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Abstract

Prostate cancer is the second leading cause of cancer-related death in men of the
western world. In Taiwan, the incidence and mortality of prostate cancer (PCa) have
been rising progressively in recent years. Several studies have showed that
inflammation is involved in the development and progression of PCa. Celebrex, a
COX-2 specific inhibitor, has been shown with anti-inflammatory, anti-carcinogenic,
and chemopreventive effects. However, the _molecular mechanism how celebrex
suppresses PCa cell invasion i§.not well under.stood; In this study, we established a

PC-3 cell invasion progression model (parental and M212, PC-3 cells) and found that
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several inflammation-associated proteins,-,.-'-_z"T_DXlZ, p-JNK and"IL-1B were up-regulated
1’
1

in M212 PC-3 cells. The fesults shov{*ed that celebrex could s-igniﬁcantly suppress PCa

e I

cell migration and invasion; at least “in parlt, due to down regulation of a
tumor-promoting serine protease matriptase at the gene expression and activation levels.
Similarly, celebrex also can execute its anti-cancer properties in two COX-2-null PCa
DU-145 and LNCaP cells, via a similar mechanism as shown in PC3 cells. Furthermore,
PGE2, a main product of COX-2, could induce matriptase activation and its EP1
receptor was identified to be involved in matriptase activation in PCa cells. Taken
together, the data indicated that celebrex exhibits a suppressive effect on PCa cell

migration and invasion, at least in part, by down-regulating matriptase function.
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1.1 Prostate cancer

Prostate cancer is one of the most prevalent malignancies affecting men worldwide
(1). In Taiwan, the incidence of prostate cancer has been rising in recent years with
seventh leading cause of cancer deaths in 2010 (2). When cancer cells are confined
within the capsule, patients are often treated with prostatectomy or radiation to remove
or destroy the cancer lesions (3). Alternatively, some prostate cancer patients adopt
androgen ablation therapy since most of : early-staged prostate cancers are
hormone-dependent. However; *hormone-refracto.ry prostate cancer frequently emerges

during this therapy (4, 5)*These recufrent prostate'cancers become aggressive with high
. . . . ': .- ) i . .
metastatic potentials and“poor, proghasis«At present, there is no efficacious therapy for

II ,"E

!

advanced prostate cancer with hormbne-réffactory'or metastatic phenotype (6). Thus,

e I

new molecular targets or drugs-are necded to develop':t'lseful therapeutic approaches for

treatment prostate cancer.

1.2 Inflammation in prostate carcinogenesis

Inflammation is a homeostatic response to tissue injury or infection, by recruiting
inflammatory cells to clean up damaged tissue or to sequester pathogens (7). It has been
reported that approximately 20% of all human cancers are caused by chronic

inflammation, including prostate cancer (8). Exposure to environmental factors such as

2



infectious agents and dietary carcinogens, and hormonal imbalances lead to injury of the
prostate and the development of proliferative inflammatory atrophy (PIA). PIA is a
focal atrophic lesion and associated with chronic inflammation. In tissues, PIA is often
directly adjacent to the lesions of prostatic intraepithelial neoplasia (PIN) and prostate
cancers. Epithelial cells in PIA lesions usually highly express many molecular signs of
stress, such as glutathione S-transferase P1 (GSTPI), glutathione S-transferase Al
(GSTA1), and cyclooxygenase-2 (COX-2) (9). _Up-regulation of these molecules can
increase genetic instability that-might'then indu.ce high-grade PIN and early prostate

cancer development, evenfor the canCerprogression.
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1.3 Cyclooxygenase-2 arid cancer Ipl_;ogreééion

Cyclooxygenase (COX) is:a rate-limiting ellllzyr':rie to' catalyze the conversion of
arachidonic acid to prostanoids, including proestaglandins and thromboxane A; (TXA;)
(10). Two isoforms of COX enzyme, COX-1 and COX-2, have been identified with a
similar enzymatic activity (11). COX-1 is expressed commonly in most tissues to
generate prostaglandins that modulate normal physiological functions, such as
maintenance of the gastric mucosa and regulation of renal blood flow. COX-2, on the

other hand, is not routinely expressed in most tissues, but is induced by a wide spectrum

of growth factors and pro-inflammatory cytokines (12). Many studies suggest an

3



important role of COX-2 in pathophysiology of inflammation and carcinogenesis
(12-14). Increased amounts of COX-2 are frequently found in both premalignant tissues
and malignant tumors, including colon, breast, prostate and lung tumor (14).
Prostaglandin E, (PGE,) is the most abundant product of COX-2 that is found in various
human malignancies. PGE, exerts its cellular effects via binding to its cognate
E-prostanoid (EP) receptors (EP1-4). EP receptors belong to a family of transmembrane
G-protein coupled receptors (15). EPl'is a G(xq-c_oupled receptor that promotes calcium
mobilization and PKC activation: ER2"and EP4. are. coupled-to Gos and can activate
adenylate cyclase, whereas EP3 is a Gai=coupled .r"eceptor thatinhibits adenylate cyclase
(16). Several lines of evidence reported tl;;;?PG‘Ez signaling can promote tumor growth
and angiogenesis (17), aﬁd COXI—Z_E affects marlly' carci_nogénic processes including

angiogenesis (13), apoptosisi(1 8),_immunosuppressiori:(l9), and invasiveness (20). Thus,

COX-2 may represent a potential therapeutic target for prostate cancer.

1.4 Non-steroidal anti-inflammatory drugs (NSAIDs)

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used as effective
anti-inflammatory, antipyretic and analgesic drugs. All traditional NSAIDs (e.g., aspirin)
are able to inhibit both COX-1 and COX-2. However, long-term use of traditional

NSAIDs, which inhibit both COX-1 and COX-2, is associated with serious
4



gastrointestinal side effects, such as ulceration and perforation of the gastric mucosa.
These side effects have been attributed to the inhibition of COX-1, which mediates
gastroprotective prostaglandin production. These observations led to the design and
synthesis of a new class of NSAIDs that specifically inhibit COX-2 for suppressing
inflammation (21). Despite the canonical anti-inflammatory activity of NSAIDs, several
recent studies indicated that NSAIDs might be beneficial in the treatment of cancers (12,
15, 22). In fact, it has been reported that'a redu(_:tion of 15~20% in the risk of prostate
cancer in regular users .of NSAIDs.compared \.Nith non-users (22). Moreover, using

COX-2 specific inhibitofin the humarprostate tumor cellline DU-145 resulted in a

decreased secretion of MMPB-2 and /MMP-9+(20). NSAIDs ‘can inhibit angiogenesis
1

!

through increased endethelial cell apdptosi's,: inhibition of endothelial cell migration and

recruitment of inflammatory cells, all of 'which have'been associated with growth

inhibition and attenuation of the metastatic potential of cancer cells (23).

1.5. Celebrex (Celecoxib)

Celebrex is a COX-2 specific inhibitor that is developed as an alternative to aspirin.
It is currently available for clinical use in the United States for the treatment of chronic
arthritic conditions such as rheumatoid arthritis and osteoarthritis. On the other hand,

they show promising not just for pain but also for cancer prevention. The US Food and

5



Drug Administration (FDA) approved daily doses of celebrex for reducing colon cancer
risk in people with a rare genetic disease called familial adenomatous polyposis (FAP)
(12). Pharmacological and genetic reports have indicated that a significant component
of the anti-cancer properties of NSAIDs is due to their ability to inhibit the COX-2
enzyme. In addition, some mechanisms independent of COX-2 have been recently

proposed to be involved in the anti-neoplastic effects of celebrex (23).

1.5.1 COX-2-independent effects of eelebrex

Many studies have reported that ceLlebrex_A'efduces cell'proliferation, migration and
induces apoptosis in prostate cancer cel.lg?-ézi}:%). Molecular mechanisms involved in

. L A . :

celebrex-induced cell eycle arrest afe at lea's:t'parﬂ}I/ due to inhibition of protein kinase B
(PKB/Akt) or its upstream i{inase_: ;)hosphoinositi.clle-d:e'pendent kinase 1 (PDK-1) (26).
This is because a celebrex analogue that lack.s COX-2 inhibitory activity also can inhibit
PDK-1 and PKB activity. Although these inhibitory effects may be independent of
COX-2, the molecular mechanisms for celebrex to inhibit PKB or PDK-1 is still unclear.
It has been shown that PKB can induce anti-apoptotic effects by phosphorylating
procaspase 9 to prevent caspase 9 activation and then keep the pro-apoptotic protein

BAD stay inactive (27). Thus, inhibition of PKB by celebrex promotes the activation of

caspase 9 and BAD, leading to apoptosis. Moreover, celebrex also alters the expression

6



and activity of matrix metalloproteases (MMPs). Treatment with celebrex inhibited the
activity and secretion of MMP-2 and MMP-9 in lung adenocarcinoma cells, and
concurrent with inhibition of cell migration and invasion (28). The expression of
MMP-2 and MMP-9 depends on activated PKB in human glioblastoma cells, and
inhibition of PKB phosphorylation by celebrex leads to reducing these cell invasion
(29). It indicated that inhibition of PDK-1 and PKB/AKT appears to play a role in

celebrex-induced apoptosis, cell cycle arrest and down-regulation of angiogenesis and

metastasis.
e : & 1
1.6 Matriptase e
|

!

Matriptase was first'isolated in the conditioned media from human breast cancer

cells due to its gelatinolytic. activity and was th(lelref('):l're thought to be involved in the
degradation of the extracellular matrix (ECM) including fibronectin and laminin (30,
31). Matriptase, also named as membrane-type serine protease 1 (MT-SP1) (32), tumor-
associated differentially expressed gene-15 (TADG-15) (33), suppression of
tumorigenecity 14 (ST-14) (34), is a membrane-anchored serine protease. The orthologe
of matriptase in mice is also known as epithin. Matriptase has been detected in various

epithelial tissues and epithelial-derived cell lines.



1.6.1 Domain structure of matriptase

Matriptase is a 855 amino acid protein with a molecular mass of 94.7 kDa (35). It is
consisted of an intracellular N-terminus (residues 1-54) followed by a transmembrane
domain, a SEA domain (residues 86-201), two tandem CUB domains (residues 214-334
and 340-447), four LDL receptor (LDLR) domains (residues 452-486, 487-523,
524-561, and 566-604) and a C-terminal catalytic domain (residues 614-855) (36). The
protein structure of matriptase is shown in Figl_lre I. The N-terminal signal anchor of
matriptase, which is not.removed duri.ng. the prlc):tein synthesis, and guides the protease

to have a type II integral® membraﬁé“xgloma}n'“as a linker ‘between its cytoplasmic
M a'd ] |

.-' N
N-terminus and extracellular C-termilius'-@‘ﬂ' = ,
. |

| I l!I_.' 1
Matriptase
<CO0H
Catalytic domain
@ LOLR domain
CUB domain
] SEA domain
2 Transmembrane
1 — domain
I]—I;I { Kunitz domain
| | Membrane
<§H2 Cytoplasm

Figure 1. The structure of matriptase [modified from (37)].



The stem regions of matriptase including SEA domains, CUB domains and LDLR
domains, are non-catalytic and may function in protein-protein interactions or play a
role in matriptase’s subcellular localization, activation, inhibition, and substrate
recognition (38, 39). Four potential N-linked glycosylation sites are also found in
matriptase (Asnl109, 302, 485, and 772). Glycosylation on Asn***and Asn’’? have been
shown to be important for the protease activation (38). The C-terminus of matriptase

805

consists of a serine protease catalytic triad (His®>®, Asp711 and Ser ") which are essential

for its proteolytic activity and auteactivation (4034.1)...

1.6.2 Proteolytic processing and activatien of'matriptase
1

Matriptase is synthes-ized as alnﬁinacti':;é, sinlgl.'e-chain p-o'lypeptide. The activation
of matriptase requires  two “’sequential endq;l)roféolytic cleavages following a
simultaneous interaction with its cognate inhibitor, hepatocyte growth factor activator
inhibitor-1 (HAI-1). The first cleave of matriptase zymogen occurs at G149 at SEA
domain within endoplasmic reticulum or Golgi apparatus (42) by unknown proteolytic
activity or possibly by nonenzymatic hydrolysis of the peptide bond to produce a
70-kDa single-chain, latent form of matriptase (43). After G149 processing, matriptase

requires HAI-1 for its intracellular trafficking via the interaction of LDLR domains on

each protein (44). Upon activation, matriptase undergoes an autocatalytic cleavage at

9



Arg614 within C-terminal catalytic domain to convert a single-chain latent form to a
two-chain form of active matriptase with 26 kDa serine protease domain linked to the
fourth LDLR domain through a disulfide bond (45). After activation, the active
matriptase is quickly inhibited by HAI-1 with a formation of 120 kDa complexes. Then,
the matriptase-HAI-1 complex is shed with a molecular mass of 95 or 110 kDa to
conditioned media or extracellular environments, via an unknown mechanism. The

processes of matriptase activation,inhibition and shedding are shown in Figure II.

5
Matriptase-HAI-1
complex

< Mo || Shedding g
“ |
M- 1
| Sl( ‘g
1 ¢ '
M32!
@ $ > @ 5 2
1 -*"IJ
2 Actlvatlon 2 Inhibition: 2 "1 M19 A
1 autocatalytic 1 Interaction with 1D £ i] “i']
cleavage atR614 |j the KD | of HAI-1 % 1
i] - E] 95 or 110 kDa complex
| | | ] W N Membrane
< & <~ &
Latent Active Activated ) 4
Matriptase Matriptase Matriptase

120 kDa complex

Figure II. The process of matriptase activation, inhibition and shedding [modified from (37)].

To analyze the protein levels of matriptase, HAI-1 and the complexes they form,

three monoclonal antibodies (M32, M69 and M19) are generated by Dr. Chen-Yong

Lin’s group (45). M32 is an anti-total matriptase monoclonal antibody that recognizes

the third LDLR domain and can detect a 120 kDa matriptase-HAI-1 complex, 95 kDa
10



full-length matriptase, 95 kDa of the catalytic domain of matiptase-HAI-1 complex and
70 kDa latent form of matriptase. M69 is an anti-activated matriptase monoclonal
antibody that is able to distinguish the activated matriptase from its latent part, and
mainly detect 120 kDa matriptase-HAI-1 complexes. M19 is an anti-HAI-1 monoclonal
antibody which can recognize a 55 kDa free (uncomplexed) HAI-1 and the HAI-1 in the
complex with matriptase. In addition, 95 kDa and 110 kDa of matriptase-HAI-1
complexes also can be detected in conditioned m_edia by M32, M69 and M19 antibodies
(46). The patterns of matriptasetand HAT-1 dete.ct-ed by these three monoclonal antibody
are showed as Figure 1. ) N f

Total Activated

matriptase matriptase HAI-1
. - ‘goﬁp%teid matriptase-HAI-1 - — &C}#pﬁteid matriptase-HAI-1
. -
— Latent matriptase . — HAL1
M3z MBS M19

Figure III. Monoclonal antibodies for the detection of matriptase, HAI-1 and their complex in PC-3
cells. [modified from Ya-Yun Lin’s thesis (2010)]

1.6.3 Relationship between HAI-1 and matriptase

Hepatocyte growth factor activator inhibitor-1 (HAI-1) is encoded by the serine

protease inhibitor Kunitz type 1 (SPINT1) gene (47). HAI-1 has 478 amino acids with a
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calculated molecular mass of 55 kDa and serves as a protease inhibitor for HGFA or
matriptase (48). HAI-1 has not an only inhibitory function but also a chaperon activity
for matriptase’s biosynthesis, intracellular trafficking and activation (44). The existence
of HAI-1 is thought to ensure that matriptase can be quickly inactivated after activation
to prevent cells from uncontrolled matriptase activity and incorrect signaling (38). The
ratio of matriptase to HAI-1 has been shown to be shifted towards matriptase in late
cancer stage and the imbalance has been propose:d to promote the proteolytic activity of
matriptase, which has been implicated«dn cancer n.laligt_lancy (49).

1.6.4 Physiological functions of matript';gF_"--l'
| ,-'E i
1

!

Matriptase is stronglél expressleqi in ei;):i'theliall .'tissues_, 51-1'ch as stomach, pancreas,
gallbladder, colon, and prostate’(50, 51). Physiolc%gicé'lly, matriptase has been proposed
to play an important role in the maintenance of epithelial structures (52, 53) and in
tissue remodeling (30, 31). Moreover, matriptase activity is required for the activation
of a membrane-bound serine protease, prostasin (54). The study about matriptase-
deficient mice suggests that matriptase is essential in the formation of epidermal barrier
and lack of matriptase may cause fatal dehydration within 48 hrs after birth (55, 56).

Embryonic or postnatal ablation of matriptase in epithelial tissue caused severe organ

dysfunction, which was associated with increased permeability, loss of tight junction-

12



associated proteins, and generalized epithelial demise (55). Taken together, the function
of matriptase is proposed to be implicated in epithelial cell homeostasis including

proliferation, differentiation, and migration.

1.6.5 Role of matriptase in human cancer and tumor progression

Matriptase has been shown to be over-expressed in variety of epithelia-derived
human tumors, including prostate (57, '58), b?east (59), colon (74), stomach (60),
ovarian (61) and renal cancer (62): In.human can(.:er, mafriptase has been proposed as an
oncogenic protein with function to promete tumo.f' cell invaston and metastasis (35, 48).

el "
In prostate cancer, matriptase.expressionsis significantly increased in malignant tumors

| | ,"E.

!

compared to adjacent n(-)rmal palrté, and " the e:,)épressi(_)n -l'evels of matriptase are
correlated with tumor grades (63)./In colorectal clalncé:ri cells, matriptase overexpression
is shown to significantly enhance their invasiveness (64). There is also extensive
evidence that the matriptase level is augmented by either deregulation, stabilization or
overexpression in a variety of tumor tissues (65). These studies show that elevated
levels of matriptase can promote cancer cell invasion and suggest a direct involvement
of the protease in the development and progression of cancer. Matriptase exhibits a

trypsin-like proteolytic activity which can activate a number of proteins, including

protease-activated receptor-2 (PAR-2), MMP3, prostasin, single-chain urokinase-type
13



plasminogen activator (uPA) and the proform of hepatocyte growth factor (proHGF) (53,
66). In the matriptase transgenic mice, matriptase overexpression promoted the
tumorigenecity and carcinogen-induced tumor formation (67). Taken together, it
indicates that dysregulation of matriptase promotes the development and progression of

human cancer and it may serve as a new potential target for cancer therapies.

1.7 Research motivation
Prostate cancer is rising.progressively in recent years in Taiwan and one of the

major causes of cancer-related death in, the western world: Metastatic progression of
' ' — i
prostate cancer is one of'the main causessfor low survivalrate. Since inflammation has

II ,"E

!

been proposed to promote in the prosliate carcinogenesis and disease progression, in this

e I

study, I was interested in examining, the effect.;)f the ' anti-inflammation by using a
NSAID, celebrex, on prostate cancer cell proliferation, migration and invasion. Several
study aims were addressed as follows. (1) To analyze the effect of celebrex on prostate
cancer cell proliferation, migration and invasion. (2) To isolate a serine protease
affected by celebrex in prostate cancer cells. (3) To delineate whether the reduction of
activated matriptase by celebrex leads to decreasing prostate cancer cell migration and
invasion. (4) To investigate whether celebrex was through a COX-2-independent

mechanism to inhibit prostate cancer cell migration and invasion. From these studies,

14



the information will provide some insights for the potential of a current clinically used

drug, celebrex, in prostate cancer chemoprevetion and chemotherapy.

15
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2.1 Materials
2.1.1 Cell lines

PC-3, DU-145 and LNCaP cells were originally obtained from ATCC. Human
prostate cancer PC-3 cells were isolated from a bone metastasis (68). Human prostate
cancer DU-145 cells were isolated from a brain metastasis (69). Androgen-responsive

human prostate carcinoma LNCaP cells were isolated from lymph node metastasis (70).

2.1.2 Antibodies

(1) Matriptase and HAI“I*'monoclgnalMM32 (t6tal matriptase), M69 (activated

- .-. |
matriptase), and M19 (HAI-1) mAbssweresa gift from Dr. Chen-Yong Lin,
1

!

Greenebaum Comprehensive Cancer Center, Department of Biochemistry and

Molecular Biology, Unilversit_y of Maryland, ].3Ia1ti:1¢'nore, MD 21201
(2) Anti-B-actin Ab: Sigma, MO, USA .
(3) Anti-COX-2 Ab: Cayman Chemical, USA
(4) Anti-iNOS Ab: GeneTex, Taiwan
(5) Anti-IL-1pB Ab: Abcam, USA
(6) Anti-phospho-SAPK/JNK Ab: Cell Signaling, USA
(7) Anti-V5 Ab: Invitrogen, CA, USA

(8) HRP-conjugated Goat anti-mouse IgG: Jackson Immuno Research, USA
17



(9) HRP-conjugated Goat anti-rabbit IgG: Jackson Immuno Research, USA

2.1.3 Enzymes

(1) SuperScriptTM Il Reverse Transcriptase: Invitrogen, USA

(2) Taq polymerase: Bioman, Taiwan

2.1.4 Reagents qil
A - % -
A i £ k= e

g = X W

(D) 2-Mercaptoethanol:;-61gmai'j§é-ld’ =

N

B e 1 L
) 5,5'-Dithio-bis(2£ﬁitré'§ib_ oic a@ﬁI:FN‘rB)?\Sigma drich, USA
'.:I. |I : {-‘ '.'-I|.
(3) 100 bp DNA marker: Bioman, T: iwzia_:’;-‘ ' E
"Il- e, & L :""'u. r-.;
o o A8
(4) Agarose: Uni-Region, U Y
s W
TF_..H?: i i, wj-';---.l-..lill
(5) Ampicillin: Sigma-Al@ﬁcH:{ﬂSAt._ =

(6) Bovine serum albumin: Sig&éﬁkﬁﬁéﬁ,ﬂ&l"”'- ’

(7) Celebrex: Sigma-Aldrich, USA

(8) Chloroform: Sigma-Aldrich, USA

(9) Crystal violet: Sigma-Aldrich, USA

(10) Diethyl pyrocarbonate (DEPC)-H,O: Invitrogen, USA

(11) Dulbecco's Modified Eagle Medium (DMEM): Gibco, USA

(12) Dimethyl sulfoxide (DMSO): Sigma-Aldrich, USA
18



(13) ECL (enhanced chemiluminescence): Thermo, IL, USA
(14) Fetal bovin serum (FBS): Gibco, USA

(15) Gelatin: Sigma-Aldrich, USA

(16) Geneticin (G418): Gibco, USA

(17) Glycine: J.T. Baker, USA

(18) Glutamine: Sigma-Aldrich, USA

(19) Isopropanol: Sigma-Aldricq, USA ol (Bl 7 o
G %

-

|II - 1 c (3
(20) L-161982: Cayman Chemical, S
.'.:' / H{. =R
21) L798106: Cayman Chemical, L Yt T

e - : ‘I:'-‘ =
(22) Lipofectamine 2000™: ven, USA= ' E
-F' .4 & l 1':f: A
(23) Matrigel: BD biosciences, USA
Lr

|":-~-
TF_.-H?: *‘i e, fr';--.,l-:..‘
(24) Methanol: Sigma-Ald’r_igh,‘é@A o 4

s c%d. 7 p )

B, = » o 8

(25) OPTI-MEM: Gibco, USA e oy
(26) Penicillin/streptomycin: Gibco, USA

(27) Phosphate buffered saline (PBS): Gibco, USA
(28) Plasmid Midi Kit: Geneaid, Taiwan

(29) Prestained protein ladder: Fermentas, USA

(30) Prostaglandin E; (PGE,): Cayman Chemical, USA

(31) RPMI-1640 medium: Gibco, CA, USA
19



(32) SC51322: Cayman Chemical, USA

(33) Sodium pyruvate: Sigma-Aldrich, USA

(34) TEMED: J.T. Baker, USA

(35) Triton X-100: J.T. Baker, USA

(36) Trizol: Invitrogen, USA

(37) Tris-Base: J.T. Baker, USA

(38) Tris-HCI: J.T. Baker, USA 1 '
(39) Trypsin-EDTA: Invirog

(40) Tween-20: Fluka, (
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2.2 Methods
2.2.1 Cell culture

PC-3 cells were maintained in DMEM supplemented with 10% FBS, 2 mM
glutamine, 1% sodium pyruvate and 1% penicillin/streptomycin in a humidified, 5%
CO,, 37 °C incubator. DU-145 and LNCaP cells were maintained in RPMI-1640
medium supplemented with 5% FBS, 2 mM glutamine, 1% sodium pyruvate and 1%

penicillin/streptomycin in a humidified, 5% CO», 37°C incubator.

2.2.2 Celebrex and PGEsitreatment”

Celebrex (Sigma-Aldrich, USA) andPGE>(Sigma-Aldrich, USA) was dissolved in
1

!

dimethyl sulfoxide (DMSO) at'a con¢entration of 100 mM and stored in a dark colored

eppendorf at -20 °C. Th.e stock solution W?,IS further diluted to the indicated
concentration at each experiment. Before the treatments, cells were grown up to 80%
confluence and then exposed to celebrex or PGE, at different concentrations and for
various time periods. DMSO was used for adjustment to make each set of treatment

with an equal amount of solvent.

2.2.3 Protein extraction

To prepare cell lysates, cells were washed twice with ice-cold PBS and lysed in a
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lysis buffer (As shown in 2.3 Buffer). Lysed cells on petri dishes were scratched by a
scraper, then collected to an eppendorf and kept on ice for 10 min. Cell lysates were
centrifuged at 13,000 r.p.m., 4 °C, for 20 minutes. After centrifugation, the supernatant
were collected. Protein concentrations of the supernatants were determined by
spectrophotometry with Protein Assay reagent (Bio-Rad) and calculated by a BSA

standard curve using the Microsoft Excel program.

2.2.4 Preparation of conditioned-media
The conditioned mediawere colleeted and centrifuged at 1000 r.p.m., 4 °C, for 5

F F;
g

minutes. The supernatants of conditionedmedia were transferred to Amicon® Ultra-4
I y

centrifuge filter devices (Millipore) and then concentrated at 3,000 r.p.m. centrifugation

for 30 minutes at 4 °C.

2.2.5 Western blot analysis

For matriptase western blotting by M32 and M69 mAbs, and HAI-1 detection by
M19 mAb. Equal amounts of cell lysates were taken and mixed with 5X sample buffer
without any reducing reagent for SDS-PAGE. For other samples, equal amounts of cell
lysates were mixed with 6X protein loading dye with 5% 2-Mercaptoethanol and boiled

for 10 min. The samples were separated by 10% SDS-PAGE and transferred to
22



nitrocellular membranes (Whatman, USA) within Towbin transfer buffer at 300 mA for
3 hrs in a 4 °C refrigerator. The protein-transferring efficiency can be checked by
staining nitrocellular membranes with Ponceau S dye. After staining, Ponceau S dyes
were cleaned out using TBST buffer. The membranes were blocked with 5% skim milk
in TBST at room temperature for 1 hr and then incubated with primary antibodies in
blocking buffer at 4°C, shaking overnight. Primary antibodies were then discarded and
the membranes were washed with TBST four tix_nes, 10 min per wash. The membranes
were then incubated with secondary antibodies C(.)njugated with Horseradish peroxidase
(Jackson, USA) in blocking buffer sat reom temperaturefor } hr. Secondary antibody

- | ) .
solutions were removed and the membranes were washed by TBST four times, 10 min

II ,"E.

!

per wash. The target proteins on hlemﬁr:énes were visualized using an Enhanced

Luminol Reagent Plus (Perkin“Elmer, U.S/A’) and detected by a luminescent image

analyzer with a CCD camera (LAS-4000; Fujifilm, Japan).

2.2.6 Cell viability assay and 1Cs determination

PC-3 or DU-145 cells were seeded at densities of 3x10° and 5x10” cells/cm” in
24-well plates in 10% FBS DMEM or 5% FBS RPMI-1640 medium and maintained in
a 37 °C, 5% CO; incubator. LNCaP cells were seeded at densities of 1.5x10% and 1x10°

cells/em? within 5% FBS RPMI-1640 medium at 37 °C in a 5% CO, incubator. Next
23



day, celebrex was added at indicated concentrations. After 16-hour treatment, 0.5 mg/ml
MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) were added into
each well and incubated with cells for 2 hr at a 37 °C incubator. The oxidization form of
MTT, formazan with a purple color, was then dissolved in DMSO and measured at 540
nm using a spectrophotometer. Each set of experiments was done in triplicate. The

results were statistically calculated and represented as mean &+ S.D.

2.2.7 Cell growth assay

1x10* of PC-3 or DULI45 cellywere seeded in eachiwell-of 24-well plates in 10%

e 2 .-. |
FBS DMEM or 5% FBS RPMI-1640-medium and cultured at a 37 °C, 5% CO,
|

!

humidified incubator. Twenty-four hq'urs after seeding, cells were treated with indicated

concentrations of celebrex. Control cells were treated'with DMSO (solvent control).
The media were refreshed every day. Cell viability was measured using MTT methods
at each time point. Each set of experiment was performed in triplicate. The data were

statistically calculated with normalization to day 0 and shown as mean & S.D.

2.2.8 Migration and invasion assays
The effect of celebrex on the invasion and migration of cancer cells was evaluated

by matrigel-coated or uncoated transwell assays. For invasion assay, 3 pg matrigels (BD
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biosciences, USA) were diluted in 100 pl serum-free medium, added on the upper
chamber of each transwell and air-dried overnight. Transwell chambers without any
coating were used for migration assay. Before seeding, PC-3, DU-145 or LNCaP cells
were starved for 24 hrs. 1 x 10° cells (3x10° cells/cm?) of serum-starved PC-3 and
DU-145 cells in 200 pl serum-free media were seeded onto the upper chamber of a
transwell with different concentrations of celebrex and PGE,. DMSO was used as
control. 5 x 10° cells (1.5x10° cells/em®) of s_erum—starved LNCaP cells in 200 pl
serum-free medium were seedéd-ontosthe upper.chamber of a transwell with different

concentrations of celebrex. Control €€lls, were treated with'DMSO. Lower chambers of

transwells were added with 750ul DMEM or*RPMI-1640 medium with 10% FBS as
|

!

chemoattractants containing the same]concéfftrations' of celebréx and PGE, as that in the

upper chamber. The durati.ons for PC-3, DU-¥I45 “and LNCaP cell migration and
invasion were 16, 16 and 24 hours. Cells we:re then fixed with methanol for 15 minutes
and stained with crystal violet for 1 hour. The cells on the upper surface of transwells
were wiped off with a cotton swab. Invaded or migrated cells on the lower surface of
transwells were photographed (100x) under a light microscope (Nikon TS-100) and
analyzed with a Nikon digital sight (DS-U2) software system. Each set of experiments
was performed in triplicate. The results were statistically calculated and presented as

mean £+ S.D.
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2.2.9 Real-time PCR

PC-3 cells were seeded at a density of 5x10% cells per 60-mm petri dish.
Twenty-four hours after seeding, cells were treated with different concentrations of
celebrex. Control cells were treated with DMSO. After 16-hour treatment, cells were
lysed by 500 ul Trizol (Invitrogen, U.S.A.) reagent on ice for 5 minutes, and then 200 pl
chloroform (Sigma, MO, USA) were added to extract RNA into an aqueous phase. For
phase separation, the mixture was centrifuged 2-1t 13,000 r.p.m., 4 °C for 15 minutes.
After centrifugation, the upper-phase.solition wa.s transferred to a new eppendorf. RNA

was precipitated by mixing/the RNAextract with 500 ul"of isopropanol (Sigma, USA).

- .-. |
After centrifugation at 13,000 r.p.m at 42€ for 15 minutes, RNA pellets were washed
1

with 500 pl 75% of ethanol, eentrifuged again Jat 13,000 r.p.m. for 5 minutes and
air-dried in a hood until the pellet was invisible, Twenty ul of DEPC-H,O (Invitrogen,
U.S.A.) were added to dissolve the RNA pellet and the RNA concentrations were
detected by spectrophotometer with O.D. 260. To generate the cDNA from mRNA, 5 pg
of total RNA were mixed with 50 puM oligo-dT, 10 mM dNTP mixture, 0.1 M
dithiothreitol (DTT) at 65 °C for 10 minutes, and then incubated on 4 °C for primer
annealing. The mixture was then incubated with 4 pul First Strand buffer (5X), 1 ul DTT

(0.1 uM) and 1 pl SuperScript™1I Reverse Transcriptase (Invitrogen, CA, USA) at 50

°C for 1 hour elongation. Then, the mixtures were heated at 70 °C for 15 minutes to
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inactivate the reaction. Real-time PCR was performed using Power SYBR Green

real-time PCR system and ABI StepOne™ detection system (Applied Biosystems).

The primers for real-time PCR are as follows:

2.2.10 Zymography

Matriptase | Forward | 5’~ATCGCCTACTACTGGTCTGAG-3’

(161 bp) Reverse | 5°- GTTTTGGAGTCCGTGGGGAAA-3’

HAI-1 Forward | 5’- CCACGCTGGTACTATGAC-3’

(107 bp) Reverse | 5’- GETAGAATGCACTCITCT-3’

GAPDH Forward 5’lTCAACGACCAéITTIGTCAAGCT—S’

(156 bp) Reverse ; 5’-GTGAG‘G_GTCT?TCTCTTCCTCTTG-3’
B

I- |
vl W 1
s '

The activities of secreted “‘matrix-metalloproteinases‘in conditioned media were

assayed by gelatin zymography. PC-3 cells were seeded at a density of 5x10* cells per

60-mm dish in 10% FBS DMEM medium. After 24 hours, PC-3 cells were treated with

celebrex or DMSO (solvent control) in serum-free DMEM for 16 hours. The

conditioned media were collected and centrifuged at 1000 r.p.m., 4 °C, for 5 minutes.

After centrifugation, the supernatants of the conditioned media were collected and

concentrated using Amicon® Ultra-4 centrifuge filter devices (Millipore) at 3,000 r.p.m.

at 4 °C for 30 minutes. Without boiling and reducing, the samples underwent
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electrophoresis in 8% polyacrylamide gels [polyacrylamide gel electrophoresis (PAGE)]
containing 0.1% w/v gelatin and 0.1% sodium dodecyl sulfate (SDS) in 125 V for 3
hours in a 4 °C refrigerator. After electrophoresis, the gel was incubated with a
renaturation buffer (50 mM Tris-HCIL, pH 7.5, 10 mM NaCl, 2.5% v/v Triton X-100) at
37 °C for 15 min three times (50 r.p.m). After protein renaturation, the buffer was
decanted and the gel was incubated with a developing buffer (50 mM Tris-HCI, pH 7.5,
5 mM CaCl,) at 37 °C for 16 hrs with gentle atgitation (30 r.p.m). 2 mM EDTA was
added to inhibit matrix smetaloproteinases acti\./ity (control).. Gels were then stained
with Coomassie brilliant“blae’R (0.4% \zls.//v) and destained. in*30% methanol and 10%

- |
acetic acid. Gelatinolyti¢' activity appeated as-a cléar band on a blue background. The

II ,"E.

!

bands were imaged by a Tuminescent image analyzer with a CED camera (LAS-4000;

Fujifilm, Japan).

2.2.11 Transfection

One day before transfection, cells were seeded up with 70% confluence per 6-well
dish and incubated overnight. Next day, cells were rinsed with PBS twice and then
transfected by the transfection solution, a mixture of plasmids with Lipofectamine 2000
(Invitrogen, USA). The transfection solutions were prepared by mixing 4 pg of plasmid

DNA with 6 pul Lipofectamine 2000 in 500 ul OPTI-MEM (Gibco, USA) at room
28



temperature for 30 min before transfection. 6 hours after transfection, OPTI-MEM

medium were refreshed with culture medium. The stable pools were selected by 400

pg/ml geneticin for two weeks and maintained in regular media supplemented with 400

pg/ml geneticin and cells with less than 10 passages were used for experiments.
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2.3 Buffer

Cell lysis buffer

10 mM Tris, pH 7.4

100 mM NaCl

1 mM EDTA

1 mM EGTA

1 mM NaF

20 mM NayP,04

2 mM Na3; V04

0.1% SDS 1"""‘{ ﬂI‘-rﬁﬂEE;

0.5% sodium deoxycholig.ﬁi_.'-‘ 5% % 3
1% Triton-X 100 _,' /‘f-’

10% Glycerol

1 mM PMSF :L
Protease 1nh1b1t§n cockt 1l
=

5X protein Ioadlng,gye

I._-;_-

1 M Tris-base a:. h?"'

10% SDS 2
'!C-.'u %3\

Glycerol _l_Q -
Bromophenol blue ':'-? iy 2%01'_{%‘ 1;3?_‘ _h,.ﬁ

Adjustment with ddH,O to‘f‘S@m} ‘_SEEI E—-i%):“ =14 T
6X protein loading dye

Tris-base 136 ¢
SDS 36¢g
Glycerol 19 mL
Bromophenol blue 0.018 %
2-Mercaptoethanol 1.62 mL

Adjustment with ddH,O to 30 ml (pH=6.8)
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10X Western blotting running buffer

Tris-base 302 ¢
Glycine 187.6 g
SDS 10g

Adjustment with d.d.H,Oto 1L (pH=8.3)

1X Towbhin transfer buffer

Tris-base 3.63 g
Glycine 173 ¢g
Methanol 240 mL
Adjustment with d.d.H,Oto 1.2L
Blocking buffer 1-’-:-1{ ] Lo f"‘-ﬂ'-?'lfﬂ
_;.t i 7
Skim milk powder - " 205 ¢
1X TBST & )f
Ry S
10X TBS & O
s
NaCl .
Tris-base =
Adjustment w1tﬁ§1("1’;H
IXTBST -'.':’.;‘_;%:'ff
10X TBS L N 160l 5 @
] -e:i o g
Tween-20 =8 :@'L?r-ﬂﬁ.ﬂi 2]

Adjustment with d.d.H,Oto 1L

Stripping buffer

0.5M Tris-HCl 6.25 mL
2-Mercaptoethanol 500 1
10% SDS 10 mL

Adjustment with ddH,O to 50 mL
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3.1 Correlation of inflammation-associated protein expression and matriptase
activation in a PC-3 cell invasion progression model

We established a PC-3 cell invasion progression model (Figure 1A) using transwell
selection approaches with migration twice and invasion twice from the parental PC-3
cells. As shown in Figure 1B, the migration and invasion abilities of M2I2 cells were
increased by approximately 50%, compared to the parental PC-3 cells. Since several
lines of evidence showed that inflammation _is involved in the development and
progression of prostate cancer-(8), L examined se.:veral_ inflammation-associated protein

expression, including COX-2;" IL-1B"and p-JNK,%in PC-3'and M2I2 cells by western

blotting. The data (Figuré 1€) show that.the levels of COX-2, TL-1p and p-JNK protein
I y

expression were increase(i in M2I? .é:ells,'c:ﬁ;mpa@.'d to the 1-)'arental PC-3 cells. Since
matriptase has been identified as-an oncogenic m.emb':r'ane-anchored serine protease for
cancer malignancy (44) and matriptase expression 1s correlated with the progression of
prostate cancer (64), I further investigated the total protein and activated levels of
matriptase in PC-3 and M2I2 cells by western blot analysis using anti-total matriptase
(M32) and anti-activated matriptase (M69) mAbs. As shown in Figure 1D, the levels of
activated matriptase (a complex of active matriptase and its cognate inhibitor HAI-1)
were increased in M2I2 cells, compared to PC-3 cells. Taken together, these results

showed that inflammation-associated protein expression and matriptase activation are
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up-regulated during the progression of PC-3 cells with highly migratory and invasive

potentials.

3.2 Effect of celebrex on the cell viability of PC-3 cells

It has been shown that the high level of COX-2 expression is associated with
advanced prostate cancer (71). To examine the role of COX-2 signaling in the
progression of prostate cancer and the activation _of matriptase, I first tested the effect of
celebrex, a COX-2 specific inhibitor,.on the céll .Viability of prostate cancer PC-3 cells.
PC-3 cells were treated with different co,g}centgatibn of celebrex (0.01-1000 uM) for 16

- |
hrs and the cell viability ‘was assessed byeMTT assays. As shown in Figure 2, celebrex
1

!

reduced the viabilities of PC-3 cells lin a“dose-dependent manner. Moreover, celebrex

exhibited various half-maximal iphibitory conce?qltraf'rbns (ICs0) according to the cell
densities. The ICsq values of celebrex for PC-3 cells with the cell densities of 5x10* and
3x10° cells/cm” were 107.9 pM and 688.7 uM, respectively. These results indicated that
a high ICsy of celebrex to PC-3 cells was associated with a high cell density. Thus,
celebrex had an inhibitory effect on PC-3 cell viability. The ICsg of celebrex for the cell

viability was dependent on cell density.
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3.3 Inhibitory effect of celebrex on PC-3 cell growth.

To further examine the effect of celebrex on the cell growth of PC-3 cells, PC-3
cells were treated with the different concentrations of celebrex (5 and 25 uM) for 0, 2, 4
and 6 days. Control cells were treated with equal amount of DMSO. At each time point,
the amounts of PC-3 cells were assessed by MTT assays. As shown in Figure 3A, 5 uM
celebrex had a marginal effect to decrease the growth of PC-3 cells while 25 uM
celebrex significantly reduced the cell growth. T_aken together, the results indicated that

celebrex had a growth-inhibitory-effeetion PC-3%eells..

3.4 Celebrex inhibited the motility and gﬁ_’ééibn of PC-3 cells.
| ,"E i
I y

To further investigate- whetherlcélebre'x: '.can dleérease pros'tate cancer cell migration
and invasion, PC-3 cells were treated with differellqlt coneentrations of celebrex and their
cell migration and invasion were examined by transwell assays. The results (Figure 3B
and 3C) showed that celebrex marginally reduced approximately 30% cell migration
after 5 uM celebrex treatment and suppressed 70% cell migration upon 25 uM celebrex
treatment. However, the invasion ability of PC-3 cells were decreased approximately by
60% after 5 uM celebrex treatment and significantly reduced up to 80% upon 25 pM
celebrex treatment. To determine that the effect of celebrex on PC-3 cell migration and

invasion was not due to cytotoxic effect, I examined the cytotoxic effect of celebrex on
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PC-3 cells. PC-3 cells with a density of 3x10° cells/cm” were treated with 5 and 25 uM
celebrex for 16-hour and counted by trypan blue exclusion methods. The results (Figure
3D) showed that there was no significant cytotoxicity on PC-3 cells after 5 and 25 uM
celebrex treatment. Taken together, the data indicated that celebrex ably suppressed

PC-3 cell migration and invasion in a dose-dependent manner.

3.5 Celebrex reduced matriptase and HAI-1_shedding and protein expression in
PC-3 cells.

To investigate whether celebrex'sup'pressed. PC-3 cell'migration and invasion was
via inhibiting matriptas¢ activation,|I e-;-;:E[lfﬂed the effect of celebrex on the total
protein and activation le\-/els of ITla}Etripta's:e' as vlvéll as HAI-1, matriptase’s aognate
inhibitor, using western  blotting” with anti-tot.:;ll 'r:x'iatriptase (M32), anti-activated
matriptase (M69) and anti-HAI-1 (M19) mAbs. ‘As shown in Figure 4A, celebrex ably
decreased the whole levels of matriptase including latent matriptase and activated
matriptase in a dose-dependent manner. The decrease of activated matriptase by
celebrex was further validated by the western blotting with an anti-activated matriptase
Ab (M69). Interestingly, the total protein levels of HAI-1 were also reduced by celebrex.

It has been proposed that matriptase activation is followed by the shedding of the

matriptase-HAI-1 complex with a molecular mass of 95 or 110 kDa to extracellular
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environments (72). The shedding of matriptase-HAI-1 complex has been thought as a
mechanism to remove active matriptase from cells (46). To identify whether the reduced
levels of matriptase and HAI-1 by celebrex were through celebrex’s effect on promoting
the shedding of matriptase and HAI-1, the conditioned media after celebrex treatment
were collected and examined by western blotting with anti-total matriptase (M32),
anti-activated matriptase (M69) and anti-HAI-1 (M19) mAbs. The data (Figure 4B)
showed that celebrex reduced the levels of matr_iptase-HAI-l complexes and HAI-1 in
the conditioned media in-a dosé-dependent mannér. Taken together, celebrex can inhibit
the activation and shedding of matrip'tase.. and HAI-1 in prostate cancer cell, suggesting

- |
that the decrease of celllilar activated matriptase| upon celebrex treatment may not be

1l &

!

due to the protein shedding. I

3.6 Celebrex down-regulated gene expression of matriptase and HAI-1 in PC-3
cells.

Since the data (Figure 4A and 4B) showed that celebrex can reduce the total
protein levels of matriptase and HAI-1 in PC-3 cells, I further examined whether
celebrex was through altering the gene expression of matriptase and HAI-1, leading to
decrease their protein levels. With real-time RT-PCR, the data (Figure 4C) showed that

celebrex significantly reduced the gene expression of matriptase and HAI-1 in the cells.
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Thus, the data taken together from Figure 4A and 4C indicated that the decreased levels
of matriptase and HAI-1 proteins by celebrex were, at least in part, via transcriptional

regulation.

3.7 Celebrex decreased MMPs activity in PC-3 cells.

Since it has been shown that matrix metalloproteinases (MMPs) and serine
proteases play important roles in cancer cell in\fasion in many cancers (73, 74), I also
analyzed the effect of celebrex‘on MMPs activit;II by.gelatin zymography. As shown in
Figure 5, the activity of secreted MMP=9 but no.t"MMP-Z was significantly suppressed

by celebrex in a dose-dependent manner.

L
3.8 Prostaglandin E; (PGEIZ) increased the motilllity and invasion of PC-3 cells.

Since celebrex is a COX-2 specific inhibitor, I further examined the effect of PGE,,
the most abundant product of COX-2 in human malignancies, on the PC-3 cell
migration and invasion by transwell assays. The data (Figure 6A and 6B) showed that
the migration and invasion abilities of PC-3 cells were significantly induced
approximately by 50% after 50 nM PGE, treatment. Upon 100 nM PGE, treatment, the
invasion ability of PC-3 cells was increased approximately by one fold; while the

migration ability of PC-3 cells was enhanced up to two folds. Taken together, these
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results indicated that PGE; can increase the migration and invasion of PC-3 cells.

3.9 PGE; induced the levels of matriptase activation and HAI-1 but reduced the
shedding of matriptase and HAI-1 in PC-3 cells.

I then further investigated the effect of PGE, on the protein and activation levels of
matriptase by treating PC-3 cells with the 100 nM PGE; for 0, 0.5, 1, 2, 4, 8 and 16 hrs.
Control cells were treated with DMSO. The pro_tein and activation levels of matriptase
were assessed using western.-blottingrwith an .anti-t_otal matriptase (M32) mAb. As
shown in Figure 7A, PGE; 'was ablg*to ipduceen.l'atriptase activation. Then, I examined
the effect of 50 and 100 hM PGE, on th.e:gn’j?d.fe:fn and activation levels of matriptase by

. L A . :
western blotting with anti-total maltri.btase'(-l'\/BZ),l anti-activated matriptase (M69) and
anti-HAI-1 (M19) mAbs. T.he da_ta: (Figure 7B) .slhov's:/'ed that PGE, ably increased the
levels of activated matriptase and HAI-1 in a; dose-dependent manner. | further analyzed
if PGE, increased the levels of matriptase-HAI-1 complex and HAI-1 through
suppressing the shedding of both proteins. The conditioned media after PGE, treatment
were collected and examined by western blotting with anti-total matriptase (M32),
anti-activated matriptase (M69) and anti-HAI-1 (M19) mAbs. The data (Figure 7C)

showed that the shedding of matriptase-HAI-1 complex and HAI-1 was reduced by

PGE, in a dose-dependent manner. Taken together, the increased level of cellular
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activated matriptase upon PGE, treatment may be at least partly due to
PGE;-suppressing the shedding of matriptase-HAI-1 complexes into the conditioned

media.

3. 10 Effect of EP antagonists on matriptase shedding and protein expression.

It has been reported that PGE; exerts its cellular effects via binding to its cognate
receptors (EP1-4) (10). To further explore th_e mechanism of celebrex-suppressed
matriptase activation, 1 used.an-EPlareceptor a.mtag()nist SC51322, an EP3 receptor
antagonist L798106 and“an*EP4 reeeptor antag(.)'nist L161982 to treat PC-3 cells and
analyzed their effects on the protein an.drgéﬁ.iféition levels of matriptase using western

. L A . :
blotting with anti-total matriptase .(M32) ‘and an:[iiactiva_ted hqatriptase (M69) mAbs.
The data (Figure 8) showe.d that 'EP1 receptor.;"mtéfgonist was able to suppress the

activation and shedding of matriptase’in PC-3 cells, while EP3 and EP4 antagonists

could enhance the shedding of matriptase.

3.11 Celebrex down-regulated matriptase expression and activation partly via
COX-2-independent pathway in PC-3 cells.
It has been reported that celebrex has some inhibitory function via a COX-2

independent fashion in spite of its effect on inhibiting COX-2 (23). Since the data
40



(Figure 4A and 7B) showed that celebrex was able to reduce matriptase expression, but
PGE, has no significant effect on matriptase protein levels, I further investigated
whether celebrex reduced matriptase expression and activation may be partly through a
COX-2 independent pathway. PC-3 cells were treated with 25 uM celebrex, 100 nM
PGE,, or both. The total protein and activation levels of matriptase were analyzed by
western blotting with anti-total matriptase (M32) and anti-activated matriptase (M69).
As shown in Figure 9, PGE;-induced matriptase was also ably inhibited by celebrex. In
other words, PGE, could not*rescue celebrex-i.nhibi_ted matriptase activation. These
results suggested that the“inhibition of mgtriptase{éxpression and activation by celebrex
may be partly via a COX=2-independent p‘é-t:ﬂw-ay
1 E

3.12 Effect of celebrex on t.he cytotoxicity of nqu1-COX-2 expressed prostate cancer
cells, DU-145 and LNCaP cells.

To further address that celebrex reduced matriptase expression and activation was
through a COX-2-independent pathway, I examined the effect of celebrex on two
non-COX-2 expressed prostate cancer cells, DU-145 and LNCaP cells. As shown in
Figure 10A, COX-2 expression was hardly detectable in DU-145 and LNCaP cells by

western blotting using an anti-COX-2 Ab, compared to PC-3 cells. Then, the effect of

celebrex on th cell viability of DU-145 and LNCaP was assessed by MTT assays. The
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data (Figure 10B and 10C) shown that celebrex was able to reduce the both viabilities of
DU-145 and LNCaP cells in a dose-dependent manner. The ICspvalues of celebrex for
DU-145 cells were 96.3 uM for the cell density of 5x10* cells/cm” and 639.6 uM for
cell density of 3x10° cells/cm?. The 1Cs¢ values of celebrex for LNCaP cells were 117.6
uM for the cell density of 1x10° cells/cm” and 527.8 uM for the cell density of 1.5x10°
cells/cm®. Similar to PC-3 cells (Figure 2), the ICso of celebrex for the viability of

DU-145 and LNCaP cells was also-dependent on cell density.

3.13 Inhibitory effects oficelebrex,on-eell motility and.invasion in DU-145 cells via
=
| [ ,";\..

I further examined the effect of celebrex lon the DU-145 cell migration and

down-regulating matriptase.

invasion by transwell assays.“The results (Fig?llre 1A and 11B) showed that the
migration and invasion abilities of DU=145 cells were decreased approximately by 20%
after 5 uM celebrex treatment and suppressed up to 50% upon 25 puM celebrex
treatment. To investigate whether celebrex-suppressed DU-145 cell migration and
invasion were via down-regulating matriptase, I examined the effect of celebrex on the
protein levels of matriptase and HAI-1 by western blotting using anti-total matriptase
(M32) and anti-HAI-1 (M19) mAbs. As shown in Figure 11C, celebrex decreased the

levels of matriptase and HAI-1 in a dose-dependent manner. Taken together, celebrex
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was able to suppress DU-145 cell migration and invasion partly due to reducing the

protein level of matriptase.

3.14 Inhibitory effects of celebrex on LNCaP cell migration and invasion via
suppressing the total and activated levels of matriptase.

I also examined the effect of celebrex on LNCaP cell migration and invasion using
transwell assay. The results (Figure 12A and _12B) showed that the migratory and
invasive cells of LNCaP cells-were decreased. approximately by 20% after 5 uM
celebrex treatment and suppressed up 16+40% Wi‘fh 25 uM celebrex treatment. Then, the
effect of celebrex on the total and ac.ti;:ﬁ;é&;'levels of imatriptase was analyzed by

. L A . :
western blotting using anti-total mz?tr_iptase' :('M32)I, antitactivated matriptase (M69) and
anti-HAI-1 (M19) mAbs. A;s shqulm in Figure 1IéC,':éelebrex was able to reduce the
activated level of matriptase in a dose-dependent manner. I also analyzed the effect of
celebrex on the shedding of both matriptase and HAI-1 in LNCaP cells, by examining
the shed proteins using western blotting with anti-total matriptase (M32), anti-activated
matriptase (M69) and anti-HAI-1 (M19) mAbs. As shown in Figure 12D, celebrex
suppressed the shedding of matriptase-HAI-1 complex and HAI-1 into the conditioned

media in a dose-dependent manner. Taken together, celebrex ably suppressed LNCaP

cell migration and invasion, at least part due to down-regulation of matriptase.

43



3.15 Effect of celebrex and other NSAIDs on matriptase expression and activation
in LNCaP cells.

To further investigate whether commercially available NSAIDs exhibited a similar
effect on down-regulating matriptase, as celebrex, I then examined the effect of other
NSAIDs including aspirin, Etoricoxib, Ibuprofen and Indomethacin on matriptase
expression and activation by western blotting using anti-total matriptase (M32) and
anti-activated matriptase (M69). The data (Fi_gure 13) showed that the total and
activated levels of matriptase‘iwere dramaticall.y reduced by celebrex but not other
NSAIDs in LNCaP cells*Taken together, the daj[ﬁ indicated:that celebrex was a potent

inhibitor to down-regulaté matriptase] e -

I ,"E

=
y

3.16 Role of matriptase on .PC-3_ceII migration énd"ihvasion.

Since matriptase has been shown to" be overexpressed in variety of
epithelia-derived human tumors, including prostate cancer (57, 58), we established the
matriptase-overexpressing PC-3 cells by transfection and selection. The exogenous
matriptase proteins produced by plasmids of matriptase-V5 tag were detected by
western blotting analysis with anti-matriptase and anti-V5 Abs. As shown in Figure 14A,
the protein levels of matriptase were increased in matriptase-overexpressing PC-3 cells.

Then, I investigated the role of matriptase in the PC-3 cell migration and invasion by
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transwell assays. Matriptase-overexpressing PC-3 cells exhibited strong migration and
invasion capabilities, compared to the control PC-3 cells (Figure 14B). Taken together,

the data indicated that matriptase was able to promote PC-3 cell migration and invasion.

3.17 Inhibitory effect of celebrex on matriptase-overexpressing PC-3 cell migration,
invasion and matriptase activation.

I further examined the effect of celebrex on matriptase-overexpressing PC-3 cell
migration and invasion. As shewna in Figure 14C., celebrex ably reduced approximately
80% cell migration and: Suppressed "95% Qel.l" invasion,: To identify whether the

decreased matriptase-overexpressing PC-}:&II—i‘higration and invasion by celebrex were

| | ,"E.

!

through celebrex’s inhibit-ory effeclt .é)n mé‘:cfiptas? .'activat_ion-,' I'analyzed the effect of
celebrex on matriptase activlation in matriptase-ovlerex:pressing PC-3 cells using western
blotting with anti-total matriptase (M32) and anti-activated matriptase (M69) mAbs. As
shown in Figure 14D, celebrex was able to suppress matriptase expression and
activation. Taken together, these results indicated that celebrex exhibited an inhibitory

potential to the prostate cancer cell PC-3 migration and invasion induced by matriptase

overexpression.
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Chronic inflammation has been proposed to be associated with tumorigenesis by
promoting cellular transformation, survival, proliferation, invasion, angiogenesis, and
metastasis (75, 76). Since several lines of evidence showed that inflammation is
involved in the development and progression of prostate cancer (8, 77), in this study, I
also observed that several inflammation-associated proteins, COX-2, p-JNK and IL-1f
were up-regulated following a prostate cancer PC-3 invasion progression, which was
established by serial transwell selection. Intere_tstingly, an anti-inflammation NSAID
Celebrex (a COX-2-specific inhibitor)swas able ;[0 reduce the cancer cell proliferation,
migration and invasion,“suggesting 'tha{ a reduction of inflammation signaling can

i -
inhibit the progression of human prostate.eancer.

II ,"E.

Expression of COX:2 is inducq'd by 'r:riany growth factors ‘and pro-inflammatory
&\l -,

cytokines in specific pathophysiological conditions (12)4 It has been reported that
COX-2 is involved in the invasiveness (78, 79), anti-apoptosis (18), and angiogenesis
(13) of colon and breast cancer. Recently, increased COX-2 expression has been
associated with high prostate tumour grade (80). Consistent with this phenomenon, our
data showed that the expression of COX-2 was enhanced in highly invasive PC-3 cells
of the prostate cancer progression model, and correlated with the cell migration and

invasion (Figure 1). Thus, this cancer cell model recapitulates the progression of human

prostate cancer, and COX-2 may be a therapeutic target for prostate cancer.
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To specifically inhibit COX-2 activity, several NSAIDs (e.g., aspirin, celebrex)
have been developed for clinical uses as effective anti-inflammatory, antipyretic and
analgesic drugs. Recent studies have provided several evidences that celebrex was
recommended as chemotherapeutic and chemopreventive drugs for colon and prostate
cancer (24, 81, 82). Celebrex has shown the inhibitory effects on the growth and
invasiveness of colon cancer cells (83). In this study, I also found that celebrex could
inhibit the cell proliferation, migration and invas?on of prostate cancer cells and the ICs
of celebrex for the cell viability- was dependen.t on.cell density. Moreover, my data

showed that celebrex inhibited the ntigration and invasion of PC-3 cells was not due to

5 A e
.-_.' 2l

- | ¢
its effect on cell cytotoxicity. Thus, celebrex may| be a potentially useful compound for

prostate cancer therapy. I '

|
e I

In addition to the involvément of matrix r?nleta'l'loproteinases (MMPs) in cancer
metastasis (84-86), several recent studies revealed that pericellular serine proteases also
play an important role in cancer metastasis (48, 64). In this study, I identified a
membrane-anchored serine protease matriptase as a new target protein inhibited by
celebrex. It has been shown that matriptase can promote the tumorigenesis, and
correlated with prostate cancer progression (63) and involved in ErbB-2-induced
prostate cancer cell invasion (87). I further found that celebrex could reduce PC-3 cell

migration and invasion that was partly via decreasing the total and activated levels of
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matriptase. The decreased protein level of matriptase by celebrex treatment was not due
to its effect on promoting the matriptase shedding, but through the down-regulation of
the gene expression. Moreover, my data also showed that the activity of secreted
MMP-9 was also suppressed by Celebrex in prostate cancer cells. Thus,
celebrex-reduced PC-3 cell migration and invasion was partly attributed to decrease of
the total and activated matriptase as well as the activity of secreted MMP-9.
Prostaglandin E, (PGE,) is_the most abund_ant product of COX-2 and can induce
several signal pathways: to promotescell proli.ferati(_)n (88,-89), invasion (90), and
angiogenesis (91) in caneer cells. In this stu_d}f,"I showed:that PGE, could promote
prostate cancer PC-3 cell migration and;?:ﬁasron This increased PC-3 cell migration
and invasion may be partl}-f due to PIG_LEz-ina:u'cing Iln'atripta_se activation. However, PGE;
was unable to rescue celebrex-reduced matriptase. exp'i"ession and activation, suggesting
that Celebrex-inhibited matriptase activation may be via a COX-2 independent pathway.
This is further supported by the facts that celebrex exerts its anti-neoplastic effects via a
COX-2-independent pathway (23, 26). Moreover, celebrex and its derivatives without
any COX-2-inhibiting activity still had strong anti-carcinogenic activity (23, 92). In this
study, my data further supported the importance of the COX-2-independent pathway

affected by celebrex in suppressing matriptase and the invasion of prostate cancer cells,

because celebrex also can execute its anti-cancer properties in two COX-2-null prostate
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cancer cells, DU-145 and LNCaP cells. Similar to PC-3 cells, the suppression of these
cell migration and invasion by Celebrex was partly via decreasing the total and
activated matriptase. | further explored whether other commercially available NSAIDs
had similar inhibitory effects as celebrex on matriptase and observed that the other
NSAIDs were not as effective as celebrex to reduce the total and activated levels of
matriptase, suggesting that celebrex is a potent inhibitor to down-regulate matriptase
through inhibiting a COX-2-independent pathway.

Numerous studies have demenstrated that PGEz and-its EP receptors are implicated
in promoting carcinogeneésis'in differént types of cancer (93,94). PGE; binds to the four

L - .. . . .
EP receptors that are coupled to diffefent@ preteins and induce a variety of intracellular

II ,"E.

! !

'PGEz;indﬁced VEGF secretion in

signaling cascades (95). Tt has been reported that
&\l ,
prostate cancer cells is mediated through EP2-dependerit cAMP signaling pathways (96).
My result further identified EP1 receptor as a factor involved in matriptase activation
because EP1 receptor antagonist was able to suppress the activation and shedding of
matriptase in PC-3 cells. Since PKC has been shown as one of the important
downstream molecules of EP1 receptor and a previous study has indicated that PKC is
involved in matriptase activation (95, 97), these results taken together suggest that the

reduction of PGE,-matriptase activation by celebrex may be via inhibiting a

EP1-mediated PKC signal pathway. The detailed molecular mechanisms in which
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celebrex suppresses PGE;-induced matriptase activation need more investigations.

In conclusion, our data revealed that the effect of celebrex against the growth,
migration and invasion of prostate cancer cells, was partly attributed to decrease the
activated levels of matriptase and the gene expression. Therefore, this study provides
some information that celebrex may be a potential option for prostate cancer treatment

or chemoprevention in the future.
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Figure 1. Establishment of prostate cancer PC-3 cell progression model and analysis of
inflammation biomarkers and matriptase expression in these cells.

(A) PC-3 cell progression model was established by serial transwell selection. (B) For
invasion assay, 3 ug of matrigel were diluted in 100 pl serum-free medium, then added on the
upper chamber of each transwell and air-dried overnight. No matrigel was coated on transwell
for migration assay. 1x10° of serum-starved PC-3 cells or M2I2 cells in serum-free medium
were seeded into the upper chamber of each trans_well. After 16-hour incubation, the cells
were fixed with methanol and stained with crystal. violet.-The lower surfaces of transwells
were photographed under a“light micrescope (ma,gl.ﬁﬁcation, 100X). Migratory and invasive
cell numbers were measured by Imagel s;;ﬂ%é;iﬁé' and statistically calculated. Results were

. L A . :

represented as mean + SD' (n=3). *I*:_: P<0.01. (CI)'Westqrn Blotting analysis of several
inflammation biomarkers in PC-3 ‘cells and M212 ce.llls. PC:3.0r M212 cells were seeded at a
density of 5x10* cells per 60-mm dish and maintained in 10% FBS DMEM at a 37°C, 5%
CO; incubator. Twenty-four hrs after seeding, cell lysates were collected and analyzed by
western blotting using anti-COX-2, anti-IL-1B and anti-p-JNK Abs. (D) Assessment of
matriptase expression and activation in the PC-3 cell progression model by using anti-total

matriptase (M32) and anti-activacted matriptase (M69) mAbs under a non-boiled and

non-reduced condition. A loading control was analyzed with an anti-B-actin Ab.
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Figure 2. Effect of celebrex on th“eic.efl. '\'l-i;albj']ity-oﬁ P'é-f.ilc.ells.

(A) PC-3 cells were seeded at the densities of 3x10° and 5x10* cells/cm’ in 24-well plates.
Next day, cells were treated with different concentrations (0.01-1000 uM) of celebrex for 16
hours at 37 °C in a 5% CO; incubator. The effect of celebrex on cell viability was determined
by MTT assays. Each experiment was performed in triplicate. Values were represented as
mean £ SD (n=3). (B) The ICsy values of celebrex for different cell densities of PC-3 cells

were calculated and shown in the table.
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Figure 3. Effect of celebrex on PC-3 cell growth, migration and invasion.

(A) Analysis of the effect of celebrex onPC-3 cellsgrowth: 1%10* of PC-3 cells were seeded
in each well of 24-well plates and cultutedsat a 37 °€, 5% CQzIncubator. Twenty-four hours
after seeding, cell amount was measured usi:ng' MTT ‘assay as Day 0 and other sets of cells
were treated with indicated ¢concentrations of c.ellebrex (0, 5 and 25 puM) for 2, 4 or 6 days and
the media were refreshed every day./Cell amount was measured using MTT methods at each
time point and normalized to Day 0. Values were represented as mean = SD (n=3). *: P<0.05.
(B) Analysis of the cytotoxic effect of celebrex on PC-3 cells. PC-3 cells were seeded at a
density of 3x10° cells/cm’ in 6-well plates. Next day, cells were treated with indicated
concentrations of celebrex (0, 5 and 25 puM) for 16 hours at 37 °C in a 5% CO, incubator.
After treatment, cells were trypsinized and the viable cell numbers were counted by a

hemacytometer with a trypan blue exclusion method and normalized to untreated cells. (C)

Examination of the celebrex effect on PC-3 cell migration and invasion. 1x10° (3x10°
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cells/em®) of serum-starved PC-3 cells in serum-free medium were seeded into the upper
chamber of each transwell with indicated concentrations of celebrex (0, 5 and 25 uM). After
16-hour incubation, invaded cells were stained and photographed as described in Figure 1B.
Each assay was performed in triplicate. (D) Invaded PC-3 cells were measured by Imagel
software and statistically calculated. Results were presented as mean + SD (n=3). ***:

P<0.001.
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Figure 4. Effect of celebrex on matriptase and HAI-1-expression and shedding in PC-3
cells.

PC-3 cells were seeded at a density of 5><1.(;_f4“é'ells per 60-mm dish and maintained in 10%
FBS DMEM at a 37 °C, 5% CO, incubatof.mlTwenty-four h01-1rs after seeding, cells were
washed twice with PBS. Indica.ted_ congcentrations -of ‘celebrex (0, 5, and 25 pM) in the
serum-free DMEM were added to the media and the cells were cultivated at a 37 °C, 5% CO,
incubator for 16 hours. (A) After treatments, cells were collected and lyzed by lysis buffer. (B)
The conditioned media were collected and concentrated by Ultra-4 centrifuge filter devices
(Millipore) under 3,000 r.p.m. centrifugation at 4 °C for 30 minutes. Cell lysates and
concentrated conditioned media were analyzed wusing anti-total matriptase (M32),

anti-activated matriptase (M69) and anti-HAI-1 (M19) mAbs. M32 and M69 mAbs were used

for western blotting under a non-boiled and non-reduced condition. The cell lysate with
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boiling and reducing reagent was used for western blot analysis with M19. A loading control
was analyzed with an anti-B-actin Ab. (C) Analysis of the effect of celebrex on the gene
expression of matriptase (MTX) and HAI-1 in PC-3 cells. 1x10° (5x10* cells/cm?) of PC-3
cells were seeded in each 60-mm dish and maintained in 10% FBS DMEM at a 37 °C, 5%
CO; incubator. Twenty-four hours after seeding, indicated concentrations of celebrex (0, 5 and

25 uM) were added to the media and the cells were cultivated at a 37 °C, 5% CO, incubator

d-'leag_rgf_t_ed by Trizol reagent and analyzed
Sk  THgLER

| - -_h.- _Eg"l .:"

i =y
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Figure 5. Analysis of the celebrex effect on MMPs activity by gelatin zymography.

PC-3 cells were seeded at a density of 5x10* cells per 60-mm dish and maintained in 10%
DMEM culture medium at a 37 °C, 5% CO; incubator. Twenty-four hours after seeding, cells
were washed twice with PBS. Indicated concentrations of celebrex (0, 5 and 25 puM) within
serum-free DMEM media were added and the cells were cultivated at a 37 °C, 5% CO,

incubator for 16 hours. The conditioned media were collected and concentrated as described
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in Figure 4B. Gelatinolytic activities of MMP-9 and MMP-2 in the conditioned media were

determined by gelatin zymography described in method 2.2.10. Results were statistically

calculated and presented as mean + S.D. **: P<0.01.
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Figure 6. Effect of PGE; on PC-3 cell. migration and;invasion.

(A) 1x10° (3x10° cells/cm?) of serum-starved PC-3 cells in serum-free medium were seeded
into the upper chamber of each transwell with indicated concentrations of PGE, (0, 50 and
100 nM) for cell migration and invasion assays. After 16-hour incubation, invaded cells were
stained by crystal violet and photographed as described in Figure 1B. (B) Invaded PC-3 cells
were measured by Imagel software and statistically calculated. Results were represented as

mean + SD (n=2). **: P<0.01, ***: P<(.001.
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Figure 7. Effect of PGE; on matriptase’a'hq:l;fd_-.l expression and shedding in PC-3
cells. |

PC-3 cells were seeded at a density of 5x10%eells per ?O-mm dish and maintained in 10%
FBS DMEM at a 37 °C, 5% CO3 -incubator.'Twenty-four hours after seeding, cells were
washed twice with PBS. (A) PC-3 cells were treated with 100 nM PGE; in the serum-free
DMEM and the cells were cultivated at a 37 °C, 5% CO, incubator for 0, 0.5, 1,2, 4, 8 or 16
hrs. At each time point, the levels of total matriptase and activated matriptase in the cells were
assessed by western blotting using anti-total matriptase (M32). (B) Indicated concentrations

of PGE; (0, 50, and 100 nM) in the serum-free DMEM were added to PC-3 cell culture media.

After 16-hour treatment, cells were collected and lyzed by lysis buffer. (C) The conditioned
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media were collected and concentrated as described in Figure 4B. Cell lysates and
concentrated conditioned media were analyzed using anti-total matriptase (M32),
anti-activated matriptase (M69) and anti-HAI-1 (M19) mAbs. M32 and M69 mAbs were used
for western blotting under a non-boiled and non-reduced condition. A loading control was

analyzed with an anti-B-actin Ab.
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Figure 8. Effect of EP antagonists on matriptase expression and activation in PC-3 cells.

PC-3 cells were seeded at a density of 5x10* cells per 60-mm dish and maintained in 10%
FBS DMEM at a 37 °C, 5% CO, incubator. Twenty-four hours after seeding, cells were
washed twice with PBS. Indicated concentrations of an EP1 antagonist (SC51322, 10 uM), an
EP4 antagonist (L161982, 10 uM) and an EP3 antagonist (L798106, 10 uM) in the serum-free
DMEM were added to the media and the cells were cultivated at a 37 °C, 5% CO, incubator
for 16 hours. (A) After treatments, cell lysates were collected and analyzed by western
blotting. (B) The conditioned media-were collected. and, concentrated as described in Figure

4B. Cell lysates and concentrated conditioned media were analyzed using anti-total matriptase

(M32) and anti-activated Matriptase |(M69) mAbs under a non-boiled and non-reduced
1

!

condition. A loading control ‘was analyzed withan anti-B-actin Ab.
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Figure 9. Analysis of the of PGE. and-Celebrex effect on matriptase in PC-3 cells.

I - ™y i |
PC-3 cells were seeded at 4 density of 5x10*Cells pér 60-mm dish and maintained in 10%
| | M '

!

FBS DMEM at a 37 °C, 5% CQ, incllbator. Twent}?-four hours after seeding, cells were

oy A 1
I | 1

washed twice with PBS. Cells wefe freated with celebrex-(25 uM), PGE; (100 nM) or both.
After 16-hour treatments, cell lysates were collected and analyzed by western blotting using
anti-total matriptase (M32) and anti-activated matriptase (M69) mAbs under a non-boiled and

non-reduced condition. A loading control was analyzed with an anti--actin Ab.
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Figure 10. Examination of COX-2 expression in PC-3, DU-145 andLNCaP cells and the
effect of celebrex on the cell viability of DU-145 and LNCaP cells.

(A) Western blotting analysis of COX-2 expression in PC-3, DU-145 and LNCaP cells. PC-3
cells or DU-145 cells were seeded at a density of 5x10* cells per 60-mm dish and maintained
in 10% FBS DMEM or 5% FBS RPMI-1640 medium at a 37°C, 5% CO, incubator. LNCaP
cells were seeded at a density of 1x10° cells per 60-mm dish with 5% FBS RPMI-1640
medium at a 37°C, 5% CO, incubator. Twenty—t_‘our hrs after seeding, cell lysates were
collected and analyzed by westerniblotting using an.ti-CO_X-Z Ab: B-actin was used as control

with immunoblots with an anti-B-actin/Abx(B) Analysis of the effect of celebrex on the cell

viability of DU-145 cells. DU-145 cells werc.seeded at the densities of 3x10° and 5x10*
I y

cells/cm” in 24-well plates. -(C) Anallyg;is of'fﬁe effle.c':t of c_ele-Brex on the cell viability of
LNCaP cells. LNCaP cells we.re. segd.ed at the dens.itie's:iof 1:5%10° and 1x10° cells/cm® in
24-well plates. Next day, cells were treated with different concentrations of celebrex for 16
hours at 37 °C in a 5% CO; incubator. The effect of celebrex on cell viability was determined
by MTT assays. Each assay for the effect of celebrex on cell viability was performed in
triplicate. The 1Csy values of celebrex for different cell densities of DU-145 or LNCaP cells
were calculated and shown in right panel of each figure. Values were represented as mean =+

SD (n=3).
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Figure 11. Effect of celebrex on DU-145 cell migration, invasion and on the expression of
matriptase and HAI-1.

(A) Analysis of the effect of celebrex on DU-145 cell migration and invasion. 1x10° (3x10°
cells/cm?) of serum-starved DU-145 cells in serum-free medium were seeded into the upper
chamber of each transwell with indicated concentrations of celebrex (0, 5 and 25 uM). After
16-hour incubation, migratory and invasive cells were stained and photographed as described
in Figure 1B. (B) Invaded DU-145 cells were mea§ured by Image] software and statistically
calculated. Results were represented assmean =+ éD (n=3). *:.P<0.05, **: P<0.01, ***:

P<0.001. (C) DU-145 cellsiwere seeded™at a density of 510" cells per 60-mm dish and

maintained in 5% FBS RPMI-1640 mediumsat 37 3C, 5% CO, incubator. Twenty-four hours
I y -

after seeding, cells were Wasiled twicelz \}vith PB'IS. In(lii.'cated gon-c'entrations of celebrex (0, 5,
and 25 uM) in the serum-free. RPMI:1640 mediumllwe'fé added to the media and the cells
were cultivated at a 37 °C, 5% CO, incubator for 16 hours. After treatments, cell lysates were
collected and analyzed by western blotting using anti-total matriptase (M32) and anti-HAI-1
(M19) mAbs. M32 mAb were used for western blotting under a non-boiled and non-reduced

condition. A loading control was analyzed with an anti-f-actin Ab.
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Figure 12. Effect of celebrex on LNCaP éé-[t'ﬂig(étion, invasion and on the expression
and shedding of matriptase.and HIA-1. |

(A) Analysis of the effect of celebrex-on LNGaP cell migration and invasion. 5x10° (1.5x10°
cells/cm?) of serum-starved LNCaP -cells in serum-free medium were seeded into the upper
chamber of each transwell with indicated concentrations of celebrex (0, 5 and 25 uM). After
16-hour incubation, invaded cells were stained and photographed as described in Figure 1B.
(B) Statistically calculation of LNCaP cell migration and invasion. Invaded LNCaP cells were
measured by ImagelJ software. Results were statistically calculated and presented as mean =+

SD (n=3). *: P<0.05, **: P<0.01, ***: P<0.001. (C) Analysis of the celebrex effect on the

expression of matriptase and HAI-1 in LNCaP cells. LNCaP cells were seeded at a density of
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1x10° cells per 60-mm dish and maintained in 5% FBS RPMI-1640 medium at a 37 °C, 5%
CO; incubator. Forty-eight hours after seeding, cells were washed twice with PBS. Indicated
concentrations of celebrex (0, 5, and 25 uM) in the serum-free RPMI-1640 medium were
added to the media and the cells were cultivated at a 37 °C, 5% CO, incubator for 16 hours.
After treatments, cell lysates were collected and analyzed by western blotting. (D) Effect of
celebrex on the shedding of matriptase and HAI-1 in LNCaP cells. The conditioned media
were collected and concentrated as described in Figure 4B. Cell lysates and concentrated
conditioned media were analyzed‘using.anti-total rﬂatripgase (M32), anti-activated matriptase
(M69) and anti-HAI-1 (M19) 'mAbs. M3zl.and M69, mADSs, were used for western blotting
under a non-boiled and non-reducedl cond;'-;éﬁ“A l:oading control was analyzed with an

anti-B-actin Ab.

77



=
‘S
2 c E
= 3 X & %
0O £ « O o £
E T 0 9 <
s 33532
o< U W2 £
Activated matriptase-HAI-1
complex > nee
. M32
Latent matriptase —
Activated matriptase-HAI-1 _ o -
complex
M69

anti-B-actin |......|

Figure 13. Effect of different NSAIDs'ommatriptase expression and activation in LNCaP
=
| [ ,";\..

LNCaP cells were seeded at a density, of 1X10% cells per 60-mm dish and maintained in 5%

cells.

FBS RPMI-1640 medium at a.37 2C 5% CO;3 incullalato'f} 48 -hours after seeding, cells were
washed twice with PBS. Indicated concentra‘.cions of aspirin (50 uM), celebrex (25 puM),
Etoricoxib (25 uM), Ibuprofen (25 uM) and Indomethacin (25 uM) in the serum-free
RPMI-1640 medium were added to the media and the cells were cultivated at a 37 °C, 5%
CO; incubator for 16 hours. After treatments, cell lysates were collected and analyzed by
western blotting using anti-total matriptase (M32) and anti-activated matriptase (M69) mAbs

under a non-boiled and non-reduced condition. A loading control was analyzed with an

anti-B-actin Ab.
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Figure 14. Establishment of MTX-overexpressing PC-3 cells and the effect of celebrex on

MTX-overexpressing PC-3 ceIII migration, invasior]I and-matriptase activation.

(A) Western blotting analysis of MTX-overexpressing PC-3 cells. PC-3 cells were seeding in
6-well plates and then were transfected with MTX-V5 plasmids. Control cells were
transfected with vector (pcDNA 3.1) alone. After transfection, stable pools of transfectants
were selected by 400  g/ml G418. Stable pools of transfectants were harvested for western
blotting assays with anti-matriptase and an anti-V5 Ab. A loading control was analyzed with
an anti-f-actin Ab. (B) Analysis of the role of matriptase on PC-3 cell migration and invasion.

1x10° (3x10° cells/cm?) of serum-starved Vec cells or MTX cells in serum-free medium were
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seeded into the upper chamber of each transwell. After 16-hour incubation, invaded cells were
stained and photographed as described in Figure 1B. Invaded cells were measured by Imagel
software. Results were statistically calculated and presented as mean £ SD (n=2). (C)
Analysis of the effect of celebrex on MTX-overexpressing PC-3 cell migration and invasion.
5x10° (1.5%10° cells/cm?®) of cells in serum-free medium were seeded into the upper chamber
of each transwell with indicated concentrations of celebrex (0 and 25 uM). After 16-hour
incubation, invaded cells were stained and photogrraphed as described in Figure 1B. Invaded
cells were measured by ImageJ software.Résults we.re statistically calculated and presented as

mean = SD (n=2). (D) Analysis ofythe, effect”of, celebrex: on matriptase activation in

- .-. |
MTX-overexpressing PC-3 ¢ell. Cells were-seeded at a density of 1x 10° cells per 60-mm dish
1

!

and maintained in 10% FBS DMEM] mediim at a 37 °C, 5% CO; incubator. Twenty-four
“h ; |

hours after seeding, cells were washed twice with PBS. Tndicated concentrations of celebrex

(0 and 25 uM) in the serum-free DMEM medium were added to the media and the cells were

cultivated at a 37 °C, 5% CO; incubator for 16 hours. After treatments, cell lysates were

collected and analyzed by western blotting using anti-total matriptase (M32) and

anti-activated matriptase (M69) mAbs under a non-boiled and non-reduced condition. A

loading control was analyzed with an anti-f-actin Ab.
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