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Overexpression of macrophage migration inhibitory factor
and functionally-related genes, D-DT, CD74, CD44,
CXCR2 and CXCR4, in glioblastoma
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Abstract. The macrophage migration inhibition factor (MIF)
is a cytokine with multiple biological functions, including the
cancer-associated processes, cell cycle deregulation, angio-
genesis and metastatization. The present study investigated
the expression of MIF and its functionally associated genes
(D-DT, CD74, CD44, CXCR2 and CXCR4) in glioblastoma
multiforme (GBM). The data were obtained from The Cancer
Genome Atlas databank, through the cBioportal web-based
utility (cbioportal.org/). A significant increase was observed
in the majority of these genes in GBM samples compared with
lower grade gliomas, however no significant correlation among
the selected genes and the overall survival of the patients
was identified. In contrast, the expression of MIF exhibited
a trend toward an increase in overall survival and a signifi-
cant increase of MIF expression was observed in samples of
patients who underwent neoadjuvant treatment. In conclusion
these data indicate that MIF and its receptors are involved in
GBM progression and maintenance. Deciphering the precise
biological significance in GBM would favor the adoption of
tailored approaches to modulate the function of MIF and its
associated genes for the treatment of the disease.

Introduction
Glioblastoma multiforme (GBM) is a glial cancer classified

by WHO as a grade I'V astrocytoma. Depending on mutation
of the isocitrate dehydrogenase (IDH) gene, three main GM
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subsets can be identified: IDH-wild type, that represent ~90%
of the cases, IDH-mutated, generally observed in younger
patients with prior lower grade gliomas and NOS (no other-
wise specified), where evaluation of the IDH gene cannot be
performed (1).

Treatment of first choice is surgery, coupled with chemo-
therapy and radiotherapy. Since no change in overall survival
(OS) has occurred after the introduction in 2005 of the
STUPP regimen (radiotherapy or chemotherapy in association
with temozolomide), a better understanding of the molecular
mechanisms related to GBM proliferation and recurrence
could suggest alternative avenues for the development of novel
therapies and prognostic markers.

The macrophage migration inhibition factor (MIF) is an
uncommon cytokine with multiple biological functions and
pleiotropic effects (2,3). MIF binds the HLA class II histocom-
patibility antigen gamma chain, CD74. The phosphorylation of
CD74, following MIF binding, leads to the recruitment of CD44
and the activation of its downstream signaling, through the
ERK-MAPK pathway (2,3). MIF is also a non-cognate ligand
for the chemokine receptors, CXCR2 and CXCR4. Beside MIF,
the MIF superfamily includes the recently identified homolog
D-dopachrome tautomerase, D-DT (also known as MIF-2),
located on chromosome 22q11.23 (4,5). Similarly to MIF, D-DT
possesses enzymatic binding pockets with tautomerase activity
for the D-dopachrome and phenylpyruvate substrates. However,
the end-products of the dopachrome substrates are different for
the two genes. Also, D-DT binds the CD74 ectodomain, with
an about 3-fold higher acid dissociation constant and a 11-fold
higher dissociation rate as compared to MIF. Interestingly,
D-DT lacks the motif that allows MIF binding to the chemo-
kine receptor, CXCR2 (4,5). Studied for its role in immunity,
MIF has been primarily identified as an inflammatory mediator
involved in the regulation of macrophage activity, chemotaxis,
and cytokine secretion and has been indicated as a major player
in the pathogenesis of immune-inflammatory and autoimmune
diseases including multiple sclerosis, Guillain-Barre syndrome,
type 1 diabetes, systemic lupus erythematosus and rheumatoid
arthritis (2,6-9).
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However, MIF activity is not limited to the immune
system: it can act as a hormone, by exerting glucocorticoid
antagonism; as an enzyme, by catalyzing the tautomerization
of the D-dopachrome in 5,6-Dihydroxyindole-2-carboxylic
Acid (DHICA); as a cell differentiation factor, by activating
the Wnt/B-catenin pathway in neurons. MIF is also involved
in many tumor processes, including deregulation of cell cycle,
angiogenesis and metastasis formation (10).

A significant increase in MIF expression has been observed
in several types of cancer, including cervical cancer, breast,
prostate, liver, lung cancer, neuroblastoma, colorectal cancer,
pancreatic, renal carcinomas and lymphocytic leukemia (10).

There are several biological pathways triggered by MIF
that may contribute to tumorigenesis. Indeed, upon endocy-
tosis, MIF interacts with c-Jun activation domain-binding
protein-1 (JAB1) and deactivates it. JABI is a negative regu-
lator of p27KIP1, that controls cell cycle progression at the
G1 phase (11). MIF also promotes tumor growth by activating
the MAPK/PI3K/Akt pathways, by inhibiting p53-dependent
apoptosis, by promoting angiogenesis via up-regulated secre-
tion of vascular endothelial growth factor (VEGF) (10), and
by promoting immune escape via inhibition of Natural Killer
cell lysis and recruitment of Myeloid Derived Suppressor Cells
(MDSCs). Moreover, MIF favors tumor invasion by facili-
tating epithelial-to-mesenchymal transition (EMT) (12,13)
and by increasing the expression of matrix metalloproteinases
(MMPs) (12).

Increasing body of data suggests an important patho-
genic role for MIF in the progression of gliomas (14).
Immunohistological analysis of GBM samples has shown
that MIF strongly accumulates in proximity of necrotic areas
and in cancer cells adjacent to the blood vessels (15). It was
also shown that MIF immunoreactivity increases with tumor
grade (15). Moreover, expression of the CD74 in GBM seems to
be involved in the resistance to temozolomide (16). In addition,
an association between MIF expression and tumor recurrence
and poor prognosis of glioma patients has been reported (17).
It has also been reported that MIF enhances autophagy by
regulating ROCK1 activity and contributes to the escape of
dendritic cell surveillance in GBM (18).

In agreement with these data, a study in primary GBM
cells has shown that inhibition of MIF with ISO-1, an inhibitor
of its D-dopachrome tautomerase site, reduced the growth
rate of primary GBM cells in a dose-dependent manner (19).
MiR-608 has also been shown to inhibit the migration and
invasion of glioma stem cells by targeting macrophage migra-
tion inhibitory factor (20).

The aim of this study was to evaluate the expression of
MIF and of its functionally related genes, in different grade
gliomas, and to highlight the potential role of MIF in GBM, as
biomarker or therapeutic target.

Materials and methods

Characterization of MIF and functionally-related genes in
GBM. In order to evaluate the expression levels of MIF and
related genes in gliomas, RNA Seq data from the TCGA
datasets were downloaded through the cBioportal web-based
utility (http://www.cbioportal.org). Selected genes were MIF,
D-DT, CD74, CD44, CXCR2, CXCR4 and JABI1. Complete
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clinical data of the patients were retrieved and only data from
primary tumors, with no neoadjuvant therapy prior to excision,
were selected. Data were subjected to Kolmogorov-Smirnov
test, D'Agostino and Person Omnibus test and Shapiro-Wilk
normality test. Accordingly to the results from the normality
tests, the Kruskal-Wallis test followed by Dunn's Post Test
was applied to assess statistical significance for the differ-
ences among cancer types. Overall, this study comprised
153 patients with GBM, 31 with Oligoastrocytoma, 22 with
Oligodendroglioma, 15 with Astrocytomas, 29 with
Anaplastic Astrocytoma and 16 patients with Anaplastic
Oligoastrocytomas.

In order to evaluate how the genes of interest are similar
in their expression pattern, a Gene Distance Matrix was
built using the Multi Experiment Viewer software (mev.tm4.
org). The distance between two genes, which represents the
inverse of similarity, was calculated using Pearson correlation.
Values can vary from -1 to 1. Correlations near 1 indicate a
strong positive correlation, while values closer to -1 indicate a
negative correlation.

Identification of genetic aberrations of the genes of interest
has been performed on a cohort of 281 and 283 DNA-sequenced
GBM and low-grade glioma patients, respectively, as available
in the TGCA database.

Correlation between the selected genes and the OS of
GBM patients were performed using linear regression analysis
and Pearson's test.

Effect of neoadjuvant therapy on MIF expression. Microarray
transcriptomic data of 497 tumor samples from patients who
underwent tumor excision without neoadjuvant therapy and
from 20 patients treated with neoadjuvant therapy before
cancer resection were also obtained from the cBioportal
web-based utility. No information regarding the type of
neoadjuvant therapy has been disclosed. Unpaired Student's
t-test was applied to assess statistical significance of the mean
difference in MIF levels between the two groups.

Statistical analysis. Expression data are presented as dot
plots with line at median value. GraphPad Prism 5 (GraphPad
Software, La Jolla, CA, USA) was used for all the statistical
analysis. Data were subjected to a Kolmogorov-Smirnov
test, D'Agostino and Person Omnibus test and Shapiro-Wilk
normality test. According to the results from the normality
tests, the Kruskal-Wallis test followed by Dunn's post hoc
test were applied to assess the statistical significance for the
differences among cancer types. The association between the
selected genes and the OS of GBM patients was evaluated
using linear regression analysis and Pearson's test. An
unpaired Student's t-test was applied to assess statistical
significance of the mean difference in MIF levels between
the group of patients who underwent neoadjuvant therapy and
patients without neoadjuvant therapy. P<0.05 was considered
to indicate a statistically significant difference.

Results
Expression of MIF and its functionally-related genes

in GBM. A marked upregulation of MIF expression was
observed in GBM as compared to all of the other lower grade
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Figure 1. Evaluation of the expression levels of (A) MIF, (B) D-DT, (C) CD74, (D) CD44, (E) CXCR2, (F) CXCR4 and (G) JABI in glioblastoma and lower
grade glioma samples. (H) Gene Distance Matrix was built using the Multi Experiment Viewer software (mev.tm4.org/), in order to evaluate how the genes
of interest are similar in their expression pattern. (I) Percentage of genetic aberrations in the genes of interest has been performed on a cohort of 281 and 283
DNA-sequenced glioblastoma and low-grade glioma patients, respectively. Data were retrieved from the The Cancer Genome Atlas dataset through the cBio-
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portal web-based utility (cbioportal.org). "P<0.05, “P<0.01 and

P<0.001, as indicated. MIF, macrophage migration inhibitory factor; D-DT, D-dopachrome

tautomerase; CD, cluster of differentiation; CXCR, C-X-C Motif Chemokine Receptor; JABI, c-Jun activation domain-binding protein-1.

Gliomas (Fig. 1A). Similarly to MIF, significant higher levels
of D-DT were found in GBM as compared to Oligoastrocytoma
and Anaplastic Astrocytoma (Fig. 1B). As regards CD74 and
the co-receptor, CD44, significant higher levels were observed
in GBM when compared to all of the other lower grade Gliomas
(Fig. 1C and D). Along the same lines, the non-cognate recep-
tors CXCR2 and CXCR4 were also significantly overexpressed
in GBM samples as compared to all of the other lower grade
gliomas (Fig. 1E, F). In addition, in GBM samples significantly

higher expression levels of JAB1 were also observed with
respect to lower grade gliomas (Fig. 1G). A significant positive
correlation in the expression levels was observed between MIF
and D-DT (P<0.0001 by Spearman test), CD74 (P=0.0422 by
Spearman test), CXCR4 (P<0.0001 by Spearman test) and
JABI (P<0.0001 by Spearman test) (Fig. 1H).

Characterization of MIF and related genes in GBM. Only a
small percentage of samples presented genetic aberrations in
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Figure 2. Correlation between overall survival and expression levels (A) MIF, (B) D-DT, (C) CD74, (D) CD44, (E) CXCR2, (F) CXCR4 and (G) JABI1
was performed using linear regression analysis and Pearson's test on glioblastoma samples. (H) Differences in MIF expression levels were calculated in
glioblastoma samples from drug-naive patients and patients who underwent neoadjuvant therapy. Data were retrieved from the The Cancer Genome Atlas
dataset through the cBioportal web-based utility (cbioportal.org). “P<0.05, as indicated. MIF, macrophage migration inhibitory factor; D-DT, D-dopachrome
tautomerase; CD, cluster of differentiation; CXCR, C-X-C Motif Chemokine Receptor; JABI, c-Jun activation domain-binding protein-1.

the studied genes (Fig. 1I). These aberrations included: 2 cases
(over 283 samples) among lower grade gliomas of MIF and
D-DT gene amplification; 1 amplification and 2 deletions
for CD74 in lower grade glioma samples; 2 cases of CD44
deletion among glioma samples and 2 missense mutations
in glioma samples, as well as, 1 missense and 2 nonsense
mutations among GBM samples (over 273 samples); 1 case of
amplification and 1 missense mutation of the CXCR?2 gene in
GBM samples, as well as 3 missense mutations among glioma
samples; 1 missense mutation of CXCR4 and 1 gene amplifica-
tion among glioma and GBM samples, respectively; 1 case of
missense mutation of JAB1 and 13 cases of deletions among
gliomas and 2 deletions among GBM patient (Fig. 11).

No significant correlations among the selected genes and the
OS of the GBM patients could be observed, although a trend of
positive correlation was observed for MIF (Fig. 2A-G). Also,
neoadjuvant therapy was associated to a moderate, although
significant (P=0.0315), increase in MIF expression (Fig. 2H).

Discussion

The results presented herein partially confirm the previous
observations on the modulation of MIF and CD74 in central
nervous system (CNS) tumors (15-17) and expand the current
knowledge on their most functionally related genes. These
data demonstrate that a local over-expression of MIF, D-DT,
CD44, CD74, CXCR2, CXCR4 and JABI occurs in invasive
and malignant forms of GBM, as compared to other lower
grade CNS tumors. To the best of our knowledge this is the
first paper to demonstrate the overexpression of the MIF
related genes, CD44, CXCR2, CXCR4 and JABI and D-DT
in GBM.

However, in spite of these multiple evidence pointing to a
pro-oncogenic role of MIF in GBM, the net biological signifi-
cance of our present findings is hampered by the observation

that the over-expression of MIF does not correlate with a lower
OS but rather exhibits an inverse trend to increased OS. In addi-
tion, the biological significance of this trend is strengthened
by the observation that neoadjuvant therapy is associated to a
significant increase in MIF expression. The potential protec-
tive role of MIF in GBM may concur with recent findings
that CD74 is restricted to microglia/macrophages associated
with an M1-polarized immune milieu and prolonged patient
survival in gliomas (21). Favoring the beneficial anti-oncogenic
role of endogenous MIF in GBM, it is also the observation that
bevacizumab resistance in GBM is driven by reduced MIF at
the tumor edge, causing proliferative expansion of M2 macro-
phages, which in turn promotes tumor growth (22).

In contrast, other Authors have reported high levels of
CD74 expression in high grade gliomas and have proposed
this expression as a mechanism involved in temozolomide
resistance (16). Also, Wang and collaborators have shown that
in patients with WHO grade III and IV gliomas the survival
time was significantly shorter in patients with high expression
of MIF or IL-8 in high-grade tumors than those with protein
low expression in their tumors (17). However, in multivariate
analysis, only histological grade and MIF expression in gliomas
were independently associated with survival (17). In particular,
the discrepancy of these data with ours can be due to the fact that
we analyze MIF expression at the transcriptomic level and not
at the protein level. Also, as pointed out by Verjans ef al (23),
cellular localization of MIF can be associated to different
biological effects in cancer. In particular, Verjans et al, have
shown that when MIF is localized within breast cancer cells,
it acts as a favorable prognostic marker, while it plays a
pro-oncogenic role, by promoting breast cancer cells-stroma
interactions, when it is localized in the extracellular space (23).

Taken as a whole, these data highlight a complex, pleiotropic
and eventually even dichotomous role of MIF in GBM
maintenance and progression. The pleiotropism of MIF, as
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well as of most cytokines, in biological systems is well known.
MIF is clearly endowed with pro-inflammatory properties that
include induction of nitric oxide, cyclooxygenase 2 (24) and
Toll-like receptor 4 (25), the production of pro-inflammatory
cytokines (26) and glucocorticoid antagonism (27).
Nonetheless, in other settings, MIF acts as anti-inflammatory
cytokine that recruits myeloid derived suppressor cells and
tumor associated macrophages (28,29) and inhibits CD8+ T-
and NK cells-mediated cytotoxicity (30).

The major limitation of our data is that only the transcrip-
tional levels of MIF and related genes have been investigated.
Therefore, no direct comparison can be performed between
the above mentioned studies and our results. Further analysis
on the cellular localization of these proteins will eventually
shed light on their role in GBM development, progression and
prognosis. Also, it should be pointed out that MIF undergoes
post-translational modifications, including carbamylation of the
Pro-2; cysteinylation at Cys-60; S-nitrosilation and phosphory-
lation of Cys-81 and Ser-91 (31), that may alter MIF activity at
specific sites, especially where oxidative events occur.

Although the eventual concentration and dose-dependency
of the effects of MIF (and D-DT) in the context of GBM remains
to be defined, it seems possible to hypothesize that different
environmental conditions, the local concentration and/or protein
localization may ultimately dictate the effects of MIF in GBM.
The exact definition of the precise role of MIF in GBM could
lead to important diagnostic and therapeutic achievements in
terms of prognosis and identification of biomarkers that could
be associated to either beneficial or detrimental effects and
predictors of therapeutic responses. In particular, therapeutic
approaches based on either MIF-D-DT agonism or antagonisms
could be envisaged in a tailored fashion for at least certain
subsets of GBM patients, once the protective or pathogenic role
of these cytokine homologs is more clearly understood.
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