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Abstract
Purpose In spite of the recent advances in surgery and
antitumor drugs, the brain tumors, like glioblastoma, have
shown a poor prognosis. The aim of this study was to deter-
mine the eVect of pertussis toxin (PTx) as immunomodula-
tory molecule on glial tumors induced by C6 glioma cells.
Methods Given the pleiotropic eVect of PTx on the
immune system, we analyzed the eVect of PTx on CD4+/
CD25+/FoxP3+ (Treg) cells like as immunotherapeutic
adjuvant. Thirty rats with a glial tumor of 1.5 cm in diame-
ter were separated in two groups: the Wrst group was treated
with PTx and the second group was non-treated (controls).
Tumoral volume was measured weekly; tumor, blood and
spleen were taken for analysis of subpopulations of T cells,
apoptotic index and cytokine contents, in both groups.
Results We observed a signiWcant decrease in tumor vol-
ume in the PTx group; this was associated with a decreased

in the number of Treg cells, in both spleen and tumor. The
percentage of apoptotic cells was increased as compared
with that of controls. The production of proinXammatory
cytokines was increased in mRNA for IL-6 as well as a
small increase in the mRNA expression of perforin and
granzime in tumors from rats treated with PTx. No changes
were found in the mRNA expression of MCP-1 and MIP-1�.
Conclusion These results suggest that PTx could be an
immunotherapeutic adjuvant in the integral therapy against
glial tumors.

Keywords Pertussis toxin · Glioblastoma multiforme · 
Immunotherapeutic · Regulatory T cells · C6 glioma

Introduction

Malignant gliomas are the most frequent brain tumors in
adults, and they are responsible for more than 15,000
deaths in the United States each year (Deorah et al. 2006).
At the National Institute of Neurology and Neurosurgery of
Mexico, Glioblastoma multiforme (GBM) represents 9% of
all brain tumors and 45.7% of primary gliomas (Lopez-
Gonzalez and Sotelo 2000; Velasquez-Perez and Jimenez-
Marcial 2003). Despite the multiple advances in diagnosis,
the prognosis for this tumor is poor; the median survival
time of untreated tumors is about 5 months. Even with the
best available current therapy, which includes radiation,
chemotherapy and surgery, the median survival does not
extend beyond 14 months (Buckner 2003; Stupp et al.
2005).

In other way, it has been shown that the progression of
some malignant tumors is associated with the expression of
tumor-speciWc antigens and with antigen-speciWc immune
response (Jager et al. 2001). Hence, theoretically, eVective
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tumor rejection and immunity could be achieved by immu-
nization with tumor-associated antigens. However, active
immunotherapy for cancer has shown only minimal clinical
eVectiveness due to the mechanism of evasion in the
immune system.

Regulatory T cells, also known as CD4+CD25+FoxP3+,
Treg, are a subpopulation of T cells that inhibits the activa-
tion of the immune response, thereby maintaining the
homeostasis of the immune system and tolerance to self-
antigens. The depletion of Treg’s seems necessary to
achieve an eVective immune response (Garcia-Lora et al.
2003). There is increasing evidence for the existence of ele-
vated numbers of regulatory T cells in solid tumors and
hematological malignancies (Barnett et al. 2005; Chatto-
padhyay et al. 2005; Linehan and Goedegebuure 2005).
The presence of inWltrating Treg may be detrimental to the
host natural defences against the tumor; while the presence
of eVector T lymphocytes, including CD8+ and non-regula-
tory CD4+ helper T cells, may be beneWcial (Fecci et al.
2006). Lesniak and col. recently have shown an increased
number of Treg both, in tumor-inWltrating lymphocytes as
well as in peripheral blood of patients with GBM. Deple-
tion of Treg increased survival of mice with experimental
brain tumors (El Andaloussi et al. 2006; El Andaloussi and
Lesniak 2006).

Pertussis toxin (PTx) has been used for a long time as
adjuvant to enhance the severity of experimental autoim-
mune encephalomyelitis (EAE) in permissive strains and
even to render resistant strains susceptible (Linthicum
1982; Munoz et al. 1984). Its properties are not restricted to
CNS autoimmunity, but also apply to other systemic mod-
els of autoimmunity such as orchitis, uveitis and inXamma-
tory myopathy (Agarwal et al. 2002; Hart et al. 1987; Hou
et al. 2003; Kohno et al. 1983). PTx is highly immunogenic
(Mascart et al. 2003; Nencioni et al. 1991); therefore, it has
been included in some vaccines in a chemically or geneti-
cally detoxiWed form (Tonon et al. 2002). Numerous immu-
nological eVects have been attributed to PTx. On the innate
immune system, PTx decreases the production of IL-6 and
IL-10 by mast cells (Mielcarek et al. 2001), promotes matu-
ration of APC leading to the upregulation of MHC class II
or co-stimulatory molecules, and incites the production of
IL-12 (Darabi et al. 2004; He et al. 2000; Hou et al. 2003;
Tonon et al. 2002). On the adaptive immune system, PTx
increases both Th1 and Th2 responses (Hofstetter et al.
2002; Ryan et al. 1998; Shive et al. 2000) and inhibits che-
mokine-induced lymphocyte migration (Alt et al. 2002;
Cyster and Goodnow 1995). Classically, the exacerbating
eVect of PTx on EAE was attributed to increased sensitiza-
tion to histamine (Linthicum 1982; Linthicum and Frelinger
1982) and permeabilization of the blood–brain barrier
(Bruckener et al. 2003). More recently, PTx has shown a
selective eVect over the Treg cell population, inducing a

remarkable reduction in the frequency and immunosuppres-
sive activity of splenic CD4+CD25+T cells in vivo (Cassan
et al. 2006; Chen et al. 2006). The aim of the present study
was to determine the eVect of PTx as immunomodulatory
molecule on malignant glial tumors induced by C6 glioma
cells.

Methods

C6 glioma in rats

The animal model protocol here used was approved by the
animal research and care committee of the Instituto
Nacional de Neurologia y Neurocirugia. Rat C6 glioma
cells (Benda et al. 1968), obtained from the American Type
Culture Collection (Rockville, MD), were cultured under
sterile conditions at 37°C in a humid environment with 5%
of CO2 in Dulbecco’s modiWed Eagle’s medium supple-
mented with 10% fetal calf serum (FCS). The technique for
achieving reproducible C6 gliomas has been previously
reported elsewhere (Arrieta et al. 1998; Pineda et al. 2005).
BrieXy, 1 £ 107 cultured C6 cells were intraperitoneally
inoculated into 12-week-old female Wistar rats. On twenti-
eth day of post-inoculation, a large peritoneal tumor devel-
ops (Guevara and Sotelo 1999). This tumor was crushed
and mechanically dissociated by successive passage
through 14, 16, 18 and 21 gauge needles at 4°C. A suspen-
sion of 1 £ 107 viable cells in 1 ml of saline solution was
subcutaneously inoculated into the left thigh of 12-week-
old female Wistar rats. Approximately 7 days after cell
implantation, subcutaneous tumors were visible in 80% of
the animals; these tumors reached a diameter of 1.5 cm in
three weeks; not spontaneous involution was observed of
tumors at that size. Therefore, only rats that developed sub-
cutaneous C6 gliomas of at least 1.5 cm in diameter were
included in the study.

Experimental design

Thirty rats with tumor of 1.5 cm diameter were separated in
two groups: the Wrst was treated with vehicle alone (control
group) and the second group was treated with PTx. Tumor
growth was assessed once a week by size measurement
with a caliper. Animals were euthanized on day 21. Tumor,
blood and spleen of all animals grown both groups were
taken for analysis.

To induce the pleiotropic eVects on the immune system
by PTx, we injected Wistar rats intraperitoneally with 2 �g
PTx at day 0, and 1 �g at day 2, as described by Cassan
et al. (2006). Control rats only received PBS with the same
schedule.
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Determination of tumoral volume

Tumors were measured weekly and their volumes (in cubic
centimeters) were determined for each rat with the
formula 6� £ L £ W £ H, as described by Tomayko and
Reynolds (1989). After 7, 14, 21 and 28 days of treatment,
Wve animals per group were anaesthetized and killed by
exsanguination. Blood, spleen and tumor samples were
taken for further determinations. In accordance with our
institutional guidelines for the compassionate use of experi-
mental animals, rats in which the tumor reached a volume
of more than 50 cm3 before the end of the experiment were
euthanized.

Flow cytometry of T-lymphocyte subpopulations

Direct immunoXuorescence using monoclonal antibodies
anti-CD4-PE, anti-CD8-PE, anti-CD56-FITC, anti-CD25-
APC (Biosource, Washington, USA) and anti-Foxp3-PE
(e-biosciences, San Diego, CA) were used to determine the
percentages of CD4+, CD8+, CD56+ and CD4+/CD25+/
FoxP3+ (Treg) lymphocytes in the peripheral blood, spleen
and tumor samples. BrieXy, 30 �l of either blood or tumor
or spleen homogenates was incubated 30 min with 5 �l of
the corresponding monoclonal antibody (1:100 dilutions).
Afterward, 200 �l of red blood lysis solution (BD Biosci-
ences, Palo Alto, CA) was added, incubated for 10 min and
washed twice with 0.1% BSA and 0.1% NaN3 PBS (pH
7.2). Afterward, 200 �l of permeabilizing solution was
added and the cells were incubated for 10 min, washed and
further incubated with anti-FoxP3-APC for 30 min, washed
and Wxed in 1% paraformaldehyde/PBS for examination by
Xow Cytometry (FACSCalibur, BD Biosciences) Cell
Quest Pro software (BD Biosciences); 10,000 events in the
region corresponding to lymphocytes were analyzed. From
this region, the percentage of positive cells from each sam-
ple was determined. Results were expressed as the percent-
age of Xuorescent positive cells (§SD).

Immunohistological analysis

Ten tumors from each group were extracted and included in
paraYn for immunohistochemical analyses. Thin sections
(5 �m) were stained with anti-CD4 monoclonal antibodies
coupled to allophycocyanin (APC) (Biosource, Washington,
USA) monoclonal antibodies. Additionally, Wve tumors of
each group were stained with anti-CD68 monoclonal anti-
bodies coupled to Xuorescein (FITC) (Santa Cruz Biotech-
nology California, USA), and 5 Welds were counted of each
slide. Cell nuclei were stained with propidium iodide (PI)
for Xuorescence microscopic analysis.

Determination of apoptosis use Sub-G0 peak method

At the end of the experiment, the rats were killed and the
tumor was removed, minced into 1–2 mm fragments and
pressed through a wire mesh. Resulting cells were sus-
pended on 1 ml of PBS, Wltered and adjusted to a concen-
tration of 1 £ 106 cell/ml; these suspensions were Wxed in
cold ethanol/water (70%) and stored at ¡20°C until analy-
sis. The cells were suspended on PBS, centrifuged and
resuspended in 0.5 ml PBS; 250 �l of citrate buVer was
added and incubated 7 min at 37°C. Then, the cells were
centrifuged and the pellet was resuspended in propidium
iodine solution (20 �g/ml) (a Xuorescent vital dye that
stains DNA), and RNAse (5 mg/ml). Propidium iodide
does not cross the plasma membrane of cells that are either
viable or in the early stages of apoptosis because they
maintain membrane integrity; in contrast, the cells in the
late stages of apoptosis or already dead have lost mem-
brane integrity and are permeable to propidium iodide; the
cells were incubated in the dark for 30 min at room tem-
perature and kept in the dark at 4°C for 20 min. The Xuo-
rescence of individual nuclei was measured using a
FACSCalibur Xow cytometer (Becton–Dickinson). Mea-
surements were taken at 488 nm, gating out doublets and
clumps for each sample, and the 10,000 events in the gate
were evaluated.

Detection of apoptosis by Annexin V-7AAD

At the end of the experiment, the remaining rats were
killed, and the tumor was removed, minced into 1–2 mm
fragments and pressed through a wire mesh. The cells were
suspended on 1 ml of PBS, Wltered and adjusted to a con-
centration of 1 £ 106 cell/ml; these suspensions were
stained with Annexin V-7 AAD kit (PE Annexin V Apop-
tosis Detection Kit I, BD Pharmingen) for 15 min at room
temperature. Cells were washed, resuspended in FACS
buVer and analyzed by cytometry within 1 h. Data were
collected on a FACSCalibur instrument (BD Biosciences),
and analysis was performed with the CellQuest Pro soft-
ware (BD Biosciences).

TUNEL staining

Ten tumors from each group were extracted and included in
paraYn for immunohistochemical analyses. Thin sections
(5 �m) were stained for terminal deoxynucleotidyl transfer-
ase (TdT)-mediated dUTP nick end labeling (TUNEL)
using an Apo-BrdU-Red in situ DNA Fragmentation Assay
Kit (Biovision) according to the manufacturer’s instruc-
tions.
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Toxicity studies on hematic and biochemical parameters

For studies of blood count and blood chemistry (glucose,
BUN, creatinine and liver function tests), Wve rats from
each group were anaesthetized and blood samples were
obtained by intracardiac puncture. The same parameters,
determined in Wve healthy rats, were taken as control
values.

Gene expression analysis by real-time PCR

Total RNA was extracted from rat tumor samples at the
indicated time points after tumor implants. The RNA
extraction was made by using the TRIZOL® Reagent
(Gibco BRL) as indicated by the manufacturer. To mini-
mize the risk of contaminating DNA, total RNAs were
digested with 10 U of DNase I (Boehringer Mannheim,
Lewes, UK) for 15 min at 37°C, and followed by phenol–
chloroform extraction and re-precipitated in 2 volumes
of absolute ethanol and 0.5 volume of 3 M sodium ace-
tate (Pineda et al. 2005), cDNAs for RT-PCR were syn-
thesized from 300 ng of total RNA using 1 �M oligo
(dT12), at 65°C for 10 min. The RT mix, consisting of
1£ buVer, 2 U of Moloney murine leukemia virus
reverse transcriptase (Life Technology, Paisley, UK),
20 �M of deoxynucleoside triphosphates (dNTP) (Phar-
macia Biotech, Herts, UK) and 10 mM dithiothreitol
(Life technology), was added, and this mixture was incu-
bated at 37°C for 1 h.

The primers used to amplify FOXP3 were the following:
FOXP3F: CCTGTTCCTTCTCATCACTGGC, and
FOXP3R: GCTTTTAGCCTGAACCCCCTTA; IL-6F:
CTT CTT GGG ACT GAT GTT GTT GA and IL-6R GGA
AGT TGG GGT AGG AAG GAC; MIP-1�F: AGC TTG
ACG GTG ACC CCT CCA G and MIP-1�R: GGT CAG
TTA GCC TTG CCT TTG TTC; MCP-1F: CGC TTC TTG
GCC TGT TGT T and MCP-1R: CTG CTG CTG CTG
ATT CTC TTG TAG; PerforinF: GAAACAACACAAA
ATCGCCACC and PerforinR: TTCCCGAAGAGCAGG
TCATTC; and Granzyme BF: CTGTGGTGAAAATCATT
CCCCA and Granzyme BR: AGCGCTAGACCTCTTGG
CCTTA. Primers were purchased from Invitrogen.

Quantitative analysis of cDNA ampliWcation was
assessed by incorporation of SYBR Green into cDNAs.
PCRs containing 1 �g of cDNA template, 0.5 �M of each
primer set and SYBR Green PCR Master Mix (Applied
Biosystems, Foster City, CA) were performed in a total vol-
ume of 25 �l under the following conditions: one cycle of
10 min at 95°C, 40 cycles of 10 s at 95°C and 1 min at
60°C. Gene expression was analyzed using the ABI Prism
7500 sequence detector (Applied Biosystems) and ABI
Prism SDS software version 1.9.1 (Applied Biosystems).
Data were normalized by dividing the quantity of the

FOXP3 gene by the expression value of the endogenous
reference gene (GADPH from Applied Biosystems). Tripli-
cate reactions were performed using a pool of all cDNA
samples of each time point. Relative expression was calcu-
lated for each gene by using the �CT (threshold cycle)
method.

Analysis of pertussis toxin-mediated toxicity in vitro

For determination of the cytotoxic eVect mediated by our
treatment, C6 cells were grown by triplicate in 6-well plates
(3 £ 105 cells per well) for 24 h and subsequently incu-
bated with diVerent concentrations of PTx (from 0 to
1,000 ng/ml) for 24 h. Apoptosis induction was measured
by using Annexin V-7AAD as described above.

Statistical analysis

Groups were compared by the Student’s t-tests; P value
less than 0.05 was deWned as signiWcant. All statistical
analyses were performed with the SPSS statistical soft-
ware package (SPSS 12.0 for Windows; SPSS Inc.,
Chicago, IL).

Fig. 1 EVect of PTx treatment on tumor growth. Rats were inocu-
lated with C6 cells until the tumor grew (around 2 cm diameter).
Treatment consisted of vehicle alone a in controls (circles) or b PTx
2 �g at day 0 and 1 �g at day 2 (squares). Tumor volume was esti-
mated using the standard formula �/6 £ length £ width2. Results are
expressed as means § SEM of tumor volume measured in 10 rats per
group
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Results

Antitumoral eVect of PTx on rats bearing subcutaneous 
C6 glioma

All animals survived until the end of the experiment. In all
controls, the tumor grew to a very large size (over 40 cm3);
there was no case of spontaneous involution. Rats treated
with PTx exhibited 77% tumoral reduction (mean volume,
8.7 § 3.1) as compared with controls (mean volume,
39.75 § 5.7 (P = 0.04) (Fig. 1).

Changes of CD4+CD25+ FoxP3 T-cell population 
after PTx treatment

No diVerences were found between groups in the total num-
ber of splenocytes or in the percentage of CD4+, CD8+ and
CD56+ splenocytes (Fig. 2c–e) after PTx treatment. In con-
trast, PTx treatment decreased Treg cells in the spleen and
increased them in blood: A signiWcant decrease in 83% of
CD4+ splenocytes expressing CD25 and FoxP3 regulatory
T cells (Treg) was seen in PTx-treated rats (P = 0.03)
(Fig. 2f). In blood (Fig. 3), no signiWcant changes in CD4+
(Fig. 3c), CD8+ (Fig. 3d) and CD56+ (Fig. 3e) lympho-
cytes were seen in rats treated with PTx as compared with
controls, whereas signiWcant increase in the number of Treg
was seen in the PTx-treated group as compared with con-
trols (P = 0.04) (Fig. 3f).

PTx treatment decrease CD4+ cells and Treg’s 
lymphocytes within the tumors

ImmunoXuorescence analysis of CD4+ tumor-inWltrating
lymphocytes (TIL) demonstrated a large number of CD4+
cells in the tumor of control rats group (Fig. 4a) and reduc-
tion in these cells in the tumor of rats treated with PTx
(Fig. 4b). Analysis of TIL did not show signiWcant decrease
in the tumor of rats treated with PTx changes in the percent-
age of CD4+ (Fig. 4c) or CD8+ cells (Fig. 4d), whereas
there was a signiWcant decrease (P < 0.04) in the percent-
age of CD56+ (Fig. 4e) and Treg cells (P = 0.03) (Fig. 4f).

Treatment with PTx decreases the viability and induces 
apoptosis of tumor cells

ImmunoXuorescence analysis of TUNEL-positive cells
(Fig. 5a, b) shown an increase in the number of TUNEL-
positive cells in tumors treated with PTx (Fig. 5b) as com-
pared with controls (Fig. 5a). A signiWcant decrease
(P = 0.04) in the percentage of live cells was seen in the
tumor of rats treated with PTx (Fig. 5c). The percentage of
apoptotic tumoral cells in the PTx group was increased
(P = 0.01) as compared with controls (Fig. 5d). Similar

results were seen by the sub-Go peak method (Fig. 5e) with
a signiWcant increase in apoptosis in the PTx group
(P = 0.007). In the TUNEL assay, the number of apoptotic
cells in the PTx group largely increased as compared with
controls (Fig. 5a, b, f) (P < 0.001).

PTx toxicity on hematological parameters

All animals survived until the end of the experiment. In
controls, the tumor grew to a very large size (over 40 cm3);
no case of spontaneous involution was seen. Comparisons
of hematological and chemical blood parameters measured
at the end of the study did not show diVerences between
groups.

Gene expression analysis by real-time RT-PCR

A small increment in mRNA expression of IL-6 (3.74 fold
higher), MIP-1� (1.7 fold higher), granzyme (1.5 fold
higher) and perforin (0.9 fold higher) was observed in
tumors from rats treated with PTx, as compared with con-
trols (the value for controls was 1 for all comparisons)
(Fig. 6).

Toxicity of PTx in vitro

C6 glioma cells exposed to diVerent concentrations of PTx
(from 0 to 1,000 ng/ml) for 24 h, stained with Annexin V-7
AAD, showed small increase in the percentage of apoptotic
cells after 20 ng/ml (from 6 to 12%); this increase contin-
ued for higher concentrations (200 and 1,000 ng/ml)
(Fig. 7).

PTx treatment decrease CD68+ glioma-invading 
macrophages

ImmunoXuorescence analysis of CD68+ glioma-invading
macrophages (GIM) demonstrated a large number of
CD68+ cells in the tumor of control rats group (Fig. 8a) and
reduction in these cells in the tumor of rats treated with PTx
(Fig. 8b). Analysis of GIM did show a signiWcant decrease
in the number of CD68+ cells in the PTx group when it was
compared with controls (P < 0.001) (Fig. 8c).

Discussion

Patients with malignant glioma have a markedly increased
Treg fraction in peripheral blood and within the tumor,
which might block cellular immune responses against the
tumor (Fecci et al. 2006). Large numbers of Treg cells are
present in the blood of patients with a variety of neoplasms,
including malignant glioma; these cells play a signiWcant
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role in suppression of antitumor immunity (Curiel et al.
2004; Ichihara et al. 2003; Liyanage et al. 2002; Woo et al.
2001). In patients with malignant glioma, such increase in
Treg cells in peripheral blood correlate with local immune
depression typical in these patients, e.g., impaired T-cell
proliferative responses and counterproductive shifts toward
TH2 cytokine production (Fecci et al. 2006). Due to the rel-
evant participation of Treg cells in the immune response,
their modulation could improve endogenous protection
against glioma cells. In this study, we use PTx as immuno-

modulatory treatment in C6 glioma model to explore its
potential capacity to reduce Treg’s in spleen, blood and
Treg’s TIL. C6 glioma model has been widely used by our
group and others for experimental therapy (Guevara and
Sotelo 1999; Zhu et al. 2005; Li et al. 2011), the subcutane-
ous implantation of C6 in young rats leads to a high rate of
tumor development; after the tumor reaches 1.5 cm in
diameter, approximately at day 20, no spontaneous involu-
tion occurs. Therefore, in this study, animals that developed
a tumor of this diameter were selected for the study.

Fig. 2 Comparative study of the characterization of c CD4+,
d CD8+, e CD56+ and f Treg splenocytes by surface staining of CD4,
CD8, CD56 and CD25 or by FoxP3 intracellular staining in rats with
a C6 glioma, a and b are representative dot plots of control and PTx
group, respectively. Treatment consisted of vehicle alone (left col-

umn) or PTx 2 �g at day 0 and 1 �g at day 2 (right column). Animals
were killed on day 21 after treatment. Isolated splenocytes were
stained with anti-CD4, anti-CD8, anti-CD56, anti-CD25 and FoxP3
mAbs and submitted to Xow cytometry analysis. Results are expressed
as mean § SD of cells percentage in 10 rats of each group
123
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Rats treated with PTx exhibited a tumoral reduction of
77% as compared with controls. PTx caused speciWc deple-
tion of Treg subpopulations from the spleen without paral-
lel changes in CD4+, CD8 or CD56+ lymphocytes (Cassan
et al. 2006; Chen et al. 2006), The small increase in the per-
centage of Treg in peripheral blood from rats treated with
PTx may be due to a compensatory eVect of the Treg deple-
tion induced in the spleen; the decrease in Treg cells was
seen mostly in the spleen and to a lesser extend in bone
marrow, whereas the liver was not aVected (Cassan et al.
2006; Chen et al. 2006). Our results, similar to other

reports, show that Treg cells are increased in glioma inWl-
trates and correlated directly with tumoral growth (El
Andaloussi et al. 2006; El Andaloussi and Lesniak 2007).
Our results show that the treatment with PTx decreases the
percentage and number of Treg’s inWltrating the tumor.
Moreover, the PTx treatment had a deleterious eVect on
tumoral growth with decrements in C6 cell viability and
apoptosis increase in glioma cells. Although PTx had a
direct eVect on the induction of apoptosis of C6 glioma
cells, the percentage of apoptotic cells was not suYcient to
eliminate the tumor. Treg cells with suppressive phenotypes

Fig. 3 Comparative study of the characterization of c CD4+, d CD8+,
e CD56+ and f Treg cells in peripheral blood by surface staining of
CD4, CD8, CD56 and CD25 or by FoxP3 intracellular staining in rats
with a C6 glioma, a and b are representative dot plots of control and
PTx group respectively. Treatment consisted of vehicle alone (left col-

umn) or PTx 2 �g at day 0 and 1 �g at day 2 (right column). Animals
were killed on day 21 by exsanguination. Peripheral blood cells were
stained with anti-CD4, anti-CD8, anti-CD56 and FoxP3 mAbs and
then submitted to Xow cytometry analysis. Results are expressed as
mean § SD of cell percentage in 10 rats of each group
123
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in gliomas downregulate antitumor response within the
CNS (El Andaloussi et al. 2006); conversely, depletion of
Treg in vivo by anti-CD25 mAb induces the rejection of

various immunogenic tumors in mice (Golgher et al. 2002;
Onizuka et al. 1999; Shimizu et al. 1999). The induction of
apoptosis could be a direct eVect of the immune response

Fig. 4 Determination of CD4+ 
inside a C6 glioma in rats by 
immunoXuorescence (a, b) or 
CD4+, CD8+, CD56+ and 
Treg’s by FACS (c, d, e, f). 
Treatment consisted of vehicle 
(left column) or PTx 2 �g at day 
0 and 1 �g at day 2 (right col-
umn). Animals were killed on 
day 21, and tumors were stained 
with antibodies anti-CD4 cou-
pled to APC and the nuclei was 
counterstained with ethidium 
bromide for immunoXuores-
cence. To the FACS analysis 
1 cm3 of the each tumor was 
mechanically minced and cells 
were stained with anti-CD4, 
anti-CD8, anti-CD56, and 
FoxP3 mAbs and then analyzed 
by Xow cytometry. Results are 
expressed as mean § SD of the 
percentage of CD4+, CD8+, 
CD56+ and Treg’s from 10 rats 
in both groups

Fig. 5 Determination of apop-
tosis by TUNEL staining inside 
a C6 glioma in a controls or 
b PTx treated c percentage of 
viability of tumors from 10 rats 
with C6 glioma. Treatment 
consisted of vehicle (left col-
umn) or PTx 2 �g at day 0 and 
1 �g at day 2 (right column). 
Percentage of viability was 
assed; 1 cm3 of the each tumor 
was mechanically minced and 
stained with blue trypan cells 
were counted in a Neubauer 
chamber. d Apoptosis was mea-
sured by Annexin V-PE/7AAD 
by FACS. e Sub-G0 peak was 
measured from around 1 cm3 of 
minced tumor and analyzed by 
FACS and E number of TUNEL-
positive cells counted in ten 
Welds, graphs shows the 
mean § SD from 10 rats in both 
groups
123
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against tumor cells. Chen et al. (2007) demonstrated that
the combination of IL-1�, IL-6 and TNF or the use of adju-
vants that promote these cytokines results in a robust prolif-
eration of T eVectors cells despite the presence of Treg
cells, providing a novel interpretation for the adjuvant-like
action of pro-inXammatory cytokines; the combination of
these cytokines inhibits the function of Treg. In our study,
the treatment with PTx induced a 2.5-fold increase in
mRNA for IL-6 accompanied by a remarkable reduction,
without increments in the expression of MCP-1� and MIP-
1�, in the expression of FoxP3 mRNA. Our results suggest
that PTx treatment could promote the generation of T eVec-
tor cells to IL17 inside the tumor, as a consequence of an
adaptive immune response against tumor cells (Chen et al.
2007). Additionally, as NK cells could participate in the
control of tumors, the increased expression of perforin and
grazyme suggests the possibility that NK response against
tumor cells could also be involved in the observed reduc-
tion in tumor size in rats treated with PTx.

On the other hand, Backlund et al. (1985) and Papaspyr-
idonos et al. (2008) demonstrated that the PTx treatment
inhibits the chemotaxis of macrophages (RAW264 and
WBC264-9C cell lines) in vitro (Backlund et al. 1985;
Papaspyridonos et al. 2008). Increase in the number of
CD68 has been associated with high-grade tumors and low
rates in survival (Strojnik et al. 2009). We found that the

number of CD68 was diminished in the group treated with
PTx. It is possible that treatment with PTx reduces inva-
sion, and metastasis of one tumor type would likely be
eVective in treating tumors with tumor-invading macro-
phages (TIM). The dual eVect of the PTx over the inhibi-
tion of macrophages chemotaxis and selective depletion of
Tregs within the tumor could warrant the use of PTx in
tumors with these inWltrative characteristics. Overall, the

Fig. 6 Transcripts for a IL-6, 
b MCP1-alpha, c MIP-1alpha 
d FoxP3, e granzime and 
f perforine in the tumor of rats 
treated with vehicle alone,  
n = 10 (left column) or PTx 2 �g 
at day 0 and 1 �g at day 2,  
n = 10 (right column). All the 
samples were normalized to 
GADPH = glyceraldehyde 
3-phosphate dehydrogenase 
graphs, shows the mean § SD 
from 10 rats in both groups

Fig. 7 In vitro eVect of a PTx treatment on C6 glioma cells. 3 £ 105

cells were exposed to diVerent concentrations of PTx (0, 2, 20, 200 and
1,000 ng/ml), and the percentage of apoptotic cells were determined by
FACS. Increase in the percentage of apoptotic cells was seen in cells
treated with 20, 200 and 1,000 ng/ml of toxin; no changes were seen in
cells treated with 2 ng/ml of PTx as compared with non-treated cells
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presented data support earlier Wndings that PTx attenuates
in vivo tumor growth by inducing cell apoptosis of C6 gli-
oma cells.

The PTx treatment and pro-inXammatory eVect of the C6
cells could induce an autoimmune response against the
tumor. Our results warrant further studies of immunother-
apy with PTx as potential adjuvant to the conventional
treatment against malignant glioma.
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