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ABSTRACT

Fibroblast—derived CCL3

promotes prostate cancer

progression by inhibiting
the PLZF expression

Kum Hee Noh
The Department of Biomedical Sciences
The Graduate School

Seoul National University

Prostate cancer is the most common carcinoma in men, but it is
difficult to detect early because it has few symptoms. It has been
reported that if the metastasis progresses to the stage where it is
accompanied by pain, the survival rate is significantly lower than in
the initial stage even if it is discovered. Therefore, the importance of
strategies to suppress the metastasis of prostate cancer is emerging,
and it is important to find a breakthrough target to be used for early
detection. Consequently, I attempted to analyze the mechanism of
inhibiting the metastasis of prostate cancer by various substrate cells
in the tumor microenvironment.

In this study, it was confirmed that promyelocytic leukemia zinc
finger (PLZF) expression not only showed a negative correlation

with persistently STAT3 overexpressing high—grade prostate



cancer patient tissue, but also contributed to the patient's prognosis.
Also, knockdown of PLZF promoted proliferation, inhibited apoptosis,
and accelerated the migration and invasion of human prostate cancer
cells.

However, although PLZF is a transcription factor, a question
arises as it cannot regulate the transcription of STAT3, an oncogene,
and only reduces tyrosine phosphorylation. So, I hypothesized that
PLZF 1in prostate cancer cell lines might be related to tyrosine
phosphatase, which reduces the phosphorylation of Janus kinases
(JAKs)—STATS3. As a result, PLZF acts as a transcription factor of
SHP—1 among various tyrosine phosphatases, thereby proving a
novel regulator role in repressing the JAKs—STAT3 mechanism.
These results were confirmed that SHP—1, like PLZF, is associated
with prognosis in prostate cancer patient tissues.

Through the interaction between substrate cells in the tumor
microenvironment and prostate cancer cells, I tried to find the reason
why PLZF, a tumor suppressing gene, is suppressed in prostate
cancer. These results suggest that the collapse of PLZF expression
by the C-C motif chemokine ligand 3 (CCL3) derived from fibroblasts
accelerates the cell migration and invasion properties of prostate
cancer cells through the exchange of signaling substances between
cancer cells and fibroblast.

In conclusion, prostate cancer cells inhibit PLZF signaling
pathway through fibroblasts—derived CCL3, suggesting that PLZF
can be a new treatment strategy to inhibit tyrosine phosphorylation
through SHP—1. It is expected that PLZF could be a remarkable

target for prostate cancer therapy.
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INTRODUCTION

Prostate cancer is the most frequently diagnosed malignancies and

the sixth leading cause of cancer—related death in men worldwide [1].

In general, patients with organ—confined prostate cancer are treated
successfully. However, uncontrolled metastasis indicates disease
relapse, which is virtually incurable and results in considerable
disease mortality [2—4]. In addition, although much research has been
done to determine the cause of prostate cancer metastasis, our
understanding is still incomplete. For this reason, a better
understanding of prostate cancer metastasis would lead to new
approaches and targets for preventing or treating metastasis [5].
Tumors can be considered as complex organs composed of tumor
cells and various non—malignant stromal cells that form the tumor
microenvironment. These stromal cells include endothelial cells,
pericytes, immune inflammatory cells, and fibroblasts, all of which
are genetically stable and typically not malignant [6—8]. However,
they are affected by interactions with tumor cells via soluble factors
and modify tumor cells to favor tumor development, tumor growth,
and invasion [8—10]. Among them, fibroblasts are crucial regulators
of prostate tumor metastatic progression [11,12]. Several researches
have investigated that the normal fibroblasts have a role In
maintaining epithelial homeostasis by inhibiting the proliferation and

carcinogenic potential of the adjacent epithelium; but, following



neoplastic transformation of the epithelium, cancer—associated
fibroblasts (CAFs) promote tumor growth and remodels the
extracellular matrix (ECM). That is, normal fibroblasts can be trained
by carcinoma cells to become CAFs [13—-15].

The mechanism by which local prostate cancer progresses into a
lethal disease is unclear. One predictable mechanism is the loss or
alteration of tumor—suppressor genes. PLZF, also known as zinc
finger and BTB domain—containing 16 (ZB7B16), binds to specific
DNA sequences with its carboxyl—terminal zinc finger domain and
protein—-protein interaction [16,17]. PLZF is involved in diverse
cellular signaling, particularly in stem cells self—renewal or
differentiation, hematopoiesis, and immune regulation [18-22].
Lately, PLZF was reported to potentially play a tumor—suppressor
role, which reduces cell growth and survival in numerous solid tumors,
including melanoma, malignant mesothelioma, and non—small cell lung
cancer cells [23—-26]. Besides, recent studies also suggested that
PLZF is implicated in prostate cancer as a tumor—suppressor protein.
In prostate cancer, PLZF expression is reduced or lost in high grade
tumor and castration—resistant prostate cancer (CRPC) [17,27].
PLZF inhibits prostate cancer cell growth through its inhibitory
effects on AR, AKT, mTOR, and MAPK signaling [28,29]. Research
of PLZF is actively underway as it has a high potential as a target for
prostate cancer, but the relationship between prostate tumor
microenvironment and PLZF is not yet well known. Therefore, I aim
to clarify the role of PLZF in the association between prostate cancer

and the tumor microenvironment. Restoring PLZF expression or
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reactivation also could be a novel strategy for prostate cancer
therapy.

CCL3, which belongs to the C-C chemokine family, is produced
by fibroblast, macrophage, T cell, monocytes, and epithelial cells.
CCL3, also known as macrophage inflammatory protein la (MIP—1a),
1s a pro—inflammatory cytokine and is a ligand for CCR5, which
stimulates chemotactic activities in a variety of immune cells such as
monocytes, lymphocytes, macrophages [30,31]. CCL3 has also been
involved in the regulation of cancer cell growth, angiogenesis and
metastasis of various tumors such as melanoma, colorectal cancer,
and renal cell carcinoma [32]. Previously, several evidence models
suggested that fibroblast—derived CCL3 could activate tumor
progression. Deficiency of the CCL3/CCR5 system resulted in a
remarkably decreased tumor formation and lung metastasis.
CCL3/CCR5 accumulation of CAFs also have been reported to be
important in colitis—related carcinogenesis and oral tumor formation
[32—-35]. However, the fundamental mechanisms of CCL3 in the
tumor microenvironment and the signaling pathways are not well
known.

In this study, I hypothesized that PLZF is suppressed by
fibroblasts that interacted with cancer, thereby promoting metastatic
prostate cancer progression. As a result, I found that tumor—induced
impetus stimulated fibroblasts to produce CCL3, which promoted
prostate cancer growth and metastasis through the reduction of

PLZF/tyrosine phosphatase SHP—1. By studying the PLZF/SHP-



1/STATS3 signaling pathway involved in CCL3—induced malignancy, I

may find a potential therapeutic target for prostate cancer.
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MATERIALS AND METHODS

Cell culture and culture conditions

The human prostate cancer cell line (LNCaP) was purchased from
the Korean Cell Line Bank (Seoul, Republic of Korea). Another human
prostate cancer cell line (DU145) and normal human dermal
fibroblast cell line (HDF) were kindly provided by the German
Collection of Microorganisms (DSMZ, Braunschweig, Germany) and
Modern Cell & Tissue Technologies (Seoul, Republic of Korea). The
normal prostate epithelial cells (PNT2), lymphocytes (Jurkat—T),
NK cells (NK=92) and monocytes (THP—1) were purchased from
American Type Culture Collection (Manassas, VA, USA). DU145
cells was maintained in Dulbecco’ s Modified Eagles media
(Capricorn scientific, Germany). LNCaP, PNT2, Jurkat—T, NK—92,
THP—-1 and normal HDF cells were maintained in RPMI—1640 media
(Life Technologies, Carlsbad, CA, USA). All the cells were
maintained in the media supplemented with 10% heat—inactivated
fetal bovine serum (FBS, Life Technologies) and 1%
penicillin/streptomycin solution (Life Technologies) at 37 C with 5%

CO2 in a humidified incubator.

Conditioned media preparation and cell co—culture



Conditioned media (CM) was prepared by incubating normal HDF,
Jurkat—T, NK—92 and THP—1 cells in 10 mL per 100 mm dish for
48 h with RPMI—-1640 media (Life Technologies) containing only 1%
penicillin/streptomycin solution (Life Technologies). Supernatant
was collected and centrifuged at 13000 rpm for 3 min to remove the
cell debris. Cells were cultured with the CMs mixed with an equal

volume of fresh media for 24 h.

To observe cell interactions between the two cells, cells were
seeded at the same density (5 X 10° cells per well) into 6—well
plates (SPL, Gyeonggi, Republic of Korea) and other cells were
seeded into the upper chamber of a 0.4— pym co—culture chamber
(Corning Inc. Corning, NY, USA). The co—culture chambers were
then inserted into the plate wells. After 24 h of co—culture, cells at

the plate bottom were harvested and used in the experiments.

Immunohistochemistry (IHC) staining and scoring

Briefly, the arrays were rehydrated and autoclaved at 121C for 10
min in a citrate buffer (Fisher Scientific, Rockford, IL, USA) to
retrieve antigen. They were incubated with 3% H202 for 10 min and
with 10% bovine serum for 1 h to block non-—specific signals.
Sections were incubated overnight at 4°C with antibodies against
PLZF (1:200; AbCam, Cambridge, UK), pY—STAT3 (1:50; Cell
Signaling Technology, Danvers, MA, USA), and SHP—1 (1:200;

AbCam). Immune complexes were visualized using the Vectastatin
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ABC kit (Vector Laboratories, Burlingame, CA, USA) and the DAB
detection kit (Dako, Carpinteria, CA, USA). Finally, all sections were
counterstained with hematoxylin. Positive staining cells were
counted on 5 randomly chosen visual fields at 400 X magnification by

means of Image J (National Institutes of Health, Bethesda, MD, USA)

Human prostate cancer patient tissues

Human prostate cancer tissue arrays were purchase from
SuperBioChips Lab (Seoul, Republic of Korea). The tissue array
contained 40 tumor specimens, 10 normal tissues adjacent to the
cancer from prostate cancer patients, whose clinical data, including
age, sex, TNM stage, and Gleason score (GS) were informed by the
supplier. The tumor tissues were fixed with formalin, paraffin—
embedded, and sectioned by microtome in 4— ¢ m thickness and put

on Superfrost plus slides (Gyeonggi, Republic of Korea)

Plasmids, small interfering RNAs, and transfection

For transient transfection of plasmid or siRNAs, cells were
transfected using Lipofectamine 2000 (for plasmid, Thermo Fisher
Scientific, Waltham, MA, USA) or Lipofectamine RNAIMAX (for
siRNA, Thermo Fisher Scientific), respectively. The transfected

cells were stabilized for 48 h before being used in experiments.



The empty vector and pcDNAS. 1 —ZB7TBI16 plasmids were kindly
given by prof. KC Jung (Seoul national university). For
overexpression of gene, cells were transfected with the following
constructs:  pcDNAGS3.I1—vecter (control), pcDNAS3.1-7BTB16,
pCMV—vector (control), pCMV—constitutively activated S7TATS3

(CA—=STATS3).

AllStars Negative Control siRNA (Qiagen, Germantown, MD,
USA) used as a non—targeting RNAs (siCTL). siRNAs for ZBTB16
(SI00083608, SI00083615, SI103090346), PTPN6 (S104436831,
S104950407), CCL5  (S103073028, S103107111), PLAUR
(SI03033289, SI03048458) were purchased from Qiagen
(Germantown, MD, USA). CCL4 (6351—1, 6351—2), SERPINEI
(5054—1, 5054—2) were purchased from BIONEER (Daejeon,

Republic of Korea).

Western blot analysis

Cell lysates were prepared using Triton X—100 lysis buffer (150 nM
NaCl, 20 mM Tris, 1% Triton X—100, 1% sodium deoxycholate, 0.1%
sodium dodecyl sulphate (SDS), 10 mM ethylenediaminetetraacetic
acid; EDTA) with protease inhibitors (NaF, NasVO,, Leupeptin) and
phenylmethanesulfonyl fluoride (PMSF). Lysates were separated via
SDS—polyacrylamide gel electrophoresis and then transferred to
nitrocellulose membranes (GE Healthcare, Pittsburgh, PA, USA).
Membranes were incubated with blocking buffer (TBS with 5%
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skimmed milk and 0.1% tween 20) for 1 h at room temperature
followed by incubating at 4 C overnight with tris—buffered saline and
tween (TBST) and then incubated with secondary antibody in
1:10000 dilution (Enzo Life Science, Farmingdale, NY, USA) for 1 h
at room temperature. The signal was visualized using the ECL
detection kit (SurModics, Eden Prairie, MN, USA). With appropriate
calculations, sample signals can be accurately normalized to
housekeeping proteins designated as internal loading controls to

obtain quantitative western blot analysis.

Primary antibodies against PLZF, HDAC1, Fibronectin, N—
cadherin (AbCam), SHP—1, Lamin B, PCNA, cyclin D3, CDK4, p21,
p27, E—cadherin, PTPN2 (Santa Cruz, CA, USA), Vimentin (R&D
systems, Minneapolis, MN, USA) and c—Myc, cyclin D1, BCL—-2,
BCL—-xL, SHP—-2, phospho—STAT1 (Tyr701/Ser727), STATI,
phospho—STAT3 (Tyr705/Ser727), STAT3, phospho—STATSH
(Tyr694), STAT5, phospho—JAK1 (Tyrl1022/1023), JAKI,
phospho—JAK?2 (Tyr1007/1008), JAKZ, phospho—JAK3
(Tyr980/981), JAK3, phospho—TYK2 (Tyr1054/1055), TYKZ2 (Cell
Signaling Technology) were all diluted to 1:1000. GAPDH (Cell

Signaling Technology) antibody was used as loading control.

RNA extraction, reverse transcription, and quantitative reverse

transcription polymerase chain reaction (QRT—PCR) analysis

Total RNA was isolated from cell line using RNAiso Plus reagent
3 o
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(Takara, Shiga, Japan) according to the manufacturer’ s instructions.
cDNA was synthesized using the ReverTra Ace qPCR RT Master Mix
(Toyobo, Osaka, Japan). The gene expression levels were detected
by using EvaGreen qPCR Mastermix (Applied Biological Materials,
Richmond, Canada) and performed real—time PCR on the Applied
Biosystems 7300 Real—time PCR system (Life Technologies) with
the following PCR conditions; 95C for 2 min, followed by 40 cycles
of 95T for 15 sec and 60C for 1 min. Data were normalized to

internal control GAPDH.

Primers for ZBTB16 (QT00029960), PTPN6 (QT00011725),
STATS (QT00068754), CDH1 (QT00080143), CDHZ2
(QT00063196), VIM (QT00095794), FNI (QT00038024), CCL3
(QT01008063), CCL4 (QT01008070), SERPINEI (QT00062496),
PLAUR (QT00076447), MYC (QT00035406), CCND1
(QT00495285), BCLZ (QT00025011), BCLZL1 (QT00236712),
MMP9 (QT00040040), MMPI11 (QT00024031), PTPNZ2
(QT00020720) and GAPDH (QT01658692) were purchased from

Qiagen (Germantown, MD, USA).

Cell proliferation assay

Cell counting kit (CCK) (Dongin—LS, Gyeonggi, Republic of Korea)
was performed to detect the cell proliferation capacity. DU145 cells
were plated at a density of 5 X 10° cells per well of a 6—well plate. ;

LNCaP cells were plated at a density of 1 X 10° cells per well of a

10 2] 2-1))



6—well plate. For CCK assay, cells were given 24 h to attach and
were transfected plasmid and siRNA 24, 48, 72 h. After transfection,
cells were incubated with 100 pyL/well of the CCK reagent for 2 h at
37T and were measured the absorbance of the plates at 450 nm. All

values were normalized to the vehicle control—treated wells.

Apoptosis and cell cycle determination

For cell apoptosis assay, cells were stained with FITC Annexin—V
and propidium iodide (PI) kit (Becton Dickinson Bioscience, San Jose,
CA, USA) according to the manufacturer’ s protocol. For cell cycle
assay, cells were fixed in cold 70% ethanol and then stained with
propidium iodide (Becton Dickinson Bioscience). Cells were then
washed with PBS, resuspended in FACS buffer (Becton Dickinson
Bioscience), and stained cells were analyzed using FACS

LSRFortessa.

Wound healing assay

Cell migration was assessed by wound healing assay. In brief, cells
(1 X 10° DU145 cells) in 6—well plates were allowed to reach
confluence, and wounds were scratched using sterile tips. Wound
closure was monitored every 24 h using a microscope and evaluated
wound distances (100X, Nikon, Tokyo, Japan). The experiments

were performed in triplication.
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Cell migration and invasion assays

Transwell assay was used to evaluate the migration and invasion
abilities of the prostate cancer cells. 24—well transwell chambers
with & pm pore size polycarbonate membrane (Corning Inc., Corning,
NY, USA) were used in these assays. For the transwell assays, the
PLZF expression vector and PLZF siRNA were transfected into
DU145 or LNCaP cells and resuspended at a concentration of 5 X
10* cells in the top well with 200 pL serum—free RPMI 1640 media.
The lower chamber was filled with a 700 pL mixture of fresh and CMs
(1:1) with 10% fetal bovine serum or neutralizing antibody CCL3
(R&D System) were added as a chemoattractant. For cell migration
assay, DU145 or LNCaP cells in a serum—free media were seeded
into the top chamber and incubated at 37 C for 24 h. For cell invasion
assay, the membrane was coated with Matrigel (Corning Inc.) and
incubated at 37C for 36 h. Cells on the top surface of the interface
membrane were removed using a cotton swab. Migrated and invaded
cells on the lower surface of the membrane were fixed with 10%
formaldehyde, stained with hematoxylin and eosin kit (Sysmex
Corporation, Kobe, Japan), and counted under an optical microscope

(100 X%, Japan) from four random fields using ImagelJ software.

Luciferase gene report assay

For the PLZF target reporter assay, DU145 and LNCaP cells were

transiently co—transfected with 1 pxg of the pGLS—PYfPN@ ]
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promoter—luciferase reporter construct, pcDNAS.1—ZBTB16 or si—
ZBTB16, and pCMV— 8 —galactosidase. After 48 h, cells were lysed
and luciferase activity was determined using Luciferase reporter
assay system (Promega, Madison, Wisconsin, USA). B-—
galactosidase activity in each lysate was assayed to normalize
transfection efficiency. Three independent experiments were

performed with triplicate samples.

Human proteome profiler cytokine arrays

Human cytokine array kits were used according to the
manufacturer’ s protocol (R&D System). Although membranes were
blocked for 1 h, culture supernatants from HDF cells were added to
the membranes and incubated with cytokine arrays membranes
overnight at 4C. Membranes were washed and incubated with
detection biotinylated antibody cocktail (1:50) at room temperature
for 1 h and incubated with horseradish—peroxidase—conjugated
streptavidin (1:2000) at room temperature for 30 min, developed
using chemi—luminescence —type solution, and exposed to x—ray film.

Spot intensities were analyzed using Adobe Photoshop.

Microscopy, image capture, and analysis

Samples were visualized and analyzed using Leica Aperio AT Turbo

microscope and Leopard program included with the microscope
11 O 11 =Ll —
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(BX53; Olympus, Tokyo, Japan), using the Leica Application Suite
software. Brightness and contrast were adjusted equally in all images

presented.

Statistical analysis

All data were performed with Microsoft Excel 2016 or GraphPad
Prism 8 analytical tools (GraphPad software, Inc.), and results were
presented as the means £ standard deviation (S.D.) from
independently at least three times. Unpaired Student’ s two—tailed
t—test for independent analysis was applied to evaluate the
differences. The Pearson’ s correlation was used to evaluate the
correlation between PLZF, pY—-STAT3, and SHP—-1 protein
expression. Survival rate analyses were performed by drawing
curves and calculating log—rank £ test using the Kaplan—Meier
method. For gene expression and patient survival analyses, I used all
available genes in the analysis and divided prostate cancer patients
into two classes based on the median expression. Patients were
divided into high and low groups according to the 50% cutoff point of
gene expression. In prostate cancer, patients with a median or higher
scores (= 50%) were classified as high—expressing group, and
those with less than the median scores (< 50%) were classified as

low—expressing group.
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RESULTS

PLZF inhibits the activation of STAT3 which has an inverse correlation

with PLZF

I first evaluated the protein levels of PLZF and Tyr705
phosphorylation of STAT3 (pY—-STAT3) in 40 prostate cancer
patients and 10 benign patient tissues, which were categorized
according to GS. IHC assays showed that the levels of pY—STATS3
increased with the progression of prostate cancer, as opposed to the
decrease in PLZF levels (Figure 1A and B). Pearson’ s correlation
analyses revealed a significant negative correlation between PLZF
and pY—STATS3 levels (Figure 1C). The Prostate Specific Antigen
(PSA) from prostate cancer patients also has been shown to increase
with GS (Figure 2A). The pY—STATS3 protein levels are correlated,
but the PLZF protein levels are inversely correlated with PSA
(Figure 2B). Moreover, prostate cancer patients from The Cancer
Genome Atlas (TCGA) database were divided into PLZF— and pY—
STAT3-low/high groups. Kaplan-Meier analysis indicated that
patients with PLZF—low and pY—STAT3—high groups had poorer
recurrence—free survival than those with PLZF—high and pY-—
STAT3-low expression (Figure 3A). In addition, the PLZF—high
group also showed higher survival rates than the PLZF—low groups

in the CRPC patient group with the poorest prediction for prostate
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cancer (Figure 3B).

Prostate cancer progression is highly dependent on androgen
receptor (AR) in the early stage of the disease, and therefore
responds well to androgen deprivation therapy (ADT). Adaptation of
tumor cells to androgen—low environment has result in AR—sensitive
CRPC, a uniformly lethal disease. AR in prostate tumors is expressed
in prostate cancer even after androgen blockade, and as AKX mRNA
increases, the sensitivity is very high even in the presence of a small
amount of testosterone, so it 1s easy to combine with other
testosterone derivatives, including testosterone secreted by the
adrenal glands. PLZF expression was increased in the ventral
prostate of castrated mice after androgen replacement [36]. This
was further validated in AR positive PCa cell lines LNCaP, VCaP and
22Rv1 [36]. Consistent with this, PLZF expression was undetectable
in AR—deficient prostate cancer cell lines DU145 and PC3 and
ectopic expression of AR restored PLZF expression in DU145 cells,
confirming androgen regulation of rapid and transient expression
[37]. These results demonstrate that PLZF is an androgen-—
activating gene [38]. Therefore, survival was confirmed after
dividing the prostate cancer patients with AR—high/low cases except
for CRPC into groups with high and low PLZF expression,
respectively. As a result, in the patient case with high AR, the lower
the PLZF, the worse the prognosis, but it was no significant in the
patient case with low AR (Figure 3C). This means that loss of PLZF

in prostate cancer is an important target for progression to CRPC and
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development of resistance to ADT. Survival curves are divided into

two groups based on median scores of the expression.

It was also confirmed that knockdown of PLZF increased the
phosphorylation of STAT3 (Figure 4). The mRNA levels of STAT3
were also not significantly changed in PLZF—overexpressed cells
(Figure 5A). Besides, pY—STAT3 and total STAT3 proteins did not
bind with PLZF (Figure 5B). If only tyrosine, not serine, was reduced
by PLZF during phosphorylation of STATS3, the status of the
phosphorylation would be questioned when phosphorylated STATS3
was translocated into the nucleus. I performed cytosol-nuclear
fractionation with PLZF—overexpressed DU145 cells. The nuclear
and cytoplasmic proteins were dissociated, and the Western blot
showed that exogenous overexpression of PLZF significantly
decreased only tyrosine phosphorylation of STAT3, not serine
phosphorylation of STAT3 in both the cytosol and nucleus compared
to the control (Figure 6). Reducing pY—STAT3, a well-known
oncogene in prostate cancer, suggests that PLZF is likely involved in
progression of prostate cancer. Therefore, I hypothesized that PLZF
acts as the tumor—suppressor gene to improve the poor prognosis in

prostate cancer patients.

PLZF induces the cell cycle arrest and apoptosis effects by

suppression of STATS3 signaling

To investigate the tumor—suppressing role of PLZF in prostate
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cancer, I overexpressed PLZF in DU145 cells. Overexpression of
PLZF resulted in significantly reduced proliferating cell nuclear
antigen (PCNA) protein expression, and inhibited cell growth. In
contrast, knockdown of endogenous PLZF increased cell viability in

LNCaP cells (Figure 7A—C).

Moreover, to explain that PLZF functions as a tumor suppressor,
cell cycle distribution was detected. Cell cycle examined by flow
cytometry analysis revealed that 10.83% more cells increased in the
sub—G1 phase proportion and 14.75% more cells accumulated in the
GO/G1 phase compartment with PLZF—overexpressed DU145 cells
(n = 3) (Figure 8A). To confirm the molecular mechanism of PLZF,
the expression levels of the cell cycle arrest regulators, including c—
MYC, cyclin D1, cyclin D3, CDK4, p21, and p27, were tested. As a
result, the GO/G1 phase arrest is confirmed by PLZF (Figure 8B and
C). In addition to promoting cell cycle arrest, PLZF triggered prostate
cancer cell apoptosis, with effectively increasing the apoptosis
proportion in the Annexin V/PI staining assay. Compared to the

controls, an increase in the percentage of early and late apoptotic

cells was observed in PLZF—overexpressed DU145 (early, from 7.43%

to 14.83%; late, from 3.47% to 10.69%; Figure 9A). The
mRNA/protein levels of the B—cell lymphoma—extra large 2 (BCL—
2) family apoptotic markers were inhibited in PLZF—overexpressed
cells, but they were increased in PLZF—knockdown cells (Figure 9B
and C). As a result, these findings indicated that the increase in PLZF

expression in prostate cancer cells induced cell cycle arrest and
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apoptosis.

PLZF ablation in prostate cancer promotes cell migration and invasion

via activation of STAT3

I next evaluated the migration and invasion ability by wound healing
assays, transwell cell migration assays, and matrigel invasion assays.
Quantitative analysis of the wound healing assay revealed that
PLZF —transfected cells delayed the closure of the wound gap as well
as delayed the STAT3—knockdown in DU145 cells. (Figure 10A—C).
Consistently, a similar effect of PLZF was observed in the transwell
cell migration assays. As with the siSTA7T3—transfected cells, the
number of migrated cells with ectopically expressed PLZF showed
an apparent reduction compared to the control cells. In contrast,
knockdown of endogenous PLZF in LNCaP cells by siRNA increased
the cell migration ability. The matrigel invasion assays demonstrated
that the cell invasion ability is significantly attenuated by PLZF-—
overexpressed DU145 cells but is increased by PLZF—knockdown
LNCaP cells (Figure 11A and B). The mRNA/protein levels of the
epithelial marker (E—cadherin) were increased in PLZF-
overexpressed cells but inhibited in PLZF—knockdown cells. In
mesenchymal markers (N—cadherin, Vimentin and Fibronectin), the
opposite was observed (Figure 11C and D). Furthermore, consistent
with an epithelial-mesenchymal transition (EMT) phenotype, DU145

cells exhibited diminished ECM degradation as evidenced by
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decreased levels of MMP9 and MMPI11 expression (Figure 12). The
data presented above suggested PLZF could suppress prostate
cancer migratory and invasive abilities by preventing the EMT

process.

Tyrosine phosphatase SHP—1 is a direct target of PLZF and inhibits

the tyrosine phosphorylation of JAKs—STAT3 signaling

To interrogate the molecular mechanism of PLZF, which has been
demonstrated as a tumor —suppressor gene in human prostate cancer
cells, and whether it is associated with the oncogenes JAK1, JAKZ,
and JAK3 as well as the TYK2 (JAKs) —STAT signaling molecules, I
ectopically transfected PLZF in DU145 cells. As a result, PLZF
inhibits the phosphorylation of the JAKs—STAT3 signaling pathway
molecules but not in STAT1 and STATS. Especially, tyrosine
phosphorylation of the JAKs—STAT3 proteins was inhibited in
PLZF—overexpressed DU145 cells. In  contrast, serine
phosphorylation and the total JAKs—STAT proteins remained
unchanged (Figure 13). Since PLZF suppresses tyrosine
phosphorylation only, it is assumed that PLZF can dephosphorylate
JAKs—=STAT3 through tyrosine phosphatase. To identify the
tyrosine phosphatases related to STATS3, the mRNA/protein levels
of protein tyrosine phosphatase SHP—1 were increased in PLZF—
overexpressed cells, but they were inhibited in PLZF—knockdown
cells (Figure 14A and B). PLZF overexpression significantly induced

SHP—-1 expression, whereas tyrosine—phosphorylation of JAIKs—
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STAT3 was abolished by ectopic—PLZF despite SHP—1 ablation

(Figure 15).

To determine whether the SHP—1 promoter region contributes
to transcriptional regulation of the ZB7BI16 gene, 1 constructed a
pGL3—1uciferase reporter plasmid containing the SHP—1 promoter
fragment. In prostate cancer cell lines, SHP—1 promoter activity was
increased by PLZF overexpression, while the activity was diminished
by PLZF knockdown (Figure 16). The IHC quantification of SHP—1
protein expression demonstrated that the protein levels are lower in
high GS (Figure 17A and B). Pearson’ s correlation analyses
revealed a prominently positive correlation between SHP—1 and
PLZF levels (Figure 17C). The SHP—1 protein levels of prostate
cancer patient tissues are inversely correlated in PSA (Figure 17D).
Moreover, prostate cancer patients from the TCGA database were
divided into the SHP—-1 high (n = 71)/low (7 = 70) expression
groups. Kaplan-Meier analysis indicated that patients of low SHP—1
levels had poorer recurrence—free survival than those with high
SHP—1 levels. Survival curves are divided into two groups based on
median scores of the expression (Figure 17E). These results indicate
that PLZF suppressed the tyrosine phosphorylation of JAKs=STAT3
by promoting SHP—1 transcription, acting as a tumor—suppressor

gene.

PLZF is reduced in prostate cancer due to the fibroblast—cancer cell
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interaction.

Fibroblasts are one of the most abundant cell types in the prostate
stroma. Fibroblasts synthesize many components of ECM (collagens
I, II, and V, and fibronectin) and are responsible for the remodeling
of ECM by secreting matrix metalloproteinases (MMPs). Fibroblasts
also secrete growth factors and cytokines to regulate differentiation
and homeostasis of adjacent epithelium. In some physiological
(inflammation) or pathological (cancer) conditions, fibroblasts have
an activated phenotype due to stimulation by growth factors or
cytokines [39]. In prostate cancer progressions, interactions with
various tumor microenvironment cells, including cancer cells and
fibroblasts, are known to play an important role [8,11,12]. In this
study, I hypothesized that fibroblasts interacting with cancer cells
suppress PLZF expression and enhance malignant behaviors. To
examine the cells affecting cancer cells among various stromal cells
in the tumor microenvironment, LNCaP cells were co—cultured with
Jurkat—T, NK—-92, THP—1 and fibroblasts. Interestingly, only the
LNCaP sample co—cultured with the fibroblast suppressed PLZF

levels (Figure 18).

To determine the influence of fibroblasts on prostate cancer, I

adopted a co—culturing system using transwell chambers (Figure 19).

Surprisingly, I found that both protein and RNA expression of PLZF
were more reduced by direct co—culturing of fibroblast and cancer
cells than fibroblast CM (FCM). The direct co—culturing systems

enable the sharing of media and soluble factors throughout the entire
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culture well. These results indicated that co—culturing with fibroblast
was expected to promote the malignancy of prostate cancer cells
(Figure 20A). In addition, both protein and RNA expression of PLZF
were confirmed with the same results in PLZF—overexpressed
DU145 cells as in LNCaP cells (Figure 20B). These results indicated
that co—-culturing with fibroblast was expected to promote the
malignancy of prostate cancer cells. To understand the functional role
of FCM and direct co—culturing in prostate cancer, I examined cell
proliferation, migration, and invasion assays. LNCaP cells
proliferation was further increased by the co—cultured CM (Co—CM)
than FCM through the CCK assay (Figure 21). Next, transwell cell
migration and matrigel invasion assays were examined, and Co—CM
significantly promoted cell migration and invasion in LNCaP cells
rather than FCM (Figure 22A). The mRNA/protein levels of the
mesenchymal markers were more increased in the LNCaP cells
treated with Co—CM, whereas E—cadherin was more decreased than
FCM (Figure 22B and C). To confirm that normal fibroblasts
increased the malignancies of cancer cells, non—normal cells, the
normal prostatic epithelial cell line (PNT2), and LNCaP cells were
co—cultured with fibroblasts. In PLZF—overexpressed PNTZ2 cells,
the PLZF levels were not significantly affected by co—culturing with
fibroblasts; however, PLZF levels were substantially inhibited by co—
culturing with fibroblasts in LNCaP cells (Figure 23). Taken together,
these findings further support the functional significance of
fibroblasts in the tumor microenvironment, in that they remarkably

promote the malignant behavior of prostate cancer cells.
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Loss of CCL3 inhibits the fibroblast—induced prostate cancer cells

migration and invasion.

To confirm whether the fibroblast—derived factors in CM is a
polypeptide, Co—CM was treated or heated with mixture of CM and
fresh media. Consequently, the fibroblast—inducing effect was

practically abolished by heat inactivation (Figure 24).

To explore the soluble mediators released by the fibroblast and
fibroblast co—cultured with prostate cancer cells, I analyzed by using
protein arrays the levels of multiple cytokines, chemokines, and
growth factors (Figure 25A and B). These candidates that were more
enriched in co—cultured CM (Co—CM) than prostate cancer cell CM
(CTL CM) and fibroblast CM (FCM) were identified: CCL3/4,
SERPINE1, and urokinase—type plasminogen activator receptor
(uPAR, PLAUR). To evaluate the increase in the identified cytokines,
fibroblasts were co—cultured with the normal prostate cells (PNT2)
or the prostate cancer cells (LNCaP, DU145). In contrast to no effect
on CCL4 and SERFPINEI mRNA expression, mRNA expression of
CCL3 and PLAUR was visibly induced in co—culture between
prostate cancer cells and fibroblast. In other words, cancer cells and
fibroblasts contribute to maligning tumors by affecting each other
(Figure 26). To determine the cytokine responsible for PLZF
suppression, each of the four candidates was knocked down in
fibroblast and cancer cells using siRNAs. Knockdown of CCLS or
PLAUR, but not CCL4 or SERPINEI, attenuated the PLZF protein

expression suppression by Co—CM (Figure 27A and B). To_lcorllfirm :
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the PLZF—suppressing effects of the two cytokines (CCL3, uPAR),
neutralizing antibodies were administered to FCM and Co—CM. Only
anti—CCL3 Abs alone abolished the PLZF—inhibitory effect (Figure
27C). In this study, PLZF acts as a transcription factor of the SHP—
1 gene. Therefore, to investigate whether CCL3 inhibits PLZF—
mediated transcription of the SHP—1 gene, prostate cancer cells
were treated with a recombinant CCL3. As a result, SHP—1—driven
transcription was more inhibited with Co—CM than FCM by CCL3
(Figure 28A and B). These results suggest that if fibroblasts present
near cancer cells, fibroblasts interacting with prostate cancer cells
are expected to produce CCL3 more abundantly than normal
fibroblast cells. Moreover, by neutralizing CCL3, cell migration and
invasion abilities were further abolished by Co—CM, more than FCM
(Figure 29A). As a result of the confirmed mRNA/protein levels
reinforcing the EMT assays, the alteration in EMT markers
expression was abolished by the antibody of CCL3 (Figure 29B and
C). Collectively, these results indicate that CCL3 secreted by
fibroblasts co—cultured with prostate cancer cells inhibits tumor

suppressor PLZF expression in prostate cancer.
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Figure 1. PLZF expression negatively correlates with high—grade

prostate cancer patient tissue and STAT3 activation.

(A) IHC staining (top) of human prostate tissues (normal, cancer)
were performed using an anti—PLZF Abs and anti—pY—STATS3 Abs.
Quantification of PLZF—positive expression according to the GS in
normal tissues adjacent to the benign tumors (7 = 9) and malignant
tumors (n = 40) (bottom). The images were visualized by Leica
Aperio AT Turbo digital pathology scanner (magnification = 400 X).
(B) Representative IHC staining image of normal prostate and
prostate tumor tissues from the same tissue sections. (C)
Associations between expression of PLZF and pY—STAT3. Scatter
plots showing the linear correlation determined by Pearson
correlation coefficient calculation of those genes that were
statistically significant. Pearson correlation coefficient r and FP-

values are given in each scatter plot [67].
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Figure 2. PSA patterns of PLZF and STAT3 activation levels in

prostate cancer patient tissues.

(A) PSA levels were measured according to the GS in human prostate
cancer specimens, n = 40. (B) PSA levels were measured according
to the PLZF (P = 0.0007) and pY—STAT3 (» = 0.0022) protein

levels, n =40 [6
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Figure 3. PLZF expression inversely correlates with survival in

prostate cancer patients.

Kaplan—Meier analysis of recurrence—free survival when prostate
cancer patients are divided into two groups based on median of the
expression scores. Results were analyzed from TCGA database. (A)
Kaplan-Meier recurrence—free survival analysis based on median
expression scores of PLZF (high = 9.934, low < 9.934, P= 0.0344)
and pY—STAT3 (high = 9.098, low < 9.098, P < 0.0001). (B)
Kaplan—Meier recurrence—free survival analysis of CRPC patients
based on median expression scores of PLZF (high = 6.879, low <
6.879, P <0.0001) expression. (C) Kaplan—Meier recurrence—free
survival analysis of AR-—dependent patients based on median
expression scores of PLZF expression (AR-—high; 10,326; P =

0.0158, AR—low; 9.591; P =0.8056) [67].
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Figure 4. PLZF inhibits tyrosine phosphorylation of STATS3 in prostate

cancer cell lines.

DU145 cells were transfected with 2 ug of pcDNAS.1—-ZBTB16
plasmid (left), and transfected cells were incubated for 48 h. LN229
cells were transfected with 50 nM s/—ZB7BI16 (middle) or 2 pg of
STATS3 constitutively activated plasmid (right), and transfected cells
were incubated for 48 h. The cell lysates were subjected to western
blotting. The band intensity of indicated proteins is expressed as a

numerical value, relative to GAPDH [67].

31 ; ;ﬂ *_ 1]| 'cﬂr

] L8



'z)' n
% 401 E 1.3-
> P=10.0002 3 4, o
< 304 0 P=0.1038
Ba < 44 o
é 20+ . E 1.0 -l_ 5
g ° £ oo '§' ﬁ
o 104
~ ™M 08
<] N °
N o 0000 . ;(i 0.7 . .
N CTL ZBTBI6 & CTL ZBTBI6
pcDNA3.1 + — + —
pcDNA3.1-ZBTB16 - + - +
IgG IP: PLZF
IB : PLZF 74

1 110.35
IB : pY-STATS3 |

IB : STAT3 |

IB : HDAC1

short exposure

IB : HDAC1

long exposure 1

IB : GAPDH

32 T ,:-;—]



Figure 5. PLZF does not affect total STAT3 expression or protein—

protein binding with STAT3.

(A) mRNA expression levels of ZB7B16, total STATS3 were
examined by gqRT—PCR in DU145 cells transfected with PLZF
plasmid. Data represented as the means £+ S.D. from 4 independent
experiments. (B) Detection of the interaction between PLZF and
STAT3 (phosphorylation, total) by co—IP. The protein extract of
PLZF was immunoprecipitated by anti—pY—STAT3 Abs and anti—
STATS3 Abs. The precipitate was subjected to Western blotting with
the antibodies. HDACI1 is a positive control that is well known to form
a transcriptional repressor complex with PLZF. The band intensity of

indicated proteins is expressed as a numerical value, relative to

GAPDH [67].
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Figure 6. PLZF reduces tyrosine phosphorylation, not serine

phosphorylation, of STAT3 in both cytosol and nucleus.

DU145 cells were transfected with 2 pg of pcDNAS.1—-ZBTBI16 for
48 h, total lysates were fractionated to cytosolic and nuclear
components, which were immunoblotted with the indicated antibodies.
The band intensity of indicated proteins is expressed as a numerical

value, relative to GAPDH and Lamin B [67].
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Figure 7. PLZF decreases prostate cancer cell viability.

DU145 cells were transfected with 2 pg of pcDNAS. 1-2BTBI16 (left)
or LNCaP cells were transfected with 50 nM si—ZB7TB16 (right). (A)
CCK assay was performed by transfecting DU145 and LNCaP cells
with plasmid and siRNA, respectively, followed by culture for 1-3
days. (B) Cell counting assay was conducted in ZB7B16 plasmid or
si—ZBTBI16—transfected cells. (C) The transfected cell lysates were
subjected to western blotting for proliferation marker. The band
intensity of indicated proteins is expressed as a numerical value,
relative to GAPDH. Data represented as the means = S.D. from 3

independent experiments [67].
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Figure 8. PLZF induces GO/G1 phase arrest in prostate cancer cell

lines.

(A) Effect of cell cycle distribution of CTL— and PLZF—transfected
DU145 cells was detected by flow cytometry analysis.
Representative histograms of cell cycle alteration (top). Summarized
results from four independent experiments were quantified as mean
+ S.D. (bottom). (B) Protein expression levels of indicated cell cycle
regulators were detected by Western blotting. The band intensity of
indicated proteins is expressed as a numerical value, relative to
GAPDH. (C) mRNA expression levels of ZB7TB16, MYC, and CCND1
were examined by qRT—PCR in DU145 and LNCaP cells transfected
with ZB7B16 plasmid and siRNA. Data represented as the means *

S.D. from 3 independent experiments [67].
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Figure 9. PLZF induces apoptosis in prostate cancer cell lines.

(A) Apoptosis assay of pcDNAS. 1-7BTBI16 plasmid transfected
DU145 cells was detected by Annexin V—FITC/PI staining. The
numbers of apoptotic cells are presented as bar graphs. The total bar
graph is the sum of the early and late apoptotic values. (B) Protein
expression levels of indicated apoptosis regulators were detected by
Western blotting. The band intensity of indicated proteins 1is
expressed as a numerical value, relative to GAPDH. (C) mRNA
expression levels of BCL2Z and BCLZL I were examined by qRT—PCR
in DU145 and LNCaP cells transfected with ZB7BI16 plasmid and
siRNA, respectively. Data represented as the means = S.D. from 3

independent experiments [67].
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Figure 10. PLZF and knockdown of STAT3 decrease the migration in

DU145 cells.

(A) Wound healing assay of cells from DU145 incubated for 24, 48 h
with pcDNAS.1—-ZBTBI16 plasmid (2 ug) or si—STATS3 (50 nM). The
images were visualized by phase—contrast microscopy
(magnification = 100X). (B) The length of wound healing are
presented as bar graphs. Data represented as the means £ S.D. from
5 independent experiments. (C) Western blotting was conducted in
pcDNAS. 1—-2ZBTB16 plasmid and s/i—S7TA73—transfected DU145
cells. The band intensity of indicated proteins is expressed as a

numerical value, relative to GAPDH [67].
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Figure 11. PLZF reduces the migration and invasion ability in prostate

cancer cell lines.

(A and B) Transwell migration and matrigel invasion assays were
conducted in ZBTB16 or si—STATS and si—ZBTBI16 transfected
DU145 and LNCaP cells, respectively. The images (upper) were
visualized by phase—contrast microscopy (magnification = 100X).
The numbers (bottom, left) or the stained areas (bottom, right) of
migrated and invaded cells are presented as bar graphs. (C) DU145
cells were transfected with 2 ug of pcDNAS. 1—-ZBTBI16 plasmid
(left), and transfected cells were incubated for 48 h. LN229 cells
were transfected with 50 nM s/i—ZB7TEBI16 (right), and transfected
cells were incubated for 48 h. The cell lysates were subjected to
western blotting for epithelial/mesenchymal related markers. The
band intensity of indicated proteins is expressed as a numerical value,
relative to GAPDH. (D) mRNA expression levels of
epithelial/mesenchymal related markers were examined by qRT—
PCR in DU145 and LNCaP cells transfected with pcDNAS. 1 —ZBTB16
plasmid and siRNA, respectively. Data represented as the means *

S.D. from 3 independent experiments [67].
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Figure 12. PLZF diminished ECM degradation as evidenced by
decreased levels of MMP9 and MMP11.

mRNA expression levels of ZBTE16, MMP9, MMP11 were examined
by qRT—PCR in DU145 cells transfected with pcDNAS.1—-2BTB16
plasmid. Data represented as the means £ S.D. from 3 independent

experiments [67].
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Figure 13. PLZF inhibits the tyrosine phosphorylation of JAKs—STAT
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signaling.

DU145 cells were transfected with pcDNAS. 1 —ZB7TEB16 plasmid, and
then performed western blotting for JAKs—STAT family members.

The band intensity of indicated proteins is expressed as a numerical

value, re

lative to GAPDH [67].
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Figure 14. PLZF inhibits the tyrosine phosphorylation of JAKs—

STATS3 signaling by increasing SHP—1.

(A) Protein expression levels of the tyrosine phosphatase—related
markers STATS3, JAK?Z, and TYKZ2 were detected by Western
blotting. The band intensity of indicated proteins is expressed as a
numerical value, relative to GAPDH. (B) mRNA expression levels of
tyrosine phosphatases were examined by RT—PCR (left) and gRT—
PCR (right) in DU145 (upper) and LNCaP (bottom) cells. Data
represented as the means *+ S.D. from 3 independent experiments

[67].
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Figure 15. PLZF suppresses tyrosine phosphorylation of JAKs—

STATS3 signaling by increasing SHP—1.

LN229 cells were co—transfected with 2 pg of pcDNAS.1-2BTB16
plasmid or 50 nM s/—FP7FN6, and transfected cells were incubated
for 48 h. The cell lysates were subjected to western blotting for
SHP—-1, STAT3, JAKZ2, and TYKZ. The band intensity of indicated

proteins is expressed as a numerical value, relative to GAPDH [67].
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Figure 16. PLZF increases the transcriptional activity of SHP—1.

For the SHP—1 reporter assay, DU145 and LNCaP cells were
transiently co—transfected with 1 x#g of the pGLS3—FPTFPN6
promoter—Iluciferase reporter construct, pcDNAS. 1 —ZBTBI16 or si—
ZBTBI16, and pCMV— B —galactosidase. After 48 h, cells were lysed
and luciferase activity was determined using luciferase reporter
assay. All measurement values are normalized to that of B -—
galactosidase. Data represented as the means = S.D. from 4

independent experiments [67].
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Figure 17. SHP—1 expression positively correlates with PLZF
expression, and negatively correlates with high—grade GS and PSA

pattern in prostate cancer patient tissues.

(A) IHC staining in tissue arrays of surrounding normal prostate
tissues and human prostate cancer specimens correlates with GS
using anti—SHP—1 Abs. The images were visualized by Leica Aperio
AT Turbo digital pathology scanner (magnification = 400x). (B)
Quantification of SHP—1—positive expression according to the GS
scores in benign (2 = 9) and malignant tumors (n = 40). (C)
Associations between SHP—1 and PLZF. Scatter plots showing the
linear correlation determined by Pearson correlation coefficient
calculation of those genes that were statistically significant. Pearson
correlation coefficient r and P—values are given in each scatter plot.
(D) PSA levels were measured according to the SHP—1 (P= 0.0352)
protein levels, n = 40. (E) SHP—1 expression inversely correlates
with survival in prostate cancer patients. Recurrence free survival
curves using Kaplan—Meier analysis when prostate cancer patients
are divided into two groups based on median (high = 8.378, low <
8.378) of the SHP—1 expression scores (£<0.0001). Data from the

TCGA database [67].
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Figure 18. LNCaP cells co—cultured with fibroblasts inhibited PLZF
most clearly among various stromal cells in the tumor

microenvironment.

LNCaP cells co—cultured with Jurkat—T, NK—-92, THP—-1 and
HDF (Fb, Fibroblast) for 24 h. LNCaP cells at low chamber were lysed
for Western blotting. U: upper chamber, L: lower chamber. The band
intensity of indicated proteins is expressed as a numerical value,

relative to GAPDH [67].
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Figure 19. Schematic of the experimental set—up for conditioned

media (CMs) treatment and the transwell co—culture system.

Conditioned media (CM) was prepared by incubating LNCaP (A, left,
= CTL) and fibroblast (B, left, = FCM) cells in 10 mL per 100 mm
dish for 48 h with serum free media. LNCaP cells were co—cultured
with fibroblast using a cell culture chamber for 48 h (C, = Co—CM).
Supernatant was collected and centrifuged at 13000 rpm for 3 min to
remove the cell debris. LNCaP cells seeded in 6—well plate were
converted into fresh media and then CTL or FCM was added. After
24 h of incubation or co—culture, cells at the 6—well plate bottom

were harvested and used in the experiments [67].
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Figure 20. Protein and RNA expression of PLZF more reduce by direct

co—culturing of fibroblast.

(A) LNCaP cells with FCM or Co—CM for 24 h. LNCaP cells were
lysed for Western blotting (left). mRNA expression levels of ZBTBI16
were examined by gRT—PCR in LNCaP cells with FCM or Co—CM
(right). (B) PLZF—transiently overexpressed DU145 cells with FCM
or Co—CM for 24 h. DU145 cells were lysed for western blotting
(left). mRNA expression levels of ZBTBI16 were examined by qRT—
PCR in PLZF— transiently overexpressed DU145 cells with FCM or
Co—CM (right). The band intensity of indicated proteins is expressed
as a numerical value, relative to GAPDH. Data represented as the

means t S.D. from 3 independent experiments [67].
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Figure 21. Conditioned media associated with fibroblast promotes

prostate cancer cell proliferation.

Cell proliferation assay between FCM— and Co—CM-— treated LNCaP

cells were compared using a CCK assay. Cells were incubated for 24,

48, 72 h with CMs. Data represented as the means *+ S.D. from 3

independent experiments [67].
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Figure 22. Conditioned media associated with fibroblast promotes the
migration and invasion ability in prostate cancer cell lines by inhibiting

PLZF.

(A) Transwell migration and matrigel invasion assays were
conducted in LNCaP cells with FCM or Co—CM. The relative cell
numbers are shown (bottom). The images (upper) were visualized
by phase—contrast microscopy (magnification = 100x). The
numbers (bottom, left) or the stained areas (bottom, right) of
migrated and invaded cells are presented as bar graphs. (B) Protein
expression levels of EMT markers in LNCaP cells with FCM or Co—
CM. The band intensity of indicated proteins is expressed as a
numerical value, relative to GAPDH. (C) mRNA expression levels of
EMT markers were examined by gRT—PCR in LNCaP cells with FCM
or Co—CM. Data represented as the means * S.D. from 3

independent experiments [67].
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Figure 23. Fibroblasts affect PLZF and pY—STAT3 expressions of

prostate cancer cells and non—prostate normal cells.

Prostate normal cells (PNT2) and prostate cancer cells (LNCaP)
were co—cultured with fibroblast for 24 h. PLZF, pY—STATS,
STAT3, and GAPDH protein expression by Western blotting in
LNCaP cells. The band intensity of indicated proteins is expressed

as a numerical value, relative to GAPDH [67].
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Figure 24. Fibroblast—induced effect was practically abolished by

heated inactivation.

LNCaP cells were incubated with CTL, Co—CM, heated Co—CM for
24 h, and then cells were lysed for western blotting. Heated Co—CM
was heated at 100C for 10 min. The band intensity of indicated

proteins is expressed as a numerical value, relative to GAPDH [67].

1 2 A=l e



FCM CTL

Co-CM

60 [0 cTL
B rcm
40
B cocM

2

Mean spot intensities (fold)

1: CCL3/4 2: SERPINE1 3: uPAR

62 1 ;q] } i



e =S s

1.0

g = . H 2
= ==
< E EES
o ml=] |
B
B S
™
O
3
NOT : _ NG
3 ST F 3§ttt 3 3 I

(p1og) sapisuayut Jods ueafy (proy) sampsudyuy jods uray (proy) sanisusyut jods ueagy



Figure 25. Identification of tumor associated fibroblast—derived

cytokines.

(A) Each CMs were applied to the cytokine arrays (top). CMs were
collected for 48 h, and then cell debris was removed using the
centrifuge. Membranes were developed using chemi—luminescence—
type solution, and exposed to x—ray film. The positive signals seen
on developed film can be identified by pairs of reference spots at
three corners of each array. Also, expression level was normalized
to positive biotinylated antibody signal spots and then to the CTL (A,
upper) for each cytokine. The cytokines in red boxes are more
enriched in Co—CM than in fibroblast CM. Fold change in mean spot
intensity of cytokines are plotted (bottom). (B) The cytokine array
contained 105 different capture antibodies. The mean pixel density
of each dot on ARYO02ZB antibody array was quantified using the

Adobe Photoshop. Mean intensities of cytokines are plotted [67].
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Figure 26. Fibroblasts visibly induced CCL3 and PLAUR mRNA

production by co—culturing with prostate cancer cells.

PNT2, LNCaP, and DU145 cells were co—cultured with fibroblast (Fb)
in a cell culture chamber for 24 h. Cells in a lower chamber were
lysed for gqRT—PCR using the CCLS3, CCL4, SERPINE] and PLAUR
primers. U: upper chamber, L: lower chamber. Data represented as

the means £ S.D. from 3 independent experiments [67].
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Figure 27. Blocked CCL3 abolished the effect of PLZF caused by

fibroblast.

(A) LNCaP cells and fibroblast were transfected with 50nM of s/—
CCL3, si—CCL4, si—SERPINE1, si—PLAUR, respectively. After 48 h
of transfection, a cultured media containing s/—RNA was replaced
with fresh media. Cells were incubated for 48 h, 10 mL per 100 mm
dish with serum free media. Supernatant was collected and treated in
LNCaP cells. The LNCaP cell lysates were subjected to western
blotting for PLZF. The band intensity of indicated proteins is
expressed as a numerical value, relative to GAPDH. (B) The levels
of PLZF protein are presented as bar graphs. (C) CMs incubated with
anti—CCL3 Abs or anti—uPAR Abs for 4 h were treated to LNCaP
cells for 24 h. The LNCaP cell lysates were subjected to western
blotting. The band intensity of indicated proteins is expressed as a
numerical value, relative to GAPDH. Data represented as the means

+ S.D. from 3 independent experiments [67].
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Figure 28. SHP—1—driven transcription is more inhibited with Co—CM

than FCM by CCL3.

(A) Cells were treated with recombinant protein of CCL3 for 4 h and
then treated with CMs for 24 h. PLZF protein expressions were
subjected to western blotting. The band intensity of indicated
proteins is expressed as a numerical value, relative to GAPDH. (B)
LNCaP cells, which had been transfected with 1 gg of the pGLS3—
PTPN6 promoter—luciferase reporter construct, were treated with
CMs containing recombinant protein of CCL3. After 24 h, cells were
lysed and luciferase activity was determined using luciferase
reporter assay. All measurement values are normalized to that of 3 —
galactosidase. Data represented as the means = S.D. from 3

independent experiments [67].
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Figure 29. Blockade of CCL3 inhibited the fibroblast—induced

migration and invasion of cancer cells.

(A) LNCaP cells were treated with recombinant protein of CCL3 for
4 h and then treated with CMs for 24 h. The images (upper) were
visualized by phase—contrast microscopy (magnification = 100X).
The numbers (middle) or the stained areas (bottom) of migrated and
invaded cells are presented as bar graphs. Data represented as the
means + S.D. from 4 independent experiments. Levels of (B) protein
and (C) mRNA in EMT markers (CDHI, CDHZ, VIM, FNI) in LNCaP
cells with CMs containing anti—CCL3 Abs. The LNCaP cell lysates
were examined by (B) western blotting and (C) gqRT—PCR. The band
intensity of indicated proteins is expressed as a numerical value,

relative to GAPDH. Data represented as the means = S.D. from 3

independent experiments [67].
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Figure 30. The mechanism of PLZF as a tumor suppressor in prostate

cancer progression.

PLZF acts as a tumor suppressor to block cell viability, migration,
and invasion in prostate cancer cells. Furthermore, prostate cancer
cooperates with fibroblasts to collapse PLZF caused by CCL3 derived
from fibroblasts. Mechanistic studies revealed that PLZF suppressed

the JAKs—STATS3 pathway through reduction of SHP—1 [67].
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DISCUSSION

In this study, I discovered a new role for fibroblast in the prostate—
tumor microenvironment to inhibit the tumor suppressor PLZF. While
numerous reports have described the coevolution of stroma and
prostate cancer cells in genotypic and phenotypic characters, some
studies have elaborated on the contribution of fibroblasts that
interacted with cancer to overall changes in gene and protein
expression in prostate cancer microenvironments [40,41]. I identified
for the first time a mechanism by which fibroblast—derived CCL3
suppresses PLZF expression, which promotes the synthesis of SHP—
1 at the transcriptional levels, and then activates the JAKs—STATS3
pathway. PLZF was also significantly reduced in prostate cancer
patient tissues, and low PLZF expression was found to correlate with
GS and recurrence—free survival. Accordingly, down—regulation of
PLZF activities can promote metastasis progression through

improved growth and invasion of prostate cancer.

PLZF is a standard androgen—regulated putative tumor
suppressor gene whose expression is suppressed by ADT. The
reintroduction of PLZF expression is sufficient to restore androgen—
independent growth mediated by PLZF depletion. Blocking androgen
suppresses PLZF, a tumor suppressor gene, so cancer is progression

[27,38]. Eventually, it can be expected that the mechanism of CRPC,
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a cancer recurrence caused by resistance to ADT, which is an initial
treatment method for prostate cancer, is due to inhibition of PLZF.
Additionally, if CCL3 can be blocked to increase PLZF, there is a
possibility of inhibiting CRPC, which is difficult to treat due to limited

treatment methods.

I have identified how various oncogenes related to prostate tumor
survival are altered by PLZF. It was surprisingly found that only
tyrosine phosphorylation of JAKs—STAT3 was reduced, so I focused
on tyrosine phosphatase SHP—1 related to STAT3. The cytoplasmic
protein tyrosine phosphatase (PTP), characterized by containing two
Src homology 2 (SH2) N—terminus, a single catalytic domain, and a
C—terminal PTP domain, is referred to as SHP—1. The expression of
SHP—1 in prostate cancer is inversely correlated with tumor stage
and malignancy, as well as with biochemical recurrence after
prostatectomy [35,42—44]. SHP—-1 is known to have a tumor-—
suppressor role in various cancers due to the SHP—1-—negative
regulation of JAKs-STAT activation via growth factors and cytokines
[44—-47]. In addition, SHP—1 is associated with dephosphorylation of
p27, PISK/AKT, Cyclin E, and MAPKs as well as JAKs—STAT3 [48].
I found that SHP—1 transcription was promoted by PLZF, which
reduced tyrosine phosphorylation of JAKZ, TYKZ and STATS.
Collectively, these results suggest that PLZF can function with SHP—

1 to reduce prostate cancer progression.

Cancer cells make use of the tremendous plastic nature of

stromal cells, such as fibroblasts and macrophages, and 4prolduce
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multiple signals that generate a tumor—promoting microenvironment
[49-51]. Previous studies have indicated that co—culture or tumor
cell CM could activate stromal fibroblasts, and tissue around
fibroblasts were suggested as precursors for CAFs, activated by
tumor cells [50-52]. In addition, fibroblasts are constantly exposed
to different stimuli in the tumor microenvironment, facilitating unique
features, such as excessive and specific secretion and the ECM
remodeling phenotype [53,54]. Activated fibroblasts, i.e., CAFs, are
involved in tumor invasiveness and metastasis by expressing a series
of proteins that are not expressed by normal fibroblasts, such as a—
smooth muscle actin (a—SMA) [55,56]. Moreover, contact between
cancer cells and normal fibroblasts can facilitate the CAF phenotype
in breast cancer through Notch signaling [57]. Various inflammatory
modulators can promote CAF activation by interleukin—1 (IL—1),
which acts through NF—«B and IL—6, which mainly acts on STATs
[15]. Crosstalk and positive feedback involved in JAK—-STAT
signaling transduction, the contractile cytoskeleton, and alterations in
histone acetylation further promote CAF activation [58,59]. It has
been reported that CAFs promote tumor growth by directly
stimulating tumor cell proliferation, play an important role in wound
healing, and mediate other aspects of complex processes such as
ECM remodeling [10,15,60]. Moreover, CAFs contribute to tumor
progression by providing cancer cells with growth factors and pro—

inflammatory tumor—promoting microenvironments [15,33,61].

This study need to be understood in the context of the following
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methodological limitations. HDFs were used as controls or

“normally” stromal cells to determine interactions with cancer, but
they are not complete normal cells because they are immortalized
cell line. Therefore, as shown in figure 20—29, I think that there is a
slight change in the prostate cancer cells even by FCM. Furthermore,
there is a weakness in that the normal HDFs has not experimentally
clearly demonstrated the transition to the CAFs. Nevertheless, there
are several references [15,51,60—64] to support my experimental
results. Although less than CAF, there is a report that normal
fibroblasts also promote lung cancer more malignant by confirming
that it also expresses FAP [62]. Normal fibroblasts can exert various
of promoting functions against cancer initiating and metastatic cells
by differentiating into CAF through co—culture, direct cell—cell
contact, paracrine signaling by soluble factors, and ECM integrity
[53,63,64]. In addition, FGF exposure of HDF, which is a normal
fibroblast, is activated, and thus the proliferation and self—renewal
effect of skin squamous cell carcinomas 1is increased [65].
Interestingly, mixing normal skin fibroblasts and carcinoma cells
resulted in tumor growth that was slower than tumors mixed with
CAF but significantly greater than tumor cells alone [15]. CAF can be
derived from the activation of normal fibroblasts mediated by growth
factors released from tumor cells. In addition, tumor cells can
regulate fibroblast behavior through the release of EVs that induce
phenotypic and functional changes in normal stromal fibroblasts and
activate them in a CAF—like state. These CAF—like cells can in turn

stimulate some abilities in surrounding normal and tumor cells [66].
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Through this, the possibility of obtaining a CAF —like phenotype was
confirmed by exposing HDF, normal fibroblast, to prostate cancer
cells. Taken together, current findings suggest a crucial mechanism
involving positive feedback between fibroblast and cancer cells, and
this mechanism is essential for the progression and metastasis of

prostate cancer (Figure 30).

In conclusion, PLZF is not only one of the most commonly under—
expressed putative driver genes in prostate cancer, but its
expression levels are closely linked with key mechanisms of prostate
cancer progression. Also, this study provides a rational mechanism
to support the clinical evidence for tumor microenvironment—induced
malignancies. Results suggest that targeting PLZF may aid in
predicting metastasis risk in cancer patients. That is, from a
therapeutic point of view, the PLZF signaling pathway could be a

potential target for preventing cancer metastasis.
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