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Activation of NF-4B in Lung Cancer Cell Lines in Basal and
TNF-a Stimulated States
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Sung Koo Han, M.D.", Young-Soo Shim, M.D."’, and Young Whan Kim, M.D.'?
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Seoul National University College of Medicine, Seoul, Korea

Background : The NF-4B transcription factors control various biological processes including the immune
response, acute phase reaction and cell cycle regulation. NF-4B complexes are retained in the cytoplasm in the
basal state and various stimuli cause a translocation of the NF-#B complexes into the nucleus where they bind
to the B elements and regulate the transcription of the target genes. Recent reports also suggest that NF-«B
proteins are involved in oncogenesis, tumor growth and metastasis. High expression of NF-«B expression was
reported in many cancer cell lines and tissues. The constitutive activation of NF-«B was also reported in sever-
al cancer cell lines supporting its role in cancer development and survival. The anti-apoptotic action of NF-«B
is important for cancer survival. NF-«B also controls the expression of several proteins that are important for
cellular adhesion (ICAM-1, VCAM-1) suggesting a role in cancer metastasis. In lung cancer, high expression
levels of the NF-«B subunit p50 and c-Rel were reported. In fact, high expression does not mean a high
activity, and the activation pattern of NF-«B in lung cancer has not been reported.

Methods : In this study, the NF-4B nuclear binding activity in the basal and TNF-e stimulated states were ex-
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amined in various lung cancer cell lines and compared with the normal bronchial epithelial cell line. Twelve
tung cancer cell lines including the non-small cell and small cell lung cancer cell lines (A549, NCI-H358, NCI-
H441, NCI-H522, NCI-H2009, NCI-H460, NCI-H1229, NCI-H1703, NCI-H157, NCI-H187, NCI-H417, NCI-
H526) and BEAS-2B bronchial epithelial cell line were used. To evaluate the NF-4B expression and DNA
binding activity, western blot analysis and an electrophoretic mobility shift assay with the nuclear protein ex-
tracts.

Results : The basal expressions of the p65 and p50 subunits were observed in the BEAS-2B cell line and all
lung cancer cell lines except for NCI-H358 and NCI-H460. The expression levels of p65 and pb0 were in-
creased 30 minutes after stimulation with TNF-@ in BEAS-2B and in 10 lung cancer cell lines. In the NCI-
H358 and NCI-H460 cell lines, p65 expression was not observed in the basal and stimulated states and the two
pb0 related protein levels were higher after stimulation with TNF-a These new proteins were smaller than p50
and are thought to be variants of p50. In the basal state, NF-xB was nearly activated in the BEAS-2B and all
lung cancer cell lines. The DNA binding activity of the NF-«B complexes was markedly higher after stimula-
tion with TNF-a In the BEAS-2B and all lung cancer cell lines except for NCI-H358 and NCI-H460, the
activated NF-#B complex was a p65/p50 heterodimer. In the NCI-H358 and NCI-H460 lung cancer cell lines,
the NF-#B complex was variant of a p50/p50 homodimer.

Conclusion : The NF-«B activation pattern in the lung cancer cell lines and the normal bronchial epithelial cell
lines was similar except for the activation of a variant of the p50/p50 homodimer in some lung cancer cell
lines. (Tuberculosis and Respiratory Diseases 2002, 52 : 485-496)
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AxFE A4 wY ATFE 1239 7182 4942
9] BEAS-2B& AMg3ldth A #Ag AlEF F
5 F& MgtoZA AbB49, NCI-H358, NCI-H441,
NCI-H522, NCI-H20097} o]l si33ldr}. thM X
oto @ NCI-H460, NCI-H1299 H#JujM¥st
NCI-H1703, A¥HhA49H 2 NCI-H157, AAIE
¢tZ=& NCI-H187, NCI-H417, NCI-H526 & A&
3ttt BEAS-2B+ Keratinocyte-SFM (GIBCO
-BRL, Gaithersburg, MD) media &, ©& AHEF
= 10 % fetal bovine serum, penicillin(100 U/
mal), streptomycin(100 wg/mi)o] & RPMI 1640
(GIBCO-BRL, Gaithersburg, MD) media & o]&
& 100 mm tissue culture dishollAl 3756 C, 5%
COz A w3l

2. HIZEF X5
Z} | £5-& TNF-a(bng/ml) 2 A538t50h. 242e)

ATFAA 714 st A3 308 F o BuAg
F2s90.

3. 8 Ty =g

B3 A EE PBSE A3 ¥ 10 mM Tris HCI
(pH 7.9), 60 mM KCl, 1 mM EDTA, 1 mM DTT
& ¥ 33 cytoplasmic extraction buffer (CEB)
2 587t Heldle] HEIHA AT o] F Al 0.4
9% NP 40/CEB/protease inhibitor cocktail(50 ug
/ml antipain, 40 wg/ml bestatin, 100 gg/ml
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chymostatin, 4 t¢g/ml E-64, 1 zg/ml leupeptin, 1
#/ml pepstatin, 20 #g/ml phosphoramidon, 0.4
mg,/ml Pefabloc SC, 0.2 mg/ml EDTA, 2 sg/ml
aprotinin, 0.5 mM phenylmethylsulfonyl fluo-
ride) & 58 Xzldle] METS FeljAlAch F3
M| ¥ rubber policemano@ BT aEA #ol 2500
rpmo A 5E 7t 94 Felde] 8 R AAES
Faldo} -/ ¥ T2 2500 rpmollA] 545 7}
44 Eelsld JHAES Heloh A¥EL CEBZ
A Hg . protease inhibitor 2} nuclear extraction
buffer(NEB) & *{2jsle] #=-& §sjA1Zth. NEB
< 20mM Tris-HCI(pH 7.9), 04 M NaCl, 1.5
mM MgCl,, 1.5 mM EDTA, 1 mM DTT, 25%
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NEBE& Azlst & JdES A £52 vortexing
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T AalEe s o giE S ¥E3 AbsdE
3] snap frozen ¥ -70°Co B@sldc
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4. Western Blot
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o]EA1Z . Membraneg 5% skim milk-PBS/0.1
% Tween 2002 1A17F 5¢ Aelste] v|5o) AF
£ ZFEAIZHT. Rabbit polyclonal anti-p65 anti-
body$} rabbit polyclonal anti-p50 antibody & 7z}
zt 1:20009] =& 5% skim milk-PBS/0.1%
Tween 2022 3]4]3le] membrane s} A-&ofjA] 1t
A ¥ReAAY.  Membrane® 1XPBS/0.1%
Tween 202.2 3z A&3d & HRP conjugated
E+ AP-conjugated secondary antibodyE 5%
skim milk-PBS/0.1% Tween 20232 1:50000.2
&4sle] membrane® 1A)1ZF Fo WRgA|HT)
Membraneg 1 XPBS/0.1% Tween 202.2 3=}
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5. Electrophoretic Mobility Shift Assay (EMSA)
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t}. Binding buffer(4% glycerol, 1 mM MgCl,, 0.
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mM Tris-HCl (pH 7.5), poly(dl-dC) " poly(dI-
dCh)el 104mge] & whiEu NF-4B  oligonu-
cleotide (50,000-200,000 cpm)E Wo] AR2o|A]
2027 §REAIFATE AARRS-E sl M £
HDart Bago] 9la] k& NF-«B oligonucleotide
£ o]&3}o] binding bufferollA] 587} whe-A)ct,
Supershift assay & $3ld NF-«B oligonucleotide
o o TS Aol A 2087t ¥Rg-A171 o)) anti
-p65 antibody ¥+ anti-p50 antibody & o] A
2ol 4587+ vkgA1ATh DNA -protein complex
& 4% nondenaturing polyacrylamide gel (80 :

1 acrylamide @ bisacrylamide)o|A dZA]T)
Gel& 3 o -70ColA 27pdAbs B g =3
3ot

2
1. 71X AteHe} TNF-o2 X3 Al NF-«B 2| #uf Wil

717 Adee] @ wld 2244 NCI-H3583)
NCI-H460& A &3t =& #H A EFe} BEAS-2B
oAl p65 B pb0o] BAHYL. TNF-a2 2} A
BEAS-2B 3! th-29] #¢ MEFNA p652t ps0
o] Wio] ZrlsINtHFig. 1. A and B).
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Fig. 1. Expression of the NF-£B subunits in the nuclear protein extracts of various lung cancer

cell lines.

NCI-H3583 NCI-H460 F AZF= o AlXE
Fobe AolE B & 714 dHl £ TNF-a2 A
Al p66e] HdEE WFE F UL(Fig. 1A)
TNF-a2 A= Al p50Rct EAlFe] & ¢ F &
o] Yol F71ElAc). o] YEL H7)7 e
2719 gidz FAEY YA 7 TiF Lz Al E

FolA Aol ZL Yoz WHHHUC. Anti-p50 an-
tibodyell €J&] A& o] @¥dL p50e] ¥PA 3
B2 B4k (Fig. 1B). o|4e] A=z 4 7|
2 Al e} dj o] H{gM oA 71A Ade
2} TNF-a2 A= A| NF-xB 23 <ol #jel7} ¢l
28 ¢ & A
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Fig. 2. DNA binding activity of the NF-«¥B complexes in various lung cancer cell lines.

EFA 7]A AEiel NF-«Be @43= wzs]
7] ¢¥ekh. TNF-a2 #1532 @ BEAS-2B¢} &
= #oF M| EFN A 4B oligonucleotideol] wjdt A g
ol F7hsle] 848E S & 5 AUt Supershift

g Zse

— 490 —



— Activation of NF-«B in lung cancer cell lines in basal —

A NCI- NCI- NCI-

A549 H358 H460 H522

B T B T B T B T

p50/p65 ; “
p50/p50 ;

NS % o o -

T
NCI-H358(T)

NCI-
H358

Cold+TNF-o.
Antip85+TNF-a.
Antip50+TNF-o.

B T

)

Supershift

p50/p50

Fig. 3. Activation of a variant of the p50/p50 homodimer in the NCI-H358 and NCI- H460 lung
cancer cell lines.
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assay & ©| &3l NF-«B subunit& #4380 & of,
BEAS-2B&} AMS-EH thF-ie] HY MEFo M=
anti-p65 antibody % anti-p50 antibodyol ths}
shifts]o] 48k NF-4B  E847F pb0/p6s
heterodimer 98- #1& 4= AUt (Fig. 2A, B and
C, Fig. 3A). NCI-H3583} NCI-H460 Al EFcl|A
48" NF-«BEF= anti-p50 antibobyol o]
S| ARE supershift =91t} o] NF-«BEgl= ps0
/pb0 homodimer Bt} 97} =717} 2H& 9]0 A 7
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39 NEFAME pb0F pe5e] LHE AAY ¢
AL 71 Ao 2ol HE MEF} & o] & Ho)
2 kol AY MEFe FA AwA] A £
NF-¢Be] walof Qo] & Aoj7} g8 ¢ F U3l
tt. Mukhopadhyay 59 Ao Ae tjzao 2 A}

23198l 7]#x] A A 391 normal bronchial epi-
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o p50e] Wdo] Frislo] Q= 54 1§ At
de oz Y= 7PsA e A w23t
BARlAlel ofFt @ v Fo‘ J8 AT o A
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0] lor} 9A] BEAS-2B Al %9 a‘éﬂ +g F
of 81 Y 7hed g WA 4= glvt
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X&) Aifels Aol Hol= Ado g A7 Algd
Ht Al EFe] BT Jolre #4He NF-«B9)
dske 483 %2 Aoz #Adhdrh Mukho-
padhyay -l #HgtellA] p50e] Zpigle] B2y
7l siglot & AdlA 714 AdelellA NF-«B <)
2438 BEH F glo] AWM mpdd" psool
inhibitor proteindl <J3] MEA W 8= o} 21& 7}
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NF-4B+ &% 259 {4 A sk 7|dY ¢ e
v e ps09] A diside A7t "ast
oh B AqlA NF-«Bol 8431 il oMz
B 718A A AlEFe) zlolg Holx| kst
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FrpAE e fRAte] dAkg FHsle] YAEE
E42 A4T BHEE HNE e 2 EF
AA= NF-«B9] DNA ZA¥5oll= W3} glowA
NF-¢B2] fda} #AL B zlo]& BIth= Bu
& QQo1#® 71#R] Adu] MEF} A M 2R 7o)
NF-¢Bo] &4 %] xfol7} glot @xE -+ ¢l
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oz U4 Alo|EFRIONG o|F tiFEe MEE
TNF-aol 93t olEZEA| 20 HFlo] = Ao
g Al TNF-a71 Al 2 olEXEA|A Al1d
& 49E ¥l ohel NF-«BE 843/ 7k A
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H4609 4= o}2 Al Zehe U8 s 23Xt &
TNF-a2 25 Al p50/p652] 84317 dolutz] &
I A4 pb0 Hrh= Exge] 2 F je] T Ee]
o] Z7hE i) o] ¥ Ae ps0 antibodyel <
8 AZ=o] ph0e WHEHE ez YA A}
o] T}E 2709 WAL Z A ZFM &5 Al A
o] ko WU, EMSA & o] 43 #4431 4
FHo| % kB oligonucleotideo] th3t 7 A3tsg
R anti-ps0 antibodyl ¢l&f shift& Rl
NF-4B & homo- %+ heterodimer& ¥43sh= u}
FHog Uy Tl whdo] EFAE olFUS
7hsAdol =1 o= WEE pb0/ps0 homodimer 2
A zyd,

NF-«B2] B34 F pb0/pb5e HAL 843} 7%
o] sl o] FAHRL AAE FHIE OB
U2 A Jom NF-«Be] §-olxZEA| X 2pgo]
3 AT= ps0/pbbE& TALE o] FojHTH B %, o
o] ¥ksled p50/p50 homodimere] &l thafr=
olf & urEA Al ¢t gl ulEZs NF-«4B
familye] 57Fx @¥3 & c-Rel, RelB, p65
(RelA )+ long transactivation domaing 7}4]iL
o] ol8 ¥Fe B HA 843 viwe] B
3} Wbd p503 ph2+= L C-terminalg 7PAaL 9l

o dukoz HAL 843 750 gith*¥. p50/
p50 homodimerE «B motif & 7R e ¥ &
Azl disia] HAF 43 7o) BaEYgons
g EEe Az 843 V)F0] fla dRAE oE
NF-«Be] 84318 Adsld @3sle] WAL A4 24
£ & Aoz BT’ & dpdA AdE £
ZEFo] 2H ps0/ps0 HEAE 45 Frdxte] oA
L} 84358 58] TNF-ool U3t ol ZZEA| A A
ol 7172 A8 7ol oy A 98
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p50/p50 homodimer?] A3} 7]Ao] dajd&=
F 83 A UA ko pb0S 1 HTEHR] pl0s7t
proteasomedA] processingg& A wHES|A AU
p105¢} Zo] cotranslation¥o] THEOAE Heg
g A o B dtalA Fld e AL nfkb
1 faxe EAdold o3 A& ¢% UL splic-
ingell oJ&l wEoIHAY proteasomed|Al9] pro-
cessing T4 Fofl RBHUE 7FsA= UTh nfkb
1 §#4=}e] C-termial coding region® alternate
splicing®] ¢J&l pl1057} obd pbO precursor
isoform p84NF-kappa B1l, p98NF-kappa Bl %
o] XuH w} UAR¥® Maxwell 5-& vjAMES AE
ZFol| A exon 63 7o) gl spliced pbHE Hilste]
Y] oA el A o] H3he s uh ok £ A5t
A 735 DNA ZAEsg 29 H3d ps0-2 A4
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243 BAzhs e %L o= gudn). =3
AR FHY A EF A 2 AF0 2 BAsE NF-«
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FRY e ke Aoz oBlgn Uk E=F
ICAM-1, VCAM-1 & Alx FE49] 9 o
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oAl NF-4B2] 98l &3 A7E B4 4L A=
Y 22 B A Al2FolA p503} c-Rele) ahat
dol Hug wb Qlo. ey} NF-«Be] 3230
NF-«Bo 43S oulsh= AL ohiyn 7=
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