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Introduction

Transporter associated with antigen processing (TAP) is
a heterodimer consisting of TAP1 and TAP2 subunits.
The function of TAP is to transport cytosolic peptides
into the lumen of the endoplasmic reticulum (ER) where
the peptides are loaded onto major histocompatibility
complex class I (MHC-I) molecules and finally displayed
on the cell surface for CD8" T-cell recognition.' Defi-
ciency in TAP expression is frequently observed in
human cancer,” resulting in failure of surface expression
of TAP-dependent peptide antigens, thus abolishing
CD8" T-cell recognition.”” However, accumulating data
from different research groups indicate that TAP-defi-
cient tumour cells can present TAP-independent antigens
and that these antigens can induce a tumour antigen-
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Summary

We previously showed that introduction of transporter associated with
antigen processing (TAP) 1 into TAP-negative CMT.64, a major histo-
compatibility complex class I (MHC-I) down-regulated mouse lung carci-
noma cell line, enhanced T-cell immunity against TAP-deficient tumour
cells. Here, we have addressed two questions: (1) whether such immunity
can be further augmented by co-expression of TAP1 with B7.1 or H-2K"
genes, and (2) which T-cell priming mechanism (tumour direct priming
or dendritic cell cross-priming) plays the major role in inducing an
immune response against TAP-deficient tumours. We introduced the B7.1
or H-2K" gene into TAP1-expressing CMT.64 cells and determined which
gene co-expressed with TAP1 was able to provide greater protective
immunity against TAP-deficient tumour cells. Our results show that
immunization of mice with B7.1 and TAP1 co-expressing but not H-2K"
and TAP1 co-expressing CMT.64 cells dramatically augments T-cell-
mediated immunity, as shown by an increase in survival of mice inocu-
lated with live CMT.64 cells. In addition, our results suggest that induction
of T-cell-mediated immunity against TAP-deficient tumour cells could be
mainly through tumour direct priming rather than dendritic cell cross-
priming as they show that T cells generated by tumour cell-lysate-loaded
dendritic cells recognized TAP-deficient tumour cells much less than TAP-
proficient tumour cells. These data suggest that direct priming by TAP1
and B7.1 co-expressing tumour cells is potentially a major mechanism to
facilitate immune responses against TAP-deficient tumour cells.

Keywords: B7.1; transporter associated with antigen processing; T cells;
tumour immunity

specific T-cell response.*”” For example, TAP-deficient T
lymphoma RMA-S cells (which express TAP1 only) can
present TAP-independent weak MHC-I binding pep-
tides.” Introduction of the costimulatory molecule B7.1
into RMA-S cells can induce a T-cell response against
RMA-S cells but not against TAP-proficient RMA-S cells
(cells transfected with the TAP2 gene).4 One TAP-inde-
pendent antigen that has been identified from an ER-
lumen LAG1 homolog, ceramide synthase 5 (Lass5)
protein is presented only in TAP-deficient and not in
TAP-proficient cells.” In addition, many reports have
shown that introduction of the TAP1 gene into TAP-
negative murine tumour cells increases tumour antigenic-
ity and immunogenicity,”®’ suggesting that antigens
presented on TAP1l-expressing tumour cells can provide
immune responses.
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Dendritic cell (DC) cross-priming and tumour direct
priming are two mechanisms involved in the induction
of T-cell-mediated tumour antigen-specific immune
responses.'”"> DC cross-priming requires uptake of anti-
gens from apoptotic cells followed by processing and pre-
sentation of antigens on the cell surface for T-cell
induction.'®? Many reports indicate that antigens cap-
tured by DCs for CD8" T-cell priming can be processed
through the conventional MHC-I antigen presentation
pathway'®'® as well as through trogocytosis of a donor
MHC-I-peptide complex.'®'” In addition to cross-prim-
ing, tumour cells are able to directly prime T cells."""> As
the costimulatory molecule B7.1 plays an important role
in augmenting CD8" T-cell-mediated tumour antigen-
specific immune responses,'®*° direct priming of CD8"
T cells by B7.1-modified tumour cells seems highly proba-
ble, as indicated by Cayeux et al.>' However, another
study comparing the two priming mechanisms showed
that cross-priming is a more effective mechanism than
direct priming.** That study used antigen presentation-
proficient cells as the detection system and thus it is
questionable if its conclusions are applicable to antigen
presentation-deficient cells. Transduction of B7.1 into
TAP1-expressing RMA-S cells facilitates the response of
T cells to TAPl-expressing or TAP1™~ cells but not to
TAP-proficient cells, indicating that the generated T cells
recognize TAP-independent antigens.*” This raises the
question of whether normal DCs efficiently cross-present
such antigens for T-cell priming.

In previous studies, we introduced a TAPI gene into the
TAP-negative murine lung carcinoma cell line CMT.64
and found that TAP1 expression increased tumour anti-
genicity and immunogenicity® and decreased the numbers
of CD3"/interleukin (IL)-10-positive tumour-infiltrating
lymphocytes.” In the present study, we introduced B7.1 or
H-2K" into TAPI-expressing CMT.64 tumour cells and
determined if co-expression of TAP1 and B7.1 or TAP1
and H-2K" in the CMT.64 cells further augmented the
T-cell-mediated immune response against TAP-negative
CMT.64 cells. In addition, we explored whether tumour
direct priming played a dominant role in induction of
T cells that recognize TAP-deficient tumour cells.

Materials and methods

Animals

The C57BL/6 (H-2®) mouse strain and T-cell-deficient
nude mouse (H-2) strain were obtained from the National
Cancer Institute (NCI) and housed in the animal facility at
the Louisiana State University (LSU) Health Sciences
Center. All mice used for the experiments were 6—10-week-
old females and were maintained in pathogen-free facilities
and treated in accordance with the guidelines of the Ani-
mal Use Committee at the LSU Health Sciences Center.
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Vectors

Recombinant vaccinia virus (VV) carrying an entire TAP1
gene (VV-TAP1) and recombinant VV carrying an H-2K"
gene (VV-K®)* were kindly provided by Dr J. Yewdell
(Laboratory of Viral Diseases, National Institute of Allergy
and Infectious Diseases, Bethesda, MD). VV carrying a
B7.1 gene®* (VV-B7.1) was kindly provided by Dr J. Schlom
(Laboratory of Tumor Immunology and Biology, Center
for Cancer Research, Bethesda, MD). VV carrying a GFP
gene (VV-GFP) was kindly provided by Dr K. Kirkegaard
(Microbiology and Immunology, Stanford University,
School of Medicine, Stanford, CA). The vector inserted
with the TAPI gene is pcDNA3.1/His (Invitrogen Corpo-
ration, Carlsbad, CA). The vector inserted with the K” gene
is pEF4/Myc-His (Invitrogen). A B7.1 vector’ was pro-
vided by Dr S. Li (Louisiana State University, Baton
Rouge, LA). B7.1 ¢cDNA was isolated and inserted into a
pUB6/V5-His vector (Invitrogen). A mouse TAP2 gene
was inserted into a pUB6/V5-His vector.

Cell lines and cell culture

The mouse lung carcinoma cell line CMT.64-7 (H-2%),
designated as CMT.64,”° was kindly provided by Dr Gun-
nel Hallden (Imperial College of Science, London, UK).
Five CMT.64 transfectants were generated by transfection
with empty vector, mouse TAPI, and/or the B7.1 gene(s).
CMT.64/pp (two empty vectors, pcDNA3.1/His and pUB6/
V5-His), CMT.64/pp; (two empty vectors, pcDNA3.1/His
and pEF4/Myc-His), CMT.TAP1/pEF4,"” CMT.TAP1/K","
CMT.TAP1/B7.1 and CMT.TAP1,2 cl.21 (i.e. clone 21 of
CMT.64 cells transfected with TAP1 and TAP2 genes were
inserted into pcDNA3.1/His and pUB6/V5-His vectors,
respectively) cell lines were generated for this study.
Transfectants were maintained in Dulbecco’s modified
Eagle’s minimal essential medium (DMEM) containing
10% fetal bovine serum (FBS), 1000 pg/ml neomycin (for
the pcDNA3.1/His vector) and 20 pg/ml blasticidin (for
the pUB6/V5-His vector) or 1000 pg/ml neomycin and
40 pg/ml Zeocin selection medium (Invitrogen, Frederick,
MD). CMT.64 and mouse mammary tumour Mid-T2
(H-29% cells were cultured in DMEM.

MHC-I and B7.1 expression

Surface MHC-I and B7.1 expression was detected by a
FACScan analyser (Becton Dickinson, Mountain View,
CA) using direct and indirect immunofluorescence. For
B7.1 expression, a fluorescein isothiocyanate (FITC)-con-
jugated anti-mouse CD80 (clone 16-10A1) monoclonal
antibody (mAb) (Biolegend, San Diego, CA) was used,
and phosphate-buffered saline (PBS) was used as a nega-
tive control. For H-2K" expression, an H-2K -specific Y-3
primary mAb [American Type Culture Collection
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(ATCC), Manassas, VA] and an FITC-conjugated goat
anti-mouse immunoglobulin (IgG) secondary antibody
(Ab) (Jackson ImmunoResearch, West Grove, PA) were
used, and an irrelevant primary mAb, 15-1-5P, specific for
H-2K* and H-2D* (ATCC) was used as a negative control.

Detection of TAP

Expression of the mouse TAP1 protein was determined
by western blot.” For TAP1 expression, blots were incu-
bated with a goat anti-mouse TAP1 polyclonal antibody
(Ab) at 1 : 1000 dilution (according to the manufacturer’s
instructions) followed by a horseradish peroxidase
(HRP)-labelled bovine anti-goat Ab (1 :2000 dilution)
(both from Santa Cruz Biotechnology, Santa Cruz, CA).
For TAP2 expression, blots were incubated in mouse anti-
serum at 1: 1000 dilution followed by an HRP-labelled
goat anti-mouse IgG Ab (1 : 3000 dilution) (Santa Cruz
Biotechnology). Mouse antiserum against the mouse
TAP2 protein was created for this study by immunizing
BALB/c mice with a peptide sequence (mapping at the
C-terminus of mTAP2), DGQDVYAHLVQQRLEA-C,
with a cysteine at the C-terminus, linked to a keyhole
limpet hemocyanin (KLH) carrier protein (Pierce Bio-
technology, Rockford, IL). This antiserum can detect the
mouse TAP2 protein in lysates of RMA cells but not in
TAP2-deficient RMA-S or CMT.64 cells. For a loading
control, the enzyme glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as described previously.®’

Preparation of bone marrow-derived DCs

Bone marrow-derived DCs were generated from 6- to
8-week-old C57BL/6 female mice. DCs were cultured as
described previously”® with some modification. DCs were
cultured in RPMI-1640 complete medium containing
10 ng/ml each of recombinant granulocyte-macrophage
colony-stimulating factor (GM-CSF) and IL-4 (PeproTech
Inc., Rock Hill, NJ). On day 3 of culture, fresh medium
was added to the DC cultures. On day 6 of culture, DCs
were exposed for 6 hr to a lysate of ¢y-irradiated
CMT.TAP1/B7.1 tumour cells at a concentration corre-
sponding to a DC:cell ratio of 1 : 1 and were subsequently
subjected to maturation with 100 ng/ml lipopolysaccha-
ride (LPS; Sigma, St Louis, MO) overnight. The matured
DCs were washed twice with PBS and used for mouse
injection.

Generation of cytolytic T lymphocytes (CTLs) and
cytotoxicity tests

The CMT.TAP1/B7.1 cell-lysate-loaded mature DCs
(1 x 10° cells per mouse) or y-irradiated (10 000 rads)
CMT.TAP1/B7.1 cells (5 x 10° cells per mouse) were
injected intraperitoneally (i.p.) into C57BL/6 mice. After
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7 days, the immunized splenocytes were collected and
re-stimulated with relevant cells used for immunization.
For re-stimulation with tumour cell-lysate-loaded DCs,
DCs were y-irradiated (10 000 rads) and added to the
splenocyte culture at a 1 : 30 ratio of DC:splenocyte. For
re-stimulation with CMT.TAP1/B7.1 cells, cells were
y-irradiated and treated with 30 pg/ml mitomycin-c for
2 hr and added to the T-cell culture at a 1: 10 ratio of
cell:splenocyte. The immunized splenocytes were cultured
for 5 days and used as effectors in standard *'Cr-release
assays, and the targets were CMT.64/pp and CMT.TAP1,2
cl.21 cells.

Enzyme-linked immunosorbent assay (ELISA) analysis of
antigen-specific interferon (IFN)-y-secreting splenocytes

C57BL/6 mice (n = 3) were injected i.p. with y-irradiated
tumour cells (5 x 10° cells per mouse). Seven days after
immunization, the splenocytes were re-stimulated with
y-irradiated CMT.64 cells (treated with 30 pg/ml mito-
mycin-c for 2 hr) ata ratio of 1 : 7 (tumour cell:splenocyte).
Supernatants of the culture were collected at day 5 after
in vitro re-stimulation. The levels of secreted IFN-y were
determined using a Mouse IFN-y Quantikine ELISA assay
(R&D Systems Inc., Minneapolis, MN). Analysis of vari-
ance (ANova) was performed and differences were consid-
ered significant at P < 0-05.

Detection of tumour challenge experiments (memory
immune response)

C57BL/6 mice or nude mice were immunized i.p. with
y-irradiated transfectants (2 x 10° cells per mouse)
(Table 2) or with y-irradiated and mitomycin-c (30 pg/
ml)-treated CMT.64 cells (5 x 10° cells/mouse) infected
with either VV-GFP + VV-GFP, VV-GFP + VV-TAP1 or
VV-TAP1 + VV-B7.1. After a 20-day immunization per-
iod, mice were challenged i.p. with CMT.64 tumour cells
(2:5 x 10° cells per mouse), and the time of morbidity
was recorded. Each group contained 10 mice. Statistics
for mouse survival were obtained using the Kaplan—Meier
log rank survival test and differences were considered sig-
nificant at P < 0-05.

Detection of primary immune response to tumour in vivo

C57BL/6 mice were inoculated with live CMT.64 cells
(1 x 10° cells per mouse). Three and six days after live
tumour inoculation, mice (n = 10 in each group) were
treated ip with y-irradiated CMT.TAP1/pEF4 tumour
cells (1 x 107 cells per mouse) infected with 1 : 1 [multi-
plicity of infection (MOI)] VV-B7.1, VV-Kb or VV-GFP,
and the time of morbidity was recorded. Mice treated i.p.
with y-irradiated CMT.64/pp; cells infected with 1:1
(MOI) VV-GFP were used as a negative control.
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Results and discussion

We previously showed that immunization of C57BL/6
mice with y-irradiated TAPI1-transfected CMT.64 cells
provided approximately 33% protection in mice chal-
lenged with TAP-deficient tumour cells.® These results
suggested that TAP1 expression in the tumour cells
played a critical role in augmenting a tumour antigen-
specific immune response. To test whether such immune
responses can be further augmented by co-expression of
TAP1 with a K® or B7.1 gene, we generated single and
double gene-expressing cell lines (Table 1). In western
blot analysis, all TAP1-expressing cell lines expressed sim-
ilar levels of TAPI. The K"-transfected CMT.TAP1/K" line
showed higher expression of K" than the other cell lines.
The B7.1-transfected CMT.TAP1/B7.1 line expressed a
high level of the B7.1 molecule, similar to expression in
mature DCs. The CMT.TAPL,2 cl.21 cell line expressed
both TAP1 and TAP2 and a relatively high level of the K"
molecule. CMT.64/pp and CMT.64/pp;, two empty vector
transfectants, expressed relevant molecules similar to
those seen in wild-type CMT.64 cells.

To determine whether K® or B7.1 co-expression with
TAP1 increased memory immune response, we immu-
nized C57BL/6 mice with y-irradiated transfectants and
evaluated the ability of the cells to induce immunity that
protected mice from TAP-negative CMT.64 cell challenge.
Table 2 summarizes these experiments. Immunization
with TAP1-expressing CMT.TAP1/pEF4 cells significantly
increased the level of mouse protection, compared with
immunization with experimental control cells, CMT.64/

Table 1. Expression of transporter associated with antigen processing
1 (TAP1), TAP2, K° and B7.1 molecules in CMT.64 transfectants

MEFI
TAP1 TAP2 H-2K" B7.1
Cell line expression expression ~e€Xpression expression
CMT.64 - - 65 0-1
CMT.64/pp - - 5.7 0
CMT.64/pp; - - 62 0-1
'CMT.TAP1/pEF4 + - 66 0
ICMT.TAPI/K®  + - 28-4 0
CMT.TAP1/B7.1  + - 62 830
CMT.TAP1,2 cl.2  + + 23.5 0-1

Mature DCs Not tested Not tested Not tested 870

Fluorescence-activated cell sorter (FACS) assays were performed to
detect surface K” and B7.1 molecules. The results were normalized
by subtracting the mean fluorescence intensity (MFI) of the negative
control from each result (the MFI of negative controls ranged
between 4 and 7). Expression of TAP1 and TAP2 was determined by
western blot.

'Cell lines were reported previously.'”

DC, dendritic cell.

© 2009 Blackwell Publishing Ltd, Immunology, 128, 420-428
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pp or CMT.64/pp; (P < 0-05; the experimental control
cells provided minimal immune responses). The increased
protection by CMT.TAP1/pEF4 cell immunization was
not further augmented by TAPI and K co-expressing
CMT.TAP1/K® cell immunization (P > 0-05), while signif-
icantly increased protection was observed after TAP1 and
B7.1 co-expressing CMT.TAP1/B7.1 cell immunization
(P < 0-05). Our results suggest that B7.1 but not K" co-
expression with TAP1 in CMT.64 cells dramatically aug-
ments memory immune responses against TAP-negative
tumours. Because the immunized mice were challenged
with TAP-negative tumour cells, we asked whether immu-
nization provided strong natural killer (NK) activity to
protect mice from TAP-negative tumour cell attack. To
answer this question, T-cell-deficient nude mice were
immunized with tumour cells, followed by challenge with
CMT.64 cells, and survival was monitored. The results
indicated that survival of nude mice immunized with
either CMT.TAP1/B7.1 cells or CMT.TAP1/pEF4 cells was
not statistically different from the survival of a negative
control (breast cell line MID-T2) and an experimental
control (CMT.64/pp cells). Thus, NK activity does not
play a major role in protection of mice from tumour
attack.

In the next experiment, we addressed whether B7.1 and
TAP1 co-expression could elicit a primary immune
response capable of providing immune protection in
TAP-negative tumour-bearing mice. In these experiments,
mice were inoculated i.p. with CMT.64 cells, followed by
immunization twice with y-irradiated VV-B7.1-, VV-K®-
or VV-GFP-infected CMT.TAP1/pEF4 cells at days 3 and
6 after live tumour inoculation, and survival was moni-
tored. Immunization with y-irradiated VV-GFP-infected
CMT.64/pp; cells was used as a control. The results of
this experiment showed that immunization with
VV-B7.1-infected CMT.TAP1/pEF4 cells significantly pro-
longed survival compared with immunization with
VV-GFP-infected or VV-K'-infected CMT.TAP1/pEF4
cells (P < 0-05) (Fig. 1). The latter two were statistically
significant in survival time compared with the control
(P < 0-05), but they had no biological significance
because all mice died during the experimental period.
These data suggest that TAP1 and B7.1 co-expression elic-
its a primary immune response that improves survival in
CMT.64-bearing mice.

For cancer immunotherapy, viral gene-delivery vehicles
are often used. To investigate whether virally infected
TAP-negative tumour cells can elicit a tumour antigen-
specific immune response, mice were immunized with
y-irradiated and mitomycin-c-treated CMT.64 cells that
were infected with VV-TAPI + VV-B7.1, VV-TAPI
+ VV-GFP, VV-B7.1 + VV-GFP or VV-GFP + VV-GFP
(used as a control) overnight. After day 20, the immu-
nized mice were challenged with CMT.64 tumour cells.
Survival results showed that mice immunized with
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Table 2. Differences in immune protection of

Cell line for C57BL/6 Time Nude mouse Time mice from transporter associated with antigen
immunization survival (days)" P-value® survival (days)" processing (TAP)-negative tumour challenge
by transfectants
MID-T2 0/10 26 0/10 24
CMT.64/pp 0/10 59 > 0-05° 0/10 38
CMT.64/pp; 0/10 62 > 0-05° Not tested -
CMT.TAP1/pEF4 4/10 - > 0-05% < 0-05° 0/10 39
CMT.TAPI/K® 5/10 - > 0:05%, < 0:05°  Not tested -
CMT.TAP1/B7.1 9/10 - < 0-05° 0/10 40

C57BL/6 mice and nude mice (n = 10 in each group) were immunized intraperitoneally (i.p.)

with y-irradiated tumour cells (2 x 10° cells per mouse). After a 20-day immunization, the

mice were challenged i.p. with live CMT.64 cells (2-5 x 10° cells per mouse), and the time of

morbidity was recorded for another 120 days.

"All mice were dead in a mouse group (0/10) at the day after live tumour cell challenge.

*Statistical analysis was performed in tumour-bearing C57BL/6 mouse groups.

*Comparison between two mouse groups immunized with CMT.64/pp and CMT.64/pp; cells.
*Comparison between two groups immunized with CMT.TAP1/pEF4 and CMT.TAP1/K® cells.
Mice immunized with either CMT.TAP1/pEF4 or CMT.TAP1/K" cells compared with mice

immunized with either CMT.64/pp or CMT.64/pp; cells.

®Mice immunized with CMT.TAP1/B7.1 cells compared with mice immunized with

CMT.TAP1/pEF4 or CMT.TAP1/K" cells.
All nude mouse groups showed no statistical difference.

100 sy ey + % . CMT.64/pp, + VV-GFP
"1 A @~ CMT.TAP1/pEF4 + VV-GFP
80 = --I
“a « &« CMT.TAP1/pEF4 + VV-KP
© -
< 604 - == CMT.TAP1/pEF4 + VV-B7.1
= .
2] ==
: e
8 404 o
S -1
o =i -]
20 = = ey
. Ao
0 - 'S
0 20 40 60 80 100 120

Days after live CMT.64 inoculation

Figure 1. Increased survival in tumour-bearing mice treated with
transporter associated with antigen processing 1 (TAP1)- and B7.1-
expressing tumour cells. C57BL/6 mice were inoculated with live
CMT.64 cells (1 x 10° cells per mouse). Three and six days after live
tumour cell inoculation, mice (n = 10 in each group) were treated
intraperitoneally (i.p.) with y-irradiated CMT.TAP1/pEF4 tumour
cells (1 x 107 cells per mouse) that had been infected either with
1: 1 [multiplicity of infection (MOI)] vaccinia virus (VV)-B7.1 and
VV-K® or with 1: 1 (MOI) VV-GFP, and the time of morbidity was
recorded. Mice treated with y-irradiated CMT.64/pp; cells infected
with 1: 1 (MOI) VV-GFP were used as a negative control (P < 0-05
for mice immunized with CMT.TAP1/pEF4 cells infected with VV-
B7.1 compared with mice immunized with CMT.TAP1/pEF4 cells
infected with VV-GFP; P < 0-05 for mice immunized with
CMT.TAP1/pEF4 cells infected with VV-GFP compared with mice
immunized with CMT.64/pp; cells infected with VV-GFP).

VV-TAPI + VV-B7.1-infected CMT.64 cells had a higher
survival rate than the control mice (P < 0-05), while sur-
vival of mice immunized with VV-TAP1 + VV-GFP- or
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Figure 2. Immunization with tumour cells infected with vaccinia
virus (VV)-B7.1 + VV-transporter associated with antigen processing
1 (TAP1) increases survival in mice challenged with CMT.64 cells.
C57BL/6 mice (n = 10 in each group) were inoculated intraperitone-
ally (i.p.) with 5x 10° cells/mouse y-irradiated CMT.64 cells that
had been infected with 1:3 [multiplicity of infection (MOI)]
VV-GEP + 1:3 (MOI) VV-GFP, 1:3 (MOI) VV-TAPl +1:3
(MOI) VV-GFP or 1:3 (MOI) VV-B7.1 +1:3 (MOI) VV-TAPI.
After a 20-day immunization, mice were challenged ip. with
2:5 % 10° CMT.64 cells and survival was recorded (P < 0-05 for mice
immunized with CMT.64 cells infected with VV-B7.1 + VV-TAP1
compared with mice immunized with CMT.64 cells infected with
VV-GFP + VV-GFP; P > 0-05 for mice immunized with CMT.64
cells infected with VV-TAP1 + VV-GFP compared with mice immu-
nized with CMT.64 cells infected with VV-GFP + VV-GFP).

VV-B7.1 + VV-GFP-infected CMT.64 cells did not show
a statistically significant improvement compared with the
control mouse group (P > 0-05) (Fig. 2). These results

© 2009 Blackwell Publishing Ltd, Immunology, 128, 420-428



indicate that viral gene-delivery vehicles can be used for
cancer immunotherapy and that such therapy requires
both TAP1 and B7.1 genes to be delivered into tumour
cells.

T cells play a major role in the response to tumours.
We have confirmed that NK activity does not play a
major role in the immune response in our TAP-deficient
tumour model (Table 2). Thus, we believe that immuni-
zation with TAP1 and B7.1 co-expressing CMT.64 cells
augments a T-cell-mediated immune response. As CD8"
T cells can produce IFN-y upon activation by specific
antigens, we performed an IFN-y-based ELISA assay to
compare CMT.TAP1/pEF4- and CMT.TAP1/B7.1-gener-
ated T-cell populations for IFN-y secretion when acti-
vated by stimulation with CMT.64 cells. The CMT.64-
generated T-cell population was used as a control. The
results of this experiment showed that the amount of
IFN-y secreted by the CMT.TAP1/B7.1-generated T-cell
population was significantly greater than that for the
CMT.TAP1/pEF4-generated T-cell population, although
the latter was significantly greater than that for the con-
trol T-cell population (Fig. 3). Thus, our data indicate
that T cells generated by immunization with B7.1 and
TAP1 co-expressing tumour cells can be efficiently acti-
vated by CMT.64 cells.

29-31

1000 -|-
Naive
800
* CMT.64/pp

£ CMT.TAP1/pEF4
S 600 T 0 P
= [l CMT.TAP1/B7.1
[ *
E l
> 400
£ T

200 §

0
CMT.64 cells No cells

In vitro re-stimulation

Figure 3. Splenocytes immunized with transporter associated with
antigen processing 1 (TAP1) and B7.1 co-expressing tumour cells
increased interferon (IFN)-y production. C57BL/6 mice (n = 3) were
injected intraperitoneally (i.p.) with y-irradiated tumour cells
(5 x 10° cells per mouse). Seven days after immunization, the
splenocytes were stimulated with y-irradiated CMT.64 cells (which
were treated with 30 pg/ml mitomycin-c) at a ratio of 1 : 7 (tumour
cells:spleenocytes). Supernatants of the culture were collected at day
5 after in vitro re-stimulation. The levels of secreted IFN-y were
quantified. The mean value of the results for three mice is shown.
Statistical significance: **P < 0-0001; *P < 0-005.
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Priming anti-TAP-deficient tumour immunity

Many reports have shown that induction of T-cell-
mediated tumour antigen-specific immunity requires DC
cross-priming'>'*'*'>7and/or tumour direct prim-
ing.'""” If DC cross-priming is a major mechanism in
our tumour model, the generated T cells should efficiently
recognize TAP-negative and low MHC-I expressing
CMT.64 cells. If DCs cannot prime such T cells, or prime
them less efficiently, this may suggest that tumour direct
priming is a major mechanism for T-cell generation. Two
types of experiment were performed to address this
question. In the first experiment, a T-cell population gen-
erated by immunization of mice with CMT.TAP1/B7.1
cell-lysate-loaded DCs was used to quantify activity
against CMT.64/pp and CMT.TAP1,2 cl.21 cells (both cell
lines were transfected with vectors carrying identical vec-
tor backbones) and Mid-T2 cells (negative control cells).
Results of this experiment showed that the generated T
cells recognized TAP-proficient CMT.TAP1,2 cl.21 cells
more efficiently than TAP-negative CMT.64/pp cells and
recognized the latter only slightly better than control
Mid-T2 cells (Fig. 4a). These results confirm that
DC-generated T cells recognize TAP-negative tumours
less efficiently. However, these results do not indicate
whether less efficient recognition of CMT.64/pp cells is
caused by reduced killing activity of T cells or by low
MHC-I expression on the tumour cells (see Table 1).

To evaluate these two possibilities, a T-cell population
was generated by immunization with y-irradiated
CMT.TAP1/B7.1 «cells, and its ability to recognize
CMT.64/pp cells was determined. If the generated T cells
can efficiently recognize CMT.64/pp cells, this suggests
that the T cells contain a subpopulation that recognizes
TAP-negative and low MHC-I expressing cells. Thus,
T-cell activity, not low MHC-I expression, appears to
influence T-cell recognition. Our results confirm this and
show that T cells killed CMT.64/pp and CMT.TAP1,2
cl.21 cells equally well (Fig. 4b). Killing activities cannot
be attributed to NK cells because depletion of NK cells in
a CMT.TAP1/B7.1-generated T-cell population by
NK-specific antibody and complement did not reduce
killing activity (data not shown). Collectively, our results
demonstrate that the CMT.TAP1/B7.1-generated T-cell
population recognizes TAP-negative tumour cells more
efficiently than the DC-generated T-cell population. This
difference may reflect the fact that the CMT.TAP1/B7.1-
generated T cells include subpopulations that recognize
MHC-I-restricted TAP-independent antigens and/or that
have NK-like activity.>~>

TAP-deficient tumour cells present TAP-independent
antigenic  peptides®>”?**  that can induce T-cell
responses. A Lass5 epitope derived from an ER lumen
protein’ is one of the epitopes that can be presented by
many TAP-deficient cells’ as well as CMT.64 cells (data
not shown; Xiao-Lin Li ef al., manuscript in prepa-
ration). Although TAP-deficient tumour cells present
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Figure 4. Different recognition of transporter associated with antigen
processing (TAP)-deficient CMT.64 cells by T cells generated by
CMT.TAP1/B7.1 cells and by CMT.TAP1/B7.1 cell-lysate-loaded den-
dritic cells (DCs). Standard >'Cr-release assays were performed using
major histocompatibility complex class I (MHC-I) mismatched Mid-
T2 (negative control), CMT.64/pp and CMT.TAP1,2 cl.21 cells as
targets. (a) Splenocyte-derived T cells were generated as follows.
Bone marrow-derived DCs were loaded with lysates of y-irradiated
CMT.TAP1/B7.1 cells for 6 hr, followed by addition of lipopoly-
saccharide (LPS) for DC maturation. After washing, DCs were
injected intraperitoneally (i.p.) into C57BL/6 mice (1 x 10° cells per
mouse) for immunization. After a 7-day immunization, the spleno-
cytes were collected and re-stimulated with CMT.TAP1/B7.1 cell-
lysate-loaded DCs for 5 days. (b) Splenocyte-derived T cells were
generated by immunization of mice with y-irradiated CMT.TAP1/
B7.1 cells (5 x 10° cells/mouse). After a 7-day immunization, the
splenocytes were re-stimulated in vitro with y-irradiated and mito-
mycin-c-treated CMT.TAP1/B7.1 cells for 4-5 days. One of three
experiments is shown.

TAP-independent antigens, normal DCs loaded with the
TAP-deficient tumour lysates do not efficiently induce a
T-cell-mediated immune response against TAP-negative
tumour cells. This suggests that the cross-presentation by
DCs cannot provide a suitable level of TAP-independent
antigens for cytolytic T-cell priming. In contrast, B7.1
and TAP1 co-expressing tumour cells can induce such
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T cells. This suggests that tumour direct priming may be
a major mechanism for TAP-independent antigen-specific
T-cell generation.

T-cell-mediated immune responses induced by B7.1-
positive TAPIl-expressing tumour cells provide more
potent protection than that induced by B7.l1-negative
TAPI1-expressing tumour cells. This is probably a conse-
quence of the B7.1-positive tumour cells providing more
efficient tumour-direct priming because B7.1 expression
decreases the threshold for antigen-specific T-cell genera-
tion and activation.’®*

In addition to TAP-independent antigen-specific T-cell
generation, the possibility cannot be excluded that the
CMT.TAP1/B7.1-generated T cells contain a subpopula-
tion with NK-like activity, because reports indicate that
some T cells can specifically recognize low MHC-I
expressing tumour cells.”>** However, the lack of such T
cells in the DC-generated T-cell population suggests that
tumour direct priming may have occurred.

In summary, generation of a T-cell-mediated immune
response against TAP-deficient tumour cells may prefer-
entially require tumour direct priming. In consideration
of the fact that many types of tumour are deficient in
TAP expression,” providing strategies to reinforce
tumour direct priming or improve DC cross-priming of
T cells to recognize TAP-deficient tumour cells will bene-
fit cancer immunotherapy in the future.
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