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Cytotoxic T lymphocytes that recognize decameric
peptide sequences of retinoblastoma binding protein 1
(RBP-1) associated with human breast cancer
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Summary Retinoblastoma binding protein 1 (RBP-1) is a 143-kDa nuclear phosphoprotein that promotes cell growth by inhibiting the product
of retinoblastoma tumour suppressor gene (pRB). We recently found that RBP-1 contains KASIFLK, a heptameric peptide (250-256)
recognized by human antibodies and overexpressed by breast cancer cells. In the present study, we demonstrate that human T-cells
stimulated with RBP-1 decameric peptides containing KASIFLK can kill human breast cancer cells. These decamers, GLQKASIFLK
(247-256) and KASIFLKTRV (250-259), have anchor motifs for both HLA-A2 and HLA-A3. Peripheral blood lymphocytes from 41 normal
donors were stimulated by these peptides in culture media containing 151U mi* interleukin-2, 25 IU mlI* interleukin-7 and 500 IU ml*
granulocyte—macrophage colony-stimulating factor. Cytotoxic activity of the T-cells was assessed against autologous B lymphoblastoid cells
pulsed with each peptide. Stimulation by GLQKASIFLK generated specific cytotoxic T lymphocyte (CTL) lines from HLA-A2, A3 donors, HLA-
A2 donors and HLA-A3 donors. Stimulation with KASIFLKTRV generated specific CTL lines from HLA-A2 donors. No HLA-A2-, A3~ CTL line
showed specific cytotoxicity against these target cells. These CTL lines were also cytotoxic against HLA-A2 and HLA-A3 breast cancer cells
but not against normal fibroblastoid cell lines, normal epidermal cell lines, or a melanoma cell line. RBP-1 peptide antigens may be of clinical
significance as a potential peptide vaccine against human breast cancer.
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Retinoblastoma (Rb) gene is a tumour suppressor gene thEASIFLK (Fattaey et al, 1993; Otterson et al, 1998). our
encodes the Rb family of proteins, which have an important role iknowledge, this peptide sequence is not present in any other
regulating cell cycle progression (Lee et al, 1987, 1988; Booksteihuman protein sequence. The functions of RBP-1 and RBP-2
et al, 1990Wiman, 1993). Rb proteins have multiple phosphoryl-remain unknown (Fattaey et al, 1993; Otterson et al, 1993;
ation sites as well as motif sequences for binding specific reguldadeskcth, 1997).
tory proteins. Phosphorylation of Rb proteins favours cell cycle Peptides recognized by antibodies are usually shorter than eight
progression and cell proliferatio{man, 1993). During prolifer- amino acids, whereas peptides recognized by HLA class |
ation, Rb protein phosphorylation increases in the late G1 phase wdstrictedT-cells are 9-12 amino acids in length. Previgusle
the cell cycle, remains high in S and G2 phases, and then dephattowed that peptide sequences recognized by human monoclonal
phorylates during mitosis. Rb proteins have broad transcriptionantibodies can also be recognized by huriiazells and that
effects such as inhibiting E2F factor required for expression othe sequences are immunogenic in humans (Morioka et al, 1994;
genes involved in DNA replication (Heskcth, 1997). Mutation orTakahashi et al, 1997 199D). In the present study we hypothe-
deletion of the Rb gene can result in uncontrolled cell proliferatiorsized that a peptide sequence recognized by an antibody also
(Lee et al, 1988; Bookstein et al, 1990; Heskcth, 1997). Rimight be recognized by cytotoxic T lymphocytes (CTL) if adja-
proteins interact with a variety of proteins, some of which havecent amino acids with HLA class | motifs were added to the anti-
been well characterized: E2FTF-2, p34CDC2, insulin, lamins, body-recognized sequende test this hypothesis we synthesized
PU.1 and retinoblastoma binding protein (RBP) (Defeo Jones et alecameric and nonameric RBP-1 peptides that contained
1991; Huang et al, 1991; Kaelin et al, 1991, 1992; Heskcth, 1997KASIFLK plus adjacent amino acids with known HLA-A2
Recenty, a human IgG antibody that reacts with breast canceand/or HLA-A3 anchor motif residues. Three such peptides —
cells was found to be specific to the heptameric peptide sequenGLQKASIFLK (247-256), KASIFLKTRV (250-259) and KASI-
KASIFLK within RBP-1 (Cao et al, 1999). Breast cancer patients=LKTR (250-258) — were used to stimulate peripheral blood
had high titres of anti-RBP-1 IgG antibodies. Although the RBPmononuclear cells (PBMC) from human donors with HLA-A2
family comprises RBP-1 and RBP-2, only the former expresseand/or HLA-A3 phenotype. CTL lines established by stimulation
with RBP-1a and RBP-1b showed strong cytotoxic activity against
HLA-A2 and/or HLA-A3 matched peptide-pulsed B lympho-

Received 22 September 1998 blastoid cells (BLC) and against HLA-A matched established
Revised 2 February 1999 breast cancer lines. The antigenic peptide sequence expressed by
Accepted 25 March 1999 RBP-1 may have potential clinical utility as a breast cancer
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MATERIALS AND METHODS Minneapolis, MN, USA) and 251U mil of interleukin-7 (IL-7)
(R&D Systems). PBMC were transferred to new wells to remove
Synthetic peptides adherent cells. This procedure was repeated every 2 days to

completely remove adherent cells before the next peptide stimula-
Two decapeptides and one nonapeptide of RBP-1 were synthgon After 6 days, % 10° of cryopreserved autologous PBMC were
sized with a free COOH and Nierminal at Research Genetics, thawed and incubated for 6 h with culture medium containing 500
Inc. (Huntsville, AL, USA). KASIFLKTRV and KASIFLKTR |y mI of granulocyte-macrophage colony-stimulating factor

were easily dissolved in standard culture medium; GLQKASIFLK(GM_CSF) (R&D Systems) and 1@ mt* of the peptide. PBMC
was insoluble in standard medium and therefore was dissolved {§ere then irradiated at 5000 rads and non-adherent cells were
100% dimethyl sulphoxide (DMSO) at 100 mg-eind stored At removed and used as feeder cells. Responder cells were added t
—20°C. Prior to use, all three peptides were diluted tod@™  these adherent cells and then cultured. Two days later, half of the
in a culture medium and stored &CAfor no more than 2 weeks.  medium was replaced with fresh medium containing IL-2 and IL-7,
and the responder cells were transferred to new wells. The same
Cell line establishment procedure was rep_eated. At day 30, all responder cells were testec
] ] for cytotoxicity against autologous EBV-transformed BLC pulsed
Eleven breast cancer primary cultures were established frorgith peptide. Successful peptide-specific CTL lines were main-

metastases of individual patients as follows: surgical specimengined for more than 16 weeks by restimulation with peptide and
were minced and treated with RPMI-1640 containing 0.02%ytokines every 6th day.

trypsin, 200 U mt' of DNAase | and 0.15 g nilof collagenase
(Sigma, St Louis, MO, USA) for 2 h at 37 to make a single-cell o )
suspension. Cells were seeded to 12-well culture plates andCr-release cytotoxic assay

cultured in RPMI-1640 supplemented with 10% heat-inactivatedic_release cytotoxic assay was performed as previously described
fetal calf serum (FCS) (Gemini Bioproducts, Calabasas, CA(Morioka et al, 1994). Target cells were labelled with G0 of

USA) plus penicillin G, streptomycin and amphotericin B (Gibco- Na,5CrO, (Amersham, Arlington Heights, IL, USA). BLC targets
BRL, Grand Island, NY, USA). Non-adherent cells were removedygre prepulsed with 18y mt of the peptide for 2 h at 3C before

2 days later. A homogeneous cancer cell population was selegffector cells were added. The percentage of specific lysis was
tively developed by cloning and passaging. These cells wergyjcylated as follows: 108 [(experimental releasespontaneous
maintained in the above medium supplemented with insulin anpelease)/(maximum releasepontaneous release)]. Spontaneous
transferrin. JWCI-BA, a long-term (> 30 passages) breast cancegjease was determined by incubating target cells with medium only,
cell line that expressed the breast cancer-associated KASIFLKng maximum release was determined with 3% Triton X-100.
antigen was HLA-A2, A3, which was maintained in the samegpontaneous release and maximum release were counted in BLC
culture medium was used in certain experiments. FibroblastoighrgetS with and without peptide; no differences were observed. All

and epidermoid primary cultures representative of normal celjgyes were the average from triplicate samples.
controls were established as previously described. Epidermal cells

were obtained by scraping a thin layer of epidermis, which was ) )
separated from dermis by culturing overnight with RPMI-1640Monoclonal antibody blocking

containing 0.3% trypsin. JWCI-MA, which is a KASIFLK-nega- an antibody blocking assay was performed to assess CTL speci-
tive, HLA-A2, A3 melanoma cell line (> 20 passages), was als@jcity. siCr-labelled target cells were incubated atGwith 1gG

used as a control. All cell lines were subjected to immunohistomyrine monoclonal antibody (mAb) against HLA class 1, HLA-
chemical analysis using a human anti-KASIFLK IgG antibody. Al pr  and HLA-DQ (AMAC, Inc., Westbrook, ME, USA); HLA-A2
control cell lines were proven to be negative for the KASIFLK (clone BB7.2 ATCC); or HLA-A3 (clone GAP A3 ATCC). After

antigen, and all breast cancer cell lines were positive for thgg min, effector cells were added, &@r-release CTL assay was
antigen. Viral-transformed BLC lines were established fromperformed as described above.

normal donors by incubating PBMC with Epstein—Barr virus

(EBV) obtained from supernatant of B95-8 marmoset BLC line

(Morioka et al, 1994). HLA typing of all cell lines was carried out Cold target inhibition assays

by HLA antibody microcytotoxicity assay (Dr Paul Terasaki's Effector cells were incubated with unlabelled cold targets (fibro-

laboratory at the UCLA School of Medicine) and/or by DNA poly- p|asts, PBMC, K562 cells and JWCI-BA breast cancer cell line) at

merase chain reaction (PCR) assay. These assays tested periphgglific ratios in 96-well round-bottom microtitre plates for 1 h at

blood lymphocytes from donors of the cell lines. 37°C. 5'Cr-labelled hot targets were then added to the wells and
incubated at 37C for 4 h. The E:T ratio was constant at 40:1.

Generation of CTL lines

PBMC were obtained from fresh blood of 41 normal healthy donorBRESULTS
by fractionation with Ficoll Hypaque gradient (Pharmacia Biotech,HLA_A2 or HLA-A3 restri - )

. icted recognition of RBP-1
Alameda, CA, USA). PBMC (& 1 per well) were cultured in a peptide by CTL
24-well culture plate with AIM-V media (Gibco- BRL) containing
10% human AB heat-inactivated serum (Gemini Bioproducts) andhe peptide sequences selected in this study — GLQKASIFLK,
10pug mit of synthetic peptide. After 2 days, half of the culture KASIFLKTRYV, and KASIFLKTR — were derived from the natural
medium was replaced with fresh medium supplemented with 15 IlRBP-1 protein sequences 247-256, 250-259 and 250-258, respec
ml-* (final concentration) of interleukin-2 (IL-2) (R&D Systems, tively, and contain HLA-A2 and/or HLA-A3 motifs adjacent to the
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Table 1 HLA-restricted recognition of RBP-1 peptides by CTL derived from 12 normal donors

PBMC HLA-A Autologous BLC pulsed with:
donors ? type
GLQKASIFLK ® KASIFLKTRV KASIFLKTR
+ - + - + -
1 1,1 3.7+0.3° 3.3+03 14+0.1 09+0.1 3.5+03 3.8+0.3
2 1,2 42.7+1.8 29+03 266+14 41+04 0.0+0.1 0.0+0.2
3 1,3 308+14 3.1+03 6.7+0.5 72+x04 22+0.2 21+0.1
4 1,24 54+0.2 6.0+0.4 35+0.3 3.2+0.3 44+04 46+0.3
5 2,2 48.5+1.9 51+03 29.4+0.9 8.9+0.6 0.6+0.2 15+0.1
6 2,3 58.9+1.8 3.8+0.3 351+14 3.8+0.2 53+0.5 46+0.3
7 2,32 53.6 +21.5 7.2+05 176 £0.9 24+0.2 3.9+03 3.3+£03
8 3,11 29.3+1.0 1.8+0.2 13.7+£0.9 25+0.2 11.8+0.7 24+03
9 3,31 374+10 6.5+0.5 3.2+03 3.6+0.3 1.4+0.2 20+£03
10 3,68 242+14 4.7+0.2 0.8+0.1 0.3+0.1 42+03 2.6+0.2
11 25,33 1.1+0.2 1.9+0.2 42+04 3.8+£0.2 3.1+£03 25+0.2
12 29, 30 43+03 35+0.3 29+0.2 34+03 1.7+0.1 1.1+0.2

aPBMC from normal donors were stimulated for 4 weeks with each of the three RBP-1 peptides and tested for their cytotoxicity using >'Cr-release assay. "Target
cells were autologous EBV-transformed BCL with and without each peptide. cData are expressed as average per cent specific cytotoxicity and standard
deviation of two independent cytotoxicity assays at an E:T ratio of 40:1. Bold-face type indicates significant cytotoxicity of targets when peptide-pulsed.

Table 2 Cytotoxicity of peptide-specific CTL lines against cultured HLA-A2 and/or HLA-A3 breast cancer cells

Target cell line

(HLA-A type) @ CTL lines against GLQKASIFLK ¢ CTL lines against KASIFLKTRV

Donor number ¢ 5 6 7 13 14 6 15 8 16

HLA-A: 2,2 2,3 2,32 3, - 3,31 2,3 2, - 3,11 3,24
BA (2+, 3)° 64.6 +1.9¢ 73.4+21 528+1.38 28.1+15 427+1.4 315+13 23.2+0.8 28+04 10.2+0.7
BB (2*, 3)° 439+1.3 454+1.6 40.6 +1.6 22+03 44+04 16.1+1.2 18.6+1.3 21+03 57+0.5
BC (2+,3")° 67.7+21 63.3+19 47.7+1.4 45+0.3 6.1+04 36.7+15 193+1.1 4.0+0.3 6.9+0.4
BD (2, 37)° 202+13 21.2+15 18.2+0.8 31+04 4.7+0.3 158+ 1.1 135+0.8 1.8+0.2 53+0.5
BE (2+, 3)° 495+1.6 478+ 1.3 453+1.5 34+0.2 3.2+0.3 21.4+0.9 183+1.4 3.4+0.2 4.0+0.3
BF (2, 3*)° 6.1+0.4 341+14 8.5+0.8 220+1.1 334+1.2 8.2+0.6 49+04 13.1+1.0 10.8+0.7
BG (2, 3)° 48+04 221+10 58+0.3 185+1.0 248+1.2 46+0.3 22+0.2 3.3+x04 41+0.3
BH (27, 3)° 26+0.3 3.9+03 46+04 23+0.2 29+04 24+04 27+03 1.4+0.1 48+0.4
Bl (27, 3)° 7.7+0.5 58+0.3 6.2+0.6 35+04 7.0+£05 51+£0.6 45+0.5 26+0.3 6.6+0.3
BJ (27, 3)° 4.0+0.2 3.3+0.3 7.9+0.6 42+04 6.4+0.4 3.9+0.3 25+0.2 20+0.3 35+0.3
BK (27, 3)® 55+£05 6.3+0.3 56+04 26+03 43+0.4 55+0.3 3.7+0.2 34+04 6.1+0.4
K562 57+0.3 48+04 8.1+0.6 3.7+0.3 6.8+0.5 46+04 4.1+0.6 3.8+0.3 53+0.4
8392 43+0.3 3.7+x04 3.2+0.2 29+04 49+0.3 28+04 24+0.2 22+04 3.4+0.2

aBA is an established, long-term breast cancer cell line. BB to BK represent breast cancer primary cultures of less than four passages. K562 is a human
erythroleukaemia cell line susceptible to LAK cells, and 8392 is an acute T lymphocytic leukaemia cell line resistant to LAK activity. "KASIFLK overexpression,
as determined by immunohistochemical analysis using a human antibody to KASIFLK. ¢All CTL lines were tested for specific cytotoxicity after 4 weeks of
stimulation with specific peptide. IDonor nos 5-8 are identical to the donors in Table 1. ¢Data are expressed as average per cent cytotoxicity and standard
deviation of two independent cytotoxicity assays at an E:T ratio of 40:1.

N- and/or C-terminal of the antibody-recognizing heptamerical, 1994; Rammensee et al, 1995; Rivoltini et al, 1995; Sidney et
sequence KASIFLK. GLQKASIFLK has anchor motifs for both al, 1996).

HLA-A2 and HLA-A3. K at position 10, L at position 9 and L at  The cytotoxicity of each peptide-specific cell line was assessed
position 2 are preferred anchor residues of HLA-A2. L at positiorusing autologous BLC pulsed with the respective peptide.
2 and K at position 10 are preferred anchor residues of HLA-A3Stimulation by GLQKASIFLK, which has motifs for both HLA-
KASIFLKTRYV also has anchor motifs for HLA-A2 and HLA-A3: A2 and HLA-A3, generated strong CTL from HLA-A2 donors and
A at position 2 and V at position 10 for HLA-A2, and A at position relatively weaker CTL from HLA-A3 donors. Cytotoxicity was

2 and R at position 9 for HLA-A3. KASIFLKTR has a motif for greater than 20% for CTL generated from four of four HLA-A2,
HLA-A3 only: A at position 2 and R at position 9. PBMC from 41 A3 donors, 11 of 15 HLA-A2 donors, and five of ten HLA-A3
normal healthy donors were stimulated with these peptides: 18onors. None of the CTL generated from 16 donors with other
expressed HLA-A2, 10 expressed HLA-A3, four expressed HLA-HLA types (HLA-A2-, A3) showed specific cytotoxicity greater
A2 and HLA-A3 and 12 did not express HLA-A2 or HLA-A3 but than 10%. These findings suggest that the recognition
did express other HLA-A motifs. These binding motifs were baseaf GLQKASIFLK by CTL is restricted by both HLA-A2 and
on several published references (Celis et al, A&9B4wakami et  HLA-A3.
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Figure 1  Inhibition of cytotoxicity of GLQKASIFLK-specific CTL lines by anti-HLA mAb. PBMC from donor numbers 18 (HLA-A2, A2), 19 (HLA-A2, A3) and 20
(HLA-A3, A3) were stimulated with GLQKASIFLK for 16 weeks. Cytotoxicity against allogeneic HLA-A2, A3 breast cancer cell line JWCI-BA (A) and autologous
BLC (B) was assessed at an E:T ratio of 40:1. Each anti-HLA mAb was used at a final concentration of 10 ug mi-*. Cytotoxicity is shown as percent specific
cytotoxicity. Background cytolysis of breast cancer cells expressing other HLA types and nonpulsed BLC was < 2.5%

CTL cultures that showed significant cytotoxicity were furtherlines as targets. Five GLQKASIFLK-specific and four KASI-
stimulated with peptides and established into CTL lines. RBP-FLKTRV-specific CTL lines, all derived from HLA-A2 or HLA-
peptide KASIFLKTRY, which has a motif for both HLA-A2 and A3 PBMC, were tested for their cytotoxicity against seven
HLA-A3, was less effective than GLQKASIFLK in CTL genera- HLA-A2 and/or HLA-A3 breast cancer cell lines, four HLA-A2
tion. Cytotoxicity against peptide-pulsed BLC was greater tharA3- breast cancer cell lines, K562 cell line (susceptible to LAK
20% for CTL generated from ten of 15 HLA-A2 donors but zero ofcells) and 8392 cell line (not susceptible to LAK cells). As shown
ten HLA-A3 donors (data not shown). This suggests that KASIlin Table 2, the results further supported HLA-A2 and HLA-A3
FLKTRV is presented primarily in the context of HLA-A2. The restricted recognition of GLQKASIFLK and KASIFLKTRY,
nonamer KASIFLKTR has a motif for HLA-A3 but showed only although HLA-A3 restricted recognition of the latter peptide was
weak activity for eliciting peptide-specific CTL; only one CTL at a very low level. No significant lysis of breast cancer cell lines
line (from an HLA-A3 donor) demonstrated cytotoxicity greater occurred when PBMC were cultured for 4 weeks without peptide
than 10%. Twelve representative CTL lines against the threer from HLA-A2-, A3- PBMC stimulated with peptide (data not
peptides were consecutively generated from 12 different patienthown). The specific lysis of HLA-A2, A3 breast cancer cells by
(Table 1). peptide-specific CTL was inhibited by mAb against HLA-A2,

The HLA restriction of CTL was then assessed using one estaliLA-A3 or anti-HLA class I, but not by mAb against HLA-DQ or
lished breast cancer cell line and ten breast cancer primary céiLA-DR (Figure 1).
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Figure 2 Cytotoxicity of two representative peptide-stimulated CTL lines. Peptide concentration ()
PBMC from donor number 19 (HLA-A2, A3) were repetitively stimulated with Figure 3 Peptide dose-dependent lysis of target cells by peptide-specific
GLQKASIFLK or KASIFLKTRV, and their toxicity against GLQKASIFLK- CTL. Autologous BLC were pulsed with various concentrations of
pulsed (a) and KASIFLKTRV-pulsed (2) autologous BLC and against HLA- GLQKASIFLK (o) or KASIFLKTRV (A). Cytotoxicity assays were performed
A2, A3 breast cancer cell line JWCI-BA (e, o) was assessed at an E:T ratio with respective peptide-specific CTL derived from donor number 21 (HLA-A2,
of 40:1. Cytotoxicity against non-pulsed BLC was < 4.0% and subtracted A3) at an E:T ratio of 40:1. Background cytotoxicity of non-pulsed BLC was
from each peptide-pulsed BLC cytotoxicity < 3.0%

Table 3 Cytotoxicity of peptide-specific CTL lines against normal cells and a non-breast cancer cell line

Target cell lines 2 CTL lines against GLQKASIFLK ° CTL lines against KASIFLKTRV
Donor number: 5 6 10 5 6 17
HLA-A: 2,2 2,3 3,68 2,2 2,3 3,29

JWCI-BA breast cancer

(HLA-A2, A3) 72.4+1.8° 80.7£1.7 463%15 228+13 383+1.1 7506
Fibroblast 1 5.7+0.4 6.2+0.3 6.9+0.4 3.7+02 4.4+04 22403
(HLA-AL, A2)
Fibroblast 2 6.1+0.4 7.3£04 5.4+0.3 3.2+03 37+0.1 3.4+02
(HLA-A2, A3)
Fibroblast 3 4.60+0.3 56+05 28+0.1 2.9+02 55403 29+0.2
(HLA-A2, A3)
Epidermal cell 2.6+0.2 2.9+03 2003 2.6+03 1.7+03 0.0£0.2
(HLA-A2, A3)
JWCI-MA melanoma 1.9+0.2 22£02 25+0.3 2.9+0.1 3.3+03 3.2+04
(HLA-A2, A3)

aAllogeneic cell lines of breast cancer, fibroblast, epidermal cell and melanoma had either HLA-A2 or HLA-A3 phenotype. JWCI-BA breast cancer cell line
expresses the KASIFLK antigen. JWCI-MA melanoma cell line and normal cell lines were negative for this antigen. PAll CTL lines were tested after 16 weeks of
stimulation with peptide. Donor numbers correspond to those shown in Table 1. cData are expressed as average per cent cytotoxicity and standard deviation of
three independent cytotoxicity assays at an E:T ratio of 40:1.

Kinetics of CTL maturation (Figure 3). Cytotoxicity increased in a dose-dependent manner

. . . . until peptide concentration reache@m.
Figure 2 shows the maturation pattern of representative CTL lines pep d

established by stimulation with each of the three RBP-1 peptides. . .
Although a higher cytotoxicity was observed in cell lines Stimu_Asse_s_sment of cross-reactivity among three peptide-
lated with GLQKASIFLK than in cell lines stimulated with KASI- specific CTL
FLKTRYV, the pattern of stimulation was similar. After 4 weeks, PBMC from an HLA-A2, A3 donor were stimulated for 16 weeks
cytotoxicity against breast cancer cells and peptide-pulsed BL@ith each of the three RBP-1 peptides. The cytotoxic activity of
reached a plateau. The number of cells and specificity of the cathe three ensuing CTL lines was assessed using an autologous
lines at week 4 decreased when peptide stimulation was inteBLC cell line pulsed with each peptide. As shown in Figure 4,
rupted, whereas CTL lines at week 16 were quite stable for botB QKASIFLK-specific and KASIFLKTRV-specific CTL lines
cell growth and specificity. The phenotyping of CTL lines againsthad 51.2% and 38.1% specific cytotoxicity, respectively, against
GLQKASIFLK or KASIFLKTRV at wk 16 revealed that these BLC pulsed with the respective stimulating peptide, but did
cells were predominantly CD3CD8'", CD4. not show significant cytotoxicity against BLC pulsed with the
CTL lines stimulated for 16 wk with GLQKASIFLK and KASI-  non-stimulating peptides. KASIFLKTR-specific CTL showed
FLKTRV were tested against autologous BLC pulsed withminimum cytotoxicity against KASIFLKTR-pulsed BLC (13.7%)
0.01-100um of the corresponding peptide at an E:T ratio of 40:1and against the HLA-A2, A3 breast cancer cells (15.4%).
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donor number 21 (HLA-A2, A3) were stimulated with each peptide for 16

weeks and tested for their cytotoxicity against autologous BLC pulsed with

GLQKASIFLK (0), KASIFLKTRV (&), KASIFLKTR ([33), and JWCI-BA (m). 0 . ; L n :
Peptides were used at a final concentration of 10 pg mi-. Specific 0:1 1:1 20:1 401 80:1
cytotoxicity is the mean of three independent assays performed at an E:T .

ratio of 40:1. Cold : hot target ratio

801
Peptide-specific CTL activity against normal cells and

melanoma cells

Autologous or allogeneic HLA-A2 or HLA-A3 matched normal
cells (fibroblasts, epidermal cells and PBMC) and a melanoma ce
line (HLA-A2, A3) were not recognized by GLQKASIFLK-
specific or KASIFLKTRV-specific CTL (Table 3). Furthermore,
while the cytotoxicity of both CTL lines was almost completely ©
inhibited by cold target breast cancer cells at a cold:hot target c<§
ratio of 20:1, cytotoxicity was not affected by K562 cells, autolo-&
gous normal fibroblasts or HLA-A2, A3 melanoma cells used a
cold targets, even at the ratio of 80:1 (Figure 5).
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In this study we analysed CTL activity against specific peptide Cold : hot target ratio

sequences of RBP-1. Previously, we demonstrated that an RBF-1

peptide sequence, KASIFLK, is recognized by human antibodieFigure 5 Cold target inhibition of GLQKASIFLK-specific HLA-A2, A3 CTL

KASIFLK pepiide was defected by antibody staining in 12 of 16292 slogerec L a2 i3 esst carcer cel lne JW1 20 () st

(80%) breast cancer specimens, but not in 50 normal tissues (Catgonor number 19 (HLA-A2, A3). Autologous PBMC (o ), HLA-A2, A3

al, 1999). In the present study we demonstrate that the heptamemelanoma cells (2), autologous fibroblasts from normal dermal tissues (1),

peptide KASIFLK is recognized by CTL. The inclusion of adjacenﬁ?Sééﬂsyt(o‘tg;fc'&g ;ﬁi;f@;fgﬁ%?”mfé cell e (») Were ased as cold

amino acids on the NJor COOH terminal of KASIFLK provided Iabelled cold targets were added at the indicated ratios to the hot targets

the necessary length and HLA-A anchor motifs for HLA-restricted

T-cell recognition. RBP-1 peptides GLQKASIFLK and KASI-

FLKTRYV, both of which contain KASIFLK, stimulated peptide-  Immunohistochemical analysis has shown that the specific

specific CTL that recognized respective BLC peptide-pulsed targedntibody recognizing the RBP-1 heptamer peptide sequence

cells and breast cancer cell lines. KASIFLK binds predominantly to breast cancer tissues and breast
Presence of the peptide binding motifs does not always predicancer cell lines (Cao et al, 1999). Although normal cells as well

HLA-restricted CTL recognition. The peptide KASIFLKTR that as other types of cancer cells express RBP-1 mRNA, the antibody

contains HLA-A3 motifs, A at position 2 and R at position 9, didfailed to detect the epitope in these cells. We initially attributed

not induce an effective CTL response (Table 1). This may behis to the level of expression of the specific peptide sequence

explained by weak antigenicity and/or weak binding of the peptidand/or to conformational or post-translational changes of the

to the HLA molecule. An effective peptide sequence for CTLprotein in breast cancer cells. Future studies will determine the

induction depends on multiple factors. In our system, we camRBP-1 protein expression levels and the post-translational modifi-

narrow the selection criteria by using a CTL peptide sequenceations in normal and breast cancer cells. However, we have not

built around an antigenic epitope recognized by a human antibodgxcluded the possibility that other proteins expressing KASIFLK

The dual effector arms recognizing tumour-associated antigeor cross-reactive peptides are responsible for the antibody staining

peptides do not appear rare (Morioka et al, 1994; Takahashi et @f the proteins and/or CTL recognition of the peptides.

1997, 199D), and such peptides may represent potential antigens The overexpression of the RBP-1 peptide or cross-reactive

for active specific immunotherapy. peptides in breast cancer cells may play a major role in the CTL

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 81(2), 342-349
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antigenicity of breast cancer cells. The human antibody detects tfgfeo-Jones D, Huang PS, Jones RE, Haskell KM, Vuocolo GA, Hanobik MG,

core peptide antigen, KASIFLK, predominantly in the cytoplasm Huber HE and OlIiff A (1991) Cloning of cDNA for cellular proteins that bind
. . . to the retinoblastoma gene produdature352 251-254

of breast cancef cells. Antlg_en present_atlon with HLA Class_ 'Fattaey AR, Helin K, Dembski MS, Dyson N, Harlow E, Vuocolo GA, Hanobik

molecules requires cytosolic processing and transportation g, Haskell KM, Oliff A, Defeo-Jones D and Jones RE (1993)

(Germain, 1994; Heemels and Pleogh, 1995). Therefore, CTL Characterization of the retinoblastoma binding proteins RBP1 and RBP2.

recognition of the peptides in breast cancer cells may be related to Oncogens: 3149-3156

: : . : - Germain RN (1994) MHC-dependent antigen processing and peptide presentation:
intracellular antigen processing that influences HLA presentatloﬁ’ providing ligands for Tlymphocyte activatioBell 76 287-299

on the cell surface (Nijman et al, .1994)' . Gnjatic S, Bressac-de Paillerets B, Guillet JG and Choppin J (1995) Mapping and
We observed that RBP-1 peptide-specific CTL could be gener-  ranking of potential cytotoxic T epitopes in the p53 protein: effect of mutations
ated relatively easily by in vitro stimulation from HLA-A2 and and polymorphism on peptide binding to purified and refolded HLA molecules.

HLA-A3 healthy donor PBL. This suggests that the peptide is  EurJImmunol5: 1638-1642 _ _ _
ite antigenic. However. CTL killing was observed only a air]S,[Heemels MT and Ploegh H (1995) Generation, translocation, and presentation of
Quite anugenic. ' 9 Yy ag MHC class I-restricted peptidesnnu Rev Biochei®: 463-491

individual breast cancer cells, not against normal cells. A similafeskcth R (ed) (1997Jhe Oncogene and Tumour Suppressor Gene Facts Book
observation has been made for the tumour-associated antigens edn, pp 466-475. Academic Press: London
MAGE-1 and MAGE-3. MAGE-1 and MAGE-3 specific CTL can Hoon DSB, Okamoto T, Wang HJ, Elashoff R, Nizze JA, Foshag LJ, Gammon G

be generated from normal healthy donors as well as from the PBL and Morton DL (1998) Is the survival of melanoma patients receiving
. . . . polyvalent melanoma cell vaccine linked to the human leukocyte antigen
of cancer patients; these CTL recognize tumour cells expressing pnenotype of patients?Clin Oncol16; 1430-1437

moderate levels of the respective MAGE antigen (Traversari et aHuang S, Lee WH and Lee EY (1991) A cellular protein that competes with SV40 T
1992; Boon et al, 1994; Celis et al, 1894These observations .antigen for binding to the retihoblastoma gene pro_dﬂmmre350 160-162
indicate that the antigenic peptide sequence might be recogniz&ge!in WG Jr, Pallas DC, DeCaprio JA, Kaye FJ and Livingston DM (1991)

| t lls that th tid Identification of cellular proteins that can interact specifically with the T/E1A-
only on tumour cells that overexpress the peptide. binding region of the retinoblastoma gene prod@ell 64: 521-532

RBP-1 can promote tumour growth by inhibiting the function of kaelin wG Jr, Krek W, Sellers WR, DeCaprio JA, Ajchenbaum F, Fuchs CS,
pRB. RBP-1 binds pRB at the binding motif (LXCXE) (Fattaey et  Chittenden T, Li Y, Farnham PJ, Blanar MA, Livingston DM and Flemington
al, 1993)_ Overexpression of RBP-1, as occurs in breast cancer, EK (1992) Expression cloning of a cDNA encoding a retinoblastoma-binding

: : . . protein with E2F-like propertie€ell 70: 351-364
may promOte active prollferatlon of tumour cells. CTL recognltlonKawakami Y, Eliyahu S, Aakaguchi K, Robbins PF, Rivoltini L, Yanelli JR, Appela

9f tumour ?e”S expre§sing th.e RBP'l. peptide amigen WOUId be E and Rosenberg SA (1994) Identification of the immunodominant peptides of
important in developing active specific immunotherapies for  the MART-1 human melanoma antigen recognized by the majority of HLA-A-
prophylactic and therapeutic control of breast cancer. HLA-A2  2-restricted tumor infiltrating lymphocytesExp Medl80: 347-352

and HLA-A3 molecules are found in high frequency in the generaﬁ_ee EYP, To H, Shew JY, Bookstein R, Scully P and Lee WH (1988) Inactivation of

. . the retinoblastoma susceptibility gene in human breast c@@wence241:
population and therefore offer a considerable advantage over a .4 55, pHbiy 9

single HLA-A or HLA-B restricted peptide sequence (Hoon et al,| ee wH, Bookstein R, Hong F, Young LJ, Shew JY and Lee EYP (1987) Human
1998). Recently, several other tumour-associated proteins that are retinoblastoma susceptibility gene: cloning, identification, and sequence.

related to cell growth and cell cycle regulation, such as p53, Science&35 1394-1399

. :Morioka N, Kikumoto Y, Hoon DSB, Morton DL and Irie RF (1994) A decapeptide
HNE"RZ/NEU2| ?rglgfzpl (RAS)' :qa]_\;egflegn STOWH tCl) ?-ggihtge-nlg (GIn-Asp-Leu-Thr-Met-Lys-Tyr-GIn-lle-Phe) from human melanoma is
(Nijman et al, » Peace et al, , Peoples et al, » Gnjatic  ecognized by CTL in melanoma patiert$mmunoll53 56505658

et al, 1995; Van Elsas et al, 1995). In future studies we will asses§man HW, Van der Burg SH, Vierboom MPM, Houbiers JGA, Kast WM and
the in vivo immunogenicity of RBP-1 peptides by studying PBMC Melief CIM (1994) p53, a potential target for tumor-directed T dafisiunol

from breast cancer patients. Lett40: 171-178 _ ,
Otterson GA, Kratzke RA, Lin AY, Johnson PG and Kaye FJ (1993) Alternative
splicing of the RBP1 gene clusters in an internal exon that encodes potential
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