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various cellular disorders. Thus, these abnormal aggregates are required for rapid
degradation (33, 34). Recruitment of chaperones is an adaptive cellular response to
assist in ubiquitin-dependent degradation. Hsp72 is usually expressed at low basal
levels and increases in response to cellular stressors, therefore, the up-regulation and
recruitment to IBs of Hsp72 indicates that the formation of abnormal structures
consisting of massive viral proteins is deleterious for cell survival. Indeed, our data
revealed that Hsp72 bound to the P protein through its C-terminal peptide binding
domain and promoted the ubiquitin-proteasomal degradation of P protein, and
suppressed apoptotic cell death of MuV-infected cells. Because the accumulation of the
ubiquitinated P protein had no effect on viral propagation, Hsp72 might contribute to
the degradation of excess amounts of P protein. It is unclear why the P protein, but not
N protein, is targeted by Hsp72-mediated degradation. However, these data may
suggest a specific role for the P protein degradation in cellular stress responses. One
possibility is speculated as follows: the specific degradation of MuV P protein may
elicit a high-avidity cytotoxic T lymphocyte (CTL) response, since the degraded
paramyxoviral P protein but not other viral proteins has been reported to contribute to
effective CTL elicitation via MHC class I presentation (35, 36). Although we did not
examine the possibility in this study, Hsp72 might play a crucial role in elicitation of
high-avidity CTLs by regulating the ubiquitin-proteasomal degradation of MuV P
protein.

Hsp70 family chaperone proteins play major roles in protein quality control (PQC)
and maintenance of protein homeostasis. They not only support correct folding and
re-folding of client proteins but also guide the substrates to protein degradation
systems when a native folding state cannot be reached (37, 38). Hsp70 is involved in
the ubiquitin-proteasome system, which is the main cellular protein degradation
system. Recruitment of carboxyl-terminus of Hsp70 interacting protein (CHIP), which
serves as an E3 ubiquitin ligase, is a well-known function of Hsp70 in the
ubiquitin-proteasome pathway (39). Hsp70 is also involved in multistep processes such
as substrate unfolding, insertion into the proteasomal core and proteasome biogenesis
(40, 41). Accumulation of the ubiquitinated P protein in Hsp72-knocked down cells
suggests that Hsp72 plays a crucial role in degradation of the P protein after the step of
ubiquitination.

The V protein was also ubiquitinated and associated with Hsp72. However, Hsp72
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was not essential for the V protein degradation. The MuV P protein contains a
multimerization domain at the unique C-terminal region, and forms a homo-tetramer
(31), while the V protein lacks the multimerization domain and functions as a
monomer (42, 43). The rate-limiting step of proteasomal degradation is the unfolding
of substrates (44). Therefore, degradation of the P protein may require the support of
Hsp72 due to the tetrameric structure.

In summary, the formation of IBs is a common strategy of many negative-stranded
RNA viruses. The present study demonstrated for the first time the functional
interaction between viral and host proteins in the IBs of MuV-infected cells. The host
chaperone protein Hsp72 interacted with the MuV P protein in IBs, and targeted the
MuV P protein for ubiquitin-mediated degradation. These data should provide

insights into the roles of chaperone proteins in virus-infected cells.
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Figure Legends

Fig. 1. Intracellular localizations of MuV proteins and genomic RNA. (A) Vero cells
infected with MuV were immunostained at 24 hr postinfection (h.p.i.) with mouse
anti-N (23D), anti-P (57A), anti-M (79D), anti-F (170C) or anti-HN (78) MADb and rabbit
anti-N, anti-V/P (T61), anti-V (T60) or anti-L (L17) PAb, followed by AF488-conjugated
anti-mouse IgG and AF5%4-conjugated anti-rabbit IgG, respectively. Cell nuclei were
stained with DAPI (blue). (B) Vero cells infected with MuV were immunostained at 24
h.p.i. with rabbit anti-V/P PAb and AF5%4-conjugated anti-rabbit IgG. Then, the cells
were subjected to fluorescence in situ hybridization assay to detect viral genomic RNA.
Cell nuclei were stained with DAPI (blue). (C and D) Vero cells transfected with
pCAGGS-N, P and/or L alone or in combination were immunostained at 24 hr

posttransfection with anti-N or anti-P MAb and anti-V/P or anti-L PAb, followed by
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AF488-conjugated anti-mouse IgG and AF594-conjugated anti-rabbit IgG, respectively.
Cell nuclei were stained with DAPI (blue).

Fig. 2. Identification of cellular proteins associated with the MuV P protein by
FOS-tagged purification. (A) Overview of the FOS-tagged purification of cellular
proteins associated with the MuV N and P protein. (B) Vero cells transfected with
pCAG-N-FOS and/or pCAG-P-FOS were immunostained at 24 hr posttransfection
with mouse anti-N MAb and rabbit anti-V/P PAb, followed by AF488-conjugated
anti-mouse IgG and AF594-conjugated anti-rabbit IgG. Cell nuclei were stained with
DAPI (blue). (C) Purified products were subjected to SDS-PAGE, followed by CBB
staining. The empty vector (EV) was used as a negative control. (D) Purification of the
P-FOS protein was confirmed by immunoblotting using mouse anti-FLAG MAb (M2)
and rabbit anti-V/P PAb. (E) Detection of Hsp70 family proteins in the purified P-FOS

complexes was performed by immunoblotting using the appropriate antibodies.

Fig. 3. Hsp72 was up-regulated and recruited to the IBs during MuV infection. (A)
Summary of Hsp70 family protein candidates for binding partners of the P protein. (B)
FLAG-Hsp70 proteins were coexpressed with HA-P in 293T cells, immunoprecipitated
with anti-HA antibody, and immunoblotted with anti-HA and anti-FLAG antibodies.
(C) Vero cells infected with MuV were immunostained at 24 hr postinfection (h.p.i.)
with mouse anti-Hsp72 or anti-Hsc70 MAb and rabbit anti-MuV V/P PAb or mouse
anti-P MAb and rabbit anti-GRP78 PAb, followed by the appropriated secondary
Alexa-conjugated antibodies, respectively. Cell nuclei were stained with DAPI (blue).
(D) Vero cells were infected with MuV at an MOI of 1.0. Cell lysates were collected at
the indicated times and subjected to immunoblotting with the appropriate antibodies.
(E) 293T cells were transfected with pCAGGS-P or empty vector (EV). At 24 hr
postransfection, cell lysates were collected and subjected to immunoblotting with the
appropriate antibodies. (F and G) Vero cells transfected with pCAGGS-P alone (F) or
pCAGGS-N and -P (G) were immunostained at 24 hr posttransfection with mouse
anti-Hsp72 MAD and rabbit anti-V/P PAb, followed by AF488-conjugated anti-mouse
IgG and AF5%4-conjugated anti-rabbit IgG. Cell nuclei were stained with DAPI (blue).

Fig. 4. Determination of the regions responsible for the interaction between the P
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protein and Hsp72. (A) FLAG-Hsp72 and its deletion mutants were coexpressed with
HA-P in 293T cells, immunoprecipitated with anti-FLAG antibody, and
immunoblotted with anti-FLAG and anti-HA antibodies. (B) HA-P and its deletion
mutants were coexpressed with FLAG-Hsp72 in 293T cells, immunoprecipitated with
anti-HA antibody, and immunoblotted with anti-HA and anti-FLAG antibodies. (C)
FLAG-Hsp72 was coexpressed with HA-V in 293T cells, immunoprecipitated with
anti-HA antibody, and immunoblotted with anti-HA and anti-FLAG antibodies.

Fig. 5. Effects of Hsp72 knockdown on MuV propagation. (A) At 48 hr posttransfection
with either siHsp72 or siNC, Vero cells were inoculated with MuV at an MOI of 1.0.
Cell lysates were collected at 24 hr postinfection (h.p.i) and subjected to
immunoblotting with the indicated antibodies. (B) At 48 hr posttransfection with either
siHsp72 or siNC, Vero cells were inoculated with MuV at an MOI of 5.0. Total cellular
RNA was extracted at 24 h.p.i. and subjected to RT using an oligo(dT) primer. The
levels of N mRNA were determined by real-time PCR and calculated as percentages of
the control HPRT1 mRNA level. The data are representative of three independent
experiments. Error bars indicate the standard deviations of the means. (C) At 48 hr
posttransfection with either siHsp72 or siNC, Vero or Huh7 cells were infected with
MuV at an MOI of 0.01. The supernatants were collected at 24, 48, 72, and 96 h.p.i., and
the infectious titers were determined by plaque assay in Vero cells. The results shown
are from three independent experiments, with the error bars representing the standard
deviations. (D) At 48 hr posttransfection with either siHsp72 or siNC, Vero cells were
inoculated with MuV at an MOI of 1.0. At 24 h.p.i., the cells were fixed, permeabilized
and immunostained with mouse anti-Hsp72 MAD and rabbit anti-V/P PAbD, followed
by AF488-conjugated anti-mouse IgG and AF594-conjugated anti-rabbit IgG. Cell
nuclei were stained with DAPI (blue).

Fig. 6. Increased apoptosis in MuV-infected Hsp72 knockdown cells. (A) At 48 hr
posttransfection with either siHsp72 or siNC, Vero cells were infected with MuV at an
MOI of 5.0. At 24 hr postinfection (h.p.i.), the cells were fixed, permeabilized and
stained with TUNEL stain. (B) TUNEL-positive cells were counted and expressed as
percentages of total cells (n > 1,000). Total cells were calculated by DAFI staining. (C)
At 48 hr posttransfection with either siHsp72 or siNC, Vero cells were inoculated with
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MuV at an MOI of 5.0. At 24 h.p.i., caspase 3/7 activity was measured, and relative

caspase 3/7 activity was calculated by normalization with cell viability.

Fig. 7. Ubiquitination of MuV P and V proteins. (A) 293T cells were transfected with a
plasmid encoding HA-Ub and infected with MuV. At 24 h.p.i., the cells were treated
with 10 pM of MG-132 for 5 hr, and then the cell lysates were subjected to
immunoprecipitation assay with anti-V/P antibody, followed by immunoblotting with
the appropriate antibodies. (B) At 24 h.p.i,, Vero cells infected with MuV were treated
with 10 pM of MG-132 for 5 hr, and then the cell lysates were subjected to
immunoprecipitation assay with anti-V/P antibody, followed by immunoblotting with

the appropriate antibodies.

Fig. 8. Hsp72 regulates the P protein degradation through the ubiquitin-proteasome
system. (A) At 48 hr posttransfection with either siHsp72 or siNC, 293T cells were
transfected with a plasmid encoding HA-Ub and infected with MuV. At 24 hr
postinfection (h.p.i.), the cells were treated with 10 uM of MG-132 for 5 hr, and then the
cell lysates were subjected to immunoprecipitation assay with anti-V/P antibody,
followed by immunoblotting with anti-HA and anti-V/P antibodies. (B) At 48 hr
posttransfection with either sillsp72 or siNC, 293T cells were transfected with
plasmids pCAGPM-HA-Ub and pCAGGS-P or -V, respectively. After 24 hr, the cell
lysates were subjected to immunoprecipitation assay with anti-V /P antibody, followed
by immunoblotting with anti-HA and anti-V/P antibodies. (C) At 48 hr
posttransfection with either siHsp72 or siNC, Vero cells were infected with MuV. At 24
h.p.i., the cells were treated with MG-132 (10 uM), Lactacystin (5 uM), Epoxomicin (10
wM) or DMSO for 2 hr. Then, 50 ug/ml of CHX was added, and the cell lysates were
collected at the indicated times. The expression levels of the P and V proteins were

detected by immunoblotting with anti-V /P antibody.
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Fig. 1. Intracellular localizations of MuV proteins and genomic RNA. (A) Vero cells infected with MuV were
immunostained at 24 hr postinfection (h.p.i.) with mouse anti-N (23D}, anti-P (57A), anti-M (78D}, anti-F
{170C) or anti-HN (78) MAb and rabbit anti-N, anti-V/P (T61), anti-V (T80} or anti-L (L17) PAb, followed by
AF488-conjugated anti-mouse 1gG and AFB94-conjugated anti-rabbit 1gG. respectively. Cell nuclei were
stained with DAPI {(biue). (B} Vero cells infected with MuV were immunostained at 24 h.p.. with rabbit anti-\/
P PAb and AF534-conjugated anti-rabbit IgG. Then, the cells were subjected to fluorescence in situ
hybridization assay to detect viral genomic RNA. Cell nuclei were stained with DAP! (blug}. (C and D} Vero
cells transfected with pCAGGS-N, P and/or L alone or in combination were immunostained at 24 hr
postiransfection with anti-N or anti-P MAb and anti-VW/P or anti-L PAb, followed by AF488-conjugated anti-
mouse IgG and AF584-canjugated anti-rabbit IgG, respectively. Cell nuclei were stained with DAPI {blug).
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Fig. 2. Identification of cellular proteins associated with the MuY P protein by FOS-tagged purification. (A}
COwerview of the FOS-tagged purification of cellular proteins associated with the MuV N and P protein. (B} Vero
cells fransfected with pCAG-N-FOS and/or pCAG-P-FOS were immunostained at 24 hr posttransiection with
mouse anti-M MAb and rabbit anti-W/P PAD, followed by AF488-conjugated anti-mouse 1gG and AF594-
conjugated anti-rabbit IgG. Cell nuclel were stained with DAPL {blue). (C) Purified products were subjected to
SD5-PAGE, followed by CBB staining. The empty vector (EVY) was used as a negative control. {D) Purification of
the P-FOS protein was confirmed by immunoblotting using mouse anti-FLAG MAb {M2) and rabbit anti-V/P PAb.
{E) Detection of Hsp70 family proteins in the purified P-FOS complexes was performed by immunoblotting using
the appropriate antibodies.
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Fig. 3. Hsp72 was up-regulated and recruited to the IBs during MuV infection. (A} Summary of Hsp70 family
protein candidates for binding partners of the P protein. (B} FLAG-Hsp70 proteins were coexpressed with HA-P
in 293T cells, immunoprecipitated with anti-HA antibody, and immunoblotied with anti-HA and anti-FLAG
antibodies. {C} Vero cells infected with MuY were immunostained at 24 hr postinfection {(h.p.L.) with mouse anti-
Hsp72 or anti-Hsc70 MAD and rabbit anti-MuV V/P PAb or mouse anti-P MAb and rabbit anti-GRP78 PAb,
followed by the appropriated secondary Alexa-conjugated antibodies, respectively. Cell nuclei were stained with
DAPI (blue}. (D) Vero cells were infected with MuV at an MO of 1.0. Cell lysates were collected at the indicated
times and subjected to immunoblotting with the appropriate antibodies. (E} 293T cells were transfected with
pCAGGS-P or empty vector (EV)}. At 24 hr postransfection, cell lysates were collected and subjected to
immunoblotting with the appropriate aniibodies. (F and G) Vero cells transfected with pCAGGS-P alone (F) or
pCAGGS-N and -P {) were immunostained at 24 hr posttransfection with mouse anti-Hsp72 MADb and rabbit
anti-V/P PADb, followed by AF488-conjugated anti-mouse IgG and AF594-conjugated anti-rabbit lgG. Cell nuclei
were stained with DAPI {blue).
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Fig. 4. Determination of the regions responsible for the interaction between the P protein and Hsp72. (A}
FLAG-Hsp72 and its deletion mutants were coexpressed with HA-P in 283T cells, immunoprecipitated with
anti-FLAG antibody, and immunoblotted with anti-FLAG and anti-HA antibodies. (B) HA-P and its deletion
mutants were coexpressed with FLAG-Hsp72 in 293T cells, immunoprecipitated with anti-HA antibody, and
immunoblotied with anti-HA and anti-FLAG antibodies. {C) FLAG-Hsp72 was coexpressed with HA-V in 293T
cells, immunoprecipitated with anti-HA antibody, and immunoblotted with anti-HA and anti-FLAG antibodies.
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Fig. 5. Effects of Hsp72 knockdown on Mul propagation. {A} At 48 hr posttransfection with either siHsp72 or
siMC, Vero cells were inoculated with MuV at an MO of 1.0. Cell lysates were collected at 24 hr postinfection
{n.p.i.) and subjected to immunoblotting with the indicated antibodies. {B) At 48 hr posttransfection with either
siHsp72 or siMC, Yero cells were inoculated with MuV at an MOI of 5.0. Total cellular BMA was exfracted at
24 h.p.. and subjected to BT using an oligo{dT) primer. The levels of N mRMA were determined by real-time
PCR and calculated as percentages of the control HPRT1T mBMNA level. The data are representative of three
independent experiments. Error bars indicate the standard deviations of the means. {C} At 48 hr
postiransfection with either siHsp72 or siNC, Vero or Huh7 celis were infected with MuY at an MO! of D.01.
The supernatants were collected at 24, 48, 72, and 96 h.p.i., and the infectious titers were determined by
plague assay in Vero cells. The results shown are from three independent experiments, with the error bars
representing the standard deviations. {D) At 48 hr postiransfection with either siHsp72 or siNC, Vero cells
were inoculated with MuV at an MOI of 1.0. At 24 h.p.i., the cells were fixed, permeabilized and
immunostained with mouse anti-Hsp72 MADb and rabbit anti-\V/P PAb, followed by AF488-conjugated anti-
mouse IgG and AF5%4-conjugated anti-rabbit 1gG. Cell nuclel were stained with DAP] {(blue).
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Fig. 6. Increased apoptosis in MuV-infected Hsp72 knockdown cells. [A) At 48 hr posttransfection with
either siHsp72 or siNC, Vero cells were infected with MuV at an MOI of 5.0. At 24 hr postinfection (h.p.i.),
the cells were fixed, permeabilized and stained with TUNEL stain. (B} TUNEL-positive cells were counted
and expressed as percentages of total cells {n > 1,000). Total cells were calculated by DAPI staining. {C) At
48 hr postiransfection with either siHsp72 or sINC, Vero cells were inoculated with Mu at an MOI of 5.0. At
24 h.p.i., caspase 3/7 activity was measured, and relative caspase 3/7 activity was calculated by
normalization with cell viability.
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Fig. 7. Ubiguitination of MuV P and V proteins. (A) 2937 cells were transfected with a plasmid encoding HA-
Ub and infected with MuV. At 24 h.p.i., the cells were treated with 10 pld of MG-132 for 5 hr, and then the cell
lysates were subjected to immunoprecipitation assay with anti-\/P antibody, followed by immunoblotting with
the appropriate antibodies. {B) At 24 h.p.i., Vero cells infected with MuV were treated with 10 ub of MG-132
for 5 hr, and then the cell lysates were subjected to immunoprecipitation assay with anti-V/P antibody, followed
by immunoblotting with the appropriate antibodies.
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Fig. 8. Hsp72 regulates the P protein degradation through the ubiquitin-proteasome system. (A} At 48 hr
posttransfection with either siHsp72 or siNC, 283T cells were transfected with a plasmid encoding HA-Ub and
infected with MuV. At 24 hr postinfection (h.p.i.), the cells were treated with 10 ub of MG-132 for 5 hr, and then
the cell lysates were subjected to immunoprecipitation assay with anti-W/F antibody, followed by immunoblotting
with anti-HA and anti-W/P antibodies. (B) At 48 hr postiransfection with either siHsp72 or siNC, 293T cells were
transfected with plasmids pCAGPM-HA-Ub and pCAGGS-P or -V, respectively. After 24 hr, the cell lysates were
subjected to immunoprecipitation assay with anti-\WWP antibody, followed by immuncblotting with anti-HA and anti-
V/P antibodies. {C) At 48 hr postiransfection with either siHsp72 or siNC, Vero cells were infected with Mul. At 24
h.p.i.,, the cells were treated with MG-132 (10 M)}, Lactacystin (5 pM), Epoxomicin {10 uM} or DMSO for 2 hr.
Then, 50 ug/ml! of CHX was added, and the cell lysates were collected at the indicated times. The expression
levels of the P and V proteins were detecied by immunoblotting with anti-V/P antibody.
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Adult T cell leukemia (ATL) is a malignant lymphoproliferative disease caused by human T cell leukemia virus type I (HTLV-I).
To develop an effective therapy against the disease, we have examined the oncolytic ability of an attenuated vaccinia virus (VV),
LCI6m8A (m8A), and an HTLV-I Tax-specific cytotoxic T lymphocyte (CTL) line, 401/C8, against an HTLV-I-infected rat T cell
line, FPML Our results demonstrated that m8A was able to replicate in and lyse tumorigenic FPMI cells but was incompetent to
injure 401/C8 cells, suggesting the preferential cytolytic activity toward tumor cells. To further enhance the cytolysis of HTLV-I-
infected cells, we modified m8A and obtained m8A/RT1AISCTax180L, which can express a single chain trimer (SCT) of rat major
histocompatibility complex class I with a Tax-epitope. Combined treatment with m8A/RT1AISCTax180L and 401/C8 increased the
cytolysis of FPMIV.EFGFP/8R cells, a CTL-resistant subclone of FPMI, compared with that using 401/C8 and m8A presenting
an unrelated peptide, suggesting that the activation of 401/C8 by m8A/RT1AISCTax180L further enhanced the killing of the
tumorigenic HTLV-I-infected cells. Our results indicate that combined therapy of oncolytic VVs with SCTs and HTLV-I-specific
CTLs may be effective for eradication of HTLV-I-infected cells, which evade from CTL lysis and potentially develop ATL.

1. Introduction

Human T cell leukemia virus type I (HTLV-I) is etiologically
linked to adult T cell leukemia (ATL) [1, 2] and a chronic
progressive neurological disorder termed HTLV-I-associated
myelopathy/tropical spastic paraparesis (HAM/TSP) [3, 4].
HTLV-I genome contains a unique 3’ region, designated
as pX, which encodes the viral transactivator protein, Tax
[5]. It is speculated that Tax plays a central role in HTLV-
I associated immortalization and transformation of T cells,
which may lead to the development of ATL [6]. In addition,
Tax is also known as a major target protein recognized
by cytotoxic T lymphocyte (CTL) of HTLV-I carriers [7].
A number of studies have reported that CTL responses
were activated in HAM/TSP patients but were weak in ATL

patients, suggesting that the T cell response could be one
of the important determinants of the disease manifestation
[8]. Since HTLV-I Tax-specific CTL can recognize and lyse
ATL cells in vitro [9], it is conceivable that the low CTL
activity in ATL patients is disadvantageous as it may allow
uncontrolled proliferation and evolution of HTLV-I-infected
cells in vivo. Indeed, Hasegawa et al. have reported that oral
HTLV-I-infection induced HTLV-I-specific T cell tolerance
and caused an elevation of the proviral loads and that
reimmunization resulted in the recovery of the virus-specific
T cell responses and the decrease of the proviral loads in a rat
model system [10]. In addition, the development of ATL has
been reported in HTLV-I carriers who received immunosup-
pressants during organ transplantation [11]. Increase of Tax-
specific CTLs observed in ATL patients treated successfully
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with allogeneic hematopoietic stem cell transplantation (allo-
HSCT) also suggests the importance of virus-specific CTLs to
control the disease [12]. Thus, immune therapies to activate
HTLV-I-specific CTLs are considered as novel attempts for
the treatment of ATL. In this regard, we have previously
demonstrated the therapeutic effect of Tax-coding DNA or
peptide in a rat model of ATL-like disease [13, 14]. In addition,
it has been recently reported that autologous Tax-specific
CTLs showed therapeutic benefits in an animal model using
NOG mice bearing primary ATL cells, suggesting the possible
translation into a clinical use [15).

To improve therapeutic effects of immune therapy, it
is important to consider tumor microenvironment, because
tumor cells often induce a microenvironment, which favors
the development of immunosuppressive populations of
immune cells, such as myeloid-derived suppressor cells and
regulatory T cells [16]. In HTLV-I carriers and ATL patients,
various kinds of immunosuppressive events have been
reported, indicating the importance of developing new strate-
gies to eliminate HTLV-I-infected cells in such immuno-
suppressive environments [8]. One of powerful strategies to
lyse tumor cells in an immunosuppressive microenvironment
would be the use of replication-competent oncolytic viruses,
because oncolytic virotherapy has been known to induce both
direct tumor killing and local proinflammatory environments
that help to reverse the immunosuppressive environment of
tumors [17, 18]. As for HTLV-I infection, vesicular stomatitis
virus (VSV) has been reported to have oncolytic activity
against primary ATL cells [19]. Vaccinia virus (VV) has been
also shown to be a good candidate for oncolytic virotherapies
[20]. 1t has been already assessed in clinical trials and
shown to selectively infect, replicate, and express transgene
products in cancer tissues without damaging normal tissues
[21]. We have previously constructed a highly attenuated
VV, LC16m8A (m8A), which is genetically more stable than
LC16m8 (n8), a naturally occurring counterpart of m8A, and
less pathogenic than its parental LC16mO (mO) due to the
deletion of B5R gene [22]. The safety of m8A has been already
confirmed in clinical use of its natural counterpart; m8 has
been safely administered to approximately 100,000 infants
and 3,000 adults for smallpox vaccination and induced levels
of immunity similar to those of the original Lister strain
without serious side effects [23]. Moreover, Hikichi et al.
have recently reported the oncolytic potential of m8A with
regulated expression of B5R [24]. Thus, the application of
m8A for the elimination of HTLV-I-infected cells should be
possible.

It is well known that HTLV-I viral protein expression is
suppressed in infected cells in the peripheral blood of the
virus-infected individuals, probably due to either uniden-
tified suppression mechanisms of HTLV-I expression or
genetic and epigenetic changes in the viral genome [8]. This
reduction of viral protein expression may cause the decrease
of anti-HTLV-I immune responses. Downregulation of major
histocompatibility complex class I (MHC-I) could also lead to
the evasion of HTLV-I-infected cells from the virus-specific
CTLs [25]. Thus, strategies to overcome the repression of viral
antigen presentation in HTLV-I infected individuals should
be also required to establish effective anti-HTLV-I therapies.

BioMed Research International

Improving the ability to present antigen to proper CTLs could
be one possible way to overcome the problem. Single chain
trimers (SCTs) of MHC-I have been reported to possess the
strong potential to stimulate antigen-specific T cells [26, 27].
In this system, all three components of MHC-I complexes,
such as an antigen peptide, f,-microgrobulin (f,m), and
MHC-I heavy chain, were covalently attached with flexible
linkers. By connecting together the three components into a
single chain chimeric protein, a complicated cellular machin-
ery of antigen processing can be bypassed, leading to stable
cell surface expression of MHC-I coupled with an antigenic
peptide of interest. It has been recently reported that SCT-
expressing DNA vaccine is able to break immune tolerance
against self-antigen from melanoma, further supporting the
potential of SCTs to clinical applications [28]. By applying
SCT system to a rat model of HTLV-I infection, we have
previously developed an activation and detection system of
Tax-specific rat T cells and showed that SCTs with a Tax-
epitope specifically recognize and activate Tax-specific CTLs
[29]. In this study, to further improve the efficacy of CTL
activation by SCTs, m8A was selected as a vector to express
SCTs on the surface of HTLV-I-infected cells. Introduction of
SCT coding sequence into the genome of m8A could generate
novel therapeutic VVs, which possess abilities to both lyse
tumor cells and activate tumor-specific CTLs. We further
examined the combination effects of Tax-specific CTLs and
m8A expressing SCT against CTL-resistant HTLV-I-infected
cells. Our results suggested the possible application of the
combined use of oncolytic viruses presenting tumor antigens
and tumor-specific CTLs for the treatments against tumors
including ATL.

2. Materials and Methods

2.1 Cells and Viruses. An HTLV-I-immortalized cell line,
FPM]I, was previously established by cocultivating thymo-
cytes of an F344/N Jcl-rnu/+ rat (Clea Japan, Inc. Tokyo,
Japan) with HTLV-I producing human cell line, MT-2, which
was treated with mitomycin C (50 yg/mL) for 30 min at 37°C
[30]. FPMIV.EFGFP, FPMIV.EFGFP/8R, and 401/C8 cells
were established as previously described [25]. FPM1V.EFGFP
was a subclone of FPMLI cells, which stably expresses EGFP.
FPMIV.EFGFP/8R cells were generated from FPM1V.EFGFP
cells, by continuously cultivating with a Tax-specific CTL,
401/C8, and obtained an ability to evade from CTL killing
by 401/C8 cells. FPM1 and its subclones were maintained in
RPMI 1640 with 10% heat-inactivated FCS (Sigma-Aldrich,
St. Louis, MO), 55 4M of 2-mercaptoethanol (Gibco, Grand
Island, NY), penicillin, and streptomycin. The 401/C8 cells
were established from an F344/N Jcl-rnu/+ rat inoculated
with Tax-coding DNA and were maintained in RPMI 1640
medium with 10% FCS, 55 M of 2-mercaptoethanol, and
20 U of IL-2 (PEPROTECH, London, UK) per mL with
periodical stimulation using formalin-fixed FPMI cells every
4 weeks. A rabbit kidney epithelial cell line, RK13, was
cultured in RPMI1640 supplemented with 10% FCS. Hamster
BHK cells were cultured in D-MEM supplemented with 10%
FCS. Canarypox virus (a kind gift of National Institute of
Animal Health) [31], mO, m8A [22], and LC16 m8AVNCI110
that harbors multiple cloning site in the HA gene of m8A
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