lated synthesized autoantibodies that re-
act with cells in the anterior pituitary.
Some react with GH-producing cells,
and others react with different but still
unidentified subpopulations of cells. The
differences in the species specificities of
the monoclonal autoantibodies directed
against GH suggests that these antibod-
ies recognize different antigenic determi-
nants on the GH molecule. Although
human and rat GH are serologically dif-
ferent (9), the fact that at least one of the
monoclonal antibodies (that is, 5B-5) re-
acts with GH from both species suggests
that this antibody recognizes a shared
antigenic determinant. The different re-
activity patterns of these autoantibodies
also suggest that they may serve as use-
ful probes in the fine analysis of antigen-
ic and evolutionary relatedness of hor-
mones.

The availability of large quantities of
purified autoantibodies should make it
possible to address a number of funda-
mental questions concerning autoimmu-
nity. First, it should be possible to deter-
mine whether different individuals with
the same disease develop autoantibodies
against the same molecules, and if so,
whether the autoantibodies are directed
against the same antigenic determinants.
Second, these monoclonal autoantibod-
ies can be used in affinity columns to
isolate and identify some of the still
unknown autoantigens. Third, these
monoclonal autoantibodies should aid in
determining, by passive transfer experi-
ments, what role autoantibodies actually
play in pathogenesis. Although the pres-
ent study involves murine autoantibod-
ies triggered by a viral infection, it
should be possible to obtain and study
monoclonal autoantibodies from human
polyendocrine disease.
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Biologically Active Chorionic Gonadotropin:

Synthesis by the Human Fetus

Abstract. The kidney, and to a slight extent the liver, of human fetuses were found
to synthesize and secrete the o subunit common to glycoprotein hormones. Fetal
lung and muscle did not synthesize this protein. Since fetal kidney and liver were
previously found to synthesize B chorionic gonadotropin, their ability to synthesize
bioactive chorionic gonadotropin was also determined. The newly synthesized
hormone bound to mouse Leydig cells and elicited a biological response: namely, the
synthesis of testosterone. These results suggest that the human fetus may participate

in metabolic homeostasis during its development.

The concept that hormonal peptides
are a unique product of a single cell type
contained within a specialized organ
known as an endocrine gland has proved
to be too restrictive. Cells producing
certain hormones occur outside these
glands, and malignancies of nonendo-
crine tissues elaborate peptide hormones
(1). Other cell types (nonendocrine and
nonmalignant) also produce hormonal
peptides” (I—4). Recent studies on the

human fetal-placental unit show that the
placenta is a source of endorphin, adren-
ocorticotropin (ACTH), and hypotha-
lamic releasing hormones, and that the
fetal lung may produce ACTH and bom-
besin (5). Investigators in our laboratory
have shown that large amounts of immu-
noreactive human chorionic gonadotro-
pin (hCG) occur in a variety of human
fetal tissues (6) and that synthesis of the
[ subunit of this hormone can occur in

Fig. 1. Synthesis of a subunit by human fetal
tissue and its characterization. Immuno-
precipitation of newly synthesized « subunit.
Placenta and fetal kidney, liver, lung, and
muscle were obtained in the fresh state. The
gestations were uncomplicated and ranged
from 16 to 19 weeks. Approximately 1 g of
each tissue was cut into 2-mm slices and
placed in 10 ml of Krebs-Ringer bicarbonate

Radioactivity precipitated
(10~3x cpm/mg protein)
® 3

IS

N ke buffer, pH 7.4, containing 0.2 percent glu-
& & ¢ & 2 cose. The slices were incubated for 30 min-
Qj g ~ ~ § utes at 37°C in an atmosphere of 95 percent O,

and 5 percent CO,, after which time the
medium was changed and 20 wCi of [**S]methionine was added. After incubation for another 12 -
hours the medium and tissues were separated. The tissues were homogenized in 0.15M NaCl,
5smM EDTA, and 0.1M tris containing 0.1 percent Triton X-100 (NET-TX). Samples were
centrifuged at 40,000g for 1 hour at 40°C. The supernatants were decanted and 5 pl of a 10
percent suspension of Staphylococcus aureus capsule (SAC) was added per milliliter of
supernatant collected. The centrifugation was then repeated. The « subunit was precipitated by
mixing 100 wl of the tissue homogenates or incubation media with 50 pl of antiserum diluted
1:250 and allowing the mixture to react overnight at 4°C. Ten microliters of SAC were added
and allowed to react for 15 minutes at room temperature and sedimented by centrifugation at
12,000g for 1 minute. The complexes were washed three times with 100 pl of NET-TX buffer to
remove nonsp¢c1ﬁcally bound radioactivity. After the final wash, the SAC complex was
dlsrupted by exposing it to 0.IN KOH for 30 minutes. The supernatant was decanted and
counted in a liquid scintillation counter (PRIAS, Packard Instruments). The radioactivity is
expressed per milligram of protein as determined by a micro-Bradford assay. The results
represent. triplicate determinations on six separate fetuses * standard error of the mean for
media (solid bars) and tissue homogenates (open bars).
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fetal kidney and, to a slight extent, in
fetal liver (7). We now report that fetal
tissues can also synthesize the a subunit
common to glycoprotein hormones, and
that the newly synthesized hormone is
bioactive. These observations constitute
evidence that a nonendocrine fetal tissue
can synthesize a bioactive peptide that is
immunologically identical to hCG, and
support the hypothesis that the fetus
may participate in metabolic homeosta-
sis during its development.

High concentrations of hCG were
found previously in extracts of fetal thy-
mus, gonad, and kidney (6). Since thy-
mus and gonad cannot be reliably identi-
fied in abortion material, we chose to
investigate whether the observed high
renal concentration of hCG resulted
from sequestration of circulating hor-
mone or the de novo synthesis of hCG by
this organ. Tissues were identified from
16- to 19-week fetuses immediately after
they were aborted by dilatation-evacua-
tion during uncomplicated pregnancies.
All fetal tissues were examined micro-
scopically and found to be free of con-
taminating trophoblastic tissue before
use. Specimens of placenta, kidney, liv-
er, lung, and muscle were minced sepa-
rately and placed in Krebs-Ringer bicar-
bonate buffer containing 0.2 percent glu-
cose. After 30 minutes of incubation the
buffer was replaced and [>>S]methionine
was added. After a further 12 hours of
incubation at 37°C in an atmosphere of
95 percent O, and 5 percent CO,, the
tissues and medium were separated. Tis-
sue samples were homogenized in a buff-
er containing 0.1 percent Triton X-100,
with the medium being brought to the
same concentration of the detergent. All
samples were then centrifuged for 1 hour
at 40,000g. A suspension of attenuated
Staphylococcus aureus cells (SAC) was
added and the centrifugation repeated;
this procedure reduced nonspecific bind-
ing to the capsule during subsequent
immunoprecipitation.

The « subunit was precipitated with a
rabbit antiserum to intact hCG from
which B-hCG determinants had been ab-
sorbed by affinity chromatography. The
affinity column was prepared by linking 1
to 2 mg of B-hCG (CR123 B3, NIAMMD)
to 3 g of Affi-gel 10 (Bio-Rad) essentially
as recommended by the manufacturer.
After unreacted sites were blocked with
leucine methyl ester and extensive wash-
ing of the gel, the resin was packed in a
syringe and 2 to 3 ml of antiserum were
placed in the column and left there for 2
to 3 hours. The subsequent drop-through
fraction was found to be free of antibod-
ies to B-hCG by means of a binding assay
with '®I-labeled B-hCG.
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The absorbed antiserum was added to
portions of tissue homogenates and incu-
bation media. Immune complexes were
precipitated with 10 percent SAC, and
were washed three times in buffer con-

“taining 0.1 percent Triton X-100. The

complex was dissociated with base and
the precipitated protein counted in a
liquid scintillation counter. A standard
micro-Bradford assay was used to deter-
mine protein concentrations. Figure 1
shows the incorporation of [**S]methio-
nine into the immunoprecipitable a sub-
unit per milligram of total protein. Both
the placenta and fetal kidney actively
synthesized and secreted immunoreac-
tive a subunit. Low but consistent rates

of o subunit synthesis were observed in
the fetal liver. Immunoreactive protein
could not be detected in the fetal lung or
muscle. Immunocytochemical studies of
fetal tissue show (8) that the degree of
staining for the a subunit (as well as for
B-hCG) closely parallels the observed
rate of synthesis of the proteins, with
placenta staining more darkly than kid-
ney. Small numbers of hepatocytes ap-
pear to have intracellular stores of the
subunits, whereas no specific staining
occurs in the lung or muscle (8).

To ensure that only the « subunit was
being recognized by the precipitation
procedure, we subjected the precipitated
protein, after its dissociation from the

0
1
>

Fig. 2. Electrophoret-
ic analysis of immu-
noprecipitated protein.
Tissue homogenates

8 - were concentrated ten-
fold by means of Ami-
con filters and then
precipitated. After

4 -

precipitation the SAC
complex was disrupt-
ed by exposure to
SDS buffer (0.01M so-
dium phosphate, pH
7.0, 1 percent SDS, 1
mM  B-mercaptoeth-
anol) and boiling for 1
minute. After the SAC had been sedimented, the samples were subjected to electrophoresis on
SDS disk-gels according to a modification of the Weber Osborne method with the use of a 10
percent acrylamide running gel (0.5 by 8 cm) and a 4 percent acrylamide stacking gel (0.5 by 1
cm). The gels were run at pH 8.6 and 6 mA per gel until the bromphenol blue dye front neared
the bottom of the gel. Gels were frozen on dry ice and cut into 2-mm slices. The slices were
placed in scintillation vials containing 3 percent Protosol in Scintiverse (Fisher Scientific),
heated to 60°C overnight, and counted. (A) Electrophoresis of '*’I-labeled « subunit before (@)
and after (A) immunoprecipitation. The subunit has an Rg of 0.82 and comigrates with highly
purified a subunit. No radioactivity was detected after precipitation, but the subunit was noted
after the SAC complex had been disrupted and the precipitated protein electrophoresed (CJ). (B
and C) Analysis of (B) placental and (C) kidney tissue extracts before (@) and after (A)
precipitation. Electrophoresis of the precipitated protein resulted in a single band that
comigrated with purified « subunit ((J). No changes occurred in the electrophoretic patterns of
liver, lung, or muscle extracts before or after precipitation.

Radioactivity (1072 x cpm/slice)

e

0 10 20 [o] 10 20 0 10 20
Slice number

o

Fig. 3. Mouse Leydig cell bioassay for human
luteinizing hormone (hLH) and hCG activity.
Cells from the testes of 5- to 7-week-old mice
were mechanically dispersed in Medium 199
containing Hanks salts, glutamine, collage-
nase, and deoxyribonuclease. After disper-
sion, the cell concentration was adjusted to
400,000 Leydig cells per 100 pl of Medium 199
containing Hanks salts. Human LH and hCG
activity was measured by radioimmunoassay
of testosterone biosynthesis after 3 hours of
incubation with standard hCG (0 to 80 pg) or 5
M ul of tissue homogenate and incubation medi-
um. Any testosterone present in the added
medium or homogenate was subtracted from
the experimental values. The cells were cen-
trifuged after incubation and before the tes-
tosterone assay. The cells were washed extensively in phosphate-buffered saline containing 1
percent gelatin, then solubilized and counted in scintillation fluid containing 3 percent Protosol
(Fisher Scientific). The radioactivity bound to the cells was completely removed by the addition
of 1000 pg of unlabeled hCG. The radioactivity bound to the Leydig cells and the nanograms of
testosterone produced are expressed per milligram of protein added to the cultured cell. T,
tissue; M, medium.
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SAC-antibody-antigen complex, to sodi-
um dodecyl sulfate (SDS)-polyacryl-
amide gel electrophoresis. The standard
125].]abeled o subunit was completely
precipitated by the antiserum and could
be recovered when the complex was
disrupted (Fig. 2). Disruption of the com-
plex yielded a single labeled protein that
comigrated with highly purified a sub-
unit. Furthermore, no newly synthesized
protein was detected by the antiserum
when excess unlabeled o subunit was
included in the precipitation reaction.
Since we had found previously that
fetal kidney, and to a lesser extent, liver,
can synthesize and secrete the 3 subunit
of hCG (7) and that both subunits occur
in similar cell populations of the placen-
ta, kidney, and liver (8), we examined
the bioactivity of the hCG of fetal origin.
We used a modification of the Van
Damme mouse Leydig cell assay (9), in
which human luteinizing hormone (hLH)
and hCG stimulate testosterone produc-
tion by dispersed cells. Incubation media
and tissue homogenates were obtained
as described, except that detergent was
deleted; portions of each sample were
added to the cultured cells and, after
incubation, the culture medium was as-
sayed for testosterone. Finally, the Ley-
dig cells were washed, solubilized, and
counted to determine the extent of bind-
ing of newly synthesized hormone.
Chorionic gonadotropin synthesized
by placenta and kidney was found to
bind to Leydig cells (Fig. 3). This binding
of the labeled hormone was completely
abolished by the addition of excess, un-

labeled hCG, suggesting specific binding

of the newly synthesized hormone to the
cell surface. Both placental and fetal
hCG was bioactive, as evidenced by
Leydig cell testosterone production. It is
of interest that the hCG of fetal kidney
origin was more bioactive than the pla-
centa-derived hormone. We reported
previously that chorionic gonadotropin
from the fetal kidney is significantly
more bioactive than the hormone ex-
tracted from the placenta or from other
fetal tissues (6). The possibility that hCG
synthesized by the fetal kidney is confor-
mationally distinct from other forms
awaits further investigation.

Although the physiologic role of hCG
past the first trimester remains obscure,
the finding that the fetus synthesizes
bioactive hormone during the second tri-
mester suggests a possible regulatory
function. Chorionic gonadotropin stim-
ulates dehydroepiandrosterone sulfate
production by the fetal zone of the fetal
adrenal cortex (10, 11), and this zone is
histologically normal into the second tri-
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mester in fetuses lacking ACTH (/2).
Similarly, anencephalic fetuses have his-
tologically normal thyroid glands despite
the lack of thyroid-stimulating hormone
(13); fetal hCG appears to bind to micro-
somes prepared from the fetal thyroid
(I14) and may exert a trophic effect. In
addition, it is well established that hCG
can bind to the human fetal testis result-
ing in testosterone biosynthesis (15).
Taken together, these observations
suggest that hCG may partially regulate
fetal steroidogenesis and possibly influ-
ence the development or maintenance of
tissue differentiation. The autoregulatory
role of this hormone during human fetal
development awaits further investiga-
tion.
W. G. McGREGOR
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Reproductive Endocrinology Center,
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Mobilization of Cellular Calcium-45 and Lead-210:

Effect of Physiological Stimuli

Abstract. Isolated rat hepatocytes in primary culture were used as a model system
to evaluate the effects of selected hormones and culture conditions on the efflux of
calcium-45 and lead-210 from cells labeled with these isotopes. Alpha-adrenergic
stimuli, angiotensin, vasopressin, dibutyryl adenosine 3',5'-monophosphate, and
reduced phosphate concentrations in the medium increased the efflux of calcium-45
and lead-210. Glucagon and insulin had no effect, but increased phosphate concen-
trations decreased the efflux of both isotopes. Experiments with hepatocytes cultured
in a medium free of calcium and lead demonstrated that the increased efflux of
calcium~45 and lead-210 induced by hormones was the result of mobilization of the
ions from intracellular stores. The data indicate that the physiological stimuli that
mobilized calcium ions also mobilized lead ions, and that the mobilized lead would
be available to interact with calcium-mediated cell functions.

Experimental and clinical studies
show that the physiological regulators of
calcium metabolism regulate systemic
lead metabolism in a similar manner (/).
However, the effects of the physiological
regulators of cellular calcium metabo-
lism on cellular lead metabolism have
not been studied systematically. For the
most part, lead and calcium are associat-
ed with mitochondria, and their subcellu-
lar distribution is similar in isolated cells
(2) and synaptosomes (3). That the cellu-
lar metabolism of lead is similar to that of
calcium is further supported by the ob-
servation that the energy-dependent up-
take of Pb>" by mitochondria shares
many of the characteristics of the Ca?*
accumulation reaction (4).

In our laboratory, rat hepatocytes in

primary culture have been used as a
model system to study cellular interac-
tions of lead and calcium (5). The effect
of hormones on cellular calcium metabo-
lism may be studied by measuring
changes in the rate of “*Ca loss from
cells labeled with this isotope (6). We
conducted the experiments described
herein in order to compare the mobiliza-
tion of 2'°Pb and “’Ca from hepatocytes
by physiological stimuli.

The effects of selected hormones and
culture conditions known to affect the
efflux of “*Ca from labeled hepatocytes
(6), or suspected of such activity, are
presented in Fig. 1. a-Adrenergic ago-
nists (epinephrine with propranolol and
norepinephrine with propranolol), angio-
tensin, vasopressin, dibutyryl adenosine
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