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Abstract. Generation of genetically engineered mice
with either gain-of-function or loss-of-function mutations
is the most popular technique for determining gene func-
tions and the interrelationship between molecules in vivo.
These models have provided a wealth of information
about the developmental and physiological roles of onco-
genes and growth factors. To date, transgenic techniques
have been used extensively to study the functions of the
epidermal growth factor (EGF) family. This review high-

lights some of the major recent findings pertinent to the
EGF receptor (EGFR) and its ligands with special refer-
ence to elucidating how EGF and its related growth fac-
tors work together to regulate reproduction, growth and
development. Finally, future investigations on ligand-lig-
and communications, EGFR and its ligands in neural stem
cell research, and the mechanisms of EGFR signaling and
trafficking in cells are also suggested.
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Intracellular communication plays a pivotal role in estab-
lishing cell lineage diversity in multicellular organisms. At
least two classes of molecules are considered to be crucial
mediators of this communication. They are insoluble com-
ponents, molecules forming the extracellular matrix or ad-
hesion molecules on the cell surface, and soluble hor-
mone-like messengers, often called growth factors. Some
growth factors bind to cell surface receptors whose intra-
cellular domain carries an enzymatic activity, a tyrosine-
specific kinase or serine/tyrosine kinase [1-3].

Epidermal growth factor (EGF) is a classical growth fac-
tor which utilizes the receptor tyrosine kinase system. It
was initially identified from mouse submaxillary gland
extract as a stimulator of eyelid opening and incisor erup-
tion when injected into newborn mice and rats. EGF,
transforming growth-factor (TGF)-a, and amphiregulin
only bind and activate EGF receptors (EGFRs) (also
called erbB-1 and HER1), and they are referred to as
group one of the EGF family. Group two members, which
consist of two neuregulins, bind erbB-3 and -4. Group

three consists of HB-EGEF, betacellulin and epiregulin
which bind both EGFR and erbB-4. ErbB-2 does not bind
ligands directly but is the preferred heterodimerization
partner for all other erbB members [4, 5] (table 1).

In recent years, information on the EGF family and erbB
receptor family has expanded rapidly. Signal diversity is
generated by ligand diversity and heterodimerization ca-
pacity. EGFR can also dimerize with erbB-3 and -4 [4—7].
EGFR is ubiquitously expressed in nonhematopoietic tis-
sues and influences a wide range of responses, depending

Table 1. The binding partners of EGF family members.

Member Binding partners

Group I EGF, TGE, Only EGFR (erbB-1/HER1)
amphiregulin

Group II  neuregulins erbB-3 and erbB-4

Group III  HB-EGE, betacellulin ~ both EGFR and erbB-4

and epiregulin
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on the coordinate expression of the cognate ligands [8, 9].
EGEF, TGF-a and amphiregulin are synthesized as a trans-
membrane precursor and translocated to the plasma mem-
brane. Proteolytic cleavage of the ectodomain to produces
a soluble growth factor receptor whose activiation is de-
pendent on the processing of the precursor molecules [8].
Activation of EGFR mainly occurs through two pathways.
The first is an autocrine mechanism whereby heterologous
stimuli provoke the synthesis of EGF ligands, and was ini-
tially described in a landmark paper [10]. The other mech-
anism invokes an intracellular trans-activation signaling
pathway [11]. It is proposed to involve phospholipids and
the intracellular tyrosine kinases Pyk-2 and Src [8].
Transgenic mice have proven to be a powerful tool for
studying the specificity, compensation and redundancy in
the signaling cascades by altering the structure or expres-
sion of a single gene or a set of genes, from ligands to spe-
cific receptors and downstream signaling players [12]. On
the other hand, the well-organized system of maintaining
homeostasis prevents us from dissecting the functions of
a single molecule in vivo, ironically due to compensation
and redundancy of the fail-safe system. However, taking
advantage of different approaches, an overall insight into
the molecular mechanisms may be gained. For example,
by selecting an appropriate promoter for transgene ex-
pression, we can analyze the functions of the target mol-
ecule in a more specific manner in the transgenic animals.
On the other hand, the normal function of a gene may be
deduced by expressing a mutated gene encoding a domi-
nant negative protein. Mice carrying a homozygous null
mutation (‘knock-out’) can be generated to examine the
effects of the total lack of a specific gene product, whereas
the effects of gene dosage can be studied in heterozygous
mutants. Moreover, the conditional knock-out strategy de-
veloped recently enables us to study the function of genes
in a spatiotemporally specific and even inducible manner.
This review highlights the applications of these techni-
ques for EGFR ligands. A summary is included, describ-
ing recent studies on increasing or decreasing the
levels of EGFR and its ligands (TGF-a, EGF and am-
phiregulin). The discussion further extends to their inter-
relationship regarding specificity and redundancy in sig-
naling. In addition, inherent limitations and future
perspectives will also be considered.

Knock-out mice of EGFR and its ligands

To circumvent the complications of functional redun-
dancy, individual null mutants of each of the three group
one EGFR ligands were produced and the double and
triple null mutants were generated by cross-breeding.
Mice without amphiregulin had underdeveloped mam-
mary glands. Following pregnancy, most amphiregulin-
null female mutants could nurse their young, in compari-

EGFR ligands in transgenic and knock-out mice

son to only a few triple-null mutants. This finding implies
a collaborative role for these ligands in mammopoiesis
and lactogenesis. In triple-null glands, alveoli were
poorly organized and differentiated, and milk protein gene
expression was also decreased. Moreover, the loss of
growth factors in pups further worsened their survival and
growth. Triple-null pups could be rescued by nursing by
wild-type foster mothers, but still showed growth retar-
dation. This establishes the importance for both maternal-
and neonatal-derived growth factors for the health and
growth of neonates [13]. Furthermore, mice without
TGF-a (wa-1) or expressing a partially functional EGFR
(wa-2) show an identical phenotype of affected hair and
eyelid development. The waviness of the whiskers and fur
is due to derangement of hair follicles [14, 15]. Transgenic
mice expressing TGF-a in type II cells under control of
the lung-specific surfactant protein-C (SP-C) promoter
develop pulmonary fibrosis and marked airspace hy-
poplasia. A mutant of EGFR lacking a portion of the in-
tracytoplasmic domain (EGF-R-M) under control of the
human SP-C promoter was made [16]. Transcripts of the
SP-C-EGF-R-M transgene were detected in distal bron-
chiolar and type II cells by in situ hybridization. Lung fi-
brosis was not detectable and airspace hypoplasia was sig-
nificantly corrected in bitransgenic mice derived by
breeding SP-C-TGF-a and SP-C-EGF-R-M mice. Cor-
rection of lung pathology in the bitransgenic mice oc-
curred without altering the level of h\TGF-a mRNA in this
rescue approach [16].

In comparison to single TGF-a null mice, the triple-null
mutants showed an increased penetrance of eye defects
(80—90% versus 40—50%), accelerated hair and weight
loss, dermatitis and skin ulceration with aging [13]. Other
than weight loss, the confinement of phenotypes to the
skin, eye and mammary gland suggests that group one lig-
ands have distinctive roles and tissue specificity when
compared to other EGFR ligands. The cross-breeding ex-
periments between various genotypes also reveal the im-
portance of partial functional redundancy between these
ligands.

Gene-targeting experiments which eliminated the expres-
sion of EGFR and therefore blocked the actions of all six
known EGFR ligands have shown that the major ensuring
effect is on epithelial cells located in skin, lung, gastroin-
testinal tract, tooth and eyelid. Moreover, the importance
of EGFR in early embryonic and placental development is
underscored by the fact that EGFR-null mice invariably
died either at peri-implantation, mid-gestation or early in
postnatal life [17—19]. Mouse mutants bred on a CD-1 or
C57XMF1 background survived for up to 3 weeks, en-
abling more extensive phenotype analysis. These mutants
had impaired gut proliferation with a reduced stem cell
zone and disorganized mucosal architecture [18, 19]. Ina
C57 background, the mice survived up to § days after birth
with phenotypes resembling necrotizing enterocolitis and
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respiratory distress syndrome commonly associated with
premature birth in humans [17]. Evidence shows that the
strong strain dependence of the phenotype was not due to
maternal rescue [19]. The genetic modifiers in EGFR sig-
naling remain to be identified. The EGFR signaling net-
work is intricate, raising the necessity to consider the par-
ticipation of EGFR in the signaling of other EGFR ligands
through receptor heterodimerization [9]. EGFR can also
be transmodulated by other growth factors such as
platelet-derived growth factor [20].

A second approach used for studying the function of
EGFR is by targeted expression of a dominant negative
EGFR in specific tissues. This approach has been used
successfully to demonstrate the importance of EGFR in
ductal branching and outgrowth of the mammary gland
[21] and in differentiation and development of the hair fol-
licles and epidermis [22]. On the other hand, these mice
and the wa-2 mice were resistant to skin tumor develop-
ment induced by transgenic expression of Son of Seven-
less due to the loss of the survival signal provided by nor-
mal EGFR [23].

Transgenic mice overexpressing EGFR ligands

Abnormal expression of EGFR, TGF-a and amphiregulin,
but not EGF, is frequently found in epithelial cancers [4,
7]. In agreement with this observation, transgenic mice
overexpressing TGF-a showed epithelial hyperplasia of
several organs, pancreatic metaplasia and breast carci-
noma [24, 25]. Using the metallothionein promoter, the
authors have shown that TGF-a promoted uniform ep-
ithelial hyperplasia of several organs without otherwise
causing major alterations in tissue architecture. In pan-
creas, it brought about overproliferation of both acinar
cells and fibroblasts. The pancreas showed progressive in-
terstitial fibrosis and a florid acinoductular metaplasia.
TGF-a also caused dramatic hyperplasia of the coagula-
tion gland epithelium, which displayed evidence of carci-
noma, and in postlactational mammary gland it induced
secretory mammary adenocarcinomas. Further analysis of
these mice reveal the importance of TGF-a in regulating
the differentiation and repair programs of the gastro-
intestinal tract [26]. Thus, TGF-« plays an important role
in cellular proliferation, organogenesis and neoplastic
transformation and displays characteristics of both a po-
tent epithelial cell mitogen and an oncogenic protein in
vivo. On the other hand, targeted expression of amphireg-
ulin in basal keratinocytes induced a psoriasis-like phe-
notype in transgenic mice [27].

EGF transgenic mice with the f-actin promoter were in-
fertile [28, 29] and born with only half the weight of nor-
mal littermates. These findings coincide with previous re-
ports that injection of EGF induced growth retardation in
newborn rats [28]. Another group has targeted the ex-
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pression of full-length EGF precursor to the small intes-
tine using rat intestinal fatty acid-binding protein pro-
moter. Interestingly, their transgenic animals had im-
proved postresection adaptation. Besides a shortened
small intestine, no other abnormal phenotype was ob-
served [30]. When EGF was expressed in pancreatic -
cells, the islets increased in size but the transgenic animals
were healthy and normoglycemic [31].

To elucidate the possible mechanisms leading to growth
retardation, previous studies focused on the insulin-like
growth factor (IGF) system since it is a key player in
growth regulation. Additionally, various in vitro studies
have shown that EGF reduces synthesis of IGF-binding
protein (IGFBP)-3 [32]. In vivo, IGF actions are influ-
enced by IGFBPs. IGFBPs can potentiate activities of
IGFs for cell proliferation. In addition, IGF-independent
regulatory mechanisms of IGFBPs have been described.
IGF-independent growth inhibition by IGFBP-3 is be-
lieved to occur through IGFBP-3-specific cell surface as-
sociation proteins or receptors and involves nuclear
translocation. Recent data indicate that low levels of
IGFBP-3 are associated with stunted growth and an in-
creased risk of at least several types of carcinoma that are
common in economically developed countries [33]. The
possible mechanisms leading to the growth problem and
the relationship between EGF and IGFBP-3 were investi-
gated in mice. The mean IGFBP-3 level of EGF transgenic
mice was significantly lower than that of normal adult
mice. The data suggested that EGF may change the pro-
duction/secretion of IGFBP-3 in liver and kidney. Reduc-
ing serum IGFBP-3 is likely to be the result of EGF over-
expression rather than a secondary effect of growth
retardation [29]. EGF also acted prenatally because all
transgenic mice identified at weaning were small from the
day of birth. These data are in agreement with the hy-
pothesis that EGF affects the production/secretion of
IGFBP-3, hence decreasing the availability of IGFs and
resulting in slower growth before and after birth.

In reproduction, EGF is involved in differentiation of the
male reproductive system through modulation of andro-
gen receptor activity. In adult mice, EGF precursor im-
munostaining was limited to pachytene spermatocytes and
round spermatids, whereas mature EGF was found addi-
tionally in Sertoli cells. EGF transgenic males were ster-
ile due to hypospermatogenesis [28]. These data provide
the first in vivo evidence that EGF overexpression can ad-
versely affect spermatogenesis. This is in sharp contrast to
transgenic mice overexpressing TGF-a in the testis, which
were reported to have normal testis morphology and sper-
matogenesis [22]. Although EGF seems to be the physio-
logical ligand in germ cell development, mice with either
single- or triple-null mutations in EGF, TGF and am-
phiregulin did not suffer from reduced fertility [13]. As a
next step in delineating the functions of EGF in sper-
matogenesis, overexpression of EGF or a dominant
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Table 2. Summary of major phenotypes of EGFR and its ligands.

EGFR ligands in transgenic and knock-out mice

Genetic alternation ~ EGFR and Major phenotypes Reference
in mice its ligands
Knock-out EGFR invariably died either at peri-implantation, mid-gestation or early in 17-19
postnatal life; defects in epithelial cells, including those involved in skin,
lung, gastrointestinal tract, tooth and eyelid; impaired gut proliferation with
a reduced stem cell zone and disorganized mucosal architecture; strong
strain dependence of the phenotype
Knock-out TGF-a eye defects, accelerated hair and weight loss, dermatitis and skin ulceration 13
with aging
Knock-out TGF-a (wa-1) and  affected hair and eyelid development 14, 15
EGFR (wa-2)
Knock-out Amphiregulin underdeveloped mammary glands 13
Triple knock-out EGE TGF-a, and alveoli were poorly organized and differentiated; eye defects; accelerated 13
amphiregulin hair and weight loss, dermatitis and skin ulceration with aging; milk
protein gene expression was also decreased and showed growth retardation
Overexpression EGF infertile, induced growth retardation; shortened small intestine 28-30
Overexpression TGF-a epithelial hyperplasia of several organs, pancreatic metaplasia and breast 24,25
carcinoma
Overexpression amphiregulin induced a psoriasis-like phenotype 27
Overexpression EGFR intracyto- rescue pulmonary fibrosis and marked airspace hypoplasia 16
mutant plasmic domain
Dominant negative EGFR in specific demonstrating the importance of EGFR in ductal branching and outgrowth 21

tissues

of the mammary gland, and in differentiation and development of the hair
follicles and epidermis

negative EGFR in specific cell types, for example in
pachytene spermatocytes, will help to establish the
autocrine/paracrine role of EGF in spermatogenesis.
These results are summarized in table 2.

Conclusions and perspectives

Despite the extensive investigations of EGF, especially in
vitro, its precise role and relationship with the IGF system
remain largely undefined. The study of EGFR and its lig-
ands has reached an interesting point, even though the
studies described here do not provide conclusive answers
to many of the questions asked. The early death of EGFR
null mice has precluded the elucidation of EGFR function
in its entirety. What is now required is the production of
conditional knock-out mice so that the contribution of
EGFR both prenatally and postnatally and in diseases can
be further assessed. Currently, the most powerful strategy
is the use of the Cre/loxP system, in which mice express-
ing the enzyme Cre recombinase driven by a tissue-spe-
cific promoter are cross-bred with mutants expressing the
gene of interest engineered with flanking loxP sites. Cre
excises the sequence between two loxP sites. This means
that the target gene can be deleted in a cell-type specific
and inducible manner depending on the choice of pro-
moters for Cre expression. For receptors which function as

dimers or oligomers, the strategy of producing dominant
negative mutant receptors is also fruitful.

Focusing on unraveling the specific functions of
EGF/EGFR, the phenotypes of the transgenic and knock-
out mice described might be the consequence of a tightly
regulated interplay of many growth factors in vivo. A
slight imbalance could either produce pathological phe-
notypes in one tissue or alter the activity of EGFR and
IGFs in another. Of interest would be to find the docking
proteins or secondary messengers which serve as a ‘post-
man’, delivering signals from EGF and other growth fac-
tors. For transgenic mouse models of the EGF family,
knock-outs of the group three ligands have yet to be made.
Comparing the mild phenotypes of the triple group one
ligand null mutants to the EGFR knock-outs, does the ad-
verse phenotype suggest distinctive roles of the group
three ligands or further redundancy between group one
and three ligands? Furthermore, recent findings suggest
that EGF and fibroblast growth fctor-2 are essential for
stem cell proliferation and survival. It would be intriguing
to use EGFR ligand mutant mice to see what exact roles
growth factors play in stem cells neurogenesis [34, 35].
Another aspect of future EGFR research is to combine
signaling and trafficking. During the past several years
our understanding of receptor trafficking and signaling led
to the possibility that they are functionally intrerrelated
[36, 37]. However, how EGFR signaling is linked to
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EGFR trafficking is largely unknown [38]. There are an
increasing number of trafficking proteins that are tyrosine
phosphoylated in an EGF-dependent manner. Mapping
these sites in conjunction with analysis of nonphosphory-
lated mutants should be the next focus [36]. Furthermore,
endocytosis and lysosomal targeting of the EGFR is a nor-
mal consequence of receptor activation. Degradation will
inevitably terminate receptor signaling and trafficking of
EGFR has been viewed in the context of attenuation [39].
Indeed, inhibition of receptor internalization and degra-
dation will enhance signaling. What kind of motor protein
[40—42] (dynein, kinesin, myosin) is involved in traffick-
ing EGFR to the plasma membrane and which ones trans-
port it for the novel endosomal fusion process? Can we get
in vivo evidence by using the gain- or loss-in-function ap-
proach in EGFR or EGFR ligand mutant mice? How
EGFR ligands affect these signaling and trafficking
processes should also be further investigated in vivo.
More knowledge about growth factors could provide vast
opportunities for therapeutic applications in human dis-
eases. Further elucidation of the complicated EGFR sig-
naling network is awaited.

Acknowledgements. The author thanks S.Y. Chan, S. Takeda and M.
Miki for kindly revising the manuscript and providing constructive
comments. The author is also grateful to N. Hirokawa, M. Setou, L.
Guilland, Y. Okada, and M. Dong for discussion. This mini-review
cannot include all the EGF work and the author apologizes for not
being able to cite all of the primary literatures. This work was sup-
ported by Lee Po Chun Foundation, Hong Kong and a fellowship
from the Japan Science Promotion Science grant-in-aid for young
scientists, Japan (2001-2004) (to R. W. Wong).

1 Josso N. and Clemente N. di (1997) Serine/threonine kinase re-
ceptors and ligands. Curr. Opin. Genet. Dev. 7: 371-377

2 Robertson S. C., Tynan J. and Donoghue D. J. (2000) RTK mu-
tations and human syndromes: when good receptors turn bad.
Trends Genet. 16: 368

3 Ullrich A. and Schlessinger J. (1990) Signal transduction by re-
ceptors with tyrosine kinase activity. Cell 61: 203-212

4 Yarden Y. (2001) The EGFR family and its ligands in human
cancer: signalling mechanisms and therapeutic opportunities.
Eur. J. Cancer 37 (suppl 4): S3-S8

5 Yarden Y. and Sliwkowski M. X. (2001) Untangling the ErbB
signalling network. Nat. Rev. Mol. Cell. Biol. 2: 127-137

6 Hackel P. O., Zwick E., Prenzel N. and Ullrich A. (1999) Epi-
dermal growth factor receptors: critical mediators of multiple
receptor pathways. Curr. Opin. Cell Biol. 11: 184—-189

7 Moghal N. and Sternberg P. W. (1999) Multiple positive and
negative regulators of signaling by the EGF-receptor. Curr.
Opin. Cell Biol. 11: 190—196

8 Carpenter G. (2000) EGF receptor transactivation mediated by
the proteolytic production of EGF-like agonists. Sci. STKE
2000: PEI

9 Riese D. J., 2nd and Stern D. F. (1998) Specificity within the
EGF family/ErbB receptor family signaling network. Bioessays
20: 41-48

10 Sporn M. B. and Todaro G. J. (1980) Autocrine secretion and
malignant transformation of cells. N. Engl. J. Med. 303:
878—880
11 Prenzel N., Zwick E., Daub H., Leserer M., Abraham R., Wal-

lasch C. et al. (1999) EGF receptor transactivation by G-protein-

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Review Article 117

coupled receptors requires metalloproteinase cleavage of
proHB-EGF. Nature 402: 884—888

Wong R. W.,, Sham M. H., Lau Y. L. and Chan S.Y. (2000) An
efficient method of generating transgenic mice by pronuclear
microinjection. Mol. Biotechnol. 15: 155—-159

Luetteke N. C., Qiu T. H., Fenton S. E., Troyer K. L., Riedel R.
F, Chang A. et al. (1999) Targeted inactivation of the EGF and
amphiregulin genes reveals distinct roles for EGF receptor lig-
ands in mouse mammary gland development. Development
126: 2739-2750

Luetteke N. C., Qiu T. H., Pfeiffer R. L., Oliver P, Smithies O.
and Lee D. E. (1993) TGF alpha deficiency results in hair folli-
cle and eye abnormalities in targeted and waved-1 mice. Cell 73:
263-278

Mann G. B., Fowler K. J., Gabriel A., Nice E. C., Williams R.
L. and Dunn A. R. (1993) Mice with a null mutation of the TGF
alpha gene have abnormal skin architecture, wavy hair, and
curly whiskers and often develop corneal inflammation. Cell 73:
249-261

Hardie W. D., Kerlakian C. B., Bruno M. D., Huelsman K. M.,
Wert S. E., Glasser S. W. et al. (1996) Reversal of lung lesions
in transgenic transforming growth factor alpha mice by expres-
sion of mutant epidermal growth factor receptor. Am. J. Respir.
Cell. Mol. Biol. 15: 499-508

Miettinen P. J., Berger J. E., Meneses J., Phung Y., Pedersen R.
A., Wert Z. etal. (1995) Epithelial immaturity and multiorgan
failure in mice lacking epidermal growth factor receptor. Nature
376: 337-341

Sibilia M. and Wagner E. F. (1995) Strain-dependent epithelial
defects in mice lacking the EGF receptor. Science 269:
234-238

Threadgill D. W., Dlugosz A. A., Hansen L. A., Tennenbaum T.,
Lichti U., Yee D. et al. (1995) Targeted disruption of mouse EGF
receptor: effect of genetic background on mutant phenotype.
Science 269: 230—-234

Liu P. and Anderson R. G. (1999) Spatial organization of EGF
receptor transmodulation by PDGF. Biochem. Biophys. Res.
Commun. 261: 695—-700

Xie W., Paterson A. J., Chin E., Nabell L. M. and Kudlow J. E.
(1997) Targeted expression of a dominant negative epidermal
growth factor receptor in the mammary gland of transgenic mice
inhibits pubertal mammary duct development. Mol. Endocrinol.
11: 17661781

Mullaney B. P. and Skinner M. K. (1992) Transforming growth
factor-alpha and epidermal growth factor receptor gene expres-
sion and action during pubertal development of the seminifer-
ous tubule. Mol. Endocrinol. 6: 2103-2113

Sibilia M., Fleischmann A., Behrens A., Stingl L., Carroll J.,
Watt F. M. et al. (2000) The EGF receptor provides an essential
survival signal for SOS-dependent skin tumor development.
Cell 102: 211-220

Sandgren E. P, Luetteke N. C., Palmiter R. D., Brinster R. L.
and Lee D. C. (1990) Overexpression of TGF alpha in trans-
genic mice: induction of epithelial hyperplasia, pancreatic meta-
plasia, and carcinoma of the breast. Cell 61: 11211135
Jhappan C., Stahle C., Harkins R. N., Fausto N., Smith G. H.
and Merlino G. T. (1990) TGF alpha overexpression in
transgenic mice induces liver neoplasia and abnormal
development of the mammary gland and pancreas. Cell 61:
1137-1146

Giraud A. S. X. (2000) Trefoil peptide and EGF receptor/ligand
transgenic mice. Am. J. Physiol. Gastrointest. Liver Physiol.
278: G501-G506

Cook P. W,, Piepkorn M., Clegg C. H., Plowman G. D., DeMay
J. M., Brown J. R. et al. (1997) Transgenic expression of the hu-
man amphiregulin gene induces a psoriasis-like phenotype. J.
Clin. Invest. 100: 2286—-2294

Wong R. W., Kwan R. W., Mak P. H., Mak K. K., Sham M. H.
and Chan S.Y. (2000) Overexpression of epidermal growth fac-



118

29

30

31

32

33

34

R. W. C. Wong

tor induced hypospermatogenesis in transgenic mice. J. Biol.
Chem. 275: 1829718301

Chan S. Y. and Wong R. W. (2000) Expression of epidermal
growth factor in transgenic mice causes growth retardation. J.
Biol. Chem. 275: 38693—38698

Erwin C. R., Helmrath M. A., Shin C. E., Falcone R. A. Jr, Stern
L. E. and Warner B. W. (1999) Intestinal overexpression of EGF
in transgenic mice enhances adaptation after small bowel re-
section. Am. J. Physiol. 277: G533-540

Krakowski M. L., Kritzik M. R., Jones E. M., Krahl T., Lee J.,
Arnush M. etal. (1999) Transgenic expression of epidermal
growth factor and keratinocyte growth factor in beta-cells re-
sults in substantial morphological changes. J. Endocrinol. 162:
167-175

Edmondson S. R., Murashita M. M., Russo V. C., Wraight C. J.
and Werther G. A. (1999) Expression of insulin-like growth fac-
tor binding protein-3 (IGFBP-3) in human keratinocytes is reg-
ulated by EGF and TGFbetal. J. Cell. Physiol 179: 201-207
Grimberg A. and Cohen P. (2000) Role of insulin-like growth
factors and their binding proteins in growth control and car-
cinogenesis. J. Cell Physiol. 183: 1-9

Vaccarino F. M., Ganat Y., Zhang Y. and Zheng W. (2001) Stem
cells in neurodevelopment and plasticity. Neuropsychopharma-
cology 25: 805-815

35

36

37
38

39

40.

41

42.

EGFR ligands in transgenic and knock-out mice

Tropepe V., Sibilia M., Ciruna B. G., Rossant J., Wagner E. F.
and Kooy D. van der (1999) Distinct neural stem cells prolifer-
ate in response to EGF and FGF in the developing mouse te-
lencephalon. Dev. Biol. 208: 166—188

Carpenter G. (2000) The EGF receptor: a nexus for trafficking
and signaling. Bioessays 22: 697—707

Gill G. N. (2002) A pit stop at the ER. Science 295: 1654—1655
Lanzetti L., Rybin V., Malabarba M. G., Christoforidis S., Scita
G., Zerial M. etal. (2000) The Eps8 protein coordinates EGF
receptor signalling through Rac and trafficking through Rab5.
Nature 408: 374-377

Burke P, Schooler K. and Wiley H. S. (2001) Regulation of
epidermal growth factor receptor signaling by endocytosis
and intracellular trafficking. Mol. Biol. Cell 12: 1897—
1910.

Hirokawa N. (1998) Kinesin and dynein superfamily proteins
and the mechanism of organelle transport. Science 279:
519-526

Wong R. W,, Setou M. and Hirokawa N. (2001) Turning the cur-
rent up on AMPA receptor trafficking. Trends Cell Biol. 11:
320.

Miki H., Setou M., Kaneshiro K. and Hirokawa N. (2001) All
kinesin superfamily protein, KIF, genes in mouse and human.
Proc. Natl. Acad. Sci. USA 98: 7004—7011

To access this journal online:
http://www.birkhauser.ch




