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© 2010 The Japan Society of Histochemistry and Cy-Keratinocyte growth factor (KGF) is involved in the development and regeneration of a

variety of tissues. To clarify the role of KGF in cartilage wound healing, we examined the

expression of KGF and its receptor (KGFR) immunohistochemically in the wound healing

area of rat tracheal cartilage, and the direct effect of recombinant KGF on the proliferation

and differentiation of primary cultures of rat chondrocytes. KGF was found in the cytoplasm

of both chondrocytes and perichondrial cells. On the other hand, KGFR was detected only

in the plasma membrane of chondrocytes. Although the expression of KGF was similar in

the cartilage and perichondrial area before and after injury, KGFR expression was induced

after injury and limited to proliferating chondrocytes. The staining pattern of KGF and KGFR

was same in the mature and the immature rat tracheal cartilage. Moreover, in vitro experi-

ments using primary cultured chondrocytes revealed that KGF at 200 ng/ml significantly

increased the number of chondrocytes (~1.5-fold), and significantly reduced acid mucopoly-

saccharide production. These results indicate that KGF stimulates chondrocyte proliferation,

suggesting that KGF could therapeutically modulate the wound healing process in the

tracheal cartilage.
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I. Introduction

Regenerative medicine, particularly focusing on rapid

reconstruction of damaged organs after surgery, has been

notable in recent years, and various clinical attempts have

already been made to apply this field to several organs, such

as the skin, nervous system, and bones [2, 35]. However,

approaches to the respiratory organs remain immature in

this medical area. Among the tissue components of the respi-

ratory system, the tracheal cartilage is important because it

forms the duct structure of the trachea. The major problem

with research on cartilage is its very slow rate of prolifera-

tion. With respect to cartilage regeneration, various growth

factors, such as fibroblast growth factor (FGF), transforming

growth factor (TGF)β, insulin-like growth factor (IGF), and

bone morphogenetic protein (BMP), have been reported to

affect the state of proliferation and differentiation of chon-

drocytes [6, 10, 11, 21, 24, 31–33].

The keratinocyte growth factor (KGF) was originally

discovered by Rubin et al. [25], and is a unique member of

the FGF family (FGF-7) and a mesenchymal cell-derived

paracrine mediator of epithelial cell growth. The high affin-

ity KGF receptor (KGFR) was subsequently cloned by Miki

et al. [20] and reported to be an alternatively spliced IIIb

variant of the FGF receptor-2/bek gene (FGFR2) [5].

FGFR2-IIIb/KGFR is expressed in various epithelia and

plays important roles in epithelial homeostasis and regener-
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ation. On the other hand, FGFR2 also contains a spliced

IIIc variant (FGFR2-IIIc), and FGFR2-IIIc has various

effects on the osteoblast and chondrocytes [7]. KGF is

currently known to be expressed in a variety of tissues,

including the lungs [9, 23, 37], prostate, [13] mammary

glands [12, 29], digestive tract [22], skin [26], and uterus

[14], and is implicated in organ development, mass homeo-

stasis, and carcinogenesis.

We have already reported the immunohistochemical

expression of KGF on alveolar epithelium cells in rat lung

resection model [18]. In that study we noted the strong

expression of KGF in tracheal cartilages, suggesting its

possible roles in the regulation of mass homeostasis of the

tracheal cartilage, including wound healing. In fact, reports

on the role of KGF and other growth factors in the tracheal

cartilage have been very limited [3, 4]. Finch et al. [8]

using in situ hybridization in mouse embryos reported that

the cartilage of the limbs, larynx, and trachea exhibit hy-

bridization signals for KGF and KGFR in the perichondrium

and cartilage itself. Recently, Lazarus et al. [17] reported

the expression of KGF and its receptor by real-time RT-

PCR in the rat tibial perichondrium and growth plate, and

suggested that perichondrial KGF regulates growth plate

chondrogenesis. These studies strongly demonstrated the

possible role of KGF in the promotion of cartilage regen-

eration.

The present study was designed to determine the role

of KGF in the regulation of tracheal cartilage regeneration

after injury. For this purpose, we examined immunohisto-

chemically the expression of KGF and KGFR in relation

to proliferative activity in a rat model of regenerating

tracheal cartilage. We also examined the effect of human

recombinant KGF on the proliferation and differentiation

activity of primary cultured chondrocytes derived from the

rat nasal septum.

II. Materials and Methods

Animals

Experiments were conducted on inbred, unmodified,

pathogen-free male Lewis (LEW, RT1l) rats. At the start of

the study, the immature rats (n=28) were 3 weeks old,

weighing 80 g, and the mature rats (n=28) were 8 weeks old,

weighing 290 g (Charles River Japan Inc., Yokohama,

Japan, and SLC Japan Co., Shizuoka, Japan). They were

housed in the Laboratory Animal Resource Center at

Nagasaki University Graduate School of Biomedical Sci-

ences (NUGSBS) in accordance with the guidelines of the

National Institutes of Health and our institution. The study

design was approved by the Ethics Committee of the

NUGSBS (No. 0212040233).

Antibodies

Polyclonal antibodies against KGF and KGFR were

prepared by immunization of rabbits against synthetic pep-

tides in cooperation with Nichirei Co. (Tokyo, Japan) as de-

scribed previously [36]. For immunohistochemical analysis,

anti-KGF antibody (IgG, 10 μg/ml for tissue sections, 5

μg/ml for cultured cells) and anti-KGFR antisera (1:400 for

tissue sections, 1:200 for cultured cells) were used to iden-

tify KGF and KGFR expression, respectively. The mouse

anti-proliferating cell nuclear antigen (PCNA) monoclonal

antibody (PC10, IgG, 1.4 μg/ml for tissue sections) was

purchased from DAKO (Glostrup, Denmark). Horseradish

peroxidase (HRP)-conjugated goat anti-mouse IgG F (ab)’

(1:200) was purchased from Chemicon International

(Temecula, CA, USA). Normal goat IgG, normal rabbit

IgG, and normal mouse IgG were purchased from Sigma

Chemical Co. (St Louis, MO, USA). Normal goat serum

and normal rabbit serum were purchased from DAKO.

Tracheal operation

The rat was anesthetized with an intraperitoneal injec-

tion of 25 mg/kg sodium pentobarbital (Dainippon Seiyaku

Co., Tokyo). After sterilization and draping, a midline collar

incision was made, followed by dissection of the muscular

plane down to the trachea. A longitudinal tracheal incision

over two rings in length at 3 or 4 rings below the vocal

chords was made (Fig. 1). Three interrupted 8-0 PDS (poly-

dioxanone; Ethicon Inc., Somerville, NJ, USA) sutures were

placed between the tracheal rings to close the incision. Dur-

ing this operation, intubation was not needed. All rats sur-

vived without any major complications. No air leakage was

observed from day 1 after the operation. The rats were then

sacrificed with an overdose of pentobarbital (150 mg/kg) at

day 0 (as control), 1, 3, 5, 7, 14 and 28 after operation. The

tracheas were excised from the larynx to the carina, and

trimmed into 5 cartilage rings including the incised wound.

The specimens were then placed overnight in 4% parafor-

maldehyde in phosphate-buffered saline (PBS: pH 7.4),

embedded in paraffin, and 4-μm thick serial cross-sections

were cut and placed on silane-coated glass slides. To con-

Fig. 1. Photograph of the operative field. Arrow: longitudinal trache-

al incision. Arrowhead: three interrupted sutures closing incision.
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firm the expression of KGF and KGFR in other rat cartilage

tissues, we used the nasal septum and auricular cartilage of

mature (8-week-old) rats. Several sections from the speci-

mens were stained with hematoxylin and eosin (H&E) to

examine the structure of the wound healing area and any

difference in the healing process between the immature and

mature groups. The other sections were used for immuno-

histochemical analysis of KGF, KGFR, and PCNA expres-

sion in the wound healing area.

Primary culture of rat nasal septum chondrocytes

Primary cultures of rat nasal septum chondrocytes were

purchased from Hokudo Co. (Sapporo, Japan). The nasal

septum cartilage has a blood-rich stroma and intraluminal

epithelium, similar to that of the tracheal cartilage, and

chondrocytes from the nasal septum cartilage have often

been used as the cell source for artificial trachea [15]. The

cells were incubated in collagen-coated 35-mm dishes

(Becton Dickinson Labware, Franklin Lakes, NJ, USA) for 2

days in RPMI 1640 medium, supplemented with 100 U/ml

penicillin potassium, 100 μg/ml streptomycin sulfate, 10%

dextran-coated charcoal-treated fetal bovine serum, and 10

mM ascorbic acid at 37°C in a humidified atmosphere of 5%

CO2. To analyze KGF and KGFR expression, the cells were

further incubated in collagen-coated chamber slides (Lab-

Tek, Nalge Nunc International, Naperville, IL, USA) for 2

more days. After fixation with 4% paraformaldehyde in PBS

for 10 min at room temperature, the slides were subjected to

immunohistochemistry.

To analyze the effect of KGF, a fixed number of cells

(1×104 cells per well) were incubated for 6 days in the medi-

um described above with recombinant human KGF (0, 0.1,

10, 100, 200 and 500 ng/ml) (PeproTech, Rocky Hill, NJ,

USA) in a collagen-coated 24-well plate (Becton Dickinson

Labware), and medium change was performed every other

day.

Cell count and measurement of acid mucopolysaccharide 

amounts in primary cultures of rat chondrocytes

At various time points after the addition of KGF, the

cells and media were collected and solubilized in the cell-

lysis solution (Hokudo Co.) with ultrasonication using

Bronson Ultrasonicator 230 (Bronson Sonicator Co.,

Danbury, CT, USA) for 15 secs. For DNA assay, aliquots

of triplicate samples were processed using a DNA quan-

tification kit (Hokudo Co.). The fluorescence of the pro-

cessed samples was measured with a fluorometer (RF5000;

Shimadzu, Kyoto, Japan), and the DNA amount was cal-

culated according to the instructions provided by the

supplier. The cell number per dish was estimated from

measured DNA amount of chondrocytes. For the acid

mucopolysaccharide assay, the samples were analyzed using

mucopolysaccharide quantification kit (Hokudo Co.) and

absorbance at 650 nm was measured with a spectrophotom-

eter (UV1600; Shimadzu, Kyoto, Japan). The obtained

readings were compared with a standard curve generated

to determine acid mucopolysaccharide concentrations.

Western blot analysis of KGF

Tissues of the rat trachea, nasal septum and cultured rat

chondrocytes were homogenized with a Polytron homoge-

nizer (Glen Mills Inc., Clifton, NJ, USA) in a lysis buffer

containing 20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 5 mM

ethylenediaminetetraacetic acid, 0.5% Triton X-100, and

10% glycerol supplemented with protease inhibitors [10

μg/ml aprotinin, 10 μg/ml leupeptin, and 1 mM phenyl-

methylsulphonyl fluoride] on ice. The lysate was then

centrifuged at 15,000 rpm for 20 min at 4°C and the super-

natants were collected and stored at –80°C. The protein

concentration in each preparation was determined using a

protein assay kit from Bio-Rad Laboratories (Richmond,

CA), using bovine serum albumin (BSA) as a standard. In

the next step, 10 or 20 μg of the sample lysates were sepa-

rated by sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis (SDS-PAGE) with a 4–25% gradient gel (Daiichi

Pure Chemical, Tokyo, Japan) according to the method of

Laemmli [16] and electrophoretically transferred to a poly-

vinylidene difluoride membrane (Immobilon, Millipore

Corp., Bedford, MA). A molecular marker was used to

assess the molecular weight corresponding to the detected

bands. The membranes were incubated overnight with the

first antibody at room temperature, and then reacted with

HRP-conjugated goat anti-rabbit IgG for 2 hr at room tem-

perature. Finally, the signals were visualized by ECL plus

reagent (Amersham Biosciences Inc., Piscataway, NJ, USA).

Immunohistochemistry

The immunohistochemical procedure used in the

present study was described previously [1, 19, 27]. For KGF

detection, the slides were pretreated with 0.3% H2O2 in

methanol for 10 min at room temperature. After blocking the

non-specific reaction with antibodies by incubation with

10% normal goat serum and 1% BSA in PBS, the sections

were incubated with the first antibody for 2 hr. Next, the

sections were incubated with HRP-conjugated goat anti-

rabbit IgG for 1 hr. The signals were visualized with 3,3-

diaminobenzidine tetrahydrochloride and H2O2 for 10 min.

For KGFR detection, a procedure similar to that used for

KGF was applied except that the slides were pretreated with

0.2% Triton X-100 in PBS for 10 min at room temperature,

and incubated with HRP-conjugated goat anti-rabbit IgG

for second antibody. For immunohistochemistry of PCNA,

the slides were autoclaved at 120°C for 10 min in 10 mM

citrate buffer (pH 6.0) and then successively reacted with a

monoclonal mouse anti-PCNA antibody (PC10) for 2 hr and

HRP-conjugated goat anti-mouse IgG for 1 hr. Finally the

sections were counterstained with methyl green. As a nega-

tive control, normal rabbit IgG (for anti-KGF), normal

rabbit serum (for anti-KGFR) and normal mouse IgG (for

anti-PCNA) were used.

For evaluation of immunohistochemical results, the

relative intensities of immunostaining for KGF and KGFR

were evaluated as negative (−), weakly positive (+), mod-

erate (++), and intense (+++), relative to background stain-

ing in negative control sections. To quantify the proliferative
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activity of the cartilage area and perichondrium area around

the wound healing area, more than 2,000 chondrocytes

were counted and the number of PCNA-positive cells was

expressed as the percentage of positive cells per total num-

ber of counted cells (PCNA labeling index).

Statistical analysis

All data were expressed as mean±SD. Data of different

groups were compared using one-way analysis of variance

(ANOVA). Chi-square test was used for comparison of

categorical variables. Differences between two groups were

analyzed by Fisher’s exact test or Scheffé’s multiple com-

parison tests. A P value <0.05 was considered significant.

StatView Software for Windows, version 5.0 (SAS Institute,

Inc., Cary, NC, USA) was used for all statistical analyses.

III. Results

KGF expression in normal rat tracheal cartilage and primary 

cultured rat chondrocytes by western blot analysis

To confirm the expression of KGF in chondrocytes, we

examined tracheal cartilage extracts from normal 8-week-

old male Lewis rats and primary cultured rat nasal septum

chondrocytes by western blotting. A band corresponding

to 28 kD, the expected molecular weight for KGF, was

detected with anti-KGF in each case (Fig. 2). These results

indicated the expression of KGF in the rat tracheal cartilage,

nasal septum cartilage, and primary cultured rat nasal septum

chondrocytes.

Immunohistochemical detection of KGF and KGFR in 

normal rat tracheal and nasal septum cartilage

In the normal mature rat tracheal (Fig. 3A) and nasal

septum (data not shown) cartilage, strong staining for KGF

was found in the cytoplasm of both chondrocytes and peri-

chondrial cells. KGF was also detected in the blood vessels,

stroma and epithelium of the trachea, and the positive cells

were identified as endothelial cells, infiltrating lymphocytes,

fibroblasts, and glandular epithelial cells in the tracheal wall.

On the other hand, KGFR was detected only in the plasma

membrane of chondrocytes in the tracheal (Fig. 3B) and

nasal septum (data not shown) cartilage. The perichondrial

cells were almost negative for KGFR. The same staining

pattern was also observed for KGF and KGFR in the im-

mature rat tracheal and nasal septum cartilage. No staining

was observed when the adjacent sections were reacted with

the appropriate control serum (data not shown).

Cell proliferation and expression of KGF and KGFR in 

tracheal cartilage after surgery

As shown in Figure 4, the cartilage defect created by

surgery was temporarily closed by fibroblasts at an early

stage after the injury (Fig. 4A and C), and then the partici-

pation of chondrocytes reforming the cartilage ring was

eventually observed on day 28 after the operation (Fig. 4B

and D) in both the immature and mature groups. With

Fig. 3. Immunohistochemical localization of KGF and KGFR in serial paraffin sections from normal mature rat cartilage. (A) KGF immuno-

reactivity in rat tracheal cartilage. Arrow: KGF positive chondrocytes. Arrowhead: KGF positive perichondrial cells. (B) KGFR immuno-

reactivity in rat tracheal cartilage. Arrow: KGFR positive chondrocytes. Arrowhead: KGFR negative perichondrial cells. p: perichondrial area,

c: chondrocyte area. Magnification×100. Bars=200 µm and 30 µm (inset in A).

Fig. 2. Western blot analysis of KGF in adult rat cartilage. Molecu-

lar marker (lane 1), lysate of rat tracheal cartilage (lane 2, 20 µg),

lysate of rat nasal septum cartilage (lane 3, 20 µg) and lysate of cul-

tured rat nasal septum chondrocytes (lane 4, 20 µg) were separated

on a 15–25% gel. A major band corresponding to 28 kD (lanes 2–4)

was detected with anti-KGF antibody (arrow).
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regard to cell proliferation in the injured area, not only peri-

chondrial cells but also the majority of chondrocytes of the

immature group were positive for PCNA on day 5 after the

operation (Fig. 5A), indicating multi-focal proliferation of

chondrocytes during the healing process. On the other hand,

PCNA staining in the mature group was observed mainly in

the perichondrium and only a few chondrocytes in the

fully differentiated cartilage (Fig. 5B). To analyze the pro-

Fig. 4. Serial changes in the histology in paraffin sections of immature and mature post-operative rat trachea. (A) H&E staining on day 5 after

operation in the immature rat group. (B) H&E staining on day 28 in the immature rat group. (C) H&E staining on day 5 in the mature rat group.

(D) H&E staining on day 28 in the mature rat group. p: perichondrial area, c: chondrocyte area, f: proliferating fibroblast area. Magnifica-

tion×100. Bar=200 µm.

Fig. 5. Serial changes in the expression of PCNA in paraffin sections of immature and mature post-operative rat trachea. (A) Immunohistochem-

ical detection of PCNA on day 5 in the immature rat group. (B) Immunohistochemical detection of PCNA on day 5 in the mature rat group.

p: perichondrial area, c: chondrocyte area. Magnification×100. Bars=200 µm and 30 µm (inset in A, B).
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liferating activities quantitatively, the PCNA labeling index

of chondrocytes of perichondrial and cartilage parts in the

wound healing area, including both right and left sides of

the tracheostomy site, was measured. As shown in Table 1,

the PCNA labeling index of chondrocytes in the cartilage

part of the mature rats was significantly lower than that of

the immature ones.

The staining intensity of KGF in the tracheal cartilage

and perichondrial area was similarly before and after sur-

gery, in both immature and mature rat groups (Fig. 6A, B, C

and D). However, staining for KGFR was markedly higher

after surgery in the perichondrial area including the prolifer-

ating chondrocytes (Table 2).

Expression of KGF and KGFR in primary cultured 

chondrocytes

In primary cultures of rat nasal septum chondrocytes, a

strong staining was detected for KGF in the cytoplasm

(Fig. 7A). On the other hand, a variable degree of immuno-

staining for KGFR was noted; staining of plasma membrane

was intense in the confluent area, but was weaker in the

sparse area (Fig. 7B).

Effect of exogenous KGF on cell proliferation and production 

of acid mucopolysaccharides in primary cultured rat 

chondrocytes

To examine the effect of KGF on the proliferating ac-

tivity of chondrocytes, primary cultures of rat chondrocytes

from the nasal septum were incubated with increasing con-

centrations of recombinant human KGF for 6 days (Fig. 8

and Table 3). As shown in Figure 8A, the chondrocyte cell

Table 1. Comparison of PCNA labeling index of chondrocytes in

wound healing area on day 5 after operation between

immature and mature group

Data are mean±SD. *: P<0.01, compared with the immature group.

Rat group Area
PCNA labeling index

n=2000

Immature Cartilage area 0.82±0.09

Perichondrium 0.84±0.08

Mature Cartilage area 0.43±0.09*

Perichondrium 0.83±0.05

Fig. 6. Immunohistochemical detection of KGF and KGFR in paraffin sections of post-operative rat trachea. (A) Immunohistochemical

detection of KGF on day 5 in the immature rat group. (B) Immunohistochemical detection of KGFR on day 5 in the immature rat group.

(C) Immunohistochemical detection of KGF on day 5 in the mature rat group. (D) Immunohistochemical detection of KGFR on day 5 in the

mature rat group. Arrowhead: positive staining of KGFR in proliferating chondrocytes from perichondrium. p: perichondrial area, c: chondro-

cyte area. Magnification×100. Bars=200 µm and 30 µm (inset in A, B, C, D).
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number per dish increased significantly in a dose-dependent

manner, reaching a plateau level (149% of the control) at a

concentration of 200 ng/ml. The calculated doubling-time

(1.6±0.3 days), was significantly shorter than control cul-

tures (2.9±0.3 days).

Since the production of acid mucopolysaccharides is a

functional marker of chondrocytes, we measured the amount

of acid mucopolysaccharides in the primary cultures with

various concentrations of recombinant KGF. As shown in

Figure 8B, a significant dose-dependent decrease in the

amount was noted. These results indicate that KGF pro-

motes chondrocyte proliferation, but not their differentia-

tion.

IV. Discussion

In the present study of a rat model of tracheal incision,

we investigated the possible involvement of KGF and

KGFR in the wound healing process of tracheal cartilage,

since little is known about the growth factors involved in

regulation of cartilage wound healing in vivo. Our study

clearly demonstrated the expression of KGF in chondrocytes

and perichondrial cells of both immature and mature rat tra-

chea while KGFR was detected in the chondrocyte plasma

membrane only, but not in perichondrial cells. After surgery,

however, KGFR expression was induced in perichondrial

cells in parallel with the induction of their proliferation.

Moreover, we also showed that KGF promoted the prolifer-

ation of primary cultured chondrocytes from rat nasal sep-

tum. These results indicate that the KGF-KGFR system

plays an important role in the wound healing process of the

tracheal cartilage in both immature and mature rats, espe-

cially inducing perichondrial cell proliferation.

Although the defect of tracheal cartilage rings was fi-

nally repaired by newly constructed cartilage tissue in both

immature and mature rats, the cartilage regeneration process

was preceded by proliferation and migration of fibroblasts to

fill the defective parts. During the process of wound healing,

the expression of KGF was increased not only in chondro-

cytes but also in fibroblasts. These results may indicate that

the higher expression of KGF can induce the regeneration of

cartilage through the proliferation of fibroblasts. Consider-

ing that the regenerative response of the connective tissue

and cartilage in the repair process of joint cartilages oc-

curred simultaneously, the delayed response of the tracheal

cartilage to the injury may be tissue-specific. Another inter-

esting aspect of tracheal cartilage regeneration is that the

roles of chondrocytes in the cartilage matrix seemed to be

different between immature and mature rats; immature rats

showed induction of proliferation of chondrocytes as well as

perichondrial cells, whereas no proliferation of chondro-

cytes in the mature cartilage matrix was observed, consistent

with the findings of a previous study [6]. Therefore, in the

clinical setting, careful attention must be paid to monitor

wound healing of cartilage in mature or aged cases, especial-

ly when accompanied by perichondrial handling, because

the perichondrium appears to be essential in the cartilage

regeneration process in mature rats.

In the present study, KGFR was expressed in the peri-

chondrium during wound healing but not under normal

physiological condition. This finding strongly suggests the

involvement of KGF in the proliferation of perichondrial

cells. In addition, based on the post-surgical distribution of

Table 2. Comparison of KGF and KGFR staining in the wound healing area

*− =negative; + =weakly positive; ++ =moderate; +++ =intense

** fibroblasts surrounding cartilage in the wound healing area

Rat group Area of cells
KGF (score of intensity)* KGFR (score of intensity)

Control Day 5 Day 28 Control Day 5 Day 28

Immature Cartilage +++ +++ +++ +++ +++ +++

Perichondrium ++ ++ ++ − + −

Fibroblasts** + ++ − − +

Mature Cartilage +++ +++ +++ +++ +++ +++

Perichondrium ++ ++ ++ − ++ −

Fibroblasts** − + − − + −

Fig. 7. Immunohistochemical detection of KGF and KGFR in pri-

mary cultures of rat nasal septum chondrocytes. (A) KGF immuno-

reactivity was detected in primary cultures of rat nasal septum

chondrocytes. (B) KGFR immunoreactivity was detected in primary

cultures of rat nasal septum chondrocytes. Magnification×400.

Bar=50 µm.
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PCNA-positive cells, the perichondrium seems to be the pri-

mary source of proliferative chondrocytes in mature rats,

and chondrocytes near the cutting edge can also proliferate

in a multifocal manner in immature rats.

Since KGF promotes cell differentiation under certain

conditions [28], it is conceivable that the expression of KGF

in normal cartilage serves to maintain cartilage function in

an autocrine/paracrine manner. However, when we exam-

ined the effect of extraneously added KGF on primary cul-

tured chondrocytes derived from the nasal septum, KGF did

not stimulate acid mucopolysaccharide production; rather, it

decreased such production from chondrocytes. This appar-

ent discrepancy may be explained by the general tendency of

proliferating cells to lose their specific functions. Since other

growth factors, such as TGFβ-1 and BMP2, are known to

promote cartilage differentiation (i.e., production of extra-

cellular matrix or acceleration of ossification) [30, 32], co-

operation between KGF and such growth factors might be

required to promote or maintain the differentiation state of

chondrocytes. Further studies are required to explore this

issue in the future. In this context, it should be noted that

Weksler et al. described dedifferentiation of chondrocytes

by FGF-9 [34]; the receptor for FGF-9 is FGFR3, which is

similar receptor for KGFR, promoted proliferation, but

inhibited terminal differentiation, similar to KGF.

Several recent studies have investigated the effect of

IGF-1 alone or with other growth factors such as FGFs on

the temporomandibular joint condylar cartilage, which ex-

hibits hyaline-like features [33]. Finch et al. [8] reported

that KGF and KGFR are expressed on the cartilage of limbs,

ribs, larynx, and trachea from embryonic stage, it is possible

that the use of KGF with these growth factors may have

enhancing, competitive, or other specific effects on the

hyaline cartilage.

In conclusion, the results of the present study showed

that the KGF-KGFR system plays a role in promotion of the

wound healing process in injured tracheal cartilage. These

results suggest that KGF may be a potentially useful thera-

peutic tool after tracheoplasty and/or lung transplantation.

Fig. 8. Total cell counts and quantification of acid mucopolysaccharide product in primary cultured chondrocytes treated with various concen-

trations of KGF. (A) Total cell counts of primary cultured chondrocytes treated with various concentrations of KGF on day 6 during culture.

Data are mean±SD of three independent experiments. * P<0.05 vs. control. (B) Quantification of acid mucopolysaccharide product in primary

cultured chondrocytes treated with various concentrations of KGF on day 6 during culture. (Product amount per 1000 cells). Data are mean±SD

of three independent experiments. * P<0.05 vs. control.

Table 3. Effect of KGF to cell proliferation and production of

mucopolysaccharide of primary cultured chondrocytes

after day 6 in culture

* p<0.05, compared with the respective control group.

KGF concentration

Total cell number/dish

Mean±SD
Difference from 
control (p value)

Control 6.23×104±3.94×103

100 ng/ml 7.74×104±1.32×104 0.231

200 ng/ml 9.34×104±3.11×103 0.0056*

500 ng/ml 9.63×104±1.28×104 0.0028*

KGF concentration

Total product of mucopolysaccharide/dish

Mean±SD (µg)
Difference from 
control (p value)

Control 70.6±10.7

100 ng/ml 59.7±19.6 0.744

200 ng/ml 42.2±14.8 0.085

500 ng/ml 20.6±7.17 0.0025*

KGF concentration

Product of mucopolysaccharide/1000 cells

Mean±SD (µg)
Difference from 
control (p value)

Control 1.13±0.15

100 ng/ml 0.78±0.42 0.148

200 ng/ml 0.45±0.18 0.0034*

500 ng/ml 0.21±0.09 0.0002*
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