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I RAL T XS BRZL (P < 0.05) , caspase-3 41 il 7]+ CTNNB1 413 58 R AL T caspase-3 il 5 41 (P < 0.05) , {EATy & F %) B2
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[Abstract] Objective: To study the gene expression characteristics of renal tubular epithelial cells under oxidative stress caused by
caspase-3 inhibitors via screening the potential candidate genes, which will lay the foundation for revealing the mechanism of caspase-3

regulating ROS injury in renal tubular epithelial cells. Methods: The renal tubular epithelial cells HK-2 were treated with H,O, at a
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final concentration of 300 pmol/L for 6 h,and then randomly divided into control group and caspase-3 inhibitor group(Ac-DEVD-CHO,
15 pmol/L). The sequencing was completed by using the Illumina Hiseq 2500 platform. Enrichment analysis and an interaction
network were performed to screen differential genes. Quantitative PCR was used to verify the first 10 differentially expressed genes
(DEGs). The HK-2 cells treated with H,0,(300 pmol/L) for 6 h were then divided into control group , caspase-3 inhibitor group
(Ac-DEVD-CHO, 15 pmol/L) , CTNNB1 group (pcDNA3.1(+)-CTNNBI1 ), caspase-3 inhibitor+ CTNNB1 group ( Ac-DEVD-CHO,
15 wmol/L+pcDNA3.1(+)-CTNNB1) and caspase-3 inhibitor+ CTNNB1 NC group (Ac-DEVD-CHO, 15 wmol/L+pcDNA3.1(+)-
CTNNB1 NC) randomly. MTT assay was used to detect cell proliferation, flow cytometry was used to detect cell apoptosis and ROS
level, Western blot was used to detect apoptosis-related proteins. Results: A total of 185 DEGs were selected in the control group and
the caspase-3 inhibitor group. Quantitative PCR showed FIS1,EZR, COL7A1, RPL5,MAP4, CEBPB and CTNNB1 mRNA were lowly
expressed (all P < 0.05) and SNRPB mRNA was highly expressed in caspase-3 inhibitor group (P < 0.05). The proliferation was higher
in the caspase-3 inhibitor group and was lower the CTNNB1 group compared to the control (both P < 0.05). The proliferation of the
caspase-3 inhibitor+CTNNB1 group was lower than that of the caspase-3 inhibitor group (P < 0.05) , but still higher than the control
(P < 0.05). The apoptosis and the expression of cleaved-caspase-3 and cleaved-PARP were lower in caspase-3 inhibitor group and
were higher in CTNNB1 group compared to the control (both P < 0.05). The apoptosis and the expression of cleaved-caspase-3 and
cleaved-PARP in caspase-3 inhibitor+CTNNB1 group were higher than those in the caspase-3 inhibitor group (P < 0.05) , but were still
lower than the control (P < 0.05). The ROS in the caspase-3 inhibitor group was lower but was higher in CTNNB1 group compared to
that of the control group (P < 0.05). The ROS in the caspase-3 inhibitor+CTNNB1 group was higher than that of the caspase-3 inhibitor
group(P < 0.05) , but was still lower than the control (P < 0.05). Conclusion: Aberrant gene expression induced by caspase-3 inhibitor
is associated with renal injury under oxidative stress. The injury of oxidative stress on renal tubular epithelial cells is caspase -3
dependent. Inhibition of caspase-3 has a protective effect on renal injury and CTNNB1 is involved in this process.

[Key words ] kidney injury ; oxidative stress ; mitochondria; bioinformatics ; CTNNB1

[J Nanjing Med Univ,2023 ,43(01):017-026]

SR A 7 2 B RS A 5 1
BWLH Z — o ANARIEE B9 P A2 7= A e A B
B E | S A A T M 4 (reactive oxygen
species, ROS) , /& N 5838 BT ROS R SLRE M i) H 2
A ROS WG BR , BEAKAKT- 1 ROS X B /INE RN B
4 A B A BV E T s (B TR 52 345 Ao JE AR
BYASAE RS, B /NS 20 i e AR A3 T PR 2SR
P R A, 15 B ROS 76 ¥ 2 2125 FX L 4 B 461 43 Al
AE B, A& FEEHHL. DAY
TRITHE S BN B IR T R

Caspase-3 /I EOR R B2 I8 T2 2 S 1 24
MO T Im R, AR, AN caspase-3
I FRILRAR B AR AP T AFAE IR . FRATTHE
HE A 5T 2 B, HLO, Ab B B /NS T R 4 i
HK-2 F AR T, 20 s A A7 2030 ) 20
M T-34 2 5 1 caspase-3 F il 57) BE R H.O. 40 B/
B /INE 2L ROS 7K1, X 481 oz i85 | Ak vy 4 i £
AUCEEAER , UL B /N T R A B S A e s
BLAT caspase-3 {1 , 11 caspase-3 344 14 2 AL
T-XF ROS 51 A MB350 B /NS 1 Bz 4 g 4 A —
ERPYERS . Kaleem 5545 ) |, caspase (B3

20 M PR AR ST RS TR B R AT o (E H X E
B I #4 H ROS il caspase-3 #4240 M I T~ A9 0F
FEIREL /D, caspase-3 X ROS 14 I3 2 B RAE
b SETE THABRED (A Ol ey BR T4
KK -caspase AR A0 M IR T, FAD I T3 % 2
S5 H 7 X LRl H T A

AWFFEIA L BT, X caspase-3 #1771 &b
P S AR T B /NVE L B A 5% S 2 AT
Ir AT, i 3 caspase -3 41 57 7 | ) 22 S e Ik AR
(differentially expressed gene, DEG) , %} DEG i#£47 GO
S AT KEGG B4R 73AT , Xob ii 6 414 F) SC ik PR E A7
LEPEIAE , TRATR I IR caspase-3 1 ROS 1
13 /INE L Bz AL B BIL TR

1 #MEFAE

L1 M

NE/INE F Rz 40 HK-2 (v R} e SR B
P ) o Ac-DEVD-CHO (b8 2 KA
ARAFRA ) VigoFect % Bial ) & (A6 5t @ik iz
W ARG BRAF ) (TRIzol 157 & (TaKaRa 23 7] ,
H ) \SuperReal PreMix Plus (65 KAR LB A



EA3EE 1
202341 A

GRS IREKLT, SV TR Caspase-3 I AT AL BOIRES T B/ V& T 4 25 57 3558
LA T S DIREIRAIE 1. pa at R R 2m 4 ( A SRBRAAR) ,2023,43(01) :017-026 - 19 -

FRAF]D) MTT 385 & (R it gl AR ) TR SR T |
M T & (BD A A, 2 [E ) . Western blot —#$T
(ABIAT], 2 H)  Western blot 4 ( AL T4 4=
YR B A R R ) o 280652 i PCRAY (ABI 2
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AHIFGEHFH H0,35 5 HK-2 40 Jf 8 7 S8 A i
RS, 3 o A b A I HK-2 40 i PN Y bt A Ak 4
P i 2 i A ) B AL i (superoxide dismutase,
SOD) it F AL & i (catalase, CAT) AN 8% (malonic
dialdehyde , MDA ) , S5 TERBE AL )RRt K
W B /NG I R 40 i HK-2 3 Fh 7E EL4%E 90 mm
14 40 B 15 77 0L, PR E 24 300 umol/L 1) HL0, 4k
6 hm, BEHLAT A X) B CASSAE B ) R caspase-3
I FI 4 (Ac-DEVD-CHO, 15 wmol/L) , & 41 1% & 3
AT FEA RGEREAR LA 7 58 B K 44T
122 DEG#/fik

A YT B R S 45 4 Tlumina Hiseq 2500,
100PE. HI R #f Affy £ (Version: R3.4.0) Y RMA
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J7 2% ¢ K 96 0 18 25 5 L D, 1108 PAE T 2 EE A 50 0t
PR IE BB IE S5 1 PAE /N B R HES [ B it 2
llog.FC (fold change ) 1= 2 FI#% IE P A < 0.05 i 3 [A
R 2SRRI, H 58 A8k R 25 (complete-
linkage clustering) Xf 2= 57 5& K i 17 R 25 70 4, 1]
pheatmap 3.2 il #4141, FH ggplot2 LUK LA
123 GO M A KEGG B %% 4 547

FH DAVID i 2 X i %6 1 1) DEG #£47 GO 38
BRI KEGG 3 B s S0 i, il g i 2 e Ak
K24, BEFIEIS P < 0.05 0, A B 45 1A
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FH TRIzol 187 & $R B4 4L 40 ML 1) 4 RNA, L%
&K eDNA J& , DLH A, 2 5E i PCRAX,
SuperReal PreMix Plus 47 % /| PCR 2 i, 20 wL &L
& & W40 7 2xSuperReal PreMix Plus 10 wL, I FJif
F147(10 pmol/L )4-0.6 L, 50XROX Reference Dye Il
2 uL,cDNA 2 pL, K LB KA 2R, i
PCREIYIFHN L 1, ¥ HEFEF 4 :95 °C 15 min;

95 °C 105,55 °C 30 5,72 °C 32 s, T E47 36 MG ;
4 °C 10 min, DA 5HEAST cDNA AR, A4 1% 34>
AL, L GAPDH A NS LA, M4l N 2 5 [H RN e
VEFEDR ) Coff, FHAAC VA A T R R 58 A AR X o 1
G307 o
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caspase-3 Il il 5| 41 (Ac-DEVD-CHO, 15 pwmol/L) .
CTNNB1 4 [ pcDNA3.1(+)-CTNNBI1] . caspase-3 #1J
#F+CTNNB1 ZH[ Ac-DEVD-CHO, 15 pmol/L+peD-
NA3.1(+)-CTNNB1 | A J caspase-3 1l 5]+ CTNNB1
NC 21 [ Ac-DEVD-CHO, 15 wmol/L+pcDNA3.1(+)-
CTNNB1NC]. 55447 | h it H VigoFect
ST, AR R R UL B A T Y, e 4 B
FRFRAERE SR, 6 h g fif o 3R 5L . 48 h IR
LR A ARSI e
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FENG 22, I AR R A A AR A, 235 2 P AL bz 1l
o e A Kt 2R B HK -2 20 R % 1} 10° > /mL B
W, I A 100 WL 2 3 =045 1, 2090 m A 20 pL
Annexin-FITC F1 P R}, #5607 F 20 min 5, LA
500 pL PBS, FHIRHEE GRS G, it A SR
JHT- A A 532
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IR B, 1 T A I WO AR A5 4 HK-2 20 L, 4% 240
A 1 10°A~/mL ) 540 B, 1) e = A A o
A 100 L 4 BB, A5 wmol/L DHE , %5 i ikt
Y9 F 30 min, FJ PBS %5, i 2K 40 SR
ROS.
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Table 1 Quantitative PCR primer sequences
S #4455 51975 (5'—3") £ (bp)
FIS1 7 : GTAGGGTTACATGGATGCCCAGAGA 181
i : GGCAAAAGCTCCTCCAGCAG
SOX18 3% : CGCGTGTATGTGGTFC 126
i : ATGTAACCCTGGCAACTC
EZR 7 : TAGAGGCTGACCGTATGGCT 178
T : TGTGCTGCCACTCTTCAACTT
SPARC % : CATTGGCGAGTTTGAGAAGG 117
U7 : GGAATTCGGTCAGCTCAGAGT
COL7A1 3% : GGGTGTAGCTGTACAGCCAC 100
T : CCCTCTTCCCTCACTCTCCT3
SNRPB 37 : GAGATAAGATGGGAAAAGG 109
N : GGGGACGAGGTGGAACA
RPL5 37 : GAAGAGAGAGAGAGAGAGAGGTGTAAA 112
NI : CTGCGCAGAGACTATCATATC
MAP4 7 : CCGGGAACTCAGAGTCAAAGA 134
T : CTCCATGACCACCATTGGCT
ATF3 37 : CGAAGACTGGAGCAAAATGATG 153
N7 : CATCCAGGCCAGGTCTCTGCCTCAG
CEBPB 3 : TGTCCAAACCAACCGCACAT 119
N7 : ATCAACTTCGAAACCGGCCC
CTNNB1 3 :CCCAGAATGCAGTTCGCCTT 122
N : TAGTCGTGGAATGGCACCCT
B-actin 37 : AGCGAGCATCCCCCAAAGTT 131
N :GGGCACGAAGGCTCATCATT
1.3 “%itsr% 1 SOD(kU/g)
o Bl CAT(kU/g)
i&ﬂ%ﬁ*ﬁﬁﬁ SPSS 17.0 §k'ﬁ: s H&U\J__Elj&ﬁ]\%ﬁ E/‘J'H‘ 404 N [ MDA (pmol/g)
HYORE—FOR IR = G (3 = ), PALIAN 1 o
BT A R Ry, 22 4 ) LA S R R 2247 T
*ﬁ(One—Way ANOVA) , 21 [a] P 5 L %8 % A LSD I 201
Mo P <005 NZERAGIFEL, @ 10 -
3
2 % X 2 i
2.1 H0,F 5 HK-2 48 i SOD . CAT #2 MDA 84 % (1)
ik B4k H.0, 17l ANk

F & 1 AT UL, HLO A0 35 /9 HK-2 21 JifL A% SOD Al
CAT 7K 3F-43 51 4 (23.07+1.62) kU/g 1 (1.28+0.10)
kU/g, 3¢ 1E % HK-2 41 g /5 SOD il CAT 7K - F& A%
(P <0.05), MDA 7K 4 (33.18+2.16) wmol/g, # IF
 HK-2 40 FHE (P < 0.05) , B HL0, T s 015
ST AR AR RS
22 EFARAMiL

GEitZE RN E 2 Frs , 7EXT BRAL T caspase-3 1)

5RAH R HK-2 ZRAEAH L, P < 0.05(n=5) .
1 H0,F /5 HK-2 4 SOD,CAT F1 MDA 7k
Figure 1 SOD, CAT and MDA levels of HK-2 cells after

H.O; intervention

il 77 21 v T R H 185 4> DEG, RS IR F k1l &
DL 2A (B G 0 5 2 M A = T 1046 25 57 3%
PR3 BRI H FIST.SOX 18 \EZR .SPARC .COL7A1 .
SNRPB.RPL5 .MAP4 CEBPB I CTNNBI
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XFHEZH 1
XA 2
XA 3 75
caspase-3 ﬁi%i'}?ﬂ 1
caspase-3 1[Il 51|21 2
caspase-3 :m]ﬁrﬁﬂﬁugﬂ 3 threshold
o 5.0- FALSE
20
- «TRUE
25 ; s
. Lo |
'\"w' ﬁ’-#"/ A
0 .
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log,FC
A RIINE A0 E R I ACRACETE B N B AR logaFC , DAL B A 1P {H .
2 ERERMBEEMEFAWLE
Figure 2 Clustering heatmap and volcano map of DEG
K2 HEZBET10M GOEBER AR
Table 2 The top 10 GO entries
25 LA P FHE R 24k
BP GO:0032989 (4l A ITE A &) 0.014 FIS1.ATOH1.CCK .EZR .SSBP1 .CTNNB1
GO:0048562 (MG BT A L) 0.030 STRA6 MTHFDIL.SOX18 . KCNQ4 . HOXA2
GO:0030522 (HHJ PN 32 AR5 1) 3 1) 0.030 DNAJA1.CALR.CTNNBI1
GO:0070584 (L RTE A %A ) 0.034 FIS1.SSBP1
CC GO:0005815(FAF L LULy) 0.012 KIF2B.EZR .FAM110C .DCTN3 .CTNNB1
GO:0044420 (41N L AL 5) 0.012 COL7A1.COL11A2 .SPARC .TNXB
GO:0005581 (JIEIFEE H = SR 14) 0.019 COL13A1.COL7A1.COL11A2 TNXB
GO:0030529 (M H A AY) 0.033 RPSA .SND1.SNRNP200 .SNRPB.RPL5.CALR
MF GO:0005198 (Z5#43Fih k) 0.001 RPSA .TUBB2A .ARPC2 .MAP4 .RPL5.DCTN3 .PLEC
GO:001517 1 (ZHMR IS W51z 85 G M) 0.026 SLC7A11.SLC7A5.SLC7A1.SLC7A9

23 EZFAR GCO@EHAKECG BHE K5
GO R, DEG HYHBE 32 24k o 7E 40 i i
SHIEA KA R A EIE S KA AN Z A
SRS ZRARTIE S K A AR AR )23 B2 (biological
process , BP) , S8 2H 2 rfts 4 i A0 5k B B 43 L B
JFER =R BEZERE S WS H

(cell constitutes, CC) , UL J2 25 ¥4 43 1 16 P L & FL R
55 R 5 iz B 15 1 55 93 F 1 BE (molecule function,
MF)($£2), KEGG i & £t i & EHEA T 5 1Y
2% HA 4G RACT 5538 1% . RNA fC 13 % . RhoA {5
530 % N DR P 85 4 RN 41 B B 1A O T 2
(£3),

*3 HEBSHKEGGIBREZFR
Table 3 The top 5 KEGG pathway entries

HFR H PIE
RACL {5 il #% PREX2,CTNNBI1 ,EZR ,ARPC2 0.022
RNA A} % SNRPB.PSMC3 .KHSRP .RPL5 .RPSA 0.022
RhoA {55 # PREX2.CTNNBI1 .EZR ,ARPC2 0.022
VIR B CALR .RPN1,RPL5 .RPSA 0.023
AR 0 PR T 2 e CTNNBI .PLEC 0.036
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Figure 3 Quantitative PCR to verify the expression of candidate genes

2.4 AEiJE R 09 F PCREGE

HiP 3 ] L, 2 PEHEA I 10 19 DEG A, FIST
EZR. COL7A1, RPL5, MAP4, CEBPB #1 CTNNBI1
mRNA & XF I8 21 240 Jifg b g 3258 (P 1 < 0.05)
SNRPB mRNA 7E X B 41 4 ffd Hh K 5% % (P < 0.05),
I
2.5 CTNNBI #} caspase-3 #7 4| 7| & #2 49 A4k 5
AR A& HK-2 2 e, 38 58 F= ) T 89 %7

F & 4A 1] DL, X B2 | caspase-3 1 4l 71 41
CTNNB14H .caspase-3 filifilfil+CTNNB1 £ fl caspase-3
A0 1 5 + CTNNB1 NC 41 1) 40 Jg 3% 5 2% 8 43 33
(125.20+5.24)% .(166.21+3.85)%.(116.43+3.08) % .
(140.27+7.31)% F1(170.45+8.23)% . 45 H BIR,
caspase-3 T il 71 24 49 5 % 5 F X B4 (P < 0.05) ;
CTNNBI ZH 3 58 A T X BRZH (P < 0.05) , caspase-3
AN+ CTNNB1 ZH 34 58 355 caspase-3 41 il 371 411K
(P <0.05) fEA755 TR HRZE (P < 0.05)

Caspase-3 {141 cleaved-caspase-3 Fll cleaved-
PARP 2 /K K T XF B 41 (P < 0.05) ; CTNNB1 41
cleaved-caspase-3 #/l cleaved-PARP £ H K5 T X6
M4 (P < 0.05) ; caspase - 3 41 ] 5 + CTNNB1 24
cleaved - caspase -3 Fll cleaved - PARP %5 FH 7K ¥ 3 45
caspase-3 1 1fill 77 2H &5 (P < 0.05) , {HAK T XF FE 21
(P<0.05). XFHE4 | caspase-3 #4541 . CTNNB1
21 | caspase-3 I +CTNNB1 22 A1 caspase-3 eItk
7+ CTNNB1 NC 20 4f Jig ¥ 9 1= 48 43 33 4y (16.35+

2.45)%.(7.21+0.98)%.(22.24+1.21)%.(12.17+1.67) %
F1(6.90+0.48)% ., caspase-3 il 57 241 4 - FAK T
X R4 (P < 0.05), CTNNB1 20 i T # 5 T % Be 4
(P < 0.05) ; caspase-3 fll il ) + CTNNB1 £ J/ T3 1=
T caspase-3 41 (P < 0.05) , HAKF X 4L (P < 0.05,
K 4B.C),
2.6 CTNNBI1 st caspase-3 Jop ) ) Ak 226G R AL B
KA HK-2 4 I ROS 9 % 7%

HIE 5 A] DL, X BRZH | caspase-3 #1455 4H . CTN-
NB1 2H | caspase-3 #1 i 57 + CTNNB1 £H 1 caspase-3
W58 +CTNNB1 NC 21 2 fd v ROS ~F- 341298 S i
A1 61551121 2124691 798+85 .1 476+101
1 17976, caspase-3 1l il 37 41 ROS 7K -4 % R
HFFE (P < 0.05), CTNNBI1 2H ROS /K450 B 28 T
17 (P < 0.05) , caspase-3 1] il 1]+ CTNNB 1 £H 4l g
ROS /K45 caspase-3 il 3 2H &5 (P < 0.05) , {HAS
XTI (P <0.05),

3 it g

FATTAE XS REZH I caspase-3 il 771 20 Hr e 128
#] 185/~ DEG, 7] WLICIETE caspase-3 I il 71| &b 2
i 2 BN ECIRAS TS L B /INVE b B A i P I 20 4R
TER A R E 2B =3t . KEGG 7 #r &
FUE P A RACT R 538 B L RNA QI g |
RhoA {55318 % Wl PR 148 45 R 200 Jif 2 P 0 4 T 2
fiff 38 % . CTNNBI & A 1 2 11 7 1) ——B - i #h 2R
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Figure 4 Detection of proliferation and apoptosis in each group
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Figure 5 Detection of ROS in each group
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