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Abstract

We investigated the molecular function of PDLIM4 in prostate cancer cells. PDLIM4 mRNA and
protein-expression levels were reduced in LNCaP, LAPC4, DU145, CWR22, and PC3 prostate
cancer cells. The re-expression of PDLIM4 in prostate cancer cells has significantly reduced the
cell growth and clonogenicity with G1 phase of cell-cycle arrest. We have shown the direct
interaction of PDLIM4 with F-actin. Restoration of PDLIM4 expression resulted in reduction of
tumor growth in xenografts. These results suggest that PDLIM4 may function as a tumor
suppressor, involved in the control of cell proliferation by associating with actin in prostate cancer
cells.
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INTRODUCTION

Multiple molecular alterations occur during cancer development (1). A number of
laboratories have implemented DNA microarrays to analyze genes deregulated in prostate
cancer (2-6). In our previous gene-profiling studies with a cohort of prostate cancer tissues
we have reported underexpression of PDLIM4 in cancer tissues by hypermethylation (5). In
fact, as determined by the real-time reverse transcriptase-polymerase chain reaction (RT-
PCR) analysis, an average of 2.8-, 4.0- and 10.6-fold decrease in PDLIM4 transcript level
was observed in intermediate grade (Gleason score 6), high-grade (Gleason score 9), and
metastatic tumors, respectively, when compared with benign epithelia (5). In support of our
observation, several microarray expression profiles have shown downregulation of PDLIM4
in prostate cancer tissues (5, 7, 8). Inactivation of PDLIM4 is also observed in acute
myelogenous leukemia and colon cancer by hypermethylation (9). The frequent
transcriptional silencing in several tumor tissues (10, 11) indicates that PDLIM4 may play a
role as tumor suppressor and could be involved in prostate cancer development or
progression.

PDZ/LIM genes encode a group of proteins that play very important, but diverse, biological
roles (12). Several recently identified PDZ-LIM proteins have been suggested to participate
in many fundamental biological processes such as cytoskeleton organization, neuronal
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signaling, cell-lineage specification, and organ development as well as pathological
processes like oncogenesis (13). Ten genes have been reported that encode for a PDZ
domain and one or several LIM domains: four genes of the ALP subfamily (ALP, Elfin,
Mystique, and PDLIM4), three of the Enigma subfamily (Enigma, Enigma Homolog, and
ZASP), the two LIM kinases (LIMK1 and LIMK?2), and the LIM only protein 7 (LMO7)
(14). Functionally, all PDZ and LIM-domain proteins share an important trait, i.e., they can
associate with and/or influence the actin cytoskeleton (15). PDZ-LIM proteins act as
adapters recruiting signaling molecules to the actin cytoskeleton (16). They associate with
the actin cytoskeleton via their PDZ domains (17), and with kinases via their LIM domains
(18). The LIM-domain proteins have been found to be expressed in prostatic epithelial cells
as well as cancerous cells including ARA55/Hic5, FHL2, PCD1, TES, and PINCH (19-23).
LIM-domain genes that have been proposed to be tumor suppressors include TES (24),
LIMD1 (25), Limatin (26), and EPLIN (27). Both TES and EPLIN were shown to be
associated with actin and capable of suppressing cell motility or anchorage independent
growth of transformed cells. The PDLIM4 LIM domain can interact with PDZ domains in
the protein tyrosine phosphatase PTP-BL, and with the PDZ domain of PDLIM4 itself (28).
In addition, the PDZ domain of PDLIM4 was shown to interact with the second LIM
domain, TRIP6, a protein containing three C-terminal LIM domains (29). However, there is
no clear evidence showing the role of PDLIM4 gene in prostate cancer. To investigate the
molecular function of PDLIM4, we first analyzed the expression of PDLIM4 in several
prostate cancer cell lines. We have shown the down regulation of mRNA and protein
expression levels in DU145, LAPC4, LNCaP, CWR22 and PC3 prostate cancer cells.
Further, Immunohistochemistry analysis indicated that PDLIM4 protein expression was
highly restricted to the secretory epithelial cells in human prostate tissues and markedly
reduced expression was observed in prostatic adenocarcinoma. We cloned the PDLIM4
cDNA from normal human prostate cell line RWPEL1 and expressed the full length protein in
the prostate cancer cell lines. The reexpression has lead to a suppression of cell growth and
colony formation in soft agar. Our assays revealed direct interaction of PDLIM4 protein and
F-actin. Finally, transfection of the prostate cancer cells with PDLIM4 expression vector
suppressed the tumor development in xenografts.

MATERIAL AND METHODS

Cell culture and Western blot

Prostate cancer cells DU145, LAPC4, LNCaP, CWR22, and PC3 were grown in RPMI 1640
medium (Life Technologies, Baltimore MD), with 2 mM L-glutamine (Life Technologies,
Baltimore MD), 5% fetal calf serum (FCS) (HyClone, Logan, UT), 25 units/mL penicillin
and 25 ug/mL streptomycin (Life Technologies, Baltimore MD). The hontumorigenic
RWPE-1 cells (21) were grown in complete keratinocyte-SFM medium (Invitrogen, Grand
Island, NY). After 42 hr of culture, cells (1 x 10 cells) were sonicated and equal aliquots of
whole cell lysates were run on a 4-12% gradient NUPAGE gel in 1x MES SDS running
buffer (Invitrogen). The separated proteins were transferred onto nitrocellulose membrane,
blotted with an anti-PDLIM4 antibody or anti-V5 antibody (Novus Biologicals, Littleton,
CO) and visualized using SuperSignal™ West Dura (Pierce, Rockford, IL) according to
manufacturer’s instructions.

Isolation of RNA and semi-quantitative PCR

Total RNA was isolated from prostate cancer cell lines as described previously (4). In brief,
total RNA was extracted using TRIzol reagent (Life Technologies, Inc., Carlsbad, CA).
DNA contamination was removed using DNA-free kit (Ambion, Austin, TX), and RNA
cleanup was performed using RNeasy Mini kit (Qiagen, Valencia, CA). First-strand cDNA
synthesis was done by 1 ug of total RNA. Semiquantitative PCR was performed for analysis
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for PDLIM4 expression. A forward primer 5" ACT TCA GCG CGC CCC TCACCATCT
CAC 3'and a reverse primer 5' TCT AGC ATG CCC TGC AAG TAG CGG AAG G 3'was
used in the PCR for PDLIM4 expression. GAPDH expression levels were used as
normalization controls (30).

Generation of DNA constructs and protein purification

A pair of primers (a forward primer, 5’ CAG GCC GCC ATG CCC CAT TCCGTG A 3
and a reverse primer, 5’ GAC GAG TTC CAC CTT GGC ATT GG 3’) encompassing the
entire PDLIM4 open-reading frame (GenBank number BC016765) were used to perform
PCR on cDNA generated from RWPE-1 cells. The resulting products were then subcloned
into the pcDNA3.1/V5-His TOPO TA mammalian-expression vector (Invitrogen) or
pGEX-5X-1 Glutathione S transferase (GST) bacterial-expression vector (Amersham
Pharmacia Biotech, Piscataway, NJ). The identity of the inserted cDNA sequences were
confirmed by sequencing. GST-PDLIM4 and GST protein produced from pGEX-5X-1-
PDLIM4 and pGEX-5X-1-GST vectors in bacteria, respectively, were purified using the
Bulk GST Purification Module (Amersham Biosciences, Piscataway) as per the
manufacturer’s instructions, with the purified protein being released by addition of
glutathione elution buffer. GST-PDLIM4 protein was also used to produce an anti-PDLIM4
rabbit polyclonal antibody. The antiserum was affinity purified with GST-PDLIM4 and
Aminolink plus Coupling Gel (Pierce, Rochford, IL).

Immunohistochemistry staining

Surgically resected prostate tissue specimens were obtained from patients who had
undergone radical prostatectomy at Mayo Clinic with Institutional Review Board approval.
All tissues were collected from the Mayo Clinic Tissue Registry and the prostate SPORE
Tissue Core. Sections of 4-um size were cut from neutral buffered formalin-fixed, paraffin-
embedded tissue blocks from four intermediate-grade (primary stage T2 Gleason score 6 of
pattern 3 + 3) and four high-grade (primary stage T3 Gleason score 9 of pattern 4 + 5)
prostatic adenocarcinoma patients along with four separately collected nonmalignant benign
prostatic tissue samples. All slides were reviewed by a pathologist (J.C.C.) for appropriate
identification of the Gleason pattern and benign acini. No patients had received preoperative
therapy such as radiation or androgen deprivation. Standard biotin—-avidin complex
immunohistochemistry was used for evaluation of the PDLIM4 expression. Affinity-purified
rabbit anti-PDLIM4 antibody was used at a dilution of 1:1000. The secondary anti-rabbit
PDLIM4 antibody was applied for 30 min, and the enzyme reaction was completed with the
use of a streptavidin biotin detection kit (DAKO Deceloping System, Carpinteria, CA). The
slides were developed with diaminobenzidine for 5 min. Digital images were captured on an
Axioplan 2 upright microscope equipped with KS400 image-analysis software (Carl Zeiss,
Inc., Oberkochen, Germany).

Cell growth and cell-cycle analyses

To determine the effect of PDLIM4 on cell growth, PDLIM4-V5 expression vector
(pcDNA3.1/V5-His TOPO TA vector) or empty vector was transfected into the DU145 and
LNCaP prostate cancer cell lines. An enhanced green fluorescent protein (EGFP) expression
vector with the above vectors was also cotransfected to these cell lines. After 48 hr of
transfection, both cells were trypsinized and single cells with GFP fluorescence were sorted
by a cell-sorting device. FACS (FACS Vintage Cell Sorter) was employed to enrich cells
expressing green fluorescence after being cotransfected with PDLIM4 and enhanced green
fluorescent protein (EGFP) for cell-proliferation assay. Equal numbers of sorted cells were
placed into 96-well plates with a 5% FCS growth medium. PC3 cells were also transfected
with the above PDLIM4 expression vector or with the empty vector and after 24 hr selection
medium containing 400-600 xg/mL G418 (Life Technologies, Baltimore, MD) was added.
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Individual stably transfected PC3 clones were then isolated and grown in the selection
medium. Western blot analysis was performed to test for the presence of the PDLIM4 V5
expression using the V5 antibody in the whole-cell extracts. To assess the cell growth, 1 x
103 cells with PDLIM4 expression vector or empty vectors clones 1 and 2 were plated in
triplicate in a 96-well plate and MTS assay (3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) (Promega, Madison, WI) was used to
measure cell growth on day 1, 4, and 7. Cell growth of RWPE-1 cells expressing
endogenous PDLIM4 was also measured over 7 days.

For cell-cycle analysis, after 48 hr of serum-free starvation, PDLIM4 or control vector stably
transfected PC3 cells were split by trypsin and seeded at 6.25 x 10° per 10-cm dish. After 20
hr, cells were trypsinized, washed twice with PBS, and fixed in ice-cold 40% ethanol. Fixed
cells were incubated with 10 xg/mL RNase (Roche Diagnostics Corporation, Indianapolis,
IN) at 37°C for 15 min, stained with 10 xg/mL propidium iodide (Sigma) at room
temperature, and analyzed on a FACScan flow cytometer. The percentage of cells in
different phases of the cell cycle was determined using ModFit cell-cycle-analysis software.

Soft agar colony formation assay

To evaluate the role of PDLIM4 in malignant transformation of cells, we performed
anchorage independent growth assay in soft agar. Prostate cancer cell lines PC-3 and DU145
were plated and transfected with PDLIM4-V5 expression vector or control empty vector as
described above. After 24 hr of transfection the cells were trypsinized, counted, and plated
on soft agar at 1 x 10° cells per well in six-well plates. Prior to cell plating, 1.0 mL of 0.6%
Noble agar (Becton Dickinson and Company, Franklin Lakes, NJ) in the RPMI 1640
medium containing 400 xg/mL of G418 was allowed to solidify in each well. The
transfected cells were then mixed to a final volume of 2.0 mL per well in 0.3% Noble agar
in RPMI 1640 media with G418 and layered over the 0.6% layer of Noble agar. Transfection
efficiency was justified by equal number of cells expressing fluorescent EGFP. One
milliliter of 0.3% agar in RPMI 1640 media with G418 was overlaid each week. The cells
were stained with 0.1% crystal violet (Sigma) and the colonies greater than 200 um were
counted after four weeks.

F-actin-binding assay for localization of PDLIM4

Although PDLIM4 was identified as a cytoskeleton associated protein and can bind several
proteins like actinin (23) and TRIP6 (24), but the mechanism of action in prostate cancer is
not clear. To study the association of PDLIM4 with actin cytoskeleton, F-actin
cosedimentation assay was performed as described previously (20, 21) using the Actin
Binding Protein Biochem Kit (Cytoskeleton Inc. Denver, CO) and the recombinant GST-
PDLIM4. Various concentrations of GST-PDLIM4 (0, 4.0, 6.0, and 8.0 xg) were mixed with
50 ug of F-actin in 50 xL of buffer (10 mM Tris HCI pH 7.5, 0.2 mM CacCl,, 0.5 mM DTT,
0.1 mM PMSF, 1.0 mM MgCl,, 60 mM KCI) at 24°C for 20 min and centrifuged at 100,000
g at 24°C for 20 min. GST-PDLIM4 (8.0 ug) without actin was used as control for the
cosedimentation assay. The supernatants were then removed and the cell pellets resuspended
in the same buffer. Aliquots of cell pellet and supernatants were mixed with the loading dye
and the fractions were then run on a 4-12% gradient NUPAGE gel in 1x MES SDS running
buffer for Western blot analysis using an anti-GST antibody (Amersham Biosciences, NJ).

Detection of PDLIM4 in cells by immunofluorescence

We performed immunofluorescence in prostate cancer cells to determine the localization and
the distribution of PDLIM4 in prostate cancer cells. Three human prostate cell lines,
RWPE-1, PC-3, and DU145, were grown on glass slides precoated with fibronectin (Sigma,
Saint Louis, MO). For transfection, cells were plated in culture dishes or on 10-well HTC
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super-cured glass slides (Cel-line/Erie Scientific Co. Portmouth, NH) and grown to 50-80%
confluence and transfected with Lipofectamine (Invitrogen) as per manufacturer’s direction.
PC-3 and DU145 cells were transfected with PDLIM4-V5 expression vector (pcDNA3.1/
V5-His TOPO TA vector) or a control empty vector for 24 hr. Cells were fixed with 4%
paraformaldehyde, permeabilized with Triton x 100, incubated with anti-V5 antibody
(Novus Biologicals Inc. Littleton, CO), anti-PDLIM4 antibody, and then stained with FITC-
conjugated second antibody, goat anti-rabbit IgG, (Molecular Probes Inc. Eugene, OR) for
PDLIM4-V5 or PDLIM4 (green) and rhodamine-conjugated phalloidin (Molecular Probes
Inc) for F-actin (red). Fluorescent images were captured in a Zeiss LSM 510 laser-scanning
confocal microscope (Carl Zeiss Microimaging Inc. Thornwood, NY).

In vivo growth assay

To determine the effect of PDLIM4 on in vivo tumor growth, stably transfected PC3 cells (1
x 108 cells/mouse) expressing PDLIM4-V5 expression vector or empty vector (internal
control) mentioned above were injected subcutaneously into both flanks in the hinder region
of athymic BALB/c mice in 0.1 ml of phosphate buffered saline as approved by Mayo Clinic
Institutional Animal Care and Use Committee. Four mice were used in each group. Tumor
growth was measured twice weekly to check for the palpable tumors. From the time of
palpable tumors, tumor growth was recorded every week up to 8 weeks. Tumor volume was
calculated as length x height x width x 0.5236 (22). Tumor sizes were reported as mean
volumes * standard deviation (SD).

Statistical analysis

RESULTS

All cell-growth and colony-formation assays on cells were done three separate times, and
the values are given as mean = SD. Mean of groups for cell growth, colony formation, and
in vivo tumor-growth assays were compared with the Student’s t test and p-value <0.05 was
accepted as the level of significance.

Expression of PDLIM4 in prostate cancer cell lines and tissues

Transcription levels of PDLIM4 in human prostate cancer cell lines determined by RT-PCR
revealed that the expression is undetectable in tumor-forming cell lines DU145, CWR22,
LNCaP, and LAPC4 cells compared to the nontumor-forming cell line RWPE-1, suggesting
its potential biological relevance to prostate cancer. Intriguingly, PDLIM4 mRNA is
expressed in PC3 cell lines but the expression is roughly about half of that found in the
nontumorigenic RWPEL1 cells (Figure 1A). Moreover, Western blot analysis of PDLIM4
protein in these cell lines (Figure 1B) correlated well with the PDLIM4 mRNA levels. To
study PDLIM4 expression further in human tissues and to explore its potential as a
molecular marker, we performed immunohistochemistry staining of a panel of human
tissues by using anti-PDLIM4 antibody. PDLIM4 immunoreactivity was restricted to the
subpopulation of secretory epithelial cells in the benign tissues and a reduced level of
staining was seen in the prostate cancer tissues (Figure 1C).

PDLIM4 suppresses in vitro growth of prostate cancer cells

To investigate whether PDLIM4 expression can affect prostate cancer cell growth, we
transfected the PDLIM4 cDNA (described in materials and methods) into the prostate cancer
cell lines LNCaP, DU145, and PC3. The results indicated that cell-growth rates were
significantly reduced (p < 0.05) by expression of PDLIM4 in LNCaP and DU145 cell lines
(Figure 2A). Western blot analysis of PDLIM4-transfected stable cells revealed that the
exogenous PDLIM4 is about 80% of endogenous PDLIM4 by densitometry. The size of
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exogenous PDLIM4 is larger than endogenous PDLIM4 due to the V5 tag. The PDLIM4-
stable PC-3 clone exhibits significant growth inhibition on day 7 compared with the vector
clones of PC3 cells with endogenous PDLIM4 and nontumorigenic RWPE-1 cells with
endogenous PDLIM4 (Figure 2B). Taken together, these results demonstrate that ectopically
re-expressed PDLIM4 can suppress cell growth in human prostate cancer cell lines tested.

Furthermore, soft agar assay was used to test whether PDLIM4 can reduce colony formation
of PC-3 and DU145 cells in soft agar. There were fewer colonies formed from the PDLIM4-
transfected PC3 and DU145 cells compared (35% and 39%, respectively vs. 100% control)
with control vector-transfected cells (Figure 2C). These results were statistically significant
with a p <0.001. In order to understand the mechanism of PDLIM4 growth inhibition, we
performed FACScan flow cytometry analysis of the PC3 cells stably transfected with
PDLIM4 or vector to determine the percentage of cells in G1, G2, or S phase. The cells
ectopically expressing PDLIM4 had 62.59% of the cells in G1 while the vector control cells
had only 40.30% of the cells in G1 (Figure 2D). There was no significant apoptotic DNA
observed. These suggest that PDLIM4 may play a role in preventing the cells moving into
the DNA synthesis S phase from the arrest of cytoplasmic active G1 phase.

PDLIM4 association with F-actin

We used purified recombinant GST-PDLIM4 in an in vitro cosedimentation assay to
investigate the interaction of PDLIM4 and F-actin. The polymerized actin (F-actin), which is
formed from G-actin, was incubated with GST-PDLIM4 or GST fraction alone. The samples
were subjected to SDS-PAGE separation after fractionation. Actin was detected in the cell
pellet fractions of both GST-PDLIM4 and GST, whereas the GST-PDLIM4 but not GST
could be brought down significantly to sediments by F-actin (Figure 3A). With increasing
concentration of GST-PDLIM4, we observed increased amounts of PDLIM4 in the pellet
(Figure 3B). Immunofluorescence/confocal microscopy were performed to further confirm
the association of PDLIM4 protein with actin. Endogenous PDLIM4 was found to be
colocalized with F-actin in stress fibers in the nontransfected RWPE-1 cells. Indeed, the
ectopically expressed PDLIM4 visualized by anti-V5 antibody was found to be colocalized
with F-actin in stress fibers as well as ruffles in DU145 and PC3 cells (Figure 4). These
results suggest for the first time that PDLIM4 could directly interact with F-actin.

Tumor inhibitory potential of PDLIM4

To assess the effect of PDLIM4 on tumor growth, in vivo growth assay was performed in
athymic mice with the PDLIM4 stably transfectanted PC3 cells and an empty vector-
transfected PC3 cells. The result of this preliminary xenograft study showed that none of the
mice inoculated with PDLIM4 stable cells exhibited any significant signs of tumor growth,
whereas the empty vector stable cells produced significant tumor mass in various sizes at 6,
7, and 8 weeks of post-inoculation (p < 0.05), indicating that PDLIM4 can cause inhibition
of PC-3 tumor growth in vivo (Figure 5). Because the number of animals used in this
preliminary study is limited, these findings need further validation in large study group to
confirm the inhibition potential of PDLIM4 on tumor growth.

DISCUSSION

We have previously reported that PDLIM4 is silenced in prostate cancer (5), but the
biological function and disease relevance has not been examined. In this study, we showed
the PDLIM4 expression is downregulated or lost in human prostate cancer cell lines both at
mRNA and protein levels. The loss of expression in high-grade prostate cancer tissues and
in cell lines DU145, LAPC4, LNCaP, and CWR22 may be due to complete promoter
hypermethylation of both the alleles, whereas the underexpression of PDLIM4 in PC-3 cells
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may reflect partial methylation of its promoter. Our data is consistent with a recent report
that showed that PDLIM4 expression is lost in other cancer cell lines (Raji, Dupro, HCT116,
RKO, and SW48), whereas cell lines with low (U373) or partial methylation (K562) retained
expression (9). PDLIM4 maps to 5931.1 (31), a locus involved in neoplastic transformation
in acute myelogenous leukemia and which has been suspected to harbor a tumor suppressor
gene for many years (32). PDLIMA4 is thus far the only gene described in the 5931 region
that is frequently inactivated biallelically due to a combination of LOH and methylation
(31). Further genetic and epigenetic studies are required to address the effect of LOH and
methylation on the transcriptional silencing of PDLIM4 in prostate cancer cells.

Re-expression of cytoskeletal-associated genes in cell lines was reported to inactivate some
important features of transformation such as restoration of focal adhesion and cytoskeletal
structures, cell contact growth inhibition, inability of anchorage-independent growth, and
cellular tumorigenicity. We tested with three prostate cancer cell lines to demonstrate that
indeed the re-expression of PDLIM4 exhibits growth-inhibitory effect. PDLIM4
overexpression inhibited both anchorage-dependent and -independent growth in LNCaP,
DU145, and PC3 prostate cancer cells. Intriguingly, the parental PC-3 cells express some
endogenous PDLIM4 but the amounts are lower than that in nontumorigenic RWPE-1 cells.
However, all cells tested with ectopically expressed PDLIM4 seem to exhibit similar
growth-inhibition effects. This may indicate that parental PC-3 has adapted to the relatively
low level of PDLIM4 to establish its growth rate. A moderate increase in PDLIM4
ectopically to the range of normal levels (in reference to that in RWPE-1 cells in Figures 1A
and 1B) might be enough to make cells sensitive to growth regulation by PDLIM4. The
suppression of colony formation in the soft agar assay by overexpression of PDLIM4 in PC3
and DU145 cells suggests that PDLIM4 may play a role in inhibition of tumor cell invasion.
The dramatic decrease (<10.6 fold) in the mMRNA expression of PDLIM4 in metastatic
tumors supports this hypothesis (5). The cell-cycle arrest in G1 phase by overexpression
suggests that PDLIM4 may play a role in controlling inhibition of cell proliferation by
protein—protein interaction in the cytoplasm preventing the cells to enter the S phase. Taken
together, the suppression of cell growth and inhibition of tumor formation with PDLIM4
overexpression suggest that PDLIM4 may function as tumor-suppressor gene in prostate
cancer.

Mobilization of the actin cytoskeleton is an important process to generate a remarkable
diversity of morphological behaviors, including motility and phagocytosis (33). Actin
reorganization participates in aspects of cell proliferation including gene transcription and
cytokinesis. It has been shown that a group of PDZ-LIM proteins, which comprises Cypher/
ZASP, ENH, CLP36, mystique, ALP, and PDLIM4, associates with the actin cytoskeleton
through interaction with a-actinin (34). PDLIM4 overexpression in osteosarcoma U20S cells
was reported to change the dynamics of actin in stress fibers, with high formation and
collapse of new fibers (35). The underlying molecular mechanism by which PDLIM4
suppresses prostate cancer cell proliferation is currently unknown. In our study, we provided
the experimental evidence of the direct binding of PDLIM4 to F-actin. It has been suggested
that F-actin may play a critical role in regulation of cell growth as well as many important
signaling pathways (36, 37). Previous reports have shown that cells transformed by
oncogenes usually exhibit some common features of disorganized actin filaments and focal
adhesions which could in fact induce both anchorage-independent growth and cellular
tumorigenicity (38, 39). Our data suggest that PDLIM4 localization to the actin-cytoskeleton
may potentially play a role in suppression of cancer cell-proliferation and growth-inhibitory
function.

In summary, the transcriptional silencing and loss of expression of PDLIM4 in prostate
cancer cells, suppression of cellular proliferation, clonogenic and tumor growth indicate that
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PDLIM4 might be involved in regulation of proliferation by associating with actin that could
regulate the cytoskeletal function. This data seems to suggest that PDLIM4 may have

ad
to

ditional properties that can affect tumor growth in xenograft. Further studies are required
address the role of this gene in the development and progression of the cancer.
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Figure 1.

Expression of PDLIM4 mRNA and protein in various human prostate cell lines. (A)
PDLIM4 mRNA levels in human prostate cell lines by RT-PCR. GAPDH mRNA is used as
housekeeping control. (B) PDLIM4 protein expression in human prostate cell lines by
Western blot analysis with an anti-PDLIM4 antibody. Actin staining of blots after transfer
revealed equivalent loading of total protein. (C) Detection of PDLIM4 protein expression in
benign prostate and prostate cancer tissues by immunohistochemistry. C1 is representative
PDLIM4 staining in benign prostate tissue showing reddish brown PDLIM4 staining of the
secretory epithelial cells. C2 and C3 are prostate cancer Gleason grade-6 and Gleason
grade-9 tissues with a reduced level of PDLIM4 staining. Preimmune serum or normal
rabbit 1gG was used as a control and showed no staining (data not shown).
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Figure 2.

Effects of PDLIM4 overexpression on prostate cancer cell growth. (A) Cell growth of
PDLIM4 transient-transfected DU145 and LNCaP cells compared to vector control. Cell
growth was determined on day 7 by MTS assay. The insert shows expression of PDLIM4
detected by V5 antibody. Bars, SD, *, p < 0.05, versus vector control group. (B) Cell growth
of PDLIM4 stable-transfected PC3 cells (PDLIMA4 clone) compared to the empty vector V-5
clones 1 and 2 (vector #1 and 2). MTS assay was performed on day 1, 4, and 7 as indicated.
Insert shows PDLIM4 protein-expression levels in stable transfected PC3 cells (exogenous
and endogenous PDLIM4) and vector control clone (endogenous PDLIM4 only) by western
blotting. (C) Anchorage independent growth of cells by PDLIM4 overexpression. PC-3 and
DU145 cells after transfection with PDLIM4 or empty vector were grown in soft agar
media. The average colony number for the vector control was set at 100% and the cell
growth of PDLIM4-transfected cells is shown as percentage of the control. Bars, SD, *, p <
0.001, versus vector control group. (D) Cell-cycle distribution of PC3 cells determined by a
FACScan flow cytometer by transfection with PDLIM4 or vector control. Percentage of
cells in G1, G2, and S phase are shown.
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Figure 3.

Association of PDLIM4 with F-actin. Cosedimentation assay was performed using GST-
PDLIM4 and F-actin. The GST-PDLIM4, GST, and F-actin in supernatants and pellets were
determined by NuPAGE gel. (A) Coomassie-blue-staining of the gel (M: marker, P: pellet,
S: supernatant). (B) Western blot analysis. Antibody against GST was used to determine
which sediments contained GST-PDLIMA4. Actin shown in the lowest row represents the
amount of actin in each fraction.
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Figure 4.

Colocalization of PDLIM4 with F-actin in prostate cell lines. Expression of endogenous
PDLIM4 in RWPE-1, DU145, and PC3 cells. Fluorescent images were captured in a Zeiss
LSM 510 laser-scanning confocal microscope. Endogenous PDLIM4 and the colocalization
with F-actin are shown in RWPEL1 cells. DU145 and PC3 cells were transfected with
PDLIM4-V5 expression vector overnight, fixed, permeabilized, and stained with antibodies.
Cells were stained with anti-PDLIM4 antibody and FITC-labeled secondary antibody
(green) for PDLIM4. Rhodamine phalloidin (red) staining was used for F-actin. Yellow-
orange color in overlay shows various degrees of colocalization of PDLIM4 and F-actin.
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Figure 5.

In vivo effect of PDLIM4 expression in prostate cancer cells on tumor growth. BALB/c (nu/
nu) mice (n = 4 each group) were inoculated with PDLIM4 stable cells and vector control
stable cells subcutaneously. From the time of palpable tumors (4 weeks), tumor size was
measured every week up to 8 weeks and tumor volume was calculated. Bars, SD, *, p <
0.05, versus vector control group.
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