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m°’A methylase WTAP participates in renal ischemia-reperfusion injury by regulating

FOXO1 expression
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Abstract: Objective To investigate the expression of WTAP, a m°A methylase, in a mouse model of renal ischemia-reperfusion
(I/R) injury and the effect of WTAP knockdown on biological behavior of renal tubular epithelial cells exposed to I/R injury.
Methods Sixteen C57BL/6 mice with renal I/R injury or sham operation (1=8) were examined for blood urea nitrogen (BUN)
and creatinine (Scr) levels to assess renal function, and renal pathologies were observed with HE staining. The expressions of
WTAP and FOXOL1 proteins in the kidneys of the mice were detected using immunohistochemistry. Human renal tubular
epithelial cells (HK-2) were transfected with si-WTAP or si-NC followed by hypoxia-reoxygenation (H/R) exposure, Protein
and mRNA expression were assessed by Western blot and qRT-PCR, and changes and changes in cell viability and apoptosis
were assessed using CCK8 assay and TUNEL staining, respectively; LDH release level and caspase-3 activity of the cells were
measured using commercial assay kits. FOXO1 m°A modification sites were predicted using SRAMP website (http://www.
cuilab.cn/sramp/), and the interaction between WTAP and FOXO1 mRNA was analyzed with RIP experiment; the level of
FOXO1 modified by m°A was detected by MeRIP-qPCR. Results Compared with sham-operated mice, the mice with renal I/R
injury showed significantly increased Scr and BUN levels (P<0.001) and renal expressions of WTAP mRNA and protein (P<
0.001). In cultured HK-2 cells, H/R exposure significantly decreased the cell viability (P<0.001) and increased cellular LDH
release (P<0.001) and expressions of WTAP mRNA and protein (P<0.001). WTAP knockdown obviously reduced the cell
damage induced by I/R injury and significantly decreased the mRNA and protein levels of FOXOL1 in the cells (P<0.001). RIP
experiment confirmed WTAP binding to FOXO1 mRNA, and inhibition of WTAP expression significantly reduced FOXO1 m°A
level in HK-2 cells (P<0.001). Conclusion WTAP expression is up-regulated in the kidneys of mice with renal I/R injury and in
HK-2 cells with H/R exposure. Inhibition of WTAP alleviates H/R-induced apoptotic damage in HK-2 cells possibly by
inhibiting FOXO1 expression.

Keywords: WTAP; m°A; FOXO1; renal ischemia-reperfusion injury; apoptosis

AP (AKD 2 — M W B DhREIER R AKIRY R Z — Feid R HERL A CHE IR 1/
G PRE R SAE RPN MU & TR AR RS, RATEIZIUSARE) 1) 2 e . SR, BIE U/RI
b R B S VE B AL B, AR AR SR, MR SE AR R, O
HALFHEOET . BRI O (VRO R EC W7 1 URIA R BRI P AR T AKTH.

YR 1 83:2023-06-05 HEENEX,

u : ik L (m° =] 21 =R
QTR DI R BP0 H (2022K Y 006) . Ne6-H %%Hﬁk@i\(m A) mRI\‘IA &Y i ?
RS XU -1, 9ABEI, E-mail: mr_2gg8(@163.com R AT RO Z — [ RNA ™,

SEIEVEE G245 B 1, B FAELEIT , E-mail: fohd1984@163.com &MY A U 5E 5 4k O ERRE |



+ 2036 -

J South Med Uniy, 2023, 43(12): 2035-2042

http://www.j-smu.com

DNA 57 e &A= 46, I A RNA B E AKTHI
URT el ERATREEALRIEF D . Wilms¥E 1-40
KEF(WTAP) & —FEE A m°A I ELALG, n] Lt i
7 mRNA Bk m L F ik . WTAP 7E b5 btss
PERE R I 55 Z Rl vh 2 5 R 5 M 155
SRS (HASE A, WTAP 85435 ATF4 mRNA
B m APBATHE I N I, St T D LR $ 55, 5
WTAPTE AKIFTE VR A5 /R B R A WARE

L HEH O1(FOXO ) J& SR s TR b iy
— 5 EELS Iz s B PR A e O
T, AW GEA R A DIRE" . FOXO1 T8k
EIATE 'S VR B s 3Rk A2 1T SR A OC Y 4t A
PAT TELERE B /N b R 40 i 2k AR T BE & 15 o6
EHI™, A X FOXO1 [ me A BRI /b , A s
METTL14 i 31 FOXO1 19 m° A &4 il 2 p iz 2 i
PRAEFMBIPKHFRERELL" . (HFOXO1 i) m° A BITEE 1/
R B ERIIA WA

PRI, AR 5T H A A B TR S0/ R AL Bieay
A2 (H/R) IS B /NG T R AR B AR MR
T WTAP A 309 m° A BATE S VR B3 i e, 9]
WiZA/E 2 54 FOX01 2356 %, BTE AT R
N AKT ARG HERT I 43

1 ##FnFAE

1.1 A

1.1.1 E¥shtpFetate ST CSTBL/6I/NRIE B
S B EF BN SIR HO K 6~8 JEIIA/INRUH LA
TSR, H RS ROK, SEIHTESE 12 h, A HOK;
T BN S g0 28 PG 2 R 2 Bt o — s R B AR P D 2
HEHE(XYYFY2022LSDW-001) , 5256 35 R g “3R 7 Ji
W] B /NG T Bz 200 (HK -2 ) W 1] ATCC 4028
1.1.2 22X AL E T (TUNEL) KM £ (5
SUAMERE S TRHE AT IR R s IRZ A (BUN) St L
(Ser) i & (st BRHE A PR A s m°A IR RIK
PRSI & RO AR BRA ] ) ; CCK-8 1]
& (A RAEYHEARERA T ; ki &
SYBR Green B4 i (TaKaRa) ; 2 |1 2L i 71 BCA &
I AR & (IR = RAEYHARBBRA ) ;
10%PAGE % 1) & (I HERG A= Y RHE A FRA D 5
ECL k2= &Y (P8 2Kk RAEV R A R AT ;
m°‘A. WTAP, FOXO1. GAPDH #i {4 (ProteinTech) ;
LDH #5506 (R iR PR AT BR A FDD o /s
SRR R G iR AR A PR AR s 2 A il A=
S (LB B B T A R 2 F) ) 5 S 5t PCR
AL ORNHEBE D HRARABRA T stz B L (L
O RHABRA R s UKL D) RElhR CRIEER L

15 MY (Bio-Rad) ; {31 & i ek (g4 R A
FRONTED) s A IR 48 (AL O AR B 2 A BR
A s AR (i BRI & A IRAFD

12 ik

1.2.1 FOXO1 # ¥ A At 45 & Fam M NCBI (https:/
www.ncbi.nlm.nih.gov/)#3%]FOXO1 ) mRNA FASTA
FE5) 85 0 51 & 7 1) SRAMP (http://www.cuilab.cn/
sramp/) ¥ % “Predition” e 324 N , i “submit” 17
SiIbIL

1.2.2 FURSBGHA GG 16 HiEM: CSTBL/6]
INERL(6~8 T, R 5 B 20~25 ) , FEHLA> J % T AR 4
(Sham) 1B WS I FHE B (/R) , F32 8 HU/INR;
P AT /N BRAE S AT 12 h BRIRES £ 5 AR JeFR i/ B
M, IR TIE % 5 2% S e R ([ s AR
3 L/min) ; 53R (1.5 L/min) PR RRES, 34745 1541
BRA, SR 5 F TG 05 10045 e BHL T 22 15 21k 45 min, Bl
JE VR A B Bl LI , vy B ARt P A, A
AR R R RN, BRI B R RR B R/
SR

123 BEAME RS 24 h, RAHEE 24008 1
SFRIRRIE A TR IR D) 11 WTHZE B K B A 2R 1)
TE, A 4% 2 R SR EE , 53505
By, — Iy I TALGAEE T, 5 — ARSI
NBEGRERAT . BRI N KRR, 2555
SLEDH COZEARAER 7 A A8/ INER I

1.2.4 Bohaesbml WS AL/INRINR, 432 i35 f5 H
HRAE S Ui 13 R A e i, 4 A sl AR AR oY
LT A2 PR 2R RKF-

1.2.5 BRI LURHSAI R4/
BB 421 4% F B [ 7 48 h e A B3 VY |, U R
JELRERZM S um, 4T HE §e 4, 78 200 526 6 B itss
WAL B AT D

12.6 Szt e, i PR Ak HE Jeta
AR B 3% AN TYI R, 37 CREWT A
AL 20 min; FEK Y 20 mins KD R RIRAEIRT
IR BN A TR B R (TR b K 6 min; He kK
13 min) ; [ SR B 2 30 5 {11 5% L =F 1 i 2 I & AT
15 min; I 224X T IN—HT, E 7% PBS YEI A
(3Y%/5 min) ; J# /i1 —-Pt, 37 “CHEF 40 min; PBS %1
J(31%/5 min) ; DAB % (a3 i 701 L (i £5,0.5~
3 min) ;55 M, B RS BPZL s /K sk 10 min; 75
AKGYLA% 3~5 min, HAZK MY S min; 0.5%AER R
A1 s, FARKRPE 2 min: 1%Z7KIR % 3 min, FiK
Yk 5 ming BiACE A BRIA HE Y@, i S ids R,
127 mf A4 & MRS TUNEL Yetaid &t 45
P, 4,6— KIE—2 — 2R e — AR fRER (DAPD) iy



http://www.j-smu.com

J South Med Univ, 2023, 43(12): 2035-2042

+ 2037 -

YLAR A% AE 2SN T S (o (R BT UL AT A
/N LR AN, BHEE R T A gk (. fd ] Eclipse
Ci-L 2GR W e g Iy (%) H A DXk A 1 200 %
W% . W% 5¢ UG i Image-Pro Plus 6.0 53 B4k 4,
A3 sk D R 5 AP BE A 20 R A RO T
SIS, R BHMR (%) =FH A0 R A o«
100%.,
1.2.8 qRT-PCR &#m mRNA K-F  WEEIZHLYARH
TRIZOLIEHUE RNA, TaKaRa 4% sl & s s
cDNA ; SR R SR 22 1 PCRAAG & i I 45 Hc il PCR
JRARZ  FRFF N 295 “CHAETE 30 s, (95 “CAEME S s,
60 ‘CHE{H 30 s) x40 MEFR , GAPDHAE N2, 244k
THRRERFRIRIKE
1.2.9 Western blot ;x4 & & & k1 0L RIPA 24K
PEBUSIR M . BCARFIG EmEIIRE . HEFTERN
TR FELTK (80 V, 30 min; 120 V,60 min) , 300 mA
HL % 90 min, 50 g/L R4 W53 M1 1 he BEE AN —
PrifitT 4 Cil % TBSTIE VRS , I E —hi 1 h;
TBSTIHVE3 RIGHH T i A,
1.2.10 HK-2 2a ) H/R R My Attt NE/IME LI
4 A bk (HK-2) 40 it H 3 5 14 7% 10% FBS 1) DMEM/
F12(1: ) 5ELHFR 3T 37 °C.5% CO.HI ARG 7740
AT RS, B 0T E A K B 40 AR B8 S 55 43 4 3 5
R

HK-2 4 Jits H/R A A4 38 . 40 g 43y Control ZH 11
H/R ZH I 4 58 W REJS |, 57 K380, INAA % FBS
P TCRERG FRAE AR ARG R AA 24 h, BR K40 B4R
W, A8 59 DMEM/F12 5845 32 55 T CO. 4t i 1
FHATE A 6 he

YA YL AN L 5S> 104 L4 T 6 FLANMEES -,
T A0 BE K 2 70% A2 A7, 3 TG L7 15 95 35, 6
Lipofectamine™ 2000 4% 44551 si-NC ,si-WTAP 141
Fr BOR AT E 5~10 min, BHES WA ST M AL
W, 4~6 h A TR AREEE 5 24 .48 s AR 4
RRCE ST
1.2.11 HK-2 Zafe & ttem] 45 AN 0 R
F o6 LM, B 53 10° i, 53R 2~4 h ), 1%
23 1L (522 55 L F CCK-8 M AARFH 110 L) FIxy iR £L
(FrIEH BN e 25 A CCK-8, BRI 110 L),
S AL 100 pL 25 85T 7K D Z3000 , 45 414
PR SE G AR AL R R SR ARG I CCK-8
10 uL, 2R )5 T+ 37 °C.5%CO R -4 NI 1~4 h
CRR Al S o5 L VR BSOS 45 L) Asso
TN T 1
1.2.12 HK-2 tm i3 7c ik LDH B 2K -F4ml W
LHANMIRE TR 500 pL, R S P AT, 4 H i A
A TR

1.2.13 Caspase3 #& M4 I 4L 40 I B2 A J5 AR 8
Abcam A5 & UL B TR

1.2.14 ¥ AL RNA %% 2007 )& 5% i 7% PCR (Me-
RIP qPCR) RNA ## Bk 77 £ 2 HUE RNA, PolyA
mRNA 4 AR & AP IO S RNA, K/ NPT
m°A HUIAFNIgG TS a3 Sz 10 (1IP) 2
Wb IS EA R A/G BRI T 1 hik T8 a. Rn
F2lifk ) mRNA LS RER-BUASE SIS A b
HZ% B B AR R R TP Z2 i rh, T4°CR
SER I Kl RIS e B RNA, FHAR T -
AUFEAE AL ST 5 PCRAMIT.

1.2.15 it 5547 Fra%dEk GraphPad Prism8.0.2
BAFAT et 53 b, R e 2 /0 A 3 IR, SE R A
LI B bR 22 3R AL 2 8] Y FL R R
P<0.05 hZERA G #E L

2 HR
2.1 DRE VR IR 2842 F WTAP 49 & ik LR

= A S AE A SR T/ INEREF VR 354035 1
I3 WUEFAIILR 22 B A97KSF , 5 sham 2HAH HE, /R 411
THWUET R R A W T (P<0.001, K 1A B) ;HE 44 {1,
LR BN, 5 sham AR EE, /R 415 21 2= A i PR ek
AR FINA BNk BN RS VIS IR, L
2 o S IR B, A A% R A B HERR (BT 1C) 5
qRT-PCR %5 5 W 715, 5 sham 2H L4, /R 4H WTAP |y
mRNA 7K 8 27155 (P<0.001, K 1D) ; WB 45 5 7
5 sham 41 Fb#%, /R 20 WTAP 2R (368K 35 T
(P<0.001,E 1E) ; THC 455 /5 UR 5 WTAP [HM:TIFH
BEMZ(EIF),
2.2 HK-2 #a i, H/R #5455 )5 WTAP 4.k L

CCK-8 Afuii Al 45 R i/ , 5 Control 41 UK,
H/R 24N 1 5 A (P<0.01, [ 2A) s 4 F shilin A=
ARASCRGIN T AL 379 LDH AYREHOK - , 5 Control
ZH U #, H/R 41 LDH PR HOKT- B E FEAIK (P<0.001, &
2B);qRT-PCRAGM T WTAP ) mRNA /K-, 25K R,
5§ Control 2 FL# , H/R 2 WTAP [ mRNA 7K 2. & Tt
5 (P<0.001, & 2C) ; Western blot 25 - 2.7~ , 5 Control
ZH LA, H/R 24 WTAP & /K 8 3 71 = (P<0.001,
K2D),
2.3 HRSMERITI WTAP 3 HK-2 2m i, H/R 3345 4E 7 44
AL

T 3 YL sIRNA XF WTAP HETITER , qRT-PCR %
ETHACR ., 5 si-NC+H/R A A, si-WTAP+H/R 21
WTAP ) mRNA &/ (P<0.0001, € 3A) ; 5 si-NC+
H/R H AL, si-WTAP+H/R 21 WTAP £ FH /K- ik &
ik (P<0.0001, €1 3B, C) ; 40 i 7% PE 45 S Wow |, 5 si-
NC+H/R ZHAH . , si-WTAP-+H/R 2H 20 i 15 4 2 35 FH s



- 2038 - J South Med Uniy, 2023, 43(12): 2035-2042 http://www.j-smu.com

>
o
S

]
e}
T

N
S
1
o
T

N
T

_
T

[N

(=]

1
ik

Relative level of scr (umol/L)
Relative level of BUN (mmol/L)
?

A

Sham Sham I/R

N |

Sham Sham I/R

(=]
L
T

[ore]
]
Sham

N
1

[\
1

Relative mRNA level of WTAP
N
|
n

(=]
I

Relative protein level of WTAP
[\)
\

P

B 1 WTAPFE/NRE VR IRAFALRPHIFIEER

Fig.1 Expression of WTAP in mouse renal I/R injury tissues. A: Serum creatinine level in mice with renal I/R
injury. B: Blood urea nitrogen level in mice with renal I/R injury. C: Pathological changes of the kidney in mice
with renal I/R injury (HE staining, original magnification: x400). D: WTAP mRNA level in the kidney of mice with
renal I/R injury. E: Changes of WTAP protein expression after renal I/R injury in mice. F: Expression of WTAP after
renal I/R injury in mice (IHC, x200). ***P<0.001.
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Fig.2 Expression of WTAP in HK-2 cells with H/R injury. A: Changes of HK-2 cell viability after H/R
injury. B: LDH release in HK-2 cells after H/R injury. C: WTAP mRNA level in HK-2 cells with H/R
injury. D: Protein expression level of WTAP in HK-2 cells with H/R injury. **P<0.01, ***P<0.001.
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Fig.3 Effect of WTAP silencing on cell damage in HK-2 cells with H/R exposure. A: WTAP mRNA expression level in HK-2
cells with H/R injury after WTAP silencing. B, C: Protein expression level of WTAP in HK-2 cells with H/R injury after
WTAP silencing. D: Cell viability changes in HK-2 cells with H/R injury after WTAP silencing. E: TUNEL staining of HK-2
cells with H/R injury after WTAP silencing (x200). F: Statistical diagram of HK-2 cells with H/R injury by TUNEL staining
after WTAP silencing. G: Changes of Caspase3 activity in HK-2 cell with H/R injury after WTAP silencing. H: LDH release
in HK-2 cells with H/R injury after WTAP silencing. **P<0.01, ***P<0.001, ****P<0.0001.
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Fig.4 FOXO1 expression in renal tissue of mice with I/R injury and in HK-2 cells with H/R injury. A: FOXO1
mRNA level in mouse renal tissue. B: FOXO1 protein expression in mouse renal tissue. C: Expression of FOXO1
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Fig.5 WTAP functions through FOXO1 and its m6A levels. A: Prediction of m°A modification site of FOXO1
using SRAMP. B: Changes of FOXO1 mRNA level after WTAP knockdown. C: Expression level of FOXO1
protein after WTAP knockdown. D: RIP experiment showing the interaction between WTAP and FOXOL. E:
m‘’Alevel of FOXO1 detected by MeRIP-qPCR. **P<0.01, ***P<0.001, ****P<0.0001.
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