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Mechanism of gemcitabine-induced apoptosis
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Abstract : The nucleoside analogue gemcitabine (2', 2-difluorideoxycytide) is potential against a wide variety
of solid tumors and considered to be one of the most active drugs in the treatment of non-small cell lung
cancer (NSCLC). In this study, we investigated the signals of gemcitabine-induced apoptosis, especially in
point of caspase pathway in A549. We exposed A549 cells to gemcitabine for dose/time dependent manner
and the results showed that gemcitabine induced apoptotic cell death in a time/dose-dependent manner. We
also treated to gemcitabine and Z-VAD-fink as a pan-caspase inhibitor for 24 hours. Gemcitabine alone induced
35.3% cell death, and co-treatment with gemcitabine and Z-VAD-fmk induced 15.1% apoptotic cell death.
Our results demonstrated that Z-VAD-fimk as a pan-caspase did not completely block the gemcitabine-induced
apoptosis. Western blotting analysis showed that gemcitabine increased caspase-3, active caspase-8, p21 and
p53 protein expressions in A549. Co-treatment with Z-VAD-fik completely blocked caspase-3 and active
caspase-8 protein expressions, but did not change the level of p21 and p53 protein expressions. Our data indicate
that gemcitabine induced apoptosis through caspase-dependent and -independent pathways in A549.
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3 WEEH 25 TS 9= Bel2Al S S
o3l 2HH 16, 18] W&E¥ cytochrome ¢i= Apaf-1,
caspase-9, dATPS} 233} caspase-92 A3t Al712L
caspase-99] ]3] caspase-3& EAFAIA MEAIES F
w3k Aoz ByHel Ut [12].

Gemcitabine HCI [2'-deoxy-2', 2'-difluorocytidine mono-
hydrochloride]:& TFgH 373 Y (solid tumors)ol] thal Al
EAIE &35 /MR = M ESE pyrimidine nucleoside
analog®, A EWollA deoxycytidine kinasell ]3] <12+
3} =o] €432l gemcitabine diphosphate, gemcitabine
triphosphateZ A =™, DNATA 3} B oA Tl
9] A A-8-S JERATE [14, 17, 21-23]. A A7l w
=2 | 2AM EH ol A o] sh gemcitabineiﬂ ME 54
8= AEAVES FEskL p53d 7S Adsk=d
ZFas, FEH0 = Bel2d ##H 5o xﬂérs/\}‘a:% o
oY= AL HAFEAG [7]. =8 gemcitabineol] 2]38F
AE APEe F7]ole AEAPE S A AR deix
nuclear factor-kB(NF-kB)2] &4 Z7t9} ##3) anti-
apoptotic protein®] inhibitor of apoptosis-1(IAP-1)2] &
o] FAleHAl S7HE e As BAFAT 3] v
gemcitabine®]] ]38t M| ZAPE F=7} o 753% st
o dojup=A] o} B3] WeA YA Fon, & A

= gemcitabine®l] 2J8] FrEEE AXAPEY EXS
gRlstazt st om, 53] AxAPE oA F
Q3 AhS DS caspase}] AHHS ZAFSILAL
3kt
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Cel cuiture

B Ao A AE-E A549 Al 3= ATCC (The Global
Bioresource Center)ZF-E F5o} ARE-3I T, A EZ9]
A FAE 9814 100 pg/ml gentamicin, 100 pg/ml
penicillin-streptomycin3} 10%(V/V) fetal bovine serum®]
A7t RPMIFIA] e 5% CO,& F-+3tal 37°CE Wik
Al ZiTt.

Cel viabiity

SA L AEFTS S5 YA AEE 12-well
platedl] 1.0x10* o] FA] Z} welloll €& T2 5% CO,,
37°C AEfoll ] 24417F wiFAIZ T 12-well plated| A
218k A3 F(0, 25, 50, 100, 200 pM)SF 2170, 3,
6, 12, 24 hrs)# & gemcitabine (Lilly France, USA)S *]
2] sle] vl U3k L, gemcitabine (100 M)+ Z-VAD-fink
(100 uM; BD Pharmingen, USA)E sAloll %]t $-o
2477F FRF i FslATE Al AES 5782 crystal
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R 13}):)]—0‘_3

violet F4 WhHoll oJaf AR 4 AAL
£ dnAolA AARgE - AR 95 st A2
AEF 4L A EE 30% ethanol3} 3% formaldehyde
7} £ E 0.5% crystal violet® 2 2204 1087+
"“3}4— 2= =4 43] AHE & Axsidh Az
# Fo HEE 1% SDS &2 & AA 550 nm
M FEEE SsoH, tEEE 100%:2 Fsta
Axe] BESS ARt

Al 2e] Fe

Western blotting

Tissue culture dish(100x20 mm)ol] ¥l ¥l /‘1]3—5%
scrapers ©]&3l] B2 U3 PBSE AlF 3 % 2000
pmoll A 10:27F 4EglslA 45 AA O}ﬁt}. =
o}z A o] &3) (25 mM HEPES(pH 7.4), 100 mM
NaCl, 1mM EDTA, 5mM MgCl,, 0. mM DTT, and
protease inhibitor mixture)S Ho] FHAIZ1 T A0l
308 7F WX S} sonication SFSITH ThH A o] Fxjeko|
Al 10~15% SDS gel2 o]&3l3lom hala Haks
B3l AlEOA g ko] whl g FHS & o
A= markere} A gel laneol] ¥ $ITh SDS-PAGE®] #
7195 S A DS H2lSkaL nitrocellulose memb-
rane®ll transfer A ZIT}. Nitrocellulose membrane®] ¥]E
ol Al A3 9] 215k non-fat dry milk blocking
|ds ¥ T A 5 WESA]7| AL PBS 8
© 2 2-33] AlFaIFATC}E tFE-2 2 immunoblotS A A]
3171918l primary antibodyE blocking &< 3} 1:100
~1:10009] Hl&= 3AstaL F2oM M e &5
o] FAt. thA] 2~33] PBS S5-8HoZ AHeta &
21217} A3 secondary antibodyS 1:20002] H]&=
Mt N7 AR E50] FUTh ] 2-33] AlF
& ECL solution(Pierce, USA)YS &3l S 3l t).
B 23o] AM2-3F antibodyQ] caspase-3, caspase-S,
cytochrome-c2} Baxi= BD Pharmingen(San Diego, USA)
o|A, p213} p532 Santa Cruz(Santa Cruz, USA)AIA
date] ARgstATt.
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F o] AR &3PH gemcitabine©] TFSSE 113
LM A A EAPE S FESA BRI EA S A
FAME f& 7)A Hsx= oFF] Ak 71xdo] Bl
HoJA = ot L 7138 HHE] gt & AFE

A 2SS TE WA A549 M o]t gemcitabine®] M|
APE 838 S48 TE A5494| 320l t$t gemcitabine
o T 9 AIZPE AEAME §3E eI $Isked
A549 A3 gemcitabineS 100 uMe] FEZ 0, 12, 24,
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Fig. 1. Gemcitabine induces apoptotic cell death in a time/
dose-dependent manner. (A) A549 cells plated in 12-well
were treated with gemcitabine (100 pM/m/) for the indicated
time. Cell viability was determined by crystal violet
staining method. Viability of control cells was set at 100%,
and viability relative to the control was presented. The
experiments were performed in triplicated at least twice.
(B) A549 cells plated in 12-well were treated with
gemcitabine (24hours) for the indicated dose. Cell viability
was determined as described in A. (C) Cell morphology
under the conditions as described in (B) was photographed.

36, 48A17+&<r 18]aL 0, 25, 50, 100, 200 uM2] F%
22407 F A S T M EAETS S48 th(Fig.
1). 4 A= gemcitabine®] A2 Tt S7HEE
T3l A AlZke] F7HEFE AS49 A X AMES F
7HF9SS & 4 3T 100 M gemcitabine S 244
7 A W tizzol Hls) oF 50% ool AlxE
AP Z3E Blom, Al7hE Aot w5 A ¢
TH 7S BT

A ZAPEA] 2HRJAARE A-gshe T ZEa a4l
caspase®] B3} gemcitabine®] FEdhs Al EAFES] 7]
Aol ojwgt dA#Rgo] U=AE ZAE] S8k
gemcitabineS 23+ A549 A| oA thilAe] iy A
=5 ZARSITE WA gemcitabine®] 2|7} caspase-8
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Fig. 2. Western blotting analysis showing expression
pattern of various proteins in AS549 cells exposed to
gemcitabine. (A) Gemcitabine activates caspase-3, -8 and
its downstream signaling molecules. A549 cells treated
with gemcitabine (24 hours) for the indicated dose. Whole
cell lysates were prepared and protein sample (40 pg) were
separated on SDS gel, analyzed for apototic proteins by
Western blotting analysis. (B) Expression of apototic
proteins were analyzed by Western blotting as described
in (A). NS indicates a nonspecific protein band that was
used to ensure equal protein loading.

#} caspase-39] HE 2 FAsE FEseA IRIEM]
93ke] widE A549 A E o) gemcitabine 0, 25, 50,
100, 200 uM 2] FE=Z 2441 7F 2 2|8k Fo] Western
blottings 2131 caspase T W 9 sl WA
3PS ZAFSHITH(Fig2). Fig2Aol A9} 73] gemcitabine
S T E X2t A3} Al AP (apoptosis)e] F8 =
A N ZRQI caspase-39} caspase-82] ¥ I /syt
gemcitabine 2] x=9] S7tol Wl FRE oz F7tE
= AS B F AU B A= AS49 Al Xl &
gemcitabine®] A ZAPE f=+= caspase?] E/ds}el] 23|
Y= 0™, o]= gemcitabine®| caspasedl] JEXHOZ
AZAMEE f5 & T IS BoFE Aol
MAA A S 2 palclitaxel, decetaxel ~12] 3L vinore-
Ibine 5 72 skstar] AAEdl olsf A TV B
ol AoT B HoH p213} p53o] AlEAPE 3} A4
€ v se] Wy ¥iskE 578515 thFig2B). o1& ©
WMASS AAEAAZA D293} 9, thest o
A0 ArE 2ETO RN M EAPE HHosh= o
2 BuFA 53] p21 SES A2 cell cycles
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Fig. 3. Effect of Z-VAD-fmk on gemcitabine-induced
apoptosis. (A) A549 cells plated in 12-well exposed to
gemcitabine (100 uM/m/) or Z-VAD-fmk (100 uM/m/) for
24 hours. Cell viability was determined by crystal violet
staining method. Viability of control cells was set at
100%, and viability relative to the control was presented.
The experiments were performed in triplicated at least
twice. (B) Cell morphology under the conditions as
described in (A) was photographed.

AR OEZM ME A B S0l Zo] #Aos= A
o2 BuEo] Utk p213} p53e] wd I WskE
ZAY8E7] 918k A549 M EO] gemcitabineS 0, 25, 50,
100, 200 uM2] FEZ 24417+ 2] 3k Fo] Western
blottingS AA|EFR o™, 1 A3} p21 28|31 p53 T
2 BT gemcitabines 2|3l wle} W o] FtE
NS & F ATk 53] gemcitabine®] AT =7t
S715tel wet W A St on, ol gk gk
2 p21 SHAY Ao B& FERE BRAFUTH
2 A8 A3 gemcitabine> A549 A Z oA palclitaxel,
decetaxel ZZ2] 37 vinorelbine} 7+ TFE 3}eka ¥ A
S 5YsA p213 ps3e] whlE IHHS FTHIF
o1, o]& gemcitabine®| caspase2] A EAVE HEAHZE
o} th2 A=<l p213 p53e] MEAPE A A2
28 = F I5S BRoFE ATk

wpR| 2O 2 gemcitabine®] A EAPHE O] caspasedl] 2]F
Z1A] gR18}7] $18ked pan-caspase inhibitorE ©]-8-3}F
o] caspase®] &S At & M| xAEA whalE vk
H F=E AT A549 vk AlES] gemcitabine
(100 M) BH= B Z.VAD-fink(100 iM), Z-VAD-fink
£ &3iAZu ARS8 DMSO (50 p)E 24A17F E<t A

2] g Fol Alx AEYS SslsithFig 3). 2 A
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Fig. 4. Western blotting analysis in A549 cells exposed to
gemcitabine and Z-VAD-fmk. (A) Expression of caspase-
3, caspase-8 pretein in gemcitabine and/or Z-VAD-fimk-
treated AS549 cells. A549 cells treated with gemcitabine
and/or Z-VAD-fimk for 24 hours. Whole cell lysates were
prepared and protein sample (40 pg) were separated on
SDS gel, analyzed for apoptotic protein by Western
blotting analysis. (B) Expression of p21 and p53 proteins
were analyzed by Western blotting as described in (A).

Fig. 3049} 7+o] gemcitabineS T *2]3F Al Eol|A
= tl&el B3l 353% BEe] AEAIE S BN
gemcitabine®} Z-VAD-fmkE 5410l A& AlZA=
15.1% J=9] Al ZAPE S B AT B3 gemcitabine}
DMSO0%}9] FA] A 2lol| M= Al EAPEC] gemcitabine T
= A& A FrAlstdnt o] A3 ] A= gemcitabine
o] fFEdhs MEAPES caspased]] ¢ SjEHo=Z
ofif= Zlo] ofH ks Ag BT wgk o] g A
Fol W2 MEUje] T Iy WskE 1] 98t
o] western blottingS 24311 th(Fig. 4). Fig. 4A%]4] 2}
7ro] EHA caspase-39F 8] W& o] gemcitabine®] *2] |
oa) thx Hr} Z718190.2H, gemcitabinedl] Z-VAD-

£ AR o oA ZaEach 2y p213
p53e] w2 Z.VAD-fmk ] 2] e} #Aglo] gem-
citabine®] Aol ¢J3)] 2 Wl o] FFs| F71= ATt &
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= AollA gemcitabine> staurosporin, paclitaxel —Z
23 cisplatin 53 732 3}slawl oFEGal o] WA
GA oA A MEAPES st ZH oA [5],
HAFSA EANM A ZE} FEEE p38 MAPK(mitogen-
activated protein kinase)& 8733} AlAX A EZAFES
E=3taL [9] BlaA A ol M ps3e] 715S AR et
Zo3PH HFEHOZ Bel-20] 2]£42] caspase-99] &
73R} Ao AEAPE S doFithe AE B
AT} [7]. Gemcitabine <+ A-ollA] 1] A 25 ell
AR a5 veple dA=E geiA Aok 29
U gemcitabine®] T X 2|7} H LA E Q] A54990
A oH ARE Tl MEAIES dOTEAE o
AEeiA A+ =HoARA] Fokrt.

B Ao A gemcitabine©] AS549 AJ3Eof| thall A]7kat
Frof oEHoZ ANEAMES FESTE AS g9l
I, gemcitabine] F=E 2ol o] M|EAPE Q]
F9 Zd 9Eol caspase-3 L 89 FAjo] FUlEE
AL R8sk o312 gemcitabine©] G E
221 BxPC-3 Al2Eo| A9} tpesl &4 M E(myeloma
cell) 2191 MML.S AM2Eol|A] caspase’} &/ds} o=
A AEAPGO] HEET [6, 191 B9} U A
& RAF]T) o] st A= gemcitabine®] A549 M3
oA AEAPEe] 28 AR caspase®] FEE 55
AEAPEE F528 T Uthe 3S Bl Zlolth

TS M| APEA] F25F 2HRAAZ 2831 caspase
9} gemcitabine®] A ANEl7] skl AE HF
/3 pan-caspase SJAAIQ] [15] Z-VAD-finkE- gemcitabine
I FAll A2l &tk 2 A3 gemcitabine®] 2|7}
caspase] EAdslol o]t M EZAPE Bt ol caspase
o] &K e thE ARE Fol MEATES A28
& A2S FASIATE Chen M T8 LS #2
3= RKO-E6 Al Eo|A gemcitabine©] p539] #d S

A3 A gemcitabine®] caspasedl] 9]E3IA] 2= Al
APE S frEdithe 434S SR a5 ok
olifel AgolM H AE RN AS49 Al A

gemcitabine®] 2] FL} A|7ko] QJFEZF o7 A EAYE
S =3NS & T UNSH, caspasedl] 2=ZA A

B3l AZAFES =T A0 caspaseel] B2
121 ARE Tl AEAME S fEsithe A 891
ST B AT1E 53519 gemcitabine®] 2|0l 2]k Al
EU NEARE A JAAES] Ws) AEgS SRIEIH S
W, o]& H|AA EH ol gemcitabine?] 284 THEZ
S F Jde T HS BAsE 712AE
7V E & AR E ArkE
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