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Abstract

Glioblastoma (GBM) is the most common malignant brain tumor in adults with a median survival
of 14.6 months. A contributing factor to GBM aggressiveness is the intratumoral expression of the
potently immunosuppresive enzyme, indoleamine 2,3 dioxygenase 1 (IDO1). The enzymatic
activity of IDOL1 is associated with the conversion of tryptophan into downstream kynurenine
(Kyn), which has previously been hypothesized to contribute toward the suppression of tumor
immunity. Utilizing the syngeneic, immunocompetent, intracranial GL261 cell GBM model, we
previously demonstrated that tumor cell-, but not non-tumor cell-IDOL1, suppresses T cell-
mediated brain tumor regression in mice. Paradoxically, we also showed that the survival
advantage mediated by immune checkpoint blockade is abrogated by non-tumor cell IDO1-
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deficiency. Here, we have built on our past observations and confirm the maladaptive role of tumor
cell IDO1 in a novel mouse GBM model. We also demonstrate that, non-tumor cells, rather than
mouse GBM cells, are the dominant contributor to IDO1-mediated enzyme activity. Finally, we
show the novel associations between maximally-effective immune-checkpoint blockade-mediated
survival, non-tumor cell IDO1 and intra-GBM Kyn levels. These data suggest for the first time
that, GBM cell-mediated immunosuppression is IDO1 enzyme independent, while the survival
benefits of immune checkpoint blockade require non-tumor cell IDO1 enzyme activity. Given that
current clinical inhibitors vary in their mechanism of action, in terms of targeting IDO1 enzyme
activity versus enzyme-independent effects, this work suggests that choosing an appropriate IDO1
pharmacologic will maximize the effectiveness of future immune checkpoint blockade approaches.
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1. Introduction

Glioblastoma (GBM) is a primary malignant brain cancer in adults with a median overall
survival of 14.6 months (1). Patients diagnosed with GBM typically undergo conventional
therapy including surgical resection of the tumor, when possible, followed by irradiation and
chemotherapy. Even with these aggressive treatments, the overall prognosis remains grim;
highlighting the need for more effective and less toxic approaches. To address this clinical
necessity, immunotherapy has been proposed as a potential beneficial strategy for GBM
patients (2, 3), based on the recent demonstration of improved survival in terminal cancer
patients that are otherwise refractory to treatment (4, 5). However, applying immunotherapy
to GBM is challenging given the unique immunologic specialization of the central nervous
system (CNS) that includes: anatomical barriers limiting lymphatic drainage, low MHC
expression levels by parenchymal glial cells and immunosuppressive gene expression that
increases with age (6).

Indoleamine 2,3-dioxygense 1 (IDO1) is an interferon-inducible mediator and rate-limiting
enzyme associated with the conversion of tryptophan (Trp) into kynurenine (Kyn). This
pathway is well-established to play an important role in driving cancer-induced
immunosuppression and is a high-profile therapeutic target (7-9). /n vitro, IDO1-mediated
Trp depletion and/or Kyn accumulation, leads to effector T cell apoptosis (10) and/or naive
CD4* T cell conversion into inducible regulatory T cells (Tregs; CD4*CD25*FoxP3*) (11).
In support of its therapeutic targeting potential, multiple IDO1 enzyme or pathway inhibitors
are being tested in clinical trials including epacadostat (Incyte), GDC-0919 (Genentech),
PF-06840003 (Pfizer) and indoximod (D1-MT; New Link Genetics), with additional agents
undergoing evaluation in the preclinical pipeline.

Our group previously demonstrated that, GBM cell- but not non-tumor cell-1IDOL1, facilitates
increased Treg accumulation and negatively impacts overall survival in a syngeneic,
immunocompetent, intracranial mouse GBM model (12). We also demonstrated the
paradoxical observation showing that, maximal responsiveness to immune checkpoint
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blockade requires non-tumor cell IDO1 (13), providing evidence of non-overlapping
immunomodulatory roles for IDO1 in GBM versus non-GBM cells. Based on the historical
function of IDOL as a canonical Trp catabolic enzyme, we next hypothesized that, IDO1
enzyme activity is primarily regulated by GBM cells - accounting for the tumor cell IDO1-
induced immunosuppression that we previously discovered. Here, we unexpectedly found
that, non-tumor cell-, rather than GBM cell-1IDO1, predominantly contributes to the
tryptophan catabolism in mouse GBM. We then confirmed the relevance of these findings by
verifying that GBM-cell IDO1 negatively impacts overall survival in a novel orthotopic
mouse glioma model. Finally, we confirm and expand upon the surprising requirement for
non-GBM cell IDOL1 to achieve maximal survival benefit after treatment with CTLA-4/PD-
L1 blockade in mice with experimental brain tumors.

2. Materials and methods

2.1. Mice

Wild-type (WT) C57BL/6 (B6) mice (Cat# 000664) and systemic /doI knockout (/do1™-,
B6 background; Cat# 005897) mice were purchased from Jackson Laboratories, maintained
in the Northwestern University Center for Comparative Medicine Facility and intracranially-
engrafted between the ages of 6 and 8 weeks. Tamoxifen-inducible transgenic mice that
spontaneously develop glioma [tGBM; GFAR(ERT2)— Cre*!~; PterlVfl: rifVTl: p551IT] were
generously provided by Dr. Suzanne J. Baker, PhD (St. Jude Children’s Research Hospital,
Memphis, TN) on a mixed FVVB/B6 background and maintained as previously described
(14). To obtain /do1 deficient tGBM mice, /do1~/~ mice were mated with the tGBM founder
line, followed by backcrossing to the founder line for 6 generations. Genotyping to confirm
the status of all transgenes (Cret’~, Prerffl, RE p55fl and Jdo17~) were performed in
accordance with established protocols. All mouse strains used in these studies were provided
autoclaved food pellets and water ad /ibitum.

2.2. Primary GBM cell culture, cell proliferation, viability, mAb delivery, RNA isolation,
reverse transcription and quantitative PCR (RT-PCR)

Procedures are described in the Supplementary Materials and Methods section.

2.3. Trp and Kyn analysis by high performance liquid chromatography (HPLC)

Procedures for HPLC sample processing and analysis have previously been described (15).

2.4. Statistical analysis

For all quantitative data, the normality of residuals and homogeneity of variances were
analyzed with the Shapiro-Wilk test and Fligner-Killeen test, respectively. Two-way
ANOVA with Tukey’s multiple comparison test were used for analysis when both
assumptions were met, otherwise non-parametric analysis were used instead. Tryptophan
(ng/mL) levels were log-transformed and then tested for the normality. Log-rank test was
used to assess the statistical significance of Kaplan-Meier survival analysis. Differences
were considered to be statistically significant when £< 0.05. Means + SEM are presented
throughout the manuscript.
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3. Results

3.1. Non-tumor cell IDO1 predominantly contributes to kynurenine (Kyn) accumulation in
mouse GBM

Our previous work demonstrated that IDO1 expression by mouse GL261 GBM cells, but not
non-tumor cells, enhances the accumulation of tumor-infiltrating Treg and decreases the
survival of brain tumor-bearing mice (12). This led to the hypothesis that, the majority of
IDO1-mediated enzyme activity in brain tumors is attributable to GBM cells. To evaluate
this hypothesis, Trp and Kyn levels were assessed in naive mice that did not receive an
intracranial injection, or in mice engrafted GL261 cells at 2 weeks post-intracranial injection
(2wp-ic.). Universally, wild-type (WT) mice possess a higher Kyn level and Kyn/Trp ratio,
when compared to /doZ ™~ mice in the serum, naive brain and brain tumor (Fig. 1A;
£<0.001). In contrast, GBM cell IDO1 neither affects Kyn levels nor the Kyn/Trp ratio in
mouse brain tumors. Taken together, these data suggest that non-tumor cell-, rather than
GBM cell-1IDO1, primarily contributes to IDO1 enzyme activity and Kyn accumulation in
mouse brain tumors.

To address the IDO1 expression potential in mouse GBM, unmodified- or GL261-cells
transduced with scrambled shRNA (GL261/7%-WTy or |DO1-targeted ShRNA
(GL261/901-KD) (16) were cultured with or without mouse IFNy; a potent inducer of IDO1
expression (Fig. 1B) (17). Additionally, novel mouse GBM cell lines isolated from a
tamoxifen-inducible mouse model of GBM [GFAP(ERT2)Cre*/~;p53f/fl: pTENT/M; RpfI/M
(14)] that was WT (tGBM /a0I-WTy or backcrossed with /do™~ mice (tGBM/d01-KO) '\ere
also analyzed for IDO1 expression potential. Mouse IDO1 mRNA was significantly
increased in all WT mouse GBM cell lines, confirming the capability to express IDO1
(P<0.001). In contrast, all glioma lines targeted for IDO1 gene knockdown/deletion showed
a =290% decrease in IDO1 mRNA expression (A<0.001).

To confirm the negative impact of IDO1 in GBM cells, which we previously evaluated in the
GL261 brain tumor model (16), FVB/B6 mice were intracranially-engrafted novel

tGBM /d0FWT and tGBM/?03-KO mouse glioma cells (Fig. 1C). The median survival of mice
with IDO1-WT glioma is 27 days, which is significantly decreased when compared to mice
with IDO1-deficient glioma that possessed a median survival of 46 days (A<0.01).
Importantly, the rate of proliferation (MFI; mean fluorescence intensity) (Fig. 1D) and
apoptosis (% cell viability) (Fig. 1E) was not different between the tGBM /?0Z-WT anq
tGBM/?L-KO mouse glioma cells, in vitro. These data confirm the maladaptive nature of
IDO1 expression in an independent, immunocompetent mouse glioma model and suggest
that the differences in survival are unrelated to tumor intrinsic cell growth or death
properties and rather, likely represent an immune-mediated anti-tumor effect.

To characterize the immune regulation that might account for the differences in survival
between mice engrafted tGBM/@ZIWT and tGBM/@ZKO glioma cells, tumors were resected
at 3 weeks post-intracranial engraftment and analyzed for mRNA expression of T cell-
associated markers, Cd8aand Cad3e, as well as the proinflammatory cytokines, /16, /fng and
116 (Supplementary Table 1). All immune indicators were significantly decreased in the
IDO1 WT-, when compared to the IDO1-deficient-brain tumor (P<0.05, respectively).
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Notably, the intratumoral IDO1 mRNA expression level was unchanged between mice
engrafted tGBM/@IWT and tGBM/902-KO glioma cells, likely reflecting the compensatory
IDO1 mRNA expression by non-tumor cells in the glioma microenvironment. Collectively,
these data show a correlation between increased inflammatory gene expression and a benefit
to survival in immunocompetent mice with intracranial GBM cell-IDO1 deficiency.

3.2. Immune checkpoint blockade-mediated survival and intracranial mouse GBM
kynurenine (Kyn) levels

Previous work in a peripheral (outside of the CNS) B16 mouse melanoma model
demonstrated that the therapeutic effects of CTLA-4- or PD-1-mediated immune checkpoint
blockade, synergize with germline /doZ deletion in mice (18). In contrast, we previously
showed that the dual inhibition of CTLA-4/PD-L1 is less effective at achieving an overall
survival benefit in /do1™~, when compared to WT mice with GL261 brain tumors (19). To
further explore the requirement for germline IDO1 to achieve a maximal survival benefit
from immune checkpoint therapy against brain tumors, WT and /do ™~ mice engrafted
unmodified GL261 were administered Syrian hamster IgG and rat IgG2g or CTLA-4 and
PD-L1 mAbs at 2 weeks post-intracranial injection (Fig. 2A). While WT mice treated with
CTLA-4/PD-L1 mAbs have a median survival of 55 days, /doZ~/~ mice undergoing similar
treatment possess a decreased median survival of 38 days (£<0.0001), similar to WT mice
treated with 1gG control antibodies (Fig. 2B). Notably, the CTLA-4/PD-L1-mediated
survival benefit was durable in a subset of WT mice, while no /doZ~~ mice survived >45
days post-GBM cell engraftment (Fig. 2B). These data confirm the unexpected requirement
for non-tumor cell IDOL1 to achieve maximal survival in response to immune checkpoint
blockade in mice with experimental GBM.

Based on the paradoxical requirement for non-tumor cell IDO1 to achieve maximal
therapeutic effectiveness with immune checkpoint blockade, we next explored the role of
IDO1 enzyme activity and inflammatory gene expression in the experimental mouse GBM
model. These findings, in combination with our other observations demonstrating the role of
non-tumor cell IDO1 as a primary contributor to enzyme activity (Fig. 1A), led us to
hypothesize that, non-tumor cell IDO1 contributes an essential pool of Kyn that facilitates
responsiveness to immune checkpoint blockade. To pursue this question, Trp and Kyn levels
were quantified in the sera, contralateral hemisphere without brain tumor (Contral. brain),
GBM and the draining cervical lymph nodes in mice at 3 weeks post-GL261 cell
engraftment (Fig. 2C). Notably, the mouse treatment schedule for administration of control
IgG Abs and CTLA-4/PD-L1 mAbs were in accordance with the time line previously
described (Fig. 2A). Trp levels are not affected by immune checkpoint inhibition regardless
of the germline IDO1 status in mice. However, Kyn levels and the Kyn/Trp ratio are
significantly increased in the sera and GBM of WT when compared to /doZ™'~ mice
(P<0.05, respectively). In contrast, there is no change in the Kyn levels and Kyn/Trp ratio of
contralateral brain isolated from GBM-bearing WT and /doZ~~ mice, suggesting that the
tryptophan catabolic effects of immune checkpoint blockade selectively affect different
anatomical compartments in subjects with brain tumors. Unexpectedly, immune checkpoint
blockade had no significant effect on intratumoral inflammatory gene expression associated
with markers expressed by T cells, Cd8aand Cd3e, as well as the proinflammatory
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cytokines, //1band /fng (Fig. 2D). Interestingly, while we observed a trend for increased
intratumoral /doZ expression in WT mice treated with immune checkpoint blockade, there
was no trend in /o1~ mice, suggesting the possibility that CTLA-4/PD-L1 inhibition
marginally increases IDO1 expression in non-tumor cells. Collectively, these data suggest
the hypothesis whereby immune checkpoint inhibition requires increased Kyn levels,
provided by non-tumor cell IDO1, to achieve maximal immune-mediated antitumor effects
against GBM.

4. Discussion

The canonical function of IDO1 is associated with its ability to catalyze the conversion of
Trp into Kyn, leading to the inhibition of T cell effector functions (20-22). However, not all
immunosuppressive aspects of IDO1 can be explained through the Trp depletion/Kyn
accumulation theory. Indoximod (D1-MT) is a hon-enzymatic IDO1 pathway inhibitor (8,
23) that is currently in clinical trials, having previously shown antitumor activity in
preclinical cancer models when combined with standard of care approaches (24).
Additionally, mouse plasmacytoid DCs (pDCs) treated with transforming growth factor-g
(TGF-p) cause IDO1 to mediate tolerogenic effects in T cells that are mechanistically
independent from its enzymatic activity (25). The results from our current study provide
further support toward the hypothesis that, IDO1 possesses a non-enzymatic,
immunosuppressive function in mouse GBM cells. This is based on GBM cell IDO1
facilitating Treg accumulation and limiting mouse survival (16) through an IDO1 enzyme-
independent mechanism (Fig. 1A), combined with non-GBM cell IDO1 possessing no effect
on mouse survival (16) despite its primary contribution toward increasing Kyn levels in
mouse GBM (Fig. 1A).

Given the current enthusiasm of combinatorial immunotherapy for the treatment of cancer,
the results from this study demonstrate the importance of understanding the effects of
different IDOL1 targeting approaches that may vary in effectiveness, depending on the type of
cancer being investigated. Our findings highlight the importance of developing future
strategies that inhibit the noncanonical IDO1 activity in GBM cells, without disrupting the
non-tumor cell IDO1-mediated enzyme activity associated with responsiveness to immune
checkpoint blockade (Fig. 2B,C). We do recognize that our study is limited by the evaluation
of single time points after tumor engraftment, rather than a rigorous time course analysis of
Trp/Kyn and inflammatory gene expression levels. In the future, we also hope to better
understand the noncanonical IDO1 effects in mouse GBM cells. To address this, while
keeping in-mind the spontaneous tumor rejection that occurs in immunocompetent mice
engrafted GL261/902-KD ce|ls, our group has developed Ido1~"Rag1~~ double knockout
mice. This model will support the future evaluation of comparing IDO1 activity in the
absence of GBM-infiltrating T cells, which is critical for comparing to the previous findings
of Grohmann et al. reporting that, CTLA-4-induced immunotolerance is contingent upon
effective Trp catabolism in dendritic cells (26). Given that DCs infiltrate intracranial GBM
(27), it becomes more likely that non-tumor cells including microglia, macrophages and/or
DCs, require IDO1 to mediate enzyme-dependent responsiveness to immune checkpoint
inhibition.
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It was surprising to find increased intratumoral mRNA expression for T cell markers and
proinflammatory cytokines in mice that survive longer when engrafted IDO1-deficient GBM
cells (Fig. 1C,F), but not in WT mice treated with CTLA-4/PD-L1 mAbs that also possess a
substantial survival advantage (Fig. 2B,D). It is therefore important to keep in-mind our
novel data showing that mouse GBM cells do not significantly contribute to IDO1-mediated
Kyn accumulation in brain tumors (Fig. 1A), while the non-tumor cell IDO1 is required for
maximal therapeutic response to CTLA-4/PD-L1 blockade (Fig. 2B) and associated with
higher Kyn levels in WT-, when compared to /doZ~~-mice engrafted GBM (Fig. 2C). Based
on these collective observations, we hypothesize that the increased survival in mice
intracranially-engrafted IDO1-deficient GBM cells reflects the inability of tumor cells to
suppress T cell-mediated cytolytic effects. We further hypothesize that the diminished
therapeutic response to CTLA-4/PD-L1 mAb treatment in /doZ™~ mice reflects the
unexpected requirement for tryptophan catabolism to fuel T cell-mediated tumor rejection in
brain tumors; independent of T cell infiltration and proinflammatory cytokine expression.

One surprising observation that was unexpected is the significantly increased Kyn/Trp ratio
in draining cervical lymph nodes (cLN) of WT mice engrafted GL261/702-WT_ when
compared to GL261/70-KD glioma (Fig. 1A). Given that mice with GL261/7%0FWT prain
tumors possess significantly increased Treg levels when compared to GL261/70LKD (16), it
is possible that the increased Kyn/Trp ratio is somehow associated with enhanced Treg
generation in the cLN. However, we find this possibility unlikely, given that there is no
increase in the Kyn/Trp ratio in /doZ™~ mice engrafted IDO1-competent GL261 glioma,
which also results in tumor-infiltrating Treg accumulation (16). Another interesting finding
was the increased Kyn/Trp ratio in the GBM of WT when compared to /doZ~~ mice (Fig.
2C), which did not occur in the contralateral brain without tumor. This suggests that under
normal conditions, IDO1 activity is neglible in the CNS, but is significantly increased by
traumatic and/or proinflammatory events such as GBM development.

Taken together, our data demonstrate for the first time that GBM cell IDO1 suppresses
tumor immunity through a mechanism independent of intratumoral Trp—Kyn catabolism in
an immunocompetent, experimental mouse model of malignant glioma. In contrast, non-
tumor cell IDO1 is required for the maximal therapeutic effect of immune checkpoint
blockade and is associated with increased intratumoral Kyn levels in WT, when compared to
IdoI™~ mice. Since the GL261 cell lines, techniques and time points utilized in the current
study are identical to those that were previously reported6), these findings are in alignment
with the intriguing hypothesis that, IDO1 regulates brain tumor immunity through distinctly
different mechanisms depending on the CNS cell type under consideration. Given that most
IDO1 targeting strategies focus on inhibiting enzyme activity (28), our findings also provide
novel considerations for designing second generation inhibitors that target the ill-defined
immunosuppressive aspects of IDO1 in tumor cells. Ultimately, these data provide strong
rationale for the continued pursuit of determining how IDO1 suppresses the immune
response in malignant brain tumors and an extension and expansion of these analyses into
human glioblastoma.
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HIGHLIGHTS
1. Non-tumor cell IDO1 predominantly contributes to Kyn accumulation in
mouse GBM.
2. Immune checkpoint blockade requires IDO1 for maximal survival against
mouse GBM.

3. Checkpoint-mediated survival is associated with higher Kyn levels in WT
compared to IDO1KO mice.

4, Characterization of new glioma cell lines from wildtype and IDO1-deficient
mice.
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Figure 1. The effects of glioblastoma (GBM) cell and non-tumor cell IDO1 on enzyme activity,
survival and inflammatory gene expression in a mouse brain tumor model

(A) WT (red bars) or /do1™~ (blue bars) mice were not injected (untreated and naive; solid
bars) or intracranially-engrafted 2x10° GL261 cells transduced with lentiviral particles
encoding scrambled sShRNA (GL261/7%01-WT: hatch-filled bars) or -shRNA specific to IDO1
(GL261 /doZ-KD: horizontal line-filled bars). Tryptophan (Trp) and kynurenine (Kyn) was
quantified in the serum (left), uninjected normal brain or GBM (middle) and draining
cervical lymph nodes (cLN; right) by HPLC in naive (n=5/group) or tumor-bearing mice
(n=4~T7/group) at 2 weeks post-intracranial injection. (B) RT-PCR analysis of /doZ mRNA
expression in unmodified GL261 (GL261), scrambled-shRNA transduced GL261
(GL261/70IWT) |DO1-shRNA transduced GL261 (GL261/703-KD) a5 well as tGBM/A0F-WT
and tGBM/?02-KO ce||s jsolated from symptomatic mice with tamoxifen-inducible wild-type
[GFARERT2)— Cret!=; Prerf/fl. RV p5 T or IDO1-deficient [GRAP[ERT2)— Cre*!~;
PterlVfl: AT p5 M- 10077/-] tumors and treated without (blue bars) or with 100 ng/mL
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mouse IFNvy (red bars) for 48 hours. All mMRNA levels were normalized to unmodified
GL261 cells at 48h post-stimulation with 100 ng/mL IFN+y. Data compiled from five
independent experiments is shown. For each experiment, all groups were run in triplicate.
(C) Kaplan-Meier survival analysis of WT FVB/B6 mice intracranially-injected 2x10°
tGBM/A0LWT (n=5) or tGBM/@0L-KO ce|ls (n=9). One representative dataset from two
experiments is shown. /n vitro characterization of WT (red bars) and /doZ'~ (blue bars)
tGBM/@0IWT and tGBM/@0I-KO ce|ls for proliferation (D) and viability (E). For viability
studies, staurosporine (Staurospor.) was utilized to induce cell death. Cells negative for the
Zombie and Annexin V dyes were gated as living cells. For both proliferation and viability
assays, the quantitative data compiled from five independent experiments is shown. For each
experiment, all groups were run in triplicate. (E) RT-PCR mRNA analysis of intratumoral
gene expression for markers associated with T cells, proinflammatory cytokines and /doZ in
brain tumors isolated from WT FVB/B6 mice intracranially-injected 2x10° tGBM/@0Z-WT
(n=8) or tGBM/@I-KO ce||s (n=8) at 3 weeks post-engraftment. Gene expression levels were
compared to samples isolated from mice engrafted tGBM/@IWT ce|ls. *, £<0.05; **,
£<0.01; *** p£<0.001; ****, P<0.0001.
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Figure 2. The effects of CTLA-4/PD-L1 blockade on survival, enzyme activity and inflammatory
gene expression in wild-type (WT) and IDO1-deficient (Ido—/-) mice engrafted mouse
glioblastoma (GBM)

(A) A timeline indicating a dosing schedule of control IgG antibodies (Abs) or CTLA-4 and
PD-L1 mAbs. (B) Kaplan-Meier survival analysis of WT mice intracranially-engrafted
2x10° unmodified GL261 cells and treated with control IgG (green triangle, n=5) or
CTLA-4 and PD-L1 mAbs (red circle, n=10). Additionally, /doZ~/~ mice were engrafted
2x10° unmodified GL261 cells and treated with CTLA-4 and PD-L1 mAbs (blue square,
n=10). One representative dataset from two independent experiments is shown. (C) WT (red
bars) or /doI™~ (blue bars) mice were intracranially-engrafted 2x10° GL261 cells followed
by the treatment with control IgG (solid bars) or CTLA-4/PD-L1 mAbs (hatch-filled bars).
Tryptophan (Trp) and kynurenine (Kyn) levels were measured at 3 weeks post-intracranial
engraftment in the serum, contralateral brain without tumor from a tumor-bearing mouse
(Contral. brain), GL261 GBM lysate and draining cervical lymph nodes (cLN) by HPLC.
WT mice + 1gG (n=10); WT mice + CTLA-4/PD-L1 mAbs (n=11); /doI™~ mice + IgG
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(n=5); /doI”'~ mice + CTLA-4/PD-L1 mAbs (n=6). (D) RT-PCR analysis of intratumoral
gene expression for markers associated with T lymphocytes, proinflammatory cytokines or
Ido1 at 3 weeks post-intracranial engraftment of tumor cells isolated from WT and /doZ~
mice intracranially-engrafted 2x10° unmodified GL261 and treated as shown in (A). Sample
size is same as in (C). *, £<0.05; **, P<0.01; *** A<0.001; ****, A<0.0001.
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