





Figure 1: Expression of Nrpl by glioma-associated microglia/macrophages in human tumor biopsies. Representative
images of biopsies from patients diagnosed with a pilocytic astrocytoma (grade I), grade II glioma, grade III glioma, and grade IV
glioblastoma multiforme (from left to right), which were stained for the microglial/macrophage marker Ibal (red), Nrp1 (green), and DAPI
(Blue). White bars, 50pm.

Figure 2: Mice lacking Nrpl in microglia/macrophages and mice treated with an Nrpl inhibitor exhibit impaired
glioma growth. A. Representative images of the GL261-eGFP- gliomas and CD31" tumor vasculature in wild-type (wt) mice (top),
Nrp1MeK0 mice (middle), and wt mice administered the Nrpl inhibitor EG00229 (75uM) via mini-osmotic pump/cannula (bottom) at 15
days post-glioma induction (PGI). B. Representative staining of Csf1R in tumors from wt and Nrp 1M mice. C. Representative staining of
Nrpl by F4/80+ GAMs in wt and Nrp1¢£© mice. D. Quantification of tumor areas, and E. quantification of vessel luminal areas bordered
by CD31"staining in gliomas in wt, Nrp M0, and EG00229-treated mice at 15 and 20 days PGI. Mice were administered EG00229 either
throughout the disease course or after day 8 (D8, **= p < 0.01, ****= p < 0.0001). F. Survival curve post-glioma induction in wt and
Nrp1MeK0 mice. Two Nrp 1M mice survived to day 50, at which point the experiment was terminated (WT: n =9, KO: n=09).
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relative to Ibal expression, in the CNS of wild type and
Nrp1Me¥© mice remained unchanged (Supplementary
Figure 1)

Gliomas were introduced into wt and Nrp1™¢0 mice
and allowed to engraft and develop. At 15 and 20 days
after tumor initiation, tumor volumes were significantly
lower in the NrpIM&K© mice (Figure 2A, left column;
D). Blood vessel density was visualized using an anti-
CD31 antibody and vessel luminal areas summated and
quantified from random points throughout the tumors.
Gliomas in NrpIMe© were found to have significantly
decreased blood vessel luminal area relative to tumors
in wt mice (Figure 2A middle and right columns, E).
Additionally, tumor tissue from both genotypes was
populated by prominent numbers of CsflR expressing
cells (Figure 2B). F4/80 GAMs in tumor tissue of wt mice
stained positive for Nrpl expression, while Nrpl was not
detectable in GAMs of Nrp 1M mice (Figure 2C).

To examine whether Nrpl deficiency in GAMs
had an effect on survival time, tumors were allowed to
engraft in wt and Nrp1M#X° mice and disease outcome
was tracked until the terminal stages of the disease. All
mice within the wt group were euthanized by 30 days
PGI due to ethical concerns, whereas two mice from the
Nrp 1MeX0 group survived until day 50, at which point they
were euthanized (Figure 2F). Nrp1™#k° mice displayed a
significant increase in survival time based on a Mantel-
Cox log rank test (p = 0.0172, Figure 2F).

We then investigated whether pharmacologic
inhibition of Nrpl in wild-type mice with EG00229,
which blocks the bl domain of Nrp1, would have similar
effects on tumor growth [26]. Pharmacokinetic evaluation
of EG00229 in mice revealed a relatively short half-life of
35 min (Supplementary Figure 2), suggesting that focal
delivery via osmotic mini-pump would be the preferred
route of delivery. We established that intraperitoneal
administration of EG00229 at a concentration of 75 uM
had no overt adverse effects in mice (data not shown)
and used this concentration for loading the osmotic mini-
pumps.

Gliomas were introduced in wt mice and EG00229
delivered directly to the glioma injection site via a cannula
connected to the pump for 15 or 20 days. Cannulas
delivered the drug at a rate of 9.337ug dissolved in 0.25uL
vehicle/hour to an estimated volume of distribution of
approximately 20mm?®, based off similar studies [36]. Due
to these measurements, we estimated the drug’s resulting
concentration in the tumor tissue to be approximately
1 uM. We established that mice treated with saline had
similar tumor burden to wt mice (Supplementary Figure 3).
Gliomas were found to be significantly smaller and have
decreased CD31" vessel luminal area in mice administered
EG00229 relative to those that developed in control wt
mice (Figure 2A, 2D, 2E). To investigate whether delayed
administration of the drug could still affect tumor volume,
tumor development and vessel luminal area were assessed

and found to still be significantly reduced at 15 days-post
glioma induction (PGI) when EG00229 was administered
8 days PGI (Figure 2D, 2E). No significant difference in
tumor growth or vascularity was observed between tumors
from Nrp1M#€° mice or EG00229-treated wt mice at any
time point (Figure 2D, 2E).

EG00229 binds specifically to Nrp1

The other Neuropilin isoform, Nrp2, is structurally
similar to Nrpl and has signaling roles in the CNS and
other organ systems that partially overlap but are also
distinct from those of Nrpl. To assess the selectivity of
EG00229 towards Nrp1, isothermal calorimetry (ITC) was
performed. EG00229 exhibited clear binding to a single
site on Nrp1b1 domain with associated Kd of 0.2 uM, AH
= -20640 pCal/mol and AS = -42.4 (nCal/mol)/K (Figure
3A). In contrast, interaction between EG00229 and the
Nrp2bl domain was not detected (Figure 3B), indicating
that EG00229 specifically interacts with Nrpl.

Gliomas in mice with Nrpl-deficient microglia/
macrophages and mice treated with EG00229
exhibit increased microglial/macrophage
infiltration

Although pharmacologic inhibition of Nrpl also
targets tumor- and endothelial-Nrp1, genetic ablation of
Nrpl solely from microglia and macrophages decreased
tumor volume and vascularity to the extent seen with the
pharmacological treatment (Figure 2), suggesting that a
critical role for Nrpl in this setting is via signaling to/
from the GAMs. To investigate whether ablating Nrpl
expression in GAMs alters their effect on the tumor or the
tumor environment, tumor sections were immunostained
using the microglia/macrophage marker, Ibal. Gliomas in
wt mice were characterized by an Ibal* cell density that
was relatively uniform throughout the tumor (Figure 4A).
In contrast, gliomas in Nrp 1M&X° mice were encompassed
by a dense layer of Ibal” cells not observed in the wt
mice (Figure 4A). Immunoblotting of crude tumor lysates
yielded similar results: higher levels of the microglia/
macrophage marker F4/80 were present in NrplMeKo
tumor lysates, accompanied by increased expression of
TSPO, a marker of neuro-inflammation (Supplementary
Figure 4). GAM density was similarly increased in the
rims of tumors from Nrp1M&°mice at 15 and 20 days of
the disease course relative to GAM density in wt mice
(Figure 4). Additionally, GAM density was found to be
significantly elevated in the core of tumors in Nrp1Mek©
mice although the difference was most profound at the
rim (Supplementary Figure 4). GAM density within the
tumor rims of EG00229-treated wt mice was, likewise,
significantly elevated relative to the density of GAMs in
the tumor rim in untreated wt mice (Figure 4B, 4C) and
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Figure 3: Interaction of EG00229 with recombinant Nrplbl and Nrp2bl domain measured by ITC. Representative
experiment carried out by titrating EG00229 into A. Nrp1bl and B. Nrp2bl. Titration data and integrated heat measurements are shown
in the upper and lower plots, respectively.
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Figure 4: Nrpl ablation or inhibition in microglia/macrophages increases their density within the glioma border. A.
Representative images of Ibal* microglia/macrophages (red) in gliomas (white dotted lines demarcate borders) in wt (top) and Nrp1MeKo
mice (bottom) at 15 days PGI. B. Representative images of microglia/macrophage staining (Ibal, red) near the tumor border in wt mice,
Nrp M9 mice, and wt mice treated with EG00229 for 15 days. Tumor cells are GFP+ (green). C. Quantification of the average density of
Ibal+ microglia/macrophages within the tumor borders of wt mice, Nrp1Me© mice, and mice treated with EG00229 for 15 days (D1-15),
days 8-15 of the disease (D8-15), or 20 days (D1-20, **= p < 0.01, ***=p < 0.001, ****= p <0.0001); WT D15, WT D20, KO D20: n =
5; KO D15: n=6, EGDI1-15, EG D1-20: n = 3; EG D8-15: n =4).
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