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Abstract

The aim of this study was to investigate the expression of platelet-derived endothelial growth factor (PD-ECGF) in human gall-
bladder carcinomas to elucidate its role in angiogenesis and tumour progression. To this end, 56 archival surgical specimens of
gallbladder lesions were examined for PD-ECGF/thymidine phosphorylase (TP) expression by immunohistochemistry and the PD-
ECGF/TP protein level was assessed in five fresh specimens of gallbladder carcinoma by enzyme-linked immunosorbent assay
(ELISA). Hyperplastic epithelial cells and adenoma cells showed no or faint staining with PD-ECGF/TP. Out of 43 gallbladder
carcinomas, 27 (63%) showed moderate to strong immunoreactivity in the cytoplasm and nuclei of the tumour cells. PD-ECGF/TP
immunoreactivity in stromal infiltrating cells was detected in 43% (3/7) hyperplasias, 17% (1/6) adenomas and 86% (37/43) carci-
nomas. PD-ECGF/TP protein levels in carcinoma tissues were higher than those in corresponding normal mucosa. PD-ECGF/TP
expression did not correlate with angiogenesis, but significantly correlated with depth of invasion, lymph node metastasis, and
tumour stage. These results overall suggest that PD-ECGF/TP produced by both cancer cells and infiltrating cells is associated with

tumour progression in human gallbladder carcinoma. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Angiogenesis is essential for tumour growth and
metastasis and depends on the production of angiogenic
regulators by tumour cells and/or host stromal cells
[1,2]. Recent studies have shown that increased angio-
genesis is associated with a worse prognosis in certain
solid tumours such as breast, colon and gastric carcino-
mas and melanoma [3-6]. Identification of specific
angiogenic factors may provide a target for anti-
neoplastic therapy. We have previously shown that vas-
cular endothelial growth factor (VEGF) expression was
associated with the angiogenesis of gallbladder carci-
noma, however, VEGF expression did not significantly
correlate with any clinicopathological parameters [7].
Most gallbladder tumours with high vessel counts
expressed high levels of VEGF, some did not. There-
fore, it is unlikely that a single angiogenic factor reg-
ulates the angiogenic process.

* Corresponding author. Tel.: +81-82-257-5192; fax: +81-82-257-
5194.

A variety of growth factors and cytokines are repor-
ted to regulate one or more key events of angiogenesis
[2,8-12]. Platelet-derived endothelial cell growth factor
(PD-ECGF) is considered to be one of these factors.
PD-ECGF was initially cloned as a novel angiogenic
factor distinct from other known endothelial cell growth
factors by virtue of its unique sequence homology, and
its angiogenicity has been studied in several in vivo and
in vitro assay systems [13—18]. PD-ECGF has recently
been shown to be identical with thymidine phosphory-
lase (TP) [19]. PD-ECGF/TP catalyses the reversible
phosphorylation of thymidine to thymine and 2-deoxy-
ribose-1-phosphate, and is possibly involved with drug
metabolism [20]. PD-ECGF/TP expression has been
observed in cancer cells and their associated stromal
infiltrating cells in several organs [21], and correlation
between PD-ECGF/TP expression, angiogenesis and
any clinicopathological parameters is reported in several
tumour systems [22-25].

In this study, we examined the expression of PD-ECGF/
TP in tumour-like lesions, adenomas and carcinomas of
gallbladder by immunohistochemistry and enzyme-linked
immunosorbent assay (ELISA). We also attempted to
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determine whether PD-ECGF/TP is associated with
vessel counts and clinicopathological parameters.

2. Materials and methods
2.1. Archival surgical specimens of gallbladder lesions

For immunohistochemistry, a total of 56 surgically
resected primary gallbladder lesions, including 7 hyper-
plasias, 6 adenomas, and 43 carcinomas (12 papillary
adenocarcinomas, 13 well differentiated adenocarcino-
mas, 12 moderately differentiated adenocarcinomas, 6
poorly differentiated adenocarcinomas) which had not
received any induction chemotherapy or radiotherapy
before the operation, were studied. They were formalin-
fixed and paraffin-embedded. The definition of histologi-
cal typing and grading were made according to the
WHO International Histological Classification of
Tumours [26]. The pTNM pathological classification
[27] was used for depth of invasion, regional lymph
node metastasis, distant metastasis and stage grouping.
Informed consent was obtained from all subjects.

2.2. Immunohistochemistry

Immunohistochemical staining was performed by the
immunoperoxidase technique. Paraffin sections (4 pm)
of formalin-fixed tissues were dewaxed in five changes of
xylene rinsed in graded ethanol and finally rehydrated in
three changes of phosphate-buffered saline (PBS). Anti-
gen retrieval was performed by tripsinisation to unmask
tissue antigens (with the exception of PD-ECGF/TP). For
PD-ECGF/TP, microwave treatment was carried out to
unmask the antigen, since this gave a more reproducible
reaction when compared with trypsin digestion. Endo-
genous peroxidase was blocked by incubating the sec-
tions with 0.3% hydrogen peroxide in methanol for 30
min. After rinsing gently with PBS three times, non-
specific reactions were blocked by incubating the sec-
tions in a solution containing 5% normal horse serum.
The sections were then incubated with appropriate
dilutions of the primary antibody at 4°C overnight. The
antibodies used were a mouse monoclonal IgG antibody
for CD34 (NU-4A1, Nichirei, Japan) at a 1:2 dilution, a
mouse monoclonal IgG antibody for PD-ECGF/TP
(gift from Y. Tanaka, Roche Institute, Kamakura,
Japan) at a 1:200 dilution, and a mouse monoclonal
IgG antibody for CD68 (Dako Glostrup, Denmark) at
a 1:50 dilution. The sections were counterstained with
Mayer’s haematoxylin. Negative controls were per-
formed in PBS for the primary antibody.

For determining the type of cells expressing PD-
ECGF/TP in the stroma, immunostaining was per-
formed for CD68 which is predominantly expressed on
macrophages [28]. A double-staining procedure was

performed as follows. The sections were first reacted
with the mouse monoclonal IgG antibody for PD-
ECGF/TP using the immunoperoxidase technique, then
reacted with the mouse monoclonal IgG antibody for
CD68 using the immunoalkaline phosphatase technique
as described above. Brown coloration indicated positive
PD-ECGF/TP, and red indicated macrophages.

2.3. Grading

Immunoreactivity was according to the classification
of Fujii and colleagues [29]. To evaluate the staining
intensity in both epithelial and infiltrating cells the fol-
lowing grading system was used.

The immunoreactivity in epithelium for PD-ECGEF/
TP protein and the immunoreactivity in infiltrating cells
for PD-ECGF/TP was graded as — to + + + according
to the number of cells stained and the intensity of the
reaction in individual cells. Grades were defined as fol-
lows: —, almost no positive cells; +, 10-30% of the cells
showing weak to moderate immunoreactivity; + +, 30—
60% of the cells showing moderate immunoreactivity
and/or 10-30% of the cells showing intense immunor-
eactivity; + + +, over 60% of the cells showing intense
immunoreactivity. According to this grading protocol,
three independent investigators examined all the immu-
nostained specimens randomly to decide the grades as
objectively as possible. There was less than 10% differ-
ence in assignments among the three investigators.

2.4. Vessel counting

Vessel counts were assessed in areas of the tumour
containing the highest numbers of capillaries and small
venules by light microscopy after staining for CD34
(endothelial cell) [30]. Scanning tumour sections at low
power (x40 and x100) identified areas containing the
highest number of capillaries and small venules. After
the area of highest neovascularisation was identified,
individual vessel counts were performed at x200 magni-
fication (x20 objective and x 10 ocular) [31]. According
to this grading protocol, two independent investigators
performed all counts.

2.5. ELISA

Frozen tissues of gallbladder lesions (n=5) and the
corresponding normal mucosa (n=4) were used for this
assay. PD-ECGF/TP protein levels were measured by
the ELISA method at the Nippon Roche Research
Center. Complete details of the method have been pre-
viously reported by Nishida and colleagues [32].

2.6. Statistical analysis

Statistical analysis was performed using the Kendall
tau b correlation analysis. A probability level of
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P<0.05 was considered statistically significant. The
analyses were performed with STATISTICA™ statis-
tical software (StatSoft™, USA).

3. Results

3.1. PD-ECGF|TP immunoreactivity in human
gallbladder lesions

The expression of PD-ECGF/TP protein in gall-
bladder lesions, including 7 hyperplasias, 6 adenomas
and 43 carcinomas was initially examined by immuno-
histochemical analysis. Histological diagnosis of the
cases and immunoreactivity for PD-ECGF/TP in epi-
thelial (tumour) cells and stromal infiltrating cells are
summarised in Table 1. Representative pictures are
shown in Fig. 1 (original magnification, x400). Normal
and hyperplastic gallbladder epitheliums were not
stained with PD-ECGF/TP antibody. The immuno-

reactivity for PD-ECGF/TP in adenoma cells was also
very faint. In hyperplasia and adenoma cases, very few
infiltrating cells showed weak immunoreactivity for
PD-ECGF/TP (Fig. 1A, B). In contrast, carcinoma
cases revealed moderate to strong immunoreactivity of
PD-ECGF in the cytoplasm and nucleus of the carci-
noma cells and/or their stromal infiltrating cells (Fig.
1C, D). Out of 43 gallbladder carcinomas, 27 (63%)
showed positive immunoreactivity to PD-ECGF/TP
protein in tumour cells. The PD-ECGF/TP immuno-
reactivity in stromal infiltrating cells was detected in 3/7
(43%) hyperplasias, 1/6 (17%) adenomas and 37/43
(86%) carcinomas. The majority of PD-ECGF/TP
positive cells in stroma were stained positive for
CD68 (specific for macrophages) in double staining
(Fig. 1E).

There were statistical differences in PD-ECGF/TP
positivity in both epithelial cells and their infiltrating
cells amongst the different histological types and grades
(Fig. 2a, b).
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Fig. 1. Immunohistochemical staining for platelet-derived endothelial cell growth factor/thymidine phosphorylase (PD-ECGF/TP) (A-D), in
human gallbladder hyperplasia (A), adenoma (B), and carcinoma (C, D). In double staining, the majority of PD-ECGF/TP positive infiltrating cells
(E, arrow) were stained with CD68. CD34-positive cells were shown (F, arrow). Original magnification, x400.
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Table 1
PD-ECGF/TP expression and histological diagnosis

Histological diagnosis® Epithelial cells

Infiltrating cells

TP expression

Positivity for
TP% (No. of cases)

Positivity for TP expression

TP% (No. of cases)

-+ ++  +++ - 4+ ++ +++
Hyperplasia 7 0 0 0 0(0/7) 4 3 0 0 43 (3)7)
Adenoma 6 0 0 0 0 (0/6) 5 1 0 0 17 (1/6)
Papillary adenocarcinoma 6 5 1 0 50 (6/12) 3 1 5 3 75 (9/12)
Adenocarcinoma, well differentiated 6 6 1 0 54 (7/13) 2 4 1 6 85 (11/13)
Adenocarcinoma, moderately differentiated 2 2 7 1 83 (10/12) 1 2 2 7 92 (11/12)
Adenocarcinoma, poorly differentiated 2 3 1 0 67 (4/6) 0 0 3 3 100 (6/6)

PD-ECGF, platelet-derived endothelial cell growth factor; TP, thymidine phosphorylase.

2 According to [26].

3.2. Relationship of immunoreactivity for PD-ECGF/TP
between cancer cells and infiltrating cells

Since both carcinoma cells and stromal infiltrating
cells express PD-ECGF/TP protein, we next examined
which cell is dominant for PD-ECGF/TP production.
As shown in Table 2, 67% (29/43) of the carcinoma
cases showed more intense PD-ECGF/TP immuno-
reactivity in infiltrating cells as compared with carci-
noma cells, whereas only 7% (3/43) of the cases showed
less intensity for PD-ECGF/TP in infiltrating cells.
Using the Kendall tau b correlation analysis, we found
that PD-ECGF/TP immunoreactivity in infiltration cells
was higher than that in carcinoma cells (the coefficient
of correlation; Kendall tau=0.29, P <0.05).

Table 2
The relationship of PD-ECGF/TP immunoreactivity in carcinoma
cells and in infiltrating cells

TP immunoreactivity % No. of cases
Carcinoma cells > infiltrating cells 7 (3/43)
Carcinoma cells =infiltrating cells 26 (11/43)
Carcinoma cells < infiltrating cells 67 (29/43)

Significant correlation was detected by Kendall tau b correlation
analysis. The coefficient of correlation: Kendall tau=0.29, P<0.05.
For abbreviations see Table 1.

Table 3

3.3. Relationship between PD-ECGF|/TP
immunoreactivity and its protein levels

To confirm the enhanced expression of PD-ECGF/TP
in tumour tissues and a tumour-like lesion, we measured
PD-ECGF/TP protein levels of fresh surgical specimens
of gallbladder lesions and corresponding normal
mucosa by ELISA. As shown in Table 3, PD-ECGF/TP
protein levels were higher in the tumour tissues than
normal gallbladder mucosa. There was a tendency of
PD-ECGF/TP protein levels to increase with stage as
well as PD-ECGF/TP immunoreactivity in the infiltrat-
ing cells.

3.4. Correlation between PD-ECGF|TP expression and
tumour vascularity

To prove that PD-ECGF/TP is one of the important
angiogenic factors for human gallbladder carcinoma,
immunohistochemistry was performed against CD34
(Fig. 1F). Vessel counts ranged from 28 to 236 with a
median of 92. Unexpectedly, the vessel counts were not
correlated with PD-ECGF/TP immunoreactivity in
gallbladder carcinoma cells (Kendall tau=10.06, P=0.56)
or in infiltrating cells (Kendall tau=0.15, P=0.17)
(data not shown).

Relationship between PD-ECGF/TP immunoreactivity and its enzymatic activity in five gallbladder lesions

Histological diagnosis® Stage® TP expression in infiltrating cells Protein level (Unit/mg protein)
Gallbladder lesion Corresponding normal tissue
Adenomyomatous hyperplasia - + 37.5 24.4
Adenocarcinoma, well differentiated 1 + 46.5 18.5
Papillary adenocarcinoma 11 ++ 90.4 22.0
Papillary adenocarcinoma I +++ 138.9 20.3
Papillary adenocarcinoma IVA ++ + 210.5 Not done

4 According to [26].
® According to [27].
For abbreviations see Table 1.
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3.5. Correlation between PD-ECGF|TP expression and
clinicopathological features

The gallbladder carcinomas were subclassified
according to the criteria of the UICC TNM Classifica-
tion of Malignant Tumors [27]. PD-ECGF/TP expres-
sion was compared with the clinicopathological features
of the tumours. As there were no cases of pN2 and only
one case of distant metastasis in this study, it was not
possible to analyse statistically the relationship between
PD-ECGF/TP expression and category pN2, and dis-
tant metastasis. Using the Kendall tau b correlation
analysis, we found that PD-ECGF/TP immuno-
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Fig. 2. Significant correlation was observed between histological
diagnosis and platelet-derived endothelial cell growth factor/thymidine
phosphorylase (PD-ECGF/TP) expression in epithelial cells (Kendall
tau=0.47, P<0.05) (a). There was significant correlation between PD-
ECGF/TP expression in infiltrating cells and histological diagnosis
(Kendall tau=0.46, P <0.05) (b).

reactivity in carcinoma cells and infiltrating cells
significantly correlated with depth of invasion, regional
lymph node metastasis, and tumour stage (Table 4).

4. Discussion

Experimental findings have shown that tumour
growth is dependent on angiogenesis [2]. When tumours
reach a few millimetres in diameter, capillaries pen-
etrate, permitting rapid tumour growth. These new ves-
sels facilitate the entry of tumour cells into the
vasculature and their subsequent metastasis. Therefore,
angiogenesis is associated with an increased probability
of metastasis [33,34]. The induction of angiogenesis is
mediated by positive and negative regulators released by
both tumour and host cells. Elucidation of the factors
governing tumour angiogenesis may help clarify this
phenomenon. Several angiogenic factors (positive reg-
ulators) have been identified including VEGF, bFGF,
1L-8 and PD-ECGEF/TP [8,9,35,36]. We have previously
reported that VEGF is expressed by gallbladder carci-
nomas and its expression level is directly correlated with
vascularity of the tumours. However, VEGF expression
level is not significantly associated with tumour stage
and patients’ prognosis [7].

In the present study, we examined the expression of
PD-ECGF/TP in gallbladder tumours to elucidate its role
in angiogenesis and tumour progression. PD-ECGF/TP
is expressed by both carcinoma cells and stromal infil-
trating cells. The expression level of PD-ECGF measured
by ELISA correlated well with PD-ECGF immunor-
eactivity in the infiltrating cells. The immune cells are
known to express other angiogenic factors, including
bFGF, transforming growth factor-alpha (TGF-a),
VEGF and IL-8. The production of PD-ECGF by
tumour-associated macrophages has previously been
reported in colon and gastric carcinomas by Takahashi
and colleagues [37,38]. Although the exact mechanism
by which PD-ECGF induces tumour angiogenesis is
presently unknown, stromal infiltrating cells may be
involved in the progression of gallbladder carcinoma.

PD-ECGF/TP and VEGF were both isolated as
endothelial growth factors. However, their character-
istics seem to be different. VEGF is a selective mitogen
for endothelial cells and acts on endothelial cells to
increase microvascular permeability [39,40]. In contrast,
PD-ECGF/TP stimulates the chemotaxis of endothelial
cells in vitro and possesses angiogenic activity in vivo
[17,35]. Numerous studies have demonstrated that PD-
ECGF/TP expression is significantly correlated with the
vessel count in several solid tumours [22-25,41-43].
Takebayashi and colleagues showed increased expres-
sion in colorectal carcinoma compared with normal
mucosa [24]. Toi and colleagues demonstrated that PD-
ECGF/TP and VEGF are frequently coexpressed in
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Table 4
PD-ECGF/TP immunoreactivity and clinicopathological factors
Variable® TP expression Kendall tau P value TP expression Kendall tau P value
Carcinoma cells Infiltrating cells
- + ++ +++ -+ ++ +++
pT 1 8 1 1 0 6 2 1 1
2 6 10 5 1 0 4 10
0.36 <0.05° 0.53 <0.05
3 2 4 2 0 0 1 2 5
4 0 1 2 0 0 0 0 3
pN 0 14 5 3 0 6 6 5 5
0.49 <0.05> 0.51 <0.05
1 2 11 7 1 0 1 6 14
Stage I 7 1 0 0 6 2 0 0
I1 6 2 0 0 0 3 4 1
111 3 11 8 1 0.59 <0.05° 0 2 7 14 0.71 <0.05
IVA 0 1 2 0 0 0 0 3
1VB 0 1 0 0 0 0 0 1

2 According to [27].

® Significant correlation was detected by Kendall tau b correlation analysis.

highly vascularised human breast carcinoma specimens
[41]. O’Brien and colleagues reported that there are at
least two distinct angiogenic pathways involved in dif-
ferent stages of bladder carcinoma; one is the PD-
ECGF/TP pathway in invasive carcinoma, and the
other is the VEGF pathway in early superficial carci-
noma [44]. We did not find significant correlation
between the PD-ECGF/TP expression and vessel count
in human gallbladder carcinoma. This is consistent with
the findings of Fujieda and associates [45], who reported
that there was no association between PD-ECGF
expression and vessel count in oral and oropharyngeal
carcinoma, suggesting that tumour angiogenesis is not
simply controlled by the presence of PD-ECGF/TP, but
may be mediated by several angiogenic factors. In this
and our previous studies [7] (VEGF series was included
almost PD-ECGF/TP series), we speculated that VEGF
is the more dominant angiogenic factor compared with
PD-ECGF/TP in human gallbladder carcinoma.

Regulation of PD-ECGF/TP expression is now being
elucidated. The expression of PD-ECGF/TP by carci-
noma cells was dependent on both the pH and oxygen
concentration of media, and acidic conditions (from pH
6.3 to pH 6.7) and hypoxic exposure (0.3% of O, con-
centration) were the optimal conditions for PD-ECGF/
TP expression [46]. Recent studies have shown that the
microenvironment in tumour tissue is more acidic than
in normal tissue. Moreover, acidic medium stimulated
the invasive activity of the cancer cells through elevation
of collagenase type IV expression [47]. Since the expres-
sion and activity of PD-ECGF/TP is enhanced by acidic
pH, PD-ECGF/TP expression levels may be associated
with depth of invasion in gallbladder carcinomas.
Additional studies are required to clarify whether PD-
ECGF/TP is involved in tumour invasion.

In conclusion, this study has demonstrated that PD-
ECGEF/TP is expressed by both carcinoma and infiltrat-
ing cells, and its expression level is associated with
advanced disease in human gallbladder carcinoma. To
the best of our knowledge these are the first data show-
ing the correlation between PD-ECGF/TP expression
and clinicopathological parameters of the gallbladder
carcinoma. It is possible that PD-ECGF/TP may be
used as a target for anticancer therapy in the future.
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