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High levels of WNT-5A in human glioma correlate with increased
presence of tumor-associated microglia/monocytes
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a b s t r a c t

Malignant gliomas are among the most severe types of cancer, and the most common primary brain
tumors. Treatment options are limited and the prognosis is poor. WNT-5A, a member of the WNT family
of lipoglycoproteins, plays a role in oncogenesis and tumor progression in various cancers, whereas the
role of WNT-5A in glioma remains obscure. Based on the role of WNT-5A as an oncogene, its potential to
regulate microglia cells and the glioma-promoting capacities of microglia cells, we hypothesize that
WNT-5A has a role in regulation of immune functions in glioma. We investigated WNT-5A expression by
in silico analysis of the cancer genome atlas (TCGA) transcript profiling of human glioblastoma samples
and immunohistochemistry experiments of human glioma tissue microarrays (TMA). Our results reveal
higher WNT-5A protein levels and mRNA expression in a subgroup of gliomas (WNT-5Ahigh) compared to
non-malignant control brain tissue. Furthermore, we show a significant correlation between WNT-5A in
the tumor and presence of major histocompatibility complex Class II-positive microglia/monocytes. Our
data pinpoint a positive correlation between WNT-5A and a proinflammatory signature in glioma. We
identify increased presence of microglia/monocytes as an important aspect in the inflammatory trans-
formation suggesting a novel role for WNT-5A in human glioma.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

WNT-5A, a secreted lipoglycoprotein of the Wingless/Int1
(WNT)# family of proteins, serves as ligand for Frizzleds (FZD),
which belong to the Class Frizzled of G protein-coupled receptors
[1,2]. The highly conserved WNT/FZD signaling system is known to
be essential for embryonic development, and is involved in tissue
homeostasis and immunological processes. Deregulation of the
pathway can lead to various diseases including cancer and neu-
rological disorders [1,3,4]. The role of WNT-5A in cancer is dual

and varies between cancer types. For instance, while WNT-5A
exerts tumor-suppressive functions in thyroid carcinoma [5] and
breast cancer [6], it can also promote invasion and migration in
gastric cancer cells [7] and melanoma [8].

Due to the variability, invasiveness and aggressiveness of glio-
mas, success rates of therapies like surgical resection and chemo-
or radiation therapy are low, resulting in poor prognosis for the
patient [9]. Gliomas comprise heterogeneous cell populations in-
cluding tumor (initiating) cells and tumor-associated cells. Tumor
associated cells, including microglia, astrocytes and macrophages
play a significant role in tumor aggressiveness, progression and
influence patient survival [10]. The regulatory role and molecular
mechanisms underlying WNT-5A signaling in glioma development
and progression is unknown and remains to be elucidated. Pre-
vious studies indicated a role of WNT-5A in glioma cell prolifera-
tion and invasiveness [11,12].

Our work recently revealed a novel role for WNT-5A in the
immunological regulation of microglia, manifested by induction of
proliferation, expression of proinflammatory cytokines and
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chemokines as well as increased expression of matrix metallo-
proteases supporting WNT-5A-induced microglia invasion in vitro
[13]. In the context of glioma biology, this activity profile is of
particular interest since it is shown repeatedly that microglia
support glioma invasion in the brain, rendering tumors more ag-
gressive and diffuse, and thereby even more difficult to treat
[14,15]. In fact, a high number of microglia in the tumor micro-
environment positively correlates with invasiveness and thereby
aggressiveness of the cancer [16–18]. Interestingly, Pukrop et al.
showed that WNT-5A signaling through microglia assists breast
tumor metastases in the brain, rendering our hypothesis valid for
another tumor type showing high WNT-5A levels [19,20].

Here we examine the expression levels of WNT-5A in patient-
derived gliomas and investigate the association of WNT-5A and

microglia responses in the tumor microenvironment. Based on an
in silico analysis of the The Cancer Genome Atlas (TCGA) glio-
blastoma multiforme (GBM) sample set and im-
munohistochemistry experiments on human glioma TMAs we
identified high expression of WNT-5A in a subset of human glio-
mas compared to control tissue. Furthermore, by using the TCGA
GBM sample set we found a strong positive correlation between
WNT-5A expression and a strong proinflammatory signature based
on the presence of microglia/monocytes. Thus, we provide a novel
link between WNT-5A levels and glioma-associated immune cells
in human glioma extending recently published in vitro findings on
the WNT-5A-induced increase in microglia proliferation and
invasion.

Fig. 1. WNT-5A is overexpressed in human glioma. (A) Visualized WNT mRNA expressions between non-malignant control brain tissue (n¼10) and brain GBM (n¼542) and
their associated probe ID. Analysis was performed with the TCGA GBM data set using Oncomine bioinformatics software. WNT-5A mRNA expression is 4.068 fold increased
(p¼7.64 E�13) between control and GBM samples. The probe ID for WNT5A used was 205990_s_at. WNT-5A mRNA (FC – fold change) with probe ID 213425_at was 4.336
(p¼2.58 E�14). (B) Confocal micrographs of human diffuse astrocytoma showing grade II and control brain tissue from a tissue microarray. Ki67 and GFAP label proliferating
cells and astrocytes, respectively. (C) Quantification of WNT-5A protein expression from the TMA immunohistochemistry in GFAPþ cells in astrocytoma grade II, anaplastic
astrocytoma grade III and GBM grade IV normalized to control brain tissue. The middle line represents the median. Data were analyzed with unpaired Student's t test
(*po0.05). (D) WNT-5A mRNA expression distribution among the TCGA glioblastoma sample set.
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