
Corp., Tokyo, Japan) for 30 minutes followed by an avidin-biotin-
peroxidase complex solution. The peroxidase reaction was developed
using 3,3V-diaminobenzidine tetrahydrochloride in the presence of
0.05% H2O2, and the sections were then counterstained in Mayer’s
hematoxylin, washed in tap water, dehydrated in graded ethanol,
cleared in xylene, and coverslipped. Control staining was done using
nonimmune goat IgG as the primary antibody. Three examiners
(Y.T., S.M., and K.S.) separately evaluated the HB-EGF and ADAM 17
staining by counting the immunoreactive cells. At least 20 high-
magnification fields were chosen randomly, and 1,000 cells in total
were counted.

Statistical analysis. Statistical analysis was done with StatView
software version 5.0 (Abacus Concepts, Berkeley, CA). The Mann-
Whitney test was done to test the equality of the distribution of age and
the mRNA expression index of five EGFR ligands and four ADAM family
members among patients with normal ovaries, early ovarian cancer,
and advanced ovarian cancer. Progression-free survival curves were
estimated using the Kaplan-Meier method and analyzed by the log-rank
test. Correlation between the mRNA expression indices of molecules
was analyzed using Spearman’s correlation analysis. Statistical signifi-
cance was based on two-tailed statistical analyses, and Ps < 0.05 were
considered statistically significant.

Results

Expression of epidermal growth factor ligands in normal ovaries
and ovarian cancer. Using real-time PCR, large differences in
the mRNA expression index were found for HB-EGF and four
other EGFR ligands between normal ovaries and ovarian
cancer (Fig. 1; Table 1). For HB-EGF, the mRNA expression
index was significantly elevated in advanced ovarian cancer
compared with that in normal ovaries, although there was no
significant difference between early ovarian cancer and
normal ovaries (Fig. 1; Table 1). For TGF-a, amphiregulin,
epiregulin, and betacellulin, no significant differences in the
mRNA expression index were found among the three groups
(Fig. 1; Table 1). No clear expression of EGF was detected in
10 patients with normal ovaries or 30 patients with ovarian
cancer by reverse transcription-PCR, although EGF expression
was confirmed in human placenta tissue using the same
primer sets (26). Therefore, real-time PCR for EGF was not
done in this study. To further investigate the expression of
HB-EGF in surface normal ovarian epithelial cells, we
examined the expression index of HB-EGF using 10 samples
extracted by brushing normal ovarian epithelial cells. The
expression index of HB-EGF mRNA was 7.6 F 7.9 (mean F
SE), which was not significantly changed from that in
samples extracted from whole normal ovaries. In a cancerous
state, the expression of HB-EGF significantly increased
compared with that in a normal state. These results suggest
that HB-EGF contributes to the progression of ovarian cancer
among the EGFR ligands.

Expression of a disintegrin and metalloprotease family members
in normal ovaries and ovarian cancer. A large difference in the
mRNA expression index was found for ADAM 17 and three
other ADAM family members in normal ovaries and ovarian
cancer (Fig. 2; Table 1). For ADAM 17, the mRNA expression
index in early or advanced ovarian cancer was significantly
elevated compared with that in normal ovaries, and there was
no significant difference between early and advanced ovarian
cancers (Fig. 2; Table 1). For ADAM 9, 10, and 12, no
significant differences in the mRNA expression index were
found among the three groups (Fig. 2; Table 1). To further
investigate the expression of ADAM 17 in normal surface
ovarian epithelial cells, we examined the expression index of
ADAM 17 using 10 samples extracted by brushing normal
ovarian epithelial cells. The expression index of ADAM 17
mRNA was 440 F 380 (mean F SE), which was not
significantly changed from that in samples extracted from
whole normal ovaries. In a cancerous state, the expression of
ADAM 17 significantly increased compared with that in a
normal state. Taken together, these results suggest that ADAM
17 is involved in the occurrence of ovarian cancer.

Clinical significance of heparin-binding epidermal growth
factor–like growth factor or a disintegrin and metalloprotease
17 expression in ovarian cancer. HB-EGF expression ranged
from a mRNA expression index of 10 to 39 in patients with
normal ovaries. Ovarian cancer patients with a HB-EGF mRNA
expression index of >40 were therefore regarded as cases with a
high expression status of HB-EGF. In the progression-free
survival curves, ovarian cancer patients with a high expression
status of HB-EGF showed a significantly less favorable prognosis
than those with a low expression status (Fig. 3A). Taken
together, these results suggest that HB-EGF plays a significant

Fig. 3. Clinical significance of HB-EGF and ADAM17 expression in ovarian cancer.
Progression-free survival of 68 patients with ovarian cancer in relation to the
tumor HB-EGF expression status (A) and tumorADAM17 expression status (B).
Ps were determined using the log-rank test.
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role in the progression of ovarian cancer. ADAM 17 expression
was within a mRNA expression index of 999 in patients with
normal ovaries. Ovarian cancer patients with an ADAM 17
mRNA expression index of >1,000 were therefore regarded as
cases with a high expression status of ADAM 17. No significant
difference in the progression-free survival curves was found
between ovarian cancer patients with a low and high expression
status of ADAM 17 (Fig. 3B), suggesting that ADAM 17 is not
significantly associated with the clinical outcome.

Relationships between the expression indices of heparin-binding
epidermal growth factor–like growth factor and a disintegrin
and metalloprotease family members in ovarian cancer. Signif-
icant correlations were found between the mRNA expression
indices for HB-EGF and ADAM 9, 12, and 17 (Fig. 4A, B,
and D). The mRNA expression index of ADAM 10 showed no
significant correlation with that of HB-EGF in ovarian cancer
(Fig. 4C). The correlation coefficient between the mRNA
expression index of HB-EGF and that of ADAM 17 was
increased compared with those between HB-EGF and ADAM 9
or 12, suggesting that ADAM 17 has a more significant
contribution to the ectodomain shedding of HB-EGF than
ADAM 9 or 12.

Localization of heparin-binding epidermal growth factor–like
growth factor and a disintegrin and metalloprotease 17 proteins
in normal ovarian epithelial cells and ovarian cancer cells.
Abundant HB-EGF protein appeared as positive in interstitial
tissues surrounding the ovarian cancer cells, whereas no

definite expression of HB-EGF was observed in normal
ovarian epithelial cells or interstitial tissues (Fig. 5A and B).
In in situ hybridization, diffuse staining for HB-EGF mRNA
was only found in ovarian cancer cells and not in either
interstitial cells surrounding the cancer cells or normal
ovarian epithelial cells (Fig. 5C and D), suggesting that HB-
EGF protein is only produced by cancer cells, and not by
interstitial cells, and that the proteolytic form of HB-EGF
accumulates in the extracellular matrix with heparin sulfate in
the interstitial tissues surrounding the cancer cells. The
correlation coefficient between the mRNA expression index
of HB-EGF and the in situ hybridization score of HB-EGF was
0.876 in ovarian cancer (P < 0.001). In addition, positive
staining for ADAM 17 was observed in cancer cells, whereas
no cells showed positive expression of ADAM 17 in normal
ovarian epithelium (Fig. 5E and F). In ovarian cancer, the
correlation coefficient between the ADAM 17 immunostain-
ing and the mRNA expression index of ADAM 17 was 0.839
(P < 0.01).

Discussion

Impairment of the EGF system is involved in the pathogenesis
of different types of carcinomas (10, 11). Univariate and
multivariate statistical analyses have confirmed that EGFR
overexpression is significantly associated with a high risk of
progression in ovarian cancer patients (30). Relatively high

Fig. 4. Spearman’s correlations between
the mRNA expression indices of HB-EGF
and ADAM family members in patients with
ovarian cancer.The ordinate and abscissas
indicate the mRNA expression index of
HB-EGF and ADAM17 (A), ADAM 9 (B),
ADAM10 (C), and ADAM12 (D),
respectively, in patients with ovarian cancer.
c indicates the Spearman’s correlation
coefficient.
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frequencies of TGF-a and amphiregulin have been described in
ovarian carcinomas, although the staining varied from weak to
strong in tumors (31, 32). Ovarian cancer cells are sensitive to
the diphtheria toxin, indicating the expression of pro-HB-EGF
(33). No significant expression of EGF is present in normal
ovaries or ovarian cancer. Thus, it remained unclear which EGFR
ligands were predominantly expressed in ovarian cancer. In this
study, however, abundant expression of HB-EGF was found in
ovarian cancer compared with other EGFR ligands. Recently,
several studies have revealed that HB-EGF is involved in a variety
of cancers. In bladder cancer, HB-EGF is abundantly expressed
and a significant prognostic marker for survival (34). HB-EGF
expression is also associated with the clinical outcome in gastric,
pancreatic, and breast cancers, in which HB-EGF expression is
markedly abundant (35–37). In addition, Helicobacter pylori
infection in human gastric carcinogenesis and the inflammatory
processes associated with this type of infection have been linked
to HB-EGF-dependent EGFR signal transactivation in human
gastric epithelial tumor cells (38, 39). According to these
studies, HB-EGF has been implicated in the occurrence and
progression of human cancers. In this study, HB-EGF expression
was significantly associated with the clinical outcome in ovarian
cancer, suggesting that HB-EGF plays a crucial role in the
aggressive behavior of a tumor in ovarian cancer.

The ADAM family has been implicated in diverse processes,
including membrane fusion, cytokine and growth factor
shedding, and cell migration (14). In particular, recent
findings have revealed that the ADAM family is involved in
cancer. ADAM 9 expression is associated with the clinical
significance of human breast and pancreatic cancers (40, 41),
whereas abundant ADAM 17 protein is expressed in human
breast cancer (42). In human gastric carcinoma, high levels of
transcripts for ADAM 10, 17, and 20 are present (43),
whereas, in human liver cancer, expression of ADAM 9 and
12 is associated with tumor aggressiveness and progression
(44). Thus, a few members of the ADAM family may be
simultaneously associated with the acceleration and progres-
sion of human cancers. Therefore, any ADAM family
members with similar functions should be examined to
identify those involved in the pathogenesis of cancer. In this
study, the expression of each ADAM family member involved
in the ectodomain shedding of HB-EGF (15 – 21) was
quantitatively estimated in human ovarian cancer. ADAM 17
was abundantly expressed compared with the other three
ADAM family members, and its expression was enhanced in
ovarian cancer. Therefore, this elevation of ADAM 17
expression in cancer might facilitate the proteolytic cleavage
of EGFR ligands that are involved in the progression of
cancer.

Fig. 5. Immunohistochemical staining and in situ
hybridizationofHB-EGF.No definite expressionofHB-EGF
protein (A) or mRNA (C) is present in a patient with
normal ovaries. In a patient with advanced ovarian cancer,
positive immunostaining of HB-EGF is observed in
interstitial tissues surrounding the cancer cells and in some
of the cancer cells (B). Diffuse staining of HB-EGF
mRNA is only detected in the cytoplasm of cancer cells by
in situ hybridization (D). No clear expression of ADAM
17 protein is found in a patient with normal ovaries (E). In
a patient with advanced ovarian cancer, positive
immunostaining of ADAM17 is observed in cancer cells
(F). Original magnification,�200. Insets, higher-
magnification view (�400).
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LPA can mediate EGFR signal transactivation through
different combinations of EGFR ligands and ADAM family
members. In NCI-H292 lung cancer cells, LPA transactivates
EGFR through the ectodomain shedding of HB-EGF or
amphiregulin, which is cleaved by ADAM 17 (45). In kidney
cancer cells, EGFR transactivation is mediated by LPA, in
association with HB-EGF and ADAM 10 or 17 (46). In bladder
cancer cells, ADAM 15 has a role in EGFR transactivation
mediated by LPA via soluble forms of amphiregulin or TGF-a
(46). Thus, in the same cell system, there is a functional
redundancy between EGFR ligands and ADAM family members
that depends on a variety of stimuli. In ovarian cancer cells, HB-
EGF and ADAM 17 were abundantly expressed compared with
other EGFR ligands and other members of the ADAM family,
respectively, and LPA activated EGFR through the ectodomain
shedding of HB-EGF (22). In this study, the expressions of both
HB-EGF and ADAM 17 were also abundant compared with
those of other EGFR ligands and other members of the ADAM
family in human ovarian cancer. In addition, HB-EGF protein
appeared to accumulate in the interstitial tissues surrounding
cancer cells and abundant ADAM 17 was also expressed in
cancer cells, leading to the speculation that most HB-EGF

expressed in cancer cells is quickly cleaved by ADAM 17. In fact,
a large amount of HB-EGF was observed in the peritoneal fluid
of ovarian cancer patients compared with the levels of
amphiregulin and TGF-a (22). Taken together, these results
suggest that proteolytic cleavage of HB-EGF was extensively
provoked by ADAM 17 in human ovarian cancer.

This is the first study to show that both HB-EGF and ADAM
17 are significantly expressed among EGFR ligands and
ADAM family members in human ovarian cancer. We have
shown that tumor formation of ovarian cancer was complete-
ly blocked by pro-HB-EGF gene RNA interference and that the
release of soluble HB-EGF is essential for tumor formation
(22). Therefore, the development of therapeutic tools against
HB-EGF and ADAM 17 would allow us to explore novel
targeting therapy to human ovarian cancer.
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