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M ARFE IS T, Transwell SEIGAT AN PIR 2208 ) - FURLEL Y55 USP22 i 3Rk, 9% YT (co-immunoprecipitation,
Co-IP) I&4lF USP22 1 SIRT1 2z [a] (A HAEFH, Western blotting &Il USP22. SIRT1 & [FIAM SIRT1 2 FAbKF. 18
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Sodium new houttuyfonate inhibits hepatocellular carcinoma progression
through USP22-mediated SIRT1 deubiquitination regulating autophagy
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Abstract: Objective To investigate the mechanism by which sodium new houttuyfonate (SNH) inhibits hepatocellular carcinoma
(HCC) progression through autophagy regulation via ubiquitin-specific peptidase 22 (USP22)-mediated silent mating type information
regulation 2 homolog 1 (SIRT1) deubiquitination. Methods Human liver cancer HepG2 cells were treated with SNH or sorafenib for
24 h, cell viability was detected by CCK-8 assay, cell apoptosis was detected by flow cytometry, and cell invasion ability was detected
by Transwell assay. After plasmid transfection induced overexpression of USP22, the USP22-SIRT1 interaction was verified by co-
immunoprecipitation (Co-IP). USP22 and SIRT1 protein expressions, as well as SIRT1 ubiquitination were detected by Western
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blotting. After treatment with SIRT1 activator, autophagy activity was evaluated through mRFP-GFP-LC3 dual fluorescence labeling,
adenosine triphosphate (ATP) level measurement, lactate production assay, and analysis of USP22, SIRT1, microtubule-associated
protein light chain 3 (LC3)-1I/I and p62 protein expressions. For in vivo experiments, 40 BALB/c-nu nude mice were eutectopically
transplanted with HepG2 cells and intervened with SNH or sorafenib for 12 d. Tumor volume and weight were monitored every 3 d.
Hematoxylin-eosin (HE) staining and TUNEL staining were performed on tumor tissues, and immunohistochemistry was used to detect
the protein expressions of nuclear proliferation antigens Ki67, USP22 and SIRT1. Results SNH dose-dependently suppressed HepG2
cell viability and invasion (P < 0.01, 0.001), induced cell apoptosis (P < 0.001). The effect of high-dose SNH was comparable to
sorafenib. Co-IP confirmed USP22-SIRT1 protein interaction, which was significantly reduced by high-dose SNH (P < 0.01). High-
dose SNH significantly down-regulated USP22 and SIRT1 protein expressions (P < 0.01, 0.001), increased SIRT1 ubiquitination (P <
0.001). These effects were reversed by USP22 overexpression (P < 0.05, 0.001). SNH inhibited autophagy in HepG2 cells, manifested
by enhanced GFP/mRFP fluorescence signal (P < 0.01), decreased ATP level (P <0.001), increased lactate level (P <0.001), increased
p62 expression and decreased expression levels of USP22, SIRT1 and LC3-II/I proteins (P < 0.05, 0.001). SIRT1 activation partially
counteracted the autophagic inhibition of SNH (P < 0.05, 0.01, 0.001). In vivo, high-dose SNH significantly reduced tumor volume,
weight and malignancy degree (P < 0.001), induced tumor cell apoptosis and decreased Ki67, USP22, and SIRT1 expressions (P <
0.001). Conclusion
deubiquitination, providing a potential therapeutic strategy for HCC.

SNH inhibits HCC progression by suppressing autophagy through USP22-mediated regulation of SIRT1

Key words: sodium new houttuyfonate; hepatocellular carcinoma; autophagy; USP22; SIRT1
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1.2 4HEE

NI HepG2 4Hfifs (1%*5 SCSP-510) JHH +
[} 2% Bt BB B SR Rk 2 70 4 A L
1.3 AR5

SNH (Jii &4 $1=98%, #it'5 B26386) HH I
IR DB ARAR: BAIER (5 43-
9006) & H AL ZEERHEARA R EEBHAM
fil 77 MG132 (fit 5 HY-13259) W H 3%
MedChemExpress A F]; USP22 ik ik, B
XHEURL.  H MEXUhS B 8 mRFP-GFP-LC3  Jifi
(#t'5 HB-LP210 0001) ) H U fEAE MR A B
/N SIRTI %75 SRT1720 (fIk5 SC0267). BCA
BRI e R (S PO398S) . RIPA RAE
({it5 PO013B). & EEHIHIF (k5 P1005). —
PP EBRT (IS P0025). HREEL ECL Ltk
Kk A& (IS POO18FS). TUNEL 4 A i T4
A& (k5 C1176MD. 75 R FK-HH4L (hematoxylin-
eosin, HE) Zefik7& ('S C0105S) W H i
BHAREVMFREARAR: B H %K
(phosphate buffered saline, PBS, #t5 10010). fif
117 (fetal bovine serum, FBS, fit'5 A5256501).
DMEM 1 9: 5 ({IL5 11965092 55 K/ 5 2K
W LS 15140122). 0.25%HRE ABHE LR (LS
25200056). Lipofectamine 3000 (5 L3000001)-
Pierce™ &5 [ A/G R4 ER (35 88802 H 3£ [H Gibeo
Life Sciences 7 ; CCK-8 i SAa i Rk7m) & (it
5 CK04) 1 H A DOJINDO LR A TR A 7
IO B MLk 2K bR %592 % (hemagglutinin-tagged
ubiquitin, HA-Ub) Jfiki (fit'5 BNCC356352) I H
TR Ib BB R B A IR A A s Annexin V-
FITC/PI TR MR & (L5 560931) W H 3K [H
BD ~#]; =R IR (adenosine triphosphate, ATP)
SERMRFE (S 2C-S0474). FLER & B
W& (iS5 Z2C-S0488) 1 5 g i MR A
FR/AF; USP22 fifk (L5 ab195289). SIRTI #ii
R (it 5 abl89494) . TE M K E LK 3
(microtubule-associated protein light chain 3, LC3)
Pk Git'S ab62721). p62 Fifk (iS5 ab207305).
IR Ki67 ik (it ab15580) HHifE-3-
B R B A ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) #if& (#t'5 ab8245). HA
Pifk (5 ab9110). HRP FricHIl £ 1gG —
Pt (#t5 ab150077) M H L [EH Abcam A Al ;

PrimeScript™ RT-PCR {7fl& (#it5 RRO14A).
PrimeScript™ RT reagent Kit with gDNA Eraser i
& (JIb'5 RR047Q) 4 [ HAS TakaraBio A=W ASH
AT SFHREE itS 80109218). /KL (it
510009218) HEE (k5 10014118). 4%% HKH
B (iS5 LJ1994310) W H it B 28 4k 27
HIRAF.

1.4 Y&

DW-861.288 %180 C i vKAH (5 kg /R
B PRAT); 51032874 B S AR i 1E 15 £ 77
#6. A28140 % QuantStudio™ 5 SN 5t 5E B PCR
X (Z[H Thermo /A 7] ); SW-CJ-2ED AU iE T/E G
CEHEE i BT 2 E A R A F1D;  Epoch BEFRX
(£ [H BioTek 24 ); JY92-2D HYiH 5 i3k 40 P B iR AX
CT P Z MR R A A IR AF]D; CytoFLEX A
AR A (32 [E Beckman Coulter /A 5] ); ECLIPSE
TI-SR AU E % BH#E (HZA Nikon A #]); HC-
3018 A & A B Ol CBUh R ARG A TR 2
FD; AUY120 B4R (HA SHIMADZU 2
7]); 1658033 % Mini-PROTEAN Tetra & (A HIk &
4; (£ [E Bio-Rad A F]); UC6 BUEEHE D) A ML (1 [
Leica A7) ); HT7800 L& M7 R4 (HA
Hitachi A ] ).

2 Ik
2.1 HHpEIEFRS AR

HepG2 40 10% FBS. 100 U/mL 7% %+
100 pg/mL 5% X ) DMEM }59%3%, T 37 C. 5%
CO, 572 AH 5% . (] 4~7 AL HepG2 4tifd,
4 20 55 A B 70%~80% I, 7 37 °C F A 0.25%
i 25 1 Bl A AL PR 1 min, 40RO & 10% FBS
() DMEM 3572 BERB 2 2 X105 AN /mL, #FT 12
U, 7E 37 ‘C. 5% CO, 5577 FH N 557 24 ho

WEX A K& SNH ik, =& (50, 100
umol/L) BIZHFIZEFIAEE (10 umol/L) U561, &
CRPGULIMNAR N 29 AL FRAN A 24 1, XTI
FHIEE TR . WE XTI . SNH (100 umol/L)
4. USP22 i FiA41F1 USP22 it ik +SNH (100
umol/L) #1, ¥%%4% USP22 Jiiki 5 in N\ 25 A #E 40 i
24h, XTEZAIMAN S LRI 1 E X IR
SNH (100 pmol/L) #H. SIRT1 ¥#i%4H A1 SIRTI 4
7% +SNH (100 pmol/L) 4H, 4G/ 1 pmol/L SIRT1
BT SRT1720 TRACEEAAML 1 h, FEIMAZGYpAab2E
M 24 h, XTHRAUMAA G 2593772
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ML, 3X 1054 /mL (1 mL/AL) BT 12
LR A 24 h, frdifEs Bk 2 80%H), FH PBS
AT I3 DMEM 73 336, &L 0.4 mL JCifil
J& DMEM #5784k, R#E G Eu i, 4
Lipofectamine 3000 % 4eia |3k AT W I % 4L .
2.3 YHREGE S

HepG2 4HALA 5X 10° AN/FLEFRT 96 FLIR, i
A SNH (50, 100 umol/L) 327 4EfE (10 umol/L)
LbFE 24 h J5 , BFLIIN 10 uL CCK-8 ¥, T 37 C.
5% CO, Br 740 H 4k S0 & 2 ho > F AR 22 450
nm AR (4D fH, HHEIHE .
24 {ABATEN

Y% “2.17 TR 7T A B S, IREEHE AL,
FA T4 PBS ¥E% 2 X, A 100 pL Annexin V-
FITC &8 E B, M/EMA Annexin V-
FITC F1 PI 44 %% S L, FIRBHEIE 15 min, K
FH 3t X SR I 240 R T2 L, SR Flowlo %t
PEATHAR b7
2.5 RIRZERN

KH 8 um fL42 Transwell /NE LA ZERE
71, FERERHUCIRE R R A /M S . A
Fi 217 TWUF TS, DA B et
JERERR A 5 A5 B 281X 105 S/mL, BY 200 pl 4H
MBI L=, T=EA 600 pL & 10% FBS I5¢
S RERAE LR T, 37 CHEFR 24 h I, HRASHE
P ERZEMM, 4%2 T HEERE 2 FE4E 10
min, 0.1%Z5 55400 20 min. T3 B SHMEE T HEHL
IR S AMREF T E A, BUPI TN R 226 T
2.6 Western blotting 1N HXERRIE

Y% “2.17 TR 7 T A B S, AN,
TN 8 ABEIMHIFIE) RIPA SRR IUEEH,
BCA L E R EWEE . B30 ng REFEME SX B
FEZEMRIR S, 95 Chn#h Smin A, FA
FEMZE 10% )t HE B B4 - 58 T M I B P HL VK
¥ % PVDF I, T S%Mie4-9yh=E i 1h, 7
BN USP22. SIRT1. LC3 fl p62 —Fi, 4 Ch
BHid . TBST ¥k 3 &KJ5, A HRP ARidi—
i, ZEWEE 1 h, A ECLAL2ERIGIRF R,
K H Image Lab #4534 257 2K LA
2.7 HIEILITE (co-immunoprecipitation, Co-IP)
Sy}

ARM 217 WUR I i AT A B i, WAR Am

TN 2 A BN FIA) RIPA ZLRHRIUEE A,
BCA Mg EAWRE . B 500 pg BEAYS 2 pg
USP22 $itfk T 4 CHFE IR, I Protein A/G
RS H 4 ho MEBRERBEZMWDEEE, TIA
2X FREGEME R 10 min AR E Y. E4LE
1 Western blotting fll SIRT1 25 [ RIA K>, A
USP22 5 SIRT1 KA EAEH . W& 1gG R R HiiAfE
HBAPEXTIE,  HEBRIERE 25 & TR

2.8 ZERAIKTEN

YHfuE “2.17 TR AT A0 B, Y HA-Ub
JAL 24 h 5, 8 & ARG MG132 4B
6 h DABHIZ 25408 1 P 40 J5 K A SIRT1
RS YEPUARBHT R vivE, PSR &4 SDS-
PAGE HLUK 7 B H % . {8/ HA $iiE 1T Western
blotting &y ill, 2341 SIRT1 4575 %F B (32 Ak &1
KF.

2.9 HRE B MEAS

V20 MR TR AR L R IR L, B e H R XY
FrIR B mRFP-GFP-LC3 ki 48 h fli s e R AR
SERIL . dIMIdZ “2.17 BUR 7T b8, ok
LRE RS NS, P pH 35 R LC3 5K
JEFRBELE A TE B (Bt AR F A, 2 EWRES
TEEGRRA T B E WA AR, 275t GFP %
K, ARBE L5 mRFP {55 . GFP/mRFP {H 7+
e S 2 i 52 B
2.10 ATP KENZE

Y% “2.17 TR 7T AL S, WA,
F IR S U B 5l g ATP /KF-

211 FLERKIEME

Yt “2.17 TR EIHAT S, AR
IEW R R B A i LR KT
2.12 A S%R%

HY 40 H SPF 2 6 J& 4 HfEPE BALB/c-nu #£ .,
sc HepG2 4iffd (1.0X 107 4N/ ), FEMRAFIAE
100 mm? B}, FEHL NXTHEZH K SNH k. =7lE
(37.5. 75.0mg/kg) VIZHFIZ i EJE (30 mg/kg) 18]
4, FH 10 K. SBh254 ig N Z5Y), SR ig
SRR AR K, 1 Rd, ESA Y 12d. B3 K
FbR-R RO E 1 IR RN, Rik4a25 24 h )5,
4 SRR T ARSE/N R, R AR, —
YRR 2T 4% 2 BT, H—ioET
R, £-80 CUKFEH AT .

Ji R AR =1 X B8 2X 0.5
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HE #£8 X 22 ffEg 2B 0 R IR AT 14
BEEIREHE 4% 2 K RERE E 24 h 5, BRE
ZFE KA, i /K 5 R4 2R — P 2535 I JR IR i
W, R LESY R, JEEREN S ume Yl
S KA, KRR NTARR YL 5 min, 3
R 25340 30 s, J/KIREE 1h, T YSRE YL 2 min.
PO STERE AR CREIK, —RZGEY, R
B, TSRS TSR 4 23 1w EEARAL, o
2.14 TUNEL &40 FhiEE4E LR 4mpE =

Ji9Ra 20 2 ) Fr 4 — W R T S, R 2R
KAk, AR K TAEW 37 CH#4L 15min. PBS %
U Ja M TUNEL Je ROREWE, 37 CEOLIFE 1he
SRR JE I TR, =RFE 30min. 7E
T M 2L DNA 3-8 3L R AL B N 58t
F-12-W A =R R, RS L FRIC Y DNA F
BORFIWT MR T B A ALEE 3 min, A ARZRE Y
Y% 1 min, HHJEIERG RIS TS, A%
e FE T AR R 40 B TG

2.13

215 HRBALKENAELELE Ki67. USP22 F1
SIRT1 Fi%

Ji R 4H 2R S U ST R B B v s B Bt
JRE, N 3% E A S R A T = A 15
min. 73BN Ki67. USP22 il SIRT1 —#i, 4 C
BEEER . H, W HRP ARICH 3, 37 CHE
H 30min. DAB AR G)E, HARREY, T
W By TR NSRBI YRS 550
2.16 GitEST

THEBRLLX £ 5 %R, SR SPSS 26.0 # ik
T 50T, Image ] AT e M. Z4E L
BRI E T Z 50 (ANOVA), B4 ELieR
F B /N 30 35 1 2 575 (least significant difference
test, LSD-¢) %,

3 #R

3.1 SNH %t HepG2 ZMAEtEEFNRZEHIHIHIE R
wmE 1 R, SxPIER4LEbE, SNH &3 ]

HepG2 4RI 71 (P<<0.01. 0.001), {£i#k HepG2 4H
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¥ 4 =2
2 E 5
= 504 = 100
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0 i |
X 50 100 ZizdEE X 50 100 RAiEE
SNH/(umol-L™") SNH/(umol-L™1) SNH/(umol-L™")

C payict SNH 50 pmol-L™! SNH 100 pmol-L™! ke
106,(}1-UL(U.75%) QI1-UR (1.23%)’ :QI-L'I.(I.I,%%) QI1-UR (7.73%) EQI-UI.(Z.?&,}“/'.) Q1-UR (13.04%) an-l?l.(lOB%) QI-UR (14.07%)
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s3]
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1 24Ql-l_l_1‘)b.86%) ‘OI-LR(I.Ib%} 40I-LL(8'~).38%) L;I-LR(IJG%) :QI-LL(SLIZ%) QI-LR (2.51%) AQ]-L‘L(SO.‘)S%) QI-LR (2.97%)

0 100 104 105 10° 100 104 105 10° 100 104 105  10° 105 10* 105  10°
FITC-A FITC-A FITC-A FITC-A

E papis SNH 50 pmol-L™! SNH 100 pmol-L™! FhidEe

e TR L FP A TS BT TN T Rl S Y O e A

' ¥ el T AL AN o 52 A
N RO T w2 A T B
1% L Y34 IR rﬁ '.}“!ﬂ Y 2
1 - SRR Z S ‘,f(hﬁeni; m_ g L l’f ..¢&)
<28 v & s R NRE 4‘ S N7 X

i = . . N 2¢ 'W.\_ 1: 9 %‘N $oig T .}&
4 T3 el TG PRGN T ) o A A S G (i s

y ’- o - X ) R o 5 SR A s oy

§ & s -.l(m DD o \7’ ~ *-.,{-V]Ooﬂ W.,.&'.#_‘Q\’.Jm .k”ﬁ‘.\‘cﬁ\i < _.\loo—um

A-CCK-8 Ky 4mpaiE /7; By C-IMAM AR MANNEHT:; D, E-Transwell B MMM EZE (X100); *P<0.05 *P<0.01 **P<0.001, [

2. 3 [

A-cell viability detected by CCK-8; B, C-cell apoptosis detected by flow cytometry; D, E-cell invasion detected by Transwell (x 100); "P < 0.05 "P<

ok

0.01 P <0.001, same as Figs. 2, 3.

1 SNH %} HepG2 RAEIEAEFNEEMANFIER (XLts,n=3)
Fig. 1 SNH inhibits proliferation and invasion of HepG2 cells (X + s, n =3)
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FLE T2 (P<0.001), Ff4i HAR 2868 71 (P<<0.001),

EFEAICME, Hh SNH @7 E SR S5 T

R AH AR .

3.2 SNH #i#l USP22 /589 SIRT1 X2 HF L
Western blotting 558 (& 2-A. B) R It

Fi5 HepG2 4o ) USP22. fnk 2-C. D Fiaw,

K RZEFEL (P<0.01. 0.001). fE 2-E~H Ji
75, SNH fgf% {2 3[4k HepG2 411 ig USP22 5 SIRTI
(I E-EEMEAER (P<0.01), [[IF SIRT1 2 %
KPR ETE (P<<0.001). 1fj USP22 iE&Rik)E
SNH LA EAE I8 2310 8 (P<<0.05. 0.001),
WESE USP22 /511 SIRT1 2292 Z4k /2 SNH K 4%1E

7 2 > )
SxtMEA LR, SNH 40 USP22 1 SIRT1 & AEZE  FHRISELH.
A C E G
L5 55— SIRTI USP22 1.5 o 1.5
*kk B *k
e % ek -
i) Sk g 2.0 4o 2 B Brxk ok
® 1.0 w” ok q 1.0 > 1.0 ek
= * S = N
o o Hkok E o
1.0 * 7 b
s “ 2 0.5 o5
N [ = =
@ E 0.5 I &
=) »n Y- o ©n
w1
ﬂ D
0 - 0 - T T T 0 - 0 -
PR X USP22 X SNH USP22 USP22 X SNH USP22 USP22 XfiE SNHUSP22  USP22 Xffi# SNHUSP22  USP22
Rk Wk WFA+SNH WA WFIA+SNH WA WFE+SNH WA W Fk+SNH
B D F H
IP: USP22 ' 1
12X 107 - —
12X10° M- — - LT - W9 Skl i
X0 e —USP22 IP: SIRTI ' IB: Ub
60X1 12X ]( - s @ s SIRT] Y
60X10° ww o W == USP) . - - -
36%10' @ @D @ GAPDH 60X10f - U U
36X10' S @ED @ @8 GAPDH Input|
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