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Molecular Endocrinology of Early Pregnancy

Goal

To understand how hCG (human chorionic
gonadotropin), the most important proteohor-
mone of human first-trimester placenta, folds

and assembles during biosynthesis.

Background

The implantation of the human embryo into the
uterus requires a highly sophisticated environment
of steroid and proteohormones, growth factors
and a definite cellular ambience. For initiation
and maintenance of human pregnancy hCG is a
mandatory factor. This fetal protein is produced
by the blastocyste before implantation and by
the placenta. It is a member of the glycoprotein
hormone family, (LH, FSH, TSH, hCG) and is
composed of a common a-subunit (GPH-a.) and
o hormone-specific B-subunit (hCGp). Structural
integrity of both subunits is maintained by a cluster
of disulfide bridges typical for proteins of the
growth-factor cystine-knot protein family. Correct
folding, disulfide bridge formation, attachment of
N-glycans, and subunit assembly is necessary
for acquirement of the biological functions of
hCG and is warranted by the quality control of
the endoplasmic reticulum (ER). Using a panel
of 15 extensively characterized monoclonal
antibodies (mAbs), monitoring folding in definite

microdomains, we investigate the chronology of
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these processes, their interdependencies and the
generation of molecular variants of hCG and free

subunits.

Research Highlights

Subunit assembly seems to take place immedi-
ately after translation between N-glycosylated,
almost completely folded GPHa and immature
hCGp (1, 4). Folding of hCGp starts around the
cystine knot region together with the formation
of immunologic epitopes on loops L2 and L3 (1).
The formation kinetics even of the strongly over-
lapping epitopes B2 and B4 located on loops L2
and L3 could be resolved by the correspond-
ing mAbs indicating the power of the technique
used. Maturation of the hCGp part of hCG ap-
heterodimers occurs within 40 min. In that time,
while being associated with GPHa, hCGp passes
through at least 8 intermediates due to the pro-
gression of disulfide bridge formation. Some of
these intermediates represent complexes with
chaperones (calnexin, calreticulin, BiP) (4).
During folding of the intact hCGp, a hCGp core-
fragment (hCGp,) epitope is formed transiently
(1). This epitope is increased in Down’s syndrome
pregnancies serving as a diagnostic marker for
early detection (Triple-test). It was so far de-
scribed only on a proteolytic fragment reportedly

generated in the mother’s kidney. This does not
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make sense because hCGp of a Down’s fetus
is structurally not different from hCGp of normal
pregnancy. Our findings suggest a more reason-
able explanation which could imply in Down’s syn-
drome pregnancy the release of intact immature
hCGp expressing a hCGp, epitope either due to
a leakiness of the quality control or an increased
destruction of placenta cells.

Sialylo
forms of GPHoe homo- Large free Mature free hCGR
dimers GPHo |

el @

*
- —
Eape, e 1’" _'EE
} — —Folded hCG ap-
Free GPHa // heterodimers
| i hi ‘1“',:-
gﬂ%ﬁrﬁnmn- *'*
dimers % [ Free hCGP
ﬁgﬂ s

Folding intermediates
GPHaa homodimer, of hCG afi-heterodimer
ready to leave ER chaperone complexes

Fig.2: Snapshot of hCG and subunit variant maturation
in JEG-3 cells approximately 10 min before the start
of secretion. CNX, calnexin; CRT, calreticulin; ERp57,
glycoprotein-specific protein disulfide isomerase; OST,
oligosaccharyltransferase.

Besides forming hCG af3-heterodimers excessive
GPHo dimerizes to yield GPHaoo homodimers
or undergoes further glycosylation, generating
free large GPHa (3). GPHa.oo homodimers were
also observed in the seminal plasma of healthy
fertile men (2). Free hCG, free large GPHa and
GPHoa are processed and sialylated within 40
min whereas the hCG ap-heterodimers have
not yet reached the medial Golgi most probably
due to prolonged interaction with the calnexin/
calreticulin/ERp57 cycle inthe ER (4, see Figure 2).
Our investigations show that in the case of hCG
subunit assembly decreases the hCG folding, in
contrast to immunoglobulin synthesis were the
assembly of subunits drives folding.
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