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By immunohistochemistry, we have investigated the expres-
sion of hepatocyte growth factor (HGF), HGF-R or c-met and
the transcritor factor STAT3 in a series of 80 colorectal
tumours (40 adenomas and 40 adenocarcinomas). The
expression of HGF, c-met and STAT3 was revealed in 40/40
(100%) of adenomas and in 26/40 (65%) of adenocarcino-
mas; the remaining 14/40 (35%) carcinomas expressed c-
met but failed to express HGF and STAT3. Positive immunore-
action score was defined through the number of stained cells:
low (1-10%), moderate (11-50%) and high (>51%). In ade-
nomas, the HGF immunoreaction was high in 33 (82.5%) and
moderate in 7 (17.5%); the c-met staining was high in 3
(7.5%) and moderate in 37 (92.5%); and the STAT3 reactivi-
ty was high in 25 (62.5%) and moderate in 15(37.5%). In
carcinomas, the HGF immunoreaction was moderate in 21
(80.7%) and low in 5 (19.2%); the c-met staining was high in
14 (35%), moderate in 25 (62.5) and low in 1 (2.5%); and
the STAT3 reactivity was moderate in 17 (65.3%) and low in
9 (34.6%). In both type of lesions, HGF and c-met showed a
membranous and cytoplasmic location. In adenomas, STAT3
was detected in cytoplasm and nucleus and in carcinomas it
was limited to cytoplasm.While the HGF/c-met/STAT3 expres-
sion in adenomas was significantly different from carcinomas
(χ2 = 17, p < 0.0001), no correlation was found among HGF,
c-met, or STAT3 immunostaining with histotype or degree of
dysplasia in adenomas and the same for histotype, grading or
staging in carcinomas. These features, suggesting a role of the
HGF/c-met/STAT3 signal in colon tumorigenesis, indicate that
a reduced expression of HGF and c-met is associated to pro-
gression of adenoma into carcinoma.
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H
epatocyte growth factor/scatter factor
(HGF/SF or HGF) is a pleiotropic cytokine
secreted by mesenchymal cells in a single-

chained immature form (Stoker et al., 1987). After
cleavage by serine proteases and HGF/SF convert-
ing enzyme, the mature HGF is formed, a het-
erodimer containing a heavy α-chain, necessary for
a correct binding to the receptor, and a light β-chain
(Hartmann et al., 1992). HGF has been shown to
promote healing of intestinal wounds by increasing
epithelial cell proliferation and motility and by stim-
ulating formation of tubular and glandular struc-
tures (Kitamura et al., 2000a; Dignass et al., 1994;
Tsarfaty 1992). HGF expression has been detected
in normal colonic mucosa, as well as in colorectal
adenoma and carcinoma (Otte al., 2000; Kataoka
et al., 2000; Wielenga et al., 2000). Additionally, a
correlation between HGF serum and stage of the
tumour has been found in patients with colorectal
cancer (Fukuura et al., 1998).

The biological responses to HGF/SF are initiated
by the interaction with a heterodimeric tyrosine-
kinase receptor (HGF-R or c-met), encoded by the
proto-oncogene c-met and subsequent dimerization
and authophosphorylation of the receptor, which
provides binding sites for molecules containing SH2
groups (Bottaro et al., 1991; Ponzetto et al.,
1994). c-met is mainly expressed in normal epithe-
lial cells of different organs such as liver, stomach
and intestine, and over-expressed in a number of
cancers, including thyroid and gastric carcinomas
(Di Renzo et al., 1991;Trovato et al., 1998; Chow-
dhury et al., 1996). Along the colon adenoma-car-
cinoma sequence, c-met is over-expressed in both
lesions without any apparent correlation (Di Renzo
et al., 1995; Kitamura et al., 2000;Wielenga et al.,
2000; Boon et al., 2003). The relations among c-
met overexpression and the differentiation and
stage of colon carcinoma remain to be unclear
because contrasting results have been reported (Di
Renzo et al., 1995; Fujita et al., 1997; Hiscox et
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al., 1997; Umeki K et al., 1999; Fazekas K et al.,
2000; Kitamura et al., 2000; Otte al., 2000;
Wielenga et al., 2000,Takeuchi H et al., 2003).

The HGF/HGF-R interaction promotes scatter-
ing, growth and morphogenic responses in epithelial
cells, each response being mediated by specific
downstream transducing effectors (Naldini et al.,
1991;Taijima et al., 1992; Bhargava et al., 1992).
STAT3, a member of the signal transducers and
activators of transcription (STAT), has been linked
to the HGF-dependent morphogenic response
(Boccaccio et al.,1998). STAT3 is a cytoplasmic
protein whose monomeric form is transcriptionally
inactive (Deker and Kovarik, 1999). Following
interaction with c-met either directly, through the
SH2 domain, or indirectly, through Gab1 bridges,
STAT3 becomes phosphorylated and, as such, it is
able to form homo- and heterodimers which
translocate to the nucleus.

Once inside the nucleus in the active form, STAT3
induces the expression of target genes whose pro-
moters are located in regions containing the func-
tional regulatory sequences SIE (sis-inducible ele-
ment) (Boccaccio et al., 1998). STAT3 is expressed
in many malignancies such as papillary thyroid car-
cinoma and renal cell carcinoma (Trovato et al.,
2003; Horiguchi et al., 2002). In colonic mucosa,
STAT3 has been explored only in intestinal chronic
inflammation where it has been demonstrated to be
activated in ulcerative colitis and Crohn’s disease
(Suzuki et al., 2001).

In the present study, we have evaluated whether
HGF, c-met and the morphogenetic effector STAT3
are expressed in colorectal adenomas and carcino-
mas comparing it to histopathologic findings.

Materials and Methods

Specimen collection 
We examined tissue samples from 80 sporadic

colorectal tumours: 40 adenomas and 40 adeno-
carcinomas. All adenomas were removed by
endoscopy from 25 men and 15 women aged
between 50 and 75 years (mean age: 64 years).
They included 15 tubular adenomas (TA), 15 vil-
lous adenomas (VA) and 10 tubulo-villous adeno-
mas (TVA). A low-grade dysplasia was observed in
7/15 TA, 8/15 VA and 5/10 TVA, and a high-grade
dysplasia in 7/15 VA and 5/10 TVA. All carcinomas
were resected by surgery from 22 men and 18
women aged between 40 and 81 years (mean age:

70 years). Following grade of differentiation was
assessed: 12/40 well differentiated (GI), 19/40
moderately differentiated (GII) and 9/40 poorly
differentiated (GIII). In addition, 5/40 showed a
mucinous differentiation. According to the modified
Dukes’ classification system (Astler and Coller,
1954), tumor stage was A in 11/40 carcinomas, B
in 22/40 and C in 7/40. All specimens were 4% for-
malin fixed and paraffin embedded. 4-mm sections
from each specimen were stained with
Hematoxylin-Eosin before performing immunohis-
tochemistry.

Immunohistochemistry
Immunohistochemistry was performed on 4-mm

sequential tissue sections from paraffin embedded
blocks using polyclonal rabbit antibodies against
HGF-a (H-145, 1:100; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA), c-met (p140 anti h-met,
1:100; Santa Cruz Biotechnology, Inc., Santa Cruz,
CA) and STAT3 (h-190, 1:100; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA). Tissue
sections were deparaffinized with xylene, rehydrat-
ed through a graded series of ethanol solutions to
distilled water and treated with 0.3% (v/v) H2O2
in absolute methanol for 30 min to quench the
endogenous peroxidase activity. 3,3’-diaminobenzi-
dine (DAB, Sigma) activated with 0.05% hydrogen
peroxide was used to visualize the end products.
Sections were counterstained with Mayer’s hema-
toxylin, dehydrated and mounted.

Specificity of the binding was assessed by three
kinds of controls: (i) omitting the primary anti-
serum, (ii) replacing it with normal rabbit serum or
(iii) previously absorbing it with its homologous
antigen. For each protein we evaluated the number
of positive cases, the number of reactive cells per
case and the cellular location.The second parame-
ter was determined from a population of 1000
cells/case, using 50 X magnification. Based on the
proportion of tumour cells that were stained, we
scored expressions as low (1-10% positive cells),
moderate (11-50%) and high (> 51%).

Histological and immunocytochemical evalua-
tions were performed twice and blindly by three dif-
ferent pathologists (MT, MG and GB), with an
inter-observer agreement of 100%.

Difference between proportions were analyzed by
χ2 setting the level of statistical significance at p <
0.05.
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Results

Data are summarized in Tables 1-3 and, repre-
sentatively, in Figures 1 and 2.

Adenomas
As shown in Table 1, all 40 adenomas stained pos-

itively for HGF, c-met and STAT3 (HGF+/c-
met+/STAT3+). In most of the cases, HGF expres-
sion was high (33/40 or 82.5%), c-met expression
moderate (37/40 or 92.5%) and STAT3 expression
high (25/40 or 62.5%). HGF reaction was con-
fined to plasmamembrane and cytoplasm (Figure
1A) the same two locations as c-met (Figure 1B).

STAT3 was detected in cytoplasm and nucleus cells
(Figure1C).

HGF, c-met and STAT3 expressions were inde-
pendent of tumor histotype (χ2 = 0.29, p = 0.866;
χ2 = 1.56, p = 0.458 and χ2 = 0.178, p = 0.915,
respectively) or degree of dysplasia (χ2 = 1.62, p =
0.446; χ2 = 4.69, p = 0.096 and χ2 = 1.10, p =
0.576, respectively) (Table 2).

Carcinomas
All 40 carcinomas expressed c-met, while 14

failed to express both HGF and STAT3, thus, only
26/40 (65%) were HGF+/c-met+/STAT3+, a pro-
portion that was statistically different from the
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Table 1. Expression of HGF, c-met and STAT3 in colorectal adenomas and carcinomas. Tumors are stratified based on intensity of stain-
ing.

HGF c-met STAT 3
Positive Staining score Positive Staining score Positive Staining score
Cases Low Moderate High Cases Low Moderate High Cases Low Moderate High

Adenomas 40/40 0 7 33 40/40 0 37 3 40/40 0 15 25

Carcinomas 26/40 5 21 0 40/40 1 25 14 26/40 9 17 0

Table 2. Expression of HGF, c-met and STAT3 in adenomas which are categorized based on histotype and grade of dysplasia. 

HGF c-met STAT3
Positive Staining score Positive Staining score Positive Staining score
Cases Low Moderate High Cases Low Moderate High Cases Low Moderate High

Histotype
Tubular (n = 15) 15/15 0 3 12 15/15 0 13 2 15/15 0 6 9
Villous (n = 15) 15/15 0 2 13 15/15 0 14 1 15/15 0 5 10
Tubulovillous (n = 10) 10/10 0 2 8 10/10 0 10 0 10/10 0 4 6

Grade of dysplasia
No-Dysplasia (n = 8) 8/8 0 1 7 8/8 0 6 2 8/8 0 2 6
Low (n = 20) 20/20 0 5 15 20/20 0 19 1 20/20 0 9 11
High (n = 12) 12/12 0 1 11 12/12 0 12 0 12/12 0 4 8

Table 3. Expression of HGF, c-met and STAT3 in carcinomas which are categorized based on histotype, differentiation and staging. 

HGF c-met STAT3
Positive Staining score Positive Staining score Positive Staining score
Cases Low Moderate High Cases Low Moderate High Cases Low Moderate High

Adeno (n= 35) 22/35 4 18 0 35/35 1 23 11 22/35 7 15 0
Mucinous (n= 5) 4/5 1 3 0 5/5 0 2 3 4/5 2 2 0
GI (n = 19) 12/19 3 9 0 19/19 0 12 7 12/19 5 7 0
GII (n = 12) 7/12 1 6 0 12/12 1 6 5 7/12 1 6 0
GIII (n = 9) 7/9 1 6 0 9/9 0 7 2 7/9 3 4 0
A (n = 11) 8/11 2 6 0 11/11 0 8 3 8/11 2 6 0
B (n = 22) 13/22 2 11 0 22/22 0 14 8 13/22 4 9 0
C (n = 7) 5/7 1 4 0 7/7 1 3 3 5/7 3 2 0



100% observed for adenomas (χ2 = 17, p
< 0.0001) (Table I). In most of the carcinomas, the
expression of HGF, c-met and STAT3 was moder-
ate: 21/26 (80.7%), 25/40 (62.5%) and 17/26
(65.3%), respectively (Table 1).

HGF and c-met immunostaining was located in
the plasma-membrane and cytoplasm of tumor
cells (Figures 2A and 2B) and STAT3 immunolo-
calization was cytoplasmic (Figure 2C).

HGF, c-met and STAT3 expressions were inde-
pendent of histotype (χ2 = 0.10, p = 0.750; c2 =
1.63, p = 0.443 and χ2 = 0.49, p = 0.482, respec-
tively), grade of differentiation (χ2 = 0.48, p =
0.788; χ2 = 3.56, p = 0.469 and χ2 = 1.75, p =
0.416, respectively) and stage (χ2 = 0.29, p =
0.862; χ2 = 5.66, p = 0.226 and χ2 = 1.83, p =
0.399, respectively) of the tumor.
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Figure 1. [original magnification
40××] A. HGF-αα positive immunoreac-
tion in villous adenoma. The intense
stain is located on membrane and
cytoplasm of adenomatous cells. B.
c-met positive immunoreaction in
villous rectal adenoma. The intense
stain is detected on membrane and
cytoplasm of adenomatous cells. C.
STAT3 immunostaining in villous col-
orectal adenoma. The intense stain
is encountered on cytoplasm and
nucleus of adenomatous cells. 



Discussion

Arising from single crypt lesions, the colorectal
cancer evolves through a series of stepwise develop-
ment showing the morphologic features of the adeno-
ma-carcinoma sequence (Vogelstein et al., 1988).
Growth factors may control growth and progression
of tumours by binding to cell receptors and activating
specific intracellular signaling pathways (Heldin and
Westermark, 1984).

Here we reported a different expression of the
HGF/c-met/STAT3 signal in adenomas vs carcino-
mas, in fact 100% of adenomas vs 65% of carci-
nomas showed reaction for HGF, c-met and STAT3.

Co-expression of HGF and its receptor c-met has
been previously studied by three independent
groups of investigators in colorectal carcinomas
but not in adenomas (Hiscox et al., 1997; Otte et
al., 2000, Wielenga et al., 2000). Hiscox et al. did
not detect HGF in 16 c-met+ carcinomas (Hiscox

295

Original Paper

Figure 2. [original magnification 40××] A.
HGF-αα positive immunoreaction in rec-
tal adenocarcinoma. The intense stain
is located on membrane and cytoplasm
of neoplastic cells. B. c-met positive im-
munoreaction in rectal adenocarcino-
ma. The intense stain is detected on
membrane and cytoplasm of neoplastic
cells. C. STAT3 immunostaining in col-
orectal adenocarcinoma. The intense
stain is encountered on cytoplasm of
neoplastic cells.



et al., 1997). On the contrary, Wielenga et al.
reported HGF expression in 5/5 (100%) neoplastic
colon tissues showing c-met+ (Wielenga et al.,
2000). Finally, Otte et al. found HGF+ in 37 out 42
(90.4%) c-met+ carcinomas (Otte et al., 2000).
These controversial results may be related either to
the different number of tumour samples evaluated
and/or to the different technical approach.

In our study, HGF and c-met were co-expressed in
40/40 of the adenomas but only in 26/40 of the c-
met+ carcinomas suggesting that HGF and c-met
have a role in early events of the natural history of
colorectal tumours while the absence of the ligand
HGF could be related to the malignant transforma-
tion similarly to elsewhere reported in the neoplas-
tic progression of thyroid follicular adenomas into
follicular carcinomas (Trovato et al., 1998). We
have also evaluated one of the down-stream signal-
ing activated by HGF binding to c-met through the
expression of STAT3 phosphorylated. STAT3 reac-
tivity has been exclusively observed in HGF+ ade-
nomas and carcinomas while in 35% of carcinomas
that were unstained for HGF, but expressing c-met,
STAT3 was undetected. These data let us suppose
that HGF carries out a main role in the activation
of the STAT3 signaling and indicate that in col-
orectal adenoma-carcinoma sequence the HGF/c-
met/STAT3 signaling is significantly more
expressed in adenomas. The absence of HGF
immunostaining may be related to possible losses of
genetic material in HGF locus like HGF unstained
follicular and anaplastic thyroid carcinomas that
show loss of heterozygosity for the markers board-
ing 7q21 trait containing HGF gene (Trovato et al.,
1999). Indeed, the long arm of chromosome 7 con-
tains several candidate loci for tumor suppressor
genes that are lost in colorectal carcinomas, even
if, the HGF region has never been screened in colon
cancer (Zenklusen et al., 1995). The absence of
STAT3 reaction in HGF unreactive carcinomas
may be explained with the lack of evidence of HGF
expression.

In this study, we reported a high expression of
HGF and STAT3 in most adenomas contrasting
with a moderate HGF and STAT3 reactivity in most
carcinomas. According to other reports (Di Renzo
et al., 1995; Kitamura et al., 2000;Wielenga et al.,
2000; Boon et al., 2003), we haven’t found any dif-
ference of the c-met expression between adenoma
and carcinoma because it was moderate in both
lesions. We haven’t observed any significant corre-

lation among the expressions of HGF, c-met and
STAT3 with histotype or grade of dysplasia of ade-
nomas as well as with histotype, grade of differen-
tiation or stage of carcinomas.

The HGF as well as c-met reaction was located
on plasmamembrane and cytoplasm of epithelial
cells in both rectal adenomas and carcinomas.
These data, in apparent contrast with previous
reports of HGF in stromal cells of colorectal carci-
nomas (Otte et al., 2000; Wielenga et al., 2000),
could be related to the use in our study of a specif-
ic antibody against the a-chain of HGF. Without
excluding a paracrine effect of HGF on cellular
growth in colorectal tumours, our findings suggest
that HGF dimerization may occur near the target
cells expressing the cognate receptor c-met. Finally,
the cytoplasmic and nuclear localization of STAT3
in adenomas, while in carcinomas it was only cyto-
plasmic, indicating that the nuclear translocation of
transcription factor happens only in the former, also
suggests that in carcinomas the HGF/c-met/STAT3
signaling is incomplete.
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