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Abstract

Androgen-independent nuclear localization is required for androgen receptor (AR) transactivation

in castration-resistant prostate cancer (CRPC) and should be a key step leading to castration

resistance. However, mechanism(s) leading to androgen-independent AR nuclear localization are

poorly understood. Since the N-terminal domain (NTD) of AR plays a role in transactivation

under androgen-depleted conditions, we investigated the role of NTD in AR nuclear localization

in CRPC. Deletion mutagenesis was used to identify amino acid sequences in the NTD essential

for its androgen-independent nuclear localization in C4-2, a widely used CRPC cell line. Deletion

mutants of AR tagged with green fluorescent protein (GFP) at the 5`-end were generated and their

signal distribution was investigated in C4-2 cells by fluorescent microscopy. Our results showed

that the region of a.a. 294–556 was required for androgen-independent AR nuclear localization

whereas a.a. 1–293 mediates Hsp90 regulation of AR nuclear localization in CRPC cells.

Although a.a. 294–556 does not contain a nuclear import signal, it was able to enhance DHT-

induced import of the ligand binding domain (LBD). Also, transactivation of the NTD could be

uncoupled from its modulation of AR nuclear localization in C4-2 cells. These observations

suggest an important role of NTD in AR intracellular trafficking and androgen-independent AR

nuclear localization in CRPC cells.

Introduction

Androgens play a vital role in the development and homeostasis of male sex organs (1) as

well as the development and progression of benign prostatic hyperplasia (BPH) and prostate
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cancer (PCa) (2–5). Androgen-deprivation therapy (ADT) is the standard for treating

metastatic PCa, however, patients invariably recur with more aggressive castration-resistant

prostate cancer (CRPC) (4, 6, 7). During progression to castration resistance, PCa cells

utilize a variety of cellular pathways in order to survive and flourish in an androgen-depleted

environment [6, 7]. High levels of androgen receptor (AR) expression and renewed

expression of androgen-regulated genes indicate that AR transcriptional activity is

reactivated in CRPC under castration conditions (8). However, the mechanisms leading to

AR activation in CRPC remain incompletely understood.

The human AR is a kD, 919 amino acid protein composed of four domains: 1) the amino

terminal activation domain (NTD), 2) the DNA-binding domain (DBD), 3) the hinge region

and 4), the carboxyl ligand-binding domain (LBD) (9). The NTD (a.a. 1–556) includes the

majority of the AR and is the least conserved allowing AR to differentially recruit co-

regulators conferring androgen specific transactivation. Proper activation of the AR requires

the first 30 amino acids of the NTD for the amino-carboxyl terminal (N/C) interaction (10–

15). AR transactivational activity is primarily mediated through the NTD region containing

the activation function 1 (AF1) element, which distinguishes AR from the other steroid

receptors that utilize the AF2 region in the LBD (16). In addition to the NTD region, two

nuclear localization signals have been reported in the AR. A bipartite nuclear localization

signal (NLS1) is present in the DBDH region (17, 18) and the LBD (a.a. 666–919) contains

a second nuclear localization signal (NLS2) upon androgen binding. Additionally, the LBD

contains a nuclear export signal (NES), which functions in the absence of androgens (19).

A key regulatory step in the action of AR is its translocation to the nucleus. Intracellular

trafficking is an important mechanism in the regulation of transcription factors, including

AR (20–23). In order for AR to act as a transcription factor it must gain entry to the nucleus.

In the prostate, androgens bind to AR in the cytoplasm, causing phosphorylation,

dimerization, and subsequent translocation into the nucleus, thereby binding to the

androgen-response elements within the DNA, with subsequent activation of genes involved

in cell growth and survival. During the progression of prostate cancer to castration-

resistance, the tightly regulated androgen signaling pathway is disrupted such that AR can

localize to the nucleus and activate its target genes in the absence of androgens. Our recent

studies suggest that Hsp90 is required for androgen-independent AR nuclear localization in

CRPC, although the mechanism involved remains unclear (24, 25).

Many studies have revealed various types of AR gene mutations that contribute to diseases

including spinobulbar muscular atrophy (SBMA) (26), androgen insensitivity syndrome

(AIS) (27), and prostate cancer (28, 29). Several reports have revealed that mutant ARs

obtained from both AIS and prostate cancer patients may exhibit abnormal intracellular

localization and lower capacity for ligand-dependent translocation when compared with

wild-type AR. These AR mutants fail to achieve normal nuclear import and exhibit a distinct

intracellular aggregation profile (18, 30–33). These findings suggest that abnormal

intracellular localization of the AR mutants could be involved in the pathogenesis of these

diseases. Elucidation of the nuclear import mechanism of AR will not only contribute to an

understanding of androgen influence in AR-related diseases but also provide potential

targets to modulate androgen action.
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In order to elucidate the mechanism(s) regulating androgen-independent AR nuclear

localization in CRPC, the effect of AR deletion mutagenesis on intracellular localization was

tested using fluorescent microscopy (18). In this report, C4-2 cells which were generated

through multiple stages of co-culture of androgen-sensitive LNCaP prostate cancer cells

with human bone fibroblast MS cells in vivo in castrated male athymic mice (34), were used

as a model for CRPC. This study demonstrated an important role of the NTD in regulating

AR intracellular trafficking and its androgen-independent nuclear localization in CRPC.

Methods

Expression Vector Construction

The expression vector pEGFP-C1 (Clontech) was used to generate fusion protein constructs

with GFP at the N terminus of AR and various AR mutants for convenient visualization by

fluorescent microscopy. Fusion protein constructs generated were: pEGFP-AR, pEGFP-

LBDAR(666–918), pEGFP-DBDH-LBDAR(557–919), GFP-ARΔ(294–556), GFP110 ARΔ(1–293),

GFP-NTD, GFP-AR(294–556), GFP-AR(1–293)-LBD, GFP-AR(294–556)-LBD, and GFP-NTD-

LBD. Various AR mutants were generated by anchor PCR using the full-length human AR

cDNA as the template, which was kindly provided by Dr. Shutsung Liao (University of

Chicago). All expression vectors were verified by sequencing analysis, and plasmids were

double CsCl gradient purified for transient transfection.

Cell Culture and Transfection

COS-1 and LNCaP cell lines were purchased from American Type Culture Collection

(Manassas, VA) and LAPC4 cells were obtained from Dr. Robert Reiter (UCLA). C4-2 cells

were obtained from Dr. Leland Chung (Cedars Sinai Medical Center). All cell lines were

maintained in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS), 1%

glutamine, 100 units/ml penicillin, and 100 μg/ml streptomycin (Invitrogen) at 37 °C in the

presence of 5% CO2 in a humidified incubator. For androgen-free conditions, RPMI 1640

medium was supplemented with FBS stripped 2 times with charcoal to remove all

androgens.

AR deletion mutants were transfected into COS-1, LAPC4, LNCaP and C4-2 cells using

Lipofectamine™ according to the manufacturer's protocol (Invitrogen). Cells were

transfected at >60% confluence in phenol red-free OptiMEM. Localization of GFP fusion

proteins was imaged 16 h after transfection or at indicated time with fluorescence

microscopy using either a Nikon TE 2000U or Nikon TS100 inverted microscope.

For experiments involving nuclear import and export of GFP-AR fusion proteins,

transfected cells were allowed to express the appropriate chimeric protein for 16 hours prior

to treatment of indicated amount of DHT for 4 hours in complete medium prior to imaging.

For testing the effect of androgen withdrawal, DHT-treated cells were rinsed twice with

medium containing charcoal-stripped serum at 0, 30, 60, and 120 min for complete removal

of any residual DHT present in the media. Cells were imaged at 12 h after initial androgen

withdrawal.
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Cytoplasmic localization of GFP fusion proteins in transfected cells was defined when the

cytoplasmic GFP fluorescence was greater than that in the nuclei. Likewise, nuclear

localization was defined when nuclear GFP fluorescence was greater than that in the

cytoplasm. Even distribution was defined when GFP fluorescence was evenly distributed

between the nucleus and cytoplasm as previously described (19). Nuclei were stained with 1

mM/L Hoechst 33342 solution (Sigma-Aldrich).

To determine the effect of Hsp90 inhibition, C4-2 cells were transfected with GFP-tagged

AR or AR deletion mutants and then treated with 300 nM 17-AAG (17-AAG was a

generous gift of the NCI (Rockville, MD)) 16 hours after transfection. The subcellular

localization was determined by fluorescent microscopy 4 hours after treatment with17-AAG.

TIF2 knockdown and western blot analysis

C4-2 cells were transfected with control siRNA or siTIF2 (sc-38882, Santa Cruz

Biotechnology) for 72 hours. Cells were lysed in buffer containing 10 mM NaPO4, 1%

Triton-X-100, 1 mM EDTA, 150 mM NaCl, 2 mM PMSF, 1 mM Na3VO4, and protease

inhibitor cocktail (Sigma). Lysates were subjected to SDS–PAGE and Western blotting was

conducted using antibodies against TIF2 (C-20, sc-6976), PSA (A67-B/E3, sc-7316) and

GAPDH (FL-335, sc-25778) all from Santa Cruz Biotechnology.

Results

The NTD retards nuclear export of AR in COS-1 cells

Transfected GFP-AR and GFP-LBD were localized in the cytoplasm of COS-1 cells in the

absence of DHT, and GFP-DBDH-LBD was evenly distributed between the cytoplasm and

nuclei (Fig. 1). Treatment with 1 nM DHT induced nuclear import of GFP-AR and GFP-

DBDH-LBD within 4 hours after DHT induction (Fig. 1), whereas 100 nM DHT was

required to induce nuclear import of GFP-LBD. A redistribution of GFP-LBD from the

nucleus to the cytoplasm was observed 12 hours after DHT withdrawal (Fig. 1), consistent

with our previous observation (19). Similarly, hormone withdrawal resulted in transition of

GFP-DBDH-LBD from the nucleus to being evenly distributed between the cytoplasm and

nucleus in COS-1 cells. In contrast, after hormone withdrawal, GFP-AR remained

predominantly in the nucleus, with the cytoplasmic GFP signal being slightly but

consistently increased (Fig. 1), in agreement with our previous findings (19). These

observations suggest the suppression of AR nuclear export by NTD.

The NTD is required for androgen-independent nuclear localization of AR in C4-2 cells

Transfected GFP-AR is localized to the cytoplasm in AR-negative cell lines such as COS-1

and PC3 in androgen-free medium (Fig. 1) (35, 36). In contrast, GFP-AR is localized to the

nucleus in castration resistant C4-2 cells under the same conditions (25). To evaluate the

importance of various domains of AR in its androgen-independent nuclear localization in

CRPC, we examined the intracellular localization of GFP-AR, GFP-DBDH-LBD and GFP-

LBD in C4-2 cells. As expected, GFP-AR was localized to the nuclei of C4-2 cells in

androgen-free culture medium (Fig. 2), which is distinctly different from the cytoplasmic

localization in COS-1 cells (Fig. 1) and LNCaP cells (37). However, GFP-DBDH-LBD and
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GFP-LBD exhibited even localization and cytoplasmic localization, respectively, in C4-2

cells, which were the same as their subcellular localizations in COS-1 cells. The above

observation suggests that the NTD is responsible for the differential subcellular localization

between C4-2 and COS-1 cells in androgen-free medium and plays a key role in androgen-

independent nuclear localization of AR in C4-2 cells.

Amino acid (a.a.) 294–556 of the NTD is necessary for androgen-independent AR nuclear
localization in C4-2 cells

In order to identify the amino acid sequences within the NTD of AR that are essential for

androgen-independent nuclear localization in C4-2 cells, we examined the intracellular

localization of the deletion mutants GFP-ARΔ(294–556) and GFP-ARΔ(1–293) using

fluorescence microscopy (Fig. 3A). GFP-ARΔ(294–556) displayed an even distribution

between nucleus and cytoplasm. However, GFP-ARΔ(1–293) exhibited predominant nuclear

localization in transfected C4-2 cells, which is comparable to what was observed in the full-

length GFP-AR (Fig. 3B–C). These results suggest that a.a. 294–556 of the NTD region is

necessary for androgen-independent nuclear localization of AR in C4-2 cells.

The NTD or a.a. 294–556 region alone has no significant effect on tagged-GFP subcellular
localization in C4-2 cells

In order to determine whether a.a. 294–556 alone would affect tagged-GFP subcellular

localization, GFP-NTD and GFP-AR(294–556) (Fig. 4A) were transfected into LAPC4, C4-2

and LNCaP cells and subcellular localization was assessed. Both GFP-NTD and GFP-

AR(294–556) were localized evenly between the nucleus and cytoplasm in LAPC4, C4-2, and

LNCaP cells, although GFP-AR(294–556) had a slight propensity towards being more nuclear

(Fig. 4B). Similarly, in the androgen-negative PC3 cells, both GFP-NTD and GFP-

AR(294–556) exhibited even localization between the nucleus and the cytoplasm (38). These

results suggest that a.a. 294–556 together with DBDH-LBD are essential for androgen-

independent nuclear localization of AR in LAPC4, C4-2 and LNCaP cells.

a.a. 294–556 of NTD enhanced DHT-induced nuclear localization of GFP-LBD in C4-2 cells

Although a.a. 294–556 of the AR does not appear to contain a nuclear localization signal, it

may enhance AR nuclear import in C4-2 cells. Since GFP-ARΔ(1–293) is already in the

nuclei of C4-2 cells in androgen-free media, it is not feasible to test the effect of a.a. 294–

556 on nuclear import of this construct, which contains a nuclear localization signal (NLS1)

in the DBDH region (18, 39). Thus, we transfected C4-2 cells with different GFP deletion

constructs: GFP-AR(1–293)-LBD, GFP-AR(294–556)-LBD, and GFP-LBD (Fig. 5A).

Intracellular localization of various transfected GFP-fusion proteins was examined (Fig.

5B). In the absence of DHT, both GFP-LBD and GFP-AR(1–293)-LBD localized to the

cytoplasm of the transfected cells, while GFP-AR(294–556)-LBD displayed even localization

between the nucleus and cytoplasm (Fig. 5B). Upon treatment with DHT, specifically at

higher doses (10–100nM), GFP-AR(294–556)-LBD was predominantly localized in the

nucleus, while at lower doses (0.1–1.0nM) GFP-AR(294–556)-LBD still displayed GFP

fluorescent cells that were evenly distributed between the nucleus and cytoplasm of the cell

(Fig. 5C). In contrast, GFP-AR(1–293)-LBD localized evenly in the cell at high doses of DHT

(10–100nM) (Fig. 5C). GFP-LBD also displayed even localization at 10 nM DHT and it
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took very high levels of DHT (100nM) for GFP-LBD to begin to enter the nucleus (Fig. 5C).

The subcellular localization of GFP-NTD-LBD in response to DHT was similar to GFP-

AR(1–293)-LBD, suggesting that a.a.1–293 could counteract the effect of a.a.294–556 in the

construct. As a control and as expected, most of the transfected C4-2 cells displayed even or

nuclear localization of GFP-AR in the absence of androgens, predominant nuclear

localization in the presence of 0.1 nM DHT and complete nuclear localization in the

presence of 1–100 nM DHT (Fig. 5C). These results suggest that a.a. 294–556 enhances the

androgen stimulated nuclear import of AR in C4-2 cells.

The effect of a.a. 294–556 on androgen-independent nuclear localization of AR in C4-2
cells is insensitive to the Hsp90 inhibitor 17-AAG

We have previously reported the regulation of androgen-independent localization of AR by

Hsp90 (8, 25). However, the mechanisms of HSP90 regulation of AR androgen-independent

nuclear localization remain unclear. Since the NTD plays an important role in androgen-

independent AR nuclear localization, we tested whether the HSP90 inhibitor 17-AAG can

block the effect of a.a. 294–556 on androgen-independent nuclear localization of AR. As

expected, 17-AAG treatment induced cytoplasmic localization of GFP-AR in C4-2 cells

(Fig. 6) and had no effect on GFP alone (data not shown) (8). Interestingly, 17-AAG did not

affect the subcellular localization of GFP-DBDH-LBD, which remained evenly distributed

in the presence of 17-AAG (Fig. 6). The nuclear localization of GFP-ARΔ(1–293), which

retains a.a. 294–556, was not disrupted by 17-AAG. However, GFP-ARΔ(294–556) was

sensitive to 17-AAG inhibition, which exhibited even distribution between nucleus and

cytoplasm in the absence of 17-AAG and cytoplasmic localization in the presence of 17-

AAG. This suggests that 17-AAG inhibits androgen-independent nuclear localization of AR

and is mediated through a.a. 1–293 of NTD but not a.a. 294–556, although a.a. 294–556 is

necessary for androgen-independent nuclear localization of AR.

TIF-2 is required for AR activation but not androgen-independent nuclear localization in
C4-2 cells

The region of a.a. 294–556 contains the TAU-5 transactivation domain, which is essential

for androgen-independent activation of AR (40, 41). Transcription Intermediary Factor 2

(TIF-2), a member of the steroid receptor co-activator family, plays a key role in androgen-

independent activation of AR in CRPC cells and has been shown to bind to the TAU-5 motif

(39). Knockdown of TIF-2 has been reported to inhibit androgen-independent AR activation

in C4-2 cells (40). Since TIF-2 binds to TAU-5 within a.a. 294–556, we decided to test

whether knockdown of TIF-2 could also affect androgen-independent nuclear localization of

AR in C4-2 cells. As expected, TIF-2 knockdown inhibited the expression of PSA, a gene

regulated by AR transcriptionally (Fig. 7A). However, TIF-2 knockdown did not inhibit

androgen-independent nuclear localization of GFP-AR in C4-2 cells (Fig. 7B–C).

Discussion

Multiple AR domains/motifs and their interactions within AR and with AR co-factors are

likely involved in determining the ultimate subcellular localization of AR. Identification of

the domains/motifs important in regulating AR intracellular trafficking and/or subcellular
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localization provides a foundation for further characterization of their interactions essential

for androgen-independent AR nuclear localization in CPRC. We have explored the

mechanism of androgen-independent nuclear localization of AR by characterizing the

subcellular localization of different AR deletion mutants in castration-resistant C4-2 cells.

Our findings suggest an important role of the NTD in castration-resistance of prostate

cancer, with a.a. 294–556 in the NTD being required for androgen-independent AR nuclear

localization.

Previous studies have shown the important roles of the DBDH and LBD regions in

nucleocytoplasmic trafficking of AR, with NLS1 present in the DBDH region and NLS2 and

NES in the LBD (17–19). Numerous studies have demonstrated the importance of the NTD

in AR transactivation (11, 36, 42–45). However, the role of the NTD in AR intracellular

trafficking is poorly understood, particularly with regards to the androgen-independent

nuclear localization of AR. NTD modulation of AR nuclear localization has previously been

reported to involve tubulin, which can be targeted by microtubule-targeting chemotherapy

drugs such as docetaxel (37). Our findings of the NTD inhibiting nuclear export of AR in

COS-1 cells and its requirement in androgen-independent nuclear localization of AR in C4-2

cells further argue for an important role of the NTD in modulating AR subcellular

localization.

Regulation of AR intracellular localization and/or trafficking by the NTD appears to be

complex. The presence of the NTD led to the cytoplasmic localization of full-length AR in

COS-1 cells, whereas GFP-DBDH-LBD, which lacks NTD, was evenly distributed in

COS-1 cells. This finding is consistent with the presence of a region, AR50–250, within the

NTD capable of promoting cytoplasmic localization of the AR in PC3 cells (38).

Furthermore, GFP-AR and GFP-ARΔ (294–556) were localized in the cytoplasm in virtually

all of the transfected cells whereas GFP-ARΔ (1–293) was evenly distributed in PC3 cells

(46). These observations suggest that a.a.294–556 of NTD is not sufficient to drive complete

nuclear localization of AR in PC3 cells. It is possible that a.a.294–556 of NTD can only

drive AR nuclear localization in AR-positive castration-resistant prostate cancer cells such

as C4-2. The presence of the NTD did not inhibit androgen-induced nuclear import of AR

because DHT induced efficient nuclear import of GFP-AR when compared to the nuclear

import of GFP-DBDH-LBD in COS-1 cells (Fig. 1). In contrast, the NTD significantly

retarded export of AR from the nuclei of COS-1 cells after androgen withdrawal (Fig. 1).

This suggests that the effect of the NTD on AR nuclear export is likely more dramatic than

its influence on AR nuclear import. The mechanisms responsible for differential effects of

the NTD on nuclear import versus export are unclear and will require further investigation.

Our studies suggest that the NTD is responsible for the differential localization of AR in

C4-2 and COS-1 cells and plays a key role in determining androgen-independent nuclear

localization of AR in C4-2 cells. The sensitivity of AR to androgens in different cell lines

can be very different, with CRPC cells being hypersensitized to low levels of androgens

(47). Since the NTD is involved in differential localization of AR in COS-1 and C4-2 cells

and is required for androgen-independent nuclear localization of AR, it may play an

important role in regulating androgen hypersensitivity of AR in C4-2 cells. Understanding
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the mechanisms by which the NTD regulates AR subcellular localization may provide new

insights into AR hypersensitization that can lead to castration-resistance.

Androgen-independent activation of AR requires its androgen-independent nuclear

localization in CRPC cells. However, it is not clear whether AR nuclear localization is

sufficient for AR transactivation in CRPC cells. The region of a.a. 294–556 contains the

TAU-5 transactivation domain essential for AR transactivation and recognized by TIF2 (48).

In our study, TIF-2 knockdown inhibited AR transactivation but not nuclear localization in

C4-2 cells, suggesting that transactivation activity of the NTD can be uncoupled from its

function in modulating AR subcellular localization.

The N-terminal a.a. 1–293 also appears to play an important role in modulating AR

subcellular localization in C4-2 cells. The deletion mutant GFP-ARΔ(294–556), which retains

a.a. 1–293, displayed even distribution in transfected C4-2 cells and became localized to the

cytoplasm in the presence of 300 nM 17-AAG, an HSP90 inhibitor. This suggests that a.a.

1–293 mediates the 17-AAG inhibition of nuclear localization of AR in C4-2 cells, which is

further substantiated by the observation that GFP-ARΔ(1–293) is insensitive to 17-AAG

inhibition. The region a.a. 1–293 contains a motif essential for N/C interaction within AR.

Hsp90 inhibition by 17-AAG may influence the N/C interaction via the LBD, because

Hsp90 can bind to the LBD (8). Alternatively, 17-AAG may affect some signaling

molecules that could modulate the function of a.a.1–293 and subsequently inhibit androgen-

independent nuclear localization of AR.

In summary, this study presents evidence for an important role of the NTD in AR androgen-

independent nuclear localization in CRPC cells. The region of a.a. 294–556 is required for

androgen-independent AR nuclear localization whereas a.a. 1–293 mediates Hsp90

regulation of AR nuclear localization in CRPC cells. Although a.a. 294–556 does not

contain a nuclear import signal, it was able to enhance DHT-induced import of the LBD.

This finding is consistent with the findings of Jenster et al. (11), and Zhou et al (49), which

showed that NTD is present in both the nucleus and cytoplasm. However, according to a

recent report by Kaku et al., the NTD of AR was localized to the nucleus, suggestion the

presence of an NLS in NTD (18). Future studies will be required to determine the reasons

for this discrepancy in observations. Although we found that the NTD could modulate AR

localization when present in the full-length AR, region a.a. 294–556 did not confer nuclear

localization alone. Our study also showed that transactivation of the NTD can be uncoupled

from its modulation of AR subcellular localization. Future identification and

characterization of cellular factors involved in NTD modulation of AR subcellular

localization will be essential for elucidating the mechanisms of androgen-independent

nuclear localization and may lead to new therapeutic targets for the treatment of CRPC.
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HIGHLIGHTS

Region a.a. 294–556 was required for AR androgen-independent nuclear localization.

Region a.a. 1–293 mediates Hsp90 regulation of AR nuclear localization in CRPC cells.

Region a.a. 294–556 was able to enhance DHT-induced import of LBD.

Transactivation of NTD is uncoupled from its modulation of AR nuclear localization.
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Figure 1. Deletion mutagenesis analysis of AR nuclear import and export in COS1 cells upon
androgen manipulation
(A) Structures of GFP fusion protein constructs: GFP-AR, GFP-DBDH-LBD, and GFP-

LBD. (B) COS1 cells were transiently transfected with GFP-AR, GFP-DBDH-LBD and

GFP-LBD cultured in androgen-free conditions. The subcellular signal distribution was

visualized by fluorescent microscopy 16 hours post transfection (−DHT), 4 hours after

treatment (+DHT) with 1.0 nM DHT for GFP-AR and GFP-DBDH-LBD or 100 nM DHT

for GFP-LBD, or 12 hours after androgen withdrawal (Withdrawal). The experiment was

reproduced 5 times.
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Figure 2. Subcellular distribution of GFP-AR, GFP-DBDH-LBD and GFP-LBD in C4-2 cells
C4-2 cells were transiently transfected with GFP-AR, GFP-DBDH-LBD and GFP-LBD and

stained with Hoechst. The subcellular localization (A) and quantification (B) were assessed

in androgen-free conditions by fluorescent microscopy 16 hours after transfection. The

results are from five transfections for each experimental group. At least 200 cells were

counted for each transfection to determine the percentage of cells displaying cytoplasmic

(C), even (E), or nuclear (N) localization. The experiment was reproduced 5 times.
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Figure 3. Subcellular distribution of GFP-AR, GFP-ARΔ(294–556) and GFP-ARΔ(1–293) in C4-2
cells
(A) Diagram of different GFP-AR deletion constructs, GFP-AR, GFP-ARΔ(294–556), and

GFP-ARΔ(1–293). (B) Representative fluorescent images of C4-2 cells transiently transfected

with GFP-AR, GFP-ARΔ(294–556) or GFP-ARΔ(1–293) in in androgen-free conditions 16

hours after transfection. The results were derived from five transfections for each GFP-

fusion protein construct. (C) Quantitative analysis of results in (B). At least 200 cells were

counted for each transfection to determine the percentage of the cells displaying cytoplasmic

(C), even (E), or nuclear (N) localization. The experiment was reproduced 5 times.
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Figure 4. Subcellular localization of GFP-AR(294–556) and GFP-NTD in LAPC4, C4-2 and
LNCaP cells
(A) Diagram of GFP fusion constructs GFP-NTD and GFP-AR(294–556). (B) Representative

images of GFP-NTD and GFP-AR(294–556) in transiently transfected LAPC4, C4-2, and

LNCaP cells. The subcellular localization was assessed in complete medium by fluorescence

microscopy after 16 hours of transfection. The experiment was reproduced 5 times.
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Figure 5. Effect of AR(294–556)on LBD sensitivity to DHT in C4-2 cells
(A) Diagram of GFP fusion constructs GFP-AR, GFP-NTD-LBD, GFP-AR(1–293)-LBD,

GFP-AR(294–556)-LBD, and GFP-LBD. (B) Representative images of GFP-tagged protein

localization in the absence or presence of 10 nM DHT. (C), Quantification analysis of GFP

fusion constructs in C4-2 cells followed by treatment of DHT (0–100 nM) (B). At least 200

cells were counted for each transfection to determine the percentage of the cells displaying

cytoplasmic (C), even (E), or nuclear (N) localization. The subcellular localization and
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quantification of signal were assessed by fluorescent microscopy. The experiment was

reproduced 3 times.
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Figure 6. Localization of GFP-tagged AR and AR deletion mutants in C4-2 cells in presence of
Hsp90 inhibitor
C4-2 cells transfected with GFP-AR, GFP-ARΔ(294–556), GFP-ARΔ(1–293) and GFP-DBDH-

LBD were treated with DMSO (control) or HSP90 inhibitor 17-AAG in androgen-free

conditions. Localization was assessed by fluorescent microscopy 4 hr after the treatment.
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Figure 7. Effect of TIF2 knockdown on AR subcellular localization and PSA expression in C4-2
cells
(A) Western blot analysis of C4-2 cells transfected with control siRNA or siTIF2 for 72

hours. The Western blots were probed with anti-TIF2, anti-PSA, or anti-GAPDH (loading

control) antibodies. (B) Representative images of GFP-AR in C4-2 cells co-transfected with

GFP-AR and either control siRNA or siTIF2 for 72 hours. Localization of GFP-AR was

determined using fluorescence microscopy. (C) Percentage of cells displaying nuclear or
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even localization was determined for GFP-AR in cells co-transfected with either control

siRNA or siTIF2. The experiment was reproduced 2 times.
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