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= Abstract =

Analysis of Bone Marrow Micrometastasis Using RT-PCR in Patients
with Small Cell Lung Carcinoma

Tae You Kim, M.D."% Jong Kook Park', Baek Ryeol Ryoo, M.D."?,
Yung Hyuck Im, M.D."? Yoon Koo Kang, M.D."*

Laboratory of Experimental Therapeutics' and Department of Internal Medicine®,
Korea Cancer Center Hospital, Seoul, Korea

Background : About 20% of small cell lung cancer (SCLC) patients have bone marrow (BM) metastasis at
the time of diagnosis and the remaining patients are also considered with micrometastasis. In an attempt to de-
tect BM micrometastasis, we used cytokeratin (CK)-20 as a molecular marker, which is specific for epithelial
cells.

Method : A sensitive RT-PCR assay was used to compare CK-20 expression both in SCLC cell ine H209 and
normal leukocyte and to evaluate BM aspirates of 28 SCLC patients.

Result : H209 cell line showed CK-20 expression but normal leukocyte did not, suggesting CK-20 expression is
lung tissue-specific. Of 28 patients (11 limited disease, 17 extensive disease), only 2 (1/11, 1/17) samples test-
ed revealed positive signal for CK-20. Two patients with CK-20 expression had BM metastasis or multiple
bone involvement during follow-up.

Conclusion : Although circulating tumor cells were detected in BM of small portion of patients with bone me-
tastasis, CK-20 doesn’t seem to be a reliable marker for the detection of micrometastasis in SCLC. This study
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emphasizes that identification of more specific marker for micrometastsis is mandatory prior to clinical applica-
tion. (Tuberculosis and Respiratory Diseases 1999, 47 : 797-806)
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2AE AL v vt Wegsrr)
o W23 27l AHE F oA A FA
e 70% 9] EAlA LFZ7] Dot Wz, Yy
A @2} RE-Ex njM Aol (micrometastasis) S 7+
I Qe Ao dAHT k. B3] oF 20% ojatol
A Ak FA] Fedolr Ao 2N 2o e
Aot Z8% Y Aoz F453 Yo u}
A D B R8P 718 A7 2E 8
F Y nHde] AR5 A 5 drid @xle
AWy 9 g3 Ao Fad Bt E = U4e A
ot} QNI E o} mAH el EelElr] 943 whldle
dutdog FYud UG o83 ML ]
YA U FAE olgsle WARZHIAHA}
(immunohistochemistry) Fx 23z iaqd44-2
(polymerase chain reaction) & o]&-8l= Wy o
ol =1 glck. e} o2igt APl faS
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L2 AT Bojde e WY¥=HE e HAZ 3}
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& old WA Rl meby 2 A njAdo]
9] Mo A3 AFAT= o v]FE Aot} E
A F 1 gAe}t 2o} cytokeratin(CK) e} AFuA =
A 7|l EARE 713 Bo| ol&FH1 oy,
oj7kgH CK-8& wHzA A F2 LE== FAld
A AR LEsEE dol e v, CK-20
& 5ol 2 2| BNAME HHHA GO
A EoML HEEE AR H2 GelAA o] EA
27} AME dds 28 el Ege] 4 v]AHEo]
9] w7e] adEY e g AR ek wet
A B AT AAE Y] @R E 259
FAEE Aoz CK-200] 24 ulidole WA
o FEEXE Yol ux} £ ITE A3t

chat 2y
2899 A% Hg@ate] WrZAE A FARA
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Table 1. Specificity of epithelial marker to detect BM micrometastasis from noncarcinoma con-

trol patients

No. of BM aspirate

Epithelial marker PCR(+) PCR(—) Total
EGP-40 53 0 53
DPII 5 0
CK-8 5 2
CK-18 5 2
CK-19 6 9 15
CK-20 0 15 15
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1. RNA %& gl oHA} SA4UI2(reverse tran-

scription reaction)

7h MER

P4 dzzel AL 9ste] AAEAY AEF
NCI H2098 o}&stgom, o] M¥F= 10% FBS
ok AL H7be RPMI wjaiolls 37°C, 5%
CO, wpF71& olg-8ko] wids|drt.

Lh S o 9 S oM E 22

o g AHald Bxlel 4 10ml& Ficoll-
Hypaque §-el XA3] H7kA17] v 2,000 rpm
O 3087 g4 Pty 9 NRE 9t B
218k ©8] ¥ & phosphate buffered saline( PBS)
o e F oA 1,800rpmoz 1087 23 94]
Felste] ASRE AAS H Be 9 AEE wo}
A3t

ch. BRNAS £2f

AEFqAe] RNA #2]A] vjkd MEFE flasko
A Trypsin-EDTA & o]&3lo] "ol lE 156ml BB
2 &0 F 4 CAA 1087 2,200rpm o8 948
83 AEde AAE £ 10ml PBSE 5oz A%
£ A Eo] 4CAA 583 2,000rpmoz Y4l
22T § O] AEYE AAsL olF 2¥ ¥HEs}
k. EFoA 2eE daMEs 4 FEHo=
2oA objEFo] pellet® 1ml PBSZE 4& %
Iml Trizol €3} 4]0} F&ol|Al 5E7 WA]g ¥,
od7le]l 200ul phenol : chloroform : isoamylalco-
hol &3 &4(50:49: 1)& Frskn 3027 4%
Sl e T 38 Ao WAk 4CAA 12,
000rpmo @ 15#3 94 Helsidct. 94 2
Azl A FRE £7]3 ofr]d 500ul isopropa-
nol& go] -20°CollA B#stn H20M 1580 ¥
Agk oS 4ColA 1087 12,000rpme g 94 &
glatgdt. 23X pellet& 75% ethanolz H|Hg
% pellet& Felal DEPC-x2] 28 30ulE Yo

pellet& =4t o] DEPC-xg] 234y moR3l=
RNAE 3913l7] 98le] 1% agarose gelol] 9]
RNA £¢-2 3ulE #7] 95391, spectrophoto-
meter & o]g-3tod P3G

2t cDNAL M=

9o} e o g 2elgl RNAE 0|83t cDNA
& Azstdrk. WA S8 RNAY ¥l luge] ¥
A PCR& Fro] Y& F MuLV g7A} &4 0.
5ul, 5x 9#A} &4 buffer 4ul, 10mM dNTP &3}
& 2ul, DTT 2ul, random primer lul, RNasin 0.
5ul% 9ol 4& ¥ DEPC-%z] Z74€ & £4o|
50ul FA B F ATk o] EFEE ITTCAAM 1
AJZHEQE WH-A)FIAL 95CelA 1083 Helste] vt
S 2R Og I M 187 N8)n u
=

2. g5 A oAM¥HS (polymerase chain reaction)

9ot 22 W o /¥ cDNAZ Wideg v
= Perkin Elmer CitusAte] PCR 7]7|(version
9600)& o|&-sle] PCR& Algjstdct. PCR ¥hgof
A o)&E+ primer&y CK-203 CK-8& o]&3}
A, ¥ gxFes H209 AEFE o|83lYe
o, o} sample ©}t} Factin®] HEE Al
RNA9| #23 aArpirgo] HHe A& ZARIA
.

7} Bl primer & 0|28 cDNA XM= &fol

2vzre] cDNA S 4% #8<isty] 998 housekeep-
ing #Ax¢l Bactin primer(A : 5 GCG GGA
AAT CGT GCG TGA CATT 3 B:5 GAT
GGA GTT GAA GGT AGT TTC GTG 3)E
olg-3le] PCREM-& JPAZT. o] wEolle= 4
actin 1nmol primer”} z+2+ 5ul, ¢cDNA 5ul, Taq
polymerase 2U, 10x polymerase buffer 5ul,
10nmol dNTP mixture 4ul, 87 Z%4 25.8ul%
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Table 2. Primer sequences for CK-20 and CK-8

Primer Sequence

CK-20 A 5 GCG TTT ATG GGG GTG CTG AGA 3
B 5 AAG GCT CTG GGA GGT GCG TCT 3
C 5 CGG CGG GGA CCT GTT TGT 3
D 5 CAG TGT TGC CCA GAT GCT TGTG 3

CK-8 A 5 CTG GTG GAG GAC TTC AAG AAC ¥
B 5 GAC CTC AGC AAT GAT GCT GTC 3’

Table 3. PCR condition for CK-20

Step | Denaturation temp. and time

Annealing and Extension temp. and time

Cycle no.

1 94°C / 40 sec.

0 3 O O W N

70C / 2 min 1
69°C / 115 sec.
68°C / 110 sec.
67°C / 105 sec.
66°C / 100 sec.
65°C / 95 sec.
64°C / 90 sec.
63°C / 85 sec.

e e e e e e

9-30 94°C / 40 sec.

Annealing time and

Extension time and

temp. temp. 21

72°C / 90 sec.

31

61°C/1 min.

72°C / 15 min. 1

o] 50ule] HASEY 94°C 7min, 13}, 94¢C
75sec, 55°C 75sec, 72°C 90secg 203], 94T
75sec, 55°C 75sec, 72°C 120sec-g 103 AJ33y,
72°C, 10ming 13A383l4 1, 2F 10ulE 33lo
A7] 453t cDNA7ZL AZHA=AE & 344
t}.

L. olMITole] 24

SAE ] vlaldole] FAARA FuM T &
33 #AAZ HZ 2ud CK-203 AdA F2
LA Y A TAE FEHE Zo2 oy
22d CK-8& olg3lien] ojuf AL&H primers]
G7INEe ¥ 29 2ok CK-20 A4& 91§ PCR

dlgo] z7e ¥ 337 Zon, o] “touch-down
PCR” "H4]7¢] shl2 A PCR whg-o] EolAfs) w1zt
=& FAAFI7] 93t ©F @A denaturation,
annealing, extension #HAFE& A= Wyo|d.
CK-20& 9% PCR whgo] = CK-209] WA
Az A<} B2 lnmol primer7} Z+2}t 5ul, cDNA
5ul, Taq polymerase 2U, 10x polymerase buffer
5ul, 10nmol dNTP mixture 4ul, 87 Z7{4 25.
8ulg 4101 50ule] HASI & 33 o] PCRE 3
8J3l3 o] product 5ulE thA] C&t D micrometer
1nmol primer Z}2Z} 5ul, Taq polymerase 2U, 10x
polymerase buffer 5ul, 10nmol dNTP mixture
4ul, BF ZFF 25.8ul9} o] 50ule] HASA o
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Normal PB

o))
=
o
I

H209
Normal PB

290 bp

Fig. 1. Agarose gel electrophoresis of RT-PCR for CK-20 (A) and CK-8(B).

A PCRE #3 & 2% 4%-E st A7|9%
sgon, ojm AAE= CK-202 =7|= 485 bp
¥}, CK-8¢] tig PCR ¥hg-27& 94°C, 7min,
18], 94°C 60sec, 55C 60sec, 72°C 120secE 25
3, 72°C, 10min, 13|12 stgor] ZZ5 CK-8¢]
=7} 290 bpgtt.

2 o
1. cidExte) 5

2899 AAE HYIAFE A37] (limited disease,
LD)7} 119, &) (extensive disease, ED) =}
7b 179010k 1739] &37] #x7ker S22
AP EdEe] EIEHIAY e EFAREAN
Hol7b #ld #xl= 7 (41%) 01U} BE A
o} thall ECIP(etoposide, carboplatin, ifosfamide,
cisplatin) 5asteta e Aldsigen 1 29
A9 F2= 95%, 719 EAlME 70% 9
H3-S Hon, ol #xe) F¢ AESVIE AP
71¢] 271 13570, 8737]9] Exp7t 9.2704=2A

Lol xpolrt BAEE Y (p-value<0.05).

2. CK-202 o422 RT-PCRo|| ol HEE 2%
o|AjFo|

AN EFY AEZQ NCI H2099F A4elo 2 e
A8 s daes CK-203) CK-89 tfsied
RT-PCRE Alsistgict. 1 Ax H2094| E 3ol A=
CK-207 CK-89] wdo| &&=y, FAle] &
Aol e CK-202 TSR ke v, CK-8¢] 7
£ 3n]g w7} BEEe CK-8& #Hxzoleld 89
AEGAE SHE F S AT 5 AJH(Fig.
1). dasate] Fe2HE e g4 RNA
& #5392, oj& o83t RT-PCRE Ajads}
gr}. RNAZL 443 ALHAAE Bl 918t
o] B-acting] WAL FA|d #As}S Bacting] T
o] HHIAE FA3IAH(Fig. 2, 3). &= A
ool A CK-209l djgt PCRo] Al8i=|3lx, PCR 4t
22 A7l9%s 23 CK-20& 0|88 AS Z47
LD 114% 14¢j(10%)(Fig. 2), ED 1743 14
(6% )(Fig. 3)9|A CK-209] ZZo] #&5Ut}
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M C 1

234 5 6 7 8 910 11

Fig. 2. Agarose gel electrophoresis of RT-PCR for CK-20 in patients with limited stage of SCL.C
(panel A) and for f-actin as internal control(panel B). Arrows denote expression of tar-

get band. (M : marker, C : H209)

CK-209] Z¥o] @24 29 F ED 8+ FFX
Wak FA #1EUR, LD 4= JdAE
LAAN7L gl A7) B ou 1Y o) Z
Hol7t A3}, MA 1749] ED &4 & 5
EE F o7t HR1E 7HF U] 699 oA
£ CK-209] &ZFo| #a=x| gsict.

oz

o 3

A Hghe BANE ol HA #Hgde] 20%
& 2Ajste, e HANZE YT vasle A&
7b o s w21, B0z 2Ud 4AH0E 7 o
oA Ak FA] oln| oF 70% 9] AN F, FF,
Zh ¥ 3 HEd Feze dFdopt dEHL, v

x| 2} PR E 7|Ee] AAPEo s B
GARE AAAAL He 1 w ofv] npqAe]
(micrometastasis) & zt3 e Ao e UFHI ¢
. 1 Ay AANE Hge NEE A g B A
9% BT AE7)7e] 2-47190] Au] god, o]
B 9 AFE viel Zol Fg B AREA GAE
o] YA Ee YIA o] E& vl o3 A
Aeg FEE Aol 7 Fad adle R 1
A5 okt

HZ AR W Advige] P o8 2
AAzAdAo] FH=HL Jom 1 Hi} & o] 2714 A
o g A58 A3l Aoz oFrt £2 83
ol daiAe o d34Q) A 57 FAFE L Qe
wetd 7|Ee HAgeze AT £+ gl
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M C12 34567 89 1011121314151617

Fig. 3. Agarose gel electrophoresis of RT-PCR for CK-20 in patients with extensive stage of
SCLC(panel A) and for #actin as internal control(panel B). (M : marker, C : H209)

U 22 ERY] /8 e ol8dted e Exjshs
29 FAHelE A& A8 o] =] gt
o8z dubA o 2 PCRE o|4dh= 739 ol
A 107708 AEAES 149 SAEE HEY 5 A
€ Ros IA glen, old ¥l dgz2slst
ZAAE 01838t drZ oz FAo g Juv-g-S
B A 1070 AEF e SHEE HEY
T e FAE 28A SlojM PCRE ol83ke Zo|
oS e AApEges A4 Qiok. a9 o
a3l o3 AEd dAel EAske 259 o
AZ7 A o Fe 7HAE ALt ool H
I 3ok F2ARA st AA Fqlel ATk
AIES] & 0.01%%te] dAHoz FPA Hold
o3 AR Holg frEAE F e Ao U
A AL F, o] BY T0kge 7N1EoR B W o

10,000702] X} YA EAee HS Y
0.2 mlg 1709 A2V} o]2H o2 &3l o] §
o] FAETL YARNE AL F Ug Hes F
A et wekA] o]2jdt FaFe] FAXS EA
£ QAFkS ool Wit X8} 7HEEtHE o]2fd |
AAole] AL FF AAH|E AAAE F U
$- #-83 Fdo] E & Y& Hojth WA 10
mle] Ao zRE 107 o dTE 5T
4 9louz ol2xo2E PCRE o]&3lo & 17
9] S EI} EABtAE 2 AFo| 7FeE Aolrh I
2 o]23 HAAP} ddH g 48317 $sted dA)
olg3 AHAPTHe °]8Hi U= FAA(marker)
Ho} o g3 X2} Besith &, A X
Mgt Aoz A £E A} rldse
AEAMT AeHoz wEgozH AL}
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ol 7hsaiAor & Zojth. a2}t A7A] o]
24 USATIE BAA) LRAA] odolA] o E

Aolg wAsk= Aol 7Hg Ak Folrt =la
Ron, FHXE E 7l MY Megdoz
e GEAARe] Ade] BARGE AlEE A
ojch. qAMEe] A miAlole] el ol &
A P f-83F AL AYAYeA] BEsEE= PSA
(prostate specific antigen)o|t}. PSAE= ¢hq o
M ERF oz U¥o| FlE L, T A 28
FoME WEEA 2 Aoz dA 9ol oA
9l A=tz dAE T glon HA o3 AFda) &
B4 mAdelrt BHHE A 2 dA o Fele
#@go] wrhs Bt Qg ool W F¢ E
= FH0)E Bol 3= SAE S 22 Aude
kel 739 &4 CEA, NSE (neuron specific
enclase)7} 4% & ZAAE oA ojd &=
9] 50-60% wioolM TR Aoz A glo
U A A EAA R olefd BARE Lsing
oA EAAE E 4 gln't Y, B JuAEe]
FA]A2] EGP (epithelial glycoprotein-40), cyto-
keratin % FUAE Bul ohie}l A} 2B X
Mz dEgogn FAEE XAt € 5 glow, u
2HA o]g o] & AFZETe] B QoM AFE
718tedo} & Aoz MZgr)s o
AT AR ud elshd CK-20¢] Al zojawt
EFdoz HHHUA ZEATNM= SEHA] &
€ de Fo] BuHI oA F4S B Jus 2
AFNAME 28 19149} Zo] g EAAIe= 2l
ZEAFo M= CK-209] wde] #a=x 28
& 4 QA webA E AP 2AE HgelA
7V 288 %A #Wr)(limited vs. exten-
sive) AR oA 71&e] AAlME dAE 4= ¢l
P9 FF nAjdo] §3E CK-20& ol&sio 713
QI7ks HApQl RT-PCRY| 2j8iA &F3le] n)
A Fole] Ao 7bedt A T3 I S olEF &7
o] ojujdt A ofulE ZteAE Buxt st 1
g B a3 9x 7% (2/28)9] oAt

CK-209] ZZo] #ao] 1 U434 onig Frist
7le AE Aoz A4dn. T FFo] ¥3d 2
de Bt vF T4 Ex FHorl BAPoEHN
F4oAel CK-209] wae] ujadole] 7] &
£8 4 A& Aol A& Ao Y 5= Qo
U, 71&e AAs Fedot ERlEIY 795 69
& FFo)t Welgry A REAEEds BT
3131, olE A4 CK-208 o8& PCR AxM}
ol Hol7t AEsA] goly CK-20 Bt & o #-&
& g2 Jide] ¥ 2oz yztErh

2 o

ATl

2AE Fge AY GA] o 20% ool I 7
Al FpAolrt A o2 2U)e] A Hort B
83 43 Foz AT ot wEpA A
FE AR 7|&9 FATIEE 3 F dd
oAl delE B & ArhE Aol LA € 9
AR FES AR B & J& Aoz 7|dHY
it} AT cytokeratin(CK)-200) 249} 2 =
r|HoliMe wdsEa] go A A EAet B
dsle Ao diAA o] EAA} AT Az
2 AuMEge F4 wMdole] RAd anAEYd
Ve & AABEL 9.

g o

AN EGAEF H2099 FAele] EFAXE i
oz CK-20 Bde vwsia, 2AE Hgeiate]
W71 23L& A% FALRA E54AAE AAEHA F
Aol F5E Fgsld olz%E RNAE F&3ld
CK-204 %} primer& ]88l RT-PCR-& A3
&t

4 1}

H209 AlZZdAje= CK-209] 3ol #atd diy,
AN EFAZANE BEHA gotr CK-200] =
A EoME TEHA G, FuzFd AT Fold
oz 4¥sE oz At 28%e 2ME H
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FEAF AR 119, $37] @7t 173010
o, 1799 &37] 8xpked SF2A3M 35
Aol FAEJAY E= EFFAHARE dolrt #¢l
¥ & ¥ 41%)olgldh. CK-20 o didt
PCR Z3} 74z} LD 114)F 14 (10%), ED 174]
Z 14 (6%)°1 CK-209] ZZo] #AFHAUT}
CK-209) FFo] @29 24 & ED 8= F+4
o7t 9i%laL, LD ke Ad3Al: 4R} 9l
T Al#7le &g ot Fof FHet HEHAT
2 E:

FTo) BEY 249 F) vF QFHoRE IF
Hol7b gl= dulellM ZHol7t Aoz CK-
209 H¥o] @ viadole] WA #8% F
& 7FsA0l UE Fog Y & oy, 254
ot AUAHAUD 78F 67oiME CK-200) Ly
A gobr, CK-20 Bo} & of /8¢ EAR ] A
o] Mg Zlog Azdu.

g 3
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