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The baculovirus Autographa californica multiple nuclear polyhedrosis virus (AcMNPV) has been studied as
a gene therapy vector. Here, we demonstrated that AcMNPV induces antitumor acquired immunity. These
results suggest that AcMNPV has the potential to be an efficient virus or tumor therapy agent which induces
innate and acquired immunity.

Autographa californica multiple nuclear polyhedrosis virus
(AcMNPV) has a double-stranded circular DNA genome of
approximately 130 kb that contains more than 150 open read-
ing frames (4). The ability of AcMNPV to infect insect cells has
led to its use in multiple protein expression systems (5, 16) and
as plant insecticides (8, 21). AcMNPV also infects a variety of
mammalian cell types, with the exception of certain hemato-
poietic cell lines, although its genome does not replicate or
integrate into mammalian chromosomes (9, 11, 13, 17, 23).

Considerable attempts have been made to understand the na-
ture of host immune responses to baculovirus. In vivo studies
found that the virus induces antiviral cytokine production, which
protects cells from infection with vesicular stomatitis virus and
influenza virus (2, 10). Recently, Abe and coworkers demon-
strated that AcMNPV is recognized by Toll-like receptor 9 on
dendritic cells (DCs) and macrophages (1). More recently, we
found that wild-type AcMNPV infects DCs and induces natural
killer (NK) cell-dependent antimetastatic effects in mice (12).
These results suggest that wild-type AcMNPV induces the acti-
vation of NK cells and has the potential for virus or tumor ther-
apy. However, it is not yet known whether such antitumor effects
are achieved by the induction of acquired immunity. The purpose
of this study, therefore, was to examine wild-type AcMNPV-
induced acquired immunity, such as the activation of tumor-spe-
cific cytotoxic lymphocytes (CTLs) and antibodies.

To investigate AcMNPV-induced acquired immunity in
mice, we used two experimental tumor models: the liver me-
tastasis model and the subcutaneous tumor model. Mice were
injected intrasplenically with vehicle, mouse melanoma B16
cells, or hepatocellular carcinoma Hepa1-6 cells (n � 6 to 11)

(Fig. 1A). The liver metastasis model was performed as previ-
ously described (12). Purified AcMNPV (1 � 108 PFU/mouse)
was injected intravenously on day 1. After 2 weeks, mice re-
ceived a secondary subcutaneous challenge with 2 � 105 B16
cells in 0.1 ml phosphate-buffered saline. Mice were monitored
every 2 to 3 days for tumor growth, which was measured with
calipers. The tumor volume (mm3) was calculated (18).

Mice injected with vehicle alone, with AcMNPV alone, or with
AcMNPV after intrasplenic delivery of vehicle or Hepa1-6 cells
were unable to eradicate the secondary tumor challenge. By con-
trast, tumor growth was significantly retarded in mice injected
with AcMNPV following intrasplenic treatment with B16 cells
(Fig. 1B). We demonstrated that no AcMNPV-injected mice in
the liver metastasis model survived for 30 days after intrasplenic
B16 injection (12). This demonstrates that the AcMNPV-induced
antimetastasis effects developed from systematic antitumor ac-
quired immunity toward the first injection of tumor cells.

In acquired immunity, CTLs have a very important role (3,
14), and many studies have investigated their antitumor effects.
Here, we examined whether tumor-specific CTL cytotoxicity
was induced by AcMNPV treatment in B16 metastasis-inhib-
ited mice. Mice were injected intrasplenically with vehicle, B16
cells, or Hepa1-6 cells and then with AcMNPV 1 day later
(n � 8 to 9). After 14 days, lymphocytes from mouse intestinal
lymph nodes were pooled and stimulated in vitro with B16 cells
as previously described (18). Cytotoxic activity was assayed
after 5 days of incubation. Target cells (0.5 to 1 � 104/well)
were incubated with effector cells in RPMI 1640 containing
10% fetal calf serum (total volume, 100 �l) in 96-well round-
bottom microtiter plates. Cytotoxicity was detected with the
CytoTox 96 nonradioactive cytotoxicity assay kit (Promega
Corp., Madison, WI). Spontaneous release from target cells
was less than 15% of maximum release.

CTL cytotoxicity against B16 target cells was significantly in-
creased in B16 cell-challenged mice (10.1% � 1.41%) compared
with mice challenged with vehicle or Hepa1-6 cells (4.13% �
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0.81% and 4.49% � 1.05%, respectively) at an effector/target cell
ratio of 50 (Fig. 2A), indicating that AcMNPV induces B16 cell-
specific CTL activity. Data were analyzed using a two-tailed Stu-
dent t test.

Mice were injected intrasplenically with vehicle or 1 � 106

B16 cells and then with AcMNPV 1 day later. After 14 days,
serum was harvested and stored at �80°C. Immunodetection
using an antibody against B16 cells was performed as previ-
ously described (19). The measured B16 cell-specific absor-
bance of serum from AcMNPV-injected mice was significantly
increased compared with that of serum from vehicle-injected
mice (AcMNPV, 11.5% � 3.9%; vehicle, 1.41% � 0.74%)
(Fig. 2B), indicating that AcMNPV increased the antibody
titer against challenged tumor cells. Next, we determined
whether the serum antibodies could mediate cytotoxicity

against tumor cells. B16 cell-specific antibody-mediated com-
plement-dependent cytotoxicity was determined as previously
described (6). Cytotoxicity was detected with the CytoTox 96
nonradioactive cytotoxicity assay kit. B16 cell-specific cytotox-
icity from the sera of AcMNPV-treated mice was significantly
increased compared with that from sera of vehicle-injected
mice (AcMNPV, 11.5% � 3.9%; vehicle, 1.41% � 0.74%)
(Fig. 2C), suggesting that AcMNPV induced effective antitu-
mor antibodies. Data were analyzed using a two-tailed Student
t test.

Figure 3 shows a hypothetical model of AcMNPV-induced
antitumor mechanisms in mice. Initially, AcMNPV induces
NK cell-dependent killing activity against tumor cells through
the activation of cytokines and NKG2D ligands (12). In ac-
quired immunity, tumor-specific CTLs and antibodies are in-
duced. Thus, these results suggest that AcMNPV induces
strong antitumor effects in both innate and acquired immunity.

Most viruses currently employed for gene therapy can utilize

FIG. 1. Acquired immune effects of AcMNPV injection in mouse
B16 melanoma tumors. (A) Schematic of the experiment. Mice were
injected intrasplenically on day �14 with vehicle or with 1 � 106 B16
or Hepa1-6 cells. AcMNPV (1 � 108 PFU/mouse) was injected intra-
venously on day �13. After 2 weeks, the mice received a subcutaneous
secondary challenge with 2 � 105 B16 cells in 0.1 ml phosphate-
buffered saline. Mice were monitored every 2 to 3 days for tumor
growth (B). i.v., intravenous; i.s., intrasplenic; s.c., subcutaneous. Error
bars indicate standard deviations.

FIG. 2. Effect of AcMNPV injection on CTL activity and specific antibody titer. (A) CTL activity against B16 melanoma cells in mice
intrasplenically challenged with vehicle, Hepa1-6 cells, or B16 cells challenged and treated with AcMNPV. (B) B16-specific antibody titer in serum.
(C) Antibody-mediated complement-dependent cytotoxicity in serum. Data represent means � standard deviations. *, P � 0.05.

FIG. 3. Hypothetical AcMNPV-induced antitumor mechanisms in
mice. AcMNPV stimulates antigen-presenting cells such as DCs and B
cells. In innate immunity, cytokines and NKG2D ligands provide NK
cell killing activity against tumor cells. In acquired immunity, tumor-
specific CTLs and antibodies are induced.
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humans as a host, and their replication can lead to pathogen-
esis and toxicity. By contrast, baculoviruses do not replicate in
humans (23), instead using insects as hosts. AcMNPV has been
registered as a type of insecticide with the U.S. Environmental
Protection Agency (8, 22) and is used clinically in multiple
protein expression systems (4, 7). Recently, it was shown that
injection of B6 mice with AcMNPV did not lead to activation
of hepatic enzymes, such as plasma alanine aminotransferase
or aspartate aminotransferase (12). Although these observa-
tions suggest that baculovirus is potentially a safer option for
applications in humans, this remains to be confirmed, and
toxicity in animals must be examined prior to its use in clinical
trials.

In conclusion, we have shown that wild-type AcMNPV in-
duces antitumor acquired immunity against challenged tumor
cells in the form of increased CTL activity and tumor-specific
antibody production. This suggests that it could be a useful and
efficient antitumor agent which induces antitumor innate and
acquired immunity.
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