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SUMMARY

Most tumours do not stimulate effective antitumour immune responses in vivo. In order to enhance

the immunogenicity of human tumour cells, we fused a variety of tumour cell lines with an Epstein±

Barr virus transformed B-lymphoblastoid cell line (EBV B-LCL) in vitro, to produce stable hybrid

cells. Hybrid cell lines showed a marked increase in their ability to stimulate primary allogeneic T-

cell responses in vitro, as compared with the parent tumour cells. The hybrid cells induced

proliferation of naive (CD45RA+) as well as memory (CD45RO+) T lymphocytes, and both CD4+

and CD8+ subpopulations of T cells were directly stimulated. The stimulatory hybrids expressed

human leucocyte antigen (HLA) class I and II, and a wide range of surface accessory molecules,

including the T-cell co-stimulatory ligand molecules CD40, CD80 (B7.1) and CD86 (B7.2), the

expression of which was required for optimal stimulation of T-cell responses. Fusion of the EBV

B-LCL with a melanoma cell line (518.A2) yielded hybrid cells that expressed the melanoma-

associated antigens MAGE-1 and MAGE-3, and presented these antigens to antigen-speci®c, HLA

class I-restricted cytotoxic T-lymphocyte clones with greater ef®ciency than the parent melanoma

cell line. These ®ndings suggest that the generation of human antigen-presenting cell/tumour cell

hybrids offers promise as an approach to cancer immunotherapy.

INTRODUCTION

The concept of exploiting the potential of the immune system in

the treatment of cancer has existed for many years. Advances in

our understanding of the processes by which the immune

system recognizes and eliminates cancer cells have led to a

renewed optimism for the development of effective immu-

notherapies for cancer. The importance of tumour-speci®c

T cells, especially major histocompatibility complex (MHC)

class I-restricted cytotoxic T lymphocytes (CTL), in the

rejection of tumour cells has been shown in both animal and

human studies.1±4 A range of human tumour-associated

antigens has been identi®ed, which contain HLA class I-

restricted epitopes recognized by tumour-speci®c CTL.5 Where

known, these antigens represent attractive targets for use in

cancer vaccination, and clinical trials have been undertaken

using a number of these antigens (or peptides derived from

them) as immunogens.6±8 In most human tumour cell types,

however, the relevant tumour-associated antigens are

unknown, and alternative strategies must be developed.

It is generally accepted that the majority, if not all, tumour

cells express proteins that the immune system is capable of

recognizing as antigenic, but fail to present these antigens to the

immune system in a manner which generates effective

antitumour immune responses. One explanation for this is

that the cells from which the tumours arise are poorly

immunogenic because of their inability to deliver the second

signals that are required, in addition to the T-cell receptor/

antigen±MHC complex interaction, to activate naive, antigen-

speci®c T cells. These second signals include the co-stimulatory

receptor/ligand interactions CD28/B79 and CD40/CD40

ligand,10 and are further enhanced by additional accessory

receptor/ligand interactions, e.g. lymphocyte function-

associated antigen-1 (LFA-1)/intracellular adhesion molecule-

1 (ICAM-1) and CD2/LFA-3,11,12 and by the presence of

certain cytokines, e.g. interleukin (IL)-2, IL-7 and IL-12.13,14 In

the absence of appropriate second signals, the naive T cell may

be rendered anergic to subsequent exposure to the antigen.15

Several approaches have been adopted to enhance the

immunogenicity of tumour cells with a view to generating

genetically modi®ed tumour cells for use as candidate cancer

vaccines, including transfection of allogeneic MHC mole-
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cules,16,17 cytokines,18 ligands for T-cell co-stimulatory mole-

cules such as the B7 family,19 and transfection of a combination

of these molecules, e.g. MHC class II and B7.1.20 In essence,

the aim of these approaches is to make the tumour cell

resemble, or bypass the need for, `professional' antigen-

presenting cells (APC) in the induction of the primary,

tumour-speci®c T-cell response. Professional APC (B cells,

monocyte/macrophages and dendritic cells) are potent stimu-

lators of antigen-speci®c T-cell responses, through their ability

to process and present antigens in the context of both MHC

class I and class II molecules, and by providing the appropriate

second signals to the naive T cell to stimulate cell activation

and clonal expansion.21

We have reasoned that, by fusing tumour cells with

professional APC, we should generate hybrid cells with the

antigen expression of the parent tumour cell and the antigen

processing and immunostimulatory capacity of the parent APC.

We report here the generation of such human APC/tumour cell

hybrids, using an Epstein±Barr virus-transformed B-lympho-

blastoid cell line (EBV B-LCL) as the APC partner, and show

that the resulting APC/tumour cell hybrids stimulate strong

allogeneic T-cell responses, and express and present relevant

tumour-associated antigens to cloned, antigen-speci®c CTL in

vitro. These data indicate in preclinical studies the potential of

hybrid cells as immunogens in cancer immunotherapy, and

provide a basis for their use in clinical trials.

MATERIALS AND METHODS

Cell lines

The EBV B-LCL parent cell line used in the generation of each

APC/tumour cell hybrid was HMy2.22 This cell line is resistant

to ouabain, but sensitive to hypoxanthine, aminopterin and

thymidine (HAT), allowing for chemical selection of hybrid

cells in vitro. The EBV-negative parent tumour cell lines used

were the promyelocytic leukaemia-derived cell line, HL60,23

the T-cell leukaemia-derived cell line, CEM,24 the erythro-

leukaemia-derived cell line, K562,25 and the melanoma-derived

cell line, 518.A2. All cell lines were human leucocyte antigen

(HLA) genotyped, with respect to their HLA-A, -B and -DR

alleles, by the polymerase chain reaction (PCR) using sequence-

speci®c primers, as described previously.26 The HLA types

were as follows. HMy2: HLA-A2, A3, B35, B62/76, DR4,

DR12; HL60: HLA-A1, B57, DR7; CEM: HLA-A1, B8, B60,

DR3, DR7; K562: HLA-A24, B18, B60, DR3, DR4; and

518.A2: HLA-A1, A2, B8, DR3, DR15. EBV B-LCL and

tumour cell lines were maintained in growth medium (GM)

consisting of RPMI-1640 supplemented with 10% fetal bovine

serum (FBS), 2 mM L-glutamine, penicillin (100 U/ml) and

streptomycin (100 mg/ml), with the exception of the 518.A2

melanoma cell line, which was grown in Dulbecco's modi®ed

Eagle's minimal essential medium (DMEM), supplemented as

described above. Hybrid cell lines were cultured in selection

medium (SM) consisting of GM supplemented with 2% HAT

and 1±2.5 mM ouabain. All cell lines were cultured at 37u, in 5%

CO2 and saturating humidity.

Cell fusions

Cell fusions between HMy2 and tumour cell lines were carried

out using established cell fusion procedures in the presence of

polyethylene glycol (PEG; MW 1500).27,28 Brie¯y, 107 cells

from each parental cell line were washed in serum-free RPMI-

1640 medium, mixed in a 1 : 1 ratio, pelleted by centrifugation

and fused by the addition of PEG (50% w/v) for 1 min. The

PEG-treated cells were washed and resuspended in GM. After

24 hr, the cells were transferred into SM, permitting growth

only of EBV B-LCL/tumour cell hybrids. After chemical

selection, the cell hybrids were cloned by limiting dilution, to

establish stable hybrid cell lines.

Cell phenotype analysis

Parent and hybrid cell lines were analysed for the expression

of cell surface markers by monoclonal antibody (mAb)

staining of viable cells using immuno¯uorescence (IF)

techniques, followed by ¯ow cytometric analysis using a

¯uorescence-activated cell sorter (FACScan; Becton-Dickin-

son Ltd, Cowley, UK). Cell surface molecules analysed were

HLA class I (mAb W6/3229), HLA class II (mAb L24330),

HLA-A1 (mAb 142.2), HLA-A2 (mAb BB7.231) and HLA-A3

(GAP.A332); cell lineage-speci®c markers CD3, CD4 and CD8

(T cell), CD13, CD15 and CD33 (myelocyte/monocyte),

CD19 and CD20 (B cell) and Glycophorin A (erythrocyte);

the adhesion molecules CD11a (LFA-1), CD50 (ICAM-3),

CD54 (ICAM-1) and CD58 (LFA-3); and the co-stimulatory

ligand molecules CD40, CD80 (B7.1) and CD86 (B7.2). mAbs

W6/32, L243, BB7.2 and GAP.A3 were used as tissue culture

supernatants. mAb 142.2 was used as ascites ¯uid diluted

1 : 2000 in phosphate-buffered saline (PBS). mAbs CD4,

CD8, CD15, CD33 and Glycophorin A were ¯uorescein

isothiocyanate (FITC) conjugated, whilst CD3, CD13,

CD45RA and CD45RO were R-phycoerythrin (RPE) con-

jugated, and used in direct IF assays. All other antibodies

were used in indirect IF assays and detected using FITC-

conjugated F(abk)2 fragment of rabbit anti-mouse immuno-

globulin G (IgG) as the secondary antibody.

EBV genome and antigen expression

Expression of the EBV latent gene transcripts Epstein±Barr

nuclear antigen-1 (EBNA-1) and latent membrane protein-1

(LMP-1), and antigens EBNA-1, -2, -3a and LMP-1, were

determined by Southern and Western blotting, respectively, as

described previously.27

Responder T cells, and separation of T-cell populations from

peripheral blood mononuclear cells

Responder T cells for use in in vitro assays were obtained from

peripheral blood mononuclear cells (PBMC) that were isolated

from heparinized blood of healthy, allogeneic donors and

separated by density gradient centrifugation over Lympho-

prep2 (Nycomed Diagnostics, Oslo, Norway). The HLA types

and EBV-serological status (presence of immunoglobulin M

[IgM] antibodies against the EBV capsid protein and/or IgG

antibodies against Epstein±Barr nuclear antigens) of the

donors used in the study were as follows: Responder 1:

HLA-A3, B7, B35, DR4, DR10, EBV seronegative; Responder

2: HLA-A1, A2, B37, B62, DR4, DR10, EBV seronegative;

Responder 3: HLA-A3, A23/24, B62, DR7, EBV seronegative;

Responder 4: HLA-A1, A23/24, B35, B63, DR11, DR13,

EBNA IgG seropositive.

In certain experiments, puri®ed, `untouched' CD3+ T cells

were obtained from PBMC by negative selection using a pan

T cell magnetic microbead isolation kit (Miltenyi Biotec Ltd,
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Bisley, UK), according to the manufacturer's instructions. CD3+

T-cell populations were further separated, by negative selection,

into CD4+, CD8+, CD45RA+ and CD45RO+ subpopulations,

using CD8-, CD4-, CD45RO- and CD45RA-speci®c magnetic

microbeads, respectively. The purity of separated T-cell

populations was determined by mAb staining using direct IF

techniques and ¯ow cytometric analysis, as described above, and

was routinely greater than 90%.

Mixed lymphocyte/tumour cell cultures

Stimulation of lymphocyte proliferation was estimated in

mixed lymphocyte/tumour cell microcultures (MLTC). All co-

cultures were set up in triplicate in 96-well U-bottomed

microtitre plates. Typically, 105 allogeneic PBMC/well were co-

cultured with stimulator cells (104±105 stimulator cells/well,

pretreated with mitomycin C, 50 mg/ml, 30 min), for 6 days at

37u, 5% CO2 in GM. Microcultures were pulsed with 1 mCi/well

of [3H]thymidine and harvested after incubation (8 hr, 37u, 5%

CO2) with a Skatron cell harvester onto glass-®bre ®lters.

Incorporated radioactivity was measured (as counts per minute

[c.p.m.]) in a liquid scintillation counter.

Blocking of co-stimulatory molecule function

MLTC assays were carried out as described above, except that

stimulator cells were preincubated with anti-CD40 mAb

(mAb89, Coulter Electronics Ltd, Luton, UK), cytotoxic T

lymphocyte antigen-4 (CTLA-4) immunoglobulin fusion pro-

tein (Ancell, Nottingham, UK), a combination of both, or with

mouse monoclonal IgG1 as an isotype antibody control, at

saturating concentrations (0.5 mg/ml ®nal concentration) for

30 min prior to the addition of responder PBMC. The presence

of the blocking antibody was maintained throughout the

period of culture.

Induction of CTL activity

The ability of parent and hybrid cell lines to induce a cell-

speci®c CTL response was determined by 51Cr-release assays,

essentially as previously described.33 Brie¯y, 107 negatively

separated CD3+ T cells were cultured in GM in vitro (37u, 5%

CO2) with 2r106 mitomycin C-treated stimulator cells, and

restimulated after 7 days (in the presence of IL-2, 20 U/ml)

with the same stimulator cell line. CTL activity was determined

on day 14. Target cells were radiolabelled by incubation with

0.5 mCi of [51Cr]sodium chromate, followed by thorough

washing to remove excess radioactivity. Test and control wells

were set up in duplicate in 96-well U-bottomed microtitre

plates using 5r103 target cells/well and effector : target (E : T)

cell ratios of 20 : 1, 10 : 1 and 3 : 1. Following 4 hr of

incubation, 50 ml of supernatant from each test and control

well was removed and analysed for 51Cr activity in a universal

gamma counter. CTL-induced target cell lysis was determined

by the following calculation:

%Specific Cell Lysis~
51Cr Test releaseÿ Background release
Total releaseÿ Background release

Expression of melanoma-associated antigens

The expression of the melanoma-associated antigens MAGE-1,

-2 and -3, tyrosinase and Melan A in parent and melanoma

hybrid cells was determined by reverse transcription±PCR

(RT±PCR), essentially as described by Mulcahy et al.34 Brie¯y,
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Figure 1. Proliferative responses of peripheral blood mononuclear cells (PBMCs) to stimulation with parent and hybrid cells. (a)

Proliferative responses of PBMCs from Responder 1, a normal allogeneic, Epstein±Barr virus (EBV)-seronegative donor to

stimulation with 3.3r104 mitomycin C-treated parent EBV transformed B-lymphoblastoid cell line (B-LCL) (HMy2) cells, parent

tumour cells (HL60, CEM, K562), or EBV B-LCL/tumour cell hybrid clones (HMy2rHL60, HMy2rCEM, HMy2rK562) in

mixed lymphocyte/tumour cell microcultures (MLTC) in vitro. Cell proliferation is expressed in terms of [3H]thymidine incorporation

(mean � SD, n = 3). (b) Proliferative responses of PBMCs from Responder 4, a normal, allogeneic, EBV-seropositive donor, to

stimulation, as described above.

543Human antigen-presenting cell/tumour cell hybrids

# 1999 Blackwell Science Ltd, Immunology, 98, 541±550



total cellular RNA was extracted, 2 mg of RNA was reverse

transcribed using Superscript-RT (Gibco-BRL, Paisley, UK)

and then subjected to PCR using primer sequences and thermal

cycling conditions as previously described.34 Appropriately

sized, antigen-speci®c PCR products were visualized using

ethidium bromide staining and UV transillumination following

agarose-gel electrophoresis. PCR products from test samples

were compared with PCR products from a positive-control

RNA (2 mg of total RNA from cell line MZ2, reverse

transcribed as above and subjected to PCR at 1 : 1, 1 : 10

and 1 : 100 dilutions), to enable semiquantitative interpreta-

tion of antigen expression.

Antigen presentation to tumour-associated antigen-speci®c

CTL clones

Processing and presentation of known tumour antigens

to antigen-speci®c, MHC class I-restricted CTL clones was

tested using an EBV B-LCL/melanoma hybrid cell line,

HMy2r518.A2, in 51Cr-release assays. CTL clones 82/30

and 297/22, raised against the melanoma tumour antigens

MAGE-1 and MAGE-3, respectively, were generated as

previously described.35±37 CTL assays were performed at

E : T cell ratios of 10 : 1, 3 : 1, 1 : 1 and 0.1 : 1. Speci®c cell

lysis was determined as described above.

RESULTS

This study addressed the feasibility of generating stable human

APC/tumour hybrid cells by fusion of EBV B-LCL with a

range of tumour cell types, and describes their characterization

in vitro.

Generation and morphology of EBV B-LCL/tumour cell

hybrids

Heterologous human cell fusions were generated between EBV

B-LCL as the APC and a variety of both lymphoid and non-

lymphoid tumour cell lines, to produce stable cell hybrids. The

hybrid cell lines grew continuously in culture in the presence of

double chemical selection. The hybrid cell lines were HLA

genotyped with respect to their HLA-A, -B and -DR alleles. All

hybrid cells contained HLA-A, -B and -DR alleles from both

parent cells, with the exception of HMy2rK562 clone A4,

which contained only the HMy2 parent HLA alleles (data not

shown). Periodic analysis of expression of HLA class I and

class II molecules, and markers speci®c to each parental cell

line, showed phenotypic stability of the hybrid cells over

prolonged periods (data not presented).
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Figure 2. Proliferative responses of separated T-cell populations to stimulation with parent and hybrid cells. (a) Proliferative

responses of peripheral blood mononuclear cells (PBMCs), separated CD3+ T cells, separated CD4+ T cells, and separated CD8+ T

cells from Responder 2, a normal, allogeneic, Epstein±Barr virus (EBV)-seronegative donor, to stimulation with 3.3r104 mitomycin

C-treated parent EBV B-lymphoblastoid cell line (B-LCL) (HMy2) cells, parent tumour cells (HL60), or HMy2rHL60 A1 hybrid

cells, in mixed lymphocyte/tumour cell microcultures (MLTC) in vitro. (b) Proliferative responses of PBMCs, separated CD3+ T cells,

separated CD45RO+ T cells and separated CD45RA+ T cells from Responder 3, a normal, allogeneic, EBV-seronegative donor, to

stimulation with 3.3r104 mitomycin C-treated parent EBV B-LCL (HMy2) cells, parent tumour cells (HL60), or HMy2rHL60 A1

hybrid cells, in MLTC in vitro.
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Figure 3. Induction of cytotoxic T-lymphocyte (CTL) activity. Separated T cells from Responder 1, a normal, Epstein±Barr virus

(EBV)-seronegative donor, were cultured in vitro with mitomycin C-treated HMy2, HL60, or HMy2rHL60 A1 hybrid cells,

restimulated after 7 days (in the presence of interleukin-2, 20 U/ml), and CTL activity was determined against target cells HMy2,

HL60, HMy2rHL60 A1, and the unrelated tumour cell line, CEM, on day 14 by 51Cr-release assays. Each parent cell line stimulated

activity against itself, but not against the other parent cell or against CEM, whereas HMy2rHL60 A1 hybrid cells stimulated CTL

activity against both parent cell lines and itself, but not against CEM targets. Natural killer (NK)-cell activity is shown using the

NK-sensitive K562 cell line as target cells.
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EBV B-LCL/tumour cell hybrids stimulate primary allogeneic

T-cell responses in vitro

To investigate the immunostimulatory capacity of the hybrid

cell lines, we assessed their ability to stimulate primary

allogeneic T-cell proliferation in vitro, using PBMC from

normal, allogeneic donors as responder cells. Data representa-

tive of a number of experiments are shown throughout. In all

cases, the parent EBV B-LCL stimulated strong T-cell

proliferative responses (Fig. 1). In contrast, the parent tumour

cell lines showed little or no stimulation of T-cell proliferation.

APC/tumour cell hybrid clones showed a marked increase in

their ability to induce T-cell proliferation as compared with the

parent tumour cell lines, with responses of individual hybrid

clones being equivalent to those of the parent EBV B-LCL

(Fig. 1a, 1b). To rule out an effect of EBV antigen expression

and presentation by the hybrid cells in the induction of T-cell

responses, these experiments were carried out using responder

PBMC from both EBV-seronegative and EBV-seropositive

donors. Comparable induction of lymphocyte proliferation

was seen (Fig. 1a, 1b, respectively), demonstrating that the

observed responses were not caused by presentation of EBV

antigens by the hybrid cells. In all, these experiments were

carried out using PBMC from four EBV-seronegative donors,

and no qualitative differences in responses between EBV-

seronegative and EBV-seropositive donors were observed.

To con®rm that the responding cells in the cultures were T

lymphocytes, we repeated the experiments using highly puri®ed

populations of negatively selected CD3+, CD4+ and CD8+

HMy2                         HL60                      HMy2 × HL60 A1

Fluoresence intensity

MHC I

MHC II

CD13

CD19

CD40

CD80

CD86

Figure 4. Phenotypic characterization of parent and hybrid cells. Cell

surface expression of major histocompatibility complex (MHC) class I

and II antigens, CD13 (myeloid/monocyte marker), CD19 (B-cell

marker), CD40, CD80 and CD86 (co-stimulatory ligand molecules)

was examined on HMy2, HL60 and HMy2rHL60 A1 cell lines. Solid

areas represent staining with speci®c monoclonal antibodies (mAbs).

Open areas represent staining with secondary mAb only.
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Figure 5. CD40 and B7.1 B7.2 (CD80 and CD86) are required for

optimal stimulation of primary allogeneic responses in vitro.

Monoclonal antibody (mAb) blocking of allogeneic T-cell

(Responder 3) proliferative responses to stimulation with 104

mitomycin C-treated parent Epstein±Barr virus transformed B-

lymphoblastoid cell line (EBV B-LCL) (HMy2) cells, parent tumour

cells (HL60), or HMy2rHL60 A1 hybrid cells, in mixed lymphocyte/

tumour cell microculture (MLTC) in vitro, showing inhibition of

proliferation in the presence of anti-CD40 mAb, CTLA-4 immunoglo-

bulin and CD40 mAb+CTLA-4 immunoglobulin, compared to the cell

line alone, but not with a non-speci®c mAb, IgG1.
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T cells, as well as unseparated PBMC, as responder cells.

Representative results are shown in Fig. 2(a), using puri®ed

responder T cells from an EBV-seronegative donor. The

responses of separated (CD3+) T cells to stimulation with the

hybrid cell line were essentially equivalent to those of

unseparated PBMC throughout, con®rming that T lympho-

cytes represented the dominant responder cell type. Further

separation of T cells into CD4+ and CD8+ subpopulations

showed that both CD4+ and CD8+ T cells were directly

stimulated by the hybrid cells, although puri®ed CD4+ T cells

consistently showed greater proliferative responses to stimula-

tion than puri®ed CD8+ T cells (Fig. 2a). These experiments

also indicated that the hybrid cells acted directly as APCs in

stimulating the responding T cells, by removing the potential

for uptake, processing and presentation of antigens by APC of

responder origin in the cultures. As in previous experiments,

the parental tumour cells showed considerably less stimulation

of T-cell responses in vitro, as compared with the parent EBV

B-LCL or the APC/tumour cell hybrids. To determine the

ability of the hybrid cells to induce naive T-cell activation and

proliferation, T cells were separated into CD45RA+ (naive)

and CD45RO+ (memory) subpopulations. The responses of

both naive and memory T cells to HMy2, HL60 or the hybrid

cell line (HMy2rHL60 clone A1) showed that both naive and

memory T cells were directly stimulated to a similar extent by

the hybrid cells (Fig. 2b). Similar results were obtained using

HMy2rCEM and HMy2rK562 hybrids as stimulator cells

(data not shown).

Next, we investigated the ability of the APC/tumour cell

hybrids to induce CTL activity in vitro, following co-culture of

negatively selected T cells from an EBV-seronegative donor

with each parent cell line, with APC/tumour cell hybrids or in

the absence of stimulator cells. Representative data presented

in Fig. 3 demonstrate the ability of HMy2rHL60 clone A1

Table 1. Melanoma-associated antigen (MAGE) expression in parent and melanoma hybrid cells as determined by semiquantitative reverse

transcription±polymerase chain reaction (RT±PCR)

MAGE-1 MAGE-2 MAGE-3 Tyrosinase MelanA

HMy2 W ± + +* ± ±

518.A2 W W + + ± ±

HMy2r518.A2

bulk

++ W + ± ±

HMy2r518.A2

clone 2

+++ + +++ ± ±

*MAGE-3 speci®c PCR product con®rmed by Southern blotting using a MAGE-speci®c probe.
W, detectable PCR product, but less intense than 1 : 100 of control sample.
+, intensity of PCR product <1 : 10;>1 : 100 of control.
+ +, intensity of PCR product <1 : 1;>1 : 10 of control.
+ + +, intensity of PCR product >1 : 1 of control.
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Figure 6. Epstein±Barr virus transformed B-lymphoblastoid cell line (EBV B-LCL)/melanoma hybrids retain expression of melanoma

antigens, and process and present them to antigen-speci®c, human leucocyte antigen (HLA) class I-restricted cytotoxic T-lymphocyte

(CTL) clones with greater ef®ciency than the parent melanoma cell line. (a) Presentation of the melanoma-associated antigen MAGE-

1 by EBV B-LCL (HMy2) cells, melanoma cells (518.A2), HMy2r518.A2 bulk cells and HMy2r518.A2 clone 2 hybrid cells to

MAGE-1, HLA-A1-restricted CTL clone 82/30. (b) Presentation of the melanoma antigen MAGE-3 by HMy2, 518.A2,

HMy2r518.A2 bulk and HMy2r518.A2 clone 2 hybrid cells to MAGE-3, HLA-A2-restricted CTL clone 297/22.
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hybrid cells to induce CTL activity against both HMy2 and

HL60 parent cells and itself, whilst parent HMy2 and HL60

cells induced CTL activity only against HMy2 and HL60

targets, respectively. In all cases, little or no CTL activity was

induced against the unrelated CEM cell line, showing the

speci®city of CTL activity for the stimulating cell type. The

natural killer (NK)-cell sensitive K562 cell line was used as a

target cell to show NK cell-mediated cell lysis.

Surface phenotype and EBV status of immunostimulatory cell

hybrids

To be effective as cell-based cancer vaccines, the hybrid cells

would probably need to present antigens to both CD4+ and

CD8+ T cells, requiring expression of both MHC class I and

class II molecules, and to express a range of accessory and co-

stimulatory ligand molecules characteristic of professional

APC. Immunostimulatory hybrid cell lines constitutively

expressed MHC class I and II antigens, the T-cell co-

stimulatory ligand molecules CD40, CD80 and CD86

(Fig. 4), and the accessory/adhesion molecules CD11a,

CD50, CD54 and CD58 (data not shown). Hybrid cells also

expressed lineage-speci®c markers from both parent cells, e.g.

HMy2rHL60 clone A1 hybrid cells expressed both the B-cell

marker, CD19, and the myelocyte/monocyte cell marker, CD13

(Fig. 4). The stimulatory hybrid clones were EBV positive by

Southern blotting, and expressed the EBV nuclear antigens

EBNA-1 and EBNA-2, and the EBV latent membrane protein,

LMP-1, characteristic of the LCL-like pattern of EBV latent

protein expression27 (data not shown).

Role of T-cell co-stimulatory ligand molecules CD40, CD80

and CD86

Expression of the co-stimulatory ligand molecules, CD40,

CD80 and CD86, by the stimulatory APC/tumour cell hybrids,

but not the parent tumour cell lines, suggested that these

molecules might play an important role in the ability of the

hybrid cells to stimulate primary T-cell responses. The

dependence of T-cell proliferative responses in MLTC on the

interaction between these molecules and their respective co-

receptors on the responding T cells is shown in Fig. 5. Blocking

of the interaction of B7 (CD80 and CD86) on the APC and

CD28/CTLA-4 on the responding T cells by the addition of

CTLA-4 immunoglobulin fusion protein in MLTC assays,

reduced PBMC proliferative responses almost to background

levels (Fig. 5). Similarly, the addition of anti-CD40 mAb

reduced the proliferative response to cells expressing the CD40

molecule, although to a lesser extent than the blocking of B7

molecules. Together with the immunophenotyping data, these

experiments indicate the importance of the expression of T-cell

co-stimulatory ligand molecules on the APC/tumour cell

hybrids in their enhanced ability, compared with the parent

tumour cell lines, to stimulate primary T-cell responses.

Expression, processing and presentation of melanoma antigens

by an EBV B-LCL/melanoma cell hybrid

Finally, for APC/tumour cell hybrids to be effective as cancer

vaccines, they must retain expression of relevant tumour-

associated antigens and present these antigens ef®ciently to

antigen-speci®c CTL. In order to investigate the ability of

APC/tumour cell hybrids to express, process and present

relevant tumour-associated antigens to CTL, we generated

hybrid cells by fusion of HMy2 with a melanoma cell line,

518.A2, which expresses the melanoma antigens MAGE-1 and

MAGE-3, as determined by RT±PCR (Table 1), as well as the

HLA molecules HLA-A1 and HLA-A2 (data not shown)

through which these antigens are presented to CTL. The

resulting EBV B-LCL/tumour cell hybrids (HMy2r518.A2)

expressed HLA-A1 and -A2 at levels equivalent to or greater

than the parent cell line 518.A2, as determined by mAb staining

with mAbs 142.2 and BB7.2, respectively (data not shown). In

addition, the hybrid cells retained expression of the melanoma-

associated antigens MAGE-1, -2 and -3, as determined by

antigen-speci®c RT±PCR (Table 1) and, in the case of hybrid

clone 2, expressed these at greater levels than the parent cells.

Expression of MAGE-3 by the parent EBV B-LCL was

unexpected, but the speci®city of the PCR product was

con®rmed by Southern blotting. Neither the parent tumour

cell line nor the hybrid cells expressed the tyrosinase or Melan

A antigens.

MAGE-1- and -3-speci®c CTL clones lysed the parent

melanoma cell line, 518.A2, with relatively low ef®ciency

(Fig. 6a, 6b). The bulk APC/tumour cell hybrids, and a

subclone derived from it (HMy2r518.A2 clone 2), were lysed

by the MAGE-1- and MAGE-3-speci®c CTL clones with

greater ef®ciency than the parent melanoma cell line (Fig. 6).

The expression of MAGE-3 by the parent EBV B-LCL, as

determined by RT±PCR, is supported by the low-level

recognition of this cell line by the MAGE-3-speci®c CTL

clone (Fig. 6b). The reasons why the hybrid cells were lysed

with greater ef®ciency than the parent tumour cell line are not

clear, but probably relate to levels of antigen expression by the

hybrid cells compared with the parent melanoma cell line (see

Table 1). Surface expression of HLA-A2 on the hybrid cells

was < threefold higher than on the parent tumour cells, but

expression of HLA-A1 was essentially equivalent. There were

no qualitative differences in levels of expression of the adhesion

molecules LFA-1, LFA-3, ICAM-1 and ICAM-3 between the

parent melanoma and hybrid cell lines (data not presented).

Both parent and hybrid cells expressed transporter associated

with antigen processing (TAP) and LMP-2 and -7 gene

products, although at relatively low levels compared with the

parent EBV B-LCL, as determined by Western blot.38 Levels of

TAP and LMP gene products in both parent melanoma and

hybrid cells were signi®cantly up-regulated by culture of the

cells in interferon-c (IFN-c) (data not shown). Overall, the data

indicate that the hybrid cells retained expression of relevant

tumour-associated antigens, and processed and presented these

ef®ciently in association with MHC class I molecules to

antigen-speci®c CTL.

DISCUSSION

Our data demonstrate that human APC/tumour cell hybrids,

formed by fusion of EBV B-LCL and a range of tumour cell

lines, have a markedly enhanced immunostimulatory capacity

as compared with the parent tumour cells, and are capable of

stimulating naive (CD45RA+) and memory (CD45RO+), as

well as CD4+ and CD8+, T-cell populations in vitro. Optimal T-
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cell stimulation was dependent on the expression of the T-cell

co-stimulatory ligand molecules CD40, CD80 and CD86 by the

hybrid cells. Hybrid cells retained expression of relevant

tumour-associated antigens, processed and presented these

ef®ciently to antigen-speci®c, MHC class I-restricted CTL

clones, and stimulated CTL induction in vitro.

These ®ndings support the idea that APC/tumour cell

hybrids represent a promising approach to cancer immu-

notherapy.39 Using a similar approach, Gong and co-workers40

showed the induction of strong antitumour activity in mice

immunized with a murine dendritic cell/carcinoma cell hybrid,

which not only protected the animals against a primary tumour

cell challenge, but also mediated rejection of pre-established

metastatic disease.40 Similar ®ndings were observed by Guo

and colleagues, who fused rat hepatocarcinoma cells with

activated B cells to produce hybrid cells which, when injected

into syngeneic rats, protected against subsequent tumour cell

challenge and mediated rejection of pre-established hepato-

mas.41

Not all of the hybrid clones derived from each fusion

described in this paper had the enhanced immunostimulatory

phenotype. However, the non-stimulatory hybrid clones could

be distinguished from their stimulatory counterparts in that

they were phenotypically similar to the tumour cell parent, did

not express the T-cell co-stimulatory ligand molecules CD40,

CD80 and CD86, and expressed only the EBNA-1 EBV latent

protein (characteristic of the type of EBV latency associated

with Burkitt lymphoma cells) rather than the full range of

EBV latent proteins, typical of B-LCL27 (A. L. Cywinski,

D. J. Dunnian, V. C. Tucker et al., manuscript in preparation).

This point reinforces the signi®cance of the T-cell co-

stimulatory molecules in the ability of the hybrid cells to

stimulate primary T-cell responses (as illustrated in Fig. 5), and

emphasizes the importance of cloning and in vitro character-

ization of the hybrid cells following fusion, in order to identify

those hybrid cells that may be of potential use as cancer

vaccines.

Our choice of EBV B-LCL as APC for these experiments

was a result largely of their continuous growth and ease of

culture. We have subsequently made several attempts to

generate hybrids using dendritic cells as APC and the tumour

cell lines K562 and CEM. The tumour cell lines were rendered

sensitive to HAT by incubation in increasing concentrations

of 8-azaguanine, to allow non-fused parental tumour cells to

be killed in culture after hybrid generation. Dendritic cells

were generated from adherent PBMC by culture in IL-4

and granulocyte±macrophage colony-stimulating factor (GM-

CSF), as described previously.42 Using 106 cells of each parent

cell line and the method described, we generated small numbers

of adherent cells with dendritic cell morphology, which

remained viable in culture in the presence of HAT selection

for over 8 weeks in culture, but which failed to proliferate. We

were unable, in any of these experiments, to generate suf®cient

numbers of these cells for further analysis. From this, we

conclude that human dendritic cells, whilst representing the

most potent form of APC, are unlikely to be suitable for the

generation of hybrid cells for use as therapeutic cancer

vaccines.

This paper presents a detailed description and in vitro

characterization of human APC/tumour cell hybrids as a

strategy for developing therapeutic cell-based cancer vaccines.

We have shown: the generation in vitro of stable human

APC/tumour cell hybrids, using EBV B-LCL as the parent

APC; that the hybrid cells are capable of stimulating primary

T-cell responses in vitro to levels similar to those induced by the

APC on its own; that both naive and memory T-cell

populations are activated; and that the hybrid cells retain

expression of relevant tumour-associated antigens, and process

and present these to MHC class-I restricted, antigen-speci®c

CTL clones. Proof of the ef®cacy of APC/tumour cell hybrids

as cancer vaccines will require in vivo studies showing induction

of tumour-speci®c immune responses and tumour regression

in vivo. The data presented in this study, however, provide a

justi®cation for the clinical evaluation of APC/tumour cell

hybrids as candidate cancer vaccines. Taken together with the

results of animal experiments,40,41 our data support the idea

that the generation of APC/tumour cell hybrids represents a

promising strategy for the immunotherapy of human cancer,

but also highlights the need for characterization of the hybrids

in vitro prior to their use in in vivo studies.
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