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HB-EGF, a member of the EGF family of growth factors, exerts its
biological activity through activation of the EGFR and other ErbB
receptors. HB-EGF participates in diverse biological processes,
including heart development and maintenance, skin wound
healing, eyelid formation, blastocyst implantation, progression
of atherosclerosis and tumor formation, through the activation
of signaling molecules downstream of ErbB receptors and
interactions with molecules associated with HB-EGF. Recent
studies have indicated that HB-EGF gene expression is
significantly elevated in many human cancers and its expression
level in a number of cancer-derived cell lines is much higher than
those of other EGFR ligands. Several lines of evidence have
indicated that HB-EGF plays a key role in the acquisition of
malignant phenotypes, such as tumorigenicity, invasion,
metastasis and resistance to chemotherapy. Studies in vitro and
in vivo have indicated that HB-EGF expression is essential for
tumor formation of cancer-derived cell lines. CRM197, a specific
inhibitor of HB-EGF, and an antibody against HB-EGF are both
able to inhibit tumor growth in nude mice. These results indicate
that HB-EGF is a promising target for cancer therapy, and that the
development of targeting tools against HB-EGF could represent
a novel type of therapeutic strategy, as an alternative to
targeting ErbB receptors. (Cancer Sci 2006; 97: 341-347)

EGFR (ErbB1) and the related ErbB receptors belong to
the tyrosine kinase family and comprise four members:
EGFR/ErbB1, ErbB2, ErbB3 and ErbB4!-® (Fig. 1). The
ErbB receptors are present on the cell surface and share a
common structure composed of an extracellular ligand-
binding domain, a transmembrane domain and an
intracellular tyrosine kinase domain. The ErbB receptors are
expressed in various tissues of epithelial, mesenchymal and
neuronal origin, and their activation is controlled by the
spatiotemporally regulated expression and liberation of their
ligands, which are members of the EGF family of growth
factors. Ligand binding induces the formation of receptor
homo- or heterodimeric complexes and activation of the
intrinsic kinase domain, resulting in phosphorylation of
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specific tyrosine residues that serve as docking sites for
adapter molecules, which in turn lead to the activation of
intracellular signaling pathways.

The EGF family of ligands is composed of four groups.
The first group includes EGF, TGF-o. and amphiregulin,
which bind specifically to EGFR. The second group includes
HB-EGF, betacellulin and epiregulin, which bind to both
EGFR and ErbB4 (Fig. 1). The third and fourth groups
include the neuregulins (NRG1-4). NRG-1 and NRG-2 bind
to ErbB3 and ErbB4, whereas NRG-3 and NRG-4 bind to
ErbB4, but not ErbB3. Although no ligands bind directly to
ErbB2, ErbB2 prefers to form heterodimers with other ErbB
receptors, which enhances the tyrosine kinase signals.®?

The EGF family of growth factors and their cognate ErbB
receptors support the proliferation, motility, differentiation
and survival of various types of cells, thereby contributing to
the development, morphogenesis and maintenance of home-
ostasis of the body. In addition to their physiological roles,
ErbB receptor tyrosine kinases have important roles in
human cancers.*> The ErbB family members, especially
EGFR and ErbB2, are involved in many tumor cell behav-
iors, including excessive growth, invasive character and
blood vessel formation. Enhanced expressions of ErbB
receptors, the existence of constitutively active mutant forms
of the receptors and the occurrence of autocrine activation
are frequently observed in human cancers and, in some cases,
are associated with poor disease outcomes. Accordingly,
these receptors have been intensively studied to understand
their roles in cancer cell biology, and a number of therapeutic
strategies targeting EGFR or ErbB2 are either used in the
clinic or are under development.

In contrast to their receptors, however, the ligands com-
prising the EGF family of growth factors have not yet been
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Abbreviations: EGF, epidermal growth factor; EGFR, EGF receptor; ERK, extra-
cellular regulated kinase; GPCR, G protein-coupled receptor; HB-EGF, heparin-
binding epidermal growth factor-like growth factor; MAPK, mitogen-activated
protein kinase; proHB-EGF, membrane-anchored form of HB-EGF; sHB-EGF, sol-
uble form of HB-EGF; TGF-a, transforming growth factor-o.
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focused on as targets for cancer therapy. This is possibly due
to the redundancy of ErbB ligands for each receptor, such
that it is recognized that inhibiting receptor function is
more effective than inhibiting multiple ligands for cancer
therapy. However, recent studies have indicated that the
expression level of each individual EGFR ligand varies in
different cancers, and a particular ligand is often specifically
expressed. For example, HB-EGF is specifically expressed at
high levels in some human cancers.®” In this review, we
will describe the features of HB-EGF as a candidate target
for cancer therapy. We will also discuss the future directions
for the development of therapeutic strategies targeting
HB-EGF.

Structure and physiological functions of HB-EGF
HB-EGF is initially synthesized as a transmembrane
precursor protein, similar to other members of the EGF
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Fig. 1. Binding specificities of members of
the ErbB receptor family to EGF ligands. (a)
EGF family ligands are separated into four
categories according to their specificities for
members of the ErbB receptor family. ErbB2
has no ligand. ErbB3 is deficient in kinase
activity (X). (b) ErbB homo- and heterodimer
combinations activated by heparin-binding
epidermal growth factor-like growth factor
(HB-EGF). AR, amphiregulin; BTC, betacellulin;
ECD, extracellular domain; EGF, epidermal
growth factor; EPR, epiregulin; ICD,
intracellular domain; NRG, neuregulin; PM,
plasma membrane; TGF-0, transforming
growth factor-o.

family of growth factors.®® The membrane-anchored form of
HB-EGF (proHB-EGF) is composed of a pro domain
followed by heparin-binding, EGF-like, juxtamembrane,
transmembrane and cytoplasmic domains®  (Fig. 2).
Subsequently, proHB-EGF is cleaved at the cell surface by a
protease to yield the soluble form of HB-EGF (sHB-EGF)
using a mechanism known as ectodomain shedding.” sHB-
EGF is a potent mitogen and chemoattractant for a number of
different cell types.'" Studies of mice expressing non-
cleavable HB-EGF have indicated that the major functions of
HB-EGF are mediated by the soluble form.?

Although the physiological function of proHB-EGF
remains obscure, this form has some unique features. ProHB-
EGF can transmit biological signals to neighboring cells by a
juxtacrine mechanism, either positively or negatively.!*!¥
Furthermore, this form is able to associate with several mol-
ecules. For instance, proHB-EGF forms a complex with CD9
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Fig. 2. Structure of heparin-binding epidermal growth factor-like
growth factor (HB-EGF). The membrane-anchored form (proHB-EGF)
possesses  pro, heparin-binding, EGF-like, juxtamembrane,
transmembrane and cytoplasmic domains. Proteolytic cleavage
occurs at the positions indicated by the arrows. Cleavage at the
juxtamembrane region by ‘ectodomain shedding’ results in the
release of the soluble active growth factor (sHB-EGF). TM,
transmembrane.

and integrin o3B1 in some cells,"> and heparan-sulfate
proteoglycan can associate with proHB-EGF and modulate
its biological activity.'® In addition, proHB-EGF functions
as the sole receptor for diphtheria toxin.!”'®

Recent studies have suggested that the cytoplasmic domain
of proHB-EGF plays some roles in HB-EGF function. A
multifunctional protein, BAG-1, was reported to bind to the
cytoplasmic domain of HB-EGF and increase HB-EGF secre-
tion."” Recently, it has been suggested that the C-terminal
fragment of HB-EGF generated by ectodomain shedding
translocates to the nucleus and promotes S-phase entry by
sequestering promyelocytic leukemia zinc finger protein, a
transcriptional repressor of cyclin A.?” We recently found
that the cytoplasmic domain of HB-EGF is phosphorylated
by external stimuli, and that the phosphorylation site is
involved in HB-EGF-dependent tumorigenesis.?"

HB-EGF gene expression has been demonstrated in a
variety of tissues, predominantly the lung, heart, brain and
skeletal muscle.?® HB-EGF participates in a variety of phys-
iological and pathological processes,"” including wound
healing,® eyelid formation,?® blastocyst implantation,>
retinoic acid-induced epidermal hyperplasia®® and athero-
sclerosis.®” Recently, HB-EGF knockout mice have been
established.®?” HB-EGF null mice show quite severe pheno-
types, including an enlarged and dysfunctional heart, heart
valve malformation with enlarged semilunar and atrioven-
tricular valves, and thickened mesenchymal tissue and alveolar
immaturity in the lungs, and most of the animals die at the
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neonatal stage. In contrast, no cardiovascular phenotypes are
detected in triple null mice lacking three other EGF family
members, namely TGF-a,, EGF and amphiregulin.®” Betacel-
lulin null mice are viable and display no overt defects,®”
whereas epiregulin null mice are viable but develop chronic
dermatitis.®” Thus, HB-EGF null mice show the most
severe phenotypes among the mice with disrupted ligand
binding to EGFR. In contrast to TGF-a,, EGF and amphiregulin,
HB-EGF binds to and activates both EGFR and ErbB4.@3
Therefore, the severe phenotypes of HB-EGF null mice
might be due, in part, to the binding specificity of this ligand
to ErbB receptors. Homozygous mice with disrupted ErbB2,
ErbB4 or neuregulin-1 genes all die around embryonic day
10 with defects in the formation of the heart ventricle projec-
tions known as trabeculae.®*3% These phenotypes are quite
similar to the phenotypes observed in HB-EGF knockout
mice, suggesting that HB-EGF serves as a ligand for ErbB4
in heart chamber formation.

Ectodomain shedding and transactivation of EGFR
Ectodomain shedding from proHB-EGF is critical for HB-
EGF growth factor activity. Mutant mice expressing a non-
cleavable form of proHB-EGF by gene targeting show severe
heart failure, with similar phenotypes to HB-EGF null mice,
indicating that cleavage of proHB-EGF into the soluble form
is necessary for normal cardiomyocyte function.""> However,
mice carrying a transmembrane domain-truncated form,
which therefore secrete sHB-EGF without ectodomain
shedding, develop severe hyperplasia in both the skin and
heart. These results indicate that unregulated release of sHB-
EGF results in severe lethal abnormalities in mice.!?

Ectodomain shedding from proHB-EGF can be stimulated
by various physiological and pharmacological stimuli,
including 12-O-tetradecanoylphorbol-13-acetate,"” calcium
ionophores,®® and GPCR ligands such as lysophosphatidic
acid.®" Cellular stresses caused by inflammatory cytokines,
reactive oxygen and osmotic shock can also induce ectodo-
main shedding of HB-EGF.“? The stimuli for ectodomain
shedding activate intracellular signaling molecules, including
protein kinase C, Ras, ERK and p38 MAPK. Activation of
these molecules results in proteolytic cleavage of proHB-
EGF by the ADAM family or other metalloproteases.

GPCR ligands, including lysophosphatidic acid, angiotensin
II and endothelin, have been shown to stimulate EGFR tyro-
sine phosphorylation, referred to as “transactivation”.®®
Transactivation of EGFR is a general function of GPCR sig-
naling and is critical for the mitogenic activity of many
GPCR ligands.?®*3? Transactivation of EGFR is achieved by
ectodomain shedding of EGFR ligands, and HB-EGF is often
preferentially shed among the EGFR ligands.®® Ectodomain
shedding from proHB-EGF results in EGFR activation and
subsequent ERK/MAPK activation. In turn, activation of the
EGFR-MEK-ERK/MAPK pathway promotes proHB-EGF
shedding.®® EGFR signals also induce the transcription of
proHB-EGF and other EGFR ligands,“" resulting in repeated
activation of proHB-EGF shedding and EGFR activation.
Thus, stimuli that induce proHB-EGF shedding trigger
multiple positive feedback loops that ensure substantial
EGFR activation, a potential cause of oncogenesis and cancer
progression.

CancerSci | May2006 | vol.97 | no.5 | 343
© 2006 Japanese Cancer Association



Involvement of HB-EGF in the malignant
phenotypes of tumors

Cell proliferation

Emerging evidence has implicated HB-EGF in the prolifer-
ative potential of tumor cells. Transfection of HB-EGF into
normal rat kidney cells or chicken embryo fibroblasts induces
oncogenic transformation and anchorage-independent
growth.“>4¥  Overexpression of HB-EGF in the mouse
pancreas leads to fibrosis and epithelial metaplasia.“?
Helicobacter pylori, which has a major etiological role in
human gastric carcinogenesis, induces the activation of
EGFR signaling mediated by the cleavage of proHB-EGF to
promote enhanced gastric epithelial proliferation and gastric
neoplasia.“>*? Furthermore, in vitro experiments have shown
that addition of an anti-HB-EGF blocking antibody to
human glioblastoma cells reduces proliferation by 30—40%
compared with the addition of normal goat IgG.“® Inhibition
of HB-EGF expression in myeloma cells with CRM197 or an
anti-HB-EGF antibody results in the suppression of cell
proliferation and induction of cell apoptosis.“”

We recently showed that expression of HB-EGF is critical
for cell proliferation of human ovarian cancer cells in nude
mice. The human ovarian cancer cell lines SKOV3 and RMG1
form tumors in nude mice when the cells are injected subcu-
taneously. The tumor formation of these cells is strongly
enhanced by exogenous expression of proHB-EGF, and com-
pletely blocked by inhibition of HB-EGF gene expression by
siRNA.©® HB-EGF or other EGFR ligands are required for
cell growth, particularly under 3D culture conditions, such as
cell cultures in collagen gels or soft agar and in vivo (H.
Mizushima, E. Mekada, unpublished observation, 2005). How-
ever, cell growth of most cultured cells under common 2D
culture conditions remains largely unaffected by the presence
of EGFR ligands compared with the growth under 3D conditions.

In ovarian cancer, tumor growth is characterized by local
extension into the peritoneal cavity, following the circulatory
pathway of the peritoneal fluid produced by the peritoneal
epithelium and cancer cells. Accumulating evidence from
many studies has revealed that ascites from patients with
ovarian cancer represent a rich source of growth factor activ-
ity for ovarian cancer cells, and these molecules are termed
ovarian cancer-activating factors.®” It has been demonstrated
that the presence of HB-EGF in peritoneal fluid is sufficient
for the survival and proliferation of ovarian cancer cells, and
that HB-EGF may play central roles in the cell survival and
proliferation of ovarian cancer, as one of the ovarian cancer-
activating factors.®V

Cell migration and invasion

HB-EGF has been shown to have strong activity for
enhancing cell motility.®? In eyelid formation in the mouse
embryo and skin wound healing, HB-EGF plays a role in cell
motility, but not in cell proliferation.?*?¥ In MDCK cells,
expression of SHB-EGF, but not non-cleavable proHB-EGF,
increases cell migration, decreases cell-matrix and cell—cell
interactions and promotes the development of long
unbranched tubular structures, suggesting that proHB-EGF,
and sHB-EGF give rise to distinct effects on cell-cell and
cell-extracellular matrix interactions.®® It has been shown
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that HB-EGF binds to N-arginine dibasic convertase, a
metalloendopeptidase of the M16 family, and that N-arginine
dibasic convertase is expressed on the cell surface of MDA-
MB451 cells, where it modulates HB-EGF-induced cell
migration.®* In addition, HB-EGF is downregulated in the
placenta of women with pre-eclampsia, a disorder associated
with deficient trophoblast invasion, and the addition of HB-
EGF to explant cultures of first-trimester chorionic villi
enhances extravillous trophoblast differentiation and invasive
activity.®>*® Thus, sHB-EGF plays key roles in various
physiological processes, including cell motility, cell
migration and invasion.

In cancer, HB-EGF can contribute to the acquisition of
tumor aggressiveness, including invasion, metastasis and
chemoresistance, through interactions with molecules bound
to HB-EGF. It has been reported that HB-EGF is one of the
target candidates for metastasis, following comparisons of
non-metastatic pancreatic cancer cells with highly metastatic
pancreatic cancer cells.®” In response to a variety of patho-
physiologically relevant GPCR ligands, metalloproteinase-
mediated transactivation of EGFR by ectodomain shedding
of EGF family members promotes tumor cell migration and
invasion as well as MAPK activation.®® Lidocaine, which
blocks ectodomain shedding from proHB-EGF at the cell
surface, inhibits the invasive ability of human cancer cells,
such as HT1080, HOA and RPMI-7951.6? In addition, a
neutralizing antibody against HB-EGF blocks not only trans-
activation of EGFR and cell proliferation, but also the migra-
tion mediated by IL-8 in human colon carcinoma cells.®”
The soluble form of HB-EGF and wild-type HB-EGF each
induce the expression and activities of the metalloproteases
MMP9 and MMP3, leading to enhanced cell migration in a
human bladder carcinoma cell line.©" Furthermore, it has
been suggested that the production of HB-EGF by human
mesothelial cells might play a significant role in postopera-
tive peritoneal tumor recurrence.®® Taken together, the
present evidence shows that HB-EGF is involved in the
migration, invasion and metastasis of cancer cells as well as
their proliferation.

Expression of HB-EGF in human cancers

There is growing evidence of increased HB-EGF expression
in tumors, including pancreatic, liver, esophageal, melanoma,
colon, gastric, ovarian and bladder cancers as well as
glioblastoma, compared with normal tissues®!''#6369 (S,
Miyamoto et al., unpublished observation, 2005). The
relationship between HB-EGF expression and human cancers
has been minutely investigated in human ovarian cancer. A
number of tumors isolated from ovarian cancer patients
express high levels of HB-EGF, and ascitic fluid obtained
from ovarian cancer patients contains higher concentrations
of HB-EGF protein than the concentrations found in normal
control subjects and patients with benign tumors.®”
Furthermore, the expression levels of other EGFR ligands in
ovarian cancer samples and the protein levels in ascitic fluid
from ovarian cancer patients are one or two orders of
magnitude lower than those of HB-EGF. It has also been
shown that HB-EGF expression is significantly associated
with the clinical outcome in ovarian cancer'” (Fig. 3). Similar
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Fig. 3. Clinical significance of heparin-binding epidermal growth
factor-like growth factor (HB-EGF) expression in ovarian cancer.
Progression-free survival of patients with ovarian cancer in relation
to the tumor HB-EGF expression status. (Reproduced from Tanaka
et al.,” with permission.)

to ovarian cancer, HB-EGF is also highly expressed in
bladder cancer, by at least 10—100-fold of the expression
levels of other EGFR ligands.® Thus, HB-EGF is the only
abundantly expressed molecule among the EGFR ligands,
indicating that HB-EGF possibly contributes to tumor growth
signals through EGFR activation in both ovarian and bladder
cancer, whereas the other EGFR ligands do not.

In situ hybridization and immunostaining analyses have
revealed that HB-EGF gene expression is elevated in human
hepatocellular carcinoma biopsies, compared with the sur-
rounding liver tissues which only show faint positivity in nor-
mal hepatocytes.®® However, in colon and pancreatic
cancers, expression of HB-EGF is associated with the early
stage.®® In ovarian cancer, positive signals for HB-EGF are
found abundantly in interstitial tissues, but not in cancer tis-
sues, by immunostaining, and most cells, except for stromal
cells, are positively stained using in sifu hybridization, indi-
cating that most of the HB-EGF is shed from the cell mem-
brane in cancer cells and deposited in interstitial tissues.”
Therefore, it may not be informative to evaluate the associa-
tion between the clinical outcome in cancer and HB-EGF

expression by only measuring the amount of HB-EGF using
immunostaining.

HB-EGF as a target molecule for cancer
therapy

Low molecular weight inhibitors and antagonists or
neutralizing monoclonal antibodies against HB-EGF are not
yet available. CRM197, a non-toxic mutant of diphtheria
toxin,®” is a protein of approximately 58 kDa. CRM197
binds to the sHB-EGF, as well as to proHB-EGF, and inhibits
the mitogenic action of HB-EGF by inhibiting its binding to
ErbB receptors.®® As significant amounts of CRM197 are
available through large-scale cultures, CRM197 is currently
the only inhibitor that can be used for animal studies to
evaluate HB-EGF as a target for cancer therapy.

Ovarian cancer cells, in which HB-EGF is predominantly
expressed among the EGFR ligands, form tumors on
xenografted mice. Administration of CRM197 into the peri-
toneal cavity was found to completely suppress the tumor
growth in these mice® (Fig. 4). In principle, no inflammatory
reactions occur in xenografted mice. Therefore, the antitumor
effects mediated by the administration of CRM197 can be
considered to directly block the tumor formation induced by
HB-EGF expression.

In the past, diphtheria toxin was considered to be a poten-
tial antitumor drug, although it was not then known that the
toxin could bind to HB-EGEF. Thus, clinical trials of the use
of small amounts of diphtheria toxin were carried out in
patients with advanced cancer.®® It was reported that 24 of
50 patients showed a partial or complete response after this
treatment, although reversible side-effects were detected in
17 patients. In the same line of trials using a diphtheria-
related protein and expecting an inflammatory-immunological
reaction, CRM197 was injected subcutaneously into the
abdominal wall of 25 advanced cancer outpatients, who were
refractory to standard therapies or had refused conventional
therapies.’” Two patients showed a complete response, one
showed a partial response and six patients showed disease
stability. The toxicities were minimal, as only one patient had
skin irritation at the injection sites and a flu-like syndrome
with fever. These results suggest that CRM197-mediated
inhibition of HB-EGF function contributes to the loss of in
vitro and in vivo tumor formation in cancer and that HB-EGF
is a potential target for cancer therapy. Further clinical trials
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of CRM197 involving cancer patients with HB-EGF overex-
pression could provide powerful support for improving the
clinical outcome.

Future directions

It has been widely accepted that the expressions or
activations of EGFR and ErbB2 are altered in many epithelial
tumors, and that these molecules play important roles in
tumor etiology and progression. Accordingly, EGFR and
ErbB2 have been intensely studied as therapeutic targets, and
many ErbB inhibitors and ErbB-targeted antibodies are now
being either used in the clinic or assessed in clinical trials.*""
In contrast, EGFR ligands have not been focused on as
therapeutic targets for cancer. One reason why EGFR ligands
have not been considered as therapeutic targets is partly due
to the redundancy of EGFR ligands for the ErbB receptors.
However, as described in this review, HB-EGF is predomin-
antly expressed, compared to other EGFR ligands, in cases of
ovarian cancer, and suppression of HB-EGF gene expression
by siRNA or inhibition of its mitogenic activity by CRM197
inhibits tumor formation by ovarian cancer cells in xeno-
grafted mice. These results indicate that EGFR ligands are
also potential therapeutic targets for cancer. There is a
potential advantage in targeting an EGFR ligand compared to
an ErbB receptor, as HB-EGF binds to EGFR and ErbB4,
and eventually activates EGFR, ErbB2 and ErbB4. Thus,
targeting HB-EGF seems to be more effective than targeting
EGFR for tumors that predominantly express HB-EGF.
Furthermore, recent studies have suggested that HB-EGF is a

References

Riese DJ 2nd, Stern DF. Specificity within the EGF family/ErbB

receptor family signaling network. Bioessays 1998; 20: 41-8.

Yarden Y, Sliwkowski MX. Untangling the ErbB signalling network. Nat

Rev Mol Cell Biol 2001; 2: 127-37.

Schlessinger J. Common and distinct elements in cellular signaling via

EGF and FGF receptors. Science 2004; 306: 1506-7.

Hynes NE, Lane HA. ERBB receptors and cancer: the complexity of

targeted inhibitors. Nat Rev Cancer 2005; 5: 341-54.

Mosesson Y, Yarden Y. Oncogenic growth factor receptors: implications

for signal transduction therapy. Semin Cancer Biol 2004; 14: 262-70.

Miyamoto S, Hirata M, Yamazaki A er al. Heparin-binding EGF-like

growth factor is a promising target for ovarian cancer therapy. Cancer

Res 2004; 64: 5720-7.

Tanaka Y, Miyamoto S, Suzuki SO et al. Clinical significance of

heparin-binding epidermal growth factor-like growth factor and a

disintegrin and metalloprotease 17 expression in human ovarian cancer.

Clin Cancer Res 2005; 11: 4783-92.

Higashiyama S, Abraham JA, Miller J, Fiddes JC, Klagsbrun M. A

heparin-binding growth factor secreted by macrophage-like cells that is

related to EGF. Science 1991; 251: 936-9.

Massague J, Pandiella A. Membrane-anchored growth factors. Annu Rev

Biochem 1993; 62: 515-41.

10 Goishi K, Higashiyama S, Klagsbrun M et al. Phorbol ester induces the
rapid processing of cell surface heparin-binding EGF-like growth factor:
conversion from juxtacrine to paracrine growth factor activity. Mol Biol
Cell 1995; 6: 967-80.

11 Raab G, Klagsbrun M. Heparin-binding EGF-like growth factor. Biochim
Biophys Acta 1997; 1333: F179-99.

12 Yamazaki S, Iwamoto R, Saeki K et al. Mice with defects in HB-EGF
ectodomain shedding show severe developmental abnormalities. J Cell
Biol 2003; 163: 469-75.

13 Higashiyama S, Iwamoto R, Goishi K et al. The membrane protein CD9/

DRAP 27 potentiates the juxtacrine growth factor activity of the

[’}

(5]

~

W

(=)}

~

o]

o

346
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expression level.®Y CRM197 would be equally effective for
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that this drug will be useful for chemoresistant patients.
Regarding the toxicity of CRM197, mouse experiments
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CRM197 injection, because CRM197 does not bind to mouse
HB-EGF.®® However, as mentioned above, the clinical trial
in human patients in Italy provides some evidence regarding
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actions have not yet been reported, these molecules are also
potentially hopeful therapeutic molecules. In the future, we
hope that, through continuing basic and clinical studies, we
will have a variety of therapeutic molecules, including both
receptor-targeted and ligand-targeted agents, and will be able
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