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Purpose: To study bacterial lipopolysaccharide (LPS)-induced cancer stem-like transforma-
tion and to investigate the inhibitory effect of Trichostatin A (TSA) on the malignant
transformation through targeting p-Stat3 signaling.

Methods: 2D, 3D, and serum-free suspension culture system were used to study LPS-
induced malignant transformation in series malignant grade of prostate cancer (PCa) epithe-
lial cells. Flow cytometry assay and RT-PCR were utilized to evaluate the CD44"CD133"
stem cell population, the expression of inflammatory cytokines and series tumor stemness
biomarkers. Meanwhile, Western blot was used to analyze the alteration of cell signaling
associated-molecules by treatment with TSA, an original antifungal antibiotic and a panel
inhibitor of histone deacetylase.

Results: Our study found that LPS promoted the migration, invasion and stem-like tumor-
oshpere forming in multiple PCa cell lines including DU145, PC3, 22RV1, LNCaP. LPS also
enriched CD44"CD133" stem cell population and increased the expression of series tumor
stemness biomarkers (e.g., CD44, CD133, SOX-2, a-intergrin, Nestin, etc.). TSA was found
to prevent tumor cell migration, invasion and tumorosphere forming in DU145 and PC3 cells
with increasing tumor suppressive Maspin and reducing both phosphorylation of Stat3
(p-Stat3) and pro-oncogene c-Myc expression in LPS-treated DU145 cells. Furthermore,
blocking Stat3 signaling pathway by treatment with TSA and/or small molecule compound
Stattic of an p-Stat3 inhibitor effectively abrogated LPS-induced tumorosphere forming with
decrease of IL-6, IL-8 and stemness biomarkers CD44, SOX-2 expression.

Conclusion: Our data demonstrated that the inflammatory agent of bacterial LPS augmen-
ted malignant transformation and promoted the cancerous stemness in PCa epithelial cells.
TSA could prevent, at least in part, the LPS-induced malignant transformation by targeting
p-Stat3/c-Myc signaling pathway and reducing inflammatory IL-6, IL-8. In addition, the
assay of LPS-induced tumorosphere forming could serve as a simple and an easy handling
method for targeting cancer stem cells drug screening in vitro in clinical practice.
Keywords: tumorosphere forming, prostate cancer, bacterial lipopolysaccharide, epithelial

malignant transformation, cancer stemness

Introduction

It is well known that the occurrence of epithelial-to-mesenchymal transition (EMT)
was a key event for tumor progression. This step helps malignant tumor cells
acquire a more motile and invasive phenotype. Meanwhile, demonstrated by devel-
oping and utilizing the mammosphere forming assay, the process of EMT was
directly linked to the gain of epithelial stem cell properties (e.g., self-renewal).’
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Later on, this stem-like sphere forming assay was tested
successfully in variant cancer tissue and cells. For exam-
ple, by utilizing this assay, CagA oncoprotein from
Helicobacter pylori was studied to unveils cancer stem
cell (CSC)-like properties by induction of EMT-like
changes in gastric epithelial cells,” and TGF-B1 was also
demonstrated to induce CSC in human cholangiocarci-
noma cells.® Recently, four spherical cancer models were
developed and described.* Among these, the tumorosphere
forming assay was widely accepted to analyze both the
clonogenic growth ability and self-renewal ability of
CSC.>® Meanwhile, the method was also used to enrich
CSCs from bulk cancer cells for screening potential anti-
CSC and anti-cancer agents.*’ Taken together, EMT was
shown to be closely correlated with cancer stem cells,
where cells undergoing EMT acquire properties of stem
cells. Thus, the accumulated evidences indicated that EMT
may be a key therapeutic target in prostate cancer.
Decades ago, microbial infections-induced abscess was
found to be associated with prostate carcinogenesis.®’
Later on, bacteria were found to invade the prostate
gland/tissue through nastiness sexual intercourse, urinary
infection and even leaky gut, etc. to form chronic inflam-
mation, which further induced inflammation-mediated pro-
static  epithelial  malignant  transformation  and
carcinogenesis due to the constant exposure to microbial
infection.!®!! However, the inside molecular mechanism
was not clear. Lipopolysaccharide (LPS) is the outer mem-
brane major component of Gram-negative bacteria. As the
bacterial lipoglycans and an endotoxin, LPS recognizes
cell membrane molecules of LBP (LPS-binding protein),
CD14 (mCD14, sCD14), MD-2 (myloid differentiation
protein-2), TLRs (Toll-like receptors), SR (scavenger
receptor), etc. and activates the cell signaling
transduction.'* ' And LPS was broadly reported to stimu-
late inflammatory responses to induce epithelial cell to
undergo malignant transformation and to promote carcino-
genesis both in vitro and in vivo. For instance, LPS was
documented to enhance the migration and invasion of
15718 o promote EMT,">'? to

activate EMT-related signaling pathways such as Stat3

prostate cancer (PCa) cells,

pathway.'>?°?! Moreover, TSA has been reported to
reverse EMT in PCa PC3 cells.”> Importantly, LPS was
reported to augment cancer stemness in esophageal squa-
mous cell cancer,”® squamous cell carcinoma of the head
and neck”® and colorectal cancer.”> Although chronic pro-
static inflammation induced by bacterial infection may
play a crucial role in PCa etiology and progression,*®

and even LPS-induced prostatic epithelial carcinogenesis
was reported,?”*® its underlying cellular and molecular
mechanisms of LPS-induced cancer stemness has not
been well studied experimentally and illustrated theoreti-
cally. In this study, to explore the possibility of LPS-
associated chronic inflammation-induced prostate intrae-
pithelial neoplasia (PIN), malignant stem cell formation
and PCa initiation, LPS-induced EMT and stem-like
tumorosphere formation was studied in multiple PCa cell
lines. Then, an antifungal antibiotic and histone deacety-
lase (HDAC) inhibitor Trichostatin A (TSA) was tested to
prevent the LPS-induced malignant transformation and
stem-like tumorosphere formation.

Materials and Methods
Cell Culture and Reagents

Normal immortalized nonmalignant human prostate
epithelial RWPE-1 cell was obtained from Beijing Beina
Chuanglian Biotechnology Institute (Beijing, China). The
cells were cultured and maintained in keratinocyte med-
ium with keratinocyte growth supplement and 1% penicil-
lin/streptomycin (ScienCell Research Laboratories, USA).
PCa cell lines DU145, PC3, 22RV1, LNCaP were pur-
chased from the cell bank of Chinese Academy of
Sciences (Shanghai, China). DU145 cells were maintained
in Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
ThermoFish Scientific, China) containing 10% FBS
(Biological Industries, Israel), 1% penicillin/streptomycin
according to the manufacturer’s description. PC3 cells
were maintained in F-12 medium (Gibco, ThermoFish
Scientific, China) and LNCaP, 22RV1 cells were main-
tained in RPMI 1640 medium with 10% FBS and the
same additives as above. All cells were cultured in
a humidified incubator with 6% CQO, at 37°C and were
tested for free of mycoplasma contamination periodically
with LookOut Mycoplasma PCR Detection Kit from
Sigma-Aldrich (St Louis, MO, USA). LPS was purchased
from Sigma-Aldrich (St. Louis, MO, USA) and TSA was
obtained from Selleckchem (Houston, TX, USA).

Wound Healing Assay

Cells were seeded in 6-well plate (5 x 10° cells/2 mL/well)
and cultured in complete growth medium. A wounded line at
the bottom of the monolayer surface was scratched using
a 200 pL sterile pipette tip when cells grew at about 80%
confluence. After removing cellular debris by soft washing
with phosphate-buffered saline (PBS), cells were cultured in
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serum-free medium containing the indicated concentration of
TSA or LPS. At the indicated time, the wound monolayer
cell gap was photographed at least three fields. The gap area
was measured by Image] software, and the data were ana-
lyzed with the formula

migration rate = (areaCtrl group — Ar€dTreated group) /areaCtrl group-

Transwell Invasion Assay

Cells were pre-treated with TSA followed by treatment with
or without LPS for 24 hrs and prepared for a transwell assay.
Briefly, cells were suspended with serum-free medium and
were seeded on a Boyden chamber insert of 24-well plates
pre-coated with matrigel (Corning, USA). The lower cham-
bers were filled with medium containing 10% FBS and the
cells were cultured for 24 hrs. At the end of the culture, the
upper chamber was taken out and rinsed two times with PBS
followed by fixation with cold methanol (Sinopharm
Chemical Regent Co., Ltd, China) for 15 min at room tem-
perature (RT). Then, a cotton swab moistened with the med-
ium was inserted into the top of the matrix permeable support
to rub the area gently. After repeating the above process with
a new cotton swab, the permeable support was rinsed three
times with PBS. The cells attached to the lower side of the
support filter surface were stained with 0.1% crystal violet
(Solarbio, China) for 15 min. The number of cells attached to
the lower surface of the filter was counted and photographed.

Suspension Cell Culture and

Tumorosphere Forming Assay

Cells were pretreated with or without TSA for 2 hrs
followed by adding LPS for total 8 hrs, then harvested
and washed with PBS. The cells were re-seeded into
6-well ultra-low attachment plates (Corning, USA) at
8x10* cells/well and cultured in 3 milliliters of serum-
free DMEM/F12 medium supplemented with 1 X B27
(Gibco, ThermoFish Scientific, China), 0.4% BSA (Sigma-
Aldrich, St. Louis, MO, USA), 20 ng/mL epidermal
growth factor (EGF), 10 ng/mL basic fibroblast growth
factor (bFGF) and 20 ng/mL leukemia inhibitory factor
(LIF) (all purchased from PeproTech, Rocky Hill, NJ,
USA). Cells were cultured in suspension condition for at
least 2 weeks to obtain tumorospheres, and the medium
was replaced every 3—4 days. The tumorospheres should
be solid and fused together with a round structure and the
size at least 50 pm. Then, the formed tumorospheres were
photographed and counted for nine fields of a view.

3D Cell Culture

VitroGel 3D-RGD (TheWell Bioscience, USA) was used to
culture tumorosphere cells by following the manufacturer’s
instruction and our previous publication.”” Briefly, the tumoro-
spheres were collected and singularized by trypsin-EDTA,
then the cell suspension was gently mixed with the diluted
VitroGel and the hydrogel mixture was transferred into
a 6-well plate. After a soft gel was formed, an additional culture
medium was carefully added to cover the hydrogel for incubat-
ing, and the cover medium was changed every 48 hrs. The cell
clones were photographed under a microscope. Then, the
hydrogel was fixed and a nucleus staining solution was
added. The stained cells were observed and counted under
a fluorescence microscope.

Western Blot (WB) Assay

Briefly, the cellular protein was extracted by utilizing RIPA
buffer (Nobleryder, Beijing, China) containing with 1 mM
PMSF (Phenylmethanesulfonyl fluoride) and quantified by
using BCA kit (ThermoFisher Scientific, China). After the
sample denaturing by boiling and resolving by running SDS—
PAGE, the
a polyvinylidene difluoride membrane (Millipore, Bedford,

sample protein was transferred onto
MA, USA) for immune blotting assay. Firstly, the membrane
was blocked with 5% milk for 40 min at RT followed by
incubating with the primary antibodies at predetermined con-
centration overnight at 4°C. Then, the membrane was incu-
bated with HRP-conjugated secondary antibodies (Abcam,
Cambridge, MA, USA) for 1 hr at RT. At the end, the expres-
sion of protein was detected by enhanced chemiluminescence
system (ECL) with autoradiography using Tanon 5500
(Shanghai, China). The primary antibodies against phosphory-
lated STAT3 (p-Stat3), total Stat3 and NF-kB p65 (D14E12)
XP® Rabbit mAb were purchased from Cell Signaling
Technology (Boston, MA, USA). The primary antibodies
against Erk1 (pT202/pY204) + Erk2 (pT185/pY187) (p-Erk),
Erkl + Erk2 (Erk), c-jun (phospho S63) (p-c-jun), c-jun and
c-Myc were purchased from Abcam (Cambridge, UK). The
anti-Maspin monoclonal antibody was purchased from BD
PharMingen (San Diego, CA, USA). The McAb against
GAPDH purchased from Good HERE (Hangzhou, China)

was used for equal loading and endogenous control.

Flow Cytometry Assay

The tumorospheres were collected and singularized by
trypsin-EDTA. The single-cell suspensions in PBS with
0.5% BSA were incubated with primary antibodies of
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mouse anti-CD44 McAb (Abcam, USA) and rabbit anti-
CD133 McADb (Abcam, USA) at 4°C for 30 min, isotype
IgG control was also set up. Then, the cells were washed
and incubated with second antibodies of goat anti-mouse
IgG H&L (Alexa Fluor 488) and anti-rabbit 1gG H&L
(Alexa Fluor 647). Finally, the labeled cells were washed
and analyzed by fluorescence-activated cell sorting
(FACS) for CD44'CDI133" cells (Beckman Coulter,
DxFLEX, USA).

Isolation of RNA and Quantitative
RT-PCR

The RiboPure kit (Life Technologies, USA) was used to extract
total cellular RNA followed by reverse transcription to gener-
ate cDNA using High Capacity cDNA Reverse Transcription
Kit (ThermoFisher, China). Then the gene expression level
was analyzed by quantitative real-time RT-PCR (qRT-PCR)
utilizing POWER SYBR Green Master Mix (Applied
Biosystems, USA). The following oligonucleotide primers
were obtained from GENEWIZ (Suzhou, China). Human
cytokeratin 8 (CKS), forward 5 CTCCTCACCAAGAA
GCAG 3' and reverse 5" CCTGATGGACATGGTAGAG 3';
human CK18, forward 5" ACTTTGCCATCCACTATCCGG
3'and reverse 5' ATCTTGGTGATGCCTTGGACA 3’; human
vimentin, forward 5 AGGAAATGGCTCGTCACCTTCG
TGAATA 3' and reverse 5’ GGAGTGTCGGTTGTTAAGAA
CTAGAGCT 35 human o-intergrin,
CAGGTCTGTTGGTCAATCTCAC 3’ and reverse 5'
TCCATATCGTGGAATGCTGAAG 3’; human CD44, for-
ward 5' AGAAGGTGTGGGCAGAAGAAAA 3’ and reverse
5" CATTCTGCAGGTTCCTTGTCT 3’; human Nestin, for-
ward 5" CGTTGGAACAGAGGTTGGAG 3’ and reverse 5’
TCCTGAAAGCTGAGGGAAG 3'; human Oct-4, forward 5’
GACAACAATGAAAATCTTCAGGAGA 3’ and reverse 5'
CTGGCGCCGGTTACAGAACCA 3'; human Nanog, for-
ward 5" TGCCTCACACGGAGACTGTC 3’ and reverse 5'
TGCTATTCTTCGGCCAGTTG 3’; human BCRP, forward 5’
CAGGTCTGTTGGTCAATCTCAC and reverse 5" TCCA
TATCGTGGAATGCTGAAG; human Sox2, forward 5’
CACCTACAGCATGTCCTACTC 3’ and reverse 5
CATGCTGTTTCTTACTCTCCTC 3'; human GAPDH, for-
ward 5" ATCACCATCTTCCAGGAGCGA 3' and reverse 5'
GCCAGTGAGCTTCCCGTTCA 3'. PCR was initiated at
50°C for 2 min, then 95°C for 10 min and followed by a total
of 40 cycles reaction of 95°C for 15 s, 60°C for 60 s in ABI
7500 systems (Applied Biosystems, USA). The relative gene

forward 5’

AMACY hethod and

normalized to the endogenous housekeeping gene GAPDH.

expression was calculated according to 2

Results
LPS Induced Epithelial-to-Mesenchymal

Transition and Tumorosphere Formation

As a bacterial component and endotoxin, LPS was documen-
ted to be the most common inflammatory stimuli. To deter-
mine the capability of LPS on promoting epithelial cells
transformation, we first performed a wound healing assay by
treating DU145, PC3, RWPE-1 cells with LPS. The result
showed that, treated with LPS at variant concentration from
0 to 0.02 pg/mL for 24 hrs, the gap area of wounded mono-
layer cells was healed in a dose-dependent manner (Figure 1A
and C). Then, DU145 cells were treated with LPS at 0.01 pg/
mL for up to 48 hrs, the gap area was healed in a time-
dependent fashion (Figure 1B and D). The similar data were
also obtained by using PC3 and RWPE-1 (Supplementary
Figure 1 and 2). The result from transwell assay showed
that, compared with the no treatment control group, treatment
with LPS (0.01 pg/mL) alone increased the invaded cell
numbers of DUI145, PC3 and RWPE-1 significantly
(Figure 1F and G). To further assess the LPS-induced cell
transformation, the cells were treated with LPS (0.01 pg/mL)
for the indicated time, and the expression of EMT-associated
molecules CK8, CK18 and vimentin were evaluated using RT-
PCR. The result showed that the ratio of both CK18/vimentin
and CK8/vimentin were decreased (Figure 1E). Similar results
were also obtained in PC3 cells (Supplementary Figure 1E and

2E). Interestingly, the occurring time of the ratio decrease in
RWPE-1 cell was later than it in PCa cells after treatment.
Thus, the above data indicate that LPS promoted prostatic
epithelial cells to undergo EMT with an increase in migration
and invasion.

To evaluate the LPS-induced self-renewal ability of
malignant cells, DU145 and RWPE-1 cells were pre-treated
with LPS for 6 hrs followed by culturing in suspension
condition to form stem cell-like spheres. The result showed
that both DU145 and RWPE-1 formed spheres after suspen-
sion culture, but the spheres derived from DUI145 were
bigger than those from RWPE-1 (Figure 2A). And treatment
with LPS (0.01 pg/mL) significantly increased both the size
and numbers of spheres derived from DU145 in comparison
with the no-LPS treatment group (Figure 2A and B). We also
found that the phenomena of LPS-induced spheres formation
were common in other PCa cells (Figure 2B). To further
determine its potency of clonal formation and propagation,
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Figure | LPS-induced migration, invasion and epithelial-to-mesenchymal transition. The wound healing assays of DU 145 cells with various concentrations of LPS stimulation
for 24 hrs were conducted (A) and the data were presented as an average of three independent experiments (C). The wound healing assays of DU145 cells with LPS
stimulation (0.01 pg/mL) at indicated period of time were conducted (B) and the data were presented as an average of three independent experiments (D). The expression
of CK8, CK18 and vimentin in DUI45 cells treated with LPS at 0.01 ug/mL for indicated period of time was evaluated using qRT-PCR, and the ratio of CK8/vimentin or
CKI8/vimentin was presented (E). The invasion assays of DU 145, PC3 and RWPE-| cells with LPS treatment at 0.01 pg/mL were conducted (F) and the data were presented
as an average of three independent experiments (G). (By comparing with control group, *p<0.05; **p<0.01; ***5<0.001).

the cells composed in the above LPS-induced tumorospheres ~ p<0.001). Taken together, the results demonstrated that LPS
were harvested, singularized and re-cultured in 2D and 3D  induced PCa epithelial cells undergoing EMT with an
culture condition. The results also showed that there were  enhance of migration and invasion, a decrease in the ratio
significantly higher numbers of cells in the LPS-induced of CKS8/vimentin and CK18/vimentin, and an increase in
tumorospheres than in the control group (Figure 2C and D,  sphere formation.
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Figure 2 LPS-induced tumorosphere formation. (A) DU 145 and RWPE-| cells were pre-treated with indicated concentration of LPS followed by spheres forming assay. The
formed spheres were photographed (10 x). (B) Prostate RWPE-1, 22RV-1, LNCaP, PC3 and DU145 cells were treated with LPS (0.01 pg/mL) respectively and then were
cultured in suspension condition for tumorosphere forming assay. (C) The DU145 tumorosphere cells were singularized by trypsin-EDTA treatment, and were re-seeded
and cultured in 2D monolayer condition with complete growth medium. The cell number was counted at day 7. (D) The DU145 tumorosphere cells were singularized by
trypsin-EDTA treatment and were cultured in 3D culture condition. The cell number was counted. (By comparing with control group, ¥p<0.05; *p<0.01; ***p<0.001).

LPS Augmented Prostate Cancer Stemness
To investigate the stemness of above LPS-induced tumoro-
sphere cells, flow cytometry assay was conducted to sort the
defined stem cells with double positive of CD44'CD133"
expression in singularized DU145 tumorosphere cells. The
data indicated that treatment with LPS at different concentra-
tions increased the number of CD44°CD133" stem cells
(11.67%, 14.93%) in comparison with the no-LPS treatment
control (5.86%) significantly (Figure 3A). Furthermore, RT-
PCR was utilized to profile genes expression of cancer stem
cell-associated biomarkers in DU145 tumorosphere cells. And
the results also showed that LPS stimulated a series of cancer
stem cell-associated biomarker transcription (e.g., a-intergrin,
CD44, Nestin, OCT-4, Nanog, BCRP) and increased their

mRNA levels (Figure 3B). Similar results were also obtained
in PC3 and RWPE-1 cells (Figure 3A and B). Thus, these data
demonstrated that treatment with bacterial LPS augmented
cancer stemness features in PCa epithelial cells.

TSA Restrained LPS-Induced DU 145
Cancer Cells Undergoing Migration,

Invasion and Tumorosphere Formation

As originally found to be an antifungal antibiotic and later
to be proved as a classic panel HDACs inhibitor,***! TSA
was well documented to possess anti-tumor activities. To
study the effect of TSA on epithelial transformation,
DU145 cells were treated with different doses of TSA
with or without LPS (0.01 pg/mL) for 24 hrs followed
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Figure 3 LPS promoted prostate cancer stemness. (A) The FACS assay was conducted to detect the CD44"CD 133" populations in LPS-induced DU 145, PC3, RWPE-|
tumorospheres. A representative FACS result was presented (left panel). And the above FACS data were also presented as an average of three repeats (right figure). (B) The
LPS-induced tumorospheres from DU145, PC3, RWPE-1 cells were harvested and total cellular RNA was extracted. The relative expression of cancer stem cell-associated
genes of a-intergrin, CD44, Nestin, OCT-4, Nanog and BCRP were determined with qRT-PCR and normalized with GAPDH. (by comparing with control group, *p<0.05;

#p<0.01; #4p<0,001).

by a wound healing assay. The result showed that treat-
ment with LPS alone healed the wounded monolayer cells
by narrowing the wounded gap area more rapidly in com-
parison with the no treatment control group. Meanwhile,
treatment with different doses of TSA alone showed
a larger gap area than it in no treatment control group.
Importantly, the results from combination treatment of
TSA with LPS showed an increase in the area of the gap
in a dose-dependent manner in comparison with LPS treat-
ment alone control (Figure 4A and B). Similar results were
also obtained by utilizing PC3 (Supplementary Figure 3A
and C) and RWPE-1 cells (Supplementary Figure 3B and
D). This data indicated that TSA appeared to inhibit both

spontaneously occurred and LPS-induced tumor -cell
migration and retarded the wound healing process.

Next, a transwell assay was conducted to investigate
the effects of TSA on invasion activity of LPS-treated
DU145 cancer cells. The result showed that, in addition
to increasing the invaded cell numbers significantly by
LPS treatment alone (p>0.001), treatment with TSA
alone from lower to higher concentration also tended to
reduce the invaded cell numbers, typically at higher con-
centration of TSA (0.2 uM, p<0.05, Figure 4C and D).
Notably, pretreatment with TSA significantly decreased
the invaded cancer cell numbers of LPS-treated groups in
comparison with other groups (Figure 4C and D, p<0.001).
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Figure 4 TSA restrained LPS-induced migration, invasion and tumorosphere formation. DU 145 cells were treated with LPS at 0.01 pug/mL and/or indicated concentration of
TSA for 24 hrs and the wound healing assays were conducted. The representative results were photographed (A), and the data were presented as an average of three
independent experiments (B). DU 145 cells pre-treated with TSA and LPS for 24 hrs and the invasion assay was conducted. The invaded cells with crystal violet staining were
photographed and counted. A representative result (C) and an average of three independent repeats (D) were presented. The PCa cells were pre-treated with LPS (0.0 pug/
mL) and/or indicated concentration of TSA. The tumorosphere forming assay was conducted. The formed tumorosphere number from DUI45 (E) and PC3 (F) were
counted and presented as an average of three independent repeats. (*p<0.05; **p<0.01; **p<0.001).

Abbreviation: NS, not significant.

Similar results were also obtained by utilizing PC3
(Supplementary Figure 4A and B) and RWPE-1 cells
(Supplementary Figure 4C and D). The data demonstrated

that TSA restrained LPS-induced cancer cells invasion.
To evaluate the effect of TSA on cancer stem-like
tumorosphere formation, DU145 and PC3 cells were pre-
treated with TSA for 2 hrs prior to adding LPS for another 6
hrs. The cells were then cultured in suspension condition for
tumorosphere forming assay. The result showed that, in
compared with no treatment control group, treatment with

LPS alone increased both DU145 and PC3 tumorosphere
numbers significantly, but treatments with TSA at two doses
alone reduced the tumorosphere numbers of DU145 cell,
and the effects of TSA on tumorospher formation in PC3
cell were also trending toward inhibitory along with the
increase in the concentration. Meanwhile, treatment with
TSA decreased the LPS-induced tumorosphere number sig-
nificantly. Notably, a higher dose of TSA (0.2 puM) showed
more inhibitory effect on tumorosphere formation than
a lower dose (0.02 uM) (Figure 4E and F). Thus, it could
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be concluded that treatment with TSA prevented prostate
stem-like tumorosphere formation.

TSA Inhibited LPS-Induced Stat3

Phosphorylation and c-Myc Expression

Abnormal activation of cellular signaling could occur on
a broad spectrum of human cells and tissues in response to
bacterial LPS stimulation. To test whether the above suppres-
sive effects of TSA on LPS-induced EMT and stem-like

tumorosphere formation were through preventing LPS-
activated abnormal cell signaling transduction, DU145 cells
were treated with LPS with or without TSA, and the expres-
sion of cell signaling-related molecules were analyzed by WB.
15,1632 goat
ment with LPS alone increased the level of both c-Myc and
p-Stat3. And treatment with TSA at 0.2 uM significantly
reduced LPS-induced the level of p-Stat3, p-Erk, p-c-jun and

The result showed that, in line with others report,

decreased c-Myc expression (Figure 5A). It was also noticed

A .+ - + -+ LPs(00iugm©C —
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S
i B At L
N ————— (a3
o p-Erk ol
LPS - + - + - + +
TSA - - + + - - +
Erk Stattic - - - R
) D Il Ctrl
p-c-jun B LPS (0.01ug/ml)
1) e, RO
- e e e e == | Cciyn § . §
e — — — c-Myc §
1.0
b
T — — s s | NF-kB(p65) % 05 =8
A @ 1
———-—-‘-—-Maspin g
0.0-
CD44 SOX-2
 —— —— | — -
- - GAPDH E w Ctrl mm TSA(0.02uM) LPS+TSA(0.02uM)
mm LPS(0.01pg/mi)mes TSA(0.20uM) wmm LPS+TSA(0.20uM)
B TSA (M)
0.00 0.01 0.05 0.10 0.20 0.40 s
N p-Stat3 g .
s
T S S SR W S Stat3 € s
S SIS S WS WS s | GAPDH -
S IL-6 IL-8

Figure 5 TSA prevented Stat3 phosphorylation and reduced LPS-induced cancer stem-like tumorosphere formation. (A) The total cellular protein of DUI45 cell treated
with LPS at 0.01 pg/mL and/or TSA was extracted by RIPA lysis buffer. The protein level of p-Stat3, Stat3 and GAPDH were evaluated by Western blot. (B) The total cellular
protein of DU145 cell treated with variant concentrations of TSA was extracted by RIPA lysis buffer and the protein level of p-Stat3, Stat3 and GAPDH were evaluated by
Western blot. (C) The DU 145 cell was treated with TSA (0.02 pM) and/or Stattic (2 uM) and/or LPS (0.01 uM) followed by the tumorosphere forming assay. The formatted
tumorospheres were counted and presented. (D) After LPS and/or TSA treatment, the relative expression of cancer stem cell-associated genes CD44 and SOX-2 in DU145
tumorosphere cells was determined with gRT-PCR and normalized with internal control GAPDH. (E) DU 145 cancer cells were treated with TSA and /or LPS (0.01 pM) for
48 hrs and total cellular RNA was extracted. The relative expression of IL-6, IL-8 genes were determined with qRT-PCR and normalized with internal control GAPDH.
(*p<0.05; *p<0.01; **¥p<0.001).
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that lower dose of TSA (0.02 uM) increased c-Myc expres-
sion, and higher dose of TSA (0.2 uM) increased NF-«B (p65)
level (Figure 5A). Meanwhile, increasing tumor suppressive
Maspin level and reducing IL-6 and IL-8 expression were also
observed in DU145 cell after TSA treatment (Figure 5A
and E).

Stat3 signaling pathway played a crucial role in chronic
inflammation-inducedStat3 phosphorylation. The result
showed that TSA indeed inhibited Stat3 phosphorylation
in a dose-dependent manner (Figure 5B).

Stattic is a Stat3 phosphorylation-mediatedStat3 phos-
phorylation on tumorosphere formation, DU145 cells were
pre-cultured with TSA and/or Stattic for 2 hrs followed by
addition of LPS and cultured continually for another 6 hrs.
The cells were then harvested and re-cultured in suspension
condition for tumorosphere forming assay. The result showed
that treatment with a single agent of TSA or Stattic alone
decreased LPS-induced stem-like tumorosphere numbers
significantly. And combination treatment with TSA and
Stattic further decreased the tumorosphere numbers despite
no complete elimination (Figure 5C). Furthermore, the result
from gRT-PCR analysis also showed that treatment with
TSA inhibited both spontaneous-occurring and LPS-
induced stemness biomarker CD44 and SOX-2 expression
significantly in tumorosphere cells (Figure 5DStat3 phos-
phorylation was indispensable, at least in part, for TSA-
restrained LPS-induced EMT and cancer stem-like tumoro-
sphere formation.

Discussion

Knowing from the acute inflammation, which is a short-term
response that usually results in healing, the chronic inflam-
mation is defined as a prolonged, dysregulated and maladap-
tive response to inflammatory agents or factors. The
accumulated evidence also showed that the core of chronic
inflammation-induced cell malignant transformation lies in
chronic and continuous stimulation with a low-dose of
inflammatory agent or factors. Such persistent inflammation
is associated with many chronic human conditions and dis-
eases, including cancer development and autoimmune
diseases.™** PCa is the third-leading cause of cancer-
related men’s death due to the high rate of forming castration-
resistant PCa with the most aggressive and malignant
progress.> The inflammatory environment derived from pri-
mary and/or adaptive pathogenic events has been demon-
strated to play a critical role for prostate carcinogenesis.>*’
Meanwhile, the chronic inflammation-induced malignant

transformation is wusually accompanied by abnormal

epigenetic modification with up regulation of oncogenes
expression and/or down regulation of tumor suppressor
level. Thus, the strategy of targeting both abnormal epige-
netic modulators and inflammatory environments offers
a novel approach for PCa treatment clinically. However,
application of targeting epigenetic regulators (epi-drugs)
affected global changes of cellular phenotypes and gene
expression due to alteration of a gene chromatin
environment.*** In fact, as an antifungal antibiotic and
a classical HDAC inhibitor, epi-drug TSA showed a broad
anti-tumor activity in vitro and in vivo.**** Recently, TSA
was reported to reverse the EMT and decrease PCa
tumorigenicity.***"*** Our studies also showed that inhibition
of HDAC activity by TSA or other HDAC inhibitors
reversed EMT and attenuated the processing of cell invasion
and migration.”****> However, the opposite effects of TSA
on promoting cell transformation and proliferation were also
observed. For instance, PCa cells developed resistance to
TSA.*® TSA induced pleiotropic effects on PCa cells includ-
ing increase of c-Myc and NF-kB expression.*”** Therefore,
the biological activity of TSA on EMT needs to be further
clarified. Currently, the implication of epi-drugs still shows
promising results in cancer clinics.** '

In this study, we attempted to test LPS-induced malig-
nant transformation in prostate epithelial cells by utilizing
multiple tools including stem-like tumorosphere forming
assay. Indeed, treatment with lower dose of LPS (less than
0.02 pg/mL), rather than with higher dose of LPS, pro-
moted the epithelial cell undergoing migration, invasion
with down regulation of CK8/vimentin and CK18/vimen-
tin (Figure 1). Presumably, a lower concentration of LPS
induced chronic inflammation and was responsible for the
induction of EMT with alteration of biological activity
(migration, invasion) and molecular phenotype (CKS8/
vimentin, CK18/vimentin), but a higher dose of LPS sti-
mulated acute inflammatory reaction. Notably, the lower
dose of LPS also increased stem-like tumorosphere forma-
tion in multiple prostatic epithelial cell lines (Figure 2A
and B) with increase of clonogenic growth in 2D and 3D
culture condition (Figure 2C and D). Furthermore, treat-
ment with LPS enriched double positive CD44 CD133"
stem cells in the tumorospheres with augment of stem cell
biomarkers expression in PCa DUI145 cell (Figure 3).
Although the LPS-induced tumorosphere cells were not
tested to generate tumor in vivo in current study, this
matter of fact was already demonstrated in our previous

study and other's investigation.*>?
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It was also aware that LPS alone induced fewer
in normal RPEW-1
(Figure 2), this may be due to a short period of LPS

spheres with small size cells

treatment time or un-optimized treatment strategy.
Further investigation found that treatment with TSA
alone increased tumor suppressive Maspin expression,
and TSA prevented LPS-induced stem-likeStat3 phos-
IL-6, IL-8,
c-Myc and stem cell biomarker CD44 expression, which

phorylation, down-regulating oncogene
may contribute to abrogate LPS-induced malignant trans-
formation and cancer stem cells formation (Figure 5).
Although TSA showed inhibitory trend on tumor cells
invasion along with an increase in the concentration,
a lower dose of TSA alone (0.02 uM) was observed to
increase cancer cells invasion (Figure 4B) and c-Myc
expression, and a higher dose of TSA (0.2 uM) augmented
NF-kB expression (Figure 5A). This data suggests that
various effects of TSA on cell biology could occur in
response to the implemented concentration and/or cell
type.”*>* In addition, the phenomena also reflected the
likely reason for the failure of multiple HDAC inhibitors
in clinical trials.>®%° Thus, in terms of a certain disease
with the individual pathologic tissue/cell types, a careful
pharmacodynamic evaluation should be carried out by
clinician prior to implementation of individual HDAC
inhibitors clinically to avoid the side effect. Meanwhile,
appropriate combination of epi-drugs (e.g., TSA) with
other agent to maximize its therapeutic effect with mini-
mizing the side effects would be an ideal strategy in
a clinical practice.

Studies from basic and clinical investigation showed
that, possessing the capacity to self-renew, cancer stem
cells (CSCs) exist in a tumor with a very small population
and were believed to cause the heterogeneous lineages of
cancer cells that comprise the tumor. And been different
from cancer cells which in general display higher intrinsic
or spontaneous morphological, phenotypic, and functional
plasticity compared to fully differentiated normal cells,
CSC perhaps mainly undergo one-way maturation by
developing into tumor progenitors and even into differen-
tiated tumor cells.’®>” Thus, with its highly tumorigenic
feature, CSC was evidenced and showed to be possibly
responsible for the initiation and progression of cancer and
for the invasive and metastatic disease. Thus, CSC was
considered as the root of the cancer disease.’®° Prostate
CSC was reported to have a CD44 /alpha2betalhi/CD133"
phenotype with approximately 0.1% population of tumor
cells, which possess a significant capacity for self-

renewal.”” Data from molecular profiling showed that
PCa cells with EMT phenotype displayed stem-like cell
features of increased expression of Sox2, Nanog, Oct4,
Lin28B and/or Notchl, but decreased expression of miR-
200 and/or let-7 family. These CSC-like cells also dis-
played an enhanced both sphere (prostasphere)-forming
and clonogenic ability and tumorigenecity.®® Further
study also found that inflammatory cytokine IL-6 was
sufficient to convert none stem cancer cells into CSCs
(CD44"/CD133") and to
a prostate PC3 cell.”’” Experimental evidence also showed

sphere-forming CSCs in

that eradicating PCa stem cells improved the prognosis for
patients with advanced stages of the disease. Thus, target-
ing CSC has been considered as a promising treatment
strategy in PCa clinic practice.®'**?

The origin and progress of malignant tumors were
featured with EMT and unrestricted cell proliferation/
tumor growth. The somatic mutation-induced malignant
transformation is the most popular and acceptable theory
for cancer origin since its being enunciated in 1914. In
addition, multiple factors were also reported to induce
epithelial malignant transformation, including those mole-
cules generated from inflammatory tissues and cells.
Although both external stimuli of pro-inflammatory mole-
cules, and internal inflammatory cells infiltrated into
tumor stroma were reported to play critical role in the
process of malignant transformation and tumorigenesis,
the theory of “chronic inflammation-induced cancer” has
being suspected with constant debating due to lack of
solid and direct evidence. Meanwhile, the cancer stem
cell hypothesis was also reported to be associated with
tumorigenesis, malignant progress and therapeutic resis-
tance. And individual pro-inflammatory cytokines (e.g.,
IL-6) was able to convert non-stem cancer cells to cancer
stem cells.®’ Thus, considering our results, it could be
speculated that, in a chronic inflammatory microenviron-
ment, a persistent stimulation by bacterial agent and/or
inflammatory factors could induce epithelial malignant
transformation, which is responsible, at least in part, for
cancer stem cells generation and prostatic carcinogenesis.
Moreover, the attention also needs to be paid that the
presence of bacterial agent and/or inflammatory factors
(e.g., LPS) not only impact the epithelial cells but also
affect the immune cells and other stroma compounds
existing in the microenvironment, which may produce
a cross interaction among the different components,

make it more complicate for the understanding disease
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progresses, and put more challenge for the clinical
treatment.

Conclusion

Our data demonstrated that the inflammatory agent of bac-
terial LPS augmented malignant transformation and pro-
moted cancer stemness in PCa epithelial cells. TSA could
prevent the LPS-induced malignant transformation by tar-
geting p-Stat3/c-Myc signaling pathway and reducing
inflammatory IL-6, IL-8. Thus, appropriate management
and treatment of bacterial infection are crucial for preventing
the chronic infectious inflammation-induced prostate epithe-
lial malignant transformation and cancer origination.
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