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Correlation between YAP and podocyte apoptosis and the protective
effect of YAP agonist in FSGS mice model
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[ Abstract] Objective To investigate the correlation between YAP and podocytes apoptosis in focal
segmental glomerulosclerosis (FSGS) and the role of YAP activator on the podocytes apoptosis.
Methods The renal biopsy specimens of human FSGS were collected from the Nephrology Research
Group of the Department of Pathology, School of Basic Medical Sciences, Fudan University. Adriamycin-

induced FSGS mice model and Adriamycin-induced podocytes injury model iz vitro were generated, and

[ 5 A SRR E ki BT H (81770712)
AZENG Ming-yao and CHEN Hong-ru contributed equally to this work
ACorresponding author E-mail: hjwu@shmu.edu.cn

%) 4% & %% I6FA] : 2023-04-23 16:26:06 % 24 & %% ik« https : //link.cnki.net/urlid/31.1885.R.20230423.1036.002



476 B H AR (R )

the above in wivo or in wvitro model were treated in combination with YAP activator 1-Oleoyl
lysophosphatidic acid (LLPA). Immunohistochemistry (IHC) or double immunofluorescence staining,
Western blot and Hoechst 33258 staining were used to examine the correlation between podocytes
apoptosis and the expression of YAP in podocytes. Podocytes transfected with YAP siRNA were treated
with LPA, and then YAP expression and podocytes apoptosis were examined. Results The more
apoptotic podocytes, the more nuclear exclusion of YAP in FSGS were observed either in vivo or in vitro.
YAP activator LPA improved glomerular morphology (7=17.68, P<C0.000 1) and renal function(BUN: /=
4.576, P=0.010 2; UACR: =2.51, P=0.045 6) of Adriamycin-induced FSGS mice model, reduced the
expression of p-YAP (S127) , increased YAP nuclear entry and decreased podocyte apoptosis (P<C0.001
for both expression of Cleaved Caspase-3 and Hoechst 33258 staining) induced by Adriamycin both in vivo
and in vitro. RNA interference of YAP decreased both total and phosphorylated YAP expression, and
increased podocytes apoptosis. LPA treatment decreased the expression of p-YAP (S127) , promoted
YAP nuclear localization and decreased the podocytes apoptosis (P<C0.000 1 for both expression of
Cleaved Caspase-3 and Hoechst 33258 staining) induced by YAP interference. Conclusion There are
decrease in YAP activation, nuclear exclusion of YAP, and increased podocytes apoptosis in FSGS model.

LLPA can inhibit the phosphorylation of YAP at Ser127, promote its nuclear translocation, thus to protect
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podocytes from apoptosis to ameliorate the progression of FSGS.
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A:PAS staining indicated global glomerulosclerosis (black arrows)
in adriamycin-induced FSGS mice (scale bar: 50 pm) ; B-D:
Adriamycin group compared with vehicle group. P <<0.05, ?P<<
0.01. BUN: Blood urea nitrogen; Scr: Serum creatinine.

1 MERFSFHFSGS/NREBE BE/NKES
ML
Fig1 Glomerular morphology and changes in renal function

of adriamycin-induced FSGS mice model
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A-B: Representative immunohistochemical staining for cleaved Caspase-3 images from para-carcinoma tissue (n=3) and FSGS patients (n=5)

(A), or from control mice and mice treated with adriamycin (2=5) (B), and representative positive cleaved Caspase-3 stained podocytes were

marked with arrow (scale bar: 40 pm); C: Western blot showed protein expression of cleaved Caspase-3 in podocytes treated with adriamycin in

vitro; D: Podocytes apoptosis was detected by Hoechst 33258 staining and apoptotic cells were brightly stained (yellow arrows, scale bar:25 pm).

s, 0h, P<<0.000 1.

2 FSGSHEHMMBETIES
Fig 2 Apoptotic podocytes increased in FSGS

FSGS B4 YAP HiZBAR Wik L 41l
TYAP R 5UEM TR EH YAP 52
YA b 7R 1 SYNPO F e 928 25 51 XU (ki
INFSGS 4R YAP A, 4R BN, EA
S5 55 B AL VS X B AL/ R YAP B8] 40 A T R 4N
I 1 240 B A% B L P 5 TR FSGS B A /N [
JEAML R YAP W) 3 250 A0 T ML (B 3A-B) . i
— A fi F Western blot A& I 28 B 25 2 4b B (% 12 41 iy
MEAMGFRSEEE KEA SR ER,EN
Y AP [ 3% 15 78 BT 85 25 Ak B AT 0 0 R T L S O
il (F=73.22, P<C0.001) , 1fi JiL 35 P9 Y AP T 78 i 5 &R
b3S — H R IR B TR (F=30.50,P=0.003 2)

(E3C); B2 B E b, & YAP 1y £k ol A2
fb (F=1.722, P=0.221 2) , & i T Ml 3K A9 p-YAP
(S127) (YR IKTE 4 hBF -, T 1] 9% 28 L 4K 1
(F=5.102,P=0.016 8) ,p-YAP(S397) By %A 7E 4 h
Ji Fr &k Ft @\ (F=5.643, P=0.012 2) , H [p-YAP
(S127)+p-YAP(S397) |/ YAP B LL Fl B 7E 4 h )5
e Tl (F=12.83,P<0.001) (K 3D) , Ui B a] A 4%
B AEBE BRIk YAP IS /D . DL &5 R4R/R ,FSGS 2 41
Mo YAP Hi A% 2 QLR T 2

YAP # 31 7 LPA 7] 2 & [0 B £ % S BT FSGS
INRER R SHERSMBINEE K8 JH A&
BUIFAR B 10 H/NR AR T 12 J8 i i) 28 2 ik 2R



480 S HSEH(BE2EIE) 20234E7 5 ,50(4)

A B

YAP Synapt Merge

Synapt

Vehicle

para-carcinoma

i

FSGS

=
0
S
=
=
=
=
=
<

C Adriamycin D Adriamycin
5 0h2hdh8h yy Oh2hdhGh8h M,
5| YAP[e= e= == |70 000 YAP (S127) [sr == e == ==| 70 000
2 | HiStone | e 17 000 3
3 YAP (S397) [~ = s s | 70 000
E YAP [wmn v wm wm sl 70 000
2| vap [ == =] 70000 R p— 42000
| p-actin (ewereren| 42000
> OADR 0 h
: SApe 3
2, 5 k= 1.5 B B &
g20r o g 15 2151 GADR 6 h 2.5
E 212 @ 212 | BADRgh S E20
I 1.5} = i = i ) - -
[4}] Zpo b ns _”J - § 1.5
% o ) 5 0.9 e_|r.|. I gl T ns ns a8t
> 0.6 0.6 - SELO
- | 5 2] o
§ost 203 203+ £ 305
S . o |_L| = s
3 ol g0 2 0 a 0 > o %
0h2h4h8h 7  0h2h4h 8h KN N NSO S
Adriamycin Adriamycin =" & - ()Q.Q',"%.QQQ%‘QQ
Y 3 Q™ QY bl ol ol ol
4¥ A¥
q %

A-B: Double immunofluorescence staining with YAP and SYNPO revealed the distribution of YAP in podocytes from para-carcinoma tissue (n
=3) and FSGS patients (n=5) (A, scale bar: 50 pm) , or from control mice and mice treated with adriamycin (n=5) (B, scale bar: 20 pm) ,
arrows point out podocytes stained with YAP; C: Western blot examined YAP expression in nuclear or cytoplasm protein from the adriamycin-
induced podocytes, and the level of nuclear histone protein was used as an internal standard, §-actin was used as an internal reference for cytoplasm
protein; D: Western blot examined protein expression of p-YAP(S127), p-YAP(S397) and YAP in cultured podocytes induced by adriamycin.
vs. 0 h,""P<C0.05, ’P<C0.01; ns: Not significant.

3 FSGSRHAH YAP H#%
Fig3 YAP exhibited nucleus exclusion in podocytes of FSGS
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A: PAS staining indicated global glomerulosclerosis (black arrows) and glomerular segmental adhesion (red arrows) in adriamycin-induced

FSGS mice (scale bar: 50 pm) ; B: The number of glomeruli with segmental adhesions and the total number of glomeruli in each PAS-stained

section were observed and recorded, the proportion of glomeruli with segmental adhesion to the total glomeruli is the ratio of glomerular segmental

adhesion; C-E: Measurements of BUN, Scr and ratio of urinary albumin to creatinine in adriamycin group after LPA treatment. wvs. control

group, ""P<C 0.05, “’P <C0.000 1. Blood urea nitrogen; Scr: Serum creatinine; ns: Not significant.
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Fig4 LPA improved the glomerular morphology and renal function of Adriamycin-induced FSGS mice model
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A': Double immunofluorescence staining with YAP and SYNPO revealed the distribution of YAP in podocytes (arrows) from adriamycin-

induced FSGS mice model and that model treated with LPA (#=5) (scale bar: 20 pm) ;

B: Representative immunohistochemical staining for

cleaved Caspase-3 images from adriamycin-induced FSGS mice model and that model treated with LPA (n=5) , and representative positive

cleaved Caspase-3 stained podocytes were marked with arrow (scale bar: 40 pm) ;

C: Western blot examined YAP protein expression either in

nuclear or in cytoplasm from the adriamycin-induced podocytes after LPA treatment, and the level of nuclear histone protein was used as an internal

standard, B-actin was used as an internal reference for cytoplasm protein; D

LPA concurrently, followed by analysis with Western blot for examining the expression of p-YAP (S127) ,

: The cultured podocytes were exposed to adriamycin with or without

p-YAP(S397), YAP and cleaved

Caspase-3; E: Hoechst 33258 staining showed LPA decreased podocytes apoptosis in adriamycin-induced podocytes, and apoptotic cells were

brightly stained (yellow arrows, scale bar: 25 pm). " P<C0.05, ¥’ P<C0.01, ’P<C0.001, ns: Not significant.
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Fig5 LPA ameliorated podocytes apoptosis induced by adriamycin
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A': Podocytes were transfected with YAP siRNA, followed by analysis with Western blot for examining the expression of p-YAP(S127) , p-
YAP (S397) , YAP and cleaved Caspase-3; B: Hoechst 33258 staining showed podocytes apoptosis was increased in podocytes with YAP

knocking down, and apoptotic cells were brightly stained (yellow arrows,scale bar: 25 pm). ‘"P<C0.001, *’P<C0.000 1.
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were knocked down with YAP-siRNA and treated with LPA, followed by analysis with western blot for examining the expression of p-YAP
(S127) , p-YAP (S397) , YAP and cleaved Caspase-3 (scale bar: 25 pm) ; C: Hoechst 33258 staining showed LPA decreased podocytes
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0.001, “’P<C0.000 1; ns: Not significant.
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Fig7 LPA ameliorated the podocytes apoptosis induced by YAP interference
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