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Manipulation of human early T lymphopoiesis by coculture on human bone
marrow stromal cells: Potential utility for adoptive immunotherapy
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T cell precursors are an attractive target for adoptive immunotherapy. We examined the regu-
lation of human early T lymphopoiesis by human bone marrow stromal cells to explore
in vitro manipulation of human T cell precursors in a human-only coculture system. The
generation of CD7°CD56 cyCD3 ™ proT cells from human hematopoietic progenitors on te-
lomerized human bone marrow stromal cells was enhanced by stem cell factor, flt3 ligand, and
thrombopoietin, but these stimulatory effects were suppressed by interleukin 3. Expression of
Notch ligands Delta-1 and -4 on stromal cells additively promoted T cell differentiation into
the CD7*cyCD3" pre-T cell stage, while cell growth was strongly inhibited. By combining
these coculture systems, we found that initial coculture with telomerized stromal cells in
the presence of stem cell factor, flt3 ligand, and thrombopoietin, followed by coculture on
Delta-1- and -4—coexpressing stromal cells led to a higher percentage and number of pre-T
cells. Adoptive immunotherapy using peripheral blood T cells transduced with a tumeor
antigen-specific T cell receptor (TCR) is a promising strategy but has several limitations,
such as the risk of forming a chimeric TCR with the endogenous TCR. We demonstrated
that incubation of TCR-transduced hematopoietic progenitors with the combination of cocul-
ture systems gave rise to CD7*"TCR*CD3*CDla™ T cell precursors that rapidly proliferated
and differentiated under the culture condition to induce mature T cell differentiation. These
data show the regulatory mechanism of early T lymphopoiesis on human stromal cells and the
potential utility of engineered human stromal cells to manipulate early T cell development for

clinical application. © 2013 ISEH - Society for Hematology and Stem Cells. Published by
Elsevier Inc.
Adoptive immunotherapy with T cell precursors is consid- mice show that Notch-1 [4,7,10,11] and Delta-4

ered useful to treat T cell immunodeficiency or enhance
immune reconstitution after hematopoietic stem cell trans-
plantation [1-3]. Although the difficulty of in vitro manip-
ulation of T cell precursors from hematopoietic progenitors
still hampers their clinical application, the culture system
has improved considerably after discovering that the Delta
ligand—mediated Notch pathway has a central role in T cell
differentiation at various stages [4-9]. In vivo studies of

Offprint requests to: Kohshi Ohishi, M.D., Ph.D., Blood Transfusion
Service, Mie University Hospital, 2-174 Edobashi, Tsu, Mie 514-8507,
Japan; E-mail: koishi@clin.medic.mie-u.ac.jp

Supplementary data related to this article can be found online at http://
dx.doi.org/10.1016/j.exphem.2012.12.001.

[4,7,12,13] are critical for regulation of the B versus T
lineage choice of common lymphoid precursors by
promoting T cell differentiation, while inhibiting B cell
differentiation in the thymus and bone marrow [4-7]. Based
on in vitro studies using human hematopoietic progenitors,
immobilized forms of Delta-1 ligand or expression of
Delta-1 or -4 on murine bone marrow stromal cell lines
have been shown to promote T cell differentiation into
the pre-T cell stage from human hematopoietic progenitors,
while inhibiting B cell differentiation [9,14,15]. However,
Delta-1 expression on the OP-9 murine stromal cell line
allows generation of CD4"CD8"* T cell precursors from
human hematopoietic progenitors [16,17], although the
function of Delta ligand expression on human bone marrow

0301-472X/$ - see front matter. Copyright © 2013 ISEH - Society for Hematology and Stem Cells. Published by Elsevier Inc.
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stromal cells remains to be elucidated. Moreover, cytokine
regulation of human early T lymphopoiesis has been less
studied compared with that of early B lymphopoiesis
[18-20], because of the lack of an appropriate culture
system that supports early T cell differentiation.

Immunotherapy therapy using peripheral T cells engi-
neered to express a tumor antigen—specific T cell receptor
(TCR) is a novel and promising strategy [21,22]; however,
this strategy presents several challenges. For example,
transfer of the TCR into mature T cells has the risk of form-
ing a chimeric TCR of transduced and endogenous TCRs
and may exert an unexpected adverse response against
other antigens [23-26]. Furthermore, it is uncertain how
long the engineered mature T cells persist in vivo. When
the TCR gene is transduced into hematopoietic progenitors,
formation of the endogenous TCR is prevented in mature T
cells derived from the TCR-transduced hematopoietic
progenitors [27,28], because of the allelic exclusion mech-
anism at the TCR-B locus [29]. Nevertheless, gene therapy
that targets hematopoietic stem cells has the risk of
leukemia development [1].

In this study, we examined cytokine- and Notch-
mediated regulation of human early T cell development
by coculture with telomerized human bone marrow stromal
cells, which support early B and T lymphopoiesis [30], and
determined the potential of this coculture system with engi-
neered human stromal cells for clinical application.

Methods

Isolation of CD34" hematopoietic progenitors

After obtaining informed consent, umbilical cord blood was
collected from full-term deliveries according to a protocol approved
by the Ethics Committee of Mie University Hospital. CD34" or
CD34+CD38'~CD7"CD197CD10~ hematopoietic progenitor
cells were then purified from the mononuclear cells [31].

Recombinant factors

Thrombopoietin (TPO) was a gift from the Kirin Brewery (Tokyo,
Japan). Recombinant stem cell factor (SCF), fit3 ligand (Flt3L),
granulocyte colony-stimulating factor (G-CSF), granulocyte-
macrophage colony-stimulating factor (GM-CSF), interleukin
(IL) 3, IL-7, and IL-15 were purchased from PeproTech (Rocky
Hill, NJ, USA). Cytokines were used at the following concentra-
tions: SCF, 10 ng/mL; TPO, 10 ng/mL; FIt3L, 5 or 10 ng/mL;
G-CSF, 10 ng/mL; GM-CSF, 10 ng/mL; IL-3, 10 ng/mL; IL-7,
5 ng/mL; IL-15, 10 ng/mL.

Transduction of Delta-1 and -4 genes into telomerized stromal
cells

Complementary DNAs (cDNAs) of human Delta-1 in a pMKITneo
vector and Delta-4 in a pcDNA3 vector (provided by Dr. Seiji
Sakano) were inserted into the EcoRI/Notl sites of enhanced green
fluorescent protein (EGFP) or Kusabira Orange (KO) retroviral
vectors [32,33] to generate pMXs-(Deltal or Delta4)-IRES-
EGFP and pMXs-(Deltal or Delta4)-IRES-KO vectors. pMXs-
IRES-EGFP (GFP mock) and pMXs-IRES-KO (KO mock) vectors

were used as controls. Transfection of retroviral vectors into
PLAT-A cells [33] was performed as described elsewhere [34],
except for the use of 5 mg/mL polybrene (Sigma-Aldrich, St.
Louis, MO, USA). Transduced cells were isolated based on GFP
or KO expression using a FACSAria (BD Biosciences, San Jose,
CA, USA). Delta-1 and -4 expression was confirmed by Western
blotting, by applying cell lysates consisting of 2 x 10% cells to
an anti-FLAG M2 monoclonal antibody (1:1000; Sigma-Aldrich)
and horseradish peroxidase-labeled goat anti-mouse immunoglob-
ulin G (1:5000; Promega, Madison, WI, USA).

Flow cytometric analysis

Immunofluorescence staining was performed as reported previ-
ously [30,31] using the following murine monoclonal antibodies:
anti-CD4 (BD Pharmingen, San Diego, CA, USA), anti-CD14-
FITC (BioLegend, San Diego, CA, USA), anti-CD56-FITC (BD
Pharmingen), anti-CD7-PE (Beckman Coulter, Fullerton, CA,
USA), anti-CD19-PE (BD Bioscience), anti~T cell a/f receptor-
PE (BD Pharmingen), anti-CD34-PE (BD Bioscience), anti—
CDl1a-APC (BioLegend), anti-CD3-APC (Beckman Coulter),
anti-CD7-APC (eBioscience, San Diego, CA, USA), and anti—
CDS8-APC (BD Pharmingen).

Cocultures

Maintenance and cocultures of human telomerase reverse
transcriptase-transduced telomerized stromal cells were performed
as described previously [30]. Cocultures of OP9 stromal cells
overexpressing Delta-1 (a gift from Dr. Juan Carlos Zihiga-
Pfliicker) were performed as described elsewhere [17,30]. Viable
cell numbers were determined by trypan blue exclusion.

Transduction of the retroviral vector carrying the TCR into
hematopoietic cells

The retroviral vector encoding MAGEA4-specific TCR-
o (TRAV8-1) and TCR-B (TRBV7-9) genes (MSbPa retroviral
vector) has been described previously [35]. Transduction of the
MSbPa retroviral vector into hematopoietic progenitors was per-
formed by culture on RetroNectin (Takara Bio, Shiga, Japan)-
coated plates preloaded with retroviral solutions [35,36].

VB detection

Total RNA and cDNA were prepared as described previously [30].
c¢DNA samples were amplified using VB-specific primers with
a C3' primer [37] at a final concentration of 0.5 pmol/L for
each reaction. Polymerase chain reaction (PCR) was performed
with 2.5 U Ex-Taq polymerase (Takara Bio) and a Dice/Takara
PCR thermal cycler under the following conditions: 35 cycles of
95°C for 30 sec, 55°C for 30 sec, and 72°C for 15 sec. PCR prod-
ucts were separated on 2% agarose gels, and VP family genes
were identified by Southern blotting using nylon membranes
(Roche Diagnostics, Mannheim, Germany) and a probe (5'-
gtgttcccaccegaggtegetgtgtttgagecatcagaa-3") labeled with Amer-
sham AlkPhos Direct Labeling Reagents (GE Healthcare, Aliso
Viejo, CA, USA). Signals were detected using an LAS-1000plus
(Fuyjifilm, Tokyo, Japan). DNA bands at 170-220 bp were Vf3
family genes. VP of the transduced TCR was 6.1-6.3.

Data analysis
Statistical comparisons were performed using Student ¢ test.
Differences were considered significant at p < 0.05.
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Results

Cytokine-mediated regulation of CD7TCD56™ proT cell
generation from human hematopoietic progenitors

We reported previously that human telomerized bone
marrow stromal cells support the generation of
CD7*7CD56 cyCD3 ™ proT cells from human hematopoietic
progenitors, which is enhanced by SCF and TPO in the pres-
ence of FIt3L [30]. To elucidate whether pro-T cell genera-
tion 1is further augmented by other cytokines,
CD34%CD38'”~CD77CD197CD10~ cells were cultured
with SCF, Flt3L, TPO, IL-3, IL-6, GM-CSF, G-CSF, and
IL-15, some of which have been shown to augment human
B or T cell generation [18-20,38], or combinations of these
cytokines with SCF, FIt3L, and TPO for 3 weeks. As a single
agent, FIt3L considerably enhanced the generation of
CD77CD56™ cells from hematopoietic progenitors, which
was further enhanced by combining with SCF and TPO
(Fig. 1A) as reported previously [30]. The addition of IL.-
3 or GM-CSF to cultures with SCF, FIt3L, and TPO (3GF)
exerted an inhibitory effect on the generation of
CD7CD56 T cells. No or few effects were observed by
the addition of IL-6, G-CSF, or IL-15 to cultures with
3GF (Fig. 1A). Under all culture conditions, CD7"CD56~
cells were negative for cytoplasmic CD3 (cyCD3; data not
shown). Similar effects were observed in the generation of
CD19" proB cells by these cytokines (data not shown). To
elucidate whether the inhibitory effect of IL-3 on T cell
generation occurs by directly acting on hematopoietic
progenitors or by an indirect action via stromal cells,
CD347CD38°"CD7 CD197CD10™ cells were cultured
either with stromal cells or without stromal cells but supple-
mented with conditioned medium collected from cultures of
stromal cells in the presence of 3GF or 3GF plus IL-3. As
shown in Figure 1B, IL-3 addition to cultures with 3GF in-
hibited the generation of CD7" and CD19" cells from
hematopoietic progenitors, even without stromal cells, as
observed in cultures with stromal cells. Based on the expres-
sion profiles of CD34 and CD38, the percentage of cells ex-
pressing CD34 in cultures treated with IL-3 was lower than
in those without IL-3, and there were no CD34"CD38 ™ cells
in both culture conditions (Supplementary Figure 1, online
only, available at www.exphem.org). These data indicate
that the suppression of T and B lymphoid differentiation
owing to IL-3 is not caused by maintenance of hematopoi-
etic progenitors in an immature state.

Telomerized stromal cells transduced to express Delta-1

or -4 inhibit B cell differentiation and induce pre-T cell
differentiation

To examine the effect of high levels of Delta ligand expres-
sion on human B and T lymphopoiesis, human Delta-1 and
-4 genes were transduced into telomerized human stromal
cells by retroviral vectors (Fig. 2A). Although only low
levels of Delta-1 and -4 mRNA were detected in telomer-
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Figure 1. Cytokine regulation of CD7tCD56™ proT cell development. (A)
CD347CD38'~CD7~CD19~CDI10™ cells (2 x 10* cells/well) were cultured
on telomerized stromal cells in the presence of the indicated cytokines for 21
days, and the number of CD77CD56™ cells was analyzed. Data are the
means % SD of triplicate cultures and representative of three independent exper-
iments. *p < 0.05 compared with cultures containing SCF, Flt3L, and TPO. (B)
CD34*CD38'”~CD7"CD197CDI0™ cells were cultured with or without
stromal cells in the presence or absence of IL-3. In cultures without stromal cells,
half of the culture medium was replaced every 3 days with conditioned medium
obtained from stromal cell cultures. The phenotypes of cells after exclusion of
the CD14" population in cultures with the indicated cytokines are shown.

ized stromal cells transduced with vectors containing GFP
or KO alone and in nontransduced stromal cells, which is
consistent with a previous report [30]. Significantly high
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levels of Delta-1 or -4 mRNA were detected after transduc-
tion of Delta-1-GFP, Delta-1-KO, Delta-4-GFP, or Delta-
4-KO genes into stromal cells (Fig. 2B). Expression of
Delta-1 and -4 proteins in transduced stromal cells was
confirmed by Western blot analysis (Fig. 2C).

We cocultured CD34" hematopoietic progenitors on
GFP-, Delta-1-GFP- or Delta-4-GFP-transduced stromal
cells in the presence of 3GF for 21 days, and then analyzed
the number and phenotype of cultured cells. After 21 days,
coculture with Delta-1-GFP- or Delta-4—GFP-transduced
stromal cells strongly inhibited cell proliferation compared
with that of GFP-transduced stromal cells (Fig. 3A). Pheno-
typically, CD7"CD34"~CDla"cyCD3~  proT and
CD19+CD34"~proB cells were generated by coculture
with GFP-transduced stromal cells. These findings were
similar to those obtained by coculture with nontransduced
stromal cells (Supplementary Figure 2, online only, avail-
able at www.exphem.org). However, coculture with Delta-
1-GFP- or Delta-4-GFP-transduced stromal cells led to
a higher percentage of CD7"CD34™° T cell precursors.
These cells were negative for CDla, a phenotype of T
lineage-committed precursors [39-41], but expressed
cyCD3. The generation of CD19" proB cells was inhibited
by Delta-1- or Delta-4—transduced stromal cells (Fig. 3B).
Similar data were obtained by coculture with stromal cells
transduced with KO, Delta-1-KO or Delta-4-KO (data not
shown). These data suggest that Delta-1 or -4 expression on
stromal cells inhibits B cell differentiation and promotes T
cell differentiation into the pre~T cell stage.

Coexpression of Delta-1 and -4 on stromal cells

Delta-1 or -4 expression on stromal cells similarly
promoted pre-T cell differentiation in vitro. However, it
has been suggested that the role of Delta-1 and -4 in T lym-
phopoiesis is not the same based on in vivo murine studies
[42]. We therefore examined whether coexpression of
Delta-1 and -4 on stromal cells further augmented T cell
differentiation from hematopoietic progenitors. After
coculture of CD34™" cells on stromal cells that expressed
GFP, Delta-1-GFP, Delta-4—KO or both Delta-1-GFP and
Delta-4-KO for 21 days in the presence of 3GF, the
percentage and number of CD7tcyCD3" pre-T cells
were increased by coculture on stromal cells expressing
either Delta-1 or -4 as described earlier. Cocultures with
stromal cells coexpressing Delta-1 and -4 additively
increased the percentage and number of CD7'cyCD3*
cells (Fig. 4A and 4B). Cells cultured on Delta-1- and
Delta-4—coexpressing stromal cells were still negative for
CDla (data not shown). Hairy and enhancer of split
homolog-1 (HES-1) is a downstream target gene of the
Notch pathway [4]. The expression level of HES-1 was
elevated in CD34" cells cultured on Delta-1- or Delta-
4—transduced stromal cells, compared with that of noncul-
tured CD34" cells or CD34" cells cultured on
GFP-expressing telomerized stromal cells, but an additional

increase in the expression levels of HES-1 was not observed
by coculture on stromal cells coexpressing Delta-1 and -4
(Supplementary Figure 3, online only, available at www.
exphem.org).

Generation of T cell precursors from TCR-transduced
hematopoietic progenitors

Because telomerized human bone marrow stromal cells co-
expressing Delta-1 and -4 were found to strongly promote T
cell differentiation from human hematopoietic progenitors,
the clinical utility of this culture system was examined. We
examined whether T cell precursors engineered to express
a tumor antigen-specific TCR without an endogenous
TCR could be efficiently generated from TCR-transduced
hematopoietic progenitors in our culture system. In addi-
tion, the effect of TCR expression on the proliferation
and differentiation of hematopoietic progenitors toward
the T cell lineage was studied.

We first attempted to improve the coculture system to
generate a higher number of pre-T cells by combining telo-
merized stromal cells and Delta ligand-transduced stromal
cells, because Delta ligand-transduced stromal cells
severely inhibited the proliferation of hematopoietic
progenitors. The following four culture conditions were
tested: (1) coculture on stromal cells that coexpressed
Delta-1 and -4 (D1D4 stromal cells) for 21 days; (2) cocul-
ture on D1D4 stromal cells for 7 days followed by telomer-
ized stromal cells for 14 days; (3) coculture on telomerized
stromal cells for 7 days followed by D1D4 stromal cells for
14 days; and (4) coculture on telomerized stromal cells in
the presence of 3GF for 21 days. Cocultures on DiD4
stromal cells for the initial 7 days strongly inhibited cell
growth similarly to that in cocultures on D1D4 stromal cells
for 21 days. However, growth inhibition was moderate
when cocultures started with telomerized stromal cells fol-
lowed by D1D4 stromal cells, suggesting that cell growth
mainly occurred from hematopoietic progenitor to
CD7% cyCD3™ proT cell stages (Fig. 5, left column). The
highest number of CD7tcyCD3" pre-T precursors was
also obtained by coculture with telomerized and then
D1D4 stromal cells (Fig. 5, right column).

Based on our data, CD34™" cells were transduced with
retroviral vectors carrying the TCR, which specifically
recognized the cancer-specific antigen MAGE-A4 [35],
on day 2 during the initial 7-day period of coculture on te-
lomerized stromal cells, and then cultured on D1D4 stromal
cells for an additional 14 days in the presence of 3GFE. At 21
days after coculture on telomerized and then D1D4 stromal
cells, a low percentage of CD7*TCR™ cells was detected.
TCR-positive cells were still negative for CDla, a marker
of T-lineage committed precursors [39,43], but CD3 was
expressed, presumably in accordance with engineered
expression of the TCR (Fig. 6A). Thus, T cell precursors
generated from TCR-transduced hematopoietic progenitors
by coculture with telomerized followed by D1D4 stromal
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Figure 2. Expression of Delta-1 and -4 in telomerized stromal cells. (A) Constructs of GFP, Delta-1-GFP, Delta-4-GFP, KO, Delta-1-KO, and Delta-4-KO.
(B) Expression of Delta-1 and -4 mRNA in nontransduced stromal cells or stromal cells transduced with GFP, KO, Delta-1-GFP, Delta-1-KO, Delta-4-GFP,
or Delta-4-KO vectors. (C) Expression of Delta-1 and -4 proteins in stromal cells transduced with GFP, KO, Delta-1-GFP, Delta-1-KO, Delta-4—GFP, or

Delta-4-KO vectors.

cells were considered as pre~T cells. To further examine the
differentiation and proliferation potentials of the
CD7TTCR' cells, all cultured cells were recultured on
Delta-1-expressing OP9 stromal cells in the presence of
FIt3L and IL-7, a condition that supports mature T cell
differentiation [16,17]. On days 11-19 after reculture, the
percentage and number of CD7TTCRY cells rapidly and
remarkably increased compared with the number of non-
transduced CD7"TCR ™ cells (Fig. 6A and 6B). Phenotyp-
ically, a significant proportion of CD7*TCR™ cells
differentiated beyond the CDla™ stage and coexpressed
surface CD3, although only a low percentage of TCR™ cells

became positive for CD8 and CD4 under our culture condi-
tion. Most CD7"TCR™ cells were negative for the NK cell
marker CD56 (Fig. 6B). To evaluate whether the TCR,
which was expressed by T cell precursors that differentiated
on Delta-1-expressing OP-9 stromal cells, was derived
from the transduced TCR and not the endogenous TCR,
the VP repertoire of the TCR was analyzed by reverse tran-
scriptase PCR of VB-CB transcripts. Almost all types of V8
chains were detected in normal peripheral blood as
expected, but only the VB 6.1-6.3 region derived from
the transduced TCR was detected in cultured cells
(Fig. 6C). These data indicate that coculture of TCR-
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Figure 3. Effect of Delta-1 and -4 expression on T and B cell differentiation. Total cell numbers (A) and the phenotype (B) of cells after coculture of CD34%
cells (4 x 10* cells/well) on telomerized stromal cells transduced with GFP, Delta-1-GFP or Delta-4-GFP in the presence of 3GF for 3 weeks. Data are the
means * SD of triplicate cultures and are representative of four independent experiments.
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Figure 4. Combinatorial effect of Delta-1 and -4 expression on T cell
differentiation. The percentage (A) and number (B) of CD7 cyCD3"*
T cells after coculture of CD34™" cells (4 x 10* cells/well) on stromal
cells expressing GFP, Delta-1-GFP, Delta-4-KO or both Delta-1-GFP
and Delta-4-KO with 3GF for 3 weeks are shown. Data are the
means * SD of triplicate cultures. Representative data from three inde-
pendent experiments are shown. *p < 0.05 compared with control
cultures.

transduced hematopoietic progenitors on telomerized fol-
lowed by DI1D4 stromal cells can produce pre-T cell
precursors that have the potential to proliferate and differ-
entiate under an appropriate culture condition.
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Figure 5. Optimal condition for generation of a higher number of
CD7%cyCD3™" preT cells. CD34" cells (4 x 10* cells/well) were cocul-
tured on stromal cells transduced with Delta-1 and -4 (D1D4 stromal cells)
in the presence of 3GF for 21 days, D1D4 stromal cells for 7 days followed
by telomerized stromal cells for 14 days, telomerized stromal cells for 7
days followed by D1D4 stromal cells for 14 days, or telomerized stromal
cells for 21 days. Total cell numbers and the percentage and number of
CD7%cyCD3" preT cells were assessed. Data are the mean of duplicate
cultures.

Discussion

In this study, we showed that the generation of early T cell
precursors from hematopoietic progenitors was modulated
positively or negatively by cytokines, and combinations
of SCF, Flt3L, and TPO were best suited to enhance proT
cell generation on telomerized stromal cells. Delta-1 and
-4 expression on stromal cells additively promoted T cell
differentiation into pre-T stages, although cell growth
was strongly suppressed. By combining these coculture
systems, we showed that a higher percentage and number
of pre~T cells can be generated from hematopoietic progen-
itors, and this culture system could be useful to develop
immunotherapy using engineered T cell precursors.
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Figure 6. Generation of T cell precursors from TCR-transduced hematopoietic progenitors. CD34" cells (4 x 10* cells/well) were transduced with the TCR
during coculture on telomerized stromal cells for 7 days, and then recultured on D1D4 stromal cells for 14 days in the presence of 3GF. Cultured cells were
then recultured on Delta-1-transduced OP-9 stromal cells in the presence of FIt3L (5 ng/mL) and IL-7 (5 ng/mL) for an additional 11 or 19 days. The pheno-
type (A) and number (B) of CD7*TCR™ and CD7TTCR™ cells were assessed. Data are the mean of duplicate cultures. (C) PCR analysis of VB in peripheral
blood mononuclear cells (PBMCs) or cells cocultured for 11 days on Delta-1—-expressing OP9 stromal cells after coculture on telomerized stromal cells and
then D1D4 stromal cells for 21 days. PCR products were evaluated using Southern blot (SB) analysis.

Among the cytokines, SCF, FIt3L, and TPO coordi-
nately promoted the generation of proT and proB cells
from human hematopoietic progenitors on stromal cells.
Conversely, these effects were inhibited by IL-3 and
GM-CSF by directly acting on hematopoietic progenitors.

Similar effects by cytokines were observed in the genera-
tion of plasmacytoid dendritic cells belonging to the
lymphoid lineage (data not shown) [44]. An inhibitory
effect of IL-3 on B cell development has been suggested
by other studies using murine stromal cells [19,45],
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but our data are the first to demonstrate that IL-3
suppresses the generation of various types of lymphoid
precursors on human bone marrow stromal cells. Because
no effect was observed with other cytokines, such as
G-CSF, IL-6, and 1L-15, a different approach, such as en-
gineered production of Hox B4 protein from stromal cells,
would be required to obtain higher numbers of T cell
precursors [46].

Delta-1 or -4 expression on stromal cells similarly
promoted pre—T cell differentiation, and their coexpres-
sion additively promoted preT cell differentiation. It
remains uncertain whether Delta-1 and -4 ligands bind to
distinct Notch receptors or identical Notch receptors
with different affinities [7,11-13,42,47]. The mechanism
of the additive effect of Delta-1 and -4 cannot be explained
by HES-1 gene expression. However, our study suggests
that coexpression of Delta-1 and -4 on stromal cells
induces a higher percentage of hematopoietic progenitors
to differentiate into pre-T cells. Notably, although even
bone marrow stromal cells transduced with Delta-1 and
-4 did not support T cell differentiation into the CD1a™
cell stage, Delta ligand expression on human thymic
stromal cells promotes differentiation into CD7*CDla™
cells that are detectable in the thymus [48]. These data
imply that not only Delta ligand-mediated Notch
signaling, but also unknown signals from thymic stromal
cells are required for T cell differentiation into the
CD77CDlat stage.

Transduction of the TCR into hematopoietic progenitors
followed by coculture on Delta-transduced human bone
marrow stromal cells led to the generation of pre-T cells ex-
pressing the TCR, although the transduction efficiency of
the TCR into hematopoietic progenitors appeared remark-
ably lower than that in previous studies targeting mature
T cells [35]. Nonetheless, these TCR-transduced T cell
precursors, upon coculture with Delta-1-expressing OP-9
murine stromal cells, promptly and remarkably proliferated
and differentiated toward CD8V cells, relative to that of
nontransduced T cell precursors. Although it has been spec-
ulated that TCR-transduced T lymphoid precursors differ-
entiated toward CD8" cells rather than CD4" cells,
presumably because of a lack of human leukocyte antigen
class II expression on OP-9 stromal cells [49], it is inter-
esting to note that similar rapid growth has been observed
in other studies by coculture of TCR-transduced hemato-
poietic progenitors on Delta-1-expressing OP-9 murine
stromal cells from the beginning of cultures [27,28,49].
Further investigation is required to elucidate whether such
rapid proliferation of TCR-transduced T cell precursors
occurs at or beyond the CD1a™ stage, or by a specific inter-
action with OP-9 murine stromal cells. Nevertheless, these
studies will contribute to our understanding of the regula-
tion of human early T lymphopoiesis on bone marrow
stromal cells and to the development of novel therapies
with T cell precursors.
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Supplementary Figure 1. Effect of IL-3 on the differentiation of hemato-
poietic progenitors. CD347CD38-CD7-CDI19CD10~ cells were
cultured with telomerized stromal cells and 3GF in the presence or abserce
of IL-3. The expression of CD34 and CD38 after exclusion of the CD14%
population is shown.
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Supplementary Figure 2. T and B cell differentiation on nontransduced
telomerized stromal cells. The phenotypes of CD34% cells (4 x 10*
cells/well) after coculture on nontransduced telomerized stromal cells in
the presence of 3GF for 3 weeks are shown.

HES-1 expression

e 8 *
.% g .
)
o 41
2 3
T 27
(0] 11 *
© 0
@ Q Q O QO
© & F P S
3 AN N
é\- O@ é\ (4)
Q QO x

Supplementary Figure 3. Comparison of HES-1 expression. Relative
expression of HES-1 mRNA in uncultured CD34% cells and cells gener-
ated by coculture of CD34" cells on stromal cells transduced with GEP,
Delta-1-GFP, Delta-4-KO or Delta-1-GFP plus Delta-4-KO vectors in
the presence of 3GF for 24 hours are shown. Relative gene expression
was calculated as the fold induction compared with untreated CD34™ cells.
Data are the means * SD of triplicate cultures. Quantitative reverse tran-
scriptase PCR was performed by modification of a previously published
method [33]. Hairy and enhancer of split homolog-1 (HES-1) primers
were obtained from Assays on-Demand (Assay ID: Hs00172878_ml;
Applied Biosystems, Foster, CA, USA). PCR conditions were as follows:
initial denaturation at 95°C for 15 min, and then 50 cycles of denaturation
at 94°C for | min, and annealing and extension at 60°C for 1 min. Tran-
script quantification was performed in triplicate for each sample. Gene
expression was normalized to that of endogenous glyceraldehyde-3-
phosphate dehydrogenase as an internal standard (Pre-Developed TagMan
Assay Reagents, 4326317E; Applied Biosystems). Relative gene expres-
sion was calculated as a fold induction compared with that in untreated
CD34* cells.
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Amelanotic Malignant Melanoma of Unknown Primary
Origin Metastasizing to the Bone Marrow:
A Case Report and Review of the Literature
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Abstract

We herein describe the case of a 77-year-old Japanese man who presented with progressive thrombocy-
topenia. No lymphadenopathies, bone lesions, hepatosplenomegaly or masses within any internal organs were
detectable. Bone marrow smears revealed diffuse infiltration of large atypical cells morphologically resem-
bling mature lymphoid neoplasms. A flow cytometric analysis showed that the tumor cells strongly expressed
CD56 without myeloid or lymphoid antigens, suggesting that they were non-hematologic in origin. Ulti-
mately, amelanotic malignant melanoma of unknown primary origin was diagnosed based on positive im-
munostaining for S100 proteins, HMB-45 and Melan-A. This case illustrates the usefulness of flow cytomet-
ric analyses for making such diagnoses. We also review the available literature on similar cases.
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Introduction

Although more than 90% of malignant melanomas have a
cutaneous origin, melanomas may present metastatically in
the absence of an identified primary lesion (1); such tumors
are designated “melanomas of unknown primary origin”
(MUP). Furthermore, some malignant melanomas
“amelanotic,” meaning that they do not contain histopa-
thologically detectable melanin pigment, which often makes
diagnosing MUP difficult (2, 3). We herein report a case of
bone marrow metastasis of amelanotic MUP and describe
the usefulness of flow cytometric analyses for diagnosing
this disease, with a review of the literature.

are

Case Report

A 77-year-old Japanese man was referred to our hospital
due to progressive thrombocytopenia that had developed
over the previous two months. His medical history included
myocardial infarction, diabetes mellitus and early gastric

cancer that was completely resected via endoscopy. On a
physical examination, the patient exhibited general weakness
and significant emaciation (body mass index: 17 kg/m?®)
without other significant findings, including superficial lym-
phadenopathies or skin lesions. He also had no fever or
night sweats.

Peripheral blood tests showed thrombocytopenia (platelet
count: 2.6x10%uL), normocytic anemia (a hemoglobin level
of 10.3 g/dL with an absolute reticulocyte count of 4.5x10%
pL) and mild leukocytosis (1.1x10%uL with 10% myelo-
cytes, 4% metamyelocytes, 74% neutrophils, 9% lympho-
cytes, 2% monocytes, 1% eosinocytes and 4% erythro-
blasts). Additional laboratory tests showed an elevated FDP
level of 153 pg/dL, suggesting the presence of coexisting
disseminated intravascular coagulation (DIC). No lymphade-
nopathies, bone sclerotic or lytic lesions, hepatomegaly,
splenomegaly or masses within any internal organs were de-
tectable on contrast-enhanced computed tomography.

Bone marrow aspiration indicated hypercellular marrow
with diffuse involvement of tumor cells and strongly sup-
pressed hematopoiesis, as revealed on May-Giemsa staining.
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Figure 1.

Bone marrow aspiration smear showing infiltration of large atypical cells. The cells had

vacuoles in the cytoplasm (a: original magnification x200, b: x400 with May-Giemsa staining).

Figure 2.

Bone marrow biopsy specimens showing diffuse infiltration of tumor cells with some clear

nucleoli (a: x400 with Hematoxylin and Eosin staining). The cells were positive for CD56 (b: x400),

HMB-45 (c: x400) and Melan-A (d: x400).

The tumor cells were non-cohesive and large with abundant
vacuoles in basophilic cytoplasm. More than two nuclei
were evident in 5% to 10% of infiltrating cells. The tumor
cells were negative for myeloperoxidase staining and, based
on their morphology, were suspected of being derived from
mature lymphoid neoplasms (Fig. 1a, b).

However, an immunophenotypic analysis of bone marrow
aspiration using flow cytometry (FCM) showed a strong

CD56 expression in the tumor cells; however, myeloid and

lymphoid antigens, including CD2, CD3, CD4, CDS5, CD7,

CD8, CD10, CDll1c, CD16, CD19, CD20, CD23, CD25,
CD30, CD33, CD34, CD43 and CD45, were absent.

The bone marrow biopsy specimen showed diffuse infil-
tration of large, rounded neoplastic cells with clear nucleoli
without evidence of melanin pigmentation (Fig. 2a). An im-
munohistochemical examination demonstrated tumor cells
positive for CD56 (Fig. 2b), S100 proteins, HMB-45
(Fig. 2c) and Melan-A (Fig. 2d) and negative for CD3,
granzyme, keratin, synaptophysin and chromogranin A.
These results confirmed that the patient had metastasis of
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Table.
Metastasis to the Bone Marrow

Three Case Reports of Malignant Melanoma of Unknown Primary Origin with

Reference No.9

Reference No.2 current case

34/male
axillary mass

Age/sex
Chief complaint
Blood examination

WBC (/uL.) 2,900

Hb (g/dL) 7.1

Plt (/L) 20,000
Leukoerythroblastosis Yes
Other metastasis sites lymph node
Amelanotic/melanotic melanotic
Flow cytometric performed

analysis CDS56 was not described

Positive immunostains S 100 proteins, HMB-45

Prognosis died 3 weeks after diagnosis

22/male
weakness, weight loss

77/male
thrombocytopenia

7,800 11,400
55 10.2
65,000 20,000
Yes Yes
lymph node none
melanotic amelanotic

performed
CD56 was positive
S 100 proteins,
HMB-45, Melan-A
died | week after diagnosis

not performed

S 100 proteins,
HMB-45
not available

malignant melanoma to the bone marrow.

We carefully reexamined the patient after making the di-
agnosis, although no evidence of concomitant cutaneous or
mucosal primary lesions was identified and no previous his-
tory of skin lesions or surgery was reported. Although the
patient had been periodically examined by an ophthalmolo-
gist due to his diabetic retinopathy, uveal melanoma had not
been detected. He experienced continuous nasal and gastro-
intestinal bleeding as a result of rapidly aggravating DIC
and died approximately one week after the diagnosis on pal-
liative treatment.

Discussion

The incidence of MUP varies from 4% to 8% of patients
with malignant melanoma (4-7). Standard criteria for diag-
nosing MUP have been described by Das Gupta (8); the
present patient met these diagnostic criteria. Baab et al. re-
ported the metastatic site at diagnosis in 98 cases of MUP
to be as follows: lymph node metastases only (55%), subcu-
taneous metastases with or without lymph node involvement
(13%) and visceral metastases with or without lymph node
involvement (32%). Among the visceral cases, metastasis to
the bone was observed in only two patients (2% of the
MUP cases) although little information was available regard-
ing bone marrow metastasis of MUP (4). Therefore, MUP
with metastasis to the bone marrow is rare. To the best of
our knowledge, there are only two case reports of bone mar-
row metastasis of MUP (2, 9) (Table).

The histopathological findings of MUP suggest that the
tumor cells are comprised of polygonal or spindle cells with
prominent nucleoli (2). On the other hand, they may also
exhibit varying cellular morphology with high-grade
anaplastic cellular features (10). Because making the mor-
phological diagnosis of MUP is often difficult, approxi-
mately 10% of MUP lymph node biopsies may be misdiag-
nosed as anaplastic carcinoma instead of MUP (5). Impor-
tantly, most melanoma cells have melanin pigment in their
cytoplasm, which is a major clue to suspect MUP; however,

the diagnosis of MUP is established based on immunostain-
ing for markers such as HMB-45, Melan-A and S-100 pro-
teins (11, 12).

However, if the MUP cells are amelanotic, the tumor cells
will lack melanin pigment, as observed in the present case,
and it becomes difficult to identify malignant melanoma
based on histopathology (10). Because there are multiple
differential diagnoses to be considered in such cases, the di-
agnostic process is complicated. Giuliano et al. reported that
50 of 2,881 melanoma patients (1.7%) had amelanotic ma-
lignant melanoma, including 29 amelanotic primary sites
and 21 amelanotic metastases from a melanotic primary site.
Only three patients presented with an absence of pigment in
both the primary and metastatic sites (3). Interestingly,
amelanotic melanoma has been reported to be associated
with an even more aggressive clinical course and a high in-
cidence of metastasis (13-15), similar to the fulminant
course observed in the present case.

FCM is an essential tool for diagnosing hematological
malignancies in order to confirm the immunophenotype of
leukemia and lymphoma (16). However, there is little evi-
dence regarding the clinical significance of FCM for diag-
nosing non-hematological malignancies. In the presented
case, the tumor cells were strongly positive for CD56 but
expressed no T-cell, B-cell or myeloid antigens, suggesting
that they were more likely non-hematological in origin.
CD56 is a cell adhesion protein called NCAMI (neural cell
adhesion molecule 1) that is known to be expressed in he-
matological malignancies, such as NK/T cell neoplasms,
malignant myeloma and some cases of acute leukemia.
However, CD56 is also expressed in some
hematological malignancies, such as melanoma (17), small
cell carcinoma (18), rhabdomyosarcoma (19), Merkel cell
carcinoma (20), neuroblastoma (21) and neuroendocrine tu-
mors/carcinoma (22).

Farionla et al. evaluated the CD56 expression in neuroen-
docrine tumors obtained from fine-needle aspiration biopsy
specimens and reported the utility of the CD56 expression
in the absence of lymphoid antigens for specifically diag-

non-
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nosing neuroendocrine tumors (22). On the other hand, few
reports regarding the usefulness of FCM in diagnosing ma-
lignant melanoma have been published. Bhagwati et al. per-
formed FCM on samples of bone marrow metastasis ob-
tained from a patient with MUP. However, the authors did
not test for CD56 positivity and obtained little information
for diagnosing malignant melanoma using FCM (9).

We herein reported a case of amelanotic MUP with me-
tastasis exclusively to the bone marrow and demonstrated
the usefulness of FCM for diagnosing malignant melanoma,
especially when the tumor cells at the biopsy site are
amelanotic.

The authors state that they have no Conflict of Interest (COI).

References

1. Katz KA, Jonasch E, Hodi FS, et al. Melanoma of unknown pri-
mary: experience at Massachusetts General Hospital and Dana-
Farber Cancer Institute. Melanoma Res 15: 77-82, 2005.

2. Jain D, Singh T, Kumar N, Daga MK. Metastatic malignant mela-
noma in bone marrow with occult primary site: a case report with
review of literature. Diagn Pathol 2: 38, 2007.

3. Giuliano AE, Cochran AJ, Morton DL. Melanoma from unknown
primary site and amelanotic melanoma. Semin Oncol 9: 442-447,
1982.

4. Baab GH, McBride CM. Malignant melanoma: the patient with an
unknown site of primary origin. Arch Surg 110: 896-900, 1975.

5. Lopez R, Holyoke ED, Moore RH, Karakousis CP. Malignant
melanoma with unknown primary site. J Surg Oncol 19: 151-154,
1982.

6. Chang P, Knapper WH. Metastatic melanoma of unknown pri-
mary. Cancer 49: 1106-1111, 1982.

7. Reintgen DS, McCarty KS, Woodard B, Cox E, Seigler HF. Me-
tastatic malignant melanoma with an unknown primary. Surg Gy-
necol Obstet 156: 335-340, 1983.

8. Dasgupta T, Bowden L, Berg JW. Malignant melanoma of un-
known primary origin. Surg Gynecol Obstet 117: 341-345, 1963.
9. Bhagwati N, Seno R, Dutcher JP, Oleksowicz L. Fulminant meta-

static melanoma complicated by a microangiopathic hemolytic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

anemia. Hematopathol Mol Hematol 11: 101-108, 1998.

Roy S, Dhingra K, Mandal S, Khurana N. Unusual presentation of
metastatic amelanotic melanoma of unknown primary origin as a
solitary breast lump. Melanoma Res 18: 447-450, 2008.

Uesawa M, Sato K, Ozaki K, Nagai T, Muroi K, Ozawa K. Bone
marrow metastasis of malignant melanoma. Intern Med 45: 341,
2006.

Serrier C, Lesesve JE. Metastatic malignant melanoma in the bone
marrow. Blood 121: 721, 2013.

Gibson LE, Goellner JR. Amelanotic melanoma: cases studied by
Fontana stain, S-100 immunostain, and ultrastructural examination.
Mayo Clin Proc 63: 777-782, 1988.

Villarrubia J, de Misa RF, Escribano L, Bellas C, Velasco JL.
Amelanotic bone marrow infiltration secondary to pigmented ma-
lignant melanoma. J Dermatol 22: 620-622, 1995.

Ariel IM. Amelanotic melanomas: an analysis of 77 patients. Curr
Surg 38: 151-155, 1981.

Orfao A, Ruiz-Arguelles A, Lacombe F, Ault K, Basso G, Danova
M. Flow cytometry: its applications in hematology. Haematologica
80: 69-81, 1995.

Hirata Y, Muroi K, Ozawa T, Matsuhara D. Picture in clinical he-
matology no.47: case with lymphatic metastasis of malignant
melanoma. Rinsho Ketsueki (Jpn J Clin Hematol) 51: 587, 2010
(in Japanese).

Zheng G, Ettinger DS, Maleki Z. Utility of the quantitative Ki-67
proliferation Index and CD56 together in the cytologic diagnosis
of small cell lung carcinoma and other lung neuroendocrine tu-
mors. Acta Cytol 57: 281-290, 2013.

Fadare O, Bonvicino A, Martel M, Renshaw IL, Azodi M, Parkash
V. Pleomorphic rhabdomyosarcoma of the uterine corpus: a clini-
copathologic study of 4 cases and a review of the literature. Int J
Gynecol Pathol 29: 122-134, 2010.

Kurokawa M, Nabeshima K, Akiyama Y, et al. CD56: a useful
marker for diagnosing Merkel cell carcinoma. J Dermatol Sci 31:
219-224, 2003.

Park SJ, Park CJ, Kim S, et al. Detection of bone marrow metas-
tases of neuroblastoma with immunohistochemical staining of
CD56, chromogranin A, and synaptophysin. Appl Immunohisto-
chem Mol Morphol 18: 348-352, 2010.

Farinola MA, Weir EG, Ali SZ. CD56 expression of neuroendo-
crine neoplasms on immunophenotyping by flow cytometry: a
novel diagnostic approach to fine-needle aspiration biopsy. Cancer
99: 240-246, 2003.

© 2014 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imonline/index.html

328
- 715 -



Kageyama et al. Journal of Translational Medicine 2013, 11:246
http://www.translational-medicine.com/content/11/1/246

| JOURNAL OF
| TRANSLATIONAL MEDICINE

Dose-dependent effects of NY-ESO-1 protein
vaccine complexed with cholesteryl pullulan
(CHP-NY-ESO-1) on immune responses and
survival benefits of esophageal cancer patients

Shinichi Kageyama'™", Hisashi Wada®", Kei Muro®, Yasumasa Niwa", Shugo Ueda®, Hiroshi Miyata®, Shuji Takiguchi?,
Sahoko H Sugino', Yoshihiro Miyahara', Hiroaki Ikeda', Naoko Imai', Eiichi Sato®, Tomomi Yamada’,
Masaharu Osako®, Mami Ohnishi®, Naozumi Harada®, Tadashi Hishida®, Yuichiro Doki? and Hiroshi Shiku'

Abstract

Background: Cholesteryl pullulan (CHP) is a novel antigen delivery system for cancer vaccines. This study evaluated
the safety, immune responses and clinical outcomes of patients who received the CHP-NY-ESO-1 complex vaccine,
Drug code: IMF-001.

Methods: Patients with advanced/metastatic esophageal cancer were enrolled and subcutaneously vaccinated with
either 100 g or 200 ug of NY-ESO-1 protein complexed with CHP. The primary endpoints were safety and humoral
immune responses, and the secondary endpoint was clinical efficacy.

Results: A total of 25 patients were enrolled. Thirteen and twelve patients were repeatedly vaccinated with 100 g
or 200 pg of CHP-NY-ESO-1 with a median of 8 or 9.5 doses, respectively. No serious adverse events related to the
vaccine were observed. Three out of 13 patients in the 100-ug cohort and 7 out of 12 patients in the 200-ug cohort
were positive for anti-NY-ESO-1 antibodies at baseline. In the 100-ug cohort, an antibody response was observed in 5
out of 10 pre-antibody-negatives patients, and the antibody levels were augmented in 2 pre-antibody-positive patients
after vaccination. In the 200-ug cohort, all 5 pre-antibody-negative patients became seropositive, and the antibody
level was amplified in all 7 pre-antibody-positive patients. No tumor shrinkage was observed. The patients who
received 200 g of CHP-NY-ESO-1 survived longer than patients receiving 100 pg of CHP-NY-ESO-1, even those who
exhibited unresponsiveness to previous therapies or had higher tumor burdens.

Conclusions: The safety and immunogenicity of CHP-NY-ESO-1 vaccine were confirmed. The 200 ug dose
more efficiently induced immune responses and suggested better survival benefits. (Clinical trial registration
number NCT01003808).
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Background

Complexes of cholesteryl pullulan (CHP) nano-particles
that contain a tumor antigen are a new type of cancer
vaccine with a novel antigen delivery system that presents
multiple epitope peptides to both the MHC class I and class
I pathways [1-4]. We have been developing CHP-protein
human cancer vaccines that efficiently induce immune
responses against multiple T cell epitopes for various
HLA types. Previous clinical studies using CHP-HER2
and CHP-NY-ESO-1 vaccines showed that these vac-
cines could be administered repeatedly without serious
adverse effects, and both vaccines induced antigen-specific
CD4" and CD8* T cell immunity as well as humoral
immunity [5-7].

Because the NY-ESO-1 antigen is a cancer-testis antigen
that is exclusively expressed in the tumor tissue, aside from
expression in the normal testis and placenta, this antigen is
considered an ideal target for cancer immunotherapy [8,9].

The appropriate dose for NY-ESO-1 protein vaccine has
not been determined, although doses up to 100 pg have
been examined, in which a higher dose was more immuno-
genic compared to lower doses of 10 pg and 30 pg [10].

We conducted a dose-escalating trial with CHP-NY-
ESO-1 vaccine doses of 100 pg and 200 g for esophageal
cancer patients who were resistant to standard therapies.
We evaluated the safety and immune responses to the
NY-ESO-1 antigen over the vaccination period, and ex-
plored the clinical impact on esophageal cancer patients
with a poor prognosis.

In this study, we analyzed IgG antibody responses as
antigen-specific immune responses. Although T cells that
are induced by a cancer vaccine should be evaluated as
an immune-monitoring marker, T cells can be difficult
to detect directly and quantitatively assess, whereas
IgG titers measured by ELISA could act as a suitable
immune-monitoring marker. Analyzing antibody responses
induced by CHP-NY-ESO-1 vaccine, the 200 pg-dose more
efficiently induced immune responses and suggested better
survival benefits.

Materials and methods

Preparation of CHP-NY-ESO-1 complex vaccine
CHP-NY-ESO-1 complex vaccine (Drug code: IMF-001)
was provided by ImmunoFrontier, Inc. (Tokyo, Japan).
All processes were performed following current Good
Manufacturing Practices (cGMP) conditions. The toxicity
of the drug products was assessed using animal models,
and stability was monitored during the clinical trial using
representative samples of the investigational drug product.

Study design

This study was a phase 1, open-label, multi-institutional,
dose-escalating clinical trial of the CHP-NY-ESO-1 com-
plex vaccine administered subcutaneously to patients
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with unresectable, advanced, or refractory esophageal
tumors that expressed the NY-ESO-1 antigen. The primary
objective was to determine the maximum tolerated dose
(MTD) and the biological recommended dose, and the
secondary objective was to assess clinical efficacy.

Patients were eligible for entry, if they had a perform-
ance status of 0, 1, or 2, were at least 20 years old, had a
life expectancy of 4 months or more, and did not have
impaired organ function. Patients were ineligible if they
were positive for HIV antibody, had multiple cancers,
autoimmune disease, serious allergy history, or active
brain metastasis, or received previous chemotherapy,
systemic steroid or immunosuppressive therapy within
less than 4 weeks.

The patients were divided into the following two cohorts
of 10 patients each: Cohort 1, 100 ug of the NY-ESO-1
protein every two weeks, and Cohort 2, 200 ug of the
NY-ESO-1 protein every two weeks. When a patient
withdrew from the trial within three vaccinations, they
were replaced with an additional patient.

Clinical responses were assessed according to the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST verl.1)
[11] and its modified version. The modified version is
based on immune-related Response Criteria (ir-RC) [12]
and includes the following: Tumor responses were assessed
every 6 weeks. Even if disease progression was observed
within the first 12 weeks, PD (progressive disease) was
not judged. When disease progression was observed after
18 weeks, PD was determined.

Each patient received 6 administrations. However, the
treatment could be continued beyond this period if the
patient wished to maintain treatment and met the fol-
lowing criteria: 1) no evidence of tumor progression or
worsening of performance status (PS), and 2) an anti-
NY-ESO-1 antibody response was confirmed. Safety was
evaluated according to the National Cancer Institute
Common Terminology Criteria for Adverse Events ver.3.0
(NCI-CTCAE ver.3.0) [13]. All the safety information was
collected and evaluated, and dose escalation was judged
by the Independent Data and Safety Committee.

The study was performed in accordance with the
current version of the Declaration of Helsinki and Good
Clinical Practice. Written informed consent was obtained
from all patients participating in this study. The protocol
was approved by the institutional review board at each
site. The clinical trial was sponsored by ImmunoFrontier,
Inc. (Tokyo, Japan), and registered as ID: NCT01003808
of ClinicalTrials.Gov.

Expression of NY-ESO-1 antigen

NY-ESO-1 expression was assessed by immunohistochem-
istry with the monoclonal antibody, E978 (Sigma-Aldrich,
Saint Louis, MO), [9] or quantitative RealTime-PCR
(qRT-PCR) using specific primers [14].
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Serum samples

To analyze antigen-specific antibody responses, sera were
collected at baseline and two weeks after each vaccination.
All sera were stored at ~80°C until analysis.

Antibody responses to NY-ESO-1 antigen
NY-ESO-1-specific antibodies in the sera were measured
by ELISA as described previously [15]. Briefly, recombinant
NY-ESO-1 proteins (His-tag and GST-tag) and NY-ESO-1
peptides were absorbed onto immunoplates (442404; Nunc,
Roskilde, Denmark) at a concentration of 10 ng/50 pL/well
at 4°C. The collected serum samples were diluted from
1:400 to 1:102,400. After washing and blocking the plate,
the sera were added and incubated for 10 h. After washing,
goat anti-human IgG (H + L chain) (MBL, Nagoya, Japan)
conjugated with peroxidase (The Binding Site, San Diego,
CA) was added. After adding the TMB substrate (Pierce,
Rockford, IL), the plate was read using a Microplate Reader
(model 550; Bio-Rad, Hercules, CA).

Serum samples for 80 healthy volunteers were evaluated
to determine a cut-off level for the anti-NY-ESO-1 antibody
based on the optical density (OD)ys0_550 absorption value.
The cut-off level of anti-NY-ESO-1 IgG was 0.182. A
sample was considered to be positive for anti-NY-ESO-1
antibodies if the optical density (OD)4s0-550 absorption
value in the ELISA was at the cut-off level or higher at
a serum dilution of 1:400. The immune responses of
patients with pre-existing anti-NY-ESO-1 antibodies
were judged as augmentation if the serum diluted 4-fold
or more remained positive.

Statistical analysis

Rates of the immune responses between the patients in
Cohort 1 and Cohort 2 were compared by Fisher’s exact
test, and the survival curve was estimated using the
Kaplan—Meier method and compared by the log-rank test.
In order to adjust the confounding factors, Cox propor-
tional hazards model was applied. All analyses were done
using SAS 9.2 (SAS Institute Inc., Cary, NC).

Results and discussion
Patient characteristics and clinical safety
A total of 25 patients were enrolled in the clinical trial.
All patients had unresectable, advanced, or refractory
esophageal cancers. The tumor cells in all of these patients
were NY-ESO-1-positive, in which the positivity was
determined by immunohistochemistry and qRT-PCR
for 24 patients and one patient, respectively. All patients
received standard chemotherapy and/or other cancer
therapies including radiotherapy and surgery, which were
ultimately ineffective (Table 1).

Cohort 1 consisted of 13 patients who were given 100 pg
of the vaccine; Cohort 2 consisted of 12 patients who were
given 200 pg of the vaccine. The patients in Cohort 1 and
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Table 1 Patients demographics
100 ug 200 ug
No. patients enrolled 13 12
Sex
Male 13 1
Female 0 1
Age
Median 69 64.5
Range 49-72 53-79
Prior therapy
Surgery 6 5
Radiotherapy 1 7
Chemotherapy 13 12
Pre-existing antibody to NY-ESO-1 antigen 3 7
No. vaccinations
Median 8 9.5
Range 2-27 3-21

Cohort 2 received 2 to 27 vaccinations with a median of 8
doses and 3 to 21 vaccinations with a median of 9.5 doses,
respectively (Table 1). No dose-limiting toxicity (DLT) was
observed. All the patients except one developed transient,
grade 1 skin reactions at the injection sites. Other adverse
events included swallowing disturbance (n = 8), diarrhea
(n = 3), and fever (n = 2), in which events of grade 3 or 4
were included. These events were considered unrelated to
the CHP-NY-ESO-1 vaccination. Based on the laboratory
data, decreased lymphocyte counts were observed (n = 10),
which were all grade 3. These patients had lymphopenia at
baseline, probably due to the previous chemotherapies.
During the course of the vaccinations, they developed grade
3 lymphopenia, which were shifted from the other grade
of the pre-vaccine lymphopenia. Other changes included
decreased Na levels (n = 4), decreased hemoglobin levels
(n = 3), elevated transaminase levels (n = 2) and elevated
uric acid (n = 2) (Table 2). These adverse events were
changed from the decreased or elevated levels at baseline.
They did not affect the vaccine continuation. Therefore,
the changes were considered not related or unlikely related
to the vaccination.

Immune responses to NY-ESO-1 protein

As shown Table 3, 3 out of the 13 patients, and 7 out of
12 patients had pre-existing antibodies to NY-ESO-1,
while the remaining 10 and 5 patients did not have this
reactivity in Cohort 1 and Cohort 2, respectively.

To evaluate the antibody responses after vaccination,
serum samples collected at the serial vaccinations were
analyzed using an antigen-specific IgG ELISA. In three
patients of 100-02, 100-3 and 200-7 who were vacci-
nated three times, the serum samples from 1st and 2nd
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Table 2 Adverse events during CHP-NY-ESO-1 vaccinations

100 pg(n = 13) 200 ug(n = 12) Total
Adverse event Grade Grade

1 2 3 4 5 Subtotal 1 2 3 4 5 Subtotal

Skin reaction 12 0 0 0 0 12 12 0 0 0 0 12 24
Swallowing disturbance 0 0 3 0 0 3 0 0 4 1 0 5 8
Diarrhea 0 0 2 0 0 2 1 0 0 0 0 1 3
Fever 2 0 0 0 0 2 0 0 0 0 0 0 2
Decreased lymphocytes count 0 0 7 0 0 7 0 0 3 0 0 3 10
Decreased Na level 0 0 2 0 0 2 0 0 2 0 0 2 4
Decreased Hb level 0 0 3 0 0 3 0 0 0 0 0 0 3
Elevated ALT/AST level 0 0 2 0 0 2 0 0 0 0 0 0 2
Elevated uric acid level 0 0 1 1 0 2 0 0 0 0 0 0 2

NOTE: Events occurring more than once are listed. Events of disease progression are not listed.

vaccination were assayed. In Cohort 1, out of 10 pre-
antibody-negative patients, 5 became seropositive. Two out
of 3 pre-antibody-positive patients had augmented antibody
responses. In total, 7 of 13 (53.8%) patients exhibited
immune responses. Five pre-antibody-negative and 7 pre-
antibody-positive patients in Cohort 2 became positive or
were augmented, yielding 12 out of 12 or 100% responsive-
ness. The 200-pg dose was more immunogenic than the
100-pg dose (p = 0.015, Fisher’s exact test). In Cohort 1, im-
mune reactions were observed after a median of 2 cycles,
with a range of 1 to 4 vaccine cycles. In Cohort 2, the im-
mune responses were also evident after a median of 2 cycles
with a range of 1 to 5 cycles (Table 3). The chronological
appearance of the immune responses and antibody titers
are shown in Figure 1. The antibody intensities appeared

more quickly and at a higher titer in patients in Cohort 2
(200 pg) than those in Cohort 1(100 pg). In addition to
His-tag NY-ESO-1 protein, we tested serum reactivities
to GST-tag NY-ESO-1 protein and NY-ESO-1 peptides.
We confirmed specific reactions to NY-ESO-1 antigen
in these sera.

Clinical responses and long-term follow-up

There were no cases of tumor shrinkage with partial
response (PR) or complete response (CR) in any of the 25
patients. At the assessment that occurred every 6 weeks
after vaccination, stable disease (SD) was observed in 3
patients in Cohort 1 and 6 patients in Cohort 2 (Table 4).
There was no discordance in the evaluations between
RECIST verl.1 [11] and its modified version [12].

Table 3 Antibody responses in patients vaccinated with 100 pg or 200 pug of CHP-NY-ESO-1

100 pg 200 ug
pt No. Vaccination Baseline Antibody response pt No. Vaccination Baseline Antibody response
cycle (dilution titer) (cycle®) cycle (dilution titer) (cycle¥)

100-01 9 negative responded(4) 200-01 15 negative responded(2)
100-02 3 negative no response** 200-02 9 negative responded(?)
100-03 3 negative no response** 200-03 8 positive (x1,600) responded(5)
100-04 7 negative no response 200-04 21 negative responded(2)
100-05 2 negative no response 200-05 3 negative responded(2)
100-06 16 positive (x6,400) responded(1) 200-06 10 positive (x400) responded(1)
100-07 9 positive (x25,600) no response 200-07 3 positive (x25,600) responded(2)**
100-08 10 negative responded(1) 200-08 1" positive (x400) responded(1)
100-09 5 negative no response 200-09 18 positive (x400) responded(3)
100-10 27 positive (x400) responded(3) 200-10 1 positive (x400) responded(2)
100-11 8 negative responded(2) 200-11 3 positive (x400) responded(2)
100-12 8 negative responded(2) 200-12 9 negative responded(1)
100-13 26 negative responded(2)

antibody response rate 53.8%*** 1009%***

*vaccine cycles with which antibody responses appeared. **antibody responses assayed after two vaccinations.***p = 0.015(Fisher's exact test).
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