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Abstract Since immunity is generally suppressed by
immunoregulatory factors, such as transforming growth
factor-beta (TGF-B), interleukin (IL)-10, and vascular
endothelial growth factor (VEGF), produced by tumor
cells or stromal cells surrounding tumor cells, various
kinds of cancer immunotherapy mostly fail to elicit po-
tent antitumor immunity. Herein, we tested whether
neutralization of TGF- can elicit strong antitumor im-
mune responses and tumor regression in tumor-bearing
mice. A plasmid DNA, pcDNA-sTGFBR/hulg, encod-
ing a fusion protein consisting of the extracellular do-
main of TGF-f type II receptor (TGFBRII) and the Fc
portion of human IgG heavy chain, was injected through
different routes into B6 mice carrying established tumors
of E.G7 cells, which consist of the poorly immunogenic
tumor cells EL4, transfected with the ovalbumin (OVA)
gene. The frequency of OVA-specific cytotoxic T lym-
phocytes (CTL), in the treated mice. increased resulting
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in the tumor eradication and relapse-free survival in
around 70% of the E.G7-bearing mice. In contrast,
administration of mock DNA into E.G7-bearing mice
did not elicit tumor-specific immune responses. There-
fore, administration of DNA encoding TGFBRII al-
lowed tumor-bearing hosts to elicit sufficiently potent
antitumor immune responses without requirement of
further active antigen-immunization. This strategy seems
to be applicable to clinical therapy against cancer, be-
cause it 1s low-cost, safe, and easy to manipulate.

Keywords Soluble TGFBRII DNA - Experimental gene
therapy - Immunomodulation - Immune responses to
cancer

Introduction

The outcome of many clinical trials of cancer immuno-
therapy, such as cytokine administration, effector cell
transfer, tumor cell or peptide vaccines, and dendritic cell
(DC) vaccines, have not been satisfactory [15]. One of the
reasons for the poor efficacy is that immunity is generally
suppressed by immunoregulatory factors produced by
tumor cells and stromal cells surrounding tumor, i.e.,
VEGF, TGF-B, and IL-10, as the stage of disease ad-
vances in patients with advanced and metastatic cancer
[2, 13]. Due to these factors, maturation processes of
antigen-presenting cells (APC), commitment of helper T
(Th) precursor lymphocytes to type-1 Th lymphocytes
and recruitment, and activation of tumor-specific CTLs
are impaired in the patients, resulting in unresponsive-
ness of the immune system to tumor cells [1, 4, 5, 7, 8, 10,
11, 17, 18, 20]. To induce potent antitumor immune re-
sponses capable of eliminating tumor cells in cancer-
bearing hosts, blockade or neutralization of the immu-
nosuppressive factors seems to be essential.

TGF-B has been reported to be produced by many
tumor cells and suppress antitumor immunity in hosts.
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On the other hand, TGF-B also has been shown to
promote tumor angiogenesis [16]. Thus, TGF-p is con-
sidered to be profoundly involved in cancer progression.
Several groups have tried to neutralize TGF-B to en-
hance antitumor immunity. Inoculation of EL4 mouse
thymoma that was genetically engineered to secrete
soluble (sTGFBRII) prevented the growth of other tu-
mors [19]. Neutralization by antibody against TGF-j
prevented tumor growth in the presence of activated
DC, but the administration of anti-TGF-f alone showed
no significant antitumor effect [9]. Another group re-
ported that transgenic mice expressing dominant-nega-
tive TGFBRII on T cells did not accept tumor cell
growth and that RAG1 ™/~ mice reconstituted by these T
cells survived after tumor challenge. However, tumor
prevention was only effective for the first 3 days after
reconstitution of the T cells expressing dominant-nega-
tive TGFBRII, and it has not been exactly determined if
blockade of TGF-p signaling induces antitumor immu-
nity in mice carrying fully established tumors [6]. Con-
sequently, although neutralization of TGF-B is
promising, the method still contains obstacles to be
overcome before it can be applied in cancer therapy.

In this study, we inoculated a plasmid DNA encoding
soluble TGFBRII into tumor-bearing mice for neutral-
ization of tumor-producing TGF-f. Because of easy
administration, low price, and stable expression,
administration of the DNA is thought to be more ra-
tional than periodical and repeated administrations of
the neutralizing antibodies or soluble TGFBRII pro-
teins. By inoculation of sSTGFBRII DNA, potent cyto-
toxic activity specific for immunogenic tumors was
spontancously elicited, and the established tumors were
eradicated without any further active antigen sensitiza-
tion. Further, this treatment does not require determi-
nation of MHC alleles of patients or tumor-associated
antigen (TAA) peptides. Therefore, this strategy seems
to be applicable in human cancer therapy.

Materials and methods
Cells and mice

A 6- to 8-week-old female C57BL/6 mice were pur-
chased from CLEA Japan Inc. (Tokyo, Japan) and
maintained under specific-pathogen-free conditions.

The murine lymphoma cell lines, EL4 and its deriv-
ative, E.G7, which was generated by transducing the
chicken ovalbumin (OVA) gene into EL4 cells; a mela-
noma cell line, BI6F1; and a natural killer (NK) cell-
sensitive cell line, YAC-1 were all purchased from
American Type Culture Collection (Rockville, MD,
USA).

Antibodies

Anti-OVA polyclonal antibody was provided by Cortex
Biochem Inc. (San Leandro, CA, USA). Horseradish

peroxidase (HRP)-conjugated antirabbit, antimouse,
and antihuman immunoglobulin antibodies were pur-
chased from Valeant Pharmaceuticals International
(Bryan, OH, USA). Fluorescent isothiocyanate (FITC)-
conjugated antimouse CD8 monoclonal antibody
was purchased from BD Biosciences Pharmingen (San
Diego, CA, USA).

Plasmid DNA

An expression plasmid vector, pcDNA-OVA, was pre-
pared by cloning the full-length OVA ¢cDNA, obtained
by digesting pAc-neo-OVA (a gift from Dr. Michael J.
Bevan, Department of Immunology, University of
Washington, Seattle, WA, USA) with EcoRI (TOYOBO
Inc., Osaka, Japan), into pcDNA3.1 (Invitrogen,
Carlsbad, CA, USA). To prepare DNA encoding, the
chimeric protein comprising soluble TGFBRII fused to
the human IgG heavy chain, total RNA was isolated
from mouse CTL clone 4G3 (generously provided by
Dr. Keiko Udaka, Department of Immunology, Kochi
Medical School) to synthesize cDNA using oligo-dT and
random primers (Invitrogen). The extracellular domain
of TGFBRII was amplified by PCR using 5-GAG-
CTCGGTCTATGACGACCGA-3 and 5-GGATC-
CAACAGGTCGGGACTGCTGGTGGT-3". The PCR
product was cloned into pCDMS§-human IgG1l [12]
(generously provided by Dr. Toshimitsu Uede, Division
of Molecular Immunology, Hakkaido University) fol-
lowing digestion with Xhol and BamHI. Its original
signal sequence was replaced with that derived from
mouse IL-6, and subsequently the sTGFB R/hulgG1 gene
(1.8 kb) was isolated by digestion with X/ol and Notl
followed by cloning into pcDNA3.1. All recombinant
constructs were confirmed by sequence analysis on a
Perkin—Elmer ABI PRISM 310 DNA sequencer
(Branchburg, NJ, USA), and the resulting plasmid was
designated as pcDNA-sTGFBR/hulg (Fig. 1).

DNA transfection and immunocytochemical study

The BI16F1 cells were cultured in a 6-well culture plate
until they had reached semi-confluent density. The cells
were transduced with pcDNA-sTGFBR/hulg or mock
DNA using a polycationic reagent (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions.
Forty-eight hours after transfection, the cells were
washed in PBS, fixed in 3% paraformaldehyde in PBS at
4°C for 30 min followed by incubation with 100%
methanol at —20°C for 10 min. Thereafter, the cells were
washed in PBS, incubated with 5 pg/ml rat antihuman
immunoglobulin antibody (ICN Pharmaceutical Inc.,
Aurora, OH, USA), washed in PBS and then incubated
with biotinylated antirat IgG (Valeant Pharmaceuticals
International, CA, USA) diluted at 1/2000. The cells
were then incubated in horseradish peroxidase (HRP)-
conjugated avidin solution (Vector Laboratories Inc.,



Fig. 1 Plasmid DNA construct.
The DNA fragment (1.8 kb)
encoding the chimeric protein
comprising a signal sequence
derived from mouse IL-6, the
extracellular domain of
TGFBRII and the human IgG1
heavy chain was cloned into
pcDNA3.1

Xho I

Burlingame, CA, USA) at room temperature for 90 min
and subsequently colored by incubation in 0.4 mg/ml
3.3’-diaminobenzidine  (Nakalai  Tesque, Kyoto,
Japan) for 10 min at room temperature. Adding PBS
to each well stopped the reaction. Approximately,
20% of the tumor cells were positively stained 48 h
after transfection, whereas, none of cells transfected
with control empty pcDNA vector produced the fusion
protein. Thus, the cells that were transfected with
pcDNA-sTGFBR/hulg apparently produced the fusion
protein.

DNA administration

A 30 pg of pcDNA-sTGFBR/hulg was incorporated
into the envelope of Hemagglutinating Virus of Japan
(HVJ]) (Ishihara Sangyo Kaisha Ltd., Kusatsu, Japan)
according to the manufacturer’s instructions, dissolved
in 50 pl of PBS and injected in the peritoneal cavity, in
the tumor, or in the hind-leg quadriceps muscle of fe-
male C57BL/6 mice.

Tumor challenge experiment

Female C57BL/6 mice were inoculated subcutaneously
in the right flank with 2x10°> EL4 or E.G7 cells. The mice
were injected with 30 ug of pcDNA-sTGFBR/hulg or
control pcDNA3.1 with or without pcDNA-OVA vac-
cination 10-12 days after tumor challenge, when tumors
of 8§12 mm in diameter were detected. The DNA
injection was repeated every other week. The sizes of
tumors were monitored twice a week, and the volume of
the tumor was calculated using the following formula:
(length) x (width)?/2.

Signal sequence
of mIL6 (90 b)
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Plasmid DNA Encoding soluble TGFBRII

Extracellular

mTGFBRII (411 b) Human IgG (1.3 kb)

pcDNA3.1 (+/-) B
: 5428/5427 bp

Enzyme-linked immunosorbent assay (ELISA)

Mice were inoculated with plasmid DNA twice at a
2-week interval. One week after the last injection, the
mice were bled and serum antibody levels were tested.
Ninety-six-well ELISA plates (Nalgene Nunc Interna-
tional, Roskilde, Denmark) were coated with 50-ul/well
of 20-ug/ml OVA (Sigma, St. Louis, MO, USA), and
then 50 pl of serially diluted immune sera was added to
the wells. The plates were incubated at 37°C for 60 min,
washed with PBS, and then incubated with HRP-con-
jugated antimouse immunoglobulin diluted at 1/1,000
for 60 min at 37°C. After three washes with PBS, color
was developed by incubation with a substrate solution
consisting of 50 pl of 0.05 M o-phenylenediamine and
H,0, (Nacalai Tesque, Kyoto, Japan). The reaction was
stopped by adding 50 ul of 4 N HCI, and absorbance at
492 nm was measured using a microplate reader.

Cellular staining with MHC tetramers

Tumor-challenged mice were killed 7 days after the
second DNA administration and spleen cells from the
mice were cultured in RPMI containing 10% FCS and
5 pg/ml OVAj,s7 264 peptides for 3 days. The cells were
then incubated with FITC-conjugated anti-CD8 mono-
clonal antibody and PE-conjugated H-2K? JOVAss57 564
complex (MBL Co., Ltd., Nagoya, Japan) at room
temperature for 30 min. After two washes with PBS,
cells were examined to quantify OVA-specific CTLs by
flow cytometry. Flow cytometric analyses were per-
formed using a FACScan flow cytometer (Becton
Dickinson, Franklin Lakes, CA, USA). Data were pre-
sented as dot plots using CellQuest software (Becton
Dickinson).
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Cytotoxicity assay

Spleen cells from the treated mice were cultured in
RPMI 1640 containing 10% FCS, 50 uM 2-mercapto-
ethanol, 2 pg/ml OVA-K® peptides and 1 ng/ml
recombinant mouse IL-2 (Wako Pure Chemical Indus-
tries Ltd., Osaka, Japan) for 6 days. After in vitro
stimulation, the spleen cells were co-cultured with 1x10*
EL4 or E.G7 cells that were labeled with Na3!
CrOy4(Perkin Elmer Life Science, MA, USA) at various
effector/target (£/T) ratios in 96-well culture plates for 4
or 5 h. The amount of 3! Cr released from lysed target
cells in the cell supernatants was estimated using an
LKB-Wallac 1275 Minigamma counter (EG&G Wallac,
Turku, Finland). The ratio (%) of chromium release was
calculated using the following formula: % specific
lysis =[(experimental release—spontaneous release)/
(maximal release—spontaneous release)]x100.

Statistical analysis

Reactivity of mouse sera to antigens in ELISA and
cytotoxic responses of mouse spleen cells to targets, and
the numbers of CTLs in the mouse spleens were com-
pared by Student's ¢ test. A P value below 0.05 was
considered statistically significant. Kaplan—Meier curves
were generated for time of survival of the mice. Curves
for two groups were compared with the log-rank test for
equality of survivor functions.

Results

Suppression of tumor growth and prolonged survival of
tumor-bearing mice by administration of pcDNA-
sTGFBR/hulg

After E.G7 or EL4 tumors grew to 8-12 mm diam-
eter in B6 mice, they were inoculated with pcDNA-
sTGFBR/hulg or control DNA at intervals of 2 weeks.
The established E.G7-tumors were completely eradi-
cated in 83 or 60% of the treated mice by intraperitoneal
or intramuscular injections of pcDNA-sTGFpR/hulg,
respectively (Fig. 2a, b). In contrast, intraperitoneal or
intramuscular administration of the control DNA vector
into B6 mice carrying E.G7-tumors or administration of
pcDNA-sTGFBR/hulg into B6 mice carrying EL4-tu-
mors demonstrated no suppressive effects on tumor
growth (Fig. 2d—g). Interestingly, intratumoral injection
of pcDNA-sTGFBR/hulg led to temporary complete
regression of E.G7-tumors in six of the seven mice (1.5—
5 weeks), but thereafter, the tumors relapsed in four of
the six mice (Fig. 2c). We performed the same experi-
ment three times and acquired nearly the same results.
Overall, E.G7 tumors were eradicated in 14 of 18 mice
(77%) or 10 of 16 mice (63%) after intraperitoneal or
intramuscular inoculation, respectively, of pcDNA-
sTGFBR/hulg. In contrast, none of 16 mice showed
tumor eradication after control DNA inoculation.

Next, we examined survival of the tumor-bearing mice
after the various treatments. Administration of pcDNA-
sTGFR/hulg prolonged survival of E.G7-bearing mice.
All groups of E.G7-bearing mice that were inoculated
with pcDNA-sTGFR/hulg survived statistically longer
than E.G7-bearing mice that received control DNA
(P<0.004) (Fig. 3h). Intraperitoneal or intramuscular
administration of pcDNA-sTGFR/hulg seems more
appropriate than intratumoral administration for thera-
peutic purposes (survival ratios were 83, 60, and 29%,
respectively), especially intraperitoneal administration is
significant comparing with intratumoral administration
(P <0.05). These survival ratios corresponded to the tu-
mor regression ratios described above. This result was
nearly identical in three experiments. Finally, 29-83% of
the mice were tumor-free after administration of
pcDNA-sTGFR/hulg, and tumors had not relapsed for
at least 100 days in these mice (data not shown).

Elicitation of anti-OVA antibody by administration
of pcDNA-sTGFBR/hulg in E.G7-bearing mice

The B6 mice carrying E.G7 or EL4 tumors were inoc-
ulated with pcDNA-sTGFBR/hulg or control
pcDNA3.1 twice with an interval of 2 weeks. The trea-
ted mice were bled 7 days after the last injection and the
sera were examined for the reactivity with OVA protein
by ELISA. The OVA-specific antibodies, including IgG
and IgM, were significantly elicited in the E.G7-bearing
mice intraperitoneally, intramuscularly, or intratumor-
ally inoculated with pcDNA-sTGFBR/hulg, compared
with normal mice (the mean absorbance=0.1337)
(Fig. 3a). In contrast, neither pcDNA-sTGFpR/hulg
administration into EL4-bearing mice nor control DNA
administration to E.G7-bearing mice induced anti-OVA
antibodies. Similarly, OVA-specific 1gG was signifi-
cantly higher in 60-80% of the E.G7-bearing mice
inoculated with pcDNA-sTGFBR/hulg through various
routes compared with normal mice (the mean absor-
bance of normal sera=0.119) (Fig. 3b). The level of IgG
directed against OVA in sTGFBRII DNA-inoculated
mice was almost comparable to that in OVA protein
(pOVA)-immunized mice.

Cytotoxic activity of spleen cells from treated mice
against tumor cells

Spleen cells from E.G7-bearing mice, intramuscularly
(im.), intratumorally (i.t.), or intraperitoneally (i.p.)
inoculated with pcDNA-sTGFBR/hulg, showed 38, 47,
or 67%, respectively, specific cytotoxic activity against
E.G7 cells at an 80:1 E/T ratio (Fig. 4a). On the other
hand, spleen cells from EL4-carrying mice inoculated
with pcDNA-sTGFBR/hulg only demonstrated modest
but detectable levels of cytotoxicity against E.G7 cells,
compared with no tumor-carrying mice inoculated with
control DNA. Spleen cells from mice bearing E.G7 cells
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Fig. 2 Suppression of tumor growth and prolonged survival by
administration of pcDNA-sTGFBR/hulg in tumor-bearing mice.
The C57BL/6 mice were inoculated with 2x10° EL4 or E.G7 cells.
The mice were injected with 30 pg of pcDNA-sTGFBR/hulg
(sTGFR) or control pcDNA3.1 (mock) through different routes 10—
12 days after tumor inoculation. The DNA injection was repeated
every other week. The sizes of the tumors were monitored twice a
week. The EG.7-bearing mice received pcDNA-sTGFBR/hulg
intraperitonieally (ip) (a; n=06), intramuscularly (im) (b; n=35) or
intratumorally (ir) (¢; n=7). Control pcDNA3.1 was inoculated
intraperitonieally (d; »=6) or intratumorally (e; n=7). The EL4-
bearing mice received pcDNA-sTGFBR/hulg intraperitonieally (f;
n=>5) or intratumorally (g; n=35). Kaplan—-Meier curves were
generated for survival time of the mice (h). Experiments were
repeated three times and the results are representative of the
experiments. *P <(.004

inoculated with control DNA showed slight CTL
activity. However, this activity seems to be non-specific,
because no CTL responses specific for OVA 257-264 +
K" were detected (Fig. 5b). In addition, spleen cells from
mice carrying E.G7 cells inoculated with pcDNA-
sTGFR/hulg also showed strong cytotoxic activity
against EL4 cells (approximately 30% specific lysis at an
80:1 E/T ratio, Fig. 4b). The NK cell activity was not
affected by DNA administration, as shown in Fig. 4c.

Frequency of OVA-specific CTLs in treated mice

Next, we examined the frequency of CTLs specific for
OVA 257-264 + K® molecule in spleens of the pcDNA-
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sTGFR/hulg-treated mice. Increased frequencies of
CTLs reactive with OVA,57_564 €pitopes were observed
in all of the E.G7-bearing mice that had received
pcDNA-sTGFR/hulg, regardless of injection route
(Fig. 5a, b). These frequencies were correlated with
killing activity. Namely, the order of Kkilling activity
(i.p- > it. > im.) was the same as the order of OVA-
specific CTL frequencies. None of the E.G7-bearing
mice that were inoculated with control DNA or the EL4-
bearing mice that had received pcDNA-sTGFR/hulg
demonstrated increased frequency of OVA-specific
CTLs in their spleens.

Discussion

The TGF-B is one of the most potent immunosuppres-
sive factors produced by many tumor cells. This cyto-
kine exerts regulatory effects on various kinds of
immune responses, such as maturation blockade of DCs,
imbalance of Th function, inhibition of cytokine pro-
duction responsible for priming T cells and impaired
CTL activation [3, 9, 14, 19]. Therefore, antitumor
immunity is generally suppressed in tumor-bearing ani-
mals or cancer patients. In this study, plasmid DNA
encoding soluble TGFBRII was inoculated into tumor-
bearing mice to neutralize TGF-B. Administration of
sTGFBRII DNA into mice carrying OVA-expressing
tumors elicited higher titers of anti-OVA antibodies than
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did inoculation with control DNA (Fig. 3a). However,
titers of IgG directed against OVA in pOVA-immunized
mice were comparable to those in sSTGFBRII DNA-
inoculated mice (Fig. 3b). These findings suggest no
correlation between anti-OVA humoral immunity and
E.G7 tumor regression, because immunization with
pOVA failed to suppress growth of established E.G7
tumors (data not shown). Rather, OVA-specific cyto-
toxic activity and suppressive effects on tumor growth
were correlated, which was demonstrated in E.G7
tumor-carrying mice after inoculation with pcDNA-
TGFR/hulg (Figs. 2, 4).

Spleen cells from EL4-bearing mice that had re-
ceived pcDNA-TGFBR/hulg showed weak but detect-
able levels of cytotoxic activity against E.G7 cells
(Fig. 4a). Furthermore, spleen cells from E.G7-bearing
mice that were inoculated with pcDNA-TGFBR/hulg
showed significant levels of cytotoxic activity against
EL4 cells (Fig. 4b). These findings suggest that some

CTLs recognizing less immunogenic antigens shared
between EL4 and E.G7 cells are activated after
administration of pcDNA-TGFBR/hulg. The NK cell
activity was not involved in the cytolysis because
cytolytic activity against YAC-1 cells was not affected
by any of the treatments, as shown in Fig. 4c. Since
EL4 cells are thought to be poorly immunogenic tumor
cells, spontaneously elicited antitumor cellular immu-
nity by administration of pcDNA-sTGFBR/hulg may
not be strong enough to suppress EL4 tumor growth.
Thus, when tumors possess potent immunogenicity,
neutralization of TGF-B alone enhances antitumor
immunity that has been induced in vivo in the presence
of tumor, resulting in tumor regression. On the other
hand, even poorly immunogenic tumors might be
eradicated, if pcDNA-sTGFBR/hulg was injected in the
presence of treatment enhancing immunogenicity, e.g.,
administration of DCs with tumor-associated antigen
peptide.
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Fig. 4 Cytotoxic activity of spleen cells from pcDNA-sTGFBR/
hulg-injected mice against tumor cells. Mice with or without
challenged tumors received administration of pcDNA-sTGFBR/
hulg or pcDNA3.1 twice through different routes with a 2-week
interval. One week after the last injection, mice were sacrificed and
their spleen cells were tested for cytotoxic activity against E.G7 (a),
EL4 (b)% or YAC-1 (c¢) target cells after in vitro stimulation with
OVA-K” peptides for 6 days. * P<0.001; ** P<0.02. Experiments
were repeated three times and the results are representative of the
experiments

In this study, pcDNA-sTGFBR/hulg was adminis-
tered by three different routes, i.p., im., or i.t. The
cytotoxic activities against E.G7 cells and the frequen-
cies of OVA-specific CTLs were not different between
mice inoculated with pcDNA-sTGFBR/hulg i.p.or i.t.
However, E.G7 tumors relapsed after temporary com-
plete regression (1.5-6 weeks) in four of the six mice
receiving intratumoral administration of pcDNA-
sTGFBR/hulg (Fig. 2c). In these mice, it is likely that
there were no sTGFPBRII-producing cells after disap-
pearance of tumor cells and that relapsed tumors,
therefore lacked pcDNA-sTGFBR/hulg production.
Products of sTGFR/hulg were not detected in sera from
these four mice in which E.G7 tumors had relapsed,
whereas, intraperitoneal and intramuscular administra-
tions of pcDNA-sTGFBR/hulg were able to maintain
high levels of sTGFBRII in mouse sera, ranging from
1,200 to 2,600 pg/ml (data not shown). Alternatively,
tumors reappearing after regression may have lost OVA

antigen, with the result that OVA-specific CTLs could
not kill the tumors, which therefore grew. In any case,
for therapeutic purposes, pcDNA-sTGFBR/hulg should
be administered either i.p. or i.m.

A previous report by Kobie et al. [9] demonstrated
that neutralization of TGF-B by administration of anti-
TGF-B antibody enhanced the efficacy of a DC-based
vaccine. Thus, we examined whether simultaneous inoc-
ulation with pcDNA-STGFBR/hulg and pcDNA-OVA
elicited a more effective antitumor immune response
capable of eradicating tumors than did inoculation with
pcDNA-sTGFBR/hulg alone. In contrast to our expec-
tation, simultaneous inoculation with pcDNA-sTGFBR/
hulg and pcDNA-OVA did not elicit an additive effective
antitumor immune response (data not shown), compared
with the inoculation of pcDNA-sTGFBR/hulg alone.
Because inoculation with pcDNA-sTGFBR/hulg does
not require examination of patients’ MHC alleles or his-
tological types or origins of the particular cancer to be
treated, and because it is low-cost, safe, and easy to
manipulate, it seems applicable to clinical therapy against
cancer. However, for the treatment of poorly immuno-
genic tumors, this strategy requires an improvement to
enhance antigenicity of the tumors.
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