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Expression of the F H I T gene Located in Chromosome 3p14.2
in Human Lung Cancer Cell Lines
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Background : The 3p deletions has been shown to be the most frequent alteration in lung cancers, strongly
suggesting the presence of at least one tumor suppressor gene in this chromosomal region. However, no solid
candidate for the tumor suppressor gene(s) on 3p has as yet been identified. Recent attention has focused on a
candidate 3p14.2 tumor suppressor gene, FHJT, which is located in a.region that is homozygously deleted in
multiple tumor cell lines and disrupted by the hereditary renal cell carcinoma t(3;8) chromosomal translocation
breakpoint. FHIT also spans FRAS3B, the most common fragile sites in the human genome. In the present
study, we have analyzed expression of the FHIT gene in lung cancer cell lines.

Methods : RNA from 21 lung cancer cell lines (16 NSCLC, 5 SCLC) were extracted using standard proce-
dures. Random-primed, first strand cDNAs were synthesized from total RNA and PCR amplication of coding
exons 5 to 9 was performed. The RT-PCR products were electrophoresed in 1.5% ethidium bromide-stained
agarose gels.

Results : 12 of 21(57% ) lung cancer cell lines exhibited absent or aberrant FHIT expression [7 of 16(44%)
of non-small cell lung cancer and 5 of 5(100% ) of small cell lung cancer cell lines].

Conclusion : The result shows that abnormal transcription of the FHIT gene is common in human lung cancer
cell lines, especially in small cell lung cancer. (Tuberculosis and Respiratory Diseases 1998, 45 : 984-991)
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Chromosome 3p¢] deletiono] AA¥s|¢+e] 90%
olatol Al 1Ela HlAMEsEe] 80% ol el B
g, AgeNE s &8 JUehbe  genetic
alterationo|gks A& dg] @izl Apelt Y. E
§ hyperplasiat}t dysplasia §9} #Hd% carcino-
ma in situ$} Z-& W@t ©@Ale] 2719 ME chromo-
some 3p9] deletiono] # BFHE oz EA
QJutso. wakA o] $ixjel geiAlf-Azt EAY 7}
=Ao] uj$ Eohn AzEo] DARE old ¥ &
27} s Agsole s ok, ST Wizt
A= PP R FAAE] WEHA AL B, LS
ololAl 4 AAE FHHIAE Beka Y Aol

olgl¥ 1 oA AAE F HZ Ohta ol ¥
E3 3pla.2d A8 e FHIT #3474 &
2g um ok A%, 9, FARY 59 A8 T
o4 o] $1x]2) homozygous deletion®] »ag ut
Qlomi-19 Mg EA4 o] §8A7F human ge-
nome % &4l 7 kg & Z 3¢l FRA3B

fragile site'®9} 7154 AAZPOIA F AHE t
(3 ; 8)(pl4.2 ; p24) chromesemal translocation
¢} breakpoint& ¥ st 7] Witk (Fig. 1).
ololzte TzA B3 A dgelA 3pg allelic
loss7} B3] & wizz Uepdthe A FE3d,
AREL WY HNEFE dAes FHIT #3244
iy olte AtmEo 2 gAlREARMY ks
A& Friskazt stdot.
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A% tlae] ® sigt MEFE F 21702 A Ed]
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(Table 1). ©|& wj%¥sled total RNAE Eelsid
3, reverse transcription& Al33lo] single-
strand cDNA & $4331%t}. reverse transcription
& 5mM MgCl, 50mM KCl, 10mM Tris-HCl
(pH8.3), 10mM DTT, 5004M dNTP, 50ng/ uf
oligo-dT, 0.3 ug/u¢ random primers, RNase in-
hibitor(Perkin Elmer) 20U, MuLV reverse tran-
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Fig. 1. FHIT gene organization showing the position of the internal microsatellite markers,
the 3pl4.2 FRA3B and the t(3 ; 8) translocation break point. M, FHIT protein-cod-

ing exons ; [, untranslated exons.
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Table 1. RT-PCR analysis of FH/T transcript

Celllne  Typer  n0t09 Cell line Type ~ SXOnSloS
RT-PCR (459bp)® RT-PCR (459bp)

A549 ADC N NCI-H2009  LCC N
Calu-3 ADC N NCI-H2066  LCC N
NCI-HI57  SCC - NCI-H208  ADC N
NCI-H226  SCC - SK-MES-1  SCC -
NCl-H44l  ADC N SNU1327  ADC N&A
NCI-H460  LCC - NCI-HE9  SM N&A
NCI-H522  ADC N&A  NCL-H709  SM -
NCI-H596  ADSCC N NCI-H792  SM -
NCI-H1155  LCC N NCI-H841  SM -
NCI-H1299  non-SM - NCI-H865  SM -
NCI-H1785 ADC N

*ADC, adenocarcinoma ; SCC, squamous cell carcinoma ; LCC, large cell carcinoma ; ADSCC,
adenosquamous cell carcinoma ; non-SM, non-small cell carcinoma ; SM, small cell carcinoma
*N, normal-sized transcript ; -, absence of a RT-PCR product ; N &A normal- & abnormal-

sized transcript

scriptase(Perkin Elmer) 50U, RNA 1ug & %3
B F 2040 o] EFQAAN ANRHAUCT. o] YL
37°ColA 60837} incubationA|Z1E 94CoA] 5
A8l W& FAAFT. oA wrEold
single-strand ¢cDNA o] &) FH/T §42}9] exon
594] exon 99 #F3= coding region& ZE3
4 %l primerZ PCRE& A&ttt AMEE prim-
erv- F1(5' —GATCGGATCCGAGGACATGTC
GTTCAGATTTGGC — 3'), F2(5' — GATCGG
ATCCACATCTGTGTCACTGAAAGTAGAC —
3 )3t} PCR-2 reverse transcription product&
0ul 2 HFHAZIF, 2mM MgCl,, 50mM KCJ,
10mM Tris-HCl(pH8.3), 50:M dNTP, 0.8:M
each primer(F1, F2), AmpliTaq DNA polymer-
ase(Perkin Elmer) 1.25U7} X319 & 2540 o] &
ol o] BN 1 & 718} 94T 30,
62°C oM 30%, 72°CollA 4522 30 cycle® A8
39}, o] PCR product(459bp)E ethidium bro-
mide 2 F4 ¥ 1.5% agarose geld]A A7 A|A

Fig. 2.

12, 3 4506 =74

Detection of FHIT transcripts by RT-
PCR in lung cancer cell lines. The cell
lines analyzed are indicated above the
lanes with FHIT ¢DNA products in the
top panel and S-actin ¢cDNA products in
the lower panel, No product was ob-
served in NCI-H157 (lane 5) and NCI-
H841 (lane 7). Shortened band was seen
in NCI-H69 (lane 6). All cell lines exhib-
ited comparable RT-PCR products in the
control panel. The results were reproduci-

. ble for both FHIT and F-actin in three
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band & @A ¥4, FYF cDNAR Factin
o] ti§ PCR& X333} contol2A] Bl A
£% primer£ B1(5 —GAAATCGTGCGTGA
CATTAAG —3'), B2(5" —CTAGAAGCATTT
GCGGTGGA—-3 )4 o45E PCR producte&
511bpgict. PCR& annealing temperature 57°C
S|4 30 cycle® Akt

4 3

Sozzi B¢ AT 971 AE 244 exon 5904
exon 97}A1¢] transcript7} intact® A2 &=A
9l=!" A549 cell linee] band& A4 band 9 7|&
oz A%S w, & 214 Y AMEFF 12/4(57
%) MEZojX RT-PCR productd] ol4to] A=
k. &, A4 bandflo] B]A4A<Q] bandz} o]
22" NEF7E 37 YL, bandzt A BEHA
e MEF7L 974 UUrh control2 AWE 4
actind] ti§t RT-PCRoME RE AEFA B4
band7} B&ESIch 2H%A Yelo wet AHET,
BAAEAS AZFE 16705 770 (44% )14 ¥
A4¢l band7} ¥&=AY(27), band7t BEFA|
AtL(57)), 2AEAY AEFAME 571(100%)
2=oA HAA4AHQ band7t BIAEAT(IAM),
band7} #2==] gskct(471)(Table 1, Fig. 2).

@

FHIT A7} 3E¢ Hasle ot A8dA A
&8 ule} 2ol Ax, ¢, FARY T o F99
A o] $1x¢] homozygous deletiono] & HEZ
Hag v} Qlent=i9, of AP} 7 AMES
oA WASE t(3; 8)(pld.2 ; p24) chromosomal
translocation®] breakpointolx] #asi, tifo]
human genome 3 &4t 713 3okt 2 F sl
FRAS3B fragile site'®8 Z§3ta g)7jdgolc”
(Fig. 1).

FHIT §73A= chromosome 3pl4.2 $iX°] 3}
= o 1Mb A%< genomic DNA=ZA 10742
exono 2 A=Y len ol2%E 1.1kbe
mRNAJ} expression®c}'. 107§¢] exonFelAx
coding region2 exon 594 exon $7}X|Qld] o2
RE) Yase 16.8kDase] @¥EL  Schizosac-
charomyces pombe7t A¥sl=, diadenosine 5,
5’ -P,P.-tetraphosphat.: (Ap,A)E& ATP%
AMPZz B#8le #4¢9., ApA asymmetrical
hydrolase®} 69% ¢ similerity & Hele Zog ¥
ACHY.

2. diadenosine triphosphate hydrolase activity
g 7hxla lem!®, histidine triad (HIT) gene
familyo] 4:38}7] wj&o] Fragile histidine Triad
gene?) kX2 FHIT gene )2} W3 =AU

FHIT ©jdo] ARz AXuolA] ojud 7158
s=Ad dEME B4 a7 I ol
diadenosine tirle] BAY Holgs F3& ¥ T
9l= Axo|t}. o]a]§ dinucleotide oligophosphate
metabolism3} tumorigenesiste] FAAHL FAA|
§32} ZAME FHIT $3A00M ALz AAE
Aol # 4 o v FHE W ot

2 Apeja AS¥ PCR primers coding re-
giond] #@3H= exon 5914 exon 97HE FEY
& QEd Adgdct. A AEFE ez 94
MEHAY FHIT §34 o] 2& X dg
RT-PCR Z#¢} & 47 Z3E He|s| 29 Table
29} 224, sample sized] Tk to|7t ABAT
M2 gold g Hola QT ¥, BN L)
9 AlZFe] A9 sample size7t FiH o= A Al
AT7& 29, Yanagisawa T ATXE %
29% A, B AFNAE o 44%A vIFFAEY
band7} ¥EEAY band’} VIEA P& ¥,
Fong 529 dFdME 90% oldelA ojid 3
o] AT

2N EHY A EFoME Yanagisawa T2 B
18 1Y 0% 2 & a7 & xelg Rolx 3o
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Table 2. Expression of cDNA transcripts by exons 5 to 9 RT-PCR ( Comparison of current se-

ries with those of others)

Yanagisawa van den Berg

Sozzi et al. Fong et al. Current
et al. et al.

NSCLC cell lines n=1 n=24 n=2 n=31 n=16
wt?® expression 100% 71% 100% 87% 69%
aberrant bands 0% 29% 0% 290% 44%

or no band

SCLC cell lines n=3 n=17 n=12 n=26 n=5
wt expression 67% 100% 100% 100% 20%
aberrant bands 33% 0% 33% 296% 100%

or no band
*wt, wild type

B}, van den Berg 5% HFo|AE 33% oA,
Fong % 9] AT 96% oo, 1am &
HEANE 100% M ¥ H4HA bandz} Ba= A
U band7} #2Ex) g9irt. $¥ O ] Ao
< ZF JYNAd 2 2HEHY A EFoA O e
Wiz olgjdt Aol BaE WA, Yanagisawa &
00 AT HIAM AL MEFGA O L W
=2 BFFoA ol9le] dxE Holm Qi)

7HA Enl2e HL Sozzi $'°, Yanagisawa
T A7 ojF WHY ATSIME(E I7s
ZHA) HPAAE bandrt BRE A9 wild
type band7} Zo] #2=rh= AR oI}, Sozzi B
2 A 2T o]HF Hito] BASEE o=
A% =39 23 contamination WEY Aolglz
AUAAT o]F ] HHoA HY NEZGME 2
< @l dFHe] Rugm gl AHolo). o)zjs &

€ HAYHY FAARAANME Jdsls] oz
ol & = YA oFF 2 ojujo] N E dm
A 2 deolct. & 744] 714 aberrant tran-
script7} coding3lil Q= whulAo) dominant-neg-
ativedt o2 283 S 9lA] 9ker} sh= A
ob3 1 2A& fle Aol

¥ A7 25 eoks BY, FHIT fazte) wad

ofde A, 53 AT L W BB
Hew, ol FHIT $A47t H wad] QlojA
TRT FAARARY Aol JHE shnyEe
azdolzt ¥4E). s wet Ao e 1 g
T qTE 7] AsME wild-type FHIT §3
A& FHIT-negative lung cancer cell lined] o]¢]
3 B R 22, FHIT @939 tigh function-
al study”} Hujelol @ Roz Mztgc).

2 o

ATEHA

AEe TR o] F%olA 3pe allelic loss7} o
+ &3P #FEE A de g ARdolc). o
24 o] ool FARAHA EAY FHeAo] B}
i BZE o] AARE oo i3 A7) WA A
Yo Aok AT BAAAE 2Y En fARS
ol A AL B, FAY YIAGHAE FISHY
Zle R3L Sl YAolch. FHIT (Fragile Histi-
dine Triad) f8ah= A2 FEg W1 &= &y
G FAA2A 3plaze] YXsm Yoo A,
A, FARY 59 o) FYNA o] $x]9] homozy-
gous deletiono] R v} Ut} NE BAA o] &
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AzR= human genome % &40l 71 Rt X
2z #h}Ql FRA3B fragile sites} AAI¥olA] 2
wAS= t(3;8) chromosomal translocationg]
breakpoint & ¥§3tn Yot o)HF F2AH EA7
7 w4 3pl allelic loss7} B3] £ N2
UehdtheE Ao FE3, A4 g AEFE
ez FHIT fAe] 3 o4& AHEo2M
gl fAx 2z A 9 7S WrlskA) B

-

Z 217 AEF(MAMEHAY 16, 2AEL 1 5)
& ul%3led RNAE Eel8i%l1, reverse tran-
scriptiong& Al8)3lo] single-strand cDNAE 4
9. ol¥ FHIT #7=e] exon 594 exon 9
o] #|9s= coding regiong PCRE FE3}9rl.
o] PCR product& ethidium bromide2 g% 1.
5% agarose geldlA A714FA1Z] ¥ bandE #F
ahsict.

2 n:

Z 2170 9t MEFF 127(57%) MEFAA
B HAAQ band7l #FEAY(37)), band7} BZF
A FATH(9AR).

1670¢] wAM AL NERZ 7T7H(44%) A ¥l
A3#3<l band’} BEEAUY(27), band7} BES
2] 4B A).

5712] AAEHL MEFAME 571(100%) =5
o4 ¥lA442<] band7} BESEAY(171), band7}
FEHA skt (47)).

# B

ol2j¥t Al AV o, FHIT #3xe] 24 ol
& B¢, B3 SAEHUAN B RS #FHAU
o, ol FHIT %A} #gt A YoM F8
T S AL Roleks Mg sk &7
o} Mztgr}.
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