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Abstract

Purpose Glioma is the most prevalent primary intracranial tumor globally. WDR34, a member of the WDR superfamily
with five WD40 repeats, is involved in the pathogenesis of several tumors. However, the role of WDR34 in glioma progres-
sion is unknown.

Methods The expression and prognostic significance of WDR34 in glioma patients were analyzed using GEPIA. WDR34
expression was detected by qRT-PCR. Western blot was employed to determine the expression of Ki67, proliferating cell
nuclear antigen (PCNA), matrix metallopeptidase (MMP)2, MMP9, phosphatase and tensin homolog, protein kinase B (Akt),
phosphorylated Akt, B-catenin, and c-Myc. CCK-8, BrdU incorporation assay, Transwell invasion assay, flow cytometry
analysis, and measurement of caspase-3 and caspase-9 activities were conducted to examine the effects of WDR34 knock-
down on glioma cells.

Results WDR34 was upregulated in glioma, which predicted a poor prognosis in glioma patients. WDR34 knockdown
inhibited cell proliferation and reduced the expression of Ki67 and PCNA in glioma cells. WDR34 knockdown repressed
the invasive ability of glioma cells by decreasing MMP-2 and MMP-9 expression. WDR34 knockdown increased the apop-
totic rate and caspase-3 and caspase-9 activities in glioma cells. The PI3K/Akt and Wnt/fB-catenin pathways were inhibited
after WDR34 knockdown in glioma cells. Moreover, overexpression of Akt or f-catenin reversed the function of WDR34
knockdown on proliferation, invasion, and apoptosis. WDR34 knockdown reduced tumor growth in vivo.

Conclusions WDR34 knockdown inhibited malignant biological behaviors of glioma cells by inactivating the PI3K/Akt
and Wnt/B-catenin signaling cascades.
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Introduction

Glioma is regarded as the most lethal and aggressive type
of primary intracranial tumor globally, occupying an esti-
mated 80% of all malignant brain tumors [1]. Glioma is
characterized by poor prognosis, and high morbidity and
mortality, seriously endangering human health [2]. In spite
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of the recent improvements achieved in therapeutic methods
including surgical intervention combined with post-opera-
tive radiotherapy and chemotherapy, the clinical outcomes
of glioma patients are still unfavorable [3-5]. Consequently,
it is extremely required to develop efficient therapeutic inter-
ventions for this devastating malignancy to improve the sur-
vival of glioma patients.

WD40-repeat (WDR) proteins represent one of the most
abundant regulatory protein superfamily in the human pro-
teome composing of several repetitive WD motifs (also
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known as the Trp—Asp or WD40 motif) [6]. WDR proteins
are proposed to be involved in a seemingly wide range of
protein—protein interactions typically as scaffolds that reg-
ulate various cellular functions [7, 8]. Members of WDR
superfamily have been found to play critical roles in diverse
fundamental biological processes, including cell cycle con-
trol, DNA damage response, signal transduction, apoptosis,
epigenetic regulation of gene expression, as well as chro-
matin modification [6]. WDR34, located at human chromo-
some 9q34.11, is a highly conserved protein belonging to
the WDR superfamily and consists of five WD40 repeats
in the middle and the C terminus, with human and mouse
WDR34 sharing 83% identity. It has been demonstrated that
missense mutations of WDR34 are associated with short-
rib polydactyly syndrome type III or severe asphyxiating
thoracic dysplasia [9]. Moreover, WDR34 suppresses trans-
forming growth factor p-activated kinase 1 (TAK1)-asso-
ciated nuclear factor-kappaB (NF-kB) activation pathway
[10]. Despite the close association of WDR34 expression
with cancer progression, a direct evidence for its role in the
pathogenesis of glioma is still vague.

It is commonly reckoned that phosphatase and tensin
homolog (PTEN), a well-characterized tumor suppressor
in cancer progression, could inhibit the activation of phos-
phatidylinositol 3-kinase (PI3K)/protein kinase B (Akt)
signaling pathway [11]. The PTEN/PI3K/Akt pathway has
been verified as a crucial oncogenic pathway in glioma [12].
The Wnt/p-catenin pathway, a high conserved cascade, has
been demonstrated to be associated with the development of
central nervous system and its deregulation contributes to
the occurrence and progression of diverse cancers including
glioma [13, 14]. In the present study, we initially explored
the expression pattern of WDR34 in glioma cells. Then, we
determined the effects of WDR34 knockdown on the prolif-
eration, invasion, and apoptosis of glioma cells and further
analyzed whether these effects were involved in the PI3K/
Akt and Wnt/B-catenin pathways.

Materials and methods
Cell culture and transfection

Five human glioma cell lines (LN229, U87, T98G, U251,
and A172) and normal human astrocyte cells (NHAs) were
got from the ATCC (Manassas, VA, USA). Cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium (Thermo
Fisher Scientific, Waltham, MA, USA) that consisted of 10%
heat-inactivated fetal bovine serum (HyClone, South Logan,
UT, USA) and 1% penicillin—streptomycin (HyClone),
which were kept at 37 °C in a moist incubator containing
5% CO,. Two small interfering RNAs targeting WDR34
(si-WDR34-1 and si-WDR234-2) and the scrambled control
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siRNA (si-Con) were synthesized from GeneWiz Technol-
ogy Co., Ltd. (Suzhou, China). When reaching 70-80% con-
fluence, U87 and A172 cells in logarithmic growth phase
were delivered with si-WDR34 or si-Con using an Invitro-
gen™ Lipofectamine® 3000 Kit (Thermo Fisher Scientific).

RNA extraction and quantitative real-time PCR
(qRT-PCR)

Total RNA was extracted from cultured cells using TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA). The extracted
RNA was then revers transcribed into complementary DNA
(cDNA) by RevertAid cDNA synthesis kit (Fermentas, Vil-
nius, Lithuania). WDR34 mRNA expression was determined
using SYBR Premix Ex Taq™ reagent (Takara, Dalian,
China) on an ABI 7900 Fast System (Applied Biosystems,
Foster City, CA, USA), with GAPDH as the normalization.
The relative fold changes of target genes were calculated
using the 2744 approach. Primer sequences were as fol-
lows: WDR34, forward, 5'-TGA TGG CTT CGA GGT GAA
C-3" and reverse, 5-GGG TAG CCC AGG GTA TAC AGA-
3'; GAPDH, forward, 5'-ACC ACA GTC CAT GCC ATC
AC-3"and reverse 5'-TCC ACC ACC CTG TTG CTG TA-3".

Cell counting kit-8 (CCK-8) assay

CCK-8 assay was conducted to detect the viability of glioma
cells. To be more specific, si-WDR34 or si-Con-transfected
US87 and A172 cells were placed into 96-well plates at a den-
sity of 1x 10* cells per well. Following this, 10 ul of CCK-8
solution (Dojindo Laboratories, Tokyo, Japan) was supple-
mented at 48 h after seeding and the cells were incubated for
an additional 2 h at 37 °C. A microplate reader (Molecular
Device, Sunnyvale, CA, USA) was implemented to measure
the optical density at 450 nm.

Transwell invasion assay

Transwell assay inserts (Millipore, Billerica, MA, USA)
pre-coated with Matrigel (BD Biosciences, San Diego, CA,
USA) were used for the evaluation of cell invasive potential.
After transfection, 3 x 10> U87 and A172 cells were sub-
jected to re-suspension in 200 pL serum-free medium and
seeded into the upper chamber while 600 ul DMEM medium
with 10% FBS was inoculated into the lower chamber. These
cells were allowed to invade for 24 h. The cells that had
invaded to the lower membranes were fixed with 4% para-
formaldehyde prior to staining with 0.5% crystal violet. An
inverted microscope (magnification, X 200; Olympus, Tokyo,
Japan) was applied to count the number of invaded cells in
3 randomly selected fields.
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Western blot analysis

RIPA protein extraction buffer (Beyotime, Beijing, China)
supplemented with protease inhibitor cocktail (Roche, Basel,
Switzerland) was used to extract total proteins. Equal amount
of lysate protein samples (40 pg/lane) were subjected to 10%
SDS-PAGE prior to transfer onto polyvinylidene fluoride
(PVDF) membranes (Bio-Rad, Hercules, CA, USA). After
non-specific binding with 5% non-fat skimmed milk for 1 h,
the membrane was probed in a solution containing primary
antibodies at 4 °C overnight and then with horseradish per-
oxidase (HRP)-conjugated secondary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at room temperature
for 2 h. An enhanced chemiluminescence kit (Amersham,
Arlington Heights, IL, USA) was employed to capture
the protein signals. Primary antibodies against Ki67 (Cell
Signaling Technology, Danvers, MA, USA), proliferating
cell nuclear antigen (PCNA) (Cell Signaling Technology),
matrix metallopeptidase (MMP)2 (Cell Signaling Technol-
ogy), and MMP9 (Cell Signaling Technology), PTEN (Santa
Cruz Biotechnology), Akt (Santa Cruz Biotechnology),
phosphorylated Akt (p-Akt) (Santa Cruz Biotechnology),
lamin B1 (Cell Signaling Technology), f-catenin (Santa
Cruz Biotechnology), and c-Myc (Santa Cruz Biotechnol-
ogy) were employed.

Five-bromo-2'-deoxyuridine (BrdU) incorporation
assay

A BrdU cell proliferation assay kit (Roche Diagnostics,
Pleasanton, CA, USA) was conducted to examine the
in vitro cell proliferative ability. A total of 2 x 10* trans-
fected U87 and A172 cells were inoculated in 96-well plates
and allowed to grow overnight at 37 °C. Thereafter, BrdU-
labeling solution was mixed into the cell plate at a final con-
centration of 10 uM, followed by a 4-h incubation at 37 °C.
At the end of the incubation period, the U87 and A172 cells
were fixed in 4% paraformaldehyde for 20 min and stained
with primary anti-BrdU antibody (Sigma-Aldrich, St. Louis,
MO, USA) for 1 h prior to incubation with HRP-conjugated
secondary antibody (Santa Cruz Biotechnology) for 30 min.
After incubating with TMB peroxidase substrate for 30 min
in the darkness, the optical density at 450 nm was detected
using a microplate reader (Molecular Device).

Flow cytometry analysis

Following transfection, U87 and A172 cells were harvested
by trypsinization and washed twice with cold PBS. This
is followed by resuspending in 100 pl binding buffer con-
taining 5 pl annexin V-fluorescein isothiocyanate (annexin

V-FITC) and 5 pl propidium iodide (PI) using common-used
Annexin V-FITC/PI apoptosis detection kit (BioVision, Palo
Alto, CA, USA). After incubating for 15 min at 37 °C in the
dark, the stained cells were analyzed using a flow cytometer
equipped with CellQuest software (BD Biosciences).

Measurement of caspase-3 and caspase-9 activities

US87 and A172 cells were harvested after transfection, lysed,
and centrifuged to collect supernatants. Activities of cas-
pase-3 and caspase-9 in the supernatant were determined
using respective colorimetric activity kits (R&D Systems,
Minneapolis, MA, USA) in terms of the manufacturer’s
guides. Absorbance at 405 nm was read using a microplate
reader (Molecular Device). The caspase-3 and caspase-9
activities were expressed as a fold of the control group.

Xenograft experiment

The shRNA for WDR34 (sh-WDR?34) or negative control
(sh-Con) lentivirus vectors were stably transfected into U87
cells. Male BALB/c nude mice (5-week-old) were obtained
from Vital River (Beijing, China), and subcutaneously
injected with stably transfected U87 cells (1 X 10 (n=5
per group). Tumor size was measured weekly, and calculated
by following formula: volume = 0.5 x length X width?. Four
weeks after cell injection, mice were euthanized. The tumors
were dissected, weighed, and then harvested for measure-
ment of WDR34 expression by western blot assay. Xenograft
experiments were approved by the Animal Ethics Committee
of the First Affiliated Hospital of Soochow University.

Statistical analysis

All data are displayed as mean + standard deviation (SD).
All statistical analyses were performed using SPSS version
13.0 statistical software programs (SPSS, Chicago, IL, USA)
with one way analysis of variance or Student’s ¢ test. Differ-
ences were considered statistically significant when P values
were less than 0.05.

Results
WDR34 was upregulated in glioma

According to the statistical analysis of The Cancer
Genome Atlas (TCGA) data from GEPIA (http://gepia.
cancer-pku.cn), WDR34 expression was significantly
elevated in 518 lower grade glioma (LGG) and 163 glio-
blastoma (GBM) tissues compared with that in 207 nor-
mal brain tissues (Fig. 1A, B). Additionally, TCGA data
from GEPIA demonstrated that high expression of WDR34
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Fig. 1 Expression profile of WDR34 in glioma. A and B Analysis
of the expression difference of WDR34 in 518 lower grade glioma
(LGG), 163 glioblastoma (GBM), and 207 normal brain tissues based
on TCGA database from GEPIA. C and D Analysis of overall sur-
vival curves in LGG and GBM based on TCGA data from GEPIA. E
Immunohistochemical staining of WDR34 in LGG, GBM, and nor-
mal cerebral cortex tissues from The Human Protein Atlas project.
F and G qRT-PCR and western blot analysis of WDR34 mRNA and

was correlated with poor overall survival in LGG patients
(Fig. 1C), suggesting that high expression of WDR34 pre-
dicted a poor prognosis in LGG patients. However, expres-
sion of WDR34 was not correlated with overall survival in
GBM patients (Fig. 1D). Immunohistochemical data from
The Human Protein Atlas project (https://www.proteinatl
as.org/) suggested that WDR34 protein level was increased
in LGG and GBM tissues compared to that in normal cer-
ebral cortex tissues (Fig. 1E). The expression of WDR34
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protein expression in glioma cell lines (LN229, U87, T98G, U251,
and A172) and NHAs. P<0.05 was considered statistically signifi-
cant when compared to NHAs. (I) gRT-PCR and western blot analy-
sis of WDR34 mRNA and protein expression in U87 and A172 cells
48 h after transfection with si-WDR34-1, si-WDR34-2, or si-Con.
P <0.05 was considered statistically significant when compared to si-
Con

mRNA and protein was also increased in glioma cell lines
(LN229, U87, T98G, U251, and A172) relative to nor-
mal human astrocyte cells (NHAs), especially in U87 and
A172 cells (Fig. 1F, G). Therefore, we selected U87 and
A172 cells for subsequent experiments. To characterize
the biological role of MDR34 on the malignant biological
behaviors of glioma cells, siRNA-mediated knockdown of
WDR34 was performed in U87 and A172 cells by trans-
fecting with si-WDR34. As evidenced by qRT-PCR and
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western blot analysis, WDR34 mRNA and protein expres-
sion was reduced in U87 and A172 cells following deliv-
ery with si-WDR34-1 and si-WDR34-2 with respect to
si-Con group (Fig. 1H, I).

WDR34 knockdown inhibited the proliferation
of glioma cells

As shown in Fig. 2A, knockdown of WDR34 caused a
reduction of the viability of U87 and A172 cells versus
control group. As demonstrated by BrdU incorporation
assay, MDR34 silencing significantly decreased the BrdU
incorporation of U87 and A172 cells when compared with

control group (Fig. 2B). Western blot analysis proved
that si-WDR34-introduced U87 (Fig. 2C, D) and A172
(Fig. 2E, F) cells exhibited a decreased expression of Ki67
and PCNA compared to si-Con-transfected cells. These
data suggested that the proliferation of glioma cells was
inhibited in response to knockdown of WDR34.

WDR34 knockdown suppressed the invasive ability
of glioma cells

Transwell invasion assay revealed that the invasive abil-
ity of U87 and A172 cells transfected with si-WDR34 was
dampened in comparison to control group (Fig. 3A). MMPs
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Fig.2 Effect of WDR34 knockdown on the proliferation of glioma
cells. The proliferation of U87 and A172 cells 48 h after transfection
with si-WDR34-1, si-WDR34-2, or si-Con was estimated by CCK-8

(A) and BrdU incorporation assays (B). Western blot analysis of Ki67
and PCNA expression in U87 (C and D) and A172 cells (E and F)
48 h after transfection with si-WDR34-1, si-WDR34-2, or si-Con
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Fig.3 Effect of WDR34 silencing on the invasive ability of glioma
cells. A Transwell invasion assay was employed to detect the inva-
sive ability of U87 and A172 cells 24 h after transfection with si-
WDR34-1, si-WDR34-2, or si-Con. Western blot analysis was con-

including MMP2 and MMP9 are well-known to be involved
in cancer invasion [15]. Depletion of WDR34 led to a reduc-
tion of MMP2 and MMP9 expression in U87 (Fig. 3B, C)
and A172 (Fig. 3D, E) cells versus control group. Collec-
tively, these findings suggested that WDR34 knockdown
retarded the invasive ability of glioma cells.
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ducted to examine the protein levels of MMP2 and MMP9 in U87
(B and C) and A172 cells (D and E) 48 h after transfection with si-
WDR34-1, si-WDR34-2, or si-Con

WDR34 knockdown increased apoptosis rate
of glioma cells

Apoptosis analysis by Annexin V-FITC/PI double staining
manifested that transfection with si-WDR34 increased the
apoptotic rate in U87 (Fig. 4A) and A172 (Fig. 4B) cells
relative to the corresponding control group. Moreover, we
found that caspase-3 (Fig. 4C) and caspase-9 (Fig. 4D) activ-
ities were enhanced following WDR34 downregulation in
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Fig.4 Effect of WDR34 knockdown on the apoptosis of glioma
cells. U87 and A172 cells were transfected with si-WDR34-1, si-
WDR34-2, or si-Con for 48 h, followed by the determination of apop-

U87 and A172 cells. Therefore, we concluded that WDR34
knockdown increased apoptosis rate of glioma cells.

Knockdown of WDR34 inhibited the PI3K/Akt
and Wnt/B-catenin pathways in glioma cells

It was demonstrated that PTEN expression was boosted
and p-Akt protein level was repressed in U87 (Fig. 5A) and
A172 (Fig. 5B) cells transfected with si-WDR34 relative to

tosis (A and B), and activities of caspase-3 (C) and caspase-9 (D)
by flow cytometry analysis, caspase-3 and caspase-9 activity assays,
respectively

si-Con-transfected group. However, WDR34 knockdown
failed to influence the protein expression of Akt in both
U87 and A172 cells. The western blot analysis also uncov-
ered that the protein levels of pB-catenin in nucleus and
c-Myc in cell lysate of U87 (Fig. 5C) and A172 (Fig. 5D)
cells were lower in the si-WDR34 group than those in
si-Con group. These results suggested that knockdown of
WDR34 blocked the PI3K/Akt and Wnt/B-catenin path-
ways in glioma cells.
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ured by western blot analysis. C and D Western blot analysis was
implemented to analyze the protein levels of B-catenin in nucleus and
c-Myc in cell lysate of U87 and A172 cells 48 h after transfection
with si-WDR34-1, si-WDR34-2, or si-Con

Fig.5 Effect of WDR34 knockdown on the PI3K/Akt and Wnt/p-
catenin pathways in glioma cells. A and B The protein levels of
PTEN, p-Akt (Ser473) and Akt in U87 and A172 cells 48 h after
transfection with si-WDR34-1, si-WDR34-2, or si-Con were meas-
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D) 48 h after transfection. E and F Transwell invasion assay was
employed to detect the invasive ability of U87 and A172 cells 24 h
after transfection. G and H Apoptosis of U87 and A172 cells was
evaluated by flow cytometry analysis 48 h after transfection
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Overexpression of Akt or B-catenin reversed
the effect of WDR34 knockdown on proliferation,
invasion, and apoptosis

To verify whether the PI3K/Akt and Wnt/p-catenin path-
ways were involved in the effect of WDR34 knockdown,
glioma cells were co-transfected with si-WDR34-2 and
Akt/B-catenin overexpression vector. As shown in Fig. 6A
and B, WDR34 knockdown inhibited U87 and A172 cell
viability, but Akt or f-catenin overexpression reversed it.
WDR34 knockdown decreased the BrdU incorporation
of U87 and A172 cells, while this effect was attenuated
after Akt or B-catenin overexpression (Fig. 6C, D). The
number of invaded U87 and A172 cells were decreased
after WDR34 knockdown, which was resisted by Akt or
B-catenin overexpression (Fig. 6E, F). Transfection with
si-WDR34-2 increased the apoptotic rate in U87 and A172
cells, while Akt or B-catenin overexpression attenuated
this effect (Fig. 6G, H). Taken together, these findings
suggested that WDR34 regulates malignant biological
behaviors of glioma cells by affecting the PI3K/Akt and
Wnt/B-catenin pathways.

B

WDR34 knockdown reduced glioma cell growth
in an animal model

To further explore the anti-growth role of WDR34 silenc-
ing in glioma cells, the animal model was established using
U87 cells harboring sh-WDR34 or sh-Con. As shown in
Fig. 7A-C, tumor volume and weight were decreased in
sh-WDR?34 group compared with sh-Con group. Moreover,
WDR34 protein level was reduced in sh-WDR34 group com-
pared with sh-Con group (Fig. 7D). These results showed
that WDR34 knockdown decreased glioma cell growth
in vivo.

Discussion

Glioma is one of the most frequently occurring types of
malignant tumors in the central nervous system with an
incidence rate of 3—-8/100,000, thus seriously affecting the
quality of life of patients suffered from glioma [16]. There-
fore, there is increased interest in searching for new reliable
therapeutic methods for glioma and further deciphering the
molecular mechanism responsible for glioma development.
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Fig. 7 Effect of WDR34 knockdown on the growth of glioma cells
in vivo. U87 cells stably transfected with sh-WDR34 or sh-Con were
subcutaneously injected into mice to establish a xenograft model.
A Images of removed tumors in each group. B Tumor volume was
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Over the last decades, a number of studies have focused on
the molecularly targeted therapy including key genes and
downstream regulatory mechanisms in glioma therapies
[17].

It has been well-documented that WDR proteins par-
ticipate in the regulation of a variety of cellular processes,
and perturbations in these proteins are involved in human
malignancies [18]. WDR54 was demonstrated to be highly
expressed in colorectal cancer (CRC) patients, which was
an independent risk factor for disease-specific survival [19].
Knockdown of WDR54 significantly inhibited the growth
and aggressiveness of CRC cells and reduced tumor growth
in a xenograft model by regulating Akt and extracellular
signal-regulated kinase (ERK) signaling [19]. DCAF4L2,
a member of WDR proteins, was reported to be elevated
in CRC patients and cells, and its overexpression promoted
cell migration, invasion and epithelial-mesenchymal transi-
tion (EMT) through activating NF-xB pathway [20]. More
importantly, the involvement of WDR34, a member of the
WDR family, in several tumors has been well-documented.
For instance, a significant upregulation of WDR34 expres-
sion was observed in the bladder cancer without recurrence
compared with that in the patients with recurrence [21]. High
expression of WDR34 was associated with poor overall sur-
vival and shorter relapse-free survival in patients with breast
cancer [22]. A study showed that upregulation of WDR34
was found in hepatocellular carcinoma (HCC) tissues and
negatively correlated with the survival of HCC patients [23].
Knockdown of WDR34 inhibited the growth, colony forma-
tion and migration of HCC cells [23]. Conversely, it was

demonstrated that WDR34 was downregulated in oral squa-
mous cell carcinoma (OSCC) tissues and functioned as a
potential tumor suppressor in OSCC progression [24]. How-
ever, the detailed role and mechanism of WDR34 in glioma
progression remain largely undefined. In this research, our
analysis of TCGA data demonstrated that WDR34 expres-
sion was increased in glioma, which predicted poor clinical
outcomes in glioma patients. We also demonstrated a high
expression of WDR34 in 5 different glioma cell lines com-
pared with that in NHAs. Functional experiments demon-
strated that WDR34 knockdown inhibited the proliferation,
invasive ability and apoptosis in glioma cells. Furthermore,
we established a mouse xenograft model to further validate
the anti-tumor growth role of WDR34 knockdown. Collec-
tively, these data suggested the oncogenic role of WDR34
in glioma development.

It is well known that glioma is molecularly heteroge-
neous, resulting in dysregulation and over-activation of
multiple signaling pathways including PI3K/Akt pathway
[25, 26]. The PI3K/Akt pathway is an intracellular signal
transduction pathway targeted by PTEN that participates
in the regulation of various cellular functions, such as cell
growth, apoptosis, differentiation, and metastasis in gli-
oma [27, 28]. Inactivation of the Wnt/p-catenin signaling
pathway has been shown to effectively suppress the inva-
sion, survival and tumorigenesis of glioma cells [29, 30].
Therefore, the Wnt/B-catenin signaling has been proposed
to be a potential valuable therapeutic target for glioma
[29]. To elucidate the molecular mechanism underlying
the oncogenic role of WDR34 in glioma progression, we

@ Springer



292

Journal of Neuro-Oncology (2022) 156:281-293

explored the effect of WDR34 silencing on the PI3K/
Akt and Wnt/f-catenin signaling pathways. As a result,
we demonstrated that WDR34 knockdown suppressed
the PI3K/Akt and Wnt/f-catenin signaling cascades.
Accordingly, it is reasonable to infer from these results
that WDR34 knockdown inhibited malignant biological
behaviors of glioma cells by inactivating the PI3K/Akt and
Wnt/B-catenin signaling cascades.

Taken together, our study provided the first evidence that
WDR34 was reinforced in glioma and predicted poor clini-
cal outcomes in glioma patients. WDR34 exerted its onco-
genic role in glioma through activating the PI3K/Akt and
Wnt/B-catenin signaling cascades (Fig. 8), contributing to
our understanding of the glioma pathogenesis. Our research
suggested that WDR34 may be a promising therapeutic
target for glioma. However, it is still unclear how WDR34
regulates the Akt or Wnt signaling pathways. This deserves
further study.
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