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Expression of Bombesin Family Ligands and
Receptors in Human Gastric Cancer Tissues
and Cell Lines

Yoon Ho Kim, M.D., Han-Kwang Yang, M.D. and Seung
Keun Oh, M.D.

Purpose: Bombesin-like peptides are known to be important
in the autocrine growth of a number of small cell lung cancer
cell lines. The aim of this study was to investigate the extent
of bombesin family ligands/receptors expression in human
gastric cancer tissues and cell lines, and to evaluate the
relationship between the expression of bombesin family li-
gands/receptor and clinicopathologic parameters.

Methods: We measured the expression of gastrin releasing
peptide (GRP), neuromedin B (NMB), and their receptors, in
human gastric cancer tissues and cell lines. Ligand and
receptor mRNA studies were carried out on; 20 tumor and
matched normal samples, and 9 gastric cell lines. The ex-
pression of mRNA of GRP/NMB, and their receptors, was
examined by the reverse transcription-polymerase chain
reaction (RT-PCR).

Results: Expression of GRP, NMB and GRPR, NMBR mRNA
was found in 55%, 100%, 40%, and 100% of gastric cancer
tissue, respectively. GRP/GRPR co-expression was observed
in 30% of gastric cancer tissues and expression of gastric
cancer was higher than that of normal mucosa. GRP and
GRPR were highly expressed in the differentiated type of
gastric cancer. In gastric cancer cell lines, these peptides
and receptors were expressed equally.

Conclusion: The result demonstrate that GRP, NMB, GRPR,
and NMBR were expressed in gastric cancer tissues and cell
lines. This result suggests that these may have a role as
growth factors in gastric cancer growth, and these peptides
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may act in an autocrine fashion as a morphogen in gastric
cancer. (J Korean Surg Soc 2002;62:198-204)
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2o ole v
=™ paracrine ¥ autocrine
FoIzkeh A1zt =8-Al (growth
factor receptor)= ©|2]3t Il oA F Q3 J&S 3t
G el AAAERRE o ek SHAES 443t 28
A @A) gAAY LR A proto-oncogene)ell <o 2
AxE= ele A oze}l Aozl 4=8-A(growth factor
receptor)ol] &3l FaFE vk Aol dexlow T
o] Jtofoll 3k A7} Fhiks] o] FolA 3L Qi 7]EL] K
o]l 9J&}H bombesint FWEIE7) Swiss 3T3 A-FAIZY 4
A E A GAZFN A mitogenZ 2H-&-kehar 2233, in
vivo®} in vitro A5 Fsto] W FFo A AqbAl et
QA ol Al mitogene ZA 9] 7] oS gt B Z ol o
AR Y] o2 Zokolu} U 9<to) TelEl ALAFE
Z4Fl 2 ) bombesin S8 $19ke] FHA Aol
A3 Belo] 9hg A0E A7 oldl] B QAFAE 9
otz 3} AHAz7 T Houﬂiz‘f_oﬂ/z—] 223 RNAE o] &
gk AAA-F A ALAMNS-S F3Fo] gastrin releasing pep-
tide (GRP)2} neuromedin B (NMB)9] ke gl g 8459
uhal of -2 ool Fobel HILE, YA Aol o,
Fopel Wl 5o ofel abgels AR5l 2AE
gato] ol o] el Avli Julg gelaA sk
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1) CH&ERE

1999+ 24 5-E] 20001 4E74A] Al gtHEh Aol A 91¢
O 7 FEg W A AAA F AgzAIL Y A=
Z(F HARFE 24 5 em o] HolA Qlar st B
o7 ¥ Hee Felsle] RNAY &4 243317
el HA AA(-120°C)0ll HI3F T o] Fof|A] 20409 =
Z-g Aesta, g A|EF 238 (Korean Cell Line Bank)
of| 4] HokukL 92 0] A|EF(SNU-1, SNU-5, SNU-16, SNU-
216, SNU-484, SNU-620, SNU-638, SNU-668, SNU-719)2 4
Aol Z3belglet. 712 HaollA o] & HEl=g &
A elo] Aoz WA At AlEF LovoyE sl
of kA =T ALk

2) SHZXEWA RNAQ F&

-120°C HA| A4 wFo)] B3tk $Q 54 2H 55 24
0.1 g2 1 ml®] TRIzol A]2F(Gibco-BRL Co., Grand Island,
NY)& %3 homogenizerZ £4}3}0] chloroform 200E 4%
31 4Jo]F F 4°CollA] 12,000 gZ 155 E<F YA R E 8}
Ak AR 3 Ll ASds Fske] AHEE FHo|
Y3l isopropanols F%F ol AZollA 1027 Wx|sle]
4°Coll A 12,000 g2 108 EQt AL Z pellets H7] 3L
AL AAB . Pelleto] Fol9l& FHol 75% DEPC
treated ethanol 1 ml<- Y3 7,500 g2 587 AR &
Al F AZHLE A AL A4 dol9lE ethanolo]
AAE w7hA] oF 1087F 71 2 A7) ). Diethylpyrocarbonate
water (DEPC water)5 50u Yo} RNAE =9l & B34 533
AZ Aeg AAg & -70°C deep freezerol] B+ttt

3) RNAQ| A& Al(reverse transcription)

319 RNA, 1l primer®} DEPC-water 6plS Y 65°C
oA 587+ vk At} o 7)ol 5X cDNA synthesis buffer
4, 10 mM dNTP mixture (dATP, dCTP, dGTP, dTTP) 2y,
0.1 M dithiothreitol (DTT) 1ul, RNase inhibitor 40 units,
MMLV (Molony Murine Leukemia Virus) reverse transcriptase
200 unitsE tubeol] Wi £ F3)7} 1007} ¥ =5 DEPC
water= A 7}slod vortexA]| 7] 3 42°Col|A] 304, 85°CollA] 5
E7F BE3-A171 ©}g 37°CollA] RNase inhibitor (TaKaRa
shuzo Co., Kyoto, Japan) 40 unitsE Ho] ¥HEA]71 & 4°C
Wakarell Haksigict.

4) SetEh AMHIZ (polymerase chain reaction)

ZE 4 AsHk-E A GRP9} NMBE| PCR-S $]3F primer
£ Chave S(I)°] A48 A7|-dE o] 8333, GRP}
NMB &A1& $13 primeri= Corjay 5(2)°] human lung

cancer cellsel|4] £2], 543 GRPR mRNAS} NMBR mRNA
complete codon (clone M73482) #3. 2 OMEGA program
S o] &3lo] primerE A Eo| 1Qksle] A-&31IchTable 1).
Eppendorf tubeol] HAALE cDNAE 27 214 Y3 10X
PCR buffer 2ul, 2.5 mM dNTP mixture (2.5 mM each dATP,
dCTP, dGTP, dTTP) 2, 25 mM MgCl, 1.8, 4% DMSO,
Taq polimerase (TaKaRa shuzo Co., Kyoto, Japan) 2 units, %
Z A 7185 AR E-o]Z ]l primer (sense, antisense) 50
ME 9L & X Byl 20i7F FEE distilled waterE
A7k | A Atk FHEEQAATES QAT
(Perkin Elmer, Norwich, CT)E Ab-&3}o] 94°Col| A 2871 7}
< (initial denaturation) ¥ 94°Col|4] 302 (denaturation), 54°C
(GRP), 66°C (NMB), 58°C (GRPR), 47°C (NMBR)°l| A 303
(annealing), 72°Coll 4] 3024 353] HkE-slodc}. 1.5%2] of7}
22 AS wk5o] ZZ5) DNA ¥HS AHE-S 6 x loading dye
9} 410 100 bp DNA ladder®} 37 80 VE 403+ 171995
= AlgBslgich A7) go] b Als 7ol UV lightd
ollA ARE gkt

5 SHEE 2

|

GRPS9} GRP &0l th3t A -F3raLdlinh-g-
A AgzA oA 8] W et B3k, WY, FoF
X], 27], Lauren £ 52 o]
A& Fisher’s exact A& A-g-3lo] vt 54|
Z2 PCE SPSS for Windows, Release 9.05

(e fo fo

o
ofo
of
-
=
£

Pz at
1) CHA BIR}EQ| QAIHE|EIN EM

Ao o

AT hgel B 2099 $AFe YelNA 5

Table 1. Sequences of PCR primers

mRNA Size (bp) primers 5°~3’

GRP 310 ATAGAAGCAAAGGAGAACAG
GAAAATACAGAATAGTCAAA

GRPR 552 TACGTCATCCCACTGTCG
GTCTAGCCATAAAGCAAAACC

NMB 219 GGGGGCGCTCGGATGTTCGG
TCAGGGAGGTGTGGGGAGCTG

NMBR 599 AAACTGATCCCTGTCATCCT
TGCCAAAACTGAGAACC

GAPDH 323 GACTCATGACCACAGTC
CTGGTGCTCAGTGTAGC

GRP = gastrin releasing peptide; GRPR = gastrin releasing peptide
receptor; NMB = neuromedin B; NMBR = neuromedin B receptor;
GAPDH = glyceraldehydes-3-phosphate dehydrogenase.
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248 GR17} 126], oJ217) 8of] At QAT EE = 274
of| A 7742 HAE - 577419k F4e HXE HAA
5 9qll, A5 50dl, 7| A F 16, L8] aL 5ef|oll A AR F-of A
ol Ax A whAslolaL F4e HFATE 72 em@itk 2
2 B4 B3lhe] 26, S5 % 3}l 5q|, m] i3}
gFo] 94 aL, 4dllof| A QISHA| £ Sto] A vt |24
Aol 35 A9zt BE ool glglen, 7k W7
ZLE10] 24, 7} 74, M7} 94, IV} 29d) 9 9de}. segt
71915k 26115 Alef3E A= B A4 fstel L,
< SlobAAAEo] 1340014, AAAEo] 5404 U
3L, Whipple#] 53 3413 SobdAAEo] 27t 164
A 2§ ¥] Sl th(Table 2).

B A

2) B IR AAZH0IM GRP GRP FSH|0]
Chet SARALZEE A4 ESO] Ha

GRPY] primerZ FAA-FR G ALAN-S5 AJ3ig 2
7} 310 bp 2718 GRPE 1169 99tz 2 o)A Wl w9l
A ArtzA oA & 9elol| A W AP ow AE
3 7olle B qhzA oA BF wEsiglon, o
A ESE Lovodll A= A o &2 el GRP +8-4<]

Table 2. Clnicopathologic characteristics of 20 patients

Characteristics No. of patients

Age <60 11
>60 9
<7 cm
>7 cm
Antrum
Body
Fundus
Others
Differentiation Well
Moderate
Poorly

—_
—

Tumor size

O

Location

Signet ring cell ca.

A A O N D K — O

Intestinal
Diffuse 12
Mixed

Lauren

2

Stage I 2
I 7
I 9
v 2

Operation RSG 13
TG 5
Whipple’s op.
Palliative RSG 1

RSG = radical subtotal gastrectomy; TG = total gastrectomy.

73%- 552bp2] WH-AHEo] gall9] S|tz ol A A E G 3
AdAnte] A9 2041°M rg kAol o] F 1oflof|A] A
A3 Agz2 BFofA s gl GRP &9 A=
WA ZZF Lovooll A & 9k o & vrebykeh(Fig. 1). B3k
9tz 2 9] 7% 6odlollA] GRPS} GRP 84 5ol A <k
Ao 2 Uelykth(Table 3). 952 AEFFolA 55(SNU-5,
SNU-216, SNU-620, SNU-638, SNU-719)cl|4] GRP XA
IS Bt

-|-

3) MAF QA T} |t XXl 0f| A NMBSt NMB 25|
O CHSH AFAL-SEEAIMEISO At

NMB9| 7% BE A4 Aoty kx4 219 bp =

7 ]ﬂ band7} F2E] 9 3L Lovo Al ZF|A & x| &= kAt

Ak NMB F8419] 75 GA] 599 bp =719 uk-g-Ak

= z%xl-ﬂuh,} Az Brol|A] #EE o % o (Fig.

2), 522 iAol 4 NMBS NMB =841 44220 1]
sto] fkzA oA WAkl skl vkt

4) GRP ¥ GRP +2H0| WHI} aralats 54
o oimy

M N T N T N T NC P

Fig. 1. GRP and GRPR expression in normal gastric mucosa and
gastric cancer tissues. M = DNA ladder; N = normal
mucosa; T = tumor tissue; NC = negative control; P =

positive control.

Fig. 2. NMB and NMBR expression in normal gastric mucosa and
gastric cancer tissues.
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Table 3. Summary of clinical, pathological and experimental data

for the analysis of bombesin and receptor mRNA expression

GRP GRPR NMB NMBR
Cases Diff. Stage

N T T N T N T

1 Poor II - - — + + + +
2 Poor I - - — + + + +
3 Poor I - - — + + + +
4 Poor I - - — + + + +
5 Signet I - - - + + + +
6 Signet v + - — + + + +
7 Well I - + - + + + +
8 Well I + + — + + + +
9 Signet I + + - + + + +
10 Poor I + + — + + + +
11 Signet I + + - + + + +
12 Poor I + - — + + + +
13 Poor I - - + + + + +
14 Poor v - - + + + + +
15 Mod. II - + + + + + +
16 Mod. I - + + + + + +
17 Mod. I - + + + + + +
18 Mod. I + + + + + + +
19 Mod. II + + + + + + +
20 Poor I + + + + + + +

Diff. = differentiation; Mod = moderate; N =

Table 4. Relation of tumor differentiation and GRP, GRPR
expression in gastric cancer tissues

Histology (cases) Diff. (7) Undiff. (13)  p-value*
GRP Positive 7 (100%) 4 (31%) 0.005
Negative 0 (0%) 9 (69%)
GRPR Positive 5 (71%) 3 (23%) 0.062
Negative 2 (29%) 10 (77%)
*Fisher’s exact test.
oflof| 4] B ksl s m]i23kqke] -9 69% Q1 99|l A]

SIS glold $AMCE §18 BolE Kt GRP
S22 A3 A B3] sl B Pl v]
£319ke] 77%9) 106|014 L& o] glojA R3I L7l &5
% WobA 9] W7k hcHTable 4). GRPSF oHe] 1%
o} AdgA|o] FAsto] HH z7]9ke® yehd 2o F
19]ol]4] GRP mRNAE #F83sl3 Q) om stage T $142] 7
S 79 F 6994 GRP mRNA7| W83}l stage T Y
A 90l % 36014 MRS, suge IV AL E 2
AE A ek GRP TEA19] 7+ 2719 ¢ollA] s
A %Sk stage IT $142 74 F 4ol A, stage IIT $ 4=

normal; T = tumor.

9q]] Z 3of|ollA], L] 3L stage IV Yol A& 24 F 1|0l
A W85 g)eh. 12} GRPS} GRP F-&-x9] whsl oq_l,it
7]} EAIA I eraj_/qg glglom Zekol 37], 9%, A
S5, Lauren® B3 3 glZ A0 AR =3 % A
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ARRAAE ATNEZ ATATE Fozy
FAE AT A5 o, ARAR e
EAAEE olo] olHel £8AF Afulol 4
ol5olAl Hek. ol2ldt HAUARE F At

£ Buleks AE 2 AR Aol dge F
HAAA e el AEEAE S Do,
Bdmbesinit e =& HEZHTIE 224 A T2
UZ9] Bombina bombina2] T|F-ol|A AL FZEEAt.(3)
Bombesm—rr €] =+ bombesin, ranatensin, phyllo-litorin®] 3
FHz BREY QAL

releasing peptlde (GRP)$} ranatensinol] 43} neuromedin B
(NMB)2] Hel2 a8}l Bombesinr FE] =+ gastrin,
gastric inhibitory peptide, enteroglucagon, cholecystokinin, pro-

__,NdnE.l:Hﬁ

bombesin®l] 43}= gastrin
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lactin, growth hormone, insulin 52| ¢, A4, *sl5A T2
=9 EulE AFela, HEZAE TS Folo] A%
wd, A, W 5o ee 2As, AdE A A
of] Fofsir}.

HZ AF AT} wpEH o]E FE|E = autocrine
paracrine 2} X]—_S_Q. E*}oq 75)&]—@] _L.L} Zol:,q]_L ,/] /lg zol-_i =z
sl AAeiztg Zggvty R ux| 3 9lv). Rosengurt
S@o] AFAEY L%l Swiss 3T3 A|ELFE E3 in
vitro A& ol| A bombesin T+ F A|FE9]| AAo] Z71E Q)
T HIL o]%F of] FofollA] AAUAZA S| Aol H3t
A7t ksl Al Z18= A} Erisman 5(5)< WAAHS
SAHI WA =AY S Fato] L£AxE HgAE
oll 4 bombesin®] EAME 2313313 Moody 5(6)< © =
Bl=7} SIGhAEol 4 o5 o)k ARk A S
A FEA7F EAbebe A S S8l Camey 5
7)< HAY AEFE A4S F3+o] bombesin?t GRPE
Folalale A5 Azl 1500742 7k
AT A ol HE Bt AEAAS 2% TSl
At} s}l o, Alexander 5(8)> F oAl HL-S oAtk
% bombesing F0I3}US A 6 T 77%0l A Fko| A
Z5ka DNAS] %ol %7]'*}‘31 019} A A=H Al T
Aot chiF o] FrtElo] veld A4S F3Fe] bombesin®]
ol tletol A/ AAQUAE H§AAL 22 2
Aoz & Mz]-o];q_oﬂ kS v X &= 750 9 34\9‘
Z H s}, B3 Cuttitta —o-(9)JJr Dienhart 5-(10)2 bom-
besin®] C-terminal 9]0l ZAdtsls GAFEA dAE °l
&3k Agol|A] A E FoIetlE -9 bombesinZ} A E
SAoke] ZAehE el e 24 bombesin®] A-§-7k4zoll “’r
o 2AZLS] Aol ARERE ATE Fohod bom
besin AA7} Foke] AAe fbsle AREA AE3s
ERCKIp =

st bl A 2 FFAAAJAAE A 9] bombesin
El=of I A7) “L"] %138 9) =t Narayan 5(11)<
A et AEFQ MC-265 AH&3to] WAL 9 A3t
ZAHE F3to] F ] Aol A bombesingt FE]=9]
A7 2T H 22 Busta Foko] AAgdr) Fof
3k bombesinell H|#|ste] vrehdthar s19ick thAgoll A o]
59 wo] A& QJul= Kol ubg} vhd 2ol 7} 9lof
/q Carrol 5(12),2 ;Hz].oL zzl_o_ ;Hx]-oi c]_unl:q o:l§]:61—
A S AAISE Z 1} 84%0ll A GRPY GRP 84| % 4|
o1 L7 A Aol b4 BF G aElo] hek
val AdzA L il E ] gerka skeieh ey o] &
o] "Whglo] AW 9 of| ol o] glom =Z L3} =7}
£ Z27|%elA =A vebdera Baslgic 019}5 2}
20 & Saurin S(13)0] HaLglh vlol]| wp2w oA} £33t
ZRE35 53 GRP 449 mRNAE %‘EE o|e] &
Skt AZ ] Aol G thASkelA HHE ol

2
AEN ]
3%

H-

GRP &2 mRNA o] o3Izt &5 &
Arkar skgick, redk tiAqh A3 Isrecol 18 o] &3
ol A tAte] 20~40%0l 4 W= = GRPS} GRP %
A7} FEA 2] AAHERE oh el FH=H ] 5ot Aol
HAol| Fog J&L 3k FAsqrt (14)

Ae] 75+ oFA7HA] bombesinit e =oll
I ol Eo] YA kvt Ferris “6‘(15)'0‘ Z*@L /515—, 9,
A A 22 28 gioz AR F
3k A3 99 71‘17@—‘?‘01]/‘1”‘} GRP To*ﬂﬂ' Ll
2 m]fo] qhzF oA o] ¢&Ae] Wi v el
o] wrdolgla s} r}. Greeley 5(16)2 GRP= $]2] 7]A
Fo AR R Aubslsat 55l EAskaL 53] 7|47
Haboll I1FEZ 9) o™, autocrine I paracrine ¥ B =
OB oloko] AAOIAE LS rbw Waskgdc) 9o
o] 4] bombesinit FNE|E7} o= AE Q] HIE S Ho|E z]oﬂ
A3t A= =Ft) Preston 5(17)2] A7 AL FLdh
A A
50% o] o] flqtellA] WS ghokar silel v 2E A

2 99kl AxkAlQl Ménétrier#] HollA X W= 1401‘;]'
°] AFellA e F2 27993 el AAIQ] Ménétrier
A WollA FAS B Ao Hol §Hute] obAu s} 3}
Aol bombesine] FE AL Ao 7 oAyt

2 AFollA= GRP &A1) WAL 40%0l14] vrebbA]
%A AFAFE k& Aozt et AT wAe] A}
o] Z Ql3lo] urEl g o] MTAC] HZE & £ glS Ao
abaiv, eht A4 SEeadel vla) g el
dol #A vehd 3} eoflell A GRP ¥ GRP =&+
Walo] FAlol glom, 9PAZEFE 55%0l4 EA7}
Helthe AR viFo] & ) o] FEA7 FUZAN
501:,‘; 2L o1z z L3S of|AFst 4 gle). ek B3lwst
= ShollA] WHae] A vehbe H o' nFo] o]F0]
Aol A AZEe] 5k ol morphogene ® 2
= & Ao g of|FHt 2 mRNAY o] HEEA]
SAe] EAjel et A3k & = gl7] Wil ¥
F AN AR ZAY T2 Fote] Tl ] AA W
o Jo} o] & F&A|9 75 Flste AUt o A
o|t}.

Bombesin &A7} ol 7S Elo] o ArhAle A
glo|u} k== o] mitogeno & Zr-E&l=A]of] Fslo :]-“:— A
A FHEEIA] 249k 21} bombesin®] Swiss 3T3 A|EE =4]
A ZlehE A2 Haie}l 9)okol]l bombesine] L5 EE EA
sha 2 &A7E pEdEo] glvks Ho R ulFo] £ uf
ZHAQ s vd Zog AAE 3 Lee 5(18)9
ol ol A bombesino] H|A|EF MiaPaCa20ll A 84| ©+
WAL QAASHAA EGF FEAIE S7HI7Ivhe AR &
uf] 9178 o|ut ¢k o] bombesin®] ZHH A Ql A 53}
o BGR Trash 22 Wel= ARAAe] Aol Kef

ruL* -{>

<

ot o.

o

»

=~ Lo Ho
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E°] bombesinF
Fote] T AL AAE
Q)+, Kiaris 5(19)= F oA
bombesing] ZAA| 2 ALl
Solslole A¢ Zl =717}
aslon, olelah 84e AaAlal od ctos FAA)
shgzo] wAelo] 71Q1d Ao W relg] ond, Koppan
0203 Pinski SN FA FAG WY S Esto] 77t
ek} A& o] AA17] FollA] bombesin Z &H|(RC-3095)
9} somatostatin G-AFH|(RC-160)2 FQ A Zok7k4 T3}7}
QS8 9= 3 o] ul] EGF 5249 utdo] 7445 Ao
i u)Zo] o] 59| A8kA|7} EGF A4S AAA) 7= 28
& Hasta gcka FAslglch oleld RuEe AES
2 uf] 3F% bombesin B T FEH| Q] AE A]ijﬁ_% 34 =
Z-g71 70l gk A7} o] Fol A3 Hso] $5 A
o] thek 77} AAEM bombesin®] A S A-Lslo] 9
el A mol AEY H54ol 9e Aoz puH,

o

g =

At lell A SJAATER A2 20419 k=
A} AA At zZ] gl 9F9] 99bA|EFol tslo] GRP,
NMB 2 GRP =&, NMB <=-&4| mRNAoi| th3t 4 A
THELAMEE AR Azt k== ell A GRPE]
g2 55%0] 3L, GRP 4|9 Wl 2 40%0l14] Lepgko
™, NMB¢} NMB &-A9] W8 BE FF3 A4 914
atol| 4] #2E 9r}l. GRPS} GRP 849 WH3l-S oy 9
Al g|hd EA & o)ete] H3lv ol odutAoe] 919lor
3 AETE F2 hollA o] A vebidel ATt
©] dXol| 4 GRPY} GRP 4847} EAof] whalx] 3 99tz
Ao A A=A Bl Fgx9 o] o AES
sote] fskellA ol 5 SEl = A Aol A F
T QAR ALE A= A7
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