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EH AT QR B, TR R R B R E 89 KT-5823 F HeLa %83 24 h, CCK-8., 2.7 ¥P 323X a2 3 5% 2 BlL i 77
PKG1 Ak K-, 3 i 1 5€ )5 e 2h M R OR o ¥ Hela 2@ i @48, B DMSO £8.( 3+ M40 ) Fm KT-5823 £0( 548 ), i K. 2a
ARAei) 2 JL T, GFP-LC3B 3¢ K52 5 5 It @ v 52,5 &, 5 i %8 £ F PCR(RT-qPCR)# M| PKG1 &A% %G 1
#24k 3- 1 (LC31 ) Beclinl mRNA # &34 K-, % fp i X 3t m] PKG1, B 5485 % & LC3 11/ 1 Beclinl | @ "£ 40 X B3 & &
& @i E B(Akt) BRERACE & %8s B(p-Akt) "R EL3 4 F t E F ek & (mTOR) AR ERLrE SL3h 47 & th & F 32 & (p-mTOR) |
BTAXEE B @K E 2 £%5% 8 (Bel-2) Bel-2 8% X & & (Bax) , R A 2B 4 51 F LR B2 %% & 5 3(Caspase 3) &% &
89 R AR, 3 Am B oA ) ) SBI-0206965 LAVLE f v fE b A2 P a9 4E ) . EER 5 xR 2AAE I, SR IR 2A R 3~100 wmol/L #) ik
WE T ¥ T 53 Hela 2207 ) 64K(1=10.23~14.83, 3% P<0.05),PKG1 & & & ik K -F 2 #7544 (1=10.01~14.17, 3 P<0.05), &
SR 3 wmol/L A RIBLKE A FE SR, 53T BAARL, e 3 A (1=10.78, P=0.004 ), 3 5t B * 58 & £ 2 3 Hn
(1=10.12,P=0.000 5),PKG1 mRNA , % & #4 &k K -F 4% (1=13.56, P=0.000 2;:=5.461,P=0.005 5) .L.C3 Il .Beclinl mRNA (¢=8.359,
P=0.001 1;¢=5.782,P=0.004 4) .LC3 11/ I .Beclinl & & (1=6.924,P=0.002 3;:=11.84,P=0.000 3) #4 & ik 7K F 3% #n , p—Akt/
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Effects of PKG inhibitor KT-5823 on viability , apoptosis and autophagy of cervical cancer HeLa cells
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Abstract Objective: To determine the sensitivity of cervical cancer HeLa cells to cGMP-dependent protein kinase (PKG ) inhibitor
KT-5823 and explore the effects and mechanisms of KT-5823 on the viability , apoptosis and autophagy of Hela cells. Methods:
Different concentrations of KT-5823 were used to intervene Hela cells for 24 hours. The cell viability and PKG1 expression level
were detected by CCK -8 and Western blotting respectively. Then the subsequent drug stimulation concentration was determined.
HeLa cells were divided into two groups,namely DMSO group ( control group) and KT-5823 group (experimental group ). Apoptosis
was detected by flow cytometry. The number of autophagy spots was detected by GFP -LC3B fluorescence spot test. The mRNA
expression level of PKG1, microtubule associated protein 1 light chain 3— Il (LC3 I ) and Beclinl was detected by real—time fluorescent
quantitative PCR(RT-gqPCR ).The expression levels of PKG1 , autophagy related protein LC3 11/ 1 ,Beclinl , autophagy related pathway
protein kinase B ( Akt ), phosphorylated protein kinase B (p—Akt), mammalian rapamycin target protein (mTOR ), phosphorylated
mammalian rapamycin target protein (p—mTOR ), apoptosis related protein B—cell Lymphoma 2 family protein(Bcl-2),Bel-2 related X
protein(Bax ) and Caspase 3 protein were detected by Western blotting. The autophagy inhibitor SBI-0206965 group was increased to
observe the role of autophagy in this process. Results: Under the stimulation concentration of 3—100 wmol/L, the activity of HeLa cells
reduced in the experimental group , compared with the control group(1=10.23-14.83, all P<0.05). The experimental group decreased
PKG1 protein expression levels gradually (1=10.01-14.17,all P<0.05) compared with the control group. Final selection 3 . mol/L was

the stimulation concentration for subsequent study. Compared with the control group, apoptosis rates increased (1=10.78,P=0.004),
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number of fluorescent autophagy spots increased (¢=10.12,P=0.000 5),expression levels of PKG1 mRNA and protein of HeLa cells
decreased (1=13.56, P=0.000 2;:=5.461,P=0.005 5),LC3 Il and Beclin] mRNA ($=8.359, P=0.001 1;¢=5.782,P=0.004 4) and protein
(1=6.924,P=0.002 3;:=11.84, P=0.000 3 )express level increased.The proteins of P-Akt/Akt(1=5.194, P=0.006 5 ) ,p—-mTOR/mTOR (1=
12.78,P=0.000 2),Bcl-2/Bax (:=13.79,P=0.000 2) ratios decreased and Caspase 3 expression (1=9.341, P=0.000 7) increased in
the experimental group. Compared with the experimental group, the autophagy inhibitor SBI-0206965 group( 30,50 .70 ,100 wmol/L)
increased apoptosis (1=7.616,P=0.001 6;:=15.43,P=0.000 1;t=11.01,P=0.000 4;¢=15.39,P=0.000 1). Conclusion: PKG inhibitor
KT -5823 can effectively inhibit the proliferation and apoptosis of Hela cells. At the same time,it can induce autophagy by
suppressing Akt/mTOR pathway and the autophagy induced by KT-5823 plays a protective role in this process. PKG may become a

new target for clinical treatment of cervical cancer.
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I B 1R 8 P 2 11 K 8 ( cGMP —dependent
protein kinase, PKG ) E1EMFL3I14Y) 5 A7 75 1Y —
Fh 22 S 1R/ TN 2 FR IV , AT cGMP 30 , SR
M) 248 L 1 A ) 2 DI B . A BFSEIIE S, PKG (36 TR TR
/D I A0 AR ) e PR T e A i AN
R I PR e R AR )y T A A B I o [
PKG AIAE Z Fh s WA E TR TR A, A D Sy
JER RS A B A (HAM ] PKG X By S i 4
FHERAHGE . KT-5823 J& PKG HHESEAm ],
ARWFFTAUFRTT KT-5823 X1 ey 8d HeLa 41175 77 |
JAT A A BER 2 TSR AT BR AR AL
1 MM5FE
L1 A# NESURANEH Hela 1l A T rp E R
g BT EE FR (R 2 DL S AL o PKG il 57 KT
5823, 41iJ% =85%, 14 H Sigma, 575 : K1388.
1.2 BLEL5XA
1.2.1 {%#% EnSpire Mutilabel Reader F#5r1% (3£
[E PerkinElmer 2y 7] ) ; Alpha Innotech FluroChem
FC2 BERE A5 38T 248 (3£[F Alpha Innotech A F] );
LightCycle96 #¢ 6 5E  PCR 1L (Hit -+ Roche A ] );
BD Accuri C6 Plus Ji=C4H I (35 E BD Sciences
ZNH]) BN E S (H A Olympus 1IX71 22 H] ) 5 2500
PL(FE[E Eppendorf 23 7] ); 1 % 5t W i 5 ( H A<
Nikon A ] ); CO, A 135 #5246 (32 [H Thermo A H] );
LKA (32 Bio—Rad 23] ).
122 i®X# MEM-Alpha 5373 (L)L {541 Biologi-
cal Industries 23 7] ) ; i 2 L3 (AL ST HL R 28 e A=)
HARGIRAF ) PBS HEHR/MRHRE AW (AL

RKHRFEYHEARGIRAF); HEAM-EDTA {Hfb
(0.25%) Brer (3£ Invitrogen /A 7] ) ; GFP-LC3B
JoRL (I e Ak 22 BT 25 A PR 7] ) 5 SBI-0206965
(S I BR VAT ) 5 20 8 T AG I3t 751 B (R =
B ARB A BR A ) 5 B AR (A e A4
W ARE RN ; Lipofectamine™ 3000 (ZELH
Thermo Fisher 2 &) );RNA ¥ #% 5% 3 7 & .SYBR
Green .22 G 1 PCR 1A & ( H A Takara =494 K
A BRI F] ) 5 40 1 K 20 B 7 A IR & LG
W (Boster A4 T A FRA ] ) ; H &R Tris .SDS #3
KA e AT PR R (LR R A
Y ARABRA T SRBLN PKGL I FL 304 & A 5
R 1 (mTOR) i R kI FL 2 4 55 ih 5 3% 40 2R
F1(p-mTOR) 2K F1#4HE B(Akt) BERR 1L 2 134 B
(p-Akt) JHAF M OCHE T 1 B4 3(LC3) 1T/ T itk
(3£ [ CST 23 H] ) ;Beclinl \B 4 U ibk (U 2 F &
F1(Bcl-2) Bel-2 #H5¢ X £ 1 (Bax) . KA Z R 45 5+
P2 B 2R 85 FH i 3 (Caspase 3) .GAPDH \HRP ¥
ICEPTRUAR(SEE Proteintech A H] ).

1.3 F&k

1.3.1 4053 HeLa 40 d ] MEM—Alpha 1%
FEE(EA 10% 648 M5 1% 5555 2 W) 5557,
BT 37°C.5%CO0, MIGFRF TSR, MU Bk
Fl| 80%~90%3 1 THEA AR .

132 KA 5L 4 KT-5823 H DMSO
Vs ot AR A I KB 2 BT EP B, -20°C
PR, R R R, K Hela 40044 DMSO 4H
(XFHRZH ) (KT-5823 ZH (280 4H ), T 24 h J5icde
M T e L5

1.3.3  CCK-8 Kl 4H il AF 7% 58 HORHE A= Ky
HeLa 46l 25 B2 L2, ABEAL 3 000 />4 422
Fi T 96 FLEGFRMUT, AR 3 AR AL, i 3R
TR SR AN AR FE Y KT-5823 435I AT
NEALHT R 24 he BALIIA 10 pL CCK8 W, 7
B 2 ho BEFRAUKIN 450 nm ARG . AR
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ANV A LA TE R JFORL 6 h 5, BT SE B IR IR IE 24 h J5 RN

A0 R =] (SE L —25 9L )/ IRFL-25 ANZJYfE 24 b, H 49225 H S [ € 411 20 min,
FL)1x100% PBS 51k 3 Ko ZOLRMEIIER GFP-LC3 BESATER,

134 WA ARG AR TS B Hela 4018
(FFFL 1x10° 4> )4EF0 2] 24 FUM, B4 3 NE AL,
U B J 15 200 Jf % 3 3K 3] 70%~80% il A 2 4 kb 3t
24 h, WAE MY, % Annexin V-FITC/PT 3L YL 4
BV 0755 ez

1.3.5 GFP-LC3B Z¢EBE S 525 K Hela 40
(4L 0.8x10° A~ )FEFhF) 24 FLA . F5 20 i 25 132 35 )
60%-~70%, i Lipofectamine™ 3000 #4%4% GFP-LC3B

1.3.6 M 9¢GE R PCR(RT-qPCR) W4T 10
ZIG RN, i FH Trizol 2 B4 A S RNA, &
RNA Wk JE, 2 B0 & B0 T 154 RNA i 5% 5%
¢cDNA. H TB Green #17 RT-qPCR £ illl PKGI |
LC3 I .Beclinl .B—actin mRNA F{J ik 7K 3, 2@
THE mRNA AN RIL . 90 IIEER 5510 -
AR :95°C,2 min;3 B4 44:95°C, 10 5;58°C, 10 s;
72°C, 10 s, JB¥F 45 o 51 AR 1 s,

x1 515

Tab1 Primer sequences

SEH I (5'—3") TS5 —3")

B-actin 5'-AGTTGCGTTACACCCTTTCTTG-3' 5'-TGTCACCTTCACCGTTCCAGT-3’
PKG 5'-GAGTTGGAGGTTTCGGACGAGT-3’ 5'-GATGTGCTCCTGCTGTCTTGTG-3'
L3 5'-GAGAAGCAGCTTCCTGTTCTGG-3" 5'-GTGTCCGTTCACCAACAGGAAG-3’
Beclinl 5'-CTGGACACTCAGCTCAACGTCA-3' 5'— CTCTAGTGCCAGCTCCTTTAGC-3’

T : Bel-2: B MM LR 2 M5 H s PKG 3RS MR E A i LC3 I A AISCEE 1 A2k 3- 11

1.3.7 2K A 5 Bl ik 56 A6 0 4% 25 (1 36 1k K F
W dE KT-5823 T-HlZ J5 i HeLa 40AE, HNA S #ER
Tt 1 T 5500 P AL R AL A A M B R 1, B BCA YRk
AR, BEOEM (30 pg/fl) AR E
SDS- PAGE BEfEHHEFTRIK , 0 R 1450 e
IR A4 2 W(5%), & bt A PKG1.LC3TI/T |
Beclinl \Akt.p —Akt . mTOR .p -mTOR \Bel -2, Bax,
Caspase-3 . GAPHD (1:1 000) LIk 7% (4°C ), Pe ik
Ja%FE —Pr(1:1 000)1 h, LA ECL 525 16 &
FHBEI B AS U S 52 R, Tmage J 43HT 2R 1 457 K
BEMH, LR ST A 3 IR

1.3.8  FIFH A W0 57 SBI WA S 1Y 1 W A A
FH Fs HeLa ZHAI( L 1x107FLAY S BE ) fER0 2] 24 £L
Me, 4HMI5>H9 3 2H:DMSO 2 (XFHEZH) KT-5823 41
(SEGA ) SCH0AH + FWERD 2, B i 3 AR AL
TS0 [ W1 il 7] 35 R 7] £ 4312 10.30.50.,70
pwmol/L SBI F1 100 wmol/L, i R85 55, TR4mMI% i 1k
£ 709%~80%, 43 HIAEXT R FLIA FI Wi il 51 SBI-
0206965 F# 2 h, SR 5 IMA 3 wmol/L [ KT-5823 Hi|
W24 b AN, IR AR A I AR T

1.4 %t 342 [ GarphPad Prism9.0.SPSS
16.0 BAFHEA TG 5001 A5G B AT T Rk
Phwes Fon, PIZLIA] LLBCR FMOST FEA ¢ i, 2
20 A LR B PR T 2243 T, P<0.05 R 225%
Bt Em L.

2 #R

2.1 KT-5823 %} Hela Zfit3g 74 4k /1 69 %@ CCKS
RN, SXT A A (E 1A),3~100 wmol/L

AN[AHR BE Y KT-5823 30T B B 4] HeLa 20 A 438
BE (3 wmol/L:1=10.23,P=0.000 5;5 wmol/L::=10.65,
P=0.000 4;10 pmol/L:t=14.28,P=0.000 1;30 wmol/L:
1=13.22,P=0.000 2;50 wmol/L:t=14.83,P=0.000 1;
70 pmol/L::=12.10,P=0.000 33100 wmol/L:¢=13.56,
P=0.000 2), H 3 wmol /L KT-5823 HEir 453 il vie
B W A s (1B ), KT-5823 i Hela
YA 24 h 5, A0S DRI AR TR A2 AR TR 3 Hh 3
AR R, SRR TR A AR AR B R 8 1) 14 I i 28
Gy EE S0 25 R o, 56 BRI EL (1 1C) , Bl
KT-5823 4 He 14 1, PKG1 & 1 235 7K V- 38 Wi [
% (1 wmol/L:¢=10.01,P=0.000 6;3 wmol/L:¢=13.83,
P=0.000 2;5 pmol/L:=11.86,P=0.000 3;10 pmol/L:
t=14.17,P=0.000 1), Z5G7% &, SZh T e L
ARG 3 wmol/L TR 225

2.2 KT-5823 #F PKG1 #§#p#)4E A RT-qPCR %4
KR, SXF A (] 24), L5520 PKG1 mR-
NA FAKF B R (1=13.56, P=0.000 2) ; F g Bl
WSEE 5 RT-qPCR Z55—2, SXHRZHAH (] 2B),
S PKG1 & 3R A K B FEAR (1=5.461,
P=0.005 5),KT-5823 A] B i #iliih] PKG1 ()35,
2.3 KT-5823 %t Hela @@ f 8 =69 % i 4l
AREER R, S EAIAH (8] 3A),KT-5823 Al {iE
#t HeLa 41T (1=10.78,P=0.004 ) . %% E1 35 it
Yo as R WoR , 5 A AH He (8] 3B),KT-5823 1
118 HeLa 4 M 8 177 A 5C 25 1 Caspase 3 AU 3R ik
(1=9.341,P=0.000 7), FEAIX Bel2/Bax [ HAE (1=13.79,
P=0.000 2).,
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A RFEREE KT-5823 1% HeLa 4ARYE I 045200 ; B: KT-
5823 % HeLa ZHHIJE 25 (540 (40x ) ; C: ARV B KT-5823 X%f PKG1
T R IB K TSI 5 5 P<0.001 ; PKG « PRI H AR 25 11 5ty
B 1 KT-5823 RAIE3HI# HeLa A AIIETERE 1
Fig 1 KT -5823 can effectively inhibit the proliferation of HeLa

cells

#4P<0.001 3 PKG : 31 S RO L2 1 3l
B2 KT-5823 % PKG1 RiXHI5 M
Fig2 Effect of KT-5823 on the expression of PKG1

2.4 KT-5823 2t Hela 28 & B w4 64 % v GG
GFP-LC3 Fikif5 , 5 X HEZHAH L (8] 4A),KT-5823
AME#E GFP-LC3B B TE i (1=10.12,P=0.000 5),
FE] KT-5823 Rl {ig ¥ Hela 400 [ AR 1. o
JEENIE SR ZE R o, SXTIRAIAEE (& 4B),
KT-5823 1] i LC3 11/ 1 .Beclinl 1 AY Ik (1=
6.924,P=0.002 3;:=11.84,P=0.000 3), F&{& [ WA
K38 [ H p -Akt/Akt . p —mTOR/mTOR #Y L {H
(1=5.194,P=0.006 5;:=12.78,P=0.000 2)., 5%&
H 458 —3(, RT-qPCR 453 W 7x , 5 X% R4 A L
(& 4C),KT-5823 1] I 14 Hela 40 B 1 W AH ¢ 5
LC3 II \Beclinl mRNA 93iA(1=8.359,P=0.001 1;
1=5.782,P=0.004 4).,

A B '
L el ) Ko 207 g AL TSAL 59 mCaspase IGAPDH
EFaEn Q1-UR] o QT-UR] ’ CaSPaS‘33 ® 1 "Bcl2/Bax
1.2% 36% E 37% 5 % 15
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AR X
ITC A FITC-A BNt ¥

T A R ANIAA N KT-5823 XS AN T840 ; B: Western B[ AGIN KT-5823 X T-AH G2 11 235K -5
3 KT-5823 %t HeLa HAEAT-#IS00
Fig3 Effects of KT-5823 on apoptosis in HeLa cells
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& b CAPDH SRS & & S

i y\g& & SEPRERPS AT

H@%%ﬁ,**&o.m ,***P<0.001 ,LLSH.W’“"*H/\ED 1 5k 3,Ak1.§t|mm’ai B,p Akt.ﬁfMJcEDiﬁm& B,”Fﬁ?lﬁf]% MA%E 2 A 1 (mTOR )

p-mTOR : BRI FL 3 i Ih e R AL
4 KT-5823 3t HeLa 41 B & A #5010
Fig4 Effects of KT-5823 on autophagy in HeLa cells



552

I, 55 PKG 077 KT-5823 X5 i Hela 4NARLTE J1 JHT- . A ERRZR 135

2.5 B4 7] SBI x KT-5823 i F 20 i T )
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Fig5 Effects of KT-5823 combined with SBI-0206965 on apoptosis detected by flow cytometry assay
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KT-5823 J&— R n] 25 i A5 1Y PKG 5 571
I, T A sT . I PKG fAfE 84 E 22
5 R 2 RO R LAY LT A A S T
I, YTAER, PKG 5P sz & , ot W
PKG X b Jed A7 R 2 1 FH -, PRt 28 3 X4 ] PKG
S AT E IR T TIRR . AW E Jehi
FH CCK-8 Farilll 1 AR ¥ B2 1Y) KT-5823 X} HeLa 4]
MuyEsE e S 052, 45 R A B, KT-5823 7E 3 pumol/L
DL b ] M Hela 40 A AEAE J1, B
Bl K'T-5823 SRscue B 3, AiAETS Tk, 5
CCK-8 LI Z5R—AM &, 400l 3.5.10 pmol/L
KT-5823 HIVK AN , 41 M2 3 20 B S ] ) 25
PEARAR , FR30 R 725 [ A8 58 1) A b 928 34 n . 3
5RR 5 E KT-5823 Xif PKG1 i 14 () 30 i F2 A
Ko VA LSEBEE AR T KT-5823 HAA M Hela
YA PR

YN T — A 2 L S 5 T 0 A i R
PIETIE A, Caspase 3 TEANIA T 1 R T4
RN FUE, PATIRT R . Bax A1 Bel-2 [FJE
Bel-2 ZEE M, Bel-2 & —FhMl T a9 3L A, &
L3 1 BH 1 E Sk AR T R TR Z ARSI T AR

F L1 Bax J&—FR T3 N  IEHEOL T, Bax Ml
Bel-2 DU 41 Ho A7 A AR 32 B2 S 115 5 3l
WG, AR S el b s R ARk L Y Bel-2 ik
W20}, 22 ff Bax/Bax & A KM=, #E1M 5 Bel-2
45T N ZE [ () Bel-2/Bax SR B4, 4]
JAT- & 5 2 Bax ikl 2], Bax/Bax [l — Rk
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