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Targeted Disruption of Mouse EGF Receptor: 
Effect of Genetic Background on Mutant 

Phenotype 
David W. Threadgill, Andrzej A. Dlugosz, Laura A. Hansen, 

Tamar Tennenbaum, Ulrike Lichti, Della Yee, Christian LaMantia, 
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Gene targeting was used to create a null allele at the epidermal growth factor receptor 
locus (Egfr). The phenotype was dependent on genetic background. EGFR deficiency on 
a CF-I background resulted in peri-implantation death due to degeneration of the inner 
cell mass. On a 129/Sv background, homozygous mutants died at mid-gestation due to 
placental defects; on a CD-I background, the mutants lived for up to 3 weeks and showed 
abnormalities in skin, kidney, brain, liver, and gastrointestinal tract. The multiple abnor- 
malities associated with EGFR deficiency indicate that the receptor is involved in a wide 
range of cellular activities. 

T h e  expressLon pattern and functional 
analys~a of EGFR and ~ t s  l~gands suggest 
that EGFR IS llnDortant for embryo devel- 
opment, tissue dLfferentiation, an2 cellular 
function ( 1 ,  2) .  The only known genetlc 
alteration is a p a n t  rnutatlon (Egfrir"'"') in 
the klnase domain that leads to dimmished 
receptor actlvity (3). The phenotype of 
waved hair and sporad~c open eyelids is 
similar to that of mice deficient for trans- 
forming growth factor-oc (T&'ial) (4). 

A null allele (Egfr"'"'"') at the Egfr lo- 
cus was created hy homologous recomhlna- 
tlon in 129/Sv-derived D3 embryonic stem 
cells (Fig. 1A).  Seven independently target- 
ed lines were identified 15). Gerrnline chi- , , 

lneric ~nales were ~na ted  to 129/Sv felnales 
to establish a co-isogenic straln carrying the 

E&nll C ~ L  7 allele. The allele was then bred - 
Into the closed-colony, random-bred CF-1 
and CD-1 llnes. When homo:yeous, the , - 
mutatloll resulted in peri-implantation le- 
thality in CF-1 mice, mid-gestation lethal- 
ity In 129/Sv mice, and perinatal lethal~ty 
in CD-1 mice. All three phenotypes were 
fully penetrant and nonoverlapp~ng. Aber- 
rant splicing around the targeted exon was 
detected join~ng exon 1 to e ~ t h e r  exon 3 or 
exon 5 (Flg. 1B). The forlner spliclllg event 
\\;ould create a nonsense proteln, whereas 
the latter retains the readlng trame and 
removes d o m a ~ n  1 of the extracellular re- 
gion. Although a truncated mRNA is pro- 
duced, Egil.""""r homozygous pups sho\\~eil 
no evidence of an altered EGFR (Fig. I C )  
and no indication of EGF-lnducihle ty- 
rosine ~hosnhorvlation. 
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Fig. 1. Targeted disruption and expression anal- A 
ysis of Egfr. (A) Strategy for targeting Egfr (74). 'F? . 
Targeting resulted in replacement of 155 base Egfrloan, , \ j  
pairs (bp) surrounding the splice acceptor site of " ' 7 rr - 2  X I : : 7 

I 
#o ' " 

exon 2 with a Neo cassette and insertion of a new A A 

Apa I site shortening the wild-type 15-kb fragment B 
to 11 kb. Exons are numbered. A, Apa I. (6) RT- 

C 
+t+ 4- 4- 

PCR products from Egfr transcripts in total liver A A r 

RNA from wild-type (+/+) and EgfPICWr het- 0.1 
erozygous (+/-) and homozygous (-/-) ani- 0.6 

EGm 

mals. RNA was reverse-transcr~bed wlth random 
hexamers. PCR primers: Exon 1, GGGGCGTTG- 01 
GAGGAAAAGAA; and exon 7, ATGAGTGGT- 
GGGCAGGTG. Sizes of PCR products are indi- 
cated on the left (in kilobases) and exon swlice 55 
junctions on the ;ight. (C) protein immunoblot 
analysis of liver-detergent lysates. Mice were in- 
jected with phosphat6-buffkred saline (P) or EGF 
(E) for autophosphorylation (15). The blot was 
consecutively probed with antibody to EGFR (anti-EGFR) (LifeTechnologies), anti-phosphotyrosine (ICN), 
and anti-ErbB2 (Transduction Laboratories) as described (3). Antibody binding was detected by en- 
hanced chemiluminescence (Amersham). Molecular sizes are indicated on the left (in kilodaltons) and 
immunoreactive proteins detected on the right. 

Table 1. Genetic background and lethality of 
EgfPlcwr heterozygous crosses. On a CD-1 
background, 6% of fetuses were dead at E18.5, 
all of which genotyped as -/-. n, number of pups 
or embryos examined; A, empty decidua; P, post- 
natal day; E, embryonic day. 

CF- 1 
PO 56 38 63 0 
E7.5-8.5 36 25 61 0 14 
E6.5 117 23 49 2 26 
E3.5 150 20 53 27 

729/Sv 
PO 41 34 66 0 
E12.5-13.5 13 15 54 23' 

CD- 1 
PO 238 30 54 16 
El  8.5 81 24 50 20 
E15.5-17.5 73 22 56 22 
E12.5-13.5 45 29 47 20 4 

*All embryos dissected at this time were resorbing. 

gous embryos hatched from their zona pel- 
lucida and attached to culture plates. How- 
ever, after 5 days in culture, EgF"'C"" ho- 
mozygous embryos did not grow, although 
normal littermates produced extended em- 
bryonic outgrowths (5). 

Analysis of E4.5-4.8 implantation sites 
showed that 6 out of 32 embryos from het- 
erozygous crosses had small, loosely ar- 
ranged inner cell masses (ICMs) with no 
distinct endoderm (Fig. 2, A and B). This 
phenotype was observed in only 2 out of 40 
embryos from control crosses, suggesting 
that the abnormal embryos were EgF"'Cw 
homozygous mutants. By E5.1-5.5, when 
normal embryos had differentiated ectopla- 
cental cone and extraembrvonic ectoderm. 
13 out of 61 embryos from heterozygous 
crosses were collapsed, with no embryonic 

tissue organization (5). At E6.5, 8 out of 31 
implantation chambers lacked an embryo 
and had filled with maternal blood (Fig. 2, 
C and D). The decidualization reaction of 
the maternal stromal cells progressed nor- 
mally, and H19-positive primary tropho- 
blast giant cells were detected around the 
empty implantation sites (Fig. 2, C and D) 
(6). From control crosses, only 2 of 98 
decidua lacked an embryo at E5.1 to 6.5. 
Thus, contrary to previous hypotheses (2, 
7), the ICM, and not the trophectoderm 
(TE), requires EGFR in CF-1 embryos for 
survival. 

Analysis of EgFr"'C"" homozygosity on 
an inbred 129/Sv genetic background re- 
vealed a second distinct phenotype. At 
E12.5-13.5, 23% of decidua contained ex- 
traembryonic membranes with resorbing 
EgF"'C"" homozygous embryos and placen- 
tas smaller than those of wild-type litter- 
mates (22.1 + 1.7 mg wet weight versus 
46.8 + 2.8 mg). The spongiotrophoblast 
layer was greatly reduced and the labyrin- 
thine trophoblast was disorganized with a 
reduced cell number (Fig. 2, E and F). The 
organization and cell number of the tropho- 
blast giant-cell layer was unaffected. These 
data indicate that homozygosity for 
EgF"'C"" produces a mid-gestation lethality 
in 129/Sv embryos due to a placental defect. 

O n  a CD-1 genetic background, 
EgF"'C"" homozygous embryos demonstrat- 
ed a perinatal lethality (Table 1). Although 
birthweight was normal, E$r"'Cw homozy- 
gous pups showed reduced growth and pro- 
gressive wasting. When most normal litter- 
mates were removed, some EgF"'Cw ho- 
mozygous pups survived as long as postnatal 
day 18 (P18), but they were only 30 to 35% 
the weight of normal littermates. Newborn 
EgF"'C"" homozygous pups were distin- 
guished by open eyes and rudimentary 

Fig. 2. Histological and in situ analysis of peri- 
implantation embryos and mid-gestation placen- 
tas (16). (A to D) Uterine sections from CF-1 het- 
erozygous crosses at (A and 6) E4.5-4.8 (magni- 
fication, x400; staining with H&E) and (C and D) 
E6.5 (x200; confocal images of HI9 mRNA in 
situ). (A) and (C) are normal and (6) and (D) are 
abnormal decidua. (E and F) H&E-stained sec- 
tions of El  3.5 placentas from 129/Sv (E) wild-type 
and (F) EgfPlCWr homozygous embryos (x40). I, 
inner cell mass; T, trophectoderm; L, luminal epi- 
thelium; En, endoderm; G, trophoblast giant cells; 
DC, decidua; ST, spongiotrophoblast; LT, labyrin- 
thine trophoblast. Asterisk, residual ST. 

waved whiskers that uniformly curled ante- 
riorly and were fragile. Scanning electron 
microscopy from E14.5-18.5 showed that 
the eyelids failed to form (5). 

Although the developing hair follicles of 
EgFr"'C"" homozygous mice appeared nor- 
mal at birth, by P5 they were disoriented 
and irregularly placed (Fig 3, A and B). The 
hair shaft showed premature separation 
from the inner root sheath. Hair keratini- 
zation and maturation of the inner root 
sheath was also premature. These matura- 
tion defects predict that fragility is respon- 
sible for the delayed, fuzzy appearance of 
emerging hair. The epidermis of Egfr"'cw 
homozygous mice appeared otherwise nor- 
mal until thinning at P18 (5). 

Hair follicles in EgFr"'C"" homozygous 
skin expressed keratin 6 prematurely and 
ectopically in the region just above the hair 
bulb, and a 3 p l  and a6P4 integrins were 
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expressed ectopically along the outer root 
sheath of follicles growing deep in the der- 
mis (Fig. 3, C and D) (5). Laminin I, col- 
lagen IV, keratins 1, 10, and 14, loricrin, 
filaggrin, and fibronectin distribution were 
unaffected by the EGFR mutation (5). An 
increase in suprabasal expression of a 3 p l  
integrin in the epidermis was detected in 
Egfr"'cw homozygous mice as early as P2 
(5). Because EGFR ligands have been 
shown to influence integrin expression and 
keratinocyte migration in vitro (8), aber- 
rant expression of a 3 p l  or a6P4 could 
explain the abnormal follicle placement. 

Although interfollicular epidermal pro- 
liferation, as monitored by 5-bromode- 
oxyuridine (BrdU) incorporation, was sim- 
ilar to that of controls at birth, by P2 and 
thereafter it declined, attaining only 32% of 
the wild-type labeling index at P8 (5). 
BrdU labeling in the infundibulum and 
bulb of the hair follicles was unaffected. 
Cultured EgFr"lCW homozygous keratino- 
cytes that did not respond to TGF-a were 
responsive to growth stimulation by keriti- 
nocyte, acidic fibroblast, and basic fibro- 
blast growth factors (all at 10 ng/ml) (5). 
Thus, EGFR may regulate proliferation of 
the epidermis (9) and orientation and mat- 
uration of hair follicles. 

The epithelial lining of Egfr"'cw ho- 
mozygous tongues showed reduced num- 
bers of fungiform papillae (Fig. 3, E and F); 
those present at P12 were disorganized 
with no obvious taste buds. The filiform 
papillae were also abnormal, with sparse 
connective tissue, and the tongues con- 
tained less than normal amounts of inter- 
spersed adipose tissue. 

The EgFmICw homozyous gastrointestinal 
tract showed minor alterations. Although 
the squamous epithelium of the esophagus 
was relatively normal, BrdU labeling was 
markedly decreased in the basal layer in both 
P12 and P18 EgF"'Cw homozygotes (5). 
The number and spatial orientation of H+/ 
K+-adenosine triphosphatase (ATPase)- 
positive parietal cells and PAS-staining sur- 
face mucous cells were normal in the glan- 
dular portion of the stomach (5). The small 
intestinal crypt-villus architecture was pre- 
served and absorptive epithelial, goblet, and 
Paneth cell lineages were present. Lactase- 
phlorizin hydrolase activity was normal in 
the small intestine (5). The morphology of 
the colon was normal through P12, but the 
colonic epithelium of P18 Egfr"lcw homozy- 
gous mice had distorted glandular architec- 
ture (Fig. 3, G and H). Tall disorganized, 
branching crypt columns were observed, oc- 
casionally in close proximity to short rudi- 
mentary crypt columns (Fig. 3, G and H, top 
insets); BrdU labeling (Fig. 3, G and H, 
bottom insets) showed a proliferative popu- 
lation of progenitor colonocytes remaining 
at P18. Although livers were normal at 

E17.5, by P8 they had thickened hepatocyte 
cords. distorted sinusoidal anatomv. and ab- , . 
normally vacuolizatized nuclei (5). Hemato- 
poietic cells within sinusoids were normal. 

Kidney cell proliferation and nephron 
morphology were normal. Lotus tetragonolo- 
bus lectin staining, specific for proximal 
tubules, and Tamm Horsfall staining, spe- 
cific for thick ascending limbs. were also 
normal (5, 10). In contrait, collecting ducts 
showed progressive cystic dilation in which 
the epithelial lining of these tubules was 
flattened, losing its normal cuboidal appear- 
ance (Fig. 3, I and ]). The dilated tubules 
did, however, demonstrate normal Dolichos 
biflorus lectin staining(Fig. 3, I and J,  insets) 
(10). Renal malfunction was indicated by 
elevated blood urea nitrogen after birth (75 
mg/dl in P12 EgFmiCw homozygous mice, 
26 mg/dl in normal littermates), increasing 
to 288 mg/dl at P18 as did serum creatinine 
(2.4 mg/dl in mutant, 0.1 mg/dl in normal 
littermates). Thus. EGFR is unnecessarv for 
induction of the metanephric blastema, but 
is required for differentiation of structures 

derived from the ureteric bud. 
At E18.5, the overall size of the brain of 

EgFr"'Cw homozygous fetuses was reduced. 
Cortical regions were most affected; the 
cerebellar plate, for example, had variably 
fewer Purkinje cells, a condition persisting 
postnatally, leading to a reduction in cere- 
bellar size and, concomitantly, a retarded 
migration of the external granule cell layer 
(5). All of the various germinative regions 
were, however, present at the correct time 
and place. 

Cellular migration was defective in sev- 
eral regions, particularly in the cerebral cor- 
tex. Although the overall structure of the 
E18.5 cerebral cortex was comparable to that 
of wild type (Fig. 4, A and B), the migration 
of neuroblasts and formation of the EgfT""Cw 
homozygous cerebral cortical plate was com- 
promised. The ventricular zone was abnor- 
mallv thick. and the intermediate zone was 
variable in thickness, with substantial thin- 
ning in some EgFmlC"" homozygotes. This 
suggests that cellular migration may have 
been slowed or blocked. A similar defect in 

Fig. 3. Altered histology, cell proliferation, and marker expression in CD-1 mice. (A, C,  e, u, I) Wild-type 
and (B, D, F, H, J) EgfP"cw' homozygotes. Dorsal skin sections at (A and B) P1 2 (X 125) and (C and D) 
P8 (x200). (A, B, E, F, I ,  J) are stained with H&E. Arrow points to an inverted hair follicle. (C and D) 
lmmunohistochemistry with anti-a6 integrin as described (1 7). (E and Fj Tongue sections (x 100). Arrows 
point to (E) mature taste buds and (Fj rudimentary fungiform papillae. (G and H) Cross sections of P1 8 
colons (x50). Insets show H&E-stained mucosa (top, x125) and BrdU immunostaining (bottom, x 160). 
(I and J) Histological appearance of P18 kidneys (x62.5). Staining with Dolichos biflorus lectin (insets, 
X500). 
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cell migration was suggested by the appear- 
ance of the anterior regions of the lateral 
ventricles from which cells migrate into the 
olfactory bulb and become granule cells. 
Neurogenesis in this subependymal zone ap- 
peared normal although the germinative 
zones were thickened. 

The effect of EGFR on nerve cell survival 
was particularly marked in the anterior areas 
of the cerebral cortex at P18 (Fig. 4, C and 
D). At this stage, Egfr"Jcw homozygotes 
showed atrophy of the entire anterior cere- 
bral cortex. which was reduced to a thin. 
membrane-like sheet of cells. There was no 
apparent hydrocephalus. The normal rota- 
tion of the hippocampal formation was ap- 
parent although the region was abnormally 
small. More caudal diencephalic structures 
appeared less disturbed. Other areas of the 
brain showed cell type-specific defects. In 
the olfactory bulb, the Esfr"'c'w homozygous 
mice lost nearlv all of their mitral and tufted 
cells by the end of the second postnatal week 
(Fig. 4, E and F). Whereas glomerular sturc- 
tures in P18 olfactory bulbs appeared normal, 
the molecular layer of E&""cw homozygous 
mice was shortened or altogether missing. 
The absence of neurons was not caused by a 
failure of neurogenesis, because E18.5 olfac- 
tory bulbs were normal in size and cellular 
constitution (Fig. 4, E and F, insets). 

Lungs of Egfr"'cwr homozygous mice 
were similar in morphology to those of 
normal littermates at E18.5 ( 5 ) .  No differ- 

ences were detected in stainine of surfac- - 
tant protein SP-B or the precursors 
proSP-B and proSP-C. Two out of eight 
EgfrmJc'"' homozygotes showed slightly im- 
mature lung histology and weaker surfac- 
tant staining, which may just reflect their 
overall 15% growth retardation (1 1 ). Oth- 
er organ systems with no gross histological 
differences between EgFr"JCw homozygous 
and wild-type littermates included the 
pancreas, heart, skeletal muscle, skeleton, 
teeth, spermatogenesis to P8, and oogen- 
esis to P12. 

There are several possible explanations of 
the genetic background effect on Esfr"Jc'"' 
homozygous phenotype. Although zygotic 
transcription does not begin until the eight- 
cell stage, maternal Egfr transcripts and pro- 
tein are present during preimplantation de- 
velopment (12). As a consequence, any re- 
quirement for EGFR by Egfr"'cw homozy- 
gous pre- and peri-implantation embryos 
would have to be supplied by the oocyte pool 
of protein or transcript. One explanation for 
survival past implantation is that CD-1 and 
129/Sv Egfr alleles provide more oocyte- 
derived EGFR than does a CF-1 allele. To  
test for a maternal effect, blastocysts from 
CD-1 EgFJ"'C'"' heterozygous crosses were 
delayed from implanting for 4 days (13). 
Such blastocysts undergo a decrease in 
EGFR levels and EgF expression ( 13), thus 
depleting the maternally derived pool of 
EGFR. When delayed CD-1 embryos were 

reactivated, morphologically normal midges- 
tation Egfr"'cw homozygous embryos were 
recovered at expected frequencies. Semi- 
quantitative reverse transcriptase-poly- 
merase chain reaction (RT-PCR) with RNA 
from ovulated eggs also showed no detect- 
able differences between strains in the ma- 
ternal pool of Egfr transcripts. These data 
argue against differences in oocyte-derived 
pools of EGFR to explain the peri-implanta- 
tion lethality. 

Genetic differences in maternal uterine 
environment may also influence the EgFTJC'"' 
homozygous phenotype. Therefore, embryos 
of one genetic background were reciprocally 
transferred into uteri of another background 
at E0.5 and allowed to develop until E13.5 or 
birth, at which time the three phenotypes can 
be distinguished. In all cases, the observed 
phenotypes were embryo- and not uterine- 
specific, implying that distinct zygotic-modi- 
fying genes are involved. 

The results presented here for the 
EgF."'C'"' null mutation have important im- 
plications for previous work on EGFR, al- 
most all of which has been performed on 
undefined genetic backgrounds. Our results 
indicate that EGFR functions in a wide 
ranee of cellular and tissue activities that - 
can be modified by genetic background. 
The mechanism bv which these modifica- 
tions occur will be understood only by iden- 
tifying strain-specific modifiers. 
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Strain-Dependent Epithelial Defects in Mice 
Lacking the EGF Receptor 
Maria Sibilia and Erwin F. Wagner 

Mice and cells lacking the epidermal growth factor receptor (EGFR) were generated to 
examine its physiological role in vivo. Mutant fetuses are retarded in growth and die at 
mid-gestation in a 1291Sv genetic background, whereas in a 129/Sv X C57BU6 cross 
some survive until birth and even to postnatal day 20 in a 1291Sv x C57BU6 x MFI 
background. Death in utero probably results from a defect in the spongiotrophoblast layer 
of the placenta. Newborn mutant mice have open eyes, rudimentary whiskers, immature 
lungs, and defects in the epidermis, correlating with the expression pattern of the EGFR 
as monitored by P-galactosidase activity. These defects are probably cell-autonomous 
because chimeric mice generated with EGFR-'- embryonic stem cells contribute small 
amounts of mutant cells to some organs. These results indicate that the EGFR regulates 
epithelial proliferation and differentiation and that the genetic background influences the 
resulting phenotype. 

T h e  EGFR (or  ERBBI ) belones to  a fam- 
11y of tyrosine kinase receptors (which in- 
cludes ERBBZ/NEU, ERBB3, and ERBB4) 
that  show heterodimerization in  vitro ( 1 ) .  
Several ligands such as EGF, transforming 
growth factor-a ( T G F - a ) ,  heparln-bound 
EGF, betacellulin, and amphiregulin can  
b ~ n d  the  EGFR anii regulate Inany cellular 
processes ( I  ). During mouse development,  
t he  receptor can be detected 011 the  tro- 
nhectoderm of t h e  hlastocvst and contin- 
ues to  be expressed together w ~ t h  several 
EGFR ligands in  the  placenta, uterus, and 
decidua (2-4).  A t  m~d-gestation, EGF 
b ~ n d l n g  activity can he detecteii in  various 
organs, but only a few studies have local- 
lied the  EGFR in  specif~c tissues or cell 
types (4 ) .  In adult mice, the  EGFR is 
exnressed stronclv in the  liver and in tis- 

<, , 
sues with regenerative ep i the l~um,  such as 
skin and gut (4 ) .  Amplification and over- 
expression of the  EGFR has been detected 
in many human  tumors of epithelial orlgln 
and in  glioblasto~nas (4 ) .  

T h e  gene encoding the  EGFR was inac- 
tivated by replacement of part of the  flrst 
exon with a n  Eschericlua colt lac2 renorter 
gene. Single- ( +/- ) and double-targeted 
( - 1 - 1  embrvonic s t a n  (ES) clones were 
obtained a t  high frequenc; in  two different 
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ES cell lines (5, 6)  (Fig. 1A) .  EGFR-'- ES 
cells are viable alld not impaired in their 
gro\vth potential (7). Several ch l~ l~e ras  
t ransm~tted the  mutated allele to their off- 
spring, and heterozygote mlce of both sexes 
were healthy and fer t~le  (8). Whell  inbred 
129 EGFR +I- mice were intercrossed, no  
live -1- offsprlng were found at embryonic 
day 12.5 (E12.5) (Table 1) .  Earlier in thelr 
development, mutant embryos were ob- 
tained a t  the  expected Xlendel~an frecluen- 
cy, indicat~ng that implantation and early 
post-implantation development w- ~CIC .- not 
impa~red (Tahle 1) .  A reduction in the  
nillnber of live homozygote mutants was 
observeii after E l  1.5 on a 129 X BL6 back- 
ground; however, a small numher of mutant 
fetuses developeii to term. In a 129 x BL6 
x MF1 background, three mutant mice sur- 
vlved until postnatal day 20 (P20) (Tahle 
1 ) .  T h e  absence of EGFR mRNA and pro- 
tein in mutant prlmary embryonic fibro- 
blasts and E13.5 embryos \vas confirmed by 
Northern ( R N A )  and protein im~n~ul~ob lo t  
analysis (Fig. 1,  B and C). 

Mutant embryos were slightly reduced in 
size and weight fro111 E10.5 o n  a 129 back- 
gro~lnd and from E13.5 o n  a mixed 129 X 
BL6 background (Fig. 2A) (7). T h e  three 
129 x BL6 X MFl EGFR-'- mlce, which 
sur\~i\.ed until P20, were only 40 to 5003 of 
the size and \veight of control littermates (7). 
T h e  reduced body weight of the EGFR-I- 
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fetuses \vas most likely a consequence of the 
smaller placentas (Fig. 2, A and B). E13.5 
mutant placentas [yere structurally abnor- 
mal, and the  lnatemal decidua was Inore 
easily separable by manual dissection from 
the fetal components. T h e  spongiotropho- 
blast layer was reduced in size, with only a 
thin layer of flt-I- and 431 1-expressing 
sp~ngiotrophoblast cells (Fig. 2, C through 
E, and G )  (7. 9 ) .  T h e  labyrinthine tropho- 
blast cells and the net\vork of ell~bryonic 

- -  1- esse s anii matermal slnuses appeared struc- 
turally ~lornlal (Fig. 2, C anii D),  as sho\vn by 
the  expressioll of flk-I in the endothelial 
cells of the labyrinth (Fig. 2, F and H) (10). 
Secondary giant cells were present in norlnal 
numl~ers and formed lnilltinle cell lavers at 
the interface bet\veen the lnaternal d;cidua 
and the  elnbryonic labyrinth (7). Thus, the 
absence of the EGFR appears to spec~fically 
affect the proliferat~on or sur\,~\,al of spon- 
giotrophohlast cells. 

Table 1. Viablllty of offspring from EGFR hetero- 
zygote matings in three mouse strains. Genotype 
analysis of embryos (E9.5 to E18.51, newborn 
(PI), and adult (P20) offsprlng from EGFR hetero- 
zygote parents In three genetlc backgrounds (8). 
After cesarean section, none of the live E18.5 
EGFR-I-  fetuses sustained resplraton for longer 
than 1 hour, and all 129 x BL6 newborn fetuses 
(some with mlk In ther stomachs) ded wlthin 12 
to 24 hours. Dead EGFR-'  embryos and mlce 
are indicated In squared brackets +I+. wild- 
type; +/-, heterozygotes; -/-, homozygote 
mutants 

€14.5 to 78.5 
129 3 1 1 0  14(3) 
129 X BL6 94 157 17 [26] 294 (44) 

P 1 
129 X BL6 44 99 8 [5] 156 (19) 

P20 
1 2 9 . 1 2 9 x B L 6  104 157 0 261(31) 
129 X BL6 X MFl 281 0 [3] 284 (30) 
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