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TGF-B1¢ GRP78 2@ A %4o] sorafenib AZAHL 7IAE

TAZRES ARY S5 v 9F

=
2} A k= Hepatocellular carcinoma (HCC)& vf=2Al=v A4 719t
A A =EI(BCLO) O wet A ZHe]l u¥A dAd. 1 5 F=
<71t 27](advanced)$AES el AREEE AALW Aol A
AVEeE FE T 8MUQl sorafenib & HAIES]l FA I H A
ARE e 28 7IdE e ARAR ARSEI A AR
dF HCC &A= o] of=ol dial] 7|24 om e 7y &=
e #AE2 o= iAol gixNt ARE ASdsSE Aol AA
T 2aaE BA Fdkhe 497F Ak oY@ wjA skl sorafenib

A FAA T 2 TIHE A FEFAE H Ao v
Folglttar ¥& A g+ transforming growth factor (TGFR)%}:
71Ee Ao A Gemcitabine A& F St MEel k=AY
F5S fd =dekeld HSP27(Heat shock protein 27), ¢i¥H4d o =2
stress marker & &# 3 Ab#|E @A = Sorafenib #34 HCC <}
Aol HaE 1l 9= Glucose-regulated protein78(GRP78, BiP)
# < Sorafenib A&A HCC oA Add 555 98] =48z

ZHAZE e Blem die Sl Seke Axeg dnE
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Vimentin 7FA & 4 7}FA9] shRNA gA3t Z2AE%F oldx=
vlol#] 25 Z}7} Sorafenib A &4 HCCol A&t S Wl TGFRI 9
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S FAAI7IE= shRNA ®@AleE S &% ol wlo]y~7}
=2 g a¥E HYPT 1 5o = GRP78 9o HEHS
2A71= shRNA  &@AlgE S21ES  oftlx  wHlolgj 7yl £&
9= BT o]% Sorafenib A dA SNU449 oA F 719
HEAS B wEo] TGFRI-GRP78 =¥ wdS
A7 shRNA 2 ®@A3 S48
2890S A9 HSP27-TGFB1 2% W3S 74 A7)+ shRNA =
HAG FAE% ottle wlolYaE AHEsle wWrRU o F£L
235 Yede As A9 5 A3l Sorafenib A A
Hep3B ©olAl:= 7 wiolgjs BF £ @35 Holw F uHio]x
o] & ade] Apol= Holx| gtk HCC FF/dl wal Zpol7t
AA W TGFB1-GRP78 E5F wdS FAAIZS 4-F Sorafenib

A&7 HCC o A =5 #ov 7Fe/del it
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gxpe) Agoll= e (systemic therapy)o] o]Foix=Hl o

A A ALEE = ofg] 74 oFE F 37t sorafenib o Tkt

HCC #AE9 A8AZ AMEHE Aetdd  (Sorafenib)2? 4
AEZEste FF duBEe At AYTEA FEEHAA
o}FEA]2  (apoptosis) HES F7MAZIT AgEIdS Al”-
Efo] 241 Ftolulo]= Raf-13 B-RafE Alsta I3 A AA
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ER o©ll4] unfolded protein response(UPR)E ZA3tttar <A

Reow HCC & =3t @& dAxEoA GRP78 F7hs T4TAY,

TG, AR, doloh A Ao AHA Y M HT =i
m2H Sorafenib FEZ X8 AEIFPAT T S HA E3

W

HCC #ze] A1ZeAl GRP78, HSP90, 14-3-3e wHijd &o]
EolA %o 53] GRP7 & 73%2] TS EZolA Eobd Uil
biomarker ZX 9] 75/ GRP78 ##7]#o] sorafenib A4
FEe 9IS F s dvhe AR art QA

T & g7l2 vimentin & epithelial-mesenchymal transition
(EMT) marker & 3hQl 3410l &8 Alxz2 gugolc, !
vimentin 9] F8 G A EZHNA ME7|H] X5 AGFA]7] AL
HzeeE Ao o8 =FolA vimentin g W& o] gAML {3}

ZAd #o] 9} Ay BRIyl ar 2B H = A Sorafenib

Sorafenib ¢F& A3AAS 7HA= HCC o A 55 7Fsd=

ske) 5191},



I. A5 2 94
1. A
293A(Invitrogen, Carlsbad, CA, USA), A549(adenocarcinomic
human alveolar basal epithelial cells), DU145(human prostate
cancer cell line), SNU449, Hep3B AHXFE A}&3t3oH
DMEM(Hyclone, Logan, Utah, USA)°l| 8% FBS9} 10unit/ml9]

Penicillin-Streptomycings AF-&3Fe] v %3}t

2. Sorafenib A &A A EXF Az

SNU449¢} Hep3BZ 1009 Al EwjdH Ao &3 media 10ml 7]
Fo 2 1/1000, 1/500, 1/200, 1/1002 3]4}3}e] sorafenib 5uM 2
7 AYste] 9= AEE XL 07 sorafenib #8]dke] A&
A AE §A8k k. Sorafenib A3 SNU4499 A9 F71=

10uM=Z k& Ae 5% 59 sorafenib A34 SNU449 s}

3. TAEe otdlmutelg s A%

GRP78 (Glucose-Regulated Protein 78) &L A A7]|&=
shRNA M Attt AHAR =oA F3g GAG GTT
ACC CAT GCA GTT GTT (shGRP78 1% A &)¢} =FolA 233
A 9S& HE A7l GGT TAC CCA TGC AGT TCT TAC (shGRP78

ond 3rd g3l A =M (Genolution, Al &)oA] ®e gl CCA



AGA TGC TGA CAT TGA AGA (shGRP78 4" 5™& o] 9l
= pSP72 otdlmubole s MEWH IR WAstE HEHUE
o ZmuEle] WMstE F7 (shGRP78 29} 3) shRNA®] &
o F3x o] WMskE Fo] (shGRP78 3¢t 6"/shGRP78 4"
o 5™ F 6714 MEHEE fAete] Ad ddste] AT o

W EWE dI324-1X obdleutelel s fAAe] 45 A2 sto]

485 obdlwutol e 2 A5,

4. AANZF FFaAA S (Real-Time PCR)

AEFE 6well platedl] well B 1x10° AEE &5 20~24h ¥
Hpeje{ 2~y DNA/RNAE A2l 36~4841t e TRIZOL
reagent (Thermofisher, FL, USA)E ©¢|&3le] RNA F=3}al
ReverTra Ace qPCR RT Master Mix (Toyobo, Japan)e]-&3s}lo]
=3 RNAE cDNAZ 4 % power SYBR Green PCR Master
Mix(Thermofisher, FL, USA) o]&3}o] AAIZF F3tasa At

2 Ak,

5.Westernblot

ME W (4% SDS, 20% glycerol, 0.004% bromophenol blue,
0.125M Tris-Hcl Ph 6.8)2 &a|A17] o5 96%=A 103+ 7F
g3l 2%l 5 Al SDS-polyacrylamide gel(4% stacking
gel#} 10% running geloll A7]g-s gt} o]F EWAT W

7



(2.5nM Tris, 200mM Glycine, 20% Methanol)E ©]-&3}e] PVDF
membrane (Millipore, Billerica, MA, USA)Z E @A 3}l A2
oA 1A|ZHs<oF TBSTO %21 5% Skim milkZ &57] Zl8jsic},
12} A S TBSTel %91 5% Skim milkt 5% BSA®l )43}
A% A 1241 7E~16A413F FF REAIR] & 2ol TBSTE 15
21 3HA A F gt} o] % 23} 84| (Cell signaling Technology,
Danvers, MA, USA)E TBSTAl 5<% 5% Skim milkt+ 5% BSA®]
s]A ko] Aol Al 1AZE Bt WhEAIZL & TBST® 101+ 39

4 AF F ECLES olg3te] A%} elshgint.

O

6. Cell viability

HCC M9} sorafenib Aol grE HCC METE 6well
plated] well T 1x10° AEE &5 20~24h & S &5 ot
vlo] 2 2~ 100MOI/well #2] 48h ¥ Trypan Blue Stain(0.4%)
(gibco Thermofisher, FL, USA) 1:1 H| &2 9A 3 M¥x3 A

O 7 cell viability &<138}3it}.

7. Clonogenic assay

HCC A *®F¢} sorafenib #A8FAlo] &HE HCC A|EFZE 6well
plateo] well @ 1x10° A|EES BF 20~24A7F & F2 8% of

dl=nhe]#] 2~ 100MOl/well 2] 48417 & welld 5x10° Ei=
1x10* Al E5 =2 3|Asle] dnj7do g T3 o]d A ESo] Fz71

8



Sorafenib A34 Hep3BE nude miced] vtg] & 9x10° A% F
ARSE & FFe] A7]7F 90~100 mmsE = Al el F<del PBS 50
ule} A ESold = NC (Negative control) Hpol&| 2, SAES
olt|= shTGFB1 wlol#] 2, F2Al&E5oldl shHSP27/shTGFB1
Hlol# 2, SAEFobH e shTGFBL /shGRP78 wlolei~g 7hzb
50 ul&=Fe] PBSo 5x10° plaque forming unit (PFU) 3|45}
o]EFtA SR 3 FALE £ AV|E AU TFY A=
ko] A3 x U4 BE2x 0.52 = mm’oE AXFsE .

ofN
0,
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B-catenin
vimentin.
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B-actin
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100+

1. Sorafenib A4 cello| A e] 712 shRNA &A] uvlo|g|2x9] &3}
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shRNA Zdste= FAE5 otdlx= utelg=E A2 % IC 50 %9
sorafenib A glslo] AXE A& FH &<l (B) sorafenib A3Ade] &=
HCC A ¥3F Hep3B-SR¥ SNU449-SRellA] HSP27 shRNA / TGFBI
shRNA/ HSP27-TGFBI shRNA & sl Z4 5% olywnlo]g A5 g
T AEY AdE dwd ddeF &2l (C) sorafenib Aol gre HCC
AEZF SNU449-SR¥% A3gde] gl HCC AEF SNU449, sorafenib
Agrgol  FrHE  HCC AHXEF  SNU449-SRell  TGFBI  shRNA /
TGFBI-HSP27/ shRNA W@sl= T4 &5 oftictlele] =& A7
Microarray 3. (D) HCC cell line¥ Sorafenib A&A 9+ HCC cell
lineoll 5] GRP78% Vimentin RNA 23k Hln, (E) HCC cell line®
Sorafenib &4 21+ HCC cell lineold GRP78 wid W&ok nja,

WA Ao FE3 =F< Down-Regulation of TGF-f3
Expression Sensitizes the Resistance of Hepatocellular Carcinoma
Cells to Sorafenibol| 4] ©]H] Sorafenib 434 HCColA &3& H<I
TGFBI/ TGFBI shRNA @dsl= F24&S Hbe]2{£9f Ratio of
phosphorylated HSP27 to nonphosphorylated HSP27 biphasically
acts as a determinant of cellular fate in gemcitabine-resistant

pancreatic cancer cells o4l Gemcitabine #&4 et A E 9

k= A FEL s AFEstdw HSP27 shRNA s
TAES ofdl= vlo]H s o] &3}o] Sorafenib A A HCColl A
Z}21e] shRNA T4 &5 otdlx= Hpolg|2E Adsis Wt F7HA
2 G AAATIE SAES otdlx wiolEAE A Eskd

sorafenib A 38rAdo] X FE HCC AESF SNU449-SR¥F A &HA] o]
sl HCC AMEF SNU449°04 1 axE IRl AES

13



35 TE. SNU449¢F SNU449-SRell 2}z NC(Negative control)/
HSP27 shRNA / TGFBI shRNA/ TGFBII shRNA/ HSP27-TGFgI
shRNA/ HSP27-TGFBIl shRNA 2@ dti= 2185 ol imnlo]gx
A2 24A17F F IC50 %9 Sorafenib 14pM< g F 24471
o] 3-of cell viability assay R &sFA . F7FHA] AE BEFoAM g35
Hol7]= &} HSP27 shRNA Al wlolz]2~e} TGFBI shRNA
2] nmpol2 29 749 Sorafenib A ¥4 SNU4490 4 v wjwu]sk
235 Bt (19 1A)

o] % Sorafenib #A&4 HCCSl SNU449-SR¥} Hep3B-SRell HSP27
shRNA/ TGFBI shRNA / HSP27-TGFBI shRNA 2&3l= F2 8%
ot =rlo] g ~E5  100MOI A8 48A]7F ¥  westernbloto &
AxAE B dad Flsk Ay Hep3B-SRelA®F vimentin@}
B-catenin @A wdo] TAEGS W gE Wi Hde
2ol 7k e SNU449-SRoj A
DAF Zpol7b A9 QT 1 ]

HSP27 shRNAE wW&Eo=z Wdsts FAES ofulmnlo]g] 9]
A5 izl NC S 5% oftlievtele] ~E AHEals wode= &

Zfol 7} §ldlth (¥ 1B)
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F7F2 SNU449, SNU449-SR, SNU449-SRell TGFBI shRNA /
HSP27 shRNA / HSP27-TGFBI shRNA Wdsts FAEF
ot :=rlo] ) A~ S ZFAA|A MicroarrayS 2 33}99S W, sorafenib
Adde 7HA= SNU4499 A¢ B 9 Fdxso] A3A o

Sl SNU449¢+= RNA #”Ho] vt Z& & 4 A3 TGFBI



shRNA / HSP27 shRNA/ TGFBI-HSP27 shRNAZS @& sl S 8%
obdlwmtole} 22 HEEe A$ Al RNA wjElo] Wslalel
Aol ¢l SNU4499 GAeiAE AL o 2= 99t}
a8y HSP27  -TGFBI  shRNA FAlol  @dss FAESF
ofticrtolel 25 AHE S Ao ZH7he] shRNAE wdshs

Hlolel A28 AZsgie el A9 EF 2 Ao gl dAR

Mz Eplo] & shRNASl oS skl (29 10)

B

o F o7t =Eo AN

o] Aay o] & Aoz A= GRP783 Vimentin® RNA

nN'

113}o] Sorafenib A 34 HCC9 1

18]S HCC® Sorafenib A 3H4 HCCol A 2134t GRP789]
Hlalokol A9 RE Sorafenib A&A HCColA AdHAlo] fle=

HCCEW  °fF 60~70M x2 2THEFS AU

a
%2,
3
>
y

Vimentin®] 79 Hep3B-SRe] Hep3Bell #]a] <F 208 &
ks Fold 4= AAAT SNU449-SRI} SNU449 Afo]of A 2]
WG o 20]E A9 Folrt gle AL FAT 4 UATh (2
1D) ©]% Sorafenib #&4 HCCol sorafenib &g “alsle] Az
< GRP78¢ oA wdYgsS FR1s Z3} Sorafenib A A

HCColM ¥ 2 dds & & Ak (28 1E) 99 22

uE

d
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2. TR EZA GRP789 ¥od 74 &9 wWE Sorafenib A3A4 HCCH
Aol &3 9 JdA+F9 GRP78 shRNA 41

(A)
100 1
. 90
X 80
; 70 Wl SNU-449 Cell only + Sorafenib
= 604 T I SNU-449/siGRPT8 + Sorafenib
:g 50 Bl Sorafenib Resistant SNU-448 + Sorafenib
< 40 Sorafenib Resistant SNU-449 /siGRP78 + Sorafenib
©
Q

SNU449 cell only + Sorafenib

Control siGRP78
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(B)

Defective ShGRP78 1*

U6 promoter GAT CCG AGG TTA CCC ATG CAG TTG TT TCTC
AAC AAC TGC ATG GGT AACCTT TT TTTT A

Defective shGRP78 2™

U6 promoter GAT CCG GTT ACC CAT GCA GTT GTT AC TCTC
GTA ACA ACT GCA TGG GTA ACC TTTTA

Defective shGRP78 3™

H1 promoter GAT CCG GTT ACC CAT GCA GTT GTT AC TCTC

GTA ACA ACT GCA TGG GTA ACC TTTTA

©

DU145 A549

100+ 100 =
9 3 -
£ s0- T £ s0d
S S
K] 60 & T . 2 504
% % -
g 404 g 40-
~ R
& 20- & 204
o (V]

0 T 0 T
™ > >
o & & & o & a®
& RN A q‘\"q’ <
& Qg Q Qg (:Q' e Gq'
B Y é\fﬂ & & &£
22 e” a° S S o
& & & \“é & &
& @ ¥ & F
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(D)

A549 SNU449
100 100
) )
S s0; 5o
@ L
g s T
g 60+ g 60+
T 404 o 404
@ - 2
& 204 & 20
Q o
0 0
1] ]
N R S e F e
£ & & &S FSF&FFTdT &S
& & &FFS & & & FF S
o
& &
o &
' ~ ] < gl . & ™ “
S F&F TS & F FF TS &
@ 3 %‘:@ PR & S ET o o oS
& &L & S
¥ & F & F & & F F
GRP78 { GRP7S e e, i ot e .
T ——— ] ————
A549 SNU449

(E)

Defective shGRP78 4"

HI promoter CCA AGA TGC TGA CAT TGA AGA TCT CTC TTC
AAT GTC AGC ATC TTG GTT TTA

Defective shGRP78 5

H1 promoter GAT CCC CAA GAT GCT GAC ATT GAA GA TCTC
TCT CTT CAA TGT CAG CAT CTT GGT TTT TTA

Defective shGRP78 6"

H1 promoter GAT CCG GTT ACC CAT GCA GTT GTT ACT CTC
TCG TAA CAA CTG CAT GGG TAA CCT TTT TTA

18
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(H)
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;10
Hep3B SNU449
Hep3B-SR SNU449-SR

192 (A) siGRP78% Sorafenib Ao A o] AEAESZ cell viability
assay$®} Clonogenic assay® ¢l (B) GRP78 & 74 A|7]%= shRNA A
d 1%, 2 3 (C) DU1459 A549 AlEolA GRP78 o2& ZHAaA7+e
shRNA 1%, 2™ 3" A4 gAg T4 5% ofdlenlel8 2~ A2 & RNA 7
28 89 (D) A549¢F SNU449914 AlmFAoA #Agke GRP78 &
=X 7]= shRNA A2 ¥ RNA9F whuld ubg ek sl (B) A= FAolA

N

J&Hke GRP78 wa 7ZFAA]7]E shRNA A ¥ HEA]AH H 3 shRNA A
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ABSTRACT

The effect of downregulating both TGF-1 and GRP78 signaling
molecules for overcoming sorafenib resistance in Hepatocellular
carcinoma cells

Jeong A Hong

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Jae Jin Song )

Hepatocellular carcinoma (HCC), which accounts for a large number
of cases of liver cancer with a high incidence worldwide, is divided
into  treatments according to the Barcelona  Clinical
Hepatocarcinoma Stage System (BCLC). Among them, sorafenib,
one of the drugs used in the systemic therapy process mainly used
for intermediate or advanced patients, is used as a therapeutic agent
with a mechanism of action that blocks the proliferation of cancer
cells and angiogenesis. However, some HCC patients are basically
resistant to this drug, while others are not resistant to the drug, but
resistance develops over time, so there are cases where the effect
is not great. Under this background, in order to suggest a method for
overcoming the resistance of sorafenib-resistant HC, wvarious
candidates to control the expression were selected and then the
experiment was conducted.

Transforming growth factor (TGFB), which has been shown to have
various mechanisms of action in cancer cells and is involved in
tumorigenesis and progression, and HSP27 (Heat shock protein 27),
which was previously regulated in the laboratory to overcome drug
resistance of gemcitabine-resistant pancreatic cancer cells,
generally Glucose-regulated protein78 (GRP78, BiP), a chaperone

protein known as a stress marker, which has been reported to be
37



associated with sorafenib-resistant HCC, and a cytoskeleton
belonging to the intermediate fiber, recently announced as a target
worth controlling for overcoming resistance in sorafenib—resistant
HCC When non-proliferative adenoviruses loaded with a total of
four shRNAs including the protein Vimentin were treated with
Sorafenib-resistant HCC, the non-proliferative adenovirus loaded
with shRNA, which reduces the expression of TGFBI, showed the
best antitumor effect, followed by the expression of GRP78. A
non-proliferative adenovirus loaded with shRNA that reduces
Afterwards, when two candidate substances were complexed in
Sorafenib-resistant SNU449 and treated with a non-proliferative
adenovirus loaded with shRNA that reduced both TGFB1-GRP78
expression, the non-proliferative adenovirus loaded with shRNA
that reduced both HSP27-TGFB1 expression. It was confirmed that
it showed a better effect than when treated with Sorafenib-resistant
Hep3B, both viruses showed good effects, and there was no
significant difference in effect between the two viruses. Although
there is a difference depending on the type of HCC, if the
expression of both TGFB1-GRP78 is reduced, there is a possibility
that it will show a significant effect in overcoming the resistance of
Sorafenib-resistant HCC.

Key Words: HCC, sorafenib, TGFB1, GRP78, vimentin, adenovirus
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