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High-mobility group AT-hook protein 2 expression and
its prognostic significance in MGMT methylated
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Abstract. High-mobility group AT-hook protein 2 (HMGA 2)
is a transcription factor associated with malignancy and
poor prognosis in a variety of human cancers. We correlated
HMGA 2 expression with clinical parameters, survival, and
0O-6-methylguanine-DNA methyltransferase methylation status
(MGMT) in glioblastoma patients. HMGA 2 expression was
determined by performing quantitative real-time polymerase
chain reaction (qQPCR) and immunohistochemistry (IHC) in
44 glioblastoma patients and 5 non-tumorous brain specimens
as controls. Gene expression levels of MGMT methylated vs.
unmethylated patients, and gene expression levels between
patient groups, both for qPCR and IHC data were compared
using the Mann-Whitney U test. The relationship between
HMGA 2 expression, progression-free survival and overall
survival was analyzed using the Kaplan-Meier method and the
log-rank test. P-values of <0.05 were considered statistically
significant throughout the analyses. The mean age of patients
at diagnosis was 57.4+15.7 years, and the median survival
was 16 months (SE 2.8; 95% CI, 10.6-21.4). HMGA 2 gene
expression was significantly higher in glioblastoma compared
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to normal brain tissue on qPCR (mean, 0.35; SD, 0.27 vs. 0.03,
SD, 0.05) and IHC levels (IRS mean, 17.21; SD, 7.43 vs. 3.20;
SD, 1.68) (P=0.001). Survival analysis revealed that HMGA 2
overexpression was associated with a shorter progression-free
and overall survival time in patients with methylation (n=24).
The present study shows a tendency that HMGA 2 overexpres-
sion correlates with a poor prognosis of glioblastoma patients
independent of MGMT methylation status. The results suggest
that HMGA 2 could play an important role in the treatment of
glioblastoma and could have a function in prognosis of this
type of cancer.

Introduction

High-mobility group (HMG) proteins are heterogeneous
non-histone DNA-binding factors that organize active chro-
matin (1). High-mobility group AT-hook protein 2 (HMGA 2)
belongs to this family and is located at chromosome 12ql4
and encodes an 109 amino acid protein. The functional unit of
all HMGA proteins are 3 copies of a conserved DNA-binding
peptide motif (‘AT-hooks’) that cause the binding to adenine-
thymine (AT)-rich regions of nuclear DNA (2,3). HMGA 2 is
expressed primarily in the early embryonic development, and
is suppressed in differentiated cells (4). Some reports suggest
that HMG proteins regulate the expression of one or more
genes that control embryonic cell growth and differentia-
tion (1,4). Furthermore, HMG may also affect the expression
of oncogenes and tumor suppressor genes (5). HMGA 2 is
regulated by let-7, a tumor suppressor microRNA (miRNA),
which is downregulated in regards to cancer development (6).
A directly regulatory relationship between let-7a (member of
let-7 family) and HMGA 2 regulation has been confirmed in
breast, lung and esophageal cancers (7-9).

HMGA 2 is not expressed in normal human adult tissue but
it can be detected in many human tumors including lipoma,
leiomyoma and pituitary tumors, which are benign tumors
but they can be very invasive (10,11). Furthermore, HMGA 2
is also expressed in malignant neoplasms such as colorectal,
lung, gastric, ovarian and breast cancers, neuroblastoma and
glioblastoma (12-19).
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Prior studies showed that miR-142-3p, a miRNA in
pluripotent stem cells, suppresses the expression of HMGA 2
targeting the 3'UTR, and thus, decreasing the expression of
Sox2, a transcription factor in stem cells. HMGA 2 increases
the transcription of Sox2 through directly binding to the Sox2
promoter gene region. Patients with an upregulated HMGA 2
expression demonstrated a poor overall survival (20). miRNA
alterations are involved in the initiation and progression
of human cancer (6). Morishita et al (21) conducted a study
demonstrating the molecular mechanisms of HMGA 2 in
tumor pathogenesis through activation of the TGFf signaling
pathway, a major inducer of the epithelial-mesenchymal-tran-
sition (EMT), in epithelial carcinomas. Their results showed
that HMGA 2 plays a critical role in inducing tumor invasion,
and metastasis in EMT by activating the TGFp signaling
pathway.

A study by Liu et al (16) presented a significant correlation
of HMGA 2 expression, and glioblastoma cell proliferation,
invasion and survival. Glioblastomas are highly invasive,
rapidly growing, scatter along the white matter tracts and their
structure is poorly differentiated. Furthermore, glioblastoma
represents the most aggressive type of glial brain tumors.
Treatment is rarely effective despite gross total resection,
chemotherapy, radiotherapy or all of them (22). MGMT
(O-6-methylguanine-DNA methyltransferase) methylation
status and the analysis of IDH1 and IDH2 mutations has
become diagnostic and prognostic standards, and there are
numerous studies investigating new molecular markers for a
better characterization of this tumor entity (23-25).

Unfortunately, the recurrence of glioblastoma is still inevi-
table after a median progression-free period of 6.8 months (26).
Consequently, novel therapies targeting cell proliferation and
invasion e.g. through gene therapy may become a more effec-
tive strategy (27).

Based on the available data, HMGA 2 could be a
biomarker and a potential target in glioblastoma therapy.
Therefore, in the present study, we investigated the expres-
sion of HMGA 2 in glioblastoma patients, and we correlated
the expression data with clinical parameters, survival and
MGMT methylation status.

Materials and methods

Patient data. A retrospective analysis of medical records
was conducted and clinical data were extracted. Variables
assessed include: birth date, gender, date of diagnosis, date of
operation/reoperation, type/date of chemotherapy, type/date
of radiotherapy, MRI follow-up reports, relapse status, date of
relapse, date of last follow-up, and vital status at last follow-
up. All patients were periodically followed for survival. The
follow-up period was calculated from the date of surgery to
the date of last contact. The time of progression-free survival
(PFS) was defined as at the time of initial surgical therapy to
tumor recurrence.

Tissue specimens. A total of 44 diagnostically confirmed
cases of glioblastoma (WHO IV) were retrieved as formalin-
fixed, paraffin-embedded tissue blocks and kryopreserved
tissue between 2006 and 2012 from the Department of
Neuropathology, University of Giessen, Giessen, Germany.
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Five normal brain tissue specimens were used as reference
for tumor-free brain tissue and a breast cancer specimen was
used as a positive control provided by the same institution.
The present study was approved by the local ethics committee
(application number: AZ 07/09).

RNA-isolation, quantitative real-time PCR. RNA-isolation
was performed from frozen specimens stored in fluid nitrogen
using the RNeasy Lipid Tissue Mini kit® from Qiagen GmbH
(Hilden, Germany). RNA concentration was measured
photometrically (peqLab NanoDrop® 1000 Spectrophoto-
meter; VWR International GmbH Life Science Competence
Center, Erlangen, Germany). Total RNA (1 ug) was used
for cDNA synthesis with the QuantiTect® reverse transcrip-
tion kit (Qiagen). Quantitative real-time PCR (qQPCR) was
performed along with the following human primers with
the Mastercycler Gradient Thermal Cycler® (Eppendorf,
Hamburg, Germany): actin-f3, human (Hs99999903), IPOS,
human (Hs00914040), HMGA 2, human (Hs00171569_m]1),
TBP, human (Hs00427620) (all from Life Technologies Inc.,
Carlsbad, CA, USA). Reaction setup and cycling conditions
adhered to the kit manual. Reaction efficiency was determined
using standard curves, gene expression levels calculated
by the AACt method and expressed as efficiency corrected
log2 values. Additionally, the linear n-fold expression ratio
of cases/controls was calculated by first converting the log2
values to linear and calculating the ratio of cases/controls
to facilitate easy comprehension of the gene expression
changes.

Raw cycle threshold (Ct) data of qPCR experiments were
processed by subtracting the mean Ct of all endogenous
control genes (actin-f§, IPO8 and TBP) from the Ct of the
according gene of interest (HMGA 2). Taking into account the
exponential nature of PCR methodology, relative expression
was obtained from the resulting ACt value using the formula
of 274,

In preliminary experiments, we analyzed samples from the
individual frontal, parietal, temporal, occipital and cerebellar
lobes for HMGA 2 expression using qPCR. No significant
differences in expression were found between these anatom-
ical regions (data not shown). Therefore, we did not further
match the control samples to the anatomical brain regions of
the tumors.

Immunohistochemistry. Of all samples investigated using
gPCR, a subset of 44 tumor samples and 5 non-tumorous brain
tissue samples were available as paraffin-embedded tissue and
used for immunohistochemistry. Samples from breast cancers
were used as positive controls. Immunohistochemical staining
was performed using the BenchMark XT IHC fully automated
staining instrument (Ventana Medical Systems, Tucson,
AZ, USA) following the manufacturer's instructions on
3-um paraffin sections. A polyclonal rabbit antibody against
HMGA 2 (ab52039; Abcam, Cambridge, UK) was used with a
final dilution of 1:25.

Quantification of immunohistochemical staining. The
sections were microscopically (Leica DMLB microscope;
Leica Microsystems, Wetzlar, Germany) assessed in x200
and x400 magnification by two investigators (C.W. and F.P.S.)



INTERNATIONAL JOURNAL OF ONCOLOGY 48: 1485-1492, 2016

who were blinded to patient characteristics and outcome.
Immunoreactivity score (IRS) was determined using staining
intensity and number of positively stained cells (nuclear
expression). Staining intensity was determined on the
following scale: O (no staining), 1 (weak staining, light yellow),
2 (moderate staining, yellowish brown), and 3 (strong staining,
brown). In addition, the percentage of positive cells was semi-
quantitatively determined (0-100% in 10% steps). IRS was
calculated as the product of staining intensity and percentage
of positive tumor cells, resulting in a value ranging from
0 to 30. The k-statistics of the analyzed immunohistochemical
stained slides revealed a kappa value of 0.534 for HMGA 2.
Differences in assessment were discussed until consensus was
reached.

Calculation of HMGA 2 gene expression and statistical
analysis

qPCR and calculation of gene expression. Gene expression
calculations were performed using the AACt method in
GenEx 6 (Multid Analyses AB, Goteborg, Sweden). Stable
expression of housekeeping genes f3-actin (ACTB), TATA-
binding protein (TBP) and importin (IPO) were assessed
using the NormFinder algorithm, hereby confirming suit-
ability of all 3 genes to be used as references in our samples.
Normalization of HMGA 2 was performed against these three
housekeeping genes and expression levels were calculated for
normal brain tissue and glioblastoma specimens. To allow
direct comparison, data are shown as 2°*C* values unless
otherwise indicated.

Statistical analysis. The following statistical assessments were
performed using the Mann-Whitney U test: gene expression
levels in MGMT methylated vs. unmethylated patients, gene
expression levels between patient groups, both for qPCR
and immunohistochemical data. The relationship between
HMGA?2 expression, regression-free survival and overall
survival was analyzed using the Kaplan-Meier method and
the log-rank test. Survival analysis was performed by dividing
patients into low and high expression groups. Low expression
was defined as normalized gene expression levels equal or
below the mean expression of each respective tumor group,
while all other patients within this group were classified as
high expression. To analyze further the influence of HMGA 2
expression, we performed a multivariate analysis of variance
(MANOVA) stratified according to age, HMGA 2 gene expres-
sion on mRNA and protein levels, MGMT methylation status,
progression-free survival (PFS) and overall survival (OS).
P-values of <0.05 were considered statistically significant
throughout the analyses.

Results

Patient collective. The patient collective included 44 gross
total resected glioblastoma (WHO grade 1V) patients, 40 of
whom were diagnosed with primary, and 4 with secondary
glioblastoma. Mean age at diagnosis was 57.4+15.7 years. The
study population consisted of 31 male and 13 female patients.
The patients' median survival time was 16 months (SE 2.8;
95% CI, 10.6-21.4). Two of the patients had received chemo-
therapy or radiotherapy prior to first surgery.
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Table I. Summary of the baseline characteristics.
n (%)
Total cases 44 (100)
Age at diagnosis (years) 57.4+15.7)
Gender
Male 31(70.5)
Female 13 (29.5)
Survival
Unstratified patients
16 months (SE, 2.8,95% CI, 10.6-21.4) 100
MGMT
Methylated: 22 months 54.5
(SE, 3.7;95% CI, 14.8-29.2)
Unmethylated: 11 months 432
(SE,2.2;95% CI, 6.7-15.3)
Tumor entity
Glioblastoma 44 (100)
Primary 40 (90.9)
Secondary 409.1)
Methylation
MGMT
Hypermethylated 24 (54.5)
Not hypermethylated 19 (43.2)
Unavailable 1(2.3)
Neoadjuvant treatment before 1st resection
Chemotherapy
Temozolomide 2(4.5)
Radiation
60 Gy 3(6.8)
Initial resection
Resection 41 (93.2)
Missing data 3(6.8)
Adjuvant treatment after initial resection
Chemotherapy
Total treated in group 37 (100)
Temozolomide 37 (100)
Radiation
Total treated in group 38 (100)
60-Gy concomitant 36 (94.7)
60-Gy stereotactic 2(5.3)
Ist recurrence
Total affected patients 24 (54.5)

MGMT, O-6-methylguanine-DNA methyltransferase.

Further details are listed in Table I. Five normal brain
tissue specimens were used as reference for tumor-free brain
tissue.

HMGA 2 mRNA expression in glioblastoma and normal brain
tissue. A subset of 40 glioblastoma specimens along with 5
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Figure 1. Representative images (magnification, x400) of HMGA 2 immu-
nohistochemical staining show normal (A, IRS=2) and glioblastoma tissue
(B and C). B (IRS=8) shows low HMGA 2 staining, C (IRS=30) an high
staining in glioblastoma. The immunohistochemical staining of HMGA 2
protein is expressed higher in glioblastoma than in normal brain tissue
(A vs. B and C).

Expression of HMGA2 in normal brain tissue and glioblastoma
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Figure 2. Expression of HMGA 2 mRNA and protein in normal brain tissue
and glioblastoma with a significantly higher expression in glioblastoma.

normal brain tissues were analyzed performing qRT-PCR.
The HMGA 2 expression on mRNA levels in glioblastomas
were upregulated (mean, 0.35; SD, 0.27) compared to non-
tumorous brain tissue (mean, 0.03; SD, 0.05). HMGA 2 gene
expression was significantly higher in glioblastoma (P=0.001)
(Figs. 1 and 2).
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Figure 3. HMGA 2 mRNA and protein expression in all glioblastoma
patients. Shown are mRNA and protein expression levels. Bars indicate mean
expression and standard deviation. Marker expression was not significantly
altered in MGMT methylated vs. unmethylated tumors.

HMGA 2 protein expression in glioblastoma and normal
brain tissue. Forty-four glioblastoma specimens along with 5
normal brain tissues were analyzed by immunohistochemistry
confirming the expression difference seen in the qRT-PCR
analysis: IRS of HMGA 2 was significantly higher in glio-
blastoma tissue (mean, 17.21; SD, 7.43) than in normal brain
tissue (mean, 3.20; SD, 1.68) (P<0.001). Thus, HMGA 2 gene
expression was significantly higher in glioblastoma than in
non-tumorous brain tissue (Figs. 1 and 2).

HMGA 2 expression as a parameter of MGMT methylation
status. The analysis of HMGA 2 expression as a parameter of
MGMT methylation status showed no significant differences
in gPCR and immunohistochemistry analysis. On protein level
there were no expression differences of HMGA 2 between
methylated and unmethylated patients (P=0.87). On mRNA
levels a slightly higher HMGA 2 expression was seen for
unmethylated patients (P=0.09) (Fig. 3).

Progression-free survival (PFS) time as a parameter of
MGMT-methylation status and HMGA 2 mRNA and protein
expression. Progression-free survival (PFS) time in primary
glioblastoma patients with surgical resection and adjuvant
combined radio-chemotherapy with temozolomide and
60-Gy concomitant irradiation, stratified by MGMT promoter
methylation was shorter with HMGA 2 upregulation (Fig. 4.)
On mRNA levels 8 patients with positive MGMT promoter
methylation status who had primary glioblastoma with high
HMGA 2 levels had a median PFS time of 10.0 months
(SE, 2.1; 95% CI, 5.8-14.2), whereas 7 patients with primary
glioblastoma and low HMGA 2 expression and methylated
MGMT had a median PFS time of 21.0 months (SE, 5.2; 95%
CI 10.7-31.3) (P=0.14).

Three negative MGMT promoter methylation status
patients with high HMGA 2 levels had a median PFS time of
8.0 months (SE, 2.4; 95% CI, 3.2-12.8), whereas 5 patients with
primary glioblastoma and low HMGA 2 expression and nega-
tive MGMT promoter methylation status had a median PFS of
5.0 months (SE, 3.3,95% CI 0.0-11.4) (P=0.90).

Overexpression of HMGA 2 showed a tendency to a shorter
PFS time. These results on mRNA level were confirmed by
IRS and showed no statistical significance (Fig. 4).
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Figure 4. Progression-free and overall survival of glioblastoma patients who were resected with curative intention and received adjuvant RCT (temozolomide
and 60-Gy irradiation). Patients are stratified for MGMT methylation status. Curves show progression-free time (A-D) and overall survival time (E-H)
depending on HMGA 2 mRNA (C, D, G and H) and protein (A, B, E and F) expression. Overexpression of HMGA 2 shows a tendency to a shorter PFS and OS
time. These results on mRNA level were confirmed by IRS and showed no statistical significance.

Overall survival (OS) time as a parameter of MGMT-
methylation status and HMGA 2 mRNA and protein expression.

The effect of HMGA 2 expression on overall survival (OS)
time in primary glioblastoma patients with surgical resection
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and adjuvant combined radio-chemotherapy with temozolo-
mide and 60-Gy concomitant irradiation, stratified by MGMT
promoter methylation, showed a shorter OS time when
HMGA 2 expression was upregulated (Fig. 4).

On mRNA levels 9 patients with positive MGMT promoter
methylation status who had primary glioblastoma with high
HMGA 2 levels had a median OS time of 20 months (SE,
6.0; 95% CI, 8.3-31.7), whereas 12 patients with primary glio-
blastoma and low HMGA 2 expression and positive MGMT
promoter methylation status had a median OS time of 28.0
months (SE, 9.5; 95% CI, 9.3-46.7) (P=0.38). Eight nega-
tive MGMT promoter methylation status patients with high
HMGA 2 levels had a median OS of 11 months (SE, 2.1; 95%
CI, 6.8-15.2), whereas, 6 patients with primary glioblastoma
and low HMGA 2 expression and negative MGMT promoter
methylation status had a median OS time of 8 months (SE, 5.5;
95% (1, 0.0-20.8) (P=0.52).

Overexpression of HMGA 2 was associated with a
tendency to a shorter OS time. These results on mRNA level
were confirmed by IRS and showed no statistical significance
(Fig. 4).

Multivariate analysis. The multivariate analysis of variance
(MANOVA) showed no statistical significance except for
HMGA 2 expression in tumor vs. normal brain tissue (P<0.05).

Discussion

In the past decades advances in neuroimaging, treatment
paradigms and molecular approaches enabled neurosurgeons
to better understand glioblastoma and its treatment (22,23,28-
30). Numerous studies have been done on the invasive behavior
of malignant gliomas, and there are many studies investigating
new molecular markers to better characterize this tumor entity
and improve clinical decision (23,31-38). The current standard
of care consists of microsurgical gross total resection, if
possible, concurrent radiotherapy, and temozolomide chemo-
therapy followed by adjuvant temozolomide (39,40).

Despite ongoing research efforts and aggressive treatment
the median survival of glioblastoma patients still yields poor
outcomes. The complete resection of the tumor is almost
impossible because of the invasive growth of tumor cells
and the lack of a clear border (41,42). New chemotherapy
approaches with temozolomide showed an improvement of
survival from 12 to 14.6 months (43).

To the best of our knowledge, this is the first study analyzing
on HMGA 2 expression in glioblastoma with respect to the
MGMT methylation status. Our results showed that HMGA 2
overexpression has an influence on progression-free and
overall survival time of glioblastoma patients.

Previous research showed that HMGA 2 is not expressed in
normal brain tissue (16). Also in the present series no HMGA
2 expression was found in five normal brain tissue controls.

Furthermore, HMGA 2 is associated with poor prognosis,
malignancy and invasiveness in tumors such as gastric and lung
cancer, retinoblastoma and pituitary adenoma (11,14,15,44).
The expression of HMGA 2 correlates with the degree of
malignancy of astrocytic brain tumors and shows an increase
in higher grade gliomas. The highest HMGA 2 overexpression
was detected in glioblastoma (16).
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Inhibition of HMGA 2 leads to tumor growth inhibition and
an increase of apoptosis in ovarian cancer (13). Halle ef al (45)
showed a possible mechanism to regulate the mRNA level of
HMGA 2 due to repression of let-7a through local drug delivery
with the convection-enhanced delivery (CED) technique. They
showed an in vivo and in vitro de-repression of HMGA 2 after
intratumoral therapy with CED. Thus, miRNAs and especially
oncogenic miRNAs have the potential to impact on future
cancer therapy (45).

In line with the study of Liu et al (16) in glioblastoma
samples and on other human malignancies, the present study
study showed that HMGA 2 was expressed in glioblastoma
and not in normal brain tissue. Furthermore, overexpression of
HMGA 2 in glioblastoma is reported to be closely correlated
with poor survival prognosis (16,44). In the present study,
the overall and tumor progression-free survival time tended
to be shorter in the group of patients with overexpression of
HMGA 2, on IRS and qPCR levels.

Previous studies showed that MGMT promoter methyla-
tion is used to identify patients who benefit from alkylating
chemotherapy. Additionally, MGMT methylation leads to a
longer PFS and OS in glioblastoma patients (40,46,47).

Liu et al (44) reported that aberrant HMGA 2 was asso-
ciated with long-term survival of glioblastoma patients.
However, in the present study patients with HMGA 2 showed
a tendency to a shorter survival time (PFS and OS). Moreover,
our results showed that the MGMT promoter methylation did
not lead to a longer survival time in the group of patients with
HMGA 2 overexpression.

Furthermore, Lee er al (48) presented in HMGA?2 knocked
down tumor cells a reduction of cell invasion and migration.
They showed the downregulation of multiple EMT-factors
such as N-cadherine (mesenchymal marker), f-catenin, tran-
scriptional factors like Snail and Zeb 1 and upregulation of
E-cadherine (epithelial marker). HMGA?2 overexpression
through its relationship to EMT-pathway seems to intensify
invasion of cancer cells.

Morishita et al (21) showed in their in vitro experiments
that HMGA 2 converts non-invasive cell types into their
invasive counterparts through the induction EMT. Cells at
the ‘invasive front” of human tumors preferentially express
HMGA 2 where the tumor cells exhibit the EMT. According
to their results HMGA 2 is localized to the ‘invasive front’
of tumors and enables tumor cells to migrate. These findings
could be a further explanation for infiltration of glioblastomas
into normal brain tissue and, thus, the impossibility of a
complete tumor resection and curative treatment so far. This
hypothesis is speculative because it is based on other tumor
entities and not glioblastomas.

As Halle et al (45) showed, the de-repression of miRNA
levels of HMGA 2 through anti-let-7a application via
convection-enhanced delivery (CED), HMGA 2 could be a
potential target in future glioblastoma therapies with strate-
gies for manipulating the expression of HMGA 2-regulating
miRNAs.

There are several limitations of the present study. First of
all there is the retrospective character of the study with the
well-known shortcomings of this study design. Furthermore,
the study population is small and heterogeneous, so that a
selection bias cannot be excluded.
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In conclusion, the present study indicated that HMGA 2

overexpression had a tendency towards poor prognosis of glio-
blastoma patients independent of their MGMT methylation
status. The high expression of HMGA 2 could lead to shorter
survival time and poor prognosis, whereas, glioblastoma
patients with low HMGA 2 expression have longer survival
times (OS and PFS). HMGA 2 is an informative biomarker,
which is associated with poor prognosis of patients with glio-
blastoma. This hypothesis may have potential implications
for glioblastoma survival prediction, the choice of treatment
regimens and may be helpful to create novel strategies for
glioma therapy and prevention.
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