Immunization with a HER-2/neu helper peptide vaccine
generates HER-2/neu CD8 T-cell immunity
In cancer patients
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CDA4 T-cell help is required during the generation and maintenance of effective antitumor CD8 T
cell-mediated immunity. The goal of this study was to determine whether HER-2/neu-specific CD8
T-cell immunity could be elicited using HER-2/neu—derived MHC class 11 “helper” peptides, which
contain encompassed HLA-A2-binding motifs. Nineteen HLA-A2 patients with HER-2/neu—-overex-
pressing cancers received a vaccine preparation consisting of putative HER-2/neu helper peptides
p369-384, p688-703, and p971-984. Contained within these sequences are the HLA-A2-binding
motifs p369-377, p689-697, and p971-979. After vaccination, the mean peptide-specific T-cell pre-
cursor frequency to the HLA-A2 peptides increased in the majority of patients. In addition, the pep-
tide-specific T cells were able to lyse tumors. The responses were long-lived and detectable for more
than 1 year after the final vaccination in select patients. These results demonstrate that HER-2/neu
MHC class Il epitopes containing encompassed MHC class | epitopes are able to induce long-lasting

HER-2-specific IFN-y-producing CD8 T cells.

J. Clin. Invest. 107:477-484 (2001).

Introduction
The cytolytic CD8 T cell is generally thought to be the
major mediator of antitumor immunity. Many tumor
antigens have been discovered within the last decade,
from which multiple MHC class I-restricted epitopes
have been identified (1). One such tumor antigen that
is overexpressed on several cancers, including breast and
ovarian cancers, is HER-2/neu, the gene product of
erbB2/neu proto-oncogene (2-4). Using both predictive
and MHC elution techniques, it has been possible to
identify several MHC class I-restricted epitopes of HER-
2/neu for use in immune-based cancer therapies (5-7).
Antitumor immunization strategies have taken many
forms, including the use of whole cell-, peptide-, pro-
tein-, and DNA-based vaccines. Peptide-based vaccines
are attractive over other forms because peptides are (a)
easily constructed, (b) chemically stable, (c) free of con-
taminating substances such as bacterial pathogens,
and (d) devoid of oncogenic potential. Although some
successful immunization has been achieved using
MHC class I-restricted peptide-based vaccines (8, 9),
many studies with native, unmodified peptide resulted
in no response or only low-level responses (10-13). For
example, Pass and colleagues demonstrated generation
of peptide-specific precursors to the gp100209-717 in five
of six melanoma patients following immunization (8).
In contrast, in parallel studies from the same group it
was observed that only two of seven and zero of seven
patients had detectable precursors to gp100,g5-285 OF
MART-1,735, respectively, after immunization (8).

Immunity to MHC class | peptides can be augmented
by adding “help” in the form of CD4 T-helper cells.
CD4 T-cell responses are essential, both in order to
extend the life of the antitumor CD8 T cells and to pro-
mote the accumulation of antigen-presenting cells at
the tumor site (14).

The necessity of CD4 T-cell help to generate and sus-
tain the MHC class I-restricted CD8 T-cell responses
has led to the use of universal, nonspecific MHC class
Il-restricted epitopes such as PADRE in clinical vacci-
nation trials (15, 16). Although responses to the uni-
versal MHC class ll-restricted epitopes are typically
increased, the responses to the tumor antigen epitopes
usually have been limited. We have hypothesized that
increased immunogenicity to MHC class I-restricted
epitopes may be achieved by immunizing with MHC
class ll-restricted epitopes derived from the same pro-
tein (12, 17).

In this study we evaluated whether active immuniza-
tion with HER-2/neu helper peptide epitopes, each
containing putative HLA-A2 MHC class | epitopes,
would generate both CD4 and CD8 T-cell peptide and
protein responses in vivo. In addition, we questioned
whether HER-2/neu peptide—specific T cells, if they
could be elicited, could recognize naturally processed
and presented tumors. Finally, we questioned at what
level immunity is elicited and how long immunity
would last, as the ultimate goal is to generate long-term
protective immunity against de novo formation or
recurrence of tumor.
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Methods

Clinical trial. Between August 1996 and August 1998, 19
patients with breast or ovarian cancer were enrolled in
a phase | HER-2/neu peptide-based vaccine trial
approved by the University of Washington’'s Human
Subjects Division and the United States Food and
Drug Administration. Eligibility was dependent upon
subjects (a) being diagnosed with stage I11/1V breast or
ovarian cancer and having been treated for their pri-
mary and metastatic disease according to recommend-
ed disease-appropriate standards with surgery,
chemotherapy, radiation therapy, or combined modal-
ity, (b) having a white blood cell count greater than 3.5
dl/ml, (c) showing HER-2/neu protein overexpression
in the primary tumor or metastasis, (d) being off
immunosuppressive drugs and chemotherapy for at
least 30 days before enrolling, and (e) being HLA-A2
positive. Patients were tested for immune competence
responsiveness to a minimum of two of seven recall
antigens by skin testing with Multitest CMI (Pasteur
Merieux Connaught Labs, Institut Merieux, Lyon,
France). All patients signed a protocol-specific consent
and received monthly vaccinations with three
15-amino acid (15-aa) HER-2/neu-derived peptides,
p369-p384, p688-p703, and p971-p984, containing
within each the putative HLA-A2-binding motifs
p369-p377 (6), p689-p697 (7), and p971-p979 (18).
Five hundred micrograms of each peptide (1.5 pg total
peptide dose) were solubilized in 10 mM sodium
acetate (pH 4.0) and admixed with 125 pg rhuGM-CSF
(kindly supplied by Immunex Corp., Seattle, Washing-
ton, USA) as an adjuvant. The vaccine preparation was
divided into two intradermal injections administered
to the same draining lymph node site monthly for 6
months. Subjects underwent peripheral blood draws or
a leukapheresis before and 30 days after each vaccina-
tion for immunologic monitoring.

Materials. The following peptides used in this study,
either for immunization or in vitro use, were
HLA-A2 flu matrix peptide (pFlu), GILGFVFTL (19);
HLA-A2 cytomegalovirus (CMV) peptide, NLVPMVATV
(20); and HER-2/neu  peptides, p369-384,
KIFGSLAFLPESFDGDPA (21), p688-703, RRL-
LQETELVEPLTPS (21), p971-984, ELVSEFSRMARD-
PQ (21), p369-377, KIFGSLAFL (6), p689-697,
RLLQETELYV (7), and p971-979, ELVSEFSRM (18). All
peptides used for in vitro immunological monitoring
were manufactured either by United Biochemical Inc.
(Seattle, Washington, USA) or Multiple Peptide Systems
Inc. (San Diego, California, USA), and all were greater
than 95% pure as assessed by HPLC and mass-spectro-
metric analysis. Peptides used in vaccine preparations
were manufactured by Multiple Peptide Systems (kind-
ly provided by Corixa Corp., Seattle, Washington, USA)
and approved for use in humans. Ficoll-Hypaque was
purchased from Amersham Pharmacia Biotech (Upp-
sala, Sweden). RPMI-1640, HBSS, and PBS were pur-
chased from Life Technologies (Rockville, Maryland,
USA) and EHAA-120 from Biofluids (Rockville, Mary-

land, USA). [*H] thymidine and [31Cr] sodium chromate
were purchased from NEN Life Science Products Inc.
(Boston, Massachusetts, USA), human AB+ serum from
Valley Biomedical Inc. (Winchester, Virginia, USA), ster-
ile nitrocellulose-backed microfiltration 96-well plates
from Millipore Corp. (Bedford, Massachusetts, USA),
and streptavidin-alkaline phosphatase and AP-colori-
metric reagents were from Bio-Rad Laboratories Inc.
(Hercules, California, USA). Purified anti-IFN-y (clone
number 1-D1K) and biotin-conjugated anti—-IFN-y
(clone number 7-B6-1) were purchased from Mabtech
AB (Nacka, Sweden). Recombinant HER-2/neu protein
domains (intracellular domain [ICD] and extracellular
domain [ECD]) were provided by Corixa Corp. HLA
testing was performed by the Puget Sound Blood Bank
(Seattle, Washington, USA).

Cell lines. Epstein-Barr virus-transformed (EBV-trans-
formed) lymphoblastoid cells (BLCLSs) were produced
from PBMCs using culture supernatant from the EBV-
producing B95-8 cell line (American Type Culture Col-
lection, Manassas, Virginia, USA). HLA-A2* BLCLs sta-
bly expressing human HER-2/neu were a kind gift from
Steve Fling of Corixa Corp. The HER-2/neu-overex-
pressing cell lines SKOV3 and SKOV3-A2 and BLCLs
were maintained in RPMI-1640 with L-glutamine, peni-
cillin, streptomycin, 2-mercaptoethanol, and 10% FCS.
The SKOV3-A2 tumor cells are the same as SKOV3
tumor cells, except they are stably transfected with a
vector encoding HLA-A2 (22).

Preparation of PBMCs. PBMCs were obtained either by
leukapheresis or 180-250 ml blood draws and isolated
by density gradient centrifugation as described previ-
ously (21). Cells were analyzed immediately or aliquot-
ed and cryopreserved in liquid nitrogen in freezing
media (90% FBS and 10% dimethylsulfoxide) at a cell
density of 25-50 x 106 cells/ml.

T-cell proliferation assays. HER-2/neu-specific T-cell
proliferative responses were measured at base line,
before each vaccination, and at the end of the study. T-
cell proliferation was assessed using a modified limit-
ing dilution assay designed for detecting low-frequen-
cy lymphocyte precursors based on Poisson
distribution as described previously (21, 23). Data is
reported as a stimulation index (SI), which is the mean
of 24 experimental wells/mean of 24 no-antigen wells.
An age-matched control population of 30 volunteer
blood donors was analyzed similarly (data not shown).
No volunteer donor had a response to HER-2/neu pro-
teins or peptides. The mean and 3 SDs of the volunteer
donor responses to all antigens (SI of 1.98) established
a base line, therefore an Sl greater than two was con-
sidered consistent with an immunized response.

Enzyme-linked immunosorbent spot assay. A 10-day
enzyme-linked immunosorbent spot (ELIspot) assay
was used to determine precursor frequencies of pep-
tide-specific CD8 T lymphocytes as described previ-
ously (24). Briefly, on day 1, 2.5 x10> PBMCs/well were
plated into 96-well plates in six-well replicates in 200 pl
of RPMI-1640 containing L-glutamine, penicillin,
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streptomycin, and 10% AB serum (T-cell medium) in
the presence or absence of 10 pg/ml peptide antigen or
0.5 U/ml tetanus toxoid. The cells were incubated at
37°Cat 5% CO, Onday 5, IL-2 was added to 10 U/ml.
Onday 8, 2.5 x 105/well irradiated autologous PBMCs
and 10 pg/ml antigens were added. Also on day 8,
nitrocellulose-backed 96-well plates (NC-plates) were
coated with 10 pg/ml anti-IFN-y Ab in PBS at 50
pl/well. On day 9 the NC-plate was washed three times
with PBS and blocked for 2 hours with PBS containing
2% BSA, followed by three washes with PBS. On day 9,
the cells were gently resuspended, pooled, centrifuged,
and the media was replaced. The cells were transferred
into the NC-plate in a volume of 100 pl/well in T-cell
medium. The NC-plate was incubated at 37°C for a
further 20-24 hours followed by washing three times
using PBS containing 0.05% Tween-20. The plate was
then incubated for 2.5 hours at room temperature in
50 pl/well PBS containing 5 pg/ml biotinylated
anti-IFN-y Ab, washed three times with PBS, and fur-
ther incubated with 100 pl/well streptavidin-alkaline
phosphatase at a dilution of 1:1,000 in PBS for 2 hours
at room temperature. After washing three times in PBS,
the plate was incubated with 100 pl/well AP-colori-
metric substrate for 20-30 minutes, rinsed with cool
tap water, and allowed to dry completely. Resultant
spots were then enumerated using a dissecting micro-
scope. Precursor frequencies were calculated by sub-
tracting the mean number of spots obtained from the
no-antigen control wells from the mean number
obtained in the experimental wells. Statistical analysis
was performed using the Student’s t test (Microsoft
Excel 97; Microsoft Inc., Bellevue, Washington, USA).
Precursor frequencies to viral peptide antigens were
also enumerated from peripheral blood from four
HLA-A2* healthy, volunteer individuals for comparison
purposes. Assay validation was established in prelimi-
nary studies using the HLA-A2, pFlu peptide over a
PBMC range of 1.0-3.5 x 105 cells and also with the use
of IFN-y—coated polystyrene beads (24). These prelim-
inary studies demonstrated that the assay is linear and
precise between 2.0 and 3.5 x 105 PBMCs/well, has a
detection limit of 1:100,000, and has a detection effi-
ciency of 93%. The attributes of this assay, such as the
limit of detection, are consistent with previously
reported ELIspot methods (25, 26). The background
number of spots per well, in the absence of antigen, was
10 £ 1 (mean = SEM, n = 180). A positive response was
defined as a precursor frequency that was both signifi-
cantly (P < 0.05) greater than the mean of control no-
antigen wells and detectable (i.e., >1:100,000).
Although the ELIspot assay is sensitive and suitable for
detecting low-level responses to vaccination (8, 13, 25),
itis currently unknown if the calculated precursor fre-
quencies represent actual numbers of antigen-specific
cytolytic T cells in the peripheral blood.

Generation of antigen-specific T-cell lines and clones. Anti-
gen-specific T-cell lines and clones were generated by
culturing 25 x 106 PBMCs in T25 tissue-culture flasks

in 20 ml of T-cell medium. For the generation of HER-
2/neu-specific T-cell lines, PBMCs were cultured in 1
MM each of the HER-2/neu 9-aa peptides, p369-377,
p689-697, and p971-979. For generation of p369-377-
specific clones, p369-377 peptide was added to the
flasks to 1 um. The flasks were incubated at 37°C and
5% CO,. On day 3 and every other subsequent day, IL-2
was added to 5 U/ml. On day 10, in vitro stimulation
(IVS) was performed with peptide-pulsed, irradiated
autologous PBMCs. The cultures were further incubat-
ed for an additional 10 days with periodic IL-2 admin-
istration. After the second IVS, the antigen-specific T-
cell lines were examined for cytolytic activity as
described below and in some cases were cloned. For
cloning, bulk cultures were diluted to achieve approxi-
mately 0.3 viable cells/200 pl and plated onto flat-bot-
tom 96-well plates in complete medium. Peptide-pulsed,
irradiated autologous PBMCs (2.0 x 105) were added to
each well in the presence of 50 U/ml IL-2. The wells were
then tested for lytic activity in a [>1Cr]-release assay using
50 pl of cells from each well after 14 days. Positive wells
were identified as those having specific activity of 5% or
greater. The positive wells were transferred to new 96-
well plates and subsequently restimulated with peptide-
pulsed, irradiated autologous BLCLs. The cultures were
eventually expanded and carried using IL-2 and peptide-
pulsed, irradiated autologous BLCLs.

[51Cr]-release assays. Cytolytic activity was measured
using standard [51Cr]-release assays. Effector cells were
plated into 96-well plates at various effector-to-target
(E/T) cell ratios. Targets used were either peptide- or
protein-pulsed BLCL or the human HER-2/neu-over-
expressing tumor cell lines, SKOV3 and SKOV3-A2.
Targets were labeled with 200 uCi 5Cr for 1-2 hours
at 37°C. BLCLs were labeled simultaneously with 10
MM peptide. Before mixing with effectors, the targets
were washed two times with medium and resuspend-
ed to 1,000 targets/100 pl. The reaction was carried
out for 4 hours at 37°C, after which the plates were
centrifuged and 50 pl of medium from each well was
assayed for [51Cr] content in a scintillation counter.
The percentage of specific activity was calculated using
the following equation: percentage of specific lysis =
(sample well release — basal release) / (detergent release
- basal release).

Results

Patients with advanced-stage HER-2/neu—overexpressing can-
cers can be safely immunized with peptide-based vaccines.
Nineteen subjects were enrolled on trial (Table 1). The
median age was 52 years (range 36-55), and the medi-
an time from last chemotherapy was 10 months (range
1-75). Fourteen subjects received six vaccinations, two
received four vaccinations, two received three vaccina-
tions, and one received one vaccination. Postvaccina-
tion data are presented on 18 subjects who received
more than one vaccine. At enroliment, 18 subjects had
positive-recall antigen testing. The one subject who was
anergic received one vaccine. This subject withdrew

The Journal of Clinical Investigation |

February 2001 |

Volume 107 | Number4

479



Stimulation Index (SI)

from the study because of worsening asthma. Toxicity
was assessed using the National Cancer Institute Com-
mon Toxicity Criteria. Among all 19 subjects, there was
one grade 2 skin rash characterized by a mild chronic
urticaria that did not require treatment and resolved
after completion of the vaccination series. Five subjects
were followed a median of 12 months (range 7-17)
after completing six vaccines.

Patients immunized with 15-aa HER-2/neu peptides develop
HER-2/neu peptide— and protein—specific T-cell proliferative
responses. T-cell proliferative responses were measured
against 15-aa HER-2/neu peptides and the ECD and
ICD proteins before, during, and after the vaccination
series. As shown in Figure 1, before immunization pro-
liferative responses were detected to p369-384 in 2 of 19
subjects (mean SI 1.0, range 0.6-2.4), to p688-703 in 2 of
19 subjects (mean Sl 1.1, range 0.5-2.5), and to p971-984
in 1 of 19 subjects (mean Sl 1.1, range 0.5-2.5).

After vaccination, 14 of 18 (83%) subjects had prolif-
erative responses to at least one of the 15-aa HER-
2/neu peptides contained within their vaccine formu-
lations (Figure 2). After immunization, proliferative
responses were detected to p369-384 in 14 of 18 sub-
jects (mean Sl 6.4, range 1.0-35.6), to p688—p703in 7
of 18 subjects (mean Sl 2.4, range 1.0-6.4), and to
p971-984 in 10 of 19 subjects (mean Sl 4.2, range
1.0-26.1) (Figure 1). The differences in means between
the preimmunization responses and the maximal pos-
timmunization responses were significant for all the
peptides (p369-384, P = 0.003; p688-703, P = 0.001;
p971-984, P =0.02). Overall, new immunity was gener-
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Figure 1

Patients immunized with a 15-aa HER-2/neu peptide-based vaccine
develop HER-2/neu peptide-specific and protein-specific T-cell pro-
liferation responses. Shown are the preimmunization (open circles)
and maximal postimmunization (filled circles) proliferative respons-

es

(SI) for the HER-2/neu peptides, p369-384, p688-703,

p971-984, and the HER-2/neu protein domains, ECD and ICD. For
comparison, the maximal responses to tetanus toxoid (TT) are
shown. Each symbol represents a measurement from a single unique
subject, calculated from 24 replicates. The solid lines indicate the
mean S| for the group.
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Table 1
Patient demographics

Diagnosis Number of patients
Breast cancer 19

Stage Il 4

Stage IV 14

Ovarian cancer 1

Stage Il 1

Age, median years (range) 52 (36-55)

Time from last chemotherapy, median months (range) 10 (1-75)

ated to p369-384, p688-703, and p971-984 helper
peptides in 67%, 33%, and 50% of subjects, respectively
(Figure 2). As a comparison, the mean maximal
response to tetanus toxoid in the patient population
was an S| of 14.8 (range 1.0-76.8) (Figure 1).

Patients immunized with peptides also developed responses
to the naturally processed and presented HER-2/neu protein.
As shown in Figure 1, before immunization prolifera-
tive responses were detected to the ECD in 0 of 19 sub-
jects (mean SI 1.1, range 0.6-1.5) and to the ICD in 1
of 19 (mean Sl 1.1, range 0.6-2.2). After immunization,
proliferative responses were detected to ECD in 5 of 18
subjects (mean Sl 1.9, range 1.0-5.1) and to ICD in 9
of 18 subjects (mean SI 3.9, range 1-18). The differ-
ences in the mean postimmunization responses were
significantly higher than the mean preimmunization
Sls for both proteins (ECD, P =0.001; ICD, P =0.004).
Overall, new immunity was generated to ECD protein
in 28% and to ICD protein in 50% of subjects.

Patients immunized with 15-aa HER-2/neu peptides
increase T-cell precursors to the HLA-A2 9-aa peptide epitopes
contained within the longer peptide sequences of the vaccine
peptides. Generation of HER-2/neu T-cell precursors to
the 9-aa peptides, p369-377, p689-697, and p971-979,
were evaluated in patients using an IFN-y-based
ELIspot (Figure 3). Figure 3a demonstrates that study
patients had similar levels of viral-specific T-cell pre-
cursors compared with the levels of viral-specific pre-
cursors detected in a cohort of HLA-A2 volunteers.
Before vaccination, IFN-y-producing CD8 T-cell
responses, defined as HER-2/neu peptide-specific pre-
cursors/10% PBMCs, were detectable to p369-377 in 2
of 15 (mean 12, range 0135), to p689-697 in 0/15
(mean 0, range 0-0) and to p971-979 in 3/15 (mean 21,
range 0-217) subjects. As shown in Figure 3, after
immunization CD8 T-cell responses were detected to
p369-377 in 10 of 15 subjects (mean 75, range 0-471),
to p688-703 in 5 of 15 subjects (mean 20, range 0-143),
and to p971-984 in 12 of 15 subjects (mean 63, range
0-185). Overall, new CD8 T-cell immunity was gener-
ated to p369-377 in 62%, to p689-697 in 31%, and to
p971-979 in 54% of subjects (Figure 4). The pre- and
postimmunization responses to tetanus toxoid and the
HLA-A2 peptides from influenza virus and CMV were
not significantly changed (P > 0.05) as a result of vacci-
nation with HER-2/neu peptides (data not shown).
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Figure 2

The majority of patients could be immunized to HER-2/neu. Data
are shown as the percentage of the population before immunization
and after immunization that had a positive proliferation response
(SI > 2) to each of the peptides in the vaccine, p369-384 (light gray
bar), p688-703 (gray bar), p971-984 (filled bar), as well as to the
HER-2 protein domains, ECD (open bar) and ICD (dark gray bar).
The mean (range) preimmunization Sl of patients considered as hav-
ing a positive response to p369-384 was 2.4 (one patient only), to
p688-703 was 2.5 (2.4-2.5), to p971-984 was 2.5 (one patient
only), to ECD (no patients), and to ICD was 2.2 (one patient only).
The mean (range) postimmunization S| of patients considered as
having a positive response to p369-384 was 7.5 (2.9-35.6), to
p688-703 was 3.5 (2.1-6.4), to p971-984 was 6.2 (2.4-26.1), to
ECD was 3.3 (2.5-5.1), and to ICD was 6.2 (2.7-18).

Peptide-specific T cells can lyse HLA-matched cells express-
ing HER-2/neu protein. Previous studies of peptide
immunization indicate peptide-specific T cells may
not have the capacity to lyse tumors (9, 27, 28). Thus,
we assessed whether HER-2/neu peptide-specific T
cells could lyse HLA-A2, HER-2/neu-expressing cell
lines. As an example, Figure 5 demonstrates cytolytic
activity against an HLA-A2 BLCLs transfected with
HER-2/neu in a breast cancer patient after immuniza-
tion. Postimmunization precursor frequencies in this
representative subject after vaccination were 81, 27,
and 56 precursors/106 PBMCs to p369-377,
p689-697, and p971-979, respectively. The patient
had no pre-existing peptide-specific T-cell precursors
before immunization. A representative T-cell line
established on this patient demonstrated a 40:1 E/T
ratio, 22% lysis to p369-377, 35% lysis to p689-697,
and 37% lysis to p971-979 (Figure 5). Furthermore,
peptide-specific T cells were able to lyse HLA-A2*
BLCLs expressing HER-2/neu protein (25% at 40:1
E/T). In an additional example, 21 CD8 peptide-spe-
cific T-cell clones were generated from an ovarian can-
cer patient, 0756, after vaccination (29). Shown in Fig-
ure 6 is the cytolytic activity of a representative
peptide-specific clone against p369-377-loaded HLA-
A2 BLCLs (25% at 40:1 E/T) or tumor cells expressing
both HER-2/neu and HLA-A2 (18% at 40:1).
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Patients immunized with 15-aa HER-2/neu peptides main-
tain HER-2/neu immune responses after immunizations have
ended. To determine if CD8 T-cell responses were main-
tained after active immunization, five patients were fol-
lowed between 7 and 17 months after the end of vacci-
nation. All five of the patients maintained responses to
two or more the HLA-A2 9-aa epitopes contained with-
in their vaccine peptides (Table 2). At a median of 12
months after the last vaccination, the mean (n = 5
patients) precursor frequency, expressed as peptide-spe-
cific precursors/106 PBMCs, to p369-377 was 68 (range
38-118), to p689-697 was 22 (range 0-74), and to p971-
979 was 43 (range 0-68).

Discussion

The cytolytic T-cell response is believed to be the critical
immune effector arm in mediating potential antitumor
immunity. Thus, studies of tumor immunity primarily
have focused on the identification of MHC class | epi-
topes for tumor-associated antigens such as MAGE-1
(30), NY-ESO-1 (31), HER-2/neu (6, 7), tyrosinase (32),
and gp-100 (33). In in vitro experiments, these epitopes,
when presented in the context of MHC class I, activate
CD8 T cells that can directly lyse tumors. Therefore, sev-
eral clinical trials have been conducted assessing the fea-
sibility and efficacy of cancer vaccination with peptide-
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The majority of patients could be immunized to HLA-A2 HER-2/neu
peptides. Data are shown as the percentage of the population before
immunization and after immunization that had a detectable ELIspot
response to each of the HER-2/neu, HLA-A2 peptides, p369-377
(light gray bar), p689-697 (dark gray bar), p971-979 (filled bar).
The mean (range) preimmunization HER-2/neu-specific precursor
frequency of patients considered as having a positive response to
p369-377 was 125 (32-217, two patients only), to p689-697 (no
patients), and to p971-979 was 74 (13-135, two patients only). The
mean (range) maximal postimmunization HER-2/neu-specific pre-
cursor frequency of patients considered as having a positive response
to p369-377 was 111 (11-417), to p689-697 was 60 (25-143), and
to p971-979 was 97 (13-185).

based MHC class | peptides to generate tumor-specific
CD8 T cells. Several problems have been identified with
MHC class | peptide vaccination, including the inability
to generate (a) peptide-specific precursors that directly
recognize naturally processed antigen, (b) a significant
precursor frequency, and (c) long-lasting immunity.
The requirement of CD4 help to initiate and sustain
a CD8 response is well established and has led to the
development of antitumor vaccines that attempt to
induce both T-cell subsets (1, 34). In the absence of
defined tumor-antigen MHC class |1 epitopes needed
to activate CD4 T cells, immunization strategies have
been employed combining tumor antigen MHC class
| epitopes with universally recognized MHC class 11
epitopes such as PADRE (35) and the promiscuous
epitopes of tetanus toxoid (36). Although immunity
to the helper epitopes is usually robust, responses to
the antigen of interest have been limited. For example,
Brander and colleagues reported that inclusion of the
promiscuous tetanus epitope, p30, into a vaccine for-
mulation containing an HIV HLA-A2 peptide epitope
did not result in immunization to the HIV epitope
but significantly reactivated the memory response to
the tetanus peptide (37). Similarly, PADRE was
unable to significantly induce immunity to two
human papilloma virus—derived, HLA-A2 peptides in

aphase I clinical trial (16). In contrast to these strate-
gies, providing CD4 help within the same antigenic
background has been successfully used to boost CD8
responses (12, 17). In fact, immunizing with an MHC
class Il epitope that encompasses an MHC class
I-binding motif within its natural sequence resulted
in effective immunity in a murine lymphocyte chori-
omeningitis virus model (17). Previous investigations
by our group identified putative T-helper epitopes of
the HER-2/neu protein that contained HLA-A2
motifs (2). By providing HER-2/neu-specific MHC
class Il and MHC class | epitopes simultaneously, we
hoped to overcome the problems associated by immu-
nizing with MHC class | epitopes alone.

The peptide-specific T cells that were generated in vivo
in the present study were able to lyse tumor cells. The
inability of peptide-specific T cells generated by vaccina-
tion to directly recognize naturally processed and pre-
sented antigen has been reported for some MHC class |
epitopes, including those derived from HER-2/neu (9)
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Figure 5

Peptide-specific T cells isolated from a breast cancer patient after immu-
nization can lyse HLA-A2 cells overexpressing HER-2/neu protein.
PBMCs from a representative patient, 0107, were examined for cytolyt-
ic activity against BLCL-A2 alone (open circles), peptide-loaded A2-
BLCLs (filled symbols), or HER-2/neu-expressing BLCL-A2 (open
squares) at three different E/T ratios. The peptides (p369-377,
p689-697, p971-979) used to pulse the BLCL-A2 were the HLA-
A2-binding peptides encompassed in the 15-aa HER-2/neu vaccine.

Each point represents the mean of three replicates
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CD8 T-cell responses are maintained after vaccination
Subject p369-377 p689-697 p971-979

Maximal response Latest response? Maximal response Latest response” Maximal response Latest response”
8302 1:12,800 1:21,300 1:30,300 1:91,000 1:25,000 1:25,000
4716 1:8,500 1:8,500 <1:100,000 <1:100,000 1:18,700 1:20,000
4723 1:5,200 1:18,500 1:7,000 <1:100,000 1:14,700 1:14,700
2859 1:26,300 1:26,300 1:13,500 1:13,500 1:76,900 <1:100,000
0107 1:12,300 1:12,300 1:37,000 1:37,000 1:17,900 1:17,900

Data are presented as ratio of antigen-specific T cells to PBMCs. AResponse measured between 7 and 17 months (median = 12) after final vaccination.

and MART-1 (28). Peptide-specific T cells that do not
respond to endogenous antigen may be detected after
immunization if target cells (e.g., tumor cells) do not nat-
urally process or present the epitope in sufficient quanti-
ties to stimulate recognition. Alternatively, immuniza-
tion with excessive quantities of class I-restricted peptide
may result in the generation of peptide-specific T cells
that are of low affinity and would not be activated by the
level of naturally occurring peptide in tumor cells. Vacci-
nating with longer peptides encompassing class | motifs,
as in the present study, may allow processing of the pep-
tide and presentation in class | MHC at levels that more
closely mimic those present on tumors.

The majority of patients in the current study gener-
ated viral-like levels of HER-2/neu-specific CD8 T-cell
precursors. Immunization with MHC class | cancer vac-
cines often has resulted in undetectable or low-level
immune responses. For example, Pass and colleagues
reported that only two of seven (29%) melanoma
patients vaccinated with the gp100 HLA-A2-binding
motif, g208, developed detectable peptide-specific pre-
cursors (8). In a parallel study, they also observed no
detectable response in another cohort vaccinated
against the HLA-A2 MART-1,7_ss epitope (8). Our suc-
cess at generating high levels of peptide-specific pre-
cursors to HER-2/neu HLA-A2 peptides was most like-
ly due to the patient population selected, having either
low-level or nondetectable disease and an excellent per-
formance status. Scheibenbogen and colleagues have
demonstrated that the presence of antigen-specific
immune reactivity in melanoma patients can be corre-
lated with disease being in remission (38). Our goal,
like that in infectious disease, is to develop vaccination
strategies that prevent disease rather then treat disease.
The inability of vaccines to eradicate actively growing
tumors has been clearly shown in animal models (39).
In our study 86% of patients generated increased fre-
quencies of HER-2/neu-specific CD8 T cells. The mean
HER-2/neu (all peptides) precursor frequency of 49/108
PBMCs was very similar and within one SD to the
mean viral (flu and CMV) precursor frequency of
65/106 PBMCs. Furthermore, the levels of viral precur-
sors measured in the present study are consistent with
those observed by Scheibenbogen in a cohort of
melanoma and noncancer-bearing patients (38). These
findings together raise the important question as to

whether levels of cancer immunity that are similar to
viral immunity would be sufficient to protect against
cancer relapse. This question can be answered only in
the context of clinical studies designed to correlate level
of immunity generated after immunization with pro-
tection from cancer relapse or development of disease.

Our vaccination strategy also resulted in persistent
peptide-specific T-cell precursors. Over the past decade,
immunization with CD8 T cell-inducing epitopes was
associated with only short-lived responses (40). How-
ever, strategies are being developed to lengthen the
duration of the response. It is likely that our strategy
resulted in long-lived CD8 T-cell responses due to the
concurrent activation of CD4 T cells. Both murine
antiviral and antitumor models have clearly established
the important role of CD4 T cells in maintaining a per-
sistent CD8 T cell response (14, 34, 41). Using a differ-
ent strategy, Stewart and Rosenberg have found that
gp100-specific CD8 T-cell responses are long-lived in
melanoma patients immunized with a modified gp100
MHC class I-binding peptide (42).

401

7561

30-
® BLCL-A2/p369-377
D
E )
O
5 20/ /SKOV3-A2
[0
o
(7]
X

10

SKOV3
o 2\\““’/ BLOL-A2
10:1 20:1 40:1
ET
Figure 6

Peptide-specific T-cell clones isolated from an ovarian cancer pat

ient

after immunization can lyse HLA-A2* tumor cells overexpressing HER-
2/neu protein. A p369-377-specific clone was examined for cytolytic
activity against BLCL-A2 alone (open circles), p369-377-loaded BLCL-
A2 (filled circles), or the HER-2/neu-overexpressing tumor cells,
SKOV3 (open squares) and SKOV3-A2 (filled squares). SKOV3-A2 are
SKOV3 cells stably expressing HLA-A2. Each point represents the mean
of three replicates (+ SEM). The absence of errors indicates a standard

of the mean less than 1%.
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In summary, the primary use of cancer vaccines is
most likely to prevent, rather than eradicate, malig-
nancy. In this study immunization of cancer patients
against HER-2/neu was demonstrated with a peptide-
based vaccine consisting of helper T-cell epitopes, each
containing an HLA-A2 motif. Active immunization
resulted in the generation of both CD4 and CD8 T-cell
immunity. The resulting peptide-specific T-cell precur-
sors recognized naturally processed HER-2/neu protein
and the immunity was long-lived.
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