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Dual blockade of STAT3 and EGFR: a key to unlock drug
resistance in glioblastoma?

Sabrina Fritah and Simone P. Niclou

NORLUX Neuro-Oncology Laboratory, Department of Oncology, Luxembourg Institute of Health, Luxembourg (S.F, S.EN.);
Department of Biomedicine, University of Bergen, Bergen, Norway (S.PN)

Corresponding Author: Sabrina Fritah, PhD, NORLUX Neuro-Oncology Laboratory, Department of Oncology, Luxembourg Institute
of Health, L1526, Luxembourg, Luxembourg (sabrina.fritah @lih.lu); Simone P. Niclou, PhD, NORLUX Neuro-Oncology Laboratory,
Department of Oncology, Luxembourg Institute of Health, L-1526, Luxembourg, Luxembourg (simone.niclou@]lih.lu).

See the article by Fan and An et al in this issue, pp. 457-469.

The lack of effective therapy against glioblastoma (GBM) is
largely linked to tumor heterogeneity and high drug resistance.
Primary resistance to chemotherapy stems from intrinsic prop-
erties of cancer cells to induce adaptive signaling cascades.
On the other hand, drug resistance may develop during treat-
ment through the selection of unresponsive clones. Epidermal
growth factor receptor (EGFR) is the most frequent altered gene
in GBM by gene amplification, accompanied in a subset of tu-
mors by somatic mutation, the most frequent variant being
EGFR variant (v)Ill." So far, monotherapies against EGFR have
failed to provide sustainable tumor growth inhibition, and a ra-
tionale for combinatorial therapy is an important clinical need.
Among the prominent oncogenic pathways in GBM, the Weiss
laboratory previously reported that EGFR and EGFRVIII coop-
erate to activate the transcription factor signal transducer and
activator of transcription 3 (STAT3).2 Nuclear STAT3 modulates
the expression of genes relevant to cell proliferation, stemness,
migration, and angiogenesis. Additionally, in the GBM micro-
environment, STAT3 activity promotes the accumulation of
anti-inflammatory macrophages which contribute to immune
evasion.® Hence, several oncogenic pathways converge to
STAT3, which appears as a molecular hub in GBM, making it an
ideal therapeutic target. Yet, GBM exhibits primary resistance to
STAT3 inhibition.?

In this issue of Neuro-Oncology, the paper by Fan et al*
elucidates the underlying mechanism of primary resistance
to STAT3 impairment in GBM cells. The authors find that in
response to the STAT3 inhibitor Stattic,> GBM cells induce
cytokine expression, in particular the pro-inflammatory cy-
tokine interleukin-6. They further show that nuclear factor-
kappa B (NF-xB) activation is responsible for the induced
cytokine expression upon STAT3 blockade or downregulation.
Unexpectedly they found that STAT3 inhibition leads to EGFR

activation, which drives NF-xB activity. This was independent
of EGFR overexpression and phosphatase and tensin homolog
(PTEN) mutation. To understand the molecular crosstalk be-
tween STAT3, EGFR, and NF-xB, they performed subcellular
fractionation and demonstrated phosphorylated EGFR and
NF-xB signal in the nucleus after STAT3 inhibition, supporting
the existence of a transcriptional regulatory mechanism.

To provide mechanistic insight on EGFR activation upon
STAT3 inhibition, the authors* asked whether STAT3 expres-
sion correlated with differential expression of various EGFR
ligands in GBM patients. Interestingly, the EGFR ligands
betacellulin (BTC) and epiregulin were negatively correlated
with STAT3 expression in patient samples, and in vitro STAT3
depletion induced BTC expression and secretion, leading
to EGFR activation. While EGFR-STAT3 forward signaling is
a known mechanism in cancer resistance to EGFR targeted
therapeutics,® these results show that STAT3 blockade induces
a STAT3-EGFR feedback loop involving BTC, thereby pro-
moting resistance to STAT3 inhibition. These molecular find-
ings were applied for functional experiments on GBM cells.
The authors show that Stattic treatment in combination with a
BTC-blocking antibody reduced GBM growth and induced ap-
optosis in vitro. They corroborate their findings in orthotopic
GBM patient-derived xenografts, using osimertinib,” a third-
generation EGFR tyrosine kinase inhibitor known to cross the
blood brain barrier. While single inhibition of STAT3 or EGFR
did not impair GBM growth in vivo, dual blockade improved
overall survival of tumor bearing mice.

Altogether, the study by Fan et al* highlights the potential
of dual targeting of EGFR and STAT3, which act as partners in
crime for sustaining tumor growth, and represents a concep-
tual advance for combinatorial therapy in GBM. However, a
number of important questions remain unsolved:
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Among 49 receptor tyrosine kinases tested and 6 dif-
ferent EGFR ligands, the effect of STAT3 blockade seems
specific to EGFR and its ligand BTC, although BTC
was reported to increase ErbB3 phosphorylation and
biases the EGFR to dimerize with ErbB3.2 It is unclear
why other EGFR ligands are not induced, and how they
would modulate the effect if expressed in the tumor
microenvironment. As BTC displays low expression in
normal brain® and is involved in neural stem cell pro-
liferation," it would be interesting to assess if BTC has
a role in STAT3-mediated regulation of stemness genes
and proneural-mesenchymal transition in GBM.

. STAT3 activation in GBM influences the tumor microen-

vironment through release of cytokines, which leads to
immune cell tolerance, immunosuppression, and regu-
lation of angiogenesis.® STAT3 targeting shows promise
as immunotherapy, yet it may not be sufficient to coun-
teract immunosuppression.” Hence, targeting the
STAT3-EGFR feedback loop may impair not only tumor
cells but also the ability of the tumor microenvironment
to sustain malignant progression.

. The results of Fan et al* are in line with recent findings,?

which demonstrate upon STAT3 inhibition the induc-
tion of a feedback loop involving STAT3 insulin-like
growth factor type 1 receptor (IGF-1R) crosstalk in GBM.
That study further identified'? a STAT3 gene signature
that prior treatment allowed the prediction of STAT3-
resistant GBMs. It would be interesting to determine if
this signature also predicts the response to osimertinib-
STAT3 blockade.

. The authors indicate that EGFR overexpression does not

influence the induction of BTC-EGFR signaling upon
STAT3 blockade.This is surprising also in view of their
earlier results indicating that EGFR and EGFRvIIl act
synergistically to induce STAT3 activation, thereby
promoting GBM growth.? Therefore, it would be im-
portant to assess the extent of BTC, STAT3, and EGFR
induction as well as the impact of dual STAT3-EGFR
blockade in EGFRuvlll-expressing cells. Recently,
the efficacy of osimertinib was reported in a case of
multifocal EGFR mutant-GBM that show partial re-
sponse.’”® Clinical trials using the STAT3 inhibitor
WP1066 (phase |, NCT01904123) or osimertinib (phase
Il, NCT03732352) as monotherapy are ongoing for
recurrent GBMs. Altogether, the understanding of
drug regulatory mechanisms and the identification
of novel molecular dependencies will pave the way
for the rationale design of novel combinatorial treat-
ments in GBM and probably in other tumor entities
(ie, EGFR-mutated non-small-cell lung cancer where
osimertinib is already approved.™
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Editorial

The authors confirms that the text is the sole product of the
authors and that no third party had input or gave support to its
writing.

References

Brennan CW, Verhaak RG, McKenna A, et al; TCGA Research
Network. The somatic genomic landscape of glioblastoma. Cell.
2013;155(2):462-477.

Fan QW, Cheng CK, Gustafson WC, et al. EGFR phosphorylates tumor-
derived EGFRvIIl driving STAT3/5 and progression in glioblastoma.
Cancer Cell. 2013;24(4):438—449.

Piperi C, Papavassiliou KA, Papavassiliou AG. Pivotal role of STAT3 in
shaping glioblastoma immune microenvironment. Cells. 2019; 8(11):1398.
Fan Q, An Z, Wong RA, et al. Betacellulin drives therapy-resistance in
glioblastoma. Neuro Oncol. 2020;22(4):457-469.

Schust J, Sperl B, Hollis A, Mayer TU, Berg T. Stattic: a small-
molecule inhibitor of STAT3 activation and dimerization. Chem Biol.
2006;13(11):1235-1242.

Zulkifli AA, Tan FH, Putoczki TL, Stylli SS, Luwor RB. STAT3 signaling
mediates tumour resistance to EGFR targeted therapeutics. Mol Cell
Endocrinol. 2017;451:15-23.

Cross DA, Ashton SE, Ghiorghiu S, et al. AZD9291, an irreversible EGFR
TKI, overcomes T790M-mediated resistance to EGFR inhibitors in lung
cancer. Cancer Discov. 2014;4(9):1046—1061.

Rush JS, Peterson JL, Ceresa BP. Betacellulin (BTC) biases the EGFR to
dimerize with ErbB3. Mol Pharmacol. 2018;94(6):1382—1390.

Dahlhoff M, Wolf E, Schneider MR. The ABC of BTC: structural properties
and biological roles of betacellulin. Semin Cell Dev Biol. 2014;28:42—48.

. Gémez-Gaviro MV, Scott CE, Sesay AK, et al. Betacellulin promotes cell

proliferation in the neural stem cell niche and stimulates neurogenesis.
Proc Natl Acad Sci U S A. 2012;109(4):1317-1322.

. Quédraogo ZG, Biau J, Kemeny JL, Morel L, Verrelle P, Chautard E. Role

of STAT3 in genesis and progression of human malignant gliomas. Mo/
Neurobiol. 2017;54(8):5780-5797.

Tan MSY, Sandanaraj E, Chong YK, et al. A STAT3-based gene signa-
ture stratifies glioma patients for targeted therapy. Nat Commun.
2019;10(1):3601.

Makhlin I, Salinas RD, Zhang D, et al. Clinical activity of the EGFR ty-
rosine kinase inhibitor osimertinib in EGFR-mutant glioblastoma. CNS
Oncol. 2019; 8(3):Cns43.

Soria JC, Ohe Y, Vansteenkiste J, et al; FLAURA Investigators.
Osimertinib in untreated EGFR-mutated advanced non-small-cell lung
cancer. N Engl J Med. 2018;378(2):113-125.

441

20z Aeniga4 ¢z uo Jasn Jasnyynlsiele\ Aq | L09E.G/0v1/y/2z/2191e/ABojoouo-0inau/woo dno-olwapeoe//:sdiy woiy papeojumoq



