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Abstract

BACKGROUND—In prostate cancer cells, transforming growth factor g (TGF) inhibits
proliferation in earlier stages of the disease; however, the cancer cells become refractory to growth
inhibitory effects in advanced stages where TGFB promotes cancer progression and metastasis.
Inhibitor of differentiation (1d) family of closely related proteins (Id1-1d4) are dominant negative
regulators and basic helix loop helix (bHLH) transcription factors and in general promote
proliferation, and inhibit differentiation. In the present study, we have investigated the role of 1d1
and 1d3 proteins in the growth inhibitory effects of TGF on prostate cancer cells.

METHODS—The effect of TGF B on proliferation and 1d1 and 1d3 expression were investigated
in PZ-HPV7, DU145, and PC3 cells. Id1 silencing through siRNA was also used in DU145 and
PC3 cells to examine its role in anti-proliferative and migratory effects of TGFp.

RESULTS—TGF increased expression of 1d1 and 1d3 in all cell lines followed by a later down
regulation of Id1 in PZ-HPV7 expression and DU145 cells but not in PC3 cells. 1d3 expression
remained elevated in all three cell lines. This loss of 1d1 protein correlated with an increase of
CDKNI p21. 1d1 knockdown in both DU145 and PC3 cells resulted in decreased proliferation.
However, while TGFB caused a further decrease in proliferation of DU145, but had no further
effects in PC3 cells. Knockdown of 1d1 or 1d3 inhibited TGFP1 induced migration in PC3 cells.

CONCLUSIONS—These findings suggest an essential role of 1d1 and 1d3 in TGFp1 effects on

proliferation and migration in prostate cancer cells.
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INTRODUCTION

Transforming growth factor B (TGFB), a member of the TGFP superfamily, plays a role in
embryonic development, wound healing, angiogenesis, proliferation, differentiation, and
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apoptosis [1]. Deregulation of TGFp signaling has been implicated in the pathogenesis of a
variety of diseases including cancer [2]. In normal epithelial cells, TGF@ causes G cell
cycle arrest and inhibits proliferation, and promotes differentiation or apoptosis.
Paradoxically, the cancer cells become resistant to TGFp dependent growth inhibition and
continue to proliferate in the presence of TGFp [3,4]. Moreover, in advanced stages of
cancers, TGFp1 acts as a tumor promoter by enhancing angiogenesis, migration, and
metastasis [5]. The underlying molecular mechanisms and intracellular effectors
surrounding these differential effects of TGFp1 during different stages of cancer progression
are not well understood.

TGFp signals through serine/threonine kinase, type | and type Il receptors [6]. Once
activated, this dimeric complex phosphorylates receptor associated Smads (R-Smads) 2 and
3. The Co-Smad, Smad4, serves as a common partner for R-Smads. Once phosphorylated,
this Smad complex is translocated into the nucleus to regulate target genes [7]. Among the
TGFp target genes are several transcription factors which include Runt-related transcription
factorl (RUNX1), forkhead transcription factors (FOXO), specificity protein 1 (Spl),
activator protein 1 (AP-1), and basic helix loop helix transcription factors (bHLH) [7-9].
These transcription factors may, therefore, play a role in TGFp dependent effects on target
cells.

Basic helix loop helix (bHLH) transcription factors contain a highly conserved DNA
binding basic domain and a helix loop helix domain. Upon hetero- or homo-dimerization,
the bHLH proteins bind to DNA and regulate transcription of many genes involved in cell
cycle control and differentiation [10]. Inhibitor of DNA binding, also known as inhibitor of
differentiation (Id) proteins, heterodimerize with basic-helix-loop-helix (b0HLH)
transcription factors in order to inhibit DNA binding of bHLH proteins [11]. Id proteins
contain the HLH-dimerization domain, but lack the DNA binding basic domain, hence they
essentially act as natural dominant negative inhibitors of bHLH transcription factors,
inhibiting their effects on a wide variety of cellular functions [11].

There are four known isoforms (1d1, 1d2, 1d3, and 1d4) of Id proteins. 1d1, 1d2, and 1d3 are
expressed highly in prostate cancers while 1d4 expression is inversely related to the
development of prostate cancer [12,13]. 1d1 expression has been shown to correlate with
enhanced malignant potential of breast, prostate, and ovarian tumors [13,14]. 1d1 in
particular, acts as a mediator of tumor cell migration in non-small cell lung cancers
(NSCLCs), thyroid, bladder, esophageal, and pancreatic cancers [15-19]. In mouse
development, it was shown that during early gestation through birth, 1d1 and 1d3 exhibited
overlapping expression patterns, suggesting that these isoforms have similar functions [20].
In prostate cancer, it was shown that Id1 and 1d3 exert positive effects on cell proliferation
through inhibition of expression of p16, p21, and p27 inhibitors of cyclin dependent kinases
[14,21]. Our previous studies have also indicated that 1d1 and 1d3 silencing by siRNA
resulted in loss of proliferation in prostate cancer cells [12]. Although most studies tend to
focus on I1d1, a recent study indicated that 1d3 protein was highly expressed in prostate
cancer tissue samples, which correlated with an increased Gleason score [22]. While 1d1-
1d3 isoforms have been proposed as tumor promoters, 1d4 isoform appears to exert opposing
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effects on cancer cells, acting as a tumor suppressor by increasing apoptosis and decreasing
proliferation when expressed in prostate cancer cells [23].

Previous studies have shown that TGF1 acts as an upstream effector of 1d1 expression in
normal prostate epithelial cells [24]. Loss of 1d1 induced by TGFB1 has also been shown to
be mediated by Smad3 signaling in breast and colorectal cancer cell lines; Smad3 and
Smad4 were shown to bind directly to the Id1 promoter [25]. In human prostate epithelial
cells, NPTX, 1d1 promoted TGFp induced cell motility and adhesion. This effect was
mediated through MEK-ERK signaling pathway [26]. While TGFp effects on 1d1
expression and its role in cell proliferation has been investigated in normal prostate cells,
very little is known about the role of Ids in TGFp signaling during its transition from tumor
suppressor to tumor promoter. The purpose of the present study was to investigate
comparative roles of I1d1 and 1d3, in TGFp effects on cell proliferation and migration of
prostate cancer cells.

MATERIALS AND METHODS

Chemicals and Reagents

Recombinant human TGFp1 was purchased from R&D systems (Minneapolis, MN).
Inhibitors of TGFBRI (SB431542) and Smad3 (SI1S3) were purchased from Tocris
Bioscience (Ellisville, MO) and EMD Biosciences (Gibbstown, NJ), respectively. The
antibodies against 1d1, 1d3, and p27 were purchased from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA). The antibody against p21 was purchased from Epitomics, Inc.
(Burlingame, CA) and against p-Smad3 from Cell Signaling Technology, Inc. (Danvers,
MA). Anti-B-Actin (clone AC-15) antibody was purchased from Sigma-Aldrich (St. Louis,
MO). Anti-rabbit IgG HRP was purchased from Biosource (Camarillo, CA). Anti-mouse
IgG HRP was obtained from Promega (Madison, WI).

Cell Lines and Cell Culture

Several cells lines derived from human normal prostate epithelial cells (PZ-HPV7,
RWPE-1), tumorigenic RWPE-2 cells and prostate cancer cells (DU145, PC3, LNCaP) were
used in this study. All cell lines were obtained from American Type Tissue Culture
Collection (Rockville, MD) and cultured using established procedures [27]. To determine
the effects of TGF on Id proteins, cells were cultured in 10 cm? dishes to approximately
80% confluency and then treated with TGFB1 (5 ng/ml) for specific time points. For some
experiments, cells were pre-treated with TGFp Receptor | inhibitor (SB431542; 5 pM) or
Smad3 Inhibitor (SIS3; 3 uM) for 1 hr prior to TGFB1 treatment.

RNA Isolation, cDNA Synthesis, and RT-PCR

Total RNA was isolated from the cells using TRIzol (Invitrogen) as previously described
[28]. Two micrograms of total RNA were reverse transcribed and RT-PCR reactions were
performed on I-Cycler 1Q (BioRad, Hercules, CA) according to established procedures.
Gene encoding ribosomal protein L19 was used as internal control. All gene-specific
primers were designed with the assistance of Beacon Designer 5.0 as described previously
[28]. The following primers were used: Id1: Forward primer 5’-
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GTTACTCACGCCTCAAGGAGC-3" and ld1: Reverse primer, 5'-
AGAAGAAATGAGACCGGCGGG-3'; 1d3F, 5"-CTTAGCCAGGTGGAAATCCTA-3’
and Id3R, 5"-GTCGTTGGAGATGACAAGTTC-3"; L-19F, 5'-
GAAATCGCCAATGCCAACTC-3” and L-19R, 5'-TCTTAGACCTGCGAGCCTCA-3’.
The PCR products were visualized on 1-2% agarose gels stained with ethidium bromide
(Amresco, Solon, OH).

Western Blot Analyses

After specific treatments, the cells were washed twice with ice-cold phosphate-buffered
saline (PBS) and lysed in lysis buffer and the western blot analyses were carried out as
previously described [28]. The primary antibodies were used at the following dilutions: 1d1,
1:250; 1d3, 1:250; p21, 1:250; p27, 1:500; pSmad3 1:1000. Western blots for -actin
(antibody dilution 1:10,000) were carried out in parallel as loading controls. The relative
intensities of specific protein bands were determined by QuantityOne image analysis
software.

Transfection With Id1 and Id3 siRNA

For siRNA transfection, cells were seeded at a density of 2 x 10° cells per well in 2 ml
antibiotic-free normal growth medium supplemented with 5% FBS. The cells were
incubated at 37°C in a CO» incubator overnight. The siRNA transfection solutions were
prepared according to the instructions provided by the manufacturer (1d1, sc-29356; 1d3,
sc-38002; Control siRNA-A, sc-37007; transfection reagent sc-29528; Santa Cruz
Biotechnology).

Cell Proliferation Assay

Cell proliferation analyses were performed using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. PZ-HPV7, PC3 and DU145 cells were seeded in
96-multi well plates at a density of 5 x 103/well overnight. Cells were then treated with
TGFB1 (5 ng/ml) in the presence of 5% FBS for 48 hr. MTT assay was performed using
CellTiter 96 Non-Radioactive Cell Proliferation Assay (Promega) following manufacturer’s
instructions.

Flow Cytometry

Cells were plated with 5% FBS at a density of 2 x 10° cells/well in a six-well plate. On day
2, the cells were serum starved for 24 hr prior to treatment. Then, the cells were incubated
with TGFB1 (5 ng/ml) for 24 hr. Cells were trypsinized, resuspended in 1 ml of 70%
ethanol, and stored at —20°C overnight. The next day, the cells were centrifuged and
resuspended in 1 ml of a RNAse (1.25 pl/ml), Propidium lodide (900 pl) Dulbecco’s
Phosphate Buffered Saline (DPBS) mixture. The cell cycle profiles were then analyzed
using BD Accuri Cytometer (Ann Arbor, MD) following manufacturer’s instructions.

Migration Assay

As previously described, in vitro cell migration assay was performed using 24-well transwell
inserts (8 um) [28]. Chemoattractant solutions were made by diluting TGFB1 (5 ng/ml) or
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EGF (3 ng/ml) into MEM for DU145 and PC3 cells supplemented with 0.2% BSA. EGF
was used as a positive control. The results were expressed as migration index defined as:
The average number of cells per field for test substance/the average number of cells per field
for the medium control.

Statistical Analysis

RESULTS

All experiments were performed at least three times using different cell preparations. Data
from representative experiments are shown in the figures. The significance of the differences
among treatments was determined by paired t-test, and One Way Analysis of Variance.

TGFp is known to act as a tumor suppressor in the earlier stages of the disease and as a
tumor promoter in the later stages. Therefore, we first studied the effects of TGFB1 on
proliferation in cell lines derived from normal prostate epithelial cells (PZ-HPV7 and
RWPE-1) and prostate cancer derived (DU145, PC3, LNCaP) cells. As shown in Figure 1A,
TGFB1 caused a dose-dependent decrease in proliferation in PZ-HPV7 cells. Similar
inhibitory effects of TGFp1 were observed on proliferation of RWPE-1 cells (data not
shown). In cancer cell lines, TGFP1 inhibited proliferation in DU145 cells, an effect that
was similar to its effect on normal epithelial cells, but had no effect on proliferation of PC3
cells and LNCaP cells. We then studied the effects of TGFp1 on migration in prostate
cancer cells (Fig. 1B). As previously shown, DU145 cells did not exhibit migratory behavior
in the presence of TGFp, but did display migratory capabilities in the presence of epidermal
growth factor (EGF). However, PC3 cells migrated toward both TGFp1 and EGF [28-30].

To determine whether differences in TGFp1 effects in different cell lines were due to the
inability of TGFB1 to induce receptor mediated phosphorylation of Smad proteins, we
determined the effects of TGFB1 on p-Smad3 levels in PZ-HPV7, DU145, PC3, and LNCaP
cells. TGFB1 induced time-dependent phosphorylation of Smad3 in PZ-HPV7, DU145, and
PC3 cells, suggesting that differential effects of TGFp on proliferation and migration were
not due to the differences in TGFp-receptor mediated Smad3 phosphorylation (Fig. 1C).
LNCaP cells do not express TGFBRII and are refractory to biological effects of TGFp [31];
these cells were not used in further studies.

Next, we determined the steady state levels of 1d1 and 1d3 mRNA and protein in
exponentially growing prostate cell lines. Total RNA and protein were collected from PZ-
HPV7, RWPE-1, RWPE-2, DU145, and PC3 cells and analyzed by RT-PCR (Fig. 2A) and
western blotting (Fig. 2B). The mRNA and protein for both 1d1 and 1d3 were expressed in
all cell lines.

To determine the possible roles of 1d1 and 1d3 proteins in differential effects of TGFB1 on
proliferation of different prostate cell lines, we determined the effects of TGF@ on Id1 and
1d3 levels at the transcriptional level. The levels of 1d1 and 1d3 mRNA were significantly
increased after 1 hr of treatment (Fig. 2C). After prolonged exposure (24 hr) to TGFp1, 1d1
mMRNA levels decreased significantly in both PZ-HPV-7 and DU145 cells, but not in PC3
cells. 1d3 mRNA levels remained stably induced in all cell lines. We next investigated
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TGFp1 effects on steady-state levels of 1d1 and 1d3 proteins in PZ-HPV7, DU145, and PC3
cells. TGFB1 treatment on protein levels exhibited similar changes in response to TGFp1
treatment as seen at the transcriptional level in all cell lines. TGFB1 significantly increased
(two to fourfold; P < 0.05) levels of 1d1 and 1d3 in all cell lines after 1 hr of treatment (Fig.
2D). After prolonged exposure (24 hr) to TGFp1, Id1 protein levels declined significantly (P
<0.01) in PZ-HPV7 and DU 145 cells but not in PC3 cells. In contrast, Id1 levels in PC3
cells increased 2.5-fold at 1 hr and remained high after 24 hr of TGF treatment. TGFp1
treatment also caused a significant increase (two to three fold; P < 0.05) in 1d3 protein levels
in all three cell lines, which remained elevated until after 24 hr (Fig. 2E). This shows that
TGFp exerts differential effects on these two isoforms of 1d proteins.

The effects of TGFP1 on early induction of 1d1 and 1d3 expression were dose dependent
(Fig. 3A) and maximum increase was observed after treatment with 5 ng/ml of TGFp1. Pre-
incubation with inhibitors of TGFB-RI (SB31542) and Smad3 (SIS3) blocked TGFp1
induced increase in 1d1 and 1d3 levels in DU 145 cells indicating that I1d1 and 1d3 up-
regulation was mediated through the classical TGFp signaling mediated by receptor
dependent Smad 3 signaling (Fig. 3B).

In normal epithelial cells, TGFB up-regulates cyclin dependent kinase inhibitors (CDKI) p21
and p27, causing a G4 phase arrest in the cell cycle [31]. To determine whether TGFp
effects on 1d1 and 1d3 correlate with the expression of these cell cycle regulators, the levels
of both p21 and p27 were determined. As shown in Figure 4A, the levels of p21 were
undetectable in untreated PZ-HPV7, DU 145, and PC3 cells. Treatment with TGFp1 for 1 hr
did not influence p21 levels in three cell types. However, 24 hr after the treatment, there was
a significant increase in the levels of p21 in PZ-HPV7 and DU 145 cells which correlated
with decreased levels of 1d1. In PC3 cells p21 levels were undetectable at all time points.
There was also no change in p27 levels in all three cell lines. 1d3 levels remained high in
response to TGFP1 in all cell types at both time points and did not correlate with changes in
p21 levels. Other proliferation markers, including proliferating cell nuclear antigen (PCNA)
and proliferation marker, Ki-67 were also decreased in DU145 cells after treatment with
TGFp1 for 24 hr (data not shown).

To determine whether reduced intracellular levels of Id1 are indeed responsible for growth
inhibitory effects of TGFB1 on cell proliferation, we determined the effects of TGFB1 on
cell proliferation after knockdown of endogenous Id1 and 1d3 (Fig. 4B). Knockdown of
endogenous 1d1 or 1d3 through siRNA resulted in a significant reduction of proliferation in
both DU 145 and PC3 cells (Fig. 4C). Whereas TGFB1 induced a further reduction in cell
proliferation in DU145 cells, it had no additional effect on proliferation in PC3 cells. Knock
down of 1d3 also resulted in significant decrease in proliferation in both DU145 and PC3
cells. There was no additional effect of TGFp on proliferation of DU145 and PC3 cells
treated with 1d3 siRNA. FACS analysis was used to determine whether these effects were
due to cell cycle regulation. The results showed that TGFp1 treatment and Id1 knock-down,
but not 1d3 knock-down, in DU145 cells decreased the number of cells entering the S phase
of the cell cycle (Table I). In DU145 cells, 1d1 siRNA decreased the protein levels of Ki-67,
which was further decreased after treatment with TGFp (data not shown).
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Next, we studied the roles of Id1 and 1d3 in TGFp effects on migration of PC3 cells. As
shown in Figure 5, TGFp and EGF induced significant increase in migration of PC3 cells.
Incubation with 1d1 or 1d3 siRNA completely abolished TGFp induced migration. In
contrast, these siRNA had no effect on EGF induced migration.

DISCUSSION

The present study compared the relative contributions of 1d1 and 1d3 in TGFp effects on
proliferation and migration in cell lines derived from normal prostate epithelial and prostate
cancer cells. Our results show that while down-regulation of 1d1 is required for the
inhibitory effects of TGF on proliferation of prostate cells, TGFp effects on 1d3 protein do
not correlate with its inhibitory effects on cell cycle. Although 1d3 did not play a role in
TGFp effects on proliferation, it was shown to play a role in TGFp effects on cell migration.

In normal epithelial cells, TGFP causes cell cycle arrest in Gy phase in order to inhibit cell
proliferation. However, many epithelial cancers develop resistance to growth inhibitory
effects of TGFp in later stages of the disease. Indeed, TGFp acts as a tumor promoter in
these cells through its positive effects on migration, invasion, angiogenesis, and metastasis
[32]. The data presented in this study indicate that TGFP1 exerts differential effects on
proliferation in different cell lines derived from normal prostate epithelial and cancer cells.
TGFB inhibited proliferation in PZ-HPV7 and DU 145 cells while it had no effect on
proliferation of LNCaP and PC3 cells. These results confirm previous findings on the effects
of TGFp on proliferation of different prostate cell lines [33,34] showing similar inhibitory
effects of TGFp on proliferation of DU 145 cells and lack of this inhibition in LNCaP and
PC3 cells. These results indicate that, like early stage tumor cells, DU 145 cells retain their
ability to respond to TGFp effects on proliferation. The inability of TGFp to affect
proliferation in LNCaP cells is consistent with the lack of TGFBRII expression in these cells
[31]. PC3 cells contain TGFp receptors and exogenous TGF induces phosphorylation of
Smada3 in these cells indicating the presence of TGFp signaling components; however,
TGFp does not exert any inhibitory effects on proliferation of PC3 cells. These results
indicate that PC3 cells represent a cell line model of late stage prostate cancer cells which
have developed a resistance to growth inhibitory effects of TGFp but retains TGFp signaling
involved in its pro-tumorigenic effects. Previous studies from several laboratories show that
TGFp exerts biological effects on PC3 cells migration and angiogenesis [35,36].
Understanding the intracellular mechanistic switch involved in altering TGFp effects from
growth inhibitory to protumorigenic is very important and DU145 and PC3 prostate cancer
cell lines provide interesting model systems for such studies.

This study provides a detailed analysis of Id1 and 1d3 expression and their involvement in
TGFp effects on proliferation in prostate cell lines. Prior studies indicate that Id1 and 1d3
protein levels are higher in several prostate cancer cell lines [14,37]. As previously stated,
increased 1d1 expression has been correlated with enhanced malignant potential of breast,
prostate, and ovarian tumors [14,38]. Id1 and 1d3 expressions have also been proposed to
play a role in sustained proliferation of the malignant triple negative (TN) breast cancer cells
[39]. 1d1 knockdown inhibited proliferation in both DU145 and PC3 prostate cancer cells
[37]. Our data on TGFp1 effects on 1d1 and the inhibition of proliferation after 1d1
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knockdown confirm a role of 1d1 in cell proliferation. Interestingly, knockdown of 1d3 also
resulted in reduced proliferation of DU145 and PC3 cells. This indicates that as previously
shown, 1d3 also plays a role in cell proliferation [37]. However, TGF treatment induces
increased expression of 1d3 in both DU145 and PC3 cells and therefore its inhibitory effects
on proliferation do not involve 1d3.

TGFp effects on proliferation have been shown to involve p21 and p27 inhibitors of cyclin-
dependent kinases [31,40]. In the present study, TGFf induced the expression of p21 in PZ-
HPV7 and DU145 cells which correlated with its inhibitory effects on cell proliferation and
Id1 protein levels. Some studies have suggested that TGFf also induces p27 expression in
epithelial cells [30,41]. However, we did not observe any changes in p27 protein levels upon
TGFpB1 treatment in prostate cells indicating that TGFp effects on proliferation in these cells
may not involve p27.

Previous studies, including our own, have shown that TGFp is able to promote migration
and invasion in target cells by Smad dependent or independent intracellular effector proteins
[29,42-44]. Interestingly, TGFp upregulated 1d1 and 1d3 protein in these cells and
knockdown of either 1d1 or 1d3 abolished TGFp effects on cell migration. This correlates
with previous studies which indicated that 1d1/1d3 double-knockdown decreased the ability
of pancreatic cells to migrate [19]. These results indicate that in late stages of the disease,
tumorigenic effects of TGFp require upregulation of both 1d1 and 1d3. However, neither 1d1
nor 1d3 knockdown had any effects on the migratory abilities of PC3 cells in response to
EGF, suggesting that EGF effects are mediated by signaling pathways which do not involve
Id1 or 1d3 proteins.

In conclusion, we show a strong correlation between down regulation of 1d1 and TGFp1-
induced inhibition of cell proliferation in DU145 cells but not PC3 cells. Failure to induce
down regulation of 1d1 in PC3 cells was associated with lack of TGFp effects on
proliferation. On the other hand, TGF induced increased expression of 1d3 in all cell lines
and this increase did not correlate with TGFp effects on cell proliferation, suggesting that
while reduction in I1d1 levels may be pre-requisite for inhibitory effects of TGFp on cell
proliferation, 1d3 does not appear to play any role in these effects. This study also showed
that both 1d1 and 1d3 play a role in TGFB mediated effects on cell migration.
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Fig. 1.
(Original magnification) A: TGFp1 effects on proliferation in PZ-HPV7, DU145, PC3, and

LNCaP cell lines. Each bar represents Mean + SD from a representative experiment.
*Significantly different from appropriate control (P < 0.05). B: Representative images of
DU145 and PC3 cells after migration of cells through transwell. Cells were visualized under
x10 objectives. EGF (3 ng/ml) used as a positive control, induced migration in both cell
lines. Each bar represents Mean = SEM (n = 3). *Significantly different (P < 0.05)
compared to untreated controls. C: TGFp effects on Smad3 phosphorylation in PZ-HPV?7,
DU145, PC3, LNCaP, and HeLa cells.
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Fig. 2.
Steady-state mMRNA and protein levels of 1d1 and 1d3 in prostate cell lines. A: mMRNA levels

of 1d1 and 1d3 were analyzed by RT-PCR and L-19 was used as a loading control. B: Whole
cell extracts (50 pg protein) from prostate cell lines were analyzed for Id1, 1d3, and B-actin
by western blot analysis. TGF1 effects on Id1 and 1d3 levels in prostate cell lines. C: Levels
of Id1 and 1d3 mRNA in PZ-HPV7, DU145, and PC3 cells after treatment with TGFp as
determined by RT-PCR. D: The protein levels of Id1 and 1d3 in PZ-HPV7, DU145, and PC3
cells after treatment with TGFp. E: Fold change of protein levels of 1d1 and 1d3 after
TGFp1 stimulation. Each bar represents Mean = SEM from three independent experiments.
*Significantly different compared to controls (P < 0.05).
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Fig. 3.

Dose dependent effects of TGFp and effects TGFPRI and Smad3 inhibitors on Id1 and 1d3
levels upon TGFB1 treatment in DU145 cells. A: Effects of different doses of TGFp on 1d1
and 1d3 levels inDU145 cells after treatment with TGFp1 for 1 hr. B: Effects of TGFp (5
ng/ml) on Id1 and 1d3 levels in DU145 cells in the presence or absence of inhibitors of
TGFB-RI (SB431542; 5 uM) or Smad3 (SIS3; 3 uM). Each bar in Figure 3A,B represents
Mean + SEM from three independent experiments. *Significantly different when compared

with controls (P < 0.05).
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Fig. 4.
A: Comparative effects of TGFB1 on levels of p21, p27, 1d1, and 1d3 proteins in PZ-HPV?7,

DU145, and PC3 cells. B: Levels of 1d1 protein in DU145 and PC3 cells after transfection
with control (Contol-A), Id1 (Id1siRNA), or 1d3 (1d3 siRNA) specific siRNAs. C: Effects of
Id1 knock down on proliferation ofDU145 and PC3 cells in the presence or absence of
TGFB1 (5 ng/ml) as determined by MTT assay. Each bar represents Mean + SD from a
representative experiment. Different letters on each bar represent significant differences (P <
0.05) among different treatments.
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Fig. 5.

Ef?‘ects of knockdown of endogenous Id1 or 1d3 on TGFp effects on cell migration.
Migration index of PC3 cells treated with TGFp for 5 hr after 1d1 or 1d3 knockdown. EGF
(3 ng/ml) used as a positive control, induced migration in both cell lines. Each bar represents
Mean £ SEM (n = 3)*.
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TABLE |

FACs Analysis of TGFp Effects in DU145 Cells After Knockdown of 1d1

Treatment GI(%) Sl(%) G2-M(%)
Control
TGFB 61.2 16.6 22.2
65.6 13.6 20.8
Control siRNA-A
TGFB 58.9 18.7 224
65.6 113 231
ID1 siRNA
TGFB 63.9 115 24.6
70.3 59 23.8
ID3 siRNA
TGFB 66.5 5.30 28.2
70.2 5.10 24.7
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