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Abstract

Fibroblast growth factor (FGF)-10 (keratinocyte growth factor 2, KGF 2) is a new member
of the FGF family that is mainly synthesized by mesenchymal cells and acts predominantly on
epithelial cells in a paracrine manner. Its actions are dependent on its binding to the iiib isoform
of the cell-surface FGF receptor 2 (FGFR 2iiib). FGF-10 is known to play an important role in fe-
tal limb and lung development, skin wound healing and prostatic epithelial cell growth.

In the present study, the expression of FGF-10 and FGFR 2 iiib in five cultured human col-
orectal adenocarcinoma cell lines (COLO 205, DLD-1, HCT-15, SW 480 and WiDr) and the localiza-
tion of FGF-10 messenger RNA (mRNA) and its protein in human colorectal cancer tissues from
10 patients were determined. All five colorectal cancer cell lines expressed FGF-10 mRNA and its
protein. FGFR 2 iiib mRNAs were expressed in these cells and the recombinant FGF-10 (1 ng/
ml) increased the growth rate of COLO 205 cells. To determine the localization of FGF-10 protein
and its mRNA in normal and cancerous human colorectal tissues, immunohistochemistry and in
situ hybridization were performed. In normal colorectal tissues, FGF-10 and its mRNA were not
detected. In contrast, moderate immunoreactivity was present in cancer cells in 5 of 10 colorectal
cancer cases and mild immunoreactivity was recognized in adjacent fibroblasts. By using in situ
hybridization, FGF-10 mRNA was observed in colorectal cancer cells and fibroblasts adjacent to
cancer cells.

These findings indicate that FGF-10 and its receptor, FGFR 2 iiib expression in colorectal
adenocarcinoma cells and FGF-10 may contribute to the growth of cells of this type.
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and their receptors, including the transforming

Introduction growth factor-beta (TGF-beta), insulin-like growth

factor-II (IGF-II), hepatocyte growth factor (HGF),

The incidence of colorectal adenocarcinoma has HGF receptor (c-Met), epidermal growth factor recep-

been increasing in Japan as well as in the Western tor (EGFR) , IGF receptor I (IGF-IR) and vascular en-
world'. A high percentage of cells from patients with dothelial growth factor (VEGF)*®.

this cancer overexpress a number of growth factors Fibroblast growth factor (FGF)-10 is a new member

Correspondence to Toshiyuki Ishiwata, MD, Department of Pathology, Nippon Medical School, 1-1-5 Sendagi, Bunkyo-
ku, Tokyo 113-8602, Japan

E-mail: ishiwata@nmes.ac.jp

Journal Website (http: //www.nms.ac.jp/jnms/)



398

of the FGF family of heparin-binding polypeptides
that was originally isolated from the rat embryo
cDNA as determined by homology-based polymerase
chain reaction®. FGF-10 is mainly synthesized by
mesenchymal cells and acts predominantly on epithe-
lial cells in a paracrine manner". Moreover, FGF-10 ac-
tions are dependent on its binding to the iiib isoform
of the cell-surface FGF receptor 2 (FGFR 2)". FGF-10
is known to be expressed in the normal lung, heart,
skin, brain, and prostate’ . In addition to FGF-10,
which is also known as keratinocyte growth factor
(KGF) -2, this family includes aFGF or FGF-1, bFGF
or FGF-2,int-2 (FGF-3), hst/K-FGF (FGF-4), FGF-5,
FGF-6, FGF-7, androgen-induced growth factor (AIGF
or FGF-8), glia-activating factor (GAF or FGF-9),
FGF-11 (FGF homologous factors-3, FHF-3), FGF-12
(FHF-1) , FGF-13 (FHF-2) , FGF-14 (FHF-4) , FGF-15,
FGF-16, FGF-17, FGF-18 and FGF-19""*. In the FGF
family, we previously reported that basic FGF (bFGF,
FGF-2) and FGF-7 (also known as keratinocyte
growth factor, KGF) were overexpressed in cells from

2,21

patients with colorectal cancer®”. Recently we found
that FGF-10 was expressed in a human squamous car-
cinoma cell line from the uterine cervix”. However, it
has not been clarified whether adenocarcinoma cells
express FGF-10. Therefore, in the present study, we
examined the FGF-10 mRNA expression in cultured
human colorectal adenocarcinoma cell lines and in col-
orectal cancer tissues. We now report that FGF-10
mRNA, its protein and FGFR 2 iiib mRNA are ex-
pressed in five cultured colorectal adenocarcinoma
cell lines and that the recombinant FGF-10 stimulates
growth of COLO 205 colorectal cancer cells. In human
colorectal cancer tissues, FGF-10 is expressed in some
cancer cells and is also localized in fibroblasts adja-

cent to cancer cells.

Materials and Methods

Materials:

The following were purchased: pGEM-T Easy vec-
tor from Promega Biotech.(Madison WI, USA); a
Takara RNA polymerase chain reaction (PCR) kit
(AMV) Ver. 21 from Takara (Tokyo, Japan); Isogen
from Nippon Gene (Tokyo, Japan); Pefabloc SC from
Merck (Darmstadt, Germany); anti-rabbit IgG-HRP
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secondary antibody, the rabbit anti-FGF-10 polyclonal
antibody (H-121) and a blocking peptide from Santa
Cruz Biotech. (Santa Cruz, CA, USA); a universal
VECTASTAIN ABC kit from Vector Lab. Inc. (Burl-
ingame, CA, USA); human recombinant FGF-10 from
R&D System Inc. (Westerville, OH, USA); yeast t-
RNA from GIBCO BRL (Gaithersbung, MD); WST-1,
Tween 20, glycine and formamide from Wako Pure
Chemical Industries Ltd. (Osaka, Japan); DIG nucleic
acid detection kit and DIG RNA labeling kit from
Roche Diagnostics (Mannheim, Germany); cell culture
plates from Nalge Nunc Int. (Roskilde, Denmark);
IPVH membranes from Millipore (Yonezawa, Japan);
SuperSignal West Pico Chemiluminescent substrate
from Pierce Chemical Company (Rockford, IL); MAS-
coated slides from Matunami Glass Ind. Ltd. (Osaka,
Japan); all other chemicals and reagents from Sigma
Chemical Corp.(St. Louis, MO, USA).

Tissue samples:

Colorectal carcinoma tissue samples were obtained
from patients (4 males, 6 females; mean age, 70 years;
range 58 to 85 years) undergoing proctocolectomy for
colorectal cancer at the Center for Digestive Diseases,
Second Affiliated Hospital of Nippon Medical School.
Normal colorectal tissue samples were also obtained
from the surgical margin at least 10 cm away from the
cancerous portion in the same patients. The tissues
were fixed in 10% paraformaldehyde solution (PFA)
for 18~20 hr and embedded in paraffin.

Cell culture and growth assay:

COLO 205, DLD-1, HCT-15, SW 480 and WiDr cells
were obtained from the Cell Resource Center for Bio-
medical Research, Institute of Development, Aging
and Cancer, Tohoku University (Sendai, Japan). The
cells were grown in the RPMI 1640 medium contain-
ing 10% heat-inactivated bovine serum (FBS), 0.2%
glucose, 1 mM pyruvate, 2 mM glutamine, 100 unit/ml
penicillin, 100 mg/ml streptomycin and 60 mg/ml ka-
namycin at 37C under a humidified 5% CO, atmos-
phere. To assess the effects of FGF-10 on colon cancer
cell growth, COLO 205 cells were plated at a density
of 10,000 cells per well in a 96-well plate and grown
overnight in the RPMI 1640 medium supplemented
with 10% FBS. Then, the cells were incubated in the
absence or presence of human recombinant FGF-10
and harvested for 24 hr in serum-free RPMI 1640 me-
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dium. The cells were further incubated in the same
medium with WST-1 for 2 hr and the optical density
of the culture solution in the plate was measured us-
ing an ELISA plate reader (Bio Rad Lab. Hercules,
CA) at 415 nm. Data were expressed as percent in-
crease with respect to those of untreated controls and
were the mean * s.d of three separate experiments.
RT-PCR (Reverse transcription-polymerase chain
reaction):

Total RNAs were extracted from colorectal cancer
cells with Isogen according to the manufacturer’s
protocol. Then ¢cDNA synthesis and PCR were per-
formed with a Takara RNA PCR kit. The primer pair
used for FGF-10 amplification corresponded to nucleo-
tides (nts) 77— 96 (5-CGC-GGA-TCC-TGC-TGT-TCT-
TGG-TGT-CTT-CC-3") and nt 276 — 296 (5-CGG-AAT-
TCT-GAC-CTT-CCC-GTT-CTT-CTC-A-3") of the hu-
man FGF-10 cDNA (238 bp)". The primer pair used
for FGFR 2 iiib mRNA amplification corresponded to
nt 1346 — 1365 (5'-CGC-GGA-TCC-GCC-GCC-GGT-
GTT-AAC-ACC-AC-3') and nt 1456 — 1475 (5'-CGG-
AAT-TCA-CCA-TGC-AGA-GTG-AAA-GGA-T-3'; 149
bp)*.

PCR reaction was carried out in a Takara PCR ther-
mal cycler MP (Takara, Tokyo, Japan) for 5 min at 95
Cand then 35 cycles, each consisting of 1 min at 95C,
1 min at 58C and 2 min at 72°C. As a negative control,
RNA without reverse transcription was used as the
template of PCR.

Western blot analysis:

The anti-FGF-10 antibody used for Western blot
analysis was an affinity-purified rabbit polyclonal anti-
body raised against a peptide corresponding to amino
acids 10 — 130 mapping with an internal region of hu-
man FGF-10. This antibody reacts with human FGF-
10 on Western blotting, immunoprecipitation and im-
munohistochemistry, but does not react with any
other members of the FGF family (Santa Cruz
Biotech., CA). Protein extraction was performed as
previously reported®. The proteins extracted were
subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to
IPVH membranes, which were then incubated for 16
hr with the FGF-10 antibody. The membranes were
sequentially washed and incubated with secondary
HRP conjugated anti-rabbit IgG antibody for 2 hr. Af-
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ter washing, antibodies were visualized by enhanced
chemiluminescence.
Immunohistochemistry:

The same anti-FGF-10 antibody used for Western
blot analysis was employed for immunohistochemis-
try. Paraffin-embedded sections (3 um) were sub-
jected to immunostaining by the avidin-peroxidase
technique. After deparaffinization, the tissue sections
were incubated in 0.1% trypsin solution for 60 min at
37TC. Endogenous peroxidase activity was blocked by
incubation for 30 min with 0.3% hydrogen peroxide in
methanol. Tissue sections were incubated with nor-
mal horse serum for 10 min at room temperature
(RT), then with FGF-10 (1: 500 in dilution) in PBS con-
taining 1% bovine serum albumin (BSA) for 16 hr at
4C . Bound antibodies were detected with bioti-
nylated horse universal (anti-rabbit and mouse) IgG
secondary antibodies and the streptavidin-peroxidase
complex, using diaminobenzidine tetrahydrochloride
as the substrate. Sections were counterstained with
Mayer' s hematoxylin.

Probe preparation:

A BamHI-EcoRI ¢cDNA fragment, corresponding to
nts 77 — 295 of the human FGF-10 cDNA sequence,
was generated by PCR amplification of a single-
stranded ¢cDNA that was reverse-transcribed (RT)
from human placental RNA, as previously described.
The FGF-10 cDNA fragments were subcloned into
the pGEM-T Easy vector. The authenticity of these
fragments was confirmed by sequencing. The probes
were labeled with digoxigenin-UTP using SP 6 or T 7
RNA polymerase using a DIG RNA labeling kit.

In situ hybridization:

In situ hybridization was performed as previously
reported”. Tissue sections were placed on MAS-
coated slides, deparaffinized and incubated at RT for
20 min with 0.2 N HCI and at 37°C for 15 min with 100
ug/ml proteinase K. The sections were then postfixed
for 5 min in phosphate-buffered saline (PBS) contain-
ing 4% PFA, incubated briefly twice in PBS contain-
ing 2 mg/ml glycine and once in 50% (vol/vol) forma-
mide/2 X SSC for 1 hr prior to the initiation of hybridi-
zation reaction by the addition of 100 ul of hybridiza-
tion buffer. In the case of FGF-10, hybridization was
performed in a moist chamber for 16 hr at 42C at a

probe concentration of 100 ng/ml. The sections were
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then washed sequentially with 2 X SSC for 20 min at
42C and 0.2 X SSC for 20 min at 42C. For immu-
nological detection, a DIG nucleic acid detection kit
was used. The sections were washed briefly with
buffer 1 solution (100 mM Tris-HCl and 150 mM NaCl,
pH 7.5) and incubated with 1% (wt/vol) blocking re-
agent in the same buffer 1 solution for 60 min at RT.
They were then incubated for 30 min at RT with a 1:
2000 dilution of alkaline phosphatase-conjugated poly-
clonal sheep anti-digoxigenin Fab fragment contain-
ing 0.2% Tween 20. The sections were then washed
twice for 15 min at 23°C with buffer 1 solution contain-
ing 0.2% Tween 20 and incubated in buffer 3 solution
(100 mM Tris-HCI, 100 mM NaCl and 50 mM MgCl,,
pH 95) for 2 min. The sections were then incubated
with a color solution containing nitroblue tetrazolium
and X-phosphate in a dark box for 1 —2 hr. The reac-
tion was stopped with a TE buffer (10 mM Tris-HCl,
1 mM EDTA, pH 80), and the sections were mounted

in an aqueous mounting medium.
Results

RT-PCR:

To examine the expression of FGF-10 and its recep-
tor, FGFR 2iiib (KGFR) mRNA in cultured colorectal
cancer cell lines, RT-PCR analysis was performed. All
five cultured colorectal adenocarcinoma cell lines,
COLO 205, DLD-1, HCT-15, SW 480 and WiDr cells ex-
pressed FGF-10 mRNA (Fig. 1, upper panel) and
FGFR 2iiib mRNA (lower panel).

Western blot analysis:
To confirm the synthesis of FGF-10 protein in five

cultured colorectal cancer cell lines, Western blot
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Fig.1 RT-PCR analysis of colorectal adenocarcinoma
cell lines.
All five cancer cell lines, WiDr, HCT-15, SW
480, COLO 205 and DLD-1 express FGF-10
mRNA (upper panel) and FGFR 2 iiib mRNA
(lower panel).
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analysis was performed. Approximately 30 kD band
corresponding to FGF-10 protein was detected in all
five cultured colorectal cancer cells (Fig. 2).

Effect of FGF-10 on COLO 205 colorectal cancer
cells:

We next determined whether FGF-10 modulated
the growth of COLO 205 cells. In comparison to the
untreated control, maximal stimulation occurred at 1
ng/ml recombinant FGF-10 enhancing the growth of
COLO 205 cells by 26% (Fig. 3).
Immunohistochemistry:

Immunohistochemical staining was performed in
order to determine the localization of FGF-10 in col-
orectal cancer tissues. FGF-10 was not observed in
normal colon tissues (Fig. 4A), but was moderately
observed in cancer cells in five of ten cancer cases
(Fig. 4B, arrows). And mild to moderate FGF-10 im-
munoreactivity was present in fibroblasts adjacent to
cancer cells (Fig. 4B, C, arrows).

In situ hybridization:

To determine which the cell types express FGF-10
mRNA in colorectal cancer tissues, in situ hybridiza-
tion was employed. FGF-10 mRNA was not detected
in normal colorectal tissues (data not shown), while it
was strongly expressed in most of the cytoplasm of
cancer cells in immunohistochemically FGF-10-posi-
tive cancer cases (Fig.5A arrows, B).In situ hybridi-
zation with a sense FGF-10 probe did not produce any

specific signal (Fig. 5C).
Discussion

FGF-10 is generally synthesized by stromal cells
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Fig.2 Western blot analysis of FGF-10 in colorectal
adenocarcinoma cell lines.
Approximately 30 kD band corresponding to
FGF-10 protein is detected in HCT-15, WiDr,
COLO 205, DLD-1 and SW 480, colorectal can-
cer cells.
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Fig.3 Effects of FGF-10 on COLO 205 colorectal can-

cer cell growth.

COLO 205 cells were grown in a serum-free

RPMI medium in the presence or absence of

increasing concentrations of FGF-10. Data are

expressed as percent increase with respect to

those of untreated controls and are the means
+s.d of three separate experiments.

and stimulates epithelial cell growth. Its has 54 per-
cent sequence homology to previously reported KGF
(FGF-7)". FGF-10 and KGF has a high affinity to the
same receptor, the KGFR isoform of FGFR 2 iiib,
which is exclusively expressed by epithelial cells®.
FGF-10 is known to have an important role in fetal de-
velopment, particularly in limb and lung formation®.
FGF-10 homozygous null mutant mouse (FGF-10
knockout mouse) embryos lack both forelimbs and
hindlimbs, although a scapula is present at the correct
forelimb position. These embryos have no lung buds
at all, although presumptive trachea apparently de-
velop normally®.

FGF-10 accelerates skin wound healing, re-epithe-
lialization and granulation tissue formation®. In a rab-
bit model of scar formation, FGF-10 is most effective
in wound healing and causes no obvious scarring as
compared with other growth factors, including KGF
and TGF-beta which have previously been examined
in this model”. Furthermore, recombinant FGF-10
stimulates prostatic epithelial cell growth®.

In the FGF families, bFGF did not stimulate epithe-
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lial restitution of human colon mucosa in vitro®. In
contrast, KGF has been reported to stimulate the
growth of the mucin producing goblet cells in the co-
lon”. Moreover KGF promoted the healing of colonic
anastomoses in rats during a 1-week postoperative pe-
riod following large bowel surgery®.

The role of FGF-10 and its receptor in cancer tis-
sues has not been elucidated well. Some cancer cells
secrete fetal proteins and FGF-10 stimulate epithelial
cell growth, suggesting that this growth factor may
contribute to cancer cell growth. We previously re-
ported that pancreatic cancer cells and colorectal can-
cer cells have a potential to synthesize KGF and may
have a role in cancer cell growth in an autocrine and
paracrine manner”™*. In our present study, FGF-10
and its receptor FGFR 2 iiib are colocalized in all cul-
tured colorectal cancer cell lines examined. This find-
ing suggests that FGF-10, usually produced by mesen-
chymal cells, is also synthesized by colorectal cancer
cells. The existence of the FGFR 2 iiib receptor in col-
orectal cancer tissues may indicate the presence of an
FGF-10-dependent paracrine and autocrine loop in the
growth of this type of cancer. Recently we reported
that a squamous carcinoma cell line expressed FGF-
10 mRNA and recombinant FGF-10 stimulated grow-
th of the cells® To our knowledge, this is the first time
that cancer cells classified as adenocarcinoma ex-
pressing FGF-10 mRNA and protein have been re-
ported. Four forms of mouse FGF-10 protein with mo-
lecular weights from 20 to 30 kD have been reported.
FGF-10 have two potential N-linked glycosylation
sites and the 30 kD FGF-10 protein contains N-linked
glycosylation". A 30 kD FGF-10 protein is considered
the major form of FGF-10 in human colorectal cancer
cells, and the difference in molecular weight between
cancer cell lines may be due to the glycosylation. To
confirm the growth stimulatory effect of FGF-10 on
colorectal cancer cells, we performed a growth assay
using recombinant FGF-10. Administration of recom-
binant FGF-10 increased the rate of COLO 205 cell
growth. These findings strongly indicate the impor-
tant role of an FGF-10 in the growth of colorectal can-
cer cells. It is not clear why the maximal growth ef-
fect was exhibited on 1 ng/ml of FGF-10, but the con-
centration is possibly adequate for the growth of this

type of cancer cell. In the present study, we did not
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Fig.4 Immunohistochemistry of FGF-10 in normal

colorectal tissues and cancer tissues.
FGF-10 immunoreactivity is not observed in

normal colorectal tissue (A), but localized in
cancer cells (B, arrows), and fibroblasts adja-
cent to cancer cells (C, small arrows).

Original magnification: x 100 (A, B); x400(C).

investigate the stimulatory effect of FGF-10 on other
colorectal cancer cell lines, but these cancer cells also
have FGFR 2 iiib, which suggests that FGF-10 may
stimulate the growth of cells.

Our previous study demonstrated that FGFR 2 iiib
(KGFR) mRNA was overexpressed in tissues from
many human colorectal cancer cases”. FGF-10 and
KGF are considered to share the same receptor,
FGFR 2 iiib. KGF null mice show a disorder only in
hair development, but FGF-10 null mice have lung
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Fig.5 In situ hybridization of FGF-10 mRNA in col-
orectal cancer tissues.
FGF-10 is expressed in adenocarcinoma cells
(A arrows, B). In contrast, a sense FGF-10
probe does not show any signal (C).
Original magnification: x60 (A, C); <400 (B) .

and limb defects”. This finding may indicate the more
important role of FGF-10 than KGF in epithelial cell
growth. In colorectal cancer tissues, KGF was local-
ized in cancer cells and enterochromaffin (EC) cells
adjacent to cancer cells”. FGF-10 and its mRNA were
localized mainly in cancer cells and fibroblasts adja-
cent to cancer cells, but they were not detected in EC
cells. These findings indicate that FGF-10 is produced
mainly by colorectal cancer cells and fibroblasts and
that FGF-10 may act on cancer cell growth in an

autocrine and paracrine manner via FGFR 2 iiib in col-



J Nippon Med Sch 2001; 68(5)

orectal cancer cases. Neutralizing antibodies for FGF-
10 and FGFR 2 iiib could not be obtained, but we
speculated that these antibodies may be effective for
the inhibition of colorectal cancer cell growth.

The mechanisms that lead to overexpression of
FGF-10 are not clear. Interestingly, TGF-beta and tu-
mor necrosis factor-oc (TNF-o.) repressed FGF-10
mRNA expression, but EGF and interleukin-1-8 (IL-1-
B) had no such effect". These factors are overex-
pressed in colorectal cancer tissues, so that different
mechanisms for the regulation of FGF-10 may exist in
colorectal cancer cells. Further study is necessary to
investigate the signal transduction pathway for the in-
duction of FGF-10 in colorectal cancer cells.

In summary, FGF-10 and FGFR 2 iiib were coex-
pressed in five cultured colorectal cancer cell lines
and FGF-10 induced growth of COLO 205 colorectal
cancer cells. Moreover, the expression of FGF-10
mRNA in colorectal cancer cells and adjacent fibro-

blasts may lead to cancer cell growth.
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