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Peptide elution and expression cloning methods have been used
to identify T cell-recognized antigens for which no molecular in-
formation is available. We identified a unique tumor antigen pep-
tide pRL1a, IPGLPLSL that is recognized by CTL on BALB/c RLJ"1
leukemia by peptide elution. The sequence of the peptide corre-
sponded to the normally untranslated 5’ region of akt. Cytotoxic-
ity was generated in BALB/c spleen cells by in vivo and in vitro
sensitization with pRL1a peptide in the form of multiple antigen
peptide (MAP), but not the original form. pRL1a MAP immuniza-
tion had a significant growth-inhibitory effect. pRL1a MAP was
mostly internalized into the endosomal compartment of antigen-
presenting cells, leaked to the cytosol, and degraded, and the
pRL1a peptide produced was presented through the MHC class |
pathway. In vivo depletion of CD4 T cells from tumor-inoculated
BALB/c mice caused RLJ'1 regression. Overexpression of the
RLakt molecule seemed to induce CD4 immunoregulatory cells,
which resulted in progressive RL3"1 growth in BALB/c mice. In
vivo administration of anti-CD25 mAb (PC61) caused regression of
RLd'1, suggesting that CD4+*CD25* immunoregulatory cells were
involved in the tumor growth. Recently, we improved the sensi-
tivity and the efficacy of T cell antigen cloning from cDNA expres-
sion libraries by using large- and small-scale ELISPOT assays.
Using the IFN-y ELISPOT method, we obtained a cDNA clone S35
of 937 bp recognized by AT-1 CTL on BALB/c Meth A sarcoma.
S35 was a part of the retinoic acid-regulated nuclear matrix-asso-
ciated protein (ramp). AT-1 CTL recognized the peptide LGAE-
AIFRL, which was derived from a newly created open reading
frame due to the exon 14 extension. (Cancer Sci 2003; 94: 931-
936)

Tumor rejection antigens were first found on methylcholan-
threne-induced fibrosarcomas in mice.!~> Immunization of
syngeneic mice with a tumor was shown to render these mice
resistant to successive challenge by the same tumor. Studies on
adoptive transfer showed that the tumor rejection response is
mediated by T cells.>” CD8 T cells are predominantly respon-
sible for rejection, while CD4 T cells are involved to various
extents, depending on the tumor. It is generally accepted that
CD4 T cells help CD8 CTL precursors (pCTL) to differentiate
into effector cells.*® CD8 and CD4 T cells recognize the pep-
tide derived from intracellular and extracellular proteins pre-
sented on major histocompatibility complex (MHC) class I and
class II molecules, respectively.

Radiation-induced leukemia and methylcholanthrene-induced
sarcoma occur after long latency and have been used as model
tumors of human malignancies. RLJ'l is a radiation-induced
leukemia'® and Meth A is a methylcholanthrene-induced sar-
coma in BALB/c mice.!” Both those tumors were established
in 1963 by Lloyd J. Old and have been widely used for the
study of tumor immunology in many laboratories. Here, we de-
scribe the identification of the antigens on RLd'l and Meth A
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recognized by CTL and the host immune responses to those an-
tigens. Involvement of regulatory CD4+*CD25+* cells in tumor
growth is also described.

The methods for identification of antigen peptides

There are several methods for identifying tumor antigens rec-
ognized by CTL. A genetic approach using recombinant cDNA
expression libraries has been widely used.'>'® Transient trans-
fectants are screened for the ability to stimulate the CTL. Re-
peated screening while lowering the plasmid number in a panel
allows the cloning of the gene encoding the antigen. To define
the region encoding the antigenic peptide, deletion mutants are
prepared. The synthetic peptides which have higher binding
score to the MHC class I molecule are analyzed for sensitiza-
tion of target cells to CTL lysis. Biochemical purification of
peptides from the tumor cells or from the MHC class I mole-
cules of the tumor cells has also been used.!*-'® Peptides de-
rived from tumor cells are fractionated by high-performance
liquid chromatography (HPLC) and then each HPLC fraction is
tested for the ability to sensitize target cells for lysis by the cor-
responding CTL. The active fraction is further purified by
HPLC and sequenced. Lastly, reverse immunology has been
useful. The synthesized candidate peptides, deduced from the
consensus anchor motif for antigen-presenting MHC molecules
in the proteins known to be overexpressed or mutated in tumor
cells, are screened by using T cells.!”'® This method is used es-
pecially for searching CD8 T cell epitopes in the serologically
defined tumor antigen by means of SEREX (serological analy-
sis of antigens by recombinant expression cloning).!”

Of these methods, expression cloning and peptide elution
methods have been preferred to identify T cell-recognized anti-
gens for which no molecular information is available. However,
there are some intrinsic difficulties in applying these methods.
In expression cloning of cDNA libraries, the number of recom-
binant plasmids in a pool should be less than 100, possibly
even less than 50, when CTL sensitivity is low. Therefore to
screen 1x10° recombinant plasmids, a minimum 1000 plasmid
pools must be screened. The assay detects cytokines such as
IFN-y, TNF-a. or GM-CSF released in the culture supernatant
by ELISA. The purification of plasmids from large numbers of
bacterial pools, their transfection, and the subsequent T cell as-
says for cytokines are considerable tasks. Similarly, peptide
elution is technically demanding and it is practically impossible
to obtain a fraction containing a single peptide even after re-
peated HPLC using various phases.?” As a consequence, it has
proven extremely difficult to resolve the reactive peptide se-
quence from contaminating peptide signals. However, the anti-
genic peptide has been obtained from RLJ'l radiation-induced
leukemia, as we reported previously.'® Recently, we improved
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the sensitivity and the efficacy of T cell antigen cloning by us-
ing large- and small-scale ELISPOT assays instead of ELISA
or bioassays to detect cytokines produced by T cells from
cDNA expression libraries (see below).?” By using this new ap-
proach, we succeeded in defining the CTL epitope on methyl-
cholanthrane-induced Meth A sarcoma, as described below.>”

Tumor antigens recognized by CD8 T cells

Since the first discovery by Boon and colleagues,'>!® the list
of antigens recognized by T cells on human and also murine tu-
mors is growing.?* 2 Tumor antigens are classified into several
groups (Table 1). The first group consists of cancer/testis (CT)
antigens encoded by genes that are silent in normal tissues but
expressed in placental trophoblasts and testicular germ cells,
e.g., P1A in murine mastocytoma P815%Y and MAGE? in hu-
man melanomas. The second group consists of differentiation
antigens expressed on tumor cells and also, at least in some
stage of differentiation, on the normal tissue from which the tu-
mor was derived: e.g., TRP2%%27 and tyrosinase.”® The third
group of antigens corresponds to peptides derived from proteins
that are mutated in tumor cells, e.g., ERK2 in murine methyl-
cholanthrene-sarcoma CMS5%” and CDK43” in human mela-
noma. Epitopes produced by unusual events that occurred
during transcription, splicing, or translation have also been
identified in tumors.?” Another group of antigens is those de-
rived from oncogenic, endogenous, or exogenous viruses. Vi-
rally induced mouse tumors and also spontaneous leukemia
LEC3? or carcinogen-induced colon cancer CT263% expressed
viral antigens recognized by CTL.

Most murine and human tumor antigens fall into these cate-
gories, suggesting the relevance of murine tumor models for
studying human cancer antigens.*» Murine tumor models for
which the tumor antigens have been molecularly identified are
extremely useful in helping to establish the basis of
immunotherapy.?> 3¢

Identification of a peptide recognized by CTL on RL&"1

BALB/c RLJ1 is a radiation-induced leukemia.'® It is a
highly immunogenic tumor for BALB/c mice hybridized with
certain mouse strains, in which inocula of RLdJl cells initially
grow, forming a tumor, and then regress.’” Spleen cells from
regressor (BALB/cxC57BL/6)F, (CB6F,) mice generated CD8
CTL after in vitro stimulation. The CTL recognize RLdJ'1, but

not other radiation leukemias, fibrosarcomas, or blasts from
normal lymphoid cells. The findings suggest that there is a
unique antigen on RLJ'1. Adoptive transfer of CTL to BALB/c
nu/nu mice protected the recipient mice from subsequent chal-
lenge with RLJ1 cells.?® In vivo depletion of CD8 T cells abro-
gated the rejection, whereas depletion of CD4 T cells had little
effect.3*40 The finding suggested that the RLJ'1l rejection re-
sponse is mediated by CD8 CTL. We identified a unique tumor
antigen peptide, pRL1, that is recognized by CTL on RLJ'1.1®

The materials of less than 5000 daltons eluted with 0.1% trif-
luoroacetic acid (TFA) from 2.5x10!!' RLJ'1 tumor cells were
fractionated by HPLC and each fraction was then tested for the
ability to sensitize 3'Cr-labeled P815 (H-29) cells for lysis by
RLd'1-specific CTL. The sensitization ability was observed in
two fractions, peak a and peak b, with elution times of 23 and
26 min. After several more HPLC purification procedures, the
amino acid sequences of peptides in the active fractions of
peaks a and b were analyzed by automated Edman degradation.
The octamer peptide IPGLPLSL was identified in peak a, and
the decamer peptide SIIPGLPLSL in peak b. Octapeptide was
eluted from both affinity-purified L¢molecule and whole ex-
tract from RLJ1, and the decapeptide was eluted predomi-
nantly from the whole extract, suggesting that the decamer
peptide is the natural precursor peptide of the octamer pep-
tide.*Y Amino acid sequence homology search using the Na-
tional Biochemical Research Foundation (NBRF) database
showed that the sequences of these peptides correspond to the
normally untranslated 5” region of cakt. 5’-RACE analysis of
the RLJ'l akt (cRLakt) transcript revealed that the murine leu-
kemia virus (MuLV) long terminal repeat (LTR) was inserted
into the first exon (Fig. 1).#? As a consequence, transcription of
the RLakt gene seems to be accelerated by the strong promoter
activity of the LTR sequence. Northern blot analysis demon-
strated higher expression of akt mRNA in RLJ'1 cells than
BALB/c thymocytes.

We raised rabbit antiserum against a synthetic peptide con-
sisting of 16 hydrophilic amino acid residues of the carboxyl
terminus of the Akt protein. On western blot analysis, the anti-
serum reacted with both 59K and 56K molecules in the RLd'1
lysate, but with only 56K molecules in the lysate from BALB/c
thymocytes.*” The expression of the 59K molecules was about
ten times that of normal 56K Akt molecules as judged by densi-
tometric analysis. Rlakt-transfected NIH/3T3 cells exhibited

Table 1. Murine tumor antigens recognized by CTL
Antigen
Antigen Tumor Peptide presenting
molecule
Cancer/testis antigens
P1A P815 (methylcholanthrene-mastocytoma) LPYLGWLVF H-2L¢
Differentiation antigens
TRP-2 B16 (melanoma) VYDFFVWL H-2KP
Antigens resulting from
genetic alteration
connexin-37 Lewis (3LL) (lung carcinoma) FEQNTAQP H-2K®b
DEAD box helicase p68  8101-RE (UV-induced sarcoma) SNFVFAGI H-2KP
Akt (LTR insertion) RLd&'1 (radiation induced leukemia) IPGLPLSL H-2Ld
MAPK ERK2 CMS5 (methylcholanthrene-sarcoma) QYIHSANVL H-2Kd
methionine reductase P815 (methylcholanthrene-mastocytoma) GYCGLRGTGV H-2Kd
ras LEEYSAM H-2K®b
ras GKEEYSAM H-2KP
ras YKLVVVGAV H-2Kd
ramp (exon extension) Meth A (methylcholanthrene-sarcoma) LGAEAIFRL H-2Dd
Viral antigens
gag IAP LEC (spontaneous leukemia) RRKGKYTGL H-2Dk
gag FBL-3 (Friend leukemia) CCLCLTVFL H-2D®
gp70 CT26 (colon carcinoma) SPSYVYHQF H-2Ld
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some characteristic features of the transformed phenotype: an-
chorage-independent growth, and high saturation density, lower
serum requirement for growth, and tumorigenicity in nude
mice.*?

Immunogenicity of pRL1a peptide

We investigated the generation of cytotoxicity in BALB/c
spleen cells by in vivo and in vitro sensitization with pRL1a
peptide either in the original form or in the form of multiple an-
tigen peptide (MAP). BALB/c mice were injected with 100 pg
of pRLI1a or 120 ug of pRL1a MAP into the footpad twice at
an interval of 2 weeks. Two weeks after sensitization, spleen
cells were cultured with pRL1a or pRL1a MAP and cytotoxic-
ity was assayed. No significant cytotoxicity was observed by
sensitization with pRL1a peptide, while sensitization with
pRL1a MAP did generate cytotoxicity.’>

Tumor-protective activity in BALB/c mice was investigated.
BALB/c mice were immunized with 200 or 400 ug of pRL1a
peptide, and with 240 or 480 ug of pRL1a MAP into a footpad
twice at an interval of 2 weeks. One to 2 weeks later, 2x10°
RLJ1 cells were inoculated intradermally into the back of the

untranslated region

BALB/c

TCR 1
Met

. IPGLPLSL| RL S 1
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Fig. 1. The structure of the 5’ region of the RLd'1 c-akt.'* 4" MuLV LTR
was inserted into the 5’-untranslated region of c-akt. Downstream of
the LTR, a stretch of six nucleotides of unknown origin was entailed, in
which an ATG codon was formed in-frame with the c-akt open reading
frame. Peptide pRL1a (IPGLPLSL) derived from the untranslated region
of c-akt was recognized by the RLd&"1-specific CTL.

mice and tumor growth was observed. As shown in Fig. 2, a
significant growth-inhibitory effect was observed with pRL1a
MAP but not with pRL1a.3»

The mechanism of immunogenicity by pRL1a MAP was in-
vestigated. The in vitro sensitization with pRL1a MAP was in-
hibited by the addition of chloroquine (a blocker of
acidification of the endosomal compartment), cycloheximide (a
protein synthesis inhibitor), and blefeldin A (an inhibitor of
protein trafficking from the ER to the Golgi) to the culture, but
not by the addition of inhibitors of lysosomal proteases or pro-
teasome. pRL1a MAP was mostly internalized into the endoso-
mal compartment of dendritic cells, leaked to the cytosol, and
degraded, and the pRL1a peptide produced was presented via
the MHC class I pathway.*¥ The efficient presentation of
pRL1a on Lé-molecule on DC could elicit a protective immune
responses.

We previously demonstrated that as many as 2x10°® RLdJ'1
cells were rejected in CB6F, mice, but no rejection response
occurred in syngeneic BALB/c mice even with inocula of less
than 1x103 cells.*® We investigated the generation of pRLla
peptide-specific CTL in spleen cells from RLd&'1-bearing low-
responder syngeneic BALB/c mice and high-responder semi-
allogeneic CB6F, by H-2L4/pRL1a tetramer staining. The H-2L¢/
pRL1a tetramer binding CD8 T cells were efficiently generated
in spleen cells from CB6F, mice compared to those from
BALB/c mice (Fig. 3).4®

Immune regulation has been shown to be involved in the pro-
gressive growth of some murine tumors. North and Bursuker*”
demonstrated that CD4 T cells from BALB/c mice carrying
syngeneic methylcholanthrene-induced Meth A sarcoma down-
regulated the activation of immune effector cells against the tu-
mor. Similar findings were obtained with other murine tumors.
In vivo depletion of CD4 T cells on day 6 from tumor-inocu-
lated BALB/c mice caused RLdJ'l regression.*>“® Thus, over-
expression of the RLakt molecule seemed to induce CD4
immunoregulatory cells, which resulted in progressive RLd'1
growth in BALB/c mice. In vivo administration of anti-CD25
mAb (PC61) caused regression of RLd'1.# The treatment re-
sulted in a reduction in CD4*CD25* T cells in peripheral lym-
phoid tissues. Similar findings were also obtained with five
leukemias, a myeloma, and two sarcomas derived from four
different inbred mouse strains but not with AKSL2, a spontane-
ous leukemia or RL 28, a radiation-induced leukemia (Fig. 4).*”

pRL1a pRL1a MAP
IPGLPLSL~_|.
IPGLPLSL> ys> Lys
IPGLPLSL
IPGLPLSL IPoLPLSL > LYs Lys. BA-OH
— IF‘GLPLSL>L
£ IPGLPLSL~ -¥® > Lys
= IPGLPLSL™>| g
:, 401 401 IPGLPLSL
[}
@ 30
£
.8
- 204
S
g 1071
Fig. 2. The effect of sensitization with pRL1a or 3
pRL1a MAP on RLd&"1 tumor growth.3® BALB/c ';':' 0-
mice were injected twice in the footpad with @ O 1'0 2'0 3'0
pRL1a peptide, or pRL1a MAP at an interval of 2 ()
weeks. At 1-2 weeks after sensitization, 2x105 = Days after tumor inoculation
RL&'1 cells were inoculated into the backs of the
mice. Each experimental group consisted of five O PBS

mice. Values, mean+SD. * P<0.01. Sensitization
with pRL1a MAP, but not pRL1a caused signifi-
cant growth inhibition of RL&'1 tumor.
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@ pRL1a 200 pg, pRL1a MAP 240 ug
O pRL1a 400 ug, pRL1a MAP 480 ug
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These findings suggested that CD4+CD25* immunoregulatory
cells were involved in the growth of the tumors.

Identification of Meth A antigen recognized by CTL

Meth A is a methylcholanthrene-induced sarcoma in BALB/
¢ mouse.'” The CTL clone AT-1 was derived from Meth A
(sv)-rejected CBOF, spleen cells. AT-1 specifically recognized
parental Meth A, Meth A (p), and the Meth A (sv) variant sen-
sitive for CTL lysis in IFN-y ELISPOT assays. Meth A (sv) but
not Meth A (p) was lysed in a standard 4-h 5'Cr release assay.
Failure of Meth A (p) lysis by CTL appeared to be due to in-
trinsic resistance to lysis, since lysis by anti-allogeneic H-2¢
CTL was also not observed. Meth A antigen specificity of the
AT-1 CTL clone was confirmed since none of the BALB/c me-
thylcholanthrene-sarcomas CMS4, CMS5a, CMSS5j, CMSS,
CMS9 and CMS13, BALB/c radiation leukemia RLdJ'1, or
DBA/2 mastocytoma P815 target was recognized. AT-1 cyto-
toxicity and IFN-y ELISPOTs for Meth A (sv) was CD8-depen-
dent and restricted by H-2D4.

Approximately 4x105 cDNA clones from Meth A (sv)
mRNA were screened by IFN-y ELISPOT assay according to
the ELISPOT method described previously.?? Following three
rounds of screening by large-scale ELISPOT assay and two
rounds of screening by small-scale ELISPOT assay, the cDNA
clone S35 of 937 bp was obtained.”® AT-1 CTL were stimu-
lated with S35-transfected CMS5a, CMS8, CMS13 and H-2D¢,
but not H-2L¢ transfected L cells.

To identify the peptide epitope recognized by AT-1 CTL,
various truncated S35 mutants were prepared and transfected
into CMSS8 cells (Fig. 5A). The 3-prime-truncated S35 nt 1—
700, but not nt 1-665 or nt 1-350, stimulated AT-1 IFN-y pro-
duction. Therefore, we synthesized 9-mer overlapping peptides
covering the region A and tested them for stimulation of AT-1
IFN-y production. However, no stimulation was observed. We

BALBI/c CB6F 4
In vitro stimulation
05 04
none
once
©
2 .
%5 4 times
35
o3
FITC-CD8
Fig. 3. Flow cytometric analysis of pRL1a-specific CD8 T cells.*» Spleen

cells obtained from RLd&'1-bearing BALB/c and CB6F; mice on day 10 af-
ter tumor inoculation were stimulated in vitro once and 4 times with
MMC-treated RLS'1 cells. Staining of cells with PE-H-2L¢/pRL1a tet-
ramer and FITC-CD8 was analyzed with FACScan. The numbers of CD8
T cells stained with H-2L9/pRL1a tetramer were 0.6 and 1.0% in the
spleen cells from RL&'1-bearing BALB/c and CB6F, mice, respectively, af-
ter a single in vitro stimulation. After 4 in vitro stimulations, the num-
bers of tetramer-positive cells were increased to 41% and 92%,
respectively.

then prepared 5-prime-truncated S35 nt 48—700 and nt 443—
700 and tested their stimulatory activity, but no stimulation was
observed with either mutant. We synthesized 9-mer overlapping
peptides covering region B and tested their stimulatory activity.
IFN-vy production by AT-1 CTL was observed after stimulation
by CMS8 pulsed with the peptide p8 (LGAEAIFRL, S35-pep-
tide) corresponding to nt 32-58. AT-1 CTL lysis of CMSS8
pulsed with S35-peptide was detected at 20—30 nM peptide
concentration. The above results indicated that the downstream
sequence spanning nt 665-700 was necessary for the expres-
sion of the S35-peptide. A typical splicing donor site at nt 71
and 72 and an acceptor site at nt 699 and 700 were present in
S35. CMS8 transfected with S35 mutants with disrupted splic-
ing acceptor sites following introduction of A to C at nt 699
and G to A at nt 701 lost the ability to stimulate AT-1 CTL
(Fig. 5A, Exp. IID).

3091 RLM 307 MOPC-70A
BALB/c I BALB/c [z«
20 %l KL
Al
10 ia/*
0 10 20 30 0 10 20 30
307 ASL1 207 AKSL2 ¥
A o AKR
’é‘ 20 5°
= I 101
~ 101
—
T l
1) 1 P . .
e 0 10 20 30 0 10 20
©
©  307RLe8 301 EL4
e 1 BALBIc * C57BL o
E 2041 ; 20- /ﬂgz/f
2 ] -
- ] ] 3
s 10 10
s —J’ﬁ—\H;Bﬁm
s _ i
0o 10 20 30 0 20 40
309 cMS17 307 Meth A
BALB/c * { BALB/c *
20 I L 5 I T
. Al lT
10-{,?3}%111 10 1] i
0 20 40 60 0 20 40 60
Days after tumor inoculation
® PCé61
O PBS
O normal rat IgG
Fig. 4. Effect of administration of anti-CD25 mAb (PC61) on tumor

growth.”® RL&'1 (2x10%), MOPC-70A (5x10%), ASL1 (1x106), AKSL2
(2x10°), RL28 (2x10%), EL4 (1x10°), CMS17 (2x10¢), and Meth A (2x105)
cells were inoculated into the backs of the mice indicated, PBS, normal
rat 1gG, or anti-CD25 mAb (PC61) on day-4. A single administration of
0.25 mg of anti-CD25 mAb (PC61) on day-4 caused regression in six of
the eight tumors.
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A s35-mutant IFNy production by AT-1
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pClneoS35 1-790 1 ] 700 +
pCIneoS354-gg5 11 ] 665 -
pCl-neaS35 1-350 17 a50 -
Exp Il region A
pCl-neo$35 1l ] 937 +
pCl-neoS35 ;o 1l ] 700 +
pCl-neoS35 45.709 481 ] 700 -
’ | E—— -
PCl-neoS3s, . .o _ 443] 700
region B
Exp. 1l 71 700
pCl-neoS35 | e AGIG 1937 +
pCl-neoS35 m [Tat S 1 937 -
699 A-C, 701 G-A
pCl-neo -
exon 13 exon 14 exon 15
Normal ramp 5 ——{Z—— 7 3
535 cDNA (937 bp)
exon 13 extended exon 14 exon 15
S3571 S35700
VaN SB/IZAy . S35722
MethAramp g [T - 11— 3
*
epitope
Fig. 5. Localization of the nucleotide sequence in S35 coding for the

antigenic peptide and genomic structure of extended exon 14 of Meth
A ramp.>® A: The deleted fragments amplified by PCR were cloned in
pClneo vector with EcoRl and Sall sites and then transfected into CMS8
cells. IFN-y production by AT-1 CTL was measured by ELISA. Mutations
at nt 699 (A to C) and nt 701 (G to A) in experiment Ill were introduced
by the use of site-directed mutagenesis kits. B: The exons and the in-
trons are represented as boxes and lines, respectively. ORFs are shown
in shaded boxes. * shows the location of the antigenic epitope. The nt
12 in the S35 cDNA clone shows the location of the newly created start
codon in the extended exon 14. The nucleotide numbers 71 and 700 in
S35 represent splicing donor and acceptor sites, respectively, in the
Meth A ramp.

Analysis of cDNA that coded for the antigen recognized by AT-1 CTL

According to a GenBank BLAST search, nt 700—-811 of S35
showed 86% homology to a region of the human retinoic acid-
regulated nuclear matrix-associated protein (ramp) gene’V, sug-
gesting that S35 is a part of a mouse homolog of ramp. From
Meth A (p) cDNA, ~2.5 and 3.8 kb RT-PCR products were ob-
tained using human ramp nt 124—145 as the 5’-primer and S35
nt 923-937 as the 3’-primer. The nucleotide sequence in the
~2.5 kb PCR product was the same as that in the 3.8 kb PCR
product except for lacking nt 2207-3568. The nucleotide se-
quence and the deduced amino acid sequence of the ~2.5 kb
products showed 85% and 89% homology, respectively, to hu-
man ramp, spanning exon 1 to 15. Several mouse ESTs with
homology to this sequence, but not to nt 2207-3568, were
identified in the 3.8 kb product. The selective deletion spanning
nt 2207-3568 suggests that this region was an intronic se-
quence between exon 14 and 15. Therefore, the 3.8 kb PCR
product appeared to be derived from an immature mRNA
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which contain a splicing donor site and an acceptor site for fur-
ther splicing. These results indicated that ramp mRNA with ex-
tended exon 14 was expressed in Meth A (Fig. 5B). The newly
created ORF from nt 12—722 of S35 contained the epitope se-
quence.

The ramp mRNA expression was examined by RT-PCR. The
normally spliced ramp mRNA was overexpressed, but the exon
14 extension occurred only rarely in Meth A. The ramp mRNA
expression was observed strongly in testis and weakly in adre-
nal gland, esophagus and ovary in normal tissues. Its overex-
pression was observed in all tumor cell lines examined,
including 3 other methylcholanthrene-sarcomas, CMS5a,
CMSS8 and CMS13, a radiation leukemia RL male 1 and three
RadLV-induced leukemias RVA, RVC and RVD, and a masto-
cytoma P815. No expression of exon 14-extended variant ramp
was observed in those tumors.

BALB/c mice immunized with the tumor showed resistance
to tumor growth, and the immunity was predominantly due to
CD8 T cells with help from CD4 T cells. We anticipate that ef-
fective induction of protective immune responses against tumor
could be achieved through synergism of antigen peptides for
CDS8 T cells and CD4 T cells. Ono et al. showed that the ribo-
somal protein L11 was the dominant antigen in the humoral im-
mune response against Meth A by serological analysis by
SEREX.’» Matsutake et al. then showed that CD4 T cells gen-
erated through stimulation with Meth A recognized L11 that
was mutated.’?

Conclusions and perspectives

We have described the identification of CTL epitopes on mu-
rine leukemia RLJ'1 and sarcoma Meth A. Since these tumors
were established in 1963, they have been used in many labora-
tories for the study of tumor immunology. Both are immuno-
genic. Our studies revealed CTL recognizing peptide antigens
derived from akt and ramp on RLJ'l and Meth A, respectively.
Although CD8 CTL have been shown to be involved predomi-
nantly in tumor rejection, CD4 helper and regulatory T cells
were also shown to play crucial roles in controlling the out-
come for the growing tumor. In this regard, defining CD4 T cell
epitopes and analysis of CD4 T cell responses in tumor growth
are important. As we described briefly in the case of Meth A,
the SEREX approach seems promising for defining CD4 T cell
epitopes. Another important issue with regard to tumor antigens
is multiplicity and dominance. With RLd'l, pRL1a was appar-
ently the dominant antigen. There were several other less domi-
nant antigens recognized by CTL on RLdJ'1 which became
evident when pRL1a antigen was experimentally diminished.
Meth A S35 antigen could be one of the several less dominant
antigens. Thus, characterization of all tumor antigens is impor-
tant to reveal overall host immune response against tumor. Only
studies with tumors expressing known T cell epitopes are able
to provide us with information relevant to immunotherapy for
cancer patients.

This work was supported in part by a Grant-in-Aid for Scientific Re-
search on Priority Areas from the Ministry of Education, Culture,
Sports, Science and Technology of Japan, and the Cancer Research In-
stitute, New York.

4. Old LJ, Boyse EA, Clarke DA, Carswell EA. Antigenic properties of chemi-
cally induced tumors. Ann N Y Acad Sci 1962; 101: 80-106.

5. Prehn RT, Main JM. Immunity to methylcholanthrene-induced sarcomas. J
Natl Cancer Inst 1957; 18: 769-78.

6. Greenberg PD. Adoptive T cell therapy of tumors: mechanisms operative in
the recognition and elimination of tumor cells. Adv Immunol 1991; 49: 281—
355.

Cancer Sci | November 2003 | vol.94 | no.11 | 935



10.

11.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

936

. Melief CIM. Tumor eradication by adoptive transfer of cytotoxic T lympho-

cytes. Adv Cancer Res 1992; 58: 143-75.

. Rosenberg AS, Mizuochi T, Sharrow SO, Singer A. Phenotype, specificity,

and function of T cell subsets and T cell interactions involved in skin al-
lograft rejection. J Exp Med 1987; 165: 1296-315.

. Singer A, Munitz TI, Golding H, Rosenberg AS, Mizuochi T. Recognition

requirements for the activation, differentiation and function of T-helper cells
specific for class I MHC alloantigens. Immunol Rev 1987; 98: 143-70.

Sato H, Boyse EA, Aoki T, Iritani C, Old LJ. Leukemia-associated transplan-
tation antigens related to murine leukemia virus. The X.1 system: immune re-
sponse controlled by a locus linked to H-2. J Exp Med 1973; 138: 593-606.
DeLeo AB, Shiku H, Takahashi T, John M, Old LJ. Cell surface antigens of
chemically induced sarcomas of the mouse. I. Murine leukemia virus-related
antigens and alloantigens on cultured fibroblasts and sarcoma cells: descrip-
tion of a unique antigen on BALB/c Meth A sarcoma. J Exp Med 1977; 146:
720-34.

. Van der Bruggen P, Traversari C, Chomez P, Lurquin C, De Deplaen E, Van

der Eynde B, Knuth A, Boon T. A gene encoding an antigen recognized by
cytolytic T lymphocytes on a human melanoma. Science 1991; 254: 1643-7.

. Van den Eynde B, Lethe B, Van Pel A, De Plaen E, Boon T. The gene coding

for a major tumor rejection antigen of tumor P815 is identical to the normal
gene of syngeneic DBA/2 mice. J Exp Med 1991; 173: 1373-84.

Cox AL, Skipper JCA, Chen Y, Henderson RA, Darrow TL, Shabanowitz J,
Engelhard VH, Hunt DF, Slingluff CL Jr. Identification of a peptide recog-
nized by five melanoma-specific human cytotoxic T cell lines. Science 1994,
264: 716-9.

Mandelboim O, Berke G, Fridkin M, Feldman M, Eisenstein M, Eisenbach
L. CTL induction by a tumor-associated antigen octapeptide derived from a
murine lung carcinoma. Nature 1994; 369: 67-71.

Uenaka A, Ono T, Akisawa T, Wada H, Yasuda T, Nakayama E.
Identification of a unique antigen peptide pRL1 on BALB/c RLd'1 leukemia
recognized by cytotoxic T lymphocytes and its relation to the Akt oncogene.
J Exp Med 1994; 180: 1599-607.

Jager E, Chen YT, Drijthout JW, Karbach J, Ringhoffer M, Jager D, Arand
M, Wada H, Noguchi Y, Stockert E, Old LJ, Knuth A. Simultaneous humoral
and cellular immune response against cancer-testis antigen NY-ESO-1: defi-
nition of human histocompatibility leukocyte antigen (HLA)-A2-binding
peptide epitopes. J Exp Med 1998; 161: 265-70.

Gnjatic S, Nagata Y, Jager E, Stockert E, Shankara S, Roberts BL, Mazzara
GP, Lee SY, Dunbar PR, Dupont B, Cerundolo V, Ritter G, Chen YT, Knuth
A, Old LJ. Strategy for monitoring T cell responses to NY-ESO-1 in patients
with any HLA class I allele. Proc Natl Acad Sci USA 2000; 97: 10917-22.

. Sahin U, Tureci O, Schmitt H, Cochlovius B, Johannes T, Schmits R,

Stenner F, Luo G, Schobert I, Pfreundschuh M. Human neoplasms elicit mul-
tiple specific immune responses in the autologous host. Proc Natl Acad Sci
USA 1995; 92: 11810-3.

Shastri N. Needles in haystacks: identifying specific peptide antigens for T
cells. Curr Opin Immunol 1996; 8: 271-7.

Uenaka A, Hata H, Win S, Ono T, Wada H, Nakayama E. ELISPOT cloning
of tumor antigens recognized by cytotoxic T-lymphocytes from a cDNA ex-
pression library. Cancer Immun 2001; 1: 8.

Van den Eynde BJ, van der Bruggen P. T cell defined tumor antigens. Curr
Opin Immunol 1997; 9: 684-93.

Van der Bruggen P, Zhang Y, Chaux P, Stroobant V, Panichelli C, Schultz E,
Chapiro J, Van den Eynde BJ, Brasseur F, Boon T. Tumor-specific shared an-
tigenic peptide recognized by human T cells. Immunol Rev 2003; 188: 51-64.
Lethe B, van den Eynde B, van Pel A, Corradin G, Boon T. Mouse tumor re-
jection antigen P815A and P815B: two epitopes carried by a single peptide.
Eur J Immunol 1992; 22: 2283 -8.

Traversari C, van der Bruggen P, Luescher IF, Lurquin C, Chomez P, Van Pel
A, De Plaen E, Amar-Costesec A, Boon T. A nonapeptide encoded by hu-
man gene MAGE-1 is recognized on HLA-A1 by cytolytic T lymphocytes
directed against tumor antigen MZ2-E. J Exp Med 1992; 176: 1453-7.
Bloom MB, Perry-Lalley D, Robbins PF, Li Y, el-Gamil M, Rosenberg SA,
Yang JC. Identification of tyrosinase-related protein 2 as a tumor rejection
antigen for the B16 melanoma. J Exp Med 1997; 185: 453-9.

Wang RF, Appella E, Kawakami Y, Kang X, Rosenberg SA. Identification of
TRP-2 as a human tumor antigen recognized by cytotoxic T lymphocytes. J
Exp Med 1996; 184: 2207-16.

Wolfel T, Van Pel A, Brichard V, Schneider J, Seliger B, Meyer zum Bus-
chenfelde K-H, Boon T. Two tyrosinase nonapeptides recognized on HLA-
A2 melanomas by autologous cytolytic T lymphocytes. Eur J Immunol 1994;
24: 759-64.

Ikeda H, Ohta N, Furukawa K, Miyazaki H, Wang L, Kuribayashi K, Old LJ,
Shiku H. Mutated mitogen-activated protein kinase: a tumor rejection anti-
gen of mouse sarcoma. Proc Natl Acad Sci USA. 1997; 94: 6375-9.

Wolfel T, Hauer M, Schneider J, Serrano M, Wolfel C, Klehmann-Hieb E,
De Plaen E, Hankeln T, Meyer zum Buschenfelde KH, Beach D. A
p16INK4a-insensitive CDK4 mutant targeted by cytolytic T lymphocytes in
a human melanoma. Science 1995; 269: 1281-4.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

51.

52.

Mayrand SM, Green WR. Non-traditionally derived CTL epitopes: excep-
tions that prove the rules? Immunol Today 1998; 19: 551-6.

De Bergeyck V, De Plaen E, Chomez P, Boon T, Van Pel A. An intracisternal
A-particle sequence codes for an antigen recognized by syngeneic cytolytic
T lymphocytes on a mouse spontaneous leukemia. Eur J Immunol 1994; 24:
2203-12.

Huang AY, Gulden PH, Woods AS, Thomas MC, Tong CD, Wang W,
Engelhard VH, Pasternack G, Cotter R, Hunt D, Pardoll DM, Jaffee EM. The
immunodominant major histocompatibility complex class-I-restricted anti-
gen of a murine colon tumor derives from an endogenous retroviral gene
product. Proc Natl Acad Sci USA 1996; 93: 9730-5.

Jaffiee EM, Pardoll DM. Murine tumor antigens: is it worth the search? Curr
Opin Immunol 1996; 8: 622-7.

Manki A, Ono T, Uenaka A, Seino Y, Nakayama E. Vaccination with multi-
ple antigen peptide as rejection antigen peptide in murine leukemia. Cancer
Res 1998; 58; 1960-4.

Markiewicz MA, Fallarino F, Ashikari A, Gajewski TF. Epitope spreading
upon P815 tumor rejection triggered by vaccination with the single class I
MHC:-restricted peptide P1A. Int Immunol 2001; 13: 625-32.

Nakayama E, Shiku H, Takahashi T, Oettgen HF, Old LJ. Definition of a
unique cell surface antigen of mouse leukemia RLJ'1 by cell-mediated cyto-
toxicity. Proc Natl Acad Sci USA 1979; 76: 3486-90.

Keyaki A, Kuribayashi K, Sakaguchi S, Masuda T, Yamashita J, Handa H,
Nakayama E. Effector mechanism of syngeneic anti-tumor responses in
mice. II. Cytotoxic T lymphocytes mediate neutralization and rejection of ra-
diation-induced leukemia RLJ'l in the nude mouse system. Immunology
1985; 56: 141-51.

Nakayama E, Uenaka A. Effect of in vivo administration of Lyt antibodies.
Lyt phenotype of T cells in lymphoid tissues and blocking of tumor rejec-
tion. J Exp Med 1985; 161: 345-55.

Udono H, Mieno M, Shiku H, Nakayama E. The roles of CD8* and CD4+*
cells in tumor rejection. Jpn J Cancer Res 1989; 80: 649—54.

Ono T, Uenaka A, Nakayama E. Production of murine leukemia RLJ'1 rejec-
tion antigen peptide pRL1a by proteolysis of natural precursor pRLI1b. Jpn J
Cancer Res 1996; 87: 1165-70.

Wada H, Matsuo M, Uenaka A, Shimbara N, Shimizu K, Nakayama E.
Rejection antigen peptides on BALB/c RLd'1 leukemia recognized by cyto-
toxic lymphocytes: derivation from the normally untranslated 5" region of
the Akt proto-oncogene activation by long terminal repeat. Cancer Res 1995;
55; 4780-3.

Tanino M, Matsuo M, Uenaka A, Tsukuda K, Ouchida M, Nakayama E,
Shimizu K. Transforming activity of the RL-akt gene, a c-akt gene activated
by long terminal repeat insertion in murine leukemia RLd'1 cells. Mol Car-
cinog 1999; 26: 286-97.

Ota S, Ono T, Morita A, Uenaka A, Harada M, Nakayama E. Cellular pro-
cessing of a multibranched lysine core with tumor antigen peptides and
presentation of peptide epitopes recognized by cytotoxic T lymphocytes on
antigen presenting cells. Cancer Res 2002; 62: 1471-6.

Matsuo M, Wada H, Honda S, Tawara I, Uenaka A, Kanematsu T, Nakayama
E. Expression of multiple unique rejection antigens on murine leukemia
BALB/c RLd'l and the role of dominant Akt antigen for tumor escape. J Im-
munol 1999; 162: 6420-5.

Hata H, Uenaka A, Takada I, Kenjo A, Takahashi M, Ono T, Fujita T,
Nakayama E. Occurrence of tumor antigen pRL1a specific CD8 T cells in
spleen cells from syngeneic BALB/c, semiallogeneic (BALB/cxC57BL/
6)F, and allogeneic C57BL/6 mice. Int J Oncol 2002; 20: 1019-25.

North RJ, Bursuker I. Generation and decay of the immune response to a
progressive fibrosarcoma. I. Ly-1*2- suppressor T cells down-regulate the
generation of Ly-1-2+ effector T cells. J Exp Med 1984; 54: 1295-311.
Tawara I, Take Y, Uenaka A, Noguchi Y, Nakayama E. Sequential involve-
ment of two distinct CD4+ regulatory T cells during the course of transplant-
able tumor growth and protection from 3-methylcholanthrene-induced
tumorigenesis by CD25-depletion. Jpn J Cancer Res 2002; 93: 911-6.
Onizuka S, Tawara I, Shimizu J, Sakaguchi S, Fujita T, Nakayama E. Tumor
rejection by in vivo administration of anti-CD25 (interleukin-2 receptor)
monoclonal antibody. Cancer Res 1999; 59: 3128-33.

Uenaka A, Hirano Y, Hata H, Sanda W, Aji T, Tanaka M, Ono T, Skipper
JCA, Shimizu K, Nakayama E. Cryptic epitope on a murine sarcoma Meth A
generated by exon extension as a novel mechanism. J Immunol 2003; 170:
4862-8.

Cheung WM, Chu AH, Chu PW, Ip NY. Cloning and expression of a novel
nuclear matrix-associated protein that is regulated during the retinoic acid-
induced neuronal differentiation. J Biol Chem 2001; 276: 17083-91.

Ono T, Sato S, Kimura N, Tanaka M, Shibuya A, Old LJ, Nakayama E.
Serological analysis of BALB/c methylcholanthrene sarcoma Meth A by
SEREX: identification of a cancer/testis antigen. Int J Cancer 2000; 88:
848-51.

. Matsutake T, Srivastava PK. The immunoprotective MHC 1II epitope of a

chemically induced tumor harbors a unique mutation in a ribosomal protein.
Proc Natl Acad Sci USA 2001; 98: 3992-7.

Uenaka and Nakayama



	Murine leukemia RL1 and sarcoma Meth A antigens recognized by cytotoxic T lymphocytes (CTL)
	�Akiko �Uenaka and �Eiichi �Nakayama
	Department of Immunology, Okayama University Graduate School of Medicine and Dentistry, 2-5-1 Shi...
	The methods for identification of antigen peptides
	Tumor antigens recognized by CD8 T cells
	Identification of a peptide recognized by CTL on RL1
	Immunogenicity of pRL1a peptide
	Identification of Meth A antigen recognized by CTL
	Analysis of cDNA that coded for the antigen recognized by AT-1 CTL
	Conclusions and perspectives




