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=Abstract=
Microsatellite Instability and p53. K-ras, c-myc Oncoprotein
Expression in Non-Small Cell Lung Carcinoma

Suk Joo Rha, M.D.*, Moon Sub Kwack, M.D.*

Background: Microsatellites are short-tandem repeated nucleotide sequences present throughout
the human genome. Alterations of microsatellites have been termed microsatellite
instability(MIl). It has been generally known that microsatellite instability detected in
hereditary non-polyposis colorectal cancer (HNPCC) reflects genetic instability that is caused
by impairments of DNA mismatch repair system regarding as a novel tumorigenic
mechanism. A number of studies reported that MI occurred at varying frequencies in
non-small cell lung carcinoma (NSCLC). However, It has been unproven whether MI could
be a useful marker of genetic instability and have a clinical significance in NSCLC.
Material and Method: We have cxamined whether MI can be observed in thirty NCSLC
using polymerase chain reaction, whether such alterations are associated with other molecular
changes such as p53, K-ras and c¢-myc oncoproteins expression detected by
immunohistochemical stain. Result: MI(+) was observed in 16.6%(5/30) and MI(—) was
83.3% (25/30). Average age was 501 7.5 year-old in MI(+) group and 5716.6 year-old in
MI ( -) group. Two year survival rate in MI(+) group (20%, 1/5) was worse than MI (-)
group (64%, 16/25) with a statistic difference. (P=0.04). The positive rate of K-ras
oncoprotein expression and simultancous expression of 2 or 3 oncoproteins expression were
higher in MI(+) group than MI(~) group with a statistic difference.(P=0.05, P=0.01).
Conclusion: From these results, the authors can conclude that MI is found in some NSCLC
and it may be a novel tumorigenic mechanism in some NSCLC. We also conclude that MI
could be used as another poor prognostic factor in NSCLC.

(Korean J Thorac Cardiovase Surg 2000;33:60-7)
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Microsatellitet= 412} Aukel] A3 F-HslA] EAste %
& HHE DNAZA oW bl A= o3 microsatellite®] WH-
o] AR FolUAY EolEd 224, AR Ao)E
Bolm g o] WL microsatellite instability (MDE} HH 3%
, o152 A A Bl A (genetic instability)S 2|73 X
AR ARg-E s ik

o] BA AEEE Ao ol FAA Zhg Al
etz ol glo] 838 A3k = A
Z hMLHI, hMSH2, hPMSI, hPMS27-& F-A3t wA#+A
(mismatch repair gene)E2] E ol of3) == wA A
EqHAde] AAEQl DNA BAl#ANA R dojub= &
ol&& F/MIF e 2A, A AHproto-oncogene) Lt HF Al
7 2Ktumor suppressor gene)E2] E M| E FHkdlof o]
abg it Aojr}” ,

53] oln] 7}EYo] ARl FAA wEEA HAther
editary non-polyposis colorectal cancer, HNPCC)oll A& 73t
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Eqdiolo] digk A AE A MIZF A AIE A, MI7E 4
o oA Mz F 7|Aes #g8 Aojgtw shgirt”

FZolle v A S 233 SgME MIE Ko
£ ASUF HaEa ga, vaAE wgke] Uetabd S
P33, Keras, cmyc 22 FAAEe] debo] g 24-8-3)o
oro] WAYELaL, hAMLHIZ-2 F-A3 2 A4 Akl 2§k MIst
v AAE sobzhe] Aol waE s okt

=g "AA7kAl b Al ARL
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= APEe] RuEgeh

AAEE 3090 9] BlAME A3 EE 2R 1p, 6q,
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o] g ZejzAeA A W G919 DNAE 47 F
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71 &, phenol-chlorofom3&H 2% DNAE F&341
sodium acetate$} ethanol & DNAE A A A7l & B33
(spectrophotometer) 2 260/280 nmel|A] DNAF X9} +

Asle] 7l o) n|dElE Are Al AASAY, oAl DNA
£ F3ot HEFx 250 ng/!, S5 260280 nm FHE
Bl&el 175 o4 =7 Frlskgict.
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2) Bafga SGEEE 2 polyacrylamide gel electro-
phoresist| 23t MI2] X7} fH=

A Ao A FE5 HA U skx2Z 9] genomic DNAE
DIS116, D6S255, D7S57, D11S937, D14S52, D178261 5 ©]¥|
o2 ool A AREE] o] 93 microsatellite instability 2F
Aol wol ol&== 7ol MR g FAH e s
dinucleotide microsatellite markers5 ©]-§-3}e] £33 8a 4 A4
ak--& Alestglel. AL&-3F oligonucleotide primerE (Pharma-
cia Biotech, Sweden)?] &4 W 73+ Table 1 ¥ 72t}

F3E A A HE emplate DNA(250 ng/ul) 2 pl, 10x
PCR buffer 1 pf, 4mM dNTP(Boehringer Manheim, Germany)
mixture 2 ¢, 3 primer 1 pf, Ti polynucleotide kinase
(Pharmacia Biotech)Z ©]-23}4 [y -32PJATPE end-labelling
g+ 5 primer 1 x/2} Taq polymerase(Bochringer Manheim) 0.2
W E AL SRFE 3w A7bske] ko] 10 w HAIF
of FYES A ARgeE HIEX|(DNA thermal
cycler 480, Perkin Elmer Cetus, Norwalk, CT, US.A)E A3}
o Aletglel. FaL dgwExAE DISIeX 94T
A 30%, 46TCollA 45%, 72°CollA 30524 30 cycle, D6S255
T 94CoA 30&, 55CollA 30&, 72ToA 3022 30 cycle,
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Table 1. Oligonucieotide primers used for detection of microsatellite instability

Locus Chromosome location Primer sequence End product size (bp*)
" TACAAGGCAACCACATAATT
DIS116 1p31.2 > 77217
5*-CTTTTCCTAATTGTGTGTGT
5 TCAGCATCAAGGTAGTTGAG
D6S2 6q24-25 3~
5255 4= 5 TTAGTGCCCTATGCAAGGCA 163175
5 -CCCACACCAAAACTGCCTGTATTAG
D7S57 7p , 180~ 205
5 TTGGTCAGTGTAGGCTGAACTCATG
5-CTAATAAACAAATCCCTCTACD
DI11S9 (1q13-q23 ~26
37 ql3-q 5 TAGTCAGTCAGGGACCCAAGT 232064
] 5 TTACTCCCTGCAAAACAAAC
D14852 14q21-q22 7999
5 -GATGAATTTCAGAAATGGAG
5'.GGAAGAATCAAATAGACAAT
D175261 17q 151~ 169

5"-GCTGGCCATATATATATTTAAACC

* 5 base pair (bp)

D7S57-& 94 CollA 13, 66°CollA] [+ 20 cycle, D11S937-
94Co A 18, 55CoAM 50&, 72TAA 122 30 cycle,
D14S52= 94°C el 30%, 60ToA 18, 72ColA 184 30
cycle, D17S261 & 94 Coll A 13, 55Cell A 30&, 72°Cll A 30
22 30 cycle Al¥steic)

ZFEE A A & 20 we] AAEN (95% formaldehy-
de, 20 mM EDTA, 0.05% xylene cyanol, 0.05% bromophenol
blue)Z 410] 94°Coll A 387 WA 7L AZelA TP
F 247 4 w A sk wlg) F9)E 5.6 M urea’} ZEE
7% polyacrylamide el B A|8}3L 55C 4] 80 WauZ A7)
etk A7) Ee] B F AL & Este] What-
man’s paper®l F#A)7] o} A Ax7|(Biorad model 483,
Hercules, CA, US.A)E ©]43to g AxAZ] &, {3} 8
0ColA A7 A EE A8stgich

Aol BHEL 6740 markerSE o8-8 A oA HAx
Ao A EAEHE MEF Sz A YepdA] g A
Az 23} TR o) SokAkS Held MI(+), 13 A] ke MI

(—)ekar Aejstsiv.

7 gake] web EelzaAlg 5 oAl ZS Probe-on
Plus Z£2}o] = (Fisher Scientific, Pittsburgh, PA, US.A.)°l €91
3 xyleneo®  melg AAsLE 95% 4EFH THTE A
A3l 1, FAx 8 Z71A17]7] 98l microwave ovenoll A
pH 6.02] 0.01 M citric acid monohydrate bufferl] ge] 5%7F
2ol & Agod Ar) FElo|=E FRFE AHT F
labelled streptavidine-biotin kit (DAKO corporation, Carpinteria,
CA, USAYE AHgsle] gAlsigiel WA 3% H0,2 587
Aty SHeh PBSHFoR AHE 3 A

(blocking antibody) (DAKO)E 587F WH-3-A1# Al 28}7] oo,
zb7ke} 12} A Z 108-7F v AIZeh 1AF A 2 A ps3e
prediluted mouse anti-human pS3 protein DO-74 <} (DAKO)=,
c-myc<> mouse anti-human c-myc antibody (Novocastra, U.K.)
E 12003 3A5le] 2835192, Krast mouse antihuman
¢-K-ras(Ab-1) (Oncogene Science Inc., Uniondale, NY, U.S.A)
& 5 pgml FEE ARSI 17} FAE Sl o s Al
5 ZAEA (DAKO)E Ae|ste] 1027 HHSAIA Al
31, streptavidine peroxidase (DAKOYE g 1087+ wh3-4)
2 A|Hslgc) wAlL 2)3le] 3-amino-9-ethylcarbazole &
ol (DAKOYZ i 1087 #Ag 5, /42 Ao,
Meyer’s hematoxylin & & dj g Mste] A3E Basiglol
obhil b2 ps3 qhchule] Aol oA, cmye Al
A FMefA], Krast MEAAA 24 Z2 HgAe

=
= QA3 AL 0%elt BAE A FHoR stk

oy o ok

SAS (statistical analysis system)& ©ol&35le A&
Kaplan-MeierdH' 2.2 78} Logrank test® 773+l y, 7t
F7+8] H|E Fischer's exact test?} Student’s t test® 73733}
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MU} ks glmd] A Ab ) 54k B el o SH
Hom vepteh & Aauc) oA gebrl ¥4

o3t 2 e HA (expansion) 3 (mixed)
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Table 2. p53, K-ras and c-myc expression of 5 microsateliite instability (+) cases

Cell Microsatellite loci Oncoprotein expression

Case Age/Sex Typ Stage
e D1S116 D6S255 D7S57 D11S937 D14S52 D178261 p53(+) K-ras(+) c-myc(+) multi*
1 42/F S 11 + + + + + Yes
2 60/M S I + + + No
3 44/F A 111 + + + + + Yes
4 S50/M A i1 + + + Yes
5 55/M A 111 + + + + Yes

.

Fig. 1. Microsatellite instability in non-small cell lung
carcinoma using 6 microsatellite loci.

1; D1S116, 2; DBS255, 3:D7S57, 4, D14S52, 5; D11S937, 6;
D7857, T. tumoral DNA, N: normal DNA, Arrows:
espansion type abnormal band (1: D15116, 2 D6S255. 3;
D11S8255, 4. D14S52) mixed type abnormal band (5
D11S255, 6: D17S261)

Fef ArhFig 1.

2 Mol A RIS ot QAN ST oY

D M ()9 E3ulsE A4 309 F s9lR 166%%5 2
MI(—)E 2595 833%%ith MI(+)7= 5 3ol A= 27
o] 2ol A, 2¢flell A& 3709 FHellA F-Alel] MI7}H A
A3 179 FellAul MIE B3l A5 fSith(Table 2).

2) o A6 wE Mie] 28 =S 2, MI(H)Te]
HFAH L 50L754 2 57166418 MI(—)t Brof 4
o foshA wgkom(P=001), Bl F-2 vholA]
MI7} &85 oS Bk MI(HT I MI(— )9 A4
ol 22 e oM E fy7hele 528k Akl 7} gldoh

(Table 3). American Joint Committee of Cancer (AJCC) |3}

By BT

* Simultaneous 2 or 3 oncoproteins (+), S; Squamuous cell carcinoma, A; Adenocarcinoma

. [P

Fig. 2. Immunochistochemical stain for p53 oncoprotein. <
200.

2a i positive reaction in the nuclei of sguamous cell
carcinoma. 2b . positive reaction in the nuclei of
adenocarcincma.

Fig. 3.
x 200.
3a ; positive reaction in the cytoplasm of squamous cell
carcinoma. 3b ; positive reaction in the cytoplasm of
adenocarcinoma.

Immunohistochemical stain for K-ras oncoprotein.
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Table 3. Relationship between clinical characteristics and microsatellite instability of non-small cell lung carcinoma

Sex Cell type Stage**
rer Age* 2 year survival*
Male Female S A 11 I
MI (+)
(n=5) 50%+7.5 3 (60%) 2 (40%) 2 (40%) 3 (60%) 2 (40%) 3 (60%) 20%
MI ()
(n=25) 57£6.6 18 (712%) 7 28%) 12 (48%) 13 (52%) 9 (36%) 16 (64%) 64%

MI ; Microsatellite Instability, * ; P<0.05, ** ; AJCC (Ameriacan Joint Committee of Cancer) stage of lung cancer

S ; Squamous cell carcinoma, A ; Adenocarcinoma, rer ; Replication error

Table 4. p53, K-ras and c-myc expression in non-small cell lung carcinoma

Cell type Qneoproren P33 (+) K-ras (+) c-myc (+) multi*

Squamous cell carcinoma 50% (7/14) 21% (3/14) 28% (4/14) 28% (4/14)
Adenocarcinoma 25% (5/16) 43% (7/16) 31% (5/16) 25% (4/16)
Total 40% (12/30) 33% (10/30) 30% (9/30) 26% (8/30)

* ; simultaneous 2 or 3 oncoproteins (+)

Table 5. p53, K-ras and c—-myc expression in Ml (+) and Ml {-} group

p53 K-ras* c-myc Multi**
MI
+ - + - + - + -
MI (+) (n=5) 3 (60%) 2 (40%) 4 (80%) 1 (20%) 3 (60%) 2 (40%) 4 (80%) 1 (20%)
MI (-) (n=25) 9 (36%) 16 (64%) 6 (32%) 17 (68%) 6 (24%) 19 (76%) 4 (16%) 21 (84%)

* - P < 0.05, ** ;P < 0.05 Multi ; simultaneous 2 or 3 oncoproteins (+)

7)1 E-Foll 23 wrdE M1 E85E 2, MI(+H)FellA 3) F7kA] o]Ake) qbehal ok 8304 (26%)lA4 WA=
= 17)7) 259 40%), 117)7} 354 (60%) $aL, MI (—)Ek or, o] F ool AIZFA] shekh] RFoA] FdE BA
o] AL 117] 9259 (36%), 7| 16259 (64%)% 3, 29 o} MI(+)dell Al ot ek 2beo] 4/59] (80%), MI
*E%z%% (+)7-0) 20% % Ml (—)T2 64% R} o2 A (—)y2oll A= 4259l16%)elA ol MI(+)TellA FA1H L.
Z5% B9} (P=0.04). (Table 3) 2 sl =A #2= Ack(P=0.01).(Table 5)

3. M2t hcheeksi el odal o &t

) "HAzxzskst AxlelA 309e] FF F ps3 ghwhule

12/309]  (40%)ol A FAMH-S-S REom Kras ekl Ax #494 DNAY AA#<l HAZHAA DNAS &
107304 (33%)°ll A, c-myc SFbale- 9730 o (30%)ol A A Ao F7l dAnE 2 dojuA Hed, o] eFe nAS
91-5-& R ¢thTable 4) (Fig. 2, 3, 4). ARALE FAsRed glolAs stsle HA ook lﬂﬁk
2) p53 hebale] e MI (+)T°] 3591 (60%), MI ()T Q%9 WAL hMLHI, hMSH2, hPMSI, hPMS2 - F-A3}
o] 9259 (36%), c-myc Ik WHE Ml ()T 359 FEAFA A} (mismatch repair gene)2hal EEE FAAEl

(60%), Ml (—)T-2 6259 (24%)2 MI (+)TolA E9A]ut 3 9ol PelomakiS e A4 HEEA oAt
EAR S g9t BbE Kaas Gebe] wky] ofA S (hereditary non-polyposis colorectal cancer, HNPCO)S €3l ++
2 MI(+)7o] 459 (80%), MI (—)i°] 6259 (24%)% MI Az dejd FAY 2ARAAES] EAH )7} replication
(HHToA 584l =4 T Avk(P=0.03). (Table 5) error(RER)F &) 542 E94 4] (genetic instability)&
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Fig. 4. Immunohistochemical stain for c¢-myc oncoprotein.

x 200.
4a ; positive reaction in the cytoplasm and some nuclei of

sqguamous cell carcinoma. 4b : positive reaction in the
cytoplasm and some nuclei of adenocarcinoma.
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