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Abstract Mass spectrometric analysis identified the pep-
tide recognized by a cytotoxic T lymphocyte (CTL) specific
for the chemically induced BALB/c Meth A sarcoma as
derived from a 17f-hydroxysteroid dehydrogenase type 12
(Hsd17b12) pseudogene present in the BALB/c genome, but
only expressed in Meth A sarcoma. The sequence of the
peptide is TYDKIKTGL and corresponds to Hsd17b12; 412
with threonine instead of isoleucine at codon 114 and is des-
ignated Hsd17b12'"'*T. Immunization of mice with an
Hsd17b12""*" peptide-pulsed dendritic cell-based vaccine or
a non-viral plasmid construct expressing the Hsd17b12''*T
peptide protected the mice from lethal Meth A tumor chal-
lenge in tumor rejection assays. A Hsd17b12,4_12, peptide-
pulsed vaccine was ineffective in inducing resistance in mice
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to Meth A sarcoma. These results confirm the immunoge-
nicity of the identified tumor peptide, as well as demonstrate
the efficacies of these vaccine vehicles. These findings suggest
that the role of the human homolog of Hsd17b12, HSD17B12,
as a potential human tumor antigen be explored.
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Introduction

A goal of experimental tumor immunology for many years
was the molecular characterization of highly restricted or
unique tumor rejection antigens (TRA) of experimentally
induced murine tumors in order to identify comparable
human tumor antigens [1-5]. As tumor rejection is primarily
mediated by CD8' CTL, the application of advanced
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molecular biological and biochemical approaches to identify
CTL-defined tumor antigens (TA) in murine and human
tumors has been highly successful, as evidenced by the large
number of TA have been identified [6—8]. The majority are
non-mutated gene products either overexpressed or dere-
pressed in tumors relative to normal tissues. They are shared
or common TA. In contrast, the few highly restricted TA
identified consist of a relatively random array of mutated
gene products [8]. The clinical potential of targeting large
populations of patients with “common” cancer vaccines
dampened enthusiasm for identifying highly restricted CTL-
defined TRA in tumors, whether of mouse or human origin,
since they would require preparation of “custom made”
vaccines and have limited clinical value. However, a large
subset of shared human TA are “self” antigens, and immu-
notherapy targeting them have not yielded the expected
beneficial clinical responses. While there are many reasons
for the overall lack of clinical success in implementing cancer
vaccines, new approaches are being applied for their use in
immunotherapy of cancer [9, 10]. There still exists, however,
evidence that not all T-cell defined TA are functional in tumor
rejection and that identifying TA capable of contributing to
tumor rejection in mouse tumor models might still benefit the
development of human cancer vaccines [11, 12].

The chemically induced BALB/c Meth A sarcoma is a
well-characterized mouse tumor that has been extensively
used in numerous preclinical studies that involve nearly all
aspects of tumor immunology, including identification of
TRA. Several unrelated, highly restricted, T-cell-defined
TRA of the Meth A sarcoma have been identified. These
include mutant p53, ribosomal L11 and retinoic acid-reg-
ulated nuclear matrix-associated protein (ramp) peptides
[13-15]. Of the three, however, only p53 has had any
significant translational value relative to the development
and implementation of cancer vaccines and immunother-
apy of human cancer. In the case of p53, however, the
emphasis has been on targeting wild type sequence p53
peptides derived from genetically altered p53 molecules in
tumors rather than individual mutations [16, 17].

The newest addition to the list of CTL-cell defined Meth
A TRA is the tumor peptide detailed in this report, which
was identified and sequenced by mass spectrometry anal-
ysis of a fraction of H2-K%associated-Meth A peptides
containing the bioactive species recognized by a cloned
H2-Kd-resticted, Meth A-specific CD8' T cell line [18],
and the source assigned to a 17f-hydroxysteroid dehy-
drogenase type 12 (Hsd17b12) pseudogene product, which
is expressed in Meth A sarcoma only. The efficacy of
vaccines comprised of the identified Meth A tumor peptide
pulsed on dendritic cells or a DNA vaccine consisting of a
non-viral plasmid construct encoding the tumor peptide
confirmed its functional activity as a TRA in Meth A
rejection assays.
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Materials and methods
Mice, tumors and cell lines

BALB/cJ and CB6F1/J female mice purchased from The
Jackson Laboratories (Bar Harbor, ME) were maintained in
a specific pathogen-free facility. All the studies using these
mice were reviewed and approved by the University of
Pittsburgh Institutional Animal Care and Use Committee.
The Meth A sarcoma, the Meth A4R variant, and the CMS
series of 3-methylcholanthrene (3-MC) induced BALB/c
sarcoma and cell lines from them have been previously
described [2, 3, 16, 18]. The T2 and T2-K® cell lines
were obtained from Dr. Walter Storkus (University of
Pittsburgh).

Adoptive transfer of tumor-bearing mice
with Meth A-specific CTL

Pulmonary metastases were induced in irradiated (500 rad)
BALB/cJ and CB6F1/J mice by i.v. injection of 1 x 10°
Meth A or 1 x 10° CMS4 sarcoma/l ml HBSS, in a pro-
cedure comparable to that described by Shu et al. [19].
Administration of these numbers of tumor cells yielded
approximately 250 discernible pulmonary metastases
(~50 tumors/lung lobe) 14 days later; an amount suffi-
cient for statistically determining the efficacy of adoptive
transfer of lymphocytes on tumor growth. The Meth A- and
CMS4-specific CTL cell lines were generated and
cloned from in vitro stimulated lymphocytes obtained from
Meth A and CMS4-immune mice, respectively, as previ-
ously described [18]. Both mouse CTL lines have a
CD3"CD4 CD8*NK-1.1" phenotype, and were main-
tained in culture for 3—4 months without significant losses
in antigenic specificity. In subsequent experiments, 3 days
after tumor challenge, Meth A- or CMS4-specifc CTL were
administered i.v. to each mouse through the tail vein, and
60,000 TU IL-2 was given i.p. every 8 h for 5 days. The
mice were sacrificed on day 14, and the number of
metastases determined visually.

Antibodies, peptides and peptide stabilization assay

A rabbit Meth A tumor peptide-specific serum was con-
ventionally prepared using tumor peptide-conjugated KLH
as the immunogen. Sequential Protein A-Sepharose and
peptide-Sepharose chromatography was used to purified
the Meth A peptide-specific antibody. The hybridoma
producing anti-H2-K“ (HB159 monoclonal antibody (mAb)
was obtained from the ATCC. Hybridoma supernatants, as
well as Protein A-Sepharose affinity-purified mAb were
used in the study. Peptides were synthesized using standard
Fmoc chemistry and their sequences confirmed by tandem
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MS. The H2-K%binding affinity of selected peptides was
assessed using T2-K¢ cells in a major histocompatibility
gene complex (MHC) stabilization assay procedure similar
to that reported by Dubey et al. [20].

Cytotoxic assay

The 4 h >'Cr-release cytotoxicity assay as performed at
various E: T cell ratios, as previously described [16].
Briefly, sensitized targets were labeled with 100 mCi
Na3'CrO4 and 1 x 10 target cells plated per well in 96-well
plates and effectors added. % specific lysis was calculated
according to the formula:

% specific lysis = experimental cpm — control cpm/

maximal cpm — control cpm x 100.

Identification and sequence analysis
of the Meth A-specific CTL-defined peptide

H2-K%-peptide complexes were isolated by immunoaffinity
chromatography from cell-free lysates of Meth A sarcoma,
and peptides released from the complexes by addition of
acid and heat denaturation, and separated using a 5 kDa
cutoff filter. The peptides were fractionated by microbore
RP-HPLC using a C18 column (G18-032, Brownlee;
Varian Instruments) and fractions collected every minute
as described by Hendrickson et al. [21]. The gradient
increased from O to 15% B in 5 min, 15 to 60% B in
50 min and 60 to 100% B in 7 min. Solvent A was 1%
hepta-fluoroacetic acid (HFBA) in Nanopure water, solvent
B was 0.085% HFBA in 60% acetonitrile; flow rate 200 pl/
min. An aliquot (1%) of each individual fraction was tested
for reconstituting activity. The active fractions 35 and 36
were individually rechromatographed using trifluoroacetic
acid (TFA) as the ionic modifier.

Candidate peptides present in the bioreactive fractions
were identified by a microcapillary effluent splitting device
which combined the mass spectrometric analysis with the
SCr release assay [22]. Collision-activated dissociation
(CAD) mass spectra were recorded on a TSQ7000 triple
quadrupole mass spectrometer equipped with an electro-
spray ionization source (Finnigan MAT, San Jose, CA,
USA) and microcapillary HPLC essentially as described
[22, 23]. The mass spectral data were interpreted manually
[24]. The peptide co-elution studies [25] were performed to
differentiate between leucine and isoleucine.

Amplification and sequencing of Hsd17b12 cDNA

Oligonucleotide primers specific for Hsdl7b12 cDNA
(accession no. NM_019657) were synthesized at the Uni-
versity of Pittsburgh Cancer Institute Oligonucleotide

Synthesis Facility. The cDNA was generated by RT/PCR
from mRNA derived from total RNA using d(T),¢ and
reverse transcriptase followed by PCR with the following
primers. The forward and reverse primers used for these
analyses were Hsd17b12-s: 5'-GGT TGC GGC CGC AAG
GCC ACC ATG AGC AGG TCC CAA GAT AAA CTG-3;
Hsd17b12-r: 5-TTA CGC GGC CGC GGA TCC TTA
CAT GCC ACT GGC TGA GGA GA-3'. The Hsd17b12-s/
r primers were constructed to be unidirectional by addi-
tional of overhanging sequences at the 5’ and 3’ ends
and generate a 338 bp cDNA product (encoding Hsd17b
12g1_194). RT/PCR and PCR products were purified using
Qiagen kits (Qiagen, Valencia, CA, USA) according to the
manufacturer’s protocols and sequenced at the University
of Pittsburgh Cancer Institute DNA Sequencing Facility.

Peptide-based DC vaccine

Mouse bone marrow-derived DC were generated in the
presence of granulocyte macrophage colony-stimulating
factor and IL-4 [16], incubated with peptides at a con-
centration of 10 pg/ml per 1 x 10° DC/ml CM for 1 h at
37°C, harvested, washed twice PBS, and irradiated before
use.

DNA vaccines

A DNA vaccine consisting of a non-viral plasmid
expressing the Meth A CTL-defined peptide, designated
pCI-Hsd17b12'"*" was prepared by annealing overlapping
synthetic oligonucleotides containing Sal I and Not I
restriction sites, as well as artificial start and stop codons,
extension and insertion into the pCI expression vector
(Promega, Madison, WI, USA). The forward 5'primer was
5'-TCC GCT CGA GCT ACC ATG AGG ACC TAT GAC
AAG ATC-3’and the reverse 3'primer was 5-ATT CTT
AGC GGC CGC TTA AGA ATT CTG GAG CCC GGT
CTT GAT CTT GTC ATA-GGT-3'. In addition to the
restriction sites, the nucleotide fragment contains a Kozac
sequence, a methionine start codon, and additional codons
flanking the epitope at the amino and carboxy terminals of
the epitope to enhance its processing and presentation [26,
27]. As a result, the fragment encodes the sequence,
MRTYDKIKTGLQNS (CTL-defined Meth A peptide
underlined). The accuracy of the construct was confirmed
by its ability to sensitize CMS4 cells to the Meth A CTL, as
determined in an IFNy release assay using a commercially
available ELISA (Endogen, Boston, MA, USA) (data not
shown). Plasmids encoding sequences for the p35 and p40
subunits of murine IL-12, pWRG3169(pCMV-mIL12) and
the Meth A mutant p53 minigene, p53,,5_o35 and the Meth
A p53 codon 234 mutation, pCI-p53™""%, were also used
in these studies [28-31]. Plasmids were grown in E.coli
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strain DH50 and purified using Qiagen Endofree Plasmid
Maxi Kits (Qiagen, Chatsworth, CA, USA). Plasmid DNA
was precipitated onto 1.6 4 gold particles (Bio-Rad,
Richmond, CA, USA) at 60 pg DNA/30 mg particles and
coated onto the inner surface of Tefzel tubing (25 in.
length), and cut into segments of 0.5 in. each.

Meth A tumor rejection assay

Groups of three to five mice each received two weekly i.v.
injections of 1 x 10° peptide-pulsed DC or transfected
biolistically by two shots (2-2.5 pg DNA) from an Helios
Gene Gun (Bio-Rad Laboratories, Hercules, CA, USA)
administered to shaved abdominal skin, and repeated 10—
14 days later [16, 30]. Immunized and control mice were
challenged bilaterally by s.c. injections of in vivo-grown
Meth A sarcoma, 3.5 x 10° cells/site 7—10 days after
the last immunization with either the DC-based or DNA
vaccine, and tumor growth monitored every 4-7 days.
Student’s ¢ test was performed to interpret the differences
between experimental groups presented as mean tumor
area (mm”) = MSE (MTA 4 MSE).

Immunoblot Analysis

Cell free extracts of BALB/c tumors and normal tissues
were prepared using Tris-buffered saline containing 0.1%
NP-40 and the proteins in them separated by SDS-PAGE
electrophoresis. The separated proteins were transferred to
nitrocellulose membranes and blotting with the rabbit Meth
A peptide antiserum using standard methods. Horseradish
peroxidase-conjugated anti-rabbit antibody (Organon
Teknika-Cappel. Durham, NC, USA) was used and blots
developed with using Western Lighting-ECL (Perkin-
Elmer, Shelton, CT, USA).

Results
Meth A-specific CTL defines a highly restricted TRA

To confirm the its designation as a Meth A TRA, adoptive
therapy of mice bearing experimentally induced pulmonary
metastases of Meth A sarcoma with Meth A-specific CD8"
T cells was performed. The BALB/c CMS4 sarcoma is
antigenically distinct from Meth A sarcoma and the reac-
tivity of the CMS4-specific CTL cell line, CTL4-2b, is
restricted to CMS4 (Fig. 1). It does not recognize the Meth
A sarcoma, which in turn is the only tumor recognized by
the Meth A-specific CTL. The effective doses for adoptive
therapy of 3d lung metastases were determined to be
1 x 10° cells Meth A-specific CTL, and 3 x 10° cells
CMS4-specific CTL (data not shown). Adoptive transfer of
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Meth A-specific CTL to tumor-bearing mice eradicated
Meth A metastases, but not CMS4 metastases (Fig. 2). In
contrast, adoptive transfer of CMS4-specific CTL signifi-
cantly reduced CMS4 metastases, but was ineffective
against Meth A. These results confirmed the Meth A-spe-
cific CTL-defined epitope functioning as a highly restricted
and functional TRA.
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Fig. 1 Meth- and CMS4-specific CTL cell lines have highly
restricted cytotoxic activities. The activities of cloned Meth A- and
CMS4-specific CTL against a panel of chemically induced BALB/c
sarcoma target cells at an E/T ratio of 6:1 and 0.5:1, respectively, in
the standard 4 h *'Cr release cytotoxic assay. Asterisk denotes
significance, P < 0.05
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Fig. 2 Meth A-specific CTL is specific for experimentally induced
Meth A pulmonary metastases in adoptive transfer experiments.
Groups of mice were injected i.v. with either Meth A or CMS4
sarcoma and 3d later treated by i.v. injection with IL-2 and either
1 x 10° Meth A-specific CTL or 3 x 10° CMS4-specific CTL, as
indicated. The mice were sacrificed on day 14 and the number of
pulmonary metastases determined visually. Asterisks denote signifi-
cance, P < 0.05
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Mass spectrometric identification of the Meth
A-specific CTL-defined peptide

Previously, a fraction of H2-K%associated peptides iso-
lated from Meth A cells, but not the selected Meth A-
specific CTL-resistant variant of Meth A, Meth A4R, was
shown to contain the bioreactive species recognized by the
Meth A-specific CTL [18]. The peptides released from
H2-K%peptide complexes isolated from Meth A extracts
were fractionated by RP-HPLC using HFBA as the ionic
modifier. Fractions 35 and 36 sensitized target cells to
cytolysis by Meth A-specific CTL (Fig. 3a). These frac-
tions were then chromatographed individually over the
same HPLC column using a shallower gradient and TFA
as the ionic modifier, and subfractions Fr35fr12 and
Fr36fr12 were determined to contain the bioreactive
peptide(s) (Fig. 3b, c). Approximately 60% of each sub-
fraction was analyzed with an on-line micro-capillary
column effluent splitter, as previously described [22]. The
microcapillary split of Fr35fr12 and Fr36frl12 yielded
reconstituting activity in wells B12, C1 and well C5,
respectively, as indicated in Fig. 4a, b. The mass spectra
corresponding to sample deposited into each individual
well were summed and ion abundance was compared with
the profile of the reconstituting activity. Although many
peptides are present in these fractions, mass spectral
analysis of this fraction identified a particular mass to
charge (m/z) species (m/z 519) as the candidate peptide

Fraction number

present in the bioreactive faction but not in adjacent,
“non-reactive” fractions. Only the peptide at m/z 519,
fulfilled the matched criteria: absent from inactive adja-
cent wells, present in active wells and the peptide abun-
dance correlates with the amount of reconstituting activity
present in the active wells. CAD mass spectra on the
(M + 2H)2+ ions and m/z 519 species were generated
and the information gained from the product spectra was
sufficient to assign sequence residues 3-9 as D(K/Q)(I/L)
(K/Q) TG (I/L) and residues 1 and 2 as either YT or TY
(Fig. 4c). An additional CAD mass spectrum of acetylated
peptide allowed the assignment of residues 4 and 6 as
lysines. To determine the order of the first two amino
acids, synthetic 9-mers with YT or TY at the N-terminus
and equimolar mixtures of leucine and isoleucine (X) at
position 5 and 9 were tested for reconstituting activity.
The TYDKXKTGX peptide, but not the YTDKXKTGX
peptide was recognized by the CTL clone, consistent with
the position 2 anchor residue of most known H-2K%-
binding peptides [32]. To establish whether the Meth A
CTL differentiated between leucine and isoleucine at
positions 1 and 5, the TYDKLKTGI, TYDKLKTGL,
TYDKIKTGI and TYDKIKTGL peptides were tested.
Only the peptides containing isoleucine at position 5 were
bioreactive. Of these, only the TYDKIKTGL peptide was
active in the cytotoxic assay and co-eluted with the bio-
reactive species indicating that it was the Meth A-specific
CTL-defined peptide (data not shown).
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Fig. 4 Identification of the 60 40 30 ]
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Sequence of the Meth A peptide related
to the Hsd17b12;14_12, peptide

A Gene Bank search identified Hsd17b12 as the probable
source of the TYDKIKTGL peptide. The sequence of the
Meth A peptide corresponds to Hsd17b124 15, (IYD-
KIKTGL) peptide with threonine instead of isoleucine at
codon 114; an exchange of a single nucleotide (ATT to
ACT). To confirm that TYDKIKTGL and not the IYD-
KIKTGL peptide was recognized by the Meth A-specific
CTL, we determined that while both peptides had similar
affinities for H2-K® molecules (~1 x 10~% M) in MHC
stabilization assays (Fig. 5a), the Meth A CTL had a 100x
higher affinity for TYDKIKTGL (~1 x 10~'° M) than for
IYDKIKTGL (<1 x 107® M) (Fig. 5b). This result con-
firmed that the Meth A CTL was specific for the TY-
DKIKTGL peptide, which was designated Hsd17b12""*T.

Hsd17B12 mRNA expression in Meth A sarcoma,
other sarcomas and splenocytes of BALB/c origin

Sequence analysis of 20 clones of the 338 bp cDNA
products generated by RT/PCR from Meth mRNA and
corresponding to Hsd17b12g,_194 failed to detect a
clone encoding the identified Meth A tumor peptide.
Rather, all the clones represented cDNA encoding the wild
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type sequence Hsd17b12;14 12, peptide. However, while
sequence analyses of “bulk” cDNA generated by RT/PCR
of mRNA isolated from Meth A, Meth A4R, CMS2, CMS3
and CMS4 sarcomas and BALB/c splenocytes also indi-
cated that all expressed the “wild type” Hsd17b1214_12>
peptide, the Meth A products contained a low level of
cDNA capable of encoding the Hsd17b12''*T peptide
(Fig. 6a). The transcript was not present in Meth A4R,
consistent with loss of the bioreactive species in this tumor
variant [18].

Genomic analysis of Hsd17B12 in BALB/c sarcomas
and splenocytes

In contrast to only Meth A expressing transcripts encoding
the Hsd17b12'"*T peptide, sequence analysis of the PCR
products generated from genomic DNA isolated from
BALB/cJ splenocytes detected genomic sequences that
could encode the wild type Hsd17b12;14_15, peptide as
well as. Hsd17b12'"*Tpeptides. However, as noted in the
RT/PCR analysis of BALB/c mRNA, splenocytes expres-
sed only the Hsd17b12;4 15> peptide (Fig. 6b). Interest-
ingly, Meth A DNA showed a ACT > ATT ratios at the
genomic level, which suggested that the Hsd17b12''4"-
related transcript should have been detected at a higher
level than it was. Interestingly, all the other BALB/c
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Fig. 5 The Hsd17b12'"*T and Hsd17b12;4.12, peptides have similar
affinities for H2-KY molecules, but only the Hsd17b12' 14T peptide is
recognized by the Meth A-specific CTL. a Binding of the peptides to
T2-K? cells, as defined by mean fluorescence intensity (MFI) of
peptide-pulsed cells maintained at 37°C in a MHC stabilization assay
using anti-H2-K® mAb and FITC-conjugated anti-mouse IgG anti-
body. The MFI of T2-K® cells alone (asterisk) or pulsed with peptides
(plus) and maintained at 4°C are shown. b Cytolytic reactivity of
Meth A-specific CTL against T2-K® cells pulsed with peptides at E/T
ratio of 6:1 in 4 h >'Cr-release assays. The Meth A mutant p53,35 549
peptide (KYICNSSCM) was used as a negative control peptide

tumors analyzed showed alterations at the genomic DNA
level corresponding to Hsd17b12,4 15, (Fig. 6b). Meth
A4R showed loss of the ACT at codon 114, which means
that it could only encode isoleucine at this codon. Fur-
thermore, alterations in codon 119 and 120 were also
evident in Meth A4R implying that it could express a
peptide quite distinct from the identified Meth A tumor
peptide. Interestingly, CMS2 and CMS3 also showed
genetic alterations in codons119, while CMS2 had an
additional alteration at codon 120, and CMS3 DNA at
codon 114. In summary, these results indicate that the
BALB/c genome contains an Hsdl7b12 pseudogene which
could encode the Hsd17b12'"T peptide, but it is only
expressed in Meth A sarcoma. In addition, multiple genetic
alterations in the Hsd17b12 pseudogene were detected in
the other BALB/c sarcomas tested, including Meth A4R,
the latter selected based on its lack of recognition by the

Meth A-specific CTL used as the probe to isolate and
identify the Meth A tumor peptide.

Immunoblot analysis of Meth A sarcoma

Hsd17b12 is a Mr 35 kDa protein. In immunoblot analyses,
the immunoaffinity-purified rabbit anti-TYDKIKTGL
peptide antibody detected a Mr 35 kDa species in Meth A
sarcoma (Fig. 7). The antiserum detected a ~35 kDa
species in other tumors and at lower levels in normal tis-
sues of BALB/c origin. Because the antiserum recognizes
Hsd17b12; 4 12, and Hsd17b12'"*T peptides, the results
only confirmed the expression at the protein level of spe-
cies in Meth A of the predicted Mr species expressing the
TYDKIKTGL and I'YDKIKTGL epitopes.

Efficacy of Hsd17b12''*"-based DC and DNA vaccines
in Meth A tumor rejection assays
To confirm the immunogenicity of the Hsd17b12"'*T pep-
tide in the BALB/c Meth A model, the epitope was
evaluated in the protection setting using a peptide-pulsed
DC-based vaccine [16]. The peptide-vaccine induced
immunity against lethal challenge of Meth A sarcoma
confirming its characterization as a TRA. The unpulsed DC
vaccine serving as a negative control was not effective in
inducing resistance to a Meth A challenge at the DC dose
used in this study (Fig. 8). Interestingly, although Meth A
sarcoma expresses the Hsd17b124_12, peptide, DC pulsed
with this peptide were ineffective in protecting mice from
Meth A challenge. The lack of efficacy of this vaccine
suggests that this peptide is either not presented by Meth A
for CTL recognition or not immunogenic in BALB/cJ
mice. However, neither the the Hsd17b12"'*T peptide- nor
Hsd17b12; 412> peptide-pulsed DC vaccine was evaluated
against antigenically unrelated BALB/c sarcomas, which do
contain transcripts encoding the Hsd17b12,4_1,, peptide.
DNA vaccines are a developing approach to induce
tumor immunity and have several advantages over cellular
based vaccines. We, therefore, sought to further evaluate
the Hsd17B12'"*T epitope as a model tumor antigen for
DNA vaccination in a protection setting as well as therapy
setting. We also sought to compare the efficacy of the
Hsd17B12'"*T DNA vaccine with that of pCI-p53™"%,
which encodes the Meth A mutant p53 minigene, p53,25_53s
and the p53 codon 234 mutant TRA expressed by Meth A.
Previously, we had shown that co-administration of pPCMV-
IL-12 was required for the pCI-p53™"® vaccine to be
effective in inducing immunity in mice to Meth A sarcoma
[30]. In an initial protection experiment, we determined
that the Hsd17B12'"*T DNA vaccine was effective in
inducing tumor protection independent of co-adminstration
of pCMV-IL-12, as indicated in Table 1. There was no
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Panel A: RT-PCR
BALB/c

Fig. 6 Sequence analysis of
RT/PCR and PCR products
corresponding to Hsd17b12;4.
122 and related species in BAL/
C normal cells and sarcomas.
RT/PCR and PCR products
generated, respectively, from
mRNA and DNA isolated from
Meth A sarcoma and other
tumors and normal splenocytes
of BALB/c origin were
sequenced. Panel A: Sequence &%
analysis of RT-PCR products iy VYUY
generated from mRNA using
the Hsd17b12 f/r primers. Panel
B: Sequence analysis of PCR
products generated from
genomic DNA using the
Hsd17b12 f/r primers. The
amino acid sequence and
corresponding nucleotide
sequence encoding the
Hsd17b12414.12> peptide are
shown in the first row on panel
A. The coding sequence begins
with the ATT codon for
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significant difference in inhibition of tumor growth when
the mice were immunized with Hsd17B12'"*T DNA alone
or in combination with pCMV-IL-12. Based on this
result, pCMV-IL-12 was not co-administered with the
Hsd17b12114T-based DNA vaccine in subsequent protec-
tion and therapy experiments. In both these settings, the
Hsd17b12'"T and Meth A p53 DNA vaccines showed
comparable efficacy in inhibiting tumor growth., As
expected, however, the pCI-p53™"/® vaccine required co-
delivery of IL-12 to have a significant effect on inhibiting
tumor growth, whereas the Hsd17b12'"*"_based vaccine did
not [30]. Not surprisingly, co-administration of vaccines
targeting Hsd17b12'"*T and the p53 codon 234 mutation
was extremely effective in inducing Meth A rejections.
These results confirm the immunogenicity and functional
activity of the Hsd17b12''*T epitope as a Meth A TRA as
comparable, if not stronger than that of the H2-Kd-restric-
ted, Meth A p53 codon 234 mutant epitope (Fig. 9).

Discussion
We have biochemically identified a highly restricted, CTL-

defined murine TRA expressed by the BALB/c Meth A as
the 9 mer peptide, TYDKIKTGL. This Meth A TRA
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Fig. 7 Immunoblot analysis of a cell free extracts of BALB/c normal
cells and sarcomas with anti-Hsd17b12''“T antibody. a The antiserum
detects a predominately a Mr 35 kDa species in immunoblot analysis
of Meth A sarcoma. b Analysis of HSD17B12 expression in BALB/c
sarcoma cell lines and splenocytes: lane I: Meth A; lane 2: CMS2;
lane 3: CMS3; lane 4, CMS4; lane 5: CMSS; lane 6: splenocytes.
Aliquots of 10 pg of each sarcoma cell line analyzed

peptide initially appeared to represent a mutation in
Hsdl7b12 at codon 114. Further studies strongly suggest
that the peptide is derived from the product of a Hsd17b12
pseudogene. While the lack of genomic DNA of the pri-
mary autochthonous mouse prevents this formal assign-
ment, several lines of evidence support it. Namely, the
“Hsdl7b12 pseudogene” is present in the genome of (1)
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Fig. 8 Hsd17b12''*T peptide-based DC vaccines protects mice
against Meth A challenge. Groups of three mice each were
immunized with 2 x 10° DC pulsed with10 pg/ml of the indicated
peptides and challenged 14 days after the last immunization with
2.5 x 10° Meth A sarcoma. Tumor measurements (MTA + MSE)
were taken on the indicated days. Bar indicates vaccines that induced
significant tumor inhibition. A representative experiment is shown

Table 1 Immunization of BALB/c mice with the DNA vaccine
encoding Hsd17b12'*T epitope administered in the protecting setting
inhibits growth of Meth A

DNA vaccine MTD + MSE? P value
pCI 92+09

IL-12 9.0+ 04 NS
Hsd17b12'4T 36+12 <0.05
Hsd17b12'4T 4 1L-12 45+ 15 <0.05
Non-viral plasmid DNA vaccines expressing the Hsd17b12'"#T and/or

IL-12 were used for gene gun immunization of groups of three
BALB/c mice each. The mice were immunized twice with a 10-
14 day interval with the indicated DNA vaccines prior to being
challenged with 2.5 x 10° Meth A sarcoma. No enhancement of
inhibition evident when co-administered with a IL-12 DNA vaccine

NS indicates non-significance

* Tumor measurements taken on day 21 post-challenge

Meth A, which was induced in BALB/cNIH mice bred at
MSKCC and first described in 1962 [2], (2) the CMS series
of tumors induced in BALB/cJ mice in 1974 [3], and (3)
currently available BALB/cJ mice. The presence of a 17f-
steroid dehydrogenase type 12 pseudogene is unique to
BALB/c mice. It was not detected in genomic DNA iso-
lated from either from C57BL/6J or C3H/H3J mice, nor
was it detected in human DNA (data not shown).

Furthermore, all the genomic or cDNA sequences in Gene
Bank related to murine Hsd17b12 and its human homolog,
HSD17B12, encode the Hsd17b12,,4_1,> sequence.

While the other BALB/c sarcomas analyzed expressed
only transcripts encoding the Hsd17b12,14_15> peptide,
multiple alterations were detected at the genomic level for
this region, which strongly suggests that the pseudogene is
readily altered in MCA-treated BALB/c mice. Despite
these alterations, however, only Meth A sarcoma expresses
the pseudogene.

The biochemical identification of the Hsd17b12''*"
peptide required demonstrating its biological activity in
tumor rejection assays, and provided the opportunity for
modeling this Meth A TRA in a tumor peptide-based
vaccine as well as DNA immunization strategies. The
efficacy of Hsd17b12'"T peptide-pulsed DC in inducing
protection in mice from a lethal Meth A challenge provided
confirmation of the ability of this epitope to function as
a Meth A TRA. Although transcripts encoding the
Hsd17b124,4_12, peptide are expressed in Meth A sarcoma,
the Hsd17b12;,4_ 12, peptide-pulsed DC vaccine did not
induce protection, which suggests that this peptide is either
not naturally presented by Meth A sarcoma or is essentially
non-immunogenic in BALB/cJ mice. As this study focused
on Meth A sarcoma, the efficacy of the Hsd17b12'"T and
Hsd17b12;,4_12> peptides in protecting BALB/c against
challenges with other BALB/c sarcomas was not evaluated
in this study.

In addition to DC-based immunization strategies, DNA
and RNA-based immunization is an expanding area of
vaccine development with numerous studies showing their
versatility in inducing anti-tumor immunity in laboratory
mice, as well as in clinical trials of patients with solid
tumors [33, 34]. The use of non-viral plasmids for immu-
notherapy of cancer has several, clinically relevant
advantages over alternative types of DNA vaccines,
including recombinant viruses and genetically modified
DC. Namely, they are easier to prepare and administer
under standardized conditions and can be readily modified
to enhance their immunogenicity. Several techniques have
been studied for administration of DNA vaccines. These
include simple “naked DNA” vaccination either by sub-
cutaneously or intramuscular injection utilizing particles,
cationic liposomes or electrophoration or the biolistic or
gene gun approach using DNA coated microparticles as
employed in this study [35, 36]. Critical to any vaccination
strategy is optimizing the ability of the vaccine to induce
robust immune responses. In this regard, plasmids encod-
ing cytokines and/or multiple epitopes, including helper
epitopes, or fragments of an antigenic protein or the entire
protein can be mixed for co-transfection of genes or
combined with other types of immunotherapy to enhance
the overall immunogenicity of the cancer vaccines [37, 38].
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Fig. 9 DNA vaccine encoding
the Hsd17b12' T peptide
protects mice against Meth A
challenge in protection and
therapy settings. Non-viral
plasmid DNA vaccines
expressing the Hsd17b12''“T or
Meth A p53 exons 7 and 8
containing the mutant p53
codon (p53™" ® were used for
gene gun immunization of
groups of five BALB/c mice
each. The mice were immunized
with the indicated DNA
vaccines either prior to being
challenged with 2.5 x 10° Meth
A sarcoma (a) or starting 4 days
later and every other day
thereafter until day 10 post
challenge (b). Bar indicates
vaccines that induced significant
tumor inhibition

Previously, we had demonstrated that immunization of
mice with the non-viral plasmid construct expressing
the Meth A mutant p53,555 585 fragment, pCI-p5
was effective in the protection setting, but only when
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co-delivered with a plasmid expressing the Thl-biasing
cytokine, IL-12. This could be attributed to the p53™""/8
fragment encoding a T helper epitope, which may promote
a Th2-biased response rather than the desired Thl-biased
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one [39, 40]. The need to co-administer IL-12 with pCI-
p53™78 s consistent with that of Noguchi et al. [41] who
reported that Meth A mutant p53 peptide-based immuni-
zation of tumor-bearing mice was only effective when
administered with IL-12. Nonetheless, the ability of the
pCI-Hsd17b12'"*T vaccine to induce resistance in mice to
Meth A confirmed this epitope as a Meth A TRA, and also
demonstrated its efficacy in the absence of co-administra-
tion of IL-12, implying its robustness in inducing tumor
rejection.

The 17f-steroid dehydrogenases represent a family of
enzymes, which until recently was considered primarily
involved in the conversion of estrone to estradiol. It has
now been determined that Hsd17b isoforms are members of
the short chain dehydrogenase/reductase (SDR) superfam-
ily and function in the synthesis of long-chain fatty acids,
in particular arachidonic acid, the precursor of steroids and
prostaglandins [42, 43]. Both of these enzymatic activities
are highly relevant to cancer, as evidenced by recent
findings that indicate that overexpression of HSD17B12 in
breast cancer and squamous cell carcinoma of the head and
neck (SCCHN) is associated with metastases and poor
prognosis [44, 45]. These findings suggest that HSD17B12
might be a potential human tumor antigen, since most are
derived from overexpressed non-mutated “self” proteins.
In is regard, the HSD17B12,14_12> peptide, which is
identical to the Hsd17b124_12, peptide is predicted to be
an HLA-A2-binding epitope. Our preliminary findings are
that HSD17B12,,4_1,,> peptide displays little to no immu-
nogenity in its in vitro-ability to stimulate human CD8* T
cells, whereas the Meth A Hsd17b12'"*T peptide, acting as
an optimized peptide, is immunogenic. It can induce
effectors cross-reactive against the HSDI17B12;14 12,
peptide, naturally presented by human tumor cell lines.
This finding strongly supports further studies of the
potential of targeting HSD17B12 in cancer vaccines for
immunotherapy of human cancers overexpressing this
protein.
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