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Abstract

Oncolytic herpes simplex virus type 1 (HSV- 1) has been investigated to expand its
application to various malignancies. Because hematopoietic cells are resistant to HSV-
1, its application to hematological malignancies has been rare. Here, we show that the
third-generation oncolytic HSV- 1, T-01, infected and killed 18 of 26 human cell lines
and 8 of 15 primary cells derived from various lineages of hematological malignancies.
T-01 replicated at low levels in the cell lines. Viral entry and the oncolytic effect were
positively correlated with the expression level of nectin-1 and to a lesser extent 3-O-
sulfated heparan sulfate, receptors for glycoprotein D of HSV- 1, on tumor cells.
Transfection of nectin-1 into nectin-1-negative tumor cells made them susceptible to T-
01. The oncolytic effects did not appear to correlate with the expression or
phosphorylation of antiviral molecules in the cGAS-STING and PKR-elF2a pathways.
In an immunocompetent mouse model, intratumoral injection of T-01 into lymphoma
induced regression of injected as well as non-injected contralateral tumors accompanied
by abundant infiltration of antigen-specific CD8" T cells. These data suggest that
intratumoral injection of oncolytic HSV- 1 may be applicable to systemic hematological

malignancies. Nectin-1 expression may be the most useful biomarker for optimal efficacy.
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Introduction

Oncolytic virus therapy has been emerging as an important modality of cancer
immunotherapy.! Notably, oncolytic viruses provoke innate immune responses in the
tumor site, thereby converting the immunosuppressive tumor microenvironment to an
immune-potentiating one. This leads to activation of intratumor dendritic cells, which
engulf'the killed tumor cells and present an array of tumor antigens, presumably including
neoantigens, in draining lymph nodes. Subsequently, antigen-specific T cells migrate to
the inflamed tumor site. Thus, oncolytic virus therapy generates so called Cancer-
Immunity Cycle,” thereby representing a rational tumor immunotherapy.

Herpes simplex virus type 1 (HSV-1) has been leading the field of oncolytic virus
therapy.® Mineta et al. generated a second-generation oncolytic HSV-1, G207,* which had
deletion of the y34.5 gene and inactivation of ICP6 with a LacZ gene insertion, and could
replicate only in cancer cells that can complement these mutations. The third-generation
G47A has further deletion of the overlapping region of the a47 gene and the promoter of
the USI1 gene, resulting in increasing the presentation of the peptide-MHC class I
complex by tumor cells and also in replicating more efficiently by placing the late US71
gene under control of the immediate-early a47 promoter.’

Many clinical trials of oncolytic HSV-1 have been conducted.’ T-VEC (talimogene



laherparepvec), an oncolytic HSV-1 that has deletion of the y34.5 and a47 genes and has
the gene encoding human granulocyte macrophage colony-stimulating factor, has been
approved for advanced melanoma in the USA, Europe, and Australia.> We have been
conducting clinical trials using G47A for brain tumors (UMINO000015995,
UMINO000011636) and prostate cancer (UMIN000010463), and applications to other
types of cancers are expected.

Originally, oncolytic viruses have been invented based on many anecdotal reports that
hematological malignancies such as leukemia and lymphoma resolved after viral
infection.*® Therefore, oncolytic virus therapy may be particularly effective for
hematological malignancies. Several oncolytic viruses have been applied to
hematological malignancies in preclinical and clinical trials.” However, application of
oncolytic HSV-1 to hematological malignancies has been rare,'®!! because human
hematopoietic cells are resistant to HSV-1 replication,'? and thus oncolytic HSV-1 has
been considered unsuitable to treat hematological malignancies.

In this study, we used T-01, an HSV-1 containing modification of the same genes as
G47A," and examined whether T-01 can infect and kill human hematological tumor cells
in vitro. We showed that T-01 does so and that the expression of an HSV-1 receptor,

nectin-1, is a determining factor in the oncolytic effect. Furthermore, using



immunocompetent mice, we show that intratumoral injection of T-O1 into lymphoma

induces tumor-specific immune responses systemically in vivo. This study presents the

rationale of applying G47A for the treatment of hematologic malignancies.

Results

T-01 kills human cell lines derived from various lineages of hematological

malignancies

We first examined whether T-01 kills human cell lines derived from hematological

malignancies. T-01 exhibited significant cytotoxicity at multiplicity of infection (MOI)

1.0 or less against 18 out of 26 cell lines, including myeloid-, B cell-, and T cell-derived

tumors (Table S1 and Figure S1). Figure 1A shows representative cell lines that were

susceptible or resistant to T-01. Jurkat and GRANTA-519 cells were significantly killed

by T-01 at MOI as low as 0.01, whereas Ramos cells were not killed even at MOI 1.0.

ultraviolet (UV)-inactivated T-01 lost cytotoxic activity in Jurkat cells even at a high

concentration (MOI 10) (Figure 1B), indicating that intact T-01 is necessary for the

cytotoxicity. These data indicate that T-01 kills a substantial fraction of cell lines from

human hematological malignancies derived from various lineages.

In addition, Jurkat and GRANTA-519 cells treated with T-01 released ATP (Figure



1C) and HMGBI (Figure 1D)'* more than mock-treated cells. These data suggest that

hematological tumor cells treated with T-01 undergo immunogenic cell death.

A low level of replication of T-01 in hematological tumor cells

We examined whether replication of T-01 accompanies the cytotoxic activity. We
quantified viral replication by real-time PCR of the glycoprotein B (gB) gene of HSV-1
in the T-01-susceptible cell lines. When T-01 was added at MOI 0.1, the copy number of
the gB gene increased more than 1,000 times in 24 hours in Vero cells as expected (Figure
2A). In contrast, only low levels of increase or no increase were detected in the T-01-
susceptible cell lines (Figure 2A). We added a viral DNA polymerase inhibitor acyclovir
to examine whether the low levels of replication contribute to the cytotoxic activity of T-
01. Acyclovir at 10 uM suppressed the viral replication in Vero cells (Figure 2A) as well
as in Jurkat and GRANTA-519 cells (Figure 2B) and attenuated the cytotoxic activity of
T-01 in these cell lines (Figure 2C). When T-01 was added at MOI 0.1 or 1.0 to Jurkat
cells or at MOI 1.0 to GRANTA-519 cells, acyclovir attenuated the cytotoxic effect of T-
01 only partially (MOI 0.1 for Jurkat and MOI 1.0 for GRANTA-519) or not at all (MOI
1.0 for Jurkat) (Figure 1C). Such residual cytotoxicity observed at the higher

concentrations (MOI 0.1 or 1.0) of T-01 in the presence of acyclovir may be due to



efficient entry of T-01 into these cell lines as shown below (Figure S2A, B). These data

suggest that cytotoxic activity accompanying a low level of viral replication or even

efficient viral entry alone contributes to the killing of the hematological tumor cell lines

by T-01.

The expression levels of nectin-1 on the cell lines most correlate with viral entry and

cytotoxicity

We next examined the differences between T-01-susceptible and resistant cell lines.

Viral entry was quantified by culturing cells with EGFP-expressing T-01, T-GFP, for a

short period (4 hours) to avoid contribution of viral replication. The efficacy of viral entry

into cells was variable among the 26 cell lines (Figure S2A, B). Although viral entry to

several T-01-susceptible cell lines (SET-2, ATL-43T, Raji, and KMS-12-BM) was low

at 4 hours, EGFP-positive cells increased in 24 hours probably due to progression of viral

entry and replication (Figure S2Ci). In contrast, almost no increase in EGFP-positive cells

was observed in T-01-resistant cell lines (CHRF-288-11, HL-60, Ramos, SR-786, KIS-1,

SU-DHL-1, and FL-318) after 24-hour culture, except for HEL cells which were killed

with a higher concentration of T-01 (MOI 10, data not shown) (Figure S2Cii). The degrees

of viral entry at 4 hours were positively correlated with those of cytotoxicity (Figure 3A).



Thus, we examined whether the expression levels of HSV-1 glycoprotein D (gD)
receptors (nectin-1,'> herpes viral entry mediator [HVEM],'® and 3-O-sulfated heparan
sulfate [3-OS HS]'") and gB receptors (paired immunoglobulin-like type 2 receptor
[PILR]o,'® non-muscle myosin heavy chain [NMHC]-IIA,"”” and NMHC-IIB*)
correlated with the cytotoxicity. Lymphocytes in peripheral blood expressed HVEM but
not nectin-1, 3-OS HS, or PILRa (Figure S3). Monocytes expressed HVEM, PILRa, and
a marginal level of nectin-1, but not 3-OS HS. Nectin-1 (Figure S4A), HVEM (Figure
S4B), and 3-OS HS (Figure S4C) were expressed on many of the 26 cell lines at various
levels, whereas PILRa was not expressed on 11 cell lines we examined (data not shown).
Notably, the expression levels of nectin-1 positively correlated with degrees of viral entry
and cytotoxicity (Figure 3B). The only exception was HL-60 (labeled with * in Figure
3B); although it expressed a high level of nectin-1 (Figure S4A), T-01 did not enter
(Figure S2) or kill (Figure S1) HL-60. In contrast to nectin-1, the expression levels of
HVEM did not correlate with degrees of viral entry or cytotoxicity (Figure 3C). In
addition, three nectin-1" HVEM- cell lines (SKM-1, MEG-01, and Jurkat) underwent
efficient viral entry, whereas two nectin-1" HVEM™ cell lines (CHRF-288-11 and Ramos)
did not undergo viral entry (Figure S2). The expression levels of 3-OS HS positively

correlated with degrees of viral entry and cytotoxicity (Figure 3D), although to the lesser



extent than those of nectin-1. Two nectin-1" cell lines (HuT 102 and RPMI 8226)
underwent efficient viral entry (Figure S2A, B) despite the absence of 3-OS HS (Figure
S4C). There was no T-01-susceptible cell line that is nectin-1" 3-OS HS". These data
suggest that nectin-1 plays a dominant role in viral entry, compared to 3-OS HS. NMHC-
ITA was expressed in all 14 cell lines examined (Figure S5). NMHC-IIB was expressed
in all of them except for THP-1 and RPMI 8226 (Figure S5). Thus, the expression of
NMHC-IIA and IIB did not correlate with cytotoxicity.

These data suggest that nectin-1 on hematological tumor cells plays a key role in viral
entry and subsequent cytotoxicity and that nectin-1 expression predicts the cytotoxicity
of T-01 in hematological tumor cells. Although 3-OS HS may also play a role in viral

entry and cytotoxicity, the contribution appears to be less than that of nectin-1.

The expression levels of nectin-1 in clinical samples correlate with viral entry and
cytotoxicity

We next examined primary hematological tumor cells, and found that viable cells
decreased after treatment with T-01 in 8 of 15 samples (Table S2 and Figure S6).
Although we added high concentrations (up to MOI 10) of T-01, UV-inactivation

abrogated cytotoxic activity of T-01 even at MOI 10 (Figure 1B), indicating that it is
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unlikely that contaminants of viral preparations were responsible for the cytotoxicity at

MOI 10 for the clinical samples. All of the 8 T-01-susceptible samples expressed nectin-

1 (Figure S6). Of note, all of them were from relapsed patients, whereas none of the 5

samples from untreated patients expressed nectin-1 and were resistant to T-01. Seventeen

of 22 additional samples from untreated patients failed to express nectin-1 (data not

shown). The expression levels of nectin-1, but not of HVEM, were positively correlated

with the degrees of cytotoxicity in clinical samples (Figure 4), as observed in the cell

lines. These data suggest that T-01 may be more effective for relapsed hematological

malignancies, which frequently express nectin-1, than untreated ones.

Viral entry via nectin-1 is functionally important for cytotoxicity

To examine the functional involvement of nectin-1 in viral entry and cytotoxicity, we

knocked down the expression of nectin-1 on Jurkat and THP-1 cells. The knockdown

significantly decreased the expression levels of nectin-1 and tended to decrease viral entry,

although statistically not significant (Figure 5A). The residual entry may be due to

incomplete reduction of nectin-1 expression by sShRNA or to the low levels of expression

HVEM (THP-1) (Figure S4B) or 3-OS HS (Jurkat and THP-1) (Figure S4C). Conversely,

human nectin-1 was transduced into Ramos cells and a mouse T-cell lymphoma cell line

11



E.G7-ovalbumin (OVA). The overexpression of nectin-1 induced viral entry and
cytotoxicity in both cell lines (Figure 5B). These data indicate that the expression of
nectin-1 is functionally important for viral entry and the cytotoxic effect of HSV-1 against

human and mouse hematological tumor cells.

Nectin-1 expression and viral entry are upregulated by epigenetic regulation

Given that expression of nectin-1 on tumor cells is a key factor for direct cytotoxicity
of T-01, we examined whether the expression of nectin-1 can be induced or enhanced by
epigenetic regulation, using epigenetic compound library screening. We treated nectin-1-
cells (Ramos) and nectin-1!°" cells (HEL) with the compounds contained in the library
and examined whether expression of nectin-1 was induced or enhanced using flow
cytometry (Figure S7A). A DNA methyltransferase inhibitor (decitabine), a class Ila
histone deacetylase inhibitor (LMK-235), and three inhibitors (CPI-203, I-BET151, and
I-BET726) of Bromodomain and Extra-Terminal motif (BET) family proteins
upregulated nectin-1 on Ramos and HEL cells without reducing cell viability
substantially (Figure S7A). Another DNA methyltransferase inhibitor, azacitidine, did
not upregulate nectin-1 (data not shown). -BET726 also enhanced nectin-1 expression

on nectin-1'"Y THP-1 and SYK-11L(+) cells (Figure S7B). I-BET726 significantly

12



enhanced viral entry into HEL, THP-1, and SYK-11L(+) cells in a dose-dependent
manner (Figure S7C). LMK-235 significantly enhanced viral entry into Ramos, HEL, and
THP-1 cells in a dose-dependent manner (Figure S7C). Despite the upregulation of
nectin-1 on Ramos cells by decitabine (Figure S7A, B), it did not significantly enhance
viral entry (Figure S7C) for unknown reasons. These data indicate that nectin-1
expression can be upregulated by epigenetic regulation, leading to enhancement of entry

of T-01.

Expression and activity of the cGAS-STING pathway in hematological tumor cells
We next examined whether mechanisms of cellular antiviral responses correlated with
the cytotoxicity of T-01. It has been reported that the cytoplasmic DNA sensing cGAS-
STING pathway is frequently defective in colorectal cancer,’' melanoma,** and ovarian
cancer cells,? resulting in susceptibility to oncolytic HSV-1. Thus, we examined whether
the expression of cGAS and STING correlated with the susceptibility of the
hematological tumor cells to T-01. Five (HuT 102, THP-1, RPMI 8226, ATL-43T, and
SYK-11L(+)) of the 9 T-01-susceptible cell lines (labeled in red in Figure S8A) expressed
both cGAS and STING, whereas 4 (GRANTA-519, Jurkat, ED-40515(+), and MT-2) of

the 9 T-01-susceptible cell lines expressed either of them at low or no levels (cGAS in
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Jurkat and STING in GRANTA-519, ED-40515(+), and MT-2). Thus, there was no
apparent correlation between susceptibility to T-01 and the presence or absence of
c¢GAS/STING in the hematological tumor cells we examined, although the low expression
in several cell lines may contribute to susceptibility to T-01.

We examined whether stimulation with T-01 induces phosphorylation of downstream
molecules of STING, TBK1 and IRF3, in three T-01-susceptible cell lines (Figure S§B).
TBK1 was constitutively phosphorylated in all the cell lines. After stimulation with T-01,
phosphorylation of TBK1 and IRF3 was upregulated in MT-2 (although the expression
of STING was low as in Figure S8A) but not in THP-1 and ATL-43T cells (Figure S8B,
left panel), possibly due to the highly efficient entry of T-01 into MT-2 (Figure S2A, B).
When THP-1 and ATL-43T cells were stimulated with HSV-60,%* a 60-base pair HSV-1-
derived double-stranded DNA oligonucleotide that stimulates the STING-dependent
pathway, phosphorylation of TBK1 was upregulated in both cell lines, and that of IRF3
was induced in THP-1 but not in ATL-43T cells (Figure S8B, right panel). These data
suggest that pathways leading to phosphorylation of TBK1 and IRF3 are preserved in
THP-1 and MT-2 cells, whereas it is suppressed in ATL-43T cells at the level of
phosphorylation of IRF3.

Expression levels of mRNA of IFN-f, the main antiviral molecule induced by the

14



cGAS-STING pathway,? positively rather than negatively correlated with the cytotoxic
effect of T-01 (Figure S9), suggesting that the signaling pathway leading to IFN-f§
induction is at least partially preserved in many cell lines despite the susceptibility to T-
01.

Collectively, the expression and activity of the cellular antiviral machinery composed
of the ¢cGAS-STING-TBKI1-IRF3 axis leading to IFN-f induction did not appear to
correlate with the susceptibility to T-01 of many hematological tumor cell lines we

examined.

Expression and activity of the PKR-elF2a pathway in hematological tumor cells
After viral infection, activation of the PKR-elF2a pathway blocks viral protein
synthesis and thereby restricts viral replication in normal cells.?® ICP34.5, the product of
the y34.5 gene of HSV-1, interacts with and redirects protein phosphatase la to
dephosphorylate elF2a., thus enabling continued protein synthesis despite the presence of
activated PKR.?” Because PKR activation is suppressed in transformed cells with an
activated Ras pathway,”® y34.5 gene-deleted HSV-1 is expected to replicate in Ras-
activated tumor cells. In addition, even if there is residual activity of PKR, early

expression of the Usl1 protein blocks phosphorylation of elF2a, thereby compensating
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for the deletion of the y34.5 gene.?® Thus, we examined whether expression and/or
activation of the PKR-elF2a pathway correlates with the susceptibility of hematological
tumor cells. PKR protein was expressed in all the cell lines (Figure S10A). After the
addition of T-01, phosphorylation of PKR and elF2a was not enhanced in T-01-resistant
cell lines (Figure S10B, black labels), consistent with the poor entry of T-01 into these
cells up to 24 hours as shown in Figure S2Cii. In contrast, phosphorylation of PKR was
enhanced in T-01-susceptible cell lines except for ATL-43T cells (Figure S10B, red
labels). Phosphorylation of elF2a was enhanced in GRANTA-519, Jurkat, HuT 102,
RPMI 8226, and SYK-11L(+) but not in THP-1, ED-40515(+), ATL-43T, or MT-2 cells.
Collectively, the expression and activity of the PKR-elF2a pathway did not correlate with
the susceptibility to T-01 of many hematological tumor cell lines we examined. The
reduced phosphorylation of PKR or elF2a in several cell lines may contribute to

susceptibility to T-01.

Antitumor effects of T-01 in vivo in immunodeficient and immunocompetent mice
We examined whether the antitumor effect of T-01 is observed in vivo using
immunodeficient and immunocompetent mice. We implanted GRANTA-519 or ED-

40515(+) cells subcutaneously into SCID Beige mice and injected T-01 intratumorally
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(Figure 6A). T-01 exhibited strong antitumor effects on both GRANTA-519 and ED-
40515(+) cells (Figure 6B), despite the low levels of T-01 replication in these cell lines
in vitro (Figure 2A). These data indicate that the direct cytotoxic effect of T-01 efficiently
suppresses the growth of T-01-susceptible cell lines in vivo despite the inefficient viral
replication in vitro.

The susceptibility of human nectin-1-transfected mouse cell line E.G7-OVA (E.G7-
OVA-nectin-1) to T-01 enabled us to examine the immune-mediated effects of T-01 in
vivo using immunocompetent mouse models. We implanted E.G7-OVA-nectin-1 cells
subcutaneously into the right and left flanks of C57BL/6 mice and injected T-01
intratumorally only into the right flank tumor (Figure 7A). Tumor growth in T-01-injected
as well as non-injected sides was significantly suppressed (Figure 7B). In line with this,
OVA-specific CD8" T cells were intensely accumulated in both T-01-injected and non-
injected tumors to the same extent (Figure 7C). In contrast, OVA-specific CD8" T cells
did not significantly accumulate in the spleen. These data suggest that tumor-specific
CTLs induced in T-01-injected tumors migrate and accumulate into the remote tumor and

exhibit antitumor effects on both T-01-injected and non-injected tumors.

Discussion
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In this study, we showed that oncolytic HSV-1 has the potential to treat hematological
malignancies including T-, B-, and myeloid lineages. The expression of nectin-1 is a
decisive factor for the oncolytic effect. Local intratumor injection of HSV-1 induced
systemic antitumor immune responses. This study opens the possibility of applying
oncolytic HSV-1 to hematological malignancies.

It was reported recently that UV-inactivated, non-replicating HSV-1 activates human
NK cells and may be used as an immunological adjuvant to activate donor-derived
mononuclear cells in vitro for infusion after allogeneic stem cell transplantation.*
However, because direct oncolysis by replicating virus is expected to be an integral part
of the effect of oncolytic virus therapy, it is important to investigate whether replicating
HSV-1 infects and kills hematological tumor cells. Here, we showed that T-01 replicated
at low levels even in highly susceptible cell lines such as Jurkat and GRANTA-519 cells.
Attenuation of the cytotoxicity by acyclovir suggests that cytotoxic activity
accompanying such low levels of viral replication contributed to the killing effects.

It has been reported that the expression of nectin-1 correlates with HSV-1 entry and

31

oncolysis in thyroid cancer,’ squamous cell carcinoma,®* and EBV-associated

lymphoproliferative disease.>> However, different studies suggested that other factors

34,35

such as cellular antiviral responses,”™”” rather than the expression of nectin-1, determines
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the efficacy of oncolytic HSV-1. Thus, the importance of nectin-1 expression in oncolysis
remains to be determined. In this study, we showed that the expression of nectin-1 is a
critical factor in viral entry and oncolysis, using cell lines, freshly isolated clinical
samples, and nectin-1-transfected cells. Intriguingly, all the nectin-1-expressing, HSV-1-
susceptible clinical samples were derived from relapsed patients, suggesting that
progression of malignant transformation that occurred in relapsed tumors may lead to the
expression of nectin-1. Cell line HL-60 was an exception, in that T-01 did not enter the
cells despite high levels of nectin-1 expression. Such a cell line may have mutations in
nectin-1 at indispensable residues for the binding of gD.*® Although the expression levels
of 3-OS HS also positively correlated with degrees of viral entry and cytotoxicity, its
contribution appears to be less than that of nectin-1.

Epigenetic compound library screening indicated that several compounds upregulated

nectin-1 expression on nectin-1- or nectin-1°%

cell lines and viral entry. However, it did
not lead to the induction or enhancement of nectin-1-mediated oncolytic effects (data not
shown), possibly because the induction of nectin-1 was weak. More potent epigenetic
upregulation of nectin-1 may extend the applicability of oncolytic HSV-1 therapy.

Intratumor injection of T-01 into subcutaneous tumors of GRANTA-519 and ED-

40515(+) in the SCID Beige mice was highly effective despite the low levels of T-01
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replication in these cell lines in vitro. The apparent discrepancy between the inefficient
viral replication in tumor cells in vitro and the strong antitumor effect in immunodeficient
mice in vivo is intriguing, although the reason remains to be unknown.

Using an immunocompetent mouse model (E.G7-OVA-nectin-1), we showed that
intratumoral injection of T-01 systemically induced antigen (OVA)-specific antitumor
CD8" T cell responses. Of note, OVA-specific T cells accumulated in both injected and
non-injected tumors to the same extent, whereas they scarcely accumulated in the spleen,
indicating that the antigen-specific T cells were not diluted in the systemic circulation but
were efficiently concentrated at tumor sites.

Various oncolytic viruses have been applied to hematological malignancies via an
intravenous route.” However, intravenously administered viruses are extensively diluted
in the systemic circulation and also rapidly induce the production of neutralizing antiviral
antibodies, which hinders repeated injection. Local intratumor injection of HSV-1
induces a systemic immune-mediated effect, which is augmented by combining with
immune checkpoint blockade.?” In addition, oncolytic HSV-1 is not toxic to human
hematopoietic cells, as used to purge contaminating solid tumor cells from an autologous
bone marrow graft.'”> Thus, HSV-1 may be applicable to tumor-forming hematological

malignancies such as lymphoma for intra-tumor injection as well as, if safety is confirmed,
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to marrow-located malignancies such as leukemia and myeloma for loco-regional intra-
marrow injection, which is easy to perform.

In conclusion, we showed that oncolytic HSV-1 is a viable therapy for hematological
malignancies. The expression of nectin-1 rather than defects in the cellular antiviral
machineries is a decisive factor to make tumor cells susceptible to HSV-1 and may predict
optimal efficacy. Systemic tumor-specific CD8" T cell responses efficiently concentrate
in tumor sites, suggesting that local intratumor injection of HSV-1 is expected to provoke
effective immune responses even for systemic tumors such as hematological

malignancies.

Materials and Methods
Cell lines and antibodies

Human cell lines of hematological malignancies are listed in Table S1. Culture
conditions of each cell line are described in the Supplemental Methods. E.G7-OVA
(ATCC) was derived from the C57BL/6 mouse T-cell lymphoma cell line EL4 by

transducing OVA. Antibodies used in this study are listed in Table S3.

Viruses
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T-01 and T-GFP (EGFP-expressing T-01) are HSV-1 strain F-based oncolytic viruses
containing modification in the same 3 genes as in G47A."* The difference between G47A
and T-01 is that the /CP6 gene is inactivated by insertion of the LacZ gene in the former,*
whereas the /CP6 gene is replaced by the CMV promoter, poly(A), and the LacZ gene in
the latter.!> Virus stocks were prepared as described with modifications.*® Briefly,
subconfluent monolayers of Vero cells were infected and cultured in VP-SFM (Thermo
Fisher, Waltham, MA), and infected cells were harvested when a total cytopathic effect
was observed. After a freeze-thaw/sonication regimen, cell debris was removed by low-
speed centrifugation, and then virus was concentrated by high-speed centrifugation. The
viral pellet was resuspended in Dulbecco’s phosphate-buffered saline (DPBS; Sigma-
Aldrich, St. Louis, MO) containing 10% glycerol and titrated by plaque assay on Vero
cells. Mock extracts were prepared identically, except that DPBS containing 10%

glycerol was used in place of virus during the infection step.

Flow cytometry analysis
To analyze the protein expression levels on the cell membrane, samples were analyzed
on the Accuri™ C6 Flow Cytometer (BD Biosciences, Franklin Lakes, NJ). Data were

analyzed using FlowJo software (BD Biosciences).
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Cytotoxicity assay in a 3D spheroid culture model

Cells (1 x 10°) were seeded in 1.5 mL tubes and pelleted. The cells were infected with
virus or “mock” in a volume of 100 puL and incubated at 37°C for 1 hour. After adding
900 pL of culture medium (total 1 mL), the infected cells were seeded at densities of 1 %
10% or 2 x 10* cells/well (200 pL/well) in PrimeSurface 96U multi-well plates (Sumitomo
Bakelite, Tokyo, Japan) and incubated at 37°C for 72 hours. For cell lines, the cells were
stained with trypan blue, and the numbers of viable cells were counted with Countess™
II FL Automated Cell Counter (Thermo Fisher). Cell lines were defined as susceptible to
T-01, when viability at MOI 1.0 or less decreased significantly compared with mock
treatment. For clinical samples, cells were stained with propidium iodide (BioLegend,
San Diego, CA) and monoclonal antibodies (mAbs) to gate tumor cells, and were
analyzed by flow cytometry. After gating tumor cells, viable cells were detected as
propidium iodide-negative cells. Tumor cells from clinical samples were defined as
susceptible to T-01, when viability at MOI 10 decreased by 20% or more compared with
mock treatment. Acyclovir was purchased from Fujifilm Wako (Osaka, Japan) and

dissolved in DMSO.
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Real-time PCR for the gB gene

DNA was isolated using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). The
samples were run on a ViiA7 Real-Time PCR System (Applied Biosystems, Waltham,
MA). Amplification was performed using TagMan Fast Advanced Master Mix (Thermo
Fisher) as follows: 95°C for 20 seconds followed by 40 cycles of 95°C for 3 seconds and
60°C for 30 seconds. All the experiments were performed in triplicate. The TagMan probe
sequence for the gB gene was 5’-CACACCTGCGAAACGGTGACGTCTT-3’. Primer
sequences used were: forward: 5’- GGCGCGGTCCTCAAAGAT-3’, reverse: 5°-
AGAACATCGCCCCGTACAAG-3’. DNA from T-01 with a known plaque forming unit

(pfu) was used as a control to quantify the amount of gB DNA of samples with pfu.

HSV-1 entry assay

Cells were seeded in 1.5 mL tubes and pelleted. The cells infected with T-GFP or mock
were seeded at densities of 1 x 10° cells/well in PrimeSurface 96U multi-well plates and
incubated at 37°C for 4 hours. The cells were analyzed by flow cytometry to detect entry

of T-GFP.

ATP and HMGBI release assay
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After cell death induction, secreted extracellular ATP was measured using a CellTiter-
Glo 2.0 Assay (Promega, Madison, WI) in accordance with the manufacturer's protocol.
Secreted HMGB1 was detected by western blotting after concentrating proteins in the

supernatants using Amicon Ultra Centrifugal Filters (Millipore, Burlington, MA).

Clinical samples

Written informed consent was obtained from all the patients. The study was conducted
in accordance with the principles of the Helsinki Declaration and was approved by Ethics
Committees of each hospital (Kagawa University Hospital, Sakaide City Hospital, and

Kagawa Prefectural Central Hospital).

Animal experiments

Mouse experiments were conducted in accordance with the guidelines approved by
the Animal Care and Use Committee of Kagawa University. Cell lines together with
Matrigel (BD Biosciences) were implanted subcutaneously into the flank of SCID Beige
mice or C57BL/6 mice (Charles River Laboratories Japan, Inc., Yokohama, Japan), and
T-01 or mock was injected intratumorally. The tumor size was measured, and OVA-

specific CD8" T cells in tumors and spleen were detected using H-2K® OVA tetramer
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(MBL, Nagoya, Japan), as detailed in the Supplemental Methods.

Statistical analyses

Statistical analysis was conducted using a 2-tailed unpaired t-test, non-repeated

measures ANOVA followed by Dunnett’s test or SNK test, or Spearman’s correlation, as

described in Figure Legends. P < 0.05 was considered statistically significant.
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Figure legends

Figure 1. T-01 induces immunogenic cell death of human hematological tumor cell

lines.

(A, B) Jurkat, GRANTA-519, and Ramos cells were treated with mock or T- 01 (MOI

0.01, 0.1, and 1.0) (A). Jurkat cells were treated with mock, intact T-01 or UV-inactivated

T- 01 (MOI 0.1, 1.0, and 10) (B). After 3 days, the number of viable cells was counted.

The data are shown as the mean + SE of 3 independent experiments. Statistical analysis

was conducted using non-repeated measures ANOVA followed by Dunnett’s test. **P <

0.01. (C, D) Jurkat and GRANTA-519 cells were treated with mock or the indicated MOI

of T-01. After 24 hours, (C) ATP in the supernatants was measured using a CellTiter-Glo

2.0 Assay. The data are shown as the mean = SE of 3 independent experiments. Statistical

analysis was conducted using a 2-tailed unpaired t-test. *P < 0.05, **P < 0.01. (D)

HMGBI1 in the supernatants was detected using western blotting. The data are

representative of 3 independent experiments. See also Figure S1.

Figure 2. A low level of replication of T-01 in hematological tumor cells.

(A) Vero cells were treated with T-01 (MOI 0.1) for 24 hours in the presence of DMSO
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or 10 uM acyclovir. Jurkat, GRANTA-519, ED-40515(+), MT-2, and RPMI 8226 cells

were treated with T-01 (MOI 1.0) for the indicated periods. The amounts of the gB gene

of HSV-1 were measured by real-time PCR, and were expressed as the ratios to the

amounts at the time of culture start. The data are shown as the mean = SE of 2 (Vero cells)

or 3 (the other cells) independent experiments. (B) Jurkat and GRANTA-519 cells were

treated with T-01 (MOI 1.0) for the indicated periods in the presence of DMSO (control)

or 10 uM acyclovir. The amounts of the gB gene were measured and expressed as in (A).

The data are shown as the mean + SE of 3 independent experiments. (C) Jurkat and

GRANTA-519 cells were treated with mock or T- 01 (MOI 0.01, 0.1, and 1.0) in the

presence of DMSO (control) or 10 uM acyclovir. After 3 days, the number of viable cells

was counted. The data are shown as the mean + SE of 3 independent experiments.

Statistical analysis was conducted using non-repeated measures ANOVA followed by

SNK test. *P <0.05, **P < 0.01.

Figure 3. The expression levels of nectin-1 and 3-OS HS on the cell lines correlate

with viral entry and cytotoxicity.

(A) Viral entry versus cytotoxicity, (B) nectin-1 expression, (C) HVEM expression, and

(D) 3-OS HS expression versus viral entry and cytotoxicity. Viral entry is indicated as
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percentages of T-GFP-positive cells at MOI 1.0 after 4-hour culture. Cytotoxicity was

calculated as 1 - (viable cell number with T-01/viable cell number with mock) x 100 (%)

after treatment with T-01 (MOI 1.0) for 3 days. The expression of nectin-1, HVEM, and

3-OS HS is indicated as the mean fluorescence intensity (MFI) ratios compared with cells

stained with isotype-matched control mAbs (nectin-1 and HVEM) or those stained by

omitting anti-heparan sulfate antibody HS4C3 (3-OS HS). Each dot indicates each cell

line. Asterisks in (B) indicate HL-60. Statistical analysis was conducted using

Spearman’s correlation. See also Figures S2-4.

Figure 4. The expression levels of nectin-1 on clinical samples correlate with entry

and cytotoxicity by T-01.

(A) nectin-1 expression and (B) HVEM expression versus cytotoxicity. Nectin-1 and

HVEM expression is indicated as the MFI ratio compared with cells stained with isotype-

matched control mAbs. Cytotoxicity was calculated as 1 - (viable cell percentage with T-

01/viable cell percentage with mock) x 100 (%) after treatment with T-01 (MOI 10) for

3 days. Each dot indicates each cell line. Red and black dots indicate samples from

relapsed and untreated patients, respectively. Statistical analysis was conducted using

Spearman’s correlation. See also Figure S6.
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Figure 5. Nectin-1 knockdown and transfection affect viral entry and cytotoxicity.

(A) Nectin-1 expression (upper panels) and viral entry (lower panels) in Jurkat and THP-
1 cells after knockdown of nectin-1 with shRNA. Nectin-1 expression is shown as the
MFTI ratio compared with cells stained with isotype-matched control mAbs. Viral entry is
indicated as percentages of T-GFP-positive cells at MOI 1.0. 62933 indicates cells with
nectin-1 knockdown. The data are shown as the mean = SE of 3 independent
measurements. Statistical analysis was conducted using a 2-tailed unpaired t-test. *P <
0.05, **P < 0.01. (B) Nectin-1 expression (left panels), viral entry (middle panels), and
cytotoxic effects of T-01 (right panels) on Ramos (upper panels) and E.G7-ONA (lower
panels) transfected with human nectin-1. The data are shown as the mean + SE of 3
independent measurements. Statistical analysis was conducted using non-repeated

measures ANOVA followed by Dunnett’s test. *P < 0.05, **P <0.01.

Figure 6. Antitumor effects of T-01 in vivo in immunodeficient mice.
(A) Treatment schema. GRANTA-519 or ED-40515(+) cells were subcutaneously
implanted into the left flank of SCID Beige mice. Mock or T- 01 (0.2 x 10° or 1.0 x 10°

pfu) was injected into the established tumor on day 0 and 3. The tumor size was measured
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every 2 or 3 days. (B) Tumor growth curves (n = 7 and 8 for GRANTA-519 and ED-
40515(+), respectively). Arrows indicate injection of mock or T-01. The data are shown
as the mean + SE. Statistical analysis was conducted using non-repeated measures

ANOVA followed by Dunnett’s test. **P < 0.01.

Figure 7. Antitumor effects of T-01 in vivo in immunocompetent mice.

(A) Treatment schema. E.G7-OVA-nectin-1 was subcutaneously implanted into the right
and left flanks of C57BL/6 mice. Mock or T- 01 (2.0 x 10° pfu) was injected into the
established right tumor on day 0 and 3. The tumor size was measured every 2 or 3 days.
(B) Tumor growth curves (n = 8). Arrows indicate injection of mock or T-01. The data
are shown as the mean + SE. Statistical analysis was conducted using a 2-tailed unpaired
t-test. ¥*P < 0.05. (C) Tetramer staining of tumor-infiltrating lymphocytes (TILs) and
spleen cells. TILs from the T-Ol-injected right-side tumor, those from the T-01-non-
injected left-side tumor, and spleen cells were isolated 10 days after the second injection
of mock or T-01. The frequency (%) of H-2K® OVA tetramer-positive cells among CD8"
T cells was measured by flow cytometry. The statistical differences of the tetramer-
positive cells between mock- or T-01-treated mice were analyzed (n = 4) (upper panels).

The data are shown as the mean + SE. Statistical analysis was conducted using a 2-tailed

35



unpaired t-test. ***P <(0.001. Lower panels show representative data of TILs stained with

the OVA tetramer.
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Figure 6
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Figure 7
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Figure S1
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Figure S1 related to Figure 1. T-01 kills human cell lines derived from various
lineages of hematological malignancies.
Human hematological tumor cell lines of myeloid, T cell, and B cell lineages were treated
with mock or T-01 (MOI 0.01, 0.1, and 1.0). After 3 days, the number of viable cells was
counted. The data are shown as the mean + SE of 3 independent experiments. Statistical
analysis was conducted using non-repeated measures ANOVA followed by Dunnett’ s test.

*P <0.05, **P < 0.01.
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Figure S2 related to Figure 3. The degrees of viral entry are highly variable among the cell lines.

(A) Cell lines were treated with T-GFP (MOI 1.0) for 4 hours. The degrees of viral entry are shown by flow cytometry with
forward scatter versus EGFP. The left and right panels of each cell line indicate cells without and with T-GFP, respectively.
The percentages of EGFP-positive and negative cells are indicated on the plot. The cell lines susceptible to T-01 are
labeled with red.

(B) A graph showing the percentages of cells with viral entry as detected by EGFP positivity shown in (A). The data are
shown as the mean * SE of 3 independent experiments.

(C) Graphs showing the percentages of cells with viral entry as detected by EGFP positivity at 4 and 24 hours. The cell lines
with low levels of viral entry at 4 hours are shown. (i) T-01-susceptible cell lines, (ii) T-0O1-resistant cell lines. The data are

shown as the mean * SE of 3 independent experiments.



Figure S3
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Figure S3 related to Figure 3. Expression of nectin-1, HVEM, 3-OS HS, and PILRa on

lymphocytes and monocytes in human peripheral blood.

Lymphocytes and monocytes were gated based on forward and side scatters. Red histograms

represent cells stained with isotype-matched control mAbs. Anti-heparan sulfate antibody

HS4C3 was omitted for the negative control of 3-OS HS. The data are representative of 3

independent experiments.
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Figure S6
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Figure S6 related to Figure 4. Susceptibility to T-01 and expression of nectin-1 and HVEM on clinical samples.

Mononuclear cells from clinical samples were stained with appropriate combinations of mAbs, based on prior flow cytometric analysis of each
clinical sample. Tumor cells within each sample were gated before analysis. Left: dot plots of forward scatter and propidium iodide with gating of
viable cells after treatment with mock or T-01 at the indicated MOI for 3 days. Percentages of viable cells are indicated on each plot. The
samples regarded as susceptible to T-01 are labeled with red. Middle: viability after treatment with mock or T-01 (MOI 0.1, 1, or 10) for 3 days,
calculated as (viable cell percentage with T-01/viable cell percentage with mock) x 100 (%). Right: expression of nectin-1 and HVEM on tumor
cells. Red histograms represent cells stained with isotype-matched control mAbs.
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Figure S7. Nectin-1 expression and viral entry are upregulated by epigenetic regulation.
(A) Ramos and HEL cells were treated with reagents contained in a chemical library for epigenetics research at 1 uM for 24 hours. Nectin-1 expression and cell
viability are shown by columns and circles, respectively (in red for the cells treated with the indicated reagents). Nectin-1 expression was detected by flow
cytometry. Cell viability was detected as trypan blue exclusion. (B) Ramos, HEL, THP-1, and SYK-11L(+) cells were treated with decitabine, I-BET726, or

LMK-235 at the indicated concentrations for 24 hours. Nectin-1 expression was detected by flow cytometry. The data are shown as the mean + SE of 3
independent measurements. (C) Cells were treated with the indicated reagents for 24 hours. Thereafter, the cells were cultured with T-GFP for 4 hours. Viral

1
4
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(%) Aungeip

entry was detected using flow cytometry. The data are shown as the mean + SE of 3 independent measurements. Statistical significance was examined against
DMSO-treated control cells. Statistical analysis was conducted using non-repeated measures ANOVA followed by Dunnett’ s test. *P < 0.05, **P < 0.01.
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Figure S8. Expression and activity of the cGAS-STING pathway.

(A) cGAS, STING, and B-actin in cell extracts were detected by western blotting. The cell lines
susceptible to T-01 are labeled with red. (B) Phosphorylated TBK1 (p-TBK1), total TBK1, p-IRF3, and
total IRF3 in THP-1, ATL-43T, and MT-2 in cell extracts were detected by western blotting after
stimulation with mock or T-01 (MOI 10) for 10 hours (in the left panels) or with DMSO or HSV-60 (10
ug/mL) for 3 hours (in the right panels). The cell lines susceptible to T-01 are labeled with red. The data

are representative of 3 independent experiments.



Figure S9
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Figure S9. Correlation between IFN-3 mRNA expression and cytotoxicity by T-01.

The 14 cell lines examined in Figure S8A were infected with T-01 at MOI 1.0 for 24 hours. The
expression levels of IFN-B mRNA was measured by quantitative RT-PCR. Cytotoxicity was
calculated as 1 - (viable cell number with T-01/viable cell number with mock) x 100 (%) after
treatment with T-01 (MOI 1.0) for 3 days. Statistical analysis was conducted using Spearman’ s

correlation.
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Table S1 related to Figure 1. Human cell lines of hematological malignancies

Cell line Origin Source Cytotoxicity
Myeloid-derived

THP-1 Acute monocytic leukemia JCRB +
SET-2 Acute megakaryoblastic leukemia K.Shimoda +
SKM-1 Acute myeloid leukemia JCRB +
MEG-01 Chronic myeloid leukemia ATCC +

HEL Acute erythroid leukemia JCRB -
HL-60 Acute promyelocytic leukemia ATCC -

CHRF-288-11 Acute megakaryoblastic leukemia K. Shimoda -
T cell-derived

Jurkat Acute T-cell leukemia K. Imada +
ATL-43T Adult T-cell leukemia M. Maeda +
SYK-11L(+) Adult T-cell leukemia K. Imada +
ED-40515(+) Adult T-cell leukemia M. Maeda +
MT-2 Adult T-cell leukemia K. Imada +
HuT 102 Adult T-cell leukemia M. Nishikori +
SU-DHL-1 Anaplastic large cell lymphoma M. Nishikori -
SR-786 Anaplastic large cell lymphoma M. Nishikori -
B cell-derived

GRANTA-519 Mantle cell lymphoma M. Nishikori +
Raji Burkitt lymphoma M. Nishikori +
KM-H2 Hodgkin lymphoma M. Nishikori +
RPMI 8226 Plasma cell myeloma JCRB +
KMS-12-BM Plasma cell myeloma JCRB +
MM.1S Plasma cell myeloma ATCC +
NCI-H929 Plasmacytoma ATCC +
U266 Plasmacytoma ATCC +
Ramos Burkitt lymphoma M. Nishikori -
FL-318 Diffuse large B-cell ymphoma M. Nishikori -
KIS-1 Diffuse large B-cell ymphoma M. Nishikori -

ATCC: American Type Culture Collection

JCRB: Japanese Collection of Research Bioresources Cell Bank

Cytotoxicity : with (+) or without (-) statistically significant cytotoxicity with MOI 0.01, 0.1, or
1.0 of T-01, as shown in Figure S1



Table S2 related to Figure 4. Clinical samples

Patient # Disease ‘ Age ‘ Sex ‘ Sample ‘Cytotoxicity‘ Nectin-1 ‘ HVEM

Relapsed
1 AML 62 M | PB + + -
2 AML 68 F PB + + +
3 AML 78 F PB + + -
4 AML 85 M | PB + + -
5 T-LBL 31 M | PB + + +
6 PTCL 77 M | Ascites + + +
7 MM 68 F Ascites + + +
8 Plasmacytoma | 69 M PE + + -
9 SMZL 52 M Spleen - - +
10 FL 56 F LN - - +

Untreated
11 AML 67 F BM - - +
12 AML 83 M | BM - - -
13 AML 89 M | BM - - -
14 ATLL 65 F PB - - -
15 PTCL 76 F PE - - +

AML: acute myeloid leukemia; T-LBL: T-lymphoblastic leukemia; PTCL: peripheral T-cell
lymphoma; MM: multiple myeloma; SMZL: splenic marginal zone lymphoma; FL: follicular
lymphoma; PB: peripheral blood; PE: pleural effusion; LN: lymph node

Cytotoxicity positive (+): decrease in viability at MOl 10 = 20% compared to mock treatment;
(-): <20% compared to mock treatment

Nectin-1, HVEM positive (+): MFl ratio > 1.5; negative (-): MFI ratio < 1.5



Table S3. List of antibodies

Reagent Isotype Clone Source Catalog#
FITC Mouse IgG1 Isotype Mouse IgG1, k | MOPC-21 BD Biosciences 555748
FITC anti-human CD38 Mouse IgG1, k | HB7 BD Biosciences 340927
FITC HLA-DR Mouse 1gG2b, k | B8.12.2 Beckman Coulter | IM0463U
FITC Mouse IgG1 Isotype Mouse IgG1, k | MOPC-21 BioLegend 400110
FITC Mouse IgG2a Isotype Mouse IgG2a, k | MOPC-173 | BioLegend 400208
FITC Mouse IgG2b, k Isotype Ctrl Mouse IgG2b, k | MPC-11 BioLegend 400309
FITC anti-human CD117(c-kit) Mouse IgG1, k | 104D2 BioLegend 313231
FITC anti-human CD19 Mouse IgG1, k | HIB19 BioLegend 302206
FITC anti-human CD138 Mouse IgG1, k | MI15 BioLegend 356508
FITC anti-human CD3 Mouse 1gG2a, k | HIT3a BioLegend 300305
FITC anti-human CD14 Mouse 1gG2a, k | M5E2 BioLegend 301803
FITC anti-human CD34 Mouse IgG2a, k | 561 BioLegend 343603
FITC anti-human CD45RO Mouse 1gG2a, k | UCHLA1 BioLegend 304242
FITC anti-human CD4 Mouse IgG2b, k | OKT4 BioLegend 317408
Goat anti-mouse IgG(H&L),FITC conjugate Goat IgG Thermo Fisher A24525
PE Mouse IgG1 Isotype Mouse IgG1, k | 679.1Mc7 | Beckman Coulter | A07796
PE anti-human CD117 Mouse IgG1, k 104D2D1 Beckman Coulter | IM2732
PE Mouse IgG1, k Isotype Ctrl(FC) Mouse IgG1, k | MOPC-21 BioLegend 400113
PE anti-human CD111(Nectin-1) Mouse IgG1, k | R1.302 BioLegend 340404
PE anti-human CD270(HVEM, TR2) Mouse IgG1, k | 122 BioLegend 318805
PE anti-human CD3 Mouse 1gG2a, k | HIT3a BioLegend 300307
APC Mouse IgG1, k Isotype Ctrl(FC) Mouse 1gG1, k | X40 BD Biosciences 340442
APC anti-human CD34 Mouse IgG1, k | 581 BD Biosciences 555824
APC anti-human CD38 Mouse IgG1, k | HB7 BD Biosciences 340439
APC Mouse IgG1, k Isotype Ctrl(FC) Mouse IgG1, k | MOPC-21 BioLegend 400122
APC anti-human CD19 Mouse IgG1, k | HIB19 BioLegend 302212
APC Mouse IgG2a, k Isotype Ctrl Mouse 1gG2a, k | MOPC-173 | BioLegend 400219
APC anti-human CD3 Mouse 1gG2a, k | HIT3a BioLegend 300311
APC anti-human CD34 Mouse IgG2a, k | 561 BioLegend 343608
Alexa Fluor 488 Mouse IgG1, k Isotype Ctrl(FC) | Mouse 1gG1,k MOPC-21 BioLegend 400132
Alexa Fluor 488 anti-human CD80 Mouse IgG1,k 2D10 BioLegend 305213
Alexa Fluor 488 Mouse IgG2b, k Isotype Ctrl Mouse IgG2b,k | MPC-11 BioLegend 400329
Alexa Fluor 488 anti-human CD86 Mouse IgG2b,k | IT2.2 BioLegend 305413
Myosin lla Antibody Rabbit IgG Cell Signaling 3403
Myosin llb XP Rabbit mAb Rabbit IgG D8H8 Cell Signaling 8824
Myosin llc Rabibit mAb Rabbit IgG D4A7 Cell Signaling 8189
cGAS Rabbit mAb Rabbit IgG D1D3G Cell Signaling 15102
STING Rabbit mAb Rabbit IgG D2P2F Cell Signaling 13647
PKR Mouse 1gG2b, k | B-10 Santa Cruz sc-6282
Anti-PKR(phospho T446)antibody Rabbit IgG E120 Abcam ab32036
Anti-PKR(phospho T451)antibody Rabbit IgG EPR2152Y | Abcam ab81303
Phospho-elF2a(Ser51) XP Rabbit mAb Rabbit IgG D9G8 Cell Signaling 3398
TBK1/NAK Rabbit mAb Rabbit IgG D1B4 Cell Signaling 3504
Phospho-TBK1/NAK(Ser172)XP Rabbit mAb Rabbit IgG D52C2 Cell Signaling 5483
IRF-3(D614C)XP Rabbit mAb Rabbit IgG D6l4C Cell Signaling 11904
Phospho-IRF-3(Ser386)XP Rabbit mAb Rabbit IgG E7J8G Cell Signaling 37829
Human HMGB1/HMG-1 antibody Mouse IgG2b 115603 R&D systems MAB1690
Anti-rabbit IgG,HRP-linked Antibody Goat Cell Signaling 7074
Anti-Mouse IlgG—Peroxidase antibody Rabbit Sigma-Aldrich A9044
Anti-VSV-G tag mAb Mouse P5D4 Abcam ab50549




Supplemental Methods

Cell lines

Cells except for the following cell lines were cultured in RPMI-1640 (Sigma-Aldrich) containing 10% heat-
inactivated fetal bovine serum (FBS) (Corning, Corning, NY) and 5 mM HEPES (Nacalai Tesque, Kyoto,
Japan). SET-2 cells were cultured in DMEM (Sigma-Aldrich) containing 10% FBS, 10 pM 2-
mercaptoethanol (Fujifilm Wako), and MEM non-essential amino acid solution (Fujifilm Wako). CHRF-
288-11 and HL-60 cells were cultured in IMDM (Fujifilm Wako) containing 10% and 20% FBS,
respectively. ED-40515(+), ATL-43T, and SYK-11L(+) cells were cultured in RPMI-1640 containing 10%
FBS, 5mM HEPES, and 8 U/mL human IL-2 (BioLegend). Vero and HEK293T cells were cultured in
DMEM containing 10% FBS.

Plasmids and transfection

Human nectin-1 shRNA (#245117), control shRNA (#246995), human nectin-1 expression (#281558),
and pLX304 control (#25890) lentiviral vector plasmids were purchased from Dharmacon (Lafayette, CO).
QIAprep Spin Miniprep Kit (Qiagen) was used for purification of the plasmid. Approximately 24 hours
before transfection, HEK293T cells (5 x 10%) were seeded into 6-well culture plates in 2 mL growth medium
(DMEM + 10% FBS) and incubated at 37 °C, 5% CO, overnight. When cells were about 85-95% confluent,
half of the medium was replaced. Transfection of DNA mixture of packing plasmids and lentivirus vectors
was performed by using Lipofectamine 3000 (Thermo Fisher) according to the manufacturer’s instructions.
About 16-20 hours after transfection, the transfection medium was replaced with 2 mL fresh complete
growth medium (high glucose DMEM + 10% FBS) and cells were incubated at 37 °C for additional 48
hours. Thereafter, lentiviral supernatants were harvested and centrifuged at 1600g, 4 °C for 10 min. The
supernatant was stored in -80°C until used. Cell lines (Jurkat, THP-1, Ramos, and E.G7-OVA) were
infected by adding half the volume with the lentiviral supernatants plus polybrene (Nacalai Tesque) ata 5
pg/mL final concentration. The infected cells were incubated for 24 hours and then given fresh growth
media for 2448 hours before beginning selection. The infected cells were propagated in medium

containing 10 pg/mL puromycin (InvivoGen, San Diego, CA) or 10 pg/mL blasticidin S (Fujifilm Wako).

Detection of 3-OS HS

After blocking with 5% human IgG and 1% goat serum for 15 min on ice, cells were stained with a
vesicular stomatitis virus (VSV)-tagged single chain variable fragment antibody (HS4C3) that recognizes
3-O-sulfated oligosaccharide structures' for 30 min on ice. After washing, cells were stained with mouse
anti-VSV-G tag mAb (Abcam, Cambridge, UK) for 30 min on ice, followed by staining with FITC-
conjugated goat anti-mouse IgG (H+L) (Thermo Fisher) for 30 min on ice. Negative control cells were

stained by omitting HS4C3. Cells were analyzed by flow cytometry.



Western blotting

Equal numbers of cells were resolved on SDS-PAGE (Criterion™ TGX™). Trans-Blot Turbo™
Transfer System was used for the transfer of proteins to PVDF membranes (all reagents from Bio-Rad,
Hercules, CA). The membrane was blocked in 5% Difco™ skim milk (BD Biosciences) or 5% bovine
serum albumin (Roche Diagnostics, Rotkreuz, Switzerland). The signal was detected using an ImageQuant
LAS-4010 (GE Healthcare, Chicago, IL). HSV-60 (InvivoGen) was added to cells with Lipofectamine 3000
(Thermo Fisher).

Epigenetic regulation

A chemical library for epigenetics research (containing 80 compounds) was purchased from Sigma-
Aldrich (S990043-EPI1). Decitabine, I-BET 726, and LMK-235 were purchased from Selleck (Houston,
TX) and dissolved in DMSO. Cells were seeded in a 96-well plate at 1 x 103 cells per well, and each
compound was added at the indicated concentrations. After incubation for 24 hours, cells were collected

and analyzed.

Reverse transcription and real-time PCR for IFN-f mRNA

Total RNA was isolated using an RNeasy Mini Kit (Qiagen). PrimeScript RT Master Mix (Takara Bio
Inc., Kusatsu, Japan) was used for cDNA synthesis. The samples were run on a ViiA7 Real-Time PCR
System (Applied Biosystems). Amplification was performed using SYBR Premix Ex Taq II (Takara Bio
Inc.) as follows: 95°C for 30 seconds followed by 40 cycles of 95°C for 5 seconds and 60°C for 30 seconds.
All the experiments were performed in triplicate. RPL13A was used as an endogenous control. The AACt
method was used to quantify the relative amount of mRNA in each sample in comparison with the control.
Primer sequences used were: RPL13A (forward: 5’-TGTTGGACTTTCCACCTG-3’, reverse: 5’-
AACCCCTTGGTTGTGC-3"), IFN-B (forward: 5’-CGACACTGTTCGTGTTGTCA-3’, reverse: 5’-
GAAGCACAACAGGAGAGCAA-3’)

Animal experiments

Four-week-old female SCID Beige mice were purchased from Charles River Laboratories Japan, Inc. and
were used in experiments at five weeks of age. GRANTA-519 or ED-40515(+) cells (5 x 10°) in a mixture
of 50 uL of RPMI-1640 without serum and 50 pL of Matrigel (BD Biosciences) were implanted
subcutaneously into the left flank.> When tumors reached about 5 mm in diameter, mice were randomized,
and T-01 (2 x 10° or 1 x 10° pfu) or mock in 20pL PBS containing 10% glycerol was injected into the
tumors on days 0 and 3. The mice were killed when the maximum diameter of tumors exceeded 20 mm.
The tumor size was measured using Vernier calipers every 2 or 3 days. The tumor volume was calculated

using the formula 1/2 x [long axis] x [short axis]?.



Four-week-old female C57BL/6 mice were purchased from Charles River Laboratories Japan, Inc. and
were used in experiments at five weeks of age. E.G7-OVA-nectin-1 cells (1 x 10°) in a mixture of 50 uL
of RPMI-1640 without serum and 50 pL of Matrigel were implanted subcutaneously into the right and left
flanks.> When tumors reached about 5 mm in diameter, mice were randomized, and T-01 (2 x 10°pfu) or
mock in 20 pLL PBS containing 10% glycerol was injected into the right-side tumors on days 0 and 3. The
mice were killed 10 days after the second injection of T-01 or mock, and TILs and spleen cells were isolated.
The cells were stained with FITC-conjugated rat anti-mouse CD8 mAb, biotinylated and streptavidin-PE-
bound H-2K® OVA tetramer or negative (SIY) tetramer (MBL), and 7-aminoactinomycin D (BioLegend).
OVA tetramer CD8" T cells were detected by flow cytometry.
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