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SUMMARY

Studies characterized insulin and EGF receptors in human pla-
cental tissue from smokers and nonsmokers. Specific binding of
1251-labeled insulin and EGF to placental membranes was not
different for nonsmokers compared with smokers. EGF and
insulin receptor kinases were further studied using a wheat germ
agglutinin-punfied preparation of solubilized placental membrane
proteins. In extracts from the nonsmoker group, EGF stimulated
the active phosphorylation of M� 1 70,000 and 1 40,000 protein
bands, which was half-maximal (ECro) at 5 x 108 M. In extracts
from the smokers group, however, phosphorylation of these two
protein bands was barely detectable over a range of 0 to 1 0_6
M EGF. Thus, EGF-stimulated phosphorylation of the 170,000
and 1 40,000 bands was markedly decreased in placental mem-
branes from smokers. In contrast, insulin stimulated the phos-
phorylation of a 95,000 protein that was immunoprecipitated
with anti-insulin receptor antiserum in membrane preparations
from both nonsmokers and smokers. Dose-response curves for
autophosphorylation indicate that ECro values were 2.6 and 7.0
nM insulin for nonsmokers and smokers, respectively. Laser

densitometry scan of the 95,000 band on autoradiograms further
showed that maximal 32P incorporation was 30% greater in
smokers compared with nonsmokers. Analysis of the insulin-
dependent phosphorylation of an exogenous substrate,
poly(Glu,Tyr) (4:1), showed a similar pattern of values for non-
smokers versus smokers. These results indicate that insulin
receptor autophosphorylation and tyrosine kinase activity were
normal or increased, whereas EGF-stimulated kinase activity
was markedly decreased in placental membrane proteins from
smokers. Western blot analysis using an antiserum to the EGF
receptor showed the presence of immunoreactive bands of
1 26,000 and 1 50,000-1 70,000 in receptor preparations from
nonsmokers, whereas only the 1 26,000 protein was detected in
preparations from smokers. Thus, the smoking-related deficiency
in EGF receptor autophosphorylation appeared to be due to the
absence of a 1 50,000-1 70,000 receptor protein. In conclusion,
maternal cigarette smoking is associated with selective altera-
tions in two major receptor-mediated pathways thought to be
involved in cell growth and differentiation in human placenta.

Maternal cigarette smoking during pregnancy has been as-

sociated with fetal growth retardation (1), altered placental

morphology (2), and increased risk of premature delivery and
spontaneous abortion (3). The mechanism of these develop-

mental effects associated with human cigarette smoking is still

unclear. Insulin and EGF have been reported to play an impor-

tant role in coordinating cell growth and division, as well as in

regulation of fetal development during late gestation (4-6). Cell

surface receptors for insulin and EGF are integral membrane
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glycoproteins that share protein sequence homology as mem-

bers of the src family of tyrosine specific protein kinases (7).

Human placenta is a rich source of insulin and EGF receptors

(8) and several studies have examined the relationship between

exposure to environmental chemicals and biochemical altera-

tion of these receptors (9, 10). In a study of women who were

exposed to PCB-contaminated rice oil, Sunahara et aL (9) found

that placental membranes showed a decrease in EGF-stimu-

lated protein tyrosine kinase activity in the absence of any

change in ligand binding. Placental EGF receptor phosphoryl-

ation levels were significantly correlated with PCB concentra-

tions and low birth weight. In another study, maternal cigarette

smoking was associated with altered high affinity sites for EGF

binding to human placental membranes (10). The present study

further investigated the effects of maternal cigarette smoking
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on insulin and EGF receptors in human placenta. Insulin and

EGF receptor protein kinase activities were compared using

WGA-purifled preparations of solubilized placental membranes

from smokers and nonsmokers.

Materials and Methods

Chemicals. BSA, fraction V, was purchased from United States

Biochemical Co. (Cleveland, OH). Porcine insulin, PMSF, aprotinin,
leupeptin, adenosine 5’-triphosphate, cytidine 5’-triphosphate, poly-

(Glu4,Tyr),N-acetyl-D-glucosamine, and SDS-PAGE protein standard
kit were from Sigma Chemical Co. (St. Louis, MO). Chemicals for

SDS-PAGE and Bio-Rad Immun-Blot assay kit were purchased from
Bio-Rad (Hempstead, NY). Agarose-bound wheat germ agglutinin was

obtained from Vector Laboratories, Inc. (Burlingame, CA). “5I-Human
insulin labeled by tyrosine B-26 (specific activity, 2000 Ci/mmol), 125I

EGF (specific activity, 610 Ci/mmole), and [�y-32P]ATP (specific activ-

ity, 3000 Ci/mmol) were purchased from Amersham Co. (Arlington

Heights, IL). Anti-insulin receptor antiserum (cr-IR-1) was kindly

supplied by Dr. S. Jacobs, Burroughs Wellcome Corp., Research Tn-
angle Park, NC. EGF receptor antiserum (A310) was a generous gift

from Dr. G. Carpenter, Vanderbilt University (Nashville, TN). Mouse

EGF was purified from submaxillary glands as described by Savage and

Cohen (11).
Human subjects. Term placentas were obtained from healthy vol-

unteer women aged 18 to 44 at the University of North Carolina

Memorial Hospital. Placentas were frozen at -70� within 30-60 mm

after delivery. Smoking histories were obtained from all subjects and
the data gathered included numbers of cigarettes consumed and hours

per week of exposure to environmental tobacco smoke (under circum-
stances that the subject could see and smell the smoke) during each

trimester of pregnancy. Questionnaires indicated that there was no
recognized chemical exposure other than smoking. Blood samples oh-

tamed during the seventh month of pregnancy were assayed for cotinine
levels by methods described by Haley et at. (12).

Placental membrane preparation. Placental membranes were

prepared by a modification of the method of Hock and Hollenberg (13).

Tissue from individual placentas (50 g) was thawed in ice-cold buffer

(0.25 M sucrose with 25 mM Tnis . HC1 buffer, pH 7.4, containing 1 mM

PMSF, 100 KU/ml aprotinin, and 1 �g/ml leupeptin) for 1 hr before
membrane preparation. The minced tissue was repetitively rinsed and

homogenized in the same buffer (1:1.5, w/v). Homogenization was

carried out, in an ice-chilled beaker, with a Ultra-Turrax homogenizer

for 30 sec. The homogenate was centrifuged at 600 x g for 15 mm, and

the supernatant was filtered through double-layered gauze to remove

debris before recentrifugation at 10,000 x g for 30 mm. The resulting

supernatant was adjusted to 0.1 M NaC1 and 0.2 mM Mg504 and

centrifuged at 40,000 x g for 40 mm. The pellet was washed with 50
mM Tnis . HC1 buffer, pH 7.6, containing 1 mM PMSF, 100 KU/ml
aprotonin, and 1 �g/ml leupeptin. The final pellet was resuspended in

the same buffer and stored at -70’ in 0.2-ml aliquots until analysis.
Protein concentration of microsomal membrane preparation was meas-

ured by the method of Lowry et aL (14) with BSA as a standard.
‘2’SIlnsulin binding assay. “I-Insulin binding assay was con-

ducted under equilibrium conditions as described elsewhere (15).

Briefly, microsomal membranes (250 �g of protein in 50 Ml) were
incubated in triplicate with “5I-insulin (40,000 cpm, 0.05 nM), and 0.1

M sodium phosphate buffer, pH 7.5, containing 1.0% BSA (w/v) (buffer

A) in a final reaction volume of 200 Ml� for 30 mm at 25�, for the
measurement of total binding. Nonspecific binding was determined in

the presence of 2.5 MM unlabeled porcine insulin. The reaction was

terminated by addition of 1.0 ml of ice-cold buffer A. Membrane-bound
‘25I-insulin was separated immediately by centnifugation at 10,000 x g

for 3 mm in an Eppendorf microcentnifuge, followed by aspiration of
the supernatant; the pellet was washed with another 1.0 ml of ice-cold

buffer A and recentrifuged for 1 mm and the supernatant was aspirated.

The resultant pellets were counted in a Beckman Gamma 5500 counter.

Specific binding was obtained by subtracting the radioactivity of non-

specific binding from total binding and is expressed as a ratio of the

specific binding versus unbound ‘25I-insulin (bound/free or B/F).

‘2’SI-EGF binding assay. ‘25I-EGF binding assay was conducted

under equilibrium conditions by a modified method of Rao et al. (16).

Microsomal membranes (250 �g of protein in 50 Ml) were incubated

with ‘251-EGF (40,000 cpm, 0.18 nM), and 5 mM Tnis.HC1, pH 7.0,

containing 125 mM sucrose, 75 mM NaC1, 0.5 mM Ca2�, and 0.5% BSA

(w/v), in a final reaction volume of 200 Ml� for 30 mm at 25’, for the

measurement of total binding. Nonspecific binding was determined in

the presence of 1.0 MM unlabeled EGF from mouse submaxillary gland.

The reaction was terminated by addition of 1.0 ml of ice-cold 10 mM

Tris . HCI, pH 7.0, containing 0.5% BSA. Membrane-bound ‘251-EGF

was separated immediately as described in the ‘251-insulin binding.

Specific binding is obtained by subtracting the radioactivity of nonspe-

cific binding from total binding and is expressed as a ratio of the

specific binding versus unbound ‘25I-EGF.

WGA chromatography. Glycoprotein receptors were purified from

solubilized placental membranes by WGA chromatography (17). Indi-

vidual membrane preparations from placentas of smokers and non-

smokers were pooled and solubilized in 50 mM HEPES, 10 mM MgSO4,

1 mM PMSF, 1% Triton X-100, and 10% glycerol, pH 7.6, at 4�. It was

necessary to pool smoker and nonsmoker membrane preparations to

obtain sufficient protein for lectin affinity chromatography punifica-

tion. The solubilized proteins (20-30 mg) were recycled three times

over a column containing 3.5 ml of agarose-bound WGA at 4’. The

column was washed with 40 ml of washing buffer (50 mM HEPES, 150

mM NaCl, and 0.1% Triton X-100, pH 7.6) and the receptors were

eluted from the column with 10 ml of the same buffer containing 0.3 M

N-acetyl-D-glucosamine and collected, 1.0 ml per fraction. The eluates

were monitored for protein concentration by UV spectrometry at 280

nm. Three eluates with highest absorbance at 280 nm were combined

and protein concentration was determined using the Bio-Rad microas-

say (manual of Bio-Rad Protein Kit). ‘251-Insulin binding to the solu-

bilized and lectin-purified placental membrane was conducted as de-

scnibed by Hedo et aL (17).

Insulin and EGF receptor phosphorylation. Insulin receptor

phosphorylation was performed by a modification of the method of

Lowe et al. (18). Lectin-punified receptor preparations were preincu-

bated in the presence of 0 to 1.0 MM porcine insulin in a final volume

of 75 Ml of 50 mM HEPES buffer, pH 7.6, with 10 mM MgSO4 and 1

mM PMSF. After 30 mm at 25’, phosphorylation was initiated by the

addition of 25 fLl of reaction mixture to give final concentrations of 5

MM [32P]ATP (specific activity 20 MCi/nmol), 1 mM cytidine-5-tniphos-

phate, 3 mM MnC12, 20 mM MgC12, and 1 mM sodium vanadate ([32PJ

ATP mixture). After 10 mm at 25’, the reaction was terminated by the
addition of an equal volume of stopping solution (0.17 M Tnis . HC1,
10% SDS, and 100 mM dithiothreitol, pH 6.8) and heating at 100’ for

10 mm. In one experiment, anti-insulin receptor antiserum a-IR-1 was

added to a final titer of 1:90, and immunoprecipitation was carried out

as described previously (18). Aliquots (100 Ml) were analyzed by SDS-

PAGE followed by autoradiography. The intensity of 32P-labeled pro-

tein bands shown on X-ray film was quantitated by Soft-Laser densi-

tometer, model SF-TRFF (Biomed Instruments, Fullerton, CA). EGF-

stimulated autophosphorylation was performed under the same condi-

tion as insulin-stimulated autophosphorylation except 0 to 1 MM of

EGF was added and, after the preincubation, the phosphorylation was

conducted at 0� for 1 mm.

Artificial substrate phosphorylation. The experiments were per-

formed using a modified method of Rees-Jones et al. (19). Lectin-

purified receptor preparations (12 Mg) were preincubated in the pres-

ence of 0 to 1.0 MM porcine insulin in a final volume of 100 Ml of 50 mM

HEPES buffer, pH 7.6, with 10 mM MgSO4, 1 mM PMSF, and 0.2 mg

of poly(Glu4,Tyr). After 30 mm at 25*, phosphorylation was initiated

by the addition of 20 Ml of [�y-32P]ATP mixture. After 10 mm at 250,
the reaction was terminated by spotting 35 Ml of the reaction mixture

on 3 MM Whatman filter paper; samples were run in triplicate. The
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Smoking Effects on Placental Receptors 267

filter paper was then extensively washed with 10% trichloroacetic acid,

containing 10 mM sodium pyrophosphate, followed by 95% ethanol and

ether. The filter paper was dried and counted. The counts of 32P

incorporated in the absence of porcine insulin was subtracted from

counts in the presence of porcine insulin to obtain the specific phos-

phorylation activity. One unit of kinase activity was defined as the
incorporation of 1 fmol of phosphate into 1 Mg of poly(G1u4,Tyr).

Immunoblot analysis. EGF receptor protein was examined by

SDS-PAGE and immunostaining procedures. Lectin-purified receptor

preparations were electrophoresed on 7.5% SDS-polyacrylamide gels
and transferred to nitrocellulose paper, according to the methods of

Laemmli (20) and Towbin et aL (21), respectively. The blotted nitro-

cellulose sheet was washed in 20 m�i Tris, containing 500 mM NaC1,

pH 7.5 (TBS), on a rocker platform for 10 mm followed by 3% gelatin
for 25 mm. The nitrocellulose paper was further washed twice with

TBS containing 0.05% Tween-20 (TTBS) and incubated with rabbit
EGF receptor antiserum (A310) at 1:200 dilution in TBS for 2 hr at

room temperature. The blotted nitrocellulose paper was washed twice

with TTBS and then incubated with goat-anti-rabbit IgG-horseradish

peroxidase conjugate for 1 hr. Immunoreactive proteins were visualized

by incubation for 15-45 mm with 3-amino-9-ethylcarbazole in the
presence of 0.015% hydrogen peroxide.

Results

Clinical Findings. Six women who reported not smoking

cigarettes during their pregnancy and having minimal exposure

to environmental tobacco smoke (averaging less than 8 hr per

week) are included in this report as nonsmokers. The smoker

group included five women who reported smoking an average
of 20 cigarettes per day during each trimester of pregnancy and

one woman who reported relatively heavy exposure to environ-

mental tobacco smoke (32 hr per week). Although data are

incomplete, serum cotinine values among six nonsmokers

ranged from 0 to 2 ng/ml and for three smokers from 51 to 314

ng/ml. These values are in agreement with reported levels of

cotinine for smokers and nonsmokers (10, 22).

Insulin and EGF Binding. The specific binding of 125I

insulin and ‘25I-EGF to membranes from human placenta was

dependent on time and protein concentration. Nonspecific
binding in all experiments was less than 10% of the total

binding. Radioligand degradation was determined in each ex-

periment to correct total cpm in the reaction mixture. Data in
Table 1 show the specific binding of 1251-insulin and ‘251-EGF

to 250 �g of membrane protein prepared from individual pla-

centas of nonsmokers and smokers. There was no significant

difference in specific binding of 1251-insulin and 1251-EGF to the

placental membranes between nonsmokers and smokers.

In subsequent experiments, membrane preparations from

smokers and nonsmokers were pooled, solubilized, and partially

purified by WGA affinity chromatography. Table 2 presents

data on the purification and recovery of ‘251-insulin binding

after lectin chromatography. Insulin binding was purified 7-

TABLE 1
Specific binding of 1251-insulin and 12’Sl-EGF to placental membranes
from smokers and nonsmokers
Total binding was measured with 125Ila�l� insulin (0.05 nM) or EGF (0.1 8 nM) in
the presence of 250 ,�g membrane protein. Nonspecific binding was measured in
the presence of 2.5 �iM insulin or 1 .0 �M EGF. Data are expressed as mean ±
standard error of six placentas from smokers and nonsmokers.

Insulin EGF

% B/F

Nonsmoker (6) 10.8 ± 2.0 31 .0 ± 4.0
Smoker(6) 8.9±0.9 31.8±5.0

TABLE 2

Purification of placental receptors from nonsmokers and smokers
Total binding was measured with 0.05 nM ‘25l-insulin using 40 �g of solubilized or
1 2 �g of WGA-purified membrane protein. Nonspecific binding was measured in
the presence of 2.5 �M insulin. Protein-bound ligand was precipitated by polyeth-

ylene glycol and counted. All samples were run in triplicate. EGF binding was not

detectable (ND) in detergent-solubilized membrane preparations.

Total “�l-lnsulin IaI�EGF

protern bound bound Recovery

mg fmol/rng ofprotein %

Triton X-1 00 extracts
Nonsmoker 17 4.3 ND 100
Smoker 11 4.4 ND 100

WGA chromatography
Nonsmoker 0.9 30 ND 36
Smoker 0.9 26 ND 48

fold with 36 and 48% recoveries from solubilized placental

membrane preparations from smokers and nonsmokers, re-

spectively. As has been reported by other studies (8, 23), it was

not possible to obtain a direct measurement of EGF binding in

solubilized preparations. Although the detergent sensitivity of

the binding assay for EGF receptors in human placenta has

been well described, recovery of EGF- and insulin-stimulated

kinase activities in the lectin preparation is evidence that the

EGF receptor glycoprotein is co-purified with insulin receptors.

Insulin- and EGF-stimulated kinase activities. EGF
receptor kinase activity was assayed at 0’S in the presence of 0

to 106 M EGF using 12 �g of lectin-purified membrane glyco-

protein. In extracts from nonsmokers, EGF stimulated the

active phosphorylation OfM. 170,000 and 140,000 protein bands

(Fig. 1). Laser densitometry scans of the autoradiogram show

that EGF-stimulated autophosphorylation was half-maximal

(EC50) at 5 X 108 M. In extracts from smokers, however, �2P-

incorporation into these two protein bands was barely detect-

able even at 1 MM EGF. Similar patterns of autophosphorylation

were observed in three separate experiments using different

samples of placental tissue from smokers and nonsmokers.

Thus, EGF-stimulated phosphorylation of the 170,000 and

140,000 bands was markedly decreased in placental membranes

from smokers.

Parallel experiments characterized insulin receptor kinase

activity at 25’S. Fig. 2 demonstrates that insulin stimulated the

phosphorylation of a 95,000 protein in preparations from both

nonsmokers and smokers. In data not shown, the 95,000 protein

was immunoprecipitated with an antiserum to the insulin re-

ceptor. Dose-response curves for autophosphorylation indicate

that EC50 values were 2.6 and 7.0 nM insulin for nonsmokers

and smokers, respectively. Laser densitometry scan of the

95,000 band on autoradiograms further showed that maximal

32P incorporation was 30% greater in smokers compared with

nonsmokers. Fig. 2 also demonstrates the phosphorylation of

several protein bands with molecular weights of 170,000,

140,000, 120,000, and 66,000, which was not stimulated by

insulin. 32P-incorporation into 170,000 and 140,000 proteins at

25#{176}appears to reflect basal phosphorylation of the EGF recep-

tor, which was markedly decreased in the receptor preparation

from smokers. In contrast, basal phosphorylation ofthe 120,000

and 66,000 bands was comparable for receptor preparation from

smokers and nonsmokers. Similar results were obtained in

three separate experiments using different samples of placental

tissue from smokers and nonsmokers.

Further experiments investigated the insulin-dependent
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Fig. 1. Autoradiograms of SDS-polyacryl-
amide gels show EGF-stimulated phosphor-
ylation of proteins in solubilized, lectin-puri-
fled preparations of placental membranes (12
Mg of protein) from nonsmokers and smok-
ers. Phosphorylation assays were conducted
in the presence of 0 to 1 .0 MM of EGF at 0#{176}
for 1 mm. The placental membrane protein in
each group was pooled from six placentas.

NON-SMOKER

- Log [EGF] ( M)

SMOKER

K

K

0 9 8 7 6.3 6 0 9 8 7 6.3 6

- Log [INSULIN] ( M)

Fig. 2. Autoradiograms of SDS-polyacrylamide
gels show insulin-stimulated phosphorylation
of proteins in solubilized, lectin-punfled prepa-
rations of placental membranes (1 2 Mg of pro-
tein) from nonsmokers and smokers. Phos-
phorylation assays were conducted in the pres-
ence of 0 to 0.1 MM of insulin at 25#{176}for 10 mm.
The placental membrane protein in each group
was pooled from six placentas.

phosphorylation of an exogenous substrate, poly(G1u4,Tyr). Fig.
3 shows that insulin-stimulated tyrosine kinase activity was

similar for preparations from nonsmokers versus smokers, with

EC50 values ranging from 9.5 to 19 nM insulin, and maximal

32P incorporation of 146 ± 18 and 192 ± 16 fmol/�g of

(Glu,Tyr)/10 mm, respectively.

Immunoblot analysis. Subsequent experiments investi-

gated whether the smoking-related deficiency in EGF receptor
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Fig. 3. The kinase activity of solubilized, lectin-purifled membrane pro-
teins was assayed in the presence of poly(Glu.�,Tyr) substrate. The
incorporation of up was measured as that stimulated by 0 to 1 MM insulin
in the presence of 3.5 Mg purified proteins during a 10-mm incubation.
Per cent maximum stimulation was calculated for each point by division
of the highest values. Values represent the mean of triplicate samples.

kinase activity was due to inactive receptors or, alternatively,

the absence of EGF receptor protein in lectin-purified prepa-

rations. Placental membrane glycoproteins were analyzed by

SDS-PAGE and immunoblot techniques using an antiserum

(A-310) prepared against denatured human EGF receptor pro-

tein (24). Data in Fig. 4A show that two immunoreactive bands

of comparable intensity were detected in preparations from

nonsmokers, a broad 150,000-170,000 band as well as a 126,000

protein. In contrast, receptor preparations from smokers

showed only a single major 126,000 immunoreactive protein

with very intense staining. Insofar as immunostaining in the

150,000-170,000 region was extremely faint, these data provide

evidence that native EGF receptor was not detectable in lectin-

purified membrane glycoproteins prepared from placentas of

smokers.

A final study reexamined crude membrane preparations to

determine whether increased levels of the 126,000 immunore-

active species of the EGF receptor were detectable in placentas

from smokers. Immunoblot data in Fig. 4B show that two

proteins of 116,000 and 126,000 were readily detectable in crude

membrane preparations from smokers, but not from non-

smokers. It warrants note that it was not possible to detect
170,000 receptor in crude membranes using immunoblot analy-

sis due to limitations on the amount of protein that could be

applied to polyacrylamide gels, as well as the sensitivity of the

antibody. In data not shown, both 116,000 and 126,000 immu-

noreactive proteins were readily solubilized from crude mem-

branes with Triton X-100, whereas only the 126,000 species

bound to the WGA affmity column. These results provide

evidence that the presence of lower molecular weight immu-

noreactive proteins in placental preparations from smokers was

not the result ofEGF receptor degradation during solubilization

and lectin purification.

Discussion

A number of growth factor receptors with intrinsic protein

tyrosine kinase activity have been implicated in the transmem-

___________ Smoker

Non-Smoker Smoker

Fig. 4. A, Immunoblot of lectmn-punfied EGF receptor protein prepared
from placentas of nonsmokers and smokers. Samples (30 Mg of protein)
were electrophoresed on 7.5% SOS-polyacrylamide gels, transferred to
nitrocellulose, and immunostained using rabbit anti-EGF receptor anti-
serum (1 :200) as described in Materials and Methods. B, Immunoblot of
crude membrane preparations (1 00 �g of protein) prepared from placen-
tas of nonsmokers and smokers.

brane signaling processes essential for DNA replication and

cell proliferation (7, 25). Lucier et at. (10) have reported that

placental membranes from smokers showed an alteration in

binding properties of the high affinity site of the EGF receptor,

as well as a decrease in EGF-stimulated autophosphorylation

activity. In the present study, insulin and EGF receptors were

solubilized from human placental membranes and partially

purified by lectin chromatography to yield a preparation of

membrane glycoproteins that was substantially enriched in

both insulin and EGF-stimulated kinase activities. EC5() values

for autophosphorylation of insulin and EGF receptors in prep-

arations from nonsmokers were in agreement with values re-

ported for human placenta (8). In contrast, EGF receptor

autophosphorylation was minimally detectable in membrane

glycoprotein preparations from smokers, despite the presence

of normal or increased insulin kinase activities. Insofar as the

binding of EGF, as well as insulin, to crude placental mem-

branes was not different for smokers compared with non-

smokers, data indicate that maternal smoking was associated

with a selective loss of EGF receptor autophosphorylation.

Although a dissociation between EGF receptor binding and
receptor autophosphorylation has also been observed in human

placentas from women exposed to PCBs (9), it is not known

whether insulin receptor function was altered. In the present
study, immunochemical evidence further shows that the smok-

ing-related deficiency in EGF receptor kinase activity in pun-
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fled receptor preparation was due to the absence of native

170,000 protein. In this regard, the nature and source of the

116,000 and 126,000 species of immunoreactive protein detected

in membrane preparations from smokers remain to be deter-

mined.

Cigarette smoke contains a complex mixture of chemicals

including polyaromatic hydrocarbons, carbon monoxide, cya-

nide, and nicotine. Studies of placental tissue from women who

smoke have shown the induction of aryl hydrocarbon hydrox-

ylase activity, which was associated with the covalent binding

ofpolyaromatic hydrocarbons to DNA in vitro (26-28); Everson

et al. (22) recently reported the presence of smoking-related

DNA adducts in human placenta in vivo. In the present study,

the differential loss of EGF receptor autophosphorylation in

the presence of normal insulin receptor kinase activity would

argue against generalized effects of smoking on membrane

structure or on membrane-associated kinases and phospha-

tases. The selective effect on EGF receptors provides further

evidence against nonspecific changes due to decreased placental

oxygenation and hypoxia caused by carbon monoxide, cyanide,

or nicotine.

Although one or more of the chemicals in cigarette smoke

may alter EGF receptor function via phosphorylation (29), the

present study presents evidence that cigarette smoke may in-

fluence the activity of processes that convert native EGF re-

ceptor protein into 116,000 and 126,000 species that are devoid

of kinase activity (30). Although our study used a combination

of protease inhibitors in all stages of membrane purification,

the phosphorylation of a doublet of 170,000 and 140,000 pro-

teins in purified receptor preparations from nonsmokers is

evidence for the presence of an endogenous neutral protease

(31). It warrants emphasis, however, that we found no evidence

of degradation of the insulin receptor /3-subunit undergoing

autophosphorylation in receptor preparations from smokers

(32). Data from our immunological studies would be consistent

with an interpretation that cigarette smoking is associated with

a further shift to the predominance of lower molecular weight

species of placental EGF receptors. We do not yet know,

however, whether smoking alters the intracellular processing

of placental EGF receptors in vivo (30, 33) or, alternatively, the

activity of proteolytic enzymes in placental preparations (31).

Evidence that 1 16,000 and 126,000 immunoreactive species of

EGF receptor protein are readily detectable in crude membrane

preparations from placentas of smokers argues against in-

creased formation through degradation of the receptor during

solubilization and lectin purification procedures. In any event,

the processes altered by cigarette smoke appear to be specific

for the EGF receptor, compared with the insulin receptor.

The physiological impact of inactive EGF receptors on pla-

cental growth and function remains to be determined. Recent

studies with mutated EGF receptors provide evidence that

tyrosine kinase activity is essential for both the immediate and

late actions of EGF, including alterations in intracellular cal-

cium, activation of gene transcription and cell proliferation,

and receptor down-regulation (34). Immunochemical studies of

human placenta have localized EGF receptors on the syncytio-

trophoblast layer in placental villi (35, 36) and in smooth

muscle cells of umbilical blood vessels (36). The high level of

EGF receptors in human placenta during early and late gesta-

tion has been suggested to play an important physiological role

in hormone secretion (35, 37), as well as in nutrient transport

(37). A recent study by Hofmann et al. (38) reported that women

delivering growth-retarded infants had significantly lower un-

nary EGF concentrations. Placentas from smokers have been

found to have morphologic signs of trophoblast basement mem-

brane thickening and damage to placental and umbilical vas-

culature (2, 3). Levels of urinary estrogen and serum placental

lactogen were decreased in smokers (39), as is placental amino

acid uptake (40). Thus, smoking-related changes in EGF recep-

tons may underlie a number of the biochemical and morpholog-

ical alterations observed in placentas from women who smoke.

A final consideration is that smoking may be associated with

EGF receptor changes in fetal tissues, as well as in the placenta.

EGF has been shown to promote eyelid opening, tooth eruption,

and development of the palate, skin, lung, and gut in various

species (5, 6). Thus, research into the biochemical mechanisms

that underlie the effects of smoking on placental EGF receptors

will provide a better understanding of the susceptibility of the

developing fetus to environmental chemicals.
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