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ABSTRACT During secondary palate development, palatal shelves adhere to each otherin the midline
to form a midline epithelial seam leading to palatal closure. Cell-cell and cell-extracellular matrix
adhesions, which are mediated by cell adhesion receptors, E-cadherin and integrins, are implicated
in the process of adhesion of the palatal shelves. Src family kinases (SFK) function downstream of
both receptors. In this study, we focused on the role of SFK in the process of palatal adhesion. Dur-
ing palatal adhesion, the expression of SFK mRNA, as well as localization and quantitation of the
protein in the activated form, were examined by real-time qPCR and immunofluorescence. Palatal
organ cultures were performed to identify the effect of pharmacological inhibition of SFK on palatal
adhesion. Activated SFKs were found to be co-localized with adhesion receptors, E-cadherin and
integrins in the palatal medial edge epithelium. Src, Fyn andYes subfamily members were expressed
in the palatal tissue. The expression of SFK mRNA and the quantity of the activated form of the
protein were upregulated during palatal adhesion. An SFK inhibitor, PP2, blocked palatal adhesion,
but another SFK inhibitor, SU6656 was not inhibitory. However, the combination of SU6656 and
either of the p38MAPK inhibitors, SB203580 or BIRB0796, showed similar inhibitory effects on
palatal adhesion compared to PP2 alone.The p38MAPK inhibitors alone did not alter palatal adhe-
sion. Real-time qPCR revealed that p38MAPK a and  were elevated during palatal adhesion. This
study indicates that palatal cell adhesion is dependent on signaling from integrin receptors and
E-cadherin through SFK and p38MAPK.
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Introduction

Secondary palate development requires a multi-step sequence;
initiation, vertical outgrowth, reorientation, adhesion and fusion
stages (Bush and Jiang, 2012). Disturbance in any of these stages
can result in cleft palate. During the adhesion stage, the palatal
shelves approach each other, contact in the midline allowing the
opposing medial edge epithelia (MEE) to adhere, and eventually
form the midline epithelial seam (MES) to completely bridge the
gap between the palatal shelves (Bush and Jiang, 2012). Adhe-
sion and the next stage, fusion occur in a narrow window of time.
Many studies have been focused on the molecular mechanisms
of MEE cell fate specification during the palatal fusion stage (Bush
and Jiang, 2012), but there has been little research performed to
understand the molecular mechanisms regulating the process of
palatal adhesion.

During the adhesion stage, both cell-cell and cell-extracellular
matrix (ECM) adhesions have been shown to effect intracellular

signaling pathways that promote the adhesion of palatal shelves
(Huveneers and Danen, 2009, van Roy and Berx, 2008). E-cadherin
is the major cadherin molecule expressed by epithelial cells includ-
ing MEE (Sun et al., 1998). E-cadherin is primarily responsible for
initiating MEE cell adhesion and forming the calcium dependent
adherens junctions (van Roy and Berx, 2008). An E-cadherin
mutation lacking the extracellular domain required for cell-cell
adhesion has been linked to the appearance of cleft lip and pal-
ate (Frebourg et al., 2006). Integrins regulate cell-ECM adhesions
(Huveneers and Danen, 2009). Deletion of integrin aV resulted in
the lack of aVp1, aVP3, aVP5, aVE6, and aVE8 integrins and was
linked to a cleft palate phenotype (Munger and Sheppard, 2011).
Anti-integrin a5 blocking antibody caused significant reduction in
the adhesion of palatal shelves up to 70% (Martinez-Sanz et al.,
2008). Enzymatic digestion of chondroitin sulphate proteoglycan

Abbreviations used in this paper: MEE, medial edge epithelium; MES, midline epithelial
seam; SFK, Src family kinase.
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which interacts with integrins to mediate signals led to the inhibition
of palatal adhesion (Gato et al., 2002). These studies indicate the
crucial roles of both adhesion receptors: E-cadherin and integrins,
in the process of palatal adhesion. The downstream molecular
mechanisms regulating palatal MEE adhesion however have not
been fully elucidated.

Non-receptor tyrosine kinases, Src family kinases (SFK) are well
known to accumulate at both the cell-cell adherence junctions and
cell-extracellular matrix adhesions (Huveneers and Danen, 2009,
McLachlan et al., 2007). SFK consist of nine members including
Src, Fyn, Yes and Fgr (Thomas and Brugge, 1997). Src, Fyn and
Yes are expressed ubiquitously in all cell types but other family
members including Fgr are generally expressed in hematopoietic
cell lineages (Thomas and Brugge, 1997). The myristoylation sig-
nal in the Src homology (SH) 4 domain targets SFK to the plasma
membrane, where SFK regulate focal adhesions and cell-cell
adhesions downstream of integrins and E-cadherin (Patwardhan
and Resh, 2010). The interaction of integrin with ECM causes
SFK activation by direct interaction with the SH3 domain through
the integrin  cytoplasmic tail, which results in phosphorylation of
Tyr-418 in the kinase domain (Arias-Salgado et al., 2003). Src and
Fyn selectively bind to integrin 3 while Yes can bind integrin $1,
B2 and B3 (Arias-Salgado et al., 2003). E-cadherin also activates
SFKatcell-cell contacts and positively supports cadherin-mediated
adhesion (Calautti et al., 1998, Tsukita et al., 1991). We therefore
hypothesized that SFK function associated with E-cadherin- and
integrin-mediated adhesion of the MEE may play an important
role in palatal adhesion.

p38MAPK has fourisoforms, p38MAPK «, 8,y and d that mediate
signals downstream of integrins via activation of Rho GTPases/
MAPK kinases and FAK/SFK (Aikawa etal.,2002, Han et al., 2002).
Although p38 MAPK has been shown to regulate the process of
palatal fusion, the role of p38MAPK has not been examined in the
palatal MEE adhesion stage (Xu et al., 2008).

The present studies focus on the MEE adhesion stage of palatal
development and the role of SFK and p38MAPK during that stage.
Co-localizations of active SFK with the adhesion receptors in MEE
led us to examine the expression pattern of SFK mRNA and the
activated kinases during palatal adhesion. Organ cultures of fetal
palatal shelves were used to evaluate the role of SFK and p38MAPK
through the use of pharmacologic inhibition of kinase activity.

Results

The expression pattern of SFK during palatal adhesion
Toinvestigate the involvement of SFKin MEE during the process
of palatal adhesion, we examined co-localization of activated SFK
(red) with the adhesion receptors (green), E-cadherin and integrin
1 and 3 by immunofluorescence using 24h organ cultured palatal
shelves. Cell-cell contacts between opposing adherent palatal
shelves show yellow color (arrows in each merged image of Fig.
1A). Thisindicates co-localization of activated SFK and E-cadherin,
integrin $1 or B3 at cell-cell contacts between opposing adherent
palatal shelves. At the basement membrane, merged images of
phospho-SFK with integrins showed yellow color but only red color
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Fig. 1.The expression pattern of SFK during palatal adhesion. (A) Fluo-
rescentimages of phospho-SFK (red), E-cadherin (green), integrin B1 (green),
integrin 3 (green) and DAPI (blue). Representative single optical sections
were taken at 24h of palatal organ cultures dissected from E13.0 fetuses.
Arrows: co-localization with phospho-SFK and E-cadherin or integrins at
cell-cell contacts in MEE between opposing adherent palatal shelves. Ar
rowheads: co-localization with phospho-SFK and integrins (white arrows),
but not E-cadherin (yellow arrows) at basement membrane. Scale bar, 20
um. (B) Quantitative real-time PCR analysis of gene expression encoding
Src subfamily members, Src, Fyn, Yes and Fgr in the mid-region of palatal

tissue at 0, 24h and 48h of palatal organ culture. GAPDH was used as reference for normalization. mRNA expression level was expressed as fold induc-
tion based on that of Src at Oh. *p<0.05 and **p<0.07 compared to 0Oh. (C) Fluorescent images of phospho-SFK (red) and DAPI (blue). Representative
single optical sections were taken from palatal tissue at Oh (a), 24h (b), 30h (c) and 48h (d) of palatal organ cultures. (D) Signal intensity of phospho-SFK
at each time point, which was expressed as fold induction based on the intensity at Oh. Scale bar, 20 um. *p<0.05 and **p<0.01 compared to Oh.
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Fig. 2. SFK inhibitor, PP2 blocked palatal adhesion, but not another inhibitor, SU6656. (A) Adhesion scores were obtained from the three differ
ent regions, anterior (A), middle (M) and posterior (P) of 72h organ cultured palatal tissue treated with or without 1 or 5 uM PP2. *p<0.05 compared
to control in each region. Hematoxylin staining. Representative sections from 72h organ cultured palatal tissue were shown for control and 5 uM PP2.
Scale bar, 200 um. (B) Adhesion scores were obtained from the three different regions of 72h organ cultured palatal tissue treated with or without 10
or 30 uM SU6656. *p<0.05 compared to control in each region. (C) Fluorescent images of phospho-SFK (red) and DAPI (blue). Representative single
optical sections were taken from palatal tissue at 24h of palatal organ culture. (D) Signal intensity of phospho-SFK was expressed as fold induction
based on the intensity in control. Scale bar, 20 um. **p<0.01 compared to control.

was observed in the merged image with E-cadherin. This indicates
activated SFK are co-localized with integrins (white arrowheads),
butnot E-cadherin (yellow arrowheads) at the basementmembrane.
This result led us to investigate the expression pattern of SFK
mRNA and the activated kinase protein during palatal adhesion by
real-time QPCR and immunofluorescence. In Fig. 1B the mRNA
expression levels of Src related subfamily members; Src, Fyn, Yes
and Fgr are presented and Src, Fyn and Yes were the only SFK
detected. All three members had similar expression patterns with
upregulation at 24h of palatal organ cultures and a return to the
baseline by 48h, only Fyn exhibited more than a 2-fold increase.
Immunofluorescence analysis of the activated kinase demonstrated
that the phosphorylation level of SFK started to increase at 24h of
organ cultures (before adhesion) (Fig. 1C). The maximum level of
the phosphorylated kinase, a 2.5-fold increase, was detected at
30h (after adhesion). The activity was reduced by about one-third
at 48h as the adhesion process was completed.

The SFK inhibitor, PP2, blocked palatal adhesion

We next performed pharmacological inhibition of SFKin palatal
shelf organ culture to examine the role of SFK during palatal adhe-
sion and adhesion scores were obtained at 72h. Fig. 2A showed
that 5 uM PP2 blocked palatal adhesion in all the three regions;
anterior, middle and posterior. After 72h of organ culture, palatal
tissue was completely fused in the controls while midline gaps
between opposing palatal shelves were observed in the samples

treated with PP2. Adhesion score results indicate a more profound
inhibitory effect of PP2 in the anterior and middle regions when
compared to the posterior region. Organ cultures with different
treatment durations of PP2 revealed that treatment with PP2
was required for the entire culture period to exhibit the maximum
inhibitory effect (data not shown). Another SFK inhibitor, SU6656,
however, did not inhibit the palatal adhesion in all three regions,
even at 30 uM (Fig. 2B). Immunofluorescence confirmed that both
PP2 and SU6656 inhibit approximately 70% of signal intensity of
phospho-SFK at 24h of palatal organ culture (Fig. 2C). This result
indicated that multiple types of kinases were required to complete
palatal MEE adhesion.

Combination of SU6656 and p38MAPK inhibitors can inhibit
palatal adhesion

A previous study showed a critical difference in the specificity
of both SFK inhibitors, PP2 and SU6656 (Bain et al., 2007). PP2
inhibited kinase activities including p38MAPK o and f3, casein
kinase 1 (CK1), c-SRC tyrosine kinase (CSK), receptor interacting
protein-2 (RIP2) and cyclin G-associated kinase (GAK) in additionto
SFK, while SU6656 had a more restricted range of kinase inhibition
(Bain et al., 2007). To investigate the involvement of p38MAPK in
the process of palatal adhesion, we decided to examine the effect
of combinations of the SFK inhibitor SU6656 and p38MAPK inhibi-
tors on palatal adhesion. Acombination of SU6656 and SB203580,
which inhibits CK1, RIP2 and GAK as well as p38MAPK o and
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was tested. SU6656 combined with SB203580 inhibited palatal
adhesion, especially the anterior and middle regions (Fig. 3A). The
second combination of SU6656 and BIRB0796, which inhibits all the
p38MAPK isoforms but not the other kinases had a more substantial
effect on palatal adhesion compared to the first combination (Fig.3
B). Single use of either SB203580 or BIRB0796 however had no
significant effect on palatal adhesion (Fig. 3 A and B). Analysis of
pP38MAPK isoforms by real-time QPCR indicated that p38MAPK
a and § were the most abundant in the palatal tissue (Fig. 3 C).

Discussion

In this study, we have shown functional redundancy of SFK
and p38MAPK to facilitate the process of palatal MEE adhesion
in palatal organ culture. Pharmacological concurrent inhibition of
both kinases resulted in a failure of palatal MEE adhesion.

E-cadherin and integrins play important roles in the process of

Fig. 3. Combination of SU6656 and p38MAPK inhibitors can inhibit
palatal adhesion. (A) Adhesion scores were obtained from the three
regions; anterior (A), middle (M) and posterior (P) of 72h organ culture
palatal tissue treated with combination of 10 uM SU6656 (SU) and 10 uM
SB203580 (SB) or single use of 10 uM SB203580. **p<0.01 compared
to control in each region. (B) Adhesion scores were obtained from the
three regions of 72h organ culture palatal tissue treated with combina-
tion of 10 uM SU6656 (SU) and 10 or 30 uM BIRB0796 (BIRB) or single
use of 30 uM BIRB0796. *p<0.05 and **p<0.01 compared to control in
each region. (C) Quantitative real-time PCR analysis of gene expression
encoding p38MAPK isoforms, a, B, y, 6 in the mid-region of palatal tissue
at 0, 24h and 48h of palatal organ culture from tissue originally dissected
from E13.0 fetuses. GAPDH was used as reference for normalization.
mANA expression level was expressed as fold induction based on that of
P38MAPKa at 0 h. *p<0.05 and **p<0.01 compared to Oh.

palatal adhesion (Frebourg et al., 2006, Martinez-Sanz et al., 2008,
Munger and Sheppard, 2011). To investigate the involvement of
SFKin E-cadherin- and integrin-mediated palatal adhesion, double
immunofluorescence labeling was performed. We identified co-
localization of active SFK with E-cadherin and integrins at cell-cell
contacts where palatal shelves are adherent, which indicated a
potential role of SFK function during the stage of palatal adhesion.
Real time QPCR revealed the expression pattern of SFK during
palatal adhesion and identified Fyn as the most up-regulated gene
among the three ubiquitously expressed SFK family members. Fyn
has been implicated in positively regulating E-cadherin mediated
keratinocyte cell-cell adhesion in vitro (Calautti et al., 1998, Calautti
etal., 2002). In vivo, however, a deletion of both Fyn and Src were
required to cause impaired keratinocyte cell adhesion (Calautti et
al., 1998). Fyn appears to be the most relevant among the three
SFK, but there may be functional redundancy in the regulation of
the palatal adhesion. Each different member may be differently
activated in the course of organ culture during 48h, which may
result in the continuous expression of the phosphorylated form.
The sequence of SFK activation provided evidence of a moder-
ate level of activation occurring even before the adhesion of the
opposing MEE, which could be the result of the initial changes of
the cell adhesion molecules to prepare the MEE for adhesion. The
maximum activation of SFK was not observed until after adhesion
of the opposing MEE. In prior publications there is a paradoxical
role of SFK in the establishment of cell adhesions. Cell adhesion
requires active SFK but hyperactivation of SFK results in disrup-
tion of the adhesions as observed in oncogene-transformed or
mitogenically stimulated cells (McLachlan et al., 2007). Therefore,
differential intensity of phospho-SFK in MEE before and after
palatal adhesion may suggest the different roles of SFK in the
different stages. Positive effects during the palatal adhesion and
negative effects during palatal fusion where E-cadherin mediated
cell-cell adhesion is disrupted in MEE as the midline seam breaks
down and the mesenchyme becomes continuous between both
palatal shelves.

We performed palatal organ cultures with PP2, which is a com-
monly used inhibitor of SFK. PP2 blocked palatal adhesion in all
three midline regions, suggesting that SFK positively regulate the
process of palatal adhesion. However, we surprisingly found that
another SFK inhibitor, SU6656, had very limited effect on palatal
adhesion despite it can inhibit the phosphorylation of SFK as well
as PP2. We thoughtthis was due to the different non-specific effects
of both PP2 and SU6656 on other kinases (See Fig. 4A). Kinases
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and kinases targeted by the inhibitors used in this study. (A) Single
use of SU6656 and p38MAPK inhibitors did not inhibit palatal adhesion.
Kinases inhibited more than 50 % by PP2 but not SU6656 are p38MAPK,
CK1, CSK, RIP2 and GAK. SB203580 inhibits CK1, RIP2 and GAK more than
50%, but not BIRB0796. PP2 also showed additional moderate inhibition
against PKA and S6K. (B) Concurrent inhibition of both SFK and p38MAPK
caused a failure of palatal adhesion. (C) The process of palatal adhesion
mediated by E-cadherin and integrins is dependent on SFK and p38MAPK.

inhibited more than 50 % by PP2 but not SU6656 are p38MAPK,
CK1, CSK, RIP2 and GAK (Bain et al., 2007). Since p38MAPK is
downstream of integrins (Aikawa et al., 2002, Han et al., 2002),
we speculated that p38MAPK were also involved in the process of
palatal adhesion. We therefore decided to perform palatal organ
cultures with combinations of inhibitors using SU6656 in combina-
tion with the p38MAPK inhibitors, either SB203580 or BIRB0796.
SB203580 inhibits CK1, RIP2 and GAK more than 50%, but not
BIRBO0796 (Fig. 4A). The different specificity between them allowed
us to exclude the requirement of CK1, RIP2 and GAK in adhesion.
Both p38MAPK inhibitors as well as SU6656 do not inhibit CSK
while PP2 does (Bain et al., 2007, Fig. 4A), which indicates that
CSK is not required for the process of palatal adhesion. Single
use of either SU6656 or p38MAPK inhibitors did not inhibit palatal
adhesion, but concurrent inhibition of both SFK and p38MAPK
caused a failure of palatal adhesion (Fig. 4A and B). Thus, SFK
and p38MAPK exhibit redundancy in facilitating the required
phosphorylation events necessary for palatal adhesion (Fig. 4C).
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PP2 and combinations of SU6656 and p38MAPK inhibitors
showed different effects on adhesion in the posterior region. All
three regions of the palatal midline in PP2 treated palate were
classified into the non-adhesion group (Median: 0, 0.3 and 1.0 in
anterior, middle and posterior regions respectively). However, the
posterior region of palates treated with both SU6656 and p38MAPK
inhibitors was classified into the partial adhesion group (Median:
1.5 and 2.1 in SU6656/30 uM BIRB0796 and SU6656/SB203580
respectively). Unlike the combination of SU6656 and p38MAPK
inhibitors, PP2 showed additional moderate inhibition against PKA
and S6K (Bain et al., 2007, Fig. 4A). Both are downstream of integrin
signaling (Lim et al., 2008, Malik and Parsons, 1996). PKA also
regulate integrin mediated cell adhesion (Whittard and Akiyama,
2001). Therefore these kinases may play roles in regional regula-
tion of palatal development along the anterior-posterior axis. We
cannot however exclude the involvement of other kinases sensitive
to PP2 and specific for the posterior region leading to the distinct
regional response to the inhibitors.

Based on the results of organ cultures and real time QPCR,
p38MAPK a.and 6 were the main isoforms functioning cooperatively
with SFK family member, Src, Fyn and Yes during palatal adhesion.

The present study indicates the functional redundancy of SFK and
p38MAPK in facilitating the process of palatal adhesion mediated
by E-cadherin and integrin (Fig. 4C). TGF-f plays an important role
in the palatal adhesion (Kaartinen et al., 1995). It activates SFK
and p38MAPKs (Pechkovsky et al., 2008, Wendt and Schiemann,
2009) and crosstalk between TGF-$ and the adhesion receptors
were also observed in other systems (Galliher and Schiemann,
2006, Galliher-Beckley and Schiemann, 2008, Kim et al., 2009). It
would therefore be interesting to examine the relationship between
TGF-p, the adhesionreceptors and the kinases during palatal adhe-
sion. Further studies will be required to conclusively demonstrate
which SFK family members and p38MAPK isoforms are involved
inthe process and identify the upstream and downstream signaling
moleculesregulating the adhesion stage. The possible involvement
of other integrin-related downstream signaling molecules such as
FAK and the Rho family of GTPases in the adhesion process also
warrants future investigation.

Materials and Methods

Palate organ culture

Allanimal procedures were performed in compliance with the regulations
and guidelines of the Animal Care Committee of The University of British
Columbia. Timed-pregnant C57BL6 mice were used in these studies. The
palatal shelves were dissected from E13.0 fetal murine heads under sterile
conditions and placed in pairs on Millipore filters with correct anterior—
posterior orientation and with their medial edges in contact. The palatal
shelves were cultured in BGJb medium at 37°C in 5% CO, for up to E13
+ 72 h. Experimental groups were treated with pharmacological inhibitors
dissolved in DMSO (1 or 5 uM PP2, 10 uM SU6656, 10 uM SB203580,
10 or 30 uM BIRB0796) whereas littermate control groups were treated
only with the DMSO solvent. Treatment with the inhibitors or the solvent
occurred throughout the entire organ culture period. The culture media
was changed every 24 h.

Histology

Cultured palatal shelves were collected at the indicated time points and
fixed in 4% PFA/PBS. After rinsing with PBS, the tissues were processed
for paraffin embedding. Light microscopic analysis after H&E staining was
performed to evaluate adhesion score. One of every 10 sections (7 um
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thickness) was examined. Adhesion scores (0-3) were assigned to the
coronal sections from three regions: anterior, middle and posterior parts. 0:
no adhesions, 1: less than one-half, 2: equal to or more than one-half and
3: closure. Median (M) of adhesion score was utilized to classify into three
groups, non-adhesion (0=Mx<1), partial adhesion (1<M<2.5) and complete
adhesion (2.5=M<3). Five palates for each group from two different litters
were analyzed. Post hoc power analysis by G*Power 3.1 revealed statistical
power of at least 0.7 (range 0.7~1) in each adhesion score experiment.

Immunofluorescence

Frozen sections or paraffin sections with EDTA antigen retrieval were
blocked with 3% BSA/PBS for 30min at room temperature to reduce
background staining and incubated with the primary antibody against
phospho-SFK (EMD Millipore, 1:50) and phospho-p38MAPK (Cell Signaling
Technology, 1:100), E-cadherin (BD Bosciences, 1:100), integrin 1 (R&D
systems, 1:100) and integrin 3 (LifeSpan BioSciences, 1:100) at room
temperature for 2h, followed by three rinses in PBS. Fluorescence-labeled
secondary antibodies (Alexa Fluor 488 and 568 IgG (H+L), Invitrogen,
1:100) were added for 1h at room temperature. After washing with PBS
three times, coverslips were mounted with mounting medium including
DAPI. To confirm the specificity of antibodies, additional slides were
incubated without the primary antibodies. No fluorescence was found in
these sections. All sections were examined by using a Nikon Laser Scan-
ning Confocal microscope (C1) and single optical images were obtained.
Quantification analysis of immunofluorescence intensity was performed by
using NIH ImagedJ. We measured fluorescence intensity by defining the
MEE remaining area manually, and calculated the mean pixel intensity per
unit area of MEE remaining.

Quantitative Real Time PCR

For each time point, mid-regions of the midline from 2 pairs of palatal
shelves were pooled, and 3~5 independent pools were analyzed. Total
RNA was extracted with the use of RNeasy plus mini kit (Qiagen) and
reverse transcribed with iScript cDNA synthesis kit (Qiagen) according
to the manufacturer’s guidelines. SYBR-Green based real-time PCR was
performed using SsoFast EvaGreen Supermix (Bio-Rad). Primers used
in this study were obtained from PrimerBank (Spandidos et al., 2010).
Src (forward: GAA CCC GAG AGG GAC CTT C, reverse: GAG GCA GTA
GGC ACC TTT TGT), Fyn (forward: ACC TCC ATC CCG AAC TAC AAC,
reverse: CGC CACAAACAG TGT CAC TC), Yes (forward: AGT CCAGCC
ATA AAA TAC ACA CC, reverse: TGA TGC TCC CTT TGT GGA AGA),
Fgr (forward: CGG CTG AAG AAC GCT ATT ACC, reverse: GGG CGA
CGAATATGG TCA CTC) p38MAPKa. (forward: TGA CCC TTATGA CCA
GTCCTTT, reverse; GTCAGG CTC TTC CAC TCATCT AT), p38MAPKp
(forward: ATG TAG CGG TGAACG AGG AC, reverse: CCACATATC CGG
TCA TCT CC) p38MAPKYy (forward: GAG ACT TGAAGC CTG GCAAC,
reverse; CCG GGT TAC CAC ATA TCC TG), p38MAPKS (forward: CGC
CAC ACAGACACT GAG AT, reverse; ATG ATG CAACCAACAGAC CA),
GAPDH (forward: AGG TCG GTG TGAACG GATTTG, reverse: TGT AGA
CCA TGT AGT TGA GGT CA). GAPDH expression levels were used as
reference for normalization.

Statistical analysis

Statistical analyses were done using SPSS11.5 software. Statistical
analysis of adhesion scores was performed using Kruskal-Wallis test
with pairwise Mann-Whitney U tests in each region: anterior, middle and
posterior. The values were presented in the box plot style. All other results
of quantitative real time PCR and signal intensity of activated SFK were
evaluated by one-way analysis of variance (ANOVA) to compare the dif-
ferences of means among multi-group data followed by a Tukey-Kramer’s
post hoc test. p<0.05 was considered to represent significant differences
between control and experimental groups.
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