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Abstract 
The eukaryotic cell cycle is characterized by a series of tightly orchestrated events 

during which cellular components are replicated and subsequently divided. In 

mammalian cells, the precise spatiotemporal control of cell cycle progression is achieved 

through multiple cyclin-dependent-kinases (Cdks), which are pivotal for both the proper 

timing of the cell cycle and the maintenance of genomic integrity. The cell progresses 

through a series of different phases before division, including the pre-mitotic G2 phase 

and the mitotic M phase. As the interval between DNA replication and mitosis, G2 phase 

is the stage where protein synthesis occurs in preparation for mitosis. On the other hand, 

mitosis is characterized by the most dramatic events of the cell cycle, featuring 

chromosome condensation and segregation into two daughter cells. Transition from G2 to 

M phase is driven by the activation of Cdk1, which forms a heterodimer with its obligate 

allosteric activator Cyclin B1. This heterodimer phosphorylates downstream effectors, 

thereby inducing entry into mitosis. Entry into mitosis is halted by activation of the G2/M 

cell cycle checkpoint, which stimulates the Myt1 and Wee1 kinases; these activated 

kinases phosphorylate Cdk1 at Thr14 and Tyr15, resulting in Cdk1 inactivation.  Failure 

of G2/M cell cycle arrest leads to premature mitosis and triggers a form of cell death 

marked by multiple micronuclei and decondensed chromatin known as “mitotic 

catastrophe”. Mitotic catastrophe can be stimulated by the presence of incompletely 

replicated DNA or DNA damage, which leads to the unscheduled activation of the 

Cdk1/CyclinB complex. 

Recent studies in the brain tumor glioblastoma (GBM) have suggested that abrogation 

of the G2/M checkpoint with a Wee1 inhibitor enhances the efficacy of chemotherapy 

and ionizing radiation[1]. Interestingly, I have found that Wee1 protein levels vary 
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dramatically between different types of brain tumors including glioblastoma and 

medulloblastoma. Also, Wee1 protein abundance determines tumor sensitivity to DNA-

damaging chemotherapies. Furthermore, similar to findings in the Xenopus egg extract, in 

a mammalian cell culture system I have found that Wee1 protein abundance is subject to 

regulation by the arginine methyltransferase PRMT5. Taken together, these findings 

suggest that Wee1 or PRMT5 may be used as effective targets for therapy in a subset of 

glioblastoma and medulloblastoma patients.  
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CHAPTER1: Introduction 

1.1 The regulation of eukaryotic cell cycle 

The eukaryotic cell cycle consists of two basic parts- mitosis and interphase. Mitosis 

features the separation of condensed chromosomes into two daughter cells and is 

followed by cytokinesis. Interphase refers to the period between mitoses and accounts for 

95% of the cell cycle. During interphase, the size of the cell doubles as a result of active 

cell growth and DNA replication. Interphase consists of four basic phases: G1 phase, S 

phase, G2 phase and M phase. G1 phase defines the interval between the end of mitosis 

in the previous cell cycle and the start of DNA replication in the next one. G1 phase is 

followed by S phase, during which DNA replication occurs. The completion of DNA 

synthesis is subsequently followed by the G2 phase, during which cells continue to grow 

and synthesize proteins in preparation for mitosis.  

Progression through different stages of the cell cycle has to be well coordinated to 

ensure appropriate order in which the cell growth, DNA replication, chromosomal 

separation and cell division occur. Premature entry into a specific phase of the cell cycle 

before completion of the preceding phase is likely to cause catastrophic outcomes. To 

orchestrate different events at certain stages of the cell cycle with one another, cells 

deploy a set of evolutionarily conserved molecules including proteins known as cyclins 

whose abundance oscillates cyclically throughout the cell cycle and also cyclin-

dependent kinases (Cdks)[2, 3]. The sequential activation of Cdks allows for the spatial 

and temporal control of transition from one phase of the cell cycle to another. 

Mechanisms wired to the cell cycle have to be accurately orchestrated to ensure proper 

cell fate decisions and are crucial for maintaining genomic stability[4]. Cell cycle 
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regulatory checkpoints that tie to both external environmental and internal signals 

function as the decision points for progression through the cell cycle. One such 

checkpoint lies in late G1 and is known as the restriction point. As a mechanism that 

couples cell growth to DNA replication and cell division, the restriction point monitors 

DNA damage in the cell and senses nutrient availability in the environment [5]. Entry 

into S phase will be prevented unless cell growth is favored and the DNA damage is 

repaired so that the incomplete or damaged DNA won’t be replicated and passed onto 

daughter cells. Another important checkpoint of the cell cycle occurs in G2 phase. It 

detects unreplicated or damaged DNA in the cell and impedes entry into mitosis. This is 

crucial as it ensures that cells don’t enter mitosis in the presence of damaged or 

incompletely replicated DNA; otherwise, the daughter cells might inherit incomplete 

genetic materials leading to disastrous consequences[6].  

1.2 The role of G2/M cell cycle checkpoint in response to DNA damage 

Upon DNA damage, cells activate either G1 or G2/M cell cycle checkpoint pathways 

to delay cell cycle progression and allow for DNA repair before cells commit to S phase 

or mitosis[7]. This functions as an important mechanism to ensure the precise replication 

of DNAs and safeguard genomic integrity, while the lack of such surveillance will 

subject a cell to increased frequency of deleterious genetic mutations and can lead to 

diseases such as cancer.  For example, in many tumor cells, the G1 checkpoint is often 

defective due to mutations in the tumor suppressor gene p53[8]. Therefore, these cells 

rely more heavily on G2/M checkpoint activation in response to DNA damage.  

Entry into mitosis is driven by the Cdk1/Cyclin B protein complex, whose activity 

depends on the net result of the opposing activity of the phosphatase Cdc25 and the Wee1 
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or Myt1 kinases. While Cdk1 can be held inactive through phosphorylation by both Wee1 

[9]and Myt1 on Tyr15  and Thr14/Tyr15[10] respectively, dephosphorylation of Cdk1 by 

the dual-specific phosphatase Cdc25 results in Cdk1 activation and induces entry into 

mitosis[11]. In response to DNA damage, the cell deploys a common molecular 

machinery to co-regulate the activity of Cdc25 and Wee1 proteins. While genotoxic 

stress such as DNA-damaging agents causes both cytoplasmic sequestration of Cdc25 

away from its site of action in the cell and Cdc25 inactivation, Wee1 protein is 

concomitantly stabilized and activated to phosphorylate Cdk1 in the nucleus[12]. As a 

consequence of this double-lock mechanism through concerted Wee1 activation and 

Cdc25 inactivation, cells arrest at the G2/M checkpoint due to the suppression of Cdk1 

activity. However, upon the completion of DNA repair, the bistable switch is flipped in 

the opposite direction, which leads to the swift but irreversible activation of Cdk1/Cyclin 

B. Once Cdk1 is re-activated, cell cycling resumes and the cells enter mitosis.  

1.3 Regulation of the Wee1 protein during G2/M transition in normal cells 

At the G2/M phase transition, Wee1 protein expression decreases as a result of both 

reduced protein synthesis and post-translational protein modification that simultaneously 

dampens Wee1 protein activity and promotes ubiquitination-dependent Wee1 degradation. 

In contrast, exposure of the cell to genotoxic stress prevents Wee1 degradation and 

consequently arrests the cells at G2 checkpoint until DNA is faithfully and completely 

replicated. Altogether, this ensures that Wee1 level and activity peak at the G2 phase 

when it is required to maintain its inhibitory effect on Cdk1/Cyclin B but then declines as 

the cells enter mitosis[13, 14]. Previously, the Xenopus homolog of Wee1 protein X-

Wee1 has been shown to be stabilized in Xenopus egg extract upon DNA damage-
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induced replication checkpoint activation in a ubiquitin-conjugating enzyme Cdc34-

dependent manner[14]. In parallel, our lab has identified Hsl7, the Xenopus homolog of a 

mammalian arginine methyltransferase PRMT5 as a regulator of X-Wee1 protein 

abundance in Xenopus egg extract. Hsl7 directly binds to Wee1 protein and accelerates its 

proteasome-dependent degradation, while the DNA replication checkpoint disrupts this 

interaction and leads to Wee1 stabilization[15].  

PRMT5 is a member of the type II arginine methyltransferases, which are a class of 

enzymes that catalyze the formation of either a mono-methylated or a symmetric 

dimethylated derivative at the arginine residue of a protein[16].  PRMT5 has been 

reported to play a role in a wide variety of cellular processes including RNA 

metabolism[17], transcriptional elongation[18], cell cycle progression[19, 20], and 

chromatin remodeling[21, 22]. In particular, PRMT5 has been shown to associate with 

various transcriptional factors/regulators to control gene expression. Furthermore, lending 

support to our lab’s previous findings on the regulation of Wee1 protein degradation by 

PRMT5, several other groups have also reported a role for PRMT5 in regulating protein 

stability or function in mammalian cells[23]. Despite the wide use of Xenopus egg extract 

to delineate the molecular signaling pathways in mammalian systems based on the 

conservation between them, whether Wee1 protein abundance is also regulated by 

PRMT5 in mammalian cells remains to be determined.  

1.4 The potential therapeutic value of targeting Wee1 in brain tumor treatments 

Due to the crucial role of Wee1 in controlling G2/M transition of the cell cycle, it is 

not surprising that the expression of Wee has been found to be compromised in several 

types of cancer with perturbed cell cycle controls [1, 24-26]. One example of deregulated 
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Wee1 expression is glioblastoma (GBM, grade IV astrocytoma), which is the most 

aggressive malignant primary brain tumor in humans [27].  As the highest grade 

astrocytoma, GBM originates from connective tissue cells in the brain known as 

astrocytes and accounts for over half of glioma occurrences [28]. GBM is usually marked 

by rapid progression and high infiltration throughout the human brain parenchyma, 

making the tumor difficult to be completely removed by surgical resection. Although 

irradiation (IR) or chemotherapies are applied as adjuvant therapy following surgery, 

GBM displays intense resistance to apoptosis and the disease is rarely cured [28].  The 

median survival of GBM patients is usually no more than 15 months with the overall 5 

year survival rate being less than 5% [28, 29]. GBMs frequently have defects in the p53 

tumor suppressor gene and thus heavily rely on Wee1 for DNA-damage induced cell 

cycle checkpoints. Wee1 has been reported to be overexpressed in glioblastomas [1]; it is 

likely that GBM cells with high Wee1 expression have evolved to become addicted to 

Wee1, leading to resistance to DNA-damaging chemotherapies or IR. Consistent with 

this hypothesis, inhibiting Wee1 in the presence of DNA damage has been shown to 

sensitize GBM cells to apoptotic death via mitotic catastrophe through abrogation of the 

G2/M checkpoint [1]. Wee1 inhibition not only potentiates the effectiveness of DNA-

damaging reagents or IR for chemo- or radiotherapy-refractory GBM cells in vitro, but it 

also leads to tumor regression in an in vivo mouse xenograft model [1]. Furthermore, the 

fact that Wee1 expression correlates with GBM patient prognosis suggests that Wee1 

could potentially be a clinically useful biomarker [1]. 

 While glioblastoma is the most aggressive primary brain tumor in adults, 

medulloblastoma is the most prevalent brain tumor in children. Similar to glioblastoma, 
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medulloblastoma also arises from the cerebellum but comparatively much less is defined 

of its genetics and biology. So far, only limited insights have been gained into this 

aggressive pediatric tumor mainly due to the small patient population and the difficulty of 

conducting clinical trials in children. The standard of care for medulloblastoma includes 

tumor resection followed by IR [30]. Although this treatment regimen has resulted in an 

overall 5-year survival rate approaching 80%, the survivors often struggle with life-

devastating side effects of the high-dose treatments such as cognitive impairment [31, 32]. 

Therefore, efforts are needed to identify targeted therapies that will reduce the long-term 

health impacts of high dose chemotherapy/ IR in patients. Despite the previous study 

demonstrating upregulation of Wee1 expression in high-grade GBM compared to non-

tumor samples, whether Wee1 protein level varies among the heterogeneous glioma 

patients remains unknown and whether it plays a role in medulloblastoma is also unclear. 

It is also not known whether Wee1 protein abundance is a determinant of the 

chemoresponsiveness of brain tumors. Given the heterogeneous nature of the brain tumor 

patient population and previous findings by other groups describing the role of Wee1 

inhibition in synergistic anti-tumor activity with chemotherapies [33-36], we hypothesize 

that Wee1 expression level may be an important determinant of the chemosensitivity of at 

least of a subset of brain tumors.  

In this study, we have found that PRMT5 regulates Wee1 protein abundance in a 

mammalian cell culture system. Additionally, we found that Wee1 protein expression 

varies enormously from patient-to-patient across brain tumor samples and that the 

variation underlies the differential responsiveness of brain tumor cells to chemotherapies. 

Therefore, Wee1 may contribute to the individual variability of brain patients’ 
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responsiveness to chemotherapies and can be potentially used as a biomarker for 

personalized targeted therapy.  
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CHAPTER2: Materials and Methods 

2.1 Cell Lines and Culture Conditions 

The human desmoplastic cerebellar medulloblastoma DAOY cells, the human 

glioblastoma A172 cells and the human glioblastoma U-87MG cells were ordered from 

the Cell Culture Facility at Duke University. The cells were cultured in Dulbecco’s 

Modified Eagle Medium supplemented with 1% sodium pyruvate, 1% Non-essential 

Amino Acids, 1% antibiotics and 10% fetal bovine serum (FBS) for maintenance. 293T 

cells and HeLa cells were grown in Dulbecco’s Modified Eagle Medium supplemented 

with 10% fetal bovine serum (FBS) and 10% antibiotics. The cell lines were split and 

subcultured every 2-3 days depending on their growth rate to maintain a 70%-80% 

confluence in the culture dish. Subculturing of the cells was performed by removing the 

media and washing with phosphate buffered saline (PBS), followed by rinsing with 0.05% 

trypsin-EDTA solution until the cells detached. The cells were then dispensed into new 

culture dishes with fresh media. D-425MED cells, D556-MED cells and D-487MED 

cells are all suspension cell lines. They were grown in Gibco Improved MEM Zinc 

Option (1X) supplemented with 20% fetal calf serum in a 25cm
2 

flask until growing well 

to form cell clusters before the concentration of the fetal calf serum is reduced to 10%.  

All the cell lines were grown in a humidified atmosphere containing 5% CO2 at 37
o
C. 

Preparation of Protein Lysate from Whole Cell or Brain Tumor Samples 

Human brain tumor samples were obtained from patients at the Robert-Tisch Brain 

Tumor Center at Duke University. There were eight medulloblastoma specimens derived 

from children; and ten glioblastoma multiforme specimens from adult patients. All of the 
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specimens were snap-frozen in liquid nitrogen until use. The samples were first ground in 

Eppendorf tubes containing radioimmunoprecipitation assay buffer (RIPA) with a 

homogenizer and sonicated two times to break up the connective tissues. The 

homogenized brain tumor specimens were then put on ice for 30 min to allow for lysis 

and preparation of protein lysates. The  RIPA buffer contained 50mM TRIS (pH 7.5), 1% 

NP40, 0.25% sodium deoxycholate, 0.1% SDS, 1mM EDTA and 150mM NaCl, 

supplemented with the protease inhibitors 0.1mM PMSF and 10ug/ml aptotinin/leupeptin 

and the phosphatase inhibitors 1mM NaF and 1mM Na3VO4. The extracts were cleared 

by centrifugation at 14,000 rpm for 15 min at 4
o
C. Similarly, whole cell lysates were 

prepared by lysing cells in RIPA buffer. The concentration of the protein lysate was then 

determined via Bradford assay by using bovine serum albumin to plot the standard 

concentration curve. 

2.2 Immunoblotting 

Equal amounts of the total protein lysates were loaded on a 10% polyacrylamide gel at 

50mg per lane for each sample and subjected to separation by SDS-PAGE. After 

electrophoresis, the proteins were then transferred at 80V for 150 min to polyvinylidene 

difluoride (PVDF) (Invitrogen, Grand Island, NY) membranes that had been pre-rinsed 

and activated with methanol. Blots were blocked with 5% BSA in PBS-0.1% Tween-20 

or TBS-0.1% Tween-20 at room temperature for 30 min. Primary antibody incubations 

were performed in blocking solution at 4
o
C overnight with antibodies specific to the 

proteins of interest, followed by 4 washes with PBST or TBST, 10 min per wash. Bound 

antibodies were detected with goat anti-rabbit or goat anti-mouse secondary fluorescence 
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antibodies at 1:10,000 dilutions. The amount of protein was assessed by scanning the 

membranes on Licor machine and quantifying the fluorescence intensity.  

2.3 Antibodies and Reagents 

For detection of endogenous Wee1 and PRMT5 protein in various cell lines, rabbit 

polyclonal anti-Wee1 (Cell Signaling, #4396) or rabbit polyclonal anti-PRMT5 

(Millipore, 07-405) were used at 1:1000 dilution in 5% BSA dissolved in PBST. 

Phospho-Cdk1 (Y15) (Cell Signaling, #9111) was used at 1:1000 dilution in 5% BSA 

dissolved in TBST. Mouse monoclonal beta-actin antibody (Abcam, ab8224) was used as 

a loading control for western blotting. A c-Myc antibody (Santa Cruz, 9E10; sc-40) was 

applied for immunoprecipitation of proteins with myc epitopes in the pull-down assay at 

4ug for each sample. A caspase-3 antibody (Cell signaling, #9662) that recognizes both 

the full length and the large fragment of the cleaved protein was used for immunoblotting 

as a readout of cell death. Secondary Odyssey IRDye 800CW Goat anti-Mouse IgG (H+L) 

and AlexaFluor 680 Goat anti-Rabbit IgG (H+L) were used at a final concentration of 

2ug/ml each for western blotting. 

The Wee1 selective inhibitor MK1775 (Selleckchem, S1525) and the broad-spectrum 

tyrosine-kinase inhibitor PD166285 (Calbiochem, 513028) were used for inhibiting Wee1 

across the different cell lines at the concentrations indicated. The etoposide (Sigma-

aldrich, 33419-42-0; E1383) and temozolomide (Sigma-aldrich, 85622-93-1; T2577) 

were dissolved in DMSO before being administered to treat the cells.  
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2.4 Flow Cytometric Analysis of Cell Death 

Medulloblastoma or glioblastoma cells treated with DNA-damaging chemotherapies 

including temozolomide and etoposide in conjunction with titrations of Wee1 broad-

spectrum inhibitor PD166285 or selective inhibitor MK1775 in 6-well cell culture plate 

as indicated were harvested 48 hours or 72 hours after treatment. For flow cytometric 

analysis of adherent cell lines, cells were trypsinized, washed once with PBS, pelleted at 

500 rpm for 5 minutes and analyzed for cell death with propidium iodide (PI) staining. A 

3uM PI solution was made by diluting the 1mg/ml (1.5mM) stock solution 1:500 in 

1×PBS and a volume of 350ul diluted PI solution was mixed with each cell sample to 

resuspend the pellet. The resuspended cell pellets were immediately placed on ice and 

analyzed by flow cytometry before the dye diminished. The percentage of PI-positive 

cells was determined by the Cell Quest Software, and the data were harvested from at 

least 10,000 thousand cells.  

2.5 Immunoprecipitation  

Protein lysates were prepared by incubating 293T cells on ice in  co-Immunoprecipitation 

buffer (20mM HEPES PH7.4, 150mM NaCl, 12.5mM β-glycerophosphate, 1.5mM 

MgCl2, 2mM EGTA, 10mM NaF, 2mM DTT, 1mM Na3VO4, 1mM PMSF, 20uM 

aprotinin, 0.5% Triton X-100) for 30 minutes, followed by centrifugation at 14,000rpm 

for 15min. A volume of 40ul protein A beads was prewashed with co-

immunoprecipitation buffer for three times one day prior to co-immunoprecipitation and 

pre-incubated with the PRMT5-specific antibodies or with rabbit IgG antibodies as the 

negative control at 4
o
C overnight. Each sample (800ug in 200uL) was then incubated 

with the antibody-bound protein A beads. The protein A beads and the lysate mixture 
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were then rotated at 4
o
C for 4 hours, washed for 4 times before being mixed with 40ul 2× 

loading buffer and boiled at 90
o
C.  

2.6 RNA-Interference (RNAi) 

Cells grown in 10cm cell culture dishes were trypsinized and plated into 6-well plate the 

day before siRNA transfection to arrive at 30% of confluence by the time of transfection. 

RNAi interference of the Wee1 gene in various cell lines was carried out by transient 

transfection following the Invitrogen Lipofectamine RNAiMax transfection protocol of 

Wee1-specific siRNAs (Life technologies Silencer-Select, #4390824) with MISSION 

siRNA Universal Negative Control (Sigma-aldrich, SIC001) as the control. Cells were 

either harvested for immunoblotting or treated with DNA-damaging reagents 72 hours 

after the transfection. Pilot studies were established to transfect the cells with titrations of 

Wee1-siRNA to identify the optimal siRNA concentration that could efficiently 

knockdownWee1 without causing notable cytotoxicity. PRMT5-specific siRNAs 

(Dharmacon ON-TARGET plus PRMT5 siRNA, LU-015817-00-0002) were used to 

transfect HeLa cells or brain tumor cell lines in the same manner as described above. The 

cells were incubated for 72 hours after transfection and then subjected to immunoblotting 

for Wee1 protein expression. 

2.7 Transfection of pCDNA3-myc-Wee1 into 293T Cells  

Transfection of DNA plasmids into the 293T cells was carried out by following the 

Roche X-tremeGENE 9 DNA transfection protocol. Briefly, 293T cells were plated into 

6cm cell culture dish the night before transfection to obtain 70%-80% of confluence the 

next day. pCDNA3-myc-Wee1 (2.5ug) was mixed with 7.5ul of the X-treameGENE9 

transfection reagent in 250ul of Opti-MEM reduced serum media. The transfection mix 



13 
 

was incubated at 25
 o

C for 15 min before being added to 4.75ml DMEM media of 293T 

cell culture. Following transfection, the cells were incubated for 24 hours and then treated 

with the proteasome inhibitor MG132 for 8 hours or with 10uM Etoposide for a time 

course (6 hours, 12 hours, 24 hours) before harvesting.  

2.8 Statistical Analysis 

Patient survival was evaluated using the Kaplan-Meier method and the log-rank test was 

performed for group comparison. Significance was set at P<0.05. 
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CHAPTER3: Results 

3.1 Wee1 protein levels vary greatly between brain tumor samples  

Previously, by performing an in silico analysis of the kinase gene expression profile of a 

variety of tumors, Wurdinger et al. found that Wee1 kinase mRNA is significantly 

overexpressed in glioblastoma [1]. Consistent with this data, our collaborator John 

Sampson corroborated the elevated expression of the Wee1 gene in glioblastoma tumor 

samples by analyzing the public GBM database Repository for Molecular Brain 

Neoplasia Data (REMBRANDT). Making use of two sets of probes complementary to 

the Wee1 sequence denoted by the red and blue bars respectively, they found that the 

expression level of Wee1 is significantly higher in the glioblastoma patients as compared 

(Fig 1). The median expression intensity of Wee1 in GBM is 8 times that of the non-

tumor tissue.  While Wee1 mRNA expression is also upregulated in low-grade 

astrocytoma and brain tumors of other origins such as oligoastrocytomas and 

oligodendroglioma, the upregulation is not as remarkable as in GBM. However, it was 

unclear whether the upregulation of the Wee1 transcript level also mirrors the change in 

its protein expression in these glioblastoma samples. To address this question, we 

obtained a panel of glioblastoma samples from the Robert-Tisch Brain Tumor Center at 

Duke and lysed the samples to extract the proteins and used western blotting to examine 

Wee1 protein expression. Surprisingly, although Wee1 mRNA expression in 

glioblastoma was previously shown to increase with tumor grade by other labs, our lab 

observed a great variation in Wee1 protein expression within high-grade gliomas across 

patient-derived xenograft brain tumor samples by immunoblotting using a Wee1-specific 

antibody (Fig 2). The samples were numbered to distinguish between different patient 
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individuals; while sample 0279, 0499, 0005 and 0500 demonstrated high Wee1 protein 

expression, Wee1 protein expression is almost negligible in 0002, 0613 and 0619. The 

other three samples, 0211, 0627 and 0446 displayed intermediate Wee1 protein levels. 

Furthermore, this finding also extends to medulloblastoma, as indicated by the variation 

of Wee1 expression across samples. While xenograft samples 283, 341, 234, 640 and 487 

exhibited high Wee1 protein expression, Wee1 protein was barely detectable in 425, 556 

and DAOY-derived xenografts. We have also obtained preliminary data showing Wee1 

protein expression varies greatly across a panel of glioblastoma and medulloblastoma cell 

lines (Fig 3). By immunoblotting for Wee1 protein in three glioblastoma cell lines that 

we have obtained from the Cell culture Facility at Duke, we found that A172 cells have 

the highest Wee1 protein expression. In contrast, U-87MG cells have the lowest Wee1 

protein abundance and T98G cells show intermediate Wee1 protein expression as 

compared. In accordance with the data in patient-derived xenograft medulloblastoma 

samples, Wee1 protein expression is the lowest in DAOY compared to other two cell 

lines D341 and D283. However, in contrast to what we observed in patient-derived 

xenograft brain tumor samples, the D283 cells exhibited slightly higher Wee1 protein 

expression than the D341 cells (Fig 3). 

3.2 Wee1 abundance is governed by PRMT5 in brain tumor cells  

Our lab has previously found that in Xenopus egg extract, Hsl7, the Xenopus homolog of 

mammalian arginine methyltransferase PRMT5 regulates the abundance of Xenopus 

Wee1 protein. By binding to Wee1 protein, Hsl7 shortens the half life of Wee1 protein 

and promotes Wee1 degradation which can be inhibited by treating cells with MG132, a 

proteasome inhibitor. The binding between PRMT5 and Wee1 is disrupted upon DNA 
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damage, but overexpression of PRMT5 is able to override the DNA replication 

checkpoint[15]. Since the Xenopus system has been shown to be an evolutionarily 

conserved model for studying mammalian molecular regulatory pathways, we 

investigated whether mammalian PRMT5 also functions to regulate Wee1 in human cell 

lines.  

To address this question, we first obtained mouse primary medulloblastoma tumor 

samples from Dr. Robert Wechsler-Reya’s lab and immunoblotted for the expression of 

endogenous PRMT5 and Wee1 proteins.  Intriguingly, we observed an inverse correlation 

between Wee1 and PRMT5 protein expression. The Wee1 protein expression diminished 

with increased expression of PRMT5 in primary medulloblastoma tumor samples and 

vice versa (Fig 4). While a gradual increase in Wee1 protein expression was detected in 

mouse medulloblastoma samples from sample 1 to 5, there was a concomitant decrease of 

PRMT5 protein abundance in these samples. To understand whether this correlation 

reflects a causative link between PRMT5 and Wee1 levels, we proceeded to examine 

whether Wee1 expression is directly regulated by PRMT5. 

To determine whether PRMT5 exerts control on Wee1 protein levels, we used PRMT5-

specific siRNAs to knock down the expression of PRMT5 mRNA in HeLa cell lines and 

then immunoblotted samples for Wee1 protein. As we predicted, we observed Wee1 

protein upregulation expression in HeLa cells lacking PRMT5. To determine if this also 

held true in brain tumor cell lines, we repeated the experiments with both 

medulloblastoma and glioblastoma cells, including the A172, U-87MG and DAOY cell 

lines. PRMT5 expression was knocked down as described in the Materials and Methods, 

and over 50% knockdown efficiency was achieved. As with the HeLa cells, Wee1 levels 
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appeared to be linked to the levels of PRMT5 (Fig 5). In brain tumor cells where PRMT5 

protein expression was ablated, Wee1 protein abundance increased significantly. Taken 

together, these findings suggest that similar to the Xenopus egg extract system, Wee1 

protein abundance is subject to regulation by PRMT5 in mammalian cultured cells.  

3.3 PRMT5 regulates Wee1 abundance both transcriptionally and post-

transcriptionally 

In the literature, the role of PRMT5 in regulating the transcription of multiple genes has 

been well defined. Previously, PRMT5 has been implicated in the post-translational 

modification of histones to modify the chromatin structure, resulting in an alteration of 

access to transcription factors at the promoter region of multiple genes [21, 22, 37]. 

Parallel studies have also shown that PRMT5 co-immunoprecipitates in association with 

transcription factor complexes and acts as a transcriptional co-regulator (activating or 

repressing gene transcription depending on the context) [38-40]. 

To assess whether PRMT5 regulates Wee1 gene expression on a transcriptional level, we 

knocked down the expression of PRMT5 by siRNA in HeLa cells and performed a semi-

quantitative PCR to track the RNAi efficiency, using levels of house-keeping gene 

GAPDH as an internal control. The RNAi caused greater than 90% knockdown of 

PRMT5 and interestingly, we saw a notable increase of Wee1 transcription in the absence 

of PRMT5 (Fig 6). In cells transfected with PRMT5 siRNA, the Wee1 mRNA level was 

5-fold higher than seen in the control scramble-siRNA transfected cells, suggesting that 

PRMT5 might directly control Wee1 transcription. Lending further support to this 

hypothesis, we have also detected an enrichment of PRMT5 protein at the Wee1 gene 

promoter by performing chromatin immunoprecipitation (ChIP) in HeLa and DAOY cells. 
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The transcription start site of the Wee1 gene has been previously characterized [26, 41, 

42]. The -1100bp 5`-flanking region of the Wee1 promoter lacks the typical TATA-box 

but instead harbors binding sites for a number of transcription factors, including GC-

boxes, c-myc binding site, zinc-finger/POZ domain and the SP1/Core promoter binding 

protein motif. However, the proteins that dock further upstream of the characterized 

1100bp of the Wee1 promoter to regulate Wee1 gene transcription are less clear. When 

chromatin from pEGFP-PRMT5 transfected cells was immunoprecipitated using a GFP-

specific antibody and PCR-amplified with pairs of primers complementary to the Wee1 

gene promoter region, the ~4.5Kb and ~2Kb DNA upsteam of the Wee1 transcription 

start site were significantly enriched compared to control cells transfected with pEGFP 

empty vectors in both HeLa and DAOY cells. To examine whether PRMT5 localization 

at the Wee1 promoter region is responsive to genotoxic stress, we treated the cell lines 

with DNA-damaging agent hydroxyurea for 16 hours prior to ChIP assay.  Interestingly, 

hydroxyurea treatment caused a further enrichment of PRMT5 from baseline level at the -

2Kb but not -4.5 Kb region of the Wee1 promoter only in HeLa cells. No enrichment was 

visualized in DAOY cells exposed to hydroxyurea (Fig 7). The regulatory pathways that 

contribute to the discrepancy between these two cell lines merit further investigation. But 

taken together, these data suggest that PRMT5 may be localized at the Wee1 promoter 

region to regulate Wee1 transcription. 

To determine whether PRMT5 may also modulate Wee1 at a post-transcriptional level, 

we first assessed the protein-protein interactions between them. By immunoprecipitating 

endogenous PRMT5 protein and immunoblotting exogenously-transfected myc-tagged 

Wee1, we have found a physical interaction between Wee1 and PRMT5 (Fig 8). While 
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no protein interactions were detected using a control IgG antibody, immunoprecipitating 

PRMT5 protein with a PRMT5-specific antibody enabled us to pull down Wee1 protein. 

Furthermore, the interaction between PRMT5 and Wee1 is strengthened upon treatment 

with MG132, a proteasome inhibitor that inhibits cellular protein degradation. To 

determine whether this interaction is subject to the control by DNA damage-activated cell 

cycle checkpoint as in the Xenopus egg extract,  we transfected 293T cells with myc-

tagged Wee1 and then treated the cells with the DNA-damaging agent etoposide at 10uM, 

which has been shown to cause only DNA damage but not cell death of 293T cells. 

Endogenous PRMT5 was pulled down using a PRMT5-specific antibody and Wee1 

protein levels were detected by immunoblotting with a myc-specific antibody. As 

expected, Wee1 protein co-immunoprecipitated with PRMT5 under basal conditions and 

similar interaction strength was detected in the presence of etoposide incubation for 6 

hours or 12 hours. However, prolonged treatment with etoposide for up to 24 hours 

disrupted the physical interaction between PRMT5 and Wee1 (Fig 9). Together, these 

results may imply that PRMT5 also governs Wee1 protein abundance or function post-

translationally in the mammalian cells and that this interaction may play a role in Wee1 

stabilization in response to DNA damage. Intriguingly, depite the inverse correlation we 

have detected between PRMT5 and Wee1 protein expression in mouse primary 

medulloblastoma samples, no similar trend was observed in the brain tumor cell lines. 

While the Wee1 protein levels varied greatly across GBM cell lines, the PRMT5 protein 

abundance was relatively indistinguishable from one cell line to another (Fig 10).  
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3.4 PRMT5  level is associated with the clinical outcomes of brain tumor patients 

Previously, Wurdinger et al. has shown that Wee1 expression level in GBM correlates 

with patient survival. While high Wee1 is associated with poor prognosis and low 

survival, patients with low Wee showed a longer median survival time [1]. Confirming 

their findings, our collaborator Dr. John Sampson has also identified a similar pattern of 

correlation of Wee1 with patient survival by analyzing the microarray data available on 

the REMBRANDT database.  

Given the the regulation of Wee1 protein abundance by PRMT5 as described above, we 

reasoned that the expression level of PRMT5 might be also clinically relevant in GBM 

patients. Making use of the GBM datasets at the REMBRANDT microarray platforms, 

Dr. John Sampson has shown that PRMT5 expression is also upregulated in GBM 

patients compared to non-tumor samples although not as significantly as the Wee1 

overexpression. This suggests that, although the expression wasn’t seen to be variable in 

cells in culture, it may vary in primary patient tumors. Furthermore, a correlation between 

PRMT5 mRNA level and patient survival was observed. Patients were stratefied into 

different groups on the basis of PRMT5 expression: those with high PRMT5 (2× 

upregulated), low PRMT5 (2×downregulated) and the rest were classsified as 

intermediate PRMT5 expression. Interestingly, we found that high tumor PRMT5 

expression significantly correlated with better patient survival (3000-3500 days). 

Conversely, low PRMT5-expressing GBMs exhibited a worse prognosis and shorter 

median survival time (<1000 days), which is consistent with the Wee1 expression 

correlation with survival (Fig 11). Taken together, these data support the hypothesis that 

PRMT5 regulation of Wee1 may affect the clinical outcome of GBM patients.  
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3.5 Wee1 level variation determines the chemosensitivity of brain tumor cell lines in 

vitro   

 Wee1 inhibition has been shown to increase the sensitivity of glioblastoma to IR- or 

chemotherapy[1]. However, the biological significance of the Wee1 protein expression 

variation between brain tumor patient samples that we have observed required further 

investigation. In contrast to glioblastoma, medulloblastoma is marked by a very small 

patient population; there are relatively few cases each year and there has been only a 

limited understanding of the molecular or cellular circuits that could be harnessed to 

improve the therapeutic effectiveness. Due to the lack of a public database for 

medulloblastoma, it is both a daunting and challenging task to understand the correlation 

between Wee1 expression and patient outcomes. However, as a first step, we wished to 

utilize different human medulloblastoma cell lines to see if we could clarify the role of 

Wee1 in the response of medulloblastoma to conventional chemotherapeutic treatments. 

To determine whether Wee1 protein abundance affects the chemoresponsiveness of 

various brain tumor cell lines to DNA-damage inducing reagents, we treated the cells 

with a Wee1 inhibitor in conjunction with chemotherapies and performed PI staining 

followed by flow cytometry to assess whether the Wee1 protein level variation would 

also translate into distinct responsiveness to chemotherapies. To begin with, we selected 

two medulloblastoma cell lines DAOY and D283, which have low and high Wee1 protein 

expression, respectively. Inhibiting Wee1 with the broad-spectrum tyrosine kinase 

inhibitor PD166285 (which inhibits Wee1) enhanced the chemosensitivity of 

medulloblastoma cells with high Wee1, but not those with low Wee1 (Fig 12). Due to the 

suspension nature of the Wee1 high-expressing D283 cells, they display a high baseline 

of cell death but nonetheless show a significant synergy in potentiating the killing effect 
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of etoposide upon co-treatment with the Wee1 inhibitor PD166285. In contrast, the effect 

of the combination treatment on DAOY cells with low Wee1 expression was negligible. 

Furthermore, immunoblotting with an antibody that recognizes both the full-length and 

the cleaved forms of Caspase3, we observed a slight increase in Caspase3 cleavage in 

D283 cells treated with both 1uM etoposide and 25nM PD166285. The elevation of 

Caspase3 cleavage diminished again as the concentration of PD166285 further increased, 

possibly due to protein degradation as a result of prolonged cell death by the time the 

samples were collected (or because of effects on other targets). However, no similar 

changes with Caspase3 cleavage were observed in DAOY cells exposed to the 

combination therapy, indicating the activation of apoptotic programs only in D283 cells 

but not DAOY cells (Fig 13). Due to previous reports suggesting the promiscuity of the 

broad-spectrum Wee1 inhibitor PD166285, we also used RNAi to specifically knock 

down Wee1 in order to exclude off-target effects of the drug. We found that treating 

GBM cell lines with the promiscuous Wee1 inhibitor PD166285 only sensitized cells 

with high Wee1 expression to death but not those expressing low Wee1. However, it 

remained unclear whether this effect was specifically dependent on Wee1. To test this, a 

Wee1-high A172 GBM cell line and a Wee1-low U-87MG GBM cell line were selected 

to knock down Wee1 via RNAi followed by treatment with the GBM standard of care 

agent, temozolomide. We discovered that silencing Wee1 by RNAi sensitizes Wee1-high 

but not Wee1-low glioblastoma cells to temozolomide (Fig 14). As an alkylating agent, 

temozolomide has been shown to induce G2/M arrest of malignant GBM cells but only 

have limited effects in causing apoptosis [43]. To test the possibility that Wee1 protein 

expression might determine the differential sensitivity of GBM cells to temozolomide, we 
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transfected GBM cells with Wee1-siRNA or control scramble-siRNA and 48hours after 

transfection, we treated the cells with temozolomide at the clinically achievable dose 

100uM for 3 days. While Wee1 knockdown led to a greater than 10% increase in cell 

death for Wee1-high A172 cells in the presence of temozomomide compared to control 

knockdown cells, no synergistic effects were observed in Wee1 low-expressing U-87MG 

cells. To examine whether the other Cdk1 inhibitory kinase Myt1 also has similar 

synergistic anti-tumor activity in the GBM cells, we knocked down Myt1 mRNA by 

RNAi in Wee1 high-expressing A172 cells, followed by treatment with 100uM 

temozolomide for 3 days. Intriguingly, although Wee1 knockdown alone significantly 

enhanced the potency of temozolomide, no increase in cell death was observed in Myt1 

knockdown cells (Fig 15), suggesting that the cells were dependent on Wee1 but not My1 

to override the DNA damage-induced G2/M arrest and undergo cell death. 

To determine whether this finding could be extended to medulloblastoma cells, we also 

attempted to knock down the Wee1 gene in the medulloblastoma cell lines and examine 

the synergy with etoposide in sensitizing the cells to death. However, all the high Wee1-

expressing medulloblastoma cell lines we have were suspension cell lines and thwarted 

our efforts to achieve effective Wee1 RNAi without causing significant cytotoxicity.  

To overcome this problem, we treated the DAOY cells with MK1775, a small-compound 

selective inhibitor of Wee1 currently in phase I clinical trials for ovarian cancer. MK1775 

has been shown previously to sensitize p53-deficient solid tumors to DNA-damaging 

agents [35, 36, 44, 45]; it has also been described to show single-agent antitumor activity 

for sarcomas independent of p53 status. Treating D-MED425 cells with MK1775 

effectively inhibited Wee1 activity as indicated by the reduction of Cdk1 phosphorylation 
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at tyrosine15 residue without causing cytotoxicity (Fig 16). MK1775 at 150nM 

effectively suppressed the Wee1 protein activity, while the cell death levels remained 

indistinguishable from the non-treated control. Likewise, treating D-MED487 cells with 

MK1775 alone did not cause cell death within the tested dosing range of MK1775 up to 

5uM, which is far beyond the effective concentration to inhibit Cdk1Tyr15 

phosphorylation (Fig 17). Importantly, while MK1775 treatment sensitized the D-

487MED cell line with high Wee1 to etoposide-induced cell death, only minimal 

synergistic effect was observed for D-425MED cells subject to combination therapy (Fig 

17). These results imply that Wee1 protein levels may determine the chemosensitivity of 

brain tumor cells and inhibiting Wee1 might be beneficial for the induction of cell death 

in brain tumors.  
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Figure1 Wee1 mRNA expression is upregulated in brain tumors. Two sets of probes 

212533_at and 215711_s_at were used to examine Wee1 transcription level in a variety 

of brain tumors including low-grade astrocytoma, GBM(grade IV astrocytoma), mixed 

oligoastrocytomas and oligodendroglioma. All the data were obtained from the public 

brain tumor database REMBRANDT and the Wee1 gene expression level was quantified 

by median expression intensity.   

 

 

 

 

Figure2 Wee1 protein abundance varies in patient-derived xenograft brain tumor 

samples. Wee1 protein expression levels in a panel of patient-derived xenograft 

glioblastoma and medulloblastoma samples were determined by western blotting. The 



26 
 

protein expression was assessed by scanning the membrane on Licor machine and 

quantifying the fluorescence intensity.    

 

 

 

 

Figure3 Wee1 protein levels vary in both glioblastoma and medulloblastoma cell 

lines. Wee1 protein expression was determined by immunoblotting in both glioblastoma 

cell lines (A172, T98G, U-87MG) and medulloblastoma cell lines (DAOY, D341 and 

D283). Beta-actin was used as a loading control.  
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Figure4 Wee1 and PRMT5 are inversely related in primary mouse medulloblastoma. 

Both Wee1 and PRMT5 protein levels were determined by western blotting in mouse 

primary malignant brain tumor samples, with beta-actin as the loading control. The 

increase of Wee1 protein levels was accompanied by a concomitant diminution of 

PRMT5 abundance in the samples. 
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Figure5 PRMT5 knockdown in HeLa and brain tumor cells leads to the increase of 

Wee1 protein levels. Cell lines indicated above were transfected with 50nM PRMT5-

siRNA (Dharmacon SMARTPOOL) or control scramble-siRNA and incubated for 72 

hours before harvesting. The change of Wee1 protein expression and efficiency of 

PRMT5 knockdown was verified by western blotting.  

 

 

 

 

Figure6 PRMT5 represses Wee1 transcription. HeLa cells were transfected with 

50nM PRMT5-siRNA with scramble-siRNA as the control and the cells were 

subsequently harvested 3 days post transfection for semi-quantitative PCR. The PRMT5 

and Wee1 gene were reverse transcribed before being PCR amplified and subjected to 

DNA gel electrophoresis for quantification of the expression level. 
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Figure7 PRMT5 is enriched at the promoter region of Wee1 gene. Both HeLa and 

DAOY cells were transfected with pEGFP empty vector or pEGFP- PRMT5 plasmids 

(then treated with DMSO or hydroxyurea). A chromatin immunoprecipitation (ChIP) 

assay was then performed using GFP-specific antibodies. Primers complimentary to the 

4.5Kb and 2Kb DNA fragments upstream of Wee1 gene transcription start site were used 

to amplify the Wee1 promoter region. The precipitation relative to input ratio was 

quantified along the y-axis. Note that PRMT5 localization is enriched at the Wee1 

promoter in both cell lines and the relative precipitation value increases further with 

hydroxyurea treatment in HeLa cells but not DAOY cells. 
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Figure8  Wee1 and PRMT5 proteins co-immunoprecipitate in 293T cells. 293T cells 

were transfected with pcDNA3-myc-Wee1 plasmids; 24 hours after transfection, the cells 

were treated with MG132 for 8 hours. PRMT5 was pulled down using a PRMT5-specific 

antibody (Millipore) and Wee1 protein was immunoblotted by western blotting with a 

myc-specific antibody. Rabbit IgG antibody was used as a negative control to eliminate 

false positives. The binding between Wee1 and PRMT5 proteins was enhanced by 

MG132 treatment.  

 

 

Figure9 Interaction between PRMT5 and Wee1 protein is weakened upon 

prolonged treatment of Etoposide 10uM for 24 hours. 293T cells transfected with 

pcDNA3-myc-Wee1 plasmids were treated with DMSO as control or 10uM etoposide for 
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6 hours, 12 hours and 24 hours respectively. PRMT5 was then immunoprecipitated from 

the control- or etoposide-treated cells and Wee1 abundance was determined by western 

blotting with a myc-specific antibody. As shown above, short-term etoposide treatment 

doesn’t affect the PRMT5 binding to Wee1. However, the interaction between PRMT5 

and Wee1 was weakened by prolonged Etoposide treatment for up to 24 hours.  

 

 

Figure10 PRMT5 protein expression levels are comparable among the different 

glioblastoma cell lines examined. PRMT5 protein abundance in A172 cells, T98G cells 

and U-87MG cells were determined by western blotting with beta-actin as a loading 

control. 
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Figure11 PRMT5 overexpression in GBM is correlated with clinical outcome. 

PRMT5 expression level was determined in a variety of brain tumors by analyzing the 

public data available at REMBRANDT database. The datasets were stratified into three 

groups based on the PRMT5 expression level compared to non-tumor controls: high 

PRMT5 (2×upregulation), low PRMT5 (2×downregulation) and intermediary. Kaplan-

Meier survival curves were plotted divided on the basis of PRMT5 expression. 

Correlation between PRMT5 expression level and clinical outcomes were determined by 

log rank t-test, p<0.05.  

 

 

Figure12 Broad-spectrum Wee1 inhibitor PD166285 sensitizes medulloblastoma 

cells with high Wee1 but not those with low Wee1 to etoposide. Wee1 low-expressing 

DAOY cells and Wee1 high-expressing D283 cells were treated with 1uM etoposide in 

conjunction with titrating doses of PD166285 for 48 hours before harvesting. PI staining 

was carried out and flow cytometry was performed to quantify cell death. Wee1 inhibitor 

causes a synergistic effect in cell death in only D283 cells but not DAOY cells.  
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Figure13 Wee1 inhibition in the presence of Etoposide stimulates Caspase3 cleavage 

in D283 cells but not DAOY cells. Both cell lines were treated with etoposide (0.5uM or 

1uM) in conjunction with titrations of Wee1 inhibitor PD166285 for 48 hours. The cells 

were subsequently harvested and subjected to western blotting to determine the activation 

of Caspase3 with an antibody that recognizes both full-length form and the cleaved form 

of Caspase3. Note a slight increase in Caspase3 cleavage in D283 cells but not DAOY 

cells. 
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Figure14 Wee1RNAi sensitizes GBM cells with high Wee1 rather than GBM cells 

with low Wee1 to temozolomide. Wee1 low-expressing U-87MG cells or high-

expressing A172 cells were transfected with 50 nM Wee1-siRNA or control scramble-

siRNA and incubated for 48 hours before treatment with 100uM temozolomide for 

another 72 hours. The cells were subsequently subjected to PI staining and flow 

cytometry analysis to evaluate the role of Wee1 inhibition on cell death. Wee1 

knockdown enhances the apoptosis in A172 cells but not U-87MG cells. 

 

 

 

Figure15 Wee1 knockdown but not Myt1 knockdown sensitizes Wee1-high A172 

cells to the GBM standard of care agent temozolomide. A172 cells were transfected 

with 10nM Wee1-siRNA alone, 20nM Myt1-siRNA alone or in combination. Scramble 

control-siRNA (Sigma-Aldrich, Saint Louis, MO) at 10nM was used as the negative 

control. All the siRNAs were incubated with A172 cells for 48 hours after which the cells 

were treated with 100uM temozolomide for 72 hours. The cells were then harvested, 



35 
 

stained with PI and subjected to flow cytometric analysis. Note that the cell death levels 

in the presence of Myt1 knockdown alone and temozolomide was indistinguishable from 

control. Wee1 knockdown alone caused a synergy with temozolomide and no similar 

effect was observed in the Wee1/Myt1 double knockdown group possibly as a result of 

high baseline cell death caused by RNAi toxicity. 

 

 

Figure16 MK1775 effectively inhibits Cdk1Tyr15 phosphorylation without causing 

cell death. D-MED425 cells with low Wee1 expression and D-MED487 cells with high 

Wee1 expression were treated with titrations of Wee1 selective inhibitor MK1775 for 48 

hours. The cells were then divided into 2 groups- one for PI staining and flow cytometry 

to analyze cell death, and the other one for western blotting to assess Wee1 protein 

activity using p-Cdk1Tyr15 as an indicator. MK1775 effectively inhibits Wee1 kinase 

activity without causing significant cytotoxicity.  
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Figure17 Wee1 selective inhibitor MK1775 sensitizes medulloblastoma cells with 

high Wee1 but not those with low Wee1 to cell death. D-MED425 cells and D-

MED487 cells were treated with sub-lethal dose of etoposide in combination with 

titrating doses of MK1775 for 48 hours before PI staining and flow cytometric analysis. 

MK1775 treatment causes a synergistic effect for etoposide only the Wee1 high D-

MED487 cells but not the Wee1 low D-MED425 cells. However, cell death was saturated 

for D-MED487 cells in the presence of 2uM etoposide due to the cell line’s strong 

sensitivity to the drug.  
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CHAPTER4: Conclusion 

Cells activate checkpoint kinases including ATM, ATR, Chk1/2 and Wee1 in response to 

DNA-damaging reagents to prevent deleterious DNA breakages during DNA replication 

to guarantee the precise transmission of genetic materials into daughter cells. Recently, 

there have been multiple lines of evidence showing that perturbations of the cell cycle 

due to deregulated expression or activation of cyclins and cyclin-dependent kinases 

contribute significantly to tumorigenesis.  In support of the role of Wee1 as a crucial 

gatekeeper of the G2/M transition and thus genomic integrity, Wee1 depletion by siRNA 

transfection has been shown to have deleterious effects on genomic stability, as 

manifested by the accumulation of single-stranded DNA (ssDNA) lesions during DNA 

replication [46]. Wee1 gene expression is also compromised in several types of cancer. 

Both the protein expression and the kinase activity of Wee1 were found to be elevated in 

hepatocellular carcinoma [47]. In addition to human glioblastoma, Wee1 is also 

overexpressed in a subset of breast cancers [48]. 

 Recent efforts have highlighted the possibility of inhibiting Wee1 as an anti-tumor 

therapeutic strategy. The therapeutic utility of Wee1 inhibitor as a monotherapy is 

underscored by the fact that melanoma cells treated with the Wee1 inhibitor PD166275 

abrogated the G2/M checkpoint and underwent premature entry into mitosis. Prolonged 

treatment with the Wee1 inhibitor alone leads to microtubule destabilization and 

apoptosis [49]. Wee1 inhibition has also been found to restore the chemosensitivity of 

p53-deficient colon carcinomas and cervical carcinomas, rendering Wee1 an attractive 

therapeutic target in cancer treatment. Due to the lack of a functional p53 gene, the 

cancer cells lose the G1 checkpoint and have to rely heavily on the G2/M checkpoint 
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when exposed to genotoxic stress. This raises the possibility of selectively targeting the 

cancer cells while maintaining minimal toxicity for nontransformed normal tissues or 

cells as they are still capable of arresting at the G1 checkpoint. While this allows normal 

cells time to repair DNA damage, Wee1 inhibition will only override the G2/M 

checkpoint for cancer cells harboring p53 mutations and sensitize them to death in the 

presence of genomic instability caused by chemotherapies/ IR.  

In this study, we identified three major findings: 1). Wee1 protein abundance varies 

enormously across both high grade glioblastoma and medulloblastoma. This not only 

holds true for the brain tumor cell lines, but is also proved by our results with the 

individual patient brain tumor samples. Although it runs counter to the findings by 

Wurdinger et al.[1], the discrepancy could be attributed to the fact that they didn’t 

analyze the Wee1 expression in multiple brain tumor samples. 2). Following up on our 

lab’s previous finding on the regulation of Wee1 protein by the Xenopus homolog of 

PRMT5 in Xenopus egg extract[15], we demonstrated that this pathway is also 

evolutionarily conserved in a mammalian cell culture system. Furthermore, our data 

suggest that PRMT5 may regulate PRMT5 both on a transcriptional level and post-

transcriptional level. Interestingly, consistent with the link between Wee1 and clinical 

outcomes, we also observed a correlation between PRMT5 expression and prognosis in 

GBM patients. Future studies are needed to obtain more direct evidence on the regulation 

of Wee1 protein stability by PRMT5. One approach is to incubate in vitro translated S
35

-

radiolabeled Wee1 in reticulocyte lysate with cell lysate in the presence or absence of 

PRMT5 and subsequently examine the influence PRMT5 might have on Wee1 protein 

half life. 3). We hypothesized that the variation of Wee1 protein abundance may 
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contribute to the distinct responsiveness of the brain tumor cells to chemotherapies. 

Indeed, our results demonstrated that brain tumor cell lines with varying degrees of Wee1 

protein expression exhibit differential sensitivity when treated with a combination of a 

Wee1 inhibitor and chemotherapies. Altogether, our findings support the concept that 

Wee1 protein level variation may contribute to the chemoresponsiveness of the brain 

tumors and the variation could be exploited for the therapeutic advantage of patients with 

high Wee1 protein expression. Furthermore, we described the possibility of also 

developing PRMT5, the regulator of Wee1 as a prognostic marker and proved the 

promise of a Wee1 inhibition and DNA-damaging agents combination therapy regimen in 

treating medulloblastoma.  

The Wee1 inhibitor and DNA-damaging agent combination therapy regimen has been 

shown to effectively sensitize the glioblastomas to cell death. Although it has been shown 

that Wee1 mRNA expression is upregulated in glioblastomas compared with non-tumor 

patients before, it remains unclear how Wee1 protein abundance may be heterogeneous 

among different tumor patients. In this study, we described the variation of Wee1 protein 

abundance across brain tumors which vary greatly in their chemoresponsiveness 

depending on Wee1 status. While brain tumor cells with high Wee1 level respond 

synergistically to the combination therapy, their counterparts with low Wee1 protein level 

display no synergy in cell death upon Wee1 inhibition compared to chemotherapy 

treatment alone. Future studies need to be done to determine if this also holds true for in 

vivo studies. We are now making efforts to establish mouse xenograft models to test 

whether the chemoresponsiveness of brain tumors is also determined by their Wee1 
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expression level in vivo. Results of these studies will be beneficial for helping us form 

insights on the practical value of the combination therapy in clinical use.  

PRMT5 has been reported to post translationally modify a number of proteins involved in 

tumorigenic pathways of the cell. PRMT5 has been shown to regulate the stability of p53 

and E2F proteins, which translates into important downstream functional consequences 

[19, 23]. Furthermore, PRMT5 overexpression has been found to be a prognostic marker 

for ovarian cancer and also colorectal cancer [23, 50]. Whether PRMT5 expression is 

also an indicator of the clinical outcome of glioblastoma patients, however, still remains 

an open question. Interestingly, we have found that PRMT5 is present at high levels in 

high grade glioblastomas. In contrast to the reported correlation between PRMT5 and 

clinical outcomes in other tumors, our data suggest that PRMT5 high expression occurs 

concomitantly with better glioma patient prognosis. This is not unexpected, because low 

Wee1 expressing glioblastomas have a considerably better prognosis compared to those 

with high Wee1. These results obtained from our in vitro studies on the negative 

regulation of Wee1 expression by PRMT5 would lead us to the hypothesis that tumors 

expressing high PRMT5 and low Wee1 would perhaps be associated with a more 

favorable clinical outcome. Conversely, low PRMT5 levels might contribute to a 

mechanism that stimulates the inhibitory effect of Wee1 on cell cycle progression, and 

thus stronger resistance to chemotherapies. Given these findings, it is likely that 

overexpressing PRMT5 in Wee1-high cells might also confer brain tumor cells 

chemoresponsiveness. This hypothesis requires further proof but the task of 

overexpressing PRMT5 in Wee1-high cells has been especially challenging in our study 

due to the suspension culture of the cell lines. In the future, more efforts will be made to 
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obtain adherent brain tumor cell lines with high Wee1 protein expression to overcome 

this limitation. The protein abundance of PRMT5 will be modulated in these cells by 

overexpression or RNAi knockdown, and the effects on the chemosensitivity of the cells 

will be determined. However, we have preliminary data demonstrating that PRMT5 

overexpression in 293T cells does not significantly alter the Wee1 protein abundance in 

the cell. One possible explanation is that PRMT5 is necessary but not sufficient for Wee1 

protein turnover due to other proteins being the rate-limiting factors of Wee1 degradation 

in the cell. Both in vitro and in vivo studies are needed to validate this hypothesis in the 

future.  

PD166285 is a broad-spectrum inhibitor of Wee1 that also blocks the function of a wide 

range of tyrosine kinases. Although the role of PD166285 in sensitizing cancer cells to 

chemotherapies has been previously described by other groups, the possibility of non-

specificity cannot be discounted [34, 49, 51]. In our study, we took advantage of a highly 

specific Wee1 inhibitor, MK1775, which inhibits Wee1 activity at nanomolar 

concentrations without causing cytoxicity [35, 52]. Interestingly, for Wee1 high 

medulloblastoma cells, while neither MK1775 nor the DNA-alkylating agent etoposide 

alone induced cell death, administering them in conjunction effectively killed the cells. It 

is likely that these cells contain a high level of replication stress and have acquired the 

high Wee1 expression through selective pressure to keep the cell cycle in check so as to 

maintain cell viability. However, upon treatment with a Wee1 inhibitor, cells unleash the 

DNA damage induction and actives the cell death program.  

In aggregate, our study defines the regulation of Wee1 protein abundance by PRMT5 in 

the mammalian cells. Our results demonstrate that PRMT5 is a negative regulator of 
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Wee1 protein expression and that PRMT5 may exert its control on Wee1 protein 

abundance at both the transcriptional level and the post-transcriptional level. We prove 

that Wee1 expression varies enormously in brain tumors and the variation is reflective of 

the individual variability in chemotherapy responses among brain tumor patients. We 

propose that Wee1 inhibition should be leveraged as a drug target for medulloblastoma 

patients depending on their protein abundance. Based on our findings, inhibiting Wee1 

may be particularly relevant for targeted anti-tumor therapy in brain tumor patients with 

high Wee1 expression. To validate Wee1 inhibition as a real therapeutic strategy in 

humans, in vivo studies are needed to corroborate our in vitro findings in a more 

physiologically-relevant context. Both subcutaneous and intracranial xenograft models in 

mice shall be established to determine the therapeutic efficacy of targeting Wee1 in 

inhibiting tumor growth. Promising results may help to take the study one step further 

toward using Wee1 inhibitors in a clinical setting as a personalized adjuvant therapy that 

will potentially lower the chemotherapy doses patients receive and ameliorate the 

otherwise life-long devastating negative effects. 
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