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Pleiotrophin is a driver of vascular abnormalization in glioblastoma
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ABSTRACT
In a recent report by Zhang et al., pleiotrophin (PTN) was demonstrated to enhance glioma growth by
promoting vascular abnormalization. PTN stimulates glioma vessels through anaplastic lymphoma kinase
(Alk)-mediated perivascular deposition of vascular endothelial growth factor (VEGF). Targeting of Alk or
VEGF signaling normalizes tumor vessels in PTN-expressing tumors. KEYWORDS
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Glioma is a group of malignant brain tumors that includes vari-
ous grades and histopathological and molecular subclasses.
Because of their highly invasive growth pattern complete neu-
rosurgical resection is not possible, leading to tumor relapse
and progression to more malignant disease. Glioblastoma
(WHO grade IV glioma) is the most aggressive type of glioma,
with a median survival of only 12–15 months.1 A markedly
abnormal tumor vasculature is a hallmark of glioblastoma.
Multiple layers of endothelial cells, pericytes, and smooth mus-
cle cells and a thick basement membrane characterize these ves-
sels, which are termed glomeruloid bodies. Vessels in
glioblastoma show a distinct gene expression signature com-
pared with normal brain, at least in part due to increased trans-
forming growth factor (TGF)-b and vascular endothelial
growth factor (VEGF) signaling in the tumor microenviron-
ment.2 The abnormal glioblastoma vessels are poorly perfused
and highly permeable, aggravating the disease by inducing hyp-
oxia and brain edema. In addition, glioblastoma vessels provide
a perivascular niche for glioblastoma stem-like cells, which are
believed to be resistant to current therapies and important for
tumor regrowth after treatment.3

Pleiotrophin (PTN) is a small angiogenic heparin-binding
cytokine that is expressed in the brain during embryonic develop-
ment and is often upregulated in tumors, including glioma.4 PTN
binds to and inactivates protein tyrosine phosphatase, receptor-
type, Z polypeptide 1 (PTPRZ1), increasing the phosphorylation
level of its substrates. In addition, PTN activates the anaplastic
lymphoma receptor tyrosine kinase (ALK).4 By ribozyme-target-
ing of PTN, Grzelinski and colleagues were the first to show that
PTN is a rate-limiting growth factor in experimental glioma that
intrinsically expresses the PTN receptors PTPRZ1 and ALK.5 In
a recent study by Zhang et al., we demonstrated that vascular
abnormalization is an additional mechanism through which
tumor cell expression of PTN promotes glioma growth.6

We found that increased PTN abundance correlated with
malignancy grade in glioma and that a high tumoral expression

of PTN was associated with poor survival in patients with grade
II–III astrocytoma or glioblastoma. High PTN expression was
found in low-grade gliomas harboring wild-type IDH1 (isoci-
trate dehydrogenase 1) and wild-type ATRX (a-thalassemia/
mental retardation syndrome X-linked). This subgroup of glio-
mas has recently been shown to be molecularly and clinically
similar to glioblastoma and has a poor clinical outcome.7 In
glioblastoma, PTN was highly expressed in G-CIMP (glioma-
CpG island methylator phenotype)-negative tumors, whereas
lower levels were found in G-CIMP-positive tumors, which is a
feature of secondary glioblastoma.6, 8

Using GL261 and CT2A glioma cell lines, which express neg-
ligible levels of PTN receptors Ptprz1 and Alk and do not
respond to PTN stimulation in vitro, we showed that PTN can
promote tumor growth indirectly by stimulating the tumor
microenvironment.6 Tumor growth was accelerated in mice
bearing PTN-producing GL261 tumors compared to control
GL261 tumors, leading to poor survival. Similarly, knockdown
of endogenous Ptn in CT2A cells by shRNA led to significantly
decreased tumor growth. PTN-producing GL261 gliomas dis-
played higher proliferation of tumor endothelial cells and strik-
ingly abnormal tumor vessels, characterized by increased
vascular area and vascular diameter. These abnormal vessels
showed poor vessel functionality as indicated by a reduced pro-
portion of lectin-perfused vessels.6 The role of PTN in promoting
vascular abnormalization was further supported by analysis of
human glioma tissue microarrays showing that the presence of
PTN in human glioblastoma was significantly correlated to
increased vascular area and larger vessel diameter.

We found that the PTN receptor ALK was expressed in
mural cells in the glioma vasculature in human tumors and
GL261 experimental glioma, but not in control brain vessels.
Interestingly, when tumor-bearing mice were treated with ALK
inhibitors, tumor growth was reduced and tumor vessels were
normalized in PTN-producing GL261 tumors but not in con-
trol GL261 tumors, demonstrating that PTN promotes tumor
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growth and vascular abnormalization through Alk signaling.
Notably, an increased deposition of VEGF proximal to the
tumor vasculature was detected in PTN-producing GL261
tumors, which was reduced after ALK inhibition. Furthermore,
inhibition of VEGF receptor signaling using the small tyrosine
kinase inhibitor cediranib reduced tumor growth and inhibited
vessel abnormalization in PTN-producing GL261 tumors, but
not in control GL261 tumors. Taken together, our results indi-
cate that PTN stimulates glioma growth and vascular abnorm-
alization through an Alk-mediated increase in VEGF in direct
proximity to the vasculature (Fig. 1).6

Glioblastoma is the most deadly and aggressive type of brain
tumors, and novel treatments are urgently needed. Since the
glioblastoma vasculature is molecularly and morphologically
distinct from normal vessels and contributes to patient morbid-
ity, antiangiogenic treatment has emerged as a promising treat-
ment strategy. However, randomized phase III trials in newly
diagnosed glioblastoma have failed to show an overall survival
benefit for VEGF targeting alone or in combination with che-
motherapy.9 Batchelor and colleagues reported that glioblas-
toma patients that showed increased tumor perfusion after
treatment with the VEGF-receptor tyrosine kinase inhibitor
cediranib had improved survival, recognizing the need for pre-
dictive molecular biomarkers to identify patients that will
respond to antiangiogenic therapy by vascular normalization.10

In our study, PTN-producing GL261 tumors, but not control
tumors, responded to cediranib by vascular normalization and
decreased tumor growth. This indicates that PTN may serve as
a biomarker to identify patients that might benefit from VEGF
receptor tyrosine kinase inhibition or anti-VEGF antibody
treatment, warranting further studies in clinical cohorts of gli-
oma patients to confirm or discard this hypothesis.

The role of PTN in driving vascular abnormalization in gli-
oma, together with its previously established role in stimulat-
ing glioma cells, suggests that PTN and/or its downstream
signaling molecules may serve as a potential therapeutic tar-
gets for glioblastoma treatment by neutralizing antibodies or
small-molecule inhibitors. The ALK inhibitor crizotinib has
already been approved for the treatment of non-small cell
lung carcinoma and is undergoing clinical trials for treatment
of other tumor types. We believe that targeting PTN signaling,
in combination with current state-of-the-art treatments, would

benefit patients with glioblastoma through vascular normaliza-
tion, thus increasing drug delivery to the tumor and reducing
brain edema.
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