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Abstract

Project Code : MRG4980100
Project Title :  Influence of extracellular matrix, fibronectin, on growth of squamous
cell carcinoma cell line.
Investigator : Piyamas Sumrejkanchanakij
Prasit Pavasant
Department of Anatomy, Faculty of Dentistry, Chulalongkorn University
E-mail Address : piyamas.S@chula.ac.th

Project Period : July 1, 2006 — June 30, 2008

Extracellular matrix (ECM) and growth factor signaling networks are known to
interact in a complex manner and modulate behavior of the cells. Herein, we
investigated the influence of fibronectin (FN) and tumor necrosis factor-alpha (TNF-a.)
on osteopontin (OPN) expression in HN-22, a head and neck squamous cell carcinoma
(HNSCC) cell line. The data showed that TNF-a. significantly increased OPN expression
only in the FN-coated condition. Application of neutralizing antibody against 1 integrin
abolished the OPN induction. Moreover, TNF-o. when added together with activating 31
integrin is sufficient to induced OPN expression. The combination effect of FN and TNF-
a was significantly inhibited by a MEK, but not NF-kB inhibitor. We further demonstrated
that the phosphorylation of extracellular signal-regulated kinase (ERK1/2) was strongly
enhanced by TNF-a and FN compared to application either one alone. Synergistic
effect on ERK1/2 phosphorylation was also detected TNF-o. by and activating [31
integrin, whereas inhibitory antibody to B1 integrin abrogated FN and TNF-a-induced
phosphorylation of ERK1/2. These results indicate that the combination effect of TNF-a
and FN on OPN induction is mediated by 31 integrin and ERK pathway, and suggest

the critical role of FN in concert to TNF-o. on the invasive of HNSCC cells.

Keywords : Squamous cell carcinoma, Fibronectin, Tumor necrosis factor-alpha,

Osteopontin, Integrin receptor
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MO AUTI AU TN TIA T AU LRI DTY (Western Blot Analysis)
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. ' A A= & =®R @ 3 a a a a . A
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= A ' (3 o A . .
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6 6

detection system) Lﬁam’aﬁ]{f‘i_lé'mu@’lmﬁ?ULLNuWa&JLaﬂGﬁLiﬂ (auto-fluorography)
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JUTaw  (macrololecular  complex)  WasEINAbALAANTIURsULUAIlRITAD

posttranslational modification G4 KIBNIFNNUVBIILTULABSDNAINHI DNEIURATLS

a g Qo v U . .
onufaduluszaurainInszduluanaiimany (downstream signaling molecule) lat



HASWTIINATYYIUNINTZGUIUTITUIAaTNIFas a1vazgnasiwluduiewlsdflungy
kinase %38 adaptor protein ldnszduluianaiinansidoiu Mldszaunisnszduiugs
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(Fashena and Thomas 2000, Yamada and Even-Ram 2002, ffrench-Constant and
Colognato 2004)
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nazdussdyImEiulanaionaldun Rho  family  GTPase,  Ras-Raf-MAPK,
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Hauck et al. 2000, Ivankovic-Dikic, Gronroos et al. 2000, Moro, Dolce et al. 2002) T3INR
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Figure 1 The effect of fibronectin(FN) and TNF-a on cell proliferation. HN-22 cells were plated on

plastic or FN-coated culture dishes in the presence of TNF-o at 0.1, 1 and 10 ng/ml. The cell
number was measured by MTT assay. The data are represented as means + SD relative to the
control from three independent experiments.

HN-22 plastic

TNF-a 10 (ng/ml)
HN-22 FN-coated

TNF-a 10 (ng/ml)

GAPDH

Figure 2 The effect of TNF-a and FN on OPN expression. HN-22 cells were plated on plastic or

FN-coated plate and treated with TNF-o at 0.1, 1 and 10 ng/ml for 24 hours and examined the
level of OPN and GAPDH mRNA by RT-PCR.
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Figure 3 TNF-QL significantly increased OPN expression in the presence of FN. HN-22 cells were

treated with TNF-oL at 10 ng/ml for 24 hours in the presence or absence of FN. The cell extract
was collected and assessed for OPN mRNA expression (A) and OPN protein expression (B).

HaCat plastic FN-coated
TNF-a 0 10 0 10 (ng/ml)

Figure 4 Fibronectin TNF-a could not induce OPN expression in the presence of fibronectin in
human keratinocyte cell line. HaCat cells were treated as in figure 3 and analyzed for OPN mRNA.
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Figure 5 The effect of antibody specific to integrin receptor 31 on OPN expression in HN-22.
HN-22 cells were incubated with inhibitory antibody to integrin receptor B1 (B1 inh) or activating
antibody to integrin receptor 31 (31 act) for 30 minutes before plated on plastic or FN-coated

plate, and then treated with TNF—aL at 10 ng/ml. The cell extracts were collected 24 hours after

treatment and assessed for OPN mRNA (A) and protein expression (B). *, indicate significant
difference (p < 0.05).
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Figure 6 The effect of inhibitor of MEK and NF-kB on OPN expression in HN-22 cells. HN-22 cells
were treated with 2 yM of MEK inhibitor or 10 nM of NF-kB inhibitor for 30 min prior to application of
10 ng/ml TNF-o. for another 24 h. The cell extracts were analyzed for RT-PCR (A) and Western blot
analysis (B). Graphs show the quantification of OPN expression which normalized to the GAPDH or
B-actin. To detect phosphorylated (p-ERK) and total ERK (t-ERK), the cell extract was collected 15
min after adding TNF-O.. The results are indicated by the mean + SD relative to the control from

three independent experiments. ). *, indicate significant difference (p < 0.05).
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Figure 7 Activation of ERK phosphorylation by FN and TNF-a.. (A) HN-22 cells were stimulated

with 10 ng/ml TNF-a in the presence or absence of FN for 15 min. The cell lysates were analyzed
by western blotting with anti-phospho ERK1/2 and anti-ERK1/2 antibody. Inhibitory (B) or activating
antibody (C) to 31 integrin were added to the cells as in figure 5B. Graphs show the quantification

of phosphorylated ERK1/2 which normalized to total ERK. *, indicate significant difference (p <
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Abstract

Extracellular matrix (ECM) and growth factor signaling networks are known to
interact in a complex manner and modulate behavior of the cells. Herein, we investigated
the influence of fibronectin (FN) and tumor necrosis factor-alpha (TNF-a) on OPN
expression in HN-22, a head and neck squamous cell carcinoma (HNSCC) cell line. The
data showed that TNF-a significantly increased OPN expression only in the FN-coated
condition.  Application of neutralizing antibody against 1 integrin abolished the OPN
induction. Moreover, TNF-a. when added together with activating B1 integrin is sufficient to
induced OPN expression. The combination effect of FN and TNF-a was significantly
inhibited by a MEK, but not NF-xB inhibitor. We further demonstrated that the
phosphorylation of extracellular signal-regulated kinase (ERK1/2) was strongly enhanced by
TNF-a and FN compared to application either one alone. Synergistic effect on ERK1/2
phosphorylation was also detected TNF-a by and activating 31 integrin, whereas inhibitory
antibody to 31 integrin abrogated FN and TNF-a-induced phosphorylation of ERK1/2. These
results indicate that the combination effect of TNF-accand FN on OPN induction is mediated
by B1 integrin and ERK pathway, and suggest the critical role of FN in concert to TNF-a on

the response of HNSCC cells.

Key words: Squamous cell carcinoma, Fibronectin, Tumor necrosis factor-alpha,

Osteopontin, Integrin



Introduction

Tumor micro-environment, the substances surrounded tumor cells including ECM,
growth factors hormones and cytokines, are know as an important regulators of cellular
functions. There are enormous scientific and clinical researches in elucidating the effect of
each regulator on the behavior of tumor cells. Recently, the field of research in
carcinogenesis has focused on the complex interactions of these regulators especially the
reciprocal crosstalk between ECM and growth factors signaling systems (Schwartz and
Ginsberg 2002). Growth factor-induced proliferation, differentiation and migration have been
shown to require cell adhesion to ECM surrounded it. On the other hand, growth factors can
induce adhesion molecules to propagate adhesion-independent signals.

Tumor necrosis factor-alpha (TNF-a) was a proinflammatory mediator and has a
capacity to induce apoptosis of tumor cells as its name. Although TNF-a. mostly secreted by
activated macrophage, it also produced by a various cells including fibroblasts, astrocytes,
keratinocytes, tumor cells and stromal cells (Szlosarek and Balkwill 2003, Balkwill, 2006).
Increasing evidences implicate TNF-a as a critical bridging inflammation and tumorigenesis.
TNF-a was expressed by the transformed epithelium and thus probably plays a crucial role
in tumor progression (Gannot, Buchner et al. 2004). TNF-a has been confirmed in the tumor
micro-environment in the following malignancies: breast, ovarian, colorectal, prostate,
oesophagus, melanoma and leukemias (Viac, Schmitt et al. 1995, Szlosarek and Balkwill
2003). TNF-a triggers several intracellular signaling pathways such as mitogen-activated

protein kinase (MAPK), Akt and NF-kB pathways (Wajant, Pfizenmaier et al. 2003). It has



been shown that TNF-a regulate tumor cell migration, invasion, apoptosis and angiogenesis,
which are the hallmark of metastasis, through the classical MAPK, extracellular signal-signal-
regulated kinase (ERK) in colon cancer cells (Choo, Sakurai et al. 2005).

Tumor cells encounter a wide variety of ECM and basement membrane molecules
as they penetrate and migrate through tissue during the metastasis process. One ECM
molecule that has been studied for its role in metastasis and invasion is Fibronectin (FN).
FN can act as substrates for adhesion and spreading, thereby promoting cell migration
during tumor progression (Morla, Zhang et al. 1994). In addition, FN is a principle
component found in the ECM surrounding tumor cells promotes migration of oral squamous
carcinoma cells (Liu, Chen et al. 1998). The signal from ECM is meditated through integrin
receptors, which are heterodimeric receptors consisting of oo and 3 subunits (Hynes 2002).
FN interacts with a number of integrins, including a3B1, a4p1, a5B1, avp1, avp3 and
avve, although the major FN receptor which responsible for tumor cell invasion is a531
(Akiyama, Olden et al. 1995, Assoian and Schwartz 2001)

The role of either TNF-ou or FN alone on the tumor cell function has been reported,
however, there is no direct evidence of the cooperative effect of both FN and TNF-a.
Therefore, the aim of the present study was to investigate the influence of FN and TNF-a
and their signaling pathway on the modulation of OPN expression in human head and neck
squamous carcinoma cell line (HNSCC). Osteopontin (OPN), a member of the small integrin
binding ligand N-linked glycoprotein (SIBLING) family, plays an important role in tumor cell

invasion due to its capacity to regulates the activity of at least two ECM degrading protein,



matrix mettaloproteinase-2 (MMP-2) and urokinase plasminogen activator (u-PA) (Philip,
Bulbule et al. 2001, Wai and Kuo 2004). The expression of OPN is significantly and
consistently high during tumor progression and metastasis (Matsuzaki, Shima et al. 2007).
Moreover, overexpression of OPN results in an increase in the malignant phenotype,
whereas transfection with antisense oligonucleotides yields a population with a reduced
malignant potential (Gardner, Berse et al. 1994). Several lines of evidence indicated that
OPN might be considered as a candidate prognostic marker in human cancers
(Rangaswami, Bulbule et al. 2006) including HNSCC (Ritting and Chambers 2004,
Matsuzaki, Shima et al. 2007). We showed here that FN support TNF-a. on induction of

OPN expression through 1 integrin and ERK pathway.



Results
Combination effect of FN and TNF-a on osteopontin expression in HN-22 cells.

We first determined the effect of TNF-o. and FN on OPN expression in HN-22 cell
line. The results in Figure 1A demonstrated that OPN mRNA expression was not altered
after treated with various dose of TNF-a.. Interestingly, TNF-o. could activate OPN mRNA
and protein expression dose-dependently when the cells were plated on FN-coated dish
(Figure 1B and 1C respectively). Conversely, RT-PCR analysis from HaCat cells in Fig. 1D
showed that TNF-a. could not activate OPN mRNA expression even though in the presence
of fibronectin. We also confirmed that the treatment with various concentration of TNF-a

used in this study had no effect on cell number (data not shown).

FN and TNF-a induced osteopontin expression is mediated by 1 integrin receptor.
Since our data showed that TNF-a could stimulate OPN expression when HN-22
cells were plated on FN-coated dish, we therefore examined the involvement of integrin
receptor in the OPN induction mechanism by using an inhibitory and activating antibody
specific to B1 integrin. OPN-induced by TNF-a and FN was significantly decreased by
inhibitory antibody to (1 integrin as shown in Figure 2A. This result suggests that the
cooperative effect of FN and TNF-o. on OPN expression is required 1 integrin. We next
asked whether signal from 1 integrin is enough to induce OPN expression. Activating 1

integrin when simultaneously applied with TNF-a. could stimulate the expression of OPN as



compare to the TNF-a alone. Consistent with mRNA results, Western blotting analysis of

OPN protein was shown in Figure 2B.

Activation of MAP kinase is required for the OPN induction by FN and TNF-a.

We further investigate the downstream pathway in the OPN induction by TNF-a. and

FN. Previous studies have shown that TNF-o induced proliferation of murine mammary

tumor cells through the activation of MAPK and nuclear factor-kappaB (NF-kB)

transcriptional activation (Rivas, Carnevale et al. 2008). Therefore, HN-22 cells were

incubated with MEK and NF-kB inhibitors for 30 min before activated with TNF-a. The

results demonstrated that the induction of OPN in both mRNA (Figure 3A) and protein

(Figure 3B) levels was significantly inhibited by MEK inhibitor, whilst NF-kB inhibitors had no

effect. We also confirmed that the level of ERK phosphoryalation was significantly inhibited

by MEK inhibitor.

Synergistyic effect on ERK activation stimulated by FN and TNF-a.

We finally focused on the ERK signaling pathway, because the activation of ERK is

associated with the invasion and migration in many cell lines (Krueger, Keshamouni et al.

2001). We do the Western blot analyses to detect the level phosphorylated and total ERK1/2

when stimulated with FN and TNF-a.. The results in Figure 4A demonstrated that either FN

or TNF-a alone could induce the phosphorylation of ERK1/2. We can speculate the

synergistic effects of FN and TNF-a on the phosphorylation of ERK1/2, which increased to



about 6 fold compared to the control. Concomitantly, the additional effect on the
phosphorylation of ERK1/2 was detected by activating antibody specific to 1 integrin and
TNF-a (Figure 4B). In addition, inhibitory antibody to 1 integrin significantly inhibited the
phosphorylated ERK induced by FN and TNF-a. These results suggested that regulation of
the ERK phosphorylation by 1 integrin could contribute to the control of OPN activation in

response to FN and TNF-c..



Discussion

Although integrins and growth factor receptors can act independently on intracellular
signals, the interaction of signals provided by the extracellular matrix (ECM) and growth
factors appears to regulate several biological processes, including blood vessel development
during embryogenesis as well as tumor growth/metastasis and angiogenesis in the adult
(Eliceiri 2001). We previously demonstrated that signal from IGF-I interacted with type |
collagen in regulating OPN expression in Human periodontal ligament cells (Chutivongse,
Sumrejkanchanakij et al. 2005). Choung and colleagues 2002 has shown that FN-mediated
adhesion synergized the effect of FGF-1 on neurite outgrowth in PC12 cells (Choung, Seo et
al. 2002). ECM-associated TNF-a provides T cells with effective stop signals during their
migration along chemokine gradients created by T cell chemokines, whereas TNF-a lacks
proadhesive and chemotactic activities on its own (Franitza, Hershkoviz et al. 2000).

Our study shows for the first time that FN mediated signaling can collaborate TNF-a
signaling for regulate OPN expression in HN-22 cells whereas apply either one alone has no
effect. It is well documented that integrins and their matrix protein ligands collaborate with
growth factor in signal transduction through several pathways. For example, Integrins have
direct interaction and activate growth factor receptors by forming a macromolecular complex,
or integrins enhance growth factor ligands activation via the same target downstream
signaling molecules leading to the acceleration over the threshold level (Fashena and
Thomas 2000, Yamada and Evan-Ram 2002, Comoglio, Boccaccio et al. 2003, ffrench-

Constant and Colognato 2004). The integration from these signals may target to Rho family
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GTPase, Ras-Raf-MAPK, Phosphatidylinositol 3-kinase (PI3K), ribosomal S6 kinase (RSK)
and Jun amino- terminal kinase (JNK) (reviewed in (Schwartz and Ginsberg 2002). It has
been reported that human endothelial cells cultured in attached-condition has greater
response to TNF-a via JNK pathway than in the suspensioned-condition (Short, Talbott et
al. 1998). In addition, the synergstic effect between growth factor and cell adhesion in the
activation of MAPK has been shown in NIH-3T3 cells (Renshaw, Ren et al. 1997, Lin, Chen
et al. 1997). Consistently, we showed here that FN cooperate with TNF-a on ERK
phosphorylation, and MEK inhibitor also support this engagement and indicated that the
level of phosphorylation of ERK is critical for OPN gene regulation. The cytosolic tyrosine
kinase FAK is a candidate for bridging the cytoplasmic tails of growth factor receptors and
integrins through its amino and carboxyl termini, respectively (Sieg, Hauck et al. 2000,
Ivankovic-Dikic et al. 2000, Moro et al. 2002). Since it ahs been showed that Fn-integrin
complexes may recruit a number of growth factor receptors to the focal adhesion, and
stimulated tyrosine phosphorylation of focal adhesion kinase, FAK and result in MAPK
activation (Schlaepfer, Broome et al. 1997). Further studies still required to define the
collaborative mechanism of FN and TNF-a on MAPK pathway.

FN has been reported to enhance tumor cell migration through the activation of
MMP-9 (Thant, Nawa et al. 2000, Han, Ritzenthaler et al. 2006). However, FN has no direct
effect ton OPN expression. Fn binds to the integrin through a consensus sequence including
the Arg-Gly-Asp (RGD) and pro-His-Ser-Arg-Asn (PHSRN), which PHSRN was recently

shown to act synergistically on its cell adhesive activity mediated by binding to integrin a531
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(Akiyama, Olden et al. 1995). We also applied RGD synthetic peptide together with TNF-o
but it failed to induce OPN expression (data not shown). These suggest that RGD sequence
is not enough to enhance TNF-a to activate OPN, it might require the additional subregions
besides the RGD motif to create three-dimensional structure of FN for the proper function.
The involvement of integrin a5B1 in Fn-regulated MMP-9 -9 expression and gelatinolytic
activity was described in human non-small cell lung carcinoma (Han, Ritzenthaler et al.
2006) and breast cancer cells (Das, Baneriji et al. 2008). Consistent with previous results, we
also found that blockage of 1 integrin eliminated the stimulatory effect of FN and TNF-o. on
OPN and on phosphorylation of ERK suggesting 1 integrin is critical in mediating signal
transduction on these processes. However, it was reported that FN-bound TNF-ou (FN/TNF-
a) significantly up-regulated MMP-9 expression and secretion by the human monocytic cell
line, MonoMac-6, and peripheral blood monocytes was independent of binding to 31 integrin
(Vaday, Hershkoviz et al. 2000).

In conclusion, we demonstrate the cooperation effect of FN and TNF-o. on OPN
induction through B1 integrin receptor and ERK signaling pathway. Our studies provides an
insight concern of integrate signals from tumor micro-environment on tumor cell behavior.
Therefore, it is important to further investigate role of these signaling molecules in regulating

tumor metastasis.
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Material & Methods
Cell culture

HN-22 cells, human head and neck squamous carcinoma cell line were kindly
provided by Professors Gutkind JS (NIDCR, NIH, USA). Cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10% FBS, 2 mM L-glutamine, 100
IU/ml penicillin, 100 pg/ml streptomycin and 5 ug/ml amphotericin B at 37°C in humidified
atmosphere of 95% air, 5%C0O,. Medium and supplements were from GibcoBRL (Grand
Island, NY, USA).

Preparation of fibronectin-coated plate

Human plasma fibronectin (Invitrogen) was dissolved in sterile distilled water in a
concentration of 1 mg/ml. Stock solution was diluted in PBS to a final concentration of 2
pg/cmz. Before use, six-well culture plates (Corning Incorporated, NY, USA) were coated
with a film of fibronectin by a modification technique. Briefly, aliquots of 1 ml per well were
dispensed and the plates were shaken overnight at 4°C. The plate were then washed twice
with sterilized PBS and air-dried in a laminar flow cabinet at ambient temperature. Normal
plastic culture plates were used as a control in this study.

Activation of HN-22 cells with TNF-o.

Cells were seeded in 6-well-plates, coated and uncoated with fibronectin, and
allowed to attach for 24 h. Cells were then starved in serum-free medium containing 0.02%

lactalbumin hydrolysate (Sigma Chemical, St.Louis, MO, USA) for 6 h before further
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treatments. Cells were treated with 0, 0.1, 1, and 10 ng/ml TNF-a (Chemicon International,
Temecula, CA, USA) in serum-free condition for 24 h.

In the inhibitory and stimulatory experiments, cells were premixed with 1 ng/ml of
inhibitory antibody to 31 integrin, 2 ug/ml of activating 1 integrin (Chemicon International,
Temecula, CA, USA), 50 pg/ml of RGD; GRGDSP sequence (Sigma Genosys, The
woodlands, TX, USA) prior to seeding on culture plate. For another inhibitors, 2 yM of MEK
inhibitor or 10 nM of NF-kB inhibitor was added in culture for 30 min prior to application of
10 ng/ml TNF-a for another 24 h.

RNA extraction and Reverse transcription polymerase chain reaction (RT-PCR)

Total RNA was extracted with TRI Reagent (Molecular Research Center, Cincinnati,
OH, USA) according to manufacturer’s instructions. One microgram of each RNA sample
was converted to cDNA by a reverse transcription reaction using an AMV (Avian

myeloblastosis virus) reverse transcriptase (Promega, Madison, WI, USA) for 1.5 hours at

42°C. Subsequent to the reverse transcription, a polymerase-chain reaction was performed
to detect OPN cDNA. Glyceraldehyde 3 phosphate dehydrogenase (GAPDH) was used as
loading control. The primers were designed based on the reported sequences from
GenBank. The oligonucleotide sequences of the primers are
OPN forward: 5 AGTACCCTGATGCTACAGACGY3
reverse: 5’CAACCAGCATATCTTCATGGC3’
GAPDH forward: 5TGAAGGTCGGAGTCAACGGAT3

reverse: 5TCACACCCATGACGAACATGGZ
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After denaturation for 1 min at 94°C, 30 cycles of amplification followed by final

extension for 10 min at 72°C were performed using Tag polymerase (Qiagen, Hilden,

Germany) by a thermocycler (Tpersonal, Whatman Biometra, Goettingen, Germany). The

amplification profile was denaturing for 1 min at 94°C, annealing for 1 min at 60°C, and

extension for 1.45 min at 72°C. The PCR products were separated electrophoretically on a

2% agarose gel and visualized by ethidium bromide fluorostaining. The band intensity was

determined by Scion Image analysis software (Scion, Frederick, MA, USA).

Protein extraction and Western blot Analysis

Protein from HN-22 cells was extracted in PhosphoSafe extraction buffer (EMD
Biosciences, Madison, WI, USA) and the protein concentration was determined by using the
BCA protein assay kit (Pierce, Rockford, IL, USA). Equal amounts of protein samples were
subjected to electrophoresis on a 10% SDS-polyacrylamide gel. Samples were
subsequently transferred onto nitrocellulose membrane. Nonspecific binding site were
blocked with blocking buffer (5% non-fat dried milk, 0.1% Tween 20 in deionized water) at
room temperature for 1 h. The membrane was incubated overnight with rabbit anti-human
osteopontin polyclonal antibody or mouse anti-human [-actin monoclonal antibody
(Chemicon International, Temecula, CA, USA) and rabbit anti-human phospho ERK1/2

polyclonal antibody or mouse anti-human ERK1/2 monoclonal antibody (R&D System,
Minneapolis, MN, USA) at the dilution of 1:1000 in blocking buffer at 4 °C. After extensive

washing with PBS, the membrane was incubated with biotinylated goat anti-rabbit or goat

anti-mouse antibody (Sigma, St. Louis, MO, USA) for 30 min at room temperature and
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peroxidase-conjugated streptavidin (Zymed, South San Francisco, CA, USA) for 30 min,
respectively. The protein bands were detected using SuperSignal West Pico
chemiluminescence (Pierce, Rockford, IL, USA) and were exposed on CL-X Posture film
(Pierce, Rockford, IL, USA). The band intensity was determined by Scion Image analysis
software (Scion, Frederick, MA, USA).

Statistical Analysis

Values were calculated as the mean * standard deviation (SD). Statistical
significance was determined by Student’s t test. Data were subjected to two-way analysis of

variance (ANOVA).
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Figure Legends

Figure 1 The effect of FN and TNF-a on OPN expression in HN-22 cells.

HN-22 cells were plated on the plastic (A) or FN-coated plate (B and C) for 24 h and then
treated with 0, 0.1, 1, and 10 ng/ml TNF-a for 24 h. RT-PCR (A and B) and Western blot
analysis (C) were performed using OPN primer and monoclonal antibody against OPN,
respectively. GAPDH and [3-actin were used as internal control. (D) HaCat cells were treated
with 10 ng/ml TNF-a in the presence or absence of FN and analyzed by RT-PCR. All

experiments were performed in triplicate.

Figure 2 Involement of 31 integrin on OPN expression induce by FN and TNF-a.

HN-22 cells were premixed with 1 ng/ml of inhibitory antibody to 1 integrin or 2 pg/ml of
activating 1 integrin before plated on plastic or FN-coated plate for 24 h. The cell extracts
were collected 24 h after treatment with TNF-a. and assessed for RT-PCR (A) and Western
blot analysis (B). Graphs show the quantification of OPN expression which normalized to
the GAPDH or B-actin. The results are indicated by the mean + SD relative to the control

from three independent experiments). *, indicate significant difference (p < 0.05).
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Figure 3 The effect of MEK and NF-kB inhibitor on OPN expression induce by FN and
TNF-a.

HN-22 cells were treated with 2 yM of MEK inhibitor or 10 nM of NF-kB inhibitor for 30 min
prior to application of 10 ng/ml TNF-a for another 24 h. The cell extracts were analyzed for
RT-PCR (A) and Western blot analysis (B). Graphs show the quantification of OPN
expression which normalized to the GAPDH or B-actin. To detect phosphorylated (p-ERK)
and total ERK (t-ERK), the cell extract was collected 15 min after adding TNF-a..The results
are indicated by the mean + SD relative to the control from three independent experiments.

*, indicate significant difference (p < 0.05).

Figure 4 Activation of ERK phosphorylation by FN and TNF-a.

(A) HN-22 cells were stimulated with 10 ng/ml TNF-a in the presence or absence of FN for
15 min. The cell lysates were analyzed by western blotting with anti-phospho ERK1/2 and
anti-ERK1/2 antibody. Inhibitory (B) or activating antibody (C) to B1 integrin was added to
the cell as in figure 2B. Graphs show the quantification of phosphorylated ERK1/2 which
normalized to total ERK. The results are indicated by the mean + SD relative to the control

from three independent experiments. *, indicate significant difference (p < 0.05).
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