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Human chorionic gonadotropin is a glycoprotein hormone that, like LH, stimulates steroidogenesis in gonadal cells.
Using a desialylation process, 95 per cent of the sialic acid residues from an intact standard hCG molecule were
eliminated and then the electrophoretic properties and the bioactivity of the desialylated hCG were determined.
Using rat Leydig cells as a biological model, the binding a�nity to LH receptors of Leydig cell membranes,
steroidogenic activity and second messenger production were studied. The results indicate that the loss of sialic acid
from the hCG molecule slightly increases the binding activity to LH receptors and results in steroidogenic activity
with an increased ED50. Cyclic AMP production was signi®cantly reduced however and arachidonic acid release
was not observed. Several possible mechanisms that could explain these results are discussed. # 1998 John Wiley &
Sons, Ltd.
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INTRODUCTION

Human chorionic gonadotropin (hCG) stimulates
steroidogenesis in target cells (e.g. testicular
Leydig cells, ovarian granulosa cells and luteal
cells) through the binding to speci®c plasma
membrane receptors and subsequent activation
of adenylate cyclase system.1 This glycoprotein
consists of two di�erent subunits (a and b), both of
which contain two asparagine-linked sugar chains,
and the b subunit contains four additional serine-
linked mucin-type sugar chains (Figure 1A).2

Speci®c sugars binding to both amino acids in
the a and b polypeptidic chains are also depicted
(Figure 1B).

The functional role of the sugar moieties has
been extensively studied3±6 in attempts to obtain

information on the structure±function relationship
of the hCG molecule.7;8 These studies acquire
special attention due to recent results that di�erent
molecular forms of hCG have been identi®ed
in biological ¯uids of normal individuals and
patients with various physiopathologic processes.9

Recently, due to highly sensitive immunological
and speci®c assays, the determination of the
various forms of hCG has become of clinical use-
fulness in the diagnosis of pathological con-
ditions.10±13

It has been demonstrated that sialic acid
determines the survival of glycoprotein in the
circulation.3;14 More speci®cally, the desialylated
hCG (ds-hCG) shows accelerated metabolic clear-
ance rate (MCR) in humans in spite of reduced
renal excretion,14 and loss of in vivo activity in the
rat attributed to the rapid clearance of that form of
deglycosylated hCG.3;15;16 Although several studies
have underscored the potential clinical signi®cance
of sialic acid-modi®ed forms of hCG, we do not
know at present if this hCG-derived structure
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has an additional biological signi®cance or if it
represents a control mechanisms for the bioactivity
of the native hormone. In the present study, and as
a main objective to evaluate a possible biological
role of desialylated hCG, native standard hCG
was desialylated and the in vitro bioactivity was
determined.

Studies were performed with rat Leydig cells as
the biological model, and our results demonstrated
that (a) the neuraminidase treatment produces a
loss of 95 per cent of the sialic acid residues; (b) the
resulting ds-hCG shows a slight increase of the
binding activity to LH/hCG receptors on mem-
brane Leydig cells with a retention of the ability to
increase testosterone production (although with
an increased ED50), but (c) it produces very low
levels of cAMP and no stimulation of arachidonic
acid release, suggesting that this form of hCG may
represent a control mechanism for the native
hormone activity.

MATERIALS AND METHODS

Chemicals

Medium 199 and Eagle's minimal essential
medium (EMEM) were obtained from Grand
Island Pharmaceuticals (NY, U.S.A.). Collagenase
was from Worthington Biochemicals Co. (Free-
hold, NJ, U.S.A.) and hCG (CR 127) was
donated by NIH, U.S.A. [125I]-hCG was iodinated
by the iodogen method.17 The cyclic AMP kit and
[14C]-arachidonic acid (sp. act. 55 Ci mmolÿ1) were
from Amersham, International plc, U.K. The
testosterone kit was from Steranti Research Ltd.
London, U.K. RCA120-peroxidase lectin, and
all other chemicals were from Sigma Chemical
Co. (St. Louis, MO, U.S.A.)

Desialylation Process

Standard hCG (CR 121 generously donated by
Dr S. Birken, Columbia University NY, U.S.A.)
was incubated with neuraminidase (type X, 0.05
units) for 1 h at 378C in 0.5 MM sodium acetate
pH 5 in the presence of 2 mg mlÿ1 aprotinine.
Bu�er was exchanged and released sialic acid was
removed by microdialysis against 0.025 MM sodium
acetate pH 5. Next, a second aliquot of 0.05 units
of neuraminidase was added and the mixture
incubated again for 1 h at 378C. Sialic acid was
removed by microdialysis against 1 per cent acetic
acid. The remaining sialic acid in the ds-hCG
molecule was < 5 per cent of the original amount
as determined by Dr Steven Birken, University of
Columbia, NY, U.S.A.

Gel Electrophoresis and Dot Staining
of Desialylated hCG

Sodium dodecylsulphate (SDS)-polyacrylamide
gel electrophoresis in a gradient (10±20 per cent)
under non-reducing conditions was performed
according to the procedure described by
Laemmli.18 Electrophoretic bands were stained
with silver nitrate. Additionally, the desialylated
hormone was detected by dot-staining which
recognizes b-galactose terminal residues. Di�er-
ent concentrations of desialylated hCG were
incubated overnight on a nitrocellulose ®lter with
RCA120-peroxidase lectin using intact hCG as
control. The enzymatic activity of peroxidase was
revealed with diaminobenzidine (DAB) as a sub-
strate.

Figure 1. Structure of hCG. (A) Heterodimer of hCG with the
total number of amino acid residues which are components of
the subunits a and b. Terminal amino and carboxylic residues
and the amino acids with glycosidic groups (CHO) are shown.
ASN, asparagine; SER, serine. (B) Glycosidic residues bound
to ASN from the a and b chains and to SER from the b chain.
Man, mannose; GalNAc, N-acetylgalactosamine; GlcNAc,
N-acetyl glucosamine; NANA, N-acetyl neuraminic acid; Gal,
galactose.
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Binding Activity

The rat testis radioligand assay was used.19

Testes from adult male rate (60±80 days old) were
decapsulated and interstitial cells were obtained as
described previously.20 Native hCG was iodinated
with [125I]-Na using the iodogen method as
described.17 After 15 min, unreacted free iodine
was separated from the labelled hormone by gel
®ltration on a Sephadex G-50 column. Approxi-
mately 8 ng of [125I]-hCG (2� 105 c.p.m.) were
incubated with interstitial cells homogenate for
90 min in the presence of di�erent concentrations
of hCG or ds-hCG. The binding of [125I]-hCG to
particulate components located on the interstitial
cell membranes was speci®cally inhibited by the
presence of di�erent dose of unlabelled hCG or
ds-hCG. The percentage of bound hormone to
membrane LH/hCG receptors (per cent Bo ) in the
presence of increasing hCG or ds-hCG concentra-
tions is depicted in the ®gures where the results are
representative of three di�erent independent
experiments.

Steroidogenic Activity

Testes from adult male rats (60±80 days old)
were decapsulated and interstitial cells were
obtained as described previously.20 Approximately
3� 106 interstitial cells were preincubated for
30 min and then incubated under continuous
shaking with di�erent doses of intact hCG and
ds-hCG for 3 h at 378C in a humidi®ed atmosphere
of air:CO2/95 per cent:5 per cent. Subsequently
testosterone production was determined by radio-
immunoanalysis (RIA). The testosterone antibody
was supplied by Steranti Research Ltd., London,
U.K., and the procedure followed has been
described previously.20 The results of testosterone
production are expressed as percentage of stimula-
tion over the control value and represent the
mean+SD of three di�erent experiments run in
triplicate.

Cyclic AMP Production

Interstitial cells obtained as stated above, were
preincubated with isobutyl methyl xanthine
(IBMX) (0.1 mMM) for 30 min and then incubated
for 3 h with di�erent concentrations of hCG or
ds-hCG in an atmosphere of 95 per cent air±5 per
cent CO2 at 348C. Subsequently, total cAMP pro-
duction in the incubation medium was determined

by RIA according to the manufacturer's instruc-
tions. Results are expressed as the mean+SD of
three duplicate experiments.

Arachidonic Acid Release from Leydig Cells

Testes from adult male rats (60±80 days old)
were perfused to eliminate red blood cells. Inter-
stitial cells obtained as before were puri®ed in a
continuous Percoll gradient (10±80 per cent).20

Puri®ed Leydig cells (90 per cent) were evaluated
through demonstration of positive staining for
3b-hydroxysteroid dehydrogenase (3b-HSD)
activity. Leydig cells were then incubated for 4 h
with 1�5 mCi of [14C]-arachidonic acid (sp. act.
55 Ci mmolÿ1) to allow the incorporation of this
fatty acid into membrane phospholipids. Subse-
quently cells were incubated for 2 h with ds-hCG
using intact hCG as control. Total [14C]-arachido-
nic acid (intracellular plus that in the incubation
medium) was determined by adding 2 ml of cold
methanol to the cell suspension, and samples were
stored under N2 at ÿ208C until analysis. [14C]-
arachidonic acid was extracted from the methanol
phase with a solvent mixture added in the following
order: 1 ml chloroform/32 ml HCl (12.06 N)/20 mg
of non-radioactive arachidonic acid/1 ml chloro-
form/1 ml KCl 0.5 MM.21 The phases were separated
by low speed centrifugation, the ®nal chloroform
phase dried under N2 and [14C]-arachidonic acid
was separated from other lipids by thin layer
chromatography on silica gel plates. The ascending
chromatography was developed with a mixture of
hexane/diethylether/acetic acid (65/35/4, v/v/v).
The [14C]-arachidonic acid band was detected with
I2, scrapped into scintillation cocktail and analysed
by liquid scintillation counting in a Beckman LS
5000 TD Liquid scintillation spectrometer.

Statistical Studies

Data are expressed as means+SD and di�er-
ences between groups were evaluated by the
Student's t-test. Di�erences were considered signi®-
cant if P4 0�05:

RESULTS

Upon SDS-gel electrophoresis both native hCG
and ds-hCG showed two bands corresponding
to the a and b subunits (Figure 2). However a
and b subunits in ds-hCG migrated faster than
the corresponding bands in hCG indicating a
reduction in molecular weights (Figure 2, lanes 1

EEFFFFEECCTT OOFF DDEESSIIAALLYYLLAATTEEDD hhCCGG OONN RRAATT LLEEYYDDIIGG CCEELLLLSS 23

# 1998 John Wiley & Sons, Ltd. CELL BIOCHEMISTRY AND FUNCTION VOL. 16: 21±28 (1998)



and 2 for hCG and ds-hCG respectively). The
estimated molecular weights for hCG subunits
were 22,000 �a� and 33,000 �b�. The estimated
molecular weights for the a and b subunits of the
ds-hCG were 20,000 and 26,000 respectively.
Di�erent concentrations of intact hCG (Figure 3,

lane 1) and ds-hCG (Figure 3, lane 2) were
incubated with RCA120-peroxidase lectin. The
results demonstrate that only the ds-hCG showed
a dose-dependent positive reaction to the lectin
indicating a loss of sialic acid residues within the
intact molecule of hCG and an exposure of the
galactose residues as shown in Figure 1.
Desialylated hCG showed no loss of activity in

the radioligand assay system employing binding
fractions prepared from the rat testis. On the
contrary, when compared to intact standard hCG,
the binding ED50 concentration for ds-hCG
decreased, indicating a slightly higher a�nity for
LH/hCG receptors. The ED50 for both the ds-hCG
and intact hCG binding activity were 3 and
6 ng mlÿ1 respectively (Figure 4).

The steroidogenic activity of the ds-hCG
showed a slight increase in the ED50 (0

.5 ng mlÿ1)
when compared to the intact hCG (0.2 mg mlÿ1)
although the maximal production of testosterone
was similar (Figure 5). Conversely, the cAMP

Figure 2. Electrophoresis properties of hCG and ds-hCG.
Gradient SDS-polyacrylamide gel electrophoresis (10±20 per
cent) under non-reducing conditions. The gels were stained
with silver nitrate. Lane 1: standards; lane 2: intact hCG
(CR 127 NHPP); lane 3: ds-hCG (CR 125 Dr S. Birken).
Arrows indicate b and a subunits respectively.

Figure 3. Dot staining. Di�erent concentrations of hCG
(lane 1) and ds-hCG (lane 2) were incubated overnight with
RCA120-peroxidase lectin as described in Materials and
Methods.

Figure 4. Dose±response curves of intact (&) or ds-hCG (*)
in rat Leydig cells radioligand assay system. Approximately
200,000 c.p.m. (8 ng) of [125I]-hCG were incubated with an
interstitial cell homogenate for 90 min in the presence of
di�erent concentrations of intact hCG or ds-hCG. Speci®c
binding displacement curves are shown. Results are expressed as
the percentage of bound hormone to LH/hCG receptors and are
representative of three di�erent independent experiments.

21
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production was very low compared with the cAMP
produced by the intact hormone (Figure 6). In
addition, cAMP production was not augmented
with increased ds-hCG concentrations as observed
with intact hCG where a dose-response stimulation
in cAMP production was obtained.

Radioactive arachidonic acid (14C-AA) incorpo-
rated into puri®ed membrane Leydig cells was
released by a hormonal stimulation with hCG
(Figure 7); intact hCG (2 ng) signi®cantly stimu-
lated the arachidonic acid release compared with
untreated Leydig cells. The results show that no

Figure 5. Testosterone production with di�erent concentrations of ds-hCG. Approximately 3� 106 cells were incubated in the
presence of di�erent concentrations of intact hCG (&) or ds-hCG (*) for 3 h in at atmosphere of 95 per cent air±5 per cent CO2 at
348C. Testosterone concentration was determined in the incubation media by RIA. Results represent the percentage of stimulation
over the controls of three experiments run in triplicate (mean+SD).

Figure 6. Cyclic AMP production by ds-hCG. Approximately 3� 106 cells were incubated in the presence of isobutyl methyl
xanthine (IBMX) and di�erent concentrations of intact (&) or ds-hCG (*) for 3 h in an atmosphere of 95 per cent air±5 per cent
CO2 at 348C. Cyclic AMP production in the media was determined by RIA. Results are expressed as pmol mlÿ1 of three
experiments run in duplicate and represent the mean+SD �P4 0�05.
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stimulation of arachidonic acid release was
obtained in the ds-hCG treated cells (10 ng). The
ds-hCG concentration used was higher than the
hCG concentration because of the di�erent ED50
for the testosterone production and the very low
levels of cAMP produced with the desialylated
hormone.

DISCUSSION

The results demonstrated that the neuraminidase
treatment of hCG produced a loss of 95 per cent of
the sialic acid content of the intact molecule. The
a�nity of ds-hCG for LH/hCG receptors was
slightly increased, but a full retention of steroido-
genic activity was obtained with ds-hCG. Never-
theless, low levels of cAMP and no stimulation of
arachidonic acid release was observed following
treatment with ds-hCG. When hCG looses its sialic
acid groups, it exposes the galactose residues as
demonstrated by the dot blot analysis with
RCA120-peroxidase. In addition, the elimination
of sialic acid residues produces a decrease in the
apparent molecular weight of the hormone as
shown in the electrophoresis studies. It has been
demonstrated that the sialic acid content of
glycoprotein hormones increases the plasma mean
life-time for these hormones; thus desialylated
glycoproteins have reduced in vivo survival.14

Using isoelectric focusing, electrophoresis and
other related methods, hCG microheterogeneity

has been demonstrated.22 This heterogeneity and
di�erences in the size and charge of hCG have been
attributed to variations in the sialic acid content
and oligosaccharide structures of the carbohydrate
moieties.23 The biological activity of the hormone
does not change, however, as shown by the in vitro
e�ect of the ds-LH/hCG on the testosterone
production in Leydig cells24;25 (this report). In
addition, the binding a�nity is improved when
hCG has lost its sialic acid residues, as judged
by the reduced binding ED50 for the ds-hCG
compared with the intact hormone. These results
are in accord with previously reported data for
di�erent forms of deglycosylated hCGs.25;26

The ds-hCG produces very low levels of cAMP.
It is noteworthy that in spite of the low cAMP
levels, the testosterone production is similar to that
stimulated by the intact hCG. One can conclude
that very low cAMP levels are enough to stimulate
steroidogenesis by Leydig cells. Di�erent authors
have postulated that additional mechanisms could
be involved in the LH/hCG action on Leydig cells
that should operate at low doses of hCG and before
cAMP production.27;28 We have found that in
Leydig cells, LH/hCG stimulates the release of
arachidonic acid in a time- and dose-dependent
manner29 suggesting the involvement of this fatty
acid as a second messenger in the LH/hCG action
on Leydig cells, as previously reported for di�erent
somatic cells.30 Having in mind the possibility
that ds-hCG could stimulate the testosterone

Figure 7. Arachidonic acid release by hCG and ds-hCG. Puri®ed Leydig cells were incubated for 4 h with 1.5 mCi of
[14C]-arachidonic acid (sp. act. 55 Ci mmolÿ1). Cells were then stimulated with intact (2 ng) or ds-hCG (10 ng) for 1 h. Arachidonic
acid release was determined as described in Materials and Methods. Results represent the mean+SD of two triplicate experiments.
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production through a di�erent second messenger
(before or in addition to cAMP), we evaluated the
e�ect of ds-hCG on arachidonic acid release. We
found, however, that, in contrast to intact hCG,
ds-hCG was unable to stimulate arachidonic acid
release. The most acceptable explanation for the
steroidogenic e�ect of ds-hCG could be related to
the existence of a strictly functional cytoplasmic
compartmentalization. Thus, very low increases in
cAMP production (not necessarily detectable
experimentally) could induce the activation of
strategically-distributed protein kinase molecules.
These modi®cations could be enough to amplify
the original response to LH/hCG and thus
stimulate protein kinase A.24 Although protein
kinase C and Ca2�-calmodulin protein kinase have
also been involved in the control of testicular
steroidogenesis,31±33 both explanations need not be
mutually exclusive. Nevertheless, di�erent mechan-
isms could be operating in di�erent populations of
Leydig cells. These cells have been demonstrated to
be an heterogeneous population with di�erent
types of LH receptors, di�erent responses to
stimulus, di�erent sizes and perhaps di�erent
isoenzymes of the testosterone biosynthetic path-
way.34±38 In addition, chloride ¯uxes, occurring
before cAMP production has also been suggested
as part of the mechanism of LH/hCG action on
Leydig cells.39;40

Since ds-hCG did not activate the production of
other putative second messengers (arachidonic acid
release) that could explain an early steroidogenic
e�ect and/or additional responses in Leydig cells,
the results presented in this paper suggest that this
form of hCG may represent a control mechanism
for the native hormone activity.
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