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A v T4 dom, FdxolMe 20219 7]E 5 A=
oF 15.9%1 E¥siH F8 4T T /M W AEES Helal 9o 53
ARG AL 7 = gHR, 915 A= Fed AV

SHAIRE, 2ol Sk S jlol ol wWol MaE Aol = o
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T3 ¢ glo] FeteyS v #Htl. Gemcitabine & e X8 FE
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At FooARAR,  wEA SHske GAEe] AX
A A apoptosis) & FEsHAIRE, REZIVE Fal ARAES el L8
HhE Fo] Al @ R8szt mE, AFGS dAE Fue] 22U
A 7IdE 2us °f=ol HF7F AlgAolar, vt =dAelot
ok AE7F #olate] Am BHS syl ok, o] wiel gt

2 AF A= RIK £9 co-receptor A s Aol #Host= o=
D44 7} gemcitabine A& F5 IAGoA ojw et Hets FPst=A

, (D44 o Il Fdo] A AEF7E gemcitabine © thgh
NAEE AL F A=ASE e, A AlEF<Q MiaPaCa-2 ¢F
PANC-1 ] gemcitabine & A#gt Ay}, F MEFT EF A S5 )
Az AEY Fd" 229 gde]l F
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gkt & AEFel D44 o thE shRNA whelex~E A2l At
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dEo 72 ESE A HT gemcitabine o] W3 WIHEE UGS SAAIA F
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Adede 2021 3 7] 8 L 2
T 7t BAE oA AL Wgol wEW k3 dHE AP oREE 5 A
AbgEe] T dFoR AAXL vk AFHLS AL A &3
FeolH MRS Fx, o], 715HE, 5, v T o2 JHATE
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FAsta gt AFY BAEC] P AES G AL FEHQ
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AP F2 Aol AF A= viiiel gstayor Ags W
E]E]— 2,3

Aol el FDACNA 1%k oJ#7kA] of= B of&E £l e,
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2 fibronectin, laminin Z2]al hyaluronan(HA)¥} 72 thoksh AE

9 s auaz FYsel Qom, oleld AEY /W wwAse F9
AZS A4S FBsn AL AES odAFE wude] wd 342 E

D44 = oiger, ik, A9 a@a A3 5 o8 A FFelA

2 BdEE 4 E7]A4¥E(cancer stem cell)9] AlE W ExI2
Z 4z k. (D44 & non—kinase, single span transmembrane
glycoprotein &2 QI7Fl A= ZF 197019 exon &2 FAEO] Jon, oy
alternative splicingS 1 * (D44 standard (CD44s) 1|3l (D44 variant
(CD44v) 9] HElE FA3." o]gd (D44 = ) A dwdoz ofgrtx]
WAl ol v el st B w3 AR, (D4 =
hyaluronan ¢4} collagen, osteopontin Z12]3l matrix metalloproteinase <}
2o gokst Ax 9 7|d FALAES MA Al adhesion receptor &
gk, 53], (D44 o] Fo gt== 4 hyaluronan #¢] o 4-&&
orel oy Aol efshi= Aom deA Art.® Y Hyaluronan & (D44 9}
dEAgsto] Al W] signaling domain & sk I E S
9 =d], o]83F signaling domain = receptor tyrosine kinase (ErbB2 and

EGFR), Y& signaling receptors (TGFRBR1) 18] il nonreceptor kinases (Src



family)7} ¥&=o] glom, o]zd AlsE= LAl =< MAPK 2 PISK/Akt

AE ABE ARE F8, A g de #AF] gk, & 0
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T WAl:, (D44 7} protein kinase pathway & SAFe= oS
33ttt Aoltl. (D44 AAo| = kinase A o] {IA|9F, (D44 7} protein
kinase & @43 U= E 7HA WAYUSF] A, 1 F St
HE= (D44 7} AIEZ FWHolAl growth factor ¢ ZA&3sF] co-receptor =
2+-8-31H | tyrosine kinase receptor (RTK)E <A S)s=d =S U
otk & Eof, (D44v6 o= c-Met o =Sl HGF oF Addshe
extracellular peptide domain g 7FAaL ¢lo], (D44v6 o] A3 HGF & c-
MET 2} Agtste] Met & 2A43rh. AR (D44v6 o FeolAd A=
A S v, Met o A7 HAH= Ao] AT, &=, Hd MEF
Lol A (D44 7} MAPK =5 Sl KRAS w7l e de] g3t
71 gttt A At EAE " (D44 9] knockdown 2 F ol Al KRAS G12D &
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sl A3}= ERK 7} (D44 2] downstream target
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™ TGFB 1(Transforming Growth Factor Beta 1)2 |&ote] 2y o

Agelr Fag ddS = Aoz dHAd Juk. TGFR1 & o] ukAy

Xz 6
EdAWolE XAl Jal o]H 3 EdWol= TGFR 1o da 7HRa e £+
AA 7eS FASA sl olFol= T AR FHEEHA Hu. 53

TGFB1 o IF&ae EMI(Epithelial-Mesenchymal Transition)E %314
o
|

Azl HEda dolss SHAIZIM, FTF mAGAMd W AA
Azst AfotAl2E 24d3tste] W9 3vE wed. 23, 99 S

FAsto] A AT Gl 79shs Aew dHA vk o9t
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NeH BAe IFELY BAFe] ¥ AGY BN 4 2e dFoE
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Y S7HE S8l Akt o ZASE gAE dAEE AE AME How
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2etAl S7HAIA acute cell death & #%=% 4 = TGFB 1S (D44 ¢ 37
Am ZHoR ARGIHE HAFSY AR &S Us SUAE ¢ U
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AN AFE Zo] gemcitabine o wd WHEE SEAA| A gemcitabine

F7F2 HGY AMxolA (D44 o] S HAAATE Ho] thE RIK 949
A& 2H8-olu} hyaluronan 39 Fo 28-S FIAA AV|HoR  GAEQ]
AEoly HolE AT 4 vz JAE AT acute $F cell death =

FESAE B wEoE f4adlE Ae 1 EIb RS wHEA 23
%

Zlolgkal  dldsiglth. wEkA  gemcitabine ol gk IS Folx
FELENE FUSels] A9 (D44 9 FFS W2 Az Ulo] AT AR
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2. A5 X UH

1. AEe|g

AZE AFY MEFT MiaPaCa—2 (ATCC,Manassas, VA, USA), PANC-
13t Al 325238, Seoul, Korea), 293A(Invitrogen, Carlsbad, CA,
USA)E AH&3sFSlaL, 293A & DMEM(Hyclone, Logan, Utah, USA)ell 8%
FBS ¢} 10unit/ml ©] Penicillin-Streptomycin & AF&3}e] wjFa}odar
MiaPaCa-2 ¢} PANC-1 - DMEM(Hyclone, Logan, Utah, USA)ell 10% FBS €}

10unit/ml ¢ Penicillin-Streptomycin < AF&3}o] wvjstict.

2.2. vlolE 2 Az B AA|
2.2.1 2% olvwntolg~ Az}
2.2.1.1 Human (D44 mRNA HHE Bol¥oz FHaAe
FA 85 ojdmulole] 2 A&

Human (D44 mRNA =& E& Eo|x o=z ZAA7]E shRNA &
=

WA sk obdlnblold ~E  AlZslr] 93] oA sk
Abol| 4] Eo]A o F (D44 o] mRNA 23S 7ZFAA|7]E= shRNA =
ARG 2 AA-E shRNA += BamH I @ HindII (New Englands

Biolabs, Ipswich, MA, USA) Algtas= A3+ pSP72- AE3-U6
MEWE A 247} AFdete] dI324-IX ofbdl= Hlke]#Z2  genomic
DNA &} - sAZFS st 524 E53 d1324-IX-human shCD44 &
A2 s AT



2.2.1.2 TGFB1 ¥} (D44 © mRNA &S FAo] FaA7|=
SA = otdlmntol ¥z A&
pSP72- AE3-U6-shTGFB1 & WA HindllZ A2l blunt 3+ F
Kpn I &2 2ZFgkt}h. pSP72- AE3-Hl-shDaxx = BamH I ¥} Hindll= 22}
E AAZ FH, (D4ds mRNA FHS 7HAA]7]E shRNA =
e es oty Fr1ge] DNA A9 ligation 8H¢] pSP72- AE3-H1-
shCD44 & A|z}8}it). o] o] WlHE Sphl o2 A=3 blunt ¢ H
KonI o= #e}  ligation &ttt  Al=ksl  pSP72- AE3-U6-
SshTGF B 1-H1-sh(D44 M EWEZE d1324-1X o}dl:x= nB}o]E8| 2~ genomic
DNA ¢} FsAzsts sted 24 ES$ d1324-IX-U6-shTGF B 1-H1-
shCD44 & A2}k th.

shDaxx

2.2.2 TEAE opdlwutolE 2 A%
2.2.2.1 Human CD44 mRNA H&E Eo|doz frrAyles FEA
obtl| :mnfol e 2 A 2}

okx  A|ZE  pSP72- AE3-U6-shCD44 M EWE]S  d1324-BstB I
obd|:=nfo] 2| 2~ genomic DNA ¢} E3 Y-itol A&Ax3= shlth.
E1B55kDa 7} Al A% a1 E1A & &= pVax1-3484 M EWE 9} d1324-
BstB 1 -AE3-shCD44s o}d|x=nlo]g] =] E1 Fio] A% AxgS
3 TS MY AASEA (D44 o HHE HAATE

d1324-BstB I -3484- AE3-H1-shCD44 & A 2}35}it}.

2.2.2.2 TGFB 13} (D44 2] mRNA &S FAlo] A7) FUd2At

obelenlol el 2 A%

8



kA A|AE pSP72- AE3-U6-shTGF B 1-H1-shCD44 M EWEHZ
d1324-BstB 1 o}dx=v}o] 2] 2 genomic DNA &} E3 3o A=) xetS
33T}, E1B55kDa 7} Al A ¥ 3 E1AS &3k pVax1-3484 A 59 E 9}
d1324-BstB I - AE3-U6-shTGF B 1-H1-shCD44 ~ o}d:=n}olz]2¢]  El
Fio e Axde B T4 Agyoz AASAA TGFR1 2
(D44s ¢ S FAel FAaA|7]=  d1324-BstB I -3484- AE3-U6-
shTGF B 1-H1-shCD44 & A 23l ST},

2.2.3 wtol# 2o A Bl T 574

d1324-IX 52 dI324-BstB1 9 ofdlenfoleix~  HHAE  E3
A ZEl 25 wlo] g2~ WE = 293A A3 Pac I (New Englands Biolabs,
Ipswich, MA, USA) Algt&aiz 22 H  jetPRIME  (Polyplus-
transfection S.A, Illkirch, France)& ©]-&3}9 transfection ¥+ %
niolef 2z~ AAke] o3 Al AlE=ZAHFGI(CPE)7F ABAEE w7HA
ZIthgieh. CPE7F Aol =W RE wpelelaEL 2934 XA 52,

e & CsCl H= Fujol] mE wpolef~ AA B 555 ¢ & 10mM

Tris-HCl (pHl 8.0)& &3 1AIRF &<t F4= F 23] AN F
A xFkEol (10mM Tris-HCl, 4% sucrose, 2mM MgClo)ollA 1 AIZF &<t
FAARL Fol 80T e arel Attt Zb nle] 29 §ii end-
point dilution assay & ©o|&3ste] Z well oA AAHEH+=
MESZEH(CPE)E SAHE & ALtsSlth. 2930 MEE 96well plate
7t well o] 1.0x10" .7 ztz} RF3ske] wjeksh o] thed 5% FBS =

e DMEM WA ARGSte] 107 E 1077k 4420 wpel e g

FosE HZ 10 Y well B ZAES Al7]a 7-10 A3F Al

N

kel
il



2371 FAHE (PE o MFEES Al o ey ge o=
Artet At

Titer = 1x10/@E7F B well &l 745 /1040.540.50 900 Plaque Forming Unit/ml

2.3. Real-time PCR

A A wpole 27F 14 RNA & HAA7I=A] &letr] $18He] Real-
time PCR & ©]&3to] cycle threshold(Ct) #S HA3dte] wludic},
AEZE 6well ol Z+2zF 2x10° cell/well & HF3Fe] wjst 3 ogyd
A A wpolH AE5S 7z 0 oAl 100 7FA] thESE multiplicity of
infection(MOI) w2 #Ar A +, ol & -
TRIzol ®Reagent (Invitrogen, Carlsbad, CA, USA)E ©o]&3te] RNA &
st e, 223 RNA = SuperScript™ 111 First-Strand Synthesis
System (Invitrogen, Carlsbad, CA, USA)E o|&3}e] F=3 RNA =

cDNA = 34 5 power SYBR Green PCR Master Mix (Thermofisher, FL,
USA) o]-&3&}o] Real-time PCR & 3)&}3itt.

2.4. Cell surface protein biotinylation ¥ avidin pulldown
AEE 1500 AESFH Al 3 25mL wtol 7|02 2x10° 0=
wste]l 24 ARbset vt vad =S AR olF
A=A 2 0.25% Trypsin (Hyclone; Cytiva) g 3 MEE 33t 3
AAEE A Y. o]F ice-cold PBS & 3 AlF A}, o] %, PBS ml
3 EZ-Link sulfo-NHS-LC-Biotin (Thermo Scientific, Waltham, MA) 1.0mg

=9l 5 AHo] Bt AE HAHAES 2ml biotin solution &2 Fo]j&E &

10



NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) 500 0= &3] A Z T},
Microtube © NeutrAvidin agraose resin (Thermo Scientific, Waltham,
MA) 50 pb w5 F 500xg 1 &t dAEE Ay F A &9

AAMNTATE. Resin ©] 59U+ microtube o] RIPA buffer = A3¥ &3

Ag F AnE BT 9e F 4LoA rotor 1 AT B

WS AIAFAT. o] % 3000xg °f 1 #3F dAEd g 5 ARE
A ABFATE. RIPA buffer 200 pb® resin AlZ] % 3000xg o] 1 #%59
A4 zlaste] RIPA buffer & AlASE Ald A4S F 69H REEg
6 H Az o]F 2x sample buffer & 60 wl ¥ F 95CoA 5 &7
#oETh. o]F 6000xg ol 5% Wiy X g F resing At
AlEqk o] A 2-& microtube o &AW},

2.5. Western blot

1X Sample buffer(4% SDS. 20% glycerol, 0.004% bromophenol blue,
0.125M Tris-HCI pH 6.8)= &&jAIZ th5 95 oA 1023k 7FEsho]
218l 5 A7ESle] SDS-polyacrylamide gel (4% stacking gel 3 10%
running gel)ol A7]9E3sFA Y. o] transfer buffer (2.5nM Tris,
200mM Glycine, 20% Methanol)& ©]-&3}>] PVDF membrane (Millipore,
Billerica, MA, USA)E® transfer &tal <ol A 1 A]ZHg<t TBST o =91
5% skim milk =+ 5% bovine serum albumin (BSA)Z E=27 Z&33itt.

12 FAE 1:500~1:2000 7FA] 2+ Ao 9bA TBST o] =21 5% BSA o

11



slAlste] 4 Eoll A 12 AlZE~16 AIE EQF RESAIZL & AFollA] TBST =
10 #7F 39 AHsE, o] % 23k FAE 5% BSASHeoll 1:2000 &=
Mg & Aol 1ARE FF WwHEAIZ]AL thA] TBST &= 10 #%F 39
Akl olF A7 &

Rockford, IL, US)E o]&3}e] ¥H-SAlZl 5 chemiluminescence (Syngene,
Frederick, MD, USA)& o83t wuid 2GS Ui, o

Ao A ALLE A= EGFR, Akt, ERK, JNK, p38, phospho-EGFR,

o] 9)= membrane & ECL &9 (Pierce,
=]

phospho—Akt, phospho-ERK, phospho-JNK, phospho-p38, phospho—-c-jun
(Cell Signaling Technology, Danvers, MA, USA), GAPDH, IGFIR, phospho-
IGFIR (Santa Cruz Biotechnology, Santa Cruz, CA, USA), (CD44s, GRP78,
c-MET, FUT1 (Proteintech Group, Rosemont, USA)©]t}.

2.6. HY9E7Z¥ (Immmoprecipitation)
GRP78 ©] (D44 <} A=A Fdetr] Aste] WAIAMS
Al &akedch. MiaPaCa—2 9 PANC-1 AZF5 77} 3.0x10° 7 1.0x10° &=
150mn dish o EFavk. thed 10% FBS & ek DMEM Al
gemcitabine & ZHZ} 6uM et 1uM=E 3|4 ste] 2 AIZF A2 £ 400 wo] 1P
Lysis/Wash buffer (Thermo Scientific, Waltham, MA, USA)& &a|A7 &
10 # &< g5l FiL 13000xg o 10 &5t d4EEste] s
=83t o]F 1 A&Aet bead 23 7 A|EE column o] ¥
4T A e 5 3tk 1000xg & 1E<F HHAIR
IP lysis/wash buffer = 3 ¥ Wil colum & A} microtube
2AFAJT. Column o] 10 09 elution buffer & ¥ il 1000xg o] 1 &

QAR A7 H, 50 wle] elution buffer & F7}sle] AF2o|A] 587

=
=]

1
ot 4347

T
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Aol ATt o] F 1000xg oA 5%3F A4EE] g g o]F, 2x
sample buffer(4% SDS, 20% glycerol, 0.004% bromophenol blue, 0.125M
Tris-HCH& FFo=2 dol 4ol F, 95TelA 1023k MAAIR H
el A3t Western blot & 3T,

2.7. Cell viability

Hhol# &t A2 9F vho]# A9 gemcitabine ¢ W-&Folo] wE
AE BESES SAsH7] 93 A5 A3, MiaPaCa-2 ¢+ PANC-1
48well plate ol well B 1x10" AIEE EF3ta 20~24 A3F 5 54
ofty=nlol2] 2 NC, shIGFB1, shCD44s, shTGF B 1-shCDd4s
100MOI ¢} 25MOI &= A eElatqlek. SAES ofvlwmuto]ef2vks W=
A2k A 8E 24 AZF 5 PBS & A8 AlA 3 0.25% Trypsin (Hyclone:
Cytiva)s Agste] AEE FEatirt. o]F wtols AAS L A=
5% FBS 7} 3F-¥ DMEM 100 E F71alo] MEAAES 2 ZolFE ths
96well plate ol Zth. o] w 5% FBS 7} 3h-fr¥ DMEM 100 x% Blank &
St 96well plate o] AT, wlo|y A= A1) 3+ 5 gemcitabine &
Ak Alme wpolglx AP 24 AR H o wlTelE AlAsSEA
gemcitabine & F7F& 24 A7 AHZd F QoA 7]&d dlZ 96well
plate & &ATATE. °o]F MIS AleF 20 uE 718t 5 U= 74 2

2pehstar 2~4 A|7F AR QlFH|o]AdEH T, ©]F microplate reader

il

o N mr
N
N

(Molecular devices corporation, Sunnyvale, CA, US)E o] &3] 54 %=
#E SA4IY. FHET 490mm oA SAsH SAHE ZkolA blank 9
s AAsEL AL,
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2.8. Clonogenic assay

MiaPaCa-2 ¢} PANC-1-& 6well plateol] well ¥ 1x10° N%E EF
20~24 A7t % oncolytic adenovirus & ZtZ} 100MOI/well ¥} 15MOI/well
2] 24 A 7F 3 PBS & A HEFATE. o] % 0.25% Trypsin (Hyclone, Logan,
Utah, USA)S Aglate] AXE 5% 3 5, AxE 1/10. 1/20, 1/50,
1/100, 1/200 .2 3]X&le] A2 6well plate o] #F3tt}. 7~10 Y =
Az sl F2Y P4 Al, crystal violet (Thermofisher, FL, USA)S.=
AMste] AASFFTE. T, vlo]e] A9} gemcitabine S o] A e AL
oncolytic adenoviru s WA 24 AlzE A& g & wtjolE AAS AL, 5%
FBS & 3&+3l= DMEM & MiaPaCa-2 9} PANC-1 ol gemcitabine & Z}Z]
Aol M=t I Zo] A 2&

—

6uMsh 1pM=E 345 te] 243+ A F =
6well plate ol 34 = EF3to] F2Y 45 FUs3lTt.

2 9 %n/\l
MiaPaCa-2 & 50% matrigel matrix ¢} 1:1 H]& =2 4]0] 4~6 F HES

BALB/c male nude mice @] €% - go wig] T 1x10° NG9 AEE
gaFatetdtt. Tl A717F 80~110 mrell =238k3lS o, oncolytic NC
(Negative control) virus, oncolytic shTGFB1 virus, oncolytic
shTGF B 1 virus, oncolytic shTGF 1-shCD44s virus & 72} 50 0 PBS il
1.3x10° PFU R 2]413te] tumor Wloll FAMSFATE. whole]s F=AF 24 A7)
% PBS ©| 9l gemcitabine (Merck, Darmstadt, Germany)< mouse
50mg/kg &2 E7 o] FAlERITh. whol#{ 29} gemcitabine WA Fof
T k25l ATS EYEPS AT 2 A4S ek 22 Sl

oA 23 o AR A, weage ATy Holo Z WIS

14



=
277 (width) 2 H A =23 H @7 (length)E 712 S738Fo] width
x (length)?x 0.52 = mro. &
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3. A3

3.1. Gemcitabine X3 A] &L A|7F o] A|EX A& A5 W3}l 39

(A)  miaPaca-2 + Gemcitabine ( 6uM ) PANC-1 + Gemcitabine (1uM)
Time (min.) 0 10 30 60 120 180 Time (min.) 0 10 30 60 120 180

MiaPaCa-2 MiaPaCa-2
1.5

(B)  MiaPaCa-2 + Gemcitabine ( 6uM)

Time (min.) 0

1.0

CD44/GAPDH
e = 22
L =] L
csCD44

0.5
0.0 0.0
0 10 30 60 120 180 0 10 30 60 120 180
CSCDMS _ b e
MiaPaCa-2 MiaPaCa-2
1.5 15
total GRP78
E 1.0 © 10
% 05 8 os
o
0.0 0.0
0 10 30 60 120 180 0 10 30 60 120 180
Time(min.) Time(min.)
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PANC-1 PANC-1

(C) PANC-1 + Gemcitabine (1xM )
Time (min.) 0 10 30 60 120 180

| 0.0 0.0
csCD44s 0 10 30 60 120 180 0 10 30 60 120 180
I3 Time(min.) Time(min.)
PANC-1 "
- 15

cSGRPTS g wme e R WD W=

o
o

csCD44

CD44/GAPDH
o
o
o
o

GRP78/GAPDH
o =
o o
csGRP78

o
°
o
°

0 10 30 60 120 180 0 10 30 60 120 180
Time(min.) Time(min.)

9 1. Gemcitabine A Al &2 AZF W AX AE Az W3l &4,
(A) MiaPaCa-2 €} PANC-1°l gemcitabine & IC50 X2 A Eslo] MAE A&
Azel ddE Zxbse] T WEk Q. (B) MiaPaCa—2 AlEFolA
gemcitabine # & A|Zre] W& (D44 9} GRP78 ~12]al cell surface & (D44 <}
GRP78 &= Wsl <l. (C) PANC-1 MEZFolA gemcitabine 2] Akl
whE (D44 9F GRP78 ~1¥]al cell surface ¢ (D44 9} GRP78 &= W} 32l

x

Adde] A Ho| AEEHE gemcitabine & UHHHoZ AL 7T F F
Aol & HY whEFoses Zow dEA dvk. AR TS T

J 71AE ZHte] Qlo] Y Foel okEeo] # AdHA &ar, A
< Ha 6 JHE ool ofAlel digk Aol A A m:l o wo
AR, Al Am 27 @A dF AESS Al wkEske] Al
APEE o]y A A RE, A A EES Al Al wkEete] AlE AL Al

gAststar dopdr] A% wWEs HAAE Z

Mo 2

il

_

B

=
=

<
dolth. m olgs Aropy

flo

3
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AMEZEo] Zdbd EAgs AEASTE F3l A ozt Ad 7AdE
Zrstate] aAdekAlel gk AAAS HY Aotk ol#fd A4 MiaPaCa-
2 ¢F PANC-1 # &<l AN EFo|A] gemcitabine & #g]3dlF S
gemcitabine Az ZRk] ojwgt s HYE WIS do7]=A 5T}
23+ gemcitabine ¢ ®XE+ MiaPaCa-2 9} PANC-1 ] gemcitabine =
Agletle W 48 AZE st AlxrE Ak Jrm S+ 1050 ?1 6uM 9
luMolth. $bd3s] A3Ads g5 A7t obd, kAl A2 27] dAlolA
o] $18 AEEo] AL ASE o9 BxsteEA 2 AE ASE
oAGA A=A AF-E F2ls7] #1814 gemcitabine & 1050 FEZ A
o] Aol 180 714 A st tt. MiaPaCa—2 A 3529l 4= phospho-
EGFR, phospho-IGFIR, phospho-Akt, phospho—ERK, phospho-JNK, phospho-p38 <]
W3 o] gemcitabine ¥l 10 % A=FEH ALHA Frietes Ae S0
T A (29 1A 9%), ol total EGFR, IGFIR, Akt, ERK, JNK, p38 <]
e Wk 2e As & | whkell PANC-1
Mo A= phospho-IGFIR 3} phospho-Akt TFo] 2F&FA| gemcitabine * €]
Sibo]  Frlsk= Aol F1E<AaL, phospho-EGFR, phospho-ERK, phospho-
p38 & gemcitabine A7 %7]Q 108 AHZo|ATt 2k7F =718, phospho—
INKoll= & W37} flas S 5 A (27 1A 2 E8%) Gemcitabine
Al 93 AE W AsHdg WI= MiaPaCa—2 7F o w23 738/
dojuh= AS Felstdl o, F 714 AFY Axs 25 4o 43 AL
A

aejal ofE A BEE AEEo] gemcitabine AE Al FA TRk
s}

=)
=
e
il
o

r (o]
sk
%
X2
32
i)
.
2

T AE AEO wAH VEEY F/h @M AGAANA T
=32l Combinatory downregulation of TGFB1 and GRP78 is responsible for

overcoming acquired sorafenib-resistance which is initiated with rewiring

18



cell surface CD44-GRP78-1GFIR signaling circuit oI4] sorafenib #|3}4d <]

Lo T3 43S I GRP7S I (D44 o] R3S F7leh o]ojAE=AE
glelstaiz} cell surface protein ¥H& Halsle] (D44 9} GRP78 ¢ W kS
gl n ek, SAlel F e total level = 2H1aH3Itt.

MiaPaCa-2 ©| A+= gemcitabine *12] A]7toll whebA total CD44 9} cell
surface ol 9128k CD44 ¢} GRP78 o] wr& ko] 60 & o] FHE <zt 7}t
AL gt = Yt (19 1B). Gemcitabine & 23 A 180 & ©]
cell surface (D44 o WS 022 BlwsS wf 1.3 4]
ShQlsk 4= Ak, PANC-1 A% MiaPaCa-2 ¢F +AFSkAl total CD44 £} cell
surface o] 9)x]3+ (D44 12]aL GRP78 ¢ & ko] 60
glg 4 AT (2 10). PANC-19] 79  total (D44 = gemcitabine
A 0% 180 = Blastels W 1.3 vi7kF S7kebal A, cell surface
(D44 &) S7F=F2 oF 1.14) JE= MiaPaCa-2 o H|3l cell surface CD44 <]
S Ex] oktl. GRP78 & whole cell lysate oA = F AXF

=<}
BE BRG] 2 Aol 3 nolA W AL HAT & A,

]

>
olN
ol
rlr

(@)

T
2

o|N

7}

N
il

B ol FRE FE AL

9] AFS =3 gemcitabine g o] 2J&] (D44 7} whole cell lysate 9F
cell surface oA W& o] AR =715 cell surface 29 (D44 %2
< 7F= MiaPaCa-2 7} PANC-1of H]3]
gemcitabine Aol &gk AME Ao
el gFo] A= Frlete Aes Fdsitled, o FOAEF BT
gemcitabine A2 o]F AEEo] AES AT WHoE Ax AL A%

ARES Mzt (4o WAL F7HA 5 Aeg ofm @,
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3.2. &L AZF W9l (D44 & Cell surface B o] FA7]E 8¢ &<l

(A) MiaPaCa-2
Co-IP
IgG CD44 IgG CD44
Gemcitabine(6uM) 0 0 120 120
IP : CD44
(B) PANC-1
Co-IP
IgG CD44 IgG CD44
Gemcitabine(1.M) 0 0 120 120
IP : CD44
(C)
JNK inhibitor
MiaPaCa-2
SP600125(20u:M) - - + +
Gemcitabine (min.) 0 120 0 120

total GRP78

csGRP78

total CD44s

csCD44s

Akt

p-Akt

ERK

p-ERK

p-cjun

GAPDH

20

MiaPaCa-2
Lysate
IgG CD44 I1gG CD44
Gemcitabine(6uM) o 0 120 120
GRP7s | WS A -
PANC-1
Lysate
IgG  CD44  IgG CD44
Gemcitabine(1uM) 0 0 120 120
GRP78

PANC-1

SP600125(20uM) - - +

+

Gemcitabine (min.) 0 120

o
-
N
o

total GRP78

csGRP78

total CD44s

csCD44s

Akt

p-Akt

ERK

p-ERK

p-cjun

GAPDH



(D)

MiaPaCa-2 + Gemcitabine ( 6uM )

PANC-1 + Gemcitabine ( 1uM)

Time (min.) 0 10 30 60 120 180 Time (min.) 0 10 30 60 120 180
45kDa
FUT1 FUT1
41kDa
GAPDH GAPDH e
(E) .
MiaPaCa-2 PANC-1
2DGal(1mM) - - + + 2DGal(1mM) - - + +
Gemcitabine (min.) 0 120 0 120 Gemcitabine (min.) 0 120 0 120

total GRP78

csGRP78

total CD44s

AN o e —————
o o - —
e ke
csCD44s _ csCD44s —
- _v “ ;- 07 .. -
FUT1 — FUTH ‘. | 3 REETE TS

total GRP78

csGRP78

total CD44s

1% 2. (D44 7} gemcitabine Ao & AE THOE o]F3E HH2] Q.
(A) MiaPaCa-2 A= 2 (B) PANC-1 A ¥l A gemcitabine = 22} 6uM €} 1uM =
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A7 AEskl s W (D44 ©F GRP78 o] AFS o|FA HEA ARE
37 western blot 3}
Z). (C) MiaPaCa-2 ¢} PANC-1 ©] JNK
inhibitor 91 SP600125 & 20uM, 2 A1ZF WA 2|3t H gemcitabine & F7}2
2217 B Agste] cell surface (D44 o] L@ F WS &<l (D) MiaPaCa-
2 9F PANC-1 oA gemcitabine *g]o] wE FUT1 ¥d=F W3} vla. (E)
MiaPaCa-2 ¢} PANC-1° a(1-2) fucosyltransferase inhibitor ¢! 2-Deoxy-D-
Galactose & 1ImM 6 A|7F *8] & gemcitabine = 2 A|7F ©] A8]3}e] cell

surface (D44 ¢ &= W3S 3ol

OFx gemcitabine A @l &3] AJto] ZEo uwEl cell surface oA
= (D44 o o] A Frtele AS FlsEde (23 1. o o
gemcitabine A glol o8] AME7F AESH7] Y38l cell surface (D44 o] HdS
ou gt WAoo w wWEA FIA7IEA Al 7EA] SHCA gRletalat &gl
WA gemcitabine ©] A7} GRP78 # (D44 ¢ ZAFHS F7HAA cell
surface 28] o]go] golajx=A RS &Qletaat sk, GRP78 & F8

ER A¥|2 vwlza=z 2 adwzo] folding ¥ unfolded protein response =

edse Aoz eyl oY GPrsel HAL GAEe A, A
agla ke AAAAE d-Eo] duia deA k. oA AR A oA
F13 =9 Combinatory downregulation of TGFB1 and GRP78 is

responsible for overcoming acquired sorafenib-resistance which 1is
initiated with rewiring cell surface C(D44-GRP78-IGF1R signaling
circuit oA HCC ¢ A Jol AgE+E= dobA|el sorafenib S A EsAS uwf,

GRP78 ©] (D44 ¢} ZA¥}slo] (D44 & HE FHOE O o] &S §olstA =eofFiL



T ME A4t Ao wrEW tamoxifen AT S MR = MCF7 Al EA
CD44v 7} GRP78 ¥ ZAgHslo] cell surface 29| o]Fo] folaxth= Ao
Folget. o3 AHES vl oz MiaPaCa-2 £+ PANC-19ll gemcitabine &
2N ZF AelskAl =™ GRP78 3} (D44 o] Aol F7hsta o] wiiEel (D44 7}
FAstE o] AE FHOEE o]Fo] GolaA=A AR5 Flstarat sttt
o]2 &elaly] el MiaPaCa—2 ¢+ PANC-1 Aol zz 6uM < 1uM 9]
gemcitabine & 120 ¥ A3t t}. ©o]u] gemcitabine *8] AR A
gemcitabine & 180 &7FA] A3} E Wl cell surface ol =A|3F= (D44 <F
GRP78 ¢] <ol dH- F7kgk Zo] gy = 120 F o= A5 (21 1B).
o] %, gemcitabine & A |3 Alme} AHE|shA] &2 HXEE o]&3ste] HY
d S 433 F western blot ©& GRP78 I} (D44 ¢ AT o{ =
g1tk 1 A3} MiaPaCa-2 € PANC-1 F 7}A] A|EZFoA = (D44
GRP78 ©] gemcitabine A el ®kgste] A FH (D44 7} GRP78 & %=+

Hkol cell surface & ©]E3l= AL oldS 3Hlsldt}t (19 2A,B).

[

T WAZE HCC MXEF7F sorafenib o tigt AIAHES FHE
Aol A sorafenib *2] Al JNK Y ERK 7} cell surface & ©]-&3sle W-AF2
phosphorylation & f%=3te] MXE7} cell surface 2 ol&3te Hol =S
Fre Aol FRAEAG. ok Aol Y AMEFO] gemcitabine &
A2 stRS i, MiaPaCa-2 ol4+= JNK £} p38 ¢] phosphorylation ©] A]7FO]
SEol wek S7FeFA AL, PANC-1 oA = p38 2 ZRbell ot &5k m JNK 9
FAsoll= 2 WE7E FERIEHA hrh. ol SHelA (D44 o cell

surface 2] o]Fo] £o]3 MiaPaCa—2 oA+ INK 7} o3t ks S4=3)sh
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Ao ofAslaL F 7FA] AJEFo| INK inhibitor 2 ZH2Z; 20uM &2 2 AJ 7 W %

2k F, gemcitabine & 2 AIZF ©l AHEste] cell surface © (D44 9]
b ekS v wakth. 1 A3, MiaPaCa-2 ol A cytosol & (D44 o] W& ko] =
2 WH37F GA T, cell surface @ (D44 o] & FS offk 743 RS &l
sk 4= JAY (= 2C). o|w), phospho—cjun 2 SP600125 o] EA S &2lsh+=
Ax=2 AMSEATE. SHAIRE PANC-1 ©lAl&= INK inhibitor ] Al cell
surface 2] (D44 & Xg3sle] F2lst BE AX ASY dAdd EAES]
Sl F WS Holx @ (¥ 20). wEkA o] AxE F INK7F
MiaPaCa-2 ol A o}# ur&]x#] ¢k 7]2S Fa (D44 5 SHE3AA cell

surface 9] o]%o] A¥ =L8 Zri= AL et}

—_

219}

A AFE S| (D44 7F cell surface & W2 A|ZE bel] 0]53}7]
Y&+ fucosylation ©]
modification) ¥#-go] HF2 QL 13U th. o|w (D44 ¢] fucosylation &
FES= A9 FHE FUTL 2% a(1-2) fucosyltransferase o <3k},

91 MiaPaCa-2 ¢} PANC-1 |4 gemcitabine & 2|3t wj FUT1 <
o] Wstet=AE s Bt (17 2D).

rr
)
12
o

3 (Post-translational

A

Gemcitabine ©] 2] MiaPaCa-2 ©F PANC-1 ol 4] FUT1 ] W& =] W=
FAE Fon, F 7k AMEFTF 7hA = AFol 2 MiaPaCa-2 ol 4= 41kDa,
45kDa ©] FUT1 ©] & = w PANC-1 A= 41kDa ¢ FUT1 R & == 3lo]qit).
Gemcitabine *2] A] MiaPaCa—2 A& cell surface 22| (D44 ©]-& 0]
S7FeHAIRE PANC-1 ol A= cell surface © (D44 L@ Fel]l 2 zto]E HolA]
ouTt. olEgt AfolZ} FUTL o oA HIZEH =X stz F 714
A| S a (1-2) fucosyltransferase inhibitor ¢l 2-Deoxy-D-

Galactose(2DGal)E 1mM 6 A]ZF *E] ¥ gemcitabine & 2 AlZF T #1835}

2 4



Hhd e WstE ERISITr. 2DGal o & ARE
golslax}t FUTL 9 wrasd W3S ghels|r gk wf, FUT1 o & AAo] &
=

Jers Fx A= AL Festyrt. olE 2DGal o] F&sFE= w2 o] FUTL ¢

gal & A= o] HghE UDP-2-D-gal ©] D-galactose WAl FAE]
A Eo]  q(1-2) fucosyltransferase ¢ 7]d=& #8334 LA =
Rol7] wEo® FAHEct.” 2DGal © A& MiaPaCa-2 AEelA  cell
surface (D44 o] HHAHFS T3] FaAF oM o9t FA] phospho-IGFIR 7}

phospho-Akt o] MEE 7] ashs AL Seld 4 AT (L 2B).

d

SHAI R PANC-1 9l A= 2DGal 2] A2l cell surface @] CD44 o] & 2o
2 Ael7b §11e™ phospho-IGFIR #+ phospho-Akt o] WHF &= T o] &
Holzl ¢kt (1 2E). ©o]i= ZEubo]l gemcitabine Aol wWE cell
surface o] (D44 o] W3}&o] MiaPaCa-27} 25 W 2 ZAd 9% A3
MiaPaCa-2 ol A+ INKeol| 23+ CD44 2] phosphorylation @} FUT1 9l 2]3F (D44 2]
fucosylation &% (D44 7} cell surface & ©]%3l= Zo] 2+ ¢ go|skA|
PANC-1 & F 747} E5F FF3l cell surface 2 HA o]&3dh#] Xl
Aoz o AT, B, MiaPaCa—2 ©ll4] gemcitabine H#EES E3d] cell
surface & ©]§ 3% fucosylated (D44 = IGFIR ¥} 27+ A o2 A5 285}
Akt & @A slste o= oAgit. o2k SWolA PANC-1 AEFHT
MiaPaCa-2 MXEF7} gemcitabine & 2ol Zstar w24 ¥--3-3kaL, (D44 9
WAE Fdl vhE RIK A=} Fazhgste] dopar] A AE dFHe

AT FEE e AoE o B,

A
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3.3. AL AFEA (D44 ¢ LA AI} gemcitabine AT S
X = g3

(A) MiaPaCa-2 + Gemcitabine ( 6uM ) PANC-1 + Gemcitabine ( 1uM )
Ad-NC Ad-shCD44s Ad-NC Ad-shCD44s
Gemcitabine (min) 0 120 0 120 Gemcitabine (min) 0 120 0 120
csGRP78 csGRP78 ¥
csco“ csco“ _
PEGFR PEGFR —
IGF1IR IGF1IR
pIGF1R PIGFIR —
pAk( pAkt _
pERK PERK
p38 p38
Ppss pp38 —
MiaPaCa-2 MiaPaCa-2 MiaPaCa-2
1.5+ 1.59 251
m NC m NC - m NC
3 shCD44 D=3 shCD44 D 2.0 = shCD44
E 1.0 1.0 <
z 1 A
9 5} <
3 8 o 1.0
Q 0.5 0.54 <
© g
Z 0.5
0.0 0.0~ 0.0
0 120 0 120 0 120
Time(min.) Time(min.) Time(min.)
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(€)

PANC-1 PANC-1 PANC-1
1.5 1.59 159
m NC - NC - e
. =3 shCh44 = shCha4 9 =1 shCD44
Q10 < 10 5 1.0
< 3 2
L] o g
3 8 §
a 0.5 0.54 5 054
0 ]
5
0.0- 0.0- 0.0~
0 120 0 120 0 120
Time(min.) Time(min.) Time(min.)

a9 3. #HAYE AFEAA gemcitabine o] WE AFAHES 53Ul YA
CD44 o] 98 &<l. (A) MiaPaCa-2 ¢} PANC-1 Aol NC (Negative control)
5 otdll wmpoly a9l (D44 shRNA T2 &5 oldlmufolH~E Zhz)
ZFAAZ ZF | gemcitabine & AP dFA ¥ AP gemcitabine & 2 A|ZF

= 3 AE W Aadd st Blal. (B) MiaPaCa-2 ©l 4] NC ¢}
shCD44 F2E5 oldmulolel~E 100M01 & 2] Al (D44, csCD44 1)L
phospho-Akt ¢] ¥r&=F W3} W], (C) PANC-191A4] NC9} shCD44 S4]E&E%
oftfj:=rlo] 8] ~= 50MOI = 8] A] (D44, csCD44 —1¥]al phospho-Akt €]
e e W) vlal,

ok A% S F3 gemcitabine o] Azl AlZFo] EEo| wel MiaPaCa-
2 9} PANC-194 total L2]al cell surface (D44 o &S F7HA7]+=
AS stk olggt (D44 o wWAF FUPF AEYE AxFUE
gemcitabine o e AFPE F5sh= © oA Fad A4S FIT
Zolekar date] (a4 o ok shRNA & ®©AIE T2 &5 ofvlie npole|~E
MiaPaCa-2 €} PANC-1 o Z+Zz} 100MOI €} 50MOI 2 36 A|ZF A 2ske] (D44 o
BAFS AT oA gemcitabine *#E F3 MiaPaCa-2 ¢F PANC-1
T 5 gemcitabine * 2] A]7Fel|l wE} phospho-Akt o] S71E &<Qlslar, (D44
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HH o] A 7F gemcitabine Aol ot AEZ AE Az FASIE

¥ %] 3} =% Rz 3holdtzat NC  (negative control) ZFAE%
obd|:=nfol] 2~ A3k A ES sh(D44 T2 EF ofdlmnlo]ldAs A2
M E B0l gemcitabine & 150 == 2 A7 B AHg|sto] MX AFEA D9

W32 golstgdn)t (28 3A). o] FAA (D44 o wrEEF 7= MiaPaCa-
2 9} PANC-1 M EFoA Zolgt A& YEH.

91 MiaPaCa-2 ol A} shCD44 S2=5 oftl=ufole] 28] 100MOI A 2|+
gemcitabine A #lo|% E-slal (D44 o LHAFS o 30971 TAA AL
cell surface ¢ protein % °F 5097} 748 th. 12} MiaPaCa-2 ol A
(D44 o] &= 7+AE 23]¢] phospho-Akt 9} phospho-IGFIR ¢ 7=
skt (L9 3B). (D44 o HdF A olF gemcitabine o A+
gemcitabine ¥ A3 B A phospho-Akt W&ol FFYal o]E =3
CD44 o] I A7 dso = o|Fojd wo= & Alx AE AEE T3
phospho-Akt & &4 3}3}A|q9F, gemcitabine & o] A& 3tA ¥ shCD44
Hholg 22 whEAEHT HE AE AT FAIJE o= AR AT F
FSLTE

_

© O 3lo
= ij‘l_

Ol

0]
AR

PANC-1 ol X %= MiaPaCa-2 oll4¢} #Z2 A3t o= sh(Dd4 S =s
ol \erte] el 225 50M0I A2 &tqlth. o]= total (D44 o H&Fe F 40%714]
cell surface oM+ oF 50%7bA (D44 LS A HTk. o (D44 9
W gko] 7+ A= PANC-1 9 A phospho-EGFR 21 & 9] Z7}2 9 A|s}aL, phospho-
Akt L oF 709 HAE FESFNY. 53] gemcitabine & A E] Alol= NC
Hho] & 29 gemcitabine & ¥ A2k A3} ®luegls W phospho-Akt

HEe of 80w tE A AS &S = AT (2™ 30).
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o] Fall MiaPaCa-2 X (D44 TAFY Ao mE ofx Q1A
e S T o AX AE2EE dAgE (D44 TEF A ol
gemcitabine ¢ g7} o] Fo] & oFqt phospho-Akt level ¢ Z7}7F A 45
AAEL st WA, PANC-1 oA & (D44 o] TEF Favow
phospho-Akt  level & HolEgW o]&A  ZA3SE  phospho-Akt +

gemcitabine & A= YA 784 &S FUT 4 AU
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3.4.

(A)

1

Cell viability (%)

(C)

Cell viability (%)

MiaPaCa-2
001
80 T -
60
404
204
0- T T
(<] N C] &
v.bé &C’QQ? oobp' oob?‘
& & &£
v_b ?'b éQ
&
&
MiaPaCa-2
100-
80 1
60
404
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(E) o s

MiaPaCa-2 [

(F)

PANC-1

(G)

MiaPaCa-2
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(H)

MiaPaCa-2 + Gemcitabine (2hr) go”'g PANC-1 + Gemcitabine (2hr) "
N© o oo 16“{’\&“ c o
POV oS pa et o™ gt et *
total GRP78_ totalGRP78 —
csGRP78 _ csGRP78
total CD44 — total CD44
m
MiaPaCa-2 + Gemcitabine (24hr) “OOW PANC-1 + Gemcitabine (24hr)
5
pN© »""“cxi\é‘*“oot;“‘ow« po™ »o—"“‘c’?::-““cor;“‘c’ﬂ
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I3 4. AFLE AFTA shIGFB1 3 shCD44 183 F7Hx] MEE BF
A= otdlimntolgs AHEd wE AE HETY HAL. (A) MiaPaCa2 %
(B) PANC-1 AJ(ZFo|A dlzx+" NC/ shTGFB1/ shCD44/ shTGF B 1-shCD44 &
HAshs FAES otdmutolgl=E 24 ARF AHE] F cell viability
assay 3. (C) MiaPaCa—2 % (D) PANC-1 A|EFo| A thx+ NC/ shTGFB 1/
shCD44/ shTGF B 1-shCD44 FAlell LEal= FA =5 oftlmntolg| =g 24 A3E
HA AElgk F gemcitabine & 24 AlZF F7FE A Este] cell viability
assay 3. (E) MiaPaCa-2 % (F) PANC-1 A|EFoll A th=x++ NC/ shTGFB 1/
shCD44/ shTGFB1-shCD44 & Edst= 2 &% oftmutold| s 24 AZE
2] % Clonogenic assay Z13. (G) MiaPaCa—2 Ao A iz NC/ TGFB 1
/ CD44/ TGFR1-CD44 & L&t T4 & ofdmuloldfAs 24 AF WA
2 2)3 ¥ gemcitabine S 2A17F F7FE A 2]3te] Clonogenic assay 213§, (H)
MiaPaCa—2 % PANC-1 AJX =04 NC/ shTGFB1/ shCD44/ shTGF B 1-shCD44 &
st SAES ofulwmnlo)y~E  AHE §F gemcitabine & 2 AIZH
Agstdls W Ax AL dHE o ol gl (1) MiaPaCa-2
PANC-1 AJ3EFo Atz NC/ shTGFB1/ shCD44/ shTGF 3 1-shCD44
)

E5 oldlxnfolgi~E  xE] F gemcitabine & 24 A%t
=

T2}
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3 fHow
AR, A AR ATel W= T6FR1 9] Hd A sk p38 olvf JNK <F
22 OFd SAK o QIibstE SUHAITIAL HAIEE AME O APE How
Itk webaA] TGFR1 9 I oAl SAPK whulZ o]
7FA A acute cell death & §x3 4= ). o]}

SAll (D44 o Td A= oF VAR 5EAES dAlst s AR

Ho
5y
ol
rr
paus
o
tt
2
4,
2
o[N 30,

o] &3t= Folaty] skl TGFB1 3 CD44 shRNA =
obelcrfol ) A% Azkato] zhzbe] wholelsoh o FdE wW|waST,

WA MiaPaCa—2 €k PANC-1 Aol tixar F2&s NC ofvlientole] 2z,
TGFB1 shRNAE HA T4 &% obdlmnlo]zix, (D44 shRNA & L&A s

ZA 8% oldlxntol#l~ 18]al TGFB1 shRNA ¢ (D44 shRNA S EA]9)
st TAES ofdlmnlolHAE 24 AIZF AHElstal MIS assay & 3
cell viability & SAHsIG . 2 A3} MiaPaCa-2 ol A= wvlol# X~ WEALE
Al (D44 < TGFB1-CD44 < TGFR1 <02 AWE BT PANC-1 oAM=
vpol 2| 2~ ©hEARE A] (D44 ¢ TGFB1S 247 dxo= WS AAARS
o= Bd a3E HodFgloew, TGFR1 I (D44 o HFS FA

HaAZ Aol Mg F adE BHAFAT (719 4A,B).

o

o HIE Fd TGFBL, (D44, 12]al TGFR1-CD44 o =&

HaAge W o AE AL sHs #HAA AS gl ent MiaPaCa-2



A A e] HAE oF 20~30% FEloRE FTEdt aTE HolX X}
uzk NC / TGFB1 / (D44 / TGFB1-CD44 o th3d+ shRNA

oftiertelei2~E WA Agste= o] TGFR1 MxE Ald A= &A3gle}
(D44 o & =7IAxE EA oA 2 i3t A #x 59 adE 7

gemcitabine ol et 5SS =] ALY Axe HMxE AETS TFAERAZ
T AEA GRS |

HAgE oftlinlel#} 5 MiaPaCa-2 9} PANC-1 Aol 24 AJ7F Adt &

gemcitabine & 24 A7+ o A st AE AEFS =AY (19 4C,D).

1 A3} MiaPaCa-2 ol 4]+= gemcitabine @@= 2 gol] H]&] njolz{= Az
3 gemcitabine & AHgld MEZEoA MIEAE Sgo] ok 2~4 HiZ}F T
AT AL AT F AT 53] TFR13 (D44 & Tl HAaAA F=
Hol 7 aaAds & UATE. PANC-1 M 3Eol| A S gemcitabine 9

W A2l Eo wlolgl Al & gemcitabine & A&k Aol oF 4 wW7lEF

g Az AL sHe AaAATE Ae ST 5 AdaL, PANC-
AEFAME TFR1 3 (D44 EF F& Am #FHol 2 5 Use
glsklth. o]& Fdl MiaPaCa—2 MEZFolA & (D44 o HdHF Aoz =

TE A TE8 AAlskA Xk, TFR1 I A THEHE HAATI=

U3 e Elsqlth. MiaPaCa-2
& wE= NC < (D44 < TGFB1 < TGF B 1-
CD44 shRNA 502 32 B o E3] ulo]2] 29} gemcitabine & F A
Ab48F wli= TGRB 13 (D44 o TS SAld odAl8t= Aol 7bg axtx ol
AL 9 & 4 AT (2 4E,G). PANC-1 Ml Ei= MiaPaCa—2 Al E KU}

Hlolgl 2o thd 7ZANo] FL AEZ virus & 25M0I B ZAAHES

Clonogenic assay & &A%

Az A  mpol ARt dEom A

o
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wol = uholel s whAlE fAAbe] ofd) AEo] Aol EFHow ofAH T
(13 4F). PANC-1 A|¥Eo A= NCE Alelskar TGFR1 , (D44 18]aL TGFB 1-
(D44 ShRNA B S Ajo] 2&s}= nlolgl 2o % F2UE AR Eals

;-lva jz_ll—?_]ﬁl ./_‘[: 01041;]_'

o

o

ut

off

gemcitabine

l

olF, TUS 4 7HA9] FAET otdlwmnloly~E WA A thE

S APste Ax e ddE 9 2y wg)
golsliet. WA, MiaPaCa-2 € PANC-1 Ao Z+zb 100MOI < 25M01 2]
55 olgmufolg] s AAIZl T 24 AIZF FH, gemcitabine & 1C50
2 2 N Ageer. o] w, MiaPaCa-2 °lA] TGFB1 shRNA ¢} (D44
A 18]l FIHAE FA)d 23St wlolglA~E A 8]st%lS ul phospho-
Akt o] W Z77F BFEYT (18 4H). SA)o] AE 2Ed 2 urgo|u)
% HkSo] e E=  phospho-p38 ¢ EAIFE A BEHEYET

duiHow pi o TASE TUd ALWES fuek, A AE
S

apoptosis Atelellx #&@FHl S st Ao dexodrt. p38 &
AL Qe NEe} ~Ef s 25, Axo AuHd wi A¥ AE m=
apotposis & ZZsle weko 2 getd 4 glE, AAEY AEfXoAE
p38 o] A 2

a7FEel 2EY
AAst= o 7ldd F de AAeRE dEA Udn. wpoly s Ay &
gemcitabine & 2 At A 2]3}3& woll= phospho-Akt ¢ <72} phospho-
p38 o] FA37F Al dojub= Zlo] FRlHAT (21 4H). AREA o= p3g o]
apoptosis AEE DA get= A= G HWH Akt o A=
AA = Aoz defA ded ojuol= #-2 Az U9 gemcitabine X 2|2

apoptosis = A EdtE= AE9 apoptosis WAl AES MEHEE= A XV}
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szl Wil ol#d Aol Hols Aom AA4HEu. oYd dd

PANC-1 o] M &= Fd3lA #&H A},

upebA] wpole 2 Ao Ad o]F gemcitabine & AP IS W
<7F8h= phospho-p38 ©] Al AEs 93 ARIA S AE
FEst=AE g1 3l FAES otdle HiolelAE 24 AF A Y
tol Al AEY ddd 9d ¥skE
3kelal9lth. Gemcitabine @ Az Z7b= MiaPaCa-2 M XEoA] nfole] 2
7oF #A gLl phospho-Akt LA ZFES A A 7= Aol ER1EATH
a9 4]). FAE%S ol Hlolg]A A ¥ o]F gemcitabine ¢ 24 AJ%F
Aol p38 & s ZAdstE o] A=, olE Tl wiolgl X A o %
gemcitabine o] A 2]= ZWhel p38 & FHwstAl &Ad3tel apoptosis BEE
s, Zybdl= AR AE7E AESH] s s Al Akt =
2 shetA vt Aol = apoptosis A& Fxlo] FAEA= A & AU

o] PANC-1 M= L3 A &2ld 4= o (29 41).

K
>
o

™
=

o

0

O

2]
o]& gemcitabine 2 24 A7+ A
|

of\
o

~

wEkA], A AES FF MiaPaCa2 A= e Aol A
A#RHE ASE Hol= (D44 W "@xo=2 IAAY|= ZAHY TGFE1 &
A AT O RN Z7|d & p3g el EAIE Tl AEZE apoptosis AEE
sk Aol adtAde Feslh. vbi, PANC-1 914 BE upolg] 27t
gemcitabine o] 3t A& FolFo] Alx AEes adHoR FaAr

171
°] 7FA7} phospho-Akt 9} &
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3.5 TERHA shIGFB1 ¥ sh(D44 9= % ZA A oldxvHlo|dx £
27} gemcitabine ol 3 FFY AX A5 € FFF &2 HR=
g &

(A)
MiaPaCa-2
-~ PBS

@ Gemcitabine

£ - shNC + Gemcitabine

-?,’ -o- shTGFB1 + Gemcitabine

i 10 -~ shCD44 + Gemcitabine

°

f " ¥ shTGFB1-shCD44 + Gemcitabine

0 I I I I I I I I I 1 1 1
01 23 456 7 8 91011
T 1 T
OV Gem OV Gem
Days
MiaPaCa-2
6000

& -~ PBS

E -~ Gemcitabine
: 4000 shNC + Gemcitabine

£ o shTGFB1 + Gemcitabine
e —— shCD44 + Gemcitabine

> 2000 -
o ¥ shTGFB1-shCD44 + Gemcitabine
€

=]
hd

0
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Group 1:
Group 2:
: Ad-3484-NC + gemcitabine

Group 3

Group 4 :
Group 5:

PBS
Gemcitabine only

Ad-3484-shTGFB1 + gemcitabine
Ad-3484-shCD44s + gemcitabine

Group 6 : Ad-3484-shTGFB1-shCD44s + gemcitabine

®c 0@ = -
& % .

@
@
2
&

e e -
® & 8g -

& e  ©

1% 5. MiaPaCa—2 xenograft E2oxe] FE4AYE AF. (A) ZF 17 W
A5 71 W9 Az wsk gel. (B) Balb/c nude
E FAFste] T 34 % =717k <F 80~110mm° & of,

=
st ¢ AN

Balb/c nude mouse 9

mouse ] MiaPaCa- ] 5 =

PBS / NC / shTGFB1 / shCD44 / shTGF B 1-shCD44 &

ofticulolel 25 ARE FHAOR T4 ol 2 W FARStAL Hpole 2 FAL
U5 gemcitabine & 50mg/kg &= AbE tAS R HAF uo] 239 FAF F
olE tAow T4 A7l 5AH. (O) 7 2w I T A7) vl

ojdel g in vitro A4F ZAH}E EAE shIFRl & T=o=
eets T A obdlie wiolel 29t sh(D44 & TEow Wdstes T
Ak obde wlolelA 1#]al shTGFB 13 sh(D4d 2 FAlo] 2 s= 94
A oldlx wlolyaE AEEle] TR AYUS WAt MiaPaCa-2 &
1.0x10° 0. & *Frwk9-2o o]Aet thg 45U F dA A7]9 Fdol FAH



F A7e WAL A PES EEUS ABIRL DLW HlolH s

1.3x10° PFU & 50 0 2] PBS ol BXAA Fdoll AFH FASIATH. HlolglAE

TAFSE gl gemcitabine & 3¢t E A7 SHT 50mg/kg &= =91
gemcitabine & FH7oll FALSE & FoFo] Z7] WASIE EQlskdth

du] Aol A zZtzke] HHAbl oid shRNA = gAIE wlolelxs)
gemcitabine = =

A2 Qg FAgor AlF W AL A T8 R
3

TE AATE BAsHA Fol AdE ¥ IFFE a5 FUT 5 W

k-0 Al wstel Aol dE & AL #FeH og As=d Fol
AALS AARFGTE. A HA ok A} nlo]e] A9} gemcitabine o Fol:

1 & d5es Bddss $F A obvln ol sst
shTGF B 13} shCD44 & FAlol Tdsts TF A4 ot vpolg|2E Fod

AH = del FIHAT. A Am=d Fof o F

gemcitabine ©55¢], 18] NC T A4 ofbd
Fo] 57 W askH shCD44 + gemcitabine / shTGFB1 + gemcitabine /
shTGF B 1-shCD44 + gemcitabine o] 18 £ & © Hold =4 %

o

HolFEdel (18 5B). o] 3k AL ok =83l clonogenic assay 9=
TS AHRE HAFIOW (D44 o WS "dxmoz A= ARG
TGFB1 ¥ (D44 S FAlol #2271 F gemcitabine & Foldts Ao

ﬂlO

gemcitabine & W&o =2 FEosl: 7|E9 XawWHT XN ¢ afdds
SRRlstTh. T3, ARnEL FA7IF 5 ve-2E5Y AFTHET 24 &2
A

R SR

e

A3 e RAge wolx gkop ol A

AL Beladr (2™ 50). F% AV|E X He=m



I
o
rot

13 dxafell 7t 1Fe] whesddA FIEhe FElete] dEg a2
HEQch (2% 50). 13 Dx}oll gemcitabine o] I8¢ 3wlzjel NC ¢
gemcitabine & g 1w 1 mEl7 F4e] AR 1] HALSH
dolg el Yeplx] gokth. Fde A7IRkS vlwEiels wl, shIGFB1 ¥
shTGF B 1-shCD44 = €A+ = AHAF ofdx= vlo]g] A%} gemcitabine <
A2 g 4 W3 60 2FNM A 2L FES a3t JERdTh. s 4
OFS A FTF A "HAPE EAEE g FE S ddn
shIGF B 1-shCD44 & EAE TF A4 ot

=
b Aol HA} glo] FFY oS Holws sl

i

fol

(

H] 3
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Agere 2700 F4bol flo] YR AAE gHdq AuHn, 54
WEgo] oF 10%e] B HEw wl$ FAH gholth. gho] o] zla
E

ol <=y sltgHe gyt AstHoln, E5 o=
AW J

Al AgHA vk, *

A2 Ao 12 A B8AZE gemcitabine ¥

Q
+ gemcitabine ¥ FOLFIRINOX ¢} #& H3a gwWo] F=Z AL},

i)
B
Z
Q
7
o)
Q
(@]
o
=
Q
>
D

gemcitabine & %7] #FY Xz EFo|Xwt duwtygow X7 AZ &
3~6 719 oluol dAEV AIAHE YeElE A7 2ok ol=EA Y

A7E gtetariel el Adde 7HAA sl Z1FkEel Weid ol 7HA|

WAUZ] AN YA, A8 FHE e ok gr.

2 AddAMeE AFY AEdd gemcitabine
stopdr] fEiA ojwdt AE REES RoFEA FQlstar,  oledh
AENT7E (D44 o] T oqudt #AVE JdeA FAstax s
AFerel A8 oEE olf T stdE FE AE FHY HAHLAQ

o S [e) [e) >~ = ] o [e)
NezEA P4e ¥e F dbd ok 2Usw Hfdel Ut ARz

ftlo
A
ol
32
o
£
=
b

N

)

oJmlslt}, o] fibronectin, laminin Z12]31 hyaluronan ¥} Z+& t}ekst ECM
protein &2 FAEo] ¢lal, o]# 3 ECM protein 52 £ X9 F2]
7Asbsbal ke X

e B o

o
=
E 7FAAZ B o}ug} anti-apoptotic protein & W&

=E WAAZIE . olF ECN

In

il
=2
)
o
rlj
g
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protein E°] W3 T ==z L4Hz (D4 = 53] hyaluronan 39
B Eal e AT Aol #Addt= Aem deEA Ut
Hyaluronan @} CD44 2] 5 282 plasma membrane W9 signaling domain <
FEstAY otg3sted 4 A=, ©]# 3+ signaling domain ©|+= receptor
tyrosine kinases (ErbB2 and EGFR), £ signaling receptors (TGF BR)
Z1¥] 31 non receptor kinases (Src family)”7} E3gE o] 9Jow o]7dt AT =
oncogenic pathway 1 MAPK % PI3K/Akt A & 9 A& H2E FH3H
gobAl WA HE #ysol gluk.® 0 o]#f3k o] f= MiaPaCa—2 A|E9} PANC-1
M Eo A gemcitabine Aol o3 AMxE AJEF #HE phospho-IGF IR,
phospho-EGFR,  phospho-Akt &°] S7F (D44 o] Ld3} A# Ao
gl E Tt MxE AE AsEol g S7FeF &9 cytosol ¢ (D44 =&
cell surface @ (D44 ¢ T3 gFo] MiaPaCa-2 2F PANC-1 9|4l &R1¥ AL, o]&
&3l (D44 7F #AEY AlE7F gemcitabine ol Wi AP 5 27 GA

ol Ak Holeta J&e F7E F UM

w3k gemcitabine A7 Al &S A|ZF <to cell surface & (D44 7}
olEst= WAlS Folsts Ao A INK 9 fucosyltransferase 7} o slar

NS A3, Western blot & F3l gemcitabine 2] A] MiaPaCa-2 ©]
PANC-1 ¥t} cell surface (D44 o] W& o] F7hehs 913 =dl, MiaPaCa-
2 o= JNK inhibition ¥} fucosylation inhibition A] cell surface %=
o F3dt= (D44 ¢ <Fol st o]ek Al p-IGFIR ¥ p-Akt & #HA&=
dojuyp= AS gIskgltt. o] & Fdll MiaPaCa-2 & gemcitabine ¢ > 2] ol
]3] w=7 JNK phosphorylation ¥ fucosylation & &3 (D44 =
modification A]7]aL fucosylation ¥ (D44 7} cell surface = ©]& 3}
IGFIR ¥} s &8st M AE 25 E 43 A F+ daS 533l
o] wj, MiaPaCa-2 °|lA JNK 7} A A= GRP78 ©] phosphorylation & r%=3F=H]
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g AAZ cell surface & ©]&3F= (D44 = fucosylation ©] ¥
HEJSI A S  mass spectrometry = H3sHA g ZHQUF o,
gemcitabine o dlgt AHIAAHE 4] RS MiaPaCa-2 ¢ PANC-1

A EFAME A 250l (D4 o g5 e dart e Aoln.

o] %, (D44 7} A AlEoNAM gemcitabine o THIF AFAF =IelA
£ FTREA @ F JdueAE stz (D44 shRNA S HA g 52
ol :=nfo] 2] 25 MiaPaCa-2 ¢} PANC-1l A 2]&a}qlth. olw], MiaPaCa-2 oA
CD44 ¢ A A E 23|#  phospho-IGFIR ¥ phospho-Akt 9] F71H&
FEst =, ol MiaPaCa-2 oA (D44 = ¥ AHE AFEo] Hojstar
AANE, WETFo] TASHA HW 23y oE AEXAE NIE

Ao AEE st 7] wiitolebar g, (D44 o A% 4 ol %
gemcitabine ¢ A= (D44 o HdATHS FAAHS wlEY; phospho-Akt
level & &7l S 1 & AL, o= M4 o A7}
gemcitabine o] Wgt A = Eeo] HueE AS sy}, PANC-
LolA= (D44 ol gk shRNA & HAIE + A 2=
2491 phospho-Akt WdH TAE FEold=d o] MiaPaCa-2 <
Hlalsto] Ao o= (D44 o dd=Fo] w2 PANC-1 oA+ (D44 7} Al
de FE2 84t addiction o] U3 o] (D44 o LS

IAANTE Aol AEV == Zow SLil=y XN gitzyol AHo

1>
e
olf
°
=
b
=)
©
v
[
lo,

ox
'
_\?_1‘
ry

f

SHd AYE FSA MiaPaCa-2 ol Al+= (D44 shRNA wHiolej~9] twhi
ARGREe R = AE AE AT oAVt FEsA Eae RIS

TP E (D44 o sk shRNA & ®Ajgh old HlolH A~ A Ele] A8e



wolstal e ovgtk. (D44 vk
g Holx s #7<te]

1g 2 AgoM Fod 9IS e e 4HW T6F Bl & FA
Ble T v mHoxr MAI ofi= vy Lt

At Ax= oF 60%7F SMAD4A  E<ddo]  wiEe] TGF B1 Al&E7f
H] % g 4 (non-canonical) ZA=Zd AA Esh= HA97F B2, o= 49
AEZ 44 aga dols FHxlge A vjdez HAEerth. o=
PI3K/Akt <} MAPK AZE Fa AX S4S HHsa FdA AIAdS
AN 7lE Aoz ddA ok Y we, okA AFy Ao wEw TGR
B1o &d Aske p38 ot INK 9F 2 thFgk SAPK ©f QIXbsHE F7hAl 7] AL

ANEE AE APE Zo g frshs o dujA glvk. ' wEbA T6F B1
_]

/) AE ASTE Ao sm 3okA 7EAS Z=7kAZ B oy gl SAPK
g Ao QAstE w211 7FEEAl F7FA1A acute cell deathE =8

D44 o 71 Am mAow Agdrhd Hgte A=

webA] TGFB1 / (D44 / TGFB1-CD44 o thH3k shRNA = A3
oft| ol gl 25 BF FHEAR AFESto] gemcitabine ¥ ¥4 A 2lstGlt).
O A3 Ao w AXE Aol wE i nvloly] A A Fo] e MiaPaCa-
20| %= TGFB 13} (D44 o] HdHS FAlo ZAAA7]3L gemcitabine & *]&| gt
A$ F2Y PA Tl dAA3 #HAad AL FAFT 4 gUAgrh. PANC-1
MiaPaCa-2 ®t} Ax AdAo] =gla o] =& dolEd= X s g1~
A WE FAES GFP oldkx violyAE MOIEE ZIAAS ), 10M0I =
T 90% ol #Hed" Aes g

vholg) 2ol g shRNA o] &7t g Sudhy]

Hlolgl A~ REol A ZaUrs A dAEA 2= AL Fdeladr).
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In vitro9lA& MiaPaCa-2 ¢} PANC-1 A|EE A}&3te] (D44 o st}
vpolgl = g3} &l APS Aot in vivo oA = PANC-1 Al EF7}
3] &+F A (subcutaneous injection) 2 £ Aol J&stA] o}, MiaPaCa-
2 AEFUE ALESIITE. Gemcitabine (50mg/kg)el A FEE A

AgAA APHAD in vivo AFlA Fxste] AFES AT, In
vitro A% Ay} FU3A MiaPaCa-2 xenograft model oA %= PBS,
gemcitabine W= o] 123l NC + gemcitabine 153 H]nl&}e] shCD44 +
gemcitabine < shTGF 31 + gemcitabine < shTGF 3 1-shCD44 + gemcitabine “Li&
o7 ggFd gIE HoFon AAR TGFR1I (D44 o &d A7)

3

AGd AEFTSY gemcitabine TS FHAA @HAd AmHo=R
2g3hs FAedrt. AT (D44 TS wEoR TAAAAFAS =
ShIGFB 1 & gAst nlo)lg xS0 Hla|A] vz dFF g3/ g Aoz

UEgth. o= (D44 7F AlEe] FARUE drbHom ¢ E7|AE9
vkA o)A} hyaluronic acid & AgHste]l HAE7F =3 Ax 9] Z[H(EAD =
wallstal o] FdE AsletES st o ol i o #HEH s
Aol Al siAE 4= qdvk. webs] (D44 o] D=0 ® A= Al Tl AlE
T FES UEe AT g7 AR 79 9A

o &R F e Aelw, Fz Hold nga RddN FIE

= dold Rl A
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o
i)
rf

HoAdE HHY AlEFA (D44 71 gemcitabine A A 5 A0
MAE FEs lsta, (4 2 oAE T AYHE S5 TbeAE
A5, Gemcitabine & Aot e] 1 X AR AEH AT kR A A
ol A& arp AgkHelv. HEY AEF<Q] MiaPaCa—2 ¢+ PANC-1 ©f
ek A3 Ay}, gemcitabine A2 F HE AE ANE7F TS oH, E3
(D44 9] cell surface 22 o]F3dl= o] T3 &L A= AS
=S )

e HAAAY AEF YollHdZ (D449 98L& 238 AolE HAEd,
MiaPaCa—2 A|EoA+= (D44 o] ©@= oJAwto =z

AA A Hadon o3y o AE s AzRE SAgsE o=
el Th, WEE PANC-1 Al A= (D44 9 A7} phospho-Akt GF5=2] Z7H2 ¢l
AE fFEs o a4 o® AX AES FESISITE. o] PANC-1 Al27}
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ABSTRACT

The role of CD44 in the acquisition of gemcitabine resistance in pancreatic

cancer cell lines.

Pancreatic cancer is an extremely aggressive malignancy with a 5-year
survival rate of only 15.9% as of 2021 in Korea, making it the lowest among major
cancers. Pancreatic ductal adenocarcinoma (PDAC), the most common form of
pancreatic cancer, requires surgical resection for a cure. However, most patients are
diagnosed at an advanced stage due to asymptomatic progression, making them
ineligible for surgery and reliant on chemotherapy. Gemcitabine is a first-line
chemotherapeutic agent for pancreatic cancer that induces apoptosis in rapidly
proliferating cancer cells. Despite its efficacy, gemcitabine has a short half-life,
leads to the development of drug resistance, and causes significant side effects with
repeated high-dose administration. Furthermore, the dense fibrotic stroma
surrounding pancreatic tumors limits drug penetration, and the involvement of
diverse mutations and oncogenic pathways complicates the identification of
therapeutic targets. Therefore, there is a pressing need to enhance drug sensitivity

through novel therapeutic strategies for effective pancreatic cancer treatment.

This study investigated the role of CD44, a known co-receptor of receptor
tyrosine kinases (RTKs) implicated in drug resistance, in the acquisition of
gemcitabine resistance. It also examined whether modulating CD44 expression
could enhance the sensitivity of pancreatic cancer cell lines to gemcitabine.

Treatment of the pancreatic cancer cell lines MiaPaCa-2 and PANC-1 with
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gemcitabine revealed an increase in the expression of molecules associated with
cell survival over time. Concurrently, CD44 expression showed a modest increase
as early as 2 hours after gemcitabine treatment. Knockdown of CD44 using shRNA
viruses showed limited effects in MiaPaCa-2 due to the activation of alternative
survival signals but significantly reduced phospho-Akt expression in PANC-I,

disrupting survival signaling pathways.
In MiaPaCa-2, shRNA targeting CD44 alone slightly enhanced gemcitabine
sensitivity but was insufficient to produce substantial effects. Targeting TGF[31, a

molecule highly expressed in pancreatic cancer and involved in tumor growth,
metastasis, and invasion, alongside CD44 further improved gemcitabine sensitivity

compared to targeting CD44 alone. These findings were corroborated in MiaPaCa-

2 xenograft mouse models. In PANC-1 cells, both CD44 and TGFB1 were effective
molecular targets for enhancing drug sensitivity.

In conclusion, targeting CD44 in pancreatic cancer cell lines can improve drug

sensitivity, and the combined targeting of CD44 and other key molecules like

TGFB1 may offer a more effective therapeutic strategy compared to monotherapy

with chemotherapeutic agents.

Key words: PDAC, TGF[1, CD44, gemcitabine, adenovirus, drug resistance
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