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Abstract

Objective: To investigate whether the YAP1 gene influences hepatocellular carcinoma (HCC) and
whether it affects cellular functions through the PI3K/AKT signaling pathway. Methods: Bioinfor-
matics analysis was conducted using data and clinical information from public tumor databases.
Following data extraction, relevant samples were analyzed with R and validated through cell exper-
iments. Results: Differences were observed between normal and pathological tissues in the HCC
group. YAP1 was associated with multiple targets and immune cells in HCC. Patients with high YAP1
expression had a poor prognosis, potentially linked to Child-Pugh grade and AFP levels. YAP1 ex-
pression was predominantly concentrated in tumor cells. Knocking down YAP1 reduced the prolif-
eration and invasion abilities of tumor cells, along with decreased expression of AKT and p-AKT
proteins. Although SC79 restored the PI3K/AKT pathway, this restoration did not reverse the
changes in cellular functions. Conclusion: YAP1 is highly expressed in HCC, and high YAP1 expres-
sion correlates with poor survival prognosis in HCC patients. Knocking down YAP1 inhibits the pro-
liferation and invasion capabilities of HCC cells. YAP1 may contribute to the occurrence and pro-
gression of HCC through the PI3K/AKT signaling pathway.
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1. 518

J- 2 i (Hepatocellular carcinoma, HCC) & 4= 3Kyt Bl A f5 i WL B B 1t I 28 28, o5 B HE e 9 4971 )
2] 75%2 85% [1]. HCC i A 2 Ay S 1T 28 A0 H BN A BR R FLARR B 1) 8o VT 4 SR D s 2 A
BT FBAA L, (AT HCC ME R RIA i v, BAAMEIEZE . TRV, R, S5H
RAN TR M 5596 97 F BE A HCC H B R — B I7 3 (AR ZHUEE S &2, itk E T
HEMEFARMHLZ[2]. PIBKIAKT/MTOR 3@ B0t 8 & A fRiash . Ak, fAm A 2 ¢ E 23],
YAPL B [H 4 h 1) /& Yes-Associated Protein 1, H.7E Hippo 15 5@ B 9 OB M o, 1218 4 3= Zf 1 4n
MuAE K SFEAIR To[4]. AR SCRE A 015 B 250 2 40 B S B0 SR A0 AT FR IR UE YAPL BEH AT e iE i 2 5
PIBK/AKT {55 i@, Fxf 40l D Be = A 50 .

2. MMEHE
2.1. ScHrAARY
AT TN 7 2 BT SRR T 7 M et e 40 L 2R ) M e 2 0 L e R

2.1.1. ARRRIEESF

V) B 1 N 8 240 i 2 SNU-398 4 ik B b5 i AR B AE R A TR A A

SNU-398 40 g i35 75 218 FH & 10% 6 4- M7 . 1% H & & - HH RIS 1640 78 &R 37 k7 5
F%, REFRIRBIAN 37°C. 95% Op. 5% CO, (FHXFIEE 95%) M H IR I 1G4 » A AR R AT A H 40 B 25 i 42 1:2
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Pl iEAT, AV L) 2~3 K i se e WG BEIF TR B0 R I, SR ATREEE A AL BE, SRR BUIRTS
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2.1.2. SEOEIR (UBERFEM
WE 1, £2. £3IKE4L

Table 1. siRNA sequences
# 1. SiRNA 7751

Si-RNA £ F5

F41(5°-3")

YAP1-human-440

YAP1-human-19

YAP1-human-99

SiRNA [ 1454 &

1E 5% CUGCCACCAAGCUAGAUAATT
= X% UUAUCUAGCUUGGUGGCAGTT
1E X 5% GGUCAGAGAUACUUCUUAATT
S X% UUAAGAAGUAUCUCUGACCTT
1E 3 GACGACCAAUAGCUCAGAUTT

Jx X %% AUCUGAGCUAUUGGUCGUCTT
1F 4% GUAUGACAACAGCCUCAAGTT
Jx X %% CUUGAGGCUGUUGUCAUACTT

Table 2. Primer sequences

= 2. 5|49

Gk
YAP1-human-Primer

F5(5°-3%)
F GACCAATAGCTCAGATCCTTTCC
R GACACTGTAGCTGCTCATGCTTA

Table 3. Major reagents
3. FEIIAF

B nan il A=
1640 HF2t Fe A B A R A BR A
HRR - HEHERERT) Fe A B A R A BR A
0.25% i £ P Al A B AE MR A R A
fif 4 IfL3% (FBS) PPV SR A R A BR A 7
A RS VR AR (TG ML) R AE Y R R BR A
Lipo 3000 R A REMRHA R A

CCK-8 &7l &
S Fe il &

FO6E BRI &

2 RNA $HGR &
SR - B AL
HRP #7141
Anti-Phospho-YAP1(Ser127)Rabbit mAb
Anti-AKT1/2/3 Rabbit mAb

ERCR G RAEMBEA R AT
ERCR G RAEMBEA R AT
IR EGREMBAIRAT
IR EGREDMBAIRAT
AR TR e B A PR 24
B A MR A TR A ]
B A R A TR A ]
B A R A TR A ]
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GAPDH % w B hifg
SC79
Tris B
SDS
JBEHE Wk

B AR TR A ]
B REMBAW T
AL AR IA B A PR 24 7]
AB S BRI BB TR A 7]
AB S BRI B TR A 7]

Table 4. Major instruments and consumables
4 EENEMFES

e AP
37°C AR AR AN B 7R A 2:[E Thermo A
ES T 2% [ Thermo 2
150 B A 22 5 A BUARES i (BRI Tl A7 PR 2 ]
Gl Fa Rl W A R A PR A F
P RAIEL I B X T A AR R TR A R A A
P AV R K Y 4R RS A R A F
1o K 1 A7 SANYO A ]
VKL R R 2 HIVK R G5 ( 3B PR A 7
38 B8 Lo JeRBE A oL
o AR B 0L TR WA SIS AT R A PRA
BT G 22 o AT A R S F R R A
Al KIS R 50 I (R E)ERAF
T R R RIS
ARV Ea R A E T

TR e TR A
0.1 ml J\JHF PCR &
Eppendorf & (EP %)
100 mm 4 fif 5 7% I
Bt
2 250
15 ml. 50 ml FET B0
10 ml B
6/24/96 LR
10/200/1000 pl JC B T lifHhe Sk
Qtower® 5 5 & A R HE 4%

Transwell /N2

BTSSR IR 7]
[ Corning A ]
2 [F Corning A 7]
£ Corning A
78 & Eppendorf 23 7
Mg SRS AL M PR A
JEIE ARG R A7
JEIE Z ARG R A7
£ Corning A ]
JEIE ARG R A7
R A B (L) A BR A
Z£[E Corning A

22. Bk

AW T A A SR I 3 s, 3 I 2R L S 6 B MR A £ P i H PR S AR s
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i DR 1¥] STAR-counts £d K AH LI PRAS SRR T TCGA % 2 (https://portal.gdc.cancer.gov), #i
P NG SR E TPM A% e, ik B4 RNAseq s 51l R E BHIFEA, 3L 33 MEARIN G825
Bro 72 KM AEAF I ATHEZE T, BEXF BRI ZH 1) A A28, SR A logrank #5677 VAT 4L IRT EL A, 1T VP Ay
PR LEIIE FE X AT A AT () o0 A BRI 2 Rt B B Guit 525 3, Jailiid logrank A543 H VP4l AR A7 22 S i 3
PER) p B, FHEE AR E Cox [BIAHTIREUER: FL(HR),  [RIB T HR EXT R 1 95% & A5 X 7](CI).
Je3RE B ARIE R h AL T E AR R IR AT S, B R B GSVA B G &0 i, B2
% method 4572 A"ssgsea”, KL AL AR KL R £ & AL 73 T (SSGSEA) . 2 J&, i Hit fe IR 8 AH 1 73 #r ok
B 9 R 0k 508 B 15 7 B AH G 1t . GTEX Z#lESRIE T V8 [RAS, VH4H(E B v fE GTEX B J7 Mk
(https://gtexportal.org/home/datasets) & & . i I K 4 15 2 & (hitps://www.aclbi.comNEE L A 5 0¥, 14
TISCH T #% B 52 f £ 8% LIHC_GSE146115.h5 4% XSO AR RS 3, /T H R 2 MAESTRO #1 Seurat
Xf AN MBS HEAT AL BEAI 3T, SR -SNE J7iE SR EAT 40 288 0 A . FRATAE I RRAN v4.0.3 ) R X
AT G . 24 PAE/NT 0.05 B, A NS R B Gt Lo

2.22. N\FHEAMRMNIEFESHES

LA SNU-398 A5 N S 4 it 22 AR Foxt B, K4l 53y NC-siRNA ZH A1 YAPL-siRNA 41, &FZH40 i
HEAHIE . NC-siRNA ZH/I A Lipo-3000 H17c & 741 1) siRNA (Bl NC-siRNA), YAP1-siRNA 41(YAP1-
1 group, YAP1-2 group, YAP1-3 group) il A\ Lipo-3000 43 51K =26 N L& B HIAS [H 7 51 (YAPL-1, YAP1-2),
YAPL-# 4% SNU-398 A diiffi . i BUBACRSUR S 1) YAPL-siRNA HEAT JF 2L 500, 4Tl fm
i RT-gPCR A& ZH 40 e - mRNA RIA/KF, X RIA BRI —4.

2.2.3. CCK-8 4t msris
fE R FIR b g T4, LA O hy 24 hy 48 hy 72 h YRF[E] 55, CCK-8 yhH4 I 4 o di 5 5
WL YL AN B IS TR A R, A X G Tl 2k, EHE 3 IRDABE iR % .

2.2.4. Transwell ZHfA{RZEsL1S

SRS R TR BN A CUKA A Rk, FEIG M AT UL B 24 he TERIRR, WALTERUS, [/NE
BN ZENVEAN 600 pl SEAREFREL, FE I 200 pl JCfiE ISR, F/ NG5G T2 46 15 57 48 /)
o 48 /NI JEEUH /NE, ARUGEAT PBS W ¥E. 4%% B EEVAMRE 2 . 0.1%45 SRR D IR . FIAS
SRBREREENARE, BNEBETEME T, FRAMRARSHECTE.

2.2.5. RT-gPCR s£3&

SIS TR EEMRI . SR BT R IR SO R A AR A IR A A BE RNA S BGR & R
SR B R o e BRI & . SLI0 T A HAth e S SASR VR T 3K 1 Kk 20 SEIORTHE S SEIO R oK A M i
geoe ke, IS RNA SREGAFIG, ARE UL AR, $2HUE RNA, 1REIUSRIREAR R & R TT
R DA 58 R A 4 3 2 7055 A2 i 6 S o I 52 B 260 nm A1 280 nm [IIROLEE, R = IR IO 260/280
FLAEAE 1.8~2.0 Z [H]FR B RNA Al fEE4% o i v VR DR AE (10070 B 23 B M B L 1) 51 0 T80 Tk E A, 0
PEEUH PR AR 5 2232070 & K Ui B F Va1, 13 3)sEa0 45 1 .

2.2.6. Western Blot 328

FE A UCERGEML, ARAERIBEE, NN AR, IR E R, H BCAER. IS,
TEEE K o AR RTARIC I A BKIE P I 2.5 pl marker, 4R 54 I8 S AT AR T I A P I IDAAS [/ 4H 2R 1
ANUKIE EAEE 45 pg. HBEEHIN 1 x BRI, 5 bAERE, Bom R, KSH0AS 90 V. 30 min
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MK, AF marker 8 HLIK S BUS OB RGE (5k1), PR BE SO 120 V, 1 he KRS s B IF IR /NG
BI4f PVDF i€, 7E PVDF N T _EMAbrcis A, B MENIX 7. RIEERAMETLRT, DL BSOS PVDF f%.
SN 210 mA, 60 min. FEESE SRR E A 1 /NS, TBST i&%E PVDF i, IIA—¥i. 4 $ICE
R, A TBST REIKIEWE, AP, 2 /NHEIER, BEEMH ECL b3k iln&, H#TR¥,
13 B SLI6 2671

2.2.7. GitFERE®E

AW FHI G Mt B SPSS 27.0 BAFFER, S v BIALEER A Image J B, skge R
GraphPad Prims 10 £:#l; SZE0 A DL “3940 + ArifEZE(R £s)” R EM . Hrir, CCK-8 SLiugh AR 3
R 2= 75 22 A T AT Gt A e, AR S0 45 RS AR A t BS54 P {E/NT 0.05 B, DA JE S
Ik B EA G5

3. SLIRHER

T ekt 33 Bl WA ST 2 R R T & 1 o, PR D e A R B A PR AT
PR ATIR P IR AR R T MR 4 YAPL Ra s, Sk, s, BEnivE. 4 e,
E T URR AN M . FUBRIRIE M . R S I 22 e DL SIS v T A0 A A T R 4 R Y APL
FRILEAL. MIREAHAL T QUANTISEQ H iRl vF /15 YAPL K: R HIAH G b FA B0 2, Ak
PR AN F IR, AR & Fh o e 4t JEAhmr L M2 2 G4 i 78 R4 e b o B AR DG, L
BUEIRERT ML B, I YAPL &5 M2 B S ESH M A AH DG PE R T ML B, [RIRH 05 2 F e ie A0 A O, 14
3 Frs A/ R iR 23 G A A R A DGR R ) R A, S PR AR g % R G e A A s R IR, YA
HNANFI R ZRARAY . w] WL YAPL TERT A0S h 5 2 Fh e i & A ¢, T e R bl R A S ik ik
IR . PE*p <0.05. **p<0.01. ***p < 0.001 A& FHMEKTFHIFRIR.

YAP1 (TCGA-GTEX)

9028 TCGA patients

Figure 1. Pan-cancer analysis
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Figure 2. Correlation between tumor cells and immune cells
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Figure 3. Heatmap of immune checkpoint-related gene expres-
sion in different tumor tissues

3. TEIMEER PR EREEXERNRIERE

DOI: 10.12677/acrem.2026.141006 50 ME I 202 = 2495 AT A


https://doi.org/10.12677/acrem.2026.141006

HBEEM, RN

TERIL YAPL JE IR 7E FF40 B i 1E 7 S B 4 rh g 2 et I, WHZ SR RGEAT T a8 Mr, Wi 4
B, B EES, A DA AT RERIRIEALE], ] A(A) B R ST 21 6 U AR B, R A
T RRER O T LA R R AR BRI, S5 SBT3, BEARAR AN 61 2 5 R fig 07 =X AR %, AR e itk
A WAEAS S SE s, bR - AR AL e PISKIAKT GBS A - MR R 35, B il A [FI%cE 2 1 vk EAEE,
It Z-score bR#EST L, FIAAREEK LA, ERRNZEER T Re 2 K& PIBKIAKT i@k )5, s 4(C)
Frz, LB BRiR W AH 5 FE ey, T8I TCGA Hls e U0 IR 12 45k [R5 30 s Hh A0 B R AH SR, 15938
FI45 R AKTL, AKT2, AKT3 J2 MTOR #5585 AR o<

o
B
“

g

YAP1

Figure 4. Enrichment analysis and correlation of core pathway proteins
E 4. E&ESMRERZOCEBHEXMY

KRILYAPL R REM K B sgmi(E 5 5 Sl 5, TS 2R SIS R F AR gt AT A, &1 5(A) TiE
If cutpiont pR%L, KEEUEFERINE, B 4l KM AL, p<0.05, XAEFERmM, mRATEZT
RFIATE ], 1 J5 X5 YAPL mfk3Rik 5 Child 73 2% J AFP RiA &7 2 50, HH B £x YAPL
S child p 00 HZ A5 B, C ZIAEEZERME, XXEHE TR Z A Ef T2, 1 AFP
NRAE G TR A b, OIS H ST 2 BAFE 2 5, e ROC 2 Wrih4k, RIthsk N
4 0.706, FHH YAPL XA AA(E IS WS, A — 2 i2WiiguRit. Sgniugi ks ¢-SNE &, AFHE
EARRA RSB 4H L] 6(A). YAPL BEHITE BiR A R & Fhgufu ik 734 t-SNE B, AFRBERERR
IEHFE, BRI R R R S IR ] 6(B) o AN [ 40 g Hp BT 26k R ik 3 B AR P AL 1
6(C). HHULRIIL, 7E LIHC_GSE146115.h5 ##fi, S&MEAIRIA YAPL ()& &M .

YRRz R R S S R A A 0%, TEIE 79, AN RT-gPCR, HH siRNA-YAP1-440 {3k
Bk, RSP RIS ZAF; B N WB LIRSS R, Hd YAPL B RIARAL, REHIAT
TURARCR, BEJE#ET C. D Wibssih, 0% CCK-8 MBS I transwell 1228525, 45 B Rm 2
YAPL B ARG, A i 3 5 X AR 28 R I AR itk — B3k YAPL 7] REAE H 21| PIBK/AKT il
e, X HIBIEZOE A AKT K& p-AKT 24T WB S25, H@ i@ iE g SC79, X gt 474 Rk
5, ZERwE 8 s, AJNWBEER, By CHh4r il CCK-8 B L5 f transwell 1228555, {Hid@ 4%
Rosene,  HAHM ) e ARAT 2 X IR .
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Figure 5. Clinical impact of YAP1 on hepatocellular carcinoma
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Figure 6. Single-cell clustering map
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Figure 8. Rescue experiments
8. HRSLIE

4. Wi

FE A A E B A W E, OB 2 40t 20T - AP - SRR AT, X — e L B, P
Z DUEIRAN B, A 2 I T b 5 o0 SR, SO R T R K A AR A ARV T R D A
WRHE[S]. YAPL AEA—Fh Hippo 15 5B % L EH, HBUS/EH M Z TS Hippo @ik A L[4]. £
ML Lz T, WP R IR I A SRR A 4 2, YAPL RIA W BAR, XFEMEFR
LTS YAPL 7] e 2 AT 40 e e e (R 28, TEIXFERIRTIR T, SO3AT 711 24 14 3 s o ar, LUK
M2 B E AR AR DGV R, XA AT AR YAPL S M2 B E W40 & 40 SO0, st M2 B 4 i
VAT R S e AT, ) G2 B B R A0 B BT RS S E 6] 1M 3 A A A, TE AN
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HE SR RGN, XA R I IR YT 2R AR B . T 6 ek A A g 1 B4 i Ao
LIHC_GSE146115 ##47 tsne 4328, HUbAT DL —PI0AE YAPL FmaRiA, B2 ERIEMmanft .

XF YAPL AT IhAE & 4, 5 N A BB AHOCHE i@ B, — A2 b - TRl %, o) — 452 PISK/IAKT
Mg, R 4 BT T PISKIAKT JEERZ OB A SSME AT, 45 R0 FIRE SRR B AE G, BT
PART DAHEWT YAPL FIREJEAE PI3 Z )5, AKT ZHTEAERZ 5 5iEl. PISK/AKT/MTOR J& i P i
Jed 8 A M () D RE 2R OC L 23] PIP3 /N —ANE BS540, #H3A PH S500E S E O W AKT
FIAMBRE[7]. LR AKT T 2R FIR0N, 55 mTORCL MR A& R, KM GSK-38 LLIHHT
AU AN LR IA[8] . PIBK/AKT 18 % 1 2 Rl il R ¥ R BME A5 5@ i A= 195 A7
TEARI PR, RS S R R A R R B YIAROC[9]. FEIF A P, PISK/AKT S H  #id B
PO XA EOE AT At T LR R 2 30 G0 PIBK B AKT 3 B 9838 | s 3 47 8142 5] 1 i L 8 (4 PTEN)
(I FRAZ R, DA 52 AT S BRI (U EGFR) (143 8 R [9] o 3 L 35k R N 431738 {2 1 0t 400 i T 42 1
A, IFRMIHIET, WSS . TRR TR SR IR, A JE R (1 AR th T A 5 S0 I 1 R
W, T YAPL HHET#UERA S Hippo JE@EAHIC, ML ERIE LTS5 PISKIAKT i, 1 YAPL Rik&E
{1 R I S 5 BT e 7 I UG G R M SSFRAE, BT AE— DI %3 (K, 4 mT LA H i 0 S s
TBIT SR R YT B AL I LR

it TCGA Bl e, BIMIGARME 85 YAPL AT ZE S0, Al LAHEWTH ¥ 5, YAPL [fimRiA,
Xof KB T A U R, RIS 2 520 child 20 2%. Chlid 23 2 AF Nl R AT ShREVE I — Kk, 78R
RYEFHE R EFE T, W T EERONZVIRA, RIS MRS &I ARE R FE00 3 2 %5 ¢ B 2 [10] [11].
[FIRE AFP S J5 R M e (112 1 2 4756 1R s e S e R BURR P, T YAPL ARG 5 AFP (3 & 0K,
EIX AT AT RE A R A S5k I e 1 % A 380 AFP 5 YAPL J3 Al = [12]

NRE— DR IR AR YE B R AR R AT R, S ST T AR, K7 ok, AB PRIENIER T W%
SRR Z M L, YAPL (3R A R AR G, RN WB S2I6HE s FF 4 i i ik YAPL 2 S8 AKT
J p-AKT FIFMK, XB U YAPL il #2580 PISK/AKT @i . [FHIN C. D 5 B NI ThRE 2% 525,
PRI B YAPL @I, e 240 i ) B G RN 12 28 e ) R PR, R EH YAPL AT DU i 240 A 1 1
FEAIR & HE T

N e SEG HH AT BEAE(E B P, I SC79, —Fh AKT EEABIE A, %5 5 Sl kAT 95 R
3%, |E LR, K 8(A)TEERAKT, AKT & p-AKT B3 —e kS, MKy L, I 2aEsh
REFSRER 1] 8(B). 14 8(C)Hh, dHMIMIFEAMZ 2R ThREH ARG RIRE, KIEM T YAPL (UK 7 A 1k
—FAETEE, TIMRIhEE R Z AN, FR PISKIAKT @Bl it R ek 2, sk E a6
7 g ok DR R A Pl R F At T B 41 41 P 5200

27 EFTR, YAPL 7E AT b i 3 0A Hs Rk YAPL (1 BT 40 Mg 2 8 A A7 BUR 582 - i YAPL |]
DA e 40 i ) 39 B 512 28 8 7). YAPL H] BRI I PIBK/AKT {5 518 % 3 8UHE M R A 5 K& .
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