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A R E B IR, P4 710016; ° 36 5 e X ARG I A=, A6 100192)

E  RASH X% 4 1(RAS-associated protein 1, RAP1):2 /% TRAS K3k 49 —AF T G%& 4,
WARIE 5 B AR IER K. R, RAP1LE 48 J¢.% (hepatocellular carcinoma, HCC) ¥ #94% A A AL
# RE# . TCGAFGTEXHE A 5T B 7, HCCLL R ¥ RAPIAF=RAPIB#)mRNAKF 2 % & F £ %
FFLALR. %95 LR P A F AR A& & i %95 6P 3 (Western blot, WB) A7 3)4E 52, HCC & # & 28 47
BRAPIE @ K-F & FTHBEFEFAR. RINFREY, SR aietart, TRARAPLEAT vAR
HCC@mf ey 3438 . T A2 248 . MAUH| 3L, FIARAPLAGA T DALt &K AR AL BR 1L, 37
HIAB BT, HigEp38 MAPK:E 3%, M4 4| p38 MAPK® 34T VA #|HCC L ALK 3 6, 42 ~RAPIT
VA8 i 49 4] p38 MAPK:E B84 A% tm IOAX M M BALBRBR A A A 4 BE AR, MM AR BEHCC#EAZ, RE T
F 2t —H 0 R R BARAPL 2 4048 ¥ p38 MAPKGE 74 B A T 5 4t KM E A2 09, 122 R
4 RAHCCH)S T RAET ey E e b,
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Abstract RAP1 (RAS-associated protein 1) is one of small GTPases belonging to RAS family, which has
long been associated with the development of varies of cancers. However, the causal role of RAP1 in HCC (hepa-
tocellular carcinoma) and its mechanism were not known. The conjoint analysis of TCGA and GTEx showed that
the mRNA levels of RAP1A4 and RAPIB in HCC tissues were significantly higher than those in normal liver tissues.
Both immunohistochemistry and WB (Western blot) analysis confirmed that the RAP1 level in tumor tissues was
higher than that in paired adjacent normal tissues from HCC patients. /n vitro study showed that, RAP1 depletion
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in HCC cells resulted in delayed cell proliferation, decreased cell migration and invasion when compared with

control cells. Mechanistically, RAP1 depletion boosts mitochondrial oxidative phosphorylation, inhibits glycolysis,
and activates p38 MAPK pathway. Whereas p38 MAPK inhibition suppresses HCC mitochondrial function. These

findings suggest that RAP1 can promote HCC progression by converting the cell metabolism from oxidative phos-

phorylation to glycolysis via inhibition of p38 MAPK pathway. Although further studies are required to clarify how

RAP1 regulates p38 MAPK pathway and its downstream energy metabolic reprogramming, these findings provide

a new therapeutic target for the treatment of HCC.
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AT =I5 35% 1 70%, FF H. H A i e 40 Bh T B UL R
RILE R T, PR, RN HCCAH SR 43 1
BLH , 5 T TR 78 7 S bR DA RS ST 1 v6 97 1) Je
FEAEEZ L.

RASHHFEE [ 1(RAS-associated protein 1, RAP1)
SERASHEF R 12 —. HHABRASHE HAH{LL, RAPI
TE 19 W WA A% IR 22 6 (R 7 A GTP R S A4 8 (1 11 115
N A SEHLTE GDP4E & T UM GTP4S & T a0 2 [l [ 4%
#0012, A HUEER B, RAP1A] LS A RIZRA
MR AR, I B R A 2R ™. #illn, RAPI
DM B g U, U R RS
RAP I A] DR AIB e U7, w51 s U2 1 670
o RAP UG AR ik 72 1 59 AN R S
SR, feilidiE i wnt. ERK. p38 MAPK. PI3K/
AKTE 2 2518 1% 2 515 5 1% 5 AT 52 10 41 B 3 B
1228 AP AL A i 1022, LT[Rl — kd i o] LA
RIEA—FERIVER . lin, RAP1W] LR RASE
g 7 A0 ERKGE 6, 18 1T LABSZ T RASHI 77 X
B0 ERKIX — 8% 2, RAPTERSR AN R A4 F = 8 ]
REE AR R S i . W R FI 2 E. F
TN A LA RS S @ s M 2 S 2 M R R R &R
CRA R 4G R,

RAP1E A W IV & —RAP1AMIRAPIB,
IRV AR TR 7 51 b HL A 95% I [RI YR 1412, {H 2
TEE E YR KA HMLE B IEAE S e AE . tin
Ui, RAPTATEJR 57 BESH MR 1A A8 K ol SRR H, T
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RAPIBXHR AR A2 K T 2 25 52 20, Rap 172 PKA(S
S5 S FE R HEDE VM HOR B R AR RS S
555, MRapla A2, LA L, RAPIARIRAPIB
FERE 8 JefiE P R IR R B AR AL AN T — Mg Tf
e, WL TR P AL AT

BHH— ARSI ER, RAPLE 5@ i
FEHCCHM B E 4, 27" RAPIH] e 2 5 HCCH)
R, H IR, CD73-A2 AR L S
RAP15£4E P110BE 5 i M 4% 32 PI3K/AK TS 5 LA
et HCCHIMH M ELH2 , It 5 HCCRETE A RA
PN, WFRIRIE, RAPIB A 3E HCCAN A 7 4R 1
F. T 51258, DL N R 0 kAR R B
i ik (overexpression, OE) RAP1AR] DL F4 R St 2
5 A [FJRY) 4(eyes absent homolog 4, EYA4)7E HCC
Y11 B FP R A R B, SR, RAP1A S HCCAH
HLR BEHAE S A B, AR E B HCCH R IA
K SEmE ISR BARTEENLH LAY
T REARAT BIHE— D AF L.

B Ah, YANGEEP B 4 HRAPTA] 78 24 £ fi 14
ROSF= A= 1 47 8 15 AT 980D OV 2R 8 I A F
Fi2 W, RapIb OER] 3 B /NE 41 i v iy B 5 3
LR AR Th R B 503, i — DA AR B, Raplbid it
ERK-C/EBP-B-PGC- 107 5 i % U 15 28 K 44 ¥ A= 4
KA, M SZIE SRR Dy RE, B35 B R4 195 - e 22 0%
PRI B0 gk . A% BT R R, R 1 R AR R
Ji9Rg F) J\ KRR 2 —, 1T 2 A 2 41 A QA
Gy, BRI L iR i A Tk R 2 A O T R TL T A
B RERCNRBRETRIT 3, . B i, RAP1/EHCC
Y11 B HR X T 2R T i 1A R M IS A — A SR ) AT
. P, A BERZRAPIA/BSHCCK A K &
1125 &, RAPI/EHCC A% T 2R i D (1 5 e 2 3
HARMLH, LA AE A i Z AL i T FHCCRE R,
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1.1

111 g b5mie 28K B A 20 A s
IR el i 28 — N EREE B BARHE DL 4
SURSIRA , 57 IR XN R A . 2047 i AR
R 5 i 2 2R R 5% 18 4 2R I M R R K
b e 28 — B e de it . A JHHR 40 i HuH 74 H R
Pl BHEAN . PR Sl AN TR — AR
P i A6 B 23 51 2 (BEiE 5 2020-004-01) TR EE A}
KA TS 5143 (HEHE S 2019-084) 5 kb, JR3R
138 L e g R .

1.12 &XA| 544  DMEME iR 7R 5 R (g
PMSF. A& M. WERM . HWaEE. FH5ER
(oligomycin). HIEFAA) 4-( =50 T4 FE ) RN [car-
bonyl cyanide 4-(trifluoromethoxy) phenylhydrazone,
FCCP]. £ Ml (rotenone). % & A(antimycin
A H Sigmas | ; a4 M7E (FBS)IW H Gbico A
A, BER. BHERB Y E Beyotime A F 5 B
4% % B H Sangon Biotech/A 7] ; Lipofectamine®
RNAIMAX #4577 . RAP1 siRNA. Bt e
(NC). TRIzol. IYH Z£ % £} B (Tetramethylrhodamine,
TMRM)J# H Invitrogen/s 7 ; RIPAZLARWE . W12
O (100 x). RAPI(1:1 000, 435 ENZE [ ). p38
MAPK(1:1 000). p-p38 MAPK(1:1 000)FitfA. HRP
FRICHT —HT(1:2 000) H CSTA A ; BCAK HE &=
W& ATPAL IR &% H Thermo Fisher Scien-
tificA ) ; ECL . PVDFJE [ Bio-Rad A 7 ;
i B E RN S B LR S AR
AA R~ A ; Transwell/NE . FE 5 H Corning
] ; SB203580(p384Miill 7)) H Selleck 2 7 ; XF4:
fili s 72 0 H Agilent/a 7] 5 2- it 4507 %) BE (2-deoxy-
D-glucose, 2-DG). GAPDH (1:1 000). B-Actin
(1:1 000)~ RAPI (1:50, fpE 40 H)PLiAIE H Santa
Cruz~ .

113 A& HHLPREE E Fluko~ 7] ; Novo-
Cytefit AL . Seahorse XFe24 4 iyt =AM 73
Tl B AgilentA 7] 5 £ Dy AEREFR A H Thermo
Fisher Scientific/A 7] .

12 7

121 RFLABAFLH AT L HEA
— R FERR (PR i 52K, P40 10 mmol/L
PR TR £R 22 M (pHO.0) /K INFA LIME E BT R SRA7, 42

56 FH PN R 3 e A LT 5751 G FH 253 A 3K
F & N AR 10 min, 5% 1L 2 M5 =33 1 b, 4R
JG4 CCHRME —Pu. 5 RGIRIEH _HEEN
T B U B AR 25 T R 5 7 RT3 SR AR 2 P/ B/
RIgGRAWAI . W5 RKUGHAT 3,3’ - 2 IR E
(3,3’-diaminobenzidine, DAB) & {71, 75 AR e /K.
FERCARE R . R EiE B s I,
F Image-Pro Plus 608173 15 213406 % £ (mean
optical density, MOD){ .

122 fmppszsibmieitd AR HHTH
% 10% FBS. 100 UmLE&H K 100 ng/mLEEH &
A10.25 pg/mLFEPEE K B DMEM & BB 97 3%, T
37 °C. 5% CO.MAHfuRsFRff iR 9% . 548 hife 1Kk
0, AR 4T 25 FEE DN 80%~90% I Fiki 2 14 I 1k O
PA1:3~1Af EL AR o HUAL T 06 502 KA 0 A
YA HuH7, BA2 <103 /FLI % SR T 6 FLAR , 5 #I
IR B AN E N 60%~70%)5 , #4118 Lipofectamine®™
RNAIMAX i B 5 LUK 12.5 nmol/L 53 il % G
RAP1 siRNA#1/#2/43FINC. 6 hj5 B #15710% FBSH
R IR, 72 hE AR A AT 5 2S5

1.2.3 ZAHRHE&L5EG R LI E (Western
blot, WB)  HrEHCHI & 1 mmol/L PMSF RIPA
ZURI o RS BE IR B 40 #1171 (100%) 100:1F
b A 1) & 1T T SR BB R AL B S R R . %
HR RIPAZL AR U0 P B2 AL 1 . BCAVERT I 25
WRE. 95 °Chn# s minit 47 & (1AM . &Rl
20 pg®E A _EFE, RH12%% & 3T SDS-PAGE H,
PK(FERN: 80 V 45 min; 120 V 50~70 min). %
100 V 90 min 87 AT RIRIR 4% o 5% MG Wk
FEiRF A1 he TBSTH3R, B THMN—HH, 4 °C
JFE R . TBSTHE3K, EilMFE —$H12 ho TBST
T3k, TREEFZECLILERIEER, KA Gel-
Pro Analyzer 4.08 AT EH & &M o

1.2.4 mfesgsi =5 ¥ HuH7 RAPLRK (knock
down, KD) K CrlZHfifg L 1 < 10°AN/FLIK 25 FE Refh T 6 7L,
FERE24 IS EESH I F NovoCyteli s AN T 145
125 ABFAREE B4 <1034 % &
BT oL, RS R2~3 8 2 B0 B v o
ZEREFR. 4%% PR E20 min, F A4 S8 4
15 min. A M B S O .

12.6 XPREE  CHAMEEM TR R 2
BV A, FH A Sk 41 i 3k AT K1 28, PBSIE Bt J5 B 4
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1% FBSHIDMEME; 77 JE 4k S 35 9% . 1 HEId %0,
12, 24, 48 hAH A B 24 1) 5 15 0

1.2.7 Transwellif#% 512 % 528  TranswellfZ 2851
I rp/NE b S TR A E R R, AR
H5E BG40 E. % Transwell’h = B T-24 7L,
EEEM3 <10 I S R R AR R, TE
BIIAN600 uL720% FBSHIDMEME; 973 . 153748 h
J&, B 7N 2 4% %2 58 FR R[] 72 20 min, 7 F 45 di 55
JefB15 min. FRIZE R E g, B
(100 %)~ BEHLGE B AL 4 H 0 5%, F Imagel X
PEBEAT AT E

128 ATPE&Z#n  FrofLigiii KRS R
% N60%~T0%F, T4 PBSHE 1K, W AE4H M
AT ATPEREUA(HH 100 mmol/L Tris-base. 4 mmol/L
EDTARCHIT A, VKESTR A 15 pHZ 7.75). 90 s/,
10 000 xgE5.Cr 1 mintE Fisw. F ATPAS U7 &
B i) ATPIU E W FH 22 Dy RER bR AR I _E 350 1)
H R, HARYE & R X PO A TR IE

12,9 £AiARfE @, 4% (mitochondrial membrane potential,
MMP)#m 6 fLIR AN A KOIRTS R 4F HE LR
60%~70%M}, FH FFAPBSHE 1R, Tt & 430 nmol/L
TMRM (1) JC I3/ 15 77 5 91 137 °CilE Y% H 20 min.
PBSYE3 K, B4 T 2O B R As T~ i, {8 H Im-
agel AT AT 9N 8 BT .

1.2.10 &AARE MR A2 x 104N /4L
R fh T Seahorse XFe2d4ZH % 5tk i, I
FBE 9% B 55 N 70%~90% o AL BT 48 i P
ST EE IR AL (2 mmol/LA & EE . 1 mmol/LTA
A BR8N« 10 mmol/L4 &) K% . XFIEfli 5% 7% B e |
MR, pH7.4)¥E2¢k, FH1E37 °CHY I COTE iR 46
B he XFe2dREMRH 24 AN10 pmol/LE % %
10 pmol/L FCCP. 10 pmol/L FCCP. 5 pmol/L
R AL S pmol/LPTFH R A. KRAETEEE I
W #E 5 % (oxygen comsumption rate, OCR).
1211 #BEEMEE A RGK A2 <10 AL
2% FE R T Seahorse XFe244H B 5%, I iR 77
Y N 70%~90% .. AL AT 40 L 2 B £ 5%
5 (FH 2 mmol/LAZNERL . XFREAh ks 75 B 1L i 1M Ak,
pH7.4): 24k, F£1E 37 °CITE COAEIRA R 7R 1 he
XFe244RE AR 2 A 100 mmol/L# & FE . 10 pmol/LE:
P 21500 mmol/L 2-DG. A% 5 5 Ji 146 M I 41 A
ANERI R (extracelluar acidification rate, ECAR).

12,12 $#FF 54 BFEMYEAE KRS R
H25 FE 218 80%FH, FI TI¥A PBSTE 11k, #8511 mL
TRIzol73 HULEECt]. RAPI siRNA#2/#34H M T4 A%
EH (n=3), WA G T 80 °CIRIE, TUKAZ
KRR R BUR R A A IR A 7 A7 e s )
#5581, LA IE PIE/NT 0.05 80 1% 261, ¥ Cul/
SIRNA#2 ) 2 5 3£ K 5 Ctrl/siRNA#3 ) % 57 3 K Y
THEMATGOINRE & 4T -

1.2.13 St ot prfa Edi R HISPSS 26.05#F
BEAT 481t 2% 20 #7, GraphPad Prism 8.0%fF1E & . it
BRI 3 bR 1 22 (eks) R R (n=3), PIZHLIA]
BIE LR FH e 56, 22 2R IR 3 B LG IR F 7 22 90 #0T,
P<0.05FRE W EMZER,

2 H#R
2.1 RAPIZEHCCHLH L, SHCCHMELZE %
REEFHEXBESEETEIARBX
NTHWIRRAPISHCCZ IR &, B, &
A% TCGAR GTEXHUE FE HEAT A5 B 200 #
SRERN, SIEWIHAHZAEE, RAPIAFI RAP1BYE
HCCHZI i FRIL M EE i (B 1AME 1B). 5
P 55 IE W A RAE L, RAPIAFI RAPIBYE HCCHL 4
W R AR IR 235 FR (B ICATE 1D) . X
JH i 1 22 TNM 3 30 5 AT 40, RILITBHA TV
W RS 10 RAP LAZRIE K38 /5 1 LAD T i (B
1E), {H IO TV 35 (1) RAP1BER 1A /K15 THA AN
I FMLE, 25 I B P=0.05, KI1F). #%,
i3t GEPIA 7 Mt RAPIFRIA /K5 HCC G35 AR A7 I
IR R, AA7 LR R RAPIAFI RAPIBINRIE S
HCC &3 I S A AR A7 20 2 AR AE S 25 AR oM (1
1IGHIE 1H). M al W, RAPIAFI RAPIBYE HCCH
ARERIE—BER . L, EWER¥ESIE
7R, RAPI SHCCHY KA K e 2 1R AH ¢ H S B 3% 1
EARA K. ATH—BIUEs Rl 5, A
SR T HCCAIE 55 A 23 A g 1) v DA B R i 40 21
FEARBAT LSS . S AL M R,
B 55 1E W 2L RAPTAE HCCAL A b i i %34 (K]
2A~KE20). HEWBH T4 R EIR, RAP1E HRIA
IKPAE HCCHE 55 41 23 1) 22 57 A B35 (P=0.05,
K 2D 2E), X 7] fig 2 K v HCCZH 2+ 55 i P 4
MU oy AEAERE S 1 JRA 2R, 3 BN A R
AN KT BEAR TR 30 2 e . 28 BATIR, FHE i
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A B: IEHFFLURIHCCAL 23 (IRAPIA/B mRNAZK 1K 7K F; Normal#7n IE % U2, oK H GTEXAUE # (n=110); Tumor# 7RHCC 4, K H
TCGAKE 5 (n=369). C. D: HCC & # i 241 2 (carcinoma)-5 i N i 55 41 4(paracarcinoma) 1 FIRAP14/B mRNAFIA K F; H¥i ok A TCGA%
JiE(n=50). E~F: HCCHE# I M ZIFRAPIA/B mRNAZRIL K- 5 B2 73 W0 & BRI (stage 1+11, n=245); TRV Hi(stage 11I+1V, n=84). G+
H: R F GEPTAUE i i ¥ Log-rank K6 36 LL#RAP 1 A/BAR 335 (low) 5 151 #6155 (high) HCC 3 2 [A] (¥ AR A= A7 2 (n=182, LArh (2 BUE Al SRE) o
SER LI HEEARHE 220K, #P<0.05, **P<0.01, ****P<0.000 1,

A,B: the mRNA level of RAP1A/B in normal liver tissues and HCC tissues. Normal represents normal liver tissues from the GTEx database (n=110).
Tumor represents HCC tissues from TCGA database (n=369). C,D: the mRNA level of RAP1A4/B in tunor tissues (carcinoma) and that in paired adja-
cent tissues (paracarcinoma) from HCC patients. Data are from the TCGA database (n=50). E,F: the relationship between the mRNA level of RAP1A4/B
and tumor stage in HCC patients sorted by stage I+1I1 (n=245) and stage I1I+IV (n=84). G,H: the Log-rank test in GEPIA database was used to compare
the overall survival rates of the patients with low RAP1A/B expression and high RAP1A4/B expression, with the median as the threshold (n=182). Data
are presented as ¥+s. *P<0.05, **P<0.01, ****P<(.000 1.

Bl RAPIZFHCCHAIMRNARIAKFESEBEN R

Fig.1 The mRNA expression level and survival analysis of RAPI in HCC

RAP1FIA/KF AT BELE HCCI K A2 R 8 e s s
Wl AR
2.2 RAP1 KDRILUF SSHCCAHRRAYIETE, 1T
MRZEREH

N T WIH RAP LG HCCIF 2, AR 50 i
SIRNA T H AR Zh #7734 HuH7 RAP1 KD i
R (E3A), EELsiRNA#2/#3 5NCYHi— [T Ja
B — R B AN R S0y . T 289 B R e T RS2
SEREW, 5 Cualdifui Lt , HuH7 RAP1 KD4H i 1)
W5 AN T T AR 0 3 R R (EI3BATEIZC) . RIR
SEEG . TranswellER 5128 LI 45 R —8RH, 5
CtrlZH o # b, HuH7 RAP1 KDZH (1)L 7% 512 28 RE

J138 2 TR (B 3DAE 3E). LL B4 REH], RAPI
KD A LA 55 HCCYN M B4 5 . iR AR 2268 77,
GO #T iz~ , RAP1 KD5 CtrldH 7 5 5E K 5 40 i
W, MR SAY ISR L (B 3F), X5 Fikk
RS as o8 BT
2.3 RAP1 KDA] A58 HCCZRAR A LR I R Th RE
N T BFFERAPIXTHCCEN B 28 K 44 T E ) 5 i,
FATIE ik Seahorse XFe244H it 6 &A1 43 HT4X 53 7))
KrillHuH7 RAP1 KD & Ctrl4H i i i OCRAE, LA K
U THBEZRE A RVIIEIF) . FCCP(fif #5 B:5).
R IR (R A RTINS DUEE R ACR A ARTITNH 77))
e— RHNZYIMFE 2 JE FIOCRIE . 45 R EoR, 5Cul
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A~C: fEHCC(carcinoma)F1J 55 41 21 (paracarcinoma) F'RAP1f e 2 2H 24k
FERIYHE. D, E: fEHCC(C)HE 55 41 Z3(P) FRAP I IWBESE e 18 J e
TERZIE H Sy GAPDHW S HI A L, KB AN RAPLE K B2 AR DA G B A 55 ZH ZAR AP Ve K BEAELAE IH — AW AL B, B8 brvE T 267 b7 o

DLIEEARE ZE 0K, #5%%P<0.000 1,

A-C: representative immunohistochemical staining photomicrographs, t

HCC tissues (carcinoma) and paired adjacent tissues (paracarcinoma) (n=

HCC (C) and paracarcinoma tissues (P) (#=20). The numbers 1 to 20 ab
ing the internal reference of GAPDH, each RAP1 gray value is normalized with the RAP1 gray value of the corresponding adjacent tissues, and the data

is marked above the band. Data are presented as X+s. ****P<(.000 1.

heir quantitative statistics, and the pie chart of the variation of RAP1 levels in
28). D,E: Western blot analysis and its quantitative statistics of RAP1 level in
ove the horizontal line correspond to 20 HCC patients. On the basis of calibrat-

E2 RAPIZEHCCHHERRIEKTE
Fig.2 The protein expression level of RAP1 in HCC

41 ff A B, HuH7 RAP1 KD4H i 1) 2 it 420 7 IR fi
(Base). Z&HiARATPAE B HE /1(Base-Oligomycin) LA f2
B KA B8 J1(FCCP)Y B & TH & (K4A T K4B)

A2 ATP 2 B IS 5 R RE S5, HuH7 RAP1 KD
AN ATPE & & TCerldil i, H B F gt 22 X

(E4C), 5 LRk K 730 BT 32 7R B ATPAE pi 2 3
Inix—45 FARTF . MMPASINSS 1 5o, HuH7 RAPL
KDZH il ] 1 7% Ot 5 2K T-Cerlil i, H B A Giit
27 X (4D K4E), Ui B HuH7 RAP1 KD4H g ()
MMP/KF & T Culdifi. DL b 45 532, RAP1 KD
Al DA 5 HCCAH Y 2 R AR Th g

N T W FERAPIXTHCCYH H AR 38 12 1 5 i,
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Fig.3 Detection of proliferation, migration and invasion abilities of HuH7 RAP1 KD cells
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A,B: detection of OCR by Seahorse XFe24 and its statistical analysis results. The Base value reflects the basic oxygen respiration capacity, the differ-

ence between Base and Oligomycin value reflects the mitochondrial ATP production capacity, and the FCCP reflects the maximum oxygen respiration
capacity; C: ATP detection; D,E: MMP detection and its quantitative statistics; F,G: detection of OCR/ECAR by Seahorse XFe24 and its statistical
analysis results; H: Gene Ontology functional analysis related to metabolism. Data are presented as X+s (n=3). *P<0.05, **P<0.01, ***P<0.001.
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Fig.4 Detection of mitochondrial function of HuH7 RAP1 KD cells
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Fig.5 Effects of p38 inhibitor on mitochondrial function and cell proliferation of HuH7 RAP1 KD cells
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