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Summary

The recently reported FACS-based CD107 assay has been used in human HIV and CMV antigen models as well as
in the ex vivo analysis of tumor cytolytic T cells in a melanoma model by a single group. The purpose of our study
was to validate this assay and to use it in previously untested viral and tumor antigen models. Specifically, we
investigated the use of the novel CD107 cytotoxicity assay in the detection of influenza and HER2/neu tumor-
specific cytolytic CD8 " T cells. CD8 " T cells from HLA-A2" healthy donors were stimulated with autologous
dendritic cells pulsed with FluM or the HER2/neu peptides, E75 or GP2. These CD8 " T cells were then tested in
cytotoxicity assays at varying effector:target (E:T) ratios against T2 targets. Cytotoxicity was measured by detection
of CD107a and b on the surface of CD8" T cells. An E:T of 1:5 was found to optimize the resulting percentage of
CD8"CD107" T cells. E75- and GP2-stimulated CD8 * T cells were then tested in cytotoxicity assays with MCF-7
(HER2/neu HLA-A2") and AU565 (HER2/neu " HLA-A2") tumor cells. Cytotoxicity was measured by both the
CD107 assay and the >'Cr release assay. Results of cytotoxicity were then correlated between these two assays. In
representative experiments, the CD107 assay identified average specific increases for E75- and GP2-stimulated cells
of 4.26 and 3.57%, respectively. These results correlated favorably with cytotoxicity as measured by the traditional
>ICr assay. These findings confirm preliminary reports of the CD107 assay and suggest its usefulness for monitoring

cancer trials.

Introduction

The HER2/neu protein is an immune recognized tumor-
associated antigen [l-3]. Among the immunogenic
peptides from the HER2/neu protein recognized by
cytotoxic T lymphocytes (CTL) are the HLA-A2 epi-
topes, E75 and GP2 [4,5]. E75 is the most studied of the
HER2/neu-derived peptides, and it has been used in
several clinical trials as an anti-cancer vaccine [6—12].
Our group has recently reported initial results from our
ongoing clinical trial investigating the use of the E75
peptide mixed with GM-CSF as a simple vaccine strat-
egy to induced E75-specific CD8" T cells. This vaccine
appears to convey clinical benefit in immunocompetent
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patients with breast cancer who were rendered disease-
free through standard conventional therapies but who
were at high risk for recurrence.! GP2 is another
immunogenic peptide from the HER2/neu protein that
we and other groups are investigating for use in a second
peptide-based cancer vaccine clinical trial [13].

As is the case for any immunotherapeutic trial,
immunologic monitoring of the vaccine-elicited immune
response is an important component of our HER2/neu
peptide-based cancer vaccine trial. Newly developed
technologies incorporating recombinant protein mole-
cules and multi-parameter flow cytometry have enabled
the enumeration of antigen-specific CD8 * T cells using
MHC Class I tetramers or HLA-A2:Ig dimers [14,15].
These techniques are able to determine the presence of
these cells but are unable to provide information
regarding their capacity to mediate functional immune
activity. Functionality can be assessed by assays
requiring minimal ex vivo manipulations such as the
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CFESE assay for proliferation, intracellular cytotoxicity
assays, and ELISPOT assays for cytokine secretion.
Other functional assays such as the standard chromium
(*'Cr) release or the 3H-thymidine proliferation assays
also provide valuable functional information but they
involve extended in vitro stimulation and generation of
cell cultures [16—-19]. From these assays, the most rele-
vant and commonly used method for immunological
monitoring of immune-mediated cytotoxic activity
against tumor cells is the >'Cr release assay despite the
prolonged manipulations required to perform it. One
drawback of the >'Cr release assay is that it does not
directly examine the CD8 " T cells that mediate killing,
rather it examines the death of target cells. While the
ultimate goal for CTL induction is tumor cell killing,
the °'Cr assay does not allow for the identification of the
specific effector cells responsible for target cell killing.
Therefore, one cannot directly attribute the cytolytic
activity to be due to antigen-specific CD8" T cells or
other cellular populations present in the cultures being
tested. In addition, the >'Cr release assay does not allow
for the quantification of effector cells. This test is,
therefore, limited in its ability to characterize the phe-
notype and functional capacity of the responding effec-
tor cells.

Betts et al. recently described the CD107 assay as an
alternative cytotoxicity assay that is able to address some
of the shortcomings of the *'Cr release assay [20]. The
CD107 assay allows for precise phenotypic and func-
tional characterization of responding CD8" T cells
through flow cytometry using a marker that is only ex-
pressed during degranulation, the initial event that takes
place during target cell lysis [20]. Degranulation of acti-
vated CD8 " T cells occurs shortly after T cell receptor
(TCR) stimulation. TCR stimulation initiates the trans-
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port of lytic granules in the effector CD8 " T cell towards
the synapse formed with the target [21]. These lytic
granules contain a dense core composed of various
cytotoxic mediators such as perforin and granzyme that
are released once the granule fuses with the CD8* T
cell’s plasma membrane. The core within the granule is
surrounded by a lipid bilayer containing lysosome
associated membrane glycoproteins including CD107a
and b. In their assay, Betts et al. described measuring the
cumulative exposure of CD107a and b that become
transiently mobilized to the T cell surface during the
degranulation process that occurs upon contact with
specific target cells [20]. A diagrammatic representation
of these events is shown in Figure 1. The CD107 assay
can provide assessment of the capacity, frequency and
phenotype of CD8 ™" T cells that kill in conditions similar
to those used in a standard >'Cr release assay [20]. Sub-
sequent to its initial description, Betts et al. have re-
ported on the use of the CD107a assay in the ex vivo
analysis of tumor cytolytic T cells in a melanoma model
and also for the study of T cell phenotype and functions
in human HIV and CMV antigen-specific CD8 " T cells
[22,23].

In the present study, we have sought to corroborate
the initial findings of Betts et al. and to expand this
assay into previously untested viral and tumor antigen
models. We have investigated the use of the novel
CD107 cytotoxicity assay in the detection of influenza
and HER2/neu tumor specific cytolytic CD8 " T cells. In
our approach to validate this assay, we specifically
addressed three important aspects of an immunologic
anti-tumor cytotoxicity assay. First, we tested various
effector to target (E:T) ratios in order to optimize
the activation and detection of the percentage of
CD8 CDI107" cells. Second, we utilized the CD107
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Figure I. Stimulation of the T cell receptor on a CD8 " T cell results in degranulation with release of lytic granules. Lysosome-associated
membrane glycoproteins CD107a and b become transiently mobilized to the cell surface during this process. Identification and quantification of
the CD107 molecules using a CD107 antibody and flow cytometry allows for precise phenotypic and functional characterization of activated

CD8™" T cells.



assay to detect the cytolytic activity of FluM- and HER2
peptide-stimulated CD8 " T cells using peptide-pulsed
T2 cells or HER2/neu™ cancer tumor target cells. Fi-
nally, we correlated the results obtained from the
CD107 assay with cytolytic activity measured by the
traditional >'Cr release assay.

Materials and methods
T2 cells and tumor cell lines

The HLA-A2" T-B lymphoblast hybrid cell line, T2,
that is deficient in the transporter-associated protein
(TAP), was obtained from ATCC (Manassas, VA). The
HER2/neu-expressing breast cancer cell lines MCF-7
(HLA-A2") and AU565 (HLA-A2") were also obtained
from ATCC. AUS565 and T2 cells were cultured in
RPMI-1640 supplemented with 10% heat-inactivated
FBS (Gemini Bioproducts, CA), 1% glutamine and 1%
penicillin—streptomycin (GIBCO-BRL, VA). MCF-7
cells were cultured in DMEM supplemented with 10%
FCS and penicillin—streptomycin, glutamine and insulin
(GIBCO-BRL, VA).

Peptides and monoclonal antibodies

The E75 (HER2/neu, 369-377, KIFGSLAFL) and GP2
(HER2/neu, 654-662, IISAVVGIL) peptides were pro-
duced commercially in good manufacturing practices
grade by Multiple Peptide Systems, Inc. (San Diego,
CA). The purity of these peptides were verified by high
performance liquid chromatography and mass spec-
trometry to >95% purity, and the amino acid content
was determined by amino acid analysis. The influenza
matrix peptide Flu-M (58-66, GILGFVFTL) was pro-
duced as research grade reagent at the BIC Peptide
Synthesis Lab, Uniformed Services University of the
Health Sciences (Bethesda, MD). The monoclonal
antibodies, CD8-APC, CDI107a-FITC, and CD107b-
FITC were obtained from Pharmingen (San Diego, CA).

Blood samples and HLA-A2 typing

Peripheral blood mononuclear cells (PBMC) were pre-
pared by density-gradient centrifugation of leukopho-
resis blood products provided by healthy donors and
commercially available from BRT Laboratories (Balti-
more, MD). The cells were washed in HBSS and re-
suspended in complete culture medium (CM) consisting
of Iscove’s Modified Dulbecco’s medium containing
10% human AB serum (Gemini Bio-Products, Wood-
land, CA) supplemented with 1X penicillin/L-gluta-
mine/streptomycin, 1X  sodium pyruvate, 1X
nonessential amino acids and 50 uM of 2-mercaptoeth-
anol (Life Technologies, Rockville, MD). Aliquots of
freshly isolated PBMC were cryo-preserved in 90% FCS
and 10% DMSO in liquid nitrogen for future experi-
ments. The HLA-A2 status of the blood samples was
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confirmed by indirect staining with 10 ul of anti-HLA-
A2 monoclonal antibodies (mAbs), BB7.2 and MA2.1
(1:10 dilution of culture supernatant) (ATCC) at 4 °C
for 30 minutes followed by 30 min of incubation with
FITC-conjugated goat anti-mouse antibodies (Caltag
Laboratories, Burlingame, CA) and analyzed on a
FACSCalibur Analzyer (Becton Dickinson).

In vitro stimulation of PBMC cultures for cytotoxicity
assay

The PBMC preparations re-suspended in CM were used
for the preparation of dendritic cells (DC) and as a
source of CD8 " T lymphocytes for in vitro stimulation
with the peptides. Highly pure populations of CD8 " T
cells were isolated by magnetic beads separation tech-
nique using CD4-, CD14-, and CD19-coated Dynal
beads. Highly enriched populations of CD14 monocytes
were prepared by magnetic bead depletion of PBMC that
had been incubated with CD2-, CD19-, and CD8-coated
beads from Dynal. The CD14 cell population was cul-
tured in Macrophage Serum Free Medium (GIBCO-
BRL, MD) with 100 pug/ml of GM-CSF and 50 ug/ml of
IL-4/ml (R&D) to obtain monocyte-derived DC popu-
lations. Recombinant human TNF-o (R&D Systems)
was added at 30 ng/ml on day three to induce matura-
tion. DC were then harvested at 6 days, incubated with
E75, GP2, Flu-M, or no peptide for 2 h and then used to
stimulate the purified preparations of CD8" T cells.
Cultures were set up in CM with 10 ng/ml of IL-7 and
this was followed by the addition of 25 ng/ml of IL-2 on
the second day. All cultures were maintained in a
humidified incubator at 37 °C with 5% CO,.

1 . -
L Chromium release cytotoxicity assay

Peptide-specific cytotoxicity in the CD8 ™ T cell cultures
stimulated with peptide-pulsed DC was determined by
standard 4-h chromium release assay. Briefly, targets
were labeled with 100-150 uCi of sodium chromate
(Perkin-Elmer, Boston, MA) for 1 h at 37 °C then wa-
shed twice and plated at 2500 cells/well in 100 wl in 96-
well U-bottom plates (Becton Dickinson). Effectors
were added at an effector: target (E:T) ratio of 10:1-20:1
in 100 ul/well. After 4 h of incubation, 100 ul of culture
supernatant was collected and radionuclide release
measured on a Microbeta Trilux counter (Perkin-El-
mer). All determinants were done in triplicate. Results
are expressed as percent specific lysis as determined by:
(experimental mean cpm-spontaneous mean cpm)/
(maximum mean cpm-spontancous mean cpm) X 100.
The target cells used in the cytotoxicity assays were
peptide-pulsed T2 cells or MCF-7 (HER2/neu " HLA-
A2") and AUS565 cells (HER2/neu " HLA-A2").

CDI107 cytotoxicity assay

The CD107 assay with the T2 and the breast cancer cells
was set up based upon a similar approach described by
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Betts et al. with a few modifications [20]. The breast
cancer cells, MCF-7 and AU565, were plated at various
cell numbers in a 24-well plate and incubated at 37 °C
overnight prior to their use in the assay on the next day.
This was done in order to allow the tumor cells to be-
come adherent on the bottom of the wells. (Experiments
performed by plating the cells on the same day as the
running of the assay did not significantly change the
results obtained.) On the day of the assay, the culture
supernatant was removed from the wells and the effector
cells (DC-stimulated CD8 ™ T cells in CM) were added
to the wells at various E:T ratios. Control wells con-
taining either only T cells or tumor targets were also set
up with each assay. Ten microliters each of CD107a-
FITC and CD107b-FITC was added to each well at the
same time as addition of the T cells. The plate was then
centrifuged for three minutes at 1000 rpm in order to
facilitate immediate contact between the T cells and the
tumor targets at the bottom of the wells. The plate was
then incubated at 37 °C and after the first hour of
incubation 1 ul/well of Brefeldin A (BD-Fastimmune
Golgi Plug) was added to each of the wells and the plate
was returned to the incubator for an additional 4 h. At
the end of the incubation period the cells were harvested
into separate tubes and washed once with Pharmingen
Stain Buffer (PSB, BD Pharmingen, CA) after which
they were re-suspended in 1 ml PSB and stained with
anti-human CDS8-PE antibodies for 30 min. The cells
were then washed again and re-suspended in PSB and
analyzed using a FACSCalibur flow cytometer (Becton
Dickinson). The forward and side scatter profiles ob-
tained using the control cultures containing only the
tumor cells or T cells enabled us to gate on the lym-
phocyte populations present in the mixed cultures of T
cells and tumor cells. The CD107 assay with the T2 cells
were set up in an identical manner and experimental
design with the only exception being that the T2 cells
were prepared by pulsing with the respective peptides
and using these cells on the same day the assay was
performed.

Results
Optimization of the E:T ratio used in the CD107 assay

The first step in evaluating the CD107 cytotoxicity assay
for its potential use in immunologic evaluation of blood
samples from patients enrolled in a peptide-based vac-
cine trial was to determine the E:T ratio that would be
optimal for stimulation and detection of the number of
CD8 "CD107 " T cells being generated in cell cultures. In
order to determine this ratio, we began with CD8 " T
cells from HLA-A2" healthy donors that were stimu-
lated with autologous DC pulsed with FluM peptide, a
standard viral antigen used extensively in immunological
studies of infectious diseases. After being pulsed with the
peptide, the cells were expanded then incubated with T2
target cells at varying E:T ratios. Flow cytometric anal-

ysis was performed to determine the percentage of CD8 "
T cells that expressed surface CD107a or b during the
incubation. Figure 2 shows histograms from an initial
experiment and data from subsequent experiments with
Flu-M stimulated cultures from additional HLA-A2™
healthy donors as well as E75- and GP2-stimulated cul-
tures from HLA-A2" donors versus T2 targets at vary-
ing E:T ratios. These results reflect the detection of
specific CD8 *CD107 " cells where background numbers
of CD107 " cells generated against un-pulsed T2 target
cells have been subtracted out. An E:T of 1:5 provided
the greatest percentage of CD8 " CD107 " T cells. Ratios
of 1:2 also resulted in an adequate percentage of
CD8"CDI107" cells identified suggesting that any ratio
providing more targets then effectors is adequate to run
this assay. In separate experiments, the ratio was taken
to 1:10 at which point there was a decrement in CD107
detection (data not shown).

Similar results have been observed by Betts et al.
(personal communication). These sets of results with
peptide-pulsed T2 cells confirm the utility of the CD107
assay as a feasible cytotoxicity assay with T2 target cells
in both viral and tumor antigen systems.

Detection of cytolytic activity of E75- and GP2-specific
CD8™ T cells in peptide-stimulated cultures against tumor
targets

We next investigated the use of the CD107 assay for the
detection of cytolytic activity of E75- and GP2-specific
CDS8" T cells against HER/neu-expressing tumor tar-
gets. E75- or GP2-stimulated cells were incubated with
MCF-7 (HER2/neu " HLA-A2") or AU656 (HER2/
neu " HLA-A27). To confirm that an E:T whereby tar-
gets exceeded effectors was optimal when assessing
cytotoxicity against tumor targets as opposed to T2
targets, initial experiments were performed using E:T
ratios of 1:1 and 1:5. At a 1:1 E:T ratio, E75-stimulated
cells from two different PBMC had average specific in-
creases (defined as % CD8 "CD107 " cells with AU565
subtracted from % CD8 "CD107 " cells with MCF-7) of
1.25%. GP2-stimulated cells from two PBMC had
average specific increases of 1.12%. At an E:T of 1:5, the
average specific increases for E75- and GP2-stimulated
cells were 4.26 and 3.57%, respectively (Figure 3a).
Based on these initial findings, additional experi-
ments were designed to validate the utility of the
CD107 assay as a tumor-specific cytotoxicity assay.
CDS8"' T cells from two additional HLA-A2" healthy
donors were stimulated with autologous DC pulsed
with E75 or GP2 peptides and then expanded. The
cells from these stimulated cultures were incubated at
the optimal E:T of 1:5 with MCF-7 and AUS565 cells.
Specific increases of CD8 CDI107" cells shown in
Figure 3b were determined using FACS analysis. Re-
sults of these experiments confirm that we are able to
identify populations of tumor-cytolytic T cells from
peripheral blood samples using this flow cytometric
quantification of the surface mobilization of CD107.
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Figure 2. Percentage of CD8™ T cells expressing surface CD107a or b. (a) Histograms showing FluM-stimulated effectors versus T2 targets at the
indicated E:T ratios. An E:T of 1:5 resulted in the highest percentage of resulting CD107 "CD8" T cells. This histogram is representative of
results obtained using CD8 ™" T cells from 4 HLA-A2™ healthy donors stimulated with autologous dendritic cells pulsed with FluM. (b) Line
diagram depicting results of additional experiments evaluating the optimal E:T ratio. These experiments again involved CD8 " T cells from HLA-
A27 healthy donors stimulated with FluM peptide versus T2 targets. Additional ratios including 2:1 and 1:2 were evaluated. (c) Percentage of
specific CD107 " T cells at varying ratios using CD8 " T cells from HLA-A2" donors stimulated with E75 (PBMC 1 and 2) and GP2 (PBMC 3),

two immunogenic peptides derived from the HER2/neu protein.
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Figure 3. (a) Representative histograms showing E75- or GP2-stimulated effectors at the indicated E:T ratio against the HER2/neu™, HLA-A2"
control breast cancer cell line MCF-7 and the HER2/neu™", HLA-A2" control cell line AU565. (b) Detection of specific cytolytic activity (defined
as % CD8 " CDI107" cells with AU565 subtracted from % CD8 " CD107" cells with MCF-7) from E75- or GP2-stimulated CD8 " T cells in

peptide-stimulated cultures against tumor targets.
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Correlation of cytotoxicity detected by CDI107 assay with
traditional >’ Cr release assay

Having shown that the CD107 assay could be used to
detect the cytolytic activity of HER2/neu peptide-spe-
cific CD8 " T cells in peptide-stimulated cultures against
HER2/neu-expressing tumor targets, our final objective
was to correlate the CD107 assay with the >'Cr release
assay that we are currently using to measure cytolytic
activity in our peptide-based vaccine trials. CD8* T
cells from an HLA-A2™" healthy donor stimulated with
FluM, E75 and GP2 peptide were incubated with T2
target cells at a 1:5 ratio for the CD107 assay and at our
standard 20:1 ratio for the >'Cr release assay. Figure 4a
shows a positive pattern of response demonstrated be-
tween cytolytic activity detected by the two assays.

Additional experiments performed which showed
poor target killing with GP2-stimulated CD8 " T cells
versus T2 targets confirmed that there was a negative
correlation as well, whereby when no target cell killing
was detected by the CD107 assay, the standard °'Cr
release assay also showed no or negligible target cell
killing (data not shown).

Similar experiments were performed using E75- and
GP2-stimulated cells versus tumor targets in order to
correlate the validity of results obtained from these two
assays. Results of these experiments (Figure 4b) confirm
that a good overall correlative pattern of response is
seen between the CD107 assay and the standard °'Cr
release assay.

Discussion

In this study we have corroborated the preliminary re-
ports by Betts et al. suggesting the utility of the CD107
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assay as an alternative cytotoxicity assay [20]. Further-
more, we have expanded the scope of the assay to viral
and tumor antigen systems not previously tested. Spe-
cifically, we have shown that this assay can be used to
detect cytolytic activity of CD8 " T cells recognizing the
HER2/neu vaccine peptides E75 and GP2 which are
currently being investigated in ongoing peptide based
vaccine trials. Additionally, we have optimized the assay
by determining the best E:T which had not been speci-
fied in previous reports. We also validated the CD107
assay against the longstanding standard cytotoxicity
assay used for the monitoring of clinical cancer vaccine
trials.

Immunologic response monitoring is an important
component of a peptide-based cancer vaccine immuno-
therapy trial. Currently, to determine the response to an
administered vaccine, both phenotypic and functional
assays are performed in order to examine the presence
and functionality of induced, antigen-specific CD8" T
cells. In our ongoing trial investigating the HER2/neu-
derived peptide E75, we are using the HLA-A2:Ig dimer
assay to quantify the number of E75-specific CD8" T
cells that are induced by our vaccine [14]. We use the
ELISA and ELISPOT assays to investigate cytokine
secretion, and we perform the °'Cr release assay to
determine cytotoxic activity in ex vivo stimulated cell
cultures from the PBL of the vaccinated patients. The
SICr release assay has several drawbacks, however, most
notably that it does not allow for the determination of
the actual cell population responsible for the killing
activity. The assay only measures target cell death and
not the actual cytolytic process; therefore, it cannot
differentiate cell death due to antigen-specific CD8" T
cells that may have been induced by vaccination from
cell death due to other effector cell populations. It also
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Figure 4. Cytolytic activity of E75- and GP2-specific CD8 " T cells as detected by the *'Cr release assay. (a) Correlation of lytic activity of E75- or
GP2-stimulated CD8 " T cells versus T2 targets as measured by the CD107 and >'Cr assays. Values indicate specific lysis (T2 without peptide
subtracted from T2 with peptide). (b) Correlation of lytic activity of E75- or GP2-stimulated CD8 " T cells versus HER2/neu-expressing tumor
targets. Killing versus the HLA-A2" tumor target MCF-7 as well as the HLA-A2~ tumor target AU565 are shown. Specific lysis would be
determined by subtracting AUS65 value from MCF-7 value. Both figures depict a positive correlation between the two cytotoxicity assays.



does not allow for a determination of the percentage of
T cells actually responsible for the effector function.
Additionally, the *'Cr release assay is cumbersome and
potentially insensitive in that it is difficult to standardize
for consistencies in the various components and steps
involved. The requirement for radioactive material to
perform the assay is another drawback. In an attempt to
better monitor the immune response being induced in
our patients receiving an E75 peptide vaccine, we have
investigated the CD107 assay that allows for precise
phenotypic and functional characterization of the cyto-
toxic activity of the responding CD8" T cells. Inter-
estingly, this assay has the potential to allow for the
possibility of detecting peptide-specific CTL in the act of
killing tumor cells through the use of double staining
methods with peptide-specific HLA-dimer molecules
and CD107 antibodies. Additional studies to explore
this strategy are currently being conducted in our lab-
oratory for eventual use with the blood samples ob-
tained from the patients enrolled in our clinical trial.

The effector functions of CD8" T cells include the
production of soluble factors such as cytokines or
chemokines and target cell killing. Target cell killing can
be accomplished via one of two pathways, including the
granule-independent pathway, which mainly involves
ligand-ligand induced cell death and the granule-
dependent pathway. The granule-dependent pathway
relies on preformed lytic granules that are intracellular
membrane bound secretory lysosomes that contain a
dense core composed of various proteins including
perforin and granzyme [21]. This dense core is sur-
rounded by a lipid bilayer containing the lysosome-
associated membrane glycoproteins CD107a and b.
Upon interaction with the appropriate peptide-MHC
complex presented by the target cell, transport of an
activated CD8" T cell’s lytic granules towards the
synapse with the target begins [24]. Once the lytic
granules reach the CD8" T cell’s plasma membrane,
they fuse resulting in the release of the cytotoxic medi-
ators perforin and granzyme into the immunological
synapse. Of interest, monitoring of the presence or ab-
sence of granzyme or perforin using the ICC assay gives
no indication as to the ability of the T cell to degranulate
and cause target cell death [20]. Additionally, perforin or
granzyme detection by ELISPOT identifies the release of
these mediators but does not provide information about
the cell source.

The fusion of the granule with the CD8" T cell’s
plasma membrane also results in the exposure of
CD107a and b. These two glycoproteins are not nor-
mally expressed on the surface of a T cell and their
function has not been elucidated. Their presence in the
cytotoxic granular membrane has been proposed to
protect against the leakage of contents from the granule
by coating the interior of the membrane [21]. For the
purposes of immunologic monitoring, the CD107a and
b glycoproteins provide a marker that can be quantified
to indicate if degranulation has occurred. The CD107
assay was first described by Betts et al., who utilized
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CD107a and b along with CD8 " antibodies and multi-
parameter flow cytometry to measure degranulation in
primary responding antigen-specific CD8 " T cells [20].
Using a CMV-specific CD8 ™ T cell population known
to degranulate in response to an HLA-A2 restricted
CMV-derived peptide, these authors further showed
that antigen-specific CD8 " T cells that degranulate are
the same cells mediating cytotoxic activity [20].

In the overall evaluation of the CD107 assay, there
are several theoretical and technical features of the assay
that should be elaborated upon. To begin with, CD107a
and b are likely differentially regulated within the cell
types capable of producing these proteins. They are
encoded on different chromosomes and are expressed at
different copy numbers within the cell [25]. It has not
been determined if these two proteins are differentially
expressed in cytotoxic granules within individual CD8 "
T cells. For this reason, we believe it is important to use
antibodies to both CD107a and b to ensure the greatest
sensitivity for the assay.

Timing of CD107a and b expression on the cell
surface is a second important technical aspect of the
assay. Degranulation of activated CD8 " T cells occurs
rapidly after TCR stimulation as a result of the
polarized mobilization of microtubules that transport
the lytic granules toward the immunological synapse
formed between the cytotoxic T cell and the target [24].
Significant expression of cell surface CD107a and b is
observed as early as 30 min after stimulation of CD8™"
T cells and reaches maximum by four hours. Cell
surface expression of CDI107a and b on T cells is
transient and any CD107 externalized to the cell sur-
face is rapidly retrieved via the endocytic pathway.
Therefore, as the CD8" T cells degranulate they be-
come positive for cell surface CD107 for only a brief
period of time. In light of this, there are two important
strategies to employ when performing this assay. First,
the antibodies conjugated to CD107a and b are added
prior to the 4-h incubation. The antibodies are there-
fore present during the entire duration of the stimula-
tion so that any transient surface expression of CD107
would lead to antibody binding and subsequent fluo-
rescent labeling of that cell. Second, Brefelden A, a
secretion inhibitor, is added one hour into the incu-
bation. Brefelden A works to minimize involution of
CD107a and b thereby maintaining it on the cell sur-
face where it can be detected for analysis. Taken to-
gether, these two steps have resulted in our findings
with FluM and HER2/neu peptides to be in agreement
with those of Betts et al. who used the CD107 assay in
a different viral and tumor model [22,23].

In our experiments designed to determine the E:T
ratio that was optimal for the performance of this assay,
we found that a ratio whereby targets exceeded effectors
provided the best conditions. Specifically, an E:T ratio
of 1:5 resulted in optimal stimulation and generation of
CD8" CDI107" T cells. This is true for both viral
antigen-stimulated (FluM) and the HER2/neu-derived
peptides, E75- and GP2-stimulated CDS8' T cells
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against T2 targets as well as tumor targets. Interestingly,
this pattern of E:T ratio is reversed when compared with
the standard >'Cr assay where an excess of effectors has
always been required for the optimal detection of cyto-
toxic activity. This may reflect the need for individual
effector cells to come into contact with target cells in
order to be activated. A ratio of 1:5 ensures that each
effector is contacted by a target thereby providing the
opportunity for it to be activated and degranulate with
the resultant exposure of CD107a and b. In addition, the
CD107 assay may require many fewer effector cells for
the detection of cytotoxic activity because it identifies
the specific cell responsible for the target cell killing, an
event that can be identified individually by flow
cytometry analysis. As previously mentioned, the
CD107 assay specifically detects CD8 * T cells that have
cytolytic activity. In contrast, the >'Cr assay simply
detects target cell death and is unable to differentiate
between CD8" T cells, cytotoxic CD4" T cells, and
natural killer cells that may be responsible for eliciting
the lytic activity. It may be that a certain threshold lysis
of the target cell membrane has to be achieved in order
for the release of measurable >'Cr to occur and that this
can only be achieved as a combined effect brought about
by a large number of cytotoxic CD8 " T cells. Therefore,
due to the method of detection, the CD107 assay is more
efficient and the number of effector cells required to
perform the assay is much less.

In order to be acceptable in assessing the functional
cytotoxic activity of antigen-specific CD8 " T cells that
are induced by vaccination in our HER2/neu-derived
peptide vaccine study, the results of the CD107 assay
must be comparable to the established *'Cr release as-
say. In this study, we have shown a favorable correlation
between these two assays that measure different ends of
the cytolytic process. The CD107 assay measures the
effectors responsible for eliciting cytolytic activity by
identifying their degranulation while the °'Cr assay
measures cell death of the targets. The assays, therefore,
have two different end points as readouts for cytotoxic
activity. The positive correlation is important in that it is
in agreement with the findings of Betts et al. that
detection of CD107a and b identifies cells that degran-
ulate and that degranulation is requisite for target cell
killing [20].

We have shown in this study that the CD107 cyto-
toxicity assay can be used for the detection of peptide
vaccine-stimulated HER2/neu tumor-specific cytolytic
CDS8" T cells. The CD107 assay utilizes flow cytometry
to detect a marker that is only expressed during
degranulation, an event that occurs early during target
cell killing. Identification of this marker along with the
simultaneous staining of other T cell antigens allows for
both phenotypic and functional characterization of
responding CD8 ™" T cells. Therefore, this assay provides
a link between the direct and indirect methods of CD8 ™"
T cell effector analysis employed to monitor the immu-
nologic response in cancer patients receiving immuno-
therapy. We are currently utilizing this assay to evaluate

its potential to be used for monitoring the cytotoxic
activity induced in breast cancer patients receiving the
HER2/neu peptide vaccine in our ongoing clinical trial.
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