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Neurobiology of Disease

STAT3-iNOS Signaling Mediates EGFRvIII-Induced Glial
Proliferation and Transformation

Sidharth V. Puram,1,2* Caleb M. Yeung,1* Arezu Jahani-Asl,1 Chieyu Lin,2,3 Nuria de la Iglesia,1 Genevieve Konopka,1

Laurie Jackson-Grusby,2,3 and Azad Bonni1,2

1Department of Neurobiology and 2Program in Biological and Biomedical Sciences, Harvard Medical School, Boston, Massachusetts 02115, and
3Department of Pathology, Children’s Hospital Boston, Boston, Massachusetts 02115

Malignant gliomas, including glioblastoma multiforme, constitute the most common and aggressive primary brain tumors in adults. The
transcription factor signal transducer and activator of transcription 3 (STAT3) plays an essential role in glioblastoma pathogenesis
downstream of the major oncogenic protein epidermal growth factor receptor variant III (EGFRvIII). However, the critical gene targets of
STAT3 that mediate EGFRvIII-induced glial transformation have remained unknown. Here, we identify inducible nitric oxide synthase
(iNOS) as a novel target gene of STAT3 in EGFRvIII-expressing mouse astrocytes. Endogenous STAT3 occupies the endogenous iNOS
promoter and stimulates iNOS transcription in EGFRvIII-expressing astrocytes. STAT3 does not appear to control iNOS transcription in
astrocytes deficient in the major glioblastoma tumor suppressor protein phosphatase and tensin homolog (PTEN), suggesting that
STAT3 regulates iNOS transcription specifically in EGFRvIII-expressing astrocytes. Importantly, inhibition of iNOS by distinct ap-
proaches, including knockdown by RNA interference, reduces cell population growth and invasiveness of EGFRvIII-expressing astro-
cytes. In addition, upon iNOS knockdown or administration of a small-molecule inhibitor of iNOS, EGFRvIII-expressing astrocytes form
smaller tumors in vivo. These findings suggest that inhibition of iNOS may have potential therapeutic value for EGFRvIII-activated brain
tumors.

Introduction
Malignant gliomas are the most common primary tumor of the
adult brain and are some of the most aggressive human cancers
(Holland, 2001; Konopka and Bonni, 2003; Furnari et al., 2007).
Glioblastoma tumor cells have genetic and phenotypic character-
istics of astrocytes or neural stem cells, both of which may repre-
sent the cells of origin of glioblastoma (Holland, 2001; Bachoo et
al., 2002; Uhrbom et al., 2002; Bajenaru et al., 2003; Louis, 2006).
An emerging theme from these studies is that deregulation of
developmental signaling pathways that normally drive the differ-
entiation of neural stem cells into astrocytes may contribute to
the pathogenesis of glioblastoma (de la Iglesia et al., 2009).

The transcription factor signal transducer and activator of
transcription 3 (STAT3) drives astrocyte differentiation in the
developing brain (Bonni et al., 1997; Rajan and McKay, 1998).
We have found previously that STAT3 plays a dual role in glial cell
transformation depending on the mutational profile of the tumor
(de la Iglesia et al., 2008a). Using a mouse genetics approach, we
found that STAT3 functions in an oncogenic manner in astro-
cytes upon expression of a truncated, constitutively active form of
the epidermal growth factor receptor (EGFRvIII), which repre-
sents a major oncogenic stimulus in glioblastoma pathogenesis.
In contrast, in the background of loss of the major tumor sup-
pressor phosphatase and tensin homolog (PTEN), STAT3 func-
tions in a tumor suppressive capacity, consistent with the
function of STAT3 as a driver of astrocyte differentiation during
brain development (de la Iglesia et al., 2008a).

How does STAT3 exert opposing functions in glial transfor-
mation in the distinct backgrounds of EGFRvIII-expression and
PTEN loss? STAT3 suppresses the malignant behavior of PTEN-
deficient glioblastoma cells by repressing transcription of the
chemokine IL8 (de la Iglesia et al., 2008b). However, the major
question of how STAT3 promotes glial transformation in the
context of EGFRvIII-expression remained to be addressed.

In this study, we identify inducible nitric oxide synthase
(iNOS) as a critical downstream target of STAT3 in astrocyte
transformation in the background of EGFRvIII-expression.
STAT3 specifically regulates iNOS transcription in EGFRvIII-
expressing astrocytes but not PTEN-deficient astrocytes. We
identify a STAT3 binding site within the promoter of the iNOS
gene that is required for STAT3-dependent transcription and
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