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Many immune therapeutic strategies are under development for
melanoma to treat metastatic disease and prevent disease reoccur-
rence. However, human melanoma cells are often deficient in anti-
gen processing and this appears to play a role in their expansion
and escape from immunosurveillance. For example, expression of
the transporters associated with antigen processing (TAP1 and
TAP2) is down-regulated in the mouse melanoma cell line
B16F10. This results in a lack of tumor-associated antigen proc-
essing, low surface expression of MHC Class I molecules and low
immunogenicity. We observe that restoration of TAP1 expression
by transfection resurrects the processing and presentation of viral
antigens, and the melanoma-associated antigen, TRP-2. Immuni-
zation with irradiated B16F10/rTAP1 transfected cells generates
CTLs that are capable of killing B16F10/rTAP1 transfected tar-
gets and B16F10 targets deficient in TAP1. Furthermore, B16F10/
rTAP1 transfectants grow at a significantly slower rate in mice
than B16F10 cells. In an experimental model that closely recapitu-
lates the clinical situation, treatment of B16F10 tumors in mice
with a vaccinia virus vector expressing TAP1 also significantly
decreases tumor growth in vivo. Furthermore, tumors treated
with vaccinia TAP1 had significantly reduced numbers of immu-
nosuppressive, CD3

1
/IL-10 positive, tumor infiltrating lympho-

cytes. Therefore, TAP1 expression restores both antigen presenta-
tion and immunogenicity in B16F10 melanoma cells and concomi-
tantly reduces immunosuppressive IL-10 production at the local
tumor site, thereby increasing immunosurveillance mechanisms
against tumors.
' 2007 Wiley-Liss, Inc.
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Melanomas (MAAs) are neoplasms that arise from pigmented
melanocytes differentiated from the neural crest. Cutaneous MAA
represents only 4% of all skin cancers but accounts for almost all
of the deaths associated with the disease. The incidence of MAA
over the last 30 years has more than doubled in the United States
with 54,000 new cases and 7,600 deaths in 2003. Intermittent
acute sun exposure and lifetime sun exposure, age, skin pigment
type, immune suppression, atypical nevi and family history are
risk factors for MAA. The early stage disease is curable but reoc-
currence is common for later stage disease and the prognosis is
poor if the disease has spread to the lymph nodes and other tissues.
Standard treatment is biopsy and 2-cm wide excision after histo-
logical determination that the lesion is malignant. In some cases,
regional and sentinel lymph nodes are also removed and, if posi-
tive, adjuvant therapy consisting of interferon-a or IL-2 may be
administered but response rates low and long term benefit are not
significant.1–3 However, cases of spontaneous remission and reoc-
currence of the disease many years after remission or resection,
and correlation of remission with immune cell infiltrates all sug-
gest that there is an immune surveillance process that could be
leveraged to develop treatments for late stage disease.4–8

The discovery of tumor antigens associated with MAA9 has led to
research and development of therapeutic vaccines designed to gener-

ate antitumor responses with the aim of controlling metastasis. A
wide variety of vaccination approaches and protocols are currently
being tested.10 The results show that even though specific cellular
immune responses are generated against the antigens, the response
of the disease to the treatment is low. The reasons for the low
response rates are thought to be low immunogenicity of the antigens,
which are usually self-antigens, and the natural selection of tumor
variants that have immune-suppressive phenotypes arising through a
process called immuno-editing.11 The nature of the immune suppres-
sion may include secretion of immunosuppressive cytokines,12 the
expression of ligands (FAS-L) that initiate apoptosis in cytotoxic
T-cells13 and tumor variants that are deficient in antigen processing
and presentation.14 Variants that are deficient in the MHC Class I
antigen processing pathway do not express MHC Class I antigens on
the cell surface. As a consequence, specific cytotoxic T-cells gener-
ated by the vaccine protocol are unable to recognize and kill these
tumor variants due to defective presentation of tumor associated
antigen-derived peptides recognized by the CTLs.

The MHC Class I restricted antigen presentation pathway consists
of a number of genes encoded in the MHC Class I locus of human
chromosome 6. The pathway generates peptides from endogenous
proteins by the degradative action of proteolytic enzymes LMP2 and
LMP7, located in a proteolytic complex called the proteasome. The
peptides are transported from the cytoplasm into the endoplasmic
reticulum (ER) by the ABC transporter, transporters associated with
antigen processing (TAP), a heterodimer that is composed of 2 sub-
units, TAP1 and TAP2. Within the ER, the peptide may be trimmed
further by resident ER proteases and subsequently loaded onto an
MHC Class I molecule, which consists of MHC heavy chain and
beta-2-microglobulin (b2M). The assembly of this complex is aided
by a number of chaperone proteins; these include calreticulin and
calnexin, which are responsible for the folding of MHC Class I
heavy chains and stabilization of their association with b2M, and
tapasin, which is responsible for anchoring the MHC molecules to
TAP and loading the peptides onto the MHC Class I molecules. The
properly assembled complex is then transported to the cell surface
by the secretory pathway. On the cell surface, the functional MHC
Class I molecules offer a ligand to the TCR of CD81 T-cells. If the
TCR binds with high enough affinity, activation of the T-cell occurs
and the target cell can be destroyed.
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Any alterations or deficiencies in the antigen presentation path-
way can lead to variants, which give rise to nonimmunogenic
tumors. These deficiencies can be due to chromosomal lesions
leading to loss of heterozygosity or mutations in the genes of the
pathway (such as b2M) and can be referred to as hard lesions. In
most cases however, deficiencies in MHC Class I antigen expres-
sion on the cell surface are due to soft lesions characterized by the
down-regulation of components of the antigen presentation path-
way.14,15 Down-regulation of TAP1 is a critical factor in MHC
Class I antigen deficiencies and has been associated with disease
progression and death in cutaneous and orbital MAA.16–18 Con-
versely TAP1 expression has been associated with tumor infiltrat-
ing lymphocytes (TILs), a characteristic of good clinical out-
come8,16,19 and spontaneous regression of MAAs.4

In our study, we examine the effect of the restoration of TAP1
expression on MHC Class I antigen surface expression in the murine
MAA cell line, B16F10. B16F10 cells are a subclone of the mouse
B16 MAA cell line that are weakly immunogenic and have been
widely used as a tumor model for tumor–host immune interactions.
This tumor, like most metastatic carcinomas, has deficiency in com-
ponents of MHC Class I antigen-processing pathway, including
TAP, MHC Class I antigen surface expression, proteasome subunits
LMP2, LMP7 and LMP10, PA28a and b, and the chaperone tapa-
sin.20,21 This down-regulation of the antigen presentation pathway
can be reversed by IFN-g treatment. We test the hypothesis that res-
toration of TAP1 expression in B16F10 cells increases MHC Class I
antigen surface expression and immunogenicity, making these cells
visible to immune surveillance mechanisms.

Material and methods

Animals

The mouse strain C57BL/6 (H-2b) was obtained from The Jack-
son Laboratory (Bar Harbor, ME), and maintained at the Biotech-
nology Breeding Facility (University of British Columbia, Van-
couver, BC, Canada). The mice were maintained according to the
guidelines of the Canadian Council on Animal Care. Mice were
kept on a standard diet with water ad libitum. The colony was rou-
tinely screened for Mycoplasma pulmonis and Mycoplasma arthri-
tidis, rodent coronaviruses (including hepatitis) and Sendai virus,
using the Murine ImmunoComb Test (Charles River Laboratories,
Wilmington, MA). The mice used in the experiments were
between 6 and 12 weeks of age.

Viruses

Vesicular Stomatitis Virus, Indiana Strain (VSV), a gift from
Frank Tufaro (University of British Columbia), was cultured on
Vero cells [American Type Tissue Culture (ATCC), Rockville,
MD]. Recombinant vaccinia virus (VV) either carrying rat-TAP1
genes (VV-rTAP1) or the empty plasmid PJS-5 (VV-PJS-5, vector
negative control) is described previously.22 All VV strains were
grown in CV-1 cells (ATCC). VSV and VV titres were determined
by tissue culture infective dose (TCID50) assay or standard plaque
assay (PFU), using Vero cells and CV-1 cells, respectively.

Cell lines

RMA, RMA-S, Vero and B16F10 cells (murine MAA) were cul-
tured in RPMI-1640 medium supplemented with 10% heat inacti-
vated fetal bovine serum (HyClone, Logan, UT), L-glutamine (2
mM), penicillin(100 IU/ml), streptomycin (100 lg/ml) and HEPES
(20 mM). CV-1, CMT.64 (murine lung carcinoma)22 and murine
tapasin2/2 fibroblasts (a kind gift from Dr. Luc Van Kaer, Vander-
bilt University School of Medicine, Nashville, TN) cell lines were
cultured in DMEM with the same supplements. The clones of rat
TAP1 (rTAP1) and vector-only transfectants of B16F10 cells were
created by transfecting the cells with the rTAP1 cDNA in mamma-
lian expression vector pH (Apr-1neo) and maintained in Geneticin
(Invitrogen, Burlington, ON, Canada) selecting RPMI-1640 me-
dium.22 Two rTAP1-transfected clones were designated as B16/

rTAP1 3–3 and B16/rTAP1 3–8 and a clone to control for the trans-
fection vector was designated as B16/PHb 1–1.

Detection of TAP protein expression in B16F10 cells
transfectants by immunoblotting

rTAP1 and mouse TAP2 expression in B16/rTAP1 3–3 cells
and B16/rTAP1 3–8 cells was examined by immunoblotting. Total
extracts from 5 3 105 cells were separated on 10% polyacryl-
amide-SDS gels and blotted onto nitrocellulose filters. The blots
were probed for mouse or rTAP1 and TAP2 with relevant specific
rabbit antiserum at a 1:2,000 dilution. The blots were then incu-
bated with horseradish peroxidase-labelled anti-rabbit IgG anti-
bodies at a 1:20,000 dilution. The immune complexes were visual-
ized by enhanced chemiluminescence (ECL) according to the
instructions of the manufacturer (GE Healthcare, Chalfont St.
Giles, UK). The rabbit antiserum against mouse and rTAP1 pro-
tein was created by immunizing rabbits with a common TAP1
peptide sequence, RGGCYRAMVEALAAPAD-C with a cysteine
at the C-terminal, linked to keyhole limpet hemocyanin (Pierce
Biotechnology, Rockford, IL). The specificity of the antiserum
was confirmed by the detection of a band of �70 kDa in size in
lysates from TAP-expressing cells (RMA) that was absent in
lysates of fibroblasts derived from TAP12/2 mice. The rabbit se-
rum against mouse and rat TAP2 (116/4) was kindly provided by
Dr. Geoff Butcher (University of Cambridge, Cambridge, UK).
For mouse tapasin expression, 1.2 3 106 cells were lysed in 1%
NP-40 lysis buffer 30 min on ice, spun at 10,000 g for 15 min at
4�C and precleared with Protein G-sepharose (50 ll) (GE Health-
care). Tapasin was immunoprecipitated with a rabbit antitapasin
antiserum23 (number 2668, courtesy of Dr. Ted Hansen, Washing-
ton University School of Medicine, St. Louis, MO) and Protein G
sepharose, followed by separation by 12% SDS-PAGE, transferred
to PDVF membranes (GE Healthcare) and probed with the same
antiserum followed by ECL as described earlier.

Detection of surface H-2Kb, H-2Db and I-Ab antigen expression

B16F10 or B16/rTAP1 clone 3–8 cells were infected with VV-
PJS-5 or VV-rTAP1 [multiplicity of infection (MOI) of 10] and
incubated for 3 days (37�C, 5% CO2), followed by fixation and
preparation for FACS analysis. Indirect immunofluorescence
staining with conformational specific monoclonal antibodies
(Abs) for H-2Kb (Y-3, ATCC) and H-2Db (28.14.8.S, ATCC)
detected MHC Class I surface expression. Aliquots of 106 cells
were incubated (30 min at 4�C) with the primary Ab (50 ll) for H-
2Kb or H-2Db antigens. After washing twice with PBS, the cells
were resuspended and incubated (30 min at 4�C) in FITC-conju-
gated rabbit anti-mouse IgG secondary Ab (50 ll) (Dakopatts,
Glostrup, Denmark). For I-Ab antigen, PE-conjugated anti-mouse
I-Ab AF6-120.1 (BD Biosciences, Mississauga, ON, Canada) was
used at a 1:100 dilution for staining 106 cells 30 min at 4�C, then
washed 3 times with PBS. A FACScan analyzer (Becton Dickin-
son, Mountain View, CA) measured the mean logarithmic fluores-
cence intensity associated with the staining of surface antigens.

Generation of VSV, TRP-2 and B16F10 tumor-specific
effector CTLs

All splenocytes were cultured in RPMI-1640 complete medium
containing 10% heat-inactivated HyClone FBS, L-glutamine, 100
IU/ml penicillin, 100 lg/ml streptomycin, 20 mM HEPES, 0.1
mM nonessential amino acids, 1 mM Na-pyruvate and 50 lM 2-
ME at 37�C, 5% CO2. H-2Kb antigen-restricted, VSV-specific
CTLs were generated by infection of mice (i.p.) with VSV (107

TCID50). Splenocytes were harvested 5 days after infection and
cultured for an additional 5 days in media (106 cells/ml) contain-
ing VSV-Np52–59 peptide (RGYVYQGL) (1 lg/ml) at 37�C, 5%
CO2. To generate H-2Kb antigen-restricted tyrosinase related pro-
tein-2 (TRP-2)-specific CTLs, TRP-2 peptide (VYDFFVWL)
(100 lg) was mixed with 50-ll TiterMax adjuvant (Cedarlane
Laboratories, Hornby, ON, Canada) and 50-ll PBS and injected
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subcutaneously into mice. This procedure was repeated after 7
days. Fourteen days after the initial injection, mice received an
additional injection (i.p.) with g-irradiated RMA-S cells (5 3 106

cells in 300 ll). The irradiated RMA-S cells were prepared by
incubating 5 3 106 cells with TRP-2 peptide (10 lg/ml peptide in
2 ml media) overnight at room temperature followed by g-irradia-
tion (10,000 rads). Cells were washed and resuspended in PBS
(300 ll). Seventeen days after the initial injection, the immunized
spleen was removed, and the splenocytes (108 cells) were cultured
for 5 days with g-irradiated naÿve splenocytes (5 3 107 cells)
pulsed with VYDFFVWL peptide (10 lg/ml).

To generate B16F10 tumor-specific CTLs, C57BL/6 mice were
injected (i.p.) with g-irradiated (10,000 rads) B16F10 cells, B16/
PHb 1–1 or B16/rTAP1 3–3 cells (3 3 106 cells/mouse). About 5
days after immunization, splenocytes were removed and cultured
with stimulators at a 1:20 (stimulator/splenocyte) ratio for another
5 days at 37�C, 5% CO2. The stimulators were prepared by incu-
bating B16F10 cells, B16/rTAP1 3–3, or B16/PHb 1–1 cells (1 hr
at 37�C) with mitomycin C (30 lg/ml) followed by g-irradiated
(10,000 rads) and washed 3 times before addition to the splenocyte
culture.

Cytotoxicity assay for VSV, TRP-2 specific and B16F10
tumor-specific effector CTLs

The cytotoxic activities were measured in standard 4 hr 51Cr
release assays. Overnight VSV (MOI of 10) infection of
B16F10, B16/rTAP1 3–3 or B16/PHb 1–1 cells provided targets
for VSV-specific CTL assays. For TRP-2-specific and tumor-
specific killing, B16F10 cells, B16/rTAP1 3–3 or B16/PHb 1–1
target cells were untreated. All targets were labeled with
Na51CrO4 (70 lCi/106 cells) (GE Healthcare) for 1 hr at 37�C
and washed extensively.

Animal studies

Mice (n 5 49) were injected subcutaneously into the hindquar-
ter with 1.5 3 105 cells of either B16F10 cells or B16/rTAP1 3–8
cells. About 1 and 6 days after introduction of tumor cells, mice
were treated with injections localized to the tumor site of VV-
rTAP1 (2 3 106 PFU/injection), VV-PJS-5 (2 3 106 PFU/injec-
tion), or PBS. About 21 days after the introduction of tumor cells,
mice were killed and the tumor masses measured.

Detection of IL-10 in TILs

To detect IL-10-producing, CD3-positive cells, the tumor
masses were homogenized, passed through a nylon cell strainer
(40 lm), and the TILs were isolated by centrifugation on Ficoll-
Paque. The TILs were then stimulated with phorbol 12-myristate
13-acetate (50 ng/ml) (Sigma-Aldrich Canada, Oakville, ON,
Canada), calcium ionophore A23187 (1 lg/ml) (Sigma-Aldrich)
and GolgiPlug (Becton Dickinson) at 37�C for 6 hr. Afterwards,
the Fc-receptors of the stimulated TILs were blocked by anti-
mouse CD16/CD32 (BD Biosciences) for 15 min at 4�C. The cells
were then fixed, permeabilized and double stained with PE-conju-
gated anti-mouse CD3 and FITC-conjugated anti-mouse IL-10
(BD Biosciences) according to the protocol provided in the Cyto-
fix/Cytoperm Plus Kit (BD Biosciences). Finally, the mean loga-
rithmic fluorescence intensity was measured, using a FACScan
analyzer (Becton Dickinson).

Statistical analysis

The effect of VV-rTAP1 infection on surface MHC Class I anti-
gen expression was analyzed, using the Probability Binning Chi
(T) Test (FlowJo, Ashland, OR). Results were considered statisti-
cally different if the T(X) value was greater than 4, implying that
the distributions are different with a p < 0.01 (99% confidence).
The effect of rTAP transfection and treatment with vaccinia vec-
tors on the growth of B16F10 tumors was analyzed by 2-way
ANOVA. The Tukey HSD Test was used for multiple compari-
sons to determine the differential effects of the treatments on tu-
mor growth. The effect of vaccinia vectors on the percentage of

CD31 TILs producing IL-10 was analyzed by ANOVA. The p
values less than 0.05, after corrections for multiple comparisons,
were considered significant.

Results

B16F10 cells transfected with rTAP1 up-regulate H-2Kb and
H-2Db antigen surface expression, but not MHC Class II (I-Ab)
antigen expression

rTAP1 cDNA was used for transfection to allow for distinction,
by polymerase chain reaction, between endogenous mouse TAP1
and transfected rTAP1 during the determination of transfection ef-
ficiency and clone stability (data not shown). rTAP1, mouse TAP2
and mouse tapasin (Tpn) protein expression was examined in
B16F10 cells transfected with rTAP1 by immunoblotting. RMA
cells were used as a positive control for TAP1, TAP2 and tapasin
expression, and CMT.64 cells were used as a negative control for
TAP1 and TAP2 expression.22,24 Fibroblasts derived from
tapasin2/2 mice were used as a negative control for mouse tapa-

FIGURE 1 – The transfection of B16F10 cells with rTAP1 increases en-
dogenous mouse TAP2 and mouse tapasin, and induces MHC Class I, but
not MHC Class II antigen surface expression. (a) TAP1, TAP2 and tapa-
sin expression was detected by Western blot: Lane 1-RMA cells, Lane 2-
CMT.64 cells, Lane 3-B16F10 cells, Lane 4-B16/PHb 1–1 cells, Lane 5-
B16/rTAP1 3–3 cells, Lane 6-B16/rTAP1 3–8 cells, Lane 7â Tapasin2/2

murine fibroblasts (tapasin blot only). (b) Surface MHC Class I antigen
H-2Kb and H-2Db expression is detected by flow cytometry. Purple filled
areas represent negative controls, and green lines represent H-2Kb or H-
2Db stained cells. (c) Surface MHC Class II I-Ab antigen expression is
detected by flow cytometry.
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sin. B16/rTAP1 3–3, B16/rTAP1 3–8 and B16/PHb 1–1 cells
were tested for rTAP1 and mouse TAP2 and tapasin expression
(Fig. 1a). Normal B16F10 cells and B16/PHb 1–1 cells were neg-
ative for both TAP1 and TAP2, but expressed some mouse tapa-
sin. Both B16/rTAP1 3–3 and B16/rTAP1 3–8 cells were positive
for rTAP1 expression. The expression of rTAP1 also induced and/
or stabilized the expression of endogenous mouse TAP2 in B16/
rTAP1 3–3 and B16/rTAP1 3–8 cells. rTAP1 expression also
greatly increased endogenous levels of mouse tapasin.

MHC Class I and Class II antigen surface expression on
B16F10 cells was compared to surface expression on B16/rTAP1
3–3, B16/rTAP1 3–8 and B16/PHb 1–1 cells, using FACS analy-
sis. The antibodies used for the FACS analysis are conformation-
specific and only bind to H-2Kb, H-2Db and I-Ab antigens properly
folded and loaded with antigen peptide. Both B16/rTAP1 3–3 and
B16/rTAP1 3–8 cells exhibited significant expression of confor-
mation specific, mature H-2Kb and H-2Db antigens on the cell sur-
face (Fig. 1b). This was in contrast to B16F10 cells and B16/PHb
1–1 cells, which had undetectable levels of H-2Kb antigen on the
cell surface and only a small amount of H-2Db antigen. Both
rTAP1 and vector-alone transfected B16F10 cells exhibited a
small population of cells positive for surface I-Ab antigen expres-
sion, between 4 and 6% of the total population. However, this pop-
ulation was neither increased nor decreased in cells expressing
TAP1 compared to untransfected or vector-alone transfected cells.

TAP1 expression restores antigen presentation and
immunogenicity in B16F10 cells

We tested whether TAP1 expression and the subsequent
increase in H-2 antigen surface expression restores immunogenic-
ity and T-cell recognition of B16F10 cells by measuring the ability
of B16/rTAP1 3–3, B16/PHb 1–1 and B16F10 cells to process
and present the H-2Kb antigen-specific, immuno-dominant VSV
antigen: VSV-Np52–59. VSV-Np52–59-specific cytotoxic spleno-
cytes were able to kill VSV-infected B16/rTAP1 3–3 cells but not
VSV-infected B16/PHb 1–1 or B16F10 cells in a 51Cr release
assay (Fig. 2a). B16/rTAP1 3–3 cells were able to correctly pro-
cess and present viral antigens but B16/PHb 1–1 or B16F10 cells
were not. We also examined if rTAP1 expression was able to
restore the surface presentation of the H-2Kb antigen-restricted tu-
mor-associated antigen, TRP-2. The 51Cr release assay showed
that both B16/rTAP1 3–3 and B16/rTAP1 3–8 cells were sensitive
to killing by TRP-2-specific splenocytes compared to B16F10
cells or B16/PHb 1–1 cells, which were resistant to killing (Fig.
2b). Both B16/rTAP1 3–3 and B16/rTAP1 3–8 cells were there-
fore able to present tumor-associated antigens, in the context of H-
2Kb antigen, making the cells sensitive to killing by TRP-2 spe-
cific splenocytes.

A CTL assay measured the immunogenicity of B16F10 cells
expressing TAP1. Splenocytes from mice immunized with B16/
rTAP1 3–3 cells were able to kill all 3 target cell lines in contrast with

FIGURE 2 – TAP1 transfected B16F10 cells present both viral antigens (a) and tumor associated antigens (b), and are more immunogenic (c).
A standard cytotoxicity assay was performed to detect antigen presentation capacity and capacity to induce tumor-specific T-cells in TAP1 trans-
fectants of B16F10 cells. (a) Splenocytes from VSV-immunized mice were used as effectors and VSV-infected B16F10 cells, B16/PHb 1–1
cells and B16/rTAP1 3–3 cells were used as targets. (b) Effectors were splenocytes from mice immunized with the tumor associated antigen pep-
tide, TRP-2, followed by irradiated RMA cells pulsed with TRP-2 peptide. B16F10 cells, B16/PHb 1–1 cells, B16/rTAP1 3–3 cells and B16/
rTAP1 3–8 cells were used as targets. (c) Splenocytes from mice immunized with irradiated B16F10 cells, B16/PHb 1–1 cells and B16/rTAP1
3–3 cells were used as effectors against the indicated targets.

1938 CHEN ET AL.



splenocytes from mice immunized with B16/PHb 1–1 or B16F10
cells, which possessed diminished cytotoxic activity (Fig. 2c).

These experiments demonstrate that rTAP1 expression restores
antigen processing sufficiently to make B16F10 cells sensitive to
killing by antigen-specific cytotoxic cells. In addition, rTAP1
expression by B16F10 cells stimulates immune responses that can
generate cytotoxic cells capable of killing not only cells that
express surface H-2 antigens but also those that have very low lev-
els of H-2 antigen expression.

B16F10 cells infected with VV-rTAP1 up-regulate H-2Kb

and H-2Db antigen surface expression

We infected B16F10 or B16/rTAP1 3–8 cells with either VV-
PJS-5 or VV-rTAP1 and examined the effect after 3 days on MHC
Class I antigen surface expression. FACS analysis demonstrated
that H-2Kb antigen is upregulated by 0.52-fold [p < 0.01; T(X) 5
4.4711] in VV-rTAP1-infected B16F10 cells relative to VV-PJS-
5-infected cells, H-2Db antigen is upregulated 1.8-fold [p < 0.01;
T(X) 5 10.462]. Interestingly, in B16/rTAP1 3–8 cells, which al-
ready express TAP1 as a result of transfection, infection with VV-
rTAP1 resulted in only 0.16-fold increase relative to VV-PJS-5
infection for H-2Kb antigen [p < 0.01; T(X) 5 24.052] and 0.81-
fold for H-2Db antigen [p < 0.17 but >0.01; T(X) 5 2.1617]
(Table I).

TAP1 expression reduces B16F10 cell growth in vivo

The effect of TAP1 expression on tumor growth rate was exam-
ined in a syngeneic mouse model. B16/r TAP 3–8 and B16F10
tumors were grown in the hindquarters of mice and treated with
either a vaccinia rTAP1 expression vector (VV-rTAP1), vaccinia
vector control (VV-PJS-5) or PBS. Tumor growth rates were ana-
lyzed by 2-way ANOVA, which revealed significant reductions in
tumor mass due to the effects of both rTAP transfection (p <
0.001) and the vaccinia treatments (p < 0.001). There was a sig-
nificant interaction (p < 0.01), however, between the main effects.
The nature of the interaction was further characterized by compar-
isons between treatment groups. Multiple comparisons showed
that the growth rates of B16F10 tumors were significantly slowed
by treatment with VV-rTAP1 (p < 0.001) but not by treatment
with VV-PJS-5. On the other hand B16/r TAP 3–8 tumor growth
rates were significantly retarded by both VV-rTAP1 and VV-PJS-
5 (p < 0.001) but there was no difference between the 2 vaccinia
vectors (p > 0.05) (Fig. 3).

IL-10 expression by tumor infiltrating lymphocytes is decreased
in tumors treated with VV-rTAP1

The expression of IL-10, a Th2 cytokine capable of inhibiting
cytotoxic T-cell responses, was measured in T lymphocytes infil-
trating B16F10 cells tumors treated with VV-rTAP1, VV-PJS-5 or
PBS. The percentage of TILs expressing IL-10 in tumors was
determined by FACS analysis, and the treatments compared using
1-way ANOVA (Fig. 4). Tumors treated with VV-rTAP1 had sig-
nificantly reduced CD31 lymphocytes expressing IL-10 compared
to VV-PJS-5 (p < 0.05) and PBS (p < 0.001) treatments. The
treatment of tumors with VV-PJS-5 also significantly reduced the
number of IL-10 expressing CD31 lymphocytes compared to
tumors treated with PBS (p < 0.05).

TABLE I – VV-rTAP1 INFECTION OF B16F10 AND B16/r TAP1 3–8 CELLS RESULTS IN INCREASED SURFACE MHC CLASS I ANTIGEN EXPRESSION
COMPARED TO VV-PJS-5

Cell line Fold increase
H-2Kb

T (X) value,
p value

Fold increase
H-2Db

T (X) value,
p value

B16F10 0.52 4.4711, p < 0.01 1.8 24.052, p < 0.01
B16/r TAP1 3–8 0.16 10.462, p < 0.01 0.81 2.1617, 0.01 > p > 0.17

Data represent the fold increase in mean fluorescence intensity of VV-rTAP1-infected cells with the fold increase in VV-PJS-5-infected cells
subtracted, as detected by flow cytometry, using antibodies to H-2Kb and H-2Db antigens.

FIGURE 3 – The effect of TAP1 expression on tumor growth was
determined in subcutaneous B16F10 and B16/rTAP1 3–8 tumors.
Mice were injected subcutaneously with 1.5 3 105 cells in the hind-
quarter. About 1 and 7 days later, mice were injected at the site of the
tumor with 2 3 106 PFU of VV-rTAP1, VV-PJS-5 (vector control) or
PBS. Tumor mass (mean 1 SE) was measured after 21 days. The 2-
way ANOVA showed that both TAP1 transfection and infection with
VV-TAP1 retarded tumor growth. (*) Significant reduction in B16F10
cells tumor growth when treated with VV-rTAP1. (**) Significant
reduction in B16/rTAP1 3–8 tumor growth when treated with VV-
rTAP1 or VV-PJS-5.

FIGURE 4 – IL-10-producing TILs are reduced in VV-rTAP-1
treated animals. The percentage of CD31/IL-10 positive TILs (mean i
6 SE, n 5 5/group) in B16F10 cell tumors treated with VV-rTAP1,
VV-PJS-5, or PBS. *One-way ANOVA shows a significant reduction
in IL-10 positive TILs in tumors after treatment with VV-rTAP1
(p < 0.001).
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Discussion

The restoration of antigen processing, MHC Class I antigen
expression, and immunogenicity by transfection or infection of
TAP1 alone into B16F10 MAA cells occurs despite numerous other
deficiencies in the antigen presentation pathway. This has also been
demonstrated in other cell lines with similar antigen presentation-
deficient phenotypes, such as the murine NSCLC cell line CMT.64,
human MAA, human small cell lung carcinoma, human squamous
cell carcinoma of the head and neck and human renal cell carcino-
mas.20,22,25–29 In B16F10 cells, TAP1 expression stabilized the
expression of TAP2 and increased the expression of endogenous
tapasin. This indicates that the re-expression of TAP1 may lead to a
general reconstitution of several other components of the MHC
Class I antigen-processing pathway, and may therefore increase the
amount of antigenic peptide available for assembly onto MHC Class
I molecules in the ER. Restoration of TAP expression in TAP-defi-
cient cancer cells should make a wide variety of peptides derived
from tumor-specific and -associated antigens available and perhaps
this may compensate for any unpredictable deficiencies in the cell’s
MHC Class I antigen allele repertoire.

In the case of B16F10 cells, rTAP1 gene transfer was able to
resurrect the presentation of the appropriate TRP-2 peptide on H-
2Kb antigens to allow for TRP-2-specific CTL killing. B16/rTAP1
cells present H-2Db antigen-specific peptides derived from gp100,
making B16/rTAP1 cells susceptible to specific CTL lysis both
in vitro and in vivo30. Vaccination by irradiated cells expressing
TAP1 enhances greatly the CTL activity not only towards B16/
rTAP1 target cells but also to untransfected B16F10 target cells.
This indicates that it is likely not necessary for every cell to re-
express TAP1 for immune tolerance to the tumor to be broken,
allowing CD81 cytotoxic T-cell responses to occur. This is further
supported by our previous in vivo study with CMT.64 lung carci-
noma, in which mice initially immunized with CMT.64 expressing
TAP1 were better able to reject a challenge with untransfected
CMT.64, unlike mice initially immunized with untransfected
CMT.64.22 Perhaps encouraging for applications to metastatic dis-
ease, the lysis of B16F10 cells by splenocytes generated by vacci-
nation with irradiated B16/rTAP1 cells demonstrates that there is
sufficient H-2 antigen on the surface of B16F10 cells to facilitate
cytolytic activity. TAP1 activity or the products of TAP1 activity
in B16/rTAP1 cells must be transferred in some way to the dendri-
tic cells involved in the cross-presentation of MHC Class I tumor
antigens, a crucial step in generating specific CD81 cytotoxic T-
cell responses. TAP1 expression in B16/rTAP1 cells results in a
source of antigen that may be bound to MHC Class I antigens on
the surface of B16/rTAP1 cells and these MHC Class I antigen-
restricted antigens are transferred to the dendritic cell MHC Class

I antigens. Alternatively, dendritic cells may access processed tu-
mor antigens from the ER compartment of B16/rTAP1 cells dur-
ing internalization and antigen cross-presentation.

The enhanced immunogenicity of B16/rTAP1 cells has a signif-
icant effect on tumor growth in mice. Vaccination of mice with
MAA antigens specific for H-2Db antigen are protected from B16/
rTAP1 tumor challenge but not by challenge with B16F10 cells by
CD81 T-cells.30 In our study, B16/rTAP1 tumor growth was re-
tarded without prior vaccination with tumor differentiation anti-
gens, though the protection was not as complete as with prior vac-
cination. The effect also appears when TAP1 is transferred in vivo
by vaccinia expression vectors. In this case, not only does TAP1
expression have an effect on tumor growth, but also the vector
provides an adjuvant effect. In addition, we found that in vitro
infection of B16F10 cells transfected with TAP1 (B16/ r TAP1 3–
8 cells) with VV-rTAP1 did not greatly enhance H-2Kb and H-
2Db antigen surface expression relative to VV-PJS-5 infected
cells. This may indicate that TAP activity is already at a maximum
as a result of transfection, and that additional expression of TAP1
from the VV construct does not further upregulate MHC Class I
antigen expression to a great extent. We propose that in addition
to tumor antigens, upon infection the tumor cells also present viral
antigens in the presence of TAP that provide further epitopes for
CTL recognition. The presence of the VV during the processing
tumor antigens by DCs may also assist in breaking the tolerance
of the immune system towards the tumor cells by acting as a
‘‘danger signal’’ that contributes to the priming of tumor antigen-
specific immune responses.31,32 Furthermore, B16F10 tumors are
known to harbor regulatory T-cells that secrete cytokines, such as
IL-10, which energize CD81 T-cells in tumors.33 TAP1 gene
transfer by vaccinia vectors reduced the number of CD31/IL-10
secreting lymphocytes in the tumors, one of the modulating factors
that have been implicated in the resistance of MAAs to antitumor
immune responses. TAP1 expression, in conjunction with viral
gene transfer vector, promotes a Th1 type response that can func-
tion to retard tumor growth. Thus, immunotherapeutic approaches
that utilize TAP have the potential to restore the priming and
expansion of specific T-cells and the subsequent ability of the
tumors to process and present tumor antigens.
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