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ARTICLE INFO ABSTRACT
ArtiC{e history: Podocytopathy and tubular interstitial fibrosis impact on renal outcomes of IgA nephropathy (IgAN). We
Received 13 January 2014 found that level of miR-21 was up regulated in both glomerular and tubular-interstitial tissues of

Available online 24 January 2014 patients with IgAN. Enhanced expression of miR-21 mainly located in podocytes and tubular cells. Mes-

angial cell derived cytokines contributed to the increase of miR-21 in podocytes and HK2 cells. IgA-HMC
Keywords: medium prepared with pIgA from IgAN, lead to obvious fibrogenic activation, evidenced by the loss of
IgA nephropathy Podocin and CD2AP in podocytes, loss of E-cadherin and Megalin in HK2 cells and increase of FN and
:-‘riltl)l:f)\?e-rfil activation Col I in both cells. miR-21 targeted PTEN in these cells. Expression of PTEN was decreased and phosphor-
ylation of Akt was increased in podocytes and HK2 cells exposed to the medium prepared with pIgA from
IgAN. Inhibition of miR-21 preserved the expression of PTEN, prevented the activation of Akt and inhib-
ited the fibrogenic activation in podocytes and HK2 cells exposed to the IgA-HMC medium prepared with
plgA from IgAN. In conclusion, our study suggests that inhibition of miR-21 prevents fibrogenic activation
in podocytes and tubular cells by preventing PTEN/Akt pathway activation in IgAN.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction the present study, we looked into the role of miR-21 in the injuries
of podocyte and tubular cells of IgAN.

IgA nephropathy (IgAN) is characterized by deposition of the
IgA antibody in the glomerulus, which is the most common glo-
merulonephritis in China [1]. A series of pathological features exist
in IgAN, ranging from segmental cell proliferation to glomerular
sclerosis. Oxford classification has suggested that, tubular atrophy
and interstitial fibrosis impact on renal outcomes of IgAN [2,3]. Re-
cent studies also show that, podocytopathy similar to that in pri-
mary FSGS occurs frequently in IgAN, and is associated with
worse renal survival of patients [4].

miRNAs are small non-coding single stranded RNAs of about
21-23 nucleotides, which negatively modulate protein expression
by targeting mRNA transcripts and triggering either translation
repression or RNA degradation [5]. Insights in pathogenesis reveal
that miRNAs play crucial roles in major renal diseases [G]. The role
of miRNAs in the renal damages of IgAN remains poorly under-
stood [7]. We performed a miRNA expression profile scanning of ~ 2.2. Laser capture microdissection
microdisected glomerular and tubular-interstitial tissues of IgAN,
and found that miR-21 was significant increased in both the glo- Laser capture microdissection (LCM) was performed on a Leica AS
merular and tubular-interstitial tissues of patients with I[gAN. In LMD System (Leica Microsystems AG, Wetzlar, Germany) according

to the manufacturer’s manual [9]. Briefly, the tissues were embedded
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2. Materials and methods
2.1. Enrollment of patients

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the institutional ethics committee
for studies in human. All subjects (patients and controls) gave their
written informed consent for sample collection. Twenty patients
with clinical and renal immunopathological diagnosis of primary
IgAN were studied [8]. Control renal tissues were obtained from
the intact pole of kidneys removed for single circumscribed tumor
in ten subjects.
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completely dried. Approximately 50 glomerular and tubular-inter-
stitial sections were collected by LCM for each specimen.

2.3. miRNA PCR array analysis

miRNA of microdissected tissues was converted to cDNA using
the miRNA first-strand kit. miRNAs were detected using the Hu-
man miFinder miRNA PCR Array (MIHS-001Z; SABiosciences, Fred-
erick, MD) that profile the expression of the 84 most abundantly
expressed and best characterized miRNA sequences|10].

2.4. RT-PCR analysis

Total RNA from tissues or cells was extracted using mirVana™
miRNA Isolation Kit. Template cDNA was prepared using reverse
transcriptase, and miR-21 expression was quantified by the
Tagman miRNA assay (Applied Biosystems, Foster City, CA) with
small nuclear RNA U6 as an endogenous control [11]. RT-PCR
analysis of Podocin, CD2AP, E-cadherin, Megalin, FN and Col I
was performed using PrimeScript 1st Strand cDNA Synthesis Kit
and SYBR® Premix Ex Taq™ II kit (TaKaRa, Dalin, China).

2.5. In situ hybridization analysis of miR-21

MiR-21 in situ hybridization was performed on routinely fixed
paraffin-embedded tissue sections [12]. Paraffin tissue sections
were deparaffinized with xylene, rehydrated with ethanol dilution
series and treated with 15 pg/ml proteinase K (Roche) at 37 °C for
15 min. After a washing step with 0.2% Glycine in PBS, slides were
fixed with 4% formaldehyde and washed with phosphate buffered
saline (PBS), and 2x SSC. Then slides were hybridized with 20 nM
DIG-labeled miR-21 probe (Exiqon, Copenhagen, Denmark) diluted
in hybridization buffer at 53 °C for 3 h. After washing, slides were
treated with blocking buffer for 30 min. Slides were then incubated
with anti-DIG-AP in blocking buffer for 1 h. miR-21 was visualized
in a staining reaction with NBT/BCIP solution. In all experiments a
negative control, i.e. staining without miR-21 probe, was included.

2.6. Purification of pIgA and preparation of IgA-HMC conditioned
medium

IgA purified using a jacalin agarose affinity column was frac-
tionated as described previously [13]. Growth arrested human
mesangial cells (HMC) were cultured with culture medium con-
taining 0.5% FBS and plgA (final concentration 500 pig/ml) prepared
from IgAN or controls for 48 h. The conditioned medium (IgA-HMC
medium) after culture were collected and kept frozen at —70 °C
until used.

2.7. Human cytokine array

A biotin label-based human antibody array kit was purchased
from RayBiotech Inc. (AAH-CYT-G6, Norcross, GA, USA) [14].
100 pl of conditioned media was added and incubated at room
temperature for 2 h. The membranes were washed, and 70 pl of
primary biotin-conjugated antibody was added and incubated at
room temperature for 2 h. The membranes were incubated with
70 pl of fluorescent dye-conjugated streptavidin at room tempera-
ture for 2 h. Then the glass chips were scanned and analyzed by
Axon GenePix.

2.8. ELISA analysis
Quantification of human TGF-B1 and TNF-o were measured by

commercially available ELISA systems (R&D systems, Minneapolis,
MN, USA).

2.9. Cell culture

Human podocytes and human tubule epithelial (HK2) cells were
grown in RPMI-1640 and DMEM/F12 medium that contained 10%
fetal bovine serum. For examining the effect of IgA-HMC medium,
different preparations of IgA-HMC medium were diluted 8-fold
with medium containing 0.5% FBS. In order to study the role of
cytokines in the induction of miR-21, cells were treated with
TGF-B1(0.5 ng/ml) or TNF-o/(80 pg/ml) that were comparable with
the concentration of cytokines in the diluted conditioned medium,
or were incubated with antibodies against TGF-B1 (10 pg/ml) and
TNF-0(0.1 pg/ml) 1 h before stimulating with different medium.

2.10. Cell transfection

Transfection of miR-21 ASO, miR-21 sponge and PTEN siRNA
was carried out by using the Lipofectamine 2000 according to
the instruction [15]. Immunofluorescent staining revealed that
the transfection efficiency was more than 50%.

2.11. Western blot analysis

Western blot analysis was performed as described previously
[11]. The antibodies against PTEN, Akt and p-Akt were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

2.12. Immunohistochemistry staining of PTEN

Paraffin-embedded sections (3 pm) were deparaffinized, rehy-
drated and stained using routine laboratory protocols [12]. Endog-
enous peroxidase was blocked with 0.3% hydrogen peroxide in
phosphate buffered saline (PBS) for 30 min. The sections were
incubated for 1 h at room temperature with rabbit anti-PTEN anti-
body diluted in 1% BSA in PBS. The staining was visualized with
Polyvalent HRP/DAB detection kit (Abcam). Negative controls were
obtained by omission of the primary antibody from the staining
procedure.

2.13. Statistical analyses

Data are expressed as mean + SD or percentage. Statistical anal-
ysis of the data from multiple groups was performed by one-way
ANOVA followed by Student-Newman-Kuels test. Data from two
groups were compared by t test. p<0.05 was considered
significant.

3. Results

3.1. Enhanced expression of miR-21 is associated with podocyte and
tubular cell injuries in patients with IgAN

The demographic and baseline clinical data of the study sub-
jects are summarized in Table 1. To look into the change of miRNAs
in the glomerular and tubular-interstitial tissues separately, the
glomerular and tubular-interstitial tissues were collected by laser
capture microdissection and analyzed for the expression of miR-
NAs using PCR arrays (SABiosciences) that profile 84 most abun-
dantly expressed and best characterized miRNA sequences. As
the result shown, tissues from patients show different expression
file of miRNAs from normal controls, with significant increase of
miR-21 in both glomerular and tubular-interstitial tissues of pa-
tients with IgAN. Quantification of all the enrolled patients con-
firmed the change of miR-21 in the glomerular and tubular-
interstitial tissues from IgAN patients (Fig. 1).
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Table 1
Clinical and pathological features of patients with IgAN.
IgAN (n=20)
Age, mean = SD (years) 31.2+9.9
Male/female 10/10
Scr, mean * SD (mg/dl) 0.94 £0.30
Proteinuria, mean + SD (g/24 h) 0.95 +0.49
Urine RBCs count, range (10%/ml) 126.0(42.0-
255.0)
Frequency of glomerular sclerosis >10% 8 (40.0%)
Frequency of moderate or severe mesangial proliferation 10 (50.0%)
Frequency of moderate or severe interstitial fibrosis 4 (20.0%)
Frequency of moderate or severe interstitial 4 (20.0%)

inflammation

Scr, serum creatinine; RBCs, red blood cells.

Relationship between the level of renal miR-21 and clinical-
pathological parameters was analyzed. Level of glomerular miR-
21 was positive correlated with the amount of urine protein and
the percentage of glomerular sclerosis, while the value of tubu-
lar-interstitial miR-21 was positive correlated with the amount
of urine protein, the level of serum creatinine and the score of
interstitial fibrosis. MiR-21 was found to be mainly up expressed
in glomerular podocytes and tubular cells in the tissues of patients
with IgAN (Fig. 1).

3.2. Mesangial-derived cytokines up regulate miR-21 in podocytes and
HK2 cells in vitro

Cultured human mesangial cells (HMC) were stimulated with
plgA prepared from normal control or patients with IgAN
(500 pg/ml) for 48 h, and then human podocytes and HK2 cells
was cultured and exposed to IgA-HMC conditioned medium
in vitro. As the results shown, IgA-HMC medium prepared with
plgA from IgAN lead to a significant increase of miR-21 in both
podocytes and HK2 cells (Fig. 2).

Glomerulas

Change of cytokines in the IgA-HMC conditioned medium was
analyzed using the AAH-CYT-G6 cytokine array. TGF-p1 and TNF-
o was found to be significantly increased in the HMC culture med-
ium stimulated with pIgA from patients with IgAN, and the find-
ings were further confirmed by ELISA analysis. Cytokines, at
concentration comparable to that in 8-fold dilution of the IgA-
HMC conditioned medium, significantly increased miR-21 in podo-
cytes and HK2 cells.

We then looked into the effect of antagonizing antibody on the
induction of miR-21. Both anti-TGF-B1 and anti-TNF-ot antibody
blunted, and their combine treatment prevented the increase of
miR-21 in podocytes and HK2 cells treated with IgA-HMC condi-
tioned medium prepared with pIgA from IgAN.

3.3. Inhibition of miR-21 prevents fibrogenic activation in podocytes
and tubular cells in IgAN

Expression of Podocin and CD2AP was significantly decreased,
while the expression of FN and Col I was increased in podocytes
when exposed to the IgA-HMC medium prepared with pIgA from
IgAN. The loss of Podocin and CD2AP, and the expression of FN
and Col I was inhibited by anti-miR-21 treatment in podocytes ex-
posed to IgA-HMC medium prepared with pIgA from IgAN (Fig. 3).

Expression of E-cadherin and Megalin was significantly sup-
pressed, and the expression of FN and Col I was increased in HK2
cells when exposed to the IgA-HMC medium prepared with pIgA
from IgAN. The loss of normal epithelial adhesion was evident in
the fluoresce analysis of B-catenin. The loss of E-cadherin, Megalin
and B-catenin, and the increase of FN and Col [ was significantly
inhibited by anti-miR-21 treatment in HK2 cells exposed to IgA-
HMC medium prepared with pIgA from IgAN (Fig. 3).

3.4. Inhibition of miR-21 prevents PTEN/Akt pathway activation in
podocytes and tubular cells in IgAN

PTEN was one of the validated miR-21 target mRNAs, which has
been reported to be involved in various diseases. We looked into
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Fig. 1. Change of miRNAs in renal tissues of patients with IgAN. (A) Isolation of glomerular and tubular-interstitial tissues by laser capture microdissection; (B) result list of
RT-PCR analysis of miRNAs in the glomerular and tubular-interstitial tissues; and (C) change of miR-21 in glomerular and tubular-interstitial tissues. (D) ISH analysis of miR-
21 in renal tissues of normal control and IgAN patients (400x ). *p < 0.05, versus normal control.



458 H. Bao et al./Biochemical and Biophysical Research Communications 444 (2014) 455-460

6
= Normal = =
- g = Normal i3 4
2 § b o Normal g b
% = =
€2 z 2 g
£02
Eg > e g
s
o S ; L i
Control Normal IgAN Normal IgAN Normal IgAl
D IgA-HMC medium E
L Podocytes 6 HK2
cells
4 Podocytes ‘g 5 HK2 cells = *
©
= 25 4 * =T -] £
° =] S =8 # #
g E 8 # # 8% 2
25 * e 253 ) #
S © £EQ92 b} EQ02
' o = & ]
[}
x 8 © [ s
=] = =] =
T 1 ®
= 0 =1 0.
anti-TGF-g 1 - = + anti-TGF-B1 - = + = +
o anti-TNFa - - - + + 0; ant-TNF - = 5 + %
TGF-B1 = + " + _—— TGF-B1 - + 3 +
. R + 5 Normal IgAN e . + + Normal IgAN

Fig. 2. Mesangial-derived cytokines up-regulate miR-21 in podocytes and HK2 cells. (A) Change of miR-21 after expoure with IgA-HMC conditioned medium prepared with
plgA from IgAN patients and normal controls; (B) cytokine array analysis of IgA-HMC conditioned medium prepared with pIgA from IgAN patients and normal controls; (C)
ELISA analysis of IgA-HMC conditioned medium; (D) change of miR-21 in podocytes treated with TGF-B1 and TNF-o, and change of miR-21 in podocytes treated with IgA-
HMC conditioned medium and cytokine antagonizing antibodies; and (E) change of miR-21 in HK2 cells treated with TGF-B1 and TNF-ao, and change of miR-21 in HK2 cells
treated with IgA-HMC conditioned medium and antagonizing antibodies. *p < 0.05, versus control; *p < 0.05, versus cells exposed with IgA-HMC conditioned medium
prepared with pIgA from IgAN.
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Fig. 3. Inhibition of miR-21 prevent fibrogenic activation in podocytes and HK2 cells. (A) Change of Podocin and CD2AP mRNA in podocytes after expoure with IgA-HMC
conditioned medium with or without miR-21 inhibitor; (B) change of FN and Col  mRNA in podocytes after expoure with IgA-HMC conditioned medium with or without miR-
21 inhibitor; (C) change of E-cadherin and Megalin mRNA in HK2 cells after expoure with IgA-HMC conditioned medium with or without miR-21 inhibitor; (D) change of FN
and Col I mRNA in HK2 cells after expoure with IgA-HMC conditioned medium with or without miR-21 inhibitor; and (E) immunofluorence analysis of B-catenin in HK2 cells
after expoure with IgA-HMC conditioned medium with or without miR-21 inhibitor. *p < 0.05, versus normal control; #p <0.05, versus cells exposed with IgA-HMC
conditioned medium prepared with pIgA from IgAN.

the change of PTEN in IgAN. As the result shown, PTEN was

Akt, preserved the expression of Podocin, CD2AP, E-cadherin and
significantly suppressed in the glomerulus and tubular interstitium

Megalin, and suppressed the expression of FN and Col I in podo-

of patients with IgAN. The level of PTEN was also decreased in vitro,
with the activation of Akt in podocytes and HK2 cells cultured with
IgA-HMC medium prepared with pIgA from IgAN patients. PTEN
over expression significantly suppressed the phosphorylation of
Akt, preservered the expression of Podocin, CD2AP, E-cadherin
and Megalin, and suppressed the expression of FN and Col I in
podocytes and HK2 cells cultured with IgA-HMC medium prepared
with pIgA from IgAN (Fig. 4).miR-21 mimics obviously suppressed
the level of PTEN in podocytes and HK2 cells. Transfection of miR-
21 sponge prevented the loss of PTEN, suppressed the activation of

cytes and HK2 cells cultured with IgA-HMC medium prepared with
plgA from IgAN. These protective effects were abolished by PTEN
siRNA treatment.

4. Discussion

Primary IgAN is characterized by deposition of the IgA antibody
in the glomerulus, which is the most common glomerulonephritis
throughout the world [1]. Recent studies imply that tubular inter-
stitial chronic lesions and glomerular podocytopathy have signifi-
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Fig. 4. Inhibition of miR-21 prevent PTEN/Akt pathway activation in podocytes and tubular cells. (A and G) IHC staining analysis of PTEN in the glomerulus and tubular
interstitium; (B and H) change of PTEN/Akt in podocytes and HK2 cells exposed to IgA-HMC medium prepared with pIgA from IgAN with or without PTEN expressing vector;
(C and I) change of Podocin, CD2AP, E-cadherin, Megalin, FN and Col I in podocytes and HK2 cells exposed to IgA-HMC medium prepared with pIgA from IgAN with or without
PTEN expressing vector; (D and ]J) Western blot analysis of PTEN in podocytes and HK2 cells transfected with miR-21 mimics; (E and K) Western blot analysis of PTEN/Akt in
podocytes and HK2 cells exposed to IgA-HMC medium prepared with pIgA from IgAN with or without miR-21 sponge and PTEN siRNA; and (F and L ) change of Podocin,
CD2AP, E-cadherin, Megalin, FN and Col I in podocytes and HK2 cells exposed to IgA-HMC medium prepared with pIgA from IgAN with or without miR-21 sponge and PTEN
siRNA. *p < 0.05, versus Normal control; *p < 0.05, versus cells exposed with IgA-HMC conditioned medium prepared with pIgA from IgAN.

cant influence on renal outcomes [2,3]. Although IgAN is inten-
sively studied, the pathogenesis underling the lesions is still poorly
understood [7]. miRNAs play crucial roles in major renal diseases
[6]. In the present study, we performed a miRNA expression profile
scanning of the microdisected glomerular and tubular-interstitial
tissues of IgAN, and found that miR-21 was significant increased
in both glomerular and tubular-interstitial tissues of patients with
IgAN.

miR-21 is one of the prominent miRNAs that regulate a plethora
of target proteins involved in cellular survival, apoptosis and cell
invasiveness [16]. We found a significant correlation between the
up expression of miR-21 in tissues and level of serum creatinine,
percentage of glomerular sclerosis, and score of interstitial fibrosis,
which are the marks of renal chronic lesions. In line with our re-
sults, Zhong et al. and Zarjou et al. reported that, miR-21 demon-
strated significant increase in UUO kidneys, and blocking miR-21
attenuated UUO induced renal fibrosis [11,17]. We further per-
formed localization studies and found that the enhanced expres-
sion of miR-21 was mainly located on tubular cells and
glomerular podocytes of IgAN. The relationship between miR-21
and podocytopathy is inspired by the clinical study conducted by
Kong et al., which found that the actual level of urinary albumin
excretion correlated with the urinary level of miR-21 [18].

Renal injury in IgAN is initiated by the deposition of IgA in the
mesangial area. Previous studies found that [gA-HMC medium pre-
pared with pIgA from IgAN patients, lead to an enhanced prolifer-
ation and increased synthesis of TNF-o, MIF, and sICAM-1 in
proximal tubular epithelial cells, and cause a significant down-reg-
ulation of specific proteins in podocytes [19,20]. We examined the
cells exposed to the IgA-HMC conditioned medium, and found that
miR-21 was induced in both podocytes and tubular cells after the
treatment. The crosstalk between mesangial cell and podocytes
or tubular cells may involve in the induction of miR-21, which
leads to the injuries of podocytes and tubular cells in IgAN. Cyto-
kine array analysis reveal that various cytokines significantly in-
crease in the IgA-HMC medium prepared with pIgA from IgAN,
such as TGF-B1 and TNF-o. Treatment with the cytokine antagonis-
tic antibodies blunts the up-regulation of miR-21.

Podocyte dedifferentiation and mesenchymal transition is a po-
tential pathway leading to their dysfunction, which playing an
important role in the genesis of proteinuria [21]. IgA-HMC condi-
tioned medium prepared with pIgA from IgAN, suppress the
expression of Podocin and CD2AP, and induce the expression of
FN and Col I in podocytes, which indicate a fibrogenic activation.
This is in consistent with the study conducted by Wang et al.,
which reported that TGF-B1 treatment increased Col I, III, and IV
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mRNA levels, as well as a-SMA and vimentin in podocytes [22].
Tubular cells also actively participate in the mechanisms of renal
fibrosis through epithelial-mesenchymal transition [23]. Indepen-
dent studies underlined the relationship between miR-21 up
expression and fibrosis response of tubular cells [11,17]. We found
that miR-21 inhibition prevent the loss of E-cadherin and Megalin,
and reversed the level of FN and Col I in cells exposed to IgA-HMC
medium prepared with pIgA from IgAN.

Phosphatase and tensin homolog (PTEN) is a phosphati-dylinos-
itol-3,4,5-trisphosphate 3(PIP3)-phosphatase that inhibits phos-
phoinositide-3-kinase pathway by dephosphorylating PIP3 and
thus prevents Akt activation [24]. Bowen et al. reported that PTEN
loss involved in the epithelial-mesenchymal transition in human
colon cancer cells [25]. PTEN is one of the identified direct targets
of miR-21 [26]. We detected obvious decrease of PTEN with the
activation of Akt in both podocytes and tubular cells treated with
IgA-HMC medium prepared with plgA from IgAN. PTEN over
expression prevented the activation of Akt, and rescued fibrogenic
activation in both podocytes and tubular cells that exposed to the
IgA-HMC medium prepared with pIgA from IgAN. In consistent
with our findings, Yao et al. reported that PTEN suppression was
followed by the activation of Akt and the expression of vimentin
in tubular cells treated with TGF-B1 [27]. More recently, Jamie
Lin et al. created the podocyte-specific PTEN KO (PPKO) mice,
and found about a 2-fold increase in albuminuria over control.
Pathological examination detects early glomerulosclerosis, inter-
rupted nephrin immunostaining and extensive foot process efface-
ment in PPKO mice [28].

In conclusion, miR-21 is up expressed in both podocytes and
tubular cells of patients with IgAN. Inhibition of miR-21 prevents
fibrogenic activation in podocytes and tubular cells by preventing
PTEN/Akt pathway activation in IgAN, thus may represent a new
therapeutic approach for IgAN.
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