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Introduction

The prognosis for patients with glioblastoma (GBM) remains poor, therefore novel therapeutic
approaches to address this unmet clinical need are urgently required. We illustrate that angiotensin Il
(Angll), a peptide involved in salt and water balance, is produced endogenously by GBM cells and
promotes proliferation of these cells, via the type 2 receptor of Angll (AT2.R). We repurposed
EMA401, a peripherally restricted AT2R
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Fig. 2. Evaluating spheroid growth, spheroid
invasion and the ability of GBM cells to induce
angiogenesis when treated with angiotensin
receptor antagonists.

GBM tumor growth and invasiveness. This study
follows our previous work in which we reported that
AT;,R inhibition with EMA401 inhibits proliferation,
invasiveness, and angiogenesis in metastatic
melanoma [3]. The Angll receptors differ
functionally between cancer types. Furthermore, the
effects of each receptor also depend on the
microenvironmental stressors present in the vicinity
of cancer cells. Here we show that under conditions
of starvation stress (the norm in most tumor
microenvironments), AT,R adopts a promoting
function, therefore selective antagonism has anti-
tumor effects.

Herein, we reported that in low serum
conditions, Angll minimally increased the growth of
GBM lines and primary cultures which expressed
ATIR but not AT2R. Selective antagonism of AT2R
by PD123319 blocked the enhanced growth
conferred by exogenous Angll, but no effects were
observed with treatment with losartan, which is a
selective AT1R antagonist. Our results indicate that

under growth factor limiting conditions, Angll confers a growth advantage to GBM which is
transduced via AT2R. PD123319 inhibited the proliferation of AT2R expressing cells in the absence
of exogenous Angll, and effects were significant in two of these cell lines (BMG: P<0.05 and TB77:
P<0.0001). These results demonstrate that under low serum conditions, autocrine production of Angll
promotes cell growth of GBM cells via AT2R signaling.

EMA401 demonstrated significantly more potent growth inhibition than PD123319 (P=0.0011).
Similar activity was observed in additional primary GBM cultures expressing AGTR2 (TB26, TB43).
Notably, the AGTR2 negative GBM31 cell line was insensitive to EMA401. EMAJ401 significantly
reduced the invasiveness of GBM96 cells in a dose-dependent manner. TB48 spheroids exhibited

Fig. 3. AT2R-EMA401 structure and details of AT2R-ligand interactions.
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lower invasive properties than GBM96, but invasiveness was nonetheless significantly reduced by 30

uM EMA401 (Figures 1,2).

Next, we determined the crystal structure of EMA401 bound to AT2R. The AT2R structure is
comprised of an heptahelical transmembrane bundle (7TM helices I-V1I), three extracellular loops
(ECLs 1-3), three intracellular loops (ICLs 1-3), and an intracellular amphipathic helix VIII. The
crystal structure of AT,R bound to EMA401 was determined and revealed the receptor to be in an
active-like conformation with helix-V1II blocking G protein or p-arrestin recruitment. Based on our
X-ray structure of EMA401 bound to AT2R (Figure 3), it is evident that its carboxylic acid group is
essential for forming interactions with key AT2R residues.

Despite the inhibitory effect of EMA401 in GBM promotion, a potential obstacle to its clinical use of

GBM96 b

(AGTR1-/2+, MGMT) Brain uptake
125+ _ % 200004
& 1001 Sa
£ ® £ 15000
57 EE :
2 o g s Fig. 5. a) The effects of EMA401
3 - £ 2 100004 and A3E on proliferation in
C 2 o 69 primary GBM cultures b) Brain
o = 5% 5000 biodistribution of EMA401 after
g >N ag intravenous injection of EMA401,
$n§3 Q,v@‘ ,sz?‘ 0 and A3E.
K J
& ¥ < EMA401 A3E

is the reported inability of the molecule to efficiently penetrate the intact BBB [4]. To enhance the
likelihood of using EMA401 as a potential GBM therapeutic, either a structural derivatization or proper
formulation has to be performed. On the basis of our X-ray structure of EMA401 bound to ATZ2R, it
is evident that its carboxylic acid group is essential for forming interactions with key AT2R residues.
We therefore use this group as a reactive handle to conjugate three EMA401 units, via cleavable ester
bonds to Angiopep-2, to generate A3E. (Figure 4) Angiopep-2 is a molecule that potentiates the CNS
delivery of drugs typically unable to pass the BBB [5-7].

The in vitro anti-proliferative effect of A3E was at least as potent as EMA401 in all primary GBM
cell lines that has been tested. In addition, through biodistribution studies we demonstrated that A3E
notably increased CNS penetration of EMA401 with respect to the native EMA401 (Figure 5).

Together, these observations prompted us to test A3E
in an orthotopic model of GBM. A3E demonstrated a clear inhibitory effect on tumor growth, whereas
native EMA401 did not affect tumor size, due to its inability to penetrate the BBB. Moreover, weight
(a marker of systemic impact of tumor growth) was preserved in mice treated with A3E but not in
controls or EMA401 treated mice (Figures 6 and 7).

Overall, this study validates AT2R as a viable therapeutic target in GBM and affirm A3E as a
leading candidate for further clinical development. Given the high frequency of AT2R expression, our
results support further investigation of the RAS and its therapeutic modulation in GBM.
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Fig. 6. Average volume and weight of subcutaneous
U87-GFP/luc tumors in NSG mice after 21 days of
treatment with EMA401, A3E, TMZ (30 mg/kg, n=9)
or vehicle.
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