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Oligopeptides Derived from MUG 1 Mucin Are Available for
Inducing Tumor-Specific Cytotoxic T Lymphocytes (CTLS)

Satoru Sawali, Keiichi Kontani, Jun Hanaoka and Atsumi Morli

Second Department of Surgery, Shiga University of Medical Science

Abstract: MUC-1 mucin has been reported to carry a strong immunogenicity and to be recognized by T
lymphocytes in MHC-unrestricted manner. Also, the antigenic epitopes of this molecule are known to be lo-
cated within the tandem repeat domain of MUC-1 core protein. In this study, we analyzed the ability of 30-
amino acid oligopeptides (MUC-1 peptide) derived from the MUC-1 core to elicit tumor-specific CTLs in pe-
ripheral blood mononuclear cells (PBMCs) from patients with lung cancer. To determine whether the MUC-
1 peptide was presented by antigen presenting cells, peptides bound on the dendritic cells (DCs) pulsed
with the MUC-1 peptide were eluted by acid-treatment and studied for reactivity to anti-MUC-1 antibody
using spot test. Although the eluates from the DCs pulsed with the MUC-1 peptide showed the reactivity to
the antibody, no reactivity was seen in those from the DCs pulsed with non-related peptides. The induced
CTLs using the MUC-1 peptide exhibited a strong cytotoxic activity against MUC-1-expressing target cells
in the 5!Cr-release assay. A strong cytotoxic activity of the CTLs was observed against the MUC-1-
transduced cell line, whereas there was a weak activity against the MUC-1 deficient parent cell line. Using
synthetic peptides is thought to be useful to induce MUC-1 specific CTLs for the purpose of immunothera-
peutic treatment of cancer.

Key words: MUC-1, cytotoxic T lymphocytes, synthetic peptides, antigen presenting cells, dendritic cells

gbooboooooobooboboobooooboooog

0oodogad gbooboooooobooboboobooooboooog
gbooboooooobooboboobooooboooog

0000000000 0U0OMAGET OO GAGE ooooOooobo0ooooooboOooooAPcho
0 0 0 O 010 tyrosinase”™ Melan-A/MART- (PO ooMHCODOOOOOOOOODOOODOOOD
erbB-20 000000000000 OO0O0OOO gbooboooooboboobboobooooboooog

Received September 28, 1998: Accepted after revision December 9, 1998
Correspondencel 0 00O OO0O0OOO OO 0 OOoO4@O oopogoood



O

ooooooOOoo0oooooobooocTLoboOoO0on
gbooooooboooboobooboooboobo
goooo
MucOOOODOOOOOOOODOODOODOO
gbooooooboooboobooboooboobo
gbobooooooooooooboobOOoboon
gbooooooboooboobooooboomoboo
gobboooobooooboooooboooboo
gboooooobooobooobooboooboobo
000 Oldinkage D00 O0O0O0O0O0OO0OODOOOOO
gboooooobooobooobooboooboobo
gboooooobooobooobooboooboobo
gboooooobooobooobooboooboobo
00000000000 oooOoPPgooooo
ooooooOcrLoooooooboooooono
ooooooOooooMucGOOOOOOO MHCO
O0o000oOoooooooo®g
gooooomMucOOOOODOODOODODOO
gboomoooooobooboooobooobo
oooopesMCOOOOOMUGOODOOOODOO
ocrTLooooooooooocTtLooonoano
OO0 APCOOOOOOOODODOCTLOOODOOO
gboboooooooobooboobooobo

gooogo
MUGOO OO DOOOOOT47DO ATCC

O American Type Culture Collection, Rockville,
MDOOOOOGOGOOMUGOODOO sBGOOOO
gbooobooboooboobobooboboooo
000000000000 O0D0OMUGD cDNAD
000000000000 00 pDKOF  muc™d
Dr.OJ.Finn O University of Pittsburgh School of
Medicine, Pittsburgh, PAOOOOOO0OO0OOO
0O O electroporation0 0 0 0O SBC20 0 00 00
goo0o0oobooooboboobooMucOo
goooooseCc-MOODOOOO

gooooo
MucOODOOOOOOOOOOODOmoOOooOOo
000 D000 00 MDGVTSAPDTRPAPGSTAP-

O

PAHGVTSAPDTRO O 00 MAGE OO HLA-A20
O0000"OFLWGPRALVO O ODOOOOOO
gboobooooooboobboobomboooonoo
goooomobMsoooOOoOoOmooOOODOD
googo

MucOOOOOOOODOOODOO CTLOOO
goooboooboboobobooobooobo
OO0OO0FicolODDODOODODOOOO PBMCODO
gopoooopBMCO MUGODODDOOODOODOO
OMugmIO0MO0 0000000 ILMOOngImiO
O genzyme, Cambridge, MAD O 0O OO FCS O
O RPMI16400 0 O O responder 0 O O O O O
gbooOOoboOoobobobOoooboboOogpPBMCO
ey 0000000000 stimulator 00 00O
O 1L 00MngImI 1= 00 10unitsImiO O Takeda
Chemical Industries, Ltd, OsakaO OO0O0O re-
sponder0 0 0000 O0O0OOOOOOOODOO
stimulator 0 0 0 000 O 0O O O I 00 20unitsd
mOOO000000CTLODOODOOO

goooobcoogdno

PBMCO OxOFeelsOD0@MecmI 0000 O0QOO
oodoomobobboooooobobbooogo
poooooobobobooooooobbboooo
0 GM-CSF O 2000 unitsI ml O Wako Junyaku,
Osakald 0 O O IL- 00O 400unitsC mlO Petro  Tech
EC Ltd, London, UKO OO FCS-free medium
OAIM-V mediumO 0000000000 O™0M0O
gobcOpDOoOonooobooooon

FACSOO

HLA class I O O [1J [T [ HLA class I 0 DRITJ
Ogoo0op00ddd0o0oOoo0DOoooImo SE-
ROTEC Corp, Cambridge, MALL L2431 Leico
Technologies, Inc.,, Ballwin, MOTIBB [ Wako Jun-
yaku, Osakalll BU630 Ancell Corp., Baypont,
MNOOOOOOOOOxOPOOODOoOOoooooo
gopPBSIMDO 000 O0OO0ODMOOODOODO
OgO00DOFrCSOOPBSOOOOOOOOOODODO
ooMnooorTCOOOOOOODOIgGO
JoMooOoooooopBSOODODOODOOO
00000000 FACSort] Becton Dickinson, San



goooooooooMucOOOOOODOOOOOO0OOCTLIOOO

Jose, CAUO O OO OOCTLO phenotype O FITC
00O CD3aUFITOOODO CO8OPED O O COM
00000 PHARMINGEN, San Diego, CAI PE
0 0O 0O CD40 Becton Dickinson, San Jose, CAO O
ooooooboooooooooboooooono
00000 LYSISI O Becton Dickinson, San Jose,
CAODODODOODO

gooooo
goo0oCcCTLOooOooooDooooooooao
O0"Cr-release assay 0 0 00000000000
00000 NaxCrO:O0 DuPont NEN, Boston, MAL
OMO0000O00000O0dxOPeells/mloOnO
D00000o000000xPeells/ m OO0 CTL
O0oOOouWO0OD0O0D0O0O0OOOoowomo u-
bottom tissue culture plated Corning Costar Co.
Ltd, TokyoO OO OMOOODOOODOOOOODO
oooOoWooooDoODoDDoODoOOoODOOOOOOO0
0 COBRAII, Packard Instrument Co. Meriden,
CTMOOoOoOooO celllysis000O0O00ODOO0O

0oddepmoooog (cpm)x
0000 (cpmdO0O0d(cpm)

O cell lysisO NN

O0000OcpmOO targetcell DO OOONDOO
00000000000 0cpmOO target cell 0O
000000oooooog cell lysisDO0O0OdOd
gobob+x0000000b0ob0boooooo
gboooboooboboomoobooobooobon
gog

cell lysate 1 0 0O

PBSOOOODOOOODODOOODOOJ lysis
buffer0T0mM HEPESO OO Triton X IDOI0O
glycerolDOmM PMSFOOOOOOOOOODO
000000Ox JodooMmoobooooooo
OO0O0O0O0O0OO0O0cell lysated 0O OO OOcell
lysate O Protein Assay Dye Reagent Concentrate
0O BIO-RADHerculesTCA O O O O Ospectrome-
ter000000nmO0000O0O0O standard  pro-
tein0 00000000000 OO0OOOOOOOO
goooo

Spot test
JOdO00DCOOxFeellsDOO0OO0OO0OOOOM

pg/mi0 000 0-00 cell lysateODug/mi0 O
MO0o0bODoDOoO0oOOoDoOPBSODOODOODOOFRCS-
free mediumO AIM-V mediumO 00000000
0000000000000 citrate phosphate
buffercpHO OO OOOOODOOOOOOODOD
0000000000 OO0 Speed Vac SC 100
O SAVANT, Farmingdale, NYO O OO 0O O Ol
DMSO OO OO0OD0O0DOOOONO autoclaved water
00000pO0moo0oOoooooog nitrocel-
lulose membranell Life Technologies, Grand Island,
NYOOOOOOOoOoooDooooooooooo
MO0D000000000000 membraned O
0000o0o0Oo0OoDooOoooDOoODODO MUGoOo
00000000 SM300pg/mitD Cymbus  Bi-
oscience Ltd.Southampton, UKO OO OOOOOO
000000000000 peroxidase-conjugated
o000 e oobOooboooDo
avidin-biotin complex 0O 0 O O O O Ochemilumines-
cencel] Renaissance, NEN Life Science Products,
Boston, MACOO OO OO OO O FUJI MEDICAL X-
RAY fim RX-UOODOOOOO sSM3ODOOOO0O
ood

u u

gboobDooAPCOOOO
gboooobooobocrtLoooobooTDOo
gooooO0obDOooOOoobOoDoobo APCOODO
go0ooOoOobo0ooOooO APCOODOOODO
DCOOODOODOOOODOOODOOMHCOOO
OOOcostimulatory 0000000000000
goboooooboobobooboboobon
go00obO0o0o0o0o0obDOoboOooboOoboDO MuGcOo
OAPCOOODODOOODODOOODODmMODOO
pBMCOOO0ODOOOOOCDOOOODODOOOOO
GM-CSFOOO ILOODDOOOOODOoOoooono
gpciboooopooopchooobcoooog
goobpcoObooobopBMCOODOOOODOO
go0oo0oo0bDHLAODOOODODODGOD OO
/10 B0 DROAO DG 00 AD A0 0m/Amd
Cwl/w30 DR8/1T10 0 O DG OO AT1/0 (BO A100
Cw7/00DRLOOOODOOOODODO DCO pheno-



WE/32 L243 BB1 BUS3

Dendritic Cells

Adherent Cells ]

Fig.0 0O000O0OD00O0ODOO0ODOO0OODOO0OODOO FACSOODOOOOO
oonoepO0BUNOOOOO HLAOOOOOOHLAOOOOO-000
0-00000000000000000000000000C000000O
ooo0ooooo

DC-1 DC-2 DC-3

PC NG potie lygate: Peoglide  Listhe Peptide  Lywie

> 1

x5

x 25

Fig. 0 00000000000000O00OO00OOO Spot test. Peptide, Lysate 0O
gooMUCIOOOOOOOO-0O0O cell lysateODOOOO DCOOOOO
00000000x0xMO0D0D00000D0D0000PCO MUGDOOODO
000000000000 000D0O000ONCO MAGE3DDDOOODOOO
gobc22000o0io0ioio0ooUio0o0oooooooooo



goooooooooMucOOOOOODOOOOOO0OOCTLIOOO

Cod

B

CO56

CD4

Fig. 0 Muc OO0OO0OO0OO0OOOOOOO0ODOOOOOOCTLOOFRACSOOOO
gooooooooooboocrLooobooooonoo

typeJOOODOOOOOO FACSODOOOOOD
0 (FigDMDCUO MHC classI O IO O O co-
stimulatory 0 0 0 0 0O CODOOBO- O CcOOOB
U-dboooboboooboooogoooooo
DCOOO0OO0O0O0OOODODOOODbDODbDObOO
spot test OSM3D O OO OOODOODO
OFgMOO0O00O0O0OOMAGEOOD O DGO
obooobobDooosM3aoooooooooo
gopoooooMucOODOOOoOODCcOOODO
gopoOoOoOoDbctboboooboboobooooD
DCrO0 0000000 HLAODODOODOO
gooooMucOOOOOODOOHLADODDO
gooooooooooooomMucOOoDO T
MOOcelllysate 000000000 ODOODOOO
goood

cTLoognooobonoag
Ogo0oDo00o0oooDoODDODODbOOOO0O0CTLEOO
cCTLOO0DODO0O0O0bOOoOOooOoDOOoooboDOoDbOo
O responder cell DO OO O0OO0OODOODOOOO
gbooboboboobbaessaydoonpooonO
oooCTLOOOOOoOOoOOO FACSODODOOO

gbOoO0oD0OO0OCTLODOOcCcDb30 Oboomd
0o0oooTOODOOOODODOOOOO0OOO cby/
coseb 0000 OopompooopoOoooooon
cha 0 00opmooboooobocecbsoogono
(OmMOO0 cbs OO CTLOODOO (Fig. DA)ODO
0000000000000 O0O000 population
0000ooooooooooon  (FighB)OCTL:
00 cTLO0OO0O cbgo OO cTLOoOoonoO

gbooocrTLo MucOODOOOOO MUGO
goboooboooboobooboobobooboo
oo0oooO0oOoDOoOooo cre-oobomMucOOd
00 FTOOO0O000 O cell lysisOMmdoonO
gooooOboOooobooMucOOOoO sBGOO
goMucOOOOOoOoosBC-MOUOOOOOO
0oMmboMmmoobooooboobooboobo
O0Fig OO MOOO0O CTLOOOSBGOOOODO
gooobobOooooboooogosee-MO OO
000o0ooooooooo (FigOBODOOOODO
gooooooooooMucOOoocCcTLod
goooobooOoobooooocTeooonooo
(Fig. DADDOO MUGOODODOOOOODOOD
goooboobooooMucOOOOODOOOO



X oel lysls '."_i!‘_
[

i
5 $

-20

- TR
T-4TIF SHO-T  Sde-nE Torges

% cell hals Ii
Bl =
m
__ o], 02
1R = —l
1 = 5]

A70 SRC-2 SRC-M Tarasi

FigO 0O00OOOCTLOOOOOOOODOOODODOOOOOOO™Crrelease as
saylDO0 000000000000 CTLO effector 0000000 OMODOO
OcelllysisOO0OO0OO0+x00000000

% oodl hyvsls .I'!'I.

10 =
P00z

4017

o & 1B

Wl =

q

. P .
T4TD SHC-2 SE0-M Targrl

% cell hysis B

ey el i1

1 b

i1 =

'

=47 BE-2 =805

Tarngss

Fig. 0 00000 CTLOOOOOOO0OOOOODOO0O0OOOODO™Crrelease as-
say10 000000000000 CTLO effector 000000000000
OecelllysisO000O0+00000000

OO0 (Fig.OBODOOOO PBMCOO MUGOOO
ooooooOooooMuGOO OO CTLOODOO
gbobooooobooobooobooooobooobo
goooooooooo

g g

gboobooboobooooboobooooboobooon
gboooooobooobooooboooboobo

gobooooo0o0o0oooboboooooooo
gobooobooboobobooboboooboob
oooooboooboooooooooo=-noon
00000000000 LAK OO0 lymphokine ac-
tivated killer cellsD OO0 000000 LAKOOO
ooooOo"gooo000o0ooooooooo
oooooboii-oggooooooobboooon
goooobooboobooobooobog
goooboooboboobobobooboobo
goooOooOoboOoobobocTtLoooooboooo



goooooooooMucOOOOOODOOOOOO0OOCTLIOOO

gboooobOOoDbOoboobOooDboOocTLOoOoO
gboooboobooobooboboobobooo
goMuCcOOOOOOOOOODOOO MucGOOo
gbooobooooobooboobooboboooo
gbooobooooobooboobooboboooo
gbooobooooobooboobooboboooo
gooooooooOoobOooDmooboooooboo
gooooo0obooOoOoooboooooboboo
goobooMucOO CTLOOODOOODODO
MHCOOOOOOOODODOOODOOOODOO
cTLObooMHCOOOODOOOOOODOOO
gbooobooobooobooboboobobooo
gboooogoobooboooo
MUGOOOOOOOO stimulator 00 00O CTL
gooooogoocTLO MuGOOODOOOOODO
gooboboogooAPDTRPOOOOOUOOOOO
000000000000 0000Fnn O™ 0EB
oboo0oobO0oDbOobo0o0oboOobogoo MmucOo
goooOoobooobooDbpeBMCOO MUGOO
gbOcTLOooboooOoobOoooooboboooo
gbooogoboooooboobobooboboooo
gbooOoobOcTLooboooobooooboo
0000000000 allogeneic response 0 0O O
goooobobbooobboobobooobooo
oboMucOODOOOOOODOOMDOOOOD
gbooooooobooooopBMCOOOODO
gcrLobobooOooobooboooboboooo
O0ONKOODODOODOOOODODOODOOombOo
goooi-ooooooboooooog =000
g0ooo0o0oOoboo0ooOoboboboOo ceb3gnog
CD560 O O phenotype D O OO CTLOOOOO
oo
gopooocrtLoomMucOooooooooD
MucOOoOoOOoOODOOOOOODOOoOoOooODOO
gooooooooMuUcOoboOocCcrLobDOO
gboooboooooboobooboobobooo
gbooOooboOobOobocrtLooobobpoooo
cTtLOoooOoobOooboDbDoobobobooooo
gbopBMCOODOOOODDOOOODOOOO
goooboooboboooboobooog
gobooobooobobooboobobooobo
OO0 processing0 00000000 MHCOOO
0000000000000 000MHC classI O

0000000000000000 binding motif
goboobo@ooobooboboooooooon
goooobooooooboobboooooooo
CTLOOOOO0OO0O0DOO processingD 0000
MHC class 1000000000000 0OOOOO
goooooowmengMmucooooooooon
Doménech 0™™0 HLA-ALLIO OO OO OOOOO
Oo0ooooooooooooboMucOODOO CTL
000000000 oooUApostolopoulos O
mannan-fusion protein0 00000000000
000000 HLA-A2 transgenicO 000000
gooobOOocCcrTLoboobobOobobobooo
gooMHCOOODCTLOOOODOOOOOO
gooobO0obDOoOoboobooMucOoooDOO
oo0OMHCODOOOCTLOOODOOOODDOO
googoooo

gooooboooobDmoboobooooo
oo0oobOObO APCOOOODODOODOODO
PBMCOOOODOOO APCODOODOOOODOO
O0OO0O00Ospot testdOO0O0OMUGOOODOO
goboopcOU0O0oboOooOooooooOooobo
gooooooooMuUGOODDOOOOODCOO
gopooOosM3ooOoOOoOoOoOoObOOoOoOoDDbDOO
gooooopoooocrLobobooooobooo
APCOOD0O0O0ODOOOCODOODODOODOO
oooooobo HADDDODOOOoODbOOooooo
gooboobobooobobooobooooooboo
MucOOOODOOOOOO APDTRPO OO CTL
goboMHOODOOOODODOODOODOOOoO
oooooooo®™ooooMuGoOUOoooo
goboooooboobobooboboobon
0OMUGOOOO Intercellular adhesion molecule
1WICAMIO 0000000 ooooo®™ooon
gobooooobooboobooboboobon
00000000000 ODCE O phagocytosis O O
oooo0oooooooooo®™ooooooo
00000000000000processingd 00
gobooooobooboobooboboobon
gobooooobooboobooboboobon
goooOoboOOoOOooooDbpcoboOgnAPcO
MucOOOOOOooDOoDOoopBMCO CTLO O
Ooo0ooooooooopBMCOOO MUGOO
go0O0oo00oO0DbO0o0oo APCOODOOOODOO



gono

00 Spot testOO0O0O0OMUGOOOOOO-M
OO0ecelllysate0 00O DCOOOOOOOOOO
gboooooobooobooobooboooboobo
ooosM3aooooOoooOoMuGDOOOOO
000 APDTRPO O OPOOMUGUOD OOOOO
OO0O0O0O00Ocell lysateOD OO0 MUGOOOO
cTLooooooooooboooooono

goomMucOoOOOOOOOOODOO CcTLOO
gooooooooobooobo

u U

PBMCOO MucOOODOOOOOOOOOODO
OomMuCOOODOOCTLOOODOOODOOO0O0
gobooooboboHLAOOODOODODODOO
APCOUO0OOODOODOODOOOOOODOOODOO
goocrLoooooooobobooboOoooo
gboooooobooobooobooboooboobo
gono

u U

O O Van der Bruggen P, Traversari C, Chomez P,
Lurquin C, De Plaen E, Van den Eynde B,
Knuth A, Boon T: A gene encoding an anti-
gen recognized by cytolytic T lymphocytes
on a human melanoma. Science 254: 1643
1647, 1991.

0O 0O Van den Eynde B, Peeters O, De Backer O,
Gaugler B, Lucas S, Boon T: A new family of
genes coding for an antigen recognized by au-
tologous cytolytic T lymphocytes on a human
melanoma. J. Exp. Med. 182: 689 698, 1995.

O O Waelfel T, Van Pel A, Brichard V, Schneider J,
Seliger B, Meyer zum Bschenfelde KH, Boon
T: Two tyrosinase nonapeptides recognized
on HLA-A2 melanomas by autologous cyto-
lytic T lymphocytes. Eur. J. Immunol. 24: 759
764, 1994.

O O Kawakami Y, Eliyasu S, Sakaguchi K, Robbins

PF, Rivoltini L, Yannelli JR, Appella E, Rosen-
berg SA: Identification of the mmunodomi-
nant peptides of the MART-1 human mela-
noma antigen recognized by the majority of
HLA-A2-restricted tumor infiltrating lympho-
cytes. J. Exp. Med. 180: 347 352, 1994.

0 O Paik S: Clinical significance of c-erbB-2 (HER-2
/neu) protein. Cancer Invest. 10: 575 579,
1992.

0 OGendler SJ, Lancaster CA, Talor-Papadimitriou
J, Duhig T, Duhig T, Peat N, Burchell J, Pem-
berton L, Lalani EN, Wilson D: Molecular clon-
ing and expression of human tumor-associated
polymorphic epithelial mucin. J. Biol. Chem.
265: 15286 15293, 1990.

O0Lan MS, Hollingsworth MA, Metzgar RS:
Polypeptide core of a human pancreatic tu-
mor mucin antigen. Cancer Res. 50: 2997 3001,
1990.

O0OLan MS, Batra SK, Qi MN, Metzgar RS,
Hollingsworth MA: Cloning and sequencing of
a human pancreatic tumor mucin cDNA. J.
Biol. Chem. 265: 15294 15299, 1990.

O Oltzkowitz S, Kjeldsen T, Friera A, Hakomori S,
Yang US, Kim YS: Expression of Tn, sialosyl
Tn, and T antigens in human pancreas. Gas-
troenterology 100: 169t 1700, 1991.

(00O Jerome KR, Bu D, Finn OJ: Expression of
tumor-associated epitopes on Epstein-Barr
virus-immortalized B-cells and Burkitt's lym-
phomas transfected with epithelial mucin
complementary DNA. Cancer Res. 52: 5985
5990, 1992.

(D0 Barnd DL, Lan MS, Metzger RS, Finn OJ: Spe-
cific, major histocompatibility = complex-
unrestricted recognition of tumor-associated
mucins by human cytotoxic T cells. Proc. Natl.
Acad. Sci. US.A. 86: 7159 7163, 1989.

(0 Valmori D, Liéard D, Waanders G, Rimoldi D,
Cerottini JC, Romero P: Analysis of MAGE--3-
specific cytolytic T lymphocytes in human
leukocyte antigen-A2 melanoma patients. Can-
cer Res. 57: 735 741, 1997.



goooooooooMucOOOOOODOOOOOO0OOCTLIOOO

(00O Tating T, Deleo AB, Lotze MT, Storkus WJ:
Genetically modified bone marrow derived
dentritic cells expressing tumor-associated Vi-
ral or “self” antigens induce antitumor immu-
nity in vivo. Eur. J. Immunol. 27: 2702 2707,
1997.

(00 Rosenberg SA, Lotze MT, Muul LM, Chang
AE, Avis FP, Leitman S, Linehan WM,
Robertson CN, Lee RE, Rubin JT, Seipp CA,
Simpson CG, White DE: A progress report on
the treatment of 157 patients with advanced
cancer using lymphokined activated Kkiller
cells and interleukin-2 or  high-dose
interleukin-2 alone. N Eng J Med 316: 889 897,
1987.

(D0 Hu X, Chakraborty NG, Sporn JR, Kurtzman
SH, Ergin MT, Mukherji B: Enhancement of
cytolytic T lymphocyte precursor frequency
in melanoma patients following immunization
with the MAGE-1 peptide loaded antigen pre-
senting cell-based vaccine. Cancer Res. 56:
2479 2483, 1996.

(D0 Mortarini R, Anichini A, Di Nicola M, Siena S,
Bregni M, Belli F, Molla A, Gianni AM, Parmi-
ani G: Autologous dendritic cells derived from
CD34+ progenitors and from monocytes are
not functionally equivalent antigen-presenting
cells in the induction of Melan-A/Mart-1(27-
35)-specific CTLs from peripheral blood lym-

phocytes of melanoma patients with low fre-
quency of CTL precursors. Cancer Res. 57:
5534 5541, 1997.

(D0 Doménech N, Henderson RA, Finn OJ: Identifi-
cation of an HLA-All-restricted epitope from
the tandem repeat domain of the epithelial tu-
mor antigen mucin. J. Immunol. 155. 4766
4774, 1995.

(D0 Apostolopoulos V, Karanikas V, Haurum JS,
McKenzie IF: Induction of HLA-A2-restricted
CTLs to the mucin 1 human breast cancer an-
tigen. J. Immunol. 159: 5211 5218, 1997.

(D0 Regimbald LH, Pilarski LM, Longenecker BM,
Reddish MA, Zimmermann G, Hugh JC: The
breast mucin MUC1 as a novel adhesion
ligand for endothelial intercellular adhesion
molecule 1 in breast cancer. Cancer Res. 56:
4244 4249, 1996.

(00 Shen Z, Reznikoff G, Dranoff G, Rock KL:
Cloned dendritic cells can present exogenous
antigens on both MHC class | and Il mole-
cules. J. Immunol. 158: 2723 2730, 1997.

(D0 Taylor-Papadimitriou J, Peterson JA, Arklie J,
Burchell J, Ceriani RL, Bodmer WF: Monoclo-
nal antibodies to epithelium-specific compo-
nents of the human milk fat globule mem-
brane: Production and reaction with cells in
culture. Int. J. Cancer. 28: 17 21, 1981.



