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Figure 5: Continued.
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F1GURe 5: Combined effects of 401/C8 and m8A on killing of CTL-resistant HTLV-I-infected cells. (a) FPM1V.EFGFP/8R cells were exposed
to m8A/RT1AISCTax180L, m8A/RTIAISCNLEnv371L, or PBS for 2 hrs at indicated MOL After extensive wash, the cells were cocultivated
with 401/CS8 for indicated periods and subjected to flow-cytometric analysis for the expression of EGFP at the indicated days. Percentage of
EGFP positive cells is indicated in each panel. (b) Bar graph of the flow-cytometric data. The data are presented as mean + SD of triplicate
wells. Asterisks indicate statistical significance (P < 0.01) compared to the m8A/RT1AISCNLEnv371L-infected cells with corresponding MOL.
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FIGURE 6: Production of IFN-y by 40l/C8 that was cocul-
tured with recombinant m8A-exposed FPMIV.EFGFP/8R cells.
FPM1V.EFGFP/8R cells were exposed to m8A/RT1AISCTax180L,
m8A/RTIAISCNLEnv371L, or PBS for 2 hrs at indicated MOI. After
extensive wash, the cells were cocultivated with 401/C8 for 2 days.
Production of IFN-y in the supernatants of mixed culture was
measured by ELISA. The data represent the mean + SD of triplicate
wells. Asterisks indicate statistical significance (P < 0.05) compared
to the mock-infected controls.

it has been reported that combining adoptive cell therapy
with oncolytic viruses leads to effective elimination of tumor
cells [42]. In addition to the primary effects of direct killing
of tumor cells, tumor-specific T cells were also known to
enhance oncolysis in vivo by carrying oncolytic viruses to dis-
tal tumor sites [43]. Thus, combined administration of SCT-
expressing oncolytic virus and tumor-specific T cells could be
one of the ideal combinations to maximize antitumor effects.
However, it is also important to note that CTLs may possibly
have inhibitory effects on the replication of oncolytic viruses.
Although significant inhibition of the virus replication was
not induced by 401/C8 cells as shown in Figure 7(b), IFN-y

produced by the CTLs could have the potential to exert
adverse effects on the virus replication in different conditions.
Thus, it should be important to consider the effects of CTLs
on virus replication and oncolytic activity when we design the
combination therapy of antigen-expressing oncolytic viruses
and tumor-specific T cells.

VVs are known to have unique biological properties,
including resistance to antibody- and compliment-mediated
neutralization abilities in blood [44, 45]. Taking advantage
of the properties, a recent clinical trial has successfully
demonstrated the intravenous delivery and replication of
oncolytic VVsin metastasized tumor tissue [21]. Since HTLV-
I primarily infects T cells in the blood and expands through
the bloodstrearm, it is reasonable to assume that VVs could
also reach systemically spreading HTLV-I-infected cells after
intravenous administration. In addition, the unique biologi-
cal nature of VVs made them possible to spread systemically
even in patients with a history of live VV vaccination [21].
Thus, it is anticipated that oncolytic VVs could be effective in
HTLV-I-infected individuals with anti-VV immunity.

The efficacy of a cancer treatment has to be balanced
against its potential toxicity to normal cells. The safety of
m8A has been demonstrated through the use of its natural
counterpart, m8, for smallpox vaccine [23]. It is of note
that m8A infection showed neither viral replication in nor
cytolysis of Tax-specific CTLs (Figure 2), further indicating
the reduced toxicity to normal cells. However, due to the
lack of B5R gene, oncolytic activity of m8A was shown to
be declined [24]. Our present observation also confirmed
the weaker oncolytic activity of m8A than that of mO in
a rat HTLV-I-infected cell line (Figure 1). In addition, we
observed the lack of Tax-specific T cell activation in the
mixed culture of FPM1V.EFGFP/8R cells infected with m8A
(Figure 3) or m8A/RTI1AISCNLEnv371L (Figure 6). Since
FPMIV.EFGFP/8R cells are known to express Tax protein
[25], it is anticipated that cytolysis of FPM1V.EFGFP/8R by
m8A should lead to the release of the viral antigen and
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FIGURE 7: Viability of and viral replication in FPMIV.EFGFP/8R cells exposed to recombinant m8As. (a) FPM1V.EFGFP/8R cells were exposed
to m8A/RTIAISCTax180L (=), m8A/RTIAISCNLEnv371L (4), or PBS (@) for 2 hrs at MOI 5. After extensive wash, the cells were cultured for
indicated periods and the cell growth was assessed by using cell counting kit 8. The cell viabilities are expressed as percentages of the cell
survival of mock-infected cultures. The data are presented as mean + SD of triplicate wells. (b) FPMIV.EFGFP/8R cells (5 x 10%/well) were
exposed to m8A at MOI 2, or m8A/RT1AISCTax180L, or m8A/RTIAISCNLEnv371L at MOI 5. After extensive wash, the cells were cultured in
the presence or absence of 401C8 cells (2.5 x 10°/well) for indicated periods and were collected for the evaluation of virus proliferation. The
proliferation of VVs was determined by titrating the cell lysates. The data are presented as mean + SD of triplicate wells.

the activation of 401/C8 cells. Indeed, our previous results
showed that addition of Tax180 peptide directly to the culture
led to the activation of 401/C8 [25]. Thus, it is possible
that cytolysis of FPMIV.EFGFP/8R cells by m8A was slowly
processed even when m8A efficiently replicated in the cells
and that the amount of Tax protein released from destructed
cells was not enough to activate Tax-specific CTLs in the
present experimental condition. Under this condition, to
compensate the reduced oncolytic ability of m8A, we intro-
duced a gene encoding SCT with Tax180 within the genome
of m8A and showed the improved cytolysis of FPM1 cells by
Tax-specific CTLs without altering direct oncolytic ability of
m8A. It seemed that the ability to induce T cell activation
by m8A/RTIAISCTax180L could be fairly strong, because
rabbit RKI3 cells also became capable of inducing IFN-
y production by 401/C8 cells after m8A/RT1AISCTax180L
infection (Figure 4(d)). Since uncontrolled activation of T
cells may result in normal cell injury, it is also necessary to
carefully evaluate the safety of the virus in vivo. In addition,
there are other strategies to overcome the reduced oncolytic
activity of attenuated viruses [17]. As for m8A, Hikichi et al.
have successfully developed a microRNA-regulated system,
by which m8A can selectively express B5R in tumor cells and
demonstrated full restoration of its oncolytic activity [24].
These strategies could be also combined to further enhance
oncolytic activities without damaging normal cells.

ATL is known to acquire resistance to conventional
chemotherapy and has a poor prognosis. Although allo-
HSCT had been developed for the treatment of ATL, patients
who are eligible for the treatment are still limited [46, 47].
Recently, a novel promising therapy using a humanized
anti-CCR4 monoclonal antibody has been reported to be

effective against ATL [48]. In addition, there are other novel
target proteins discovered for T cell therapies against ATL,
including NY-ESO-1 [49], and hTERT [50]. Since the VV
encoding SCTs developed in this study as well as previously
reported VSV [19] have unique mechanisms of action against
HTLV-I-infected cells, it is possible that combination of these
oncolytic viruses with the recently developed immune thera-
pies could further enhance the efficacy of ATL treatment.

5. Conclusion

We demonstrated that an attenuated VV, m8A, possesses
oncolytic activity to HTLV-I-infected cells and that m8A
encoding SCT with a Tax-epitope enhances the cytolysis
of CTL-resistant HTLV-I-infected cells in combination with
Tax-specific CTLs. This newly established VV expressing
SCT should have combining tumor debulking activity of
direct tumor lysis and activation of tumor specific CTLs.
The combination of epitope specific-CTLs and attenuated
VVs encoding SCTs with corresponding epitopes could be
effective tool to eradicate tumors escaping from immune
surveillance.
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HTLV-I:  Human T cell leukemia virus type I
HAM/TSP: HTLV-I-associated myelopathy/tropical
spastic paraparesis

MOL Multiplicity of infection

MHC-I:  Major histocompatibility complex
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SCT: Single chain trimer
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VSV: Vesicular stomatitis virus.
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