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Systemic Administration of Platelets
Incorporating Inactivated Sendai Virus
Eradicates Melanoma in Mice

Tomoyuki Nishikawa', Li Yu Tung' and Yasufumi Kaneda'

'Division of Gene Therapy Science, Osaka University Graduate School of Medicine, Osaka, Japan

Tumor microenvironments include a number of fibrin
clots due to the microbleeding caused by cancer cell
invasion into blood vessels, which suggests the potential
utility of a platelet vector for systemic cancer treatment.
We previously reported that inactivated Sendai virus
(hemagglutinating virus of Japan; HV]) envelope (HVJ-E)
activates anti-tumor immunity and induces cancer cell-
selective apoptosis. The hemagglutination activity that
blocks the systemic administration of HVJ-E was dra-
matically attenuated by incorporation into platelets.
Platelets incorporating HVJ-E (PH complex) were then
injected into the tail veins of B16F10 melanoma-bear-
ing mice. The PH complex primarily accumulated in
tumor tissues and caused the significant accumulation
of various immune cells in the tumor bed. Injections of
the PH complex to the melanoma-bearing mouse sig-
nificantly reduced the tumor size, and the tumor growth
was ultimately arrested. Secretion of the chemokine
regulated upon activation normal T-expressed and pre-
sumably secreted (RANTES) was upregulated following
PH stimulation. The RANTES-depletion in melanoma-
bearing mice significantly attenuated the cytotoxic T
lymphocyte activity and led to a dramatic abrogation
of the mouse melanoma suppression induced by the PH
complex. Thus, a platelet vector incorporating viral par-
ticles, a Trojan horse for cancer treatment, will provide a
new approach for cancer therapy using oncolytic viruses.
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INTRODUCTION

Although there have been significant advances in the field of cancer
treatments in the past decades, there are still some limitations with
regard to the selectivity of anticancer reagent delivery to cancer
cells and the tumor microenvironment. Methods for the cancer-
selective delivery of therapeutic molecules have been desired since
the concept of targeted drug delivery was proposed by Paul Ehrlich
as a “magic bullet” in 1906." One approach, passive targeting, is
based on the enhanced permeability and retention (EPR) effect.
Because the structure of the tumor vasculature is immature and

leaky,? small (less than 100 nm in diameter) drug delivery vectors
are believed to reach tumor cells by passing through the spaces
between endothelial cells. This concept has been generally applied
to non-viral vectors. Recently, mesenchymal stem cells® have been
used as tumor-targeting vehicles based on the finding that these
cells are recruited to tumor tissues, most likely through the action
of chemokines produced by the tumor tissue. A non-pathogenic
obligate anaerobic bacterium, Bifidobacterium longum, has been
shown to specifically accumulate in tumor tissues after systemic
delivery.* The specific accumulation of this bacterium occurs due
to the anaerobic conditions of tumor tissues. These results high-
light the importance of the particular characteristics of the tumor
microenvironment for achieving specific delivery of therapeutic
molecules to tumors. When examining the characteristics of the
tumor microenvironment, Matsumura et al. proposed the utility
of cancer stromal-targeting therapy using an anti-fibrin antibody®
because these authors found many areas of blood coagulation in
tumor tissues due to microhemorrhaging caused by tumor inva-
sion into tumor blood vessels.

Based on the observation of extensive blood coagulation in
the tumor microenvironment, we hypothesized that a platelet vec-
tor could specifically target tumor tissues. Platelets have a physi-
ologically important role in the removal of foreign materials from
blood.® Based on this characteristic, platelets have been reported
to take up a variety of particles in vivo, such as liposomes and viral
particles.®” Therefore, we attempted to incorporate an inactivated
Sendai virus (HVJ; hemagglutinating virus of Japan) particle
termed HV]J-envelope (HVJ-E) into a platelet vector.® The intra-
tumor injection of HVJ-E alone strongly induced an anti-tumor
immune response; however, a limitation of HV]J-E is that it cannot
be administered systemically due to the agglutination of erythro-
cytes by HN (hemagglutinin) glycoproteins on the envelope.’

Here, we developed a novel cancer-targeting vector based
on platelets, and we demonstrated the utility of an HVJ-E-
incorporating platelet vector in cancer immunotherapy.

RESULTS

Platelet as a vector; infusion and release of HVJ-E and
fluorescent particles

First, we examined whether HVJ-E particles could be infused
into platelets. For this purpose, we determined the conditions
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necessary to infuse particles into platelets using FITC-beads.
Murine platelets isolated from fresh blood were incubated
with the beads at 37 °C for 2 hours, and then washed with PBS.
Subsequently, numerous FITC-beads were observed in the
platelets (Figure 1a). Next, using the same conditions, HV]J-E
was also incubated with the platelets. Using electron micros-
copy, HVJ-E particles were detected in the platelets (Figure
1b). Immunofluorescence analysis confirmed that HVJ-E
particles were infused inside the mouse platelets (with Triton
X-100 treatment) (Supplementary Figure Sla). Additionally,
human platelets successfully incorporated HV]J-E particles
(Supplementary Figure S1b).

Next, we tested whether the infused HVJ-E particles were
released from the platelets by stimulation with thrombin. First,
we determined the thrombin concentration required to release
SPHERO fluorescent particles that were previously infused
into platelets. We found that a thrombin concentration greater
than 1U/ml was necessary for the release (Figure 1c). For
platelets infused with HVJ-E, the viral particles were released
from the platelets at a thrombin concentration of 100 U/ml
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(Figure 1d). Additionally, thrombin activity was high enough
to specifically activate the PH complex in B16F10 tumor tissue
whereas the thrombin activity was hardly detected in plasma.
(Supplementary Figure Slc). These data indicate that HV]-E
particles could be infused into platelets to form PH complexes
and could be released by platelet activation via thrombin
stimulation.

Targeting tumor tissue in tumor-bearing mice via the
systemic administration of the PH complex

The disadvantage of HVJ-E is that its systemic delivery is lim-
ited due to the hemagglutination caused by the HN protein. The
injection of HVJ-E particles into the blood-stream directly can
cause the agglutination of red blood cells. To avoid the coagula-
tion caused by systemic administration, HVJ-E particles were
infused in a platelet vector. The free HVJ-E particles or HVJ-E
particle attached to the surface of platelet vectors were measured
by a hemagglutinating assay (HA). The hemagglutinating activ-
ity of HVJ-E disturbs the systemic administration HV]-E. When
HVJ-E was mixed with chicken erythrocytes, hemagglutination
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Figure 1

Infusion and release of HVJ-E or fluorescent particles from platelets. (a) Infusion of FITC-beads (green) into platelets (red). Platelet

membrane was stained with Dil (di-alkyl indocarbocyanine). (b) Transmission electron microscopic analysis of HV]-E-infused platelets (8,000x). (c)
Fluorescence intensity measurements of SPHERO fluorescent particles released from thrombin-stimulated SPHERO/platelet complexes. The data
are shown as the mean + SEM of four independent experiments. **P < 0.01 (versus OU/ml). (d) Western blot analysis of HVJ-E M (matrix protein of
HVJ) protein after the thrombin stimulation of PH complexes. HVJ-E samples from 1 to 100 HAU (haemagglutinating units) were loaded as standard
samples. The PH supernatant contained the released HVJ-E particles, and the PH pellet contained the HVJ-E particles remaining inside the platelets
after thrombin stimulation. In sample P (platelets only), no thrombin was added.
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was induced (H100 and H1000) (Figure 2a). However, after the
PH complexes were washed twice with PBS, the hemagglutina-
tion activity of the PH complexes was dramatically decreased and
largely undetectable (Figure 2a). HV]-E particles localized to the
blood vessels (PH1), whereas some HVJ-E particles were dis-
persed into the tumors (PH2) (Figure 2b).

Next, PH complexes were injected into the tail veins of
B16F10 melanoma tumor-bearing mice. The colocalization of
HVJ-E particles with activated platelets was observed only in the
PH-treated tumors (Figure 3a). No PH complexes were found in
other normal organs such as the liver, spleen and kidney (data not
shown). Fibrin clots were consistently observed in BI6F10 tumor
groups (Figure 3b), and large numbers of activated platelets
(CD62P) that colocalized with the fibrin clots in the PH-treated
tumors were also observed. Additionally, tumor blood vessels
were stained with FITC-albumin. Collectively, these observa-
tions indicate that the PH complexes injected into the mouse tail
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Figure 2 HA assay of PH complexes. (a) The hemagglutinating activ-
ity of the PH complexes (containing 100 or 1,000 HAU of HVJ-E) was
reduced by washing with buffer (washing once or twice). (b) Tumor
tissue sections were stained with FITC-albumin (green) and anti-F pro-
tein to visualize the tumor blood vessels and HVJ-E, respectively, after
the administration of PH complexes (PH), HVJ-E, platelets (PIt), or NaCl
solution (NaCl).
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veins successfully reached the tumor vessels and were trapped by
fibrin clots and that some complexes appeared to be associated
with tumor cells.

In vivo F10 tumor suppression by PH treatment

PH complexes were injected five times into the tail veins of BI6F10
melanoma tumor-bearing mice. The tumor size in the PH com-
plex-treated group was significantly reduced (Figure 4a). Mice in
the platelet-, HV]-E- and NaCl-treated groups began dying after
approximately 18 days, whereas all PH-treated mice were alive
through 40 days (Supplementary Figure S2). The accumulation
of immune cells, such as CD4* T cells, CD8" T cells (Figure 4b,c),
NK cells (CD49b), and DCs (CDl11c) (Supplementary Figure
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Figure 3 The administration of PH complexes (PH), HVJ-E, platelets
(PIt), or NaCl solution (NaCl) to B16F10 melanoma-bearing mice
and the accumulation of delivered HVJ-E particles in tumor tissues.
(a) Tumor sections were stained with anti-CD62P (red) and anti-F pro-
tein (green) to visualize the activated platelets and HVJ-E localization,
respectively. (b) Tumor sections were stained with anti-CD62P (red) and
anti-fibrin (green) to visualize the activated platelets and fibrin localiza-
tion, respectively.
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Figure 4 Suppression of tumor growth by PH complex treatment in B16F10 melanoma-bearing mice and the accumulation of immune cells
in the tumor. (@) Tumor growth curve of B16F10 melanoma-bearing mice treated with PH complexes (PH), HV|-E, platelets (PIt), or NaCl solution
(NaCl). The data are shown as the mean + SEM of four animals per group. "The date when the number of mouse in the group became less than 2.
(b,c) B16F10 tumor tissue sections from tumor-bearing mice treated with PH complexes (PH), HVJ-E, platelets (PIt) or NaCl solution were stained with
anti-CD4 (red) and anti-CD8 (red) antibodies to visualize the localization of CD4* and CD8+ T cells, respectively, in the tumor tissues.

S3a,b), was observed in the PH complex-treated B16F10 tumors
at 48 hours after the fifth injection.

Cytotoxicity of the PH complex or HVJ-E against
cancer cells and tumor endothelial cells

The cytotoxicity of the PH complex and HVJ-E against cancer
cells and tumor endothelial cells (TECs) from mouse F10 mel-
anoma tissues was examined using an in vitro cell proliferation
assay. PH complexes (different amounts of HVJ-E, from 100 to
2,000 HAU, were infused into the same number of platelets) and
HVTJ-E were added to B16F10 (mouse melanoma) cells and TECs
(Figure 5a,b). PH complexes at higher concentrations suppressed
the proliferation of the B16F10 cancer cells, but not the TECs,
48 hours after transfection. PH complexes and HV]J-E were also
added to human pancreatic carcinoma cells (PC3), human umbil-
ical vein endothelial cells (HUVECs) and human aortic endothe-
lial cells (HAECs). Only the proliferation of PC3s was suppressed,
and the proliferation of HUVECs and HAECs was not affected
(Supplementary Figure S4a-c). B16F10 cells were treated with
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PH complexes after transfection with siRNA for RIG-I or MAVS.
A proliferation assay of PH complex-treated B16F10 cells showed
that cell death caused by the PH complexes was significantly sup-
pressed by either RIG-I or MAVS siRNA, but not control siRNA
(Supplementary Figure S5). This result indicates that similar to
HVJ-E,” PH complexes induced cell death through the RIG-1/
MAVS pathway.

The contribution of the HVJ-E-induced chemokine,
RANTES/CCLS5, to tumor suppression by activated
anti-tumor immunity

Cytokine and chemokine arrays were used to identify the factors
that contributed to the suppression of PH-treated tumors. TEC iso-
lated from B16F10 tumors and B16F10 cells were stimulated with
PH complexes, and RANTES was the most highly secreted che-
mokine in both cases (Figure 6a,b). PH complexes also stimulated
HUVECs to secrete RANTES, IP-10 and IL-6 (Supplementary
Figure S6a). RANTES secretions from TECs and F10 cells were
also measured (Supplementary Figure S6a,b). IP-10 secretions
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Figure 5 Proliferation assay of B16F10 melanoma cells and isolated
TECs from mouse F10 melanoma tumors. Different concentrations of
HVJ-E (from 4 or 100 to 2,000 HAU) were infused into the same number
of platelets (5.0 x 10° platelets) to construct various PH complexes. The
PH complexes and different concentrations of HV]-Es were added to (a)
B16F10 or (b) TECs. The survival rates of the cells were measured. The
data are shown as the mean + SEM of four independent analyses.

from TECs and F10 cells was detected but there was no signifi-
cant difference among any of the groups (NC, platelet, HVJ-E,
and PH). IL-6 secretion from TEC and F10 cells was not detected.
The HV]J-E and PH groups, but not the platelet group, showed the
induction of RANTES secretion, which indicated that the HVJ-E
particles were the sole inducer of RANTES.

A RANTES-neutralizing antibody was administered with
the PH complexes to mice bearing B16F10 melanomas to verify
the tumor suppression effect. The suppression effect of the PH
complexes was abrogated by the RANTES-neutralizing anti-
body (Figure 6c). The expression of RANTES in melanoma tis-
sue was enhanced by the PH complexes and was abolished in the
RANTES-neutralizing antibody group (Figure 6d). Mice in the
RANTES-depletion group started dying after approximately 18
days, similar to the NaCl-injected group, whereas all PH-treated
mice remained alive through 40 days (Supplementary Figure S7).

Robust production of interferon (IFN)-y from mouse spleno-
cytes was achieved in response to melanoma stimulation, suggest-
ing the activation of CTLs specific to the melanoma cells by the
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systemic administration of the PH complexes to B16F10-bearing
mice (Figure 7a). An ELISPOT (IFN-y) assay was performed using
mouse splenocytes stimulated with BI6F10 or MSC-1 (mesen-
chymal stromal cell from C57BL/6 mouse) cells (Supplementary
Figure S8a). The splenocytes isolated from PH-treated F10-
bearing mice specifically responded to the B16F10 cells, but not
the MSC-1 cells. Anti-CD4 (clone GK1.5) or anti-CD8 (clone
53-7.62) antibodies were injected into the melanoma-bearing
mice to deplete CD4* or CD8* T cells, respectively. In both the
CD4- and CD8-depleted groups, the tumor suppression by the PH
complex was significantly abrogated compared with the control
IgG-injected group (Figure 7b,c). NK cells were also depleted by
the injection of an anti-asialo GM1 antibody into BI6F10-bearing
mice. The NK cell-depleted group had significant attenuation of
tumor suppression by the PH complex compared with the con-
trol IgG-injected group (Figure 7d). These results strongly suggest
that both CD4* and CD8* T cells are necessary to activate CTLs
to respond to B16F10 cells and that NK cells also contribute to
tumor killing following PH complex treatment.

A CTL assay (*'Cr-release assay) using mouse spleno-
cytes isolated from BI16F10-bearing mice was performed
(Supplementary Figure S8b). The splenocytes from the PH-treated
mice demonstrated specific cytotoxicity against B16F10 cells, but
not against MSC-1 cells. Collectively, these observations suggest
that the PH complex induces anti-tumor immunity via the activa-
tion of both CTLs and NK cells and that RANTES plays a major
role in the promotion of anti-tumor immunity.

In summary, as illustrated in Figure 8, systemically adminis-
tered PH complexes targets the fibrin clots that dominantly pres-
ent in tumor blood vessels and presumably release HV]J-E after
activation in the fibrin clots. In not only B16F10 but also BI6BL6
(mouse melanoma) and LL/2 (mouse Lewis lung carcinoma)
tumor tissue sections, many thrombi (CD41-positive blood clots)
were observed in the tumor vasculatures (stained with CD31 anti-
body) (Supplementary Figure S9a). The three different tumor
tissue samples were collected at three different time points/tumor
sizes (7 days/5mm, 14 days/10 mm and 21 days/15 mm). Staining
of the tumor sections with an anti-fibrin antibody revealed fibrin
clots in all sample sections (Supplementary Figure S9b-d).
Therefore, the systemic injection of PH complexes can induce
similar anti-tumor effects in other murine tumor models. The
HV]J-E particles, which were released from activated platelet vec-
tors, induced the secretion of RANTES from TECs and B16F10
cells. Collectively, the combination of HV]-E and RANTES accel-
erates tumor regression by enhancing anti-tumor immunity.

DISCUSSION

Here, we demonstrated that the systemic administration of a
platelet vector containing HVJ-E dominantly accumulates in
tumor tissues and results in significant tumor regression in
melanoma-bearing mice. Platelets were the only factor that was
not detected by CD62P immunostaining in the tumor tissues;
however, the PH detected by CD62P was well merged with the
fibrin clots (Figure 2b). This finding suggests that PH was likely
activated within the tumors to release HVJ-E from the platelets
into the tumor microenvironment. Notably, some, but not all,
of the PH overlapped with FITC-albumin. This result suggests

www.moleculartherapy.org vol. 22 no. 12 dec. 2014
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Figure 6 HV)-E-induced RANTES production contributed to tumor suppression. (a,b) Chemokine and cytokine arrays of PH-treated TECs isolated
from (@) tumors and (b) B16F10 cells. (c) Tumor growth curves of B16F10 melanoma-bearing mice treated with PH complexes (PH), PH complexes
+ RANTES-neutralizing antibody (PH + RANTES Ab), PH complexes + control IgG (PH + Ctrl Ab) or NaCl solution (NaCl). 'The date when the number
of mouse in the group became less than 2. The data are shown as the mean + SEM of four animals per group. (d) RT-PCR of RANTES mRNA level in
B16F10 tumor tissues. The F10 tissue samples were collected 48 hours after three injections. The data are shown as the mean + SEM of four indepen-
dent analyses. #P < 0.01 (versus PH + RANTES-neut ab); **P < 0.01 (versus NaCl).

that some HVJ-E may escape from tumor vessels to directly
associate with the tumor cells. As shown in Supplementary
Figure S4a, PH reduced the survival of cultured cancer cells.
We previously reported that HVJ-E directly induced apopto-
sis in cultured cancer cells by viral RNA fragment-mediated
RIG-I activation. The PH complex appears to enhance direct
tumor cell killing via the same signaling pathway utilized by
HVJ-E. In tumor-bearing mice, the direct killing of melanoma
cells may also contribute to PH-mediated tumor suppression
and the enhancement of anti-tumor immunity. However, when
melanoma-bearing mice are treated with PH, the contribution
of the direct cancer cell-killing activity of PH to the suppres-
sion of melanoma growth may be much less than that of its
anti-tumor immune activity as the number of HVJ-E particles
(189 HAU/mouse) introduced into the tumor-bearing mice was
much smaller than the number of HVJ-E particles needed for
the direct killing of cancer cells.

PH complexes successfully delivered HVJ-E particles and
induced RANTES secretion, which enhanced the inhibition of
tumor growth. In the in vitro assay, HV]-E was released from the
platelets via thrombin treatment. Although we had no clear evi-
dence that HVJ-E was also released from platelets in the tumor
tissues, activated platelets were detected with CD62P in the tumor
tissues only when they contained HV]-E. However, the reason for

Molecular Therapy vol. 22 no. 12 dec. 2014

the activation of platelets containing HVJ-E in vivo remains to be
elucidated.

Our results also demonstrated that platelets possess the ability
to suppress the hemagglutination activity of HV]-E, which is a lim-
itation of HVJ-E. The intratumor injection of HV]J-E is being clini-
cally tested in Japan for the treatment of patients with melanoma
and prostate cancer. The systemic administration of HV]J-E using
platelets will expand the applications for HVJ-E in cancer therapy.

After five injections of PH complexes or NaCl into B16F10-
bearing mice, the serum was isolated and an antibody to HVJ-E
was measured by mouse anti-Sendai virus (HV]) IgG ELISA. The
PH treatment group showed evidence of the production of anti-
Sendai virus IgG (data not shown). However, we already reported
that even in the presence of anti-HV] antibodies, gene transfer
using HVJ-E is not suppressed.'"'

In this study, we revealed that the RANTES chemokine, one
of the major chemokines, induces a strong anti-tumor immune
response. RANTES (CCL5), which is a member of the CC che-
mokine family, has strong chemotactic activity toward multiple
immune cells, such as eosinophils, basophils, mast cells, mono-
cytes, CTLs, naive CD4* T cells and memory CD45RO* T cells.*
16 Several studies have investigated the efficacy of expressing
RANTES for the promotion of anti-tumor immunity. These stud-
ies showed that the ectopic, intratumoral expression of RANTES
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Figure 7 Induction of the anti-tumor immune response by T cells and NK cells in PH-treated tumor-bearing mice. (a) ELISPOT assay. Induction
of IFN-y from splenocytes isolated from PH-treated F10 tumor-bearing mice after 48 hours of incubation with or without B16F10 cells. The data are
shown as the mean + SEM of six independent analyses. **P < 0.01. (b—d) Tumor sizes of (b) CD4* T cell-, (c) CD8* T cell-, or (d) NK cell-depleted
B16F10-bearing mice. The data are shown as the mean + SEM of four animals per group. *P < 0.05 (versus PH), **P < 0.01 (versus PH).

attracted and activated tumor-specific and tumor-non-specific
immune cells, such as DCs, CD4" T cells, CD8* T cells, and NK
cells.”"* PH complexes reached the fibrin-rich area of the tumor
and released HV]J-E particles. Subsequently, the released HVJ-E
particles stimulated the secretion of RANTES from the endothe-
lial and/or tumor cells, and consequently, the secreted RANTES
contributed to attracting anti-cancer immune cells.

However, when only recombinant RANTES was injected
into the melanoma mass, tumor suppression was not signifi-
cantly achieved (data not shown). Several studies have reported
that RANTES exhibits pleiotropic activities in tumor develop-
ment: it not only attracts immune cells to the tumor tissue, but
also promotes tumor proliferation and invasion. Other stud-
ies have reported the expression of RANTES in primary human
tumors, such as renal, prostate, breast and ovarian cancers, and
melanoma.?*~* In the RANTES-expressing MCF-7 human breast
cancer cell line, RANTES promoted cell proliferation by an
mTOR-dependent process.” Thus, the roles of RANTES in tumor
biology remain somewhat controversial and are not fully under-
stood. Therefore, our study of melanoma treatment using the PH
complex shows that the presence of HVJ-E in melanoma tissue is
likely to be essential for enhancing anti-tumor immunity in vivo,
in addition to inducing the secretion of RANTES.

The incorporation of anti-cancer compounds and other viral
particles into platelet vectors appears to be feasible. Although solv-
ing the problems related to the mass production and long-term
storage of platelets for clinical use is important, we have already
succeeded in incorporating HVJ-E into freeze-dried platelets.
As shown in Supplementary Figure S1b, HV]-E particles were
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incorporated into human platelets, which indicate the clinical
utility of the PH complex.

Thus, platelet vectors are promising tools for cancer treatment
with minimum toxicity.

MATERIALS AND METHODS

Virus. HV] (VR-105 parainfluenzal Sendai/52, Z strain) was purchased
from the American Type Culture Collection (ATCC; Manassas, VA) and
amplified in the chorioallantoic fluid of 10- to 14-day-old chick eggs and
purified by centrifugation, as previously described.?**

Mice. Female C57BL/6N mice and Fox Chase SCID C.B-17/lcr-scid/scid]Jcl
mice were purchased from Clea Japan (Tokyo, Japan) and were maintained
in a temperature-controlled, pathogen-free room. All the animals were
handled according to the approved protocols and guidelines of the Animal
Committee of Osaka University (Suita, Japan).

Platelet purification and infusion of virus and fluorescent particles.
Anticoagulated mouse blood was centrifuged at 200g for 3 minutes, and
the upper, platelet-rich plasma (PRP) was collected. The PRP was centri-
fuged at 200g for 3 minutes, and the platelets were resuspended in modified
Tyrode’s buffer (134 mmol/l NaCl, 2.9 mmol/l1 KCI, 0.34 mmol/l Na,HPO,,
1 mmol/l MgCl,, 10 mmol/l HEPES, and 5 mmol/l D-glucose, pH 7.4).
Prostaglandin I, sodium salt was added to the PRP (1 pg/ml final con-
centration) and incubated for 2 minutes. The platelets were washed by the
addition of 1 ml of Tyrode’s buffer. Human platelets were isolated using the
same procedure as mouse platelets from human blood that was donated by
a human volunteer.

HVJ-E, Fluoresbrite plain YG (0.1 um) microparticles (Polysciences,
Warrington, PA) or SPHERO fluorescent particles (0.04-0.06 um;
Spherotech, Lake Forest, IL) were incubated with the platelets at 37 °C for
2 hours and were washed twice with modified Tyrode’s buffer.
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Figure 8 Model depicting the mechanism by which the PH complex targets and induces chemokine production in F10 tumor tissues. The PH
complex is inactive in normal blood vessels; however, when it interacts with fibrin clots in tumor vessels, the complex begins to release the HVJ-E
particles (1), which induces TECs or cancer cells to secrete chemokines, mainly RANTES (2). The cytokines recruits immune cells to the tumor tissue

(3), which enhance anti-tumor immunity.

Transmission electron microscopy. Platelets and PH complexes were fixed
with 2.5% glutaraldehyde in 0.1 mol/l phosphate buffer (pH 7.4) at 4 °C
and were post-fixed in 1% OsO, solution at 4 °C for 1 hour. The samples
were dehydrated in a graded ethanol series and embedded in Quetol 812
epoxy resin (Nissin EM, Tokyo, Japan). Ultrathin sections (80nm) were
cut with a Reichert ultramicrotome (Ultracut E, Leica Microsystems K.K.,
Tokyo, Japan), stained with uranyl acetate and lead citrate and examined
under a Hitachi H-7650 electron microscope (Hitachi, Tokyo, Japan).

Thrombin stimulation of HVJ-E or fluorescent/platelet complex. HV]-E/
platelet complexes were stimulated with thrombin (GE Healthcare UK
Limited) for 4 hours at 37 °C and centrifuged at 200g to collect the plate-
lets. The supernatant, which contained the released HVJ-E particles, was
centrifuged at 20,400g. The platelets and released HVJ-E particle samples
were analyzed by Western blot.

Fluorescent particles (SPHERO/platelet complexes) were stimulated
with thrombin for 14 hours at RT and centrifuged at 200g. The
fluorescence intensity of the supernatant was measured using a Mithras
LB 940 (Berthold Japan K.K., Tokyo, Japan).

Western blot analysis. The samples were subjected to SDS-PAGE on 12%
gels, and the proteins were transferred to Immobilon-P transfer mem-
branes (Millipore, Billerica, MA). To detect the proteins, anti-M (Hokkaido
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System Science) or anti-B-actin (Sigma-Aldrich Japan, Tokyo, Japan)
immunoglobulin G (IgG) was used as the primary antibody. ECL horse-
radish peroxidase-conjugated donkey anti-rabbit IgG (GE Healthcare UK)
was used as a secondary antibody for the detection of M (matrix protein of
HVY), and ECL horseradish peroxidase-conjugated sheep anti-mouse IgG
(GE Healthcare UK) was used as a secondary antibody for the detection of
B-actin. The ECL Western Blotting Detection Reagent (GE Healthcare UK)
was used to detect the signal for each protein.

Hemagglutination (HA) assay. PH complexes were serially diluted in PBS
in a 96-well U-bottom plate. A 50-ul aliquot of a suspension of chicken red
blood cells (0.5% RBCs) (Nacalai Tesque, Kyoto Japan) was then added to
each well, and the samples were incubated at 4 °C for 16 hours. The agglu-
tination titer was determined as the last dilution at which agglutination
was detected.

Cell culture and proliferation assay. BL6F10 (mouse melanoma), BL6BL6
(mouse melanoma), LL/2 (mouse Lewis lung carcinoma) and MSC-1
(mouse mesenchymal stromal cells) cells were maintained in Dulbecco’s
modified Eagle’s medium (Nacalai Tesque) Murine splenocytes were main-
tained in RPMI-1640 medium (Nacalai Tesque). All media were supple-
mented with 10% FBS (BioWest, Nuaillé, France), 100 U/ml penicillin and
0.1 mg/ml streptomycin (Penicillin-Streptomycin Mixed Solution, Nacalai
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Tesque). B-Mercaptoethanol (4ng/ml) was added to the medium for the
splenocyte culture. BI6F10 cells (1.0x10° cells/well) were seeded into
96-well plates, and HVJ-E or PH complexes were added to the wells. After
24 or 48 hours of incubation, 20 pl of Cell Titer 96 AQueous One Solution
(Promega, Madison, WI) was added to each well to measure the viability
of the cancer cells. The plates were incubated at 37 °C for 2 hours, and
the absorbance was measured at a wavelength of 490 nm according to the
manufacturer’s instructions.

In vivo tumor volume measurement and RANTES depletion. Viable
B16F10 melanoma cells (1.0x10° cells) were resuspended in 50 ul of
PBS and were intradermally injected into the backs of female C57BL/6N
mice. When each tumor had grown to 3-5mm in diameter, the mice were
treated with an intravenous tail injection of platelets (2.5x10°), HVJ-E
(1.89x 10° particles), PH complexes (1.89 x 10° particles of HVJ-E infused
into 2.5x 107 platelets, for a total volume of 50 pl), or PBS on days 0, 3, 6, 9
and 12. The tumor volume was measured in a blinded manner using slide
calipers and was calculated using the following formula: tumor volume
(mm?®) = length x (width)*/2. To deplete RANTES, an anti-RANTES anti-
body (ab9915; Abcam, Cambridge, MA) was administered intravenously
at the time of PH complex administration. Rabbit IgG (R&D Systems,
Minneapolis, MN) was used as a control for the anti-RANTES antibody.

Immunostaining of immune cells in F10 tumor tissues. The PH com-
plex-treated and other F10 melanoma tumor sections were fixed with 4%
paraformaldehyde solution and blocked with 3% BSA. The sections were
stained with anti-CD4 and anti-CD8 primary antibodies (Sigma-Aldrich
Japan). The secondary antibodies included an Alexa Fluor 488-conju-
gated rabbit anti-mouse IgG (Life Technologies Corporation, Carlsbad,
CA). The sections were mounted in Vectrashield mounting medium
(Vector Laboratories, Burlingame, CA) and imaged with a confocal laser
microscope (Radiance 2100; Bio-Rad Laboratories, Drive Hercules, CA)
equipped with the Laser Sharp 2000 software program. Anti-CD62P
(550289; BD Bioscieces Pharmingen, San Diego, CA) and anti-fibrin
(DO1P; Abnova, Taipei City, Taiwan) primary antibodies were used to
detect activated platelets and fibrin, respectively, in the F10 tumor tissues.

Isolation of vascular endothelial cells from B16F10 tumors and cyto-
kine and chemokine arrays. Tumor vascular endothelial cells were iso-
lated from B16F10-bearing mice. The B16F10 tumor tissue was minced
and enzymatically digested in PBS supplemented with 3% collagenase
(Sigma-Aldrich Japan) using an orbital shaker for 30 minutes at 37 °C.
The digested tissue was filtered through a 40-mm nylon mesh cell strainer
(BD Biosciences, Bedford, MA). The sample was placed on top of a Percoll
solution (Sigma-Aldrich Japan) and centrifuged at 400g for 30 minutes.
The second layer, which contained endothelial cells, was transferred to a
100-mm culture dish and incubated at 37 °C in 5% CO, for 1.5 hours. This
procedure allowed the fibroblasts and preadipocytes contained in the mix-
ture to attach to the culture dish. The medium, which contained suspended
endothelial cells, was carefully transferred to another tube. The endothelial
cells were further purified using an autoMACS Pro Separator with an anti-
CD105 antibody (Miltenyi Biotech, Bergisch Gladbach, Germany). The
isolated ECs or B16F10 cells were seeded into six-well plates (1.5 x 10° cells/
well), and platelets (2.5x10°), HVJ-E (1.89x 10° particles), or PH com-
plexes (1.89 x 10° particles) were added to the medium. After 24 hours, the
media were collected and used as samples for cytokine and the chemokine
arrays (Proteome Profiler Panel A Array Kit; RD Systems, Minneapolis,
MN). The pixel densities of the spots on the array membranes were quanti-
fied using Image Quant TL software (GE Healthcare Japan, Tokyo, Japan).

Preparation of splenocytes and ELISPOT (mouse IFN-y) assay. Spleens
were removed aseptically from PH complex-treated mice after the fifth
injection. Antigen-specific IFN-y-producing cells were identified using an
enzyme-linked immunosorbence spot (ELISPOT) assay. Briefly, ELISPOT
plates (IP Sterile Clear Plate, MAIPS4510; Millipore, Bedford, MA) were
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coated with an anti-mouse IFN-y capture Ab (Mouse IFN-y ELISpot
Development Module; RD Systems, Minneapolis, MN). Spleen cells (2.0
x 107 cells) and mitomycin C (Nacalai Tesque)-treated B16F10 melanoma
cells (2.0 x 10° cells) were co-incubated for 12 hours. The pre-stimulated
spleen cells (5.0 x 10° cells) were placed onto an antibody-coated plate with
B16F10 cells (2.0 x 10° cells). After 48 hours of incubation at 37 °C, the
cells were removed by washing the plates, and the sites of cytokine secre-
tion were detected using biotinylated anti-mouse IFN-y detection Ab and
streptavidin-alkaline phosphatase conjugate (ELISpot Blue Color Module).
The enzymatic reaction was developed with BCIP-NBT substrate.

Depletion of CD4, CD8, and NK cells in B16F10-bearing mice. Anti-CD4
(clone GK1.5) and anti-CD8 (clone 53-7.62) antibodies were kindly pro-
vided by Murakami (Osaka University, Suita, Japan), and the anti-asialo
GM]1 antibody was purchased from Wako Pure Chemical Industries. To
deplete the CD4 T cells, CD8 T cells, or NK cells, each antibody [anti-CD4
(200mg), anti-CD8 (500mg), or anti-asialo GM1 (20mg), respectively]
was administered intraperitoneally on days -1, 0, 1, 2, 4, 6, 8, 11, and 14.
Rat IgG (Sigma) was used as a control for the anti-CD4 and anti-CD8 anti-
bodies, and rabbit IgG (R&D Systems) was used as a control for the anti-
asialo GM1 antibody.

Statistical analysis. The statistical analyses were conducted using the
Tukey-Kramer test or Student’s unpaired t-test, and P values less than 0.05
were considered statistically significant.

SUPPLEMENTARY MATERIAL

Figure $1. Immunostaining of infused HVJ-E F-protein in mouse and
human platelets.

Figure S2. Survival rate of PH complex-treated B16F10-bearing mice.
Figure $3. Tumor sections were stained with anti-CD49b and CD11c
to visualize the localization of NK cells and DCs.

Figure S4. Proliferation assay of HVJ-E and PH complex-treated PC3s
and human endothelial cells (HUVECs and HAECs).

Figure S5. Proliferation assay of PH-treated RIG-I and MAVS siRNA-
transfected B16F10 cells.

Figure $6. Human cytokine and chemokine array of PH complex-
stimulated HUVEC, TEC, and B16F10 cells.

Figure S7. Survival rate of PH complex and RANTES antibody-treated
B16F10-bearing mice.

Figure $8. Specific antitumor effects induced by PH complex injection
into B16F10-bearing mice, analyzed by ELISPOT and 5'Cr-release assay.
Figure $§9. Thrombus and fibrin clot localization in various tumors
(B16F10, B16BL6, and LL/2).
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