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Abstract

We studied human placental microvillous EGF receptor
(EGFR) and its relationship with maternal and placental fea-
tures in 14 cases of intrauterine growth retardation.

Placental EGFR phosphorylation was significantly de-
creased or absent in 12 cases of small for gestational age neo-
nates, as shown by SDS-PAGE, autoradiography, and scanning
analysis. Specific ['25IIEGF binding and Scatchard plots of the
binding data showed a decreased number of EGFRin 6 of the
12 cases, with a mean maximal binding capacity of 1.09±0.32
pmol/mg for high affinity sites (mean control value = 230±0.23
pmol/mg). Most of the hypertensive womenand smokers be-
longed to this subgroup. In three of the remaining six cases of
small gestational age placentas with low EGFRphosphoryla-
tion, there was no maternal pathology or significant parenchy-
matous placental lesions. Five showed a 175-kD EGFRspecies
when probed by ['2"IIEGF cross-linking and Western blotting
with RK2 and C-Term, two polyclonal anti-EGFR antibodies,
suggesting abnormal transduction of the EGF-induced signal.
The sixth placenta yielded a single 145-kD EGFRband consis-
tent with an abnormal EGFRstructure; Western blot analysis
showed no immunoreactive band.

In conclusion, maternal and placental pathologies in intra-
uterine growth retardation are associated with various alter-
ations of placental EGFR, pointing out the importance of
EGFRligands in the regulatory pathway of placental anf fetal
growth. (J. Clin. Invest. 1994.93:1149-1155.) Key words: epi-
dermal growth factor receptor * fetal growth - intrauterine
growth retardation - tyrosine kinase activity

Introduction

EGF is a multifunctional 53-amino acid peptide factor first
known for its mitogenic action on epidermal and mesodermal
cells ( 1 ). Several lines of evidence point to a prominent role of
EGF in human placental growth and function. In humans,
EGF is involved in embryonal implantation (2), stimulates
syncytiotrophoblast differentiation in vitro (3), and modulates
placental endocrine functions (3-6).
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The effects of EGFon target cells are mediated by the EGF
receptor (EGFR),' a transmembrane glycoprotein of 170 kD.
Binding of EGFstimulates the receptor intracellular tyrosine
kinase domain, which induces the phosphorylation of three
tyrosine residues located on the COOH-terminal region. This
autophosphorylation process is required for the transmission
of the EGFmessage to the cell and the control of cell division
and differentiation (reviewed in reference 7).

EGFRis strongly expressed in the human placenta and its
expression is modulated in various physiological conditions.
An increase in EGFreceptor numbers occurs during placental
ontogenesis (8-10), syncytiotrophoblast formation in vitro
( 11 ), and after treatment of trophoblast cells with polypeptide
hormones such as PTH (12).

Throughout gestation, EGFRis expressed predominantly
on the apical microvillous plasma membrane of the syncytio-
trophoblast ( 1 3, 14), which is a multifunctional tissue in con-
tact with the maternal blood; the syncytiotrophoblast supports
materno-fetal exchanges and secretes peptide and steroid hor-
mones ( 15, 16).

Interestingly, alterations of human placental EGFRhave
been described in pathological and high risk pregnancies; these
include decreased tyrosine kinase activity in smokers ( 17) and
a loss of EGFbinding sites in cases of intrauterine growth retar-
dation (IUGR) ( 18 ). Few studies have been done in the latter
setting.

Intrauterine growth retardation occurs in 3-5% of pregnan-
cies ( 19) and is a major risk factor for perinatal mortality and
morbidity (20-22). Neonates with IUGR are highly heteroge-
neous: fetal chromosome disorders, maternal hypertension,
drug addiction, and smoking are considered as strong risk fac-
tors for IUGR (23-24), but the possible relationship between
maternal factors, IUGR, placental abnormalities, and EGFR
alterations has not been examined.

To characterize EGFRin IUGR placentas and to improve
our understanding of IUGR, we undertook a prospective study
of 14 third trimester placentas corresponding to small for gesta-
tional age (SGA) neonates, analyzing clinical maternal and
neonatal features, the histopathological aspect of the placentas,
and the biochemical nature of placental EGFR.

Methods

Recruitment. Pregnant women were recruited at the H6pital Robert
Debre (Paris, France) when they came for delivery or antenatal testing.

1. Abbreviations used in this paper: AGA, appropriate for gestational
age; B,, maximal binding capacity; EGFR, epidermal growth factor
receptor; IUGR, intrauterine growth retardation; SGA, small for gesta-
tional age.
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They were included in the study at delivery if birthweight was below the
third percentile on Leroy's chart (25). Gestational age was determined
from the last menstrual period, serial ultrasound examinations, and
birth characteristics. The study was approved by the regional ethics
committee.

Clinicalfindings. The mothers' clinical and obstetrical histories and
the neonates' clinical characteristics were recorded respectively by the
obstetricians and pediatricians, respectively.

Placental examination and sampling. 14 placentas (Pl-P14) from
IUGR singletons were carefully examined. The mean gestational age
was 36.3 wk. Placentas from six healthy women with uncomplicated
singleton pregnancies, term delivery, and appropriate for gestational
age (AGA) infants were used as controls.

Placentas were examined according to Benirschke and Kaufmann
(26), with macroscopic descriptions of the shapes and cords, parenchy-
mal aspects, and the type of lesions, when present. Three samples for
histologic examination were included in paraffin and stained with hae-
matoxylin-eosin. Fresh tissue devoid of lesions was immediately
treated for biochemical studies.

Placental biochemical study. Anti-EGFR antibodies were a gener-
ous gift from Franqoise Bellot (Rorer Technology Inc., King of Prussia,
PA). Two polyclonal antibodies were used for Western blot analysis:
RK2, which binds to an intracellular peptide near the kinase domain,
and C-Term, which recognizes an intracellular COOH-terminal pep-
tide. EGFRwas immunoprecipitated with a monoclonal antibody
(M 108) raised against an EGFRextracellular peptide.

Preparation of microvillous plasma membranefraction. Microvilli-
enriched plasma membranes were purified from fresh placentas imme-
diately after collection according to the method of Alsat et al. (27).
Briefly, placental tissue was washed and minced in calcium- and magne-
sium-free ice-cold PBS, pH 7.4, and dissected into small pieces free of
amnion, connective tissue, and blood clots. Microvillous plasma mem-
branes were isolated from the washed tissue by gentle stirring with a
magnetic stirrer in 50 ml of ice-cold saline buffer for 30 min at 40C,
then filtered through four layers of cheese cloth. The filtrate was then
centrifuged at 800 g for 10 min at 4VC. Microvillous fractions were
pelleted by centrifugation of the supernatant at 50,000 g for 30 min at
4VC. After two washes in the same chilled medium, the pellet was
resuspended in 150 ,l of 20 mMTris HCl (pH 7.4), 50 mMNaCl, I
mMCaCl2 and 2 mMMgCl2, frozen in liquid nitrogen, and kept at
-80°C until use.

The purity of the samples was determined by colorimetric evalua-
tion of membrane alkaline phosphatase activity (alkaline phosphatase
kit; Biomerieux, Craponne, France). Protein was determined by a fluo-
rometric assay with BSAas standard (28).

EGF receptor autophosphorylation. Phosphorylation was deter-
mined according to Rao et al. ( 13 ). Briefly, 50 Ag of microvillous mem-
brane protein was incubated for 10 min at 4°C in a final volume of 50
,ul of 16 mMHepes (pH 7.4), 0.1 mMadenyl-5'-yl-iminodiphosphate
(Sigma Immunochemicals, St. Louis, MO), 1 mMMnCl2 and 0.1%
BSA in the presence or absence of 100 nMEGFand 5 mM[y 32P]ATP
(3,000 Ci/mmol; Amersham Corp., Arlington Heights, IL). Kinase
activity was abrogated by addition of an equal volume of Laemmli
buffer and heating at 100°C for 1 min; aliquots were analyzed by 7.5%
SDS-PAGE (29) and autoradiography. The intensity of the labeled
protein bands was quantified by laser scanning densitometry (Hermes
program, one-dimensional analysis module).

Labeled protein was precipitated with the monoclonal antibody
M108 (ascitic fluid). Briefly, 100 Mg of phosphorylated villous protein
was incubated for 1 h at 4°C with 5 Mul of antibody, 50 ul of protein
A-Sepharose 10% (CL-4B; Pharmacia Fine Chemicals, Piscataway,
NJ) in 500 Mul of 50 mMTris, pH 7.5, 150 mMNaCl, 0.1% SDS, 1%
Triton X-100 (buffer A). After centrifugation, the pellets were rinsed
several times in buffer A and remaining protein was analyzed by SDS-
PAGEafter extended boiling.

Insulin receptorphosphorylation. Glycoprotein receptors were puri-
fied from solubilized placental membranes by agarose-bound wheat

germ agglutinin chromatography (Pharmacia Fine Chemicals) as de-
scribed by Lowe et al. (30). It was concentrated (Centricon 30; Ami-
con Corp., Danvers, MA) and insulin receptor phosphorylation was
performed as described above for EGFRusing 70 ,g of lectin-purified
glycoprotein after preincubation in the presence or absence of 0.1 mM
porcine insulin.

Tyrosine kinase assay: angiotensin II phosphorylation. The EGFR
tyrosine kinase assay was performed by a modification of the method
of Honegger et al. ( 31 ). Briefly, solubilized microvillous protein was
preincubated in the presence or absence of 100 nMEGFfor 10 min at
240C. Phosphorylation of 2 mM[Val5]angiotensin II (Sigma Immuno-
chemicals) was performed with 1 mg of protein in the presence of 5
mM[y32P]ATP, and 4 mMMnCl2 for 10 min at 40C. The reaction
was stopped with 4%TCA in the presence of 1%BSAfor 10 min on ice.
After centrifugation, 60 ,l of supernatant was layered on 2-cm2 phos-
phocellulose squares (P8 1; Whatman Inc., Clifton, NJ) and rinsed in
75 mMphosphoric acid; radioactivity was counted in a 3 counter
(LKB Instruments Inc., Bromma, Sweden).

[ 2s] EGFbinding study and Scatchard analysis. [ '25I EGFbind-
ing studies were performed by a modification of the method of Alsat et
al. ( 12). The conditions were determined by incubating 0-40 Rg of
microvillous membrane protein for 2 h at 24°C in the presence of 0.25
nM ['251]EGF (914-1,295 Ci/mmol; Amersham Corp.) with or with-
out an excess of unlabeled human EGF(0.5 MM); the incubation me-
dium was composed of 50 mMTris HCl, 1 mMCaCl2, 0.2% BSA, pH
7.5. The membranes were then collected in microcentrifuge tubes (Air-
fuge) by centrifugation at 100,000 g for 20 min at 4°C (LP 42.2 TI
rotor; Beckman Instruments, Inc., Fullerton, CA). The pellets were
rinsed twice and counted in a y counter (LKB Instruments Inc.) with
an average counting efficiency of 75%. Each microvillous preparation
was assayed in triplicate and the specific binding was obtained from the
difference of [ 1251I] EGFbinding in the absence and presence of unla-
beled EGF. Nonspecific binding in all experiments was < 10% of total
binding.

The characteristics of EGFbinding were assessed by drawing Scat-
chard plots of bound and free EGFat equilibrium from the EGFdis-
placement data (32). Briefly, 5 ,g of protein was incubated in the
presence of 0.25 nM [ '25I]EGF and 0-50 nM of unlabeled EGF. All
assays were carried out in triplicate. Maximal binding capacity (Bm.x)
values were expressed in fentomoles of [ 12511 ] EGFbound per milligram
of protein, and Kd values were determined from the slope according to
Rosenthal (33).

Affinity cross-linking of EGFR. Covalent cross-linking of [125I1I
EGFto membrane EGFRwas performed as previously described (34)
using dissucinimidyl suberate (Pierce Chemical Co., Rockford, IL) as
cross-linker reagent and 50 ,g of membrane protein; protein was then
subjected to 7.5% SDSPAGEand autoradiography.

Western blotting. 50 ,g of placental microvillous protein was sub-
mitted to 7.5% SDS-PAGE(miniProtean II; Bio Rad Laboratories,
Richmond, CA). Protein was then transferred to nitrocellulose sheets
(Millipore Corp., Bedford, MA) using a semidry apparatus (Trans-blot
SD; Bio Rad Laboratories). Transfer was performed in 39 mMTris, 48
mMglycine, 20% methanol (vol/vol), and 1.3 mMSDSat pH 8.5 for
75 min. The nitrocellulose sheets were then washed in 10 mMTris, 150
mMNaCl, 0.05% Triton X- 100, pH 7.4 (TBS), and incubated for 12 h
at 4°C with the anti-EGF receptor polyclonal antibodies RK2 and C-
Term (dilution = 1:200) or nonimmune rabbit serum IgG in 5%BSA-
TBS. The linked antibodies were revealed with iodinated protein A
(> 30 mCi/mg; Amersham Corp.) and autoradiography.

Statistical analysis. Differences between mean values were com-
pared by Student's t test. The results are given as the mean±SD; P
< 0.01 were considered significant.

Results

Clinical observations and placental examination. The clinical
and placental findings are summarized in Table I. Five cases of
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Table I. SGAPlacentas: Maternal Clinical Findings
and Placental Pathology

Maternal background Placental pathology

Abnormal Vascular
Cases HTA/Tox Smoking Other conf/cord lesion Other

P1
P2 - + - - +

P3 + - - VUE
P4 - - + +
P5 -- - +

P6 + - + - + BDH
P7 - + + - +

P8 - + - - +

P9 - - + Anorexia + + VUE
Plo - - -+

P1l - + + - +

P12 -- - - -

P13 -- - +

P14 -- - _

Conf/cord, abnormal configuration of the placenta and/or abnormal
cord; BDH, basal decidual haematoma; HTA, maternal hypertension;
Tox, toxemia; VUE, villitis of unknown aetiology.

maternal hypertension were observed, with one case of deci-
dual haematoma-complicated hypertension (P6) and four of
toxemia (P2, P7-8, and P11). Three women smoked 10-20
cigarettes per day (P3, P6, and P11 ) throughout pregnancy,
and three (P4, P7, and P9) smoked 3-10 cigarettes per day.
One woman (P9) was anorexic. In the other six cases (P1, P5,
PI0, and P12-14), the clinical findings were unremarkable.

Cord or minor placental shape abnormalities were found in
four cases (P4, P5, P9, and P13). Seven placental infarcts were

found, including all the cases of maternal hypertension.
Chronic villitis was observed in two placentas, both from
smokers (P3 and P9).

No potential causes of IUGR or placental abnormalities
were observed in three cases (P1, P12, and P14).

EGFRtyrosine kinase activity. In AGAmicrovillous mem-

branes, EGFspecifically induced phosphorylation of two pro-
teins (Fig. 1 A, lane A): a 1 70-kD species identified as EGFR
by immunoprecipitation with a specific anti-EGFR monoclo-
nal antibody (Fig. 1 B) and a 35-kD species corresponding to
lipocortine I, a substrate of EGFRtyrosine kinase (35, 36).

SGAmicrovillous membranes displayed low (Fig. 1 A, lane
B) or undetectable EGFRautophosphorylation (Fig. 1 A, lane
C). Quantitative values for EGFRautophosphorylation ob-

tained by scanning analysis are shown in Fig. 2. EGFRtyrosine
kinase activity in 12 SGAplacental membranes was below the
mean value obtained in the six control placentas (mean±SD
= 1.55±0.6 OD). Little if any EGFRphosphorylation was ob-

served in nine cases (P3, P5-1 1, and P14), while the remaining
three showed reduced amounts (P4, P12, and P13). EGFR
phosphorylation was in the lower range of normal values in P1
and normal in P2.

EGFRtyrosine kinase activity was further investigated by
EGF-dependent phosphorylation of the exogenous EGFRsub-

strate [ Val5]angiotensin II. AGAmicrovillous protein induced

Figure 1. EGF-dependent phosphorylation of AGAand SGAplacen-
tal microvillous proteins. Aliquots of microvillous proteins (50 jig)
from AGA(lane A) and SGA(lanes B and C) placentas were incu-
bated with [.y32PJATP in the absence (-) or presence (+) of 100
nM EGF. Phosphorylated proteins were analyzed by SDS-PAGEei-
ther directly (A) or after immunoprecipitation (B) with monoclonal
antibody M108 against EGFR(lane 1) or nonimmune serum (lane
2) in the absence (-) or presence (+) of 100 nMEGF. The gel was

submitted to autoradiography as described in Methods.
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Figure 3. Insulin-depen-
dent phosphorylation
of villous proteins from

90 kD AGAand SGAplacen-
90kD~ tal membranes. Ali-

quots of lectin-purified
glycoprotein (70 gg)
were incubated in the
absence (-) or presence
(+) of 0.1 mMporcine
insulin. Samples were
analyzed by SDS-PAGE
and autoradiography.
Phosphorylation of a
90-kD protein was ob-
served in AGAand
SGAplacentas.

clear EGF-dependent phosphorylation of angiotensin II
(1 1,300 cpm/,ug of membrane protein), whereas SGAmicro-
villous protein from placentas with no (P1 1 and P14) or de-
creased (P4) EGFRautophosphorylation induced no angioten-
sin II phosphorylation or a 50% decrease, respectively, when
compared to the control values. These results suggest that the
loss of EGFR autophosphorylation is related to defective
EGFRtyrosine kinase activity.

The specificity of the EGFRtyrosine kinase alteration was
checked by performing an insulin-receptor autophosphoryla-
tion assay with lectin-purified membrane protein from AGA
and SGAplacentas. As shown in Fig. 3, insulin catalyzed the
phosphorylation of a single 90-kD membrane protein. In SGA
placentas, this insulin-dependent phosphorylation was compa-
rable to that in pregnancies with AGAnewborns, showing the
EGFRspecificity of the tyrosine kinase activity alteration in
SGAplacentas.

[I'25]EGF binding studies and Scatchard analysis. To
check whether the decrease in tyrosine kinase activity observed
in the microvilli from 12 SGAplacentas was caused by a de-

crease in the number of EGFR, we undertook [ 25I ] EGFbind-
ing studies comparatively with AGAplacental membranes.
Binding equilibrium was reached within 2 h at room tempera-
ture. A linear relationship was observed between specific [ 125I ]
EGFbinding and increasing amounts of placental microvillous
membranes < 10 ltg protein. In control placentas, Scatchard
plots Of [ 1251 ] EGFbinding were curvilinear, indicating the pres-
ence of two classes of binding site (Fig. 4). Kd and Bm of EGF
binding for AGAplacentas are reported in Table II. In SGA
placental membranes, Bma,, values of EGFbinding were within
the normal range in six cases (Fig. 4 A, P9-P 14, and Table II,
SGA, A) and significantly decreased (P < 0.002) in the other
six cases (Fig. 4 B, P3-P8, and Table II, SGA, B). The affinities
of the EGFbinding sites were not modified.

Covalent cross-linking of ['25I]EGF. Analysis by SDS-
PAGEand autoradiography of placental EGFR, after [125I1-
EGFcross-linking, yielded one labeled 1 75-kD protein in AGA
placentas (Fig. 5, lane 1). The labeling was abolished when the
binding of [1251] EGFwas performed with an excess of unla-
beled EGF(lanes 2, 4, and 6). In all but one (P 14) of the SGA
placentas, a 1 75-kD protein was observed. The labeling of this
175-kD EGFRwas decreased in the six placentas with a small
number of microvillous EGFR(lane 3); it was increased in P2,
and comparable to controls in the other five. In the SGApla-
centa P14, a single 145-kD membrane protein, was labeled
(lane 5).

Immunoblotting of EGFR. Western blots were performed
with two polyclonal antibodies (RK2 and C-Term) prepared
against denatured human EGFRprotein (37). Fig. 6 shows a
representative autoradiograph of the 170-kD microvillous
EGFRprotein detected with RK2 and C-Term antibodies in
AGAplacentas (Fig. 6, lanes A and D). A similar pattern was
observed in the SGAplacentas (except P14), with decreased
immunodetection of EGFRin the six cases with a small num-
ber of EGFbinding sites (Fig. 6, lanes Band E). EGFRwas not
detected in placenta P14 microvilli, with either C-Term or
RK2 (Fig. 6, lanes Cand F).

The results of biochemical and immunochemical studies
are summarized in Table III.

Discussion

Despite the prominent role of EGFin placental growth and
function (38), few studies have been undertaken on placentas

Table II. Kd and B. of High and Low Affinity EGFBinding Sites in Placental Microvilli
from AGAand SGA; Results are Expressed in Means±SD

High affinity binding sites Low affinity binding sites

Kd B. Kd B.

10o- mol/liter pmol/mg 10-9 mol/liter pmol/mg

AGA 0.80±0.09 2.30±0.23 0.11±0.05 6.86±2.62
(n = 6)

A 1.12±0.60 2.93±0.60 0.19±0.05 6.80±1.90
S (n=6)

SGA \
B 1.07±0.24 1.09±0.32 0.19±0.09 2.43±0.08
(n =6)
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from IUGR pregnancies and no correlation has been sought
with maternal and placental characteristics.

This study of 14 cases of IUGR shows an association be-
tween IUGR and altered placental EGFRactivity, as demon-
strated by a marked decrease in tyrosine kinase activity. 12 of
the 14 SGAplacentas displayed reduced or absent EGFRauto-
phosphorylation. A specific loss of placental EGFRtyrosine
kinase activity has been observed by Wanget al. ( 17) in pooled
membrane fractions from smokers, but Scatchard analysis of
EGFbinding was not performed, and it was not stated whether
smoking was associated with IUGR. All the placental mem-

branes from the smokers with SGA neonates in our study
showed impaired EGFRphosphorylation.

Various factors may result in impaired EGFRphosphoryla-
tion, such as a decreased number of EGFbinding sites, unbal-
anced phosphatase activity, abnormal EGFRstructure, and
protein degradation. As placental membranes show phospha-
tase activity (39-40), assays were performed with AGAand
SGAmicrovilli to determine whether a failure to detect EGFR
kinase activity was caused by high tyrosine phosphatase activ-
ity; mixing SGAmembranes with no EGFRphosphorylation
and AGAmembranes did not modify the pattern of EGF-de-
pendent phosphorylated proteins in AGAmembranes. Further-
more, the addition of a tyrosine phosphatase inhibitor, sodium
vanadate, did not increase EGFR autophosphorylation in

AGA SGA
r --I

-D I--+ - +

kD

175

145_

1 2 3 4 5 6

Figure 5. ['25I] EGF
cross-linking on AGA
and SGAmicrovillous
protein (50 ,g) in the
presence (+) or absence
(-) of an excess of un-

labeled EGF. In AGA
placentas (lane 1) and
all but one SGApla-
centa (lane 3), one 175
kD-protein was ob-
served with decreased
labeling in case of a low
number of EGFbinding
sites. In the remaining
SGAplacenta (P14), a

single 145-kD protein
was labeled (lane 5).

Figure 4. Scatchard analysis of EGFbinding to AGA
and SGAmicrovillous membranes. Aliquots of pro-

tein (5 ug) were incubated in the presence of 0.25 nM
[ 12511 EGFand 0-50 nMof unlabeled EGF. Repre-
sentative experiments show in (A) no change in the
number of EGFbinding sites in SGAplacentas and

_1 in (B) a decreased number of EGFbinding sites. The
0.2 data were plotted according to Scatchard. B, bound

EFG; F, free EFG.

AGAor SGAmembranes (data not shown). However, specific
investigations of tyrosine phosphatase activity in IUGR pla-
centas would be required to rule out a possible dysregulation of
these enzymes in SGAplacenta membranes.

The alteration of EGF-dependent tyrosine kinase activity
appeared to be specific, as insulin autophosphorylation was

preserved in SGAplacental membranes that showed decreased
EGFRautophosphorylation.

Impaired EGFRautophosphorylation may be related to
partial proteolytic degradation. Previous works have shown
that partial EGFRproteolysis cleaves the intracellular domain
of the receptor and removes tyrosine phosphorylation sites but
not the tyrosine kinase domain (41); proteolysis-damaged
EGFreceptors are thus expected to show decreased autophos-
phorylation but unchanged phosphorylation of exogenous sub-
strates such as angiotensin II. This was not the case of the SGA
membranes: decreased or absent EGFRautophosphorylation
was associated with a decrease in or absence of angiotensin II

phosphorylation in every case. This suggests that, in these

Figure 6. Western blotting was performed on AGAand SGAmicro-
villous proteins with two anti-EGFR polyclonal antibodies, RK2 and
C-Term. The same pattern was observed in AGAplacentas (lanes A
and D) and SGAplacentas (lanes B and E), except for a lower signal
when the number of microvillous EGFRwas reduced. In SGApla-
centa P14, neither RK2 nor C-Term bound to membrane proteins
(lanes Cand F).
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Table III. Biochemical Characteristics of EGFRin SGAPlacentas

Binding! Mol wt Western
Cases Phosphorylation* (B.) (kD) blotting1'

P1 + N 175 +
P2 + N 175 +
P3 X X 175 +
P4 X X 175 +
P5 175 +
P6 175 +
P7 175 +
P8 175 +
P9 N 175 +
P1l N 175 +
P10 N 175 +
P12 X N 175 +
P13 X N 175 +
P14 X N 145

* EGF-dependent autophosphorylation of the receptor (+ denotes
normal range by scanning analysis and X denotes low or undetectable
EGFRphosphorylation). * Number of EGFbinding sites (B..) as
assessed by Scatchard plots of bound and free EGFat equilibrium
from displacement data (N denotes normal range and X denotes
decreased number of EGFbinding sites). § Molecular weight of mi-
crovillous EGFRas determined by ['25I]EGF cross-linking. 11 Immu-
noblot analysis of EGFRusing two polyclonal antibodies against
EGFR(RK2 and C-Term); recognition (+) or no recognition (-) by
both RK2 and C-Term.

cases, an abnormality of EGFRtyrosine kinase domain or
function is involved in the decrease of EGFRautophosphory-
lation.

Scatchard analysis of binding distinguished two major
types of SGAplacentas: those with a decreased number of EGF
binding sites and those with an unchanged number of binding
sites when compared to control placentas. Although an in-
creased number of placental EGFbinding sites have been re-
ported in cases of IUGR (42), one single SGAplacenta (P2),
showed such an overexpression in our series. Our results rather
concord with Fujita et al. ( 18) who reported a reduced number
of EGFRin eight IUGR placentas; unfortunately, the latter
authors did not give relevant maternal and placental findings.

A reduced number of EGFbinding sites was observed in six
membrane preparations from SGApregnancies, and this may
explain the decreased EGF-dependent tyrosine kinase activity.
No such decrease was seen in the remaining six SGAplacentas,
although EGFRautophosphorylation was low or absent; such
a dissociation between EGFRbinding and receptor kinase ac-
tivity has previously been described in human term placentas
from smokers and from women exposed to polychlorinated
biphenyls (43, 44) and have been associated with EGFRmolec-
ular weight alterations ( 17 ). In our study of IUGR placentas,
this discrepancy between normal EGF binding and absent
EGFRtyrosine kinase activity was associated in five cases with
a normal EGFRmolecular weight and immunochemical recog-
nition comparable to that in AGAplacentas. A receptor muta-
tion could explain the impaired signal transduction and loss of
EGFRautophosphorylation in these five placentas (45, 46). In
one case (P 14), the EGFRhad normal binding capacity but no
tyrosine kinase activity; its molecular weight ( 145 kD) was

abnormal and its COOH-terminal intracellular domain was
not labeled by a specific antibody, suggesting that it was a trun-
cated form. Such an alteration of EGFRmolecular weight has
been described in placentas from smokers, but additional in-
vestigations of the receptor and protein sequencing would be
required to sustain this hypothesis.

In our series of 14 placentas with IUGR, only one placenta
(P2) from toxemic mother showed an increase in EGFRnum-
ber (B.a = 5.30 pmol/mg protein). Comparable results were
previously described (42). However, it should be noticed that
in this P2 placenta increase in EGFRnumber was not asso-
ciated with a concomitant increase in tyrosine kinase activity,
which remained in the normal range.

IUGR was not associated with maternal risk factors in
about half the cases (n = 6), but abnormal placentas were
observed in all cases but three, underlining the need to examine
the placenta when evaluating IUGR. Maternal hypertension, a
major cause of IUGR (24), was prevalent in the subgroup with
reduced placental EGFbinding site numbers, and as expected,
was associated with placental infarcts (47, 48 ). However, vascu-
lar lesions were also observed in the absence of maternal hyper-
tension, mainly in placentas with normal EGFRnumbers.
Two placentas showed signs of chronic villitis of unknown etiol-
ogy, which has been described in cases of IUGR, but its signifi-
cance is unclear (49). A long cord was the only abnormality in
P13. No aetiology for IUGR was found three cases (P1, P12,
and P14); - 18% of cases of IUGR are considered "idio-
pathic" (50). Nevertheless, EGFRtyrosine kinase activity was
impaired in two of the three (P12 and P14) and associated in
P14 with an abnormal EGFRmolecular weight.

In conclusion, IUGR is associated with various alterations
of placental EGFR. Early EGFRdysfunction could be linked
to inadequate trophoblast differentiation and impaired migra-
tion of extravillous cytotrophoblasts described in maternal tox-
emia (51, 52) and causing deficient perfusion of the intervil-
lous space. Later in gestation, it may contribute to deficient
villous syncytial metabolism. The impact of EGFreceptor alter-
ations on placental function remains to be determined.
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