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S FIESE, Hippo {5 5 I8 M 2k & 2338 ST b KAt & 42, For Yap
(RVEPETE MStL/2 SR /N BRFF AR M ) A AR s s P X A s 11 e o
WARLE S PR T I, (H R TS RN (UPR)ZEH 2R I A 5 A e AN
. AT TR TS TAE R DL, 5 Mstl/2 XUk /N SR A UPR 4 BA 5538
W HEBEEROR B, UPR A PERK SCEKAERS RS Yap RIS, DL, R4
HERFT Hippo {55 18 EE 1 UPR 5 5 BB TE i A AR R RIS R

AT MstL/2 SURs S /1N BRI A A2 2 PR 1 P B I S, 2 3 S
A LR R AL, FRATTFAER R I A 5 2R (tunicamycin, TM) 3 HepG2 41,
AN N BT N, R ICERS M AT I I8, Hippo {55l B g 4, Yap
HEK B, gE G5 AT SR R G s RS Yap IR TR P 5 R ST
A 2 FRAT TR ILAE DEN 55100/ SRR UL R, Yap ORI &3 Al UPR
(1) PERK {5 5 1B BRARBOE ;10 F AT G2 A PN ot DX IS 380 ) 24 i R i SEUIE IR (TUDCA)
AbF DEN i S RIAHEBR AN R G, PERK A elF2a 2 A B L/KE TR, [H
I Yap (8 AR FEAG: R4k, BRATIEM 5 H] TUDCA KM AbHE B A XHI 55 H
DEN 75 & IC FFME R Je Bed T2 hi e 8300, FRATTRILAE NP b b, Yap (2R
F7KF R PERK (IZRIAK T elF20 FIBERRIL K T4 2LAT 5 3 BOAR G 1E

g LRk, ASCHETAR A, Yap /& Hippo {5 58 # i Al UPR I #5
W FE BN T, e IRk P40 A B e AL, S EUHE I K 42 TUDCA #g
B LR A7 P9 T P 3K, D% ER B0 5 RS R PR A e R T B, BV — A B BT
IS FH T S5 AR RE VR T T EE 2454

AR TG Yaps iR AR AR



Abstract

Abstract

It has been well established that Hippo pathway deficiency leads to liver
overgrowth and tumorigenesis and Yap activation is critical for hepatocellular
carcinoma (HCC) development and maintenance. Endoplasmic Reticulum (ER)
homeostasis is dysregulated in a variety of cancers, however the role of the unfolded
protein responses (UPR) in tissue homeostasis remains unknown. Previous studies
showed that Mst1/2 double knockout livers exhibited greatly enhanced UPR and the
UPR signaling, PERK-elF2a-ATF4 axis regulates the Yap transcription; Therefore, we
investigated whether the Hippo pathway cross talking with UPR signaling pathways
plays a role in HCC development.

To mimic the effects of chronic ER stress, we treated HepG2 cells with a low dose
of tunicamycin (TM). Hippo signaling is inhibited in cells undergoing chronic ER stress.
The low-dose TM-treated HepG2 cells exhibited the consistently increased expression
level of Yap, grew more vigorously and formed larger tumour masses in the nude mice
compared with the dimethylsulfoxide-treated control cells. In addition, the knockdown
of Yap promoted cell death under chronic ER stress. PERK branch of UPR signaling
was upregulated in DEN-treated livers compared with that in the control livers. The
expression levels of phospho-PERK, phospho-elF2a, and Yap in the DEN-treated liver
were downregulated following the ER stress inhibitor, TUDCA, treatment. The
treatment of TUDCA decreased the liver masses and the numbers of HCC tumors in the
DEN-challenged mice. Significantly, the Yap expression was correlated with the levels
of PERK and phospho-elF2a. in a substantial fraction of human HCC.

Taken together, we conclude that Yap integrates the inactivation of Hippo
signaling and the upregulation of UPR signaling, drives liver cell malignant
transformation, promotes tumorigenesis; Treatment with TUDCA that alleviates ER
stress, abolishes the DEN-induced HCC formation, Highlighting that TUDCA
treatment could be a promising therapeutic strategy for human HCC.

Key word: ER stress; Yap; tumorigenesis
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1.1 ARMHETE

1.1.1 ARMIhEE

W J52 ¥ (endoplasmic reticulum, ER) & H iz 4R il b, BAH BB 4 2 4210
GrUA VA KRB s Ca? AR VR TBCE DR, H 3 P IR el P 2RI R 4 %
A A (0 s T ) AV 08 ) — 4 X 45 5 4, i 200 L Py B 22 4 1) T 2 2 s
WIS 5 Thae 2= 5, W Al L4y 2 6 1 P9 J5E X (smooth endoplasmic
reticulum, SER)F1kE [ P i X (rough endoplasmic reticulum, rER).

JGTH A S B D SCEDIR, RIS BRI A, R R BTE B E 2
LN LT A EH LRGN B, EATR A A B R ES: AR i — &7 o K
T PN Jo D BR3P A R B A T A 44, 2 9 m B, FEPIEEST . pibiR e iR
HHE . A AT VA PR RE B AT B X R R I M S AR AR R A S R
W BIRE TR P95 I 4k 488 4 A 3 5 B ek o & g 2.

HEHBAAES RIS s B FE AR AT, 7 A AR AT IR
WS AL, BN RS A RER > T e &, ke & &
H (Immunoglobulin Binding protein, Bip). #5i&E&E A BMEH. AL
R, 85 A e R KB (protein disulfide isomerase,PD )& K311 & (A i 3H AT &
ST, LIRS BB R AP R, RGBT
JUVBE 8 (R 7S N 45, 8 2 E P I R EAT AR TS, R0kt i o D s o B R BB vy R
Bk, SMMRAERKIAR. FEAhTE, WM TR AR RZH
100mg/ml, XFERIIRE L E AP G hAh, FERRM A R EREAF
BT S, BN TORMER AT RN, SR, BTN RNAEAE R R
Uk, AR BIERHERITE: TR SFE BRIk, BRI SR
HESE: LGP LRI S 2 RS RAH R SRR, BT iR R
B,
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1.1.2 ARMXRSFHE

T L EREE A B 1 (Bip) WK A & B8 15 22 1 78(glucose regulated protein 78,
GRP78), J& T #Kk5w 8 70(heat shock protein 70, Hsp70) X %. Bip I¥) C i A A5
MG, 52 IRGUKEEIE- S, F N Imi ATPase i T #E0E, =
551 ATP JKf#RE ADP, Bip 52 IRBERISRA N, PribEBfRTE. 4
ATP 4E Bip LX) ADP B # 7ok, Rt 5 Bip i B4k 8: 47 &%, Bip 55 FiAl Hsp70
FIRHEE M, KIED THERE R ESH -4 Hspd0 RISy
TR, Bip 5HEaMMNELREES, SRIEMITS. (G R, £
RS AR KN TR PR A 5645 6 1 i B P D e 200 B i3k 17 o pAY i R fs e
B AT & BT AU, 3 B YT AR O A R P 5 D S B R S
BT BE N B B A R A i A S5 T g 18,

P AAES MR B e Ot A R E R AR R E A, SEEA RS
JEEEE, FPEE MR A B R E, —F BRI N-IEEER P
B4k, FEAEAsn-X-Ser/Thrik B LG, A% 0 SEREHE W BEIR 2 i I |46 72 21 R &
Bk, mmaEang [ Lo A= E N o-1,2-H EebE il i i &%
AN R R X — RURETR I 1 5T D) #8243 B RIS ) 2 P s

SE5EE AR A S SRR E AN, R
PDUEAL S LB A e s, iRt B B LW =2 45K . ERpS7, & —#f
Bt K SN IS DL s = = B A o e s PSR b e g SV R g S BN
(Rl Zy shob B 1 US) TE AT 8 FAOWE A 1 B 16 3 e AR BT E— B 1 I L
UGGT (uridine diphosphate glucose : glycoprotein glucosy1 transferase) i: 7l & 1E#ff
FrEMEANERNE, REEHESTIERAY S, (EEDEM(ER degradation
enhancing o-mannosidase like protein){EH T, #i4T& & E 4 i B A p
BENEE (IR RS T, SIS O ERRBCE SR, T SR REBE UGG T 1A
HERIT B EE, AIBIpZE &, (eI FFr i & o 42 F R

PRI, R M 2 T AEAR B R, (2 BEIREE IE i T B s e gt R 3 &
WO, PEARMEREOEERR, 4EFARMNERS.
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12 RITBREEARN

Ca?*fadS R, ReREA. SMNIEIFEE L. JRilahiL ., o 2R G540
I8 A 5T R (ER stress). 24 N BT PIRSAS 32 BRI, 520 A B IER I
&, AR IRTEEANE, REWREM, X0 s E e e,

NTIRHEEE. ZENTNEST, 407 AR S, FRZ AW N )
M. % (the ER stress response) 5% A 41 & & H X M. (the unfolded protein response,
UPR)[0 21, 753 iR B, UPR s = Ff (R4 5 e - (1)_E 38 A 5 R4 23 5 PR In Bip,
A EA RSP, (QEILEE PERK-eIF2a (5588, 18/ A 1 #1RE
(231 (3)i i A 1 g A I A Do A i R AT 22 (VD 2 1, R PAY J R A DX B6 1) P A (ER
associated degradation, ERAD)24 21, 3@ 3 A, 4 i iB T 0% NF-KB, feitfE
FHFHAH IR I RIE, KRS 5280 Tt s I 1) (9 P4 5 0 7, 4
TN, 23 A A A 1 A

ANTRI R N 5T 0 s B 2 1A N BT BT BLAR A6 AN R UPRAE 51
B, MPKRZEALL P 5T W 4B (PKR-like ER kinase, PERK). JJLES 7 >R 1 (inositol-
requiring enzyme 1, IRE1). %530 [K+6(activating transcription factor 6,
ATF6), IXUERN 77T s i d H, A Wi 7 S L s N 2 3 o 3 B 34
B s BT R o3 FLAT 25 G R 5 R i R PR B ) RN IX I, AE AT A5 I s T Y
B0, BipHIXRE AN BN/ 45a, ISR S, s
Mo ZBAF PR T B E AR, Bip#oRITE & B RBUK 5 145
By ARG RN TR IO K, UPRAS S B H LAl R 2B LA s a2k
SRAONE T P RADAIX B, EOAKLRBipA G, BROMERRES
ik, 2R EHER R IREIMPERK Z A H[FEJE 7 41); bZIP:basic leucine zipper;
GLS1,GLS2:Golgi localization sequences 1 and 2; TAD:transcriptional activation

domain; TM:Transmembrane domain).
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ER luminal Cytosolic/nucleoplasmic
|
| 1 [ 1
wer I v QT Kinose [N
e Lsamanl
ek I I | kinse |
Cytosolic/nucleoplasmic ER luminal
| |
[ 1 [ 1
BY; RY,
avee B DEECCEE  BON  [oisioise] |
| |,
\]/ | e
arrss I IR v | £ l

BI1.1 AR R RN 2T B — 2 451 12

Figure 1.1 Primary structure of the ER stress sensors?]

1.2.1 PERK {818 5&

PERK J& T T US4 1, 24 Bip A, PERK fEfR FJE A — 51k,
KA AR, RIS T C i EG SR, B 5 1 PERK B IR 1k B R% B
BEC AR DN T 200 WK (eI F20) 1Y 51 A7 2228 1R » WERRALIK) elF20 ] K5 RN A IR AL
KT elF2B, fif elF2a AEETEEL GTP 45 HIVEHIE, ] 1 elF20 HOHIIFE
IEEPEROL, elF2a VR MERIIHI S, K2 HCE A B2 20 H], ARk B
THREN MR B i, SRR A B PERK 1 RS IR BERR (LA FH 2
[, Sx#:fsFREFI CReP(constitutive repressor of elF2a phosphorylation ). 4= K45
i Hl DNA #5145 % 1 34(growth arrest and DNA damage 34, GADD34). p58IPK(58
kDa-inhibitor of protein kinase)%¥ Z: .. H ' CReP 4l M RIEM, 1M
GADD34 H1 p58IPK £ 4 Jiii P B3I 0L T 73 il ¢ PERK A1 ATF6 15 5 1815 53K
LB 1.4).

£ elF20 B BRI K- BB T, R EE A RIBIRERD, —L8qE 5
B X (SUTR) & A KL« #01) PE 1 b 3 F T80 132 HiE (upstream open reading
frames, UORFs) Y] mRNA 75 2] [ BRI ILEs, iR+ ATF4. fEIEFE 4,
IZHEAR I SUTR 1] 3mSR 1 28 55 . uORFs B2 %05 1 B AR 2 TR,

4
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ATFA ABERLIEFBIRE. MIAEATINE DL B, BEBEIRIL ) elF20 ASBEAT EHY
PERCIRTHRE, G0 T RRREIA LS & ATFA gt b BEAE R J LA (18] 1.2). ATF4 dRHK
ST N R AR R R A SR B3 3, e S R A A I S S R R
R R KB T CHOP Hesgfesbdna 1. xR 72 58N ies
[281,

elF2a B 7 AEA P 5 WX S R 1) PERK SR AL, 3 AT DLAE 9 23 S G e
PKR(dsRNA-dependent protein kinase). 2 &1Lk % GCN2(general control of
amino-acid synthesis 2). Ifl 21 2 &k [ i #% HRI(heme-regulated translational inhibitor)
LW ALEOSE, Kk, BERRIL elF2a Z 54NN, FRANLEE MBS N
(integrated stress response), XJT-4H A7 2 ¢ H 2L

ribosome

o ATF4 coding region

cap—] [] = ] ATF4 mRNA

L small ORFs —

- ER stress
elF2a
@)
CaR>—] ] 7 ] ATF4 mRNA
5 small peptide lJr ER stress
phosphorylated elF2c 8 .e||:20<(7
@ 0 08P AramAwA

5 ATF4 protein

B 1.2 ATF4 RiEHIFHEE
Figurel.2 Regulation of ATF4 expression[]

1.2.2 IRE1 5 5i@8%

IRE1 4 IREla AT IRE1B W2, P IRELa 7E & FhZH 24 rh 5547 %3, 17 IRE1P
TR I FE i B 4 RIE . IREL 5 PERK ML, J&F T 70 o J WX 5 58 2
H, BRI EEA RS, IREL ZRM)G, W C unfilgnEt, 13 IRE1
RAEBBR. (15 PERK S FIMIZ, IREL {5 50 HEA LS 0
BRI N,  H AT AN IREL WG Ry R A AR HM 4, (1 IREL It B B R
WHE T HEHm R AU B EE, R B SRR T

5
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Hac1(homologous to ATF/CREB1)ff] mRNA, 7 4ifuzh¥+v1%E] Xopl(X-box
binding proteijn-1)t) mRNA. Fit, IRE1 [F B A 5 S AV kA SR
WIS B S e s v R (K] 1.4).

Xbpl i & mRNA B A PN 8 & 8 54E ORFL AT ORF2, 437l 4k
fdh 261 1 222 NEEERR . LI IRELo V)AL T ORFL (1) 26nt KN & T
5’mRNA H1 3’ mRNA Jr B — i, /32 V)FIE UK mRNA, BEEETA mRNA
FIYIE] mRNA 435 4G @ FE RN BN 261 1) Xbpl A1376 1) Xbpls(& 1.3). £
AR MRNA R UIEIALE T B SR 45 54 v R 18 57 B 0 A5 2H e s v 1) e
Xbpls HAe g tel, R LASOE A BT O I B iR (ERAD) I AR SG % B4, - Derlin-2,
Derlin-3, EDEM, HRD1M¥, a8 SR ARG BTN A4 & b 5% a1 DL & 43
TFAEBRFIANS 21, TiHT & mRNA $HEEH & A Xbpl AfasE, FtH AT LLH]
UPR #EE:[H . UPR 51#2 Xbpl ) mRNA /K7 B, 24 P4 50 87 75 222 Ai i,
IRELa 5], 1H Xbpl B mRNA KT8 GEF EFF, Xbpl B 58 445
£ Xbpls FIEPEAL 8T, TERCT IR R, WAL SIS AT, 4 8 R A%
figt, 40 Xopl 15 5@ g,

442bp
412 853
= 7
/ [}
[ ——
ORF2 E——
l ER stress
b 416bp '
J P sser 2L
/ !/
ORF1+0ORF2
i 75 92 133 164 ______ 1@ !
. unspliced
zIP k' 978 (ORF1) | ,x@P1(U)
188 376"
spliced
212aa (ORF2) pXBP1(S)

B 1.3 PR MR T Xbpl mRNA 4By #:140]
Figure 1.3 Xbpl mRNA is spliced in response to ER stress[*!

6
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1.2.3ATF6 (S SiE%

ATF6 52 N T _E 1 53 —AM& S . 5 IREL A PERK ANFEI) 2, ATF6 J&
TUREEEE, N oA a2 R h 555 7 (bZIP)K DNA 454
Br ARG VESE IR C s A BT s h R iR B R, 5 Bip EEME
J5, ATF6 A A, Tl Bz, WA s m m /R I gEb, 755
IRFIEAER B, S BIE R B§ S1P(site-1-protease). S2P(site-2-protease)fE i /)8 A4 i
WALE 5 I X IHEAT BT D), BT N I i 5T 5 7> ATF6(N). ATF6(N) H A5 DNA
ghA A AP, AT LIS NG, AF PSR X SE SO AR e 44 (ER stress response
element, ERSE), it #B204> T-HE1B 40 Bip, GRP94 FI4H ¥ 45 (145 ()% 5%, ERSE
[¥1)7 51—y CCAAT-(N9)-CCACG, ATF6 ff FI7E CCACG, i — M I 3 Rl
NF-Y (nuclear factor Y){EH7E CCAAT J¥%1. ATF6 iEil{Edt Xbpl 3%, &
Xbpl I mRNA KV, 5 IREL KA EAEHE 1.4).

Ik, AT AR, (RATFEZ 5 N &R /KA 1 15 (regulated
intramenbrane proteolysis, RIP) FIbZIP¥4 S A 74 & I . IR EF RN Z o4&
1 FIH(cAMP response element-binding protein H, CREBH)ZE AT I 45 7 i % ik,
FERLZ N BT T, #S1P. S2PEIY), TEAL, kS5 Rk SORE SN R
53], 32 B R 40 M 4 3 1 75 24 (ol d astrocyte specifically induced substance,
OASIS), fERJBAINLT#SIP, S2PEIY], WuEBipHIEe, RE WM
(541, Hik 4 B AR5 ok 4 7% [R] -7 Tisp40(transcript induced in spermiogenesis 40) #%S1P,
S2PEY), WISEDEMELRI®, X M 2f ZURE 3 ATFORE 731 T BEERTE P4 J53 o o
B EEAEH .
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