
Abstract. Balance between effector T cells (Teff) and
regulatory T cells (Treg) appears to be very crucial for
effective anti-tumor immunotherapy. The therapeutic
efficacies of enhancement of Teff and suppression of Treg
were compared between two murine hepatoma cell lines of a
similar origin, MH129 and MH134. Enhancement of Teff
was achieved by infection of tumor cells with adenovirus
expressing glucocorticoid-induced tumor necrosis factor
receptor-related protein (GITR), and suppression of Treg, by
depletion of CD4+CD25+ naturally occurring Treg by
administration of anti-CD25 monoclonal antibody (PC61) or
low-dose cyclophosphamide. Our data show that MH129
cells were susceptible to Treg depletion but resistant to GITR
expression, and vice versa for MH134 cells. Thus, in MH129
cells, injection of PC61 prior to or after tumor cell inoculation
completely or partially, respectively, eradicated tumor
growth. Low-dose cyclophosphamide administered after
tumor cell inoculation also delayed tumor growth. However,
GITR expression either in vitro or in vivo exhibited little
effect. In contrast, in MH134 cells, PC61 induced partial
tumor growth delay only when injected prior to tumor cell
inoculation, and low-dose cyclophosphamide showed no
effect, but GITR, particularly when administered in vitro,
inhibited tumor growth. An additive effect of PC61 and
GITR was observed only in MH134 cells. The ratios of
peripheral CD4+CD25+ to CD4+ T cells remained unaltered
during the experimental course in both tumor models. From
these results we speculate that this different sensitivity may
be due to a difference in relative induction levels of Teff

versus Treg, not due to different immunogenicity or different
kinetics of peripheral Treg, between the two tumor models.
Future studies identifying antigen(s) or epitope(s) specific for
Teff and Treg in these tumor cell lines are necessary as
analysis of the immune response to such antigen(s) or
epitope(s) may in general help predict the relative efficacy of
different immunotherapies against distinct tumors.

Introduction

It is well known that most tumor cells possess tumor-
associated antigens, many of which are found as non-mutated
self-components (1). These tumor antigens however generally
fail to elicit a significant anti-tumor immune response. This
is because, although autoreactive effector T cells (Teff) are
present in the periphery of virtually all the subjects, they are
kept in check by regulatory T cells (Treg) (2). Therefore, the
balance between the number and/or the function of Teff and
Treg appears to be highly crucial for the outcome of anti-
tumor immunotherapy. In other words, an effective anti-tumor
immune response can be obtained not only by enhancing Teff
function but also by attenuating the suppressor function of
Treg.  

Among the different types of Treg identified so far,
CD4+CD25+ Treg have been evaluated most extensively. It
has become increasingly clear that Treg play a critical role in
autoimmunity, transplantation and also in tumor immunity
(3). Thus in vivo depletion of CD4+CD25+ Treg with anti-
CD25 monoclonal antibody (PC61) has been shown to
eradicate some but not all tumors in animal models (4-9).
Additionally, our recent study has demonstrated that low-
dose cyclophosphamide (20 mg/kg) also depletes Treg
selectively and induced a significant anti-tumor immune
response in a murine hepatoma cell line MH129 (10). 

Glucocorticoid-induced tumor necrosis factor receptor
(TNFR)-related protein (GITR), a member of the TNFR
superfamily, is highly expressed in Treg (11). Although GITR
expression is dispensable for Treg function (12), agonistic
monoclonal antibody against GITR (DTA-1) has previously
been shown to abrogate the suppressor function of Treg and
consequently enhance the immune response (13,14). Therefore
GITR was originally considered a potential target for
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suppression of Treg function. Later, however, it was
discovered that GITR is also expressed in resting CD4+CD25-

and CD8+ T cells at low levels and was up-regulated upon
activation, and the signal through GITR co-stimulated both
CD4+CD25- and CD8+ T cells particularly with suboptimal T
cell receptor stimulation (12,15). Importantly, the co-culture
experiments with CD4+CD25- and CD4+CD25+ T cells from
wild-type or GITR knockout mice revealed that ligation of
GITR on Teff is required to abrogate suppression by Treg
(16). Thus it is currently believed that the signal through
GITR mainly activates Teff rather than suppressing Treg
(11,17).

In this study we evaluated the relative therapeutic efficacy
of enhancement of Teff function through GITR signaling by
adenovirus-mediated expression of GITR ligand (GITRL)
and inhibition of suppressor function of Treg by depletion
with PC61 or low-dose cyclophosphamide in two murine
hepatoma cell lines, MH129 and MH134, of a similar origin. 

Materials and methods

Cell lines and mice used. MH129 and MH134 cells were
CCl4-induced murine hepatoma cell lines from C3H/He
strain (18), and were maintained in RPMI-1640 medium with
10% FCS and appropriate antibiotics. In vitro growth of each
cell line was evaluated with the trypan blue exclusion test. 

Six-week-old female C3H/HeN mice were purchased from
Charles River (Tokyo, Japan) and kept in a specific pathogen-
free facility. All experiments were conducted in accordance
with the principles and procedures outlined in the Guideline
for the Care and Use of Laboratory Animals in Nagasaki
University. 

Preparation of anti-CD25 monoclonal antibody. Anti-CD25
monoclonal antibody was purified from ascites of nude mice
intraperitoneally injected with hybridoma PC61 using
HiTrap™ protein G HP column (Amersham, Piscataway, NJ,
USA). PC61 hybridoma was from Dr K. Yui, Nagasaki
University, Nagasaki, Japan. 

Construction of adenovirus expressing mouse GITRL. The
plasmid containing cDNA for mouse GITRL (pTG16491)
was kindly provided by Dr B. Calmels, Transgene, Strasburg,
France (19). GITRL cDNA was excised by digestion with
NheI and SalI, and ligated into NheI- and SalI-digested
bicistronic vector pIRES2-AcGFP1 (Takara, Tokyo, Japan).
The DNA fragment containing the GITRL cDNA, IRES and
AcGFP was then released by NheI- and NotI-digestion and
ligated into NheI- and NotI-digested adenovirus shuttle
vector pHMCMV6 (20). The resulting plasmid pHM-
GITRL-IRES-GFP was cut with PI-SceI and I-CeuI, and
ligated into pAdHM15 (20). pAdHM-GITRL-IRES-GFP was
linearized with PacI, and transfected into 293 human
embryonic kidney cells to yield Ad-GITRL-IRES-GFP. The
adenovirus obtained was amplified in 293 cells and purified
using two rounds of CsCl gradient centrifugation as
previously described (21). Determination of plaque-forming
unit (pfu) was also performed as previously described (21).

Expression of GITRL and GFP was confirmed by
FACScan flow cytometry and Cell Quest software program

(BD Biosciences, Mountain View, CA, USA) after staining
the MH129 cells infected with Ad-GITRL-IRES-GFP at an
MOI of 100 with PE-conjugated anti-GITRL antibody
(e-Bioscience, San Diego, CA, USA). 

Infectivity of MH129 and MH134 cells to adenovirus
infection. The cells were infected with Ad-EGFP (a kind
gift from Dr H. Yamasaki, Nagasaki University) at MOIs of
30, 100 and 300. On the next day, expression of EGFP was
determined by flow cytometry as described above. 

Expression of GITR on MH129 and MH134 cells.  Expression
of GITR on the cells was analyzed by staining the cells with
PE-anti-GITR antibody (e-Bioscience) as described above.

In vivo experiments. The cells (5x105 cells/mouse) were
subcutaneously injected into the flanks of mice. Tumor sizes
were determined from caliper measurement using the
standard formula (length x width2/2) and expressed as the
mean ± SE. 

In the first series of experiments with cyclophosphamide
and PC61, groups of mice were treated with either an
intraperitoneal injection of cyclophosphamide (20 or 200 mg/
kg) (Sigma-Aldrich, St. Louis, MO, USA) or PC61 (500 μg/
mouse) four days before or after tumor cell inoculation. In vivo
depletion of CD25+ cells by PC61 was confirmed by flow
cytometric analysis as described above after staining
splenocytes four days after an intraperitoneal injection of
antibody with FITC-conjugated-anti-CD4 and PE-anti-CD25
antibodies that recognize a different epitope of CD25 (7D4)
(e-Bioscience) (10). 

In the second series of experiments with GITRL, groups
of mice were injected with the cells infected with Ad-
GITRL-IRES-GFP or Ad-EGFP at an MOI of 100 for 24 h.
Alternatively, other groups of mice were first injected with
uninfected tumor cells, and when tumor sizes reached
~5 mm in diameter, 5x108 pfu Ad-GITRL-IRES-GFP or Ad-
EGFP in 50 μl PBS was injected intratumorally. 

Finally, the combined effect of PC61 and Ad-GITRL-
IRES-GFP was also studied. Groups of mice were injected
on day 0 with the cells infected with Ad-GITRL-IRES-GFP
at an MOI of 100 for 24 h, and were injected with PC61 on
day +4 (MH129) or day -4 (MH134). 

Results

As evident from our recent report (10) and Figs. 1 and 2 in
this study, MH129 cells are susceptible to depletion of CD25+

cells. Thus, injection of PC61 prevented tumor formation
completely or partially when administered four days before or
after tumor cell inoculation, respectively (Fig. 1A). CD4+CD25+

T cell depletion by low-dose cyclophosphamide (20 mg/kg)
also significantly suppressed tumor growth (Fig. 2A). In
contrast, MH134 cells were resistant to depletion of CD25+

cells. As shown in Fig. 1B, injection of PC61 prior to tumor
cell inoculation only partially delayed tumor growth, and
injection following tumor cell inoculation contributed no
effect. Low-dose cyclophosphamide also showed no
significant therapeutic benefit (Fig. 2B). As we have recently
demonstrated (10) and illustrated in Fig. 2, high-dose
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cyclophosphamide was equally effective in both cell lines
through its direct cytotoxic effect. 

Since this difference, despite the similar origin of the two
cell lines, may be attributed to different kinetics of peripheral
CD4+CD25+ T cells in the two tumor models, the percentages
of T cell subpopulations in splenocytes were studied. The
ratios of CD4+CD25+ to CD4+ T cells in the spleen remained
unchanged during the experimental course (8.7±3.3% in the
control; 9.2±1.2% in MH129-bearing mice at day 7,
6.2±2.5% in MH129-bearing mice at day 21; 7.2±1.9% in
MH134-bearing mice at day 7; and 8.44±0.72% in MH134-
bearing mice at day 21; mean ± SD). 

The relative therapeutic effect of GITRL enhancement
of Teff function in the two cell lines was next compared. To
do this, recombinant, bicistronic adenovirus expressing
GITRL and GFP was constructed. Expression of both
molecules was confirmed by flow cytometry (Fig. 3).
Ninety-five percent infectivity was observed at an MOI of
100 (Fig. 4). In vitro cell growth rates of both cells were not
affected by infection with Ad-GITRL-IRES-GFP, and neither
cells expressed GITR (data not shown). The in vivo effect of
GITRL expression was evaluated by two different methods;
one was by inoculation of adenoviral infected cells, and the
other by injection of adenovirus into established tumors.
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Figure 1. Anti-tumor effect of PC61 on MH129 and MH134 tumor cells in C3H/HeN mice. The mice were inoculated with 5x105 MH129 (A) or MH134 (B)
cells on day 0. Groups of mice were untreated (‡) or treated with 500 μg PC61 on day -4 (∫) or +4 (•). The data are the means ± SE (n=6). The same
experiments were repeated at least twice with similar results. 

Figure 2. The anti-tumor effect of low (20 mg/kg)- and high (200 mg/kg)-dose cyclophosphamide on MH129 and MH134 tumor cells in C3H/HeN mice. The
mice were inoculated with 5x105 MH129 (A) or MH134 (B) cells on day 0. Groups of mice were untreated (‡) or treated with high-dose (∫) or low-dose (•)
cyclophosphamide on day +4. The data are the means ± SE (n=6). The same experiments were repeated at least twice with similar results. 

Figure 3. Flow cytometric analysis of MH129 cells infected with Ad-GITRL-IRES-GFP. The cells were untreated or infected with Ad-GITRL-IRES-GFP at
an MOI of 100 pfu/cell. One day later, expression of GITRL and GFP was examined as described in Materials and methods. 
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In vivo growth of MH129 tumors was not affected by GITRL
expression for either method (Fig. 5A). However, MH134
tumor growth was blunted by GITRL, particularly when the
cells were infected with Ad-GITRL-IRES-GFP before
inoculation (Fig. 5B). Thus, the relative responses of two
hepatoma cell lines to Treg depletion and Teff enhancement
are quite different; MH129 cells are susceptible to the former
but resistant to the latter, and vice versa for MH134 cells.

Finally, the combined effect of PC61 and GITRL was
also studied. The tumor cells were infected with Ad-GITRL-
IRES-GFP prior to tumor cell inoculation, and PC61 was
injected four days after or before tumor cell inoculation in
MH129 and MH134, respectively. The additive effect of PC61
and GITRL was observed only in MH134 cells (p<0.05,
Figs. 1 and 5) in the combination study. 

Discussion

Effective therapeutic outcome of anti-tumor immunotherapy
may be obtained by attenuating Treg suppressor function
and/or enhancing Teff, for example, by depletion of Treg
with PC61 or low-dose cyclophosphamide and stimulation of

Teff by GITR signal or DTA-1, respectively. The therapeutic
efficacies of PC61 and GITRL or DTA-1, alone or in
combination with other antigen-specific immunotherapies,
have recently been documented in animal models, showing
that the effects of PC61 and DTA-1 vary in different types of
tumor cells. For example, Meth A fibrosarcoma cells are
sensitive but B16 melanoma cells are resistant to both
antibodies (4,5,17,22,23). Thus it is generally accepted that
Treg depletion and Teff enhancement can increase antitumor
immunity against highly immunogenic tumors but has little or
no effect against poorly to non-immunogenic tumors (17).
However our present study clearly shows that the relative
responsiveness to GITRL and PC61 is different even in two
murine hepatoma cells of a similar origin. 

The exact mechanism(s) of this difference are at present
unclear, but may not be explained by a difference in immuno-
genicity of these cells, because each tumor cell line responded
to at least one therapeutic approach. Also a different kinetics
of peripheral Treg between these tumor models is also
unlikely, because there was no difference in peripheral Treg
number between these models. Instead, a difference in
relative induction levels of Teff versus Treg by each cell line
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Figure 4. Flow cytometric analysis of adenovirus infectivity in MH129 cells. The cells were infected with Ad-EGFP at MOIs of 30, 100 and 300 pfu/cell. One
day later, expression of EGFP was examined as described in Materials and methods. 

Figure 5. The anti-tumor effect of Ad-GITRL-IRES-GFP on MH129 and MH134 tumor cells in C3H/HeN mice. The mice were inoculated with 5x105

MH129 (A) or MH134 (B) cells infected for 24 h with Ad-EGFP (‡) or Ad-GITRL-IRES-GFP (ƒ) on day 0. Alternatively the mice were inoculated with
5x105 uninfected cells, and 5x108 pfu Ad-EGFP (data not shown) or Ad-GITRL-IRES-GFP (•) were injected intratumorally when tumors became ~5 mm in
diameter. Furthermore, the mice were also inoculated with Ad-GITRL-IRES-GFP-infected cells and treated with PC61 four days after or before tumor cell
inoculation in the MH129 and MH134 cells, respectively (∫). The data are the means ± SE (n=6-12). The same experiments were repeated at least twice with
similar results. 
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may explicate our results. From our results we suggest the
following scenario. It is clear that the balance between Teff
and Treg tipped toward Treg in these two tumor models,
because both tumors grew well in syngeneic immuno-
competent mice. However, MH129 tumor cells substantially
activated both Teff and Treg (but Treg > Teff). The depletion
of Treg could reverse this balance, thereby leading to tumor
shrinkage; however, Teff were already activated fully and
GITRL was therefore ineffective. In contrast, the activation
of Treg was considerably high, but that of Teff trifling in
MH134 cells. The depletion of Treg by PC61 could therefore
not enhance tumor immunity because of negligible Teff
activity; while activated Teff by GITRL overweighed Treg
and enhanced anti-tumor immunity. In these cases, activation
of Treg does not necessarily mean proliferation of Treg,
because the number of CD4+CD25+ Treg was unaltered after
tumor cell inoculation in our study. An additive effect of PC61
and GITR in MH134 cells, not in MH129, fits our hypothesis. 

Notably, a recent study has shown that tumor antigen(s)
prime both Teff and Treg even in the same regional lymph
nodes (24), and moreover another study has also shown that
certain antigen(s) selectively induce Treg (25). 

To confirm our hypothesis, future studies identifying
tumor antigen(s) or epitope(s) specific for Teff and Treg in
these tumor cells will be required. Analysis of immune
response to such antigen(s) or epitope(s) may help predict the
relative efficacy of different immunotherapies against distinct
tumors. 
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