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A. Personal Statement 
As I have developed my clinical and research interests during college, Ph.D. training, medical school 
studies, and residency, I have long been drawn to the care of complex patients with difficult medical 
problems. My experience caring for patients with Glioblastoma has confirmed this desire, and has 
highlighted the need for novel approaches to tackle this dreadful disease. Working to put together this 
research proposal has given me an exciting view of what lies ahead in my medical career. My prior 
research work has helped to develop this interest. During my Ph.D. and M.D. trainings, I first became 
interested in cardiac stem cells, embryonic stem cells and cancer research particularly in cancer stem 
cells. This project is uniquely tailored to continue the development of my research interests, while 
simultaneously allowing me to apply my knowledge in medicine, radiobiology, molecular and cellular 
biology and experimental skills to lead a translational research. The results of this project will serve as a 
foundation for a longer term investigation into glioblastoma tumor initiating cells and treatment, with the 
plan for more extensive grant support as a junior faculty member. My prior research experiences have 
provided me with a strong foundation in bench-top research, as well as outcomes-based research, and 
I am eager to apply these skills towards developing a career as a physician-scientist. I am fully 
confident on the success of this pilot project as the principal investigator with the guidance from my 
senior mentor, Dr. Surinder Batra, chair of Department of Biochemistry&Molecular Biology on the basic 
science aspect, with the assistance from Dr. Rodney McComb, a neuropathologist at UNMC on 
developing scoring system on AR expression pattern in GBM tumors, and from my co-investigators, Dr. 
Nicole Shonka, a neuro-oncologist and Dr. Michele Aizenberg, a neurosurgeon at our center on tissue 
collection, sample selections and clinical outcome analysis.  

 
B. Positions and Honors 

 Chief Resident, Radiation Oncology residency program at Columbia University Medical Center, 
July 2014-June 2015.  

 Resident Research Grant from Radiological Research of North America (RSNA) ($30,000) 
(Title: Studies on the effects of combined treatment with metformin and a dual mTOR1/2 
inhibitor, AZD8055, in tumor control of glioblastomas), July 1, 2014-June 30, 2015. 

 Annual Meeting Award from American Society for Radiation Oncology (ASTRO), third place in 



 

the Resident Poster Viewing Award in the Biology section for abstract (#1391) titled, “Genotype-
dependent Tumor Inhibitory Effects of Metformin in Glioblastoma Cells.” 2014. 

 Invited as a Peer Review Committee member at American Heart Association (AHA) 
Cardiovascular Development 4 (CVD4) study section 2014. 

 Clinical Scholars Award from American Diabetes Association ($24,000), July 1, 2009-June 30, 
2010.   

 Clinical Scholars Research grant for medical students from American Diabetes Association 
($30,000), July 1, 2008-June 30, 2009.  

 Medical Student Research Assistantship from American Heart Association (PI: Dr. Xupei 
Huang at Florida Atlantic University, Boca Raton, FL), 2008-2009.  

 Summer Clinical Research Fellowship from NHLBI (National Heart, Lung, and Blood Institute) 
(PI: Dr. Keith Webster at University of Miami), May 2007-Aug. 2007.   

 Presley-Zeiss Postdoctoral Fellow Award from American Association of Anatomists (AAA) at 
the Annual Meeting of Federation of American Societies for Experimental Biology (FASEB), 
Washington, DC, 2004.  

 Best Postdoctoral Poster Presentation Award from American Association of Anatomists 
(AAA), 2003.   

 Travel Award from American Association of Anatomists (AAA) Annual Meeting 2003, San 
Diego, CA  

 Travel Award from American Association of Anatomists (AAA) Annual Meeting 2002, New 
Orleans, LA  
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Project Title: Studies on the effects of combined treatment with metformin and a dual mTOR1/2 
inhibitor, AZD8055, in tumor control of glioblastomas 
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DESCRIPTION OF RESEARCH PROPOSED (maximum 6 pages for sections A - F):  
 
A. Specific Aims  
 

Aim 1: To study the expression pattern of androgen receptors (AR) in GBM tumor specimens from the patients 

treated at University of Nebraska Medical Center (UNMC) and from commercial sources using 

immunohistochemistry techniques.  

Aim 2: To study on the cultured GBM cell lines with various AR expression status on the effects of AR blockade 

in cell growth, apoptosis, as well as cancer stem cell survival. 

 
B. Background and Significance  
 
Glioblastoma (GBM) accounts for up to 40-60% of all malignant primary brain tumors in adults, occurring in 2–

3 cases per 100,000 persons in Europe and North America (1). GBM is also the deadliest type of primary 

malignant tumor, which presents with some of the greatest challenges in the management of cancer patients, 

despite notable recent achievements in oncology. Even with aggressive surgical resections using state-of-the-

art preoperative, intraoperative and postoperative neuroimaging, along with recent advances in radiotherapy 

and chemotherapy, the prognosis for GBM patients remains dismal: with median overall survival less than 1.5 

years and only 10% patients being alive after 5 years (2). 

Standard treatment includes maximal safe resection of the tumor, followed by concurrent chemoradiation and 

adjuvant chemotherapy. GBM research is being conducted worldwide in the laboratory and clinically, including 

some very active laboratories at our own institute. Some of the recent promising studies focused on 

identification of genetic aberrant and signaling pathways to develop small molecules for targeted therapies, 

characterization of glioblastoma tumor stem cells, modulation of tumor immunological responses and 

understanding of the rare long-term survivors (3-10). However, even with the extensive efforts of research, the 

most significant advance in treating this disease, which is using temozolomide concurrently with brain 

radiation, only improved median survival to fourteen months in the overall patient population, or 22 months in 

the best situation with patients having silenced MGMT expression (2, 11). With this universally fatal disease, 

any small breakthrough in research may have a significant impact on survival and provide hope to the 

thousands of patients who are diagnosed of this cancer annually. 

With extensive research conducted to comprehend the molecular regulation of GBM for potential clinical 

applications, our present knowledge about the tumorigenesis of GBM remains limited. Interestingly, the 

incidence rate of GBM is much greater in adult men than in women as reviewed by Kabat et al (12). Overall the 

incidence rate of all glioma in adulthood is also 50% greater in men than in women (13, 14). The exact 

mechanism underlying this pronounced epidemiology is unclear. Using New York State tumor registry data for 

the period from 1976 to 1995, McKinley et al. calculated crude, and age- and sex-specific incidence rates for 

three types of gliomas: glioblastoma, astrocytoma not otherwise specified, and anaplastic astrocytoma (15). 

Results showed that, overall, males were 1.5 to 2.0 times more likely to develop GBM compared with females 

even with age justification. Furthermore, the rate ratio for GBM in women compared with men decreased from 

1.0 in the age interval 5-9 years to 0.8 in the age interval 10-14 years and continued to decrease throughout 

the premenopausal years, reaching a low of 0.51 in the age interval 50-54 years. The authors proposed that 

the timing of the decline in the incidence rate in females relative to males was suggestive of a protective role of 

estrogens during the premenopausal years. In addition, experimental studies indicate that glioblastomas 

transplanted into animals grow at a slower rate in females compared with males (16). The oncogenic potential 

of androgen/androgen receptors cannot be ruled out in the carcinogenesis of GBM. Indeed, steroid hormone 

receptors including AR are members of a superfamily of ligand-activated transcription factors that are 

potentially oncogenic as has been proposed by other researchers (17, 18).  

Steroid hormones play a key role in brain development and differentiation. Moreover, endogenous estrogens 

and other estrogenic compounds have been shown to be involved in various neurologic disorders, including 

Alzheimer’s disease, Parkinson’s disease, schizophrenia, and neoplasm (19). However, a possible role of 

androgen receptor (AR) signaling in these setting has not been examined carefully before. Studies on 

transgenic mice model with an AR promoter-driven luciferase reporter gene showed AR expression in cerebral 



cortex, thalamus, hypothalamus, pituitary and optic nerve bundles, with similar patterns in both male and 

female mice (20).  

AR mediates androgen effects via hormone-receptor binding in normal tissues in both male and female 

although androgen-independent AR activation is a common finding in castration-resistant prostate cancers. 

Androgens derive predominantly from the testis but also to a lesser extent from the adrenal glands. Testicular 

testosterone and adrenal (source for females) dehydroepiandrosterone (DHEA) or androstenedione can be 

converted into bioactive 5α-dihydrotestosterone (DHT) by the enzymes 5a-reductase, whose binding to the AR 

induces a conformational change that leads to the dissociation of chaperone and heat shock proteins and its 

subsequent interaction with co-regulatory molecules and importina, which facilitate nuclear translocation of AR-

ligand complexes. In the nucleus, the AR undergoes phosphorylation and dimerization, which permits 

chromatin binding to androgen-responsive elements (ARE) within androgen-regulated target genes (21). Very 

recently, AR splicing variants (AR-Vs) were reported to contribute to prostate cancer progression through 

induction of epithelial-to-mesenchymal transition and acquisition of stem cell characteristics (22). The 

expression of AR-Vs lacking the c-terminal ligand-binding domain (LBD as shown in Figure 1) was found to be 

increased in androgen-independent and metastatic prostate cancers (23, 24). These AR-Vs are constitutively 

active and localized in the nuclear compartment, and their transcriptional activity is not regulated by 

androgens. We do not know if there are AR-Vs present in GBM. 

 

Moreover, the presence of specific steroid hormone (estrogen, progesterone, or androgen)-binding receptors 

has been correlated with the clinical outcome and response to hormonal therapy in a number of different 

neoplasias, including breast, prostate and renal cell cancer (25). However, there is much less information 

available in brain tumors for steroid hormone receptor expressions or response to hormonal--particularly 

androgen--suppression. Findings concerning the presence of estrogren receptors (ERs) and progresterone 

receptors (PRs) in human and rat glioma and glioblastoma cell lines are varied and inconsistent. Several 

studies reported finding either no detectable ERs or PRs or very low levels in human gliomas/glioblastoma (26-

29), while others report substantial ER staining (30-32). In contrast, glucocorticoid and/or androgen receptors 

were consistently detected in a higher proportion of gliomas. For example, Caroll et al. investigated the 

expression of the androgen, estrogen, glucocorticoid, and progesterone receptor messenger ribonucleic acid 

(mRNA) and protein in a number of astrocytic neoplasms of various histological grades (17). Androgen mRNA 

was detected in all astrocytic neoplasms examined, regardless of histological subtype. In contrast, 

progesterone receptor mRNA was observed more frequently in high-grade tumors than in low-grade tumors. 

Estrogen receptor mRNA was undetectable in all astrocytic tumors examined in that study. Chung et al. 

detected AR expression immunohistochemically in 40% of GBMs and 75% of anaplastic astrocytomas (33). 

The neoplastic astrocytic cells showed positive nuclear localization for AR. Interestingly, AR expression was 

also present in 39% of the female glioma samples, similar to the detectable ratio in male (47%). Similar ratio of 

AR positivity was reported by Paoletti et al. as in 37.5% of GBM tumors but only 13.3% in anaplastic 

astrocytomas (34).  A recent study from Yu et al. again demonstrated significant upregulated AR expression in 

the GBM tissue compared to the normal peripheral brain tissue in patients by Western blotting assays. An 

expression of AR was further detected in all eight examined human GBM cell lines (35). Activation of AR by 

5α-dihydrotestosterone (DHT) significantly decreased the effect of TGFβ1 on GBM growth and apoptosis, likely 

Figure 1. A schematic representation of the AR gene locus with canonical eight exons and the alternative 

spliced cryptic exons (CEs) (a) and the wild-type full-length AR (AR-FL) mRNA structure showing exons 

encoding the four functional domains (b): NTD (N-terminal domain), DBD (DNA-binding domain), hinge 

(pink) and the LBD (Ligand-binding domain). Constitutively active AR variants (AR-Vs) (not shown) have 

now been discovered, likely responsible for androgen-independent AR activation, most of which 

containing the NTD and the DBD, but lack the LBD owing to a truncation by a cryptic exon. 



through direct binding of phosphorylated AR to the phosphorylated SMAD3, a major effector downstream of 

the TGFβ receptor signaling pathway in GBM. These findings indicate that AR might be a promising 

therapeutic target for treating GBM as in prostate cancer and some breast cancers.  

Supporting evidence for this hypothesis further stems from observations that AR is expressed in the glial cells 

in animal brains after injuries (excitotoxic injury or stab wound induced) in both male and female rat and avian 

models (36, 37). Although there is some discrepancy on whether the reactive astrocytes or the microglial cells 

are the source of overexpressing AR, the data do suggest that AR might be playing a role in pathological 

conditions, likely involving cancinogenesis from glial cells. In both studies, AR was seen to be expressed in 

hippocampal neurons but not in non-stimulated astrocytes. 

No direct AR targeting studies have been reported in GBM as of today. However, the nonselective steroid 

receptor agonist tibolone was reported to have a strong dose-dependent inhibitory effect on human primary 

glioblastoma cells in vitro (19). Tibolone is referred to as “non-selective” because it binds to all major steroid 

receptors. It is also noteworthy that some selective estrogen receptor modulators (SERMs) such as 2-

methoxyestradiol, genistein, and tamoxifen, have shown tumor inhibitory effects in malignant glioma cells. 

However, it is debatable whether they are functioning as estrogen antagonists or agonists. It is this uncertainty 

which makes total hormonal deprivation using LHRH agonists a debatable measure to treat GBM, as this has 

the potential to suppress the estrogenic anti-tumor effect as well.  

We thus hypothesize that direct AR inhibition plays a role in inhibiting GBM growth. To test this hypothesis, 

we plan to first study the expression pattern of AR in GBM tumor specimens from the patients treated at UNMC 

and from commercial sources. AR could be overexpressed or simply expressed as an essential factor for 

tumor growth in GBM. Simultaneous experiments will be conducted on the cultured glioblastoma cell lines with 

known AR expression status on the effects of AR inhibition and cell growth, apoptosis, as well as cancer stem 

cell survival. Fortunately, a very potent direct AR inhibitor is now available in the clinic that is able to pass the 

blood-brain barrier (BBB). Enzalutamide, currently FDA-approved for metastatic prostate cancer since 2012, is 

an androgen-receptor-signaling inhibitor developed based on prostate-cancer models with overexpression of 

the androgen receptor. Enzalutamide is distinct from the currently available antiandrogen agents in that it 

inhibits nuclear translocation of AR, DNA binding, and coactivator recruitment. It also has a greater affinity for 

the receptor, induces tumor shrinkage in xenograft models (in which conventional agents only retard growth), 

and has no known agonistic effects (38). It is also interesting that enzalutamide is capable of passing the blood 

brain barrier (38). Enzalutamide is an ideal candidate drug for testing the consequences of AR inhibition in a 

GBM model. 

Currently, a spontaneous GBM tumor animal model is being developed at my advisor, Dr. Surinder Batra’s 

laboratory collaborating with my co-investigators. We have also established techniques for orthotopic 

tumorigenesis model via intracranial implant of GBM cell lines (39). Based on the proposed studies in this 

grant, future studies in animal models will be carried out to further confirm the benefit of enzalutamide in 

treating GBM and eventually establish its role in treating GBM patients with clinical trials.  

The significance of the proposed studies lies on two aspects: (1) If the aims of the application are achieved, 

we will confirm the benefits of enzalutamide on inhibiting GBM cells. Based upon this study, we have the 

resources to perform animal testing and potentially proceed to clinical trials for GBM patients. (2) We will have 

a better understanding of the molecular mechanism of tumorigenesis related to AR in GBM.  

C. Preliminary Studies 

1. Successful culture of various glioblastoma cell lines and tested cell growth response to anti-tumor agents. 

We have previously cultured various types of GBM cell lines from both mouse and human origins in the 

laboratory for testing tumor suppressors and radiosensitizers (40). Two of the primary murine glioma cell lines 

available in the laboratory were generated by Dr. Peter Canoll from the retrovirus induced tumors by injecting 

PDGF-IRES-Cre retrovirus into the subcortical white matter of adult mice that harbor floxed tumor 

suppressor(s) and stop-floxed reporters (luciferase +) (39).  MGPP3 cells (PDGF overexpression, p53-/- and 

PTEN-/- double knockout, luciferase+), and PPC2 cells (PDGF overexpression, p53-/- PTEN+/+, luciferase+) 

are generated and maintained in vitro for multiple passages. Intracranial injection of these PDGF+ p53-/- (with 



or without PTEN-/-) luciferase+ glioma cells led to formation of GBM-like tumors with 100 % efficiency. This 

cell-based model generates tumors with well-defined genetic alterations, offering the possibility of genetic 

manipulation and experimentation in vitro and in vivo. The cell lines are generously provided to us by Dr. 

Canoll at Columbia University Medical Center and have been successfully cultured and used for previous 

research (40).  

2. Rosiglitazone downregulates AR expression in GBM cells and inhibits cell growth. 

  

 

 

 

During our previous studies on novel anti-tumor functions of those medications currently approved by FDA for 

benign diseases (40),  we have identified a diabetic drug, rosiglitazone, for its potential use as an angiogenesis 

inhibitor and tumor inhibitor in GBM(data not published). Rosiglitazone is known to be one of the medications 

in the thiazolidinedione (TZD) category and is an agonists of peroxisome proliferator-activated receptors γ 

(PPARγ). Rosiglitazone has been shown to inhibit many types of cancer growth including GBM in vitro but has 

never been reported to relate to regulating AR expression (41). Western blotting assays on U87-MG cells 

cultured with rosiglitazone for >12 hours showed dramatic downregulation of AR expression (Figure 2a), 

indicating rosiglitazone might function to inhibit GBM cell growth (Figure 2b) through AR-related pathways. 

Further studies to confirm this hypothesis are being designed.  

D. Progress Report  

Not applicable. This grant is a new submission. 

E. Research Design and Methods  

Aim 1: To study the expression pattern of AR in GBM tumor specimens from the patients treated at UNMC  

and from commercial sources using immunohistochemistry techniques.  

Experimental design: 

We are currently applying for Institutional Review Board (IRB) approval for obtaining GBM tumor samples 

stored at UNMC tissue bank for the proposed study. We have previously retrospectively collected patient’s 

information under IRB approved protocol for demographic studies for all patients with GBM treated at 

department of radiation oncology at UNMC in the past ten years. We will identify those patients out of the 

available database who have known treatment information, treatment outcomes including survival data, as well 

as sufficient tissues at initial surgery/biopsy stored for the proposed immunohistochemistry study. A total of 30 

patients in our database is estimated to qualify the criteria. Staining for AR using various types of commercially 

available AR antibodies as shown in Table 1 that can detect both the wide-type AR and splicing variants 

identified in castration resistant prostate cancer patients will be conducted at the Tissue Sciences Facility 

(TSF) at UNMC. The expression pattern such as positive or negative staining, percentile of cells stained, 

staining intensity or subcellular localization of AR will be examined by our co-investigator, Dr. Rodney 

McComb, an in-house neuropathologist and will be attempted to correlate with the prognosis of the patients. 
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Figure 2. Rosiglitazone inhibits AR expression in U87-MG cells (a) 

and the cell growth (b) in vitro. 20 µM Rosiglitazone was added to the 

culture medium and cells were cultured for 0, 4, 12 and 24 hours 

before total proteins from the cultured cells were extracted for 

Western blotting assays (a). β-actin was used for loading control. 

Rosiglitazone was also added with increasing concentrations to the 

media and cells were cultured for 3 days before MTT assays were 

performed to evaluate cell proliferation (b). 
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Staining for other steroid receptors including ER and PR will be performed as well. The same study will be 

conducted on commercially available human glioma tissues from US Biomax, Inc. (Rockville, MD) with 5 GBM 

cases and three cases each for grade I, II and III gliomas for confirmation purpose and comparisons between 

high grade and low grade gliomas. Control study will be performed for AR staining on normal brain, e.g., brain 

tissue obtained from temporal lobectomy for epilepsy. Downstream AR effector genes will also be 

immunostained to confirm the activation of AR mediated signal transduction.   

Table 1. Various commercially available AR antibodies to be used in the proposed study. 

Antibody Source Epitope/Ab info Positive staining Negative staining Application 

ab133273  Abcam Monoclonal, IgG Prostate cancer Brain WB, IHC-P, ICC 

ab3510 Abcam Rabbit polyclonal, N- 
terminal epitope, IgG 

Prostate cancer n/a WB, IHC-P, ICC, 
ICC 

Sc-815 Santa 
Cruz 

Rabbit polyclonal, C- 
terminal epitope, IgG 

Prostate cancer 
cell lines 

n/a WB, IP, IF, IHC-P, 
ELISA 

 

Potential difficulties and limitations 

One potential pitfall in this aim is that AR might not be expressed/overexpressed in all the GBM cells but rather 

in a subset which is commonly the case as in breast cancers, with tumors of >1% cells stained positive for ER 

all defined as ER positive breast cancer which benefits from hormonal blockade therapy . However, due to the 

diffuse infiltration pattern of GBM, the AR positive cancer cells might be interspersed in the normal brain cells 

particularly at the peripheral area of the tumor or the tumor margin, which renders the counting of the AR 

positive cells and calculating ratio of positivity difficult and variable within the tumor. No prior research has ever 

been done to address this issue or defining AR positivity in GBM. To solve this issue, we will perform the 

staining of AR in multiple areas within the tumor, ranging from center of the tumor to multiple peripheral areas. 

Defining AR positivity will be discussed with our pathologist on board taking into consideration of staining 

intensity, ratio of positivity in all areas, as well as nuclear/cytosol localization that may hint on whether AR 

pathway is highly activated and/or the splicing variants exist.  

In GBM, a few other known variables also influences prognosis such as MGMT methylation, p53 and PTEN 

mutations/deletions, IDH mutations, TERT promoter mutations, and EGFR mutations (11, 42-45). Due to a 

relatively small sample number in the aim 1 study, the status of these factors may complicate the study on the 

relationship between AR status and patient prognosis. We will consider to further study these genes in the 

available samples if the budget permits.  

Aim 2: To study on the cultured glioblastoma cell lines with known AR expression status on the effects of AR 

inhibition and cell growth, apoptosis, as well as cancer stem cell survival, with or without radiation. 

GBM cell lines from both human (AR positive cell lines: U87MG, U138MG, T98G, M059, LN-229, LN-18 and 

A172 (35); and AR negative cell lines: U118MG (46)) and mouse (MGPP3 and PPC2: unknown AR status) will 

be tested first to confirm the AR expression status at both mRNA and protein level at in vitro culture condition 

using RT-PCR and Western blotting techniques, respectively, as routine techniques used in our laboratory (47, 

48). These cell lines will be further treated with enzalutamide for this aim. Cell survival/proliferation studies will 

be conducted using both the MTT assay and tumor spheroid forming assay as described in Preliminary 

Studies. Initial concentrations of enzalutamide at 0.1µM to 20µM, the range of serum concentration for patients 

taking 160mg pills daily orally for prostate cancer, will be added to the cell culture media and tested for growth 

inhibition in the cultured cells (49, 50). A single fraction of radiation treatment on the cells will be delivered at 

various doses from 2Gy to 16Gy using a Gammacell 40 Cesium-137 irradiator (Nordion, Ottawa, Canada) 

available on campus. Potential radiation sensitizing effects of enzalutamide will evaluated from these studies, 

as has been shown from androgen deprivation therapy in prostate cancer (51). Effects of enzalutamide on cell 

death will be conducted on cells treated with various concentrations of the drug at various duration of time 

using flow cytometry after propidium iodide (PI) staining (positive stain indicates dead cells) as in our previous 

publications (48). Apoptotic studies also will be conducted on treated cells with Annexin V staining using 

commercially available kit from Sigma-Aldrich, Inc. Expressions of GBM cancer stem cell and the related 

markers, such as CD133, SOX2 and c-Myc will be evaluated with drug treatment by Western blotting assays 



as described in the Preliminary Results and in our previous publications (47, 48, 52). Colony-forming assays 

and spheroid-forming assays will be carried out for the tumor initiating capability from cancer stem cells 

with/without drug treatment as well.  

Potential difficulties and limitations 

No technical difficulty is expected for both aims as all the techniques proposed in the study are routinely 

performed in the PI and my senior advisor’s laboratory.  

In GBM, AR signaling might be androgen independent as in castration resistant prostate cancers, likely via the 

expression of splicing variants (23). It is not known whether enzalutamide can bind and inhibit all the AR 

splicing isoforms that potentially exist in GBMs. If any cell lines show resistance to enzalutamide treatment as 

has been reported in prostate cancer (49), rosiglitazone will be tested in the cell lines instead since it was 

shown in our preliminary studies to suppress AR expression and being able to pass BBB. The rationale for this 

study is to provide a potential alternative for patients who may not tolerate enzalutamide, or a salvage therapy 

for tumors that do not respond to enzalutamide treatment or progressed after initial response to the drug.  

F. Statement of Cancer Relevance  

Our proposed study is exploring a novel approach to treat GBM, one of the most aggressive malignancies and 

the most common type of primary brain malignancy. Although some preliminary reports showed that AR as a 

promising therapeutic target in treating GBM, there lacks detailed studies of AR expression pattern in the tumor 

of GBM. No study has been attempted on the tumor-inhibitory effects on androgen suppression particularly on 

direct AR blockade. If the expression of AR can be confirmed from the proposed study, even not at an 

overexpressed level comparing to normal brain tissue, as long as if we can prove that AR is essential for 

cancer cell growth and tumor progression in GBM first at the cell culture level and in the future at animal level 

studies, targeting AR with an already clinically available drug that passes blood-brain barrier will provide an 

brand new approach for GBM therapy. Androgen suppression, or AR blockade, is a fully established method 

that has been practiced in prostate cancer for decades with a well-known toxicity profile. If AR inhibition is 

effective in treating GBM which is very likely based on the although limited existing evidence and our 

preliminary studies, the large amount of basic biologic and clinical knowledge from prostate cancer research 

could be rapidly transformed into GBM studies, with many known combination drugs that are available already 

in the clinic to be tested concurrently with androgen suppression, with or without radiation therapy.   
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Category Cost ($) 

Personnel 
 
One part time graduate student (co-sponsored by Dr. Surinder Batra) 
One technician (20% effort) 
Consult fee for in-house pathologist 

 
 
5,000 
7,000 
5,000 

Materials and Supplies 
 
Cell lines and cell culture median/supplies 
Tissue culture plastics 
Molecular studies/imaging study cost/drugs cost 

 
 
12,000 
3,000 
12,000 

Equipment 0 

Travel 
 
Travel to conference 

 
 
3,000 

Other Direct Costs 
 
Publication cost 
Cost for histological studies (tissue processing, slide cutting, immunostaining)  

 
 
3,000 
4,000 

Total Cost 50,000 



BUDGET JUSTIFICATION: 
 
Supplies and material: Fetal bovine serum, medium, and growth supplements ($27,000):  
Approximately $1,000/month is budgeted for medium, fetal bovine serum and other growth supplement for the 
culturing of murine and human glioblastoma cell lines as proposed in the grant. Currently, the growth factor 
supplements for each 1000 ml culture medium cost $250-$300.  
Cost of using core facility at UNMC for light microscope use, epi-fluorescence microscopy and confocal 
microscopy service is estimated to be $4,000 at about $40/hour. Other molecular studies using real-time RT-
PCR for primer synthesis, kits and drug cost are estimated to be $4,000.  
Tissue Culture Plastic ($3,000): Disposable tissue culture plastic includes flasks, dishes, pipettes, filtering 
units, centrifuge tubes and microliter pipette tips. Due to the large amount of tissue culture work involved, the 
cost of disposable tissue culture supplies has been budgeted for $250 per month.  
Western blotting reagents and polyacrylamide gel, antibodies, transfer membranes and films ($4,000): Running 
buffer, transfer buffer, premade polyacrylamide gel (gradient) for SDS-PAGE, Hybond transfer membranes, 
films, developing reagents, antibodies, proteinase inhibitor cocktail, and other consumable laboratory supplies 
such as microfuge tubes, gloves, and loading tips. These items have been budgeted for $340 per month.  
 
Publication Costs: ($3,000) A modest publication fee is requested to cover the pages charges and reprint 
cost of one manuscript. This amount is estimated based on my mentor’s laboratory’s recent cost of publication 
in Cancer Research. 
 
Cost for histological studies ($4,000) An estimated cost for using our core facility for histological studies has 
been estimated at the charge rate of $25/hour for a total of 160 hours for altogether 44 human tissue samples 
to be stained for AR, ER, PR with at least 3 AR antibodies for immunohistochemistry studies.  
 
Travel to conference ($3000) for PI and a student or a co-investigator to travel to a national conference to 
present research findings.  
 
Personnel cost: as shown in budget form.  


