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Abstract

Purpose: AHNAK is originally identified as a giant protein based on the estimated size of approximately
700 kDa. The aim of this study is to identify the role of AHNAK in the pathogenesis of glioma.

Methods: We tested AHNAK mRNA level in a panel of six human glioma cell lines; and in 30 cases of
normal brain tissues and 73 cases of glioma tissue samples using a qRT-PCR method. Further, we
analyzed the relationship of AHNAK expression with clinicopathological characteristics in glioma
patients. Meanwhile, we analyzed the relationship of expression of AHNAK and survival of glioma
patients in survival analyses. Then, in vitro, we analyzed the biological effects of AHNAK in glioma cell
lines (U87 and U251) including proliferation assay, cell transwell assay, and apoptosis. And in vivo, we
examined the effects of AHNAK on tumor growth using xenograft model of human glioma cells in nude
mice. Then we examined the expression of Ki-67-positive cells in these tumors.

Results: We found that the mRNA levels of AHNAK were down-regulated in 4 of 6 human glioma cell
lines, especially in U87 and U251 cell lines. Meanwhile, in glioma patients, a negative correlation was
found between the expression of AHNAK and the glioma histopathology. And a low expression of
AHNAK was a significant and independent prognostic factor for poor survival of glioma patients.
Through over expression of AHNAK in both of U87 and U251, we demonstrated that overexpression
of AHNAK could inhibit glioma cell proliferation and invasion, induce apoptosis, and inhibit in vivo
glioma tumor growth and ki-67 expression.

Conclusions: The AHNAK acts as a potential tumor suppressor. Our study provides a preclinical basis
for developing AHNAK as a reliable clinical prognostic indicator for glioma patients, and a new
biomarker for treatment response, and a potentially therapeutic target in glioma management options.
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Introduction

Glioma is one of the most common primary
brain tumors with poor prognosis because of their
highly invasive growth pattern and their frequent
resistance to therapies [1, 2]. Within each histological
subtype, they could be further categorized into grades
I-1V lesions based on the degree of malignancy [3].
The clinical outcomes of glioma patients depend
heavily on histopathological features [4]. Despite the

development of multimodal and aggressive
treatments that include surgical resection, local
radiotherapy and systemic chemotherapy in the past
decades, patient outcomes remain unsatisfactory [5,
6]. The characteristic progressive overgrowth and
diffuse invasion may contribute to the overall poor
prognosis of glioma [7]. Although growing numbers
of studies have been focused on exploring the
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molecular modulatory network involved in the
development of glioma and investigating the effective
therapeutic targets [8], it is vital to identify new
potential biomarker for early diagnosis, more accurate
prognosis prediction, and novel therapeutic target [7].

AHNAK, or nucleoprotein AHNAK, meaning
‘giant’ in Hebrew, is originally identified as a large
700 kDa protein that is differentially expressed in
some cancer cell lines [9]. AHNAK is identified as a
previously described protein, desmoyokin, a
desmosomal plaque protein found in bovine muzzle
epithelium [10]. The expression of AHNAK is
subsequently localized to the plasma membrane of
keratinocytes in human epidermis [11]. AHNAK has
been reported in many intracellular locations
including the nucleus, cytoplasm and plasma
membrane [12-14]. Although AHNAK has been
suggested for the presence of both a nuclear export
signal and a nuclear localization signal, its
intracellular trafficking seems to be dependent on cell
type, the formation of cell-cell contacts, extracellular
calcium concentrations and phosphorylation status
[12, 13, 15]. The implicated pathways or cellular
processes seem distinct with a role ranging from in
the formation of the blood-brain barrier, in cell
architecture and migration, in pluripotent stem cell
generation, to the regulation of cardiac calcium
channels and muscle membrane repair [12, 16-20]. As
research continues, there is an increasing interest in
the function of AHNAK in various malignancy
tumors. There are obvious differences in AHNAK
expression in different cancers. Concerning the
present findings, the expression of AHNAK is
down-regulated in human breast cancer [12],
melanoma [21], Burkitt lymphoma, colon carcinoma,
and neuroblastoma [9]; but up-regulated in
mesothelioma [22], laryngeal carcinoma [23] and
invasive ductal carcinoma [24]. Meanwhile,
researches showed that AHNAK mutation was
considered as a prognostic factor related to the poor
survival of patients with melanoma [21], laryngeal
carcinoma [23], triple-negative breast cancer [25] and
glioblastoma [26].

However, the expression of AHNAK in glioma
and its function has not been explored detailedly and
deeply. Therefore, in order to identify the role of
AHNAK in the pathogenesis of glioma, we analyzed
the relationship of the expression of AHNAK in
glioma cell lines and patients' tissues. The
clinicopathological features of AHNAK including the
survival of patients were assessed. In addition, the
function of AHNAK in glioma was evaluated in
mesothelioma cell lines, xenografts, and human
specimens.

In this study, we found that AHNAK could

affect glioma biological characteristics, which was
lowly expressed in glioma tissues and cell lines, which
might act as a tumor suppressor gene to suppress
malignancy of glioma cells, including proliferation,
invasion, and to promote cell apoptosis. Moreover,
the relatively lower expression of AHNAK was
significantly associated with malignant status and
poor prognosis of glioma patients. Thus, we clarified
the clinical significance and function of AHNAK in
glioma by analyzing clinical and molecular pathology
features in vitro and in vivo experiments.

Materials and Methods

Cell culture and transfection

The cell lines including human glioma cell lines
(SF767, SF126, A172, SHG-44, U87 and U251) and
normal gliocyte line (HEB) were obtained from the
American Type Culture Collection (Manassas, VA,
USA) and were passaged for less than six months after
thawing frozen aliquots in the laboratory. All of these
cells were maintained according to the supplier’s
instructions. The cell lines were authenticated by
short-tandem repeat DNA profiling and were
identified to be free of mycoplasma infection before
use.

Lentivirus mediated AHNAK-expressing vector
(EX-V0190-Lv122) and control vector were purchased
from GeneCopoeia (Rockville, MD, USA). The cDNA
of AHNAK plasmids were transfected into 293T cells
(1x106) for 48h to generate a lentivirus by using
Lipofectamine® 2000 (Invitrogen Life Technologies,
Carlsbad, CA, USA) according to the manufacturer
instructions. Control group was the vector-transfected
group (EX-NEG-Lv122). The viral supernatant was
subsequently collected and used to infect the U87 and
U251. After 72h post-transfection, western blotting
was performed to determine the efficiency of
transfection.

Clinical samples and tissue specimens

We obtained 73 cases of glioma data. The clinical
data, including gender, age, follow-up, and outcome,
were obtained from the medical records of Xiangya
Hospital of Central South University, Hunan, China
from March 2008 to November 2010. The cases in the
study included 36 female and 37 male with the age
ranging from 21 to 67 years, with a mean of 45 years
(Table 1). The main clinical symptom included
headache (38/73, 52.1%), epilepsy (20/73, 27.4%),
hypomnesis (7/73, 9.6%), emesis (5/73, 6.8%) and
other symptoms (3/73, 4.1%). The follow-up time was
ranging from 3 months to 41.5 months, with a mean of
21.2 months. During the follow-up, 35 patients
(47.9%) were still alive and unfortunately, 38 patients
(52.1%) were died. We obtained frozen tissue samples
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of these 73 cases of glioma and corresponding other 30
cases of normal brain tissues from the same hospital.
The Ethical Committee of the Faculty of Medicine, the
Central South University approved this study, and all
patients obtained the informed consent. Tumor
samples were diagnosed by two pathologists blinded
to patient data with the World Health Organization
(WHO) system. In these glioma tissues, the glioma
histopathology included low grade glioma (Grade
I-II) 25 cases (34.2%) and high grade glioma (Grade
III-1V) 48 cases (65.8%).

Table 1. Analysis of the correlation between expression of
AHNAK in primary glioma and its clinicopathological parameters

Viable Cases AHNAK

low high P value
Age (years)
<45 42 24 18 0.348
>45 31 20 11
Gender
Male 36 21 15 0.462
Female 37 23 14
Glioma histopatholgy
Grade I-II 25 8 17 <0.001
Grade III-IV 48 36 12

Quantitative RT-PCR analysis (QRT-PCR)

The total RNA from the cells was extracted with
Trizol reagent (Invitrogen, Carlsbad, CA, USA). The
concentrations of the RNA samples were determined
by using NanoDrop ND-1000 instrument. The
electrophoresis on a denaturing agarose gel assessed
the integrity of RNA. The QuantiFast SYBR® Green
RT-PCR Kit (QIAGEN, Germantown, MD, USA)
which is a one-step RT-PCR kit was used to perform
the reverse transcription and qRT-PCR reactions. Each
reaction was repeated in triplicates. The fold change
was determined as 2-ddCt, where Ct is the fractional
cycle number at which the fluorescence of each
sample passes the fixed threshold. The Bio-Rad
IQTMS5 Multicolour Real-Time PCR Detection System
(USA) was used to perform all of the real-time PCR
assays. The expression levels of the genes were
normalized to the housekeeping gene P-actin as a
control. The average expression of AHNAK mRNA
was taken as the dividing point meaning that high
expression was higher than the average expression
and low expression was lower than average
expression.

Cell proliferation assay

Cell suspension was plated on 6-well plates with
the concentration of 3 x 10¢/ml. The numbers of cells
were counted using a Coulter Counter (Beckman
Coulter, Fullerton, USA) after the incubation of 1, 2, 3
and 4 days respectively in triplicate.

Cell invasion assay

Cells in serum-free medium were seeded into the
upper chamber with Matrigel in the insert of a 24-well
culture plate (BD Biosciences, MA) and 15% fetal
bovine serum was added to the lower chamber as a
chemoattractant. After 48 hours of incubation,
Invasive cells adhering to the lower membrane of the
inserts were stained with Crystal Violet, counted and
imaged.

MTT assay

U87 and U251 cells transfected with control
plasmids or AHNAK-expressing vector were seeded
in 96-well plate for 12 hr. After that, 100 pl of DMEM
containing 5 mg/ml MTT were added into the wells,
and incubated 37°C for 4h. The MTT medium was
removed, and 50 pl of DMSO was added, and
incubated at 37°C for 15 min. The optical density (OD)
at 570 nm was measured using the ELx800
Absorbance Microplate Reader (Biotek, USA). The
experiments were repeated three times. The inhibition
rate was calculated by using the equation: (OD of
scramble group - OD of AHNAK group)/ OD of
scramble groupx100%.

Immunohistochemical Staining

Tumor tissues were cut into 4pm thick sections
and transferred to positively charged slides. Then, the
slides were deal with dewaxing, rehydration,
blocking with hydrogen peroxide, and antigen
retrieval with microwave (Dako target retrieval
solution, citrate buffer with pH 6.0). After that, the
slides were incubated at 2-8 °C overnight with
AHNAK antibody in the dilution of 1:50 (Santa Cruz
Biotechnology) or primary Ki-67 antibody in the
dilution of 1:50 (Dako, glostrup, Denmark, clone
MiB-1). Then, the slides were incubated with
secondary antibody and product visualization (Dako)
was performed with diaminobenzidine substrate as
the chromogen. Finally, the sections were
counterstained with Mayer’s hematoxylin and
washed with distilled water and PBS each time. Ki-67
index was calculated as the percentage of
immunoreactive nuclei per 200 cells in five high
power fields. The low and high indices were
considered as staining of 0-10% and 210% cell nuclei,
respectively. The image analysis and total gray value
were estimated by the GSM-2000P pathology image
analysis system (Heima Zhuhai, China).

Flow cytometric analysis measuring cell
apoptosis

After treatments with transfected AHNAK-
expressing vector, an annexin V-FITC/PI (propidium
iodide) apoptosis detection kit (BD PharMingen) was
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used to label the harvested U87/U251 glioma cells
according to the instruction of manufacture. A BD
FACSCalibur (USA) flow cytometer was used to
quantify the apoptotic and necrotic cells. The cells of
early apoptotic (Annexin V-positive and PI-negative)
or late apoptotic (Annexin V-positive and PI-positive)
phases were included in cell death determinations.

Mouse xenograft model

U87 and U251 cells stable transfect AHNAK-
vector or control vector were collected and suspended
at a concentration of 1 x 107 cells/ml in PBS,
respectively. Then inoculated subcutaneously 200ul
cancer cell suspension into dorsal flanks of (female,
4-6w) each nude mouse (five in each group) by using
1-ml injector. Tumor size was measured every four
days. After 28 days, the mice were killed and
necropsies were performed. Tumor growth was
monitored by caliper measurement once or twice
every week for 28 days. Tumor volume was calculated
as follows: V=LxI2 x 0.5, where L and | represent the
larger and the smaller tumor diameters, respectively.
The animal experiments were performed in
accordance with institutional guidelines.

Statistical analysis

Comparisons between groups were analyzed
with f tests and y? tests. Overall survival curves and
relapse-free curves were plotted according to the
Kaplan-Meier method, and the log-rank test was used
for comparison. Survival was counted from the day of
the surgery. All of the differences were statistically
significant at the P< 0.05 level. The statistical analyses
were performed using the SPSS16.0 software.

Results

AHNAK expression is significantly
down-regulated in glioma and correlated with
the clinicopathological characteristics and
prognosis of patients

To analyze the expression of AHNAK in glioma,
we tested AHNAK mRNA level in a panel of six
human glioma cell lines by using the qRT-PCR assay.
As Figure 1A showed, compared with the normal
gliocyte line, the AHNAK mRNA levels are
down-regulated in four human glioma cell lines
(SHG-44, A172, U87, U251), especially in A172, U87
and U251 cell lines (P<0.001, respectively).

In order to confirm the results that we found in
cell lines, we tested AHNAK mRNA level in 73 cases
of glioma tissue samples and other 30 cases of normal
brain tissues. As expected, the mRNA level of
AHNAK significantly decreased in glioma issue
samples (P<0.001) showed in Figure 1B. The
representative immunohistochemical staining of

AHNAK in glioma tissues and corresponding normal
brain tissues were showed in Figure 1D.

Further, we tested AHNAK mRNA expression
level in 73 cases of glioma tissue samples, to explore
whether it is associated with clinical pathological
parameters. Depended on the average mRNA level of
AHNAK, there were 44 patients with low AHNAK
and 29 patients with high AHNAK. The results as
shown in Table 1, AHNAK expression was observed
to be negatively correlated with the glioma
histopathology  (P<0.001). But no significant
correlations between AHNAK expression and other
clinicopathologic factors, including the patient age
(P=0.384) and gender (P=0.462). Meanwhile, in
survival analyses, we found that low expression of
AHNAK was a significant and independent
prognostic factor for poor survival of glioma patients
showed in Figure 1C.

Overexpression of AHNAK could inhibit
glioma cell line proliferation, invasion and
induce apoptosis

Then, in wvitro studies, we elucidated the
biological effects of AHNAK in glioma cell lines. The
AHNAK-expressing vector or control vector was
transfected into U87 and U251 cell lines, respectively.
The efficiency of transfection was tested by western
blotting (Figure 2A). Compared with the control
group, the proliferation assay showed that the high
ectopic expression of AHNAK in U87 and U251 cells
could inhibit the cell proliferation dramatically
(Figure 2B). In cell transwell assay, we found that
overexpression AHNAK could attenuate U87 and
U251 cells invasion capacity (Figure 2C). At the same
time, we tested the degree of apoptosis in glioma cell
lines induced by AHNAK. And we found that
overexpression AHNAK could induce U87 and U251
cells to be apoptosis (Figure 2D). These results
mentioned above indicate that AHNAK might play a
tumor suppression role in glioma cell lines.

Overexpression of AHNAK in glioma cell lines
could inhibit tumor growth in vivo

In wvitro experiments and clinicopathological
analysis results suggested that AHNAK played a
tumor suppression role in glioma and it might be
negatively correlate with the extent of tumor
metastasis. To confirm the physiological relevance of
our in vitro observations, we examined the effects of
AHNAK on tumor growth with the xenograft model
of human glioma cells in nude mice. Generally, U87 or
U251 cells infected with AHNAK-expressing vector or
control vector lentivirus were injected into the flank of
nude mice. After 28 days, the mice were killed and
tumors size was measured. We could observe
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compared with the control group, the mean of tumor
sizes of AHNAK overexpression group exhibited a
significant decrease (Figure 3). Furthermore, we
examined the expression of Ki-67-positive cells in
these tumors. Obviously, a marked decrease in the
number of Ki-67-positive cells was observed in the
AHNAK overexpression group compared to the
control group in both glioma cells as well as the
previous results (Figure 4). These results suggested
that AHNAK could repress glioma proliferation and
metastasis in vivo.

Discussion

Glioma, the most common and intractable type
of intracranial tumor in adults, is a clinically

heterogeneous disease with an extremely poor
prognosis because of their highly invasive growth
pattern and their frequent resistance to therapies [27].
The clinical outcomes of glioma patients depend
heavily on histopathological features [4]. The
glioblastoma multiform (GBM), as the most malignant
tumor type, is almost invariably fatal with an overall
survival of just over one year only [4]. Therefore, over
the past decades, significant developments have been
made in profiling the molecular signatures of glioma
using the most advanced cytobiology and molecular
biological technique. To improve treatment efficacy, a
better understanding of glioma pathogenesis at the
genetic and molecular levels is urgently needed [3,
28].
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Figure 1. AHNAK expression is significantly down-regulated in glioma. (A) The AHNAK expression level analysed by qRT-PCR in six human glioma cell
lines. Normal gliocyte line as control for normalization. The standard deviations (SD) is represent by the error bars, **P<0.01 and **P<0.001. (B) Expression levels
of AHNAK in 73 glioma tissues and the corresponding 30 cases of normal adjacent tissues, ***P<0.001. (C) Overall Survival (OS) curves for 73 patients of glioma
with high or low AHNAK expression (The green line represents AHNAK high, the bule line represents AHNAK low, the green line with the vertical bar represents
AHNAK high-censored and the bule line with the vertical bar represents AHNAK low-censored), P=0.001. (D) Representative immunohistochemistry images of
AHNAK expression in normal brain tissue and glioma. Original magnification X100, X200 and X400.
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Figure 2. AHNAK could inhibit glioma cell line proliferation, invasion and induce apotosis. (A) The relative levels of AHNAK expression between
AHNAK and vector in U87 and U251 cells by western blotting with the loading control of B-actin. (B) The growth of U87 and U251 cells infected with
AHNAK-overexpression vector or control vector was assayed by MTT, **P < 0.01. (C) The invasion assay was measured through transwell assays with matrigel, **P
< 0.01. (D) The effect of AHNAK or vector on U87 and U251 cells cell apoptosis, **P < 0.01.

AHNAK is a large protein of approximately 700
kDa found at the inner plasma membrane [19] in
different cell types which was originally identified in
neuroblastoma cell lines and involves in lots of
cellular processes and pathways [29]. And studies on
the molecular function of AHNAK over the past years
have been experiencing dramatic alterations, with the
direction to tumor metastasis nowadays. A study
showed that AHNAK in combination with

macrophage migration inhibitory factor was a strong
predictor of poor survival in the patient of laryngeal
carcinoma [23]. Recently, AHNAK was found that it
was significantly enriched in purified pseudopodia of
six different metastatic cancer cell lines [16]. And
further investigation revealed that the knockdown of
AHNAK resulted in pseudopodial retraction, EMT
reversal as well as impaired tumor cell migration and
invasion [16]. Another research reported similar
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findings on AHNAK that AHNAK gene expression
was shown to be significantly higher in seven
different mesothelioma cell lines with regards to
tumor cell migration and invasion [22]. Similarly,
knockdown of AHNAK resulted in decreased
migration and invasion in the mesothelioma cell lines

[22]. Meanwhile, AHNAK enabled mammary
carcinoma cells to produce extracellular vesicles that
A
vertor
AHNAK

increase neighboring fibroblast cell motility [24]. On
the contrary of the above-mentioned studies which
AHNAK was considered as an oncogenic protein, it
also has been demonstrated to play a role of a tumor
suppressor. However, the function of AHNAK in
glioma still remains largely undefined and relative
research is rare.
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Figure 3. AHNAK could inhibit glioma growth in vivo. U87 (A) and U251 (B) cells infected with AHNAK or vector lentivirus were injected into flank of nude
mice. Tumor size taken from mouse xenograft models (left, n=6 per group). The tumor sizes of AHNAK overexpression group were smaller than control group. The
growth curves of the xenograft tumors were plotted in the panel (right, n=6 per group). All results were expressed as the mean * SD of three independent

experiments, **P < 0.01.
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In this study, we demonstrated the biological
function of AHNAK in glioma. We discovered that
the expression of AHNAK was lower in four of six
human glioma cell lines. In addition, we also found
that the decreased expression of AHNAK
was most markedly in the glioma patients and its
expression was negatively correlated with the vital
clinicopathological characteristic. Meanwhile, in
survival analyses, we also knew the low expression of
AHNAK was a significant and independent
prognostic factor for poor survival of glioma patients.
The same results were found in recent studies of
melanoma [21] and triple-negative breast cancer [25]
showing that AHNAK was down-regulated and
considered as an independent prognostic factor
related to the poor survival of patients. However, in
the laryngeal carcinoma, tumoral AHNAK was
overexpression significantly and associated with poor
survival [23]. Taken together, the lower expression of
AHNAK is possibly meaning the higher glioma
histopathology and poorer overall survival but none
of relevance with the age and gender. And no relevant
reported previously. Therefore, we consider that
AHNAK could be likely to become one of new and
independent prognostic factor for glioma patient.

In vitro studies, the results indicated that
overexpression of AHNAK could inhibit glioma cell
proliferation, could weaken glioma cell invasion in
transwell assay and even could induce glioma cell to
be apoptosis in both of U87 and U251 cell lines. These
results mentioned above indicated that AHNAK
might play a tumor suppression role in glioma cell
lines. Meanwhile, in vivo studies, as showed that
infected with AHNAK vectors glioma cells could
decrease tumor of xenograft model growth and
weight. Considered Ki-67 is a marker of proliferation
and a prognostic indicator [30], we examined ef the
expression of Ki-67-positive cells in the tumors, and
Ki-67 low expression was found in overexpression
AHNAK group which possibly prompted the ability
of proliferation and aggressiveness was decreased in
AHNAK overexpression group. In a meta-analysis of
human gliomas, Ki-67 overexpression predicted poor
progression-free survival and poor overall survival
[31]. The Ki-67 expression tested in vivo study was in
accord with the conclusion in histopatholgy and
survival analyses mentioned above. Therefore, in both
of vitro and vivo studies manifested the AHNAK
could influence the proliferation, invasion, apoptosis
and metastasis in glioma cell further verified the role
of AHNAK playing in glioma.

With above of these results, we confirmed the
function displayed by AHNAK in suppress tumor
progression. These findings are consistent with

reports of decreased AHNAK expression in and
human breast cancer [12] and melanoma [21]. Lee et al.
adequately reported the AHNAK played a vital role
in the TGF-B/Smad signaling pathway through a
variety of experiments. AHNAK could promote
TGF-B-induced transcriptional activity of R-Smad to
stimulate Smad3 localization into nucleus leading to a
negative regulation of cell growth. Moreover,
overexpression of AHNAK could downregulate of
c-Myc and cyclin D1/D2 resulted in cell cycle arrest
and growth retardation [12]. In that case, the
mechanism of action was shown to be through
modulation of the TGF-$/Smad signaling pathway.
As we known, TGF-p represents with controversial
roles owns contrasting roles in cancer biology: one as
tumor suppressor based on the ability to induce
growth arrest and apoptosis and, on the hand, as a
tumor promotor, based on the ability to induce
angiogenesis and EMT [32]. Therefore, the role of
AHNAK is most likely determined by TGF-p and
those regulating its activity in these tumors.
Meanwhile, the specific or different stage in cancer
progression could perhaps also be involved [29]. In
addition, another recent research has shown that
down-regulation of AHNAK can occur during the
transformation of melanocytes into metastatic
melanoma which may be required for the expression
of functional cadherin-1 and that it correlates with
poor patient prognosis [21]. However, the specific
mechanism of the down-regulation of AHNAK in
glioma has not been elucidated. And this is also the
limitation of our study. In vitro studies, we found the
phenomenon of apoptosis induced by overexpression
of AHNAK in glioma cell lines. Hence, we boldly
propose our hypothesis that the mechanism of the
down-regulation of AHNAK in glioma possibly
involves in TGF-[B-relative signaling pathway based
on its ability to induce apoptosis mentioned above or
in other apoptosis-related signaling pathways. And
this is also the direction, in which we need to
intensively study to understand the molecular biology
of AHNAK in glioma.

In conclusion, our study demonstrated the
apoptotic effects of AHNAK as the potential tumor
suppression role in glioma, and the negative
correlation of its expression level with the malignant
status. Moreover, AHNAK could at least predict the
prognosis for glioma patient. Taken together, even
though more detailed tumor suppressive mechanisms
for AHNAK in glioma need to be revealed, our
findings provided a preclinical basis in developing
AHNAK as a reliable clinical predictor of outcome for
glioma patients and a new biomarker for treatment
response and new target for therapy in glioma.
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