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INTRODUCTION 
Prostate cancer is the most commonly diagnosed non-skin cancer in men and one of the 

leading causes of cancer death. Androgen withdrawal therapies are still the most effective 
treatment for advanced disease, although it eventually progresses to the lethal castration-resistant 
stage. Evidence suggests that most cells in castration-resistant tumors retain androgen receptor 
(AR) that maintains its transcriptional activity through alternative pathways (1-7). The AR is a 
member of the steroid receptor family that shares common functional domains and structures (8, 
9). This family of receptors has (i) a ligand-binding domain (LBD) located in the C-terminal 
region (ii) a hinge region (iii) a centrally located DNA binding domain (DBD), and (iv) an 
N-terminal domain (NTD). Between members of this family, the NTD domain has the highest 
degree of amino acid sequence variability, suggesting that this region has a major role in AR-
specific transcription regulation (10-13). To identify novel NTD-interacting proteins, we 
employed the Tup1 repressed transactivator (RTA) yeast two-hybrid system (14) and TATA 
binding protein-Associated Factor 1 (TAF1) was identified as a previously unreported AR-
interacting protein.  

TAF1 is part of the TFIID complex (Transcription Factor IID), which consists of TATA 
binding protein (TBP) and approximately 15 TBP associated factors (TAFs). TAFs, including 
TAF1, mediate activator-dependent transcription in a promoter and tissue specific manner (15-
17). The TAF1 gene contains 38 exons which span 98 kb of genomic DNA on chromosome X 
and encode an approximately 6 kb mRNA. TAF1 is a multifunctional protein that contains 
acetylation (HAT), ubiquitin activating/conjugating (E1/E2) and bipartite, kinase domains 
consisting of N- and C-terminal kinases (NTK and CTK, respectively). TAF1 is capable of 
autophosphorylation as well as specific phosphorylation of TFIIF (18), p53 (19), and Mdm2 
proto-oncogene (20). TAF1 binds and modulates transcriptional activity of proteins, such as c- 
Jun (21), the Mdm2 (22), and cyclin D1 (23) that they can also influence AR activity and hence 
prostate cancer progression (24-26). The focus of this study is to identify if and how TAF1 
modulates AR transcription, and to determine the role of TAF1 in prostate cancer progression. In 
particular, this research proposal will test the hypothesis that TAF1 directly modulates AR 
activity, and aids in the development and maintenance of castration-resistant prostate cancer. We 
proposed to test this hypothesis with the following four specific aims: 

 
Specific Aim 1: To determine whether the TAF1/AR interaction specifically modulates 

AR transactivation 

Specific Aim 2: To map functional interaction site(s) of AR and TAF1 

Specific Aim 3: To determine the mechanisms through which TAF1 coactivates AR  

Specific Aim 4: To assess the expression profile of TAF1 in prostate tumors: 

a) To characterize TAF1 and AR expression at mRNA and protein 
levels in the Pten

-/- prostate-specific knock out mouse model. 

b) To determine the expression level of TAF1 in malignant versus 
benign human prostate tissues.  
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PROGRESS AND RESULTS 
 
A. Summary of the first and second years report (specific aim 1, 2 and part of 3) 

We have demonstrated that TAF1 interacted with AR within nucleus of LNCaP cells, a 
prostate cancer cell line that expresses AR. Using ChIP assay, we also showed that TAF1 
associated with AR at the prostate specific antigen (PSA) promoter in the presence of hormone. 
To confirm the AR/TAF1 interaction and to determine the domains involved, GST pull-down 
assays were performed using GST-fusion protein with AR/NTD1-559, DBD541-665, or LBD649-919 
(Fig. 1). The results indicated that TAF1 interacts directly with AR and mapping the interaction 
domains of TAF1 and AR suggests that the HAT, E1/E2 and CTK domains of TAF1 are all 
involved in binding to AR. The pattern of binding of HAT and E1/E2 domains is similar to that 
seen with full length TAF1. 

To determine the impact of AR-TAF1 interaction on AR transcriptional activity within cells, 
transactivation assays in prostate cancer cells were performed. TAF1 was either over-expressed 
(pHA-TAF1, kindly given by Dr. Tjian and Dr. Wong) or knocked down (siRNA duplexes; 
AAGACCCAAACAACCCCGCAT-3΄and 5΄-AACTACGACTACGCTCCACCA-3΄) in prostate cancer 
cells and luciferase assays were performed. The results indicated that the expression level of 
TAF1 is directly correlated to AR activity only in the presence of hormone, when the receptor 
has been activated (Fig. 2). Since TAF1 is a member of the general transcription machinery 
complex it is expected that it influences on promoters of other genes. In our transactivation 
assays, we also found that the non-androgenic reporter (thymidine kinase-renilla (pRLtk-renilla)) 
is also modulated by TAF1 in a similar manner as androgen responsive reporters (Fig. 3A). To 
differentiate the effect of TAF1 on AR from its general effects on transcription and to determine 
which TAF1 domains are specifically involved in AR activation, we cloned various domains of 
TAF1 and repeated the luciferase assay in LNCaP cells. In contrast to full-length TAF1, TAF1 
domains had no effect on the generic renilla construct with pRL-tk promoter, implying that 
general transcription is not affected. By comparison, while HAT and CTK domains had no 
significant effect on AR activity, NTK and the E1/E2 domains of TAF1 did enhance AR activity 
in a ligand dependent manner. NTK significantly enhanced AR transactivation by 2.4-fold, 
which is almost as much as the full-length TAF1. However, E1/E2 domain had even greater 
effect, enhancing AR activity over 3.4-fold (Fig. 3B).  

Since NTK does not bind to AR and the CTK and HAT domains do not enhance AR 
transcriptional activity, we focused on the E1/E2 domain, which binds to AR and has the most 
profound effect on its transactivation. Ubiquitination is a posttranslational modification that 
mediates the covalent conjugation of ubiquitin to protein substrates. The functional role of 
ubiquitination was originally considered to be targeting proteins to the proteasome for 
degradation. However, it is now known that ubiquitination regulates many other processes in the 
cell, including membrane trafficking, DNA repair, and transcription (27). AR is also a direct 
target for mono and poly-ubiquitination (25, 28). To address whether TAF1 can ubiquitinate AR, 
LNCaP cells were co-transfected with pHis6-Ubiquitin and either pHA-TAF1 or empty vector. 
Cells were then treated with 10% FBS RPMI followed by 6h treatment with vehicle or MG132, a 
proteasome inhibitor. The results indicate that TAF1 facilitates AR ubiquitination in a spectrum 
from mono to poly-ubiquitin form. To confirm the ubiquitination of AR by TAF1 and to assess 
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whether TAF1 is able to directly ubiquitinate AR, an in-tube ubiquitination assay was performed 
(29) and confirmed that TAF1 is able to directly ubiquitinate AR. 

In 2009, we have tried to elaborate on the specific aim 3 and to address the specific aim 4. 
The results are discussed as follows: 

   
B.  Specific Aim 4: To determine the expression level of TAF1 in malignant versus benign 
human prostate tissues. 

Although TAF1 is ubiquitously expressed in normal tissues (30) and also expressed in all 
prostate cancer cell lines including LNCaP and C4-2 cells (data not shown), analysis of 
expression in human tumours may be more relevant. Consequently, tissue microarray (TMA) of 
prostate biopsies from patients that had not received any neo-adjuvant hormone therapy was 
stained with antibodies that recognize human TAF1 (abcam, ab17360). Each array was prepared 
from 84 non-treated patients, with 4 cores per patients. Staining intensity was scored visually by 
a pathologist on a scale from 0 to 3, ranging from no staining (score 0) to very intense staining 
(score 3) (31, 32). The results indicate that there is no significant difference between benign and 
malignant human prostate samples when TMA is stained with TAF1 antibody (data not shown). 

 
The expression profile of TAF1 was also assessed in patients who had undergone varying 

lengths of neo-adjuvant hormone therapy (NHT) prior to radical prostatectomy or autopsy, using 
NHT tissue microarrays (31, 33). Each NHT array is comprised of 336 tumor biopsies, which 
were obtained from triplicate cores of 112 tumors. Fig. 4A shows representative histology 
pictures of four test groups (<3 months NHT, 3-6 months NHT, >6 months NHT, and castration-
resistant state) and Fig. 4B shows visual scoring analysis of the whole NHT array. Interestingly, 
we found the longer the NHT treatment, the higher the level of TAF1 protein. TAF1 expression 
of individual cores was compared between the different treatment groups and its level was found 
to be significantly higher in the 3-6 months NHT over the untreated group (Fig. 4B). 
Furthermore, there was an additional increase in TAF1 expression with longer NHT and with 
castration-resistant progression. Thus, increased levels of TAF1 expression are associated with 
progression to castration-resistant stage, and may have potential clinical value as a biomarker or 
a therapeutic target for advanced prostate cancer. 
C. Specific Aim 3:   

With the results that we have found, we were confident to submit our data in the Molecular 
Endocrinology journal. Upon requests of reviewers, we have performed the following 
experiments: 

1- Co-immunoprecipitation assays in C4-2 cell line as a castration-resistant cell line. 
2- ChIP assays in LNCaP cells when the AR is knocked down. 
3- Ubiquitination assays in the presence and absence of androgen in LNCaP cells. 
4- Ubiquitination assays with the E1/E2 domain of TAF1 as a comparison to the full-length 

TAF1. 
We did not pursue the first part of the specific aim 4 (page 4) due to lack of time in breeding 

and selecting groups of Pten
-/- prostate-specific knock out mice. Therefore, we have focused and 

elaborated on the specific aim 3, as per reviewers’ request.   
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1- Co-immunoprecipitation assays in C4-2 cell line as a castration-resistant cell line. 
 
LNCaP and C4-2 cells were respectively transfected with HA-TAF1 and treated with or 

without 1 nM of the synthetic androgen R1881. Using the Active Motif Co-IP kit, 1 mg of 
nuclear extracts of cells (calculated by the BCA assay) were subjected to IP with an anti-TAF1 
antibody and analyzed by Western blot for TAF1 and AR (Fig. 5A, upper & lower panel, 
respectively). Upon IP of TAF1, the AR is co-immunoprecipitated with TAF1 in the presence of 
androgen in both cells, with the relatively stronger interaction within LNCaP cells (lane 8 
compared to lane 12, lower panel). Together, these results indicate that TAF1 and AR are in a 
complex within LNCaP and C4-2 cells in the presence of androgen. 

 
2- ChIP assays in LNCaP cells when the AR is knocked down. 

 
We used ChIP assays to investigate whether TAF1 can bind to the promoter/enhancer of the 

PSA and whether this binding is through AR (Fig. 5B). LNCaP cells that stably express either 
DOX-inducible shRNA of the AR (LN-shRNAAR) or DOX-inducible scrambled shRNA (LN-
shRNASC) were used as described before (39). Cells were grown in CSS and treated with DOX 
for 48 h followed by 4 h treatment with or without R1881. DNA and proteins were then cross-
linked, lysed, sonicated, and then immunoprecipitated with anti-TAF1 antibody (row 2), AR 
(row 3), or an equivalent amount of normal rabbit/mouse IgG as negative controls (rows 4 & 5 
respectively). The DNA was purified and used as a template for PCR of the PSA proximal 
promoter (1st panel from left) and the enhancer (2nd panel). The result indicates that TAF1, like 
AR, binds with the PSA promoter/enhancer in the presence of androgen. This binding seems to 
be mainly AR-dependent since once the AR is knocked down, there is no detectable PCR 
product at the enhancer and just faint bands at the proximal promoter can be detected. To 
determine whether the binding of TAF1 to the PSA promoter is specific, the purified DNA 
obtained after TAF1 IP was subjected to PCR for a non-promoter region of the PSA promoter 
(3rd panel), as well as for -actin promoter (4th panel). The absence of detectable PCR products 
in these regions indicate that TAF1 binding to the PSA promoter was promoter- and sequence-
specific. Together, our ChIP assays results suggest that TAF1 and AR associate at the PSA 
promoter/enhancer once the AR is transcriptionally active. 

 
3- Ubiquitination assays in the presence and absence of androgen in LNCaP cells. 

To address whether TAF1 can ubiquitinate AR, LNCaP cells were cultured in 5% CSS media 
for 24 h and then co-transfected with pHis6-Ubiquitin and either pHA-TAF1 or empty vector. 
Cells were then treated with 5% CSS media with or without 1 nM R1881 followed by 6 h 
treatment with vehicle or MG132, a proteasome inhibitor. To show the His-ubiquitin conjugated 
status of AR in the presence and absence of MG132, after saving 5% input (Fig. 6A, lower 
panels), His-conjugated proteins were purified followed by a Western blot with antibody against 
AR. Fig. 6A (lanes 1 & 2) shows that in the absence of MG132 and hormone, there is no His-
conjugated AR. However, very faint bands appear in the presence of hormone and are slightly 
higher with overexpression of TAF1 (lanes 4 versus 3). Lanes 5-8 show the same order of 
experiments in the presence of proteasome inhibitor. As expected, there is no ubiquitination of 
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AR in the absence of hormone while the total amount of poly-ubiquitinated AR is increased with 
MG132 and R1881 treatment when TAF1 is overexpressed (lanes 8 versus 7). Since Mdm2 (an 
E3 ligase) is involved in the poly-ubiquitination and consequently degradation of AR (25), we 
wanted to see if the Mdm2 protein could also be detected in this set of experiments. Hence, the 
same membrane was blotted with antibody against Mdm2. As shown in Fig. 6A (middle panels), 
the more ubiquitinated AR, the more Mdm2 within the protein complex. This suggests that 
through overexpression of TAF1 either the Mdm2 protein is also being ubiquitinated and 
targeted for degradation or TAF1 induces ubiquitination of AR through Mdm2.  

4- Ubiquitination assays with the E1/E2 domain of TAF1 as a comparison to the full-
length TAF1. 

Given that the E1/E2 domain of TAF1 enhances AR activity, we wanted to know if this 
domain could also ubiquitinate AR in LNCaP cells under the same conditions as described 
above, except that the truncated E1/E2 of TAF1 was transfected instead of the full-length 
protein. Fig. 6B shows a substantial increase in the level of ubiquitinated AR once the E1/E2 is 
expressed in the presence of MG132 and R1881 (lane 4 versus 3). Together, these experiments 
indicate that TAF1 can ubiquitinate AR and its E1/E2 domain is sufficient to accomplish this.  

KEY RESEARCH ACCOMPLISHMENTS 

1. TAF1 interacts with AR within androgen-dependent and castration-resistant prostate 
cancer cells. 

2. TAF1 associates at the PSA promoter/enhancer when the AR is transcriptionally active. 

3. TAF1 binds to the N-terminal domain of AR. This interaction is mainly through HAT 
and E1/E2 domains of TAF1 

4. The NTK and E1/E2 domains of TAF1 specifically enhance AR transcriptional activity 
and that mechanism is different from the role of TAF1 on general transcription 
machinery. 

5. TAF1 through its E1/E2 domain can directly ubiqutinate AR in androgen-dependent 
manner.  

6. TAF1 is a coactivator of AR that binds and differentially enhances AR transcriptional 
activity most likely through ubiquitination of AR. 

7.   The expression of TAF1 is increased during NHT therapy for advanced prostate cancer.  
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REPORTABLE OUTCOME 

Publication: 

1. Tavassoli P., Wafa L. A., Cheng H., Zoubeidi A., Fazli L., Gleave M., Snoek R., Rennie 
P. S., TAF1 Differentially Enhances Androgen Receptor Transcriptional Activity via Its 
N-Terminal Kinase and Ubiquitin-Activating and -Conjugating Domains. Mol 

Endocrinol. 2010 Feb 24. [Epub ahead of print] 

Abstracts and oral presentations: 
A summary of the above data has been presented in the following meetings: 

1. Poster presentation: The Endocrine Society's meeting 89th Annual Meeting, Toronto, 

Canada, June 2007  

2. Oral presentation: The 6th Annual Canadian Prostate Cancer-BioNet Meeting, Montreal, 

Canada, April 22-24, 2007 

3. Poster presentation: The Endocrine Society's meeting 90th Annual Meeting, San 

Francisco, CA, June 2008 

4. Oral presentation: The urologic science meeting, Vancouver, Canada, June 12, 2008 

5. Poster presentation: the 4th PacRim Breast and Prostate Cancer, Whistler, Canada, August 

2008 

6. Oral presentation: Androgen Receptor Modulation by non-Androgenic Factors and Co-

activator TAF1, Vancouver BC, Taylor Fidler Theater, February 2009 

7. Chapter 4 of my PhD thesis, University of British Columbia, December 2009 

CONCLUSION   
The molecular mechanisms responsible for the development of castration-resistant prostate 

cancer are largely unknown, but typically they do not appear to involve the loss of AR 
expression (34). The up-regulation of AR-target genes and over-expression of AR at the protein 
and mRNA levels support the notion that AR activity is altered in castration-resistant states (35-
38). There are a variety of molecular alterations that could lead to continued or amplified AR 
signaling following surgical or medical castration. Recent evidence suggests that AR-specific 
gene regulation may occur through interactions with unique coregulatory proteins. Since the N-
terminus of AR (AR-NTD) is the least conserved, protein interactions in this region may dictate 
receptor-specific coregulation capacity.  

 
Using the RTA yeast two-hybrid system TAF1 was identified as a novel AR-NTD-interacting 

protein (39) and this direct interaction is confirmed with full-length TAF1, using GST pull-down 
assays (Fig. 1C). Mapping of the TAF1 and AR interacting domains shows that the HAT and 
E1/E2 domains bind strongly to AR-NTD, mimicking the full length TAF1. The CTK domain 
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that was originally isolated by the RTA system interacts with all AR domains, but most strongly 
with the AR-DBD. In contrast, NTK does not have affinity for any AR domains, further 
indicating the specificity of these interactions (Fig. 1C & D). It has been reported by others that 
the N-terminus of TAF1 binds to the concave surface of TBP and consequently inhibits TBP/ 
TATA box contact, hence repressing transcription (21, 40). However, binding of activators, such 
as c-Jun with the N-terminus of TAF1 releases this inhibition, resulting in transcription initiation 
(41). Accordingly, the ability of TAF1 to interact with AR through multiple domains other than 
NTK suggests that TAF1 may play a role in modulating AR folding and one can speculate that, 
upon interaction with AR, the NTK release from the concave surface of TBP will initiate 
transcription. This hypothesis is supported by the fact that upon overexpression of TAF1 in both 
PC3 and LNCaP cells in the presence of nuclear AR (hormone induced activation), AR activity 
is increased (Fig. 2A&B), whereas siRNA knock down of TAF1 suppresses AR activity (Fig. 
2C&D).   

 
We also find that TAF1 expression levels were increased in prostate cancer patients who 

underwent NHT treatment for more than 3 months (Fig. 4), suggesting TAF1/AR interaction 
might be clinically relevant. Co-immunoprecipitation assays demonstrate that the interaction 
between AR and TAF1 occurs in the nuclear extracts of LNCaP and C4-2 cells in the presence of 
ligand-activated receptor (Fig. 5A). Although the AR seems to be more associated with TAF1 in 
LNCaP cells, this could be explained by the lower amount of the nuclear AR in C4-2 cells under 
this experimental condition (Fig. 5A, lane 4 versus lane 2). The association of TAF1 and AR in 
both androgen dependent and castration-resistant prostate cancer cells, plus the fact that TAF1 
expression level is increased in patients undergoing androgen ablation therapy, suggests that 
TAF1 may interact with AR and enhance receptor activity even when there are low levels of 
circulating androgens. Since TAF1 is a component of the general transcription machinery within 
the TFIID complex and directly associates with AR to modulate AR activity, we explored 
whether TAF1 binds to the PSA promoter/enhancer. Using ChIP assays with LNCaP cells, we 
found that TAF1 is associated with AREs  in the proximal/enhancer promoters of the PSA gene 
and this association is AR-dependent since knocking down AR would make the PCR products 
undetectable at the enhancer and significantly decrease them at the proximal promoter (Fig. 5B). 
This observation strongly suggests that TAF1 is a novel coactivator of AR that binds to the PSA 
enhancer through AR.      

 
Since E1/E2 has the most profound effect on AR activity, we also sought to determine 

whether ubiquitination of AR can be increased as a consequence of TAF1 overexpression. 
Interestingly, in the presence of proteasome inhibitor and expression of His-ubiquitin, TAF1 
enhances the total amount of ubiquitinated AR within a prostate cancer cell line (Fig. 6A, lane 8 
versus 7). In addition, the E1/E2 domain alone is able to increase the total amount of 
ubiquitinated AR (Fig. 6B). This supports our transactivation data (Fig. 3B), in which the E1/E2 
domain enhances AR activity more than 3-fold. Furthermore, TAF1 can ubiquitinate AR even in 
the absence of proteasome inhibitor within the cells (Fig. 6A, lane 4) and in vitro (Fig. 6C). 
Since the majority of TAF1-induced poly-ubiquitinated AR is accumulated after the proteasome 
inhibition and since poly-ubiquitinated AR is not functional (25, 42), there are at least three 
possible mechanisms that could explain how TAF1 enhances AR transcriptional activity. First, 
TAF1 can poly-ubiquitinate AR through lysine 48, causing proteasome degradation of AR 
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mainly through Mdm2 (Fig. 6A & B). This would induce AR turnover and consequently enhance 
AR transcriptional activity. Although we could not detect any significant changes of the AR 
expression level by TAF1 using cyclohexamide (Calbiochem) at different time points (data not 
shown), this remains to be further investigated. Second, TAF1 may induce AR poly-
ubiquitination on other lysine sites, such as K6 or K27, as recently reported with the RNF6 
protein and AR (43). This type of AR-poly-ubiquitination does not lead to AR degradation, as in 
the case of Mdm2. In contrast, it can enhance AR activity through modulation of AR binding 
proteins/chromatin, as has been shown with p53- and Met4-poly-ubiquitination (44, 45). These 
alternative mechanisms will be explored further in future studies. The third explanation could be 
that TAF1 may affect AR either through ubiquitination or phosphorylation of a cofactor(s), such 
as the possibility of the Mdm2 ubiquitination by TAF1 (Fig. 6A). 
 

 In conclusion, our results suggest that TAF1 is a coactivator of AR that binds and 
differentially enhances AR transcriptional activity most likely through ubiquitination of AR. 
Accordingly, an increase in TAF1 expression during NHT therapy for advanced prostate cancer, 
especially with treatment extended over 6 months, could be a compensatory mechanism adapted 
by cancer cells to overcome lack of circulating androgens.  
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Figure 1. TAF1 binds AR through HAT and E1/E2 domains in vitro.  
A. GST-fused AR domains (N-terminus =NTD, DNA binding domain =DBD, ligand binding 
domain =LBD) were expressed in E. Coli BL21 and purified using glutathione beads. Fusion 
protein-bound bead volumes were titrated, eluted with sample buffer and analyzed by SDS-
PAGE followed by Coomassie Brilliant Blue staining. The eluent in each case was run alongside 
known amounts of BSA (ranging from 250 to 1000 ng) to generate a standard curve for protein 
concentrations. Equimolar amounts of non-degraded proteins (*) were used in GST pull-down 
assays. B. [35S] Radiolabeled TAF1 and its domains (N-terminal kinase (NTK), Histone 
acetylation (HAT), Ubiquitin activating conjugating (E1/E2), and C-terminal kinase (CTK) were 
generated using in vitro Transcription/Translation kit. C. GST pull-down assay. Equivolume of 
[35S] labeled TAF1, [35S] labeled NTK, [35S] labeled HAT, [35S] labeled E1/E2, [35S] labeled 
CTK were incubated with GST-AR fragments bound to agarose beads.  GST alone coupled to 
agarose beads was used as negative control. D.  Dried gels were also analyzed using a 
Phosphorimaging screen. Quantity One software was used to obtain data (counts/mm2) for 
radiolabelled protein bands. All pull-downs were done in triplicate, averaged, and normalized as 
a function of the percentage input bound. 
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Figure 2. TAF1 modulates AR transactivation.  
PC3 cells were co-transfected with 1.5 µg/well full length AR (pAR6) and 0.2 µg/well pARR3-
tk-Luc reporter, 0.1 µg/well pRLtk-renilla, and increasing amounts of pHA-TAF1 (A) or 
increasing amounts of TAF1 RNAi duplexes (C). LNCaP cells were co-transfected with 1 
µg/well pPSA-Luc, 0.1 µg/well pRLtk-renilla and 1 µg/well pCS2+HA-hTAF1 (B) or 10 nM 
TAF1 RNAi duplexes (D). Transfected cells were growing in the presence or absence of 1 nM 
R1881 for 24 h (A, B) or 48 h (C & D ) before harvesting for luciferase assay and Western blot 
analysis. Luciferase units (RLU) are expressed relative to protein values for each sample. All 
luciferase values are given as the mean ( SEM) of triplicate readings. Graphs are representative 
of the 3 independent experiments. * indicates a p<0.05 compared to empty vector control. ** 
indicates a p<0.05 compared to *. 
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Figure 3. N-terminal kinase and ubiquitin activating/conjugating domains of TAF 
differentially enhance AR transactivation.  LNCaP cells were co-transfected with either pHA-
TAF1 or one of its four domains (pV5-NTK, pV5-HAT, V5-E1/E2, or pV5-CTK) (1 ug/well) 
and the pPSA-Luc and pRLtk-renilla. Transfected cells were growing in the presence or absence 
of 1 nM R1881 for 24 h before harvesting for luciferase assay. A) luciferase units were 
normalized to protein. B) fold-induction of renilla units were plotted against empty vevtor, TAF1 
or its domains. * indicates a p<0.05 compared to empty vector control. C) Western blot analysis 
for AR, β-actin, empty vector (EV) (1), TAF1 (2), NTK (3), HAT (4), E1/E2 (5) and CTK (6).  
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Figure 4. Tissue microarray analysis TAF1 expression in prostate cancer. (A) A NHT tissue 
microarray was stained with an antibody that recognizes TAF1 (abcam) or rabbit IgG (negative 
control). Staining intensity was scored from 0 to 3 by a pathologist. Slides were visualized under 
10X magnification and further magnification (40X) of delineated areas is shown. (B) Visual 
score of samples with TAF1 staining intensity of 0–3 is given for each treatment group. * 
indicates that there is significant difference over 0 months. ** indicates that there is significant 
difference over 3-6 months. 
 

 

 

 

 

 



Tavassoli Peyman, Annual Summary                                Page - 16 -                                                   March 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. TAF1 interacts with AR within a prostate cancer cell line.  (A) LNCaP or C4-2 
cells were transiently transfected with HA-TAF1, grown in 5% charcoal stripped serum media 
(CSS) for 24 h and then treated  1 nM R1881 (synthetic androgen) for 4 h. Nuclear proteins 
were extracted and TAF1 was immunoprecipitated (IP) followed by Western blot analysis, 
probing with anti AR or TAF1 antibodies. (B) LN-shRNAAR or LN-shRNASC cells were grown 
in CSS for 24 h and then treated with DOX for 48 h followed by 4 h  1 nM R1881 induction. 
Cells were then cross linked, DNA sheared and then the protein/DNA complexes were 
immunoprecipitated with anti TAF1 or anti AR and the promoter of the PSA proximal/enhancer 
were PCR amplified. The non-promoter region of PSA and β-actin primers were used as negative 
controls for TAF1 enriched protein/DNA complexes. IgGr = rabbit IgG, IgGm = mouse IgG.   
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Figure 6. TAF1 ubiquitinates AR. (A) LNCaP cells were transfected with 2 µg pHis6-ubiquitin 
and either 6 µg of pHA-TAF1 or empty vector. Cells were then treated with 5% CSS RPMI ± 1 
nM R1881 followed by 10 µM MG132 or vehicle for 6h. After harvesting and lysing the cells in 
RIPA buffer, 5% of cell lysate was used as an input (lower panels) and the remainder was mixed 
with 50 µl Ni2+-NTA-agarose beads. The mixture was rotated at 4ºC for 3 h and then affinity 
pulled down followed by Western blot analysis for AR and Mdm2 (upper and middle panels). 
The input was blotted for HA, AR and β-actin. Arrow shows the poly-ubiquitinated AR in the 
absence of MG132 and when TAF1 is overexpressed (B) Experiments were designed as above, 
except cells were transfected with the pE1/E2 domain instead of the full length protein. (C) 
Nuclear extracts of HeLa cells were subjected to IP using antibody against TAF1 or IgG. LNCaP 
cell lysate was incubated with 1 mM ATP, 35S-ubiquitin in the absence (lanes 1, 3, 5, 7 and 9) or 
presence of TAF1 IP (lanes 2, 4, 6, 8 and 10) in HEMG buffer. After 1 h incubation at room 
temperature, AR was immunoprecipitated followed by autoradiography (left panel) and Western 
blot for AR and ubiquitin (right panel). Lanes 1, 2, 5 and 6 = Input (5%) from LNCaP lysate 
before IP of AR. Solid arrow head and arrows show ubiquitin-conjugated AR. The open arrow 
shows non-ubiquitinated AR.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Tavassoli Peyman, Annual Summary                                Page - 18 -                                                   March 2010 

REFERENCES 
1. Blaszczyk N, Masri BA, Mawji NR, Ueda T, McAlinden G, Duncan CP, Bruchovsky N, Schweikert HU, 

Schnabel D, Jones EC, Sadar MD 2004 Osteoblast-derived factors induce androgen-independent 
proliferation and expression of prostate-specific antigen in human prostate cancer cells. Clin Cancer Res 
10:1860-1869 

2. Culig Z, Steiner H, Bartsch G, Hobisch A 2005 Interleukin-6 regulation of prostate cancer cell growth. J 
Cell Biochem 95:497-505 

3. Degeorges A, Tatoud R, Fauvel-Lafeve F, Podgorniak MP, Millot G, de Cremoux P, Calvo F 1996 Stromal 
cells from human benign prostate hyperplasia produce a growth-inhibitory factor for LNCaP prostate cancer 
cells, identified as interleukin-6. Int J Cancer 68:207-214 

4. Lu Y, Zhang J, Dai J, Dehne LA, Mizokami A, Yao Z, Keller ET 2004 Osteoblasts induce prostate cancer 
proliferation and PSA expression through interleukin-6-mediated activation of the androgen receptor. Clin 
Exp Metastasis 21:399-408 

5. Wang MH, Abreu-Delgado Y, Young CY 2003 Effects of vitamin C on androgen receptor mediated actions 
in human prostate adenocarcinoma cell line LAPC-4. Urology 62:167-171 

6. Nishimura K, Nonomura N, Satoh E, Harada Y, Nakayama M, Tokizane T, Fukui T, Ono Y, Inoue H, Shin 
M, Tsujimoto Y, Takayama H, Aozasa K, Okuyama A 2001 Potential mechanism for the effects of 
dexamethasone on growth of androgen-independent prostate cancer. J Natl Cancer Inst 93:1739-1746 

7. Ueda T, Mawji NR, Bruchovsky N, Sadar MD 2002 Ligand-independent activation of the androgen 
receptor by interleukin-6 and the role of steroid receptor coactivator-1 in prostate cancer cells. J Biol Chem 
277:38087-38094 

8. Evans RM 1988 The steroid and thyroid hormone receptor superfamily. Science 240:889-895. 
9. Roy AK, Chatterjee B 1995 Androgen action. Crit Rev Eukaryot Gene Expr 5:157-176. 
10. Agoulnik IU, Weigel NL 2006 Androgen receptor action in hormone-dependent and recurrent prostate 

cancer. Journal of cellular biochemistry 99:362-372 
11. Chang CS, Kokontis J, Liao ST 1988 Structural analysis of complementary DNA and amino acid sequences 

of human and rat androgen receptors. Proceedings of the National Academy of Sciences of the United 
States of America 85:7211-7215 

12. Lubahn DB, Joseph DR, Sullivan PM, Willard HF, French FS, Wilson EM 1988 Cloning of human 
androgen receptor complementary DNA and localization to the X chromosome. Science (New York, NY 
240:327-330 

13. Trapman J, Klaassen P, Kuiper GG, van der Korput JA, Faber PW, van Rooij HC, Geurts van Kessel A, 
Voorhorst MM, Mulder E, Brinkmann AO 1988 Cloning, structure and expression of a cDNA encoding the 
human androgen receptor. Biochemical and biophysical research communications 153:241-248 

14. Hirst M, Ho C, Sabourin L, Rudnicki M, Penn L, Sadowski I 2001 A two-hybrid system for transactivator 
bait proteins. Proc Natl Acad Sci U S A 98:8726-8731 

15. Albright SR, Tjian R 2000 TAFs revisited: more data reveal new twists and confirm old ideas. Gene 242:1-
13 

16. Martel LS, Brown HJ, Berk AJ 2002 Evidence that TAF-TATA box-binding protein interactions are 
required for activated transcription in mammalian cells. Mol Cell Biol 22:2788-2798 

17. Verrijzer CP, Tjian R 1996 TAFs mediate transcriptional activation and promoter selectivity. Trends 
Biochem Sci 21:338-342 

18. Dikstein R, Ruppert S, Tjian R 1996 TAFII250 is a bipartite protein kinase that phosphorylates the base 
transcription factor RAP74. Cell 84:781-790 

19. Li HH, Li AG, Sheppard HM, Liu X 2004 Phosphorylation on Thr-55 by TAF1 mediates degradation of 
p53: a role for TAF1 in cell G1 progression. Mol Cell 13:867-878 

20. Allende-Vega N, McKenzie L, Meek D 2008 Transcription factor TAFII250 phosphorylates the acidic 
domain of Mdm2 through recruitment of protein kinase CK2. Mol Cell Biochem 316:99-106 

21. Lively TN, Ferguson HA, Galasinski SK, Seto AG, Goodrich JA 2001 c-Jun binds the N terminus of human 
TAF(II)250 to derepress RNA polymerase II transcription in vitro. J Biol Chem 276:25582-25588 

22. Leveillard T, Wasylyk B 1997 The MDM2 C-terminal region binds to TAFII250 and is required for MDM2 
regulation of the cyclin A promoter. J Biol Chem 272:30651-30661 

23. Siegert JL, Rushton JJ, Sellers WR, Kaelin WG, Jr., Robbins PD 2000 Cyclin D1 suppresses 
retinoblastoma protein-mediated inhibition of TAFII250 kinase activity. Oncogene 19:5703-5711 



Tavassoli Peyman, Annual Summary                                Page - 19 -                                                   March 2010 

24. Cai C, Hsieh CL, Shemshedini L 2007 c-Jun has multiple enhancing activities in the novel cross talk 
between the androgen receptor and Ets variant gene 1 in prostate cancer. Mol Cancer Res 5:725-735 

25. Gaughan L, Logan IR, Neal DE, Robson CN 2005 Regulation of androgen receptor and histone deacetylase 
1 by Mdm2-mediated ubiquitylation. Nucleic Acids Res 33:13-26 

26. Narayanan BA, Narayanan NK, Davis L, Nargi D 2006 RNA interference-mediated cyclooxygenase-2 
inhibition prevents prostate cancer cell growth and induces differentiation: modulation of neuronal protein 
synaptophysin, cyclin D1, and androgen receptor. Mol Cancer Ther 5:1117-1125 

27. Miranda M, Sorkin A 2007 Regulation of receptors and transporters by ubiquitination: new insights into 
surprisingly similar mechanisms. Mol Interv 7:157-167 

28. Burgdorf S, Leister P, Scheidtmann KH 2004 TSG101 interacts with apoptosis-antagonizing transcription 
factor and enhances androgen receptor-mediated transcription by promoting its monoubiquitination. J Biol 
Chem 279:17524-17534 

29. Belz T, Pham AD, Beisel C, Anders N, Bogin J, Kwozynski S, Sauer F 2002 In vitro assays to study protein 
ubiquitination in transcription. Methods 26:233-244 

30. Wang PJ, Page DC 2002 Functional substitution for TAF(II)250 by a retroposed homolog that is expressed 
in human spermatogenesis. Hum Mol Genet 11:2341-2346 

31. Ray MR, Wafa LA, Cheng H, Snoek R, Fazli L, Gleave M, Rennie PS 2006 Cyclin G-associated kinase: a 
novel androgen receptor-interacting transcriptional coactivator that is overexpressed in hormone refractory 
prostate cancer. Int J Cancer 118:1108-1119 

32. Wafa LA, Palmer J, Fazli L, Hurtado-Coll A, Bell RH, Nelson CC, Gleave ME, Cox ME, Rennie PS 2007 
Comprehensive expression analysis of L-dopa decarboxylase and established neuroendocrine markers in 
neoadjuvant hormone-treated versus varying Gleason grade prostate tumors. Hum Pathol 38:161-170 

33. Wafa L 2007 Identification and characterization of proteins that interact with the androgen receptor to 
modulate its activity. In: Pathology and Laboratory Medicine. Vancouver: University of British Columbia; 
185-210 

34. Taplin ME, Balk SP 2004 Androgen receptor: a key molecule in the progression of prostate cancer to 
hormone independence. J Cell Biochem 91:483-490. 

35. Chen CD, Welsbie DS, Tran C, Baek SH, Chen R, Vessella R, Rosenfeld MG, Sawyers CL 2004 Molecular 
determinants of resistance to antiandrogen therapy. Nat Med 10:33-39 

36. Rennie PS, Nelson CC 1998 Epigenetic mechanisms for progression of prostate cancer. Cancer Metastasis 
Rev 17:401-409 

37. Sirotnak FM, She Y, Khokhar NZ, Hayes P, Gerald W, Scher HI 2004 Microarray analysis of prostate 
cancer progression to reduced androgen dependence: studies in unique models contrasts early and late 
molecular events. Mol Carcinog 41:150-163 

38. Tilley WD, Lim-Tio SS, Horsfall DJ, Aspinall JO, Marshall VR, Skinner JM 1994 Detection of discrete 
androgen receptor epitopes in prostate cancer by immunostaining: measurement by color video image 
analysis. Cancer Res 54:4096-4102 

39. Wafa LA, Cheng H, Rao MA, Nelson CC, Cox M, Hirst M, Sadowski I, Rennie PS 2003 Isolation and 
identification of L-dopa decarboxylase as a protein that binds to and enhances transcriptional activity of the 
androgen receptor using the repressed transactivator yeast two-hybrid system. Biochem J 375:373-383 

40. Kokubo T, Swanson MJ, Nishikawa JI, Hinnebusch AG, Nakatani Y 1998 The yeast TAF145 inhibitory 
domain and TFIIA competitively bind to TATA-binding protein. Mol Cell Biol 18:1003-1012 

41. Lively TN, Nguyen TN, Galasinski SK, Goodrich JA 2004 The basic leucine zipper domain of c-Jun 
functions in transcriptional activation through interaction with the N terminus of human TATA-binding 
protein-associated factor-1 (human TAF(II)250). J Biol Chem 279:26257-26265 

42. Lin HK, Altuwaijri S, Lin WJ, Kan PY, Collins LL, Chang C 2002 Proteasome activity is required for 
androgen receptor transcriptional activity via regulation of androgen receptor nuclear translocation and 
interaction with coregulators in prostate cancer cells. J Biol Chem 277:36570-36576 

43. Xu K, Shimelis H, Linn DE, Jiang R, Yang X, Sun F, Guo Z, Chen H, Li W, Kong X, Melamed J, Fang S, 
Xiao Z, Veenstra TD, Qiu Y 2009 Regulation of androgen receptor transcriptional activity and specificity 
by RNF6-induced ubiquitination. Cancer Cell 15:270-282 

44. Kaiser P, Flick K, Wittenberg C, Reed SI 2000 Regulation of transcription by ubiquitination without 
proteolysis: Cdc34/SCF(Met30)-mediated inactivation of the transcription factor Met4. Cell 102:303-314 



Tavassoli Peyman, Annual Summary                                Page - 20 -                                                   March 2010 

45. Le Cam L, Linares LK, Paul C, Julien E, Lacroix M, Hatchi E, Triboulet R, Bossis G, Shmueli A, 
Rodriguez MS, Coux O, Sardet C 2006 E4F1 is an atypical ubiquitin ligase that modulates p53 effector 
functions independently of degradation. Cell 127:775-788 

 
 


