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Abstract
The development of an immunotherapeutic strategy targeting CD138 antigen could potentially
represent a new treatment option for multiple myeloma (MM). This study evaluated the immune
function of CD138 peptide-specific cytotoxic T lymphocytes (CTL), generated ex vivo using an
HLA-A2-specific CD138 epitope against MM cells. A novel immunogenic HLA-A2-specific
CD138260-268 (GLVGLIFAV) peptide was identified from the full-length protein sequence of the
CD138 antigen, which induced CTL specific to primary CD138+ MM cells. The peptide-induced
CD138-CTL contained a high percentage of CD8+ activated/memory T cells with a low
percentage of CD4+ T cell and naive CD8+ T cell subsets. The CTL displayed HLA-A2-restricted
and CD138 antigen-specific cytotoxicity against MM cell lines. In addition, CD138-CTL
demonstrated increased degranulation, proliferation and γ–interferon secretion to HLA-A2+/
CD138+ myeloma cells, but not HLA-A2−/CD138+ or HLA-A2+/CD138− cells. The immune
functional properties of the CD138-CTL were also demonstrated using primary HLA-A2+/
CD138+ cells isolated from myeloma patients. In conclusion, a novel immunogenic CD138260-268
(GLVGLIFAV) peptide can induce antigen-specific CTL, which might be useful for the treatment
of MM patients with peptide-based vaccine or cellular immunotherapy strategies.
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INTRODUCTION
B cell malignancies, including multiple myeloma (MM), are among the most immune-
responsive of human cancers, which has lead to a great deal of interest in the development of
novel immunotherapeutic treatment options. Most immunotherapy protocols in development
for MM have used tumour-specific idiotypic protein or whole tumour cell lysates to generate
patient-specific vaccines (Lee, et al 2007, Yi, et al 2010). However, these protocols are very
labour-intensive and are not cost-effective, making their general applicability difficult. Thus,
development of an off-the-shelf based immunotherapy is necessary for treating patients
more efficiently. Among several potential immunotherapeutic approaches, peptide-based
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vaccines can successfully induce anti-tumour immune responses and may prolong survival
in cancer patients. Synthetic peptides also offer several advantages over individualized
vaccines with regards to safety, cost of production, and monitoring for specific immune
response in patients. Moreover, peptides have the ability to induce “epitope spreading”,
whereby lysed target cancer cells release new antigenic epitopes which are then taken up,
processed, and presented by antigen-presenting cells to a new repertoire of CTL, and thereby
further tumour lysis (Disis, et al 2009, Parvanova, et al 2011). In addition, well-
characterized adjuvants like Alum, granulocyte-macrophage colony-stimulating factor (GM-
CSF), CD40L, IL-12, Montanide (incomplete Freund’s adjuvant) or Freund’s adjuvant can
increase the efficacy of peptide vaccines (Benavides, et al 2011, Morse, et al 2011).

CD138, also known as Syndecan-1, offers a potential target for developing an
immunotherapy targeting MM. This antigen is a heparan sulfate proteoglycan, which was
first detected on human myeloma cells by Western Blot analysis and later on the surface of
myeloma cells by flow cytometry (Ridley, et al 1993, Wijdenes, et al 1996). CD138 is
expressed on epithelia, pre-B plasma cells, and other malignant cells including carcinomas,
lymphoid malignancies, Hodgkin lymphoma, non-Hodgkin lymphoma and acquired
immunodeficiency syndrome/human immunodeficiency virus-related lymphoma (Carbone,
et al 1998, Carbone, et al 1999, Chilosi, et al 1999, Inki and Jalkanen 1996, Sanderson, et al
1989, Sebestyen, et al 1997). The syndecan-1 core protein is composed of a cytoplasmic,
transmembrane, and extracellular domain. The cytoplasmic domain can be linked to
cytoskeletal elements to potentiate anchorage of the cells and stabilize cell morphology,
while the extracellular domain has up to three heparan sulfate chains that bind to numerous
soluble and insoluble molecules. These associations include interactions with heparan-
binding molecules on adjacent cells to mediate cell-cell adhesion, binding to molecules,
such as collagens and fibronectin, to mediate cell adhesion to the extracellular matrix, as
well as binding to growth factors (Carey, et al 1996, Liu, et al 1998). CD138 is also known
to regulate the activity of many different growth factors and cytokines that can influence
tumour growth (Bharti, et al 2004, Wolowiec, et al 2006). Therefore, we hypothesized that
development of an immunotherapeutic strategy targeting CD138 antigen on malignant
plasma cells could represent a novel treatment option for MM.

Here we report the identification of a novel immunogenic HLA-A2-specific peptide,
CD138260-268 (GLVGLIFAV), which induces antigen-specific CTL. The CD138-CTL
displayed HLA-A2-restricted cytotoxic activity against both primary MM cells and MM cell
lines expressing CD138 antigen. In addition, HLA-A2+/CD138+ MM cells induced CTL
degranulation, proliferation and γ-interferon (IFN-γ secretion, thereby confirming the
functional activity of these tumour-specific CTL. Therefore, the immunogenic CD138260-268
(GLVGLIFAV) peptide is a potential candidate for development of a vaccine or cell-based
immunotherapy for CD138-positive plasma cell disorders.

MATERIALS AND METHODS
Cell lines

The MM cell lines, McCAR (HLA-A2+/CD138+), MM1S (HLA-A2+/CD138−), and U226
(HLA-A2+/CD138+), and the chronic myeloid leukemia (CML) cell line K562 were
obtained from the American Type Culture Collection (ATCC; Manassas, VA). The acute
myeloid leukemia (AML) cell line, ML-2 (HLA-A2+/CD138−), was kindly provided by Dr.
Y. Matsuo, Fujisaki Cell Centre, Okayama, Japan. The T2 cell line, a human B- and T-cell
hybrid expressing HLA-A2 molecules (Zweerink, et al 1993), was provided by Dr. J.
Molldrem (University of Texas M. D. Anderson Cancer Center, Houston, TX) and was
utilized as antigen-presenting cells (APC) and target cells in the cytotoxicity assays. All cell
lines were cultured in RPMI-1640 medium (Gibco-BRL Life Technologies, Rockville, MD)
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supplemented with 10% fetal calf serum (FCS) (BioWhittaker, Walkersville, MD), 100 iu/
ml penicillin, and 100 μg/ml streptomycin (Gibco-BRL Life Technologies).

Reagents
Recombinant human interleukin (IL)-2, IL-4, IFN-α and tumour necrosis factor-α (TNF-α
were purchased from R&D Systems (Minneapolis, MN) while GM-CSF was obtained from
Immunex (Seattle, WA). Mouse anti-human CD80 or CD83 monoclonal antibodies (mAbs)
conjugated with phycoerythrin (PE) were purchased from Immunotech (Hialeah, FL).
Mouse anti-human CD3, CD4, CD8, CD14, CD40, CD45RA, CD45RO, CD69, CD86,
CD107a, CD107b, CCR7, IFN-γ, HLA-A2 and HLA-DR mAbs conjugated with fluorescein
isothiocyanate (FITC), PE, peridinin chlorophyll (PerCP), allo-phycocyanin, PacBlue, allo-
phycocyanin-H7 or PE-Cy7 were purchased from Becton Dickinson (BD)/Pharmingen or
BD/Biosciences (San Diego, CA).

Synthetic peptides
The full-length protein sequence of the CD138 antigen was analysed using the search
software SYFPEITHI to predict HLA-A2-specific peptides, followed by the BIMAS
program to select peptides with extended disassociation rates. Based on the results obtained
from the software prediction programs, the following CD138 nanomers were selected and
synthesized for evaluation as potential HLA-A2-specific peptides: CD138256-264
(VIAGGLVGL), CD138260-268 (GLVGLIFAV), CD1385-13 (ALWLWLCAL) and
CD1387-15 (WLWLCALAL). Influenza virus matrix protein58-66 [IVMP58-66]
(GILGFVFTL) and MAGE-3271-279 (FLWGPRALV) peptides were synthesized for use as
HLA-A2-specific peptide controls. All peptides were synthesized by standard fmoc (9-
fluorenylmethyl-oxycarbonyl) chemistry, purified to >95% using reverse-phase
chromatography, and validated by mass-spectrometry for molecular weight (Biosynthesis,
Lewisville, TX). Lyophilized peptides were dissolved in dimethyl sulfoxide (Sigma, St.
Louis, MO), diluted in AIM-V medium (Gibco-BRL Life Technologies) containing human
AB serum (BioWhittaker) to 1 mg/ml, aliquotted, and stored at −140°C until needed.

Examination of HLA-A2-specificity of peptides
T2 cells, a TAP-deficient human B- × T-lymphoblastoid hybrid cell line, were used to
evaluate HLA-A2-specificity of the synthetic CD138 peptides. For the assay, T2 cells were
washed, counted, and resuspended (1×106 cells/ml) in serum-free AIM-V media. T2 cells
were pulsed with respective CD138 peptide (50 μg/ml) or influenza virus matrix protein58-66
peptide (IVMP58-66; 30 μg/ml) plus 3 μg/ml human β2-microglobulin (Sigma, St. Louis,
MO) and incubated at 37°C, 5% CO2 in humidified air. Following overnight incubation, the
cells were washed three times in phosphate-buffered saline (PBS: Gibco-BRL Life
Technologies) containing 5% FCS and stained with mouse anti-human HLA A2-FITC mAb
for 15 min at 4°C. After washing, the cells were analysed using a FACSort™ flow
cytometer with CellQuest™ v2.1 software (Becton Dickinson, San Jose, CA). The peptide
binding affinity to HLA-A2 was examined by the up-regulation of HLA-A2 on the T2 cells
caused by specific peptide binding. Results, expressed as the Fluorescence Index (FI: [mean
channel fluorescence of T2 cells pulsed with the peptide plus β2-microglobulin ÷ mean
channel fluorescence of T2 cells pulsed with β2–microglobulin]) are shown as the mean FI ±
standard error (SE) for three separate experiments.

Assessment of the HLA-A2/peptide complex stability
T2 cells were pulsed with peptide and human β2-microglobulin as described above. After
overnight incubation, the T2 cells were washed to remove unbound peptide and incubated
with 10 μg/ml Brefeldin A (Sigma) at 37°C for 1 h to block cell surface expression of newly
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synthesized HLA-A2 molecules. The HLA-A2/peptide complex stability was then evaluated
at 0, 2, 4, 6 and 14 h post-Brefeldin A treatment. Following each incubation period, the cells
were stained with HLA-A2-FITC mAb and analysed by flow cytometry. The results are
shown as the HLA-A2 FITC mean channel fluorescence (mean HLA-A2 MFI ± SE) at each
time point for three separate experiments.

Enrichment of CD14+ monocytes and CD3+ T lymphocytes
Peripheral blood mononuclear cells (PBMC) were isolated by standard density gradient
centrifugation over Ficoll-Paque™ Plus (Amersham Pharmacia Biotech AB, Uppsala
Sweden) from leucopaks obtained from HLA-A2+ normal donors.

Monocytes—CD14+ monocytes were isolated from PBMC by positive selection using
magnetic cell selection technology (Miltenyi Biotec, Auburn, CA). Highly enriched
monocytes (>90%) were confirmed by flow cytometric analysis.

CD3+ T lymphocytes—CD3+ T lymphocytes were isolated from the monocyte-depleted
cell fractions using the Pan T cell isolation kit (Miltenyi Biotec) by depletion of B cells,
Natural Killer (NK) cells, monocytes, early erythroid cells, platelets and basophils. The
effluent (negative cell fraction) was collected from the column as CD3+ T cells. Highly
enriched T lymphocytes (>90%) were confirmed by flow cytometric analysis.

Generation of monocyte-derived dendritic cells (DC)
To obtain immature DC, enriched CD14+ monocytes were cultured for 7 days in the
presence of 1,000 u/ml GM-CSF and 1,000 u/ml IL-4 in RPMI-1640 medium supplemented
with 10% FCS. Fresh media plus GM-CSF and IL-4 was added to the cultures every other
day. Mature DC (mDC) were obtained by adding 1,000 u/ml IFN-α plus 10 ng/ml TNF-α,
along with fresh GM-CSF and IL-4 in RPMI-10% FCS, on day 7. After an additional three
days of incubation, the mature DCs were harvested, washed, and pulsed with peptide for the
stimulation of T lymphocytes.

Induction of peptide-specific CTL
The CD138-CTL were generated from six different HLA-A2+ normal donors for the
evaluation of the functional activities targeting primary MM cells and MM cell lines. To
generate CD138-CTL, mDC were resuspended in serum-free AIM-V media and pulsed with
50 μg/ml of the specific CD138 peptide overnight at 37°C, 5% CO2 in humidified air.
Peptide-pulsed mDC were washed, counted, irradiated at 10 Gy and used to prime CD3+ T
cells at a 1:20 APC/peptide-to-CD3+ T cell ratio in AIM-V media supplemented with 10%
human AB serum. The cultures were restimulated every seven days with irradiated T2 cells
pulsed with peptide (T2/APC) for a total of 4 cycles. To maintain the T cells ex vivo, IL-2
(50 u/ml) was added to the cultures two days after the second stimulation. Control T cell
cultures were maintained under the same culture conditions in the presence of IL-2 (50 u/
ml), but without APC/peptide stimulation.

Phenotypic analysis of CD138-CTL
CD138-CTL were stained with CD4 or CD8 mouse anti-human mAbs for flow cytometric
analysis. In addition, the cells were stained with CD69 and CD45RO or CD45RA and CCR7
mouse anti-human mAbs to evaluate their activation/memory and memory/naïve status,
respectively. After staining, the cells were washed and analysed by flow cytometry using a
FACSort or FACSCanto (BD).
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Calcein-release cytotoxicity assay
The cytotoxic activity of the CD138-CTL was measured using the calcein-release assay as
described elsewhere (Roden, et al 1999). Briefly, target cells (U266, McCAR, ML-2,
MM1S, K562 or primary MM cells) were incubated with 10 mM calcein-AM (Invitrogen,
Carlsbad, CA) for 30 min at 37°C, washed three times in cold PBS with 5% FCS, and
resuspended in PBS. The calcein-labelled target cells (5 × 103cells/well) were seeded with
different concentrations of CD138-CTL in 96-well round-bottom plates to achieve the
different effector/target cell ratios (triplicate wells per sample). Plates were incubated for 4 h
at 37°C, 5% CO2 in humidified air. Following incubation, the plates were centrifuged at
1,000 rpm for 5 min to pellet the cells, and 100 μl of the cell-free supernatant was carefully
transferred into wells of a flat bottom 96-well plate. Released calcein was measured in a
fluorescence multi-well plate reader using VICTOR2 1420 multi-label counter (excitation
wavelength 485 nm, emission wavelength 538 nm) (PerkinElmer, Wellesley, MA). The
percentage of specific cell lysis was calculated as [(experimental release − spontaneous
release) ÷ (maximum release − spontaneous release)]. Maximum release was obtained from
the supernatants of detergent-treated calcein-AM labelled target cells, and spontaneous
release from the supernatants of calcein-AM labelled target cells alone.

CD107 assay
The CD107 assay was set up as described by Betts et al. (2003), with minor modifications to
evaluate the functional activity of the CD138-CTL. In the assay, primary HLA-A2+/CD38+

myeloma cells were co-incubated with CD138-CTL in 96-well round-bottom plates. At the
same time, mouse anti-human CD107a-FITC and CD107b-FITC mAbs were added to each
well. After 1 h incubation, Brefeldin A (BD) and Monensin (BD) were added and the cells
were incubated for an additional 4 h. Following incubation, the cells were then harvested,
stained with CD8-PE mAb for 30 min at 4°C, and analysed by flow cytometry. The
expression of CD107ab by the CD8+ T cells was determined as a measure of degranulation
of the CD138 peptide-specific CD8+ CTL in response to target cells.

Cell proliferation by Carboxy Fluorescein Succinimidyl Ester (CFSE) tracking
Specific cell proliferation of CD138-CTL was measured by flow cytometry using the CFSE
tracking dye. In this assay, CD138-CTL were washed and resuspended to 1×106 cells/ml in
PBS and labelled with CFSE (Invitrogen) at a final concentration of 5 μM. After incubation
for 10 minutes at 37°C, five volumes of ice-cold PBS with 2% FCS (PBS-2% FCS) was
added to quench the reaction. Cells were incubated for 5 minutes on ice, centrifuged, and
washed an additional three times in cold PBS-2% FCS. After the final wash, the CFSE-
labelled CD138-CTL were resuspended in RPMI-10% FCS at 2×106 cells/ml and co-
incubated with stimulator cells (U266, McCAR, ML-2, MM1S, or primary MM cells; 2×105

cells/ml) at 37°C, 5% CO2 in humidified air. The stimulated CFSE-labelled CD138-CTL
were examined on day 5 by flow cytometry for a decrease in CFSE expression, which is a
direct measure of cell proliferation.

IFN-γ secretion by enzyme-linked immunosorbent assay (ELISA)
CD138-CTL were incubated with MM tumour cell lines (McCAR, MM1S) or the AML cell
line (ML-2) for 24 h at 37°C, 5% CO2 in humidified air. Following incubation, cells were
pelleted by centrifugation, and supernatants were collected for evaluation of IFN-γ release
by the CTL using a human IFN-γ ELISA kit (BD Biosciences, San Diego, CA). Briefly,
purified IFN-γ or supernatants from the CTL-tumour cell cultures were transferred into a 96-
well plate pre-coated with a monoclonal anti-human IFN-γ capture antibody and incubated
for 2 h at room temperature. After washing, the buffer containing detection antibody and
avidin-horseradish peroxidase conjugate were added to each well and incubated for 1 h at
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room temperature. The wells were washed and developed by incubation with substrate
solution for 30 min. Stop solution was added to each well, and absorbance was determined
at 450 nm with a VICTOR2 1420 multi-label counter. The amount of IFN-γ (pg/ml) present
in the CTL culture supernatants was calculated based on the standard curve (mean of
triplicate wells). Results are shown as the mean IFN-γ secretion ± SE for three separate
experiments.

Intracellular IFN-γ production
IFN-γ-producing effector memory (EM) CD8+ T cells were determined by intracellular
cytokine and surface staining by flow cytometry. Briefly, 1 × 106 of peptide-specific CTL
were stimulated with 1 × 106 HLA-A2+/CD138+ McCAR or U266 myeloma cell line. After
1 h incubation CD28/CD49d mAb (BD) and the protein transport inhibitors Brefeldin A
(BD) and Monensin (BD) were added to the cells and were incubated for an additional 5 h.
As a baseline control, CD138-CTL were cultured in media with CD28/CD49d mAb along
with Brefeldin A and Monensin. After the incubation, cells were harvested, washed and
surface stained with anti-CD3 PacBlue, anti-CD8 allo phycocyanin-H7, anti-CD45RO PE
and anti-CCR7 PE-Cy7 mAbs for 30 min. Next, cells were permeabilized and fixed using
Cytofix/Cytoperm (BD) as per manufacturer’s instructions. The cells were then stained with
anti-IFN-γ FITC for 45 minutes to detect intracellular cytokine production. Lastly, cells
were washed with 1× Perm/Wash solution (BD), fixed in 2% paraformaldehyde and
acquired on a FACS Canto flow cytometer.

Statistical Analysis
Results are represented as mean ± SE. Groups were compared using unpaired Student’s t-
test. Differences were considered significant when p < 0.05.

RESULTS
CD138260-268 (GLVGLIFAV) has high peptide binding affinity and stability to HLA-A2
molecules

The HLA-A2 binding affinity and stability of the CD138256-264 (VIAGGLVGL),
CD138260-268 (GLVGLIFAV), CD1385-13 (ALWLWLCAL) and CD1387-15
(WLWLCALAL) peptides were assessed using the T2 binding assay, as described
previously (Bae, et al 2004). The affinity of CD138 peptides to HLA-A2 molecules is
expressed as the Fluorescence Index (FI), which was calculated as [HLA-A2 MFI of T2
cells pulsed with the peptide plus β2-microglobulin ÷ HLA-A2 MFI of T2 cells alone plus
β2-microglobulin]. A FI value >1 indicates upregulation of HLA-A2 molecules due to the
specific binding of peptide to molecules on T2 cells. Among the four CD138 peptides
evaluated (Figure 1a), the CD138260-268 peptide displayed the highest level of HLA-A2-
specific binding (FI: 4.45), which was greater than the binding affinity of the control HLA-
A2-specific influenza virus matrix protein58-66 (IVMP58-66) peptide (FI: 3.85). The
CD138256-264, CD1385-13 and CD1387-15 peptides also displayed HLA-A2 specificity, but
these peptides showed lower levels of HLA-A2 binding affinities, as shown by FI values of
2.01, 1.39 and 1.80, respectively (Figure 1a).

Next, we assessed the stability of CD138260-268 peptide binding to HLA-A2 molecules.
Peptide-pulsed T2 cells were treated with Brefeldin A to block cell surface expression of
newly synthesized HLA-A2 molecules, and then examined for HLA-A2 MFI at 0, 2, 4, 6
and 14 h by flow cytometry. CD138 peptide binding to HLA-A2 was observed for 6 h,
which was similar to the control influenza virus matrix protein58-66 (IVMP58-66 HLA-A2
MFI = 603 vs. CD138260-268 HLA-A2 MFI = 597) (Figure 1b). Based on these results, the
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CD138260-268 peptide, which was shown to have high HLA-A2 specific binding affinity and
stability, was further evaluated for its immunogenicity to evoke MM-specific CTL.

Repeated CD138 peptide stimulation induces CD138-CTL with distinct phenotypes
CD138-CTL were generated by repeated stimulation of normal donor HLA-A2+/CD3+ T
lymphocytes with CD138260-268 (GLVGLIFAV) peptide-pulsed APC. The phenotype of the
resulting CTL was evaluated one week after the fourth stimulation. Flow cytometric analysis
showed a distinct change in the phenotype of the CD3+ T cell subsets stimulated with
CD138260-268 peptide: CD138-CTL cultures contained a higher percentage of CD8+ T cells
(82%) compared to non-peptide stimulated control CD3+ T cells (33%) with a
corresponding lower percentage of CD4+ T cells (15%) compared to control CD3+ T cells
(64%) (Figure 2a). We further examined the phenotype of the CD138-CTL as potential
effector cells by analysing cell surface markers of activation (CD69) and memory
(CD45RO). The proportion of CD69+/CD45RO+ activated/memory T cells was increased in
CTL cultures stimulated with CD138260-268 peptide (67%) compared to control T cells
(5%). In contrast, CD138-CTL contained a low percentage (2%) of CCR7+/CD45RA+ naïve
T cells than control CD3+ T cells (24% of naïve T cells) (Figure 2b). These phenotypic
changes demonstrate that repeated stimulation of CD3+ T cells with CD138260-268 peptide
pulsed APC resulted in an expansion of CD8 CTL with an activated/memory cell phenotype.

CD138-CTL display HLA-A2-restricted and antigen-specific cytotoxicity, proliferation, and
IFN-γ secretion in response to MM cell lines upon recognition of CD138256-264 peptide

One week after the fourth stimulation with CD138260-268 peptide, CTL were analysed for
their tumour-specific functional activities against various tumour cell lines. In calcein-
release cytotoxicity assays, the CD138-CTL demonstrated effective killing of the HLA-A2+/
CD138+ MM cell lines U266 (21–90%) and McCAR (9-41%) at different effector: target
cell ratios (Figure 3a). CD138-CTL did not target and kill either the MM1S (HLA-A2−/
CD138+) MM cell line or the ML-2 (HLA-A2+/CD138−) AML cell line. In addition, the
CTL did not kill K562 cells (< 5% specific lysis), an NK-sensitive cell line, demonstrating
that CD138-CTL cytotoxic activity was both HLA-A2-restricted and antigen-specific, and
not mediated by non-specific NK cells.

CD138-CTL proliferation in response to various tumour cell lines was measured on day 5 by
flow cytometry using the CFSE assay (Figure 3b). The proliferating cell population was
measured as the percent decrease in CFSE labelling, as defined by the M1-gated cells. A
high level of CD138-CTL proliferation was observed in response to McCAR cell line (HLA-
A2+/CD138+, 50%) compared to control CD138-CTL (unstimulated, 6%). In contrast,
CD138-CTL did not proliferate when stimulated with either MM1S (HLA-A2−/CD138+,
12%) or ML-2 (HLA-A2+/CD138−, 7%) cells. These results demonstrate that CD138-CTL
proliferation is both CD138 antigen-specific and HLA-A2-restricted.

Next, the CD138-CTL were tested for their ability to secrete IFN-γ which is associated with
therapeutic efficacy in MM (Perez-Andres, et al 2006, Wang, et al 2007). The level of IFN-γ
secreted by the CD138-CTL was measured upon stimulation with the McCAR, MM1S or
ML-2 tumour cell lines by ELISA. A significant increase (p < 0.05) in CD138-CTL-induced
IFN-γ secretion was observed following stimulation with the McCAR cell line (HLA-A2+/
CD138+) compared to CD138-CTL cultured in media alone (Figure 3c). The level of IFN-γ
secretion induced by the major histocompatibility complex (MHC) mismatched MM1S
(HLA-A2−/CD138+) or antigen mismatched ML-2 (HLA-A2+/CD138−) cell lines was
similar to CD138-CTL cultured in media alone. These results offer further evidence of the
CD138 antigen-specific and HLA-A2-restricted responses by CD138-CTL.
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CD138-CTL display anti-tumour activity against primary CD138+ cells isolated from HLA-
A2+ myeloma patients

The myeloma-specific functional activities of CD138-CTL were evaluated against primary
CD138+ cells isolated from HLA-A2+ myeloma patients. In calcein-release cytotoxicity
assays, CD138-CTL generated from different donors demonstrated effective cytolysis of
primary myeloma cells at the different effector: target cell ratios (Figure 4a). In contrast,
unstimulated control T cells did not show cytotoxic activity against primary HLA-A2+/
CD138+ patient MM cells.

Degranulation of the CD138-CTL was demonstrated by measuring CD107ab expression in
response to primary CD138+ myeloma cells from three different HLA-A2+ patients.
Compared to unstimulated T cells (0.01% – 0.89%), the CD138-CTL (3.42% - 6.57%)
showed increased expression of CD107ab against primary cells (Figure 4b), confirming a
cytotoxic activity against myeloma cells.

Finally, we demonstrated CD138-CTL proliferation in response to HLA-A2+CD138+

primary myeloma cells in CFSE assays. The proliferating cell population was measured as
the percent decrease in CFSE expression, as defined by cells found in Q1 (CD8+/CFSE-
low). The CTL proliferated in response to the primary myeloma cells from three different
HLA-A2+ patients (17.3% - 20.3%), as compared to CTL cultured in media alone without
stimulation (4.9%) (Figure 4c). These results demonstrate the functional anti-tumour activity
of the CD138-CTL, evidenced by their cytotoxicity, degranulation, and proliferation in
response to primary myeloma cells.

CD138-CTL have a high level of intracellular IFN-γ production and cell proliferation in
response to myeloma cell lines

In previous studies, we defined the immunogenic properties of heteroclitic HLA-A2-specific
XBP1 peptides (YISPWILAV, YLFPQLISV) from unspliced (US) or spliced (SP) proteins
to induce myeloma specific CTL (Bae et al, 2011). The unspliced and spliced XBP1 proteins
are implicated in myeloma pathobiology and over expressed in myeloma cells (Bagratuni, et
al 2010, Patterson, et al 2008). In this study, we evaluated the CTL generated ex vivo from
the same donors’ T cells using the heteroclitic XBP1 peptides and native CD138260-268
(GLVGLIFAV) peptides. Intracellular IFN-γ production was measured by flow cytometry in
response to HLA-A2+ McCAR or U266 myeloma cell lines (Figure 5a). The highest level of
intracellular IFN-γ production (> 5%: Donor A, > 6%: Donor B) was observed in the CD8+

effector memory (CD45RO+/CCR7−) cell subset of the CD138-CTL. The CD8+ effector
memory cells of heteroclitic XBP1 US (YISPWILAV)-CTL and XBP1 SP (YLFPQLISV)-
CTL also triggered IFN-γ in response to the myeloma cell lines, demonstrating their
functional activity, but their response was lower than the response observed with the
CD138-CTL.

Using the CFSE assay, we compared the ability of the CD138 and XBP1 peptide specific
CTL to proliferate in response to the myeloma cell lines. The CD138-CTL had a higher cell
proliferation in response to both McCAR (84.1 %) and U266 (70.7%) cells, compared to
heteroclitic XBP1 US-CTL (McCAR: 46.3%, U266: 39.8%) or heteroclitic XBP1 SP-CTL
(McCAR: 44.4%, U266: 47.3%) measured on day 5 (Figure 5b). This pattern was also
observed when the cells were measured on day 4 or day 6 (data not shown). Control
unstimulated T cells did not proliferate in response to McCAR (3.8%) or U266 (1.1%).
Taken together, these data demonstrate the functional anti-tumour activities of CTL induced
by CD138 peptide as well as heteroclitic unspliced or spliced XBP1 peptides.
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DISCUSSION
Despite improvement in therapeutic strategies for treating MM, novel therapies are urgently
needed. Cancer vaccines or cell-based immunotherapy suggest promising treatment options
to induce anti-tumour immunity, especially in B-cell malignancies, which represent the
immune-responsive cancers (el-Shami and Smith 2008, Kannan and Neelapu 2009, Muzio,
et al 2009). Active-specific immunotherapy has the distinct advantage of inducing highly
effective T lymphocytes with anti-tumour activities (Slezak, et al 2010, Westers, et al 2011)
although patient-specific immunotherapy requires individualized patient-specific products,
which is labour intensive and costly. An attractive potential therapeutic option is to use
immunogenic peptides, which would have broader applicability, low toxicity, specificity for
tumour cell targets, and ease of production (Bae, et al 2005, Dudek, et al 2010). Although
there is MHC restriction in this therapeutic approach, the use of cocktails of immunogenic
peptides to different HLA molecules would broaden the induction of CTL specific to tumour
cells of multiple MHC classifications. In addition, the efficacy of peptide-based
immunotherapy could be further enhanced by targeting multiple antigens on tumour cells,
thereby achieving epitope spreading in the patients. However, to date there are very few
reports in MM on the application of peptide vaccines.

To develop a MM-specific immunotherapy, we investigated antigens that are over-expressed
on MM cells as potential targets for inducing tumour-specific CTL. Previous studies by our
group and others have revealed several unique expression patterns of antigens on myeloma
cells: [1] markers associated with malignancy including aberrant expression of CD56 and
CD28, but lack of CD27 (Dunphy, et al 2007, Kraj, et al 2008, Moreau, et al 2006, Pellat-
Deceunynck, et al 1994); [2] markers of disease severity, such as over-expression of CD221
and XBP1 and lack of CD45 (Bataille, et al 2005, Heerema-McKenney, et al 2010,
Papandreou, et al 2011); [3] markers of MM subsets defined by expression of CD19, CD20
or CD117 (Mateo, et al 2008, Robillard, et al 2003). Unlike these antigens, CD138
(syndecan-1) is expressed on the majority of MM cells within the BM, but not on other
benign haematopoeitic elements or by endothelium (Bayer-Garner, et al 2001), making it a
prime target for development of a MM-specific immunotherapy. In addition, a recent report
from the European Myeloma Network demonstrated that a combination of CD138, CD38
and CD45 antibodies allows the most reproducible detection of neoplastic plasma cells
(Rawstron, et al 2008). CD138 is expressed at the plasma cell stage of B-cell differentiation
and over-expressed on the majority of myeloma cells (Bataille, et al 2006, Supiot, et al
2002). In addition, its expression on MM cells is independent of cytologic differentiation or
intravascular invasion (Bayer-Garner, et al 2001). A member of the heparan sulfate family,
CD138 (syndecan-1) mediates cell-cell adhesion through heparan-binding molecules
expressed by adjacent cells and has a role as a co-receptor for numerous growth factors of
myeloma cells; therefore, heparan sulfate or enzymes that regulate heparan sulfate could be
viable targets for cancer therapy in MM (McKenzie 2007, Yang, et al 2007).

To identify CD138 peptides specific to HLA-A2 molecules, we screened the full-length
CD138 protein sequence (a total of 310 amino acids) using the search software SYFPEITHI
program to predict peptides having affinity to HLA-A2. Following this initial screening
process, we utilized the BIMAS software to select peptides with extended half-time
disassociation rates, and avoided the sequences of amino acid residues that potentially cause
reduced binding to HLA-A2 molecules (Strothmeyer, et al 2010). Based on our
bioinformatics search, we selected and synthesized four CD138 peptides for HLA-A2
binding. Among the peptides, CD138260-268 (GLVGLIFAV) was shown to have the highest
binding affinity as well as stability to HLA-A2 molecules. Based on the high level of HLA-
A2 affinity and specificity of the CD138260-268 peptide, we evaluated its immunogenicity
without further modification of the epitope.
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Previous studies have shown that tumour-reactive CTL have distinct phenotypes for cell
activation and memory function, and also produce IFN-γ response to tumour cell recognition
(Dobrzanski, et al 2008). These specific phenotypic characteristics are also displayed in
CTL from MM patients (Barber, et al 2008, Svane, et al 2007) and provide a guide for
evaluating the uniqueness of our CD138-specific CTL generated ex vivo. We demonstrated
that the phenotype of CTL generated with the CD138260-268 peptide is distinguishable from
the T cells cultured without peptide stimulation with a higher proportion of CD8+ and
CD45RO+/CD69+ activated/memory T cells and a lower proportion of CD4+ T helper and
CD45RA+/CCR7+ T cells. In addition, we demonstrated a significant level of tumour-
specific cell proliferation and IFN-γ secretion in responsive CD138+/HLA-A2+ MM cell
lines, thereby confirming the specific functional activity of the CD138-CTL. To date, there
are several studies that have investigated the use of CD138-specific mAb to treat patients
with MM (Ikeda, et al 2009, Sun, et al 2007, Tassone, et al 2004). However, CD138 mAb
therapy did not induce CD138-specific effector cells with anti-tumour functional activities
(tumour-specific proliferation, IFN-γ secretion), as were generated in our CD138260-268
peptide-stimulated cultures. This lack of evidence of a cellular response suggests a limitation
in antibody therapy to induce long-term immune response in patients, and provides the
rationale for development of active-specific immunotherapy against CD138 to treat MM
patients.

A potential concern with CD138-based therapy is the targeting of normal cells. However,
bone marrow sections from MM patients showed that CD138 expression is exclusively on
myeloma cells, but not on endothelial cells, stromal cells or other haematopoietic elements
including CD34+ haematopoietic stem cells (Bayer-Garner, et al 2001). Additional data
demonstrated that treatment with CD138 mAb does not affect colony formation in
haematopoietic stem cell cultures, nor decrease colony formation in haematopoietic
precursor cells (Vooijs, et al 1996, Wijdenes, et al 1996). These previous studies also
support the development and use of a CD138-specific immunotherapy to target neoplastic
cells, without inducing damage to normal cells in MM patients.

The efficacy of peptide vaccines can be enhanced by stimulating immune effector cells with
multiple immunogenic peptides, derived from different tumour-associated antigens.
Induction of broad CTL responses targeting a variety of epitopes on myeloma cells may
provide optimal immunotherapy. We previously identified two heteroclitic HLA-A2-specific
immunogenic peptides, YISPWILAV and YLFPQLISV, from unspliced or spliced XBP1
antigens, which are over expressed on myeloma cells (Bae et al, 2011). These heteroclitic
XBP1 peptides were able to induce myeloma-specific CTL. In this study, we compared the
myeloma-specific activity of CTL specific to the heteroclitic unspliced XBP1184-192 peptide,
heteroclitic spliced XBP1 SP367-375 peptide or native CD138260-268 peptide. Our results
demonstrated that each of these peptide-specific CTL produce intracellular IFN-γ and
proliferate in response to HLA-A2+/CD138+ McCAR or U266 myeloma cells (Figures 5a,
5b), suggesting that a multiepitope vaccine comprised of CD138, unspliced XBP1 and
spliced XBP1 peptides may provide an effective broadly applicable immunotherapy by
targeting different antigens on myeloma cells. We are also evaluating enhancing responses
to peptide vaccination with an optimal delivery system, such as soluble polymers or
conjugation with novel adjuvant or drug carrier to increase cell permeability, retention and
bioavailability (Bolhassani, et al 2011, Shukla, et al 2011). In conclusion, we describe a
novel HLA-A2-specific immunogenic nonamer CD138260-268 (GLVGLIFAV) peptide,
which generates an effective MM-specific CTL ex vivo. This CD138-derived peptide may
prove beneficial as a vaccine to generate CD138-specific CTL in patients with MM and
other plasma cell disorders.
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Figure 1. Affinity and stability of CD138260-268 (GLVGLIFAV) peptide binding to HLA-A2
molecules
(a) The HLA-A2 binding affinity of CD138260-268 (GLVGLIFAV) peptide on T2 cells was
analysed by flow cytometry. T2 cells were pulsed with CD138 peptide (50 μg/ml) or
influenza virus matrix protein58-66 (30 μg/ml) in AIM-V serum-free media. After overnight
incubation, the cells were washed to remove unbound peptides and stained with HLA-A2-
FITC mAb. The binding affinity of peptides was determined as the Fluorescence Index (FI),
which was calculated as [mean channel fluorescence of T2 cells pulsed with the peptide plus
β2-microglobulin ÷ mean channel fluorescence of T2 cells pulsed with β2-microglobulin].
Among the peptides tested, the CD138260-268 (GLVGLIFAV) peptide displayed the highest
HLA-A2 binding affinity. The values represent the mean ± SE of three separate
experiments.
(b) The HLA-A2 binding stability of CD138260-268 (GLVGLIFAV) peptide on T2 cells was
measured at different time points. After overnight peptide pulsing, the T2 cells were
incubated with Brefeldin A, followed by staining with HLA-A2 FITC mAb at 0, 2, 4, 6 or
14 h incubation. The peptide binding stability was measured as HLA-A2 MFI. The stability
of CD138260-268 (GLVGLIFAV) peptide was comparable to influenza virus matrix
protein58-66 (GILGFVFTL) peptide, which was used as an HLA-A2-specific positive
control. The values represent the mean ± SE of three separate experiments.
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Figure 2. Generation of activated memory cells in CTL cultures stimulated with CD138260-268
(GLVGLIFAV) peptide
HLA-A2+/CD3+ T cells were stimulated weekly with irradiated antigen-presenting cells
pulsed with CD138260-268 peptide (GLVGLIFAV). One week after their fourth stimulation,
the phenotype of the T cell cultures was analysed by flow cytometry.
(a) The percentage of CD8+ T cells was increased in the CD3+ T cell cultures stimulated
with the CD138260-268 peptide as compared to the control (non-peptide stimulated) cells,
which contained a lower percentage of CD8+ T cells and higher percentage of CD4+ T cells.
(b) The percentage of CD69+/CD45RO+ (activated memory) cells was increased with a
corresponding decrease in the percentage of CCR7+/CD45RA+ (naive) cells in the cultures
stimulated with the CD138260-268 peptide compared the control unstimulated cells.
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Figure 3. Functional activity of CD138-CTL in response to HLA-A2+/CD138+ MM cell lines
(a) The tumour-specific cytotoxic activity of the CD138-CTL was tested in calcein-release
cytotoxicity assays one week after the fourth peptide stimulation. CD138-CTL demonstrated
HLA-A2 restricted lysis of U266 (CD138+/HLA-A2+) and McCAR (CD138+/HLA-A2+)
cells, but not MM1S (CD138+/HLA-A2−) cells. The CD138-CTL did not show any
significant lysis of antigen mismatched ML-2 (CD138−/HLA-A2+) AML cells or NK-
sensitive K562 cells.
(b) Specific CD138-CTL proliferation was examined by flow cytometry after stimulating
CFSE-labelled CTL with tumour cell lines for 5 days. The proliferating cell population was
measured as the percent decrease in CFSE expression (M1-gated cells). The CTL
proliferated in response to McCAR (CD138+/HLA-A2+) cells, but not in response to MHC-
mismatched MM1S (CD138+/HLA-A2−) or antigen mismatched ML-2 (CD138−/HLA-A2+)
cells. Background proliferation was determined using CFSE-labelled CD138-CTL cultured
in media alone.
(c) IFN-γ secretion by CD138-CTL was measured by ELISA in the culture supernatants
collected 1 day following stimulation with tumour cell lines. CD138-CTL showed a
significantly higher level of IFN-γ secretion (*p < 0.05) in response to McCAR cells
(CD138+/HLA-A2+) as compared to control CD138-CTL cultured in media alone. CD138-
CTL IFN-γ secretion in response to MHC-mismatched MM1S (CD138+/HLA-A2−) or
antigen-mismatched ML-2 (CD138−/HLA-A2+) tumour cell lines was similar to background
IFN-γ production.
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Figure 4. CD138-CTL cytotoxic activity against primary CD138+ cells isolated from HLA-A2+

MM patients
(a) The cytotoxic activity of CD138-CTL was evaluated in calcein-release assay against
primary cells isolated from HLA-A2+ myeloma patients. Compared to unstimulated T cells
(▲), CD138-CTL (■) generated from Donor A or Donor B showed effective lysis of the
primary CD138+ cells isolated from bone marrow mononuclear cells of two HLA-A2+ MM
patients.
(b) Degranulation of CD138-CTL was evaluated by measuring CD107ab up-regulation on
CD8+ CTL after stimulation with HLA-A2+/CD138+ primary MM cells using flow
cytometry. CD138-CTL stimulated with primary cells from three HLA-A2+ MM patients
showed higher level of CD107ab+/CD8+ cells as compared to unstimulated control cells.
(c) Specific cell proliferation of CD138-CTL was evaluated in response to primary HLA-
A2+/CD138+ cells isolated from MM patients by CFSE analysis. CD138-CTL showed a
higher level of cell proliferation (Q1 gated cells) in response to the primary cells from three
HLA-A2+ MM patients, compared to CD138-CTL cultured in media alone.
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Figure 5. Intracellular IFN-γ production and proliferation by CD138 or XBP1-peptide specific
CTL in response to myeloma cell lines
(a) Intracellular IFN-γ production was measured by flow cytometry after stimulation of the
respective CD138-CTL, XBP1 US-CTL or XBP1-SP-CTL with HLA-A2+ McCAR or U266
myeloma cell line. Intracellular IFN-γ production was detected in the CTL effector memory
(CD3+/CD8+/CD45RO+/CCR7−) subset from each of the respective CTL generated from
two individual donors (Donor A, Donor B). A higher level of IFN-γ production was detected
in response to McCAR or U266 cells in the CD138-CTL than the XBP1-CTLs. Control T
cells did not produce IFN-γ in response to the myeloma cell lines.
(b) Specific cell proliferation of each peptide-specific CTL was evaluated following
stimulation with the HLA-A2+ myeloma cell lines on day 5 using a CFSE assay. The
percentage of proliferating CTL is shown in the P3 gate (CFSE-low). A higher level of cell
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proliferation was detected in the CD138-CTL than the XBP1-CTLs in response to McCAR
or U266 cells.
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