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Antisense bcl-2 Treatment in Human Lung Cancer Cell Lines
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ABSTRACT : Apoptosis, or programmed cell death, is a genetically regulated pathway that is altered in
many cancers. Overexpression of bcl-2 leads to resistance to apoptosis and promotes tumorigenesis. To
determine the effects of bcl-2 antisense treatment in human lung cancer cell lines, a 20 mer full phospho-
rothioate oligonucleotide (ODN) targeted at the coding region of the bcl-2 mRNA was synthesized. Western
blot analyses were used to examine bcl-2 protein level in_five human non-small cell lung cancer (NSCLC)
cell lines (NCI-H226, SK-MES-1, NCI-H358, NCI-H522 and NCI-H1299) and four human small cell lung can-
cer (SCLC) cell lines (NCI-H69, NCI-H417, HCC-2108 and SW2). Three out of five NSCLC (NCI-H226, SK-
MES-1 and NCI-H1299) and all of SCLC cell lines expressed Bcl-2 protein. Treatment of these cells with
antisense ODN for 48 hours reduced their viability and Bcl-2 protein levels. As a conclusion, bcl-2
antisense treatment appears reduction of the Bcl-2 protein levels and cytotoxic effect including apoptosis

in human lung cancer cell lines.
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Ashe BE-E PEEE AL 9] - ofst
g dezich B4 fan) il
< A2E Aol LWl 49
He] A 23 Mo gy o8 4 gl7] wiFeojt. 4lefl
ik Hofo]] o] -85 o] WMHE BA 4ES A &
EF9) AR F 9le BAE 7R g17) wgel oF
2| FA8-S AR Y 4 vk o) A E A
Holgt & 4 it HT Q7o 9Jshd, Bel-2g} 2
apoptosis T A 9] W o] ole]AlA ODNel| ]3] o
AH= AoR BWUHT 9):d (Parick 5, 1999; Eliza-
beth &, 1999; Susanna 5, 1997; Effects, 1994; Anne-
marie %, 1997) o] <FE]4l2 ODNel 3 fxle)
mRNA]| ZA§sle] DNA-RNA hybridZ A28 3
A shiale] YA AA|A T AR o3E L 9. oF
EjAdlA ODN2 MZEWZ 183 fgi=ofof 3P =3t
nucleasesel] SHgh WA S 2t ssbq o2 gic). o] of
E4 modified linkager} Dt719] W3 22 oligomer)
e 2 uEFA H=t)James and Murray) phosphodiester
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oligonucleotide(ODN)®] &Z ¢l internucleotide A&l o8]
7} 9= ARRRRAS -CHi(methylphosphonate) =X -S
(phosphothioate), -O-CH,CH;(alkyl phosphotriester)g-2-=
#8830 mer ©)3F] Z ol oligomerS o] ¥}

G2 HEe] A o] ARl ezM fFiEle Anow
& A&t W 7)1 A2 A apoptosis F= programmed
cell death(PCD)ell FHAlo] A= glc}. ofi-2e] ghA
Fol|lA apoptosist= AAM E e} o2 wkalow ZAEH,
o] Z2 EA] ufFol Aol did AT ZH o
(Patrick 5, 1999). Z12] =2 apoptosiss s F-35A}
o] gAs} gl w3l A xe) FA9) AP S =48]
+ F23} $rdo] ®Hol Apoptosisel] Fodste= HEA §
HAR= bel-2219], bel-2 proto-oncogenes Z2AA HEIFE
oA 14, 182] chromosomal translocation®-2 <13 %
A=en, Bel-2 SA-2 WA, vl EZEe] ol
ol 3ol ¢X)ER= A oE ¥ s 9thAnnemarie 5,
1997; Tsujimoto} Croce, 1986). bcl-27} apoptosisg &
A= Aggr Bx14 J1Ae] g BRI AE A%t
A, HT HRY A5 W= bel-29) AE X
7} ARl 2919l Aoz FAST et AR bel-
27} apoptosis GA71%50] 5o BT ]=1| (Patrick
%, 1999; Ito &, 1997), °] 7|AE 7Hed shi= v
=z]o}e] 9JulellA cytochrome 7} MEAZ F2=+= A
& o2 AES APES JAshe Ao FAEHE
ZA# o] ¥ glvk(Paick 5, 1999; Kluck &, 1997;
Yang 5, 1997). &3} bel-2= M) o)) ke
25} (Patrick 5, 1999; Lam S, 1994; Murphy 5, 1996;
Reynolds?} Eastman, 1996), 34k3} 715 3l MEES
AP R H3ER= Zle2 PR3 Y vk(Hockenbery 5,
1993; Lee?} Shacter, 1997; Pourzand 5, 1997; Steinman,
1995). Ys}74 W™ non-Hodgkin’s HZF, AP
2 kel A Z2F 55 OISR kel bel-2 vector
2 oligonucleotide(OND)®} Aejol| 23t} Bcl-27} A
H&= 7o) o]v] #el¥ v} (Annemarie 5, 1997; Teixeira,

Table 1. List of human lung cancer cell lines used in this experiment

1995). =3 A FellA] Bel-29] o] 7h2sm, Abja] 0.
2 3k aiAlel digt o] Folxl= Aoz oA
el ¢ AEH o AHE slpAde] adn & £ 9ot
(Teixeira, 1995). ¥ A7l bel-200 B3} gle] A2 ODNE
At AR HokolA fale A S (samll cell lung
cancer, SCLC) Al ZF¢} ¥] 44 E%H(non-samll cell lung
cancer, NSCLC) M ZFE Ak 2 QrejAlAS o]43)
AzHe) 448 2ARIGE AR A NEF F 4
Aol 2AMESQF AHEF(NCI-H69, NCI-H417, HCC-2108,
SW2) 2 57H9) v] M ESF A EF(NCI-H226, SK-MES-
1, NCI-H358, NCI-H522, NCI-H1299)2 thAke2 ujz)
Aal bei28) W8-S ZAVES] O, bel-2of) 3L rE A
£ xelsled AlAl 228 ofo] v ZRAEEA], 22
2L o] 5 M ZFE o2 Al EFA 9 apoptosisel] gt

Hse 2Alsle,
IL M= %
1. MEF

Aol A3 A}gh FAEF, NSCLC AEFQ] NCI-
H226, SK-MES-1, NCI-H358, NCI-H522, NCI-H1299¢}
SCLC MEF<] NCI-H69, NCI-H417, HCC-2108& 3=
MEF afol|r] Hopitol A5} 0m SW2E University
of Pittsburgh, Department of PharmacologyollAl -of 1
o} A el AME3lgTh o1 E2) 22 Table 19 A=)EA
om wE MEFE= 2} uR]el] 10% FBSS A7lskd 5%
o] COE 37°Col|A] wioFsisict.

2. bel-2 SLE|MIA oligonucleotide(ODN)
bel-2 mRNA2] coding regiong target®-E. 8= 20-mer

2] phosphorothioate oligonucleotide(OND)$} HHZ=F-0Z.
ote]AlA ODNE] sense sequenced] ODN H FE|AlA

Classfication Cell line KCLB No.* Histopathology Growth pattern Culture medium
NCI-H226 90226 squamous RPMI1640, 10% FBS
NSCLC SK-MES-1 30058 squamous DMEM, 10% FBS
(non-small cell NCI-H358 25807 bronchicalveolar adherent RPMI1640, 10% FBS
lung cancer) NCI-H522 90522 adenocarcinoma
NCI-H1299 25803 large cell
NCI-H69 30119 SCLC aggregates in
R : suspension
SCLC (small cell lung NCI-H417 90417 vanam.SCLC RPMI1640, 10% FBS
cancer) HCC-2108 72108 metastasis SCLC adherent
Sw2 SCLC aggregates in suspension

*KCLB No. (Korean Cell Line Bank Number): §+2 N X528 N ZF EE5H S



Table 2. Phosphorothioate oligonucleotides used for the antisense
effect on bcl-2 expression

Name Size (base) Sequence

antisense 20 5'-AATCCTCCCCCAGTTCACCC-3'
sense 20 5-GGGTGAACTGGGGGAGGATT-3'
scrambled 20 5'-ACACCCCAATTCTTCCGCCC-3'

ODNz} ZHA|9t 94714 9-S 4A18)0] Ao1%2 scrambled
ODNE GFHIx=dol|A] Aztslsiet. o] ODNE2 33} 5
Froll o] AREsll o 20°Cel] Baslic). Zh2ke) o
71492 Table 201 Ae]sigie}

3MESM &Y

NSCLC, SCLC A ZFol|A ODNS] A EE5A-S- eo}r 7]
A8l MTT assays 383190}, o] AL sfsp7] As) =
| 2X10° cell/mtS- 96 well platesl] 100 uiS- Y1 3454
okgie}. 02uM, 2uMe] PH] T2 9= ODN#H
lipofectamine mixtureZ- 7+ wellell 100 pur¥ HeiFaL 72417}
&3t 37°ColA] kst F 0.5 mg/mie] MTT(3-(4,5-dimethyl-
thiazol-2-y1)2,5-diphenyltetrazolium) 848 10 ¥ 231 34|
7+ &2t 37°C Wikl vkSA)R) F RS- A A sk
isopropanol 100uPd Y3l =<l §F UV spectrophotometer
(Pharmacia, USAYE- ]88} 562 nmell A &&=

4. bcl-2 QtE|MA ODN X2|

M EFE= 2% 10° cells/mlZ 6 well plateo|A] 10% RPMI
16400 2] | A 3124 woFsk3l RPMI 1640 FA w)A]
o} bcl-2 ¢FE]Al2 ODN(2 uM)#} lipofectamine(2 mg/ml)
£ 4ol AeollA 302 5 complexE BAFLES vk
AlZleh, AZE-2 784 wixl2 28 Held F ODN
mixtureE- 7} wellell Wo]F3L 8A17F E<}F 37°C, CO, W
I\ A wjekst F 7F well®] FBS®| %7} 5%7} H7
Fo L 487171 wi<kellErt.

5. Western blot

e AE A3 Al EE)] RIPA buffer(1XPBS, 1%
Nonidet P40, 0.5% sodium deoxycholate, 0.1% SDS, protease
inhibitor cocktail 20 pg/mlyE dolFe] A ZE lysis A2
o lysis®l Al EES Fobr 3087 4°Coll M wkxsk F
AE2)ste] 84 A extractE THET DAl EE
+ BCA protein assay kit(Pierce, USA)S Al&-3}ed A=k
3ldct). whilA extract 60 uge 12% polyacrylamide-sodium
dodecyl sulfate gel(SDS-PAGE)| 100 VE A7}¢i%53t &
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nitrocellulose transfer memebranesll 0.2 mA/cm’E 147k
E<t transferdt=}. MembraneS 5% skim milk/TTBS(I
mM Tris-HCl pH 7.5, 15 mM NaCl, 0.05% Tween-20)Z
1A17F E<} blocking®t ¥ 5% skim milk/TTBSel| bcl-2
mouse monoclonal antibody(Santa Cruze Biotechnology,
USAYS 1:2000°-2 3]A3t mixtureo] 4°Col|A] overnight

+ g}, Anti-mouse IgG-HRPE 147} 54t Al-2ojlA] ukg-

A7) F ECL kitZ ©)-£3}e] autoradiographyae}.
6. Apoptotic MZE ZH&t

ApoptosisZt deold HEF A7) Al 2 uM bel-2
kA2 ODNE 2], PBSE M133 F propidium iodide
(PDE 10 pg/miZ A28 §F FPPn|z o2 Fasic}

I & ot
1. Western blot

] A G EFo A Bel-2 shiAle] W RE
Westem blotS E3l] ol (Fig. 1). ¥] 24 EHNSCLO)
A EF¢) NCI-H226, SK-MES-1, NCI-H358, NCI-H522,
NCI-H12999} &AM E3HSCLC) M EF<9] NCI-H69, NCI-
H417, HCC-2108, SW2] Bcl-2 $hia o B2 oo}
H A3} NSCLC MEFE Fo| A NCI-H2263} SK-MES-
1, NCI-H129941 Bcl-2 =i e] 3 sE 7S gels)
%3 SCLC HEFEE F Bcl-2 o] wH=glo)
NSCLC M| ZFo|A Hx} SCLC M EF)A Bel-2 ThyA
LPA 7} o 24 JePdem NSCLC Al 23 e}
L2 squamous 5 zH= M EF9) large cellol| ARt
Bel-27} sl o2 ehdd

2. MIZEN

NSCLC M Z3~ SK-MES-1, NCI-H1299%} SCLC A%
Z NCI-H69, HCC-21088- Ael}ed bel-2 QFE] A2 ODNeJ
A ESAYEAE B]le] BolvhFig. 2). 2 A 7 N EF
2] W27 vlwsled bel-2 SRS ODNES A2t #
NME Alzbe] A del] wle} Al Ee] AJEgo] HoR)= 7

1 2 3 4 5 6 7 8 9

' «—Bcl-2

Fig. 1. Detection of Bcl-2 protein in human lung cancer cell lines by
western blot analysis. Lane 1; NCI-H226, 2; SK-MES-1, 3; NCI-H358,
4; NCI-H522, 5; NCI-H1299, 6; NCI-H69, 7; NCI-H417, 8; HCC-
2108, 9; SW2.
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Fig. 2. Cytotoxic effect of oligonucleotide on human lung cancer cell lines. Left Column; NSCLC, Right Column; SCLC.

<L E 2= 9)9dtd. NSCLC M EF3= SCLC M EF9} vl
Blo] Hks ) AEEo| oA Axr}t 24 @A
el ¥hm HCC-2108 A ZFo) M= t273H= 2}o] S B
dor} bel-2 FEJAIA ODNS A3t 2 Alool|A A7F
o] Agel] W W= & 4 ol

3. bcl-2 QtE}MIA ODN 2|

bel-2Z W s= NSCLC A £39) NCI-H12995 o] &
3led endogenousdtAl W= Bel-2 Y Ale] ofe] ZHa

A dotBr] Y3t bel-2 LEIAIZ2 ODNE A 2]3led
Hotoh 2 A3} Bel-2 xhyAe] ofo] 7hAgHe A 4
ek (Fig. 3). SCLC AIEF¢] HCC-2108, SW2, NCI-
H417N X% bel-2 QFEIAIZ ODNS #12]8153S = Bcl-2
Al eko] S o 5 UsiTh(Fig. 4).

4. Apoptosis 7T

Bel-2 A8 ke sl NSCLC A ZF-¢} SCLC AlE

<+«—— Bcl-2

Fig. 3. Western blot analysis of Bcl-2 protein in NCI-H1299 cell line
treated with antisense ODNSs. Lane_1; control, 2; antisense, 3; sense, 4;
scrambled.

¢ «——— Bcl-2

(@

®) |

(c) e i, wometnr . +—— Bcl-2

Fig. 4. Western blot analysis of Bcl-2 protein in SCLC cell line treated
with antisense ODNs. (a) HCC-2108, (b) NCI-H417, (c) SW2, Lane [;
control, 2; antisense, 3; sense, 4; scrambled.



Fig. 5. Intact cells show regular round form, whereas cells undergoing
apoptosis display blebbing of the nuclei (Left) and many fragments
around the apoptotic cells (Right). Non small cell lung cancer cells
(NCI-H1299) were treated with 2 pM bci-2 antisense, Propidium lodide,
X100 (Left), X200 (Right).

= BFA bel-2 FE]A A ODNE A2l8ldS o 2 oF
o] ZHAaFE ko] AxE ki 4 glgich 1¥ohd A
g M EFo| A dysregulated 2 ® cell deathES HA|3}=
Aoz 4#jx Bel-2 Walo| bel-2 gFE]AlA ONDA 2R
74381938 w kd apoptosis pathwayZ @} cell death
7F dofuii=A] #]I5E7] 918l NSCLC MlZ5¢] NCI-H1299
ol bcl-2 IEJIA ODNS AE|8t F apoptosis® -5
cell deaths #l& & ol W F 3z 99 ey
W3sE- alsr] $e PIEZ FA8ldcl 2 A2 Fig. 590
A Bz mpe} 7ol bel-2 FEJAlA ODNE A 2j3h Al Ee
Me 2 3o YejHQl M3, #3529 blebbinge] WAL
apoptosis’} doli}= AHE F9ol B2 fragment} Ho]
A& I 4 A

Iv. 1 &

AzFe] gy A fAA R v B3 9 24
of ME Aoz gAYt FAARL] 3E2 DNA-
RNA-TH 2] £0 2 o] oz}, o]t FAAHS] A
DI L ksl 71l o8 sl AP A A3}
&3 gl A2]3 homostasis’} F-A|F o}, wjebA] Eap AE
g uhyg o|-4-st Ao At Ak @ X8 W3t
7EAe wke AL kv g} 9k Al E9] homeostasis®)
Hsle] ofs] AY7)= AFEAQY AWOR wjAHAFA o ALt
gt AL F¥o| Awe] Wb 1l 213 %38k 7
A 73Sl d$HoR fAAES] A el st
FAAE AREQl il e] S AAIgheE A XREAE

PN 4 oleh. 7 HEA W ) st 4uA

e A FAVE ARSI 53 FAixke] AAKIQl mRNAS
target® 2. Tl S] AYA]-S AAJ3= A olvt. lejAl A B
A AMsle up-2 =4 synthetic FE]Al oligomer2}
expressed QFEJALA sequenceZ} -2 o]-E-F o] AT A
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R279) ohle gakxd 9 AR AdEE o
3] 2 synthetic QFE]AA oligomer7} ©]-8-F o] gt
HA 5L o] Ane £S5 53 GHE A
7}t 33ta o] WHallwe] gont X8Iy F 3¥teR
Aol gk Ao A7) 5o F2Ho2 FxES A
B FA)7} A2 M Annemarie 5, 1997). 125l
slol| &l X BuPH 22 cellular homeostasis) 213t A
2]8}# <l 7]}kl apoptosis (programmed cell death, PCD)

ol Ao} Z71ekE o AR PHEE apoptosise] 4

oA "o} 2AHE T gle}. ApoptosisE 2= A
A}2] genetic manipulations proliferations} cell death A}
ool M MES] W3lE #HE oA F-sHA g
Apoptotic pathwayol|A] L23%] HlEA4Q] regulator®A] bel-27F
3lt}. o] F3AR= PCDE QA|3k= antiapoptotic agent=-
Al A B2 A77F I Qlek(Patrick &, 1999).
FZ 44 F]E rlEelME weke] Abee] 1915 715
3lal glem fejvRkE A} ddgAte] o) Frleka
et A B2 X BAA A st a Ao dgk A
PAo] FEL sanel] Whgo] FEOIE ETIL F4
AL E FolsiTH Annemarie 5, 1997). ©]& SCLCA
drug transport®} activityel] HEE= AT} cell cycle
checkpoint controlell A 2HE-5 WHa-g- F33led o #|8}
Aol AIH w2 313 HolSo] U=A 9|9t X =4
Ho] Aele] £8 ZIMAFIA ke 2 il of o
T NSCLCS} SCLCell g b8 Ao shiza]
apoptosis inductiong YA 7= S B2 = o
2] Azt wAl 2] A3 02 apoptosis pathway2] regulator
Al bcl-2F WA E QFE]AlA ODNE o438l 1 33
€ €Y 4 o5 3P NSCLC9 SCLCY| AE-El|
A Wzl Bel-2 W] oS AlFsIH. AESA A
-2 SK-MES-1, NCI-H12992} NCI-H69, HCC-2108, 4712] A
EFE o]&sle] S W, T F NCI-H12997} 4]
Zrl wel ODNE AEshA] o2 a3 vugds o
T3 A4S 292 SK-MES-19} HCC-21082 ¥
o] ZRotet. AL o5 X5 ODNS A3}l 4842 ¥
o] 23 v uys o 7P Z HNEEAEE veplie A
©2 yehgr}l NSCLC MEF FollA NCLHI299Z o]
431 bel-2 QFElAl2 ODNS Hsls o 1 oke] 2}
A5 B 4 9192 SCLC MZEF<] HCC-2108, SW2,
NCI417| M= 1 oo 7hA4gRS- oF 4= ST} ol Ziegler
S(Annemarie 5, 1997)2} Aztel Zgtc}. Bel-2 wHElo]
7481535 o o) & QM EF7} apoptotic pathway s o}
2} cell death?} Lofd=x] #21sl7] $18ll propidium iodide=
DNA 94 312 o 3] efshy wispl fagos
% NSCLC+ SCLC E5F<llA Bcl-27} apoptosisE <A
e o3t A4S I AS I 4 e =3
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bcl-2 proto-oncogene®] QFElAlA ODNE 2] o 3
WA Bel-29] o4 ZA7t apoptosisE FE# 4 SUF
& HofFo] gfOF o] gle|Alx ODNe] AYA & d4t
Aol o]8d 5 & Fler 7idde

v &

1. NSCLC MEF Z<j4] NCI-H226% SK-MES-1,
NCI-H12999|4 Bel-2 ©jaleo] W == RS gls)s]
I, SCLC MEFE= 2% Bel-2 ©ao] == 78
o4 4 3+

2. NSCLC M ZZFj|A B} SCLC M EFA Bel-2
WA wEA w7} o] A Jeltl o, NSCLC MEFE
Bel-2 ©hliAl Whdef] gle] 1 M EF2] FeldhA gl B4
we} 2} o] 2 ¥y

3. NSCLC$} SCLC M| 23 Zol|4] SK-MES-1, NCI-H1299,
NCI-H69, HCC-210891 bcl-2 FEIAIA ODNS A2lalae
o) 2+ M| EFe] 273} v|aslke bel-2 gFEjAlAS ODN
< Aelgt FollA] A|zhe] A del mhe} A FAYSEo] Hof
A AS B sk

4. NSCLC A E51 NCI-H1299| bel-2 <t ODN&-
x2]gt ¥ apoptosis®. F+EF+= cell deathE Feldl 4
ATt

dAtel =2

1998 BAle) A1) ATFHE NPT AIS2 o]
o ZPAF= Y,
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