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Background. microRNA (miRNA, miR) are thought to interact with multiple mRNAs which are involved in the EMT process. But
the role of miRNAs in peritoneal fibrosis has remained unknown. Objective. To determine if miRNA589 regulates the EMT induced
by TGFβ1 in human peritoneal mesothelial cell line (HMrSV5 cells). Methods. 1. Level of miR589 was detected in both human
peritoneal mesothelial cells (HPMCs) isolated from continuous ambulatory peritoneal dialysis (CAPD) patients’ effluent and
HMrSV5 cells treated with or without TGFβ1. 2. HMrSV5 cells were divided into three groups: control group, TGFβ1 group, and
pre-miR-589+TGFβ1 group. The level of miRNA589 was determined by realtime PCR. The expressions of ZO-1, vimentin, and E-
cadherin in HPMCs were detected, respectively. Results. Decreased level of miRNA589 was obtained in either HPMCs of long-term
CAPD patients or HMrSV5 cells treated with TGFβ1. In vitro, TGFβ1 led to upregulation of vimentin and downregulation of ZO-1
as well as E-cadherin in HMrSV5 cells, which suggested EMT, was induced. The changes were accompanied with notably decreased
level of miRNA589 in HMrSV5 cells treated with TGFβ1. Overexpression of miRNA589 by transfection with pre-miRNA589
partially reversed these EMT changes. Conclusion. miRNA589 mediates TGFβ1 induced EMT in human peritoneal mesothelial
cells.

1. Introduction

In the past 20 years, peritoneal dialysis (PD) has become
an alternative to hemodialysis for treatment of end stage of
renal diseases (ESRD). Unfortunately, peritoneal fibrosis is
an almost invariable consequence of peritoneal dialysis (PD).
Recent evidence suggests that the epithelial to mesenchymal
transition (EMT) of human peritoneal mesothelial cells
(HPMCs) is an early event during PD and is associated with
high peritoneal transport and it is a key process leading to
peritoneal fibrosis and function deterioration [1–3]. Recent
data suggest that TGFβ1 serves as a source of EMT and
induces the EMT process in various epithelial cells and
tissues fibrosis in vitro and in vivo [4–7]. The mechanism by

which TGFβ1 elicits EMT has been a major topic of current
research on fibrosis.

The microRNAs (miRNA, miR) are a class of short
noncoding RNAs that are evolutionarily conserved, and
function as negative regulators of gene expression [8, 9].
It has been well established that miRNAs play key roles in
modulating gene expression during embryonic development
and cell differentiation on posttranscriptional level. To date,
more than 1000 human miRNAs have been experimentally
identified, and it is estimated that they regulate more than
one-third of cellular messenger RNA by binding to the 3′

untranslated regions (UTRs) of their target genes or by
inducing mRNA degradation [10]. Accumulating evidence
has linked the deregulated expression patterns of miRNAs to
a variety of diseases, such as cancer, cardiovascular diseases,
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Figure 1: Expression of miRNA589 in HPMCs isolated from CAPD
patients effluents, as assessed by realtime PCR. The bar graphs
represent the 2−ΔΔCT value of miRNA589 relative to U6 (#P < 0.05
versus the control patients). The data are presented as the mean
ratio ± SD, respectively. The ratio of miRNA in long term CAPD
group was 0.5765 ± 0.0546. #versus control group, P < 0.01.

and fibrosis. Recent evidence suggested miRNAs play a piv-
otal role in TGFβ1 induced EMT [11–13]. Kato et al. recently
showed that the level of miRNA192 were upregulated by
TGF-β1 in mouse mesangial cells, and miRNA192 plays a
pivotal role in diabetic nephropathy, mediated via controlling
TGF-β-induced collagen I expression by downregulating E-
box repressors [14]. Zavadil revealed that miRNA-200 and
miRNA-205 were downregulated during TGFβ mediated
EMT in Madin Darby canine kidney (MDCK) epithelial cells,
which regulated EMT by targeting the E-cadherin transcrip-
tional repressors ZEB1 and SIP1 [15]. Since miRNAs were
distributed with tissue specificity, the role of miRNAs in
EMT of HPMC has remained unknown. Our unpublished
data showed that more than 90 miRNAs were differential
expression in HPMCs of patients undergoing long term
CAPD. These findings led us to determine the effect of
miRNAs on HPMCs undergoing EMT and its mechanism.

Our pre-experiment revealed the profile of miRNAs
in both HMrSV5 cells treated with TGFβ1 and HPMCs
isolated from effluents of patients undergoing long term
CAPD. Remarkable miRNA profile variation was obtained,
compared to the control, which suggested miRNAs might
correlate with EMT in HPMCs. We selected miRNA589
as the target miRNA account of its expression level and
downstream target mRNA analysis. To date, there have been
no published data on miRNA589 expression patterns in
HPMCs. Our investigation is aimed to determine the role of
miRNA589 in regulating EMT induced by TGFβ1.

2. Materials and Methods

2.1. Patients and Human Peritoneal Mesothelial Cells Isolated
from Peritoneal Dialysis Solution. HPMCs from effluent were
obtained by centrifugation of dialysis fluid taken randomly
from 12 clinically stable patients undergoing CAPD from
the Third Xiangya Hospital, Central South University, China.
6 of them undergoing CAPD for more than 6 months
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Figure 2: Expression of miRNA589 in HMrSV5 cells following
exposure toTGFβ1 (5 ng/ml, 0–48 hr), as assessed by realtime PCR.
The bar graphs show the 2−ΔΔCT value of miRNA589 relative to
that of U6 in HMrSV5 cells following exposure to TGFβ1 (5 ng/ml,
0–48 hr). Expression of miRNA589 decreased in a time-dependent
manner in HMrSV5 cells treated with TGFβ1 (column 2, 3, 4). The
2−ΔΔCT of miRNA589 expression level of HPMCs treated with TGF-
β1 for 24 h and 48 h were 0.4610 ± 0.01608 (P < 0.05) and 0.3187 ±
0.06036 (P < 0.05) as the mean ratio ± SD, respectively. ΔP > 0.05
versus control group, ∗P < 0.05 versus control group.
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Figure 3: Effect of pre-miRNA589 on expression of miR589 in
HMrSV5 cells following exposure to TGFβ1 (5 ng/ml, 24 hr). The
bar graphs show the 2−ΔΔCT value of miRNA589 relative to that
of U6 in each group. The level of miRNA 589 was decreased in
HMrSV5 cells treated with TGFβ1. (column 2), and this effect was
abolished following transfection with pre-miR589 (column 3). ∗P <
0.05 versus control group, ##P < 0.01 versus TGF-β1 treated group.

and the other patients for less than 1 month (n = 6,
control). All the HPMCs were obtained before the first
episode of peritonitis occurred. HPMCs were maintained in
a defined medium (1 : 1 mixture of DMEM and Ham’s F-
12 containing 15% FBS, penicillin (100 U/ml), streptomycin
(100 μg/ml), insullin (0.5 μg/ml), transferrin (5 μg/ml), and
hydrocortisone (1 μg/ml)) at 37◦C. After achieving 80%
cell confluency, total RNAs and miRNAs were isolated.
The morphology of HPMCs was investigated by inverted
microscope.

The study was approved by the ethics committee of the
Third Xiangya Hospital, Central South University in Chang-
sha Hunan, China Oral informed consent was obtained from
all donors.

2.2. In Vitro Cell Culture Studies. HMrSV5 cells, presented
by Pierre Ronco, Tenon Hospital, Paris, were maintained in
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Figure 4: Continued.
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Figure 4: Effect of pre-miRNA589 on expression ZO-1, E-cadherin, and vimentin in HMrSV5 cells following exposure to TGFβ1(5 ng/ml,
24 hr). Panel (a) and (b) showed the ZO-1 and vimentin protein expression detected by immunofluerence. Fluorescent confocal microscopy
for ZO-1 and vimentin confirmed that pretreatment of pre-miR589 normalized the EMT changes induced by TGFβ1 in HMrSV5 cells. Panel
(c) and (d) showed that TGFβ1 treatment led a reduction in the mRNA and protein expression of ZO-1 (Panel (c), column 2 and panel (d),
column 2). These changes were attenuated by the overexpression of miRNA589 with treatment of pre-miRNA589 (Panel (c), column 3 and
panel (d), column 3). The pre-miRNA589 partially reversed the TGFβ1-induced mRNA and protein expression of E-cadherin changes as
well as ZO-1 (Panel (e), columns 2 and 3, and panel (f), columns 2 and 3). The level of ZO-1and E-cadherin was decreased, while the level
of vimentin mRNA as well as protein were increased in HMrSV5 cells treated with TGFβ1(5 ng/ml, 24 hr) (Panel (g), column 2 and panel
(h), column 2), and this effect was abolished following the transfection with pre-miRNA589 (Panel (g), column 3, and panel (h) column 3).
∗P < 0.05. versus control group, ∗∗P < 0.05 versus TGF-β1 treated group. #P < 0.01 versus control group. ##P < 0.01 versus TGF-β1 treated
group.

a defined medium (1 : 1 mixture of DMEM and Ham’s F-
12 containing 15% FBS, penicillin (100 U/ml), streptomycin
(100 μg/ml), insulin (0.5 μg/ml), transferrin (5 μg/ml), and
hydrocortisone (1 μg/ml)) at 37◦C in a 5% CO2 envi-
ronment. After selection of stable transfectants, cells were
maintained in a defined medium. After achieving 80% cell
confluency, the medium was changed to FBS-free DMEM.
Firstly, TGFβ1 (5 μg/L) was added for different time (0 hr,
12 hr, 24 hr, and 48 hr) and level of miR589 was detected.
Secondly, HMrSV5 cells were divided into three groups:
control group (only FBS-free DMEM/F12), TGF-β1 group
(treated with TGF-β1 5 ng/ml for 24 h), and pre-miR-589
+ TGF-β1 group (stably transfected with pre-miRNA589
by pretreating with pre-miR-589, and subjected to TGF-
β1 5 ng/ml for 24 h). The mRNA and protein expression
were determined by realtime PCR and western blotting
procedures, respectively. The level of miRNA 589 was
determined by realtime PCR. The morphology of HPMCs
was investigated by inverted microscope.

2.3. Gene Expression. Total RNAs of HMrSV5 cells were
isolated by trizol method. First-strand cDNAs were generated
by two-step RT-PCR (Fermentas Life Science). Realtime PCR
was performed in an applied biosystems 7300 realtime RCR
system using a SYBR green PCR reagent kit (Invitrogen,
Carlsbad, CA). The change in mRNA levels was determined
by the formula 2−(ΔΔCT), where ΔCT is the value from

the threshold cycle (CT) of the treated sample subtracted
from the CT value of untreated or zero time-point control
sample. The relative amount of mRNA in the sample was
normalized to β-actin mRNA. The PCR primers were: E-
cadherin sense: 5′-GTC ACT GAC ACC AAC GAT AAT
CCT-3′ and antisense: 5′-TTT CAG TGT GGT GAT TAC
GAC GTT A-3′, vimentin sense: 5′-TTG AAC GCA AAG
TGG AAT C-3′ and antisense: 5′-AGG TCA GGC TTG GAA
ACA-3′, ZO-1 sense: 5′-TGG TGT CCT ACC TAA TTC AAC
TCA-3′ and antisense: 5′-CGC CAG CTA CAA ATA TTC
CAA CA-3′.

2.4. Protein Expression. The protein expression was evalu-
ated by western blotting procedures. The total protein of
HMrSV5 cells was isolated with the use of RIPA lysis buffer
containing a cocktail of protease inhibitors. Expression of
ZO-1, vimentin, and E-cadherin was assessed, using anti-
ZO-1, vimentin, and E-cadherin antibodies (Stanta Cruz,
CA), respectively.

2.5. Immunofluorescence. Immunohistochemical staining of
proteins was performed on HMrSV5 cells using anti-ZO-
1 and vimentin antibodies (Stanta Cruz, CA), respectively.
HMrSV5 cells were grown on poly-L-lysine-coated glass
coverslips (BD Biosciences, San Jose, CA) to 40% to 50%
confluence, serum-deprived overnight (DMEM + 1% FBS),
and then treated with TGFβ1 in the presence or absence of
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pretreatment for 5 hours with pre-miRNA589. After being
fixed with acetone, cells were permeabilized in 1% Triton X-
100 (Sigma-Aldrich), and blocked with 5% BSA. Cells were
incubated with primary antibodies (ZO-1 and vimentin)
overnight at 4◦C. Slides were then washed and incubated
with the appropriate FITC-conjugated secondary antibody.
Cells were then incubated with Hoechst 33342 (Invitrogen)
for nuclear staining and mounted with propyl gallate under
glass coverslips. Cells were then visualized for immunoflu-
orescence with a laser scanning Nikon microscope at ×20
magnification.

2.6. Pre-miRNA589 Transfection. Pre-miRNA transfection
was widely used to decrease the level of target miRNA. The
pre-miRNA589 (ABI), which mature production sequence
was UGA GAA CCA CGU CUG CUC UGA G, was
transfected in HMrSV5 cells with lipofectamine 2000 (Invit-
rogen).

2.7. Detection of miRNA589. We firstly determined the
profile of miRNAs expression in HPMCs of PD patients and
HMrSV5 cells treated with TGFβ1 by Axon GenePix 4000B
microarray (unpressed datas). miRNA589 was detected by
realtime PCR. miRNAs of HMrSV5 cells were isolated by
mrVana mRNA isolation kit (Ambion), and cDNA was
synthesized using TaqMan micro RNA reverse transcription
kit (ABI). Realtime PCR was performed in an applied
biosystems 7300 Realtime RCR system using a university
PCR master mix kit (ABI) and various TaqMan miRNA
probes (ABI) based on the manufacturer’s protocols. The
change in miRNA levels was determined by the formula
2−(ΔΔCT), where ΔCT is the value from the threshold cycle
(CT) of the treated sample subtracted from the CT value
of untreated or zero time-point control sample. The relative
amount of miRNA in the sample was normalized to U6.

2.8. Statistical Analysis. Data are expressed as the mean ±
SE. The unpaired t-test was employed to assess the statistical
differences between the two groups. P values < 0.05 were
considered statistically significant.

3. Results

3.1. miRNA589 Expression in HPMCs of PD Patients. We first
determined the level of miR589 in HPMCs of PD patients.
As shown in Figure 1, decreased level of miRNA589 was
obtained in HPMCs of PD patients compared to that of
the control as assessed using realtime PCR with miRNA589
TaqMan probe.

3.2. miRNA589 Expression in HMrSV5 Cells Treated with
TGFβ1. We first determined the profile of miRNAs expres-
sion in both HPMCs of PD patients and HMrSV5 cells
treated with TGFβ1. HMrSV5 cells were exposed to TGFβ1
as indicated, and profile of miRNAs expression were assessed,
too. Marked miRNA profile variation was obtained in both
HPMCs of PD patients and HMrSV5 cells treated with
TGFβ1 (unpressed data). TGFβ1 decreased the level of

miRNA589 of HMrSV5 cells in time-dependent manner,
compared to the control as assessed using realtime PCR with
miRNA589 TaqMan probe (Figure 2).

3.3. Effect of Pre-miRNA589 on the miRNA589 Expression
in HMrSV5 Cells Subjected to TGFβ1. HMrSV5 cells were
transfected with pre-miRNA589 and then exposed to TGFβ1
(5 ng/ml) for 24 h. The miRNA589 expression was assessed
by realtime PCR with miRNA589 TaqMan probe. Treatment
with TGFβ1 decreased expression of miR589 compared
to that of the control (Figure 3). The decrease was not
observed in cells transfected with pre-miRNA589, compared
to the control. The TGFβ1-induced decreased expression
of miRNA589 in HMrSV5 cells was abolished following
transfection with pre-miRNA589.

3.4. Overexpression of miRNA589 Attenuates the EMT
Changes in HMrSV5 Cells Subjected to TGFβ1. HMrSV5 cells
were transfected with pre-miRNA589 and then exposed to
TGFβ1 (5 ng/ml) for 24 h. ZO-1 and vimentin mRNA and
protein expression were assessed using realtime PCR, west-
ern blot and immunofluorescence, respectively. E-cadherin
mRNA and protein expression were assessed using realtime
PCR and western blot, respectively. As shown in Figure 4,
treatment with TGFβ1 decreased the expression of ZO-
1 (Figures 4(a) Row 2, 4(c) and 4(d)) as well as E-
cadherin (Figures 4(e) and 4(f)) compared to that of the
control. The decrease was attenuated in cells transfected
with pre-miRNA589 (Figures 4(a) Row 3, 4(c) and 4(d)).
Treatment with TGFβ1 increased the expression of vimentin
in HMrSV5 cells compared to that of the control (Figures
4(b) Row 2, 4(g) and 4(h)). The upregulation was inhibited
in cell transfected with pre-miRNA589 (Figures 4(b) Row 3,
4(g) and 4(h)). This suggested that TGFβ1 induced EMT in
HMrSV5 cells was blocked by upregulated miRNA589 level.

4. Discussion

In peritoneal dialysis research, a growing number of studies
suggested that epithelial mesothelial transition (EMT) of
HPMCs is a key potential mechanism for the development
and progression of peritoneal fibrosis and UFF during long-
term PD. TGFβ1 seemed to be the key factors in the
induction of E-cadherin suppression and tight junction
disaggregation, and that eventually leads to EMT. Recent
studies have been mainly elucidated the intracellular signals
transduction pathways in TGF-β1-initiated EMT [16–18].
Even though, the molecular mechanism of which TGF-β1
induces EMT of HPMCs is not yet fully understood and
has been a major topic of current research on fibrosis.
Surprisingly, evidence indicated that the most endogenous
miRNAs are expressed in a highly tissue-specific manner and
take centre stage in the EMT process. It has been reported
that the miRNAs rapidly modulated by TGF-β1 and a subset
of eight miRNAs represent a particular signature of EMT-
like response. However, nothing is known about miRNAs in
peritoneal EMT process [19, 20].
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Remarkable miRNA profile variation was obtained in
HPMCs treated with or without TGFβ1 exposure, which
suggested miRNAs might correlate with EMT in HPMCs.
Our data revealed that decreased miR589 in both HPMCs
isolated from long-term PD patients’ effluents. Similarly,
a decreased expression of miR589 was seen in HMrSV5
cells treated with TGFβ1 as early as 12 hr, and lasting
to 24 hr and 48 hr in time-dependent manner, which was
confirmed by microarray analysis and realtime PCR. The
decreased level of miRNA589 in HMrSV5 cells treated with
TGFβ1 was inhibited by transfection of pre-miR589, which
suggested miRNA589 could be downregulated by TGFβ1.
Furthermore, to determine the role of miRNA589 in TGFβ1
induced EMT, HMrSV5 cells were transfected with pre-
miR589 then exposed to TGFβ1. The results showed an
inhibition of EMT induced by TGFβ1, which suggested
miRNA589 might play a role in TGFβ1 induced EMT
in HMrSV5 cells. It remains unknown whether miR589
mediated peritoneal fibrosis in vivo. Due to time constraints,
we do not have the PD mice model available yet, which
should be presented in the future.

In summary, we have determined that miRNA589
expression is downregulated in HMrSV5 cells exposed to
TGFβ1. There is emerging evidence that miRNAs might
be a novel class of potential therapeutic targets for various
chronic diseases. Further studies should be conducted to
determine the target mRNA of miRNA589 involved in EMT
process and to delineate the relationship between miRNA589
expression and EMT comprehensively. We believe that an
understanding about whether miRNA589 is critical to the
EMT of HPMC initiation will lead to the development of
more effective diagnostic markers and therapies for UFF in
PD patients.
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