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Summary

We have recently reported that activation of tumor-specific T cells by subcutaneous vaccination with irradiated T9
glioma cells of syngeneic rats with a pre-existing, intracranial (i.c.) T9 glioma (T9+vaccination) promotes the
mobilization of myeloid suppressor cells (MSC) which inhibit T cell function resulting in unregulated tumor
progression. The current study investigated if this immunological paradigm could be recapitulated in T cell deficient
rats, in other rat glioma models or using a dendritic cell (DC) vaccine. When nude rats were used in the
T9+vaccination model, the level of MSC tumor infiltration remained low in vaccinated and control groups and
there was no significant difference in tumor size between the groups. Increased tumor infiltration by MSC after
vaccination with respective irradiated tumor cells was observed in the 9L, F98 and D74 gliomas. RT-2 tumors were
markedly infiltrated with MSC regardless of vaccination. Enhanced tumor progression in response to immunization
and T cell activation was observed in rats bearing F98 and D74 gliomas, although less pronounced than in the T9
model, and there was a trend for increased tumor size in the 9L glioma model. Increased MSC infiltrate and
augmented T9 glioma growth were observed when DC pulsed with T9 cell lysate was used as a vaccine. These results
suggest that MSC infiltration and unregulated tumor growth in response to vaccination is T cell-dependent; is not
unique to the T9 glioma; and can be recapitulated with an alternate immunization approach.

Introduction

Malignant gliomas represent a significant class of central
nervous system (CNS) tumors derived from the astro-
cyte lineage. Glioblastoma multiforme (GBM), a grade
IV astrocytoma, is the most common form of these CNS
neoplasms in adults and is extremely lethal. The average
5-year survival for GBM patients is less than 2% and
the median survival after diagnosis is 18 months [1]. The
traditional treatment for this disease is surgical resection
accompanied by post-operative, external beam radia-
tion. However, because of the highly invasive nature of
GBM, cryptic foci of neoplastic cells in the adjacent
parenchyma invariably give rise to tumor recurrence,
rendering these treatments palliative. Many brain tumor
researchers believe that the development of a glioma
vaccine, which can activate glioma-specific T cells,
would be an effective complement to surgery and radi-
ation, and could be used to destroy residual tumor cells
and prevent recurrence.
Immunization strategies to generate tumor-specific T

cells include tumor cells that have been genetically al-
tered to secrete immune enhancing cytokines; dendritic
cells (DC) that have been manipulated to present tumor
antigens; and active immunization with recombinant
cancer peptides (reviewed [2–5]). These approaches have
also been investigated in a few experimental models of
glioma in both prophylactic and therapeutic studies and
have yielded promising results, providing the founda-

tion for clinical trials (reviewed [6,7]). For example,
vaccination with DC pulsed with acid-eluted tumor
antigens from 9L glioma cells was an effective treatment
for rats with a pre-existing, intracranial (i.c.) 9L glioma
[8]. This study resulted in a subsequent phase I trial in
which malignant glioma patients were immunized with
autologous DC that were pulsed with autologous gli-
oma antigens [9]. It is interesting to note that there was
no significant survival of the patients as compared to
the non-vaccinated, control group, although DC vac-
cination induced the activation of systemic, tumor-
specific T cells in almost half of the patients [9]. In
patients that underwent a subsequent operation, an
increased infiltrate of CTL and memory T cells was
detected [9]. We observed a similar situation in a rat T9
glioma+vaccination model. In this regard, s.c.
vaccination with irradiated T9 cells of rats with a
pre-existing, i.c. T9 glioma, induced the generation of
tumor-specific T cells which could be detected in the
spleen, and also induced a significant number of CD4+

and CD8+ T cells to infiltrate the i.c. glioma; however,
there was no extension of survival and, unexpectedly,
survival was reduced [10,11]. Analysis of the tumor
infiltrate revealed a population of immature myeloid
cells which expressed both monocyte (CD11b/c) and
granulocyte (HIS48)-associated lineage markers that co-
localized with the activated T cells in the tumor in
vaccinated animals. When purified, the immature mye-
loid cells suppressed the proliferative response of
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tumor–specific T cells to tumor antigens (Ags) and
could enhance glioma growth when passively trans-
ferred to rats bearing an i.c. T9 glioma [10].
An analogous myeloid cell population has been more

intensely studied in mice and is referred to as myeloid
suppressor cells (MSC). MSC can inhibit T cell effector
functions such as proliferation, cytotoxicity and the
production of interferon-c, and phenotypically, MSC
express surface markers characteristic of both granu-
locyte and monocyte lineages, such as Gr-1 and
CD11b, respectively, in the mouse [12–16], reviewed in
[17]. MSC mobilization has been demonstrated in
various non-glial, murine tumors such as the CT26.WT
colon adenocarcinoma model and the TS/A mammary
carcinoma model, in addition, MSC generation is re-
ported to be induced by the spontaneous secretion of
granulocyte-monocyte colony stimulating factor (GM-
CSF) by these tumors [17]. The presence of MSC is not
restricted to tumor models and has been reported in
other immunological conditions such as graft-vs-host
disease, bacterial infections, immunization with super-
Ags or vaccinia virus encoding the b-galactosidase Ag
and IL-2 [18–21].
In the T9+vaccination paradigm, we believe that s.c.

vaccination and activation of T cells induce the mobi-
lization of MSC which localize in the tumor site and
suppress T cell effector functions, thereby permitting the
tumor to rapidly progress. We believe that immuno-
regulatory MSC represent another method in which
gliomas can evade tumor reactive T cells, and MSC may
play a role in brain tumor-related immunosuppression.
In the present study, we used nude rats in the
T9+vaccination model to assess the role of T cells in
MSC mobilization; analyzed MSC levels in other
syngeneic rat glioma models; and utilized an alter-
nate immunization approach to induce MSC tumor
infiltration.

Materials and methods

Animals, cell lines and culture

Inbred female Fischer 344 rats weighing 120–140 g were
obtained from Harlan Sprague Dawley (Indianapolis,
IN) or the National Cancer Institute (Fredrick, MD).
Animals were housed in a climate controlled, AAALAC
approved vivarium and were provided free access to rat
chow and water. Female nude (rnu/rnu) rats, 6–7 weeks
in age, were obtained from the National Cancer Insti-
tute and housed under sterile conditions. All experi-
mental animal procedures were approved by members of
the Institutional Animal Care and Use Committee. Cells
were cultured in DMEM supplemented with 10% FBS
and non-essential amino acids, as adherent monolayers
at 37 �C, and passed biweekly with trypsin in the ab-
sence of antibiotics. Cell lines were routinely screened
for mycoplasma contamination (MycoTect, Gibco
BRL). All tissue culture reagents and supplements were
obtained from Gibco BRL (Grand Island, NY) unless
noted otherwise. The T9 glioma was a gift from Dr J.
Yoshida (Nagoya University, Japan) and the 9L glioma

was generously provided by Dr C. Kruse (University of
Colorado Health Science Center, CO). The T9 glio-
blastoma tumor was originally induced by N-nitrosom-
ethylurea injection [22] and has been reported to be
derived from the 9L glioma cell line [23]. The RT-2
glioma was induced by the avian sarcoma virus and the
glioma cell line was kindly provided by Dr Yancy Gill-
espi (University of Alabama, Birmingham, AL) [24].
The F98 and D74 gliomas were derived from neoplasms
induced by the i.v. administration of nitrosourea [25,26]
and were obtained from the American Type Culture
Collection (Manassas, VA). All cell lines are syngeneic
to the Fischer F344 rat.

Tumor implantation, vaccination
and experimental design

Monolayers of tumor cells were trypsinized, counted on
a hemacytometer and viability was assessed by trypan
blue exclusion. Cells were washed twice in phosphate
buffered saline (PBS) and the concentration was
adjusted appropriately. The intracerebral implantation
of tumor cells has been previously described [27]. In
brief, anesthetized animals were placed in a stereotactic
apparatus; a shallow depression 4 mm to the right of the
sagittal suture and 1 mm posterior to the coronal suture
was made; and 5 ll of a given tumor cell suspension was
injected at a depth of 3.5 mm. Preliminary studies were
performed to identify the optimal number of 9L, F98,
D74 or RT-2 cells to implant so that tumors from
control rats were comparable in size at day 15 to that of
control T9 gliomas (�35 mg) and were determined to be
5 · 105 9L cells; 5 · 103 F98 or D74 cells; 5 · 102 RT-2
cells and 5 · 104 T9 cells. Rats were vaccinated s.c., in
the hind flank, with 5 · 106 irradiated (50 Gy) tumor
cells from the respective tumor as previously described
[11]. Immunizations were performed 5 days after i.c.
tumor inoculation. Rats were euthanized 15 days after
i.c. tumor inoculation; gliomas were carefully removed,
weighed and processed for analysis.

Analysis of MSC and CD3+ lymphocytes in glioma
infiltrates and flow cytometry

Tumors were carefully excised; forced through a 70 lm
cell strainer and washed with PBS. Erythrocytes were
lysed with ammonium chloride buffer when it was
deemed that tumor cell preparations were excessively
contaminated with erythrocytes. Viable mononuclear
cells were enumerated using a hemacytometer and try-
pan blue exclusion. Cell surface staining and FACS
analysis has been previously described [11]. Briefly,
1 · 106 cells were stained in a volume of 50 ll of 5%
FBS/PBS containing a cocktail of three different mAbs
for 30 min on ice. The mAb from the HIS48 hybridoma
is specific for rat granulocytes and anti-CD11b/c mAb
(OX-42) is specific for cells of the monocytic lineage.
Cells that stained positive with both HIS48high and
CD11b/c were identified as MSC. The anti-CD3e mAb
(G4.18) was used to identify CD3+ lymphocytes.
Antibodies were either directly conjugated to a fluoro-
chrome or were biotinylated and streptavidin–Peridinin
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chlorophyll protein (PerCP) was used as a secondary
reagent for detection. Antibodies and streptavidin–
PerCP were obtained from BD Pharmingen (San Diego,
CA). For the analysis of CD3+ cells, gating was set on
the lymphocyte population which was identified by
forward and side scatter characteristics. For MSC
analysis, gating included both the lymphocyte and
myeloid cell populations unless otherwise indicated.
Representative histograms and gating of the cellular
infiltrate from T9 gliomas are shown in Figure 1.
Additional mAbs used for FACS analysis of cultured
DC include CD11b (WT.5), CD86 (24F), and RT1B
(OX-6), all from BD Pharmingen.

Dendritic cell vaccine

Dendritic cells were generated from rat bone marrow
cells using a modified method described by Grauer et al.
[28]. Bone marrow was obtained from femurs of Fisher
rats and flushed through a 70 lm screen. Erythrocytes
were lysed with ammonium chloride buffer and macro-
phages were removed by plastic adherence. Cells were
resuspended in RPMI-1640 containing 10% FBS,
0.05 mM 2-mercaptoethanol, HEPES, antibiotics/an-
timycotic (complete RPMI) and supplemented with re-
combinant rat IL-4 (10 ng/ml, R&D Systems,
Minneapolis, MN) and GM-CSF (10 ng/ml, BD
Pharmingen) and were cultured in 6-well plates at a
density of 1 · 106/ml and 3 ml/well. After 4 days,
�80% of the media was removed and replaced with 2 ml
of complete RPMI supplemented with 10 ng/ml IL-4
and GM-CSF. After three additional days of culture, all

non-adherent and loosely adherent cells were collected
by forceful washing with Hanks balanced salt solution
(HBSS) and a brief exposure to trypsin, leaving stromal
cells firmly attached to the plate. The concentration of
cells was adjusted to 2 · 106/ml of complete RPMI
supplemented with GM-CSF (2.5 ng/ml) and seeded
into new 6-well plates, 5 · 106/well for final maturation.
After 48 h, cultures were moderately agitated and wa-
shed with HBSS to harvest floating and loosely adherent
cells and concentration was adjusted to 2 · 106/ml
complete-RPMI and pulsed with T9 cell lysate. To
generate cell lysates, T9 cells were collected, the con-
centration was adjusted to 6 · 106/ml in serum free
RPMI, then divided into 1 ml aliquots which were
subjected to eight rapid cycles of freezing (liquid nitro-
gen) and thawing (37 �C). Macroparticles were removed
from the lysates by centrifugation at 300 · g for 10 min
and aliquots (6 · 106 cell equivalents in 1 ml) were
stored at )80 �C. For pulsing, cell lysates were added to
DC at a ratio of 3 tumor cells eqivalents:1 DC (1 aliquot
of cell lysate:2 · 106 DC) in complete-RPMI supple-
mented with GM-CSF (2.5 ng/ml) and seeded into new
6-well plates, 4 · 106 DC-lysate/well and cultured for
�20 h. Floating and loosely adherent pulsed DC were
harvested by gentle washing with HBSS, washed twice
with PBS and the concentration was adjusted to
2 · 107 cells/ml PBS. Rats were vaccinated s.c. with
100 ll of pulsed DC, which equates to 2 · 106 DC
pulsed with 6 · 106 T9 cell equivalents.

Statistics

Statistical analysis was performed using the student t-
test and differences with a P-value < 0.05 were con-
sidered significant. Error bars in figures indicate SEM.

Results

T cells are required for MSC mobilization

In our T9 glioma model, tumor bearing rats are
immunized s.c. with irradiated T9 cells and the activated
T cells traffic to the i.c. T9 glioma. The number of CD4+
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Figure 2. Mobilization of MSC and increased tumor growth after

vaccination is T cell dependent. Nude or control F344 rats were im-

planted with 5 · 104 T9 cells and were immunized with 5 · 106 irra-

diated T9 cells (n ¼ 3). Tumor mass was assessed 15 days post-

implantation. The experiment was performed twice and yielded similar

results. *P < 0.0005.

Figure 1. Tumor infiltrating MSC express granulocyte (HIS48) and

monocyte (CD11b/c) associated surface antigens. (a) Forward scatter

and side scatter profile of the glioma infiltrate from a T9+vaccination

rat used to identify lymphocyte (lym) and non-lymphocyte (non-lym)

populations. MSC are located in the non-lym gate. (b) T9 glioma infil-

trate of a non-vaccinated and (c) vaccinated rat analyzed 15 days post-

implantation. MSC are HIS48high and CD11b/c+ and annotated num-

bers in the histograms reflect the percentage of cells in the square gates.

J. Neurooncol



T cells and CD8+ T cells per mg of tumor weight is
�10· greater in vaccinated rats than that of non-vacci-
nated rats, which are poorly infiltrated by immune cells
[11]. We believe that the activation of T cells is an
essential step for the mobilization of MSC; therefore, we
used T cell deficient rats in our T9+vaccination model
to assess the role of T cells in this immunological par-

adigm. Nude rats were implanted i.c. with the 5 · 104 T9
glioma cells and were immunized s.c. 5 days post-
implantation. Control nude rats were not immunized.
Analysis of the level of MSC infiltrate in the tumors
15 days after tumor inoculation revealed that there were
no differences in the degree of MSC infiltration between
control and vaccinated nude rats, which was similar
to that of non-vaccinated, immunocompetent rats
(Table 1). These results indicate that, in the absence of a
T cell response, there is no trafficking of MSC to the i.c.
T9 gliomas and MSC levels remain unchanged. In the
T9+vaccination model, enhanced tumor progression is
a result of increased levels of MSC in the tumor.
Accordingly, there were no differences in glioma size
between the control and vaccinated nude rats. It is
interesting to note that the size of the gliomas from the
nude rats is comparable to that of the tumor from
immunocompetent, T9+vaccinated rats (Figure 2).
This suggests that MSC can create an immunosuppres-
sive environment within the tumor that permits the tu-
mor to grow at a similar rate observed in T cell deficient
rats.

MSC levels in the cellular infiltrate of several
rat gliomas

The results from the nude rat experiments suggest that
the activation of T cells is an essential prerequisite for
MSC mobilization and tumor infiltration. Therefore, we
reasoned that the degree of MSC infiltration, in re-
sponse to immunization and T cell activation, may
correlate with tumor immunogenicity.
We briefly characterized the immunizing potential of

several syngeneic glioma lines. Rats were vaccinated by
two weekly injections of 1 · 107 irradiated T9, RT-2,
9L, F98 or D74 cells and then were challenged in the
brain with a lethal dose of the respective tumors. The
results demonstrated that the T9 glioma (4/4 survive)
and RT-2 glioma (4/4 survive) are moderately immu-
nogenic, the 9L glioma (3/4 survive) is weakly immu-
nogenic and the F98 glioma (0/4 survive) and D74
glioma (0/4 survive) are poorly immunogenic. Addi-
tionally, Tzeng et al. reported that the F98 glioma is
more immunogenic than the D74 glioma [29].
Rats were implanted i.c. with T9, 9L, F98, D74 or

RT-2 glioma cells using a dose that was predetermined
to generate tumors of comparable size in control rats
after 15 days and were immunized with 5 · 106 irradi-
ated cells of the respective tumor 5 days post-implan-
tation. The level of MSC infiltration of the gliomas from
vaccinated and control rats was assessed at day 15 and
are shown in Table 1. The more immunogenic tumors
(T9, RT-2 and 9L) of the vaccinated rats contained a
substantial degree of MSC infiltration. RT-2 gliomas of
control and immunized rats were highly infiltrated by
MSC, possibly providing insight into the extremely
aggressive nature of this tumor and an upper limit of
MSC infiltration. Vaccination also induced increases in
the level of MSC infiltrate in the poorly immunogenic
F98 and D74 tumors, although the changes were not as
pronounced.
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Figure 3. Tumor growth after vaccination in other glioma models.

Rats were implanted i.c. with T9 (5 · 104 cells); F98, D74 (5 · 103

cells); 9L (5 · 105 cells); or RT-2 (5 · 102 cells) glioma cells and were

vaccinated 5 days later with 5 · 106 irradiated cells of the respective

glioma (n ¼ 3). Tumor sizes of the control and vaccinated rats were

compared 15 days post-implantation. This experiment was repeated

once more with similar results. *P < 0.05.
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Figure 4. Comparison of CD3+ cells: MSC ratio in the glioma infil-

trate of control or vaccinated rats. (a) A decrease in the ratio in the

infiltrate of vaccinated rats as compared to non-vaccinated controls is

indicative of a more immunosuppressive environment which is per-

missive to tumor progression. (b) The differences in the ratios of CD3+

T cells: MSC between control and vaccinated animals correlates to

increased glioma growth after immunization. Correlation value:

R2 ¼ 0.94, 95% confidence interval.
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A comparison of the tumor mass between control and
vaccinated rats is shown in Figure 3. Significant
enhancement of tumor growth after vaccination was
observed in rats bearing F98 and D74 gliomas, although
not as striking as observed in the T9 glioma model.
There was a trend towards increased tumor size in rats
bearing a 9L glioma after vaccination. Liu et al. [30,31]
has recently reported a similar observation in the 9L
model, i.e. s.c. vaccination of rats with a pre-existing i.c.
9L glioma results in an increase of tumor size relative to
the tumors of non-vaccinated rats. There were no sig-
nificant differences in sizes of the RT-2 glioma between
the vaccinated and control groups. It is interesting to
note, that in these experiments, rats were inoculated
with 500 RT-2 cells in order to generate tumors of a
comparable size. In pilot studies with RT-2 cells, rats
were implanted with 5 · 104 or 5 · 103 cells and rats
became moribund in 10 and 12 days, respectively. This
survival information highlights the tumorigenicity of the
RT-2 glioma when implanted in the CNS even though it
can be classified as a moderately immunogenic tumor.
The changes in MSC infiltration correlated with the
enhanced tumor growth of the vaccinated rats with the
exception of the 9L glioma.

Ratio of CD3+ lymphocytes and MSC in the cellular
infiltrate of gliomas

In a previous study, we demonstrated that MSC can
suppress the response of activated, tumor-specific T cells
when stimulated with tumor Ags [10] and our current
findings demonstrate that the activation of T cells is
required for the mobilization of MSC. Therefore, we
compared the levels of CD3+ T cells to that of MSC in
the tumor infiltrate of control and vaccinated rats
bearing T9, 9L RT-2 or F98 gliomas. The ratios of
CD3+ cells to MSC in the different glioma models are
shown in Figure 4. In the case of the T9 and F98 glio-
mas, vaccination resulted in a decrease of the
CD3+:MSC ratio, which we believe reflects a
more immunosuppressive tumor environment, and
correlates with an increase of glioma growth. In con-
trast, immunization of 9L tumor-bearing rats resulted in
an increase of MSC infiltration which coincided with a
high level of CD3+ T cell infiltration, resulting in little

change of the CD3+: MSC ratio. A similar situation was
observed in the RT-2 glioma model.

Vaccination with dendritic cells pulsed with T9 cell lysates
induce MSC mobilization

Immunization with DC pulsed with tumor cell lysate is
an extremely effective method for activating tumor
specific T cells. Therefore, we investigated if vaccination
with DC pulsed with T9 cell lysate would result in the
generation and tumor localization of MSC in the T9
model. Dendritic cells were obtained from bone marrow
and cultured in the presence of IL-4 and GM-CSF for
9 days as described in materials and methods. After
9 days, the phenotype of the culture was CD11b+,
CD11b/c+, HIS48), CD3), >95% MHC class II+ and
�35% CD86+, as determined by FACS analysis (data
not shown). Additionally, the cultured DC could effec-
tively induce the proliferation of allogeneic T cells (data
not shown). At this point, DC were co-incubated with
T9 cell lysates at a ratio of 3 tumor cell equivalents: 1
DC for �20 h. Rats bearing a 5 days, i.c. T9 glioma
were immunized s.c. with 2 · 106 DC that were pulsed
6 · 106 T9 cell equivalents and the levels of MSC was
assessed 15 days post-tumor implant. The results are
shown in Table 1 and demonstrate that vaccination with
tumor lysate-pulsed DC results in a significant increase
of tumor infiltrating MSC which corresponded to ad-
vanced tumor progression (Figure 5).

Discussion

Early tumor transplantation studies using the rat T9
glioma, clearly demonstrated that the T9 tumor is
immunogenic and that immunization of rats with T9
cells effectively induces protective, cellular immunity
from rechallenge with viable T9 cells [32,33]. We have
repeated these experiments; however, when we altered
the experimental model to that of more clinical rele-
vance, in which we attempted to treat rats with an
established i.c. T9 glioma using s.c. vaccination with
irradiated T9 cells, the results were unexpected. In this
regard, the immunizations were successful in that they
induced a significant number of CD4+ and CD8+

tumor-specific T cells to cross the blood brain barrier
and infiltrate the tumor, but the T cells appeared to be
tolerant and the gliomas rapidly progressed [11]. In
these therapeutic studies, we identified a population of
immature myeloid cells which co-expressed granulocyte
and monocyte lineage markers and significantly infil-
trated the gliomas of the vaccinated rats [10].
Furthermore, we demonstrated that these myeloid cells
were MSC and when purified, inhibited T cell
responses to tumor Ags and enhanced tumor pro-
gression when passively transferred to glioma-bearing
recipients [10]. We believe that MSC play an immu-
noregulatory role in the CNS by suppressing the
function of reactive T cells which are potentially
damaging in the brain.

Table 1. MSC levels in glioma infiltrate

Glioma Mean % MSC (SEM) a
DMSC

Vaccinated Control

Immunogenicity

T9 (nude) 1.11 (0.2) 1.08 (0.1) 0.03

T9 15.8 (1.3) 1.98 (0.8) 13.8b

RT-2 20.2 (1.6) 19.4 (1.6) 0.80

9L 6.43 (1.1) 1.21 (0.1) 5.22c

F98 1.28 (0.1) 0.90 (0.1) 0.38c

D74 3.02 (0.2) 1.42 (0.2) 1.60c

T9 (DC vaccine) 12.9 (3.2) 2.28 (0.1) 10.6b

a3 rats/group, experiment performed twice with similar results.
bP < 0.05.
cP < 0.005.
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When nude rats were used as host animals in the
T9+vaccination paradigm, immunization did not result
in elevated levels of MSC infiltration in the glioma.
This indicates that the presence of functional T cells is
needed for the generation of MSC. In the T9+vacci-
nation model, it is possible that myeloid progenitor
cells are stimulated by growth factors secreted by
activated T cells (which are known to produce various
colony stimulating factors), in addition to tumor-de-
rived factors, to give rise to MSC. Bronte et al. [34]
have reported that unopposed GM-CSF production by
tumors results in the generation of MSC. We were not
able to detect GM-CSF in the serum of moribund
T9+vaccinated rats by ELISA (unpublished results).
Currently, we are in the process of selectively depleting
immunocompetent Fischer rats of CD4+, CD8+, or
NK/NKT cells in order identify which lymphocyte
subset(s) is essential for MSC infiltration and unregu-
lated glioma growth. It is interesting to note that in the
nude rat experiments, the size of the tumors in the
control and vaccinated nude rats is similar to that of
the tumor in normal T9+vaccinated rats. This obser-
vation may reflect the degree of immunosuppression
within the glioma of the vaccinated rats. In this regard,
even though the gliomas are significantly infiltrated by
tumor-specific T cells [10,11], the tumor progresses at a
similar rate to that of gliomas implanted in T cell-
deficient animals.
Based upon the results from the nude rat experi-

ments, we postulated that activation of T cells by the
immunization with irradiated tumor cells is an essen-
tial step in MSC mobilization and, therefore, the de-
gree of MSC infiltration may correlate to tumor
immunogenicity. When we repeated our studies using
the 9L, RT-2, F98 and D74 gliomas, the more
immunogenic gliomas (T9, RT-2 and 9L) contained a
higher level of MSC infiltration as compared to the
less immunogenic F98 and D74 tumors. We also
analyzed the level of CD3+ T cell infiltration in re-
sponse to vaccination in the gliomas. Because MSC
can directly inhibit T cell activity, we believe that the
degree of immunosuppression in the gliomas can be
related to the ratio of CD3+ T cells to MSC present
in the glioma. A change in this ratio correlated well
with increased tumor progression, reflecting a more
suppressive environment.
Barth et al. [23] reported that the T9 and 9L cell lines

originated from the same tumor over 30 years ago and
may be considered to be the same tumor. Because of
this, we were concerned that the results from the
experiments with the 9L glioma differed from that ob-
tained with the T9 glioma. In this regard, the 9L gliomas
of vaccinated rats were less infiltrated by MSC and did
not display a significant degree of enhanced tumor
progression as the T9+ vaccinated rats. Because of the
various laboratories and numerous passages that these
glioma lines have experienced over time, it is not un-
likely that they have drifted, acquiring slight changes in
immunogenicity and tumorigenicity which may account
for the differences we observed in our experiments. In
support of this, we have demonstrated in our laboratory
that rats immunized with T9 cells (obtained from Dr J.

Yoshida, Nagoya University, Japan) are 100% pro-
tected from a challenge with viable T9 cells, but are
partially protected from a subsequent challenge with 9L
cells (�75%, a gift from Dr C. Kruse, University of
Colorado Health Science Center, CO), suggesting that
these two lines share common glioma Ags but have di-
verged over time so they are not completely the same
(unpublished results). Recent reports from Liu et al.
[30,31] have shown results similar to ours in that vac-
cination of rats bearing an i.c. 9L glioma results in a
modest increase in tumor progression and reduced sur-
vival, supporting our findings.
As a final experiment, we showed that MSC infiltra-

tion of T9 gliomas can be induced by immunization with
DC pulsed with T9 cell lysate and that gliomas with
elevated MSC levels exhibited unregulated progression.
These results are similar to that obtained when rats are
immunized with irradiated T9 cells. However, the results
are in contrast with those obtained by other researchers
using the rat 9L glioma model and vaccination with ei-
ther DC pulsed with tumor peptides [8] or tumor
apoptotic bodies [35]. In these studies, a significant
number of DC vaccinated rats bearing an i.c. 9L glioma
were long term survivors. However, these studies dif-
fered in the source of tumor Ag used for loading DC and
methods of use for DC culture and maturation. Addi-
tionally, in our hands, the 9L and T9 gliomas are not
identical. Interestingly, we recently reported that T9
cells genetically altered to secrete a high level of IL-2
exhibit unregulated tumor progression and high levels of
MSC, even though they were markedly infiltrated by
CD4+, CD8+, and NK T cells representing a different
scenario in which MSC co-localize with activated T cells
in an intracerebral glioma [36].
Immunoregulatory MSC present in gliomas can

suppress the function of tumor-infiltrating, activated T
cells, and therefore play a role in brain-tumor associ-
ated immunosuppression. The inadvertent generation
of MSC in clinical trials involving vaccine-based
strategies may represent a significant obstacle to suc-
cessful brain tumor immunotherapy. However, we
believe that modulating MSC populations or their
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Figure 5. Vaccination with T9 lysate pulsed DC induces MSC infil-

tration and enhanced glioma growth. Rats bearing a 5 days T9 glioma

were immunized with 2 · 106 DC that were pulsed with T9 cell lysate.

MSC levels and tumor mass were analyzed at 15 days and compared to

non-vaccinated controls (n ¼ 3). *P < 0.005.
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function may improve the efficacy of current immu-
notherapeutic approaches for glioma patients.
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