Significance of HSC73-TAP interaction

ethylene glycol-bis[beta-aminoethyl ether]-N,N,N N -
tetraacetic acid [EGTA], 1 mM dithiothreitol) containing
I mM ATP at 37 C. Thereaction was terminated by wash-
ing cells with ice-cold transport buffer, followed by ly-
sis in a lysis buffer (10 mM Tris-HCI, pH 7.4, 1% Tri-
ton X-100, 150 mM NaCl, 5 mM iodoacetamide, 0.5 mM
phenylmethylsulfonyl fluoride). Then, cell lysates were pu-
rified by centrifugation at 10000 x g for 5 min. Glycosy-
lated peptides were collected by incubating 100 uL Con-A
Sepharose beads (Pharmacia Biotech) with the lysates at
4 C for 60 min. After washing the beads with lysis buffer
five times, radioactivities of the beads were analyzed by a
gamma counter.

Minigene construction, transfection and
cytotoxicity assays

In order to express peptide antigen F4.2 in endogenous
form, we constructed expression minigene vectors, pF4.2,
pF4.2ss and pF4.2reverse. pcDSR -E3 contains an aden-
ovirus E3/19 kDa protein signal sequence (38) under the
control of the SR promoter. pF4.25s was constructed by
insertion of oligonucleotides corresponding to F4.2 pep-
tide into the PstI and Xbal sites of the pcDSR -E3 ex-
pression vector. pF4.2 and pF4.2reverse were constructed
by insertion of the F4.2-coding oligonucleotides into the
EcoRlI site of the pcDSR  expression vector in a sense ori-
entation or an antisense orientation, respectively. Expres-
sion vectors were transfected to HOBC8-A31-12 cells or
C1R-A31 cells by using Lipofectin reagent (Life Technolo-
gies, Gaithersburg, MD, USA) and cultured in the AIM-V
serum-free media. In some cases, 200 pig/mL MeDSG was
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included in the media. Forty-eight hours after the trans-
fection, cells were mixed with TcHST-2 cells for 10 hr at
an E/T ratio of 3:1 or 10:1, followed by quantification of
tumor necrosis factor (TNF) production. In the case of the
SICr release assay, target cells were labeled with >'Cr for
1 hr, washed with PBS and co-cultured with TcHST-2 for
10 hr at an E/T ratio of 10:1 in the presence or absence of
200 pg/mL MeDSG, followed by counting radioactivities
of >!Cr in the culture supernatants. The expression of the
oligonucleotide sequence coding F4.2 in the transfected
cells was confirmed by using polymerase chain reaction
(PCR) analysis.

RESULTS

HSC73 isco-immunoprecipitated with TAP1

It is known that MHC class I is associated with TAPI
in the ER until antigenic peptides are loaded on the
MHC class I molecule (8). Analogously, we speculated
that HSP70 might be associated with TAP1 in the cy-
toplasm. TAP1 (70kDa) was immunoprecipitated from
the lysate of human lymphoblastoid cell line T1 cells
but not from the lysate of TAP-deficient line T2 cells,
as detected by immunoblotting using anti-TAPI anti-
body (Fig. la). The same immunoprecipitates were ex-
amined to detect HSC73. Although similar levels of
HSC73 expression were demonstrated by immunoblot-
ting of T1 lysates and T2 lysates with anti-HSP70 anti-
body (Fig. 1b, lanes 1,2), HSC73 was detected only in the
TAPI1-immunoprecipitates from T1 cell lysates (Fig. 1b,
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Fig. 1. Co-immunoprecipitation of HSC73 with TAP1 from T1 cell
lysates. (a) T1 cells (lanes 1, 2) or T2 cells (lane 3) were lysed by 0.5%
CHAPS lysis buffer. The lysates were immunoprecipitated with anti-TAP1
antibody (lanes 1, 3) or control antibody (lane 2). The immunoprecipitates
were resolved by 8% sodium dodecylsulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE), transferred to polyvinylidine difluoride (PVDF)
membranes and analyzed by immunoblotting with anti-TAP1 antibody.
Arrowhead indicates the 70 kDa TAP1. (b) T2 lysates (lane 1) or T1 lysates
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(lane 2) were resolved by 8% SDS-PAGE and analyzed by immunoblotting
with anti-HSP70 antibody. In lanes 3—6, immunoprecipitates with anti-
TAP1 antibody (lanes 3, 4) or control antibody (lanes 5, 6) were made
from T2 lysates (lanes 3, 5) or T1 lysates (lanes 4, 6), resolved by 8%
SDS-PAGE and analyzed by immunoblotting with anti-HSP70 antibody.
The faster-migrating 50 kDa band in each lane is an immunoglobulin
heavy chain. The band corresponding to 73 kDa HSC73 is indicated by
an arrowhead.

97

— 257



K. Kamiguchi et al.

lanes 3,4). As no band of HSC73 was detected in the im-
munoprecipitates with normal rabbit IgG (Fig. 1b, lanes
5,6), it is indicated that HSC73 is associated with TAPI1 in
Tl cells.

ATP-dependent dissociation of HSC73 from
TAP1

HSC73 has an ATP-binding domain and an intrinsic AT-
Pase activity. It can form at least two conformations,
the ATP-binding form and the ADP-binding form. It is
known that HSC73 can bind to and dissociate from other
molecules depending upon the ATP/ADP-dependent con-
formational change (39). To test if the association of
HSC73 with TAP1 is regulated by ATP, TAP1 was immuno-
precipitated from T1 cell lysates in the presence of various
concentrations of ATP or apyrase, which hydrolyzed ATP.
The addition of ATP can facilitate the formation of the
ATP-binding conformation of HSC73, whereas hydroly-
sis of ATP can facilitate the ADP-binding conformation.
T1 cells were cultured in the medium supplemented with
150 U/mL IFN- for 48 hr before lysis in order to increase
the level of TAPI expression.

As shown in Figure 2a, similar levels of TAP1 were
immunoprecipitated from T1 cell lysates in the presence
of ATP or apyrase. Remarkably, the co-precipitation of
HSC73 with TAP1 was decreased when 1 mM or 10 mM
ATP was added to the cell lysates (Fig. 2b, lanes 2,3). In
contrast, depletion of ATP from cell lysates by apyrase did
not affect the co-immunoprecipitation levels of HSC73
(Fig. 2b, lanes 4,5). These data imply that the ADP-binding
form of HSC73 may have higher affinity to TAP1 than its
ATP-binding form.
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Fig. 2. ATP-dependent dissociation of HSC73 from TAP1. T1 cells were
cultured in complete media containing 150 U/mL -interferon for 24 hr
and lysed by 0.5% CHAPS lysis buffer. TAP1 was immunoprecipi-
tated from the lysates using anti-TAP1 antibody under the condition
of the absence (lane 1) or presence of 1mM ATP (lane 2), 10mM
ATP (lane 3), 1 U/mL apyrase (lane 4) or 10 U/mL apyrase (lane 5). (a)
TAP1-immunoprecipitates were resolved by 8% sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and analyzed by im-
munoblotting with anti-TAP1 antibody. (b) TAP1-immunoprecipitates or
T1 lysates (lane 6) were resolved by SDS-PAGE and analyzed by im-
munoblotting with anti-HSP70 antibody.
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MeDSG downregulates the cell surface MHC
class | levelsin T1 cells

In order to know the functional significance of the
HSC73/TAP1 interaction, we used a stable derivative
of a polyamine compound 15-DSG, which contains a
spermidine-like structure. 15-DSG acts as animmunosup-
pressant and has already been used clinically to suppress
rejection after organ transplantation (30). There have been
anumber of reports demonstrating that 15-DSG could in-
hibit the MHC class I and/or class II expression in some
tissues (40—42). Although the molecular mechanism of the
immunosuppressive action of 15-DSG remains obscure, it
has been revealed that 15-DSG could specifically bind to
both HSC73 and HSP90 (29, 43). Thus, we speculated that
15-DSG might affect the function of HSC73 in the presen-
tation of antigenic peptides. In our experiments MeDSG,
a methoxy-derivative of 15-DSG, was used, as it is more
stable /in vitro than 15-DSG (44).

T1 cells were cultured for 36 hr in a serum-free medium
containing various concentrations of MeDSG, followed by
fluorescent activated cell sorting (FACS) analysis of the
cell surface levels of MHC class I expression. As shown
in Figure 3a, the cell surface levels of MHC class I were
downregulated by the treatment with MeDSG. The down-
regulation was shown to be dependent on the concentra-
tion of MeDSG. In another experiment, the levels of MHC
class I were compared between T1 cells and TAP-deficient
counterpart T2 cells (Fig. 3b). It is noteworthy that the de-
creased level of MHC class I expression after the treatment
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Fig. 3. MeDSG was capable of downregulating the expression of MHC
class | molecules on the cell surface of T1 cells. Cells were cultured for
36 hr in AIM-V serum-free media containing various concentrations of
MeDSG. After washing once with phosphate-buffered saline (PBS), cells
were Incubated with anti-human MHC class | antibody W6/32 for 45 min
at4 C, followed by anincubation with fluorescein-isothiocyanate (FITC)-
labeled anti-mouse IgG antibody and an analysis on a FACScan flow
cytometer. (a) T1 cells cultivated in the media containing various con-
centrations of MeDSG (a. 0 pg/mL, b. 100 ug/mL, c. 200 pg/mL) were
analyzed for the cell surface expression of MHC class | molecules (d.
FITC-labeled anti-mouse IgG antibody only). (b) T1 cells cultivated in the
absence (e.) or presence of 200 g/mL MeDSG (g.) or T2 cells (f.) were
analyzed for the cell surface expression of MHC class | molecules (h.
FITC-labeled anti-mouse IgG antibody only).
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Fig. 4. HSC73 is dissociated from TAP1 in the presence of MeDSG. T1
cells were cultured in media supplemented with 200 g/mL spermidine
or 200 ug/mL MeDSG for 36 hr and lysed by 0.5% CHAPS lysis buffer.
TAP1 was immunoprecipitated from the lysates using anti-TAP1 antibody
in the presence of 200 pg/mL spermidine (lane 1) or 200 pg/mL MeDSG
(lane 2). (a) TAP1-immunoprecipitates from T1 lysates containing spermi-
dine (lane 1) or MeDSG (lane 2) were resolved by sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and analyzed for the rel-
ative levels of TAP1 by immunoblotting using anti-TAP1 antibody. The
band corresponding to TAP1 is indicated. (b) The immunoblot used in
(a) was regenerated by soaking in a stripping buffer and reblocking. T1
lysates (lane 3) and TAP1-immunoprecipitates from T1 lysates containing
spermidine (lane 1) or MeDSG (lane 2) were analyzed by immunoblot-
ting with anti-HSP70 antibody. The band corresponding to HSC73 is
indicated.

with 200 ug/mL MeDSG was comparable to the level in T2
cells (approximately 35% lower level). These data indicate
that MeDSG might change T1 cells to T2-like phenotypes
possibly by impairing TAP-dependent transportation of
MHC class I antigenic peptides.

MeDSG disrupts the association of HSC73
with TAP1

As one of the major intracellular target molecules of
MeDSG is HSC73 (29), we examined the effect of MeDSG
on the interaction between HSC73 and TAP1. Spermi-
dine, an analogous polyamine compound, was used as a
negative control reagent, as it has a low affinity to HSC73
and has less immunosuppressive activity (43).

TAP1 was immunoprecipitated from T1 cell lysates
in the presence of 200 ug/mL spermidine or 200 pg/mL
MeDSG. These concentrations had been shown to down-
regulate the MHC class I expression of T1 cells (Fig. 3a).
The levels of TAP1 immunoprecipitated were identical
between the spermidine treatment and the MeDSG treat-
ment as detected by western blotting (Fig. 4a). The same
blot was then regenerated and was examined to detect
HSC73 by western blotting. Strikingly, HSC73 was not
detected in the TAP1-immunoprecipitates from T1 cell
lysates treated with MeDSG, whereas it was co-precipitated
with TAP1 from the lysates treated with spermidine
(Fig. 4b). As protein levels of HSC73 contained in the cell
lysates were equal between these cases (data not shown),
the data imply that MeDSG can disrupt the association of
HSC73 with TAP1, possibly by direct binding to HSC73.
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Fig. 5. MeDSG does not affect the interaction between HSC73 and a
substrate protein. RCMLA was labeled with 125-iodine by lodo-beads
in 250 ul phosphate-buffered saline (PBS) for 15 min at 20 C. Radiola-
beled RCMLA (40 ng) was incubated with 2 zg HSC73 (HSC73/RCMLA
mole ratio of 10:1) in 10 uL PBS at 37 C for 1hrin the absence (lane
7) or presence of the indicated concentrations of MeDSG (lanes 1-3)
or spermidine (lanes 4-6) and resolved by 7% native polyacrylamide
gel electrophoresis (PAGE). Radiolabeled RCMLA was visualized by au-
toradiography of 125-iodine. The slower-migrating bands correspond to
HSC73-bound RCMLA.

MeDSG does not affect the interaction
between HSC73 and a substrate protein

It is well known that HSC73 binds to an unfolded form of
lactalbumin, RCMLA, through the C-terminal substrate
binding domain. In order to know whether MeDSG can
affect the interaction between HSC73 and a substrate pro-
tein, we analyzed a direct association between HSC73
and radiolabeled RCMLA in the absence or presence of
MeDSG. In native PAGE analysis, HSC73-bound RCMLA
was detected as the slower migration band (Fig. 5, lane
7). In the presence of MeDSG at concentrations from
100 pg/mL to 300 pg/mL, the levels of HSC73-bound
RCMLA were not changed (Fig. 5, lanes 1-3). A con-
trol polyamine, spermidine, also failed to affect the bind-
ing affinity (Fig. S, lanes 4-6). These data indicate that
MeDSG does not bind to a substrate-binding region on
HSC73 and the interaction between HSC73 and TAP1
may be mediated by a different region from the substrate-
binding region.

HSC73-binding assay of synthetic peptides

We have reported that peptides Bw4 and Bw6 have dis-
tinct binding affinity to HSC73, although they have very
homologous amino acid sequences (35, 45). We designed
the model peptides NGT-Bw4 and NGT-Bw6 by the ad-
dition of an N-linked glycosylation site, NGT, to Bw4
and Bwé, respectively so that the ER-translocated peptides
could be collected by Con A Sepharose beads. HSC73-
binding affinity of the model peptide was assessed by
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Fig. 6. HSC73-binding assay of synthetic peptides. RCMLA was labeled
with 125-iodine by lodo-beads as described earlier. Radiolabeled RCMLA
(40 ng) was incubated with 2 g HSC73 (HSC73/RCMLA mole ratio of
10:1) in 10 L PBS at 37 C for 1 hrin the absence (lane 1) or presence
of the indicated peptide/HSC73 mole ratio of NGT-Bw4 peptide (lanes
2-5) or NGT-Bw6 peptide (lanes 6-9). The mixtures were resolved by 7%
native polyacrylamide gel electrophoresis (PAGE). Radiolabeled RCMLA
was visualized by autoradiography of 125-lodine. The slower-migrating
bands correspond to HSC73-bound RCMLA.

competitive binding assay using RCMLA. RCMLA was
labeled with 125-iodine, incubated with purified HSC73
in the absence or presence of various amounts of synthetic
peptides and separated by a native PAGE. HSC73-bound
RCMLA was detected as a slower migrating band (Fig. 6,
lane 1). By increasing the amount of NGT-Bw4 peptide,
levels of HSC73-bound RCMLA were decreased (Fig. 6,
lanes 2-5). In contrast, less dissociation was observed in
the addition of NGT-Bw6 peptide (Fig. 6, lanes 6-9). Thus,
it was demonstrated that NGT-Bw4 and NGT-Bw6 have a
high binding affinity and a low binding affinity to HSC73,
respectively.

Analysis of TAP-dependent translocation
of synthetic peptides

T1 cells and T2 cells were permeabilized by streptolysin-O
and incubated with 125-iodine-labeled synthetic peptide,
NGT-Bw4 or NGT-Bw6, at 37 C in the presence of | mM
ATP. Peptides translocated into the ER are glycosylated
and, thus, can be collected by Con A Sepharose beads. The
difference between radioactivities of the glycosylated pep-
tide recovered from T1 cells and that from TAP-deficient
T2 cells represents the TAP-dependent translocation level
of the peptide. NGT-Bw4 was effectively translocated into
the ER by TAP during a 20-60 min incubation (Fig. 7a).
In contrast, NGT-Bwb6 failed to be translocated by TAP
(Fig. 7b).
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Fig. 7. ER translocation assay of synthetic peptides. 1 x 107 T1 cells
or T2 cells were permeabilized by incubating with streptolysin-0 as de-
scribed earlier. Cells were then incubated with 19.0 uM 125-iodine-
labeled peptides in the presence of 1 mM ATP. In the case of 0 min,
non-permeabilized cells were incubated with the same amount of pep-
tides. After the indicated time, glycosylated peptides were collected by
Con A Sepharose beads, followed by counting radioactivity of the beads.
(a) Time course of ER-translocation of NGT-Bw4 peptide in T1 cells ( )
or T2 cells ( ). (b) Time-course of ER-translocation of NGT-Bw6 peptide
inT1cells( )orT2cells ( ). (c) Permeabilized T1 cells or T2 cells were
incubated with radiolabeled NGT-Bw4 peptide in the transport buffer
containing the indicated concentrations of MeDSG. Radioactivities of
Con A Sepharose beads recovered from T2 cells were subtracted from
those recovered from T1 cells, corresponding to TAP-dependent translo-
cation levels. Bars represent SD from triplicated samples.

In order to determine if HSC73 is involved in the
TAP-dependent translocation of NGT-Bw4 peptide, an
ER translocation assay was performed in the absence or
presence of 100 ug/mL or 200 pg/mL MeDSG, which in-
duced the dissociation of HSC73 from TAP1. The TAP-
dependent translocation of NGT-Bw4 was clearly inhib-
ited by MeDSG in the presence of MeDSG (Fig. 7c). These
results indicate that HSC73-binding affinity may affect the
efficiency of TAP-dependent translocation into the ER, at
least for some peptides, and that the physical associa-
tion between HSC73 and TAP1 is important for the TAP-
dependent translocation of HSC73-bound peptides.

HSC73-binding affinity of a natural MHC
class | peptide F4.2

As NGT-Bw4 and NGT-Bw6 are not natural anti-
genic peptides, we tested if an MHC class I-presentable
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Fig. 8. HSC73-binding assay of antigenic peptide F4.2. RCMLA was la-
beled with 125-iodine by lodo-beads as described earlier. Radiolabeled
RCMLA (40 ng) was incubated with 2 g HSC73 in a binding buffer at
37 C for 1 hrin the presence of the indicated peptide/HSC73 mole ratio
(lane 1, 1:1; lane 2, 10:1; lane 3, 50:1) of F4.2 peptide. The mixtures
were resolved by 7% native polyacrylamide gel electrophoresis (PAGE).
(a) HSC73 protein was visualized by staining the gel with Coomassie
Brilliant Blue. The protein band corresponding to HSC73 is indicated. (b)
Radiolabeled RCMLA was visualized by autoradiography of 125-iodine.
The slower-migrating band observed at the position of HSC73 corre-
sponds to HSC73-bound RCMLA.

natural peptide could bind to HSC73. By using acid elu-
tion and biochemical analyses, the structure of natural
antigenic peptide of gastric signet ring cell carcinoma cells,
HST-2, was determined (32). The peptide, named F4.2, is
recognized by autologous cytotoxic T-cell clone TcHST-2
in the context of HLA-A31 restriction. F4.2 peptide was
synthesized and incubated with 125-I-labeled RCMLA-
HSC73 complex. After native PAGE separation, radioac-
tivity was detected at the position of HSC73 (Fig. 8a), rep-
resenting HSC73-bound RCMLA. Levels of the HSC73-
bound RCMLA were decreased by increasing the amount
of F4.2 peptide (Fig. 8b). Therefore, it was shown that the
natural antigenic peptide F4.2 could bind to HSC73.

Cytosolic F4.2 peptide can be presented by
HLA-A31

TcHST-2 cells are capable of responding to pulsed F4.2
peptide in a highly sensitive TNF production assay (32).
In addition, we have shown that TcHST-2 also responds to
the endogenous form of F4.2 peptide expressed by trans-
fection of minigene vector pF4.2ss encoding the signal
sequence plus F4.2 peptide (Fig. 9a). F4.2 peptide ex-
pressed by the minigene pF4.288 can be translocated into
the ER through the translocon protein by the signal pep-
tide. Using a TNF production assay, we tested if TcHST-
2 could respond to cytosolic F4.2 peptide expressed by
transfection of minigene pF4.2 encoding just F4.2 pep-
tide without the signal peptide (Fig. 9a). pF4.2reverse
was constructed by insertion of the F4.2-coding oligonu-
cleotides into the expression vector in an antisense
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orientation. Expression vectors were transfected to
HOBCB8-A31-12 cells, which express HLA-A31, followed
by co-culture with TcHST-2 cells and TNF production as-
say. As shown in Figure 9b, pF4.2-transfected cells, as well
as pF4.2ss-transfected cells, were recognized by TcHST-
2 cells, whereas pFd4.2reverse-transfected cells were not.
These results indicate that cytosolic F4.2 without the sig-
nal peptide can be translocated into the ER through TAP.

Presentation of cytosolic F4.2 isinhibited by
MeDSG treatment

In order to elucidate the involvement of HSC73 in the
TAP-dependent translocation of F4.2 peptide, we tested
the effect of MeDSG on the presentation of endogenous
F4.2 peptide. CIR-A31 cells were transfected with either
PF4.2 or pF4.2s8 minigene expression vector and cultured
in the absence or presence of 200 pg/mL MeDSG. Forty-
eight hours after the transfection, cytotoxicity by TcHST-2
was examined by 3! Cr release assay. HST-2 cells and K562
cells were used as positive control target cells and negative
control target cells, respectively (Fig. 9c, bars 1,2). Both
pF4.2-transfected cells and pF4.28s-transfected cells were
lysed by TcHST-2 similarly. In the presence of MeDSG,
however, only pF4.2ss-transfected cells were susceptible
to killing by TcHST-2 (Fig. 9c, bars 5,7). Taken together
with the result showing that HSC73 binds to F4.2, it is
indicated that MeDSG-induced disruption of the HSC73-
TAP complex results in the incomplete ER-translocation
of the HSC73-bound antigenic peptide. Furthermore, our
data imply that MeDSG may not affect the signal peptide-
mediated translocation of antigenic peptides.

DISCUSSION

It has been speculated so far that HSP70 might be involved
in antigen presentation. This idea came from evidence
produced by us or other groups showing that: (i) MHC
class I-bound antigenic peptide with an N-terminal short
flanking sequence, which might be a cytoplasmic precur-
sor of the antigenic peptide, was isolated from murine
tumor cell lysates as a HSP70-binding peptide (18); (ii)
HSP70 could bind to some antigenic peptides and present
them to T cells (18, 20, 46); and (iii) the vaccination of
HSP70 plus tumor-derived peptides could enhance the
anti-tumor immunity in animals (47-50). Moreover, there
are some reports demonstrating the involvement of HSP70
in the TAP-independent presentation of cytosolic antigens
and in the MHC class II antigen presentation (51, 52). In
our experiments, it was revealed that HSC73, the constitu-
tively expressed HSP70 family protein, was associated with
TAP1 in an ATP-dependent manner, which was consistent
with the report of Chen and Androlewicz (53).
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HSC73 is a cytosolic protein functioning as a molec-
ular chaperone (54). It has a peptide binding domain in
the C-terminal region, which has a high affinity to pep-
tides containing several hydrophobic amino acids (55).
Isolation and sequencing of MHC class I-bound antigenic
peptides revealed that most of the peptides contain hy-
drophobic amino acids, some of which are important
as anchor residues to the groove formed on the MHC
class I molecule. The hydrophobic peptides become sol-
ubilized by binding to chaperone proteins such as heat
shock proteins. In addition, chaperone-bound peptides
may be protected from degradation by cytosolic pepti-
dases. In the ER, antigenic peptides are transferred from
TAP to MHC class I molecule through tapasin-mediated
interaction between these two molecules (9, 11). It has
been reported so far that molecular chaperones such as
gp96 and calreticulin bind to antigenic peptides in the ER
and may mediate their transfer from TAP to MHC class I
heavy chain (17, 56). In contrast to the event in the ER,
less is known about the feeding mechanism of cytoplasmic
peptides to TAP. We tried to detect a physical interaction
between TAP and proteasome; however we failed (O. Fu-
jiwara and T. Torigoe, unpublished data, 2002). Thus, it is
possible that antigenic peptides produced by proteasomes
in the cytosol could be carried to TAP by some cytosolic
chaperones such as HSC73 and HSP90. Actually, evidence
has been reported that N-terminally extended peptides
are associated with the cytosolic chaperone, TriC, and are
protected from degradation by cytosolic peptidases (57).
In addition, Yamano ét al. provided evidence that HSP90
and PA28 accelerated the processing and presentation of
MHC class I-bound peptides (58).

In order to determine the functional significance of
the interaction between HSC73 and TAPI, we used
an immunosuppressant, MeDSG, a stable analog of
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Fig. 9. T-cell recognition of gene-transferred F4.2 peptide and the ef-
fect of MeDSG. (a) Construction and nucleotide sequence of minigene
vectors. Construction and nucleotide sequence (underline) of pF4.2,
DF4.2reverse and pF4.2ss minigene vectors are illustrated. pF4.2 and
DF4.2reverse were constructed by insertion of the F4.2-coding oligonu-
cleotides into the EcoRl site of the pcDSR expression vector in a sense
orientation or an antisense orientation, respectively. pF4.2ss was con-
structed by insertion of F4.2-coding oligonucleotides into the Pstl and
Xbal sites of the pcDSR -E3 expression vector containing an adenovirus
E3/19kDa protein signal sequence. (b) Cytosolic F4.2 peptide can be
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presented by HLA-A31. HOBC8-A31-12 cells that express HLA-
A31 were transfected with 100 ng/mL or 33 ng/mL pF4.2, pF4.2reverse
or pF4.2ss. Forty-eight hours after the transfection, cells were incubated
with TcHST-2 for 10 hr at an E/T ratio of 3:1 and then tumor necrosis
factor (TNF) production was determined. , pF4.2ss; , pF4.2, ,
pF4.2reverse. (c) Effect of MeDSG on the cytotoxic susceptibility
ofminigene-transfected cells by TcHST-2. C1R-A31 cells that express
HLA-A31 were transfected with 100 ng/mL pF4.2 or pF4.2ss minigene
expression vector by Lipofectin reagent and cultured in the absence
(bars 4, 6) or presence of 200 ug/mL MeDSG (bars 5, 7) for 48 hr. Then,
HST-2 cells (bar 1), K562 cells (bar 2) and C1R-A31 cells without (bar 3)
or with minigene transfection (bars 4-7) were labeled with 5'Cr and
were mixed with TcHST-2 for 10 hr at an E/T ratio of 10:1, followed by
counting radioactivities of °'Cr in the culture supernatants. Error bars
represent SD calculated from triplicated samples
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15-DSG, which could specifically bind to HSC73 (29, 59).
Treatment of T1 cells with MeDSG resulted in the down-
regulation of the cell surface levels of MHC class I expres-
sion. The downregulatory effect of MeDSG was specific in
the expression of MHC class I, as other surface molecules
such as CD3 and LFA-1 were not changed by treatment
of cells with the same concentration of MeDSG (data not
shown). These data are consistent with a previous report
showing a decreased expression of MHC class I by 15-
DSG in a rat allograft model and cultured mouse cells (23,
42). The decreased MHC class 1 levels of T1 cells after
MeDSG treatment were very similar to the levels of T2
cells, which lacked TAP molecules. MHC class I becomes
unstable and the cell surface levels are decreased if TAP-
dependent translocation of antigenic peptides is impaired
(4). Therefore, it was suggested that MeDSG might inhibit
antigen presentation at the TAP level.

15-DSG binds to both HSC73 and HSP90. Based on
previous reports, there may be two 15-DSG-binding re-
gions in HSC73 (60). One resides in the ATP-binding
region and the other is the C-terminus EEVD domain,
which is conserved among HSP70-family proteins. HSP90
also contains the same sequence in its C-terminus. Pre-
viously, Nadler &t al. demonstrated that 15-DSG could
inhibit the nuclear translocation of transcriptional factor
nuclear factor-kappa B (NF- B) by competitively block-
ing the association of HSC73 with NF- B (59). This was
the first report elucidating the molecular mechanism of
immunosuppression by 15-DSG. In the present study, we
showed evidence that MeDSG could not affect the in-
teraction between HSC73 and a substrate protein. Al-
though MeDSG contains a spermidine-like structure, it
is known that spermidine had low affinity to HSC73
and less immunosuppressive activity (43). We confirmed
that spermidine could neither downregulate the MHC
class I expression in T1 cells (data not shown) nor in-
hibit the interaction between HSC73 and TAP1. How-
ever, it cannot be ruled out that the inhibitory effect
of MeDSG to antigen presentation might be mediated
by binding of MeDSG to HSP90, as it is definitive that
HSP90 also serves as a chaperone for antigenic peptides in
the cytosol (58, 61). Therefore, we then executed an ER-
translocation study using two model peptides that have
distinct binding affinity to HSC73. HSC73-bound pep-
tide NGT-Bw4 could be translocated by TAP, whereas low-
affinity peptide NGT-Bw6 failed. As amino acid sequences
of these peptides are highly homologous and are identi-
cal, especially at their N-terminal and C-terminal residues
which are known to affect the binding affinity to TAP
(62), it is likely that the difference in the TAP-mediated
translocation results from the distinct binding affinity
to HSC73. Taken together, it is indicated that MeDSG
could dissociate HSC73 from TAP, leading to a decrease
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of TAP-dependent translocation of HSC73-chaperoned
peptides.

To confirm further that MeDSG inhibits the MHC class
I antigen presentation, we performed experiments using a
natural antigenic peptide, F4.2, which was identified from
human gastric cancer cell line HST-2 (32). F4.2 is pre-
sented by HLA-A31 and recognized by cytotoxic T-cell
clone, TcHST-2. We found that F4.2 peptide had high
affinity to HSC73. By using minigenes coding F4.2, it was
shown that the presentation of the cytosolic peptide chap-
eroned by HSC73 was inhibited by MeDSG. In contrast,
TAP-independent presentation of F4.2 peptide, possibly
through translocon, was not affected by MeDSG. How-
ever, it cannot be ruled out that HSC73 might function
as a molecular chaperone for TAP itself and, therefore,
MeDSG might disturb the structure and function of TAP.

Meanwhile, it is considered that the repertoire of MHC
class I peptides could be affected by: (i) the MHC class
I binding motif; (ii) the binding affinity to TAP; and
(iii) the proteasomal cleavage site of antigenic proteins.
Our data proposed another possibility that the HSC73-
binding affinity might also affect the repertoire of MHC
class I peptides. Our findings are likely to be important
in the field of tumor immunotherapy, especially in the
design of antigenic peptides for developing peptide vac-
cines. There is much evidence that CTL fail to kill tumor
cells even though they are successfully induced by pulsing
synthetic peptides to antigen-presenting cells. It is pos-
sible that some peptides might not be translocated into
the ER if the peptides have low HSC73-binding affinity,
as in the case of NGT-Bw6. As discussed previously, there
are multiple cytosolic chaperones for antigenic peptides,
such as TriC, HSP90, PA28 and HSC73, each of which
is involved in the processing and transportation of anti-
genic peptides independently or cooperatively (57, 58, 61).
Therefore, HSC73-binding affinity of the peptides and the
proper function of HSC73 is not the only factor limiting
the peptide presentation.

Our data showing the ATP-dependent dissociation of
HSC73 from TAP1 present some important implications
for the molecular machinery of the peptide-feeding mech-
anism to TAP. HSC73 has an ATP-binding domain in the
N-terminal region and an intrinsic ATPase activity. It is
known that the ADP-binding form of HSC73 has a higher
affinity to hydrophobic peptides than the ATP-binding
form (63). The contact of empty (peptide-free) HSC73
to peptides can stimulate the intrinsic ATPase activity
of HSC73, resulting in the formation of a stable ADP-
HSC73-peptide complex (64). In the presence of ATP,
HSC73-bound ADP is exchanged to ATP, and the pep-
tide is released from the ATP-binding HSC73 (65). Thus,
HSC73 has an association/dissociation cycle with a sub-
strate peptide depending upon the presence of ATP and
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the intrinsic ATPase activity. As the ADP-binding form
of HSC73, which carries a peptide, has higher affinity to
TAP than the ATP-binding form, the HSC73-bound anti-
genic peptide can be brought to close proximity to TAP.
It is reported that DSG binds to HSC73 in its C-terminal
EEVD domain, which could affect the conformation of the
ATP-binding domain (59, 66). Therefore, HSC73 might
interact with TAP by the same domain, leading to ADP-
ATP exchange. In the presence of ATP, peptides can be
released from HSC73, resulting in the transfer of pep-
tides to TAP. Following the ATP-dependent feeding of the
peptides, ATP-binding HSC73 (empty form) may be dis-
sociated from TAP to bind to other peptides. It is possible
that HSC73 may feed the cytosolic antigenic peptides by
such an ATP-dependent cycle. .
Where and how can HSC73 catch antigenic peptide

produced by proteasome? In this context, it is of inter-
est to test whether ATP-binding HSC73 is associated with
proteasome. Further experiments focusing on the inter-
action between proteasome and chaperone will clarify the
molecular machinery of antigenic peptide transportation
in the cytoplasm.
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Abstract

Background: We previously reported that survivin-2B, a splicing variant of survivin, was
expressed in various types of tumors and that survivin-2B peptide might serve as a potent
immunogenic cancer vaccine. The objective of this study was to examine the toxicity of and to
clinically and immunologically evaluate survivin-2B peptide in a phase | clinical study for patients
with advanced or recurrent breast cancer.

Methods: We set up two protocols. In the first protocol, 10 patients were vaccinated with
escalating doses (0.}—1.0 mg) of survivin-2B peptide alone 4 times every 2 weeks. In the second
protocol, 4 patients were vaccinated with the peptide at a dose of 1.0 mg mixed with IFA 4 times
every 2 weeks.

Results: in the first protocol, no adverse events were observed during or after vaccination. In the
second protocol, two patients had induration at the injection site. One patient had general malaise
(grade 1), and another had general malaise (grade ) and fever (grade 1). Peptide vaccination was
well tolerated in all patients. In the first protocol, tumor marker levels increased in 8 patients,
slightly decreased in | patient and were within the normal range during this clinical trial in | patient.
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With regard to tumor size, two patients were considered to have stable disease (SD).
Immunologically, in 3 of the 10 patients (30%), an increase of the peptide-specific CTL frequency
was detected. In the second protocol, an increase of the peptide-specific CTL frequency was
detected in all 4 patients (100%), although there were no significant beneficial clinical responses.
ELISPOT assay showed peptide-specific IFN-! responses in 2 patients in whom the peptide-specific
CTL frequency in tetramer staining also was increased in both protocols.

Conclusion: This phase | clinical study revealed that survivin-2B peptide vaccination was well
tolerated. The vaccination with survivin-2B peptide mixed with IFA increased the frequency of
peptide-specific CTL more effectively than vaccination with the peptide alone, although neither
vaccination could induce efficient clinical responses. Considering the above, the addition of another
effectual adjuvant such as a cytokine, heat shock protein, etc. to the vaccination with survivin-2B
peptide mixed with IFA might induce improved immunological and clinical responses.

Bac

The incidence of breast cancer has continuously increased
in Japan, similar to European countries and the USA,
whereas mortality from breast cancer has declined, indi-
cating improving survival because of the development of
early diagnosis [1-3]. However, metastatic recurrence still
occurs, and once the cancer has spread beyond the breast
and locoregional nodal areas it is felt to be incurable [4].
In the case of metastatic recurrence, the prevailing treat-
ment is systemic chemotherapy, which is fraught with var-
ious adverse effects. Thus, we considered the availability
of immunotherapy, which is generally reported to be safe,
for advanced or recurrent breast cancer.

Tumor cells express antigens that can be recognized by the
host'simmune system. In the past decade, many antigenic
peptides, which can be recognized by CTLs, have been
identified [5-9]. As a result, clinical trials of peptide-based
immunotherapy for cancer have taken place. Melanoma
antigen peptides were the first to be tested in phase | and
phase |l studies for active immunization of metastatic
melanoma patients [10,11]. Recently, there are reports of
clinical trials for various cancers, including colorectal can-
cer [12], esophageal cancer [13], pancreatic cancer [14],
among others. However, most clinical trials did not dem-
onstrate sufficient anti-tumorclinical responses. Thus, itis
necessary to establish peptide-based immunotherapy that
can induce sufficient clinical responses.

Survivin was initially isolated as one of the inhibitors of
the apoptosis protein family with only one baculovirus
inhibitor of apoptosis protein (IAP) repeat domain [15].
Survivin is aberrantly expressed in various cancer cells but
is undetectable in normal differentiated adult tissues, with
the exception of the testis, thymus and placenta. We have
previously reported that survivin-2B, a splicing variant of
survivin, is expressed in various tumor cell lines [16], and
the survivin-2B80-88 (AYACNTSTL) peptide derived from
the exon 2B-encoded region is recognized by CD8+ CTLs
inthe context of HLA-A24 molecules [16]. In addition, we

recently reported further evidence that survivin-2880-88
peptide might serve as a potent immunogenic cancer vac-
cine for various cancer patients [17]. In that report, we
demonstrated that overexpression of survivin was
detected in surgically resected primary tumor specimens
of most breast cancers in an immunohistochemical study.
In addition, HLA-A24/survivin-2B80-88 tetramer analysis
revealed that there were an increased number of CTL pre-
cursors in peripheral blood mononuclear cells (PBMCs),
and in vitro stimulation of PBMCs from 6 breast cancer
patients with survivin-2B80-88 peptide led to increases of
the CTL precursor frequency. Furthermore, CTLs specific
for this peptide were successfully induced in PBMCs from
all 7 HLA-A24+ patients (100%) with breast cancers and
exhibited cytotoxicity against HLA-A24+/survivin+adeno-
carcinoma cells [17]. On the basis of these studies, we
started a phase | clinical study of vaccination with sur-
vivin-2B peptide for patients with advanced or recurrent
breast cancer.

Methods

Patient selection

The study protocol was approved by the Clinic Institu-
tional Ethical Review Board of the Medical Institute of
Bioregulation, Sapporo Medical University, Japan. All
patients gave informed consent before being enrolled.
Patients enrolled in this study were required to conform
to the following criteria: (1) to have histologically con-
firmed breast cancer, (2) to be HLA-A*2402 positive, (3)
to be survivin-positive in the carcinomatous lesions by
immunohistochemistry, (4) to be between 20 and 85
years old, (5) to be unresectable advanced cancer or recur-
rent cancer and (6) to have Eastern Cooperative Oncology
Group (ECOG) performance status between 0 and 3.
Exclusion criteria included (1) prior cancer therapy such
as chemotherapy, radiation therapy, steroid therapy, or
other immunotherapy within the past 4 weeks, (2) the
presence of other cancers that might influence the progno-
sis, (3) immunodeficiency or a history of splenectomy,
(4) severe cardiac insufficiency, acute infection, or hemat-
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opoietic failure, (5) ongoing breast-feeding and (B)
unsuitability for the trial based on clinicai judgment. This
study was carried out at the Department of Surgery, Sap-
poro Medical University Primary Hospital from July 2003
through November 2005.

Peptide preparation

The peptide, survivin-2B80-88 with the sequence AYAC-
NTSTL, was prepared under good manufacturing practice
conditions by Multiple Peptide Systems (San Diego, CA).
The identity of the peptide was confirmed by mass spec-
trometry analysis, and the purity was shown to be more
than 98% as assessed by high pressure liquid chromatog-
raphy analysis.

The peptide was supplied as a freeze-dried, sterile white
powder. It was dissolved in 1.0 ml of physiological saline
(Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) and
stored at -80°C until just before use.

incomplete Freund's Adjuvant (IFA) preparation
Montanide ISA 51 (SEPPIC Inc., NJ, USA) was used as
incomplete Freund's adjuvant (IFA).

Patient treatment

In this phase | clinical study, two protocols were used.
One was a basic protocol, namely, with survivin-2B pep-
tide alone, and the other used survivin-2B peptide mixed
with IFA. In this trial, the primary endpoint was safety.
The second endpoint was investigations about anti-tumor
effects and clinical and immunological monitoring.

In the first protocol, the vaccination schedule was as fol-
lows. Vaccinations with survivin-2B peptide were given
subcutaneously (s.c.) four times at 14-day intervals. To set
up a dose-escalation trial, the patients were separated into
the following two groups: in group 1 patients were vacci-
nated with 0.1 mg of the peptide and in group 2 patients
were vaccinated with 1.0 mg of the peptide. Each group
included five patients. Escalation to the next dose was
allowed if side effects did not exceed grade 3. {f patients
whose disease was not far advanced hoped for continua-
tion of this peptide vaccination therapy, we vaccinated
them in the same manner after the fourth vaccination.

In the second protocol, survivin-2B peptide at a dose of 1
mg/1 mi and IFA at a dose of 1 ml were mixed immedi-
ately before vaccination. Then the patients were vacci-
nated subcutaneously (s.c.) four times at 14-day intervals.

Delayed-type hypersensitivity (DTH) skin test

A DTH skin test was performed at each vaccination. The
peptide (10 "g) solution in physiclogical saline (0.1 ml})
or physiological saiine alone (0.1 ml) was separately
injected intradermally (i.d.) into the forearm opposite the

vaccination site. A positive reaction was defined asa more
than 4 mm diameter area of erythema and induration 48
hr after the injection.

Toxicity evaluation

Patients were examined closely for signs of toxicity during
and after vaccination. Adverse events were recorded using
the National Cancer Institute Common Toxicity Criteria
(NCI-CTC).

Clinical response evaluation

Physical examinations and hematological examinations
were conducted before and after each vaccination. Tumor
markers (CEA, CA15-3, NCC-ST-439, and ICTP) were
examined monthly.

Tumor size was evaluated by computed tomography (CT)
scans or MBI in comparison with the size before the first
vaccination and that after the fourth vaccination. A com-
plete response (CR) was defined as complete disappear-
ance of all measurable and evatuable disease. A partial
response (PR) was defined asa 30% decrease from the
baseline in the size of all measurable lesions (sum of max-
imal diameters). Progressive disease (PD) was defined as
an increase in the sum of maximal diameters by at least
20% or the appearance of new lesions. Stable disease (SD)
was defined as the absence of criteria matching those for
CR, PR, or PD. Patients who received less than four vacci-
nations were excluded from all evaluations in this study.

In vitro stimulation of PBMC

PBMCs were isolated from blood samples by Ficoll-Con-
ray density gradient centrifugation. Then they were frozen
and stored at -80°C. As needed, frozen PBMCs were
thawed and incubated in the presence of 30 "I/ml sur-
vivin-2B peptide in AIM-V medium containing 10%
human serum at room temperature. Next, interleukin-2
was added at a final concentration of 50 U/mi 1 hr, 2 days,
4 days and 6 days after the addition of the peptide. On day
7 of culture, the PBMCs were analyzed by tetramer stain-
ing and ELISPOT assay.

Tetramer staining

FITC-labeled HLA-A*2402-HIV peptide (RYLRDQQLL)
tetramer and PE-labeled HLA-A*2402-Survivin-2B80-88
peptide tetramer were purchased from MBL Inc.(Japan).
For flow cytometric analysis, PBMCs, which were stimu-
lated in vitro as above, were stained with the tetramers at
37°C for 20 min, followed by staining with FITC- or
PerCP-conjugated anti-CD8 mAb (Beckton Dickinson
Biosciences) at 4°C for 30 min. Cells were washed twice
with PBS before fixation in 1% formaldehyde. Flow cyto-
metric analysis was performed using FACSCalibur and
CellQuest software (BD Biosciences). The frequency of

{page number not for citation purposes)

— 269 —



CTL precursors was calculated as the number of tetramer-
positive cells divided by the number of CD8-positive cells.

ELISPOT assay

ELISPOT plates were coated sterilely overnight with an
IFN-! capture antibody (Beckton Dickinson Biosciences)
at 4°C. The plates were then washed once and blocked
with AIM-V medium containing 10% human serum for 2
hr at room temperature. CD8-positive T cells separated
from patients' PBMCs (5 x 103 cells/well), which were
stimulated in vitro as above, were then added to each well
along with HLA-A24-transfected CIR cells (CIR-A24) (5 x
104 cells/well), which had been preincubated with or
without survivin-2B80-88 peptide (10 "g/ml) and with an
HIV peptide as a negative control. After incubation in a
5% CO0, humidified chamber at 37°C for 24 hours, the
wells were washed vigorously five times with PBS and
incubated with a biotinylated anti-human IFN-! antibody
and horseradish peroxidase-conjugated avidin. Spots were
visualized and analyzed using KS ELISPOT (Carl Zeiss,
Germany).

Results

Patient profiles

In the first protocol with survivin-2B peptide alone, 12
patients were initially enrolled in the study (Additional
file 1), but two (cases 7 and 10) discontinued halfway
through the protocol. One patient (case 7) had local
recurrence, brain and lung metastases from bilateral
breast cancer and was removed from the study after 3 vac-
cinations since new brain metastasis appeared and she
required radiation therapy. Another patient (case 10) had
lymph node metastases from right breast cancer. She was
removed from the study after 3 vaccinations because of
enlargement of lymph node metastases. Neither of the
treatment interruptions was due to adverse effects of the
vaccination. Ten patients received the complete regimen
including four vaccinations and were evaluated. They
were all women, whose average age was 49 years (range,
34-71).

In the second protocol with survivin-2B peptide mixed
with IFA, five patients were initially enrolled in the study
(Additional File 2), but one (case 2) discontinued halfway
through the protocol. This patient had lung and liver
metastases from right breast cancer and was removed
from the study after 3 vaccinations because of exacerbated
liver function resulting from advanced liver metastases. In
this protocol, there were no patients who dropped out
because of adverse events due to the peptide vaccination.
Four patients received the complete regimen including
four vaccinations and were evaluated. They were all
women, whose average age was 52 years (range, 36-71).

Safety

Peptide vaccination was well tolerated in all patients. In
patients vaccinated with the peptide alone, no adverse
events were observed during or after vaccination (Addi-
tional File 3). Of the patients vaccinated with the peptide
mixed with IFA, two (cases 1 and 3) had induration at the
injection site (Additional File 4). One (case 4) had general
malaise (grade 1) and one (case 5) had general malaise
(grade 1) and fever (grade 1). No other severe adverse
events were observed during or after vaccination.

Clinical responses

Table 3 summarizes the clinical outcomes for the 10
patients in the first protocol with survivin-2B peptide
alone. In all patients except two (cases 1 and 9), the tumor
marker levels were increased. In one patient (case 1), the
levels of CEA, CA15-3 and NCC-ST-439 were within the
normal range during this clinical trial. The level of ICTP
was decreased from 7.2 ng/ml just before the first vaccina-
tion to 5.5 ng/ml after the fourth vaccination. However,
this change was not considered a significant decrease. In
case 9, all tumor marker levels were within the normal
range during this clinical trial. As for tumor size, two
patients (cases 3 and 5) were considered to have SD. In
one patient (case 9) who had bone metastases, the area of
bone metastases did not increase in bone scintigraphy,
and new metastatic foci did not appear during thistrial. In
this patient, although there was no aggravation of the clin-
ical condition, we could not estimate the clinical response
by our criteria because bone metastases were not able to
be evaluated in CT images. The other patients were con-
sidered to have progressive disease (PD). In this protocol,
if patients whose disease was not far advanced hoped for
the continuation of this peptide vaccination therapy, we
vaccinated them in the same manner after the fourth vac-
cination. There were 2 patients (cases 3 and 9) who were
vaccinated for more than one year. In case 3, with bone
and lymph node metastases, vaccination continued 42
times for 20 months (Fig. 1). For this period, new meta-
static focidid not appear and there was almost no increase
in the size of the metastatic lesions in this patient. Tumor
marker levels did not increase rapidly (Fig. 1). In addition,
she maintained good quality of life because there was no
adverse effect.

Table 4 summarizes the clinical outcomes for the 4
patients in the second protocol with survivin-2B peptide
mixed with IFA. In all patients, the tumor marker levels
were increased. As for tumor size, all patients were consid-
ered to have PD.

DTH skin test

A DTH skin test was performed at each vaccination and
assessed 48 hr later. A positive reaction was defined as ery-
thema and induration more than 4 mm in diameter. In
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Figure |

The changes in tumor marker levels in case 3 in the first protocol. For case 3, with bone and lymph node metastases,
vaccination continued 42 times for 20 months. In this period new metastatic foci did not appear and there was almost no
increase in size of the metastatic lesions. Tumor marker levels did not increase rapidly.

the first protocol with survivin-28 peptide alone, 2 of the
10 patients (20%) exhibited a positive DTH reaction at
feast once during the study. In the second protocol with
peptide mixed with IFA, a positive DTH reaction was
observed in 1 of the 4 patients (25%}.

Tetramer staining assay and ELISPOT assay

To determine if the survivin-2B peptide vaccination could
bring about specific immune responses in the patients, we
analyzed the peptide-specific CTL frequency by using the
HLA-A24/peptide tetramer. The change of tetramer-posi-
tive CTL frequency was evaluated by comparison with that
before the first vaccination and that after the fourth vacci-
nation as follows: detected and undetected. Detected was
defined as an increase of twofold or more. Undetected was
defined as a less than twofold increase. In the first proto-
col with the peptide alone, a change was considered to be
detected in 3 patients (30%) (Table 3). On the other
hand, in the second protocol with peptide mixed with
IFA, it was considered to be detected in all 4 patients
(100%) (Table 4). In Figure 2, the peptide-specific CTL
frequency in the second protocol is indicated as the per-
centage of tetramer-positive CTL cells among CD8-posi-
tive T cells before the first vaccination and after the fourth
vaccination.

ELISPOT assay of CD8-positive T cells separated from the
patients' PBMCs showed peptide-specific IFN-! responses
in 2 patients, one of whom (case 8) was in the first proto-
col while the other (case 5) was in the second protocol. To
he more precise, in case 5 in the second protocol, in the
wells that were preincubated without the survivin-2B pep-
tide and with the HIV peptide, spots were almost not vis-
ualized. On the other hand, in the wells that had been
preincubated with survivin-2B peptide, many spots were
visualized (Fig. 3). In these two patients, the peptide-spe-
cific CTL frequency was also increased by the vaccination
with survivin-2B peptide.

Discussion

Recently, a large number of tumor antigens and epitopes
recognized by GTLs have been identified, and reports of
clinical trials utilizing peptide vaccination are increasing
[10,18-20]. We demonstrated that survivin was expressed
in a large proportion of various cancer specimens, and the
survivin-2B-derived peptide could induce a CTL response
in the context of HLA-A24 [16,17]. In addition, we
showed an elevation in CTL precursor frequencies in
PBMCs of HLA-A24+ cancer patients by using an HLA-
A24/survivin-2B peptide tetramer. On the basis of the
above studies, we started a phase | clinical study of sur-
vivin-2B peptide vaccine therapy for patients with
advanced or recurrent colorectal cancer in 2003 [12]. In
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Tetramer staining before the first vaccination and after the fourth vaccination in the second protocol. FITC-
labeled HLA-A*2402-HIV peptide (RYLRDQQLL) tetramer and PE-labeled HLA-A*2402-Survivin-2B80-88 peptide tetramer
were uesd. For flow cytometric analysis, PBMCs, which were stimulated in vitro, were stained with the tetramers at 37°C for
20 min, followed by staining with FITC- or PerCP-conjugated anti-CD8 mAb (Beckton Dickinson Biosciences) at 4°C for 30
min. Cells were washed twice with PBS before fixation in (% formaldehyde. Flow cytometric analysis was performed using
FACSCalibur and CellQuest software (BD Biosciences). The frequency of CTL precursors was calculated as the number of
tetramer-positive cells divided by the number of CD8-positive cells. The peptide-specific CTL frequency is indicated as the per-
centage of tetramer-positive CTL cells among CD8B-positive T cells before the first vaccination and after the fourth vaccination.
The peptide-specific CTL frequency after the fourth vaccination (B) was compared with that before the first vaccination (A). In
the second protocol with the peptide mixed with IFA, the peptide-specific CTL frequency was increased in all 4 patients

(100%).

this study, we vaccinated patients with survivin-2B pep-
tide alone, and reported the safety of this peptide vaccina-
tion and the potency of anti-tumor effects induced by the
peptide vaccination. At that time, we started this phase |
clinical study of peptide vaccine therapy for patients with
advanced or recurrent breast cancer as well. In this study,
we vaccinated patients with not only survivin-2B peptide
alone but also survivin-2B mixed with |FA in order to
induce greater anti-tumor effects. We recently established

immunological monitoring methods using a tetramer
staining assay and ELISPOT assay. Thus, in this study, we
also conducted immunological monitoring using these
techniques.

Survivin is an ideal tumor-associated antigen expressed in
a broad variety of malignancies and recognized by specific
cytotoxic T cells [21]. The first survivin-derived peptides
were characterized in 2000 [22,23]. Subsequently, there

(page number not for citation purposes)

— 272 —



g 8
1 J

=
(=]
1

nN
(=]
1

Number of IFN-g-releasing cells
/5 X 10* CD8+ cells

5

1

(=]

A)
without peptide

P
&%

Figure 3

(B) ©
survivin-2B HIV peptide
peptide
i ; ‘ | 42

ELISPOT assay after the fourth vaccination of case 5 in the second protocol. In the wells that were preincubated
without survivin-2B peptide (A) or with an HIV peptide (C), spots were almost not visualized. On the other hand, in the wells
that were preincubated with survivin-2B peptide (B), many spots were visualized. These findings demonstrate that CD8-posi-
tive T cells separated from the patients' PBMCs had a peptide-specific IFN-! response.

have been many reports about survivin peptide responses.
Grube et al. [24] reported that HLA-A2.1-restricted sur-
vivin peptide induced CD8+ T cell reactivity in patients
with multiple myeloma. Andersen et al. [25] reported the
detection of HLA-A24 restricted and survivin peptide-spe-
cific CD8-positive cells by IFN-! ELISPOT assay and per-
forin ELISPOT assay in patients with breast cancer,
melanoma and renal cancer. Abrogating the function of
survivin not only limits the proliferative potential and via-
bility of tumor cells directly [26], but also inhibits tumor
angiogenesis [27]. Xiang et al. [28] reported that a DNA
vaccine targeting survivin lead to eradication of pulmo-
nary metastases by a combinational effect inducing tumor
cell apoptosis and suppressing tumor angiogenesis in a
murine model. Thus, survivin is a suitable target for
immune therapy for cancer [26,29]. Recently, a number of
survivin epitopes restricted to several additional HLA-
molecules have been identified [22,25,29-34], and several
clinical trials of immunotherapy based on survivin-
derived peptides have been initiated. Wobser et al. [35]
reported complete remission of liver metastasis of pancre-
atic cancer under vaccination with an HLA-A2 restricted
survivin peptide. In addition, a phase I/1l trial with HLA-
A1, -A2 and -B35 restricted survivin peptides for patients

with advanced cancer is ongoing. Fuessel et al. [27]
reported a phase | clinical trial for patients with prostate
cancer in which they evaluated a vaccination with DCs
loaded with five different prostate cancer-associated anti-
gens (survivin, prostate-specific antigen [PSA], prostate-
specific membrane antigen [PSMA], and prostein, tran-
sient receptor potential p8 [trp-p8]) and concluded that
the concept was safe and feasible. Besides the above-men-
tioned investigations, various clinical trials are ongoing
now.

At present, 4 splicing variants of survivin (survivin-#Ex3,
survivin-28, survivin-2B, and survivin-3B) have been
identified. Espinosa et al. [36] reported that the expres-
sion of survivin-#Ex3 and survivin-2B was higher in cervi-
cal cancer samples. There is also a report that survivin-2B
was dominantly expressed in gastric cancer [37].
Futakuchi et al. [38] reported that the ratios of survivin-
2B/survivin and survivin-#Ex3/survivin in malignant cer-
vical tissue samples were significantly higherthan those in
normal cervical tissue templates. Moreover, the ratio of
survivin-2B/survivin was increased in patients with higher
stages and with pelvic lymph node metastasis. These
reports might support the idea that survivin-2B is the ideal
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target of immunotherapy for cancer patients [17,39],
especially for those with advanced or recurrent cancer. On
the other hand, Mahotka et al. [40] reported that the ratio
of survivin-2B/survivin was decreased in the late stages of
renal cell carcinoma. Yamada et al. [41] reported that
there was no significant difference in the ratio of survivin-
2B/survivin in malignant brain tumors and gliomas com-
pared with nonglioma. There is a hypothesis that the rele-
vant ratios of the survivin and splicing variants may
regulate the ultimate apoptotic activities of cancer cells
and determine their biological behaviours and responses
to apoptosis-inducing treatment [37,40]. Nevertheless,
the exact roles and expression of survivin splicing variants
and their interplay in various cancers are as yet unclear
because of the high complexity of its requlation [36,42].
We previously demonstrated that the expression of sur-
vivin-2B was detected in a variety of tumor cell lines but
not in normal tissues except in the thymus, although low
levels of survivin expression were detected by reverse tran-
scription-PCR analysis [16]. In addition, we reported that
survivin-2B-specific CTLs could be induced efficiently
from PBMCs of HLA-A24-positive survivin-positive cancer
patients [17]. As described above, we are sure that sur-
vivin-targeting immunotherapy with survivin-2B peptide
should be a reasonable strategy.

A dose-escalation trial was chosen to estimate a safe and
optimal dose in the first protocol with survivin-2B peptide
alone. We used 0.1 mg and 1.0 mg dosage groups, each
consisting of five patients. No adverse events were
observed in either group. In addition, for the patients
(cases 3 and case 9) who were vaccinated 42 times and 38
times respectively, adverse events were not observed dur-
ing or after the vaccination. Thus, we concluded that the
survivin-2B peptide vaccine was safe and could be repeat-
edly injected into patients without severe adverse events.
In comparison between patients who were vaccinated
with 0.1 mg and 1.0 mg of the peptide, there was almost
no difference in clinical responses. However, peptide-spe-
cificimmune responses in tetramer staining and ELISPOT
assay were frequently induced in patients vaccinated with
1.0 mg of the peptide in comparison with patients vacci-
nated with 0.1 mg of the peptide. Therefore, we decided
that the optimal dose of the peptide was 1.0 mg. IFA has
sustained-release effect, which can enhance the anti-
tumor effect of the peptide injected subcutaneously. So, in
the second protocol which its purpose was to induce the
more effective anti-tumor effect by the survivin-2B pep-
tide, IFA was used mixed with 1.0 mg of the peptide. In
this protocol, two patients (cases 1 and 3) had induration.
This was due to IFA trapped in the subcutaneous lesion.
Patient 4 had general malaise (grade 1), and patient 5 had
general malaise (grade 1) and fever (grade 1). No other
severe adverse events were observed during or after vacci-
nation. Therefore, we concluded that the vaccine using

survivin-2B peptide mixed with IFA was safe, as was the
peptide alone.

Positive delayed-type hypersensitivity (DTH) reactions
were observed in 2 of the 10 patients (20.0%) in the first
protocol and in 1 of the 4 patients (25.0%) in the second
protocol at least once during the vaccination. Some
reports have suggested a positive correlation between
DTH and clinical [43] or immunological responses [44].
In this study, in case 5 in the first protocol a positive DTH
reaction was observed and the change of tumor size was
considered to indicate SD, while the tumor marker level
was considered to have increased, although immunologi-
cal responses were not induced. However, neither clinical
norimmunological responses were totally associated with
a positive DTH reaction in this study.

In the first protocol with survivin-2B peptide alone, none
of patients in the 0.1 mg peptide group had tetramer
response and that 3 of the 5 patients (30%) in the 1.0 mg
peptide group had increased the tetramer-specific CTL fre-
quency. On the other hand, in the second protocol with
survivin-2B peptide mixed with IFA, all patients had a sig-
nificant increase of the tetramer-positive CTL frequency.
These results might demonstrate that the addition of IFA
could enhance the immunological responses to the sur-
vivin-2B peptide. In addition, these findings might also
indicate that the addition of another effectual adjuvant
such as a cytokine, heat shock protein [45], etc. to the vac-
cination with survivin-2B peptide mixed with IFA could
more effectively enhance the immunological and clinical
responses to the peptide. At present a phasell clinical
study of survivin-2B peptide vaccine therapy, in which the
peptide is combined with IFA and IFN-$, is ongoing in
our group.

In the second protocol with the peptide mixed with IFA,
although all patients had an increase of the tetramer-pos-
itive CTL frequency, only one patient had a peptide spe-
cific IFN-! response in the ELISPOT assay. In tetramer
staining, the frequency of the peptide-specific CTL was
investigated. In the ELISPOT assay, the function of the
peptide-specific CTL was investigated. It is possible that
the peptide-specific CTL induced by the vaccination might
not function well due to immune escape mechanisms in
the effector phase. Thus, this might be one of the reasons
why the CTL response to the vaccination was not suffi-
cient to induce clinical responses. This also could imply a
dysfunction of the host immune system or an immuno-
suppressive effect of the tumor microenvironment,
including the down-regulation of HLA-class | molecules
on tumor cells. Therefore, we have recently begun to
investigate a novel strategy to overcome the immune
escape in peptide vaccine therapy.
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Conclusion

In conclusion, this phase | clinical study revealed that the
administration of not only survivin-2B peptide atlone but
also the peptide in combination with IFA for patients with
advanced or recurrent breast cancer was well tolerated.
Vaccination with survivin-2B peptide mixed with |FA
increased the frequency of the peptide-specific CTL more
effectively than vaccination with the peptide alone,
although neither vaccination could induce an efficient
clinical response. Thus, the addition of IFA might enhance
the immunological response to the peptide vaccination.
Considering the above, the addition of another effectual
adjuvant such as a cytokine, heat shock protein [45], etc.
to the vaccine using survivin-2B peptide mixed with IFA
might induce improved immunological and clinical
responses.
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