1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
J Immunol. 1993 August 1; 151(3): 1410-1418.

Detection of Shared MHC-Restricted Human Melanoma Antigens
after Vaccinia Virus-Mediated Transduction of Genes Coding for
HLA

Bert H. O’Neil**l, Yutaka Kawakamii*z, Nicholas P. Restifo*, Jack R. BenninkT, Jonathan W.
YewdeIIT, and Steven A. Rosenberg

* Qurgery Branch, National Cancer Institute, Bethesda, MD 20892

T Laboratory of Viral Diseases, National Institute of Allergy and Infectious Disease, National Institutes of
Health, Bethesda, MD 20892

Abstract

To detect shared human melanoma Ag that are recognized by HLA-AZ2 restricted, melanoma-specific
CTL derived from tumor infiltrating lymphocytes, we have developed a convenient method to insert
and express foreign HLA genes capable of presenting Ag on target cell lines. Seventeen melanoma
cell lines and 11 nonmelanoma cell lines were infected with recombinant vaccinia virus containing
the HLA-A2.1 gene. Infection by the vaccinia virus resulted in expression of functional HLA-A2
molecules on the cell surface of virtually 100% of infected cells within a 3.5-h period. The results
showed that 11 of 17 (65%) naturally HLA-A2~ melanoma cell lines were specifically lysed by the
HLA-A2-restricted, melanoma-specfic TIL after infection with the vaccinia-HLA-A2.1 virus. None
of the nine human nonmelanoma cell lines tested (three colon cancer, four breast cancer, or two
immortalized non-tumor cell lines) or two murine melanoma cell lines were lysed by the HLA-A2-
restricted TIL after vaccinia-HLA-A2.1 infection. Coinfection of the vaccinia virus containing the
S2-microglobulin gene with the vaccinia-HLA-A2.1 virus increased the surface expression of HLA-
A2 and subsequent lysis by melanoma-specific tumor infiltrating lymphocytes. With this new method
we could extend previous findings demonstrating that shared melanoma Ag recognized by HLA-A2-
restricted tumor infiltrating lymphocytes exist among melanoma cells from different patients
regardless of HLA type. These Ag represent excellent candidates for the development of vaccines
to induce T cell responses for the immunotherapy of patients with melanoma.

Adoptive transfer of tumor-specific CTL derived from TIL3 along with the administration of
IL-2 has been shown to mediate tumor regression in murine tumor models and in humans with
metastatic melanoma (1-3). Recognition by TIL of melanoma cells occurs through the TCR
(4-6) that recognizes a complex consisting of a processed peptide, which is cleaved from an
antigenic protein, and a restriction element or MHC molecule, which presents the peptide in a
groove formed by two opposing a-helical loops and a S-sheet floor in the a1 and o2 domains
of the class I molecule (7-10). Human melanoma Ag recognized by T cells, particularly Ag
relevant to in vivo tumor rejection, have not been well characterized. The recently cloned
MAGE-1 gene, whose product is recognized by a melanoma-specific CTL clone in the context
of HLA-AL, represents the first candidate for a possible tumor rejection Ag, although it’s in
vivo relevance to tumor rejection is unknown (11). In our studies, a panel of TIL, some of
which were effective in clinical trials, did not recognize MAGE-1 (12).
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We have focused particularly on the study of HLA-A2-restricted CTL not only because the
HLA-A2 molecule is expressed on nearly one-half of patients, but also because HLA-A2-
restricted, melanoma-specific CTL may be preferentially induced in melanoma compared to
CTL-restricted by other HLA molecules (13,14). These HLA-A2-restricted, melanoma-
specific CTL can recognize allogeneic melanomas expressing HLA-A2 molecules in a TCR-
dependent, MHC class I-restricted manner, suggesting the existence of common melanoma Ag
(6,15-17). In addition, we have shown that these CTL are capable of recognizing naturally
HLA-A2~ melanoma cell lines after transfection with the HLA-A2.1 gene (22). It is possible
that one protein contains peptides capable of binding to a number of HLA molecules, and that
such a protein can thus be recognized by T cells in the context of a number of HLA types
(18). If this is the case, it may be possible to use such common antigenic proteins as vaccines
to induce T cell responses in patients of any HLA type.

In our previous study of HLA-A2.1 transfected melanoma lines (6), three technical problems
made it difficult to use the transfection technique for a more comprehensive study. First, the
transfection and selection of cells is a long process, limiting the number of lines that one can
study. Second, many cell lines were difficult to transfect, and thus impossible to study. Finally,
by transfecting and selecting, we could look only at clones from within a population which
might be selected for specific characteristics, and therefore were not necessarily representative
of the entire population.

In this study we have used a rapid method for detecting melanoma Ag presented by the HLA-
A2.1 molecule in naturally HLA-A2" cells. To do so we have used a vaccinia virus expression
vector to insert and express exogenous HLA-A2.1 molecules on the surface of cells. Vaccinia
virus is a large DNA virus that replicates entirely within the cell cytoplasm, carrying its own
DNA and RNA polymerases. The virus is capable of transcribing and translating inserted
foreign genes under the control of a vaccinia promoter, with posttranslational modifications
occurring faithfully (19-21). Vaccinia virus has a broad host range, infects nearly 100% of
cells, and expresses inserted genes rapidly at a high level. We have constructed a recombinant
vaccinia virus containing the HLA-A2.1 gene driven by a vaccinia tandem early-late promoter.
Infection by the virus induces expression of functional HLA-A2.1 molecules on virtually 100%
of tumor cells within a 3- to 4-h period. Thus we can potentially detect melanoma Ag within
the entire population of cells. Using this rapid assay, we evaluated a variety of cell lines for
the existence of melanoma Ag recognized by several allogeneic HLA-A2-restricted TIL.

Materials and Methods

Culture of TIL and melanoma cell lines

TIL were prepared and grown in culture as previously described (22). TIL are cultured in RPMI
1640 + 10% human AB serum containing glutamine, antibiotics, and 1000 U/ml IL-2 (kindly
provided by Cetus Corp. Emeryville, CA). Melanoma cell lines were cultured in RPMI 1640
+ 10% FCS, colon cancer cell lines in DMEM + 10% FCS, and breast cancer lines in Eagle’s
improved minimum essential medium (Biofluid, Rockville, MD) + 10% FCS.

Generation of H-2K9-restricted, vaccinia virus-specific murine CTL and HLA-A2-restricted,
influenza M1-specific human CTL

The vaccinia-specific murine CTL were generated by in vivo priming of female 6 to -8-wk-
old BALB/C mice by i.v. injection of 100 plague-forming units of vaccinia virus. After 2 wk,
spleens were removed, dispersed to single cell suspensions, and stimulated in vitro with
vaccinia virus infected BALB/C splenocytes at a ratio of 2:1. Cells were then cultured for 7
days in Iscove’s modified medium with 7.5% heat-inactivated FCS to generate CTL.
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The HLA-A2.1-restricted, influenza M1-specific human CTL were generated by culturing 3
x 106 PBMC from a HLA-A2 donor in a 2 ml of Iscove’s modified medium + 10% AB serum
containing 1 M of M1 58-66 peptide (GILGFVFTL). On day 3, IL-2 was added at a final
concentration of 5 U/ml. On day 7, the responding cells were harvested and mixed with 2000
rad irradiated stimulator cells that were prepared by 3-h incubation of PBMC from the same
donor with 1 uM of the M1 58-66 peptide. IL-2 was added in culture on the next day at a
concentration of 10 U/ml. After three to four restimulations, cultured T cells exhibited HLA-
A2-restricted, M1-specific cytolysis.

Vaccinia virus constructs

cDNA for the HLA-A2.1 gene, the human 2-microglobulin gene, and the murine H-2K9 gene
were inserted into the TK gene in the plasmid pSCIl, allowing homologous recombination to
occur with the viral TK gene. The inserted genes are transcribed by a vaccinia tandem early
and late promoter. As a result, viral particles containing the gene of interest display a TK™
phenotype, and can be selected in media containing bromodeoxyuridine. Virus stocks were
amplified in the TK™ human sarcoma line 143B, by infection at a multiplicity of infection of
0.1 for 1.5 h, followed by incubation for 3 days in RPMI 1640 + 10% FCS. Infected cells were
collected, suspended in RPMI 1640 + 0.1% BSA, and three times freeze-thawed. Virus was
titered on a monolayer of the TK™ 143B cell line.

Vaccinia virus infection of melanoma cells

Target cells at a concentration of 107/ml were incubated for 1.5 h at 37°C in RPMI 1640 +
0.1% BSA with an equivalent volume of vaccinia virus (108 plaque-forming units/ml) in RPMI
+ 0.1% BSA. After this initial period of infection, cells were brought to a concentration of
approximately 5 x 10%/ml in RPMI 1640 + 10% FCS and incubated for 1.5 to 2 h at 37°C.
Coinfection of vaccinia-HLA-A2.1(vac-A2) and vaccinia-f2-microglobulin(vac-$2 m) or
vaccinia-H-2K9(vac-K%) and vac-$2 m were performed at multiplicity of infection of 10:1 and
5:1, respectively.

Cytotoxicity assay

Cytotoxicity assays were performed as previously described (22). Briefly, target cells were
incubated with Na®1CrQ, for 1.5 h and washed. Effector cells were then added to 5 x 103 target
cells/well in a triplicate fashion in 96-well U-bottom tissue culture plates and incubated at 37°
C for 5 h. After measuring radioactivity of harvested supernatants, % specific lysis was
calculated by the formula:

experimental cpm — spontaneous cpm
maximum cpm — spontaneous cpm

)xlOO

Significance of lysis was statistically analyzed by two-tailed t-test.

mAb and flow cytometric analysis

Culture supernatants containing anti-HLA-A2 mAb (BB7.2) (23) and anti-H-2K9 mAb
(SF-1.1.1) were prepared from the corresponding hybridomas (American Type Tissue Culture
Collection, Rockville, MD). Anti-Thy-1.2 mAb was purchased from Beckton Dickson,
Mountain View, CA. Antivaccinia virus mAb (TW2.3) was prepared in our laboratory. One
million cells per sample were incubated in heat-inactivated human AB serum for 20 min at 4°
C then washed with HBSS + 10% FCS and 0.01% NaN,. Cells were incubated with
unconjugated mAb followed by a FITC-conjugated goat anti-mouse IgG Ab for 1 h at 4°C.
Cells were washed and fixed in 1% paraformaldehyde solution for 10 min, then analyzed by
FACScan (Becton Dickson).
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Results

Characterization of HLA-A2.1-restricted melanoma-specific CTL generated from TIL

TIL lines 620, 660, 1074, 1128, and 1143 were generated as previously reported by culturing
TIL in 1000 U/ml IL-2 (22). After approximately 30 to 40 days in culture, these TIL lysed not
only the autologous melanoma but also a number of allogeneic melanoma cell lines expressing
HLA-A2 as previously described (6). The TIL did not, however, lyse HLA-A2™ melanoma
cell lines. In addition, TIL lines 620, 660, 1074, and 1128 did not lyse a number of HLA-A2-
expressing nonmelanoma cell lines including EBV-transformed B cells, Burkitt’s lymphoma
cell lines, breast cancer cell lines, tumor lines of neuroectodermal origin, PHA lymphoblasts,
and fibroblasts. Lysis occured in a TCR-dependent and MHC class I-restricted manner, as
demonstrated by inhibition by anti-CD3 or anti-MHC class | mAb. Thus we considered these
TIL to be HLA-A2-restricted and relatively melanoma-specific CTL (6).

TIL 1143 behaved somewhat differently from the others, lysing the HLA-A2* 501 EBV-B cell
line, but not lysing the HLA-A2+ 697 EBV-B cell line or the HLA-A2* 501 or M1A2.1
fibroblast cell line. This would seem to indicate that TIL 1143 contained CTL that recognized
some Ag not associated with melanoma as well as containing melanoma-specific CTL. The
batch of TIL 620 that we used in this study also lysed some HLA-A2™ cell lines including 836
mel, 888 mel, and 1182 mel. TIL 620 may contain a sub-population of CTL restricted by HLA-
Cw7 that is shared with 836 and 888 mel.

Kinetics of surface expression of HLA-A2.1 molecule after Vac-A2 infection

HLA-A2™ melanoma cell lines 397 and 928 mel were infected with vaccinia virus containing
the HLA-A2.1 gene (vac-A2) and incubated for 1.5 h. Cells were stained with BB 7.2 (anti-
HLA-A2) or irrelevant anti-Thy-1.2 mAb after 0, 1.5, 3.5, 5.5, and 16 h then analyzed by flow
cytometry (Fig. 1). Both cell lines clearly demonstrated HLA-A2 expression at the 3.5 h time
point. Expression at 3.5 h appeared equal to that seen at both the 5.5 and 16 h time points
indicating very rapid surface expression of the molecule. Virtually 100% of cells expressed
HLA-A2 molecules. HLA-A2 expression on cell lines infected with vac-A2 varied and was
usually 10 to 50% as high as that of the positive control HLA-A2* 501 mel.

HLA-A2.1 molecules provided by vaccinia virus can present antigenic peptide to T cells

To determine the ability of the HLA-A2.1 molecule to present peptide Ag to the HLA-A2-
restricted T cells, the vac-A2-infected melanoma cell line 397 mel was pulsed with the
influenza virus M1 antigenic peptide fragment M1 58-66 and lysability by the HLA-A2-
restricted, M1-specific CTL was tested (Table I). The vac-A2-infected 397 mel expressing
HLA-A2 and the naturally HLA-A2* 501 mel cell line were both lysed by the HLA-A2-
restricted, M1-specific CTL after incubation with the peptide, although 397 mel cells
expressing HLA-A2 but not pulsed with peptide and cells not expressing HLA-A2.1 pulsed
with the peptide were not lysed. Thus the HLA-A2.1 expressed on the cell surface of 397 mel
was able to present Ag to HLA-A2-restricted CTL.

Vac-A2 infection made some HLA-A2 negative melanoma cell lines lysable by HLA-A2-
restricted, melanoma-specific CTL

Three HLA-A2™ melanoma cell lines, 888 mel, 928 mel, and G361 were infected with vac-
A2. Two of three cell lines, 928 mel and G361, have been previously shown to be lysed by
TIL after stable transfection of the HLA-A2.1 gene (6). After infection by vac-A2, all three
HLA-A2" lines were lysed by TIL 620, 660, and 1074 but cells infected with wild-type vaccinia
virus, vaccinia virus containing the human s2-microglobulin gene (vac-$2 m), or vaccinia virus
containing the murine class | MHC, H-2K9 gene (vac-K%) were not lysed (Table 11). The level
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of lysis was usually less than that of HLA-A2" 501 mel as shown in experiment 2 in Table I,
which might result from less surface expression of HLA-A2 on vac-A2-infected cells. Specific
expression of the HLA-A2 molecule on the cell only after vac-Az2 infection was confirmed by
flow cytometry using the anti-HLA-A2 mAb, BB7.2. Infection and replication of vaccinia virus
in all of the cell lines was confirmed by flow cytometry using either the antivaccinia mAb,
TW2.3, recognizing a vaccinia protein, or by the mAb HB159 recognizing H-2KY (data not
shown). These results suggest that lysis of HLA-A2-expressing melanoma cell lines was
neither a result of vaccinia virus infection per se, nor was it a result of the introduction onto
the surface of a foreign MHC gene, somehow resulting in an increased susceptibility to lysis
by TIL. The lysis observed is thus likely due to specific interaction between the HLA-A2
molecule on the melanoma cell surface and the HLA-A2-restricted, melanoma-specific CTL.

As a further control for specificity, and additionally to confirm that the target cells were capable
of processing and presenting Ag, we used a chimeric murine-human system that we have
recently used to evaluate the Ag processing ability of a variety of human tumor lines (24). The
H-2KY-restricted, vaccinia-specific murine CTL lyse all targets infected with the vac-KU.
However, none of the vac-A2-infected targets were lysed by these murine CTL. These results
further support our contention that lysis of targets was specific to expression of the correct
restriction element on the target cell surface, and confirm that the cells were capable of
processing Ag for presentation by an exogenously supplied restriction molecule.

Coinfection of cells with vac-A2 and vac-52 m led to increased cell surface expression of HLA-
A2.1 molecules, as well as increased specific lysis by TIL in some cases (Fig. 2 and Table I1).
HLA-A2 expression that was 50 to 100% as high as that of 501 mel could occasionally be
observed. Providing more f2-microglobulin may increase the sensitivity of our assay by rapidly
increasing the expression of exogenously supplied HLA-A2.1 molecules on the surface of the
cell. 1t has been shown that f2-microglobulin association with the MHC class | H chain and
peptide is necessary for transportation and surface expression of the MHC class | trimolecular
complex (25).

To determine whether increasing the incubation time would increase the sensitivity of our
assay, we compared overnight incubation after infection with vac-A2 or vac-Kd to an
incubation of 3.5 h (Table I11). The overnight incubation led to a decrease in specific lysis by
the TIL, as well as to an increase in the nonspecific lysis of the control-(vac-K¢) infected cells
in the case of G361 and 928 mel. In fact, cells began dying during the longer incubation. HLA-
A2 expression of 928 mel decreased after 16 h. This could result in decreased lysis by TIL. In
the case of 397 mel and G361, HLA-A2 expression was minimally changed. Vaccinia virus
might prevent synthesis of endogenous proteins including melanoma Ag in the cell, and might
also produce an abundance of vaccinia proteins mainly driven by the vaccinia late promoter.
Such abundant vaccinia proteins in the cell could competetively inhibit binding of endogenous
peptides to HLA-A2.1 molecules within the endoplasmic reticulum. In fact, H-2KU- restricted,
vaccinia-specific murine CTL could lyse vaccinia-infected cells at 16 h as well as at 3.5 h,
probably because both vaccinia Ag and H-2K% were abundantly synthesized. These may also
be the reasons for the low level of lysis of Vac-A2-infected cells compared to that of HLA-
A2* 501 mel. For these reasons we chose to assay for lysis after the shortest period (3.5 h) of
incubation at which we saw expression of the HLA-A2.1 molecule. This we hoped would allow
newly synthesized HLA-A2.1 molecules to encounter already existing peptides within the
endoplasmic reticulum, and provide the best chance for specifically detecting melanoma Ag.
HLA-A2.1 molecules should also continue to be produced in the cells throughout the period
of the chromium release assay, which should make a short incubation time sufficient for
detection of lysis.
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Screening of melanoma and nonmelanoma cell lines for expression of shared melanoma Ag
recognized by HLA-A2-restricted TIL using vaccinia virus

With this new method we screened various melanoma and nonmelanoma cell lines for the
existence of melanoma Ag recognizable by TIL in the context of the HLA-A2.1 molecule. We
defined a cell line as melanoma Ag™ if that cell line expressed the HLA-A2.1 on its cell surface
and was specifically lysed by HLA-A2-restricted melanoma-specific TIL (more than 10%
specific lysis with statistical significance) after vac-A2 infection. We defined a cell line as
melanoma Ag~ if that cell line was lysable by H-2K%-restricted, vaccinia-specific murine CTL
after vac-K infection and expressed HLA-A2.1 on its cell surface but was not lysed by HLA-
A2-restricted TIL after vac-A2 infection.

A total of 17 HLA-A2™ melanoma cell lines were tested by infection with vac-A2 and vac-$2
m. Although lysis was not as high as that of 501 mel in many cases, 11 of these cell lines (11/17
= 65%) were significantly lysed by all or most of the 5 HLA-A2-restricted TIL. None of three
colon cancer lines, four breast cancer lines, or two murine melanoma cell lines were lysed after
vac-Az2 infection. Representative data are shown in Tables IV and V, and a summary of the
data is shown in Table VI. In Table V, it can be seen that some targets were lysed above 10%;
however, none of these values proved significant (p > 0.05). In only one of the repeated
experiments colon cancer cell line, HT-29 was significantly lysed by only TIL620 (data not
shown). In Table 1V, melanoma cell lines lysed by HLA-A2- restricted TIL were not lysed by
H-2K-restricted murine CTL or by TIL888 that were restricted by class | HLA other than
HLA-A2. Therefore, the lysis was not due to nonspecific increase of susceptibility to T cell
lysis. These results indicate that the melanoma Ag recognized by our HLA-A2-restricted
allogeneic TIL did not appear to be expressed by the colon and breast cancer cell lines or the
murine melanoma cell lines that we tested. In addition, five HLA-A2~ tumors of
neuroectodermal origin, including one astrocytoma, one retinoblastoma, one glioma, and two
neuroblastomas were not lysed after vac-A2 infection (26). The fact that some cell lines
expressing the HLA-A2.1 molecules were not lysed by TIL suggests that vaccinia viral Ag
was not the target molecule for TIL, although most adult individuals have been previously
immunized against this virus.

Discussion

We have developed a new, convenient assay using recombinant vaccinia virus to detect the
expression of human melanoma Ag recognizable by T cells in the context of the HLA-A2.1
molecule in a variety of cell lines. Recombinant vaccinia virus has a wide host range, virtually
100% infection efficiency, and a rapid and high level of expression of the inserted foreign gene.
In this study these features were confirmed with a variety of cell lines including melanoma,
colon, and breast cancer lines. Although vaccinia virus infection is cytopathic, making
expression transient, we identified a time window in which we could test susceptibility to TIL
lysis with high specificity. With this method we could rapidly express foreign class | MHC
molecules on the cell surface. The HLA molecule provided by vaccinia virus functioned
properly to present exogeneously added or endogeneously synthesized antigenic peptidesto T
cells. This technique is useful for the study of Ag-T cell interactions in humans, becauase any
class I molecule used by a particular T cell line or clone could potentially be inserted into a
cell to determine whether particular Ag are present within the cell, regardless of the cell’s
natural HLA type.

We have provided further evidence that Ag recognized by HLA-A2- restricted melanoma-
specific CTL derived from melanoma deposits are shared among melanomas, and not among
nonmelanoma tumors and murine melanomas tested. To our knowledge, a comprehensive
study of the existence of Ag recognized by the HLA-A2-restricted melanoma-specific CTL
among HLA-A2 melanomas has not previously been performed. In this study, 11 of 17 (65%)
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melanoma cell lines were recognized by the HLA-A2-restricted, melanoma-specific TIL after
expressing vaccinia-HLA-A2.1 -derived HLA-A2.1 molecules. In our previous study 17 stable
HLA-A2.1-transfected melanoma clones from six melanoma cell lines were all lysed by the
HLA-A2-restricted TIL (6). Five melanoma cell lines, 397 mel, 894 mel, 928 mel, G361, and
SKmel2 were used for both studies and were confirmed as melanoma Ag™* using the vaccinia
method.

In our previous studies many cell lines were difficult to transfect with the genomic HLA-A2.1
gene. Infection with vac-Az2, especially when combined with vac-$2 m, led to rapid expression
of the HLA-A2.1 molecules on the cell surface of almost all cells that we tested. In addition,
expression of HLA-A2 on most cells after vaccinia allowed us to see representative results
from a heterogenous population of a cell line, rather than from the particular clones that were
selected during the transfection procedure of the previous study. It is interesting that all six of
the highly transfectable melanoma cell lines from five patients previously tested were found
to express the melanoma Ag recognizable by HLA-A2-restricted melanoma-specific TIL,
whereas four of seven vac-A2-infected melanoma cell lines that were previously not
transfectable with the plasmid were lysed by the HLA-A2-restricted TIL. The same TIL,
including TIL620 and TIL660, could lyse 12 of 18 (67%) naturally HLA-A2* melanoma cell
lines (Y. Kawakami, and S. A. Rosenberg, manuscript in preparation). Therefore, the frequency
of melanoma Ag expression on melanoma cells appeared to be equivalent among HLA-A2*
and HLA-A2™ melanomas. Based on the patterns of individual TIL reactivity with HLA-A2.1-
transfected melanomas, at least two shared melanoma Ag seem to exist, because HT144 or
Skmel28 transfectants were not lysed by TIL660 or TIL 1128, respectively.

It is still possible that six human melanoma cell lines were not lysed by HLA-A2-restricted
TIL for reasons other than a lack of shared melanoma Ag. Lack of lysis could be due to
insufficient sensitivity of this assay. The optimal time for expression of the melanoma Ag in
the groove of HLA-A2.1 molecule on the surface may be different among cell lines. The low
HLA-A2.1 surface expression of HLA-A2.1 on surface seen in some cases might result in
absence of lysis by TIL; however, low HLA-A2 expression (around 10% of HLA-A2
expression of 501 mel) was sufficient for lysis by TIL in many Ag* melanoma cell lines
including 888 mel. All resistant cell lines were lysable and had normal Ag processing ability
as measured by the ability of H-2K9-restricted vaccinia-specific CTL to lyse them after vac-
K4 infection. Two of six resistant melanoma cell lines, 586 and 537 mel were lysed by
autologous TIL that were restricted by class IMHC other than HLA-A2. These autologous CTL
may recognize unique melanoma Ag.

The vaccinia-HLA method thus is a powerful tool to study the presence of Ag recognized by
T cells in humans with any HLA type. The fact that 65% of melanoma cell lines derived from
different patients expressed common antigenic proteins that were recognized by TIL, some of
which caused tumor regression when adoptively transfered into patients, suggests the
possibility of developing immunization strategies using these Ag to induce antimelanoma T
cell responses. The isolation and identification of such melanoma Ag is in progress at both the
gene and peptide level.
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FIGURE 1.

Time kinetics of surface expression of HLA-A2 molecule after infection with vac-A2. Flow
cytometric analysis of two melanoma cell lines, 397 and 928 mel, at various times after
infection with vac-A2 shows expression of HLA-A2 on the cell surface (with anti-HLA-A2
mAb, BB7.2, solid line) as early as 3.5 h after the time of infection. Anti-Thy-1.2 mAb was
used as a control (dashed line).
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FIGURE 2.

Coinfection of melanoma cell lines with vac-A2 and vac-2 m increased surface expression of
HLA-A2. Two melanoma cell lines, 888 and 928 mel, were incubated either without vac, with
vac-A2 or with vac-A2 and vac-$2 m for 3.5 h and stained with anti-HLA-A2 mAb (BB7.2,
solid line) or anti-Thy-1.2 mAb (dashed line). Surface expression of HLA-A2 were analyzed
by flow cytometry. Peak and mean channel number of cells stained with anti-HLA-A2 mAb
are follows: 501 mel (HLA-A2* control, not shown) 64, 138; 888 mel, 4, 6; 888 mel + vac-
A2, 8,11; 888 mel + vac-A2 + vac-f2 m, 37, 33; 928 mel, 4, 6; 928 mel+vac-A2, 17, 18; 928
mel + vac-A2 + vac-f2 m, 26, 28. Coinfection of vac-$2 m with vac-A2 increased HLA-A2
surface expression.
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Table |
HLA-A2.1 molecules expressed on vac-A2 infected melanoma cell lines could present influenza virus M1 peptide

to HLA-A2.1 restricted, M1-specific CTL2

Target HLA-A2 M1 Peptide
- +
% specific lysis
501mel + 3 41
397mel _ 1 5
397mel+vac-A2 + 1 22

a _ . . . . .
397mel, an HLA-A2™ melanoma, was infected with vac-A2 at a moi of 10 for 1 h, then washed and incubated overnight. The next day, targets were
incubated with the influenza virus M1 58-66 peptide at a concentration of 1 uM at 37 C for 1 h. A4-h Slcr release assay was performed at E:T ratio =

2.5:1. HLA-A2 surface expression was analyzed by flow cytometry. The HLA-A2.1-restricted M1-specific CTL lysed only 501 mel, an HLA-A2"
melanoma cell line, and the vac-A2 infected 397mel which were incubated with the M1 peptide. Bold number, Statistically significant lysis (p < 0.05).

J Immunol. Author manuscript; available in PMC 2007 December 7.



Page 13

O’Neil et al.

'(50°0 > d) s1sA| Jueaiyiubis Aj[eansnels ‘sisquinu pjog ‘erep ayl 40 UOITRIASP pJepuels ybiy sy Jo asnedaq Juediiubls Ajjedansiiers jJou sem (%iT) ¢
JuawIIadxa ul 09971.L AQ |3Wg8S 10 SISAT LD suLINW d1193ds-6Y [elIA eluIdIRA PaIoLISal-pMg-H 818 TLO-pM pue ‘|013U0D BLIOUBIBW , 2~/ TH UE SI [3WITOS "Wigg-9eA pue 2/-0en Ag uoijoauiod

uodn sISA] Ul U83s SeM 3sealdul BWO0S pue ‘PasA| alem Z\/-0eA YIIM paldajul §18d AJUQ "A118W0IAd Moj4 AQ Paisa) Sem UOISSaIdxa a0eLIns -V 1H "T:0% = 1:3 18 SISA] 214193ds 04 Se UMOUS aJe S} nsey
‘pawLiopad sem Aesse asea|al 1076 U-§ V '7L0T PUE 099 T11.L PAIOLISaI-ZY-VTH U Aq SISA| 10} PaiIsal Uay) ‘Z-0BA YlIM Palaajul a1am T9ED) pue ‘[awggs ‘|awgge Saul] ewioue|aw aAlebau gy-vl He

8z 43 + wzg ‘zv an an an + wzg ‘zv
ra4 0 + v - 0 8z + v
z 9 - ey Ly 6 L - eqy
z L - 3UON 19€9 an z 4 - 3UON 19€9
8z 8 + wzd ‘e o e 74 + wzd ‘e
6T 8z + v T 8T €T + v
an anN an wzg an T S - wzy
z 9 - eqy 19 e - - ey
L vT - 8UON 18Wgss an 0 o - 8UON 18W8z6
14 1% + SUON [sWTOS an 174 62 + 3UON 13WT0S
SISA| o1310ads 94 SISA] 2131938ds 04
0Z971L 0997111 V-VIH BIUIDIRA 19bue] J10-PM v20T711L 099711L Zv-VH BIUIJEA 19bue
Z Wdx3 T 1dx3

J Immunol. Author manuscript; available in PMC 2007 December 7.

2SaUl| |]90 BLIOUR|aW PaloaJul Z\/-0BA 3sA| A||ealfioads ued 1L 913103ds ewioue|sw pajoLnsal T'2v-v1H
Il 8|qeL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 14

O’Neil et al.

'(50°0 > d) s1sA| ueaiyiubis Ajfeonsnels ‘Jaquinu
PIOg 'S1189 PAIOJUI-pH-0BA IO} QLU BILIOIBAIIUE YNA 10 S|[30 PaIORJUI-Z\/-08A 10} QW 2~/ TH-NIUE LM PULEIS $1139 JO JAGUINU [aULIBLD UeaLL/gyW 2 T-AY1-nuUe [01U0D YUM pauless s|[3d Jo

Jaquuinu [auueyd UBSIA 'SV "paseasaul 1D asnow Aq sisA| o1y10adsuou seassym ‘uorregnoul Jabuo) sy e pasesidsp 1L Aq s1ebuel pa1oajul-zy-oeA Jo Bulf|iy eyl 810N "T:0% = 1:3 18 SisA| 013109ds o
se passaldxa a1am s)NSAY “Aesse a5ea|al JD7-U G AQ PaISa) Sem SaUl| BWOUBIAW 831U} JO TLD J1105ds-BIUIDIRA PAIOLISAI-pHZ-H PUE 1L 213199ds-BLIOURIBW ‘PaIOLISAI-ZY- TH 881y} Aq m_m\ﬁm

J Immunol. Author manuscript; available in PMC 2007 December 7.

02/8 St S¢ 0¢ 14 eay

€T/6 9- 4 43 0 [A% 9T

8¢/8 67 € JA 0t eay

Z1/8 - or 34 ey [A% Se T9€9
[44L] 67 JA o T- ea

0oT/8 L- 9 6 S [A% 91

€2¢/L 89 4 L 14 eay

€2/ € TE 144 124 A4 S'€ 18Wgz6
€¢/0T 8¢ 0 € 0 eay

€€/8 €- LT €T LT (A% 9T

95/9 9 L- 1% €— ea

Tv/0T € S€ 6¢ 6¢ A4 S'¢ 1sW.6E
9//L € 19 L JAS] 8UON 0 1sWT0S

SISA] 213198dS 04
SOv4 110-PA ¥7.0T711L 0997111 0297111 SNIIA BIUIDIBA (y) uoreanp uogregnoul RELILR

29T 10 G'€ JO spoliad uonegnoul Jaye Z\/-0BA YA Pajoslul Saul| BLIOUR|BW 8aly) Jo SISA] Jo uosiiedwo)
1l a|qeL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 15

O’Neil et al.

'(50°0 > d) s1sA] ueaiy1ubis Aj[eansniels ‘siaquinu pjog ‘uoidasul SIIA BIUIDIRA
INOYIIM 10 YUM [3WZ8TT PasA] 029111 S92 Pa103JUI-p X1-0BA J0J GW/LL BIUIITBANIUE LM O ][99 PRII3JUI-ZY-OBA J0) QLU 2/~ TH-IUE UIIM PaUlels $|10 JO JaquInU [SULLYD Uealw/gyw Z1-AyL

~1UE [01JU0D LJIM P3UIEIS S][39 JO JAGUINU [SUUBYD UESA ‘SOVH 11D BULINW BIUIOIBANIUE ‘PIIOLISAI-pHZ-H LM Buole (1:0v = L3) Aesse ase|al 1Dp¢-U-G dUL 10} PAsN 819M 2~V TH UeU JaL1o
DHIN | SSe|9 AQ pa1o1i1sal sem Jeys 888 1L PUe ‘STT ‘70T ‘099 ‘029 1I.L PaIoLISaI-Zy-V1H Jno4 "Wzg-oeA pue pH-0eA Jo WIZg-08A pUe 2/-0BA JBUMS UIAM P3JOBJUI0D 313M SaUI| |19 euIouelaN,

89 4 anN € 14 L 2s/L wzg ‘ea
9. z anN € 0 L 2€16 wzd ‘e 1¥62SH
Gl T- an - - 0 21/9 wzd ‘ea
€8 0 anN - - 0 0T/9 wzg ‘zv [3WOSTT
6¥ - anN - e— - 12/9 wzd ‘ea
a§ G- anN G- r— - ST/9 wzd ‘e [aWy/TT
89 - anN T 14 € 6€/L wzg ‘ea
89 14 anN 9T 1T T 9¢e/8 wzd ‘e 8ZIaWMS
1L 9 an € € 44 95/L wzd ‘ea
€8 0 anN 1 LT 1€ 1919 wzg ‘zv [aWZ8TT
6. 1T anN 8¢ e 19 L€19 8UON 1swW 10
€ 1dx3
an anN e 14 14 € TT/L wzg ‘'vax
an anN e - e— 1 z€lL wzd ‘e lsw/es
an anN LT T - z veI8 wzd ‘ea
anN anN 14 0z 0€ 9T L€/8 wzg ‘zv T IBWMS
an anN € 99 18 29 GE/S wzd ‘e 1awgss
an anN - 6¢ 29 z€ 09/5 8UON 1sw 10
2 1dx3
an anN 0z z 0 14 2els wzd ‘ea
an anN - 6 14 8 2els wzd ‘e [BWE/TT
an anN 9 0 - 0 6T/S wzg ‘ea
an anN - 6 0 z vT/S wzd ‘e 13W98S
an anN 06 € z € 12/S wzd ‘ea
anN anN 9 0€ 6T 8T oT/S wzg ‘zv lawesy
an anN € 8y 44 1 TT/S wzy) ‘zv 1awgss
an anN 0 9z 8¢z 1T 6/ 8UON 1sw 10
T 1dx3
SISA] 214198ds o4
MV 8887111 1L0-PY ePTTIIL 0997111 029711L SOovA BIUIOORA 186101
UOI93JUl 2\/-0BA JBJJe Saul| [|39 BULIOUR|SW SWIO0S JO SISAT]
Al 8|gel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Immunol. Author manuscript; available in PMC 2007 December 7.



Page 16

O’Neil et al.

"(50°0 > d) st1sA] ueoniubis Ajfeansnels ‘sisquinu pjog “Aesse ay} 4o swin ay} 1e Zv-v1H
ssaidxa 01 A118W01Ad MO AQ UMOYS 34am Saul| 189 Ajjeuonippy Aesse siyi Burinp A1IAnOe SnUIA 104 101302 8ARIsod e se umoys st 888 1L "(T:0v = 1:3) pawopiad sem Aesse ases|al 101gU-s <m

6 - €T T € - wzg ‘eay
- 45 14 9 z + wzg ‘ev ddIm
14 € € 8 T - wizg ‘ea
6 z 9 4 0 + wzd ‘ev 17/1-51
L ST 14 1T € - wy ‘eax
€ 9 L 12 €T + wzd ‘ev 62-1H
13dued uojod
- 8- 8- 8- - - wzg ‘ea
L z 1 T € + wzd ‘ev uo
G- e o - - - wzed ‘e
- 0 T S - + wzd ‘ev ng
T € - 6 S - wizg ‘ea
- S L T z + wzg ‘ev 1-G/-4Z
- - 0 14 € - wzg ‘ea
T 0 S 0T € + wzd ‘ev 18/G6-SH
JaJued Jsealg
4] 174 8y A4 95 + wzg ‘ev [awgss
€ IT e 14 114 + 3UON [aW T0S
euwioueaN
SISA] 21319ads 94
8887111 8ZTIT1IL ¥.0T1IL 099711L 0297111 V-VIH BIUIDIBA 19bue ]

NIH-PA Author Manuscript

2UONJBJUI 2/-0BA 13148 Saul| |92 J9UEBD UOJOI PUR I1SaI] 2V~ TH JO SISAT

A®lqeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Immunol. Author manuscript; available in PMC 2007 December 7.



Page 17

"UONIBJUI Z/-08A INOYNM 0Z97T1L Ad SISA| mmgmo_uc_o

"050T< SISA| eolIubIs pamoys suswiiadxa pareadal ay JO U0 Teyl SaIRIIPUI 0Z9TILYNM 6Z.LH 104 F "SISA| 013199dS 950T> SeIe2IPUl - SEIBUM ‘60T < JO aBeISAR UO SISA| Saredlpul *

"umoys 1L ayr Buisn sjuswiiadxa 0 Jaquinu e Jo Arewwins “1sejqoiqly T2V TIN Pue |180 9-Ag3 T0S 1daoxa aAiefau gv-v1H |1e AjjeuibLio are &mma._.w

an an - - - EN
an an - - - 91d
ewougsw sulinn
an an - - - 1se|qoIql T'ZVTIN
an an - - - 1199 9-AG3T0S
Saul| 1|99 uewny JaylQ
an - - - - wo
an - - - - ng
an - - - - 15.47
an - - an - 18/5SH
J13dued Jsealg
- - - - - Ham
- - - - - 1¥/187
6Z1H
13dued uojod
8ZISWNIS
ZIowis
TIoWS
YYTIH
L¥6ZSH
1969
[oWzgTT
[9WO8TT
[owy,TT
[oWE,TT
[owgz6
[owy68
[owggs
[owegs
- - - - [swogs
- - - - [owLES
+ + + qt [oW.6€
euwioueaN

|

|

|

|
+

+ + + +
[a)
=2
+ + + +
+ + +
++ + +

+ +
[a)
=2

+ o+
+ o+
o+

|
[a]
P

|

|

[a)
=2
++ + +
++ + +
+o + +

+ ++++ 2+
[a)
=2

O’Neil et al.

EVITIIL 8¢IT1IL v.0T11L 099711L 02911L auIT 113D

2UOND3JUI 27/-0RA Ja)Je |1 914109ds-BLUouR|sW ‘PaldLisal-Zy-1H Ag saul| []89 JO SIsA] Jo Alewiwns
IN3|gel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Immunol. Author manuscript; available in PMC 2007 December 7.



