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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', Bask 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 Haspital, S eoul, 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 line 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)

Key words : Small cell lung cancer, Micrometastasis, Cytokeratin.
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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 @ A AQTAL 8488 (reverse tran-
scription reaction )

7t M=ZF

G4 dxT 4L sl ANEG AEF
NCI H209& o]g3t9ion, o] Al X3+ 10% FBS
¢ G487 M7k RPMI wixlulolA 37C, 5%
CO; jg71E ol83te wid=qAct.

Lt S S A #@eu ciax 2a)

ooz Azjgd #xe] Z4 10ml& Ficoll-
Hypaque £-9o] AJA3] #7217l ohg 2,000 rpm
o2 30837 94 Feldle 9¥ MEE 4k 2
2|3t ¢# N ¥& phosphate buffered saline(PBS)
o2 4 % oA L,800rpmoz 1087} 29 44
Felgle] 4358 AAT F E& 9y A¥E o}
Axaig s,

cl. RNAZ2| &2|

M EFo e} RNA #2jA] vigd M 258 flaskol
A Trypsin-EDTA & o]£-8}o] wlo]d¥ 15ml §H
2 &7 F 4CAA 1087 2,200rpm o g Y4B
Bl e AAY F 10ml PBSE 2o HXE
E& thA] E0] 4°ColA 5837 2,000rpmoz2 ¥4
¥ ¥ A 43 E AAS olE 2 whEs)
Aok 54 $elE SdAxe} i FFoz
2R MEFS] pelletd 1ml PBSE e %
Iml Trizol €943} 40 &M 58 FAT ¥,
oj7]e] 200ul phenol : chloroform : isoamylalco-
hol E% 8-<4(50 : 49 : 1)& A7}t 303 A%
A 4L F 38 Ao WA 4ColA 12,
000rpmo.2 1582t €4 #elsidd. 94 #a$
239E& A FEE &7|1 &7l 500ul isopropa-
nol& §oi -20°ColM BH@stn Ao 1587 3
A% O 4CoA 1083 12,000rpm o2 94 2
2519l 2aiF pellet& 75% ethanol® N H3§
% pellet& %23l DEPC-#g] 284 30ul& $o

pellet& =%v}. o] DEPC-Ag $F5U Solole
RNAE #<3l7] 98l 1% agarose gelo] o]
RNA £9& 3ulg A7) %391, spectrophoto-
meter & o]&-3te] AFslch.

2l cDNAS| M=

9ot Ze Hyoz Fej¥ RNAE o]43le cDNA
& Az, 94 ZF3¥ RNAS go] lugo] 5
Al PCR& FHo] W& ¥ MuLV 9HAL &4 0.
5ul, 5x 9AA} &A buffer 4ul, 10mM ANTP &%
€ 2ul, DTT 2ul, random primer 1ul, RNasin 0.
5ulg Woi 42 ¥ DEPC-Xg 3748 % 830
50ul HA ¥ & Hct o] EFES 37CA 1
AFERt ¥EEAIFITL 95°CollA 10837 Xaldle uk
& FEANU B A& A 1820 43n 2
st

2. e84 Y HE (polymerase chain reaction)

Aot 2 Yol o8 Y cDNAE gigee n)
3t Perkin Elmer CitusA}e] PCR 7)7](version
9600)& o]&3led PCR& Al#3}lgict. PCR ulgo
A o]&=+= primer2% CK-203 CK-8& )43}
A3, Y dRpos H209 MEFE o|gslgo
o}, o} sample it} F-actin®] LHE ZHA}3lol
RNAS 223 hAltge] 388 A8 2AH
o},

7t A€l primer § O|E8t cDNA R|Z &tol

Z4zte] cDNA¢9] A8 #187] 918 housekeep-
ing #F2Ax2] F-actin primer(A : 5 GCG GGA
AAT CGT GCG TGA CATT 3 B:5 GAT
GGA GTT GAA GGT AGT TTC GTG 3")8
ol83td PCRYME-& APAIZL}e o] whgolle 4
actin 1nmol primer7} 24z} 5ul, cDNA 5ul, Taq
polymerase 2U, 10x polymerase buffer 5ul,
10nmol dNTP mixture 4ul, @3 SH4 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 ¥
B 5 AAG GCT CTG GGA GGT GCG TCT 3
C 5 CGG CGG GGA CCT GTT TGT ¥
D 5" CAG TGT TGC CCA GAT GCT TGTG 3

CK-8 A 5 CTG GTG GAG GAC TTC AAG AAC 3
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. 70°C / 2 min. 1
2 69C / 115 sec. 1
3 68C / 110 sec. 1
4 67°C / 105 sec. 1
5 66°C / 100 sec. 1
6 65C / 95 sec. 1
7 64°C / 90 sec. 1
8 63°C / 85 sec. 1

Annealing time and | Extension time and

9-30 94°C / 40 sec. temp. temp. 21

72°C / 90 sec.

31 61°C/1 min. 72°C / 15 min. 1

Aol 50ule] HAE] 94°C 7min, 13], 94T
75sec, 55°C 75sec, 72°C 90sec& 203], 94T
75sec, 55°C 75sec, 72°C 120sec& 103] A|33ts,
72°C, 10ming 13A888L, 22 10ul8 23
A7) 4E3le] cDNA7L AREHA=AE & 31U
t}.

L. oM Tolf &4

AN Higte] mlAAole] EARIRA AR &
A& EXAZ A2 Bay CK-203 HdA F2
Wy £ ZPATNME BEHE HeZ ojr]
g2 CK-8% olg-3llon ouf AME-¥ primer?]
d7)1Nde § 29 #rh. CK-20 AML 9% PCR

ukgo] 27 ¥ 33 Zeow, o “touch-down
PCR” w4]7¢] 3lulz2 A PCR yhg-9] Bolids wizt
& A7 Y8t o dAe] denaturation,
annealing, extension #HAL& A= Wyolrh.
CK-20€ 1% PCR kg9 =30 CK-209] ¥h&4]
Mz A¢l B lnmol primer7} 242t 5ul, cDNA
Sul, Taq polymerase 2U, 10x polymerase buffer
Sul, 10nmol dNTP mixture 4ul, @7 &7 25.
8ul& 4o 50ule] H|A3te ¥ 37} o] PCRE 3
&Eta o] product 5ulE t}A] C9} D micrometer
1nmol primer Ztz} 5ul, Taq polymerase 2U, 10x
polymerase buffer 5ul, 10nmol dNTP mixture
tul, WF ZF4 25.8ul} 410} 50ulo] BAste) Tk
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Fig. 1. Agarose gel electrophoresis of RT-PCR for CK-20 (A) and CK-8(B).

Al PCRE A 5 25 4¥& sl Avigs
o, o daslEs CK-209] =7 485 bp
%c}. CK-8l tigk PCR ¥hg-=71& 94°C, 7min,
13], 94°C 60sec, 55°C 60sec, 72°C 120secE 25
2], 72°C, 10min, 132 3}glon =g CK-89)
=71 290 bpyth.

2 o
1. cHagxie| &y

289 A% HYWUAE AB7] (limited disease,
LD)7} 113, #47] (extensive disease, ED) =}
7} 177801t 1799] §37] gapked 2423
ZAAPE 2] GUAHIAY B FFAEAVE
Aol 98 A= 73 (41%) ol 2E 82
o] i3] ECIP(etoposide, carboplatin, ifosfamide,
cisplatin) 8382t a i Agsiyen o a3
A8} B 95%, &3719] BalHE 70% 9
g H3lon, ol @l FY HE/NE A
719] @271 13.5704Y, #37]9] @A7 9.2704 =24

F-2] ¥ 2ozt FEE AT (p-value<0.05).

2. CK-204% cijie2 RT-PCRol| ol 2HGE @
oMol

2N ESY HIEZFQ NCI H2099} AAQlozRE
A GA7E Aoz CK-202 CK-84) tidty
RT-PCR & A¥sigict. 2 25 H2094) X Zo M=
CK-203} CK-8¢] '#¥o] #AHUR, A4 ¥
HollMe CK-208 #FHA o4 whd, CK-89] A
% guig Wy} @Eso] CK-8& sz o|oe)] WY
AEAE LHE & UL2 FIYT 5 UAH(Fig.
D). dg@xe] Zaie 22¢ d8FoM RNA
& F&slen, o|§ 0|83l RT-PCRE Al&s}
ch. RNA7} 3743 FE=0e=E Holslr) 93
o Factine] WHE FAlo] #A3lY Facting L
o] AEAAE ¥AsIA(Fig. 2, 3). i@ A
djollAl CK-209) th§k PCRo] AJ3=i%ls, PCR A+
B A9%% @7 CK-20€ o83 #H$ 2zt
LD 119)% 191(10%)(Fig. 2), ED 1793 14§
(6% )(Fig. 3)ol4 CK-209] $Xo] gasit}.
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M C 1

2 34 5 6 78 910 11

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

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

CK-20¢] $Zo] B3¢ 24 3 ED #x+ E+3
W3k FAolrh ERIHEA, LD e AddAle
fZR07} gl Ayl Bgoy 444 Fo 2
o7} wAsgict. A 17¢¢} ED &3 & IF
FE F Aoyt AE 78F A 67 fA6IN
£ CK-209] %o] #2857 3t

o #

AR S TANIE QlojA HA| kel 20%
£ AAs, T e Es g vt IPEE
7b o9 wEn, EYHo s 2o 9AHE T o
oA g A olm] o 70% o] FRAN F, I,
Z o 2 Yy Foze 4F3-0r) dH, |

ojz] $z YR 71E9] AP as HAHA
AT QJAHAQ ADE T o oln| uAHo)
(micrometastasis) & 21 Y Aoz QAT Y
th. 2 g3 2AE Y-S B8 A L ¢ A
9 g3 ZE7I00] 2-4/dl A o, o
t 9A dFE uie} o) A B ARFA] AR
o] g4 T YIA Ho] Ei= ujAlHolof 23 A
Ao g FiteElE Aol 7MY FoF 8119 R
A gl

HZ Al g e den WG Pge] el o3 2
ABAHo| AL glon] 1 A F v] 274 A
o 2 ABE NP3 AdgFos oF7t $ 8
o QA E oS FF24Q0 8ot A Qo
weba 71&Ee] AAH oz E IVl e flo
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M C12 3456 7 89 1011121314151617

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

U B ERe 71gE olg3kd gule] EAjshs
29 vlHHol& H&3] AY x=Fo] Y= ¢
ors812 ek o 2 PCR& o83k A4 Eduld
A 10709] ARAEF 1709] HALE HE2E + A
£ Aes 4R len, old vhlo ARz
ZAHE olg3te] WrlZoz Yol A dauks-&
¥k 2S¢ 107° A2F 1749 HHEE HaE
T e A2 €A Aol PCRE o] &8k Ao
S e dabides dgsm o 2| o
d ol <3 A2E Aol AT A5 &
AE7t B ol dFE 7M€ AW el
I o FEAH <3k dA gAlldl EAsE
YAEe] & 0.01% o] AAHo2 PPA ol
o5 YA Holg fEAE T Ae AeE ¢
A AR F, o] B T0kg 71Eo2 Sge | &

10,0007H2] X7t EollA EAshe 3 €Y
0.2 mlg 170¢] M EV} c]gH oz EAs}a o]
M) GMEIL YHHlE JHHE F UF HeE 3
=3 Aok T ol2§ Fa4e] AR EA)
& A3 olo] By A8} s o2jF v
Aldele] WAL YF d4FHolE AAAY F Ue
¢ 8% o]l E F UL Holth. webd 10
mle] PHozRE 10° ) Weoe dATE 2%
4 9eng olgxoayx PCRE olgdtd & 17
o] NI} EAF AT 2 HEo] 7HsE Aot} o
gl o] HAPE Ao s f-8317] $iste #A)
olg{dt ZAAMol olg=x e HEAA (marker)
Hoh o€ A EXA) gasit. &, A
AT deYHo g dHHAY B QAT Jlgsles
AT MdHoe LHPo M FYM ¥}
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ol shsdiAor & Aotk vt BAZHA] ol
2748 DEAFIE EAAL G golA ol
ul el g WAshe 7l 7P Ak vt Ha
om, X T 47| 2HAAL dgHog
BEEE GEAR] fgo] FARTE AlFE 4%
olth. tAlEe) @A nlAldole] HAl AUl &
A 7P 88 AL Al EdsEE PSA
(prostate specific antigen)ojtl. PSAw A X
At ERAo g wdo] F7E 1, T3 A4 A
oM HER] 38 Aoz SHA YA o)A
ol ¥xAE Q=T glon A4 o dvEy ¥
4 nAdelrl A A 3 94 ¥
#EAo| Erhe Bt glgsh. old vk 24 E
= ZHlE Bl 3= AMXE Hodw e guiAx
¢le] #9 #A CEA, NSE (neuron specific
enolase)7} 4% < EAAZ LA UM BA
2] 50-60% WeidlA FAHE g EA UL
U A4 AMEAME ol2F BAAE LHER
ol BAIZF B 4= fli't 7Y, EF Az
FAA¢1 EGP (epithelial glycoprotein-40), cyto-
keratin % AHME B ojyet 4 A ¥
Mz gdgo =x HEd EAAL E 4 glod, o
A ol& o]gd dTAde] BMd oA AFE
718todok & Ao g AErs

A2 drad o3hd CK-200] A E A%t
ERHoz UPHUAN ZEA RN THEEHA G
£ the Ao| HuHa oA BHE B Yo &
AFAME 27 1oMe} Zo] e EARehk: g
ZENEdA= CK-209 ddo] TEEHRA| U&g
& 4 ATk wEkA & AT 2AE FHigelA
M 288 FAxQ Wr)(limited vs. exten-
sive) A floiA 7189 FrplM e EAE 5 ¢
A9 24 mAAe] g CK-202 o83ty 713
275 HAARPEQ RT-PCRY) olajA] A5t v
AAole] wre] 7Fsd A EF 1 A ol &7
o] ojmE YA ojnjE ZEAE BiX 3t 1
g & d7As 93 7% (2/28) AR

CK-209] ZFo] B¥s|o] 1 4 ovig H7tst
71E ¥E Ao 44dd. a2 $Fo] UFE 2
e @A} BF FF T FHoL dAdoEHN
B5oMe) CK-20¢] &do] nMjHole] A &
£8 F U& 7FsAol Ug AoR Y FE U
u}, 7189 AAlg FeAert AW 79% 63
& ZAolyl Welthd FAMY gEEHAL A
&3, o]E $AA CK-208 o|€3 PCR HArH}
ol Hel7t &5 3) ekobA CK-20 B}t & o -4
& ERAFY] o) Bag Ao Azbdr).

8 <

APl :

ANE gL G FA F 20% oMol Ad 7
Al FFAo7) dAg 2N 27]9] EYA Holrt F
8% dFAxY Aoz A= 1 ot wEkAN
FE A5FA V&9 AAIRE U8 + dld
ol delE T 4 Uchd ${Ale] Agwy % J
FAR FEY AF/ € 5 UL Rz JdHo
gt} 3 cytokeratin(CK)-200] Z4¢} e =
Yrigdse SEEA FowAM Mzt B
e Aoz AN o] EAAL MR U}
2o AuAHEste] F4 viAHele B AAAHY
7FsA& AL Ut

o oy

AXEGAEFQ H2099 A4l EFAEE O
o2 CK-20 d¥& vu3lgs, AHE s|gdate]
H7124 8 % AAeA FFAAE AREHEN F
Aol F5E F3H5td ol28E RNAE F&3d
CK-209) th%+ primer& o]8-5te] RT-PCR& A3}
3kt

ZH o:

H209 AxZoME CK-209] wdo] #&d v,
g EFAENME BEHA gotr] CK-200] =
A Fo M HEEHA] g1, FHzFo] AT Kol
o2 YHHE Ao YA 2819 M ¥
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FEAF A717} 119, &47) 8471 1770102
o, 1799 &37] @xrked 242IAAM 25
Aol MAHNAY E= EFAAME Holr} 8l
g @A 79 (41%)elch. CK-20 o oi%
PCR Z# %7} LD 11443 19 (10%), ED 174
% 14 (6%)914 CK-209 %Fo] @a=c.
CK-209] 3¥o] #&4€ 24 3 ED #x= ¢34
o7} X, LD fxk= JdFAlE ¥4d4dort o
E A7 @AYo Fo FHot AU
@B

F5o] BE 2499 A} BF YAz FIF
Aol7} gle FeiolX FHol7t AP eeN CK-
209} wHo] €Y viAdole] wA 48Y F AU
& 7FsAdol g Ao 2AY £k glod, 244
ol7 BRISIIE 78%F 6olM= CK-200] ¢
#| @obA, CK-20 Bo} & o {83 Exxle] A
ol 8% Zeoe YzEd.
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