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ABSTRACT

Soluble Factor sreleased from Carcinoma-Associated
Fibroblaststhat induce the Invasion of Oral Squamous Cell

Carcinoma

Kyungshin Kim

Department of Dental Science
The Graduate School, Yonsei University
(Directed by Professor Jin Kim)

Cancer development is not merely a result of claxglansion of mutant
cells, but a product of the evolving interactiorstvieen cancer parenchymal
cells and their surrounding stroma. Among thers#docells, the fibroblasts
play an active role in the process of cancer dereént such as initiation,
progression and invasion which are changed morgieatly and functionally
by cancer cells.

Therefore, better understanding of the charackesisbf carcinoma
associated fibroblasts (CAF) and the soluble factanich are influencing on
CAF and cancer cells in cancer invasion might offepromising point of

departure for the development of new therapies.th\tfiis hope, the purpose



of this study was to characterize CAF and to ingast the mediating soluble
factors between cancer cells and fibroblasts ih smjaamous cell carcinoma
(OSCO).

From the immunofluorescence staining, the exprassfovimentin anch-
smooth muscle actin was found in both CAF and noéfibeoblasts (NF), and
CAF showed stronger expression pattern as compansé.

To determine whether fibroblasts facilitate OSCQ@ icwvasion in vitro, a
transwell invasion assay employing collagen typedated filters was
established. OSCC cell invasion was significairigreased by co-culturing
with fibroblasts as compared to that without coumtithg with fibroblasts.
Also CAF enhanced cell invasion at significantlglmer levels than NF.

To evaluate whether the chemokines released froraldiasts increases by
co-culturing with OSCC cells as compared to thosenf mono-cultured
fibroblasts, sandwich ELISAs was established thafpiecific to IL-8, CXCL1,
and CCL7. Co-culturing the OSCC cells and fibretdaresulted in
significant increase of the chemokine release tnéoculture media within 24
h of incubation. In addition, when comparing CARNF for their abilities to
release the chemokines into the co-cultured metiemokine release from the
co-cultured CAF was significantly higher than tifidm the co-cultured NF,
indicating that CAF were more responsive to OSC@ semulation for
enhancing chemokine release than were NF.

To find the soluble factors released from OSCCscilat induce cytokine



secretion by CAF, antibody array using 36 cytokiletection kit was carried
out. VEGF and IL-&t showed remarkable intensity difference betweenZ2a9
and YD-38 cells. To confirm whether VEGF and li-Xegulate cytokine
secretion released from CAF, each cytokine suc8@s7, IL-8 and CXCL1
was measured by adding VEGF and/or tiid CAF culture. Findings were
that IL-1a induced CCL7, IL-8 and CXCL1 expression dose ddpatly in
CAF, while VEGF failed to enhance CCL7 , IL-8 an&@L1 expression.
Interestingly, VEGF has a synergic effect on CCIIZ8 and CXCL1
secretion induced by ILel This phenomenon was completely diminished
by applying anti-IL-tx monoclonal antibody. When comparing the effect of
invasiveness of IL-d by neutralization, the invasive potential of OSE&lis

by stimulation of CAF was markedly decreased bytnadimation of IL-1a.

This study investigated whether IL-1R1 on CAF playsimportant role in
releasing chemokines, such as IL-8, CXCL1, and CGCh7response to
paracrine IL-&x stimulation. To do so, IL-1RI siRNA into CAF was
introduced to knockdown the protein expression. doen-regulated IL-1RI
protein expression on CAF was confirmed by westadot analysis. The
chemokine release from the transfected CAF stiradlaby IL-lo was
determined by ELISAs specific to IL-8, CXCL1, andClC7. Inhibiting IL-
1RI expression in CAF significantly reduced IL-8XCL1, and CCL7
secretion, when compared to control siRNA-transf@dCAF. In addition,

the invasion of OSCC cells co-cultured with siRN#ansfected CAF was



markedly reduced as compared to them co-culturgtt wontrol siRNA-
transfected CAF. These observations indicateltha acts to enhance the
chemokine release from CAF through the IL-1RI dmmdblasts.

To sum up, the present study attempted to idetitigyrole of fibroblasts
in cancer invasion by investigating the differenmie cytokine expression
between CAF and NF. And it was found that CAF sestt CCL7, IL-8 and
CXCL1 more than NF did when co-cultured with cancells. In addition,
the invasiveness of cancer cells was prominenttyemsed when cancer cells
were co-cultured with CAF than with NF. Since cytak expression was
increased when fibroblasts were co-cultured withcea cells, this study tried
to figure out which soluble factor secreted frone ttancer cells stimulates
fibroblasts, and found that ILedwas the most prime candidate of cytokines.

The results of this study clarified the role of CB¥ characterizing them
morphologically and functionally and addressed kiyies that interact
between CAF and cancer cells. Although this stundy be an early step to
understand the interaction process between caredey &nd fibroblasts, it
could be a new branch point for research of camsegmaling and cancer

development.

Key words: carcinoma associated fibroblast, normal fibroblastal
squamous cell carcinoma, invasiveness, solublerfact
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. INTRODUCTION

Until recently, cancer research focused mainly ancer cells themselves
and specifically on their genetic changes that batepithelial cells as they
progress from normal to malignant. For this reasoany of the tumor
suppressor genes and potential oncogenes thatnamdved in cancer
development have been successfully identified dratacterized (Hanahan
and Weinberg, 2000).

However, several lines of investigation suggest ttamcurrent changes
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also occur in cells surrounding the epithelial gradincy (Ronnov-Jessen et al.,
1996). That is, solid tumors are more than jusloaal expansion of mutant
cells, but instead heterogeneous and structuralimptex (Dvorak, 1984).
And tumor progression can be considered a develoahgrocess, in which a
complex, multicellular organ forms in responseigmaling between different
cells (Radisky et al., 2001).

From this viewpoint, the hypothesis that tumor pesgion may be
properly appreciated as a product of the evolvimgractions between the
different cell types within the tumor and the mieneironment was proposed
(Radisky et al., 2001). In normal, healthy sitoafithe stromal components
of tissues govern size, function of cells and thesponse to exogenous agents
through elaboration and modification of the exthatar matrix (ECM), which
transmits signals to the adjacent epithelial cellShese stromal elements
include the vasculature, adipocytes, resident inenoells, and fibroblasts
with their numerous cellular products, includingigas growth factors and
ECM components (Sadlonova et al., 2005). Duringuwding and other
pathological conditions, the stroma exhibits fundatal changes that are
important on proper tissue response (Sappino,e1290).

ECM contains a mixture of glycoproteins, proteaglys, cytokines and
growth factors (Aumailley and Gayrand, 1998), angrovides both structural
support and contextual information for cells toedetine the correct response
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to a given set of stimuli (Howe et al., 1998). Toenposition of ECM varies
substantially both between and within differenstiss (Stureuli, 1999) and
ECM changes temporally, as an adaptation to chgrgjgnals during normal
developmental processes (Huang and Ingber, 1999).

Each cell type displays a unique array of surfameptors tuned to its
natural tissue environment. Ligation of cell sodareceptors to ECM
changes cell shape and behavior, alters the bindifigity or cellular
distribution of various receptors, and deeply iafines the response of the cell
to soluble molecules such as growth factors (Aptial., 1999). Depending
upon the ECM context, the same soluble factors ebegtively cause cells to
functionally differentiate, to initiate proliferain, to arrest growth, or to cause
apoptosis (Boudreau and Jones, 1999). Contralafth factor signaling by
ECM-defined context makes sure that cells dividd differentiate only as
needed by the organism (Radisky, et al., 2001).

Normal homeostasis is maintained by interpretirgagin factor signaling
in the ECM context. This control can be lost tlglouthe breakdown of
communication mechanisms between the epithelium ted surrounding
stroma (Radisky et al., 2001). For example, anthepal cell might
incorrectly initiate a signal to the stroma resgtin the stromal production of
a growth factor that, in turn, can stimulate thenainal proliferation of
neighboring epithelial cells (Skobe and Fusenirg@8). On the other hand,

3



an aberrant matrix component produced by stronil iteresponse to a local
stress might be perceived by neighboring cells sigrsal to grow or to enter a
new developmental pathway (Coussens et al.,, 1999nder normal
homeostasis, these mistakes can be corrected bgyctd arrest or apoptotic
cell death. Occasionally if the abnormal signaisists, a tumor develops,
creating a growing, interdependent, heterogeneoissue, by its
unresponsiveness to normal physiological contiisg et al., 1997).

As the tumor grows, the cells within continue tospend to their
immediate environment (lida et al., 1996), and sittee tumor is itself in a
state of flux, multiple and conflicting signals cl@ad to increased complexity
and heterozygosity (Lukashev and Werb, 1998). Tumeonodeling can
include interactions with various ECM componentschsuas tenascin,
fibronectin, elastin and laminin (Wenk et al., 2D0fake alterations that can
produce cellular proliferation, structural disrgpti (Shoenwaelder and
Burridge, 1999), and circumvention of apoptosis tlfbeet al., 1999).
Throughout the process of tumor development, theposition of ECM is
controlled in a reciprocal manner between epithetiad stromal cells
(Clezardin, 1998), and it is through these reciglaateractions that the tumor
creates a microenvironment that is favorable tgitdiferation (Blobe et al.,
2000), recruits new blood vessels (Hanahan and nkatk 1996), and
stimulates the production of metalloproteinasentcade adjacent tissues (Orr

4



et al., 2000).

The fibroblasts, the major cells in the stroma, egsponsible for the
elaboration of most of the connective tissue coreptssuch as the different
collagens, proteolytic enzymes and their inhibitoggowth factors and
determinants of intercellular adhesions (Hanahah \Weinberg, 2000). In
response to different physiologic signals, whetlieey are normal or
pathologic, the fibroblasts of the stroma change®@ingly. Depending on
the characteristics of the cancer cell, the fibastd exerted either a positive or
negative effect on tumor production (Tlsty, 2001).

Specifically, several characteristic changes haenkacknowledged in the
stroma surrounding cancer cells. First, collagepaodition and the number
of fibroblasts are increased in the cancer tissu€his proliferation of
fibroblasts, the novel expression @smooth muscle actin in the fibroblasts,
and the increased presence of collagen in theityiadh cancer cells indicated
a change from the resting state and it was ternesdhdplasia (Willis, 1967).
Second, carcinoma-associated fibroblasts (CAF) texeusual functional
changes including abnormal migratory patterns dtagen gels (Schor et al.,
1988), abnormal actin distribution (Antecol et 4B86), decreased anchorage-
dependent growth, and increased colony formatioth lass of cell cycle
controls (Azzarone et al., 1984). Here, CAF colble defined as the
fibroblasts located around cancer cells and intew@b cancer cells by soluble
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factors. It has been elucidated that the morphcdd@nd functional changes
of fibroblast around cancer cells are not the séapnchanges by carcinoma,
rather the fibroblasts play an active role in thholg process of cancer
development such as initiation, progression, anddion (Kunz-Schughart
and Knuechel, 2002). Recently, several studiesrte@ that fibroblasts play
an essential role in the process of cancer cedision (Che et al., 2006; Yoon
et al.,, 2005). Furthermore, there are some stuti@scompared CAF with
NF. For example, fibroblasts from normal breastgehbeen found to inhibit
the non-tumorigenic mammary epithelial cells, alifjo fibroblasts from
cancerous breasts stimulated proliferation (DondBberhis et al., 1997; Van
Roozendaal et al., 1996). Similar results havenbfind in coculture
experiments with prostate cells (Grossfeld et E98; Olumi et al., 1999).
Also, according to Sadlonova et al. (2005), botmnred breast-associated
fibroblasts (NF) and CAF have the ability to intibpithelial cell proliferation
and to induce glandular differentiation to a mooenmal phenotype, although
CAF have less inhibitory capacity than NF. Trawsitito CAF from NF
through carcinogen and/or transformed epithelidlsaa cancer cells might
play an active role in cancer development.

From the point of view that fibroblasts play a eahtrole in cancer
progression, the phenotypic and genotypic exprasgaiterns of these CAF
are under intense investigation. For example, Beqlessen et al. (1996)
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demonstrated that the histology and growth chaniatitss of mammary CAF
were different from those of fibroblasts associatedh normal breast
epithelial cells. They described the presence dafvaed or abnormal
myofibroblasts associated with invasive breast inarmma cells. Other
phenotypic changes ascribed to CAF include abnomigtatory behavior in
vitro (Schor, 1988) and altered expression of ghofatctors such as platelet-
derived growth factor, insulin-like growth factoahd I, transforming growth
factorfl, hepatocyte growth factor/epithelial scatter da@nd keratinocyte
growth factor (Ellis et al.,1994; Kinzler and Vdstein, 1998). Orimo et al.
(2005) demonstrated that CAFs extracted from hurbegast carcinomas
promote the growth of admixed breast carcinomas ctjnificantly more than
do normal mammary fibroblasts derived from the saagents. The CAF,
which exhibit the traits of myofibroblasts, playentral role in promoting the
growth of tumor cells through their ability to setw stromal cell-derived
factors 1 (SDF-1); CAF promote angiogenesis by uidog endothelial
progenitor cells (EPCs) into carcinomas, an effeetliated in part by SDF-1.
CAF-secreted SDF-1 also stimulate tumor growthatiyeacting through the
cognate receptor, CXCR-4, which is expressed bgimama cells. These
findings indicated that fibroblasts within invasilweeast carcinomas contribute
to tumor promotion in large part through the seorebf SDF-1.

To understand these changes in fibroblasts arowartec cells, the
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mechanisms of interaction between cancer cells sirainal cells must be
explained. There are two kinds of interaction naeiém. One is cell-cell
contact (direct cell-cell interaction) and the atiseby soluble factors such as
cytokines and growth factors (indirect cell-celtaraction) (Loffek et al.,
2006). Secretion of soluble factors by cancerscalttivates surrounding
cells, fibroblasts, and endothelial cells, and akscruits inflammatory cells.
Among the most important growth factors and cytekithat play a role in the
interaction of cancer cells and stromal cells asidfibroblast growth factor
(bFGF), IL-1(interleukin -& and B) and vascular endothelial growth factor
(VEGF).

The cytokine Interleukin-1 (IL-1) mainly affectsflmnmatory processes
but also possesses various immune, degradative, gaodth-promoting
properties (Apte et al., 2006). IL-1 includes amilg of closely related
genes; the two major agonistic proteins, lhdnd IL-18, are pleiotropic and
affect mainly inflammation, immunity and hemopogesi The IL-1 receptor
antagonist (IL-1Ra) is a physiological inhibitor pfe-formed IL-1. IL-1
increases tumor invasiveness and metastasis. xBorpe, IL-1expression at
the site of tumor development enhances the expresdiadhesion molecules
on endothelial and malignant cells and facilitatfes invasion of malignant
cells into the circulation and their disseminattorremote tissues. Both ILal
and IL-13 were shown to contribute to tumor angiogenesisiandsiveness,
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but the role of IL-B is more evident in these processes. This mayubeaa
IL-1B being secreted into the microenvironment, thusvaigts cells in the
tumor’s stroma, including the malignant cells. chmtrast, the effects of IL-
la are more limited, as this cytokine is largely @bociated (Voronov et al.,
2003). Human head and neck squamous cell carcinofhidSCC)
constitutively express IL¢4l and a repertoire of proinflammatory and
proangiogenic cytokines that are potentially ILathicible, including IL-6,
IL-8, and GM-CSF. Coexpression of these cytokiresrelated with
activation of immediate-early transcription factdfBxB/Rel A and AP-1 and
demonstrated that inactivation of MB/Rel A inhibited the expression of this
repertoire of cytokines as well as cell survivatlagrowth. Exogenous and
endogenous ILd contributes to the expression of IL-8 through the
transcriptional activation of NéB and AP-1 and also promotes cell survival
and the growth of HNSCC cell lines in vitro (Wotfad., 2001).

Chemokines are chemotactic cytokines that areitie®nto four groups
based on the position of the first two cysteineramacid residues within the
amino terminus: CXC, CC, C and @X (Bacon et al, 2002). CXC
chemokines act largely on neutrophils, lymphocyaesl endothelial cells,
whereas CC chemokines act on several cell typekidimg monocytes,
dendrite cells, basophils, eosinophils, and lympgtexzc Chemokines are
important in directed cell migration, which is aehed through a seven
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transmembrane chemokine receptor on cells upowmatictn and signaling of
the chemokine receptor, cells then traffic in resm@oto a chemokine ligand
gradient. = CXC chemokines function to enhance mnanhd adaptive
immunity, regulate angiogenesis, prevent apopt@sanote proliferation and
mediate tumor cell metastases. The functions o€CQXemokines have a
direct impact on both the biology of cancer and tlost's response to the
tumor (Balkwill, 2004). Over the last 20 yearshds been recognized that
chemokines have an increasingly important role @diatting the trafficking of
populations of leukocytes under both conditions ldmeostasis and
inflammatory immunological responses. In additinomerous studies over
the last decade have demonstrated that specifiegsipn of chemokines and
their receptors in the context of cancer are esdesients that appear to be
important in either for promoting tumor growth, torassociated
angiogenesis, and metastasis or for inhibiting tugrowth via attenuation of
tumor-associated angiogenesis (Gomperts and 3{r2&@6).

Therefore, better understanding of the characiesistf CAF and the
soluble factors which are acting on CAF and camedls in cancer invasion
might offer a promising point of departure for tkhevelopment of new
therapies. With this hope, the purpose of thigl\stwas to characterize CAF

for their induction of oral squamous cell carcinommzasion and to investigate
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the mediating soluble factors between the cancls emd the associated

stromal fibroblasts.
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1. MATERIALSAND METHODS

All studies involving human subjects were approwgdthe Institutional

Review Board of Yonsei Dental Hospital, Yonsei Unsity Health System,

Seoul.

1. Chemokinesand antibodies

Human recombinant monocyte chemotactic protein GCCHuman
recombinant IL-&, and Human recombinant IL-8 were obtained from R&D
Systems.  Anti-human CCL7 monoclonal antibodiesti-faiman IL-Io
antibodies, and streptavidin-HRP conjugate were plsrchased from R&D

Systems. TMB solution was obtained from Sigma.

2. Fibroblast and oral cancer cell culture

CAF were derived from three oral squamous cell inarna (OSCC)
patients and normal fibroblasts (NF) were from actied healthy wisdom
teeth of three patients. Cancer tissues obtaired the operation room suite
were washed with Betadine three times, and aftemswith scissors, washed

with 1X PBS and then incubated in a mixture of [2adn’s Modified Eagles
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Medium (DMEM; Gibco BRL, USA) and Ham’s Nutrient kture -F12
(Gibco BRL, USA) culture media at a ratio of 3:Lipplemented with 10 %
FBS and 1 % penicillin/streptomycin. SubsequerijF were selected by
Versene solutions (0.1 g EDTA and 2 ml glucose @0 =l 1x PBS buffer)
from explanted cancer tissues. The normal fibiblavere maintained in a
mixture of Dulbecco’s Modified Eagles Medium (DMEI&jbco BRL, USA)
and Ham’s Nutrient Mixture -F12 (Gibco BRL, USA)ltue media at a ratio
of 3:1, supplemented with 10 % FBS and 1 % pemd¢direptomycin. The
informed consent was given by six patients for #gtigly. YD-10B and YD-
38 OSCC cells were obtained from the Korean CatleLBank (Lee et al.,
2005) and Ca9.22 cells were given by Dr. Takashravhatsu from Tokyo
Dental College. OSCC cells were cultured with atore of Dulbecco’s
Modified Eagles Medium (DMEM; Gibco BRL, USA) andakh's Nutrient
Mixture F12 (Gibco BRL, USA) at a 3:1 ratio supplemed with 10% fetal

bovine serum (Hyclone, Logan, UT), 1 x ™ cholera toxin, 0.4 mg/ml

hydrocortisone, 5ug/ml insulin, 5 pg/ml transferrin, and 2 x 18 M

triiodotyronine (all purchased from Sigma, St. LlQUUSA). All cells were

cultured at 37C in an atmosphere containing 5 % £0
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3. Immunofluorescence staining

The isolated fibroblasts were characterized by imostaining with anti-
vimentin and anta-smooth muscle actin. Established culture cellsewe
seeded on glass-based dishes (Nunc, USA). Afternayht growth, cells
were washed with PBS and fixed in 4% formaldehyB&Ror 10 minutes.
Cells were incubated using 0.2% triton X-100 in PBB610 minutes on ice,
and then incubated with 15% goat serum at room ¢eatpre for 10 minutes.
Subsequently, primary mouse monoclonal ammooth muscle actin
antibody (1:50, DAKO, Denmark) and goat polycloaati-vimentin antibody
(1:50, R&D systems, Inc., USA) were applied at rotmmperature for one
hour, respectively. Slides were then incubatedth Viiexa Fluor 594 donkey
anti-goat immunoglobulin (1:100, Molecular Probles, Oregon, USA). After
nuclear staining with 4,6-diamidinophenylindole (P& (1:500, Sigma, USA)
at room temperature for one hour, the slides wevanted with an anti-fade
solution (Molecular Probes, Inc. Oregon, USA). iis#d cells were observed

using Zeiss Pascal laser-scanning microscopy.

4. Invasion assay

Invasion assay in 24-transwell plates (Corning) wasried out as
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described in Youngs’ study (1997). Inserts contgrBum pore size filters
were coated with collagen type | (1g/ul per well) for invasion assay.
Briefly, 2x10* OSCC cells were placed in the transwell chambétts porous
filters in the upper wells and 2.1¥10AF or NF were added into the lower
well. The cells that penetrated through the filegre fixed, stained with

0.25 % crystal violet and counted by light micrgsgo

5. Conditioned medium

1X10° CAF and YD-10B OSCC cells were cultured for 2 day40 cm
culture plates containing 5 ml DMEM: Hams-F12 (3:1¥he supernatant
was collected and used as conditioned media alti@tibn.

Media for ELISA were coating buffer (50mM carboratdécarbonate
buffer, pH 9.6), blocking buffer (PBS containing 1B&A) and washing
buffer (PBS containing 0.05% Tween 20)

2x10 cancer cells were cultured for 24 h in 24-tranbykdtes with or
without fibroblasts (2.1xH). The supernatant was collected for ELISA.
CXCL1 ELISA was performed as follows: each wellaoB6-well plate was
coated with 5Qul capture Ab diluted 1/250 in the coating buffeeavight at 4

°C. After washing three times with the washing byfthe unbound sites of

wells were blocked with 200l of the blocking buffer and incubated for 1 h at
15



37 °C. The wells were washed and then incubated withil5standards or
samples. After incubating for 2 h at 3T, the wells were washed and
incubated with 5Qul detection antibody diluted 1/250 in the blockibgffer
for 1 h at 37°C. After washing, 5Qul streptavidin-HRP conjugate diluted
1/200 in the blocking buffer was added and incubdbe 1 h at 37C. The
wells were washed prior to incubation with 3d0rMB for 30 min in the dark
at RT. The reaction was stopped by addingitb@M H,SO, to measure the
activity of the enzymes bound to the solid phasé58t nm using a microplate
reader.

IL-8 and CCL7 ELISAs were also performed as desctibbove with the
exception that all incubation steps were carriedatiuoom temperature and

detection antibodies were diluted 1/4000.

6. Cytokineantibody array analysis

The human cytokine antibody array (Panomics, ldetects 36 cytokines
level. Two OSCC cells, Ca9.22 and YD-38 were geteédor this study,
which cells showed the highest expression diffezesfacytokines produced by
CAF in the previous study (Che, 2007). The cell§%16) were seeded in

T75 tissue culture flasks overnight and the medeaiewchanged to 5 ml of
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serum-free DMEM: Hams-F12 (3:1 ratio) after washhdimes with PBS.
After 24 h incubation, supernatants were colleaed normalized for cell
number between samples by dilution with serum-fneglia before binding to
the antibodies immobilized on the array; the seaopdbiotin-labeled
detection antibodies were then added to the arréfiis sandwich ELISA
using the array membrane as a solid support alkh@srapid and accurate
profiling of multiple cytokines at a protein levef pg/ml. By comparing
signal intensities, the relative expression levéltlme cytokines can be

determined.

7. SIRNA- Transfection

IL-1RlI and control siRNAs were purchased from San@ruz
Biotechnology, Inc, CA. siRNA mediated inhibitiah gene expression was
carried out according to manufacturer’s instructioBAF were seeded at®10
cells/well in a 6-well culture plate 24 hours befdransfection.

The CAF were trypsinized 48 hours after transfectod then incubated
with 50 pg/ml IL-1o in a 24-transwell plate. After 24 h incubatiore ttulture
media were collected, centrifuged, and analyzetl k8, CXCL1, and CCL7-

specific ELISAs.
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8. Protein extraction and western blot

Protein was isolated from the CAF or NF, after 24intubation.
Fibroblast were plated in 100 mm dishes (FalconAlU&nd cultured to
confluence. Then IL-dand YD-10B conditioned medium (0.5 mg/ml) were
added to the dishes, which were cultured for 24 @ell lysate was obtained
from RIPA (cell signaling, USA) with PMSF and prase inhibitor cocktail.
The total protein concentration was quantified gdine BCA protein assay
reagent (Thermo, USA). The whole cell protein asttrwas resolved with
SDS PAGE using a 10% polyacrylamide gel under redwonditions. After
transfer to NC membrane (Pall Gelman Lab, Ann Arbtir USA), the protein
stained with Ponceau staining to verify uniform divsy and transfer.
Membranes were blocked with 5% skim milk in Trisfbred saline with
tween 20 (Tris-HCL, NacCl, and 0.05 % tween 20, p# ;7TBS-T) for 1 h at
room temperature and subsequently incubated withaoy antibodies [IL-1RI

(Millipore, Temecula, CA), NF-kB (Calbiochem, USAh@ actin(Sigma, Saint

Louis, MO, USA)] with 1:1000 dilution overnight @ °C. The membrane

was washed three times with TBS-T and incubated w#hie appropriate
horseradish peroxidase-conjugated secondary amtidod 1 h at room

temperature. Subsequently, the membrane was watsined times with
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TBS-T. ECL detection kit (Santa cruz, sc2048) wsed for visualization.
For western blot analysis of IL-1RI expression, Q#btein was harvested

48 hours after transfection from triplicate welfsads-well culture plate. The

western blot analysis was performed as previoushcdbed using anti- IL-

1RI antibody (Millipore, Temecula, CA).

9. Satistical Analysis

One-way ANOVA and Mann-Whitney test were done usthg SPSS

statistical program (version 12.0K) to determine #tatistical significance

between measurements. P values of <0.05 weredswadi significant.
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1. RESULTS

1. Immunofluorescence staining

The expression of vimentiand a-smooth muscle actin was found in
both NF and CAF. NF were smaller than CAF, spirgllaped and had
less cytoplasmic processes. CAF were larger thanphllygonal shaped
and had more irregular cytoplasmic processes. GAdwed stronger

expression pattern of intensity as compared toFgufe 1).
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vimentin vimentin

Fig. 1. Morphologic findings of NF and CAF by Immunofluocesice
staining. CAF (a,c) and NF (b.d) cells were cwtuin DMEM with 10%
FBS. Immunostaining with anti-vimentin (c,d) andtiao-SMA antibody
(a,b). NF showed spindle shaped cells, and CAiwsH polygonal shaped
cells, both with the expression of vimentin andmooth muscle actin. CAF
showed more intense signals than NF. (CAF. canssoaated fibroblasts.

NF: normal fibroblasts. a-SMA: a-smooth muscle actin. Laser-scanning

microscopy. Scale bar, 150m.)
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2. Comparison of invasiveness between CAF and NF.

To determine whether fibroblasts facilitates OS@U@sanvasion in vitro,
a transwell invasion assay employing collagen tyamated filters was
established. It was found that the invasion of GQSglls was significantly
increased by co-culturing with fibroblasts when pamed to that without co-
culturing with fibroblasts (Figure 2).

CAF was also compared to NF for enhancing caocekiinvasion. All
three CAF populations tested enhanced OSCC cedisiom at significantly

higher levels than did NF populations.

22



o o o i o
o o Lo
o~ o~ — —

300
5
0

SIO PePBAUIJO JSGWINN

NF2 NF3

CAF2 CAF3 NF1

control CAF1

Co-cultured cellline

23



Fig. 2. Invasion of OSCC cells was facilitated by co-cutigr with
fibroblasts. In vitro transwell invasion assay vwasried out with inserting
filters with 8 um pore size coated with collagen type I. 2X OBCC cells
were placed in the upper wells and 2.17%OAF or NF were added into the
lower well. The cells that penetrated through fitter were fixed, stained
with 0.25% crystal violet. CAF were significantlyome potent than NF in
promoting the invasion of OSCC cells. To measeitkicvasion, the number
of cells that penetrated the transwell membraneevatained and counted

under light microscopy. Results were reported asntlear: s.d. of triplicate

assays (Scale bar, 450m. ** designates a P value of <0.01).
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3. Comparison of chemokines release between CAF and NF in

responseto co-cultured OSCC.

To determine whether the chemokines released fibrolilasts increases
by co-culturing with OSCC cells as compared to ¢héb®m mono-cultured
fibroblasts, sandwich ELISAs was established thafpiecific to IL-8, CXCL1,
and CCL7. In the microarray data and real-time RI@R\, pro-inflammatory
cytokines and chemokines, such as IL-8, CXCL1, CXQTLXCL3, and CCL7
were up-regulated in CAF by co-culturing with OSC€lls, implicating that
they may play a central role in tumor progressigrplomoting angiogenesis
and chemotaxis (Che, 2007, Table 1). For this meado8, CXCL1, and
CCL7 were selected for analyzing chemokines reted&sem the co-cultured
CAF.

OSCC cells were cultured with or without fibrobksh a 24-transwell
plate for 24 h and the culture media were colletvedhe ELISAs (Figure 3a,
b and c). NF co-cultured with OSCC cells releasaghificantly higher
levels of CCL7, IL-8 and CXCL1 compared to monoteréd NF (P < 0.01 by
Mann- Whitney test). CAF co-cultured with OSCC Igelreleased
significantly higher levels of CCL7, IL-8 and CXCLdompared to mono-
cultured CAF (P < 0.01 by Mann- Whitney test). alidition, CAF and NF,
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both co-cultured with cancer cells, were compamdHeir abilities to release
the chemokines into the co-culture media. Chenwkelease from the co-
cultured CAF was significantly higher than thatnfrahe co-cultured NF,
indicating that CAF were more responsive to OSC@ semulation for

enhancing chemokine release than were NF ( P 4¢§/Mann- Whitney test).
However, there was no significance in releasingokiyies between mono-

cultured NF and mono-cultured CAF (P >0.05 by M&xhitney test).

Table 1. Profiling cytokine expression in CAF using a cotawgd system

(Che, 2007)
Validation of microarmay daia by real-ime PCR
Fold change
Microaray Real time PCR
CCL7/MCP-1 208 5.55(v6)
OCL/GRO2 3% 2625(x"6)
Fibroblast
(CAR) OLL2/GROB 267 404(s=3)
OXCL3/GRO- 39 736(s6)
OXCLS/ILS 27 932(v=3)
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Fig. 3. Comparison of chemokines release between CAF anthNésponse

to co-cultured with OSCC. There were significaiffedences in releasing

chemokines between mono-cultured NF and co-cultbiedl designates a P

value of <0.01), mono-cultured CAF and co-cultu@8lF (2 designates a P

value of <0.01) and co-cultured NF and co-cultu@AF (3 designates a P

value of <0.01 by Mann- Whitney test).

a, b, ashowed CCL7, IL-8 and

CXCL1 secretion were preferentially increased inFG®mpared to NF.
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4. Evaluation of cytokine release from OSCC for stimulation

of fibroblasts

To find the soluble factor(s) secreted by OSCCsc#ilat increases cytokines
secretion by CAF, culture media collected from OSC€ll lines were
analyzed and screened changes in the expressiafs lef 36 cytokines
(Figure 4). It was speculated that VEGF and/oddLmight stimulate CAF
to increase cytokines secretion, because the esipredevels of these
cytokines were higher in Ca9.22 cells, which indubggher CCL7 secretion
by CAF compared to YD-38 as shown in the previouslys (Che, 2007).
Alternatively, the cytokines (IL-4, IL-12, RANTES)hat showed higher
expression levels in the YD-38 control cell linegimi attenuate the effect of

CCL7-inducing soluble factor(s).
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Fig. 4. VEGF and IL-In showed remarkable intensity difference between
Ca9.22 and YD-38 cells.Cytokine array revealethat VEGF andIL-1la

showed comparable signals between two cancerareligg various cytokines

expressed in them by co-culturing with CAF .
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5. Secretion pattern of CCL7, IL-8, CXCL1 from CAF by IL-1a

stimulation and neutralization

To confirm whether VEGF and ILelregulate cytokine secretion released
from CAF, each cytokine, CCL7, IL-8, CXCL1 was mesl after adding
VEGF and/or IL-x to CAF culture. Findings were that llalinduced
CCL7, IL-8, CXCL1 expression (pg/ml) dose depenfjeim CAF, while
VEGEF failed to enhance CCL7 expression. Intereltirigng/ml of VEGF had
a synergic effect on CCL7 secretion induced by ¢L{1 ng/ml) (Figure 5a, b
and c), increasing the levels of chemokine searetis high as those
stimulated by YD-10B-CM. Furthermore, it was notibat pre-incubation
with anti-IL-la  monoclonal antibodyalmost completely abolished the

secretion of CCL7, CXCL1, and IL-8 induced by YDBLCM.
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Fig. 5. IL-1la stimulates cytokine secretion from CAF

a,b,c, The release of IL-8, CXCL1, and CCL7 fromFCgtimulated by IL-&
was analyzed by IL-8, CXCL1, and CCL7-specific EAES CCL7, IL-8,
CXCL1 secretion by CAF increased dose-dependently.{ia and decreased
by neutralizing IL-Ir antibody. VEGF failed to enhance the secretioh.«f,
CXCL1, and CCL7, but had a synergic effect on ciytek secretion induced

by IL-1a (1 ng/ml of VEGF and 1 ng/ml of ILel).
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6. Changes in the invasion of OSCC cells by anti-IL-1a neutralizing

antibody

When comparing the effect of invasiveness of tL4y neutralization, the
invasive potential of OSCC cells by stimulation GAF was markedly
decreased by neutralization of llrIFigure 6 a, b). In this experiment, YD-
10B and Ca9.22 cells were used since they havelasinpotential of

invasiveness (Che, 2007)
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Fig. 6. Neutralization of IL-Ir attenuated invasive growth of cancer cells.

(Scale bar, 15Qum, ** designates a P value of <0.05 compared tdrakzed

IL-10)
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7. Effects of IL-1RI knockdown on the release of chemokines by CAF

in responseto IL-1a stimulation

This study investigated whether IL-1RI on CAF playsimportant role in
releasing chemokines, such as IL-8, CXCL1, and CCh7response to
paracrine IL-&x stimulation. To do so, IL-1RI siRNA into CAF was
introduced to knockdown the protein expression. doen-regulated IL-1RI
protein expression on CAF was confirmed by wesbdéohanalysis (Figure 7a).
The chemokine release from the transfected CAFutated by IL-Ix was
determined by ELISAs specific to IL-8, CXCL1, an€L7. Inhibiting IL-1RI
expression in CAF significantly reduced IL-8, CXCGlLdand CCL7 secretion
(Figure 7b), when compared to control siRNA-trantdd CAF. These
observations indicate that ILalacts to enhance the chemokine release from
CAF through the IL-1RI on fibroblasts. Then in arde find out the changes
in the invasion of OSCC cells co-cultured with siRiHansfected CAF, the
invasion assay was performed and found that thasiom of OSCC cells co-
cultured with IL-1RI siRNA transfected CAF was diggantly reduced as

compared to controls (P <0.05 by Mann-Whitney test)
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Fig. 7. IL-1RI siRNA decreases the level of chemokindsased by CAF.
a, Expression of IL-1RI protein on non-infectednirol siRNA-treated, and

IL-1RI siRNA-treated CAFs was analyzed by westelot lanalysis.3-Actin
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was used for equal loading. b. The release of IG&8CL1, and CCL7 from
control siRNA-treated and IL-1RI siRNA-treated CAkas analyzed by IL-8,
CXCL1, and CCL7-specific ELISAs, respectively. Faliange was calculated
from non-infected control. c. Type-1 IL-1 recepsiRNA reduced the invasion

of OSCC cells induced by co-cultured CAF. (** dewites a P value of <0.05

by Mann-Whitney test, Scale bar, 4%0n)
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V. DISCUSSION

The results of the present study demonstrate tA&t &e different from
NF morphologically and functionally, and these eliéfinces make CAF have
potential to the invasiveness of cancer cells. order to characterize CAF,
this study attempted to develop an experimental @ha#tin to in vivo by
creating a collagen matrix intermixed with fibroktimas a dermal equivalent.

Firstlyy, CAF showed stronger expression of vimenénd o-smooth
muscle actin (SMA) than NF. This result is congrtueith previous studies
(Sappino et al., 1988; Mueller and Fusening, 2@idsell and Radisky, 2001;
Orimo et al, 2001 and 2005) that fibroblasts exeéddrom within and around
cancer cells exhibit increased-SMA expression as well as increased
contractility, both indicative of myofibroblasts Myofibroblasts are stromal
fibroblasts with features of both myoblasts (eegpression of smooth muscle
actin) and fibroblasts that have been implicated dancer invasion,
extracellular matrix remodeling, wound healing, attonic inflammation
(De Wever and Mareel, 2003). But the present exymts did not address
how CAF acquire these unique phenotypes and hosetbells maintain the
myofibroblastic phenotypes. Further research ieded to examine this
phenomenon.

Then, this study showed that, in transwell invasassay employing
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collagen type 1 —coated filters, OSCC cell invasi@s significantly increased
by co-culturing with fibroblasts as compared totthdthout co-cultured
fibroblasts. And CAF enhanced OSCC cell invasibsignificantly higher
levels than did NF. Che et al. (2006) showed @&F play an essential role
in cancer invasion and suggested that soluble facedeased from CAF may
be related to this process. To examine solubl®ifaceleased from CAF for
cancer cell invasion, Che (2007) preformed micaarand real-time PCR,
comparing cytokine expression between monolayetued CAF and co-
cultured CAF with OSCC. From the results, he fotimat several cytokines
such as CCL7, CXCL1, CXCL2, CXCL3, and IL-8 highéxpressed in co-
cultured CAF. In that experiment, CAF is transfednNF by carcinogen
directly or through transformed epithelial cellscancer cells. Therefore, this
study attempted to identify the role of fibroblasts cancer invasion by
investigating the difference of cytokine expressimgtween CAF and NF.
This study found that CAF secreted CCL7, IL-8 an&QL1l more
prominently than NF did, and this difference wasrenpronounced when
fibroblasts were co-cultured with cancer cells. orfirthese results, it is
conceivable that increased secretion of cytokines f{CAF may cause cancer
cell invasion. The reason is that CXCL1 and ILEX(CL-8) are two of the
CXC chemokines family members that are ELR positaved promote
angiogenesis (Gomperts and Strieter, 2006). Tugmowth, invasion and
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metastasis are dependent on a pro-angiogenic envaat, while several
factors have been found to promote angiogenesexifspCXC chemokines
have increasingly been demonstrated to signifigamtbntribute to net
angiogenesis in a variety of tumors. CXC chemakiagee heparin binding
proteins that contain four highly conserved cysteamino acid residues with
the first two cysteines separated by a non-condemwmino acid residue
(Strieter et al., 2004). Several CXC chemokines glossess three amino
acid residues — Glu-Leu-Arg; the so-called ‘ELR’tihe at the NH2 terminus
preceding the first cysteine amino acid residueher@okines that contain the
ELR motif (ELR-positive) are pro-angiogenic, wheseaembers that lack the
ELR motif (ELR-negative) and are in general intesfeinducible inhibit
angiogenesis (Strieter et al., 2004). The ELR{p@sCXC chemokines have
the ability to act as both autocrine growth factarsl as potent paracrine
mediators in the promotion of tumor associated @ygnesis. On the other
hand, CCL7 is one of the NH2-terminally cleaved omye chemotactic
proteins and have impaired capacity to attract @aassociated macrophages
and function as receptor antagonists for intactod@@mokines (Damme et al.,
2004).

Next, this study investigated what soluble facteekeased from OSCC
cells could induce cytokine secretion by CAF. Rhis study, cytokine
antibody array was conducted to compare the difeeof cytokine
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expression released from CA 9.22 and YD-38 cell&rwho-cultured with
CAF, based on the report of Che (2007) that CAFwWtired with Ca9.22
cells showed highest CCL7 secretion and CAF casoedt with YD-38 cells
showed the lowest CCL7 secretion. Cytokine antypbaday showed that
VEGF and IL-In showed remarkable intensity difference between ICZ2
and YD-38 cells. Furthermore, when Ik-fvas neutralized by their antibody,
the invasiveness potential of OSCC cells by stitmaof CAF was markedly
decreased. To confirm these results, this studynéxed CCL7, CXCL1, IL-
8 levels in CAF by treatment of IL-&, and found that the cytokine levels
were dose-dependently increased and were dranmticecreased by
neutralizing antibody of IL-d. From this result, IL-4 seems to be the most
prime candidate of cytokines that can induce CASdorete chemokines to
promote invasion for cancer cells. Human head aeck squamous cell
carcinomas (HNSCC) constitutively express {Wolf et al., 2001). IL-&
is an important regulatory cytokine, the releasavbich after an injury can
induce activation of transcription factors nuclésstor (NF)«xB and activator
protein (AP-1), which promote expression of IL-&aived in cell survival,
proliferation and angiogenesis.

This study found that ILd secreted from cancer cells stimulated
fibroblasts to release several cytokines. That eadgirmed by neutralizing
antibody of IL-n. Then, the present study carried out knockdown of
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expression of IL-& receptor on fibroblasts and found that cytokinereton
from CAF was remarkably attenuated by down regoetf IL-1 receptor | in
CAF, eventuating in decreased invasive growth ateacells.

In summary, the results of this study clarified ttede of CAF by
characterizing them morphologically and functiopahd addressed cytokines
that interact between CAF and cancer cells. Fustudies will be required
to ascertain why and how CAF obtain these charatitey in molecular level.
Although this study may be an early step to undebsthe interaction process
between cancer cells and fibroblasts, it could beew branch point for

research of cancer signaling and cancer development
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