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expected to disrupt FGF signalling by heterodimerization with
endogenous, full-length receptors, or by sequestering ligand.
In either case, ligand-receptor complexes will be inactive.
Dominant negative receptor strategies have suggested that
FGFs are required for Xenopus gastrulation (Amaya et al.,
1991) as well as the normal differentiation and organization of
both keratinocytes (Werner et al., 1993) and lung epithelium
(Peters et al., 1994) in transgenic mice. 

The ocular lens is a tissue in which FGF signalling is likely
to play an important developmental role. A single undifferen-
tiated layer of cuboidal epithelial cells covers the anterior
surface of the normal lens while the remainder of the lens mass
is made up of differentiated lens fiber cells. At the lens equator,
epithelial cells withdraw from the cell cycle and differentiate
into fiber cells. Fiber cells differ from lens epithelial cells in
that they are amitotic, elongated and express fiber cell-specific
proteins such as β- and γ-crystallins (McAvoy, 1978). In the
ocular lens, FGF molecules have been shown to induce the
differentiation of epithelial cells into fiber cells, both in vitro
(McAvoy et al., 1991) and in transgenic mice (Robinson et al.,
1995). Other studies suggest that expression of FGF by lens
epithelial cells is important for lens cell survival (Renaud et
al., 1994). 

The finding that only secreted forms of FGF-1 induce lens
epithelial cell responses in transgenic mice suggests that cell
surface FGF receptors play an essential role for FGF signalling
in the lens (Robinson et al., 1995). The lens expresses at least
three different FGF receptor genes: FGFR1, FGFR2 and
FGFR3 (Orr-Utreger et al., 1991; Peters et al., 1993). A
truncated FGFR1 has been shown to act as a dominant negative
FGF receptor in Xenopus oocytes, inhibiting FGF-induced
signal transduction from multiple different full-length FGFRs
including FGFR1, FGFR2 and FGFR3 (Ueno et al., 1992). The
ability of the αA-crystallin promoter to direct transgene
expression specifically to the lens of transgenic mice
(Overbeek et al., 1985; Robinson et al., 1995; Reneker et al.,
1995) makes the lens particularly amenable to dominant
negative receptor strategies in vivo. High level expression of
a dominant negative FGFR1 in the lens could theoretically
disrupt FGF signalling from all endogenous lens FGFRs. We
have chosen to express a truncated FGFR1 in the lens of trans-
genic mice to assess the roles of FGFR signalling during lens
development.
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Fig. 1. The transgenic construct (αA-tR1) consisted of a truncated
FGFR1 cDNA driven by the lens-specific 369 bp αA crystallin
promoter (αAp). The truncated FGFR1 cDNA encodes the
extracellular (shaded portion), the transmembrane (solid bar) and a
small portion of the cytoplasmic juxtamembrane domains. The
coding region of the αA-tR1 was flanked by a rabbit β-globin intron
and a polyadenylation signal derived from the human growth
hormone gene (GHpA). The sequences used to make a transgene-
specific riboprobe for in situ hybridization are indicated. Half-arrows
indicate a sequence-specific amplimer pair (C5 and FR1) used for
PCR analysis of αA-tR1. 
MATERIALS AND METHODS

DNA constructs
A cDNA clone encoding a truncated murine FGFR1 was generously
provided by the laboratory of Dr L.T. Williams, San Francisco. This
clone encodes an FGFR1 protein with two extracellular Ig-like
domains and with the splice variant IIIc, which binds to both FGF-1
and FGF-2 with high affinity (Werner et al., 1992). The cDNA
encoding the truncated FGFR1 contained a termination codon 26
amino acids into the cytoplasmic juxtamembrane domain, which
results in an FGF receptor without an intracellular tyrosine kinase
domain. To generate the truncated FGFR1 construct (αA-tR1), the
369 bp αA-crystallin promoter from CPV2 (Robinson et al., 1995)
was ligated 5′ of the rabbit β-globin intron, replacing the bovine K10
promoter in the truncated FGFR1-expression vector described by
Werner et al. (1993). This plasmid was designated CPV5/αA-tR1
(Fig. 1).

Transgenic mice
All plasmid purifications were performed using plasmid purification
kits from QIAGEN (Hilden, Germany). The 2.5 kb αA-tR1 microin-
Fig. 2. External ocular appearance of animals expressing αA-tR1.
(A) Non-transgenic FVB/N mouse exhibiting normal external ocular
appearance. (B) A typical mouse from family OVE 497. The eye is
nearly normal in size, but has an opaque lens. (C) A typical mouse
from OVE 498. The eye is microphthalmic as a result of retarded
lens development.
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Fig. 3. PCR analysis of genomic DNA and reverse transcribed ocular
RNA from αA-tR1 mice. Lane 1, 1.0 kb ladder (Gibco/BRL); lanes 2
and 3 contain transgenic and non-transgenic (FVB/N) genomic
DNA, respectively; lanes 4-7 contain reverse transcribed ocular RNA
from transgenic mice for families OVE 497-500; lane 8 contains
ocular RNA which was not treated with reverse transcriptase; lane 9
contains non-transgenic (FVB/N) reverse transcribed ocular RNA.
All samples were amplified with primers C5 and FR1. Amplification
yields an 872 bp band from transgenic DNA and a 295 bp band from
correctly spliced, reverse transcribed, transgenic transcripts. The
mobility of relevant DNA molecular weight standards (1 kb ladder,
Gibco/BRL) are indicated by arrowheads.
jection fragment was isolated by digestion of CPV5/αA-tR1 with
KpnI, SstII and BglI (BglI cut only the vector) followed by gel elec-
trophoresis and extraction using the QIAEX kit (QIAGEN). Linear
DNA fragments were eluted in 10 mM Tris HCl (pH 7.4), 0.1 mM
EDTA and microinjected into individual pronuclei of FVB/N
embryos (Taketo et al., 1991) at a concentration of 2 ng/µl. Injected
Fig. 4. In situ hybridizations. An antisense
35S-labeled riboprobe specific for the human
growth hormone sequences present in the 3′
untranslated region of the αA-tR1 construct
was hybridized to sections from E14.5
transgenic OVE 498 (A,B) and non-transgenic
(C,D) heads. Dark-field (A,C) and bright-field
(B,D) images of the eyes are shown.
Transgene expression is confined to the lens
fiber cells. Scale bar, 100 µm.
embryos were transferred into pseudopregnant ICR females. Potential
transgenic mice were screened by isolating genomic DNA (Hogan et
al., 1994) from tail biopsies and testing for transgenic sequences using
the polymerase chain reaction (PCR) (Saiki et al., 1988).

PCR analyses
Primers used for PCR (see Fig. 1) were CCCAGAGGCTCCTGTCT-
GACTCACT (termed C5), a sense primer for the 5′ untranslated
region of the murine αA-crystallin transcript (present in the transgenic
constructs), and TCCGAGGATGGGAGTGCATCTTGTT (termed
FR1), an antisense primer that hybridizes to sequences in the murine
FGFR1 cDNA in αA-tR1. Primers C5 and FR1 amplify an 872 bp
band from genomic DNA and a 295 bp band from lens cDNA in trans-
genic animals expressing αA-tR1. Total ocular RNA from newborn
transgenic and control mice was isolated using RNA STAT-60 (Tel-
Test ‘B’, Inc., Friendswood, TX); (see Chomczynski and Sacchi,
1987). The RNA was then reverse transcribed and the resultant cDNA
was amplified by PCR (see Robinson et al., 1995).

In situ hybridization
CPV5/αA-tR1 was digested with EcoRI and HindIII to isolate a 600
bp fragment containing the human growth hormone sequences which
constitute the 3′ untranslated portion of the transgenic construct. This
fragment was subcloned between the EcoRI and HindIII sites of
pBluescript KS− (Stratagene, La Jolla, CA). Sense and antisense ribo-
probes were generated by in vitro transcription using T3 (Stratagene)
and T7 (Pharmacia, Piscataway, NJ) polymerase, respectively.
Tissues were processed and hybridization was carried out as described
previously (Robinson et al., 1995). Hybridized slides were air dried
and dipped in Kodak NTB-2 emulsion and exposed for 2 weeks at
4˚C before development with Kodak D-19 developer. Slides were
counterstained with Harris hematoxylin.

Immunohistochemistry
Postnatal eyes or fetal heads were removed and fixed in 10%
phosphate-buffered formalin before processing, embedding and sec-








