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Background: MDS1 and EVI1 complex locus protein EVI1 (MECOM) is an oncogenic tran-
scription factor in several kinds of cancers. However, the clinical significance of MECOM in
glioblastoma multiforme (GBM) has not been well elucidated.

Patients and methods: Our study enrolled 86 resected samples of GBM in three medical
centers. We detected the expression of MECOM in all the 86 samples by immunohistochemistry
and compared the difference of MECOM mRNA between tumor tissues and adjacent tissues
with real-time polymerase chain reaction. With immunoblotting, we detected the MECOM
expression in different GBM cell lines. Moreover, we analyzed the correlation between MECOM
expression and clinicopathologic factors with chi-square test, and evaluated the prognostic value
of MECOM with univariate and multivariate analysis.

Results: In GBM tissue, the percentage of MECOM high expression is 41.9% (36/86). The
mRNA of MECOM in tumor tissues is remarkably higher than that in adjacent tissues, indicating
the oncogenic role of MECOM in GBM. MECOM exists in all the detected cell lines with dif-
ferent abundance. Moreover, MECOM is correlated with poorer overall survival rate (P=0.033)
and can be identified as an independent prognostic factor in GBM (P=0.042).

Conclusion: MECOM could be considered as an independent prognostic factor in GBM,
predicting it as a potential and promising molecular drug target.
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Introduction

Glioblastoma multiforme (GBM) is a grade IV astrocytoma and the most lethal primary
brain tumor. Approximately 12,000 new GBM patients are diagnosed annually in the
USA, encompasses more than 50% of all detected malignant primary brain cancers.'
Astrocytomas are graded based on nuclear atypia, mitosis, vascular endothelial pro-
liferation and necrosis, which define the diagnosis criteria of GBM.? GBM is featured
with a large degree of tumor heterogeneity and easy invasion into surrounding tissues.*
As recommended by Stupp et al, the standard of GBM treatment includes maximal safe
surgical resection followed by radiotherapy and maintenance chemotherapy based on
temozolomide.* Along with decades of improvements in surgery methods and adjuvant
therapies, the survival rate and postoperational survival time have been elevated to
some degree but are still unsatisfactory. The median survival time for GBM is only
14.6 months with a 2-year survival rate of 26%, although they have been remarkably
improved.’ Although some potential drug targets have been discovered, including
transforming growth factor-B, epidermal growth factor receptor, phosphatase and
tensin homolog (PTEN) etc, the lethality of GBM is not significantly changed due to
the efforts.®” Thus, there is still much urgency for new and effective biomarkers to
help find more therapeutic targeted drugs.
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MDSI1 and EVII complex locus protein EVI1 (MECOM),
also known as ecotropic virus integration site 1 protein
homolog (EVI1), is a nuclear zinc finger transcription fac-
tor involved in many signaling pathways including cell
cycle, proliferation, and differentiation. MECOM has been
described as a proto-oncogene since it was first discovered
in 1988.8 MECOM exhibits antiapoptotic effects by sup-
pressing the INK 1-mediated phosphorylation of c-Jun.® The
oncogenic and prognostic role of MECOM is mainly studied
in myeloproliferative neoplasms, especially in leukemia.'
A chromosomal aberration involving EVII is considered as
a cause of chronic myelogenous leukemia, which is translo-
cation t(3;21)(q26;q22). The correlation between MECOM
and solid cancer progression has been reported sporadi-
cally, such as in breast cancer and ovarian cancer.'"'> As a
transcriptional factor, MECOM regulates the expression of
several target genes by directly binding DNA through its
proximal zinc finger domain and recognizing a consensus
sequence containing GA(C/T)AAGA(T/C)AAGATAA-like
or GACAAGATA-like motifs.!>!

Our study enrolled 86 patients who suffered from GBM
and had undergone surgical resection in three medical centers.
We detected the expression of MECOM in all the 86 samples
by immunohistochemistry, compared the difference of
MECOM mRNA level between tumor tissues and adjacent
tissues by real-time polymerase chain reaction (RT-PCR),
and detected MECOM expression in different GBM cell lines
with immunoblotting. Moreover, we analyzed the correlation
between MECOM expression and clinicopathologic factors
with chi-square test, and the prognostic value of MECOM
with univariate and multivariate analysis.

Patients and methods

Patients and follow-up

The primary cohort consists of a total of 190 cases of patients
who were diagnosed as GBM and underwent the surgery at
three clinical centers (Central Hospital of Jinan City, Yidu
Central Hospital of Weifang City, People’s Hospital of
Qingzhou City) from 2003 to 2014. This study was reviewed
and approved by the Institutional Clinical Ethics Review
Boards of Central Hospital of Jinan City, Yidu Central
Hospital of Weifang City, and Peoples Hospital of Qingzhou
City, People’s Republic of China. Written informed consent
was obtained from patients. The validation cohort consisting
of 86 cases was selected from the primary cohort based on
the following criteria: 1) no preoperational or postopera-
tional adjuvant therapy including radio- or chemotherapy;
2) available follow-up and samples; 3) postoperational
survival time was more than 1 month.

All the patients in the validation cohort underwent mac-
roscopic total or near-total tumor resection and underwent
the evaluation of Karnofsky Performance Scale. The overall
survival time was calculated from the operation to the date
of death or censored at the date of the last follow-up exami-
nation. The protocol of current study was managed as per
the requirement of Reporting Recommendations for Tumor
Marker Prognostic Studies.

Cell culture and reagents

Human glioma cell line U251MG, human glioblastoma cell
lines U118MG and U87MG, A172 were purchased from
Cell Bank of the Chinese Academy of Sciences (Shanghai,
People’s Republic of China). All these cells were cultured in
Dulbecco’s Modified Eagle’s Medium containing 10% fetal
bovine serum supplemented with streptomycin (100 pg/mL)
and penicillin (100 U/mL). MECOM primary antibody (Cat.
28100002) was from Novus Biologicals (Littleton, CO,
USA). Lamin-A antibody (sc-6214) was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

RNA extraction and RT-PCR

Fifteen pairs of glioma specimens and corresponding adjacent
tissues were collected and contained in liquid nitrogen until
RNA extraction. Total RNAs were extracted with TRIzol
reagent (Invitrogen, Foster City, CA, USA) and RNeasy
protect mini kit (Qiagen, Hilden, Germany) according to
the manual of TRIzol. Levels of mRNAs were quantified
by one-step RT-PCR with SYBR-Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA). All tests
were made in duplicate. The mean expression levels of 18S
were used as the internal control for normalization. The
primers of human MECOM were as follows: forward: tgag-
gatgactatgaagaaaccagt; reverse: gcagaaagtccacttttatattcttcc.
The primers of 18S were: forward: cagccacccgagattgagea;

reverse: tagtagcgacgggeggtgtg.

Immunohistochemistry and evaluation

The streptavidin—biotin immunoperoxidase assay was used
to detect formalin-fixed and paraffin-embedded samples by
immunohistochemical (IHC) staining. Briefly, slides were
incubated in 3% hydrogen peroxide for endogenous peroxi-
dase inactivation, in citrate buffer (pH =6.0) for immunore-
activity enhancement and in 5% bovine serum albumin for
unspecific binding exclusion. After that, the samples were
incubated in primary antibody at 1:200 dilution, secondary
antibodies and streptavidin peroxidase complex reagent
successively, and finally the staining was visualized in 3,3’-
diaminobenzidine solution. Slides were blindly scored by
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two independent pathological investigators unaware of the
clinical information.

The results of IHC included two aspects: the staining
intensity and the proportion of positively-stained tumor cells.
The score of positively-stained tumor cells was defined as:
0, less than 5% positive tumor cells; 1, 6%-30% positive
tumor cells; 2, 31%—50% positive tumor cells; 3, more than
50% positive tumor cells. The staining intensity was defined
as: 0 (no staining), 1 (weak staining, light yellow), 2 (moder-
ate staining, yellowish brown), 3 (strong staining, brown).
The final score was the product of the score of staining inten-
sity multiplied by the score of positively-stained tumor cells.
High MECOM expression was identified as score =4 and
low MECOM expression was identified as score <4.

Statistical analysis

SPSS17.0 software (SPSS Inc., Chicago, IL, USA) was used
to make statistical analysis. The difference between MECOM
mRNA in the adjacent tissues and tumor tissues was compared
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by Student’s #-test. The relationships between the MECOM
expression and clinicopathologic features were analyzed by
chi-square test. The overall survival rate was evaluated by the
Kaplan—Meier method, and the difference in survival curves
was analyzed by the log-rank test. Independent prognostic fac-
tors were identified by the Cox proportional hazards regression
model. P<<0.05 was considered statistically significant.

Results
MECOM expression in GBM tissue and

cell lines

The expression of MECOM was detected by IHC in GBM
tissues as described in “Patients and materials” section.
According to the IHC score criteria, 41.9% (36/86) of the
cohort was classified as the high-MECOM group, and 58.1%
(50/86) of the cohort was classified as the low-MECOM
group. MECOM was mainly observed in the nucleus of
GBM cells, which was predictable because MECOM mainly
functions as a transcription factor (Figure 1A).
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Figure | (A) Representative immunohistochemistry figure of low-MECOM expression (left) and high-MECOM expression (right). Slides were observed under x400
magnification and scale bar represents 50 pm. (B) The mRNA of MECOM was detected by real-time PCR. MECOM mRNA level in GBM tissues was remarkably higher than
that in the corresponding adjacent tissues. (C) Expression of MECOM in different GBM cell lines U251MG, A172, Ul 18MG, and U87MG was detected by immunoblotting.
Abbreviations: GBM, glioblastoma multiforme; MECOM, MDS| and EVII complex locus protein EVII; PCR, polymerase chain reaction; IB, immunoblotting.
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Moreover, to confirm the results observed by IHC, we
further compared the mRNA levels of MECOM in 15 pairs
of frozen GBM tissues and the corresponding adjacent tis-
sues (Figure 1B). The mRNA level of MECOM in GBM
tissues was significantly higher than that in the adjacent tis-
sues (P=0.0127), suggesting that MECOM may play a driv-
ing role in GBM oncogenesis. In addition, four cell lines of
GBM were selected to detect MECOM expression, including
U251IMG, A172, U118MG, and U87MG. U251MG had the
relatively highest MECOM expression in all the four detected
cell lines, followed by U118MG and U87MG, which had
similar MECOM expression level, and A172 had the lowest
level of MECOM (Figure 1C).

Correlation between MECOM expression

and clinicopathologic parameters

Chi-square test was performed to evaluate the correla-
tion between MECOM expression and clinicopathologic
parameters of GBM, including age, sex, Karnofsky Perfor-
mance Scale, and extent of resection (Table 1). However, no
significant correlation between MECOM and these factors
was observed.

Prognostic value of MECOM

Prognostic significance of MECOM expression was
evaluated by univariate analysis with the Kaplan—Meier
method, and multivariate analysis with the Cox-regression
model (Table 2). In univariate analysis, high MECOM
expression was significantly associated with poorer

Table | Correlation between MECOM and clinicopathologic

factors
Parameters Number (%) MECOM P-value*
Low High

Age
=50 48 (55.8) 30 18 0.357
>50 38 (44.2) 20 18

Sex
Male 48 (55.8) 25 23 0.199
Female 38 (44.2) 25 13

KPS
<80 28 (32.6) 16 12 0.896
=80 58 (67.4) 34 24

Extent of resection
Complete 44 (51.2) 28 16 0.29
Incomplete 42 (48.8) 22 20

MECOM
Low 50 (58.1) - - -
High 36 (41.9) - -

Note: *Significance calculated by chi-square test.
Abbreviations: KPS, Karnofsky Performance Scale; MECOM, MDSI and EVII
complex locus protein EVII.

Table 2 Prognostic value of MECOM

Parameters Univariate Multivariate  P-value”
I-year survival P-value* HR 95% CI
rate (%)
Age
=50 52.7 |
>50 58.5 0.434 0.65 0.26-1.40 0.24
Sex
Male 63.2 |
Female 48.1 0.308 1.54 0.70-3.42 0.286
KPS
<80 223 |
=80 43.5 0.793 0.92 0.43-2.02 0.85I
Extent of resection
Complete  66.9 |
Incomplete 35.9 0.028 2.67 1.17-6.10 0.02
MECOM
Low 64.7 |
High 20.6 0.033 245 1.03-5.82 0.042

Notes: *Means calculated by log-rank test. “Means calculated by Cox proportional
hazards regression.

Abbreviations: Cl, confidence interval; HR, hazard ratio; KPS, Karnofsky
Performance Scale; MECOM, MDS| and EVII complex locus protein EVII.

prognosis (P=0.033) (Figure 2), and l-year survival rate
of high and low MECOM was 64.7% and 20.6%, respec-
tively. Moreover, the extent of resection was also defined
as a prognostic factor (P=0.028). Incomplete surgical
resection was demonstrated to have more unfavorable
prognosis than complete resection. Multivariate analysis
was performed to identify the independent prognostic
factor with Cox-regression model. In the multivariate
analysis, MECOM expression and extent of resection were
confirmed as independent prognostic factors (P=0.042 and
0.020, respectively) in GBM.
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Figure 2 Survival curves stratified by MECOM expression in GBM (Kaplan—-Meier
method).

Notes: Patients with high MECOM expression had a significantly poorer overall
survival rate than those with low MECOM expression in GBM (P=0.033).
Abbreviations: GBM, glioblastoma multiforme; MECOM, MDS| and EVII complex
locus protein EVII.
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Discussion

GBM is one of the most deadly diseases of intracranial
tumors, featured with a highly angiogenic and invasive
phenotype, which implies the promising role of therapy
targeting at angiogenic and invasive signaling pathways.
Although standard treatments including resection, radia-
tion, and chemotherapy got prominent progress such as the
application of temozolomide in chemotherapy, the progno-
sis of GBM remains poor. Nowadays, the novel therapies,
especially the molecular-targeted agents, are increasing
remarkably thanks to the exploration of new biomarkers
and the broader understanding of molecular pathogenesis of
GBM. One effective biomarker may suggest one signaling
pathway in tumor progression and could predict one promis-
ing drug target, which could help improve the survival time
of patients.

Meanwhile, very little research has been done in an
attempt to target MECOM in cancer treatment, although
MECOM has been proven to play an oncogenic role in several
cancers, especially myelogenous leukemia. A MECOM
antagonist may aid in increasing lifespan or preventing
relapse, but the specific MECOM antagonist has still not been
found. More in-depth research on MECOM biological func-
tions and inhibitors are urgently required. The significance of
MECOM in GBM may get more attention with the gradual
exploration of the oncogenic mechanism and inhibitors of
MECOM.

Moreover, MECOM attracted the focus of scientists
partially because it functions as a transcription factor, which
may regulate downstream gene transcription. However, the
downstream target gene of MECOM is not well elucidated.
Very few genes have been identified as direct targets of
MECOM thus far despite the increasing clinical significance
of MECOM. The candidate targeting genes of MECOM
include Gatal, Gata2, Mpl, Jag2, Pbx1, Setbpl, Itga2b and
Itgh3 and such, but whether these are truly regulated by
MECOM has yet to be demonstrated.” Among the down-
stream genes and proteins regulated by MECOM, PTEN is an
attractive target because it is widely expressed throughout the
body and generally acknowledged as a tumor suppressor.'®
In astrocytomas, previous studies have proven that MECOM
could repress glioma progression and lead to better prognosis.
The correlation between PTEN and MECOM was explored
in the hematopoietic system. Yoshimi et al'® demonstrated
that MECOM can suppress PTEN expression and activate
PI3K/AKT/mTOR in leukemia. However, whether MECOM
leads to poor prognosis via repressing PTEN in GBM should
be explored by further study. In GBM, the exploration of

MECOM-targeted gene is urgently needed since we found
that MECOM is an independent prognostic factor of GBM.
Unfortunately, no relevant exploration of MECOM tran-
scription profile has been reported in GBM. So screening
with high-throughput technique, such as microarray, may
be a relevant approach to solve this problem. Additionally,
there are still many basic experiments to analyse the under-
lying mechanisms of why MECOM is associated with poor
prognosis of GBM, including experiments both in vivo and
in vitro.

In our study, we, for the first time, demonstrated that
MECOM is significantly associated with unfavorable sur-
vival rate (P=0.033) and could be considered an indepen-
dent prognostic factor in GBM (P=0.042) in a large cohort
with 86 cases enrolled in three medical centers. We hope
our findings of the prognostic value of MECOM can trig-
ger the enthusiasm of more scientists on basic and clinical
research of MECOM, thus helping elucidate the underlying
mechanism of MECOM-induced poorer prognosis, and in
finding a new chemical therapy. Based on our experiments,
we boldly believe that MECOM could be a promising and
potential drug target, which can hasten a new chemical drug
therapy for GBM, improving the survival time and life qual-
ity of GBM patients.
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