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The immunochistochemical expressions of FGF2, FGFR1, FGFR2, and their possible participation
in the apoptosis of myofibroblast were studied in the healing process of a muscle flap transferred
into the oral cavity of rats. At 14 days postoperatively, abundant myofibroblasts were observed
in the early-granulating muscle flap, and at 18 days postoperatively, they began to gradually
disappear. The FGF2 immunopositive area, the number of FGFR2-positive fibrobiasts and
TUNEL-positive fibroblasts reached a maximum at 18 days postoperatively and gradually
decreased thereafter, and there was a significant correlation of expression between the FGFR2-
positive fibroblast and TUNEL-positive fibroblast. On the other hand, FGFR1-positive
fibroblasts were observed from day 10 to 21 in the granulation tissue formation of the muscle
flap. These findings suggest that FGFR1 may participate as a factor affecting tissue remodeling
of muscle flap healing, and that FGFR2 may play a role in programmed cell death or apoptosis
of myofibroblast.
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Introduction

Myocutaneous flaps have been widely used for re-
construction of extensive oral mucosal defects after ex-
tirpation of oral cancers. Recently a muscle-only flap,
which mucosalizes in the oral cavity, has been used for
reconstruction of the oral mucosa (1-4). The disadvantage
of this type of flap is that it undergoes significant con-
traction postoperatively. The reason for this phenomenon
is not well-understood, but it has been demonstrated in a
number of reports that myofibroblast, which has features
of contractile fibers such as alpha smooth muscle actin
(a-SMA), participates in flap contraction (5, 6) and that
the disappearance of myofibroblast that occurs through
apoptosis is responsible for wound contraction (7-9).

Growth factors have been shown to enhance
apoptosis of myofibroblast (10, 11). In particular, FGF2 is
a potent accelerating factor of wound healing, inducing
apoptosis in myofibroblast (12). FGF's bind to specific cell
surface receptors and cause an increase in cellular re-
sponse. There are both high and low affinity receptors.
While the low-affinity receptor, heparin sulfate
proteoglycans, is required to bind FGF's to high-affinity
receptors, four high-affinity receptors (FGFR1, FGFR2,
FGFR3, and FGFR4) directly bind FGF's and transduce

the proliferating signal to cell nuclei. Among these four
receptors, FGFR1 and FGFR2 have been well studied.
FGFR1 is detected in blood vessels, nerve cells and oligo-
dendrocytes (13). FGFR2 is found in dermal fibroblasts
and matured hepatocytes and thought to function mainly
in cell maturation and maintenance of the differentiated
state (14).

Although apoptosis of myofibroblast is reported to
be additively increased by FGF2 during the wound heal-
ing process, it is not clear which type of FGF receptor
participates with apoptosis of myofibroblast. The purpose
of this study is to investigate the expressions of two FGF
receptors, FGFR1 and FGFR2, and their possible partici-
pation in the apoptosis of myofibroblast during the heal-
ing process of a muscle flap transferred into the oral cav-
ity of rats.

Materials and Methods
Animals

The animals used in this study were 31 eight-week-
old male Sprague-Dawley rats weighing 300-350 g. The
animals were housed in individual cages under standard-
ized conditions of temperature and humidity and a light-
controlled environment (12-hour light/dark cycle). They
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were fed a standard diet and water ad libitum.

Surgical procedure

Twenty-four rats were used for the experimental
group. Animals were anesthetized by an intraperitoneal
injection of pentobarbital sodium (40 mg/kg body weight),
and a skin incision was made along the midline of the
neck.

The design of the sternomastoid muscle flap was
based on microangiographical assessment of the vascu-
lature. The occipital artery branching from the external
carotid artery fed the sternomastoid muscle flap. The
muscle flap was completely dissected from the surround-
ing muscle fascia and cut about 1 mm from the sternum.
The lower two-thirds of the muscle was raised as a flap to
preserve its mastoid pedicle and maintained in this posi-
tion long enough to reach the oral defect without tension.

In the oral cavity, a muco-periosteum defect was
made on the superior and buccal aspect of the mandible
in the edentulous region. A longitudinal incision was made
along the alveolar crest from the first molar to the ante-
rior tooth and extended vertically across the lower lip to
the inferior border of the mandible. The lip and the buc-
cal flap were raised up to the mental foramen, leaving
the periosteum. The periosteum was excised
anteroposteriorly from the vertical incision to the mental
foramen and superioinferiorly from the longitudinal in-
cision to the lower border of the mandible. This resulted
in a defect approximately 5 mm square (Fig. 1a).

The sternomastoid muscle flap was tunneled into
the oral cavity to cover the muco-periosteum defect with-
out tension and sutured to the surrounding oral mucosa
with 5-0 absorbable polyglactin sutures (Fig. 1b). The skin
incision was primarily closed and the buccal mucosa was
sutured at the inferior border of the mandible to obtain a
deep sulcus (Fig. 1c). Intravenous cephazolin sodium, 30
mg/kg, was administered for 4 days postoperatively.

For the seven control specimens (days 2, 7, 10, 14,
18, 21, and 28), the muco-periosteal flap was made on the
edentulous region of the mandible. The pedicled portion
of the muco-periosteal flap, about 5mm square, was dis-
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sected away from the alveolus to the inferior border of
the mandible, in order to produce bone exposure similar
to the experimental group. Finally, this flap was reposi-
tioned in situ and sutured to the surrounding mucosa (Fig

1d).

Light microscopic study

Animals were anesthetized (pentobarbital sodium,
40 mg/kg body weight) and then subjected to perfusion
with buffered 4% paraformaldehyde for fixation at 2, 7 (n
=1 each), 10, 14, 18, 21,28 (n =4 each), 40 and 60 (n =1
each) days after the operation. The flap site of the man-
dible was sliced at a thickness of about 5mm along the
frontal plane using a diamond band saw. The sliced sec-
tions were decalcified in 10% EDTA at 4°C for two weeks,
and embedded in paraffin. Tissue sections 4um in thick-
ness were cut, mounted on silanizing slides, and stained
with hematoxylin-eosin for optical-microscopic examina-
tion.

Antibodies

Affinity-purified rabbit polyclonal anti-human
FGF2 (working dilution, 1:300), anti-human FGFR1 and
R2 (working dilution, 1:200) antibodies were obtained
from Santa Cruz Biotechnology (Santa Cruz Biotechnolo-
gies Inc., Santa Cruz, CA, USA). Mouse monoclonal anti-
body for anti-human oa-SMA (working dilution, 1:400),
which was used as a marker for myofibroblast, was ob-
tained from the DAKO Japan (DAKO Japan Corp., Kyoto,
Japan). Each antibody was diluted in PBS (pH 7.4).

Immunohistochemical procedure for FGF2, a-SMA,
FGFRI and FGFR2

After deparaffinization, sections to be stained for
FGF2 were digested with 3 mg/ml bovine testis hyalu-
ronidase (Type IV-S, 1010 U/mg; Sigma Chemical Corp.,
St. Louis, MO, USA) in PBS for 30 min at 37°C. Sections
to be stained for FGFR1 and FGFR2 were digested with
0.1% trypsin (Type II-S, 1470 BAEE U/mg; Sigma Chemi-
cal Corp., St. Louis, MO, USA) in 0.05 M Tris-HCI, pH
7.6, containing 0.1% CaCls, for 5 min at room tempera-

Fig.1: (a) Design of the muco-periosteum defect (m-pd) in the
edentulous region of mandible. Note that the defect region
is 5 mm square.

(b) The sternomastoid muscle flap (SmF) transferred into
the oral cavity. The flap was cut from the sternum,
covered the muco-periosteum defect of the mandible, and
sutured to the surrounding oral mucosa.

(¢) Frontal section view of the flap covering the muco-
periosteal bone defect.

(d) Frontal section view of the muco-periosteal flap (MF).
Note that the flap was repositioned in situ after being
dissected away from the mandible (double arrow).

BM = buccal mucosa, Mo = molar, Ic = incisor, G =
gingiva, C = cheek, LL = lower lip, M = mandible, S
= sternum, T = tongue, OC = oral cavity
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ture. After washing in PBS, sections were treated with
3% H20: in methanol for 15 min to quench endogenous
peroxidase. Treaded sections were incubated with 5% milk
protein in PBS (FGF2, FGFR1 and FGFR2) for 30 min
and 1.5% horse normal serum in PBS (0-SMA) to pre-
vent non-specific protein binding and then with primary
antibodies at 4°C overnight. The tissue sections were in-
cubated with ENVISION+ (water soluble polymeric con-
jugates coupled to the peroxidase molecules and anti-rab-
bit antibodies, DAKO) and biotinylated horse anti-mouse
IgG, followed by avidin-biotin peroxidase complex (Vec-
tor Laboratories, Inc., Burlingame, CA, USA). Finally, the
sections were developed with 0.02% 3, 3'-diaminobenzide
(Dohjindo, Kumamoto, Japan) in 50 mM Tris-HCI solu-
tion (pH 7.6) containing 0.006% H20: and counterstained
with 1% methylgreen. As negative controls, the primary
antibodies were replaced with PBS (pH 7.4) and either
normal rabbit IgG (for FGF2, FGFR1, and FGFR2) or
normal mouse IgG (for a-SMA).

TUNEL staining

Apoptotic cells were detected in situ by means of
the terminal deoxynucleotidyle transferase (TdT)-medi-
ated dUTP-biotin nick-end labeling (TUNEL) method (15),
with the ApopTag system (INTERGEN Co., Purchase, NY,
USA) according to the manufacturer's protocol. On sec-
tions used as negative controls for the specificity of label-
ing, distilled water was substituted for the TdT enzyme.

Quantitation of «-SMA, FGFR1, FGFR2, and TUNEL-
positive fibroblasts

Histological sections for quantitation of a-SMA,
FGFR1, and FGFR2 expression and apoptotic cells were
obtained at 10, 14, 18, 21, and 28 days (n = 4 each) post-
operatively. We calculated the percentage of positively
stained fibroblasts by dividing the number of fibroblasts
showing positive for anti-a-SMA antibody, anti-FGFR1
antibody, anti-FGFR2 antibody, and TUNEL by the total
number of fibroblasts in 10 randomly selected different
fields (total 0.625mm? per slide) at a magnification of 400x
using an eyepiece graticule. a-SMA-, FGFR1- and FGFR2-
positive cells were counted when a nucleus and at least
one cytoplasmic process were present (16, 17).

Semi-quantitation of FGF2 with imaging analysis
FGF2-positive cells could not be quantitated be-
cause FGF2 widely stained not only cells but also the ex-
tracellular matrix in the granulation tissue. For this rea-
son, we evaluated the percentage of FGF2-
immunopositive area in the healing tissue of the muscle
flap, using the image analysis program Scion Image Beta
4.02 Win (Scion Corp., Frederick, MD, USA) and a per-
sonal computer (Gateway Japan Inc., Tokyo, Japan). His-
tological sections for evaluation of the FGF2-
immunopositive area were obtained at 10, 14, 18, 21, and
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28 days (n = 4 each) postoperatively. Each section was
photographed at three different fields in the center of the
flap using a Nikon digital camera, COOLPIX 910 (Nikon
Co., Tokyo, Japan), at a magnification of 200x. After sav-
ing the captured image in a personal computer, the im-
age was cropped to a 256 x 256 pixel image. After noise
reduction treatment and edge enhancement, image analy-
sis was performed according to the method of Wu et al
(18). The mean value of FGF2-immunopositive area was
obtained from a total of 12 fields in four animals at each
time point examined, and classified into four grades: +
(obtained percentage of less than 10%), ++ (11% to 20%),
+++ (21% to 30%), and ++++ (more than 31%).

Statistical analysis

Statistical analysis was performed using the
Bartlett test. When the variance was comparable, one way
analysis of variance (ANOVA) and Fisher's PLSD method
for multiple comparisons were used to evaluate the stain-
ing patterns of the FGFR1-, FGFR2-, a-SMA-, and
TUNEL-positive cells during the healing process of the
flap. To study the correlation between expressions of
FGFR2- and TUNEL-positive fibroblast, Pearson's corre-
lation coefficient was used. p values less than 0.05 were
considered to indicate statistical significance. However,
the p value for Pearson's correlation coefficient was less
than 0.001 The results were expressed as mean + stan-
dard error.

Statistical analysis of each of the control groups
from days 10 to 28 postoperatively was also performed
by means of one way ANOVA and Fisher's PL.SD method
(p<0.05). However, no significant differences were ob-
served and they can be regarded as a single group.

Results
Histopathological findings

On the 2nd postoperative day, the flap showed nor-
mal muscle striations and no necrosis. Acute inflamma-
tory cell infiltration was seen at the periphery of the
muscle flap on day 7. Granulation tissue was seen at the
periphery of the muscle flap. The tip of the epithelium
extending from the upper portion of the muscle flap was
also observed (Fig. 2A). On days 10 and 14, the flap had
been almost completely replaced by the granulation tis-
sue with inflammatory cells infiltrating at the center of
the flap. The surface of the granulating area, composed
of immature connective tissues and numerous
microvessels, was completely covered by the epithelium
(Fig. 2B). By day 21, the granulation tissue had matured
into fibrous tissue, and some inflammatory cells were still
localizing at the center of the flap. Vessels of various sizes
decreased in number by day 14 following the operation.
On day 28, the flap was nearly replaced by fibrous tissue,
while the periphery of the flap still contained some origi-
nal musculature. The original buccal sulcus was reduced
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by fibrous contraction in the flap area and the buccal
mucosa was also retracted to the fibrous tissue of the flap
as a result of severe contraction (Fig. 2C). On days 40
and 60 postoperatively, the original flap area was com-
posed of fine collagen fibers and some fibroblasts. The
contracted flap area consisted of hyperkeratinized epi-
thelium and submucosal tissue composed of dense col-
lagenous bundles parallel to the epithelium. There were
few blood vessels in this contractile area.

On the other hand, many inflammatory cells were
seen in the subepithelial region of the muco-periosteal
flap on the 2nd postoperative day. After 7 days, the flap
showed slight fibrous contraction, but no marked histo-
pathological changes were observed in comparison with
the experimental group (data not shown).

Immunohistochemical findings
(1) Myofibroblast

Myofibroblast was detected in the subepithelium
at the adjacent mucosa of the muscle flap at 7 days post-
operatively. At 14 days postoperatively, abundant
myofibroblasts were observed in the early-granulating
muscle flap (Fig. 3A), and intense expression of o-SMA
was recognized in the cytoplasm of myofibroblasts (Fig.
3B). Immature small vessels were also seen. After 18 days
postoperatively, the myofibroblast began to disappear, and
at 28 days postoperatively, only small vessels were posi-
tive for o-SMA (Fig. 3C). Table 1 shows that the amount
of myofibroblast reached a maximum at 14 days after the
operation. Statistical analysis also revealed that, com-
pared with day 14, there was a significant difference (p <
0.05) on days 10, 18, 21, and 28.
(2) FGF2

On the 7th postoperative day, FGF2-positive fibro-
blasts were occasionally seen in the subepithelium at the
adjacent mucosa of the muscle flap. On days 10 and 14,
morphological examination of the serial hematoxylin-
eosin-stained sections resulted in the observation of mi-
grating FGF2-positive macrophages at the granulating
periphery of the muscle flap (Fig. 4A). At 18 days postop-
eratively, many FGF2-positive fibroblasts were observed
in the granulation tissue (Fig. 4B). There was also a sig-
nificant increase in the FGF2-positive area on day 18 as
compared with days 10, 14, and 28 in the healing tissue
of the muscle flap (Table 1). At 21 days postoperatively,
the FGF2-positive fibroblasts were localized in the pe-
ripheral region rather than at the center of the flap. At

28 days postoperatively, FGF2-positive fibroblasts, being

Fig. 2: Histological features of the muscle flap. significantly reduced in number, were seen in the cicatri-

(A) 7 days postoperatively (5x). Acute inflammatory cells ~ cial fibrous tissue. After 21 days, the FGF2-positive area
(arrows) infiltrate the periphery of the flap. was also similar to the immunohistochemical findings
(B) 14 days postoperatively (5x). Most of the flap is

LT (Table 1).
replaced by granulation tissue.
(C) 28 days postoperatively (5x). The flap is replaced by (3) FGFR1 and FGFR2
fibrous tissue (arrow). Buccal sulcus is obliterated and FGFRI1-positive fibroblasts were observed from day
mobile cheek was retracted to the fibrous tissue of the

° 10 to 21 in the granulating tissue (Tablel). Meanwhile,
flap by severe contraction.
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Fig. 3: Immunohistochemical findings of a-SMA.
(A) 14 days postoperatively (12.5x). Note that many o-
SMA-positive fibroblasts are observed in the granulation
tissue of healing muscle flap.

(B) An enlarged image of myofibroblasts at 14 days
postoperatively (400x). Cytoplasmic a-SMA
immunoreactivity is seen on both sides of the nucleus
(n) of spindle-shaped fibroblasts (arrowheads).

(C) 28 days postoperatively (100x). Many a-SMA-positive
blood vessels are observed, but no a-SMA-positive
fibroblasts are seen in the newly formed fibrous tissue
of the muscle flap.

F = Fibrous tissue of the muscle flap, n = nucleus

Oral Med Pathol 6(2001) 33

Table 1: Evaluation of the FGF2 staining area, FGFR1-, FGFR2-, a-SMA-, and TUNEL-positive fibroblasts in the healing

of the muscle flap.

. a-SMA FGFR1 FGFR2 TUNEL
Days after operation FGF2 (% positive cells) (% positive cells) . (% positive cells) (% positive cells)

Control i +(1.23£0.93) - ++(12.26+2.43) +(7.820.99) +(5.532.55)
10 ++ +++(26.951+3.49) ++++ (35.15£3.21) +(5.40+2.68) +(6.17£2.03)
14 ++ ++++ (41.96£6.64)* +++(29.74£2.27) +(4.27£1.44) +(2.77£0.76)
18 . A+ (27.6652.84) +++ (29.09£2.45) o (26,30 8AT)FE -+ (43.81£9.71)F
21 + ++ (16.34+4.74) FHH+ (34.02+2.61) ++(17.39+4.34) +(5.98+3.87)
28 -+ +(8.24%+3.47) ++(13.71+2.09) +(4.61%0.98) +(4.14£1.06)

We calculated the percentage of positive stained fibroblasts by anti-FGFR1 and FGFR2 antibody, anti- e -SMA antibody, and TUNEL for the total number of
fibroblasts. The percentage of the FGF?2 staining area was semi-quantitatively classified into four grades as: + (less than 10%), ++ (11% to 20%), +++ (21%

to 30%), ++++ (more than 31%). Data is represented as mean==S.E.
*p<0.05 relative to day 10, 21, and 28 postoperatively.

*#p<(.05 relative to day 10, 24, 21, and 28 postoperatively.
+p<0.05 relative to day 10, 24, 21, and 28 postoperatively.

FGFR2 was detected in the infiltrating inflammatory cells
(mainly macrophages) on days 10 and 14 (Fig. 5A). On
day 18, many fibroblasts, which include myofibroblast,
were found to be FGFR2-positive in the granulation tis-
sue (Fig. 5B). There was a significant difference in the
FGFR2-positive ratios between day 18 and days 10, 14
and 28 (p < 0.05, Table 1). By day 21, FGFR2-positive
fibroblasts decreased and were localized at the center of
the flap. Thereafter, FGFR1 and FGFR2 gradually de-

creased in the fibrous tissue of the flap (Table 1).
(4) TUNEL-positive fibroblasts

TUNEL-positive cells were mostly fibroblasts,
which were morphologically examined by means of HE-
stained serial sections. At 14 days following the opera-
tion, TUNEL-positive fibroblasts were rarely seen in the
granulation tissue of the muscle flap. At 18 days postop-
eratively, TUNEL-positive fibroblasts were observed
throughout the flap area (Fig. 6A). Significant increases

NI | -El ectronic Library Service



Japanese Society for Oral Pathol ogy

34 Tobita et al. FGR2, FGFR and kinetics of myofibrobalst

Fig. 4: Immunohistochemical findings of FGF2.
(A) FGF2-positive macrophages or monocytes (arrows) in the granulation tissue at 14 days postoperatively (400x). Many
FGF2-positive fibroblasts were also observed in the granulating muscle flap, but stained weaker than FGF2-positive
macrophages or monocytes (arrowheads). FGF2 granular immunoreactivity was also observed in extracellular matrices.
(B) 18 days postoperatively (200x). Note that FGEF2-positive fibroblasts, having a spindle shape, are observed in the granulation
tissue.

V = blood vessels

Fig. 5: Immunohistochemical findings of FGFR2.

(A) 14 days postoperatively (200x). FGFR2-positive macrophages or monocytes, having a round shape, are seen in the
vicinity of the blood vessels (V) in the granulation tissue, and their immunoreactivity is mainly the cytoplasm of the cell
(arrowheads).

(B) 18 days postoperatively (200x). Many FGFR2 immunopositive fibroblasts are observed in the granulation tissue. FGFR2-
positive fibroblasts have a spindle shape, as do a-SMA-positive fibroblasts and FGF-2-positive fibroblasts. Some endothelial
cells of the blood vessels were also seen (arrowheads) to be immunopositive.

E = Epithelium, V = blood vessels
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Fig. 6: (A) Histochemical findings of TUNEL staining at 18 day postoperatively.
TUNEL-positive fibroblasts are determined in the granulation tissue (200x).
E = Epithelium
(B) Correlation between expression of TUNEL-positive fibroblast and that of FGFR2-positive fibroblast.
Plot data represents the positive rate of TUNEL-positive fibroblast and FGFR2-positive fibroblast from day 10 to 28
postoperatively.
r=0.723, p < 0.001
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of TUNEL-positive fibroblasts were revealed between day
18 and days 10, 14, 21, and 28 (p < 0.05, Table 1). Regres-
sion analysis with the Pearson's correlation coefficient
showed a highly significant correlation of expression be-
tween TUNEL-positive fibroblasts and FGFR2-positive
fibroblasts (r = 0.723, p < 0.001, Fig. 6B). By day 21,
TUNEL-positive fibroblasts were reduced in number, and
by day 28, only a few TUNEL-positive fibroblasts were
detected in the fibrous flap area.

Discussion

Wound healing features dynamic pathological
events including inflammation, granulation, angiogenesis,
fibrosis, epithelialization, and tissue remodeling (19). In
the granulation stage, fibroblasts migrate from the pe-
riphery of the granulation tissue and secrete many ex-
tracellular matrices and growth factors. These factors
accelerate tissue remodeling. Myofibroblast, which is a
subtype of fibroblast and appears in the granulation stage,
is interconnected by gap junctions and is connected to
the extracellular matrices, such as fibronectin and col-
lagen (20, 21). At first, wound contraction occurs when
these cells start retraction (22). After epithelialization is
completed, wound contraction occurs again, resulting in
scar formation, and there is a striking decrease in cellu-
larity. In particular, there is a disappearance of
myofibroblast through apoptosis (8, 23). These events have
also been observed in the healing process of the muscle
flap in the oral cavity (5, 6).

In the present study, FGF2-positive macrophages
were observed migrating to the granulating tissue of the
muscle flap on day 14, when the amount of myofibroblast
increased most substantially. Thereafter, the FGF2-posi-
tive area increased in the granulation tissue of the muscle
flap (18 days postoperatively). These findings suggest that
FGF2 is secreted by macrophages via a paracrine mecha-
nism (24, 25) and predominates over fibroblasts in the
healing muscle flap. Moreover, the amount of
myofibroblast decreased and TUNEL-positive fibroblasts
and the FGF2-positive area increased. We then suspected
that most of the myofibroblasts might be included in
TUNEL-positive cells, because certain reports have de-
scribed that apoptotic fibroblasts increase when
myofibroblasts decrease in number (7, 8). These observa-
tions are consistent with the study by Funato et al. re-
porting apoptosis of myofibroblast induced by FGF2 (11),
suggesting that disappearance of myofibroblast results
from apoptosis by FGF2.

FGF2, which is secreted from cells such as mac-
rophages, endothelial cells and fibroblasts, binds to FGF
receptors and transduces many cell growth signals (26-
28). In these receptors, FGFR1 and FGFR2 have been
well studied by many people. FGFR1 is mainly expressed
in highly proliferative cells, such as tumor cells and em-
bryonic mesenchymal cells (29), and is considered to be
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important for cell growth and activity (24). In this ex-
periment, FGFR1-positive fibroblasts have been seen from
10 to 21 days postoperatively, corresponding to the granu-
lating stage in the wound healing of the muscle flap. This
result suggests that FGFR1 may play an important role
in tissue remodeling in muscle flap healing.

On the other hand, FGFR2-positive fibroblasts in-
creased with the increment of the FGF2-positive area,
and the TUNEL-positive rate reached a maximum in our
experiment. Moreover, the amount of myofibroblast con-
tinuously decreased in the granulating flap. Interestingly,
the FGFR2-positive rate was nearly identical to the o-
SMA-positive rate (Table 1), and there was a significant
positive correlation between expression of FGFR2 and
TUNEL in these fibroblasts (Fig. 6B).

FGFR2 regulates cell kinetics (14). Feng et al. re-
ported that FGFR2 limits the tumorigenicity of prostate
epithelial cells (30). This observation suggests that FGFR2
arrests cell growth, development, and differentiation.
Cells that have finished biological activities including
proliferation and differentiation, end the life span through
apoptosis (31). The same phenomenon is observed in
myofibroblast that is considered to be a terminally dif-
ferentiated type of cell (8). Based on the above-noted re-
ports and the results of our study, it is likely that FGFR2
plays a role for programmed cell death or apoptosis of
myofibroblast. It is therefore a possibility that regula-
tion of FGFR2 expression could be a clue to elucidate the
pathological state, i.e., scarring and fibrotic contraction
in tissue healing.

Various signal cascades of apoptosis have been elu-
cidated through the present, but it is not evident if the
signaling pathway from FGFR2 is involved in the
apoptosis induction pathway. It is also possible that an-
other growth factor may participate in the apoptosis of
myofibroblast. However, it is possible that the downstream
region of the apoptosis signal cascades overlap with the
signaling pathway from FGFRZ2, or that another signal-
ing pathway of FGFR2 exists in the upstream of the
apoptosis signal cascades (32). Further investigation is
needed to confirm the overlapping point between the sig-
nal transduction pathway of FGFR2 and the apoptosis-
inducing pathway.
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