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The current modalities for treating cancer employ not only
single but multiple approaches involving surgery, radiotherapy
and chemotherapy. Unfortunately, the survival outcome is not
promising even with these approaches. Alternative approaches
for cancer therapy are now emerging. Immunotherapy is
aiming at both increasing the power, and in redirecting the
specificity of the patients’ immune system to attack the tumor
cells. Recently, many studies using tumor associated lympho-
cytes (TAL) isolated from malignant ascites cultured in a
media containing interleukin-2 exhibit antitumor responses.
IL-2 is a lymphokine produced by T-cells. It facilitates activa-
tion, sustained growth and rescue from apoptosis. Lately,
newly developed IL-15 has also exhibited antitumor activity
similar to IL-2. IL-15 is a newly described cytokine produced
from monocytes-marcrophages and T-cells. It has a different
molecular structure but it functions like IL-2 by binding to the
IL-2R B and yc chain. These antitumor responses are medi-
ated by the cytotoxic T lymphocytes (CTL) that recognize the
antigen in the context of the MHC molecules using the T cell
receptors. CD8+-CTL recognize the peptide epitopes that are
processed from the cellular proteins in the context of the MHC
class I molecules. These peptides have a restricted length of
8-11 amino acids. The folate binding protein (FBP) is over-
expressed in over 90% of ovarian and 20-50% in breast
cancers. The FBP is the source of the antigenic peptides that
are recognized by a number of these CTL-TAL, and is
antigenic to both ovarian and breast cancer in vivo.

To define the antitumor response of IL-15 and its’ FBP
immunogenicity, a peptide defining epitope E39 and E75 were
presented by the PMBC derived dendritic cells (DC) from
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healthy donors isolated by the CD14 method to ovarian and
breast CTL-TAL. Stimulating both ovarian and breast CTL-
TAL by E39 or E75 pulsed DC (DC-E39, DC-E75), in the
presence of IL-15 and IL-2 can rapidly enhance or induce the
E39 or E75 specific CTL activity. The antitumor activities
were measured by a chromium release assay for the tumor
specific lysis activity using the ovarian and breast cancer cell
lines. The tumor specific lysis activity for the ovarian TALs
for IL-15 vs IL-2 were 28.6 &+ 3.9% and 30.3 £ 3.2%, respec-
tively and in the breast TALs, they were 14.8 = 3.1% vs 13.5
+ 2.9%, respectively. Using autologous tumor cells, a slightly
higher tumor specific lysis activity was obtained for the
ovarian TALs cultured in IL-15 compared to IL-2 (72.0 =
82% vs 68.5 £ 3.6%). However, for the breast TALs, they
were 39.5 = 4.2% vs 41.5 &+ 3.3%, respectively.

IL-15 is a newly developed cytokine that shows promising
antitumor activity similar to IL-2. However, it requires lower
dosage and is less toxic. Therefore, IL-15 might be a potential
anticancer immunotherapeutic agent.

Key Words: Folate binding protein, cytotoxic T-lymphocytes,
tumor associated lymphocytes, I1L-2, IL-15.

INTRODUCTION

The results of treating advanced cancer patients
are often very disappointing. The current mo-
dalities for treating cancer employ not only a
single but also a combined approach involving
surgery, radiotherapy and chemotherapy. Unfor-
tunately, the survival outcome is not so promising
even with these multi-modalities. However, an
alternative new approach for cancer therapy,
immunotheray is now emerging." The main goal
of immunotherapy is to reinforce and bolster the
immune system by redirecting the specificity of
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the patient’s immune system to attack the cancer
cells resulting in a rejection of the tumor. Succes-
sful immunotherapy is based on the recognition of
a tumor antigen by host T-cells. The identification
of a tumor antigen that can be recognized by the
CTL in melanoma as well as in other cancers such
as ovarian cancer has attracted interest for
developing novel molecular cancer therapies
based on the tumor Ag stimulation of the CTL.*’
Since the tumor Ag recognized by the CTL con-
sists of short amino acid sequences (8-11 residues
long), which define the epitopes presented by the
MHC-T molecules, the central hypothesis of all
these studies is that these specific sequences can
induce anti-tumor CTL immunity. The definition
of the immunogenicity of these epitopes is based
on their ability to stimulate the CTL both in vitro
and in vivo to expand and express the specific CTL
function.* Although T cell stimulation and vacci-
nation with short defined sequences is expected to
overcome the concerns of the specificity of recog-
nition and focus the responses to a well defined
epitope, tumor specific CTL stimulation/induc-
tion by short peptides has encountered some
difficulties.”® This is expected given the reported
complexities in inducing a CTL capable of recog-
nizing an endogenously presented Ag, after being
stimulated with exogenously added monomer
peptides.”™ In general, exogenous peptides pulsed
on various APCs (antigen presenting cells) inade-
quately stimulate CD8+ cells from the PBMC, and
lead to a CTL that-recognizes to a greater extent-
the exogenous but not the endogenously pre-
sented Ag. Ongoing studies have focused on
approaches to overcome the poor immunogenicity
of the tumor Ag when delivered in a peptide
form. One of these approaches uses the DC as an
APC. This aims to enhance the peptide immuno-
genicity by increasing both the Ag levels and the
levels of the co-stimulatory molecules. because the
DC has the capacity to uptake higher amounts of
peptides than other APCs. While the DC approach
appears to require fewer stimulation cycles for
CTL induction than the PBMC as an APC, and its
use for therapeutic purposes depends on the
availability of DC precursors. This is an important
issue for cancer patients particularly for those
with advanced disease with low blood counts and
functionally impaired DCs.""
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The fact that a PBMC derived DC cultured in
GM-CSF plus IL4 exhibit poor proliferation and
a limited life span,” has raised the possibility of
using the DC from healthy donors as an APC for
stimulating the CTL. Tumor infiltrating lympho-
cytes (TIL) and/or TAL show a higher frequency
of Ag-specific CTL than the PBMC and consist of
activated memory effectors.”* This has raised the
possibility of stimulating the TIL/TAL with a
peptide pulsed DC to expand the Ag-specific
clonal populations, based on the rationale that
lower Ag concentrations and fewer co-stimulatory
interactions are needed for memory activation
than naive T cells.

The culturing media for the TILs and/or TALs
is very important in inducing the CTL. IL-2 is
produced transiently by the T-lymphocytes in
response to an antigenic stimulation, and is a
central regulator of the acute phase of the immune
response. IL-2 acts as a strong growth factor,
promoting the expansion of the activated T cells
population.” Tt signals through a receptor that is
composed of an IL-2 specific ¢ and A-chain and
a common y chain. IL-15 is newly described cyto-
kines clone from the simian kidney epithelial cell
line, CV1/EBNA. The IL-15 gene was mapped to
chromosome 4g31."° Although IL-15 does not
show a sequence homology with IL-2, both cyto-
kines share many biological functions. IL-15
induces the proliferation of the CD8+ T cell clone,
CTLL-2, and the proliferatin of the phytohemag-
glutinin- activated CD4+ and CD8+ human peri-
pheral blood T lymphocytes.”

In this study, ovarian and breast TALs from ten
distinct patients were stimulated with the peptide
pulsed allogeneic DC cultured in IL-15 and IL-2
in order. The peptide used for stimulation corre-
sponded to an immunodominant CTL epitope
mapping of the amino acids, 191 - 199 of the FBP,
which is widely overexpressed in ovarian (90%)
and breast (20 - 50%)cancer patients and a newly
identified tumor Ag.*'*"

MATERIALS AND METHODS
Cytokines

The following cytokines were used in this study:
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GM-CSF  (Immunex corp., Seattle, WA, US.A),
specific activity 12.5 x 10" CFU/250 mg, 1L-4 (Bio-
source International Chiron Corp., CA.,, US.A)), spe-
cific activity 2 x10° U/mg, 1L-2 (Cetus, Emeryville,
CA, US.A), specific activity 4 x 10° BRMP U/mg,
IL-15 (Genzyme, Cambridge, MA, U.S.A)), specific
activity 2 x 10° U/mg,

Synthetic peptides

The peptides were synthesized in Synthetic
Antigen Laboratory of the U.T. M. D. Anderson
Cancer Center using solid phase techniques on an
Applied Biosystems 430 peptide synthesizer
(Applied Biosystem, Foster City, CA, US.A)). The
identity and purity of the final material were
established by amino acid analysis and analytical
reverse phase HPLC (Rainin). All peptides uti-
lized in this study were 92-95% pure. Two FBP
peptides were selected for synthesis based on the
presence of leucine, isoleucine or valine in the
dominant anchors position. From their previously
reported recognition by TAL, the peptides posi-
tion and sequence are as follows: E39 (FBP, 191-
199) EIWTHSTKYV; E75 (FBP, 245-253) LLSLALMLL.
Both peptides are low to moderate binders to
HLA-A2."

Cells

To induce the dendritic cells in the presence of
the cytokines, GM-CSF and IL-4, the HLA.2+
PBMC was obtained from healthy donors from
the Blood Bank of the M.D. Anderson Cancer
Center. In order to generate the DC using the
CD14 method, the PBMC were distributed in 24
well plates at 4 x 10° cells/well in RPMI 1640
medium. All non-adherent cells were removed
after 2 hr of incubation. Complete RPMI medium
containing 1000 U/mL GM-CSF and 500 IU/mL
IL -4 was added to the wells and the adherent
cells were cultured for 5-7 days, while they
developed the characteristic DC morphology.

Tumor associated lymphocyte cultures
The tumor associated lymphocytes (TALs) were

isolated from fresh collections of malignant ascites
and pleural effusions from 6 ovarian and 4 breast

cancer patients from ostetrics and gynecology
departments. The specimens were processed as
described previously."® The lymphocyte and tu-
mor cell suspensions were separated by centrifu-
gation over discontinuous 75% and 100% Ficoll-
Histopaque (Sigma, St. Louis, MO, US.A)) gra-
dients. The freshly isolated TALs were divided in
two groups. In group one, the TALs were cultured
in RPMI 1640 containing 100 zg/ml L-glutamine
(Gibco, Grand Island, NY, US.A)) supplemented
with 10% FCS (Sigma), 40ug/mL gentamicin
(complete RPMI medium), and 50 to 100 [U/mL
IL-2 (Cetus, Emeryville, CA, USA)). In group
two, the TALs were cultured as above except that
the cytokine used was 20 ng/ml IL-15. Each group
of TALs were cultured at 0.5 to 1.0 x 10° cells/
mL, placed in a humidified incubator at 37C in
5% CO; and maintained at this concentration
whilst adding the media, and the IL-2 and IL-15
every 2 to 3 days, depending on the growth ki-
netics.

T cell stimulation by peptide pulsed DC

The DC were washed three times with serum
free medium, plated at 1.2 x 10’ cell/well in 24-
well culture plates and pulsed with the FBP
peptide, E39, E75, at 100xg/ml in serum free
medium for 4 hours prior to addig the responders
as described.” These DC were designated as DC-
E39 or DC-E75. Parallel control DC cultures were
established and maintained under similar con-
ditions except for the omission of the FBP peptide
(designated DC-NP). The responder TALs in com-
plete RPMI medium were added to the DC at 3 x
10° cells/well (stimulator:responder ratio of 1: 25).
Sixteen hours later, the IL-2 and IL-15 were added
to each corresponding well at a final concen-
tration and the cultures were left undisturbed for
5 days whilst the CTL activity was determined.

Tumor targets

The FBP+ ovarian SKOV3 line and the breast
SKBR3 line were transfected with the HLA-A2
expression vector RSV.5-neo, with resulting high
levels of HLA-A2 expression (SKOV3.A2 &
SKBR3.A2), as previously described.”® The cells
were maintained in complete RPMI medium and
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250 zg/mL G418 (Sigma). Fresh tumors were col-
lected from the malignant ascites after a Ficoll
separation and frozen in aliquots in liquid nitro-
gen until required.

Cytotoxicity assays

Recognition of the peptides used as the immu-
nogens was performed by the standard chromium
release CTL assay as described elsewhere.””” The
tumor targets were labeled with 200 Ci of the
sodium chromate (Amersham, Arlington Heights,
IL) for 1.5 hr at 37°C, washed twice and plated at
3000 cells/well in 100zl in 96 well V-bottom
plates (Costar, Cambridge, MA, U.S.A\). The effec-
tors were added at the designated effector: target
(E: T) ratios in a 100 z1/well. After 4 hr incubat-
ion, 100 #1 of the culture supernatant was col-
lected, and the level of 1Cr release was measured
using a gamma counter (Gamma 5500B, Beckman,
Fullerton, CA, US.A). All determinations were
done in quadruplicate. The results are expressed
as the percentage specific lysis as determined by
the following equation :

(experimental mean cpm - spontaneous mean cpm)
/(total mean cpm - spontaneous mean cpmy) X 100.

The study was performed to obtain the CTL
activities using the ovarian and breast cancer cell
line and then applied to the autologous tumor
cells to observed the tumor specific CTL activity
of the FBP peptides in the presence of different
kinds of culturing media, IL-15 and IL-2.

Table 1. The Clinical Characteristics of the Patients
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Statistical analysis was performed by a Chi-
square and Fisher’s exact test.

RESULTS
Patient characteristics

Ten patients were selected for this study. The
six ovarian patients TAL (OTAL) and four breast
patients TAL (BTAL) were isolated from the ma-
lignant ascites and pleural effusion specimens.
They were all found to be HLA.A2+, and the
concentration of CD8+cells in these ascites ranged
from 20 to 40% (data not shown). The patients’
ages ranged form 45 to 63 years and the diseases
were in the advanced stage. According to the cell
types, most patients had a highly differentiated
cell grade. All patients received primary cytore-
ductive surgery followed by adjuvant chemo-
therapy. The survival period for the study subjects
ranged from 22 - 69 months for the ovarian cancer
patients and 12 - 38 months for the breast cancer
patients from the diagnosis of the disease to
initiation of the study. A patients” characteristics
are summarized in Table 1.

Freshly cultured ovarian TAL recognize FBP
peptide E39 after stimulation with DC-E39

The fresh isolated TALs cultured in media
containing IL-15 and IL-2 each expressed either

Ovarian cancer

Breast Cancer

Pt.1 Pt2 Pt.3 Pt4 Pt5 Pt6 Ptl Pt2 Pt3 Pt4
Stage Ic Ic Ic Ic IMla IlIb IlIb IMla IMla IMla
Age 52 50 45 47 62 57 63 56 49 55
History AC PSA AC PSA AC AC IDC IDC IDC IDC
Grade il il il il Il I m I il I
Ist Tx. TRS TRS TRS*  TAH* TRS TRS MRM RM MRM MRM
2nd Tx. PC PC PC CAP PC PC Taxol ~ CAP Taxol Taxol
Prognosis Poor  Poor Fair Poor - - Poor Poor Poor Poor

AC, adenocarcinoma; PSA, papillary serous adenocarcinoma; IDC, infiltrating ductal carcinoma; TRS, tumor reductive surgery; TAH, total
abdominal hysterectomy; MRM, modified radical mastectomy; RM, radical mastectomy; PC, carboplatin + taxol; CAP, cytoxan +

adriamycin + cisplatin.
*With bilateral salpingo-oophorectomy.
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low levels of Ag specific cytotoxicity or high non-
specific lytic activity during the first 7-10 days of
culture. Although the non-specific cytolytic ac-
tivity decreases over time, it is important to
identify the approaches that enhance the specific
CTL activity early and rapidly. This study focused
on the TAL samples that showed low levels of
specific recognition of E39. To determine whether
the E39 specificity can be induced or enhanced,
APC HLA.A2+ matched dendritic cells (DCs)
from healthy donors were used as APC. The DC
phenotype generated after GM-CSF + IL-4 was as
follows: They expressed high levels of MHC-I and
CD86 (B7.2) but low levels of B7.1 and CD40. The
CD14+ cells were less than 3% of the DCs, while
the expanded the CD13+ marker was expressed in
more than 97% of cells. This is a characteristic of
phenotypically immature DC. The DCs were
pulsed with the peptide and DC-E39 was then
used to stimulate the OTAL. Since the responders
and stimulators were from different individual
that shared only HLA.A2, a certain level of allo-
specific and/or cross-reactive specificity was
expected. Therefore, in all experiments, the OTAL
and BTAL were stimulated in parallel with the
DC-NP. The parallel stimulations with DC-NP
and DC-E39 were done to establish the contribu-
tion of the allospecific responses to the overall
increase in lysis activity. Furthermore, they would
have been detected in the DC-NP stimulated
cultures if high affinity E39 specific CTLs were
present and were deleted by DC-E39 stimulation.

695

It was interesting that, in most OTALs, the E39
specificity was induced at the first stimulation.
When the increased E39 specific recognition was
not induced at the first DC-E39 stimulation it was
induced at an additional stimulation. For example
at the first stimulation with DC-E39, the specific
lysis activity of DC-NP vs DC-E39 by OTAL was
13.2% vs 15.1% respectively, (Fig. 1A). When the
same OTAL were stimulated with DC-E39 again
for 1 more week, a significant increase in DC-E39
recognition compared to DC-NP was observed:
25.7% vs 15.3%, (p<0.0002) (Fig. 1B).

CTL-mediated cytotoxicity of FBP stimulated TAL
cultured in IL-15& IL-2 against cancer cell line

The CTL assays were performed to determine
whether or not the DCs stimulated with the FBP
peptide increased the recognition levels of the
stimulating antigen. The first CTL assays were
performed with cancer cell lines against isolated
six ovarian and four breast TALs as effectors at an
E:T ratio of 20:1. The results show that tumor
specific lysis activity was noted in SKOV3.A2
cancer cell line as opposed to the SKOV3 cells.
The tumor specific lysis activity of SKOV3.A2 for
the FBP peptide stimulated TALs cultured in IL-15
and IL-2 was 28.6 + 3.9% and 30.3 + 3.2%, respec-
tively, compared to their no peptide counterparts,
which was 15.0 + 2.2% and 21.2 + 6.5% (p<0.05)
(Fig. 2). The FBP peptide stimulated TALs exhi-
bited a high specific tumor lysis activity and the
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Fig. 1. Induction of E39 specificity in the ovarian TAL requires restimulation with DC-E39. A, in most TALs the E39
specificity was induced after the first stimulation. The OTAL required additional stimulation, as shown here. At the first
stimulation, the specific lysis activity of the OTAL stimulated with DC-NP vs DC-E39 was 13.2% vs 15.1%. B, when OTAL
again stimulated with DC-E39 after one more week, a significant increase in E39 recognition by the DC-E39 stimulated
OTAL was observed compared to DC-NP, 25.7% vs 15.3% (p<0.0002).
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Fig. 2. Increased CTL-mediated recognition of peptide
E39 by the DC-E39 stimulated TAL in the ovarian cancer
cell line. The CTL assays were performed as effectors at
an E:T ratio of 20: 1. High tumor specific lysis activities
were noted in the SKOV3.A2 cancer cell line compared
to SKOV3. The tumor specific lysis activity for the FBP
peptide stimulated TALs cultured in IL-15 and IL-2 was
28.6 = 3.9% and 30.3 + 3.2%, respectively, compared to
their no peptide counterparts, which was 15.0 + 2.2%
and 21.2 + 6.5%, respectively (p<0.05). In addition, it is
interesting to noted that the SKOV3 cell line also showed
a high tumor lysis activity where both the peptide and
the peptide stimulated TALs showed similar rates of
tumor lysis. However, this was due to a nonspecific
activity and not FBP peptide induced lysis.

culturing cytokines, IL-15 and IL-2, had similar
effect in increasing the antitumor activity. In
addition, SKOV3 cell line also exhibited a high
tumor lysis activity, both the no peptide and pep-
tide stimulated groups a showed similar tumor
lysis activity. However, this was probably due to
a nonspecific effect rather than the FBP peptide
induced lysis. A similar result was noted with the
breast cancer cell line. The 4 hour CTL assay re-
sults revealed the higher tumor specific lysis
activity of SKBR3.A2 compared to SKBR3. The
tumor specific lysis activity of SKBR3.A2 for the
FBP peptide stimulated TALs cultured in IL-15
was 14.8 + 31% and that for IL-2 was 135 #+
29%. Their no peptide counterparts were 6.0 +
14% and 85 = 3.0% (p<0.05) (Fig. 3). Again in
breast cancer, the antitumor activity induced by
the TALs cultured in different types of cytokines,
IL-15 and IL-2, were similar.

CTL- cytotoxicity of FBP stimulated TAL cultured
in IL-15 & IL-2 against autologous tumor cells

From the results of the CTL assay against the
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Fig. 3. Increased CTL-mediated recognition of peptide
E75 by the DC-E75 stimulated TAL in the breast cancer
cell line. The CTL assays were performed as effectors at
an E:T ratio of 20:1. High tumor specific lysis activity
was noted in the SKBR3.A2 cancer cell line compared to
SKBR3. A significant increase in tumor specific lysis
activity for the SKBR3.A2 cancer cell line was observed.
The FBP peptide stimulated TALs cultured in IL-15 and
IL-2 was 14.8 = 3.1% and 13.5 & 2.9%, respectively com-
pared to their no peptide counterparts, which was 6.0 +
1.4% and 8.5 * 3.0%, respectively (p<0/05).

cancer cell lines, specific tumor lysis activity can
be obtained from the FBP peptide stimulated DC
against isolated the TALs. Based on this, the
second part of the study of the CTL assays was
performed using an autologous tumor cell. The
isolated TAL on each of the different cancer cells
were used to determine whether or not the DC
stimulated with the FBP peptide increased the
recognition levels of the stimulating antigen,
which resulted a high specific tumor lysis activity
Fig. 4 show the CTL assay against the autologous
ovarian cancer cells. The DC-E39 stimulated TAL
group cultured in IL-15 and IL-2 both showed a
significantly high percentage of tumor specific
lysis activity, 72.0 + 8.2% and 68.5 * 3.6%, respec-
tively. The DC-NP group showed a very low
tumor lysis activity, showing 32.2 + 6.4% for the
IL-15 and 23.8 + 5.9% for the IL-2, (+p<0.05, *p<
0.01). For the breast cancer cell CTL assay, the
IL-15 cultured TAL stimulated with DC-E75 was
39.5 + 4.2% and the IL-2 cultured TAL stimulated
with DC-E75 was 415 * 3.3%. The TALs that
were not stimulated with the peptide showed that
the IL-15 and IL-2 cultured groups was 23.9 *
6.0% and 19.8 + 5.2% (+p: NS, *p<0.05). The con-
trol stimulation with DC-NP, which represented
allo-stimulation alone, did not either induce or
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Fig. 4. CTL assay against autologous ovarian cancer cell.
The four hour CTL assay for DC-E39 stimulated TAL
group cultured in IL-15 and IL-2 both showed a signifi-
cantly high percentage of tumor specific lysis activity,
72.0 £ 82% and 685 + 3.6%, respectively. Whereas the
DC-N group showed a very low tumor lysis activity,
giving 32.2 + 6.4% for the IL-15 and 23.8 + 5.9% for the
IL-2 cultured TALs. (+p<0.05, *p<0.01). However, in the
20 hours CTL assay, all the non-specific tumor lysis
activity was observed.

enhance the specific recognition of the FBP pep-
tide, E39 and/or E75, (Fig. 5). These results to-
gether with the results shown in Figure 4 show
that by using the culturing cytokine media, IL-15,
E39 and/or E75 specific CTL-TAL recognition
could be induced by Ag stimulation as with IL-2.
These results demonstrate that the FBP peptide
can induce the specific CTL response in the
ovarian and breast TALs cultured with either
IL-15 or IL-2.

DISCUSSION

In this study, a newly developed cytokine, IL-15
was found to have a similar effect on the FBP
peptide stimulated DC activated TALs of the
ovarian and breast CTL-TAL as the well known
antitumor activity cytokine, IL-2. The important
function of the TAL is to lyse the tumor cells. A
previous study showed that the E39 specific CTL
is present in the ovarian TAL stimulated CTL-TAL
can specifically recognize E39 as lyse experimental
tumors when cultured in TL-2."' TL-15 is clone
from the simian kidney epithelial cell line and
does not have a sequence homology with IL-2.
However, both cytokines share many biological
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Fig. 5. For the breast cancer cell CTL assay, the IL-15
cultured TAL stimulated with DC-E75 was 39.5 + 4.2%
and IL-2 cultured TAL stimulated with DC-E75 was 41.5
+ 3.3%. In the breast cancer cells, in contrast to ovarian
cancer cells, that, a slightly lower tumor lysis activity was
noted in the TALs cultured in IL-15 compared to IL-2. The
TALs not stimulated with the peptide showed little
difference between the IL-15 cultured TALs compared to
the IL-2 cultured TALs. IL-15 was 23.9 + 6.0% and IL-2
was 19.8 £52% (+p: NS, *p<0.05). Control stimulation
with DC-NP, representative of allo-stimulation alone did
not induce or enhance the specific recognition of the FBP
peptide.

functions. IL-2 and IL-15 exhibit a low sequence
similarity. There, it was not surprising that both
proteins exert similar biological functions.””
IL-15 induces the proliferation of the CD8+ T cells
clone, CTLL-2, and the proliferation of the phyto-
hemagglutinin-activated CD4+ and CD8+ human
peripheral blood T lymphocytes.” IL-2 and IL-15
utilize the same receptor molecules (S-and -
chain) for cellular binding and signaling with the
noted exception of a cytokine specific @-chain.**
IL-15 is able to induce FBP peptide specific tumor
lysis activity as well as IL-2, which shows that
there is a close functional similarity of IL-2 and
IL-15. The results showed that the IL-15 cultured
TAL stimulated with DC-E39 or DC-E75 showed
almost same or a lightly higher tumor specific
lysis ability for both ovarian and breast cancer
cells compared to the IL-2 cultured TALs (Fig. 4
and 5). The control stimulation with DC-NP,
which is representive of allo-stimulation alone,
did not either induce or enhance the specific
recognition of the FBP peptide, E39 and/or E75.
Stimulation and/or restimulation with the peptide
pulsed DC may also induce apoptosis or silencing
of the CTL if appropriate cytokines are absent. For
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this reason each TAL was stimulated in parallel
with the DC pulsed with and without the peptide
in order to determine whether or not the FBP
peptide specificity decreases or increases. It was
found from this study that all patients stimulated
with E39 in ovarian cancer and E75 in breast
cancer resulted in an increased E39 or E75 specific
CTL reactivity. It is interesting to note that the
levels of the increase in the E39 specificity were
higher in the CTL assays performed by the autolo-
gous ovarian tumor cell line than the ovarian
cancer cell line (Fig. 2 and 4). However, the level
of E75 specificity for breast cancer was different
from that for ovarian cancer. The E75 specificity
was higher in the breast cancer cell line than the
autologous breast cancer cell (Fig. 3 and 5). From
these results, it can be concluded that the FBP de-
rived peptide can specifically activate the ovarian
and breast cancer associated CTL, which suggests
it can be applied to immunotherapeutic strategies.
Previous studies have shown that adoptive immu-
notherapy can reduce the tumor size in some of
solid tumors such as melanoma and renal cell
carcinoma, and it can prolong the survival in
advanced ovarian carcinoma when combined with
conventional chemotherapy.”” These results
were obtained with TIL/TAL using the specific
CTL-TAL directed toward the known tumor
epitopes such as the FBP derived peptide, which
shows that the role of the culturing cytokine is
very important. The cytokine plays an important
role in immunotherapy. It has many charac-
teristics 1) it can regulate the immune response,
inflammation, and hematopoesis, 2) it may have
different activities on various cell types, differen-
tiation, proliferation, activation, and suppression,
and 3) it have some therapeutic benefit on the
systemic application to cancer patients (melanoma
or renal cell carcinoma).”’ Most experiments were
done with the cytokines, IL-2, IL4, IL-6 IL-7, IL-
10, the tumor necrosis factor, IFN-y, and GM-
CSE** However, few studies with the newly
developed IL-15 have been reported. From our
results, IL-15 is much more beneficial to patients.
It requires a lower dosage, and it is less toxic.
Therefore, it has a potential for use as an immu-
notherapeutic agent along with IL-2.

Many immunological studies that are focused
on ovarian cancer are aimed at identifying the Ag
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recognized by TAL cultured with IL-2 because it
provides a unique model for investigating the
immune response to epithelial cancer. Ovarian
cancer has distinct tumor growth patterns. It
grows either as a single cell in the malignant
ascites or as a bulky solid mass. In either case, the
tumor specifically induces a T cell response.
Tumor associated antigen (TAA) identification in
ovarian cancer is significant. These epithelial
tumors share a common CTL recognized TAA,
and this feature leads to the development of TAA
specific vaccines. Previous studies have demon-
strated that the endogenous cellular immune
response does exist in a variety of epithelial can-
cers, and that this response involves the specific
recognition of antigenic peptides presented by
MHC-I. Currently, the established known tumor
Ags are MUC-1 and HER2.”* MUC-1 expression
is 10 -40 times higher in breast cancer compared
to normal cells. HER-2 has been shown to provide
endogenously recognized antigenic peptides but it
is overexpressed in approximately 30% of ovarian
and breast cancers.*”® Therefore it is important to
find widely applicable CTL recognized Ags for
the development of potential epithelial cancer vac-
cines, possibly the folate binding protein peptide,
as a newly developed TAA for ovarian and breast
cancer.

The FBP appears to be the next candidate for use
as a target for the cellular immunity. However,
further studies on the FBP peptide for possible use
as a new tumor antigen are recommended

Current strategies using genetically modified
cancer vaccines transfected with genes expressing
the cytokines and costimulatory molecules aim to
alleviate the inadequacy of tumor specific T cells.
To increase the strength of the cytotoxic T cells,
the newly developed cytokine, IL-15, may play an
important role. IL-15 exhibits similar antitumor
activity to IL-2. However, it requires a lower
dosage and is less toxic. Therefore, the utilization
of IL-15 for potential use as an anticancer immu-
notherapeutic agent requires further investigation.
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