
Abstract. It is generally accepted that T regulatory cells (Treg

CD4+CD25+Foxp3+) play an important role in the suppression
of tumour immunity. We examined the impact of Treg cell
depletion with anti-CD25 antibody as adjuvant therapy in the
treatment of minimal residual disease after excision of murine
HPV16-associated tumours. We found that the depletion of
Treg cells inhibited growth of the recurrences after surgery of
HPV16-associated MHC class I+ as well as MHC class I-
deficient tumours transplanted in syngeneic mice. These results
demonstrate that depletion of CD25+CD4+ Treg cells can be
used as an efficient adjuvant treatment improving the results of
surgery in the experimental systems mimicking human MHC
class I+ and MHC class I-deficient, HPV16-associated
neoplasms. Therefore, this therapeutic modality is worth being
examined in patients with minimal residual HPV16-associated
tumour disease after surgery.

Introduction

Local recurrence of tumours at the site of tumour resection
represent a major problem in oncology. It has been found in
experimental systems that cytokine-based immunotherapy
and gene therapy performed after tumour resection can
substantially improve the therapeutic results (1,2) (reviewed
in ref. 3).

Regulatory CD4+CD25+ T cells (Treg cells) play an
important role in maintaining immunological homeostasis to
both self and foreign antigens and control a wide spectrum of
immune responses. The activity of Treg cells is not always
beneficial for the hosts; the Treg cells may be important for the

suppression of T cell-mediated tumour immunity and thus,
effective immunotherapeutic strategies should consider
elimination of their effects (reviewed in ref. 4).

In various murine models, it has indeed been demon-
strated that the depletion of CD25+ Treg cells may result in the
inhibition of tumour growth (5-10). In vitro, the regulatory T
cells could inhibit the antitumour activity of tumour-specific
CD8+ cytotoxic T lymphocytes as well as the activity of CD4+

T cells and NK cells (reviewed in ref. 11). Thus, these data
suggest that the Treg cells can inhibit both the MHC class
I-restricted and -unrestricted immune responses. This is of
particular importance, since downregulation of the MHC
class I expression is a frequent mechanism of tumour escape
from the immune response (12) in the course of tumour
development and progression. In preclinical models, experi-
mental immunotherapy protocols of the MHC class I-deficient
HPV16-associated tumours have been investigated and
inhibition of the tumour growth was achieved with tumour
vaccines, cytokine therapy and CpG oligodeoxynucleotide
treatment (reviewed in refs. 13-15). However, so far the
information on the efficacy of the in vivo treatment of MHC
class I-deficient tumours by depletion of CD25+ cells with
specific monoclonal antibodies (mAb) in this experimental
system has been lacking. To study this problem, we used a
model mimicking human tumours associated with human
papilloma virus type 16 (HPV16) (16), murine tumours
expressing HPV16 E6/E7 oncoproteins and differing in the
expression of MHC class I molecules, the MHC class I-positive
tumour cell line TC-1 (17) and its MHC class I-deficient
subline TC-1/A9 (18) and examined the possibility to enhance
the anti-tumour immune responses by CD25+ cell depletion
performed at the time of tumour excision. 

Materials and methods

Mice. C57BL/6 males, 2-4 months old, were obtained from
AnLab Co., Prague, Czech Republic. The mice were housed
in the animal facility of the Institute of Molecular Genetics.
Experimental protocols were approved by Institutional Animal
Care Committee of the Institute of Molecular Genetics,
Prague.

Tumour cell lines. The TC-1 tumour cell line was established
by transformation of primary C57BL/6 mouse lung cells with
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HPV16 E6/E7 and activated Ha-ras DNA (17). The MHC
class I-deficient variant of the TC-1 cells, TC-1/A9 (a generous
gift from Dr M. Smahel) was derived from TC-1 tumours
formed in mice preimmunized repeatedly with HPV16 E7-
containing plasmid DNA (18).

Antibodies. In vivo depletion of CD25+ cells was performed
using mAb PC61 (19) produced by Exbio, Prague, Czech
Republic. Depletion of the CD4+CD25+ cells was monitored
in lymph nodes by flow cytometry using monoclonal anti-
bodies, the FITC-labelled anti-mouse CD4 (clone RM4-4)
and PE-labelled anti-mouse CD4 (clone GK1.5), the PE-
labelled anti-mouse CD25 (PC61) and FITC-labelled anti-
mouse CD25 (7D4) recognizing distinct epitopes on the
CD25 molecule than PC61 mAb, purchased from Pharmingen,
San Diego, CA.

CD25 and Foxp3 mRNA analysis. Total RNA was extracted
from 15 to 20x106 lymph node cells using Tri reagent (Sigma-
Aldrich, St. Louis, MO) and mRNA was transcribed into cDNA
using the GeneAmp® RNA PCR kit (Applied Biosystems)
and random hexamers as the primers. PCR primers were
purchased from Generi Biotech, Czech Republic. Real-time
PCR was performed using the IQ™ SYBR Green Supermix
(170-8880) as described by the manufacturer and the BioRad
iCycler version 2.039. The sequences of specific primers were:
FoxP3 5'-CCCAGGAAAGACAGCAACCTT-3' and 5'-TCT
CACAACCAGGCCACTTG-3' (20); CD25 5'-CCAGCAAC
TGGGATGACAAA-3' and 5'-GCTCTTTCTGGTGTTCAA
GTTGAG-3' (21); ß-actin 5'-GATGAGATTGGCATGGC
TTT-3' and 5'-CACCTTCACCGTTCCAGTTT-3'. Amplifi-
cation was performed in a total volume of 25 μl for 35 cycles
of 15 sec at 95˚C, 1 min at 60˚C and 2 min at 72˚C. Samples
were ran in triplicate, and their relative gene expression were
determined by normalizing of the expression of each target to
ß-actin expression.

In vivo experiments. The TC-1 or TC-1/A9 tumour cells were
transplanted subcutaneously into syngeneic mice. CD25+ cell
depletion was performed by the administration of 0.3 mg of
the PC61 mAb per mouse two days before transplantation
of tumour cells, or at the time of the appearance of palpable
tumours, or during the surgical removal of the growing
tumours. To investigate the effects of CD25+ T cell depletion
at the time of tumour excision, mice with growing tumours
(8-12 mm in diameter) were randomly distributed to experi-
mental and control groups. In the experimental mice the
PC61 antibody was injected i.p. two days before excision and
s.c. one day after the excision, in the vicinity of the excised
tumours. The experimental and control mice were then
observed twice a week, and the number of tumour-bearing
mice and size of tumours were recorded.

Statistical analyses. For statistical analyses of differences
between the growth of tumours in experimental and control
groups, the analysis of variance from NCSS, Number Cruncher
Statistical System (Kaysville, UT), statistical package was
used. For comparison of tumour takes and recurrences in
experimental and control groups, the ¯2 comparison test was
utilized.

Results

Efficacy of in vivo anti-CD25 mAb administration. To deter-
mine the efficacy of Treg cell depletion we examined the
presence of CD25+ and Foxp3+ cells in regional lymph nodes
of experimental mice. The representative data obtained by flow
cytometry, confirming the efficacy of CD25+ cell depletion in
the experimental groups, are shown in Fig. 1. The percentage
of Treg cells in regional lymph nodes decreased after treatment
of mice with the PC61 mAb from 3.9 to 0.2%. Similar results
were obtained by using anti-CD25 mAB 7D4 (data not
shown). Further, we determined the presence of CD25 and
Foxp3 mRNA in lymph node cells. The representative data
of mRNA expression (lymph node cells pooled from six mice
in each group) are shown in Fig. 2. The administration of the
anti-CD25 mAb resulted only in the decrease of the expression,
but not in the absence of the Foxp3 and CD25 mRNA in both
control and tumour-bearing mice.

Effects of anti-CD25 mAb administration on the growth of
MHC class I+ (TC-1) and MHC class I-deficient (TC-1/A9)
tumours. PC61 mAb was injected i.p. two days before trans-
plantation of the tumour cells. Administration of the anti-CD25
mAb substantially inhibited the growth of the MHC class
I+ TC-1 cell line (Fig. 3a) as well as growth of its MHC class I-
deficient subline TC-1/A9 (Fig. 3b). We further examined
the effect of the PC61 mAb administration on the growth of
tumours that were already palpable. When the tumours reached
~1-2 mm in diameter, the mice were randomly distributed to
the experimental and control groups. Experimental groups of
mice were repeatedly treated i.p. with PC61 antibody. In this
scheme of anti-CD25 antibody administration, the growth of
neither MHC class I positive nor MHC class I-deficient
tumours was inhibited (Fig. 4).

Effects of anti-CD25 mAb administration on the recurrences
after surgical removal of the established tumours. TC-1 or
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Figure 1. Efficacy of CD4+CD25+ depletion after administration of PC61
mAb: (a) surgically-treated mice, (b) surgically-treated and PC61 mAb-treated
mice. Data are representative of all experiments.
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TC-1/A9 tumour cells were transplanted into syngeneic mice.
The mice with growing tumours were randomly distributed
into experimental and control groups and the tumours were
surgically removed. The CD25+ cell depletion was performed
in the experimental groups by injecting PC61 antibody i.p.
two days before excision of tumours and by s.c. injection one
day after the excision in the vicinity of the excised tumours.
As seen in Fig. 5, the recurrence rate of the TC-1 tumours
decreased after treatment of mice with the anti-CD25 mAb
from 74 to 43% (Fig. 5a) and the growth of both, MHC
class I+ (TC-1) and MHC class I deficient (TC-1/A9) tumour
recurrences was substantially inhibited (Fig. 5a and b).

Discussion

In the past several years there has been substantial advances
in the development of prophylactic HPV16 vaccines. Vaccines

based on the HPV virus-like particles and inducing genotype-
specific virus-neutralizing antibodies were found to prevent
infection from HPV16 and, in controlled clinical trials, to
significantly reduce HPV16-associated cervical cancer (22)
(reviewed in ref. 23).
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Figure 2. Foxp3 and CD25 mRNA expression in lymph node cells of mice.
Control and TC-1 tumour-bearing mice were i.p. injected with PC61 mAb
and relative mRNA expression was determined by RT PCR; (a) relative
FoxP3 mRNA expression, (b) relative CD25 mRNA expression. Data are
representative of all experiments.

Figure 3. Administration of anti-CD25 mAb inhibits growth of MHC class I
positive as well as deficient tumours in syngeneic mice. Mice were
challenged s.c. with the respective tumours cells. The experimental mice
were treated two days prior to challenge with the PC61 mAbs. (a) TC-1
(MHC I+) tumours, *P<0.05; number of tumour-bearing mice/total number
of mice; 7/7 control group vs. 3/7 experimantal group - P<0.025; (b) TC-1/
A9 (MHC I-) tumours, *P<0.05.
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Also, therapeutic vaccines were examined both in the
animal models (reviewed in ref. 16) and in clinical trials. In
the experimental models, substantial therapeutic and anti-
metastatic effects of cytokine and dendritic cell-based vaccines
were observed (2,24-26) (reviewed in ref. 3). However, the
clinical results of therapeutic vaccination have been
disappointing, particularly due to the fact that the immuno-
therapy was carried out in patients with late-stage disease,
who were already partially immune compromised by radio-
therapy and/or chemotherapy. Therefore, the development of
efficient immunotherapy strategies for clinical purposes is
needed.

It is generally accepted that the immunotherapy trials in
patients with minimal residual disease after surgery are more
likely to be successful than the immunotherapy of the late-
stage disease patients. Therefore, we focused our attention
on preventing the cancer-associated immunosuppression
accompanying the progression of tumour recurrence after
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Figure 4. Administration of anti-CD25 mAb does not inhibit growth of
palpable tumours. Mice were challenged s.c. with tumour cells. When the
tumours reached ~1-2 mm in diameter, mice were randomly distributed to
the experimental and control groups. The experimental groups of mice were
treated with PC61 antibody i.p. on day 14 and s.c. on day 20. (a) TC-1
(MHC I+) tumours; (b) TC-1/A9 (MHC I-) tumours.

Figure 5. Administration of anti-CD25 mAb inhibits growth of recurrences
after surgical removal of tumours. PC61 mAb was injected i.p. two days
before excision of the respective tumours and s.c. one day after the excision
of tumours. (a) TC-1 (MHC I+) tumours; (b) TC-1/A9 (MHC I-) tumours;
*P<0.05 
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surgery of HPV16-associated tumours. We performed in vivo
depletion of immunosuppressive Treg cells by the administration
of anti-CD25 mAb PC61 that resulted in the depletion of
cells expressing membrane CD4+CD25+ markers but only the
decrease of Foxp3 and CD25 mRNA expression. This is in
accordance with recent findings of Kohm et al (27) that the
administration of anti-CD25 monoclonal antibody results in
only the functional inactivation, but not physical depletion of
Treg cells. Nevertheless, our in vivo experiments demonstrated
that the administration of anti-CD25 mAb was sufficient for
efficient adjuvant antitumour therapy. Since the CD25+ Treg

cells can inhibit not only the effects of specific CD8+ cytotoxic
T lymphocytes but also the tumour cell-directed nonspecific
NK cell functions (28), we examined the anti-suppressoric
treatment in parallel in a doublet of HPV16-associated
tumour model systems, the MHC class I+ conventional TC-1
(17) and in its MHC class I-deficient TC-1/A9 counterpart
(18). We found that the depletion of the Treg cells reduced the
percentage of tumour recurrence after surgery and inhibited
the growth of the recurrences in the Treg cell-depleted mice
carrying both, the MHC class I+ and MHC class-deficient
tumours. Since the anti-immunosuppressive treatment was
found to be an efficient adjuvant therapy improving the results
of surgery in our preclinical models mimicking human HPV16-
associated tumours, it is worthwhile applying Treg cell
depletion also in patients with HPV16-associated neoplasms.
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