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Abstract

Background: Well-differentiated liposarcoma (WDL)/atypical lipomatous tumor (ALT) is considered a low-grade
malignancy that rarely metastasizes but should be carefully followed because recurrence or dedifferentiation may
occur. It is recognized that WDL and ALT are essentially synonymous, describing lesions that are identical both
morphologically and karyotypically, and that site-specific variations in behavior relate only to surgical resectability.
Preoperative differential diagnosis between lipoma and ALT has been well studied because their clinical and image
characteristics are very similar. We evaluated the factors that may differentiate ALTs from lipomas, and validated a
tentative scoring system for the diagnosis of the 2 tumor types.

Methods: Forty-eight lipomas and 12 ALTs were included. The mean age, location and depth of the tumor as well as
the compartment were not significantly different between the 2 groups. To evaluate the vascularity of the tumors, the
average number of intratumoral vessels on pathological sections was calculated and compared between cases of
lipoma and ALT.

Results: The tumor size was significantly larger in ALT cases than in lipoma cases (P < 0.001). Magnetic resonance
imaging (MRI) revealed septal structures in 91.6% of ALTs, whereas 20.8% of lipomas showed septa. Contrast
enhancement in MRI was found significantly more often in ALTs (81.2%) than in lipomas (18.8%) (P < 0.001). We created
a "ALT score” to discriminate between lipoma and ALT (0-6 points). ALT cases gave significantly higher point values
(average 5.1 points) than lipoma cases (average 1.7 points) (P < 0.001). We found a significantly increased number of
vessels in cases of ALT than in cases of lipoma (P =0.001).

Conclusions: Our ALT score may help surgeons to differentiate a suspected ALT from a lipoma and could recommend
a marginal resection in cases of suspected ALT. Increased intratumoral vascularity in ALT is reflected in the MRI findings
and may play a key role in the acquisition of a malignant phenotype in adipocytic tumors.

Keywords: Atypical lipomatous tumor, Magnetic resonance imaging, Scoring system, Tumor angiogenesis,
Dedifferentiation
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Table 1 Summary of patient characteristics

Lipoma ALT P-value
Average (range)
Age 59 (27-77) 62 (44-80) 0.27
Gender Cases (%)
Male 25 (52.1) 7 (58.3) 0.70
Female 23 (479) 5(417)
Location
Extremity 29 (604) 8 (66.7) 0.70
Trunk 19 (396 4(333)
Depth
Superficial 24 (50.0) 4(333) 0.30
Deep 24 (500) 8 (66.7)
Compartment
Intracompartment 5(16.1) 2(16.7) 0.97
Extracompartment 26 (839) 10 (83.7)
Background

Adipocytic tumors are the soft tumors most frequently
encountered by orthopaedic physicians in clinics. Benign
adipocytic tumors, lipomas, can be conservatively ob-
served unless patients experience symptoms due to the
presence of the mass. However, tumors that are pre-
operatively suspected to be lipomas, can sometimes be
intermediate (locally aggressive)-type adipocytic tumors
or well-differentiated liposarcoma (WDL)/atypical lipo-
matous tumors (ALTs). WDL is considered a low-grade
malignancy that rarely metastasizes but should be care-
fully followed because recurrence or dedifferentiation
may occur [1]. It is recognized that WDL and ALT are
essentially synonymous, describing lesions that are iden-
tical both morphologically and karyotypically, and that
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site-specific variations in behavior relate only to surgical
resectability [2]. The term WDL is now used for tumors
of the retroperitoneum, mediastinum, and deep pelvis,
whereas the term ALT includes tumors of the extrem-
ities and superficial sites. Preoperative differential diag-
nosis between lipoma and WDL/ALT has been well
studied because their clinical and image characteristics
are very similar [3,4]. Magnetic resonance imaging
(MRI) is currently the most popular modality for the
screening and diagnosis of soft tissue tumors, including
adipocytic tumors. MRI findings of lipomas usually show
high intensity in both T1- and T2-weighted images,
reflecting their uniform structure with fatty tissue. In
contrast, high-grade liposarcomas, including myxoid,
round cell, pleomorphic, and dedifferentiated liposacr-
coma, show low intensity in T1-weighted images. The
MRI features of WDL/ALT are similar to those of lip-
oma, which makes differentiation between them difficult.
In general, a larger size, deeper localization, or enhance-
ment with contrast medium in MRI is suggestive of ma-
lignant soft tissue tumors. In this study, we evaluated
the factors that may differentiate ALTs from lipomas
and aimed to establish a feasible scoring system to help
in the diagnosis of the 2 tumor types. Furthermore, we
examined if increased vascularity in the surgical speci-
men could be a finding that pathologically differentiates
ALTs from lipomas, and affect the clinical behavior of
ALT.

Methods

We retrospectively reviewed the records of 48 patients
with lipomas and 12 patients with ALT. According to
the definitions of WDL and ALT, tumors of the extrem-
ities and superficial trunk come under the term ALT [2].
In this series, we aimed to study tumors of the extrem-
ities and superficial trunk treated in our department of
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Figure 1 Comparison of magnetic resonance imaging (MRI) findings in cases of lipoma and well-differentiated lipoma (ALT). (A) The
tumor diameter was significantly larger in ALTs than lipomas (*P < 0.001). (B) Septa formation and contrast enhancement were found in most of
the ALT cases and rarely in lipoma cases (*P < 0.001).




Nagano et al. BMC Musculoskeletal Disorders (2015) 16:36

Page 3 of 7

(E), x40 (A, C), X100 (B, D).

Figure 2 Pathological analysis and evaluation of intratumoral vascularity. In lipoma specimens, mature adipocytes were uniformly observed
without high variation in size (A, B). By contrast, adipocytes in ALT showed significant variation in size (C), and lipoblasts with cytoplasmic vacuoles were
occasionally found around the thick septa (D). Septa in ALTs were thicker than those in lipomas, and vessel formation was observed both inside and
outside of the thick septa (E). Vascular formation was found significantly more often in ALTs than in lipomas (F) (*P =0.001). Original magnification, x20
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orthopedic surgery. Therefore, no cases of WDL were
included in this study. All patients underwent surgical
excision of the tumor, and a pathologist established the
pathological diagnosis. Age, sex, tumor location (limb or
trunk), size (diameter in MRI), and depth (superficial, sub-
cutaneous or deep, or under the fascia), and intracompart-
mental or extracompartmental location were evaluated in
all cases. In the MRI analysis, the presence of septal struc-
tures (more than 2 mm thick) was assessed. On fat-
suppressed T1-weighted images after the administration
of contrast-enhancing medium, enhancement of intratu-
moral lesions was evaluated in all cases. All tumors were

resected by marginal resection, and pathological diagnosis
was established by pathologists.

To evaluate the vascularity of the tumors, the number
of vessels was counted in 10 randomly taken micro-
scopic pictures of hematoxylin and eosin stained sec-
tions. The average number of intratumoral vessels was
calculated and compared between cases of lipoma and
ALT.

The average value of age and tumor size was analyzed
with a Student’s -test. All other factors were analyzed
using the Chi-square test. A P value of less than 0.05
was considered significant.
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The ethical committee in Kagoshima University ap-
proved the study (reference number, 353).

Results

The mean ages of the patients with lipoma and ALT
were 59 (range, 27-77) and 62 (range, 44-78) years, re-
spectively, and the difference was not statistically signifi-
cant (P=0.22). The location (trunk or extremity) and
depth of the tumor (superficial or deep) and intracom-
partmental or extracompartmental location were not sig-
nificantly different between the 2 groups (Table 1). The
tumor size was significantly larger in cases of ALTs
(average, 15.3 cm) than in cases of lipomas (average,
8.9 cm) (P<0.001, Figure 1A). On T2-weighted MR,
septal structures were found in 11 of 12 (91.6%) cases of
ALT, whereas 10 of 48 (20.8%) cases of lipoma showed
septa (P < 0.001, Figure 1B). ALT was significantly inten-
sively enhanced by gadolinium in MRI in 81.2% ALT
cases, whereas the incidence was 18.8% in lipoma cases
(P <0.001, Figure 1B).

In pathological examination of the lipoma specimens,
mature adipocytes were uniformly arranged without high
variations in size (Figure 2A,B). In contrast, adipocytes
in ALT showed marked variation in size, and many
hyperchromatic stromal cells were found around the
thick septa (Figure 2C,D). Monovacuolated or multiva-
cuolated lipoblasts are considered a hallmark of liposar-
coma, although WDL/ALTs do not always contain
lipoblasts. In our study, atypical lipoblasts with cytoplas-
mic vacuoles and scalloped nuclei were seen in some
cases (Figure 2D). Although vessels were found inside
the fibrous septa in both lipomas and ALTs, septa were
much less frequently found in lipomas. In addition, septa
in ALTs were thicker than those in lipomas, and vessel
formation was observed both inside and outside of the
thick septa (Figure 2E). Analysis of the vascularity in the
tumors revealed that ALTs had significantly more vessels
(average 11.1/view field) than lipomas (average 3.82/view
field) (P = 0.001, Figure 2F).

In order to develop a new diagnostic tool for adipocy-
tic tumors, we created a scoring system to discriminate
between lipomas and ALTs by considering the tumor
size, depth, septa, and enhancement on MRI (Table 2).
Total points for the scoring system ranged from 0 to 6
depending on the positivity of those findings, and we ex-
pected that a high number of points would suggest the
increased probability of the diagnosis of ALT. Almost all
lipoma cases gave low scores (average 1.7 points),
whereas ALT cases gave significantly high point values
(average of 5.1 points) (P <0.001, Figure 3). Based on
this scoring system, the diagnosis of ALT was possible
with 100% sensitivity and 77% specificity.

One of the 12 ALT patients had a recurrence with de-
differentiation 4 years after resection. At the time of
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Table 2 Scoring for the diagnosis of ALT

Value Points
Diameter {cm)

<10 0
=10 1
Depth

Superficial 0
Deep 1
Septa (MRI)

No 0
Yes 2
Enhancement (MRI)

No 0
Yes 2

dedifferentiation, the entire tumor measured 28 cm and
contained 5 cm of a dedifferentiated lesion. The tumor
was deep-seated, had septa, and was enhanced by gado-
linium in MRI (6 points by the ALT scoring system).
This patient underwent wide resection of the ALT and
dedifferentiated lesion. Although there was no sign of re-
currence or metastasis 3 months after the resection,
careful follow-up is required.

Discussion

Adipocytic tumors represent the largest single group of
mesenchymal tumors because of the high prevalence of
lipomas and angiolipomas [2]. Although orthopaedic
surgeons rarely encounter malignant soft tissue tumors,
relatively large numbers of adipocytic tumors are found
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Figure 3 Comparison of the ALT score (0-6 points) in lipoma
and ALT groups. The majority of lipoma cases showed a ALT score
of less than 2 points, whereas the ALT cases showed significantly

L high points values (average of 5.1 points) {(*P < 0.001).
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obtained 2 points using the ALT score.

Figure 4 A 34-year-old male patient with a lipoma measuring 12 cm in diameter. Axial T1- and T2- weighted MRIs showed a homogenously
high intramuscular mass (A, B). T1-weighted fat saturation gadolinium-enhanced MRI showed no enhancement of the tumor (C). This case

in outpatient clinics. It is well-known that adipocytic tu-
mors, regardless of their benign or malignant status,
could be large in size without inducing any symptoms.
In this study, 31 out of 48 patients with lipomas had tu-
mors larger than 5 cm. Patients with tumors less than
5 cm in size and superficially located may undergo re-
sectional biopsy for diagnosis; however, diagnostic im-
aging studies are usually performed preoperatively. If
computed tomography or MRI examinations reveal a
soft tumor with lipomatous content in the majority of
the tumor volume, lipoma or WDL/ALT is suspected ra-
ther than a high-grade soft tissue sarcoma (Figures 4
and 5). Even though the tumor may be large in size,
asymptomatic lipomas do not necessarily require surgi-
cal resection. On the other hand, treatment of WDL/
ALT is still controversial because of its very low malig-
nancy potential [1,2,5,6]. Because WDL/ALTs have no
potential for metastasis unless they undergo dedifferenti-
ation, some pathologists suggest that the term “atypical
lipomatous tumor” is more appropriate to use rather
than “liposarcoma” [1]. The rate of dedifferentiation of
WDL/ALT was previously reported to be 1-4% [6-8].
However, dedifferentiated liposarcoma (DDL) shows
much more malignant potential than conventional
WDL/ALT with a 5-year survival rate of 60-70% [9,10].
Okada et al. reviewed 18 cases of primary (de novo)
DDL in the extremities and reported that the duration
of the symptoms was an average of 38 months, and 9

patients showed rapid growth of long-standing tumors
[10]. This result suggests that if preoperative diagnosis
of WDL/ALT is easily made, surgeons could recommend
resection of the tumor before it dedifferentiates.
Previously, other researchers reported on the signifi-
cance of septal structures in WDL/ALT [4,11]. Gaskin
et al. tried to differentiate WDL/ALTs from lipomas
based upon the viewpoint that simple lipomas may con-
tain thin, discrete septa, whereas WDL/ALTs usually
contain thick or nodular septa or enhancement [12].
MRI analysis of 126 fatty masses by musculoskeletal ra-
diologists reached the correct diagnosis in all 6 WDL/
ALT cases (sensitivity, 100%); however, 10 of the sus-
pected ALT tumor cases turned out to be variants of be-
nign lipomas, such as chondroid lipoma, osteolipoma, or
angiolipoma. The differential diagnosis of lipomatous tu-
mors largely depended on the decisions made by the
musculoskeletal radiologists. It would be useful for non-
oncologist orthopedic surgeons if simplified diagnostic
criteria were available. Therefore, we have created a
scoring system to discriminate between lipoma and ALT
by the combination of 4 values (Table 2). The score can
be measured if enhanced MRI is performed (Figures 4
and 5). Based on this score, diagnosis of ALT is possible
with 100% sensitivity and 77% specificity. This result is
superior to MRI findings of intratumoral septa alone as
a diagnostic finding, which showed 91.7% sensitivity and
74.2% specificity. Although the prevalence of hibernoma

these septa (C). This case obtained 5 points using the ALT score.

Figure 5 A 40-year-old male patient with ALT measuring 15 cm in diameter. Axial T1-weighted image (A) and T1- weighted fat saturation
image (B) clearly demonstrated thick septa (arrows). T1-weighted fat saturation after gadolinium administration demonstrated enhancement of
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is very low, its MRI findings are similar to those of
WDL/ALT. Vassos recently reported that hibernomas
show spotty areas of contrast enhancement as well as
prominent fibrovascular septa on MRI [13]. Hibernomas
exhibit very high standard uptake values (SUVs) on
[18F]fluorodeoxyglucose (FDG)-based positron emission
tomography (PET) because they contain abundant mito-
chondria and are highly metabolically active [14]. One of
our cases of hibernoma showed an SUV >40, suggesting
that PET might be useful to distinguish hibernomas
from WDL/ALTs (manuscript in preparation).

Treatment for WDL/ALT is still controversial because
the recurrence rate after surgical resection of WDL/ALT
is variable, ranging from 0-69% [15-17]. The recurrence
of ALT in our series was seen in only 1 case (8.3%), simi-
lar to the findings in the report by Sommerville et al.
showing an 8% local recurrence rate after marginal re-
section of 61 cases of ALT [6]. We agree with Sommer-
ville et al. and Kubo et al. in the idea of “conservative”
surgery for ALT to preserve the major vessels or nerves
[18]. However, for recurrent ALT cases, we recommend
as wide of a resection as possible because tumor margins
are not usually clear and there is an increased chance of
dedifferentiation. An increased number of intratumoral
angiogenic vessels was revealed to be a significant factor
that differentiates ALTs from lipomas in this study. Be-
cause angiolipomas are characterized by rich vasculature
in mature adipose tissue, vascularity alone is not useful
for the differentiation of ALTs from lipomas. As Folk-
mann’s group proposed, angiogenesis could be a switch
that turns on the malignant phenotype in adipocytic tu-
mors [19]. In our study, the highest number of intratu-
moral vessels (21.4 vessels per field) was observed in the
case of ALT recurrence, which eventually dedifferen-
tiated. Contrast enhancement MRI definitely reflects the
vascular supply in the tumor and also supports the
theory.

Conclusion

Our ALT score (0-6 points) can be used to differentiate
ALTs from lipomas based on MRL If the score is equal to
or higher than 3, we recommend marginal resection of the
tumor to confirm the pathological diagnosis. Cut-off value
should be validated by the future study because of the
number of the case is not large in this study. Once the
diagnosis of ALT is established, careful follow-up is rec-
ommended, especially for cases with increased vascularity.
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Intramuscular injection of adenoviral hepatocyte growth factor
at a distal site ameliorates dextran sodium
sulfate-induced colitis in mice
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Abstract. Inflammatory bowel disease (IBD) severely affects
the quality of life of patients. At present, there is no clinical
solution for this condition; therefore, there is a need for inno-
vative therapies for IBD. Hepatocyte growth factor (HGF)
exerts various biological activities in various organs. However,
a clinically applicable and effective HGF-based therapy for
IBD has yet to be developed. In this study, we examined the
therapeutic effect of injecting an adenoviral vector encoding
the human HGF gene (Ad.HGF) into the hindlimbs of mice
with dextran sodium sulfate (DSS)-induced colitis. Plasma
levels of circulating human HGF (hHGF) were measured in
injected mice. The results showed that weight loss and colon
shortening were significantly lower in Ad. HGF-infected mice
as compared to control (Ad.LacZ-infected) colitic mice.
Additionally, inflammation and crypt scores were significantly
reduced in the entire length of the colon, particularly in the
distal section. This therapeutic effect was associated with
increased cell proliferation and an antiapoptotic effect, as well
as a reduction in the number of CD4* cells and a decreased
CD4/CDS8 ratio. The levels of inflammatory, as well as Thl
and Th2 cytokines were higher in Ad. HGF-infected mice

Correspondence to: Dr Ken-Ichiro Kosai, Department of Gene
Therapy and Regenerative Medicine, Kagoshima University Graduate
School of Medical and Dental Sciences, 8-35-1 Sakuragaoka,
Kagoshima 890-8544, Japan

E-mail: kosai@m?2.kufm kagoshima-u.ac jp

Key words: hepatocyte growth factor, inflammatory bowel disease,
gene therapy, adenoviral vector, antiapoptosis, immunomodulation,
regeneration, cytokine, clinical application

as compared to the control colitic mice. Thus, systemically
circulating hHGF protein, produced by an adenovirally
transduced hHGF gene introduced at distal sites in the limbs,
significantly ameliorated DSS-induced colitis by promoting
cell proliferation (i.e., regeneration), preventing apoptosis,
and immunomodulation. Owing to its clinical feasibility and
potent therapeutic effects, this method may be developed into
a clinical therapy for treating IBD.

Introduction

The breakdown of normal mucosal immunity causes the
development of inflammatory bowel disease (IBD), which can
be classified as Crohn's disease (CD) and ulcerative colitis
(UC) (1).1BD is a chronically relapsing and remitting condition
of unknown origin that exhibits various features of immuno-
logical inflammation and affects at least 1 in 1,000 people in
western countries. IBD is characterized by inflammation in
the intestine, and is associated with diarrhea, occult blood,
abdominal pain, weight loss, anemia and leukocytosis. IBD
primarily affects young adults, and the disease initially mani-
fests in childhood in 15-25% of cases. Therefore, IBD patients
often develop severe symptoms that decrease their quality of
life (2). Consequently, there is a need for innovative therapies
for IBD.

Current treatments for IBD focus on suppressing inflamma-
tion or modulating the immune response using corticosteroids,
mercaptopurines, 5-ASA, or monoclonal antibodies against
inflammatory cytokines, e.g., the anti-tumor necrosis factor
(TNF)-a antibody infliximab (3). However, despite the wide
variety of pharmacologic options for patients with IBD, consis-
tent cures and prolonged remissions have yet to be achieved.

Hepatocyte growth factor (HGF) was originally identi-
fied (4-7) and cloned (8,9) as a potent mitogen for hepatocytes,
but has since been established as a multifunctional cytokine
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that exhibits mitogenic, motogenic, morphologic, angio-
genic, antiapoptotic and organotrophic effects in a variety of
tissues (10). HGF is upregulated in inflamed colonic mucosal
tissue in patients with CD or UC (11-13), and plasma HGFlevels
are elevated in animal models of acute colitis (14). In vitro,
HGF modulates intestinal epithelial cell proliferation and
migration (15), thereby enhancing epithelial cell restitution,
which is the initial step of gastrointestinal wound healing. In
addition, administration of recombinant human HGF (hHGF)
protein reduces the severity of colitis and accelerates colonic
mucosal repair in models of TNBS-induced and DSS-induced
colitis (16-19), as well as in HLLA-B27 transgenic rats with
colitis (20). Mukoyama et al (21) showed that the intrarectal
administration of an adenoviral (Ad) vector carrying the
HGF gene prevented TNBS-induced colitis. Additionally,
Hanawa et al (22) demonstrated the attenuation of mouse DSS
colitis by naked gene transfer of rat HGF into the liver, and
Kanbe et al (23) reported the amelioration of mucosal damage
in DSS colitis by the intrarectal administration of the naked
HGF gene. In their study, Kanayama et al (24) demonstrated
the promotion of colonic epithelial regeneration by HGF gene
transfer through electroporation. Findings by those authors
suggest that HGF is potentially an important new treatment
modality for promoting the repair of intestinal mucosa in
patients with IBD.

In the majority of previous studies, HGF was provided in
the form of recombinant hHGF protein. However, due to the
rapid clearance of the HGF protein, large doses and frequent
administration of recombinant hHGF were required. Naked
gene transfer is a simple and easy method, but the efficiency of
gene transduction is extremely low, possibly leading to insuffi-
cient clinical effectiveness in human patients. By contrast, the
intrarectal administration of an Ad carrying the HGF gene is
considered to be extremely stressful for patients. Therefore, in
this study we injected an Ad carrying the hHGF gene in single
rounds of injections into both hindlimbs of mice 1 day after
administration of DSS. We then investigated the therapeutic
effects and mechanisms of systemically circulating HGF
protein, produced by a gene introduced into the limbs, in the
DSS-induced acute colitis model.

Materials and methods

Recombinant Ad. The Ad expressing hHGF under the tran-
scriptional control of the cytomegalovirus immediate-early
enhancer and a modified chicken B-actin promoter (Ad. HGF)
was generated as described previously (25). The Ad.HGF
and the control Ad expressing the LacZ gene (Ad.LacZ) were
amplified in HEK-293 cells, purified twice on CsCl gradients,
and desalted as described previously (26-29).

Animal studies. Six- to 7-week-old female BALB/c mice
weighing 17-20 g (Japan SLC, Inc., Hamamatsu, Japan) were
housed in cages in a temperature-controlled environment
under a 12-h light-dark cycle with free access to food and
water. The animal studies were performed in accordance with
the National Institutes of Health guidelines, as specified by the
Animal Care Facility at Gifu University School of Medicine.
To induce dextran sodium sulfate (DSS) colitis, the mice
were provided with distilled drinking water containing 5% (w/v)
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DSS (MW, 36,000-50,000; ICN Biomedicals Inc., Aurora,
OH, USA) for 7 days. Subsequently, colitis was maintained by
feeding the mice 1% DSS (30-32) in the drinking water.

One day after the administration of DSS, Ad.HGF was
injected into both hindlimbs of each mouse for a total dose
of 1x10" particles/mouse (i.e., 5x10" particles each into the
left and right thigh muscles) (n=8). Ad.LacZ was injected in
a similar manner into control mice (n=8). These groups were
followed until day 15 (i.e., 8 days after the end of the 7-day
period of 5% DSS administration). To evaluate the severity of
colitis, body weight was examined on a daily basis. On day 15,
all the mice were sacrificed by inhaled anesthetics, and colon
samples were collected for examination. In other experiments,
on day 5 of 5% DSS administration, 5-bromo-2'-deoxyuridine
(BrdU, 100 mg/kg) was administered intraperitoneally to mice
(n=8) infected with Ad.HGF or Ad.LacZ, and the animals
were sacrificed by inhaled anesthetics 2 h later. These samples
were used for analyses of HGF signal transduction, cell prolif-
eration, apoptosis, cytokines and lymphocyte surface markers.
The concentration of exogenous hHGF in serum was analyzed
using the same dose (i.e., 1x10'" particles/mouse) of Ad.LacZ
or Ad.HGF in intact mice (n=16).

Enzyme-linked immunosorbent assay. The plasma concen-
tration of hHGF following adenoviral intramuscular gene
transduction (IMGT) was measured in mice at each time
point (n=4) using the Quantikine human HGF Immunoassay
kit (R&D Systems, Inc., Minneapolis, MN, USA). TNFE-q,
interleukin (IL)-1p, IL-6, interferon (IFN)-y, IL-2, IL-4 and
1L-5 levels in the colons of colitic mice were measured using
commercially available enzyme-linked immunosorbent assay
(ELISA) kits (BioSource International, Inc., Camarillo, CA,
USA) according to the manufacturer's instructions.

Immunoprecipitation and c-Met receptor phosphoryla-
tion assay. The phosphorylation and activation of the c-Met
receptor in colon tissues were detected by immunoprecipita-
tion, as described previously (33,34). In brief, 1 g of colon tissue
was homogenized in 4 ml of lysis buffer [1% Triton X-100,
150 mM NaCl, 50 mM Tris-HCI (pH 7.6), 10% glycerol, 1 mM
vanadate, and 1 mM phenylmethylsulfonyl fluoride] with a
protease-inhibitor cocktail (Sigma-Aldrich, Tokyo, Japan).
Following centrifugation, the supernatant was incubated with
0.5 pg/ml anti-mouse c-Met antibody (sc-162; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) for 4 h, and then sequen-
tially incubated with 5 ul of protein G-Sepharose beads for 3 h.
After washing, proteins bound to the beads were dissolved in
sample buffer and subjected to SDS-PAGE. Phosphorylated
c-Met was immunoblotted using the anti-phosphotyrosine anti-
body PY20 (Transduction Laboratories, Lexington, KY, USA).

Histopathological analysis. After each mouse was sacrificed,
the intestine was dissected from the anus to the cecum and
rinsed with physiological saline. The colon length was
measured, and the colon sample was divided into three
sections (cecum, proximal colon and distal colon), with the
cecum being separated first, and then the remaining part of the
colon being divided into two equal segments (proximal colon
and distal colon). The cecum, proximal colon and distal colon
were opened longitudinally, and the proximal and distal colon



