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A. Personal Statement 

Dr. Gao’s career is dedicated to extending the lives of late-stage prostate cancer patients whose cancer has 
metastasized, typically despite the best of early care. One of Dr. Gao’s research focuses is seeking to better 
understand the molecular changes associated with the progression of prostate cancer cells, with an emphasis 
on the mechanisms of aberrant activation of androgen receptors. The goal: identification of diagnostic markers 
and therapeutic targets for patients who are running out of options to stop the progression of late-stage 
prostate cancer. Particular emphasis includes microRNAs, aberrant androgen receptor activation by cytokines 
and transcriptional factors such as Stat3 and NF-kB, selenium chemoprevention and therapy, targeting cell 
signaling pathways (AR, IL-6 and Stat3), and mechanisms of drug resistance in prostate cancer. Dr. Gao’s lab 
was among the first to find that selenium regulates androgen signaling and that IL-4 activates the androgen 
receptor mediated by NF-κB and Stat6, made the discovery that IL-6 signaling in prostate cancer involves 
Stat3, defined Stat3 and NF-κB interactions in prostate cancer, discovered niclosamide as a novel inhibitor of 
androgen receptor variants (AR-V7), and identified several novel resistance mechanisms to 
enzalutamide/abiraterone/docetaxel including p52, IL-6/Stat3, intracrine androgens/AKR1C3, and ABCB1. Dr. 
Gao has published over 90 peer-reviewed articles in the area of prostate cancer. His research findings such as 
the discovery of niclosamide as a novel inhibitor of androgen receptor variants have translated into several 
clinical trials (NCT02532114, NCT02807805) that test the combination treatments with current therapies to 
advanced resistant prostate cancer. Another recent discovery of indomethacin as an inhibitor of AKR1C3 and 
synergizing enzalutamide has also translated into clinical trial (UCDCC#267) to test the combination 
treatments with current therapies to advanced resistant prostate cancer. Dr. Gao has served numerous NIH, 
NCI, DOD and VA merits, and American Cancer Society (ACS) review panels including SPORE and PPG 
study sections. Dr. Gao’s extensive research experience in the areas of prostate cancer and signaling 
transduction well qualify him to carry out this project.   

B. Positions and Honors 

Positions 
1985-1987  Research Assistant, Laboratory of Medical Molecular Biology, West China University of 

Medical Sciences, Chengdu, Sichuan, P. R. of China 



 

 

1988-1989 Instructor, Laboratory of Medical Molecular Biology, West China University of Medical 
Sciences, Chengdu, Sichuan, P. R. of China 

1989-1995    Graduate Student, The University of Texas M.D. Anderson Cancer Center, Graduate School 
of Biomedical Sciences, Houston, TX 77030. Advisor: Leland Chung, PhD. 

1995-1998 Postdoctoral Fellow, Department of Urology and Oncology, Johns Hopkins University School 
of Medicine, Baltimore, MD 21231. Advisor: John Isaacs, PhD. 

1998-2002  Assistant Professor, Department of Urology and Pathology, University of Pittsburgh School of 
Medicine and Cancer Institute, Pittsburgh, PA  

1998-2002 Member, Interdisciplinary Biomedical Graduate Program, University of Pittsburgh Medical 
Center, Pittsburgh, PA 

1998-2002 Member, Prostate and Urologic Cancer Program, Comprehensive Cancer Center  
    University of Pittsburgh Medical Center, Pittsburgh, PA 
2002-2006 Associate Professor and Member, Departments of Medicine and Pharmacology & Therapeutics, 

Roswell Park Cancer Institute, Buffalo, NY  
2003-2007 Co-Chair, Genitourinary Disease Site Research Group Advisory Committee, Roswell Park 

Cancer Institute, Buffalo, NY  
2003-2007 Program Co-Leader, Genitourinary Disease Site Research Group, Roswell Park Cancer 

Institute  
2006-2007 Professor and Member, Departments of Medicine and Pharmacology & Therapeutics, 

Roswell Park Cancer Institute 
2008-present Ralph deVere White endowed Professor, Department of Urology and Cancer Center, 

University of California at Davis, Sacramento, CA 
2008-present Director of Urologic Research, University of California at Davis, Sacramento, CA  
2008-present Co-Leader, Prostate Cancer Program, University of California Davis, Sacramento, CA 
2010-2004 Chemist, VA Northern California Health Care System, Sacramento, CA 
2015-present Research Career Scientist, VA Northern California Health Care System, Sacramento, CA 
  
Memberships, Offices and Committee Assignments in Professional Societies 
2001 Ad Hoc member for NIH Metabolic Study section 
2001    Member of Massachusetts Prostate Cancer Research Grants Review Committee 
2002-2005 NCI Special Emphasis Panel, Cancer Prognosis and Prediction 
2003   Reviewer Committee Member, O’Brien Urology Center Program 
2003              Ad Hoc Member for NIH DMP study section 
2005-present Scientific Reviewer Panel, DOD Prostate Cancer Program, Breast cancer Program 
2006-present Editorial Board, The Prostate 
2013-present Editorial Board, PLOS One 
2007   Ad Hoc reviewer for NIH Tumor Microenvironment study section  
2008-2009 NIH SPORE review committee member 
2009   Ad Hoc reviewer for ACS TBE study section 
2010-2013 Member for ACS TBE study section 
2010-present Reviewer for the Veteran’s Affairs Merit Awards, Oncology section 
2014   Ad Hoc reviewer for NIH CAMP study section  
2014   Ad Hoc reviewer for NCI Cancer Center Site Visit 

 2013-2016 Treasure, Society of Basic Urologic Research (SBUR) 
2014-2015 Chair, Scientific Program, SBUR 
2014   Chair, SBUR Fall Symposium Annual Meeting 

C. Contribution to Science 

Dr. Gao’s work has significantly contributed to the understanding of the mechanisms of prostate cancer 
progression, the crosstalk between cytokine receptors and growth factor receptors, the activation of androgen 
receptor by cytokines, and the mechanisms underlying resistance to prostate cancer therapies.   
1. Identified intracrine androgens and AKR1C3 activation confers resistance to enzalutamide in 

advanced prostate cancer. This study discovered that upregulation of AKR1C3 expression and resultant 
intracrine androgens in prostate cancer cells are a mechanism of resistance to enzalutamide that can be 
overcome by the NSAID indomethacin. Androgen synthesis by tumor cells is one of the processes leading 
to development of castration-resistant prostate cancer (CRPC). Although treatment with the androgen-
receptor-targeting drug enzalutamide can provide a survival benefit in men with CRPC, tumor cells 



 

 

frequently develop resistance to this agent. The interplay between intratumoral androgen expression and 
enzalutamide resistance is an area of intensive research. In their study, we found increased levels of 
AKR1C3, in three other enzalutamide-resistant cell lines and in samples of tumor xenografts. Evaluation of 
AKR1C3 expression profiles in normal and malignant prostate tissues stored in online databases 
demonstrated that the enzyme, which catalyzes the last step in testosterone biosynthesis, is highly 
expressed in late-stage prostate cancer. Next, we demonstrated that their resistant cells C4-2B MDVR 
express very high levels of testosterone, dihydrotestosterone and dehydroepiandrosterone, as well as 
some androgen precursors. Importantly, when suppressing AKR1C3 expression using short hairpin RNAs 
in C4-2B MDVR cells and another enzalutamide-resistant cell line or stably expressing AKR1C3 in LNCaP 
cells, the cells regained or lost sensitivity to enzalutamide treatment, respectively. Finally, treatment of 
resistant cells with the indomethacin, which has previously been shown to inhibit AKR1C3 activity, 
significantly inhibited tumor cell growth in combination with enzalutamide treatment in vitro. Indometacin 
alone significantly suppressed tumor growth, an effect that was further enhanced in combination with 
enzalutamide treatment in vivo. The data suggest that inhibition of AKR1C3 pathways could act as an 
enzalutamide-sensitizing treatment and restore efficacy in patients with enzalutamide-resistant CRPC. This 
finding warrant clinical trials to test targeting AKR1C3 pathways to improve enzalutamide therapy.  

Liu C, Lou W, Zhu Y, Yang JC, Nadiminty N., Gaikwad NW, Evans CP, Gao AC. Intracrine androgens 
and AKR1C3 activation confer resistance to enzalutamide in prostate cancer. Can Res, 75(7):1413-22, 
2015. This finding was highlighted entitled “Breaking AKR1C3-mediated enzalutamide resistance by 
inhibiting androgen synthesis” in Nature Reviews Urology in 2015. 

2. Identification of resistance mechanisms to enzalutamide and discovery of niclosamide as a novel 
inhibitor of androgen receptor variant (AR-v7) for treatment of advanced prostate cancer. In our 
research finding, recently published in the journal Clinical Cancer Research (2014), demonstrates that 
niclosamide, a medicine commonly prescribed to fight tapeworms, dramatically enhances the efficacy of 
the anti-androgen drugs such as enzalutamide. As it turns out, some patients taking enzalutamide—which 
is often referred to as a second-generation androgen-suppressing treatment of last resort—develop a 
resistance to the drug due to the development of genetic variants that essentially re-activate their androgen 
receptors. Our research in animal models showed that, when taken concurrently with enzalutamide, 
niclosamide successfully eroded proteins essential to a key genetic variant called AR-V7, thus staving off 
resistance to enzalutamide in subjects who have this variant. Furthermore, niclosamide inhibited prostate 
cancer cell growth and induced death of prostate cancer cells. This finding provides a warrant for further 
investigation of niclosamide, a drug previously approved by the FDA for the treatment of helminth 
infections, to be used to treat patients with advanced prostate cancer that has become resistant to 
enzalutamide. The discovery of niclosamide as a novel inhibitor of androgen receptor variants have 
translated into several clinical trials (NCT02807805, NCT02532114) that test the combination treatments 
with current therapies to advanced resistant prostate cancer. 

Liu C, Lou, W., Zhu, Y., Nadiminty, N., Schwartz, C., Evans, CP, Gao, AC.  Niclosamide inhibits 
androgen receptor variants expression and overcomes enzalutamide resistance in castration resistant 
prostate cancer. Clin Can Res. 20(12):3198-210, 2014. This finding was highlighted entitled 
“Niclosamide jumps the hurdle of enzalutamide resistance” in Nature Reviews Urology (July 1, 2014). 

Identified NF-kB2/p52 induces resistance to enzalutamide by increasing androgen receptor variant 
expression. Resistance of prostate cancer (CaP) cells to the next generation anti-androgen, 
Enzalutamide, may be mediated by a multitude of survival signaling pathways. In this study we tested 
whether increased expression of NF-κB2/p52 induces CaP cell resistance to Enzalutamide and whether 
this response is mediated by aberrant androgen receptor (AR) activation and AR splice variant production. 
LNCaP cells stably expressing NF-κB2/p52 exhibited higher survival rates compared to controls when 
treated with Enzalutamide. C4-2B and CWR22Rv1 cells chronically treated with Enzalutamide were found 
to express higher levels of NF-κB2/p52. Downregulation of NF-κB2/p52 in CWR22Rv1 cells chronically 
treated with Enzalutamide rendered them more sensitive to cell growth inhibition by Enzalutamide. Analysis 
of the expression levels of AR splice variants by qRT-PCR and Western blotting revealed that LNCaP cells 
expressing p52 exhibit higher expression of AR splice variants.  Downregulation of expression of NF-
κB2/p52 in VCaP and CWR22Rv1 cells by shRNA abolished expression of splice variants. Downregulation 
of expression of either full length AR or the splice variant AR-V7 led to an increase in sensitivity of CaP 
cells to Enzalutamide. These results collectively demonstrate that resistance to Enzalutamide may be 
mediated by NF-κB2/p52 via activation of AR and its splice variants.    



 

 

Nadiminty N, Tummala R, Lou W, Zhu YZ, Evans CP, Gao AC. NF-kB2/p52 induces resistance to 
Enzalutamide in prostate cancer: role of androgen receptor and its variants.  Molecular Cancer Ther 12 
(8): 1629-37, 2013 (PMID:23699654). (One of the five most highly-cited Molecular Cancer Therapeutics 
articles published in 2013, Highlight in AACR Annual Meeting 2015). 

 
3. Identify ABCB1 as one of the critical mechanisms of resistance to docetaxel and discover 

antiandrogens reverse docetaxel resistance via ABCB1 inhibition. Docetaxel is currently the first line 
treatment for CRPC. However, docetaxel resistance rapidly develops. Identifying the critical mechanisms 
giving rise to docetaxel resistance is the major challenge in advanced prostate cancer.  ABCB1, which 
belongs to the ATP-binding cassette (ABC) transporter family, was identified among the top upregulated 
genes in docetaxel resistant cells. Knockdown of ABCB1 expression by its specific shRNA or inhibitor 
resensitized docetaxel resistant TaxR cells to docetaxel treatment by enhancing apoptotic cell death. 
Furthermore, apigenin, a natural product of the flavone family was identified to be able to inhibit ABCB1 
expression and resensitize docetaxel resistant prostate cancer cells to docetaxel treatment.  Zhu Y, Liu C, 
Nadiminty N, Lou W, Tummala R, Evans CP, Gao AC. Inhibition of ABCB1 expression overcomes acquired 
docetaxel resistance in prostate cancer. Mol Can Ther 2013, 12:1829-36. PMID: 23861346. 

In a continuous study, we demonstrated that enzalutamide and bicalutamide could reverse ABCB1-
mediated docetaxel resistance as modulators of ABCB1 efflux activity. This study identified a novel 
mechanism of action for anti-androgen drugs as inhibitors for ABCB1 efflux and ATPase activity. Anti-
androgens increased the cytotoxicity of docetaxel in docetaxel resistant cells independent of AR status. 
Furthermore, combination of bicalutamide with docetaxel had a significant anti-tumor effect in both AR-
positive and AR-negative docetaxel resistant xenograft models, suggesting that bicalutamide re-sensitizes 
docetaxel resistant cells to docetaxel treatment independent of AR status. These studies may lead to the 
development of combinational therapies with bicalutamide/enzalutamide and docetaxel as effective 
regiments to treat advanced CRPC independent of AR status.  Zhu Y, Liu C, Armstrong C, Lou w, Sandher 
A, Gao AC. Anti-androgens inhibit ABCB1 efflux and ATPase activity and reverse docetaxel resistance in 
advanced prostate cancer. Clin Can Res 2015, PMID: 25995342. This finding was highlighted entitled 
“Antiandrogens reverse docetaxel resistance via ABCB1 inhibition” in Nature Reviews Urology (June 9, 
2015). 

4. Discovered that IL-6 signaling in prostate cancer involves Stat3 and regulation of intracrine 
androgen synthesis. In a series studies, we demonstrated that IL-6 overexpression promotes cell growth 
and castration resistance in vitro and in vivo, consistent with our observation that IL-6 functions to promote 
AR activation and cell proliferation as an autocrine fashion, while inhibit cell growth as a paracrine fashion.  
Furthermore, we demonstrated that IL-6-mediated cell inhibition is through induction of neuroendocrine 
differentiation in LNCaP prostate cancer cells via modulation of REST. We showed that IL-6 inhibits let-7c 
expression and mediates let-7c-myc-AR network in prostate cancer cells. We demonstrated that IL-6 
increased the expression of genes encoding many steroidogenic enzymes including HSD3B2 and 
AKR1C1-3 involved in androgen biosynthesis. We found that IL-6 activates Stat3 signaling in prostate 
cancer cells. Stat3 is a coactivator of AR and increases AR activity and PSA expression. We demonstrated 
that IL-6 induces bicalutamide resistance in LNCaP cells. We reported these findings in more than 20 peer-
reviewed articles published in scientific journals including Cancer Res, Clin Can Res, Mol Cancer Ther, J. 
of Urology, Mol Cell Biol, and Prostate.  

5. Unveiled the roles of NF-κB2/p52 in aberrant androgen receptor activation and castration resistant 
prostate cancer progression. Prostate cancer initiation and progression are uniquely dependent on the 
androgen receptor (AR). Even when the cancer progresses to a castration-resistant stage, AR signaling 
remains active via a variety of mechanisms. We demonstrated that NF-κB/p52 can activate the AR 
resulting in increased transactivation of AR-responsive genes such as PSA and NKX3.1 in a ligand-
independent manner. NF-κB2/p52 enhances nuclear translocation and activation of AR by interacting with 
its N-terminal domain and enhances the recruitment of co-activators like p300 to the promoters of AR-
dependent genes. Collectively, these findings, together with previous reports that the levels of NF-κB2/p52 
are elevated in prostate cancer cells and that active NF-κB2/p52 promotes prostate cancer cell growth in 
vitro and in vivo, suggest that NF-κB2/p52 may play a critical role in the progression of castration-resistant 
prostate cancer.  

a. Nadiminty N, Lou W, Sun M, Chen J, Yue J, Kung HJ, Evans CP, Zhou QH, Gao AC.  Aberrant 
activation of the androgen receptor by NF-kB2/p52 in prostate cancer cells. Can. Res 70 (8): 3309-19, 
2010 (PMCID: PMC3041633, NIHMSID: NIHMS271016).  



 

 

In another study, we found that activation of the non-canonical NF-κB signaling pathway involved in the 
proteolytic processing of p100 to p52 is tightly regulated and overproduction of p52 leads to lymphocyte 
hyperplasia and transformation. We have demonstrated that active but not latent Stat3, expressed in many 
types of human cancers involved in cell proliferation and survival, induces p100 processing to p52 by 
activation of IKK and subsequent phosphorylation of p100. The Stat3-mediated p100 processing to p52 
required activation of Stat3 by the acetyltransferase activity of CBP/p300. A mutant of Stat3 defective in 
acetylation blocked Stat3-mediated p100 processing to p52 and acted as a dominant negative blocking the 
production of p52. Thus, activation of the processing of p100 to p52 by Stat3 may represent one of the 
common pathways utilized by cancer cells to survive and escape therapy.  

b. Nadiminty N, Lou W, Lee SO, Lin X, Trump DL, and Gao AC. Stat3 activation of NF-κB p100 
processing involves CBP/p300 mediated acetylation. Proc Natl Acad Sci USA, 103 (19): 7264-7269, 
2006. (PMCID: PMC1464331). 

  Complete List of Published Work in MyBibliography: 
http://www.ncbi.nlm.nih.gov/sites/myncbi/allen.gao.1/bibliography/41140006/public/?sort=date&direction=asce
nding. 

D.  Research Support 

R01CA168601-01A1 (Gao, PI)                     2013 - 2018 
NIH/NCI    
Novel roles of microRNA in androgen receptor signaling in prostate cancer 
Project Description:  We propose to explore the roles of microRNAs in androgen receptor signaling and 
prostate cancer progression. Understanding the mechanisms of androgen receptor regulation and 
identification of molecular targets would greatly benefit to patients with prostate cancer. 

 1R01 CA140468 (Gao, PI) (No cost extension)  2010 - 2016 
NIH/NCI 
Interleukin-6 and castration-resistant prostate cancer 
The goal of this project is to study the role of interleukin-6 and intracrine androgens in castration-resistant 
prostate cancer.  
R21 CA179970-01  (Gao, PI) (No cost extension)                                                           2013 - 2016 
NIH/NCI                                                                                   
NF-kB Activation and Enzalutamide Therapy in Metastatic Castration Resistant Prostate Cancer 

 The major goals are to determine the functional roles of NF-kB in CRPC and the effects of NF-kB on 
modulating treatment response to novel anti-androgen therapeutics in CRPC.  
VA I01 BX002653 (Gao, PI)   2014 - 2018 
Dept of Veteran’s Affairs (Merit award) 
The role of p52 in prostate cancer 
The major goals are to determine the roles of p52 in prostate cancer and androgen receptor signaling  
DOD W81XWH-14-1-0437 (Gao, PI)   2014 - 2017 
DOD Idea award 
P52 activation and AR-targeted therapy 
The goals are to determine the mechanisms of p52 in AR-targeted therapy and explore co-targeting 
strategy to improve AR-targeted therapy. 
2 P30 CA93373  (deVere White, PI)   2012 - 2016 

NIH/NCI    
Cancer Center Support Grant P-30      
The purpose is to provide support for administration, leadership and development of research programs in 
cancer.     
DOD PC150229 (Gao, PI)    2016-2019 
DOD Idea award 
Targeting AR-V7 by niclosamide overcomes treatment resistant CRPC 
DOD PC150040 (Gao, PI)    2016-2019 
DOD IMPACT award 
Overcoming CRPC treatment resistance via novel dual AKR1C3 targeting 
Movember Foundation-PCF Challenge Award (Chen, PI, Gao-coI)  2016-2018 
Targeting ROR-gamma with novel therapeutics for lethal prostate cancer   

http://www.ncbi.nlm.nih.gov/sites/myncbi/allen.gao.1/bibliography/41140006/public/?sort=date&direction=ascending
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