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Genetic Alteration of Tumor Suppressor Gene and Microsatellite in
Nonsmall Cell Lung Cancer

Tae Rim Shin, M.D.!, Young-Sook Hong, phD.”*, Jhingook Kim, M.D.},
Jung Hyun Chang'’, M.D.

Department of Internal Medicine', Biochemistry® and Medical Research Center’,
College of Medicine, Ewha Womans University, Seoud, Korea
Department of Thoracic and Cardiovascudar Surgery®,

College of Medicine, Sungkyurnk wan University, Seoul, Korea

Background : Lung carcinogenesis is a multistage process involving alterations in multiple genes and diverse
pathway. Mutational activation of oncogenes and inactivation of tumor suppressor genes, and subsequent in-
creased genetic instability are the major genetic events. The p53 gene and FHIT gene as tumor suppressor
genes contribute to the pathogenesis of lung cancer, evidenced by mutation, microsatellite instabiity(MI) and
loss of heterozygosity(LOH).

Methods : We analysed genetic mutations of p53 and FHIT gene in 29 surgical specimens of nonsmall cell
lung cancer using PCR-single strand conformation polymorphism, DNA sequencing and RT-PCR. MI and
LOH were analyzed in locl of D351285, D9S171, and TP53.

Results ! In 2 cases, point mutation of p53 gene was observed on exon 5. MI of 3 times and LOH of 14 times
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were observed in at least one locus. In terms of the location of microsatellite, D351285 as a marker of FHIT

was observed in 5 cases out of 26 specimens; D9S171 as a marker of pl6 in 5 out of 17; and TP53 as a mark-

er of p53 in 7 out of 27. In view of histologic type, squamous cell carcinoma presented higher frequency of

microsatellite alteration, compared to others. Mutation of FHIT gene was observed in 11 cases and 6 cases of

those were point mutation as a silent substitution on exon 8. FHIT mRNA expression exhibited deletion on

exon 6 10 9 in 4 cases among 15 specimens, presenting beta-actin normally.

Conclusion : Our results show comparable frequency of genetic alteration in nonsmall cell lung cancer to previ-

ous studies of Western countries. Microsatellite analysis might have a role as a tumor marker especially in

squamous cell carcinoma. Understanding molecular abnormalities involved in the pathogenesis could potentially

lead to prevention, earlier diagnosis and the development of novel investigational approaches to the treatment

of Jung cancer. (Tuberculosis and Respiratory Diseases 2000, 49 ; 453-465)

Key words : P53, FHIT, Nonsmall cell lung cancer, Microsatellite instability, Loss of heterozygosity.
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BEAA Y, #Wrl= TNM 2HAA £t

BE 232 4ZF 4] -70C Bt
2% 9
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AgzA 0 FARAE 2 AGRA B, $4FEY
(50mM Tris, pH 8.5, ImM EDTA, 0.5% Tween
20, 200ug/mé proteinase K)& 50-100u¢ g0}
Al B5CoA WAESE WAl T, 100°CelA
15% Fet 71dste BEgAsAZT. o F 948
sto] A2l 5uf € PCR(polymerized chain reac-
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Table 1. Primer sequences of p53 gene exon

Exon Primer sequence (5'—~ >3’} PCR product size
5 S CTCTTCCCTACAGTACTCCCCTGC 211bp
AS GCCCCAGCTGCTCACCATCGCTA
6 S GATTGCTCTTAGGTCTGGCCCCTC 185bp
AS GGCCACTGACAACCACCCTTAACC
; S GTGTTGTCTCCTAGGTTGGCTCTG | 139bp
AS CAAGTGGCTCCTGACCTGGAGTC
g S ACCTGATTTCCTTACTGCCTCTTGC 200bp
AS GTCCTGCTTGCTTACCTCGCTTAGT

S ; sense, AS ; antisense

2) p53 PCR-SSCPet A7 iMed 2N

PCR primery= Clontech(Palo Alto, Califonia, U.
S.ADNA AAG @rIMDE Qeste] Akt
(Table 1). PCR& template DNA 100ng, 1X
PCR €59(10 mM Tris-HCI pH 8.3 at 25°C ;

50 mM KCl ; 1.5 mM MgCl,), 0.5 unit Taq poly-
merase® (Takara Shuzo Corp., Shiga, Japan), 2.
5uM(e-*P) dCTP, 0.2p¢M2] 72+ exond up-
stream % downstream primerE &% dhg 23
25u8 7Y FA £33 £ GeneAmp PCR System
9600(Perkin Elmer Corp., Norwalk, U.S.A.) & A}
Bate] uhgAlZATh. whezAe 94 oA 58 E9t
A AIF15L 94°C o)A 187} denaturation B4, 65C
oAl 181t annealing @A, 72°ColA 187t ex-
tension BAIE F712 sjof 353 WHEAlG A2 %,
F7MZ T2°ColM T8 E9 extension ¥RE-L B
th. PCR AHE 244 9 loading dye (95% forma-
mide, 20mM EDTA, 0.25% bromophenol blue, 0.
25% xylene cyanol) 2ul & F7Fste} 100°CoA
S5EF WAA F Ae] B Yol weAhEE
glatdch, oAl ujel TBE(44.5 mM Tris-bo-
rate ; 44.5 mM boric acid ; 1 mM EDTAYE 10%
acrylamide £-9& 41& ¥ 0.45/m filter& A}2-3}
of ojgk th& 10% ammonium persulfate 4004

2} TEMED 4040 & ol gel& 9HE ¥, Heldh 4

EE 1wl 2 HHste] 4CoA 30WE 3~44AI7
5

paper’gollAl gel& FH}. 1 vhg X-ray film
(Fuji Photo Film Co. Ltd, Tokyo, Japan)¢l] 84
B =F3AR) F St SSCPAA o)
7} dojd band F-99] gel & Zofljo} 204 H@g

25

>,
o fr 1

glate] A5 & 10uf & FHslo $io} e
2 5948 A ¥ PCRE A3y
PCR A& Jetsorb gel extraction kit Ale}
(GENOMED GmbH, Oeynhausen, Germany) .2
gAske] 7MY ¥H-E AlHT

@71ME 2R Sangers9 W22 PCReA
¢l ZUgt primerZ ARE3ld Sequenase PCR
product sequencing kit(Amersham Life Science,
Cleveland, US.A.)E o]&8ta BAIG FIEE9
F7IMEE AR

3) olgM™etMAtAl{loss of heterozygosity | LOH)
o 249N oM (microsatellite instabili-
ty 1 M) 24

e

(;

=

OHE 22457 98 ¥4 (marker)2 FHIT &

Z2-94 primer
HE2(3pl4) o 94+ D3S1285%, CDKNZ &

Azy 5
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Table 2. Primer sequences of FHIT gene exon

Exon Primer sequence (5’ — >3") product size

5 S ATGGCATCCTCTCTGCAA 302bp
AS TTCATTTGGCTGGTTAGG

6 S GGTCCGAGAGGATTCAAT 313bp
AS TATCAGGAGGAGCAAGCC

. S TGGTCCCCATGAGAATACTA 304bp
AS TTACGGCTCTAACACTGAGG

g S GGAGTAATTGGGCTTCAT 226bp
AS AGGTTGATGTCATCCCAC

9 S TTCAAGGAGATCCCAAGG 238bp
AS TGTGCATCCCCATTCTGA

S ; sense, AS ; antisense

A7 22(9p21) el & DISITLE, pb3 #-4A B
2(17p13)l TP53& Meate] ARgsldct. Prim-
ery- Bioneer(Bioneer Corp. Chung Won Gun,

Korea) oA g3ttt

& F294 ¥4

PCR& template DNA, 1X PCR €439 (10 mM
Tris-HCI pH 8.3 at 25°C ; 50 mM KCl; 1.5 mM
MgCly), 1 unit Tag polymerase® (Takara Shuzo
Corp., Shiga, Japan), 20 mM Z} dNTP, 7} a3}
= 10 pmol¥] sense P antisense primerZ HE
¥he 53 504 7} =7 93 & GeneAmp PCR
System 9600 (Perkin Elmer Corp., Norwalk, U.
S.A)E ARt REgAIZTE WheREL 94T
32 B¢ HAAZI 94°ColA 182t denaturation
oA, 4 922 25oA 187t annealing A,
72°Col4 187t extension ©AIE F7z 8o 35
W Al Al B 72°C oA 7EEQH extension
wes kg AlZoh. 8%  non-denaturing
acrylamide geld] PCR 4HE 104 & A5k
250VZE 15417 B¢ AV]Ydss &, 2980z
Aste] band & £

4) FHIT exon-E0[x| PCR HKZ0j ot 2441 &

FHIT §-A7le] exon 5-99) tisl] Druck $of uly'
© 2 primer$ o]&3led (Table 2) PCRE 33t
PCR 2MHE& 4T 30W=E 3-4AIHES #Ar7[9%3
3, &dMor WAA bandE #F3lgct. PCR-
SSCPollM band& ZAE 4 ¢i& Wi ERCC 1
f3xke) exon 4(5-CAGAGGGGCAATCCCGT-
ACT-3'9} 5'-GCAGAGCTCATGAG-GAAC-3;
118 bp) primers} &7 PCRE thA] Ajgsiaint.
Exon 99 A$+= F-globin(5’-CAACTTCAGTT-
CACC-3¢9 5-GAAGAGCCAAGGACAGGT-
AC-3)% A3l PCRE 3l¢th. PCR & 94°¢C
AA 30%&, 57CNA 30&, 72CAAN 18E& F7]
2 30W AJasidc). SSCP Az Holz
bandel & bande Zehjjol Sequenase PCR
product sequencing kit( Amersham Life Science,
Cleveland, U.S.A.)& A3l @7IMY WS A
Jate] sl oF & Feleirt.

5) RT-PCRoi| 25t TAH| W3} B

Gilliland £9] 9 '4g 2-2.8o] reverse transcrip-
tion system (Promega™, Madison Corp., U.S.A.)
& AM8ste] RT-PCR S A)8)stct. 10mM Tris-
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HCl(pH 8.8), 50mM KCl, 0.1% Triton X-100,
5mM MgCl,, Zt 1mMdNTP, 20units RNase inhib-
itor, 15units AMV 9 #HA} 524, 0.5 oligo(dT)s,
1pg total RNAVE 234 204 898 308 F<t
42°CollA vkeAlA Bl DNA(cDNA)E A8t
95°CAX B 71aste) AL AAE WMEGAR
H, o] cDNA Z¥ 2u0 & HF K97} 30ud 7} 5
=2 PCR master mixE 3#r}stgity. FHIT 82
9] exon 5~6%& Ax ¢+ primerZ Plf/1r
(sense : 5’ - GAGAAAGAAGGTATCCTAGG -
3 ; antisense | 5 - TGAGAGAGGTCCCATGA-
AA-3)E, exon 6~99] ZA 9l primerE P2f/
r (sense:5’-ATGGGACCTCTCTCACCTTT-3 ;
antisense : 5 -GCGGTCTTCAAACTGGTTGG -
3)& AHE3ISTh. PCR 94Tl 14, 50°CollA
18, 72°CoAM 289 F72 333 WE Alssii
72°ColA TEE AFAFAE RNA of ik Ui
2T AR Facting ARRstYon, PCR ¥Hg
AHE-& 1.5% agarose gelol #7199%8ke] ethi-
dium bromide &2 @43% UVslor] #atsiict.

Z+ ZZ5 DNA AHE-2 P1f/ir3} P2f/2r W59
¥ primer (81, 5-GA GGACTCCGAAGAG-
GTAGC-3'3 S2r, 5-GCAATAGCTCTTTTGC-
TG-3)2 7}2 1 Sequenase PCR product se-
quencing kit (Amersham Life Science, Cleve-
land, US.A)E ARE8te] 4% 7lete] Q74

w3
3 =
1. o Bixfel S

o] A B¥E ) 269, ozt 3Helgln, 3
T AHE 61.719.041(34-804)) oi%lth. =
Bl whebds BEAEge] 169, Xgte] 11,
Al ESte] 2493 Foke WYl webde 177}
124, 27)7F 69, 37]7F 104, 4717} 144ch
(Table 3).

Table 3. Clinical characteristics

number (%)

Gender
Male 26 (89.7)
Female 3(7.3)
Mean age +SD 61.7+9.0
Tumor histology
Squamous cell carcinoma 16 (55.2)
Adenocardinoma 11 (37.9)
Large cell carcinoma 2 (6.9)
Tumor stage
I 12 (41.4)
I 6 (20.7)
m 10 (34.5)
I\ 1(34)

1. 2 3 4 5 6 7 8 9 10

Fig. 1. SSCP by exon-specific genomic PCR of
the p53 gene.
Lane 1 ; H460 cell was identified as p53
wild type and lane 2 ; H520 cell was
identified as p53 exon 5 mutant type.
Lane 3 and 9 show shifted band.

2. p53 {&ix} Hol

p53 &Ate] WolE #eisly] ¢ exon 5, 6, 7, 8
& PCR-SSCP& Algst Za} 2900% 24olA] Bo]
7} A2 Q). Wol= exon 504 YElGeH 25
148 @ik ARsEs AEAWeddh 1d&
1320385 d7|Mge] G7F A wl¥s transition
o]: 1ol 1313197) F7ixde] G7F T2 vy
= transversion ©|ItH(Fig. 1, 2, 3).
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G AT C G AT C

Fig. 2. DNA sequencing of p53 exon 5
A demonstrates the known wild type se-
quence. B shows G to T transversion at
nucleotide 13131.

G A T C G A T C

Fig. 3. DNA sequencing of p53 exon 5
A demonstrates the known wild type se-
quence. B shows G to A transition at nu-
cleotide 13203.

3. 4%l EorEMnl olyHE 44

2914 B¢ D351285, DIS171, TP53¢] o
AL 247 264, 174, 27990 shgsieitt.
D3S1285¢} D9S1710)4 F2914 BoryAe 72zt
29, lojola WEEHYUR olFHPA e
D3S1285, D9S171, TP5394 22t 34, 44, 74]
HEEHAY. F4294 dHole %] 22 Fd weiA

eJi

Fig. 4. Representative examples of LOH(A) and
MI(B) at D351285
A N lane demonstrates two alleles of
equal intensity, whereas T lane shows a
shift in intensity to one dominant allele.
B : T lane shows a generation of a novel
allele.(N ; normal tissue DNA, T ; tumor
tissue DNA)

N T N T

Fig. 5. Repsentative examples of LOH(A) and
MI(B) at D9S171
A N lane demonstirates two alleles of
equal intensity, whereas T lane shows a
shift in intensity to one dominant allele.
B : T lane shows a generation of a novel
allele.(N ; normal tissue DNA, T;
tumor tissue DNA)
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Table 4. Frequency of microsatellite alteration according to histology and stage

Microsatellite marker
D3S1285 D9S171 TP53
MI LOH MI LCH MI LOH

Tumor histology

Squamous cell carcinoma 2 3 3 0 6

Adenocarcinoma 0 0 0

Large cell carcinoma 0 0 1 0 1
Tumor stage

I 2 0 1 1 0 3

I 0 1 0 0 0 2

m 0 2 0 2 0 2

\§ 0 0 0 1 0 0

fo—

MI ; microsatellite instability, LOH ;

N T

Fig. 6. Repsentative example of LOH at TP53
N lane demonstrates two alleles of equal
intensity, whereas T lane shows a shift in
intensity to one dominant allele.(N;normal
tissue DNA, T ; tumor tissue DNA)

\i
.
kS

4,5, 6).

oss of heterozygosity.

T HAAEGAA et 2goy
& Rz Aol glAtHTable 4, Fig.

4. FHIT /3A} Ho|

FHIT f#be) Blolg #13}r] 98] exon 5, 6, 7,
8, 98 PCR-8S8CP& Alagr 2} 114ellA Wolrt
PEHA Holr} ol WE ErIMY 4% He
ol 6eofolli] FU3IAl exon 8¢ nuclectide
565, codon 9894 F7|x €] CAT7F CAC= u}

Fig. 7. SSCP by exon-specific genomic PCR of
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G A T C G A T C

Fig. 8. DNA sequencing of FHIT gene at exon 8
A demonstrates the khown wild type se-
quence, whereas B shows T to C transi-
tion at nucleotide 565 (codon 98), repre-
senting point mutation.

Aot obulmat EA (histidine) ol A%E WA
2] = AR A Kot (Fig. 7, 8).
5. HAISEoMe] FHIT REXLH
FHIT 3z ool l7vt 24e] e dAHS
217 RT-PCR& A& 23} i dizst Al
Bractino] AHE LA 154F 4o exon 6
-9¢] sjBRLol 2o REHYH(Fig. 9).

i

I

?3

Sﬁl"’q ShAbg L ok gre) A kA R Tk
SR} o)AdT o] 71A] AR olg xEsk tid
l A Fgolr}s, & deinl wtE AR e 22
thoks faAke] R TS el 8744 a9
of =25e W sk LAY Aeddl dFgFe viA
187 DNA B, A2 A%, A% da 2 AL+
7] 240 #Aoldhe FAAES dgee] d A
Zo| Z7] T SN S4E
B AR BRAS, 13 AR
Qe BebgAe) Sk siske) Wehgel A
ol Fa AR 243 AR Hgtol
AGH 7R = oF 10WHA 209 74A9) 724 st
7t 2A5E Aoz dA gl B d7A Azt
o vaAEdgdA  FYqAFEA]  pb3T
FHIT ¢ E¢d®o|, FHIT f8xte] dAH] o o
2 Qs FWFAAFART T fH s T8
Aol ¢4 Wsts B
p53 f-AAR= @Al 17pl3.1¢] fA)8kaL 1174
o] exono 2 TAE ] glow FARIZR 285}
DNA }&o]x,} Z0 g:.n_x%x}g g4, ulojrla pas-:
Arkazot Ak 2EF A AE7F GO/GL7T00

3

¢

&)

IR

Fig. 9. RT-PCR of FHIT and f-actin

Primers P1f and P1r were used to amplify exon 5-6 and primers P2f and P2r were used

to amplify exon 6-9.
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w27 she] DNA 87 o] A% wofeln] A 1
IS AR AL, AEA), FRAL 3
sk pS3 A Wl Sl FgolA &3] @
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l
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DT A i }M
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Azke] ol 502 el 494 &
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£
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Z%e] WAt BYEA G2 ol T A2l e
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ot 2 Aol M 242t 3p, 9p, 17pol] $1AsR= 37K
o A4 AR g BbgAdo] 8% o Wik

#AE|gon Aot nibAlR @] shel #9id)

Z3hg]o] gich ol2id Aute #itw 2ol 9R-H
=23 g 2904 DNA mismatch 229 &
ARE §124 Wols ddalAd o] g AL 4
e e ArlBRE Ao *37"“9 E 7 U
thokst G #elolM FHEAe] &4 Hihy
07 o|HHFAY e %%}'5}"3 ol kgt UA
Fofoll A AT Hhe EES B Ul AMA
3p, 9p, 17pollAl &3] BT & Aol G
3p, 9p, 17pollX 62% ] o|FHTA HHE B2
o Fodes 27 12%, 24%, 26% 2 #EH F
294 B ETE B8 MEE B olE 4

Yol gt Frglg o Aol Blsl diAEd #
HAlxgeAe] Wt gkon ol ojdel Xt
firet g AAAck HAeM g E3 Eolr‘}
22 wste] sl 3pelirel ojRHTA ddL
12% & thg RAIEF} vjaA]s e B Nl % LR
A BPA LN TP w2 WEE H AL <

044
2:
lo

T T =
Askelc. olA Re WIRE Hol: RS WHEd
Apojofl 7191 AL & dom FUF 2H o] g 27

pl6 2 pl57t YAk 9p2lelre] oA A
Ao TS dos & AT 0-83%
2 oofshd RuED gombes B AjdMe
24% =2 A=Y

FHIT §3dxs SYAAR-d424 944 3pld.

29 9jA5 AT A 7Y HIFAS FRASB
33t b 10709 exonoz FAEY ¢
on o]= exon 5-92 16.8kDas] qreiae ¢+s3

o mo 3
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3= open reading frame& o}2t}. FHIT &2
9} ol YA oA Aok 7Y Wing fA
Askze) shfolsl At MEFE oz AT &
Az} wjg BAolA codon 2499 CATZ CACE
o] AR Fo] BnEdit B A% codon 98
ofj Ao FUgt A AFho] 6jolr] Hsl=ldn)l. U
A Aok A FHIT A 9] oldE 19963 A&
2 Haugden’ drpg B4e B Al 25
exon?) exon 52} HIT(histidine triad) 448
38k exon 89 &40l g-g HRAEH L HY Al
EFE Uyges AT AToME AlZ methio-
nine codon®] Z&& Kol v|AA ZAMA 7L BakE
Ron® vjaAlEd gl FHIT A o)) Wl
= 29-40% 8 tsiAl HaE el s B )
A AR ojake) WMIEE 27% 91 T5 exon 89
&8 T3t o] ohE AT Fdael fARskh
oldoz viAMEHY Aol p53, FHIT {84}
9] Hol, 5
chg EAMFAEA sldo] BitEom Age Ao
2 s oleidt wetago g olsle o, A
o 2 A5d HIEE HAgled E2E & 5 IS
Zolil G ofFd] B3 715 ATFEC] FFE|olo}

Eris

o)

Z W

3a904 BUY L oHHPY 42 5

2 o

A :
vigke) WATFE Thk A oldat o 7hx|
Az ole TS TR BAoldh. teane] B
A el s date] B2as), Teln Al
$77 BobgAel 271 gl welnaelA ool
e 288 Adold daEo e ool ARzt
2 1097 209 71x)e] 17 Wy} 2HEE A
o8 FHA U B AT AL u 2T
S|4 F)A SR p533 FHITS Eoiwe],
FHIT §-33xke] A old o8 SHelskn £ok]
AR e 32949 f04 wse
BT}

Chat 2 gk
naqEHger Agd ¥ gny Hess A
< 2 2999 BARAG 29 dgshe FUU
FzAE WFe 5%t} pb3z FHITS 49
o) y= PCR-SSCP, DNA @rj¥xoz &gish
93 D3S1285, DIS171, TP53oA =494 294
A7} o)A/ e PCRZ Fstgich. FHIT
FAAke] AR ol 4R g fEME RT-
PCR& AHg-3l9dt).

4 3

1) p53 FAAte] WolE 2oolA #AHAYL BF
exon 591A 17]¢] 7|7} 2 8el= HEAWlH.

2) F29A EqhgAe D3S1285¢F DI9S1714)
A 42y 24, 1o, olBHEA AHe D3S1285,
D9S171, TP530) A z}z} 3o, 49, 747} B2EA
=

3) FHIT #xx}2] ®ol 11eojolA 2=l ow
o]Z 64 exon 89 codon 9894 GrjAMEo]
CAT7} CAC= wulye= a3 X ghe)qlr.

4) FHIT &-7218] #Al o)4e F-actino] A
2 9¥Ee 1500F 4404 BEEH oM exon 6-
99] A4z A=t
Z B:

olo g waAEHY LA p53, FHIT f-3iz}e)
Ho), F294 B4R olYHEE HH §F ik
g BARAE 7o) BHoz A8 Aoz A
ZhE ] o Aol ZAE #3E olge] WEE
UM BED Nge] ATAze} giAHoR dXgc).
53] o949 B HNEgN FEEAA
2] dgto] yidjgt}. o) WAl gt ofs)
o, Ag 9 A8 e dhAe

& ¢ U& Aojx gF o] AT 715 AFEo

]

Sasolo} & Zolck.

to

g 12
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