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R - KRR E I B W T ras BEWH T 2 REE 2T L 72, MEFOR ras FUERBERGIEE
AD 5% (2/40) L, KEBET40% (51/150, p<0.01), BEET80% (4/5, p<0.05) &E»-
7z, P ras FAADFREBIENLIT ras EHDIEELS, BRI ELHETEO13% I ras BAD A VR F L
BHOTEFELTH -1z, M D ras EHRBEERTF P06 2 /20 T HEORHEFIEEAD
0% (0/20) i, KEBHET24% (6/25), BIET40% (6/15) LEdolz (p<0.01), Ras EE%
B L L-MffESs T ifg (CTL) oFHE 2 R4, BE 3R 1HITHE ras EBHOA VR F ¥V
BIDIEFH~TF FICRENZ CDIBHED CTL k3G sz, LY, BE, REET s BEBIC
B3 B REEA R MBFEIC L 2BOFEZKHOTEESES L U s BHICHT 25828 CTL 2 L 278
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BOBGTEYO—HRZOERETOER, KXk,
BIER WL, BWRENTE LD E2Y, Ras i
BFit PEREDI%, KEBROD45%Ta N 12, 13
2 H6LOEAITNERERSEH SN TE Y, %
DELGTENTH 5 ras BH (p2lras) 325 DED
REELHDIBFCRENLTIE L L TRES N ST
BEMER D B, LicdS-> T, B, KIBHET ras BH WX
TARBICE S BOGEESHPBECICHT s 2 &8
Ezohd, FE50RBZEE KBETIOXEER s &
HiBRAZHAB LU THRSEET 22 L2
ELY, SIHER s BEHIIHT 2 REBEIEELZ
NeOBARZEO—IRIZBVTHRIIL TS Z & %
L7:9, &E, B8, KBEOEEZHICBIT S as &
B3 2 RGN EORRERET 2 LOERE L

* FASEANN SRSy VR 1 - B ESEDEBE T2
WL 2 DWEBEA~DER
<19964E12 8 11 B2 > FIRIEE R | B EM
T236 HMETESRRKERI—9 BMETIXFEEZR
T 2 48

BADOIGAE LT s EHRHRA G HEREET
il (CTL) OFEEH b b THHEED ¥ O DRRET L 72,
g & FHE

i KBE16061, BfE 5 Fli L CIEE A208101m
Homl BHE L 7z,

RAEMM Y > 3Bk @ KiGE296, BE2088 & UIEE
A2001 o KA M1 %260ml ~ %) >R L, Ficoll-
Hypaque % CEERSE %2 8 L 72,

p2lras BHEBEEHR © 5 BED p2lras EBAB L U
LSO ras BI#E~7F ¥ % flv>7z (Table 1), & p2l
ras WBIEH ® 5 LIk K SREAER L S D ras BEETF
AL KBRBROHEBRZEERFEL % HPLC
THifk L, X &z lipopolysaccharides #E L7z, £
77 FREHA D 5 0IEEEMD p2lras D4-21
FHOTFF (pd-21) BLUTEHEROD p2lras BEH
D 3 KIeAEE LT a-helix 2L, BEHEERCALE
T BEHUDZ18mer R 7F R & 3 AEEUHW L, 5
B3 oFEOAVEAL L CHEZBEFEHD
myoglobin & soybean ¥ Z& H @ trypsin inhibitor
Rz,
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BEFE - REBREIZ B 2 ras BECHT 2 RUEIGE W & BTSN His &%
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Table 1 Normal and mutated res peptides used in the studies*

Ras Peptide Name Lengtl

G12(p4-21)

C12(p4-21)

S12(p4-21) !
V12(p4-21) simet
D12(p4-21)

G13(p4-21) Bmer

(p48-63) Smet
(p125-142) I
(p147-164)

(p162-179)
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*Normal (wild type) p2lras protein contains Gly at amino acid position 12

EFOH ras PUAEDREE | MFEFR DT ras HFiib O
FAERFET 2729, ELISA 27z, 723 ras Hi
BEOFFIML 2R T 2720, ras BAREE~TSF N
2 & PR RIRE % ELISA TiT 572,

1) ELISA [ fifk & %2 5 p2lvas B X UM OEH
Ba—F 47 Uiz (0.02ug/well) ELISA 7L — b
PR L 72, Casein GEBER T 0y 7 LI, |
BTLOFERRL g2 — Xk L, 2 Kfifkciz
peroxidase i &t F-IgA I & % H v /-,
Tetramethyl-benzidine (TMB) %4 12450nm T
WA & HIE L7z,

2) _7F Pk aHiAhRIEE (ELISA) @ #RMm
BIEARTF R (100pg/ml) 202 T 184 > F 2
R— b LBr—XREiEkE UTHY, Bimdio ELISA
EHEITU 2.

3) U U oSERIETEREER W X 2 p2lyes BEEEY T MK
DR DRI Y >3k (2Xx108/ml) % %8 p2lras
HEORENE (BA © 0pg/ml, _7F K :50ug/ml)
ZINZ TI6RRRII6/AE 7 v — b T 7% EC MM
RPMI(GIBCO) % F\2E%2# L 7=, *H-thymidine 1mCi/

well ZRHO 8 B HIML T, *H WD AAH % H]
EL, UEZHENL 2 WHEDEE2HF & L7z stimu-
lation index (SI) #8H L7-. BB L 74 X
A% (TT) 2w, SI>2.0%BMHEE L.

4) p2lvas EOBESR CTRIBSEL TES R Y
YSBERDRTF FREM L MIEEETEOHE | RS
SBIDRMEIM Y > oS8k % WIS % T 13 p2lras-GI12 %
721 p21lras-DI2EH THRIB L, ZOBRIEIZSEADOHEK
DRFF N, IL-28 L IL-7% AT in vitro THIE
BERLTR7F PBRY T HEGo R 2 RA.
SLTHEOLNIERTF VRN T ML ras 11
FREN T HREEEEEL2EHT B Y V85K 5 Mk
L7z EB v A VA EEEHI 28N e L, 27T
FE2HRMUIBESORTT PR L EEEEE
25Cr WHEERER TRET L 2.

Frat=2rasaat | BIEME I unpaired student-t #5FE %
fTv, p<0.052FEZHY LHELR,

wOR

1) KIBEBETIE res EH TN 2 M IgA Ptk

DEHENPEEALVEREREDI 0.

Table 2 Serum IgA antibody to p2lras protein can be detected in colon cancer
patients with much greater incidence than in normals

evaluable

sera rate

G12
Colon Cancer
Pancreas Cancer
Normal Donor

5/5 | 80.0%"
40/40 | 5.0%

2

p2lras proteins

D12 V12 S12 L61 | Any
150/160 | 30.0%*" | 28.6%** | 31.8%** | 32.5%** | 31.0%** | 40.6%**
80.0%* 1 80.0%* |80.0%* | 80.0%* |80.0%*

5% 2.5% 2.5% 2.5% 5.0%

" 1p<0.05 **:p<0.01 vs normal donor

ELISA demonstrated significantly higher posotive rate of serum antibody to every p2lras
protein in patients with colon and pancreas cancer
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KBEEELOF B L CEE AOBIDIE % 1 K
7%, 9t IgA Fifs % 2 Ryifk L U T ELISA #fEfT L7z,
RKBEEETIVFIRAEEDL0.25£0.31L EEAD
0.020.06t, HRICFEHEHEI T, T2 (p<
0.01)., EFEANOFIWRE + 3 EREREZL LE2H
vas FUEGMHE EHBT L7, BER BBV Thro
R p2lras T 5 IgA PiABRER I 1 E ST RERE
TR 2 & ABBREERE T40.6%(61/150), BEEBEET
80% (4/5) TdhH-olz. & p2lras i xf L TiF G-12
30.0%, D-1228.6%, V-1231.8%, S-1232.5%, L-
61 31.0% TH -7 (Table 2).

2) Flras FiABEORBEBEE DS  IZFFER, &
BAWTND ras BEHEIW L THHRBRICHBET
Hoie,

EFID27.3% TEAER (G-12) ZEHRM (D-12) @
WO p2lras X3 2 [gA i s h, &p2l
ras WXL TR RIGT 2916 % & DEMITE L G-12
4.7%, D-123.3% TdH -7 (Table 3), L7285-C,
KGRBZMER OB ras PRI R Y 7 05—V T%
DORBEOLIIBETH D, % < ik p2lras DIEEE %R
U TSRS H 2 o T,

3) Bl ras LR OB DL E ras EHD A Vv
RE Y VEKHROIEERTH - 72,

Table 3 For most patients with colon cancer, anti-
body that responds to mutated p21 K-ras protein
also responds to normal p21 K-7as G12 protein

Antibodies to p21

K-ras protein Percent of

— — patients positive | Number
D12 mutation | Normal{G12)

+ + 27.3% 41/150

+ — 3.3% 5/150

= + | 4.7% 7/150

64.7% 97/150
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B ras FLEBMETH - T2 RBHEIHIC DWW T ETER
7F R 2RO IESRERETY, Ih S oM
PRI T 5 plras DT E Y — =7 2HBEL .
ELISA @S WNE % 25% L L L, Bl ras FifE %
HFFTL 7227 R p2lras DA VR F & L EEREE
D2EEORTF T, PRSI EAKR
pld7~1647C 8 (53%), pl62~169T 9Bl (60%),
Eb¥TI08 (67%) TH-o7: (Table 4), Li=H-
T, Tt ras PUADOTERBML D% { 1F p2lras DA NVEF
YNERBRORTF R ThE EFEZ SN,

4) KiB#E, BEARFHOFRMMY /3R p2lras
OBE~RTF Pzt 3 2BE8s T MESEEL 7.

KIB#E T SIEH2. 0L L BT F FicH L TR
W97 T RN EET S L F 2 s h - BHEFIIER
HoR7F R CL2(6 6, 24%), S12(561, 20%),
EEHDTF F T ple2~179 (46, 16%) &%
oI, BETCOBEEIRERF O~ TS F T DI2(6
#, 40%), C12 (2 #113.3%), S12 (2 #13.3%),
D13 (2 #13.3%), EEHLO X7 F F TX
pl162~179 (6 Fl40%) W H < A oil:, BEACBME
Bz 72 (Table 5).

5) BEREZ ORI > /38K % ras BEDUE TR
BRE L TE o N CDATEMMIR I 7T N RERN
IR EIE TR S iz,

I 3 Bith 1 I TERE D D127 F F B L UIE
HEOD pl62~179 7 F FIZ iR L%~ T CD4
Btk T Mtk Lk oBE o nl. 2hso Tk
BORTF FRENHRESEEEEC B Y 3
R S ERL LT EB 7 4 )V AT % 1A i
ET 2 E, ANVRFVILEBMOIEEED pl62~179-
TF NEREE Y R T T LR T pl62~1792 7
F PRRNMEREEEE (ET 1 120, 64%) 238
Bz, BRHO D-1227F FERFNEMZ T #ifle

Table 4 Antibody responses to p2lras proteins in colon cancer patients can be
blocked by peptides from the carboxyl terminus of p2lras protein (n=15)

p2lras G12 |

‘ protein | pd-21
number of patients
with antibody 15 0
neutralized by (100%) (0%)
peptide n=15
mean of o 0
9%inhibition 54% 4.4%

Peptide neutralization assay suggested that most of anti-res antibody recognized

p2lras peptides as competitor

p48-65 | p125-142 | pl47-164 | pl62-179

0 0 8 9
(0%) (0%) (53%) (60%)

1.5% 0.8% 28% 29%

peptides from carboxyl terminus of p2lras protein.
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Table 5 CD4* T cell immunity to p2lzas peptides
can be detected in patients with colon or pancreas
cancer

Evaluable Patients

Normal
pg)ezplt?tz:lse Colon cancer Pancreas cancer (g?%)
(n=25) n=15)

D12 2/25( 8% 6/15(40%) 0/20
G12 0/250 0% 1/15( 6.7%) 0/20
Cl12 6/25(24% 2/15(13.3%) 0/20
S12 5/25120%) 2/15(13.3%) 0/20
Vi2 1/251 4% 0/15( 0%) 0/20
D12 1/250 4% 2/15(13.3%) 0/20

Number of patients tested : colon cancer ; 29, pancreas
cancer ; 20. Evaluable patients had positive response to
tetanus toxoid in lymphocyte proliferation assay.

Fig. 1 Peptide-specific lysis by CD4+T cell line
immunized with normal 7as peptide

Effector cells

T cell line immunized with
normal ras peptide (p162-179)

T cell line immunized with
mutated ras (D-12) peptide
70 70

60 60
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S at
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BTl FMRENRESEEIR o R
o7z (Fig. 1.
z B

ERROBETRER, RE, MiER E8H 588,
Z OBEGFEMIEND 2 W IENCEICERNLE
BiwzaY, THESHEL L TRETI203FE
MHBES A (MHC) L Z20BI AV RAARER
HERoA Y I_7F FOWKT 2EEETY, MEA
EHTH-> THBEORERIE IS BRELREH
HEDR7F N 2B T 2R b 5. A OEHE
CTFEVMOHR TRERE*FHELB2b0LLT
p537, HER2/neu®, bcr-abl®, c-myc'®, rast2ip &
DEETFOEERMH 2, Ros BREFOBEEES
FIED T = VB» o255 TFE21-KD DER (p21
ras) T, I RN 12, 13H 2112617 ¥ ¢ DNA »55h%
RERTHILICED?, 73 7881 DB L, M
WOy 7 I NVEEREET 2EHER D p2lras &%
v, MRROECED 5. ATIRKEREDI%, TR
AR D50%, KEEED45%, MED30% T ES %

P« RBREIC 11T 5 ras BRI T 5 EI0E W X 2GRN HEAREE 30% 458

LERIET ras BETFORUBLO 2 F v SR
ZEIMERE 1Y, p2lras X TS OB ICER 2t
WU L W2 3, Licd -, BB, KIBELR ¥ s &
BEFOEROEGHHWETIE ras BEH RN
Yiths L U T filas ¥ OREIEEDHENBOELE
ZWCICHTE 2R H 5. —H, ras BRI T
B REIEEDBEADEA L LT res BHKBRI R
CTL oF&Es e F THRETHNIIE, Ths5D CTL %
AW RENRERER Y 7 F U REANOBE LT 2

EEZ ORI,

S, —IBOKXEE, BREE W BT p2lras 23X
T 2 RERARIE IgA TUROFEESRD o, Th
S ras Ptk TRE T 2 WAL BF I X D BRET p2l
ras DERED 472 6 TIEHTDORTF FZ bR 5
iz, ZOZLREREHC L2 REEROWESE
ZY, BEEBECACHBBER L Z L 2ERT 3,
i ras TR D FBIRAIDE V- & BRI S0
EHRIERL 2 h o120, KERD40.6%, BB
80%ICHL ras TiEBRE S NIz 2 & i3 72 OBFEZHIC
ISHTEE & bz, MEFARRESER, BRI
B TREENCHABEOVPLVRETH LI Lo 5
KEERTHEES EEZ SN,

p2lras 2549 5 R REICE & U T ras BE~N
7F R A RRMEERIGERE L 23, K
IBED20%, BRED40% 1227+ FERRL CDABYE
T #KEHFED & h iz, REMH OREN T Mz
BULEF 105 ~10E I L B EBH TH RN &5,
U REROBRER IS BT H SIEH2.0~4.0&
FORIGTH Y, BOFEZH~OLHIR%ETH %
LRbhl, LdrL, TheDRTFF RBERARY >~
NERTERIG R RN T F FORZB AR,
BOT 7 F BB AW RTF ROEECER R
BETHEEBbR, %77 in vitro TEBEZEDOY ~
NEREBEBRANTS FCHEEER Y, §oni:
CTL 2B TFHREFBCCHAT Bz o0 F
*E, BEREEORMMY > 8R% s BHEER ST
FCHIESEE L (B oh i CDARM T fildic <7 F
FRENTHRESELELREO ORI L5, s
ERESFENE L REREEBRICAT 3 2 L1k
"EE L Bbhi:.

HALBARRER Tl ros AWK T 5 RBIEEDE
HHZICHARCEL T, RomBEEE LT
ras EEEESTF F 2V Y 7 F 22 & 5 0EH
¥ %1Tvy, minimal residual tumor 2 » OFEFE % H1%]
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Lizh, BENY) VARBROBTFBAK X 282 OMIH
REBEZONDG, 5, MOV A A A >, BRM#
s & UCHiEHl % EOHAMRCBEL T I 0 as BEH
ESTFENE LREREOMER2 T TH 2 LT
¥, KBRBOF: GROBIsHFEnL.
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A Survey of Diagnosis of Existence and Immunotherapy with Immune Response to
ras Oncogenic Proteins in Pancreatic and Colon Cancer Patients

Masazumi Takahashi, Hiroyuki Yamaoka, Yasushi Ichikawa, Shinji Togo,
Hiroshi Shimada and Martin A. Cheever*
Second Department of Surgery, School of Medicine, Yokohama City University
*Division of Oncology Department of Medicine, School of Medicine,
University of Washington

Immune responses to 7as oncogenic proteins were studied in pancreatic and colon cancer patients.
Positive rates for serum anti-»as antibody were significantly higher in patients with pancreatic cancer
(80%, 4/5, p<0.05) and colon cancer (40%, 51/150, p<0.01) as compared to normal donors (5%, 2/40).
The anti-ras antibodies recognized normal or mutated segments of p2lras protein, and 73% of colon
cancer patients had antibodies to the carboxyl terminus of p217as protein. T lymphocyte detection rates
for specific ras peptides were significantly higher in patients with pancreatic cancer (40%, 6/15, p<0.01)
and colon cancer (24%, 6/25, p<0.01) as compared to normal donors (0%, 0/20). We attempted to elicit
cytotoxic T lymphocytes (CTL) specific for ras peptides, and found that CD4* CTL specific for the normal
carboxyl terminus of the p21 ras protein could be elicited from peripheral blood lymphocytes from one
of the three patients with pancreatic cancer. The results suggest that diagnosis of the existence, based on
serum antibodies to 7as oncogenic proteins, and immunotherapy with CTL specific for 7as oncogenic
proteins are promising future medical treatments for pancreatic and colon cancer patients.
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