001; 59: 463-470.

11) WIGHTMAN B, HA I, RUVKUN G. Posttranscriptional
regulation of the heterochronic gene lin-14 by lin-
4 mediates temporal pattern formation in C. ele-
gans. Cell 1993; 75: 855-862.

12) BARTEL DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116: 281-
297.

13) GUTTILLA IK, ADAMS BD, WHITE BA. ERα, microR-
NAs, and the epithelial-mesenchymal transition in
breast cancer. Trends Endocrinol Metab 2012; 23:
73-82.

14) WENDT MK, TIAN M, SCHIEMANN WP. Deconstructing
the mechanisms and consequences of TGF-β-
induced EMT during cancer progression. Cell Tis-
sue Res 2012; 347: 85-101.

15) GREGORY PA, BERT AG, PATERSON EL, BARRY SC, TSYKIN

A, FARSHID G, VADAS MA, KHEW-GOODALL Y, GOODALL

GJ. The miR-200 family and miR-205 regulate ep-
ithelial to mesenchymal transition by targeting
ZEB1 and SIP1. Nat Cell Biol 2008; 10: 593-601.

16) ZAVADIL J, NARASIMHAN M, BLUMENBERG M, SCHNEIDER

RJ. Transforming growth factor-beta and microR-
NA:mRNA regulatory networks in epithelial plas-
ticity. Cells Tissues Organs 2007; 185: 157-161.

17) YANG Y, ZHOU L, LU L, WANG L, LI X, JIANG P, CHAN

LK, ZHANG T, YU J, KWONG J, CHEUNG TH, CHUNG T,
MAK K, SUN H, WANG H. A novel miR-193a-5p-
YY1-APC regulatory axis in human endometrioid
endometrial adenocarcinoma. Oncogene 2013;
32: 3432-3442.

18) GEBESHUBER CA, KORNAUTH C, DONG L, SIERIG R,
SEIBLER J, REISS M, TAUBER S, BILBAN M, WANG S, KAIN

R, BÖHMIG GA, MOELLER MJ, GRÖNE HJ, ENGLERT C,
MARTINEZ J, KERJASCHKI D . Focal segmental
glomerulosclerosis is induced by microRNA-193a
and its downregulation of WT1. Nat Med 2013; 19:
481-487.

J.F. Bao, J. Hao, J. Liu, W.J. Yuan, Q. Yu


