E% University of
OPEN (2" ACCESS BRISTOL

Mishra, A., Ayasolla, K., Kumar, V., Lan, X., Vashistha, H., Adam, R,, ...
Singhal, P. C. (2018). Modulation of APOL 1-miR193a Axis Prevents
Podocyte Dediffrentiation in High Glucose Milieu. AJP - Renal Physiology,
314(5), 832-843. https://doi.org/10.1152/a prenal .00541.2017

Peer reviewed version

License (if available):
Other

Link to published version (if available):
10.1152/gjprenal .00541.2017

Link to publication record in Explore Bristol Research
PDF-document

This is the accepted author manuscript (AAM). The final published version (version of record) is available online
via the American Physiological Society at https://doi.org/10.1152/ajprenal.00541.2017 . Please refer to any
applicable terms of use of the publisher.

University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published

version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms


https://doi.org/10.1152/ajprenal.00541.2017
https://doi.org/10.1152/ajprenal.00541.2017
https://research-information.bris.ac.uk/en/publications/modulation-of-apol1mir193a-axis-prevents-podocyte-dediffrentiation-in-high-glucose-milieu(b641e123-5519-4136-a524-a730ca2a4767).html
https://research-information.bris.ac.uk/en/publications/modulation-of-apol1mir193a-axis-prevents-podocyte-dediffrentiation-in-high-glucose-milieu(b641e123-5519-4136-a524-a730ca2a4767).html

10
11
12

13

14

15
16
17
18
19

20

21

22
23
24
25
26
27
28
29
30
31
32
33

Modulation of APOL1-miR193a Axis Prevents Podocyte

Dedifferentiation in High Glucose Milieu

Abheepsa Mishra!, Kamesh Ayasolla’, Vinod Kumarl, Xigian LAN*. Himanshu Vashistha?,
Rukhsana Aslam', Ali Hussain®, Sheetal Chowdhary!, Shadafarin Marashi Shoshtari’,
Nitpriya Paliwal', Waldemar Popik®, Moin A. Saleem?, Ashwani Malhotra,Leonard G
Meggs?, Karl Skorecki®, and Pravin C. Singhal*

immunology and Inflammation center, Feinstein Institute for Medical Research and Zucker
School of Medicine at Hofstra-Northwell, New York, USA, ?Ochsner Clinic, New Orleans,
USA, 3Meharry Medical College, Nashville, TN, USA, “Academic Renal Unit, University,
Bristol, Bristol, UK, *Technion — Israel Institute of Technology, and Rambam Health Care
Campus, Haifa, Israel.

Address for Correspondence

Pravin C. Singhal, MD

Nephrology Division

100 Community Drive

Great Neck, NY 11021

E-mail psinghal@northwell.edu

Tel 516-465-3010

Fax 516-465-3011

Running head: Podocyte dedifferentiation and high glucose



mailto:psinghal@northwell.edu

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Abstract

The loss of podocyte (PD) molecular phenotype is an important feature of diabetic
podocytopathy. We hypothesized that high glucose (HG) induces dedifferentiation in
differentiated podocytes (DPD) through alterations in APOL1-microRNA (miR) 193a axis.
HG-induced DPDs dedifferentiation manifested in the form of down regulation of WT1 and
upregulation of PAX2 expression. WT1- silenced DPDs displayed enhanced expression of
PAX2. Immunoprecipitation (IP) of DPD cellular lysates with anti-WT1 antibody revealed
formation of WT1 repressor complexes containing Polycomb group proteins (PcG), EZH2,
Menin, and DNA methyl transferase (DNMT1), whereas, silencing of either WT1 or DNMT1
disrupted this complex with enhanced expression of PAX2. HG-induced DPDs
dedifferentiation was associated with a higher expression of miR193a, whereas, inhibition
of miR193a prevented DPDs dedifferentiation in HG milieu. HG down regulated DPDs
expression of APOL1. MiR193a-overexpressing DPDs displayed down regulation of APOL1
and enhanced expression of dedifferentiating markers; conversely, silencing of miR193a
enhanced the expression of APOL1 and also preserved DPDs phenotype. Moreover, stably
APOL1GO-overexpressing DPDs displayed the enhanced expression of WT1 but
attenuated expression of miR193a; nonetheless, silencing of APOL1 reversed these
effects. Since silencing of APOL1 enhanced miR193a expression as well as
dedifferentiation in DPDs, it appears that down regulation of APOL1 contributed to
dedifferentiation of DPDs through enhanced miR193a expression in HG milieu. Vitamin D
receptor agonist (VDA) down regulated miR193a, upregulated APOL1 expression, and
prevented dedifferentiation of DPDs in HG milieu. These findings suggest that modulation
of the APOL1-miR193a axis carries a potential to preserve DPDs molecular phenotype in

HG milieu.
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Podocytes play a key role in the maintenance of slit diaphragm, a component of the
glomerular filtration barrier (5, 32, 33). Slit diaphragms are composed of several proteins
expressed by podocytes and prevent leakage of plasma proteins (32, 33). An optimal
expression of the slit diaphragm proteins is considered to be an integral part of podocyte
health. Since both parietal epithelial cells (PECs) and podocytes (PDS) are derived from
the same mesenchymal cells during embryogenesis (26, 37), injured adult podocytes go
into dedifferentiation mode- reverting to the expression of PEC markers such as paired
homeo box (PAX)-2 (31, 35, 39). High glucose milieu has been demonstrated to induce
dedifferentiation of PDs as a manifestation of PD injury (2, 16, 18, 37). However, the

mechanisms involved are not clear.

PAX2 is a transcription factor which plays an important role in the development of
kidneys (9-11, 38). In adult kidney, its expression is restricted to glomerular parietal and
tubular epithelial cells (10). However, ectopic PAX2 expression in podocytes is a common
finding in several pathological states including juvenile nephronophthisis (28), focal
segmental glomerulosclerosis (30, 31), collapsing glomerulopathy (7), and diabetic
glomerulosclerosis (2, 25). Since PAX2 is involved in cellular proliferation (43), this disease
state expression may be an attempt by podocytes to regenerate in adverse milieus. In a
mouse model of podocyte injury, evaluation of PDs dedifferentiation in podocyte reporter
mice demonstrated that PDs expressing PECs markers (PAX2/PAX8) far exceed PECs

expressing PD markers (33).

MicroRNAs (miRs) are small, non-coding RNAs that negatively regulate gene
expression at the post-transcription level (1). By an imperfect sequence complementation,

miRNAs recognize and bind to the 3’-untranslated regions (3’-UTR) of target mRNAs,
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thereby inhibiting mRNA function through degradation, repression of translation, or both.
Recently, miR193a has been demonstrated to induce down regulation of WT1 in podocytes
(25). miR193a is tumor suppressor gene inducing apoptosis in podocytes through
generation of oxidative stress. However, the role of miR193a in high glucose-induced PD
dedifferentiation has not been reported (29). Since WT1 inversely regulate PAX2
expression (8, 34), we hypothesize that high glucose would induce PAX2 expression

through down regulation of WT1 and enhanced PD expression of miR193a.

APOL1 is a minor component of High-Density Lipoprotein (HDL) complex and is
expressed in kidney cells including podocytes, tubular cells, and other cell types (42). It is
predominantly secreted by liver cells and circulates in the plasma (42). The G1 variant is a
missense mutant haplotype (S342G:1384M), encoding two non-synonymous amino acids;
while the G2 variant is a 6 bp in —frame deletion resulting in loss of two amino acids (N388
and Y389) at the C-terminal helix of APOL1. Approximately 34% of African Americans
(AAs) carry one of the two risk variants and 13% have some combination of both coding
variants (41). Overt expression of APOL1G1 and G2 has been associated with podocyte
injury both in vitro and in vivo studies (3, 15, 23, 24).The trypanolytic activity of circulating
APOL1 (wild-type or GO) has been long appreciated and well characterized, though the
detailed molecular mechanism is not fully resolved (12). The function of APOL1GO in
podocytes is not clearly understood. We hypothesize that high glucose induces PDs
dedifferentiation through down regulation of APOL1 and upregulation of microRNA (miR)
193a. We further hypothesize that modulation of APOL1-miR193a axis can be used as a

tool to preserve PDs differentiation in high glucose milieu.
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Material and Methods
Human podocytes

Human podocytes (PDs) were conditionally immortalized by introducing
temperature-sensitive SV40-T antigen by transfection (36). These cells proliferate at the
permissive temperature (33°C) and enter growth arrest after transfer to the non-permissive
temperature (37°C). The growth medium contains RPMI 1640 supplemented with 10%fetal
bovine serum (FBS), 1x Pen-Strep, 1 mM L-glutamine and 1x ITS (Invitrogen).
Undifferentiated (UND) PDs were seeded on collagen coated plates and differentiated
through pre-incubation in normal RPMI (containing 11 mM glucose) for 10 days at 37°C
(differentiated podocytes, DPDs). Prior to experimental protocols, DPDs were washed three
times with glucose- and serum-free media. In experimental protocols, DPDs were
incubated in media (glucose- and ITS-free RPMI) containing either normal glucose (5 mM)
or high glucose (30 mM) for 48 h. DNA sequencing of these podocytes revealed APOL1GO

genotype.

Generation of a stable cell lines expressing APOL1GO and Vector

A stable cell line expressing APOL1GO was generated by retroviral infection as
described previously (27). Briefly, the open reading frame of APOL1GO was cloned into the
retroviral vector pBABE carrying resistance to puromycin. To generate retroviral particles,
the viral packaging cell line HEK-GP was co-transfected with the pBABE construct of
interest and the VSV gene. Undifferentiated podocytes (UNDPDs) were infected twice
within 24 h with the viral-containing supernatant of HEK-GP cells. Selection with puromycin

(1 pg/mL) was continued for a week, and expression of the sequence of the APOL1GO was
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verified. Empty vector pBABE-eGFP was also transduced into UNDPDs to generate the

control cell line.

Transfection of miR193a inhibitor and miR193a expression plasmid

miR193a inhibitor (25 nM; Cat #4464084;Thermofisher, USA), miR193a expression
plasmid (25 nM; Cat #SC400232; Origene), and empty vector (25 nM; pCMV-MIR;
Origene) were transfected in the cells using Lipofectamine 3000 Transfection Reagent
(Thermo Fisher Scientific, USA) according to the manufacturer's protocol. All miRNA
products were dissolved in nuclease-free water. Briefly, DPDs were transfected at 70 - 80%
confluence in 6 well plates. The Lipofectamine transfection reagent (7.5 ul) and plasmid
DNA were diluted in opti-MEM media (125 pl and 250 pl) (Applied Biosystems, Thermo
Fisher Scientific, USA) followed by addition of P3000 enhancer reagent (10 pl) to diluted
DNA. Diluted DNA (125 ul) was added to diluted Lipofectamine 3000 transfection reagent
(125 pl) in the ratio of 1:1 (v/v) and incubated for 10 min at room temperature (25°C). After
incubation, DNA-lipid complex was added to the cells and kept at 37°C in opti-MEM media

for 48 hrs. Control and transfected cells were harvested for protein and RNA analyses.

Vitamin D Receptor agonist (VDA) treatment

Vitamin D Receptor agonist (VDA; EB1089, 10 nM; Tocris, MN, USA) was used to
modulate the expression of miR193a. VDA (2.2 mM) was initially dissolved in 10% DMSO
(100 pbh) and diluted further with sterile PBS buffer (pH 7.2) to achieve final working
concentrations of 10 uM and 1pM. The final concentration of DMSO was 0.1 % in the
vehicle in all the experiments. DPDs in the experimental conditions were treated with VDA

for 48 h and harvested for protein and RNA for further analyses.
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Silencing of APOL1, WT1, and DNMT1

DPDs were transfected with scrambled siRNA (control) or APOL1 siRNA (20 nM;
Santa Cruz), WT1 siRNA (25 nM; Santa Cruz), DNMT1 (25 nM; Santa Cruz) with
Lipofectamine RNAIMAX transfection reagent according to the manufacturer’s protocol
(Thermo Fisher). Briefly, DPDs were transfected at 60-80% confluence in 6 well plates.
Lipofectamine reagent (9 pl) and siRNAs (10 pM, 2-3 ul) were diluted in opti-MEM media
(150 pl) (Thermo Fisher). Then, diluted siRNA (150 ul) was added to diluted Lipofectamine
reagent (150 ul) in 1:1 ratio (v/v) and incubated for 5 min at room temperature (25°C). After
incubation, the siRNA lipid-complex was added to cells and kept at 37°C in opti-MEM
media for 48 hrs. The cells were harvested for protein and RNA analyses. Control and

transfected cells were used under control and experimental conditions.

RNA isolation and qPCR studies

Total RNA was isolated from control and experimental DPDs with TRIzol reagent
(Invitrogen, USA). A 20 ul reaction mix was prepared containing iTagq Universal SYBR
Green reaction mix (2x) (10 pul), iscript reverse transcriptase (0.25 pl), forward and reverse
primers (2 ul), RNA (4 ul), and nuclease free water (3.75 pl). Real-Time PCR was
performed using one-step iTaq™ Universal SYBR Green kit (BIO-RAD, USA) according to
the manufacturer’s instructions using specific primers obtained from Thermo Fisher
Scientific, USA. GAPDH fw 5" CCC ATC ACC ATC TTC CAG GAG '3; rev 5" GTT GTC
ATG GAT GAC CTT GGC '3, WT1 fw 5" CGAGAGCGATAACCACACAACG '3; rev 5
GTCTCAGATGCCGACCGTACAA '3, PAX2fw 5' GGC TGT GTC AGC AAA ATC CTG '3;
rev5 TCC GGA TGA TTC TGT TGA TGG '3, APOL1 fw 5" ATC TCA GCT GAA AGC GGT

GAAC '3; rev 5 TGA CTT TGC CCC CTC ATG TAAG ‘3. The gPCR conditions were as
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follows: 50°C for 10 min 95°C for 1 min, followed by 40 cycles of 95°C for 15 s, 60°C for 1
min. Quantitative PCR was performed using an ABI Prism 7900HT sequence detection
system and relative quantification of gene expression was calculated using the AACT
method. Data were expressed as relative mRNA expression in reference to the control,
normalized to the quantity of RNA input by performing measurements on an endogenous

reference gene (GAPDH).

MicroRNA assay

For miRNA quantification, the total RNA was isolated from control and experimental DPDs
with miRVana miRNA isolation kit and 1 pg of RNA was reverse transcribed using miR193a
and U6snRNA specific RT primers to generate first strand cDNA from mRNA using
TagMan microRNA Reverse Transcription kit (Thermo Fisher Scientific, USA) according to
manufacturer’s instructions. For cDNA, a 15 ul PCR reaction was prepared containing 100
mM dNTP mix (0.15 pl), multiscribe RT enzyme 50 U/ul (1 pl), 10X RT buffer (1.5 pl),
RNase inhibitor 20 U/pl (0.19 ul), nuclease free water (4.16 ul), RNA (5 pl), and primers (3
pl). The PCR condition was as follows: 16°C for 30 min, 42°C for 30 min, 85°C for 5 min,
and 4°C until stopped. Real-time PCR was performed by using TagMan-based PCR master
mix and detection primers miR-193a and U6snsubRNA (Thermo Fisher) in ABI-7500,
Applied Biosystems. For real-time PCR a 10 pl reaction mix was prepared containing
TagMan PCR master mix Il (5 pl), cDNA (2 ul), nuclease free water (2 ul), and primer (1 pl).
The gPCR conditions were as follows: 50°C for 2 min 95°C for 10 min, followed by 40
cycles of 95°C for 15 s, 60°C for 1 min. U6 was used as an internal control. Relative
quantification of gene expression was calculated using the AACT method and the results

were normalized to U6-snuRNA expression.
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Immunofluorescence detection of APOL1

Control and experimental podocytes were fixed and permeabilized with a buffer containing
0.02% Triton X-100 and 4% formaldehyde in PBS. Fixed cells were washed three times in
PBS and blocked in 10% BSA for 60 min at 37°C. Subsequently, cells were labeled with
anti-APOL1 (Proteintech, IL). DAPI was used for nuclear localization. Control and

experimental cells were examined under immunofluorescence microscope.

Western blotting studies

Western blotting studies were carried out as described previously (4, 17, 22). Briefly,
control and experimental cells were harvested, lysed in RIPA buffer containing 50 mM Tris-
Cl (pH 7.5), 150 mMNaCl, 1mM EDTA, 1% NP-40, 0.25% Deoxycholate, 0.1% SDS, 1X
protease inhibitor cocktail (Calbiochem, Cocktail Set 1), 1ImM PMSF, and 0.2mM sodium
orthovanadate. Protein concentration was measured using Biorad Protein Assay kit. Total
protein lysed extracts (30 ug/lane) were loaded on a 10 % polyacrylamide (PAGE) premade
gel (Bio-Rad) and transferred onto PVDF membranes were processed for immunostaining
with primary antibodies against APOL1 (mouse monoclonal, 1:1000, Protein tech), WT1
(rabbit polyclonal, 1:1000, Abcam, MA), PAX2 (rabbit polyclonal,1:800, Abcam), Menin
(mouse monoclonal, 1:1000, Santa Cruz), DNMT1 (mouse monoclonal, 1:1000, Santa
Cruz), EZH2 (Goat polyclonal, 1:1000, Santa Cruz), RBBP4 (Rabbit polyclonal, 1:1000,
Santa Cruz), and H3K27me3 (rabbit polyclonal, 1:1000, Cell Signaling Technologies, MA),
podocalyxin (rabbit polyclonal, 1:1000, Thermo Fisher) and nephrin (rabbit polyclonal,
1:800, Abcam) followed by treating with horseradish peroxidase labeled appropriate

secondary antibodies. The blots were developed using a chemiluminescence detection kit
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(PIERCE, Rockford, IL) and exposed to X-ray film (Eastman Kodak Co., Rochester, NY).
Equal protein loading and the protein transfer were confirmed by immunoblotting for
determination of actin/GAPDH protein using a polyclonal B-Actin/lGAPDH antibody (Santa

Cruz, CA) on the same (stripped) western blots.

Immunoprecipitation (IP)

Lysates from undifferentiated and differentiated PDs were first immunoprecipitated following
the addition of 5 pg of monoclonal antibody to WT1 (Santa Cruz Biotechnology). The
immune complexes were then collected using 25 ul of Protein-A + G sepharose beads (GE
Health Care, Life Science), in RIPA buffer. The IP was carried out at 4°C, for 4h, on a
rotating platform. Following this, precipitated A/G proteins were pelleted down by
centrifugation at 4,500 rpm for 10 min at 4°C. Next, the protein pellet was washed (3X)
each time with 1 ml of cold RIPA lysis buffer followed by centrifugation each time for 10
minutes at 2,500 rpm in a microfuge. After washings, beads were re-suspended in 100 pl of
lysis buffer to which SDS-PAGE sample buffer (50 pl) was added and samples were boiled
at 100°C, followed by SDS-PAGE and immunoblotted using specific antibodies as indicated.
Statistical analyses

Statistical comparisons were performed with the program PRISM using the Mann-

Whitney U test for nonparametric data and the unpairedttest for parametric data.

A P value<0.05 was accepted as statistically significant.
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Results

High glucose causes dedifferentiation of podocytes

Dedifferentiation of PDs is characterized by enhanced expression of PAX2 and down
regulation of WT1. To determine the effect of high glucose on PAX2 expression, Proteins
and RNAs were extracted from control and high glucose treated DPDs (n= 3). Protein blots
were probed for PAX2 and re-probed for actin. Gels from three different lysates are
displayed in Fig. 1A (Upper panel). Cumulative densitometric data are shown in bar graphs
(Lower panel, Fig. 1A). High glucose enhanced (P<0.05) expression of PAX2 in DPDs.
cDNAs were amplified with a specific primer for PAX2. Cumulative data on mRNA
expression of PAX2 are shown in Fig. 1C. High glucose also enhanced PAX2 mRNA
expression in DPDs. Protein blots of the same lysate preparations were probed for WT1
and reprobed for actin. Gels from three different lysates are displayed in Fig. 1 B (Upper
panel). Cumulative densitometric data are shown as a bar graph in the lower panel (Fig.
1B). cDNAs were amplified with a specific primer for WT1. Cumulative data are shown in a
bar graph (Fig.1 D). High glucose down regulated (P<0.05) WT1 mRNA as well as protein
expression in DPDs. These findings suggest that high glucose down regulates transcription

and translation of WT1 but enhances transcription of PAX2 in DPDs.

We examined whether there is a causal relationship between high glucose-induced
down regulation of WT1 and upregulation of PAX2 expression in DPDs. DPDs were
transfected with either scrambled (SCR) or WT1siRNA (n=3). Subsequently, protein blots
were probed for WT1 and reprobed for PAX2 and GAPDH. Gels from three different lysates

are displayed in Fig. 1E. Cumulative densitometric data are shown in Fig. 1F. DPDs
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silenced for WT1 displayed enhanced (P<0.05) PAX2 expression. These findings confirm

that down regulation of WT1 causes upregulation of PAX2 in DPDs.

High glucose induces DPDs dedifferentiation through upregulation of miR193a

Since miR193a is a negative regulator of WT1 in PDs (11), we asked whether high
glucose is down regulating WT1 via up regulation of miR193a. DPDs were incubated in
media containing either normal glucose (control, 5 mM) or high glucose (30 mM) for 48
hours (n=3). RNAs were extracted and assayed for miR193a. As shown in Fig. 2A, high

glucose enhanced expression of miR193a in DPDs.

To determine whether a specific miR193a inhibitor carries the potential to reverse
effect of high glucose milieu, DPDs were incubated in media containing normal glucose (5
mM, control), high glucose (30 mM), empty vector (pCMV-MIR 25 nM) with or without
miR193a inhibitor (25 nM, Applied Biosystems, Thermo Fisher) for 48 hours followed by
RNA extraction. RNAs were assayed for miR193a. High glucose enhanced (P<0.01 the
expression of miR193a in DPDs; however this effect of high glucose was attenuated by

inhibition of miR193a (Fig. 2B).

We hypothesized that if high glucose induced dedifferentiation of DPDs through
upregulation of miR193a, then inhibition of miR193a in high glucose milieu would preserve
DPDs molecular phenotype. DPDs were incubated in media containing either normal
glucose (control, 5 mM), high glucose (30 mM), empty vector (pCMV-MIR, 25 nM) with or
without a specific inhibitor of miR193a (25 nM) for 48 hours (n=3). Proteins were extracted
and protein blots were probed for WT1 and reprobed for PAX2 and actin. Gels are

displayed in Fig. 2C. Cumulative densitometric data are shown as a bar diagram in Fig. 2D.
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High glucose decreased (P<0.05) DPDs expression of WT1 and enhanced (P<0.05)
expression of PAX2. However, miR193a inhibitor prevented upregulation of PAX2 in high
glucose milieu. These findings confirm that high glucose induces dedifferentiation of DPDs

through upregulation of miR193a.

High glucose down regulates DPDs expression of APOL1 through Upregulation of

miR193a

To determine the dose-response effect of high glucose on APOL1 expression in
DPDs, cells were incubated in media containing variable concentrations of glucose (5, 10,
20, 30, 35 mM) for 48 hours (n=3). Protein blots were probed for APOL1 and reprobed for
GAPDH. Representative gels are displayed in Fig. 3A. Glucose down regulated APOL1

expression in DPDs at higher concentrations (30 mM and above).

To evaluate the APOL1s relationship with dedifferentiation markers, UNDPDs,
DPDs-treated with RPMI containing either conventional glucose (11 mM) or HG (30 mm)
for 48 hours were analyzed for dedifferentiation markers (n=4). Protein blots were probed
for APOL1 and reprobed for WT1, PAX2, and GAPDH. Gels of three different lysates are
displayed in Fig. 3B. Cumulative densitometric data are shown as a bar diagram (Fig. 3C).
DPDs displayed the expression of APOL1 and WT1 but attenuated expression of PAX2; on
the other hand, high glucose inhibited the expression of APOL1 and WT1 but enhanced the
expression PAX2. These findings suggest that down regulation of APOL1 in DPDs is
temporally associated with down regulation of WT1 and upregulation of PAX2 in high

glucose milieu.

13



304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

To determine whether miR193a is regulating the expression of APOL1, DPDs were
incubated in media containing either normal glucose (5 mM), high glucose (30 mM), empty
vector (25 nM; pCMV-MIR) with or without miR193a inhibitor (25 nM) for 48 hours (n=3).
Proteins and RNAs were extracted. Protein blots were probed for APOL1 and reprobed for
GAPDH. Gels are displayed in the upper panel of Fig. 3D. Cumulative densitometric data
are shown in bar graphs (Fig. 3E). High glucose down regulated (P<0.05) APOL1
expression in DPDs; however, miR193a inhibitor enhanced (P<0.05) APOL1 expression in
high glucose milieu. RNAs were extracted from the lysates of 3D and cDNAs were
amplified with a specific primer for APOL1. Cumulative data are shown as a bar diagram
(Fig. 3F). High glucose down regulated APOL1 mRNA expression; however, inhibition of
miR193a stimulated APOL1 mRNA expression both in control and high glucose milieus.
These findings suggest that miR193a negatively regulates APOL1 expression in DPDs

under control as well as in high glucose milieus.

DPDs grown on coverslips were incubated in media containing either normal
glucose (C, 5 mM), high glucose (30 mM) with or without a miR193a inhibitor (miR, 25 nM)
for 48 hours (n=3) followed by immuno-labeling for APOL1. Subsequently, cells were
examined under a confocal microscope. Representative fluoromicrographs are shown in
Fig. 3G. High glucose down regulated APOL1 expression (green fluorescence) in DPDs,

however this effect of high glucose was mitigated by inhibition of miR193a.

To determine the effect of overexpression of miR193a on APOL1 expression, DPDs
were transfected with either empty vector (EV) or miR193a plasmid (n=3). Proteins and
RNAs were extracted. Protein blots were probed for WT1, PAX2, APOL1, and re-probed for

GAPDH. Gels from three different lysates are displayed in Fig. 4A. Cumulative
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densitometric data are shown as a bar diagram in Fig. 4B. MiR193a-overexpressing DPDs
showed down regulation of APOL1 and WT1 but upregulation of PAX2. cDNAs were
amplified for APOL1. Cumulative data are shown in a bar diagram (Fig. 4C). DPDs
overexpressing miR193a showed down regulation of APOL1 mRNA. These findings

confirm that miR193a negatively regulates expression of APOL1 in DPDs.

WT1 repressor complex preserves DPDs molecular phenotype

To characterize the molecular phenotypes of undifferentiated (UND) and
differentiated PDs (DPD), protein blots of UNDPDs (0 day incubation) and DPDs (10 days
incubation) were probed for PDs (nephrin, and podocalyxin), PEC (PAX2) markers, APOL1,
components of WT1 repressor complex (RBBP4, EZH2, Menin, H3K27me3, and DNMT1),
and actin. Gels from three different lysates are displayed in Figs. 5A (PD and PEC
markers) and 5B (components of WT1 repressor complex, input for IP data). Cumulative
densitometric data from the lysates of Figs. 5A and 5B are shown as bar diagrams (Figs.
5C and 5D). DPDs (10 days incubation) displayed higher expression of APOL1, nephrin,
and podocalyxin (PDX) but lower expression of PAX2 when compared to undifferentiated
PDs (0 day, Figs. 5A and 5C). Interestingly, DPDs (10 days incubation) displayed

enhanced expression of the components of WT1 repressor complex (Figs. 5B and 5D).

To confirm the composition of WT1 repressor complex, input lysates of UND and
DPD were immunoprecipitated (IP) with the anti-WT1 antibody. IP fractions were probed for
WTL1, RBBP4 (Polycomb group protein), EZH2, Menin, H3K27me3, DNMT1, and IgG. Gels
from three different IP fractions are displayed in Fig. 5E. Cumulative densitometric data
from the lysates are shown in bar graphs (Fig 5F). IP fractions of DPDs displayed

enhanced expression of WT1, RBBP4, Menin, EZH2, H3K27me3, and DNMT1 when
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compared to 0 day PDs. These findings confirm that WT1 repressor complex is composed

of WT1, RBBP4, Menin, EZH2, H3K27me3, and DNMT1.

We asked whether the integrity of WT1 repressor complex is critical for the
prevention of dedifferentiation of DPDs. DPDs were transfected with scrambled (SCR),
WT1 siRNA, DNMT1 siRNA or WT1 + DNMT1 siRNAs. After 48 hours, protein blots were
probed for PAX2, WT1, nephrin, podocalyxin (PDX), DNMT1, and reprobed for actin. Gels
from three different lysates are displayed in Fig. 5G. Cumulative densitometric data are
shown as a bar diagram in Fig. 5H. Lack of either WT1 or DNMT1 enhanced the
expression of PAX2. Interestingly, combined silencing of WT1 and DNMT1 displayed
additive effect on PAX2 expression. These findings suggest that disruption of WTL1

repressor complexes de-represses the expression of PAX2.

Role of APOL1 in preservation of DPDs molecular phenotype

To determine the role of APOL1 in the preservation of the DPDs molecular
phenotype, DPDs were transfected with either control (scrambled, SCR) or APOL1 siRNA.
Proteins were extracted from control and transfected cells (n=3).Protein blots were probed
for APOL1 and reprobed for PAX2, WT1, and GAPDH. Gels from three different lysates are
displayed in Fig. 6A. Cumulative densitometric data are shown in a bar diagram (Fig. 6B).
APOL1 silenced DPDs displayed attenuated (P<0.05) expression of WT1 and enhanced
(P<0.05) expression of PAX2 when compared to control and SCR DPDs. These findings
indicate that APOL1 expression is critical for the preservation of DPDs molecular

phenotype.
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To determine whether APOL1 would be preserving DPDs molecular phenotype
through alterations in miR193a expression, DPDs were transfected with either control
(scrambled, SCR) or APOL1 siRNA. RNAs were extracted from control and transfected
cells (n=3). RNAs were assayed for miR193a. Cumulative data are shown in a bar diagram

(Fig. 6C).

To establish a functional relationship between miR193a and APOL1, DPDs were
transfected with either control (scrambled, SCR) or APOL1 siRNA and incubated in media
with or without miR193a inhibitor (25 nM) for 48 hours (n=3). Protein blots were probed for
APOL1, WT1, PAX2 and GAPDH. Gels from three different lysates are displayed in Fig.
6D. Silencing of APOL1 in DPDs down regulated WT1 and enhanced the expression of
PAX2; however, inhibition of miR193a did not alter this effect of APOL1. These findings
suggest the importance of APOL1 expression to sustain the functionality of APOL1-

miR193a axis.

To determine whether, miR193a inhibitor is fully functional in APOL1-silenced PDs,
RNAs were extracted from the lysates of 6D. RNAs were assayed and cumulative data
(n=3) are shown in a bar diagram (Fig. 6E). miR193a inhibitor down regulated PDs
expression of miR193a in control conditions but could not do so in APOL1 silenced-PDs.
These findings suggest that APOL1 is required for the functionality of APOL1-miR193a axis

in DPDs.

APOL1 negatively regulates miR193a expression in DPDs

To confirm a relationship between APOL1 and miR193a, UNDPDs stably expressing vector

and overexpressing APOL1GO were differentiated (incubation in RPMI containing 11 mM
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glucose for 10 days). APOL1GO-expressing DPDs were transfected with either scrambled
or APOL1 siRNAs (n=6). After 48 hours, proteins and RNAs were extracted. Protein blots
were probed for APOL1 and reprobed for WT1, PAX2 and actin. Gels from three different
lysates are displayed in Fig. 7A. Cumulative densitometric data (n=6) are shown as a bar
diagram (Fig. 7B). DPDs overexpressing APOLGO displayed enhanced expression of
APOL1 and WT1 but down regulation of PAX2; however, silencing of APOL1 reversed this
APOL1GO. RNAs were assayed for miR193a and cumulative data are shown as a bar
diagram (Fig. 7C). DPDs overexpressing APOLGO displayed down regulation of miR93a
expression, however, silencing of APOL1 upregulated the expression of miR193a. These

findings confirm that APOL1 negatively controls the expression of miR193a.

VDR agonist (VDA) preserves DPDs phenotype through modulation of miR193a-

APOLL1 axis in high glucose milieu

Vitamin D3 has been known to down regulate expression of miR193a in parietal
epithelial cells (20). To determine the effect of VDA on miR193a expression in UNDPDs,
UNDPDs were incubated in media containing either vehicle (0.1% DMSOQO) alone or
different concentrations of VDA (EB1089, 0, 1.0, 10.0, and 100.0 nM) for 48 hours (n=3).
RNAs were extracted and assayed for miR193a. Cumulative data are shown in a bar

diagram (Fig. 8A). VDA down regulated miR193a in UNDPDs in a dose-dependent manner.

To determine the effect of VDA on high glucose-induced modulation of miR193a,
DPDs were incubated in media containing either normal glucose (C, 5 mM), high glucose
(HG, 30 mM), vehicle (0.1% DMSO) with or without VDA (EB1089, 10 nM) for 48 hours

(n=3). RNAs were extracted and assayed for miR193a. Cumulative data are shown as a
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bar diagram (Fig. 8B). High glucose enhanced (P<0.01) expression of miR193a in DPDs.
However, VDA inhibited high glucose-induced upregulation of DPDs expression of

miR193a.

To examine the effect of VDA on high glucose-induced down regulation of APOL1,
DPDs were incubated in media containing either normal glucose (C, 5mM), high glucose
(HG, 30 mM) with or without VDA (EB1089, 10 nM) for 48 hours (n=3). Protein blots were
probed for APOL1 and reprobed for GAPDH. Representative gels are displayed in Fig. 8C.
Cumulative densitometric data are shown in a bar diagram (Fig. 8D). High glucose down
regulated (P<0.05) APOL1 expression in DPDs; however, VDA enhanced APOL1
expression in high glucose milieu. These findings suggest that VDA has potential to

preserve DPDs expression of APOL1 in high glucose milieu.

To evaluate the effect of VDA on high glucose-induced dedifferentiation, DPDs were
incubated in media containing either normal glucose (C, 5mM), vehicle (Veh, 0.1% DMSO
high glucose (HG, 30 mM) with or without VDA (EB1089, 10 nM) for 48 hours (n=3). Protein
blots were probed for WT1, PAX2 and reprobed for GAPDH. Representative gels are
displayed in Fig. 8E. Cumulative densitometric data are shown in a bar diagram (Fig. 8F).
High glucose down regulated (P<0.05) DPDs expression of WT1 but enhanced (P<0.05)
the expression of PAX2. However, VDA enhanced the expression of WT1 under high
glucose milieu. Moreover, VDA down regulated high glucose-induced PAX2 expression in
DPDs. These findings suggest that VDA carries a potential to preserve DPDs molecular

profile in high glucose milieu.
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Discussion

The present study demonstrated that high glucose (HG) induced dedifferentiation in
DPDs. High glucose enhanced PAX2 expression, a marker of podocyte dedifferentiation,
as a consequence of disruption of WT1 repressor complex. High glucose-induced DPDs
dedifferentiation was associated with a higher expression of miR193a and inhibition of
miR193a prevented DPDs dedifferentiation. DPDs overexpressing miR193a displayed
down regulation of APOL1 and enhanced expression of dedifferentiating markers;
conversely, silencing of miR193a enhanced the expression of APOL1 and also preserved
DPDs phenotype. Interestingly, high glucose also attenuated DPDs expression of APOL1.
Moreover, stably APOL1GO-overexpressing DPDs displayed the enhanced expression of
WT1 but attenuated expression of miR193a; nonetheless, silencing of APOL1 reversed
these effects. Since silencing of APOL1 enhanced miR193a expression as well as
dedifferentiation in DPDs, it appears that down regulation of APOL1 contributed to
enhanced miR193a expression in HG milieu. Vitamin D receptor agonist (VDA) down
regulated miR193a, upregulated APOL1 expression, and prevented dedifferentiation of
DPDs in HG milieu. These findings suggest a novel role of APOLL1 in the preservation of

molecular phenotype of DPDs in high glucose milieu.

Expression of parietal epithelial proteins such as Claudin 1 and PAX2 in the
glomerular capillary tufts in diabetic nephropathy could be a consequence of the
replacement of PDs by PECs or PDs reversal to PECs phenotype. Chen et al
demonstrated that high glucose milieu enhanced PAX2 gene expression in mouse
embryonic mesenchymal epithelial cells and kidney explants (6). In an experimental model

of podocyte reporter mice, podocyte injury stimulated expression of PAX2 (34). Therefore,
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expression of PAX2 by glomerular capillary epithelial cells may not be able to predict their

lineage.

WT1 has been reported to regulate PAX2 expression negatively through the
formation of a repressor complex (44).WT1 repressor complex containing PcG proteins,
EZH2, and Menin binds at PAX2 gene and has been demonstrated to decrease
transcription of PAX2 (40, 44). In the present study, high glucose down regulated WT1 and
decreased the transcription of PAX2 in DPDs. WT1 bound IP fraction revealed the
presence of PcG protein, EZH2, Menin and DNMT1. Silencing of WT1 or DNMT1 disrupted
the repressor complex and upregulated PAX2 expression in DPDs. These findings suggest
that high glucose-induced down regulation of WT1 and enhanced PAX2 expression
occurred through disruption of WT1 repressor complex. We have displayed proposed
composition of WT1 repressor complex on PAX2 in Fig. 9A. However, these observations

need to be confirmed in vivo studies.

MicroRNA193a has been demonstrated to regulate WT1 transcription inversely in
podocytes (14). miR193a transgenic mice displayed loss of WT1 by podocytes and
developed focal glomerular sclerosis (14). Notably, dedifferentiation of PDs in the form of
PAX2 expression was not studied in this model. In the present study, high glucose
enhanced expression of miR193a and down regulated WT1 expression in the podocytes.
Inhibition of miR193a caused upregulation of podocyte WT1 expression in high glucose
milieu, suggesting an inverse relationship between miR193a and WTL1 in high glucose
milieu. Moreover, inhibition of miR193a upregulated PD expression of WT1 and down

regulated PAX2 expression in high glucose milieu. These findings suggest that modulation
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of miR193a could be used as a therapeutic strategy to preserve podocyte molecular

integrity in high glucose milieu.

In the present study, high glucose-induced upregulation of miR193a displayed a
temporal relationship with down regulation of APOL1 expression in PDs. On the other
hand, APOL1-silenced PDs displayed upregulation of miR193a and over-expressing
APOL1-PDs showed down regulation of miR193a expression. These findings suggest a
negative feedback relationship between APOL1 and miR193a in PDs. As noted below, this
miR193a-mediated down regulation of APOL1 in high glucose milieu could provide an
explanation for the low or absence of any association of APOL1 renal risk variants with
diabetic kidney disease (13). On the other hand, down regulation of APOL1 was associated
with dedifferentiation of DPDs both in high glucose milieu as well as under control
conditions; while upregulation of APOL1 provided protection against dedifferentiation of
podocytes in high glucose milieu. Therefore, enhanced APOL1 expression could be
considered with caution as a strategy to preserve podocyte phenotype in high glucose or
related adverse milieus. However, in the absence of such adverse milieus it is considered

that APOL1 expression may be dispensable to kidney health (19).

Since LPS, TNF-a, HIV and IFN-y have been reported to enhance expression of
APOLL1 in podocytes (23, 24, 27), these agents could be used to prevent down regulation of
APOLL1 in high glucose milieu. However, these agents are phlogogenic de novo, and would
not be suitable in chronic kidney disease-carrying pre-existing inflammatory milieu. In our
study, we observed that VDA not only down regulated miR193a but also enhanced PD
expression of APOL1 in high glucose milieu. Therefore, VDA could be used to provide

protection against dedifferentiation in high glucose milieu through enhanced PD expression
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of APOL1. However, using VDA for increasing APOL1 in high glucose milieu would be
detrimental for PDs health if the host carries APOL1 risk alleles (3, 15, 23, 24). Therefore, it
would be mandatory to characterize the genetic profile of APOL1 before using VDA as a

therapeutic strategy to preserve PDs molecular phenotype in high glucose milieu.

Genetic epidemiology indicated that African Americans (AAs) carrying APOL1 risk
alleles (G1 and G2) are prone to develop chronic kidney diseases at higher rates with few
exceptions such as diabetic nephropathy when compared to European Americans (13, 21,
41). In the present study, high glucose milieu down regulated expression of APOLL1 in
podocytes; therefore, high glucose milieu would also down regulate podocyte expression of
APOL1 risk alleles in Africans Americans carrying APOLL1 risk alleles. Since enhanced
expression of APOL1 risk alleles has been reported to be cytotoxic to podocytes, down
regulation of APOLL1 risk alleles in high glucose milieu is unlikely to modulate net outcome.

Therefore, our data are consistent with the epidemiologic observations (13).

We conclude that high glucose-induced up regulation of miR193a stimulated
attenuated expression of APOL1 manifesting in the form of DPDs dedifferentiation (Fig.
9B). This effect of high glucose could be prevented by VDA through the reversal of APOL1-

miR193 axis alterations.
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Figure legends

Fig. 1.High glucose causes dedifferentiation of podocytes
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A.

Differentiated podocytes (pre-incubated in RPMI 1640 media containing glucose [11
mM] at 37°C; DPDs) were incubated in media containing normal glucose (C, 5 mM)
or high glucose (HG, 30 mM) for 48 hours (n=3). Proteins were extracted. Protein
blots were probed for PAX2 and re-probed for actin. Gels from three different lysates
are displayed (Upper panel). Cumulative densitometric data are shown in bar graphs
(Lower panel). *P<0.05 compared with C.

Protein blots from the lysate preparations of 1A were probed for WT1 and re-probed
for actin. Gels from three different lysates are displayed. Cumulative data are shown
in a bar diagram. *P<0.05 compared with C.

RNAs were extracted from the lysates of 1A. cDNAs were amplified with a specific
primer for PAX2. Cumulative data on mRNA expression of PAX2 are shown.
*P<0.05 compared with C.

RNAs were extracted from the lysates of 1A. cDNAs were amplified with a specific
primer for WT1. Cumulative data on WT1 mRNA expression are shown. *P<0.05

compared with C.

DPDs were transfected with scrambled (SCR, 25 nM) or WT1 (25 nM) siRNAs with
Lipofectamine RNAIMAX transfection reagent according to manufacturer’s protocol
and left in opti-MEMmedia for 48 hrs (n=3). Subsequently, proteins were extracted
and protein blots from control and transfected cells were probed for WT1 and

reprobed for PAX2 and GAPDH. Gels from three different lysates are displayed.

Cumulative densitometric data from the gels of 1E are shown in a bar diagram.
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*<0.05 compared with respective C and SCR.

Fig. 2.High glucose induces PDs dedifferentiation through upregulation of mIR193a

A. DPDs were incubated in media containing either normal glucose (control, 5 mM) or

high glucose (30 mM) for 48 hours (n=4). RNAs were extracted and assayed for

miR193a. Cumulative data are shown in a bar diagram. *P<0.05 compared with C.

. DPDs were incubated in media containing either normal glucose (5 mM, control),

high glucose (30 mM), empty vector (25 nM; pCMV-MIR; using lipofectamine as a
carrier) with or without miR193a inhibitor (25 nM, plasmid-based inhibitor using
lipofectamine as a carrier) for 48 hours (n=3). RNAs were extracted and assayed

for miR193a. **P<0.01 with other variables.

. DPDs were incubated in media containing either normal glucose (control, 5 mM),

high glucose (30 mM) empty vector (25 nM) with/without a specific inhibitor of
miR193a (25 nM) (n=3). After 48 hours, proteins were extracted. Protein blots were

probed for WT1 and re-probed for PAX2 and actin. Gels are displayed.

D. Cumulative densitometric data from the protein blots of 2C. *P<0.05 compared to

other WT1/PAX2 variables; *P<0.05 compared to respective C.

Fig. 3.High glucose Down regulates DPD expression of APOL1 through Upregulation

of miR193a

A. DPDs were incubated in media containing different concentrations of glucose (5,
10, 20, 30, 35) for 48 hours (n=3). Protein blots were probed for APOL1 and re-
probed for GAPDH. Representative gels are displayed.

B. DPDs were incubated in media containing either conventional glucose (11 mM)

or HG (30 mm) for 48 hours. Proteins were extracted from UNDPDs and
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experimental DPDs (n=4). Protein blots were probed for APOL1 and reprobed for

WT1, PAX2, and GAPDH. Gels of three different lysates are displayed.

. Cumulative densitometric data of protein blots of 3B are shown in a bar diagram.

*P<0.05 compared to respective UNDPD and DPD/HG; **P<0.01 compared to
respective UNDPD and DPD/HG.

DPDs were incubated in media containing either normal glucose (5 mM), high
glucose (30 mM), empty vector (25 nM) with or without miR193a inhibitor (25 nm,
miR-Inh) for 48 hours (n=3). Proteins were extracted. Protein blots were probed
for APOL1 and re-probed for GAPDH. Gels are displayed.

Cumulative densitometric data are shown in bar graphs. *<0.05 compared with C

and EV; *P<0.05 compared with HG alone.

. RNAs were extracted from the lysate preparations of 3D and cDNAs were

amplified for APOL1 mRNA. Cumulative data are shown in a bar diagram.
*P<0.05 compared with respective C and EV; **P<0.01 compared with C, EV,
and HG alone; **P<0.001 compared with C, EV, and HG alone; *P<0.05

compared with miR-Inh alone.

. DPDs grown on coverslips were incubated in media containing either normal

glucose (C), high glucose with or without a miR193a inhibitor (miR, 25 nM) for 48
hours (n=3) followed by immuno-labeling for APOL1. Subsequently, cells were
examined under a confocal microscope. Representative fluoromicrographs are

shown.

Fig. 4. Overexpression of miR193a down regulates APOL1
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. DPDs were transfected with either empty vector (EV) or miR193a plasmid (n=3).

Proteins were extracted. Protein blots were probed for WT1, PAX2, APOL1, and

re-probed for GAPDH. Gels from three different lysates are displayed.

. Cumulative densitometric data from the lysates of 4A.*P<0.05 compared to

Control and EV; **P<0.01 compared to Control and EV.

. RNAs were extracted from the lysates of 4A. cDNAs were amplified with a

specific primer for APOL1. *P<0.05 compared with other variables.

Fig. 5. WT1 repressor complex preserves DPDs molecular phenotype
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A. Protein blots of UNDPDs (0 day incubation) and DPDs (10 day incubation) were

probed for PDs (nephrin, WT1, and podocalyxin) and PEC (PAX2) markers,

APOL1, and actin. Gels from three different lysates are displayed.

. Protein blots from 5A were reprobed for the components of WTL1 repressor

complex. Gels from three different lysates are displaced.

. Cumulative densitometric data from the lysates of 5A are shown as a bar

diagram. *P<0.05 compared to respective O day.

. Cumulative densitometric data from the lysates of 5B are shown as a bar

diagram. *P<0.05 compared to respective O day.

. Lysates from 5A were immunoprecipitated (IP) with the anti-WT1 antibody. IP

fractions were probed for WT1, RBBP4 (Polycomb group protein), Menin,
H3K27me3, DNMT1, and IgG. Gels from three different IP fractions are

displayed.

. Cumulative densitometric data from the lysates of 5E are shown as bar graphs.

*P<0.05 compared with respective 0 day.
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G. DPDs were transfected with either scrambled (SCR), WT1 siRNA (25 nM),
DNMT1 (25 nM), WT1+DNMT1 siRNAs with Lipofectamine RNAIMAX
transfection reagent according to manufacturer’'s protocol and left in opti-
MEMmedia for 48 hrs (in WT1 + DNMT1 experiments, cells were exposed to WT1
SiRNA for 48 hours and DNMTL1 siRNA for 24 hours). Subsequently, proteins were
extracted. Protein blots were probed for PAX2, WT1, nephrin, podocalyxin
(PDX), DNMT1 and reprobed for actin. Gels from three different lysates are
displayed.

H. Cumulative densitometric data from the lysates of 5G are shown as a bar
diagram. *P<0.05 compared to C, SCR, and siRNADNMT1 in PAX2 variables;
**P<0.01 compared to C, SCR, and siRNADNMT1 in PAX2 variables; *P<0.05
compared with C and SCR in Nephrin variables; "P<0.0.05 compared with C and
SCR in PDX variables; “P<0.01 compared C and SCR in WT1 variables; 9p<0.01

compared with SIRNADNMT1, C and SCR in DNMT1 variables.

Fig. 6.Role of APOL1 in preservation of DPDs molecular phenotype
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A. DPDs were transfected with either control (scrambled, SCR) or APOL1 siRNA.
Proteins were extracted from control and transfected cells (n=3).Protein blots were
probed for APOL1 and re-probed for PAX2, WT1, and GAPDH. Gels from three
different lysates are displayed.

B. Cumulative densitometric data of protein blots displayed in 6A. *P<0.05 compared
with respective APOL1, WT1, and PAX2 in control and SCR variables.

C. DPDs were transfected with either control (scrambled, SCR) or APOL1 siRNA.

RNAs were extracted from control and transfected cells (n=3) and assayed for
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miR193a. Cumulative data are shown in a bar diagram.**P<0.01 compared with

other variables.

. DPDs were transfected with either control (scrambled, SCR) or APOL1siRNA and

incubated in media with or without miR193a inhibitor for 48 hours (n=3). Protein blots
were probed for APOL1, WT1, PAX2 and GAPDH. Gels from three different lysates

are displayed.

. RNAs were extracted from the lysate preparations of 6D and assayed for miR193a.

Cumulative data are shown in a bar diagram. *P<0.05 compared with control and
SCR; **P<0.01 compared with control, miR193a inh alone, and SCR; ?P<0.05 with

all other variables.

7. APOL1 negatively regulates miR193a expression in DPDs
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A. UNDPDs stably expressing vector and overexpressing APOL1GO were incubated in

RPMI containing 11 mM glucose and 10% serum for 10 days at 37°C. APOL1GO-
expressing DPDs were transfected with either scrambled or APOL1 siRNAs (n=6).
After 48 hours, proteins were extracted from control (vector) and siRNA-transfected
cells. Protein blots were probed for APOL1 and reprobed for WT1, PAX2 and actin.

Representative gels from three different lysates are displayed.

B. Cumulative densitometric data (n=6) from the protein blots of 7A are shown in a bar

diagram. *P<0.05 compared with V and GO APOL1 siRNA in WT1 and all other
variables in PAX2 proteins; **P<0.01 compared with V and GO APOL1 siRNA in

APOL1 protein.
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C.

RNAs were extracted from the lysates of the protocol 7A. RNAs were assayed for

miR193a and cumulative data are shown in a bar diagram. *P<0.05 compared with

vector; **P<0.01 compared with vector; ***P<0.001 compared with GO and GO/SCR.

Fig. 8. VDR agonist (VDA) preserves DPDs phenotype through modulation of

mMiR193a-APOL1 axis in high glucose milieu

A.

UNDPDs were incubated in media containing either vehicle (0.1% DMSOQO) alone or
different concentrations of VDA (EB1089, 0, 1, 10, and 100 nM) for 48 hours (n=3).
RNAs were extracted and assayed for miR193a. Cumulative data are shown in a bar
diagram. *P<0.05 compared with vehicle (VDA, 0 nM), VDA, 0 and1.0 nM;**P<0.01
compared with vehicle (VDA, 0 nM), VDA, 0 and 1.0 nM; ®P<0.05 compared with
VDA, 10 nM.

DPDs were incubated in media containing normal glucose (C, 5mM), high glucose
(HG, 30 mM), vehicle (0.1% DMSO with or without VDA (EB1089, 10 nM) for 48
hours (n=3). RNAs were extracted and assayed for miR193a. Cumulative data are
shown in a bar diagram. *P<0.01 compared with other variables.

DPDs were incubated in media containing either normal glucose (C, 5mM), high
glucose (HG, 30 mM) with or without VDA (EB1089, 10 nM) for 48 hours (n=3).
Protein blots were probed for APOL1 and re-probed for GAPDH. Representative
gels are displayed.

Cumulative densitometric data from the lysates of 8C are shown in a bar diagram.
*<0.05 compared to C; *P<0.05 compared to HG alone.

DPDs were incubated in media containing either normal glucose (C, 5mM), vehicle

(Veh, 0.1% DMSO, high glucose (HG, 30 mM) with or without VDA (EB1089, 10 nM)
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for 48 hours (n=3). Protein blots were probed for WT1, PAX2 and re-probed for
GAPDH. Representative gels are displayed.
Cumulative densitometric data from the protein blots of 8E are shown in a bar

diagram. *P<0.05 compared with respective all other variables.

Fig. 9. Proposed mechanistic schemes
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A.

Composition of WT1 repressor complex is shown in a cartoon. WT1 repressor
complex binding to PAX2 promoter represses its transcription. Disruption of this
complex would de-repress the expression of PAX2.

High glucose enhanced the expression of miR193a, which led to down regulation of
APOL1 expression in DPDs. These alterations in miR193a-APOL1 axis induced
DPDs dedifferentiation. VDA provided protection against this effect of high glucose

through the reversal of miR193a-APOL1 axis alterations.
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