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Expression of c-kit and kit Ligand in Human Epithelial Tumors
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ABSTRACT kit ligand (KL), which was identified as the ligand for the tyrosine kinase receptor
encoded by the proto-oncogene c-kit, has recently been shown to play an important role in prolifera-
tion of primitive hematopoietic progenitor cells. KL is found both on the cell surface and in solu-
tion, and alternative splicing has yielded two types of KL mRNAs. RT-PCR and Northern blot anal-
ysis were performed on human epithelial tumors to determine whether c-kif and KL were expressed
there. The results are summarized as follows.

1. KL mRNA was expressed in a wide variety of tissues including the placenta, spleen, liver,
lung, kidney, stomach, duodenum and colon. The ratio of the expression level of the two types of
KL mRNAs was almost constant in all those tissues.

2. Four hepatocellular earcinoma cell lines and a hepatoblastoma cell line expressed detectable
levels of KL, but did not express c-kil.

3. Among five colon carcinoma cell lines, Colo320DM and DLD-1 expressed both c-kit and KL.
The expression of KIT protein was also confirmed by flow cytometry.

4. In Colo320DM, neither amplification nor rearrangement of ¢-kit gene was found.
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Abbreviations
PDGF  : platelet-derived growth factor kb : kilobase
M-CSF : macrophage coloy stimulating factor PBS : phosphate-buffered saline
RT-PCR: reverse transcriptase-polymerase chain MDS : myelodysplastic syndrome
reaction SDS : sodium dodecyl sulfate
mRNA : messenger RNA HCC : hepatocellular carcinoma

cDNA : complementary DNA
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BB, A5, 75 A, EEAROBHCES
BEER R LTCWHEEZBRTWA, v FEKE
BCR\TUGE M AEE 129, [/ @ik T
c-kit, KL BNEEOHEHE T2 2 L3 b T\
5.

2519 132 RT-PCR 2 VT, e KL IZ&W\T
kL 3 hi- mRNA (KL-HL)oftiz, alternative
splicing 1= X 9 % 6 exon % K &3 % isoform (KL-

THOWEET A EEH LML TE . AP T,
v b IEEASR S EEEMIaRCET 2 O KL
mRNA OFEBHOWTRE L, 36 IhE THRED
o FFHIRE R L ORI R T c- kit & KL oFE
oW TSR R I 2 o0 TRET 5.

2 A pr 3

2:1 EEMMERMRUFAHRHERS

2:1-1 ¥EEbark

KB Mk & LT, Colo320DM, DLD-1,
SW1474, WiDr, CHC-Y1 %, HFF#lfm#E bk #ll fa ik
L L, HuH7, c-Hc-4, c-He-32, HLE %, B3
HHAARE Sk AfaRk & U<, Hul6 %, mikIFikalE
ARk & L€ NB39 2\ 7. #ifR12 10% 48R
# 30 Dulbecco Z5 ¢ Eagle S5l &2 V-, 37C, 5%
CO, T vVFax—a—HNTEELL

2:1-2 FHHEHAER

FHED D IBERREE S hc e, B, OB, O,
B, & +-iE, KEESEOHEREES RS
MBS UTIRAE L7ctg, total RNA, DNA ofhitiic
B e, ‘
2.2 RT-PCR %

2¢2:1 total RNA ¥

2+1 CE-EHEMEER VS EERL Y, guanidium
thiocyanate/CsCl #:'® iz X b total RNA »fh i L
7.

2¢2+2 primer OTESY

Fig. 1 w KL &EF0 F » 1 vE#E4 7R3, Martin
et al® X o THREZhic cDNAEBEFIcESE, £6
exon FEWCATET S & 5w KL o primer 2ES L.
o Vv 642 A5 651 KAEYT
2 F v 889 A

sense primer & LT,
AR %, antisense primer & U T,
B 908 Vo FE4 4 B IR A v e

c-kit @ primer ' Yarden ef al Dt T, sense
primer & L = Vv 544 A5 567 2454 % fHE %,
antisense primer & LT = F v 814 235 837 ¥4 ¥
AR A A

KL-HT

KL-H2 .

SP : spacer domain
TM : transmembrane domain

[ ]

primer1 5 CCATIGATGCCTTCAAGGAC 3'(sense)
primer2 § GGCTGTCTCTTCTTCCAGTA 3 (antisense )

Fig. 1 Structure of alternatively spliced human kit
ligand cDNAs.
Structure of KL-H1 is depicted based on the
human KL ¢DNA previously described by
Martin ef al®. KIL-H2 is a shorter KL cDNA
that is missing an 84-nucleotide stretch (nu-
cleotide numbers 704 to 787) compared to
KL- H1. This region corresponds to exon 6,
a proline/ serine-rich variable spacer chain
that contains the site for proteolytic release
of the cytokine domain. Horizontal arrows
indicate the hybridization sites of PCR
primers.

B-actin w2\ Tk = F v 1560 255 1579 ROF=2 F v
1906 725 1925 # £, sense primer, antisense
primer & L CHW .

2:2.3 RT-PCR*

2421 t187- total RNA 1 ug #8&& L1, Kawasa-
ki et al'”icftv, RT-PCR %1775~ 7z, reverse
transcriptase % f\ T 42°C T 15 2 HRG & & cDNA
BEBR LI RIC22:2 CYEE L 7z primer & Taq
polymerase #fn%, BEMBCTlS, 72—V
7, {BERIG60C, 14% 30 %1 71, DNA Ther-
mal cycler (Perkin-Elmer-Cetus, USA) #{#H L
Tfriz oo
2¢3 Northern blot %

2:2+1 X b 8 5 h 7z total RNA 20 gg/lane &
Goldberg'® 12f¢\>, folmaldehyde/agarose ¥ VT
KBEE, =terxzre—RE~r A7y -1L, F
VELAT S A < TP RER LS e - T A
\y, 42°C T 50%formamide, 5XSSPE (SSPE: 0.15
M NaCl, 10mM NaH,Po,-H,0, 1mM EDTA,
pH 7.4), 5%Denhaldt’s solution (0.1%Ficoll 400,
0.1%bovine serum albumin, 0.1%polyvinylpyr-
olidone), 0.1%SDS, 100 ug &M+ 7 #EF DNA %
GUBEPTAITIEAE—> 3 vEfTTaole. 74
A& =ik, 2XSSC (S8SC: 0.15M NaCl, 15mM
sodium citrate, pH7.0), 0.1%SDS# % TE R
20 S REIFeR S, RMAREFT50C, 20 SRS L
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e — i c-kit IZBAL T2 22 TH SN 800 bp D
Wi %, c-myc 2B L Tix cDNA @ EcoRI ¥iF, #
22kb 2 FnFhM\ T, Fio, AEPEREL LT B
actin i\ 7.

2+4 Southern blot ;%2

2¢4.1 DNA O3hH

2:1 X v o rcMifalk OB E 1%SDS, 0.2 mg/
m/ proteinaseK Z&H T 37°C, 16 BEEIRIGHE,
phenol/chloroform iz THiH L 7.

2:4+2 Southern blot 7557z DNA % &R
EEFZCHILL, 1%agarose ¥ MIZESIKENE,
LB —RAT 4 NE—~FFVRT 7 = T\, 2.
3EAMULEHTAATVEAE—  a VRO T 4 L& —
DY R TIc o1, 7 v —7iE v-kit © Sacl/Sall ¥
K #7700 bp Z 7.

2:5 7O0—YA FAF)—

Epics (Coulter Electronics, USA) #H\T, c-
kit DFEAV SV TORBE AR L. KBk
Colo 320 DM, DLD-1, CHC-Y 1 (56X10%) 1ic¥s=#%
/= (=20C) 3ml #inz, 4°C 60 5 HEEE L=
PBS T2 @& L, 0.5%Tween 20, 0.5%BSA in
PBS 250 ul #fnz, HRT5HHEKE L. Zok,
Plc-kit YV 7 m—F L ¥4k, K963 (IBL, Japan)
10 ug/ml & —®Pifk & L T4C, 30 5 HERIL X %,
PBS T 3 mEHH#, 1 m/ © PBS iciFiE &€ THRER
BhE Lie, iR oMIBE THUR & ORIGE, Bl
JTREE, HMemhizAifa L L CERBE L.

3 B &

3.1 RT-PCRZE#A#FW: 2780 KLmRNA D&
Fig. 1 iR+ X 91z, KLEETDHE 6exon (384
et Lasie<, ME®D Northern blot T3 KL-H1 &
KL-H2 mRNA#RXHlF 2%z 3 T&w. KL
mRNA oRHizinz <, KL-H1 & KL-H2 o¥#H v
S T 5 BRY© KLeDNA O 6 exon 2/ #E
% X 5z primer 2/F# L, RT-PCR#izX » Tk b
IEFEBEK OSBRI a8 2T 7.
T OER, EEMES TR K, OB W B
H, +=$6B, ABics wTKL mRNA ORHEA27ED
7o (Fig. 2). % e&@EEMakkicou Tl FEM
fa ¥ HuH6, I # fa 5% # fa #k HuH7, c-Hc-4,
c-He-32 % 0 HLE (Fig. 3), K 5 #& f1 Bg #k
Colo320DM, DLD-1, SW1474, CHC-Y1 Kk O»¢
WiDr i3\~ T KL mRNA oRHE %R (Fig. 4).
PlbkX v KL 3Ebd TR CEBI e RmTEELD

=t

FEEEEMRICE TS c-kit RO kit ligand DFEE 3

&0 N e\)\“
& 3 <<‘° o
Q\'° 4@ gQ oog *\6 o b‘)o °

c-kit ligand * -

-— 266bp
-—182bp

A -actin

Fig. 2 Expression of two types of KL mRNAs in
human tissues.
PCR was performed on first strand cDNA
prepared from various human tissues. Five
ul of amplified product was electrophoresed
on 2.5% agarose gel and subsequently trans-
ferred to a nylon filter. The filter was
hybridized with the labeled KL specific probe.
B-actin mRNA expressions detected by RT-
PCR were also shown.

W - 266bp

c-kit ligand -—182bp

Fig. 3 Expression of two types of KL mRNAs in
various human tumors.
RT-PCR was performed described as
previously’®. The RNA samples were from
hepatoblastoma cell line HuH-6, hepatocel-
lular carcinoma cell line HuH7, c-Hc-4, c-
Hc-32, HLE, primary hapatocellular car-
cinoma tissues, HCC1, HCC2, and neuroblas-
toma cell line NB39. - actin mRNA expres-
sions detected by RT- PCR were also shown.
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c-kit ligand <— 266bp
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Fig. 4 Expression of two types of KL mRNAs in
colon carcinoma cell lines.
Total RNAs from five colon carcinoma cell
lines were analyzed by RT-PCR. pS-actin
mRNA expressions detected by RT-PCR were
also shown.
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hic, ¥fe, Thi¥ ol LcBRkomiatkicisy  5). —7, FF3F & # fa vk HuH6, FF #H A2 #E M fe i

T3, KL-H1 12 KL- H2 it e THB L ~ 30058
WNERIERZE OE R AR L.
3.2 RIEESMIKICEITS c-kit BIZFOHER

5 O KB EAARCE T, c-kit BIETOFE
1Z>\T Northern blot i X WL & 2 5,
Colo320DM, DLD-11z#\ T c-kit mRNA OFH %
Hbt-hy, SW1474, CHC-Y1, WiDr TlRZoRH %
bt (Fig.5). F#, RT-PCREICL - TH
A OfER LB, Ry L TR,/ M5
nT 5 c-myc BETWCBEL Th ZoRBE LB Lz
7% 5 EEOKEEMR ke Cck\ W THBIARRD,
1= Colo320DM I\ CIEFE Icsf LW FE R Aidre (Fig.

@ -actin *q

Fig. 5 Northern blot analysis of c-kit and c-myc
mRNAs in colon carcinoma cell lines.
Twenty ug of total RNA per lane were
loaded for each sample. Northern blot analy-
sis was performed with the labeled c-kif and
c-myc cDNA probes respectively. Expression
of #- actin mRNA is shown in lower pannel.

HuH7, c-Hc-4, c-Hc-32, HLE & & \» TIX RT-
PCR 12T c-kit mRNA 2 LEh e, ik
DfERA Table 1 B Lic, KBTI 5 B
2 BT c-kit & KL BB L0kt L, FHEM
fatk T KL o FH L T e,
3:3 7O—YA bAM)—IZ& 3 KIT HIENKEH
c-kit DEAVASAVTORIAXHERFTHEHMT, e
kit Fifk K963 R\ ic7 m—H A b 2 b ) —%fT7c 5
7z. Northern blot T c-kit mRNA #FH L T\ ok
B #fa Rk Colo320DM, DLD-11zds\~T KIT #iJHo
FHEYRDIH MRNADODEBR 2R D Kot
CHC-Y1 Tttt dh - 7 (Fig. 6).
34 c- kit BIEZF D Southern blot ;%I & 24T
c-kit 758 < FH L T\ 7z Colo320DM izBIL T, &
CFEEOREOFELHFTHHMNT, FrovF
F— XA 2 - V58700 bp O 7R -7 &
LT, HIBEE%3% EcoRI, Pvull, BamHI iz X » DNA
L, Southern blot Bz X AfEHT 21T/ -72& 2

Table 1 Expression of c-kit and KL genes in various
human tumor cell lines®

Expression HCC”  colon hematopoietic®
c-kit 0/5 2/5 3/7
KL 5/5 5/5 7/8

@) Expression of c-kit and KL genes was analysed
by RT-PCR and Northern blot analysis.

» HCC cell lines include one hepatoblastoma cell
line.

© Hematopoietic tumor cell lines studied include
those of chronic myelocytic leukemia, monocytic
leukemia, acute T-cell leukemia, adult T-cell leu-
kemia, myeloma, Burkitt lymphoma, and his-
tiocytic lymphoma.
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Fig. 6 Detection of KIT protein in colon carcinoma cell lines by flow cytometry analysis.
The fluorescence intensity was shifted to the right by the addition of anti-c-ki¢ antibody. A:

Colo320DM, B: DLD-1, C: CHC-Y1
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Fig. 7 Southern blot analysis of c-kit gene.
Ten ug of DNA from Colo320DM and a nor-
mal colon tissue was digested with restricton
enzymes, EcoRI, Pvull and BamH I, electro-
phoresed in 1.0% agarose, blotted onto
nitrocellurose filter and hybridized with the
labeled v-kit probe (2.75-3.5kb Sacl/Sall
fragment). The size marker, 1/Hind III
fragment is indicated on the left side.

5, ckit SBIZFOWEIE, BREREIZRD bR
(Fig. 7). Control & LTIXIEHE KM X b it L7z DNA
T,

4 % =

1990 E i KL BEZEFD 27 v — =V 7 e S TLE,
c-kit/KL o mefila o 51k & Bk 2 & E >
WTEL ORI hTE . b M EREETIXE
M2 1219 /N 123 T c-kit/KL ©
EHEIMMBN T 5. AFRTIEINE THRED R
Frimfass, KB#Ees EEREERICRTS c-kit/ KL O
FBLiz oL THEE L.

411 i cofgeicis T KL mRNA 21X
alternative splicing 1z & » £ %% 2 # ¥ ® isoform
(KL-H1, KL-H2) »\fF#EL, KL-H2 T35 6 exon
AT % 84 HESF AR K L T B Z E BB LT,
Z D 6 exon YT HEEKIE TR Y v, ) VEE
DHEECEESH KL IR oMty Ry 7 —EIL X
LB EZIHWHEE L THRHERD EE LB T

FEMEEMEC RS c-kit ]R8 kit ligand DFEEL 5

52, KR T KL BETF D% 6 exon HNET S X
51z primer 2{F%.1L, RT-PCR izt b 2 o KL
mRNA OFEHizon TR L. zofsR, KL-HI,
KL-H2 & b icjhficlgzs coFEEL/ RO O, il
FE, K7 & EEWER o fMakic s T B
Fdbht.

EGF, TGF-a, M-CSF R FIZE T,
KL A#—EEEER L LTifEmcR R UL, 7
rT7 7 —XILL ) G REZG, SWHELTHEZA
5EEZBNTVAYD, ZhbEEASTIHEBR T O E
DWW TITI R I B34\ . Flanagan et al?® X5k
SR KL #RBE I cMign, ckit #RE LT3
mast cell EEEETHZ D ckit & KL 2 EEFERT
ELTE TREM AR L T\ A, F7, Arguello ef
al* 3 KL D&M REDH S SI/SI4~ v 2L
c-kit ERELTWAH 2T/ —<fifarfEs Lk, o
HERF OB A control B (100%) 1L T6.6% &

BICEEAR LI Enb, ckit/KLIZX EED
BB OHEBICEEARE LRI L TS EHREL T
5. ABETRLIER D KL OFBIIIFEE B fE
BiThbicoTEH, xR Tosb, HEHICEES
LTWBZ EDATRBEINT.

g TIE, —HoOKREHEMIAMK T c-kit/KL %
KRB LB LB L. KEBEICEWT
1% EGF, TGF-a?%?% amphiregulin®”, cript?” 7z &
B2 e HIERT & T DZHENFEBE L TR Y, EFO
BIECBIS LT b EFE LB TS, KBk
T c-kit/KL @ autocrine loop 2 \EE DO HEFE B 53
B, S KL icx3 5 KB fia o RSk oE =
KB DK T\~ T c-kit <2 KL O:BFIFEH 58D
LRAHEDFICOWCTORFVPLELE Bbh b,

c-kit \LEmEMROF T CD34 BBt DIEFITRS
{bL7cHifuzii < REBL TR D2, HfbEFicroRHT
K35, AP CRRBEREMREKCST, 5ko
FE L LR biciifa T BBL, dMbedkex
DFEBEIMETT5Z LE1HBR TV B2c-myc &L DB
RIZOWTHER Lic. ZOREE c-kit 2R FEHL T
% C0lo320DM 1235\~ T c-myc DIRWFREEIFBD L
7z. Colo320DM (x ACTH = PTH, serotonin 7&%
53U U neuroendocrine R D #ifatk & & 2 b T
%3030 [F#12 neuroendocrine H13RTH B i/ Mgz
R WTHERIT c-kit #RBLTRHY, LREES
D ED L 5 7¢ population 12 c-kit H3FEBLT B D2
NElchA.

I, AMEHEEA DR BHAEYMEERE
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(MDS) =3\ ~Tix, c-kit O family TH % c—fms &
ETDOEEREREZLID, VFY FTHBM-CSF i@
M ARIED LR ) By NEREREOF R v F
F—EEEO LA PRDHREY. & b OEEEE IS
W5 ckit BETFORBHEL TR hETDOL AR
Hlews, BEH« 3o ot BRFTH
5.

3 recombinant KL O KEAFENTTREIZ D, 4%
KR MM RE OBE, KEnEa®iEs s
DERIGA~E TR RS 23D DT 5333439,
S, SEEERToERER EOtHEbLE LR,
c-kit REE U T SEEMEO KL x5 RIGHEI
DWTESIBRHPBELE 2SN 5.

5 % 0

1) e PEFAMCKTS 2 8ED, KL mRNA ©
FBw o RT-PCR B VTR LI LA, FRE,
B, OB, B, BEE, B, TEBROAKBRICT
KL mRNA o&H%FH Db, KL-H1, KL-H2 »REH
VASATIBIERECh - T,

2)  FTHuRamE A R O S RRR T, BEL
o 5 FEE oMK S ks T KL mRNA 0RE A7
D, c-kit DFRBIRD b T,

3 S EEoXBEMEkcowTRELEEZ A
Col0320DM, DLD-1 23\ T c-kit, KL W7 DFE
BEDI. Ei, vr—HA ALV -k KITE
HOFER LRI NI

4) Colo320DM I\ Tl c-kit BETOMEIE, 5
BRI, RBodbhlohoT.

E il 2

HEE, MR Fo AR E 1 BEAN
BHABRROCBEEREERY W W, FEBEFRET
AR ESBL Y. ¥Rk R CHRETE o
HAFRIRE M E JCRB #ifa-~ v 7 RO AE 2 HiE
T & o FodbiE KR 1 AR BT —HI R
U % 5. R ESUARSFHEERIS 0 AR
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