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SUMMARY B 0

Sixteen clones (RASK-1 to RASK-16) of murine v-Ki-ras B{EF&##H&RAAZAKBH oL EE &R
hybridomas producing monoclonal antibodies B p2l EHEEE LT, ras p2l BELHT 57 R
against ras p2l protein were prepared. The p21 E o U—F AR EEET 216D 7Y K=
produced by Escherichia coli (E. coli) wilh an g
inserted v-Ki-ras gene was used as immunogen. © 72— 2 (RASK-1~RASK-16) & 1}/=; MRBK
RASK-1 was found to be specific to Ki-ras p21, ME Dk (ELISA) RUA £/ 70 9T 4 ¥ 7T v A

whereas RASK-2 to -16 reacted with the p2ls of (2&£ 4, RASK-11Ud Ki-ras p21 [ZfEBTH 5,
Ki-, N-, and Ha-ras genes in both enzyme-linked RASK-2~16 7 0— > (X Ki-, N- X1 Ha-ras B2
immunosorbent assays (ELISA) and immunoblot- FOp2l TARATEMBS A EAmsh, €4
ting assays. Binding inhibition assays by ELISA Fu{bE /70— F iR & R S L SR &
using biotinylated monoclonal antibodies showed ELISA I= & DB L 2454, 160 20— DE 2
that these 16 clones included those binding to 7O —F LR p2l R AT 30 TR
several mutually distinet sites on p21. B, BoprDRE BT EAT A E MR
fls.

The expressions of ras p2]1 in human stomach
and thyroid tissues were examined with RASK-
3, which reacted with all the Ki-, N-, and Ha-
ras p2ls, immunohistochemically by the avidin- PN e ks o e 2
biotin complex method. Formalin-fixed, paraffin- JL}H? ;. I._: o *ﬁ- e ”, H\;d,‘_ ‘,V.,Ct r}f;??c ﬂ“f&
embedded tissues of 101 cases of stomach cancer, fEsEm s *"1‘7“"*[“ f‘ 74 v 2 HE, 5774
53 cases of noncancer stomach, 74 cases of cancer  SEU 2V 10LER, 5V HESSUER, HIRNRAE 74 6
of the thyroid, and 59 cases of noncancer thyroid B OSERIRIRE SO O MR IS oW TR L 2. W
were analyzed. In both the stomach and thyroid, & UHURERG SR LA &0 T, p2l ATEAL
cancer cells expressed p21 predominantly. Cells of ~ #BLL Tv 7z, A O RIESL S0 TR, 0

Ki-, N- 2 ¥ Ha-ras p21 T/5T & kst 5 RASK-3
EHWT, & R R CHIRIRHE 51t S ras p21 D
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cases with various noncancerous disorders as well as
certain types of normal cells were also p21 positive.
These findings suggest that caution is required in the
use of p21 as a cancer marker.

Expression of p21 was noted in moderately to well-
differentiated stomach cancer, intestinal metaplasia,
and atypical hyperplasia. This finding suggests that
the appearance of p21 in these disorders of gastric
epithelial cells is associated with their dedifferentia-
tive changes to the p21-positive intestinal epithelial
cells.  Thus, expression of p21 in moderately
to well-differentiated siomach cancer may have
occurred prior to malignant transformation and be
independent of the transformation process itself.

INTRODUCTION

Activation of ras genes results in either increased
production of the normal gene product or production
of an aberrant gene product.!=8 These abnormal
expressions of ras gene have been shown to be
related to etiology of cancer in various species
including humans.®>~8 Two major reasons prompted
us to study details of the profiles of expression
of ras gene products at the cellular level. The
first was that precise information on the cell types
expressing p21 is essential in investigations of the
functional role of ras gene products in physiological
conditions and in the state of oncogenic processing,
The second was to answer the question of whether
the expression of ras p21 gene products is elevated
in certain types of human cancer, and if so, whether
expression of ras genes is associated with cellular
transformation, and whether ras gene products are
useful as marker for cancer diagnosis. Monoclonal
antibodies that react with the ras gene product p21
are particularly useful for this purpose since they
allow detection of p21 in both tissues and individual
cellg 211

This paper reports the generation of anti-p21
monoclonal antibodies and analyses of p21 expres-
sion in human stomach and thyroid tissues.

MATERIALS AND METHODS

Antigen. Ki-ras p21, produced in E. coli bearing
the plasmid pHN121 containing v-Ki-ras genes
(provided by Dr. Hirobumi Nakano, Tokyo Re-
search Laboratories, Kyowa Hakko Kogyo Co.,
Tokyo!2) was used as immunogen. The speci-
ficities of monoclonal antibodies were examined
using the following antigens: 1) Ki-ras p21

MR U—HoEXMARL p2l BECH -2, ZHh
SR IS, p2l BlOv—H—E L TAT2
CREEEZETALOLEELLNS.

P~ T BB, M BRI LR URE L
iz&HwT, p2l DM AR NS W Bk 2o
LIEMELCPOTLPA ORRAAFARS NS Z
A5, p2l MIERIET LMl pel BT H 4
LM ~RBA L Ef T 22 EEL T3 &
Bhhna, Failg, ot~ @oiESCcHTD
p2l MR AL, Fll e AT o & B TEE R A0S
fek o TH Y, pll ORBZ 0L OO & i
ZHMAsLTVwWEVBEIICB bR 3,

# B

ras MIE A S ah s L, EEAETFEDD
P 00 70 13 5 SR B R 0l {5 - RE O PR R A
B ERZEND. ' B ras BIET DD LI ERN
WREA, L hAESOMY oM BT AR OSHEE
Ml TwaZedmehtnd. 't Zonlky
Wy 5, #fELSLTOras BETEHRERO
BE W THA AN EL T2, B -OMEAE,
EMEMNESEERUCREBRICET S ras HETF
EESm O B TE 0 T El & M3t A B¢, pll 2IEHT S
Mjag oW TOEREHRAARgREE N ) D E
THA, H_OBEMAE, ras p2l B{EFEHOER
HEABEOMMO & M IZHVTHIIT 2255,
L LM A &+ hif, ras BEOBERSHa
WBHiER EWEL TV A HES, Filras BIETF
EmrERio - —L LTHBTHIHELE
DEEMIZELSa40, tWIZETHA, ras BT
FEMp2l LRI AE S/ 7O —FHEE, HE
B AL offaizd 0T p2l 2T E 20T, Lt
LAHMIIR I I LOTHZ. Y

KT, Hip2l £/ 70 —F Lk
E bW R T A p2l OSBRI HT
BRI THET 5.

MHEREUHE

ME. v-Ki-ras @E7TE2EH77 A3 FpHNIZ2L %
HT 2KMEIZEYESE SRS Ki-ras p2l (A
S8 TR BT Rm e h I o4 1) & Hkk
FELTMELA MFoHEsMNwTEs 70—
F L HEO SR E MEL 2. 1) Rl o Ki-ras p2l,



described above; 2) N-ras p21 and Ha-ras p21,
produced by E. coli with inserted recombinant N-ras
genes or Ha-ras genes (provided by Dr. Toshikazu
Matsui, Fujita-Gakuen Health University School of
Medicine, Aichi'®); 3) extracts of rat kidney cells
transformed by Harvey or Kirsten murine sarcoma
viruses (provided by Dr. Takeo Tanaka, Hiroshima
University School of Medicine, Hiroshima'4); and
4) NIH/3T3 cells transformed with the Ha-ras gene
from the human urinary bladder cancer cell line EJ.

Human tissues. Paraffin blocks of 10% formalin-
fixed tissues [rom the stomach and thyroid, removed
at surgery, were obtained from the Department
of Pathology, the Japanese Red Cross Nagasaki
Atomic Bomb Hospital. The specimens were
obtained from 101 cases of stomach cancer, 8 cases
of atypical hyperplasia of the stomach (ATP), 15
cases of hyperplastic polyp of the stomach, 13
cases of gastric ulcer, 3 cases of gastritis, and 14
cases of normal stomach. For thyroid tissues, 5
cases of chronic thyroiditis, 2 cases of lymphocytic
thyroiditis, 12 cases of follicular adenoma, 2 cases
of oxyphilic adenoma, 3 cases of Graves’ disease,
2 cases of nodular goiter, 1 case of cyst, 1 case of
adenomatous goiter, and 1 case of normal thyroid
were used. Similar blocks of thyroid tissues from
autopsied cases were obtained at RERF in Nagasaki
and Hiroshima. These tissues were from 74 cases
of thyroid cancer and 30 cases with normal thyroid.

Preparation of anti-ras p21 monoclonal anti-
bodies. BALB/cxC57BL/6 F; mice were im-
munized four times with v-Ki-ras p21 at 2-weck
intervals; the first time subcutaneously with 50 ug
of v-Ki-ras p21 and complete Freund adjuvant, the
second time subcutaneously with 100 pg and in-
complete Freund adjuvant, and the third and fourth
times intraperitoneally with 100 g and 200 pug, re-
spectively. Three days after the last immunization,
spleens were removed, and spleen cells were fused
with myeloma NS-1 cells as described previously.!®
Culture fluids of the hybridomas were assayed for
the presence of anti-ras p21 antibody by ELISA and
immunofluorescence (IF) assays. Limiting dilution
was carried out twice or three limes to obtain
monoclonality.

Purification and biotinylation of monoclonal an-
tibodies.  Protein A binding IgG antibody was
prepared from ascites with an affigel protein A
MAPS-II kit (Bio Rad Lab., USA). For biotiny-
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2) #l &4 2 N-ras B{EF X (% Ha-ras B{ZT %
HAAALKRIBEIZEDEE SR S N-ras p2l B TF
Ha-ras p2l (EHEEHFREHEEE KFESED
WHEAMELoMEM"), 3) Harvey X i3 Kirsten ¥
ARME YA N AL D BRIERENLT o FER
Mgt (RS AYEESoHhE A LoR
1), AU 4) & PR R EJ O Ha-ras $t{z
Fio kIR & #7 NIH/3T3 40 fa.

b RS SRR OIS h A W R ORI LR
WhEM<y #BEE, 5774 - @HTTy I
HAH S g mmidrs AF L2 ¥
oA, WH1016, BoR3 EN (ATP) 814,
oMM A ) — 715, Bt L3, B %&3 5,
BULHEEURA»SERLAZLOTH S, BIRIRER
FREOIZ Y, tRMWRIAIRSE S, U v oSERIEPIRIR R
2 A, MERRARNRAE 121, GFREMEAD O IRRE 2 1, Graves
O3, REEITEEIRINGE 2 7, Wy 1B, BRAE
FURRIE 1 IR VERFRR IAFr SR, &
W RE OB T, SIEE (P KAREE 74, EH
ERARRRA0M) ) 2 5 RO AR IR 7o v 7 2 AF
s

#iras p2|l E/70-FLREDER. BALB/cX
C57BL/6F, ¥7 A %& 2 Z & (2 v-Ki-ras p2l
TA4EBEL L. BIIEv-Ki-vas p2l 50 pg B U
564 Freund 7 ¥ 223y bEETH#HSL, 2HEIC
13 p21 100 g & 4584 Freund 7 ¥ 2257 F & ETF
w5 LA 3EERUF4BHEIZE, £hEh 100 ug
200 pg EREEEAEE L. BEREO 3 A
DN R R L, MR A TR TN K S B
NS-1 #lilfa & fh & & ¢ /2. ELISA R U HE B (1F)
BEEEAvT, 7Y F— v BRI ras p2l
iDL BT e, BRAMREE 2 ~
34T, 7 o— ik L .

E/7OQ-FILREORBBUESF 1L, Affigel
7uo5 4 v AMAPS-1I ¥~ I (Bio Rad Lab., USA)
EEALT, Bkr b TUF A ARG kG it %
WE L -, HitkE EAF o LT ARSI, HikE
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lation, antibodies were dialized against 0.1 M
NaHCOs (1 mg/ml) and then mixed with N-
hydroxysuccinimide biotin (1 mg/ml of dimethyl-
sulfoxide) at room temperature for four hours.

Enzyme-linked immunosorbent assays. Tar-
get protein (50 pg/ml) was fixed to 96-well im-
munoplates (Nunc, Denmark), and used as the
solid phase. Nonspecific binding of antibodies
was blocked by incubation for one hour at room
temperature with 5% bovine serum albumin (BSA),
and then monoclonal antibodies were introduced
and the plates were incubated at room temperature
for 45 minutes. After blocking again with 5%
BSA, goat antimouse Ig conjugated with peroxidase
(Medical and Biological Lab. Co., Japan) was
introduced as the second antibody. As substrate
o-phenylenediamine was used and absorbance at
492 nm was measured with an automatic ELISA
reader SLT210 (SLT-Labinstruments, Austria).

For inhibition assay, hybridoma culture supernatant
of each clone was added to 96-well immunoplates
with Ki-ras p21 as the solid phase and incubated
at room temperature for 45 minutes. Biotinylated
monoclonal antibodies (5 pg/ml) was then added
and incubated for another 45 minutes.  After
washing nonbinding antibodies, peroxidase-labeled
avidin-biotin complexes were added. As subsirate
o-phenylenediamine was used.

Immunohistochemical staining of tissues.  The
avidin-biotin peroxidase complex (ABC) method
was employed using Vectastain ABC kits (Vector
Labs.). The 4 pm-sections were deparaffinized
and immersed in methanol containing 0.3% Hy0,
for 30 minutes to eliminate endogenous peroxi-
dase activity. The sections were then washed
with phosphate-buffered saline (PBS), normal horse
serum was added and the sections were incu-
bated at room temperature for 20 minutes. The
slides were then incubated at room temperature
for 40 minutes with anti-p21 monoclonal antibody
(10 pg/ml). They were then washed with PBS,
and incubated at room temperature for 30 minutes
after addition of biotinylated horse antimouse Ig
antibodies. The slides were then washed with
PBS again and incubated with peroxidase-labeled
ABCs for 60 minutes. After washing with PBS, the
slides were treated with 0.05% diaminobenzidine in
0.05 M Tris-HCI (pH 7.2) containing 0.01% H;04
for five minutes, washed and counterstained with

0.1 M NaHCO; (1 mg/ml) Ti&4f L, FIRT 4 BF
N- hydroxysuccinimide biotin{ ¥/ A FIL AFx S F
1ml I21mg) e BEL L.

BERMUNEE. H0EHED (50 2g/ml) #9570
%37 L — b (Nune, Denmark) (Z[8 7 L, [&+fH &
LeRALAE 5% MiiTrTiy (BSA)%
MA, ERC1BMBEL, MkokERngas
B L7, KizE/7a—FREHETML, 7L—
FREETASBMNE L 2. 5% BSA TIEHRM
EASHUHEL A8, S~y yr—HaEaL
Y EHTyAIg(EE - LWEHER, HE) &
20k E LTNA 2. 3K & LT o-phenylenedia-
mine & Hvy, 492 nm TOWRAE # BT ELISA #iEX
# SLT210(SLT-Labinstruments, Austria) TillE
L 2

Racsh Rz, Boru—rond 70 F— i
L& #%, Ki-ras p2l #BH & T 296D EHE T —
FIZEEML, ERCASSMBEL L KitEdF Y
{tes 20—+ ik (5 pg/ml) 2IMA, FIZ4590
MMEL 2. SR e L 2, AL F 5D
Y—E¥EMTEY v -EAF oA HREMAA, BT

L L 7 o-phenylenediamine # H v 7z,

O RE BB LENEE,
A &% L ¥ —EHEE (ABC) il Vectastain ABC & v
F [ Vector Labs.) #HOWTIT-/. ME4 pm O
PR EM/S774 2L, 0.3% H,0, 650 A%/ —
WAZ30 R L THEE D s A F 2 5 — XA
frE L. RizZoOWR %) 2R fEA (PBS )T
PRI L, IEN v v ML A ERAN L, S5 T 205 M T
Li, ZOERATS Fizfip2l £/ 70—+ LHHF
(10 pg/ml) 2402 TEERTA0 5 MEFE L 2. K2
Zhe&PBS CiiflL, E4F koMo A1
Ptk &ML 2%, ERTHOFTMBEL L. Z0#E
A54 F% PRBS CTHUEERL, At xiy—F¥
THEWL - ABC L0 M@ L 2. PBST
ik, A 74 F#®0.05% diaminobenzidine M U
0.01% Ha.0;, % & 0.05 M Tris-HCI{pH 7.2) T
S5y L, BSH, AT I Y THRE

TEY =4 F A0



hematoxylin. Monoclonal antibody HPL-2 specific
to human platelet was used as control antibody.

Immunoblotting. Extracted protein was sep-
arated on 12% sodium dodecyl sulfate (SDS)-
polyacrylamide gel, and transferred electrophoreti-
cally to nitrocellulose membranes. The membranes
were then incubated with monoclonal antibodies at
room temperature for one hour. The ABC was
used for detection of antibodies by incubation at
room temperature for 30 minutes with 4-chloro-1-
naphthol as substrate.

RESULTS

Generation of p21 monoclonal antibodies. Cul-
ture supernatant of hybridomas prepared as de-
seribed in the Materials and Methods were screened
by ELISA. Hybridomas which gave supernatants
that reacted with Ki-ras p21 but not with lysates
of E. coli without the inserted v-Ki-ras gene were
picked up and monoclonal cells were obtained by
the limiting dilution two or three times. In this
way, 16 hybridoma clones, RASK-1 to RASK-16,
were obtained and their anti-p21 specificities were
analyzed by ELISA and immunoblotting assays
using p21 of the Ki-, N-, and Ha-ras genes. Figure
1 shows examples of immunoblolting assays with
three clones of hybridomas and Table 1 summarizes
the results obtained by ELISA and immunoblotting
assays. The antibody of RASK-1 was specific to Ki-
ras p21, whereas those of other 15 clones reacted
with the p21s of all members of the ras family.

Multiple binding sites of monoclonal antibodies
on p2l molecules. Antibody binding inhibition
assays werc used to determine whether the p21
antibodies of all our clones bound to the same site
on p21 molecules. Anti-p21 monoclonal antibodies
were biotinylated, and their binding to Ki-ras p21
that had been pretreated with other nonbiotinylated
anti-p21 monoclonal antibodies were examined.
Table 2 shows the results of inhibition assays with
four biotinylated monoclonal antibodies, RASK-3 to
RASK-6. Preincubation of p21 on the solid phase
with six unlabeled clones, RASK-1 to RASK-6,
resulted in inhibitions of the binding of subsequently
added biotinylated antibodies in some combinations
of antibodies, but not in others. Among the
antibodies of the 16 clones, there were at least five
groups of clones that bound to mutually distinct sites
on p21.
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s+ 2 4%, v-Ki-ras Bz T2#l& A 400 kIb
Wi s Rl D EER T A TN ==
AU, RAAHEMEL2~3piT-TE/ 20—+ L
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Figure 1. Immunoblotting assays with three anti-p21 monoclonal antibodies, RASK-1, RASK-3, and RASK-
4. RASK-1 reacted with Ki-ras p21 but not with N-tas p21, whereas RASK-3 and RASK-4 reacted with the
p21s of N-, Ki-, and Ha-ras genes. N-ras, N-tas p21 produced by E. coli; Ki-ras, Ki-ras p2] produced by E.
coli; E. coli, extract of E. coli with no inserted ras gene; Ha-NRK, extract of rat kidney cells transformed
by Harvey murine sarcoma virus; Ki-NRK, extract of rat kidney cells transformed by murine sarcoma virus.
The ABC method was used.

M1 MO p2 £/ 20—+ LMk, RASK-1, RASK-3 MU RASK-4 2 Al ARETD 9 F 4 » ¥
Wi, RASK-1!% Ki-ras p2l &RIGL A, N-ras p2l $ZHIELE»-A, —F, RASK-3 & UF RASK-4
1+ N-, Ki- & F Ha-ras ®1Z 7@ p21 LRIEL 2. N-ras, E. coli 12 L HESE S N-ras p2l; Ki-ras ,
E. coli 12k 9 B4 &8s Ki-ras p21iE. coli , Filhras BIEFEIFL LV E eoli @i Ha-NRK,
Harvey =7 APIBE Y 4 LA 12 & D BHGERL 27 » FWROM fadh iH; Ki-NRK, =% 27 1 L2
CEDIBRERL ATy PEMoMsaM . ABCEEMREL 2.

TABLE 1 REACTIVITY OF ANTI-p21 MONOCLONAL
ANTIBODIES WITH THE ras p21 FAMILY: SUMMARY OF
ANLAYSES BY ELISA AND IMMUNOBLOTTING ASSAYS

#1 raspll 7r3VU—ixT AHip2l ®SZ7O-FN

Hitko EsfE: ELISA AU
GETO T4 v VREIZEAETOEHN

p21
Monoclonal
antibody Ki-ras N-ras Ha-ras
RASK-1 o - -
RASK-2* + + +
RASK-3
RASK-16 i i o

*The reactivities of RASK-2 with N-ras p21 and Ha-ras p21
were weaker than that with Ki-ras p21.
N-ras p2l % U Ha-ras p2l (S #t+ 4 RASK-2 @ G, Ki-
ras p2l (2 HtsEIELDLE -2,

E. coll
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TABLE 2 BINDING INHIBITION ASSAYS
#2 FEEMHERE

Biotinylated Monoclonal Antibody

Inhibitor®
RASK-3 RASK-4 RASK-5 RASK-6

RASK-1 0.6** 0.66 0.78 0.34
RASK-2 0.38 0.53 0.45 0.04
RASK-3 0 0.39 0.44 0.03
RASK-4 0.18 0.19 0 0.03
RASK-5 0.51 0.65 0.08 0.07
RASK-6 0.53 0.60 0.59 0.01
None 0.64 0.70 0.78 0.32

*Nonbiotinylated monoclonal antibodies were preincubated with Ki-ras p21.
JEAF LTS 70— F LA L Ki-ras p2l ZHILHL L,

**OD at 492 nm. 492 nm 125115 0D,

Immunohistochemical studies on stomach and
thyroid tissues with anti-p21 monoclonal anti-
bodies. The expressions of ras p21 in the stomach
and thyroid were analyzed immunohistochemically
with one of the anti-ras p21 monoclonal antibodies,
that of RASK-3, which reacts equally to p21 of Ki-,
N-, and Ha-ras genes,

Expression of p21 in the stomach. Use of
wide range of antibody concentration, 10 ng/ml to
100 pg/ml, was initially attempted for immunohis-
tochemistry. Based on consistency and intensity
of reactivities, a concentration of 10 pg/ml was
chosen. Use of lower concentration of antibody
sometimes gave inconsistent results and use of
higher concentration sometimes gave nonspecific
stainings. The expression of p21 was studied in 101
cancer cases and 53 noncancer cases of the stomach.
In many cancer tissues, cancer cells gave a strongly
positive reaction, whereas morphologically normal
epithelial cells scarcely showed any reaction. Pari-
etal cells and intestinal metaplasia, however, often
gave a posilive reaction, though chief cells and
mucous cells gave an essentially negative reaction.
Smooth muscle and ganglion cells consistently gave
a posilive reaction. In individual cells showing a
positive staining reaction, the cytoplasm was always
diffusely stained. Examples of immunohistochem-
ical staining are shown in Figure 2. In cases of
stomach cancer, the expressions of p2l in cancer
cells as well as in morphologically normal epithelial

o p21 £/ 7 0—F Ltk E BV ABRURKRME#
(CRIT S RA MM L FAEET. Ki-, N- RU'Ha-ras
WIEF O p2l EZHL RTS8 ras p21 £/ 70—
FAHETH S RASK-3 &#HWT, R UFHIRMIC
#1045 ras p2l OB F QIEHEELEM ML L.

Bicsusp2l ORBE.,  fEMs{LENRHO L
12, 10ng/ml &5 100 pg/m) &\ 3 IREE 4 B 14 B2
CouTE TR~ L KEo—NAERFHECES
WT, W0pg/ml DBEEERLA. chEDEw
BEOHEEA 0 e LELIEERII-NMEHRM
L, ChihBmul@leHwas e LIELIFEEAN
gemn A0 6 Mo, T 1014E @I B OF JF 4 B34E {7
20T p2l OEREFAA, £ OEMEMIE L
T, WAl daR v BE R G 2R L AN, BB
Eds FEMBRIE-AYRIEERE Eh ok, BE
R RS LR EEGE LIS LIERER Gz R L 2 d,
Tl R ORI BRI E R L 2. P
R ORI - L U RS AR L 2. R
i RS A F T &l H o T, MR ATE
IR s it v, BREHEBELEFENREOHN &
B2 za L. BRER oS, S A R
My IcEH & M 51075 p2l ORBILHE—O
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Figure 2. Examples of immunohistochemical staining of stomach and thyroid cancers by the ABC method.
Each tissue was examined with RASK-3 and control monoclonal antibody, HPL-2. 2a, stomach cancer
(RASK-3); 2b, stomach cancer (HPL-2), 2¢, thyroid cancer (RASK-3); 2d, thyroid cancer (HPL-2).

B2 WHECRIREEOABC I &5 REMBLEMEGET, &HHRE RASK-3 RUAIRE / 70—

v Hifk, HPL-2 T#4<7%. 2a, W@ (RASK-3): 2b, W (HPL-2); 2c, HKERS (RASK-3); 2d, HIK
s (HPL-2).
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cells were evaluated on the same slide. The 101
cases were classified into five groups on the basis
of the frequency of p2l-positive cells to the total
cells, and results are summarized in Table 3. More
than 80% of the cancer cells in 45 cases, and 50%
to 80% of those in 24 cases expressed detectable
amount of p21. But in all cases, less than 50%
of the morphologically normal cells expressed p21.
Staining intensity of these p21-positive epithelial
cells was in general weaker than that of cancer cells.
In 87 cases (86%), normal epithelial cells were
virtually p21-negative. Correlation of p21 expres-
sion with histological types of stomach cancer was
analyzed (Table 4). In general, expression of p21
seems to be more dominant in more differentiated
types of cancer. The detailed distribution of p21-
positive cells was studied in two cases of stomach
cancer. Totals of 112 and 84 sections for each case
were prepared and p21 expression was evaluated.
As shown in Figure 3, cancerous areas strongly
expressed p2l. In regions of normal epithelium,
however, there were sparsely clusters of weakly
positive normal epithelial cells, and these clusters
showed some tendency to surround the cancerous
areas.

Expression of p21 was also examined in 53 non-
cancer cases of stomach and results are summarized
in Table 5. In 7 of 8 cases of atypical hyperplasia,
more than 50% of the epithelial cells were positive,
and in 2 of 15 cases of hyperplastic polyp, 5%
to 50% of the cells were p21 positive. In three
cases of gastric ulcer, epithelial cells expressed p21.
These three cases of gastric ulcer showed dominant
regenerative patterns of the epithelium with healing
of the ulcer and the same regenerating epithelial
cells were p21 positive.

Expression of p21 in thyroid. The expression of
p21 was analyzed for 74 thyroid cancer cases and
59 noncancer cases of thyroid in the same way as in
stomach cancer (Tables 6 and 7). Expression of p21
in more than 50% of cancer cells was observed in all
cases of thyroid cancer and that in more than 80%
of cancer cells in 69 cases (93%). Morphologically
normal thyroid follicular cells were, however, also
often p21 positive though their intensity of staining
was in general weaker than that of cancerous areas.
Some cells were also p21 positive in noncancer
thyroid though their frequency was less than that
in cancer tissue (Table 7).
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TABLE 3 EXPRESSION OF p21 IN FORMALIN-FIXED TISSUES OF 101
CANCER CASES OF STOMACH DETERMINED BY THE ABC METHOD

#3 ABCEIzE3W@I0LHIOF L= Y EEMEE 03
p2l D EEHE
Proportion of p21-positive cells (%)
Tissue
>80 50-80 20-50 5-20 <5
Cancer* 45(44%) 24(24%) 14(14%) 1(1%) 17(17%)
Noncancer** 0 0 T(7%) 7T0%) B87(86%)

*Morphologically cancerous parts. i 5 246 47 .
** Morphologically normal epithelium. F#ik @ P4 % Lk,

TABLE 4 EXPRESSION OF ras p21 IN STOMACH CANCER: CORRELATION
WITH HISTOLOGICAL TYPES OF CANCER

#4 FHEIZH TS ras p2l OB M OFHEET & oM R
Histological  No. of Partially
Type* Cases  Positive**  Positive®™*  Negative™***
Papillary 10 9( 90%) 1(10%) 0
Tubular
Well diff. 11 10( 91%) 1( 9%) 0
Mod. diff. 31 24( 77%) 2( 6%) 5(16%)
Poorly diff. 37 21( 57%)  7(19%) 9(24%)
Mucinous 6 6 (100%) 0 0
Signet ring 6 0 4(67%) 2(33%)
Total 101 70 15 16

*Based on the criteria of the general rules for the gastric cancer
study by Japanese Research Society for Gastric Cancer.

1A T 46 B 92 2 b 0 S T o Y 12 k5
**550% of the cells were p21-positive. #Rlg@50% kL EA%p 21 B,
***505-50% of the cells were p21-positive. #IF1® 5 %-50% 47 21 BHE.
*3% 5% of the cells were p21-positive. #iI2o 5 %A 4° pal MHE.
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Figure 3. Expression of p2I in cancer stomach. In two cases of stomach cancer, 84 and 112 sections
were made for each stomach, and the expression of p21 in all epithelial cells in all sections was examined.
RASK-3 was used for the ABC method. Black areas, areas with cancer and strong p21 expression; asterisks,
areas with p21-positive normal epithelial cells.

3 WS p2l MREB, HE2MOE L ZonT, 814 C112EOHLEY Y REBL, Sy
25 BT AT 0 LT O p2l OFEEARM & B /. ABC AT I3 RASK-3 &#lv 7. Ko (R
(FE L, p2l JEBEE O @G S0, pZl i o0 0E G bR e
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TABLE 5 EXPRESSION OF p21 IN FORMALIN-FIXED TISSUES OF 53
NONCANCER CASES OF STOMACH DETERMINED BY THE ARC METHOD
#5 ABCEU L3I HMOSEFO b= ) v EEH#HBIZH T 2
p 21 DM Fif

No. of Partially

Tissue cases  Positive®  Posiive®*  Negative®
Atypical

hyperplasia (ATP) 8  7(88%) 0 1(13%)
Hyperplastic polyp 15 0 2(13%) 13 (879%)
Uleer 13 2015%) 1(8%) 10(77%)
Gastrilis

and Others 17 0 3(18%) 14.(82%)

*As described in Table 4,

S B T e = L

TABLE 6 EXPRESSION OF p21 IN FORMALIN-FIXED TISSUES OF 74
THYROID CANCER CASES DETERMINED BY THE ABC METHOD
# 6  ABC %!z K 5 BRI TUER O & = ) v B ERC
it 3 p2l HFEH

Positive Cells (%)

fiamm >80 5080 20-50 520 <5

Cancer 69(93%) 5(7%) O 0 0

Noncancer*  2( 3%) 6(8%) 20(28%) 24(33%) 20(28%)

* The total number of cases is 72, because in two €ases NO NONCANCEroUs
parts were observed.

2@TiEg i ARG s e o kdn, EWERETETH S,

TABLE 7 EXPRESSION OF p21 IN FORMALIN-FIXED TISSUES OF 39
NONCANCER CASES OF THYROID DETERMINED BY THE ABC METHOD
# 7 ABCEIC £ 2 IERIRI S0 @ b v ) v BIEMMI 50 3

p2l MW
No. of Partially
Tissue Cases Positive® Positive® Negative®
Adenoma 14 8(57%) 5(36%) 1( 7%)
Other Goiters o} e Ry ( )
No primary disease 30 5(17%) 19 (63%) 6 (20%)

of the thyroid

* As described in Table 4.
Zandresn.
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Specificity of immunohistochemical staining.
Antibody-binding inhibition assays with biotiny-
lated RASK-3 were used to confirm that tissue stain-
ing with RASK-3 was specific. Preincubation of
sections with nonbiotinylated RASK-3, but not with
control monoclonal antibody HPL-2, reduced the
reactivities of biotinylated RASK-3 with stomach
and thyroid cancer cells (data not shown).

DISCUSSION

The 16 clones of anti-p21 monoclonal antibodies
produced in this work show differences in reactivity;
one clone, RASK-1, reacted only with Ki-ras p21,
but not with other N-ras or Ha-ras p21, whereas
the other 15 clones reacted with p21s of all the
Ki-, N-, and Ha-ras gene family. The antibodies
produced by these clones were, however, composed
of several groups which bound to distinct sites of
molecules, and thus the binding of antibody of one
clone does not interfere with the binding of others.
These characteristics of our antibodies allowed us
to examine the expressions of total ras p21 and
Ki-ras only, and also to apply multiple antibodies
for various serological analyses such as sandwich
assays for detection of p2l. Since all anti-p21
antibodies could detect p21 in 10% formalin-fixed
tissues, we could use them to examine expression
of p21 in large numbers and various types of tissues
fixed with 10% formalin and embedded in paraffin
wax.

In most cases of stomach cancer and in all cases
of thyroid cancer, cancer cells were strongly p21
positive. In many cases, a variety of normal
cells, such as parietal, smooth muscle, and gan-
glion cells, and also thyroid follicular cells were
also found to express ras p21. However, normal
epithelial cells, chief cells, and mucous cells of
the stomach were mostly p21 negative. Thor et
al'” reported the similar findings and suggested
that many of the cell types with enhanced ras p21
expression have been associated with ien exchange
functions and/or produce hormone products which
effect ion exchange mechanisms in effector organ
to maintain homeostasis within the normal phys-
iologic range. Chesa et al'® also reported using
immunohistochemical analyses with anti-ras p21
monoclonal antibodies that in many cell lineages,
well-differentiated cells usually express p21 more
than poorly differentiated cells. It was noted by
Furth et al'® that relationship between expression
of p21 and maturation of normal cells is different
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among the cell lineages, suggesting that p21 has a
role in both cellular proliferation and certain special-
ized cellular functions. The p21 is known to have
GTP-binding capacity and thus might be related
to cellular regulation of adenyl cyclase like other
members of the G protein family.?°~22 In highly
differentiated cells with specified functions, p21
may be dominantly expressed because it participated
in critical cellular functions.

A crucial question is whether dominance of p21 ex-
pression in cancer cells is a consequence of cellular
transformation. In stomach cancer, expression of
p21 was apparently higher in cancer cells than in
normal epithelial cells. This tendency was marked
in moderately to well-differentiated cancers. Sim-
ilar results were reported by Noguchi et al*® who
studied 96 cases of stomach cancer with anti-p21
monoclonal antibody, RAP-5, produced by Hand
et al.? The results, however, were not necessarily
confirmed by Ohuchi et al?* who analyzed 44
cases of stomach cancer with the same RAP-5
antibodies. They observed essentially no correla-
tion of histological types of stomach cancer with
p21 expression by immunohistochemical analyses,
and the observation was also confirmed by direct-
binding liquid competitive radioimmunoassay and
in situ hybridization. Reasons for this discrepancy
are unclear. Possibililies may include differences
of races for sample donors, methodologies, way of
evaluation, and also antibodies. In situ hybridiza-
tion to clarify this issue is ongoing in our laboratory.

Moderately to well-differentiated types of stomach
cancer have been considered to originate from
epithelial cells of the stomach. There is also
circumstantial evidence that these types of cancer
may appear via intestinal metaplasia.?® =27 Interest-
ingly, our analyses showed that p21 expression is
marked in moderately to well-differentiated cancer,
intestinal metaplasia, and atypical hyperplasia, but
not in normal epithelial cells or hyperplastic polyps,
a part of which was also the case in the report by
Ohuchi et al.?* These results may indicate that ex-
pression of p21 in epithelial cells of the stomach has
increased as a consequence of cellular changes to
premalignant status such as intestinal metaplasia and
atypical hyperplasia. Allernatively, all these p21-
positive gastric epithelial cells share morphological
and other cellualr characteristics with p21-positive
epithelial cells of the intestine, as shown in Figure
4. From the pattern of p21 distribution observed
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Figure 4. Expression of p21 in inlestinal metaplasia and intestinal epithelial cells. RASK-3 was used for
the ABC method. 4a, intestinal metaplasia; 4b, epithelial cells of normal intestine.

A4 N e B O BRI B0 A p2l oS ABCIET I RASK-3 &M v /2. da, M EREALES
4b, 1B 2o L.

16



s> Stomach epithelial cells

RERF TR 15-88

Hyperplastic polyp

(p217)

(p217) [ T R T TR = RS = = )
Atypical
| / hyperplasia |
| Intestinal metaplasia (p21+J
Moderately |
to well-
| differentiated
stomach cancer
| (p21") ‘
)  (ntestinal epithelial I
| cells |
(p21*)

Figure 5. Pathways of cellular changes and expression of p2l.

45

in the present study we may illustrate pathways of
cellular changes as shown in Figure 5. If this were
the case, moderately to well-differentiated cancer,
atypical hyperplasia, and intestinal metaplasia start
10 express p21 as a consequence of their metaplastic
changes to intestinal epithelial cells. Expression
of p21 by these differentiated cancers is therefore
preexistent to cytological transformation.  This
interpretation may support the view of Chesa et al*®
that p21 is related to cellular differentialion rather
than to the maintenance of transformed phenotypes.

Reservations are necessary in the interpretations of
other types of stomach cancer and thyroid cancer in
the same way. Cur monoclonal antibodies reacted
with products of both protooncogenes and activated
genes. The pattern of p21 expression by activated
ras genes might be unique and different from that by
protooncogenes, which cannol be distinguished with
currently available anti-p21 monoclonal antibodies
including ours.

Detailed analysis showed no dominant clustering of
p21-positive normal epithelial cells. Cells showing
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weak expression of p21 seemed to surround cancer-
ous areas, though the reason for this is unknown,

There are reports on p21 expression observed by
the immunohistochemical staining in cancers of the
colon, 22830 mammary gland,®'73! prostate,??
urinary bladder,®® thyroid,>* and stomach.?®2% In
general, expression of p21 in cancer cells was
found to be greater than that in benign or normal
cells. There are, however, reports of no significant
difference between the expressions of p21 in cancer
cells and normal cells in the colon.?®3° These
results and ours suggest that precaution is required
in the use of p21 as a cancer marker.

Thus we conclude that further invesligations are
needed on greater numbers and types of tissues with
antibodies that are specific for the Ki-, N-, and
Ha-ras gene products, respectively, and for point
mutation sites of the proleins.
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