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Abstract: Primary glioblastoma always has a fatal outcome despite maximal therapy. Identification and validation 
of prognostic biomarkers and novel therapeutics will be potentially powerful to transform the care of glioblastoma 
patients. In this study, we constructed Affymetrix gene microarrays with 14 glioma samples to screen for genes with 
potential prognostic value by hieratical clustering, and 83 genes including WD-repeat containing protein 1 (WDR1) 
were filtered out. WDR1 is a major co-factor collaborating with cofilin in actin cytoskeletal dynamics, which may play 
vital role in glioma proliferation and invasion. Further, The Cancer Genome Atlas (TCGA) database was utilizedto 
verify the expression of WDR1 and its prognostic implicationin 528 glioblastoma specimens. Survival and correla-
tion analyses showed WDR1 expression was highly expressed and related to the prognosis of glioblastoma and 
the expression of signal transducer and activator of transcription 3 (STAT3), respectively (p<0.05). Finally, WDR1 
expression was detected in our large cohort containing 258 glioma patients (including 100 primary glioblastomas).
And univariate and multivariate analyses confirmed that high WDR1 expression was an independent prognostic 
factor for a shorter progression-free survival (PFS) and overall survival (OS) in primary glioblastoma patients at our 
center [hazard ratio (HR)=1.844, p=0.005 and HR=2.085, p=0.001, respectively]. Together, WDR1 is significantly 
over-expressed in primary glioblastoma. High expression of WDR1 can independently predict unfavorable clinical 
outcome for primary glioblastoma patients. This study identifies a novel prognostic biomarker and a potential thera-
peutic target for glioblastoma.
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Introduction

Malignant glioma is the most common and 
lethal primary brain tumor in adults. Glioblas- 
toma (GBM), which accounts for approximately 
60-70% of malignant glioma, has the most bio-
logically aggressive phenotype [1]. Despite 
undergone aggressive surgery and adjuvant 
radiotherapy combined with chemotherapy, 
patients with GBM derive little benefit from the 
current standard of care. Ultimately, this dis-
ease follows a fatal course with the median 
overall survival (OS) of 12 to 15 months for 
these patients [2]. 

Substantial efforts have been undertaken in 
the identification of specific molecular markers 

and therapeutic targets to improve the progno-
sis of GBM patients. The methylation status  
of promoter of O-6-methylguanine-DNA methl-
transferase (MGMT) has been demonstrated to 
be correlated with response to temozolomide 
(TMZ) treatment, as GBM patients with methyl-
ated MGMT have a longer lifespan [3]. Recently, 
The Cancer Genome Atlas (TCGA) research net-
work identified three core signaling pathways 
underlying GBM pathogenesis: receptor tyro-
sine kinase (RTK)/RAS/phosphatidylinositol 
3-kinase (PI3K), p53 and retinoblastoma pro-
tein (RB) signaling pathways [4]. In addition, 
other canonical signaling pathways like proan-
giogenic pathway are important for gliomagen-
esis and maintainance of GBM phenotypes [5]. 
Several therapeutic agents against targets, 
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such as EGFR, PDGFR and mTOR, involved in 
these pathways have been extensively investi-
gated in current clinical trials for treating GBM 
patients [5]. Notably, bevacizumab which tar-
getedly inhibits VEGF (a major angiogenic fac-
tor) has been granted approval by U.S. Food 
and Drug Administration (FDA) in the treatment 
of recurrent GBM [6-8]. Overall, significant 
progress in understanding genomic and molec-
ular abnormalities in GBM has shifted the treat-
ment paradigm towards use of molecularly tar-
geted agents and opened opportunities to 
rationally develop more molecularly targeted 
therapy options and discover biomarkers for 
outcome prediction.

WDR1 (WD-repeat containing protein 1) also 
known as AIP1 (actin-interacting protein 1), is a 
highly conserved protein (67 kDa) containing 9 
WD repeats and ubiquitously expressed in 
eukaryotes [9]. The protein is encoded by a 
gene mapping to human chromosome 4p [10]. 
WDR1 participates in promotion of cofilin-medi-
ated actin filament disassembly and plays a 
crucial role in cytokinesis and cell migration 
[11]. It is indicated that WDR1 may be central 
for the ability of proliferation and invasion, 
which is needed for tumor growth [12]. Previous 
studies showed that WDR1 was overexpressed 
by several cancers such as breast cancer, thy-
roid neoplasia and ovarian carcinoma [13-15], 
and the differential expression of WDR1 in can-
cer tissue compared to healthy tissue suggests 
that WDR1 may act as a tumor-specific protein 
and a therapeutic target [15]. Moreover, a 
recent study found that signal transducer and 
activator of transcription 3 (STAT3) regulated 
WDR1 promoter activity and STAT3-induced 
WDR1 expression was associated with breast 
cancer progression [16]. It is well known that 
STAT3 is aberrantly activated in GBM and 
involved in gliomagenesis [17], which can 
directly binds to WDR1 promoter to regulate 
WDR1 transcription [16]. However, there has 
been no study on the expression of WDR1 in 
GBM tissues and its importance as a thera- 
peutic target or prognostic predictor of GBM 
patients. 

Searching some published microarray databas-
es in Oncomine (www.oncomine.org), we found 
that several databases all showed a significant-
ly higher expression of WDR1 in GBM tissues 
compared with normal brain. Thus, it is reason-

able to speculate that there might be some 
important relationships between the expres-
sion of WDR1 and GBM.

In this study, we applied Affymetrix gene micro-
array to detect the expression pattern of WDR1 
in glioma tissues and its relationship with clini-
cal prognosis of glioma patients. We further 
analyzed WDR1’s expression combined with 
survival data in more than 500GBM cases of 
TCGA database to find WDR1’s prognostic value 
in GBM. At last, we used Tissue Microarray 
(TMA) composing a large number of glioma and 
normal brain tissue samples to clarify the 
expression pattern of WDR1 and its prognostic 
significance in glioma.

Methods and materials

Glioma and normal brain tissue samples

The study protocol and acquisition of tissue 
specimens were approved by the Tissue Com- 
mittee and Research Ethics Board, Second 
Military Medical University, Shanghai, China. 
Glioma tissue specimens were obtained from 
archived tissue samples of glioma patients who 
underwent surgical treatment at Changzheng 
Hospital, China from January, 1999 to Decem- 
ber, 2010. Glioma was diagnosed by two expe-
rienced pathologists independently according 
to the 2007 WHO Classification of Tumors of 
the Central Nervous System. Patients were eli-
gible for the study if they presented with a diag-
nosis of glioma and no history of other tumors. 
Additional eligibility criteria included complete 
demographic and clinical data, such as age, 
gender, clinical manifestations, tumor size, 
extent of resection, adjuvant therapy and data 
of progression and/or death, and evaluation by 
enhanced MRI scanning for tumor relapse or 
progression after surgery at least once every 
six months. Patients receiving chemotherapy or 
radiotherapy prior to surgery were excluded. 
Normal brain tissues were obtained from surgi-
cal resections of severe trauma patients who 
required a partial resection of normal brain tis-
sue as a decompression treatment to reduce 
increased intracranial pressure. And all the 
patient’s families signed the written informed 
consent about human tissue acquisition and 
usage in this study completely compiled with 
the National Regulations of Clinical Samples in 
China.
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Gene microarray

We built 14 Affymetrix microarrays (Affymetrix 
Human U133 plus 2.0, Affymetrix, Santa Clara, 
CA, USA) in 2007. The sample preparation and 
microarray hybridization were performed ba- 
sed on the manufacturer’s standard protocols. 
Briefly, 1 μg of total RNA from each sample was 
amplified and transcribed into fluorescent 
cRNA using the manufacturer’s labeling proto-
col. The labeled cDNAs were hybridized onto 
the Affmetrix U133 plus 2.0. After washing the 
slides, the arrays were scanned by GeneChip® 
Scanner 3000 (Affymetrix, Santa Clara, CA, 
USA). The data from the experiments was 
obtained by original signal value of each gene, 
which was used for hierarchical clustering anal-
ysis (MeV 4.9 software, Dana-Farber Cancer 
Institute, Boston, MA, USA). Patients with glio-
ma were dived into two groups according to 
their overall survival time calculated at the end 
of the follow-up period. The “Good” group was 
defined as patients with OS more than 60 
months, while the “Poor” was less than 60 mon- 
ths. Genes that were important for prognostic 
prediction of glioma were identified through 
Student t-test and fold change filtering.

TCGA data

We searched TCGA (www. cancaergenome.nih.
gov), which provides multimodal data of more 
than 500GBM cases, to identify dataset suit-
able for the analysis. Available raw microarray 
gene expression data based on the Affmetrix 
microarrays (Human gene U133A), and clinical 
treatment and follow-up information were 
included. The expression of several genes 
including WDR1 was collected for each case, 
and WDR1 expression was classified as either 
High (expression value ≥7.90) or Low (expres-
sion value <7.90). OS and progression free sur-
vival (PFS) were calculated in days from the 
data of diagnosis to the time of death and to 
the time of tumor progression or recurrence, or 
death of the patient from GBM, respectively.

Tissue microarray and immunohistochemistry

All the paraffin-embedded tissues used for 
analysis were acquired from 272 gliomas and 
16 trauma patients as mentioned. And the 
microarray was constructed as described previ-
ously in Shanghai Biochip Co., Shanghai, China 
[18]. Immunohistochemistry staining using rab-

bit polyclonal anti-WDR1 antibody (AbcamCo., 
Ltd, Cambridge, MA, USA) was performed 
according to instructions, while sections incu-
bated with the antibody were used as negati- 
ve controls. The immunohistochemical results 
were examined by two independent patholo-
gists who were blinded to the demographic and 
clinicopathological data of all subjects. The 
evaluation of WDR1 expression was based on 
both intensity and extensiveness. The intensity 
of positive staining in the cytoplasm was scored 
on a scale of 0 to 3 (0, no immunostaining; 1, 
light brown color; 2, medium brown color; 3, 
dark brown color). The percentage of positive 
staining cells was scored as follows: 0, ≤10% of 
the entire tumor cells; 1, 11-45% of the entire 
tumor cells; 2, 46-80% of the entire tumor cells; 
3, >80% of the entire tumor cells. Then the two 
scores were multiplied to arrive at the final 
composite score which would be classified as: 
strong (+++, final score ≥6), moderate (++, final 
score = 4~6), weak (+, final score = 1-3), and 
null (-, final score = 0). WDR1 expression was 
divided into “High” (+++) and “Low” (++ and + 
and -) according to the rate of stained tumor 
cells and cytoplasm staining intensity. Scoring 
discrepancies were reviewed by the two pathol-
ogists who finally arrived at a consensus.

Follow-up

All the glioma patients were followed every 6 
months by telephone or outpatient, and post-
operative treatment including chemotherapy or 
radiotherapy was suggested according to the 
tumor’s pathological grade, patient’s systemic 
condition and wishes. All the complete follow-
up information was recorded. OS was calculat-
ed in months from the initial date of diagnosis 
to the time of death, regardless of cause. PFS 
was measured from the date of diagnosis to the 
time of tumor progression on enhanced MRI, or 
death of patients from glioma.

Statistical analysis

All the calculations were performed with the 
SPSS 18.0 software program (SPSS Inc, 
Chicago, IL, USA), and results were presented 
as the means ± standard deviation (SD). 
Independent T-test was used to compare the 
difference of measurement data between two 
groups. Wilcoxon rank-sum test was used to 
estimate the difference of counting data be- 
tween two groups. Chi-square test was calcu-
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lated the difference of rates among different 
groups. Linear correlation analysis was used to 
evaluate mathematical relationship of two vari-
ables. Variables related to cumulative survi- 
val of glioma patients were evaluated by the 
Kaplan-Meier method and analyzed by log-rank 
test. The identification of candidate prognostic 
factors was performed by univariate analysis, 
multivariate analysis and stepwise backward 
Cox regression model. Factors with a result of 
p<0.2 in the univariate analysis were able to be 
added into multivariate analysis. All statistical 
tests were two-tailed, and p<0.05 was consid-
ered statistically significant.

Results

Demographic and clinicopathological charac-
teristics of glioma patients

We performed gene microarray of a set of glio-
ma samples, and the clinicalpathological data 
of these patients are shown in Table 1. And 
other 258 glioma tissue samples (8 grade I, 92 
grade II, 44 grade III, and 114 grade IV) and 16 
normal brain tissue samples were enrolled in 
our study for tissue microarray, while 256 glio-
ma and 16 normal brain tissue samples met 
the criteria for further evaluation (the other 2 
tissue dots were lost from the TMA slide). The 
period of follow-up of 256 patients was from 
0.3 to 119 months. And at the final follow-up, 
164 patients died and the rest were still alive. 

and the average OS was 73.9 months, whereas 
other 6 patients whose OS was less than 60 
months were described as the “Poor”. And we 
calculated the fold of increase or decrease of 
each gene’s expression in patients with poor 
prognosis comparing that in patients with good 
prognosis, and made hierarchal clustering. Of 
the 54675 genes represented on the array, 83 
genes were filtered out with at least a 2-fold 
change in expression at the p<0.001 level 
(Figure 1). Of these, 59 genes (WDR1 included) 
were upregulated, while 24 genes were down- 
regulated.

TCGA dataset analysis shows WDR1 is highly 
expressed and acts as a risk factor for GBM 
survival

By searching the TCGA dataset, we have col-
lected more than 500GBM cases with clinical 
follow-up information and got 528 GBM cases 
and 10 normal brains with level 3 gene expres-
sion data based on the Affymetrix microarrays 
(Human Gene U133A). We then used Wilcoxon 
rank-sum test to study the differentially ex- 
pressed WDR1 and calculated the fold change 
of WDR1 expression in GBM patients versus 
normal brain cases. Figure 2A shows WDR1 is 
significantly highly expressed in GBM (p<0.001).

By matching the clinical information data and 
gene expression profile data of 528 GBM 
patients, we did Kaplan-Meier analysis (log-

Table 1. Expression of WDR1 gene as determined by Af-
fymetrix microarray and relevant clinical data

Number Patient 
ID

WHO 
Grade

WDR1 
Expression Survival OS 

(months) Group 

1 04 2 992.7 Alive 86 Good
2 12 2 834.8 Alive 85 Good
3 27 3 1738 Dead 5 Poor
4 52 2 957 Alive 70 Good
5 69 2 985.1 Alive 66 Good
6 76 2 1106.5 Dead 29 Poor
7 86 2 731.6 Alive 73 Good
8 88 3 1795.7 Dead 21 Poor
9 89 4 1319.4 Dead 7 Poor
10 90 4 1996.2 Dead 20 Poor
11 92 4 1651.4 Dead 11.9 Poor
12 94 3 716.9 Alive 71 Good
13 98 2 717.7 Dead 70 Good
14 100 1 474.6 Alive 70 Good

The median PFS and OS were 20 
months and 21.5 months, respective-
ly. For primary GBM patients account-
ing for 39.1% of all TMA patients, the 
median PFS was 9 months and the OS 
rates were 47% at 1year and 18% at 2 
year, respectively, with a median OS of 
11 months.

Gene microarray analysis reveals 
WDR1 has the potential of prognostic 
predictor in glioma

14 glioma tissue samples were cul-
tured and the cDNA were subsequently 
hybridized onto the Affymetrix plat-
form. Then, we divided these patients 
into two groups to study the gene 
expression profile relevant to progno-
sis. In the “Good” group, 8 patients 
had been lived for more than 60 
months by the end of the follow-up, 
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Figure 1. WDR1 is included in a gene set differentiating 14 gliomas with different prognoses by hierarchal cluster 
analysis. The cutoffs of fold change ≥2 and t-test p<0.001 based on expression profile data by Affymetrix microar-
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rank test) to estimate the relationship between 
WDR1 expression and patient survival. Results 
were displayed in Figure 2B and C, WDR1 
expression was significantly related to the  
OS and PFS of GBM patients (p=0.017 and 
p=0.044, respectively). Median OS and PFS in 
the WDR1 Low expression group were 216± 
17.903 days and 394±31.678 days, respec-
tively. As for WDR1 High expression group, the 
median OS was 345±21.052 days and the 
median PFS was 186±16.120 days. So the 
WDR1 expression High group has an obviously 
shorter OS and poor prognosis than the Low 
group. 

STAT3 expression is relevant to the expression 
of WDR1 in GBM in TCGA

In order to study the interaction of STAT3 and 
WDR1 in GBM, we searched the two molecules’ 
expression in TCGA dataset. All 528 cases 
experimented on the Affymetrix microarrays 
(Human Gene U133A) were available for further 
analysis. Wilcoxon rank-sum test also showed 
that STAT3 was significantly highly expressed in 
GBM comparing to normal brain tissues 
(p<0.001) (Figure 2D). Based on linear correla-
tion analysis, we found WDR1 expression was 
linear associated with the expression of STAT3 
(p<0.001) (Figure 2E). And the linear coefficient 
r was 0.612, which revealed a moderate corre-
lation pattern.

Large sample TMA proves WDR1 is overex-
pressed in primary GBM

We further explored the WDR1 expression in a 
large sample TMA of glioma to confirm the 
results in gene microarray and TCGA database 
study. A total of 256 glioma specimens and 16 
normal brain tissues were performed immuno-
histochemical staining in the TMA. We found 
WDR1 almost expressed in the cytoplasm of 
glioma cells (Figure 3A). The scores of WDR1 
expression in normal brain and glioma were 
3.313±2.182 and 3.302±2.902, respectively. 
As shown, WDR1 expression was not obviously 
different between these two groups (p=0.208). 
Notably, the expression of WDR1 in primary 

GBM (n=100, 6.070±2.934) was significantly 
higher than normal brain (p<0.001) (Figure 3C).

Correlation of WDR1 expression with other 
clinical features of primary GBM patients in 
TMA

The clinicopathological characteristics of 100 
primary GBM patients with WDR1 expression 
are shown in Table 2. We then tested the cor-
relation of WDR1 expression and other clinical 
features and found that high WDR1 correlated 
with unclear border of tumor on MRI (p=0.033), 
but did not correlate with the rest characteris-
tics in Table 2. It is known that blurred bound-
ary is an important marker of invasive capabili-
ty of malignancy [12], which indicated that 
higher WDR1 expression might be related to 
poorer prognosis of GBM.

High expression of WDR1 correlates with poor-
er survival and is an independent prognostic 
factor of primary GBM patients

Results from our gene microarray and TCGA 
dataset analysis consistently showed that 
WDR1 expression in groups of glioma patients 
with poor prognosis were significantly higher 
than that in groups of glioma patients with 
favorable prognosis. To confirm the value of 
WDR1 in the prognostic prediction of primary 
GBM patients, we made univariate survival 
analysis that was stratified by WDR1 expres-
sion, as well as some other clinical factors 
(including gender, age, seizure, intracranial 
hypertension, tumor size, boundary, cystic 
change and necrosis, extension of resection, 
postsurgical radiotherapy or chemotherapy), 
with Kaplan-Meier estimates in TMA glioma 
patients. Age, WDR1 expression (HR=1.844, 
p=0.005) (Figure 3B) and radiotherapy were 
found to be risk factors for PFS of primary  
GBM patients. And age, WDR1 expression 
(HR=2.085, p=0.001) (Figure 3D), radiotherapy 
and resection degree were significant risk fac-
tors for OS of primary GBM patients (Table 3). 
Furthermore, Cox proportional hazards regres-
sion model was used to analyze variables fil-
tered from the result of Kaplan-Meier estimates 

rays were used to screen differently expressed genes between “Good” and “Poor” groups. 83 genes were filtered out 
and associated with the prognosis of glioma patient. As shown in the heat map, each column represents a tumor 
sample and each row is for a single gene. And color bar indicates gene with expression intensity, high level of mRNA 
is shown in red and low level is shown in green. WDR1 is highlighted by a red box, which is upregulated in the “Poor” 
group comparing to the “Good”.
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Figure 2. WDR1 expression levels are elevated in GBMs of TCGA database and associated with patients’ survival and progression and related to the expression of 
STAT3. A. WDR1 mRNA expression level were detected in 528 GBM samples and 10 normal brain tissues obtained by TCGA. The values represent average mRNA 
levels of GBMs (8.043±0.618) and normal brains (6.876±0.230), and their difference was statistically significant (p<0.001). B, C. Kaplan-Meier survival analysis in 
528 GBMs stratified by WDR1 expression showed that high level of WDR1 expression predicted shorter OS (p=0.017) and PFS (p=0.044). D. STAT3 mRNA expres-
sion level was higher in GBM samples than in normal brain tissues obtained by TCGA (9.3890±0.662 and 7.856±0.324, respectively; p<0.001). E. Both levels of 
STAT3 and WDR1 expression in 528 GBMs were extracted from the TCGA database and analyzed by liner correlation, the result showed a moderate positive correla-
tion between expressions of the two genes (p<0.001, r=0.612).
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(p<0.2). It was found that high WDR1 expres-
sion was an independent prognostic factor for 
PFS in primary GBM patients (median PFS: 8 
vs. 10 months, HR=1.912, p=0.005), while po- 
st-surgical radiotherapy and age less than 55y 
were protective factors. As for OS of primary 
GBM patients, the multivariable survival analy-
sis indicated that high level of WDR1 expres-
sion was also a strong risk factor (median OS: 
10 vs. 15 months, HR=2.147, p=0.001), as well 
as age over 55 y, and post-surgical radiothera-
py acted as a protective factor (Table 4).

Discussion

In the present study, we utilized 14 tumor sam-
ples from different grade glioma patients with 
clinical data to build Affymetrix microarrays, 

analyzed the dataset using hierarchical cluster-
ing based on post-surgery prognosis, and found 
that WDR1 included in a set of genes could dis-
tinguish among different prognoses of glioma 
patients. Then an approach was set up using 
extensive bioinformatics data mining process, 
in which public expression profile and clinical 
data of more than 500GBM patients were 
enrolled. And analysis of TCGA showed WDR1 
was highly expressed in GBM samples and cor-
related with patients’ survival. The number of 
this dataset is higher than in any previous study 
thereby providing a robust evidence for our 
investigation. Finally, we examined the expres-
sion of WDR1 by immunohistochemistry using 
tissue microarray and found significantly higher 
WDR1 expression in primary GBM than in nor-
mal brain. And strong correlation between high 

Figure 3. WDR1 is upregulated in primary GBMs based on the TMA data and associated with patients’ survival and 
progression. (A) Representative staining images in normal brain and primary GBMs were shown in (a-d), respective-
ly. WDR1 protein almost expressed in the cytoplasm as indicated. The intensity of positive staining in the cytoplasm 
in primary GBM, as well as the percentage of positive staining cells, was much higher than that in normal brain. 
(C) Immunohistochemical staining scores of WDR1 in 256 gliomas and 100 primary GBMs WDR1 were compared 
with the score in 16 normal brain tissues, respectively. Score of WDR1 expression in primary GBM (6.070±2.934) 
was significantly higher than that in normal brain (3.313±2.182) (p<0.001), while score of WDR1 in whole glioma 
group (3.302±2.902) was not (p=0.208). (B and D) Kaplan-Meier survival analysis in 100 primary GBMs stratified 
by WDR1 expression showed that high level of WDR1 expression was associated with shorter OS (p=0.001) and 
PFS (p=0.005).
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cal cohort of our institute. Here, our study firstly 
provides the evidence that WDR1 expression is 
dysregulated in primary GBM and correlates 
with survival of primary GBM patients.

It is known that GBM as the highest malignant 
type of glioma is characterized by considerable 
cellularity, mitotic activity and high invasive-
ness [19]. Discovering the intricacies of genetic 
and molecular alterations involved in these pro-
cesses may help us in developing a better 
understanding of GBM. For cancer invasion, 
malignant cells including GBM can utilize their 
migratory ability to invade adjacent tissue 
aggressively. And the formation of membrane 
protrusions is widely considered to be the initial 
step of migration when cells response to migra-
tory and chemotactic stimuli [20]. Further 
research indicates that the driving force for 
membrane protrusion is localized polymeriza-
tion of submembrane actin filaments [21]. 
Cofilin has been studied extensively that it is an 
essential regulator of actin dynamics at the 
plasma membrane during cell migration and 
invasion through its ability to sever actin fila-
ments. And the suppression of cofilin expres-
sion with siRNA could reduce the invasion of 
carcinoma cells, while the over expression of 
cofilin protein could increase the velocity of cell 
migration in human GBM cells [22, 23]. Further, 
WDR1 functioning as an activator of cofilin-
mediated actin depolymerization has been 
demonstrated. All this indicates that WDR1 and 
cofilin work together on the increase of actin 
monomer pool to allow continues and robust 
actin polymerization to support diverse cellular 
processes including cell migration and invasion 
[24]. Coincidently, our study has shown that 
WDR1 was related to GBM unclear border, and 
a recent research enhanced the validation that 
upregulation of WDR1 in the interface zone of 
breast cancer and its relevance to cancer inva-
sion was revealed by proteomic analysis [25].
During mitosis, cells exhibit a drastic morpho-
logic change, from essentially flat to round [26]. 
Mitotic cell rounding is thought to facilitate 
organization within the mitotic cell and be 
required for the geometric requirements of divi-
sion [26]. In cancers, mitosis is also frequently 
observed and mitotic cells frequently appear 
round and swollen, which helps cancer cells 
adapt to challenges during division, including 
aneuploid chromosomes, multipolar spindles, 
and environments of high mechanical stress 
[27]. Thus, factors enhancing mitotic rounding 

Table 2. Demographic and clinicopathological 
characteristics of the patients with primary GBM

Characteristics Number
WDR1 Expression 

Low High
Age(years)
    <55 53 (53%) 21 32
    ≥55 47 (47%) 19 28
Gender
    Male 67 (67%) 26 41
    Female 33 (33%) 14 19
Seizure
    Yes 11 (11%) 3 8
    No 89 (89%) 37 52
IICP
    Yes 44 (44%) 14 30
    No 56 (56%) 26 30
Cysticdegeneration 
    Yes 26 (26%) 10 16
    No 74 (74%) 30 44
Necrosis on MRI
    Yes 16 (16%) 6 10
    No 84 (84%) 34 50
Border on MRI
    Clear 18 (18%) 3 15
    Unclear 82 (82%) 37 45
MTD(cm)
    <4 45 (45%) 17 28
    ≥4 55 (55%) 23 32
Resection degree
    Total 77 (77%) 31 46
    Subtotal 20 (20%) 8 12
    Partial 3 (3%) 1 2
Chemotherapy
    Yes 72 (72%) 27 45
    No 28 (28%) 13 15
Radiotherapy
    Yes 70 (71.6%) 30 40
    No 30 (28.4%) 10 20
Survival status
    Live 6 (6%) 2 4
    Dead 94 (94%) 38 56
Recurrence
    No 5 (5%) 1 4
    Yes 95 (95%) 39 56
Abbreviations: IICP, increased intracranial pressure; MTD, 
mean tumor diameter.

WDR1expression and poor PFS and OS of 100 
primary GBM patients was validated in the clini-
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are suggested to be highly favored by cancer 
cells. As demonstrated by a previous study, 
WDR1 did support mitotic cell rounding through 
promoting the actin cytoskleton dynamics, 
which ultimately regulated cancer cell prolifera-
tion [28]. It is suggested that WDR1 is likely to 
be involved in cancer cell growth signaling, and 
targeting this protein appears to be a possible 
therapeutic strategy. 

In addition, STAT3, a latent transcriptional fac-
tor, was found to regulate WDR1 expression in 
breast cancer, and significantly positive corre-
lation existed between expressions of the two 

genes in GBM samples of the TCGA database, 
which might provide molecular insight into this 
potential signaling pathway in GBM. Currently, 
researches have shown that STAT3 overexpres-
sion and hyperactivation is a feature of GBMand 
activated STAT3 is dimerized and accumulated 
in the nucleus, where it drives gene transcrip-
tion by binding to the DNA promoter region [29, 
30]. Furthermore, there is evidence to suggest 
that STAT3 takes part in the regulation of cell 
movement mainly by cytoskeleton reorganiza-
tion [31]. Intriguingly, as mentioned above, 
WDR1 is essential for actin cytoskeleton dy- 
namics and possibly regulates cancer cell inva-

Table 3. Univariate analysis of factors associated with survival and progression of primary GBM pa-
tients

Variable
Primary GBM

OS PFS
HR 95% CI P HR 95% CI P

Age (≥55 vs. <55 y) 1.773 1.169-2.690 0.005 1.691 1.120-2.555 0.009
WDR1 (High vs. Low) 2.085 1.314-3.308 0.001 1.844 1.173-2.897 0.005
Chemotherapy (Yes vs. No) 0.681 0.433-1.069 0.083 0.779 0.497-1.221 0.256
IICP (Yes vs. no) 0.855 0.567-1.289 0.439 0.849 0.564-1.278 0.414
MTD (≥4 vs. <4 cm) 1.142 0.754-1.731 0.517 1.401 0.928-2.116 0.094
Cystic Degeneration (Yes vs. No) 0.636 0.394-1.027 0.054 0.676 0.423-1.078 0.085
Necrosis (Yes vs. No) 1.137 0.651-1.988 0.641 1.323 0.770-2.276 0.292
Radiotherapy (Yes vs. No) 0.605 0.388-0.943 0.020 0.637 0.410-0.991 0.036
Resection Degree 0.034 0.094
Total vs. Partial 0.223 0.068-0.725 0.013 0.291 0.090-0.939 0.039
Subtotal vs. Partial 0.196 0.056-0.678 0.010 0.256 0.075-0.878 0.030
Seizure (Yes vs. No) 1.334 0.689-1.582 0.376 1.391 0.718-2.694 0.308
Gender (Female vs. Male) 0.789 0.508-1.224 0.273 0.728 0.471-1.127 0.137
Border on MRI (Clear vs. Unclear) 1.049 0.611-1.801 0.859 1.042 0.607-1.788 0.877
Abbreviations: IICP, increased intracranial pressure; MTD, mean tumor diameter; HR, Hazard ratio; OS, overall survival; PFS, 
progression-free survival.

Table 4. Multivariate analysis of factors associated with survival and progression of primary GBM 
patients
Survival* Median Survival (months, 95% CI) HR 95% CI p
OS
    Age (≥55 vs. <55 y) 10 (8.351-11.649) 15 (8.284-21.716) 1.782 1.175-2.702 0.007
    WDR1 (High vs. Low) 10 (8.545-11.455) 15 (6.325-27.396) 2.147 1.349-3.419 0.001
    Radiotherapy (Yes vs. No) 12 (8.637-15.363) 9 (6.858-11.142) 0.616 0.395-0.960 0.032
PFS
    Age (≥55 vs. <55 y) 7 (5.084-8.916) 12 (9.754-14.246) 1.844 1.212-2.806 0.004
    WDR1 (High vs. Low) 8 (6.741-9.259) 10 (6.901-13.099) 1.912 1.211-3.019 0.005
    Radiotherapy (Yes vs. No) 10 (7.142-12.858) 8 (5.322-10.678) 0.528 0.327-0.852 0.009
Abbreviations: HR, hazard ratio; OS, overall survival; PFS, progression-free survival. *Variables were adopted for their prognos-
tic significance by univariateanalysis (p≤0.2).
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sion. Thus, it is reasonable to speculate that 
STAT3 may act as an up steam regulator of 
WDR1 and control WDR1 transcription in GBM 
cell to affect tumor invasion and proliferation. 
Further investigations regarding this molecular 
mechanism governing GBM are warranted in 
this field.

In conclusion, we demonstrate that high WDR1 
expression is associated with shorter OS and 
PFS after surgery and WDR1 can work as an 
independent risk factor to help define the sub-
set of primary GBM patients. And understand-
ing the molecular pathways involved by WDR1 
will facilitate the development of designing 
novel targeted therapies for GBM patients.
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