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ABSTRACT CD81 cytotoxic T cells recognize their tar-
gets by the presence of unique peptide bound to a major
histocompatibility complex (MHC) class I molecules on the
cell surface. The MHC molecules normally display thousands
of distinct peptides, making it difficult to identify individual
antigenic peptides, their protein precursors, and their relative
importance in the T-cell response. Here we used the EL-4
tumor-specific lacZ-inducible KZ30.6 T cell as a probe for
detecting the peptideyMHC ligand that was generated in cells
transfected with an EL-4 cDNA library. These expression
screens allowed identification of a mouse mammary tumor
virus (MMTV) transcript as the source of the antigenic
peptide presented by the Kb MHC molecule. The antigenic
activity was encoded within the MMTV env gene and was
defined by the octapeptide ANYDFICV (AFV8). Synthetic
AFV8 stimulated KZ30.6 T cells at picomolar concentrations
and coeluted with one of two active peptides in HPLC-
fractionated extracts of EL-4 cells. The AFV8yKb complex was
also recognized by two other EL-4-specific T cells. The results
illustrate a novel strategy for identifying T-cell-stimulating
antigens and suggest that the MMTV env gene and its natu-
rally processed AFV8 peptide product can serve as a model for
study of antigen processing and tumor immunotherapy.

Cytotoxic CD81 T cells survey the target cell surface for
presence of unique complexes between a peptide and a major
histocompatibility complex (MHC) class I molecule and cause
lysis of the target cell. These MHC-bound peptides are derived
from endogenous proteins via the antigen-processing pathway
and serve as the basis for immune surveillance of virally
infected, transformed, allogeneic, or even self tissues (1–3).
The pool of peptides displayed by any one MHC molecule
depends upon the nature of its antigen binding groove and
represents thousands of distinct peptides (4, 5). Identifying
individual peptides from among this complex pool is never-
theless the key to defining the unique ligands recognized by the
T cells, for determining the role of distinct peptideyMHC
complexes in the T-cell response, and for the study of the
antigen-processing pathway (6).
Notwithstanding the enormous complexity of the peptide

pool displayed by MHC molecules, several CD81 T-cell-
stimulating peptides have been identified by two different
strategies. In the biochemical strategy, the unique T-cell-
stimulating peptide is purified from the target cell by several
rounds of HPLC and its sequence is determined by Edman
degradation (7) or by mass spectrometry (8). Alternatively, the
antigen gene can be identified first by its ability to generate the
peptideyMHC complex in transfected cells and the antigenic
peptide can be defined subsequently (9–12). Unlike, peptide
purification, the expression cloning of the antigen gene does
not depend upon the abundance of the peptide in the target

tissue. Furthermore, the sensitivity of the assays can be
significantly enhanced by using lacZ-inducible single-cell,
rather than conventional bulk T-cell, assays and by screening
cDNA libraries in transiently transfected cells (12, 13). Indeed,
we recently showed that even rare processed peptides (,10
copies per cell) can be identified by using lacZ-inducible T cells
as probes for detecting the expression of the relevant peptidey
MHC complex (14, 15).
The identification of several T-cell-stimulating antigenic

peptides and their donor proteins are providing novel insights
into diverse immunological phenomena. For example, it is now
clear that the high frequency of alloreactive T cells is due to
recognition of a large number of (self) peptides that are
normally presented by (foreign) MHC (7, 8, 15–18). The pool
of self peptides displayed by the MHC in the thymus is also the
basis for the generation of the diverse T-cell repertoire in the
thymus (19). Likewise, T-cell immunity to virus-infected or
tumor cells is due to the presence of unique peptideyMHC
complexes on their surface (10, 20, 21). Indeed several MHC-
bound peptides have been identified in melanoma and other
tumors that are derived from tissue-specific or mutant genes
(11, 22–24). These T-cell-stimulating tumor peptides may serve
as targets for immunological intervention of tumor growth (25).
The central element of any strategy for identifying unique

peptide–MHC complexes is the T cells used to detect their
presence. Often tumor cells are poor immunogens in syngeneic
animals making it difficult to obtain high-affinity tumor-
specific T cells (26). One strategy to obviate this problem is to
elicit tumor-specific T-cell responses in allogeneic animals
(17). Indeed, previous studies have shown that despite the
complexity of potential ligands that can be recognized by
alloreactive T cells, it is possible to generate T-cell clones that
are specific for unique peptideyMHC complexes expressed by
tumor cells (27). However, the molecular basis for their
tumor-specificity and the extent of clonal diversity among
these T cells remained unclear.
Herein we define the antigenic peptide recognized by one of

these allogeneic tumor-specific T cells by a novel expression
cloning strategy. We used the Kb30 cytotoxic T-cell clone that
is specific for an unknown peptide presented by Kb MHC on
the murine EL-4 thymoma cells. The Kb30 cells were used to
generate the lacZ-inducible T-cell hybrid KZ30.6 (28) and
used to probe Kb-COS cells transiently transfected with an
EL-4 cDNA library (12, 15). The expression screens led to
identification of a previously unknown mouse mammary tu-
mor virus (MMTV) transcript as the source of the antigenic
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peptide. The antigenic peptide was identified as the octapep-
tide ANYDFICV (AFV8) encoded within the lumenal region
of the endoplasmic reticulum (ER)-translocated MMTV env
protein, but its presentation was strictly transporter of anti-
genic peptides (TAP)-dependent. The AFV8 peptide matched
one of two HPLC peaks of antigenic activity among naturally
processed peptides expressed in EL-4 cells and was recognized
by two other independently derived EL-4-specific T cells.

MATERIALS AND METHODS

Cell Lines. Cell lines were maintained in RPMI 1640
medium (Cellgro, Mediatech,Washington, DC) supplemented
with 2 mM glutamine, 1 mM pyruvate, 50 mM 2-mercapto-
ethanol, penicillin (100 unitsyml), streptomycin (100 mgyml),
and 10% fetal bovine serum (HyClone), at 378C in a 5%
CO2y95% air atmosphere. Kb and Db-COS cells transfectants
have been described (12, 29). T2-Kb cell line was a gift of P.
Cresswell (Yale University School of Medicine). EL4-B7
(H-2b) and RMA (H-2b) and its TAP derivative RMAyS cell
lines were obtained from J. Allison and D. Raulet (University
of California, Berkeley). Kb30 CTL clone was obtained by
immunization of a B10.D2 mouse with EL-4 cells. CTL clones
were obtained by limiting dilution cloning from a B10.D2
mouse immunized 10 days earlier with 20 3 106 EL-4 tumor
cells. Kb35 was from a similarly immunized (B10.BR 3
B10.D2)F1 mouse (16), and AB-1 was derived from a mixed
lymphocyte culture using irradiated C57BLy6 stimulators and
BALByc responders (30). Kb30 cytotoxic T lymphocyte (CTL)
clone was fused with the BWZ36yCD8a fusion partner as
described (28). The resulting lacZ-inducible hybrid was des-
ignated KZ30.6.
cDNA Libraries, Expression Screens, and Constructs. A

unidirectional cDNA library using poly(A)1mRNA from EL4
cells was constructed in the BstXI–NotI sites of the mammalian
expression vector pcDNAI (Invitrogen). The cDNA inserts
were ligated to the vector using the BstXI linker (59-CTTT-
CCAGCACA-39) at the 59 end and primer–linker oligo(dT)y
NotI (59-CAACCGGCTCGAGCGGCCGCT21-39) at the 39
end. Recombinant plasmids were selected by transforming
competent bacteria and were cultured in pools of 30–100
colony-forming units in U-bottom 96-well culture plates. For
expression screens, aliquots of DNA ('100 ngyml), prepared
directly in the 96-well plate (31), were transiently transfected
into 3 3 104 Kb COS cells per well of 96-well plates (29). Two
days later, 33 104 KZ30.6 T cells were added to each well, and
after overnight incubation, plates were developed with the
chlorophenol red b-galactoside (CPRG) substrate (28). Posi-
tive pools were scored by increased absorbance over other
wells and vector alone. The single plasmid responsible for the
positive signal was isolated by repeating the screen with
individual bacterial colonies obtained using DNA from the
positive pool.
Deletion constructs of the cDNA clone were prepared using

the BAL-31 nuclease (see Fig. 2A). The 39G3.9 plasmid DNA
was cut with XbaI at the 39 end and digested with BAL-31.
Aliquots were removed at 5-min intervals, and the ends were
blunted with the Klenow fragment of DNA polymerase I. The
insert fragments were removed by excision with the 59 f lanking
BamHI site and subcloned into BamHIyEcoRV-cut pcDNAI
vector. The deletions were confirmed by restriction digests and
by nucleotide sequencing. The functional activity of only the
smallest construct, 25.4, is shown in Fig. 2B. The Kb1 (CYI8),
Kb2 (AFV8), and AFV8-H constructs were prepared with
complementary oligonucleotides corresponding to the indi-
cated sequences in Fig. 2A with an additional ATG codon for
translation initiation (29).
T-Cell-Activation Assays. PeptideyMHC ligand-specific T-

cell responses were measured by the LacZ activity induced in
the T cells (13, 28). About 3–10 3 104 T cells were cocultured

overnight with 2–6 3 104 appropriate normal cells or trans-
fected antigen-presenting cells (APCs) with or without exog-
enous peptides in 96-well plates. The ligand-induced T-cell
response was determined using the LacZ substrate chlorophe-
nol red b-galactoside (CPRG) as described (28). The conver-
sion of CPRG to chlorophenol red, in each well of the 96-well
plate, was measured at 595 nm and 655 nm as reference
wavelength. Data show the mean absorbance of replicate
cultures and are representative of at least three experiments.
Peptides, Extracts, and HPLC Analysis. The peptide NH2-

Ala-Asn-Tyr-Asp-Phe-Ile-Cys-Val-OH (abbreviated as
AFV8) was prepared using solid-phase F-Moc chemistry and
purified by HPLC, and synthesis was confirmed by mass
spectrometry as described (15). Total acid-soluble peptide
pool from EL4 cells was extracted by trif luoroacetic acid
(TFA) as described (32, 33). Briefly, 53 108 cells were washed
with PBS, lysed in 6 ml of 0.1% TFA in water, and homoge-
nized by ultrasonication using Sonic Dismembrator (Fisher
Scientific). The homogenate was centrifuged at 12,000 3 g for
30 min. The supernatant was passed through a 10-kDa Ultra
Free-MC filter (Millipore). The filtrate was dried in a vacuum
centrifuge, resuspended in 0.1% TFA, and fractionated by
HPLC (Hewlett–Packard 1050 HPLC symtem controlled by
HP Chemstation software). Reverse-phase C18 columns (Vy-
dac, 4.6 3 250 mm, 5 mm, 300 Å) were run in 0.1% TFA in
water (solvent A) and 0.1% TFA in acetonitrile (solvent B).
The gradient used for separations was as follows: 0–5 min, 23%
B; 5–35 min, a linear increase of B to 38%; 35–40 min, a rapid
linear increse of B to 100%; 40–45 min, 100% B; 55–60 min,
decrease of B to 23%. Flow rate was maintained at 1 mlymin
and fractions were collected using the synchronized Frac100
fraction collector (Pharmacia). Mock runs were performed
prior to each experimental sample and assayed in parallel to
ensure absence of cross-contamination between samples. Frac-
tions were dried in a vacuum centrifuge (Savant) and resus-
pended in 100 ml of PBS, and aliquots were assayed at 1:7.5
dilution for stimulating KZ30.6 T cell as described above using
Kb L cells as APCs. Synthetic AFV8 peptide was used as a
standard in parallel to estimate the quantitative recovery of the
naturally processed peptide.

RESULTS AND DISCUSSION

Expression Cloning of the KZ30.6-Stimulating Antigen.The
Kb30 CTL clone was chosen for this study because it was
specific for a unique peptideyKb complex expressed by the
EL-4 tumor cells, that was not detected on normal spleen cells.
The Kb30 CTL clone was fused with BWZ36yCD8a fusion
partner to obtain the LacZ-inducible T-cell hybrid, designated
as KZ30.6 (12, 28). To identify the antigenic peptide compo-
nent, KZ30.6 T cells were used as a probe to detect the
peptideyKb ligand generated in Kb-COS cells transfected with
an EL-4 cDNA expression library as described (12, 15). A
cDNA pool, 39G3, was identified by its ability to stimulate the
lacZ response in KZ30.6 T cells (Fig. 1A). This positive pool
was then further subdivided and the screen was repeated to
obtain the individual cDNA clones (Fig. 1B). The cDNA clone
39G3.9 was selected for further analysis. This clone encoded
the antigen gene because DNA transfection caused expression
of the KZ30.6-stimulating ligand in Kb-COS but not in Db cells
(Fig. 2B). The antigen clone obtained by fractionating the
second postive pool (Fig. 1A) was identical to 39G3.9, sug-
gesting that this gene was well represented in the cDNA library.
The plasmid clone 39G3.9 contained a 1.3-kb cDNA insert.

A perfect match for the 39G3.9 nucleotide sequence was not
found among the sequences in the databases, but it was closely
related to MMTV-derived transcripts (Fig. 2A). The closest
match to both the the 59 (361 nt) and the 39 (426 nt) ends of
39G3.9 sequence was the MMTV env gene (GenBank acces-
sion no. M11024) (34), with, respectively, 98% and 99%
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identities. Because of the large number of MMTV integrants
carried by laboratory mouse strains, as well as those known to
be amplified in murine lymphomas, the exact origin of 39G3.9
gene is difficult to assign (35, 36). The MMTV env gene is
expressed as a uniquely spliced mRNA that encodes the env
gp73 as well as the 39 long terminal repeat (LTR) ORF
proteins (37). The gp73 protein is post-translationally pro-
cessed into the gp52 and the gp36 polypeptides (38), while the
39 LTR encodes the '320-aa endogenous superantigen vSAg
that associates with MHC class II molecules (39). The 39G3.9
clone contained the 244 C-terminal residues of gp73 (aa
464–688) that included the gp36 as well as SAg residues (Fig.
2A). The KZ30.6 T-cell-stimulating antigenic peptide could,
therefore, be encoded within either the env or the vSAg regions.
AFV8 Is the Antigenic Peptide Encoded Within the MMTV

env Gene Product. The antigenic peptide within the isolated
cDNA was defined by testing a panel of deletion constructs.
Nucleotides were systematically deleted from the 39 end of the
parental 39G3.9 clone by treatment with BAL-31 exonuclease
for various time periods. The resulting DNA fragments were
subcloned into the pcDNAI expression vector and tested for
their antigenic activity in transiently transfected Kb-COS cells.
All the deletion constructs were active in stimulating the
KZ30.6 T cells as exemplified by the smallest deletion con-
struct, 25.4 (Fig. 2 A and B). The antigenic activity was,
therefore, located within the env, rather than the 39 LTR
region, and was encoded within the 369 bp of the smallest
deletion construct 25.4.

Examination of the predicted amino acid sequence of clone
25.4 showed the presence of two potential Kb MHC binding
octapeptide motifs XXXX(F,Y)XX(I,L,V,M) (4, 40) (Kb1 and
Kb2, Fig. 2A). Expression constructs encoding these two
peptides (designated as CYI8 and AFV8 with an additional
translational initiation codon ATG) were prepared and tested
for activity. Expression of only the AFV8 construct (ANYD-
FICV) in Kb-COS but not Db-COS cells was sufficient for
inducing the KZ30.6 T-cell response (Fig. 2 B and C). Fur-
thermore, the AFV8 construct was significantly more active
than the parental 39G3.9 clone or the 25.4 deletion fragment.
The designation of the antigenic activity to the AFV8 sequence
was further confirmed by testing the corresponding synthetic
peptide. Again KZ30.6 T cells specifically recognized the
AFV8 peptide but not SL8 (OVA257-264) that stimulates
Kb-restricted B3Z T cells, when it was added exogenously to
T2-Kb cells expressing empty Kb MHC (Fig. 2D) or to other
cells expressing Kb but not Db MHC molecules (data not
shown). Furthermore, the AFV8 peptide, as is characteristic of
most naturally processed peptides recognized by CD81 T cells,
was active at picomolar concentrations (29). We conclude that
the AFV8 peptide is presented by Kb MHC in EL-4 tumor as
an unique ligand for the KZ30.6 T cells.
Relationship of AFV8 to the Naturally Processed Peptides in

EL-4 Cell Extracts. The relationship of AFV8 to its naturally
processed counterpart(s) in EL-4 target cells was determined
by HPLC analysis of peptides in trif luoracetic acid (TFA)
extracts (41). The MHC-bound peptides in EL-4 cells were
extracted in TFA and fractionated by reverse-phase HPLC.
The fractions were tested for their ability to stimulate KZ30.6
T cells using the Kb-L cells as APCs. Two peaks of KZ30.6
stimulating activity were found in the HPLC fractions (Fig. 3
Upper). Although the relative amounts of activity in the two
peaks varied in different experiments, the second HPLC peak
had the same retention time as synthetic AFV8 peptide run
under identical conditions (Fig. 3 Lower). This result strongly
suggests that AFV8 represents one of the two naturally pro-
cessed peptides in EL-4 cells. Assuming the two peaks contain
peptides of similar activity as AFV8, and are recovered
quantitatively, we estimate that EL-4 cells express 200–500
copies of these peptides per cell. Given that the abundance of
naturally processed peptides can range between .10,000 and
,10 copies per cell (5, 20, 42), the AFV8 peptide appears to
be about average.
What is the identity and origin of the peptide in the first

HPLC peak? By contrast to naturally processed peptides
presented by MHC class II that invariably consist of a mixture
of nested peptide sequences (43, 44), those presented by MHC
class I molecules predominantly elute as single peaks in
HPLC-fractionated extracts (45, 46). Yet a few examples are
known where MHC class I-restricted T-cell-stimulating pep-
tides elute as multiple peaks in HPLC analysis of cell extracts,
raising questions of their origin (32, 47, 48). The best charac-
terized examples of these is the CD81 2C CTL clone specific
for the octapeptide (p2Ca) that is derived from a-ketogluta-
rate dehydrogenase (aKGDH) and is presented by the Ld
MHC class I molecule (7, 49). Interestingly, in addition to the
p2Ca peptide peak, most tissues contain two additional peaks,
and the liver contains three peaks of 2C-stimulating activity
(42). In remarkable feats of purification, the active peptides in
two of these peaks were identified and found to represent
analogues of the p2Ca peptide; one with eight additional
N-terminal residues and the other with a single amino acid
substitution within the p2Ca peptide (42, 49). Thus multiple
T-cell-stimulating peaks in HPLC-fractionated cell extracts
can correspond to either proteolytic intermediates or to sub-
stituted peptide analogues.
Given that AFV8 is derived from the MMTV env gene and

that mice carry several endogenousMMTV proviral sequences
(35), it was possible that additional peaks might correspond to

FIG. 1. Isolation of KZ30.6 T-cell-stimulating antigen gene,
39G3.9, by expression cloning. (A) Pools of an EL-4 cDNA library
were transiently transfected into Kb-COS cells in 96-well plates. Two
days later lacZ-inducible KZ30.6 T cells were added to the wells and
after an overnight incubation, assayed for the induction of lacZ activity
measured by the color change due to conversion of the CPRG
substrate. Representative absorbance data is shown for a single 96-well
plate containing the postive pool 39G3 that was selected for further
fractionation. (B) DNA from individual bacterial colonies of the pool
39G3 were assayed for their ability to stimulate KZ30.6 T-cell re-
sponse. Plasmid 39G3.9 was active in generating the KZ30.6-
stimulating ligand and was selected for further analysis.
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AFV8 analogues derived from other MMTV integrants. In-
deed the peptide ANHDFICV (AFV8-H) was homologous to
the AFV8 (ANYDFICV) sequence in the closest database
match M11024, to the 39G3 cDNA clone. Yet, transfection of
the AFV8-H construct encoding these residues into Kb-COS
cells did not yield any detectable KZ30.6-stimulating activity
(Fig. 2A and B). Thus despite the fact that theM11024MMTV
env gene is expressed in the same EL-4 cells (34) and that the
AFV8-H peptide differs fromAFV8 in only a single amino acid
residue, it was unable to stimulate KZ30.6 T cells and thus
cannot account for the KZ30.6-stimulating activity in the first
HPLC peak. The identity and the origin of the first HPLC peak
thus remains to be determined.
The Expression of AFV8yKb Complex Requires TAP and Is

Not Detected on Normal Spleen Cells. Most naturally pro-
cessed peptides presented by MHC class I molecules are
generated in the cytoplasm via the proteasome (50, 51) and
transported into the ER by the TAP transporter (52, 53). Yet
some proteins that are translocated into the ER can yield
peptideyMHC I complexes despite the absence of TAP (54–
56), while others exhibit a strict requirement for TAP transport
(18, 57). Because the AFV8 peptide is located within the

lumenal region (aa 544–551) of the gp73 precursor that is
cotranslationally translocated into the ER, we asked whether
the generation of the AFV8yKb complex required the TAP
transporter. Both EL-4 and the RMA cells strongly stimulated
KZ30.6 T cells, indicating that the KZ30.6 ligand was ex-
pressed on both tumor cells (Fig. 4). However, the TAP-
negative RMAyS cells as well as normal syngeneic B6 spleen
failed to stimulate KZ30.6 T cells. Because the RMAyS and
normal spleen cells could stimulate KZ30.6 T cells in presence
of exogenously added AFV8 peptide demonstrates that they
were capable of presenting the AFV8yKb ligand. Thus the
generation of AFV8yKb ligand is TAP-dependent and is
consistent with the notion that processed peptides from ER-
translocated proteins are nevertheless generated in the cyto-
plasm (57). Interesting mechanisms for this phenomenon may
involve either retention of a fraction of nascent translated
products in the cytoplasm or retrieval of translocated proteinsy
peptides from the ER (58, 59).
Why normal spleen cells fail to stimulate KZ30.6 T cells is

intriguing. Given the origin of the AFV8 peptide in theMMTV
env gene, and that B6 mice contain four endogenously inte-
grated MMTVs (Mtv-8, -9, -17, and -30) suggests that the env

FIG. 2. KZ30.6 T cells recognize the 39G3.9 encoded octapeptide AFV8yKbMHC complex. (A) Schematic representation of the cDNA 39G3.9
and its derivative expression constructs and their ability to stimulate the KZ30.6 T-cell response. The ORFs of cDNA clone 39G3.9 corresponding
to the env protein and 39 LTR superantigen (SAg) are indicated as well as the potential Kb peptide motifs, Kb1-9 (solid circles). The indicated
deletion constructs were prepared by digestion of 39G3.9 with the Bal-31 exonuclease for 5, 15, or 25 min. Kb1 and Kb2 represent the two Kb binding
octapeptide motifs [XXXX(F,Y)XX(I,L,M,V)] and their amino acid sequence is shown. The p5 and p8 anchor residues are outlined. The peptide
AFV8-H has 1 aa substitution at p3 position (boldface type) of AFV8 sequence. The relative KZ30.6 response to each construct is indicated by
1 or 2. KZ30.6 response to either Kb-COS (B) or Db-COS (C) cells transfected with various concentrations of DNA constructs shown in A. (D)
KZ30.6 response to APCs in presence of various concentrations of synthetic peptides AFV8 or OVA-(257–264) (SL8) or medium alone. KZ30.6
response was measured by the lacZ assay using CPRG. Data points represent average absorbance of replicate wells.
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precursors should be expressed and presented as a peptidey
MHC I complex (60). Furthermore, with the exception of
M11024 discussed above, the known MMTV env sequences do
contain the AFV8 peptide. Thus the explanation for why
normal spleen cells fail to generate the AFV8yKb complex
could lie in differential regulation of the MMTV transcription
as noted in the mammary gland and in T-cell tumors (36, 61).
It is also possible that the processing of the env protein to the
AFV8 peptide may not occur efficiently in splenic APCs.
Which of these possibilities account for the difference in
AFV8yKb expression in normal spleen versus the EL-4 or
RMA tumor cells is presently unknown but can be distin-
guished by analysis of MMTV env gene expression and pro-
cessing of the env gene product(s) in different cell types. Note

that the lack of detectable AFV8yKb complex in syngeneic B6
mice could allow the generation of EL-4 (or RMA) tumor-
specific T-cell responses in immunized B6 mice.
The Kb30 CTL clone was derived 6 years ago by immunizing

a B10.D2 mouse with EL-4 tumor cells. Of the 41 clones
obtained from this mouse, 3 were EL-4-specific and did not
recognize normal spleen cells. Although the other two clones
were no longer available, screening other EL-4-specific CTLs
revealed that clones Kb35 and AB-1 were also specific for the
AFV8yKb ligand (data not shown). Because these CTL clones
were independently derived from the (B10.D2 3 B10.BR)F1
and BALByc mice, respectively, strongly suggests that the
AFV8yKb complex is frequently recognized by EL-4-specific
CTL clones.
In conclusion, we have demonstrated a novel expression

cloning strategy by defining a specific T-cell-stimulating anti-
genic peptideyMHC complex expressed in EL-4 tumor cells.
The identity of the peptide, the precursor MMTV env gene,
and its relationship to naturally processed peptides in normal
and in EL-4 and other tumor cells provide models for study of
antigen processing, as well as immunological approaches to
intervention of tumor growth.
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FIG. 3. Naturally processed peptide in EL-4 cell extract coelutes
with synthetic AFV8 in HPLC analysis. (A) Small molecular weight
material in a 0.1% TFA extract of 6 3 107 EL-4 cell equivalents was
fractionated on a C18 reverse-phase column by HPLC using an
acetonitrile gradient. Fractions were collected at 1-min intervals,
dried, resuspended, and tested for activity using Kb-L cells as APCs.
KZ30.6 response was measured by the lacZ activity as described in Fig.
1. (B) HPLC fractions from synthetic AFV8 peptide run under
identical conditions were analyzed similarly. Mock runs following
injection of 0.1% TFA alone were performed prior to each sample and
analyzed in parallel to ensure absence of cross-contamination between
sample runs.

FIG. 4. Generation of the KZ30.6 stimulating ligand is TAP-
dependent. Various numbers of indicated cell lines or normal B6
spleen cells were used as APCs to stimulate KZ30.6 T cells in absence
or presence of 10 nM AFV8 peptide. RMA is a tumor cell line from
B6 mice, and RMAyS is its TAP2 derivative. KZ30.6 response was
measured by the lacZ assay as described in Fig. 1.
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