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Control of a Cell Surface Major Glycoprotein

by Epidermal Growth Factor

Abstract. When the serum concentration of the culture medium is below 0.7 per-
cent, 3T3 mouse cells lose most of their large external transformation sensitive
(LETS) protein at the cell surface. Subsequent addition of epidermal growth factor
results in the reappearance of massive fibrillar LETS protein networks on the surface
of confluent 3T3 cells. Thirteen other hormones tested do not have this effect. It
appears that epidermal growth factor can control the expression of LETS protein.

There is considerable interest in the
large external transformation sensitive
(LETS) protein, which is also known as
cell surface protein (CSP), fibronectin,
or galactoprotein a (/). These proteins

are the only class of cell surface glyco-
protein consistently reduced or absent in
numerous transformed cell lines (2).
There seems to be an inverse correlation
between increase in tumorigenicity and

decrease in the percentage of cells ex-
pressing LETS protein (3), and among 50
tumorigenic lines tested, 45 show signifi-
cant reductions in LETS protein as de-
tected by indirect immunofluorescence
). Furthermore, the addition of LETS
protein can partially restore to trans-
formed cells normal morphology, adhe-
sion, and contact inhibition of movement
(5). Finally, the observation that LETS
protein on the cell surface is altered dur-
ing myogenesis led to the recognition of
the involvement of LETS protein in
myoblast fusion (6).

In attempts to understand the control
of the expression of LETS protein at
the cell surface, previous investigators
showed that cell density (7) and cell-cell
contact (3) are the prime events mediat-
ing its expression. It is only at the stage
of extensive cell contact that massive
fibrillar networks of LETS protein are
formed (3, 8). In most of these experi-
ments, 5 to 10 percent serum was present
in the culture medium, and it was not
generally realized that the serum might
have affected the expression of LETS
protein. While studying the effect of

Fig. 1 (left). (A) Indirect inmunofluorescence of 3T3 cells with LETS protein antiserum. The procedures for inmunofluorescence staining and the
specificity of the antiserum were described previously (3, 6). 3T3 cells at confluency were incubated in Dulbecco’s modified Eagle's medium
containing 0.7 percent calf serum for 2 days. Most of the cells in culture lost LETS protein on the cell surface under these conditions. The

photograph is of a field where LETS protein is most prominent. (B) Phase contrast micrograph of the same field. (Scale bar, 15 um)

Fig. 2

(right). (A) A culture similar to that in Fig. 1, but photographed 30 hours after the addition of EGF (1 ng/ml). (B) Phase contrast micrograph of the

same field. (Scale bar, 15 um)
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thrombin on LETS protein of mamma-
lian cells, we noticed that the serum-free
control culture frequently lost the fibril-
lar network compared with cultures in 10
percent serum. This prompted us to in-
vestigate the relation between hormones
and the expression of surface LETS pro-
tein. Here we report that among 13 hor-
mones and growth factors tested, ex-
pression of LETS protein in 3T3 mouse
cells is specifically influenced by Co-
hen’s epidermal growth factor (EGF) (9).

Confluent 3T3 cells in Dulbecco’s
modified Eagle’s medium supplemented
with 10 percent calf serum had massive
fibrillar networks of LETS protein as de-
tected by indirect immunofluorescence.
The pattern was similar to the patterns
previously reported (8). When the medi-
um containing 10 percent serum was
changed to 0.7 percent serum for 2 days,
most of the LETS protein disappeared.
In certain areas of the culture LETS pro-
tein could be detected, but in a seem-
ingly deteriorated form as shown in Fig.
1. When such cultures were supple-
mented with epidermal growth factor (1
ng/ml for 30 hours) the distribution of
LETS protein was as shown in Fig. 2
(10). Thus, it appears that the massive
network of fine fibers of LETS protein
can be induced by the addition of EGF.
This effect is completely blocked by the
presence of a 1:200 dilution of antiserum
to EGF (10).

Epidermal growth factor can stimulate
the growth of 3T3 cells (I1). We there-
fore investigated whether the EGF-medi-
ated induction of cell growth and expres-
sion of LETS protein are associated.
Table 1 shows that the induction of
LETS protein by EGF occurred even at
high doses of the hormone, when no sig-
nificant cell growth had been stimulated.
Thus, our evidence suggests that the
stimulation of cell growth by EGF is dis-
sociable from the enhancement of LETS
protein expression by the same hor-
mone. At the highest dose of EGF (50 ng/
ml) the morphology of 3T3 cells was al-
tered to a spindle shape, although the or-
ganization of fibrillar LETS protein re-
mained similar.

To determine whether the induction of
LETS protein is specifically stimulated
by EGF, we tested a series of other hor-
mones and serum components. Table 2
shows that the following hormones are
unable to induce the expression of LETS
protein: insulin, hydrocortisone, growth
hormone, gonadotropin, thrombin, cal-
citonin, somatomedin B, somatomedin
C, trilodothyronine, adrenocorticotropic
hormone (ACTH), a-melanocyte—stimu-
lating hormone, thyroid-stimulating hor-
mone, and parathyroid hormone (12).
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Thus, among the hormones we tested,

only EGF appeared to be specific for the”

induction of LETS protein in 3T3 cells.
For EGF to have an effect on LETS
protein expression in 3T3 cells, the pres-
ence of 0.7 percent serum was essential.
Further reduction in the serum concen-
tration invariably induced a high rate of
cell death and morphological abnormal-

Table 1. Relation between LETS protein ex-
pression and cell growth. Confluent 3T3 cells
grown on 12-mm coverslips in 60-mm dishes
were incubated in medium containing 0.7 per-
cent calf serum for 2 days. After the addition
of EGF, 40 ul of [*H]thymidine (0.2 mc/ml in
50 percent ethanol, 6.7 c¢/mmol, New England
Nuclear) was added to the 60-mm dishes and
labeling was allowed to occur between 16 and
18 hours; the radioactivity of trichloroacetic
acid insoluble materials was then counted
(16). Coverslips were fixed 24 hours after the
addition of EGF and processed for indirect
immunofluorescence with LETS protein an-
tiserum.

[*H]thymidine Massive
EGF incorporation LETS
(ng/ml) into DNA protein
(count/min) networks
0 600 -
0.1 1,800 -
0.5 9,400 -
1 12,600 +
5 10,500 +
20 9,800 +
50 2,200 +

Table 2. Effect of hormones on the induction
of massive LETS protein networks. Serum-
starved, LETS protein-deficient 3T3 cells
were treated with 0.7 percent calf serum and
various hormones (/2). Twenty-four hours
later, cells on coverslips were processed for
indirect immunofluorescence with LETS pro-
tein antiserum.

LETS
Hormones protein
network
Epidermal growth factor (1 ng/ml) +

Insulin, bovine (50 ng/ml) -
Insulin, bovine (1 ug/ml) -
Hydrocortisone, 50 ng -
Growth hormone, human (1 ng/ml) -
Growth hormone, human (1 pg/ml) -
Gonadotropin, horse (2 units) -
Gonadotropin, horse (10 units) -
Calcitonin, porcine (0.1 ng/ml) -
Calcitonin, porcine (1 ng/ml) -
Somatomedin B, human (5 ng/ml) -
Somatomedin B, human (1 ug/ml) -
Somatomedin C, bovine (5 ng/ml) -
Somatomedin C, bovine (1 pg/ml) -
Triiodothyronine (5 pg/ml) -
ACTH (5 punit/ml) -
a-Melanocyte-stimulating

hormone (1 ug/ml) -
Thyroid-stimulating hormone,

ovine (1 ug/ml) -
Parathyroid hormone,

bovine (0.5 ng/ml) -
Thrombin, human (1 ug/ml) -

ity even when EGF was present. At-
tempts to substitute 0.7 percent serum
with the following hormones alone or in
combination were unsuccessful: insulin
(50 ng/ml to 1 pwg/ml), hydrocortisone (10
ng/ml to 100 ng/ml), somatomedin B (10
ng/ml to 1 wg/ml), somatomedin C (10 ng/
ml to 1 ug/ml), thrombin (50 ng/ml to 2
wg/ml), gonadotropin (1 wg/ml). Possi-
bly, there is involvement of the so-called
survival factor (/3) in this phenomenon.
The nature of such a factor, however, is
unknown.

To investigate whether serum depen-
dence of the expression of surface LETS
protein is a general phenomenon of all
cultured cells, we tested the following
cell types for their response to serum.
Initially, the derivative lines of 3T3
mouse cells, SV3T3, Py3T3, and SV-Py-
3T3 were examined. Although these
lines expressed little LETS protein in
sparse culture, confluent 1-week-old cul-
tures of SV3T3, Py3T3, and SV-Py-3T3
expressed a significant amount of LETS
protein networks in medium containing 5
percent calf serum. When the serum con-
centration was reduced to 0.03 percent
for 2 days, the fibrillar structures of
LETS protein were less altered than in
the case of the parental 3T3 cells. Thus
the serum dependency of LETS protein
expression is almost 25-fold less in trans-
formed 3T3 cells than in untransformed
3T3 cells. Attempts to reduce the serum
concentration further to minimize LETS
protein expression in these transformed
cells, while maintaining a high survival
rate, were not successful. Therefore, we
could not determine whether EGF also
stimulates LETS protein expression in
SV-3T3, Py-3T3, and SV-Py-3T3 cells.
For example, we were unable to use 0.01
percent serum as the basal level supple-
mented with EGF to maintain LETS pro-
tein networks in these cells. However,
for other types of normal cells, hormone-
dependent expression of LETS protein
could readily be demonstrated. Second-
ary fibroblasts of the mouse, rat, and
hamster, and cells of the established
lines NiL-8, and BHK had almost unde-
tectable amounts of LETS protein when
cultured with 0.02 percent serum for 3
days, but after the addition of EGF (2 ng/
ml) for 30 hours the expression of LETS
protein was restored to the level found in
cells growing in 10 percent serum. How-
ever, an important exception was noted,
in that the fibrillar networks of LETS
protein of chick embryo fibroblasts re-
mained unaffected even when they were
cultured in serum-free medium for 2
days.

Cell culture systems seem to be most
promising for the development of a total -
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understanding of cell-hormone inter-
action (/4). Without cells in culture it
would have been difficult to establish
that the expression of a cell surface pro-
tein can be controlled by EGF, and we
can now investigate the number of
events that precede the appearance of
LETS protein networks when EGF has
bound to the cell surface. Since LETS
protein is a differentiated product of fi-
broblasts, myoblasts, and some epithe-
lial cells (15), the present findings sup-
port the notion that probably some of the
differentiated functions of a given cell
type are controlled by hormones. It will
be of interest to investigate whether the
production of collagen, glycosaminogly-
can, and other differentiated products of
‘fibroblasts are also controlled by EGF.
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Dopamine and Adenosine 3',5'-Monophosphate

Responses of Single Mammalian Sympathetic Neurons

Abstract. Acetylcholine (ACh), dopamine, and dibutyryl-adenosine 3',5'-mono-
phosphate (dbcAMP) were applied iontophoretically to the rabbit superior cervical
ganglion cells from triple-barreled micropipettes, and the response was recorded by
intracellular techniques. All ganglion cells tested responded to the depolarizing ac-
tion of ACh, whereas less than half of the cells that responded to ACh were hyper-
polarized by dopamine. This effect was blocked by low concentrations of haloperidol.
None of the cells examined responded to dbcAMP applied by iontophoresis. Hence,
the present result is not consistent with the concept that a cyclic AMP mechanism
underlies the hyperpolarizing effect of dopamine.

Dopamine (DA) has been identified as
the neurotransmitter, released on pre-
ganglionic stimulation from the small in-
tensely fluorescent (SIF) cells, and re-
sponsible for the generation of the slow
inhibitory postsynaptic potential (slow
IPSP) of the rabbit superior cervical gan-
glion cell (/). It has been suggested that
the action of DA depends on the intra-

cellular cyclic adenosine 3’,5’-mono-

phosphate (AMP) system that alters the
membrane permeability by protein ki-
nase-mediated phosphorylation; indeed,
it was demonstrated that cyclic AMP is
generated by presynaptic stimulation of,
or by the application of DA to, the gan-
glion (2, 3). In support of this concept, it
was reported that, as evaluated by the
sucrose-gap method, monobutyryl AMP
as well as the dibutyryl derivative
(dbcAMP) caused a membrane hyper-
polarization similar to that elicited by
DA (3). However, results obtained in our
laboratory with similar techniques failed
to confirm these findings ¢). Accord-
ingly, our investigation was undertaken
to evaluate, by microelectrode tech-
niques, the effects of DA and dbcAMP
on single sympathetic neurons. The in-
tracellular recording techniques alleviate
some of the shortcomings and ambiguity
often associated with the sucrose-gap
method, which records global activities
of cell populations.

Acetylcholine (ACh), DA, and
dbcAMP were applied by iontophoresis
from triple-barreled micropipettes posi-
tioned close to the ganglion cells, and the
response was recorded by intracellular

techniques; a simplified experimental ar-
rangement is illustrated in the inset of
Fig. 1 (5). To exclude the possibility that
the absence of responses of dbcAMP or
DA (or both) could be due to excessive
distance between the micropipette and
the ganglion cell, the proximity of the mi-
cropipette was estimated in terms of the
rise time of the ACh potential. In our
study, only those cells that exhibited a
rise time of ACh potentials of less than
30 msec were included; in many in-
stances, neuronal spikes could be elic-
ited by a strong current pulse delivered
through the ACh micropipette.

The ACh potential was elicited by
single current pulses of brief duration;
the duration of current pulses varied
from 5 to 10 msec in different experi-
ments. Altogether, 31 cells (18 ganglia)
showed a satisfactory ACh potential.
The mean amplitude of ACh potentials
was 8.7 = 3.1 mv (mean = S.D.), witha
mean rise time of 27.9 * 5.3 msec and a
mean half-decay time of 46.0 = 14.7
msec. The amplitude of ACh potentials
remained relatively constant provided
that the ejection current was unchanged.
Of the 31 cells that exhibited a satisfac-
tory ACh potential, 11 cells responded to
iontophoresis of DA by a definite mem-
brane hyperpolarization (Fig. 1A). In or-
der to obtain DA responses, tetanic cur-
rent pulses had to be used (30 hertz, 30
msec/pulse, for 4 to 5 seconds). The am-
plitude of DA hyperpolarization ranged
from 0.5 to 4 mv, with a mean of 1.8 mv,
and its duration varied from 4 to 12 sec-
onds. Haloperidol (0.1 to 1 uM), a DA
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