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Figure 14: Effects of FosB knock down on cell invasion -PC3 cells were pretreated with
siRNA against FosB, followed by treatment with 10 ng/mL of exogenous TGF-B1 and 10
ng/ml EGF invasive behavior were measured using and Matrigel in vitro invasion assay.
Insert shows western blot used to confirm FosB knock down. Each bar represents Mean +
SEM from three independent experiments. Different letters designate statistically
significant (P<0.05) differences among different treatments.

FOS Family Members role in Prostate Cancer Cell Growth and Proliferation

After finding out that FosB increased protein expression in DU145 and PC3
prostate cancer cells in response to TGF-B1 stimulation had no effect on prostate cancer
cell proliferation; the other FOS family members (cFos, Fral, and Fra2) were transiently
silenced using siRNA specific to each family. This was followed by cell count and MTS
proliferation assay. Our results indicated that transiently silencing cFos and Fral had no

effect on cell number in DU145 prostate cancer cells (Figure 15A). Our data also showed
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that cFos knock-down increased (P<0.05) cell number in PC3 cells and Fral knock down

had no effect on cell number in these cells (Figure 15B). Our data showed that TGF-f1
increases the expression of Fra2 (Figure 11B, C) protein expression in PC3 prostate
cancer cells only. In order to determine the role of this increased Fra2 protein expression
Fra2 was transiently silenced in both DU145 and PC3 prostate cancer cells followed by
cell count and MTS proliferations assays. The cell count data (not shown) indicated that
Fra2 knock-down in PC3 cells results in decrease in cell number, MTS data supported the
data seen by cell counting showing that Fra2 knock-down in PC3 cells resulted in
decreased (P<0.05) cell proliferation (Figure 16B). On the other hand knock-down of
Fra2 had no effect on cell count or cell proliferation in DU145 cells in the presence or
absence of TGF-B1 (Figure 16A). Our data also showed that transiently knocking down
FOS family members had no effect on cell morphology in PC3 prostate cancer cells

(Figure 17).
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Figure 15: The effect of cFos and Fral knockdown on prostate cancer cell number
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Figure 15: A) DU145 cells were transfected with siRNA to transiently silence cFos and
Fral followed by an in vitro proliferation assay. Insert western blot image confirming
cFos and Fral knock down. B) PC3 cells were transfected with sSiRNA to transiently
silence cFos and Fral followed by an in vitro proliferation assay. Different letters
designate statistically significant (P<0.05) differences among different treatments. Insert
western blot image confirming cFos and Fral knock down.
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Figure 16: Effects of Fra2 knock down on prostate cancer cell proliferation
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Figure 16: A) DU145 cells exposed to siRNA specific for Fra2 followed by stimulation
with exogenous TGF-B1 (10ng/ml) for 72 hours. Inserts show western blot analysis
confirming Fra2 knock down and 96 well plate layout of treated cells. B) PC3 cells
exposed to siRNA specific for Fra2 followed by stimulation with exogenous TGF-p1
(10ng/ml) for 72 hours. Inserts show western blot analysis confirming Fra2 knock down
and 96 well plate layout of treated cells. Different letters designate statistically significant
(P<0.05) differences among different treatments.
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Figure 17: FOS Family knockdown on prostate cancer cell morphology
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Figure 17: PC3 cells were transiently transfected to silence FosB, cFos, Fral, and Fra2,
morphology images were obtained using Ziess microscope at X10 magnification.
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TGF-p1 Effect on AP-1 dimerization

In an attempt to determine which JUN protein could function as FosB dimer
partner responsible for its effects on in cell migration; PC3 prostate cancer cells were
seeded at a density of 3 million cells per 10 cm dish and stimulated with TGF-B1 for 4
hours, the cells were lysed with cell lysis buffer as described previously and lysates used
to perform a co-immunoprecipitation assay to determine if FosB dimerization with JUN
proteins was regulated by the presence of TGF-B1. Our data showed that FosB
dimerization with JunD is minimal and not influenced by TGF-B1 (Figure 18). The effect

of TGF-B1 on FosB: JunB dimerization is currently being investigated. The most
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interesting finding is that TGF-B1 reduced FosB: cJun dimerization (Figure 18). This led

to an interest in determining whether cJun has a role in prostate cancer cell migration.

Figure 18: The effect of TGF-f1 on FosB:cJun Dimerization
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Figure 18: PC3 cells were stimulated with TGF-B1 followed by co-immunoprecipitation
assay to determine the effect of TGF-f1 stimulation on FosB dimerization with JUN

proteins.

The Role of cJun Protein in Prostate Cancer Cell Migration

Our data showed that FosB is essential for basal, TGF-B1-and EGF-induced cell
migration to occur. Previous studies have shown that FOS proteins must function as
dimers more specifically heterodimers and that dimerization is a prerequisite for nuclear
translocation and thus activation of AP-1 dimer complex "X. This finding as well as our

data indicating that TGF-B1 stimulation decreases cJun: FosB dimerization led to a new
found interest in the role of cJun in FosB effects, specifically in TGF-B1 signaling and

prostate cancer cell migration. cJun was transiently silenced in PC3 cells using SiRNA
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specific for cJun followed by transwell migration assay. Our data showed that cJun

knock-down led to significant increase (P<0.05) in basal, TGF-B1-and EGF-induced cell
migration (Figure 19). Using DU145 prostate cancer cells that were stably transfected in
our lab to over-express cJun; we determined that over-expression of cJun leads to a
significant decrease (P<0.05) in basal cell migration (Figure 20). We are currently
working on transiently over-expressing cJun in PC3 prostate cancer which will be
followed by cell migration assays, as well knocking down JunB and JunD and

determining their effects if any on prostate cancer cell migration.

Figure 19: The effect of cJun knockdown on prostate cancer cell migration
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Figure 19: PC3 cells transiently transfected to knock down cJun and stimulated with 10
ng/ml of TGF-B1 and EGF followed by transwell migration assay, insert showing western
blot image confirming cJun knock down. Different letters designate statistically
significant (P<0.05) differences among different treatments.
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Figure 20: The effect of cJun over expression on prostate cancer cell migration
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Figure 20: DU145 cells stably transfected to over express cJun and stimulated with 10
ng/ml of EGF followed by transwell migration assay. Different letters designate
statistically significant (P<0.05) differences among different treatments.



CHAPTER 5

DISCUSSION

In this study, we demonstrate for the first time the role of FOS transcription
factors in migration and invasion of prostate epithelial cancer cells and the role of cJun in
prostate cancer cell migration. To determine the role of FOS proteins in prostate cancer
cell proliferation migration and invasion, we performed two types of experiments: first,
the effect of TGF-B1 on the Fos family expression levels were determined by western
blot analysis using different doses and varying times of exposure to TGF-B1; second,
FOS knock-down was used to determine their roles in TGF-p-regulated prostate cancer
cell proliferation, migration, and invasion. The key findings in this study are that 1) TGF-
B1 induces and increased expression of FosB in prostate epithelial cancer cells, 2) FosB is
essential for migration and invasion to occur in prostate cancer cells, and 3) FosB is
required for TGF-p1-and EGF-induced cell migration and invasion, 4) TGF-B1 induces
increased protein expression of Fra2 in PC3 cells only, 5) Fra2 is necessary for basal and
TGF-B1 induced cell proliferation in PC3 cells, 6) TGF-B1 decreases FosB : cJun

dimerization, 7) cJun over expression inhibits prostate cancer cell migration, 8) cJun

69
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Knockdown increases cell migration.AP-1 family of transcription factors are a part of the

complex immediate early genomic response of a variety of cells to transmembrane
signaling agents.2” Additional complexity results from the variety of possible Jun dimers
and the JUN-FOS heterodimers and from potential dimer formation between JUN or FOS
and other leucine zipper proteins.27 JUN and FOS proteins share extensive homology
within the leucine zipper and basic domains. However, despite their homology, these
proteins display different transcriptional activity.? The FOS proteins contribute distinct
functions towards the activity of the AP-1 heterodimers. For example, c-Fos can both
activate and repress transcription, the full-length Fos B is a transcriptional activatorz:
and a naturally occurring short form of FosB inhibits AP-1 transactivation.2 The Fos-
related antigens, Fra-1 and Fra-2 lack functional transactivation domains and are poor
transcriptional activators.22 We believed that an alteration in the composition of AP-1
either directly or indirectly regulates cell growth and maotility, which in turn pushes the
normal cell into pre-malignant or malignant state. Therefore we analyzed the effect of
TGF-B1 on Fos mRNA and protein expression in both normal as well as different
prostate cancer cell lines. The most interesting observation was an immediate increase in
FosB expression both at the mRNA and the protein levels in prostate cancer cells as well
as increased Fra2 protein expression in PC3 cells only.

TGF-p super family signaling is well known as a key regulator of many biological
processes®#.2%0.243 including differential effects on cell proliferation and migration in
prostate cancer cells.s « 23 These differential effects of TGF- during different stages of

cancer progression presumably depend on selective loss or acquisition of specific
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intracellular signals that are required to elicit different biological responses to TGF-p. A

loss of TGF-f receptors and/or Smad proteins has been shown to result in TGF-3
resistance in cancer cells.z 24425 However, most cancer cells retain classical TGF-f
signaling components throughout cancer progression but modify or recruit additional
signaling pathways to exert novel or different biological effects.s” Our data shows that
TGF-B1 increases FosB expression in prostate cancer cells, which, in turn, mediates its
effects on migration and invasion but does not play a role in TGF-B1 effects on cell
proliferation. Thus TGF-B1 induction of FosB may represent a shift in intracellular
signaling involved in the escape from inhibition of proliferation to the stimulation of
more migratory and invasive behavior in advanced stages of prostate cancer.2 TGF-p1
reduces the dimer formation between cJun and FosB; our data demonstrates that the
presence of cJun contributes to inhibition of cell migration; this information could shed
light on the dual role of TGF-B1 prostate cancer cell progression, a role that could involve
the regulation of AP-1 dimer formation as least in the case of cell migration.

While essential to normal development and homeostasis, the process of cellular
migration is also a trait essential for metastasis. Enhanced migration is key across the
metastatic cascade and is involved in the initial scattering of cells and migration from the
primary tumor.2® Numerous proteins and pathways have been implicated in altering the
migratory potentials of cancer cells and therefore their aggressive nature. Given its
essential role in cancer progression, treatments that inhibit cell migration or such
proteins/pathways involved in enhancing cellular motility represent an attractive strategy

for controlling metastatic dissemination.® Because Fral and Fra2 exhibit a lack of trans-
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activating domain as seen in cFos and FosB, they might exert inhibitory functions on

tumor growth. Yet recent data point to a positive effect of Fral, and partly Fra2, on tumor
progression in many tumor types.x 24 Qur data suggests that Fra2 plays an important role
in cell proliferation of aggressive prostate cancer cells but does not have the same effect
on prostate cancer cells in the early stages of development. In contrast to the bulk of data
on the function of cFos and Fral, far less is known about the role of FosB and its smaller
splice variant AFosB which is often expressed more strongly than Fral in clinical cancer
tissues.2+ 247 Although, the FOS family of proteins has been extensively studied as
immediate early genes, the role of FosB in cancer cell proliferation and migration and
invasion has not been previously investigated.>¢ There are also no studies demonstrating
the role of cJun in prostate cancer cell migration. Our data shows that transient silencing
of FosB with or without the presence of TGF-B1 has no effect on prostate cancer cell
proliferation but significantly reduces cell migration and invasion. Numerous studies
have demonstrated that TGF-B1 induces the migration and invasion of prostate cancer
cells; however, we show in this study that TGF-B1 is unable to induce prostate cancer cell
migration and invasion without FosB. The data also suggests that epidermal growth
factor (EGF), a potent mitogenic factor that plays an important role in the growth,
proliferation and differentiation of numerous cell types is unable to induce migration and
invasion in prostate cancer cells in the absence of FosB; further confirming that FosB
does indeed have a major role in migration and invasion of prostate cancer cells. Thus the
differences in migratory and invasive behavior observed in different stages of prostate

cancer progression can be due to AP-1 (specifically FosB) activation. FosB may have a
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role in the aggressive phenotype observed in prostate cancer, thus inhibition of FosB

activity may serve as a therapeutic tool in the management of prostate cancer.

TGF-B1 is known to switch from being a tumor suppressor in early stage prostate
cancer to becoming a tumor promoter in the later stages of the disease. Our data suggests
that TGF-pB1 is unable to induce and increase in cell proliferation without the presence of
Fra2 in PC3 cells which is used in this study to represent an advanced stage prostate
cancer. This further supports the idea of AP-1 proteins playing essential roles in TGF-f1
induced prostate cancer cell progression.

Our data also suggests that TGF-B1 is able to reduce dimer formation between
cJun which we have shown to be necessary for inhibition of prostate cancer cell
migration and FosB which we also shown to be essential for prostate cancer cell
migration to occur. This study has further implicated that targeting AP-1 proteins could

serve as an alternative therapeutic target in treating prostate cancer.



CHAPTER 6

CONCLUSION

In conclusion, our results obtained using human prostate cancer cell lines suggest
that the transcription factors FosB, Fra2 and cJun may be important regulators of TGF-p1
effects on proliferation, migration and invasion in human prostate cancer cells. The
functions of AP-1 proteins have been known to be modulated in four major ways: 1)
changes in protein expression, 2) variations in dimer partners, 3) changes in subcellular
localization and 4) changes in phosphorylation. Our data indicates that TGF-B1 is able to
regulate AP-1 by varying their expression, subcellular localization and dimerization. This
was seen as an increase in FosB and Fra2 protein expression, an increase in FosB nuclear
localization, and a decrease in FosB: cJun dimerization as a result of prostate cancer cell
stimulation with TGF-B1. Though still elusive, these studies may help to further
understand TGF-B1 dual role in prostate cancer progression. Further studies are needed to
decipher the Jun protein partner that is influenced by the presence of TGF-B1 to bind to
FosB leading eventually to cell migration and invasion. Also, since TGF-B1 does not
increase cell proliferation in PC3 cells it still remains unclear as to the specific role of

Fra2 protein increase in PC3 cells stimulated with TGF-B1, and how this increased
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expression contribute to PC3 cells being insensitive to the growth inhibitory effects of

TGF-B1.

Further studies are also needed to completely decipher the role of cJun in
FosB/TGF-B1 induced cell migration. Further study of the roles of FosB, Fra2 and cJun
in prostate cancer carcinogenesis, especially in vivo, will be of great importance and will

probably open new perspectives for therapy.



APPENDIX A

Table 1

Table 1: Gene Specific primers used for RT-PCR amplification

Gene Primers Sequence 5°- 37 Product Size (bp)

antisense GACGTTCCTTCTCCTTTTGGA

antisense CTTCGTAGGGGATCTTGCAG

antisense CCCTTCGGATTCTCCTTTTC

antisense  GCTGGAGTTGGATGTGGGATAC

antisense GATTCAACAGACAACCAGGAATGG

antisense TCTTAGACCTGCGAGCCTCA
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