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Abstract

The comparison between fetal and maternal levels of immunoglobulins indicate that the human placenta during pregnancy develop
a specific transport mechanism for IgG in the maternal to fetal direction. There are differences for the four subclasses, with preferentia
transfer of IgG while the slowest transfer is seen for IgG

Under in vitro perfusion conditions of human term placenta IgG, when compared to other proteins, showed a significantly higher transfer
rate of its subclasses from the maternal to the fetal side, indicating a specific transport mechanism. There is a preferential transfer rat
highest for IgG and lowest for IgG, similar to those observed under in vivo conditions. The similarity in transfer of anti-TT-IgG and
tetanus antigen, which was observed under in vivo and in vitro conditions, may suggest the transport as antibody—antigen complex.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction allowing intact IgG to be released into the fetal circulation.
Many studies have been performed to localize IgG in pla-

Intrauterine or perinatally acquired infections are impor- cental tissue, using various techniques such as immunofiu-
tant causes of perinatal mortality and morbidity. Because of orescence, immunocytochemistry, colloidal gold complexed
the immaturity of the fetal immune system, immunoprotec- protein-A, and conjugated peroxidg8e5]. The isolation of
tion of the fetus and neonate is dependent on the placentalthe IgG Fe-receptor from detergent-solubilized membrane
transmission of maternal antibodies, which is apparently extracts of human placental tissue has produced bands with
limited to immunoglobulin class G (IgG) in an exponential varying molecular weight$s,7]. Kinetic studies of human
profile during the last weeks of pregnancy. The transfer IgG binding to placental Fc-receptor have resulted in dif-
of maternal antibodies, which includes all IgG subclasses ferent values for binding association constants and the to-
[1-4], providing the newborn with sufficient passive im- tal number of binding sitef8—10]. While the detection of
munity against infectious pathogens until maturation of Fcy-receptor using immunohistochemistry has clearly indi-
the neonatal immune system, is an important process forcated that all three subtypes (I, Il and IIl) are expressed in
extrauterine survival. human placental tissud1,12] a Swedish group has sug-

A specific receptor mediated binding of theyHgortion gested that placental alkaline phosphatase (PLAP), which is
of IgG at the maternal surface of the placenta was proposedan enzyme with optimal activity at higher than physiological
as the first step in the transport mechanism by which IgG pH, acts as a receptor for Ig(&3,14]
is transferred from the mother to the fetil§. The selec-
tive binding of maternal IgG at the surface of the syncy-
tiotrophoblast is followed by transmission of IgG in coated 2. |n vivo observations
vesicles across the trophoblastic laygjs The coated vesi-
cles supposedly protect IgG against lysosomal proteolysis, opservations described in the following section are de-

rived from an in vivo study{15,16] in which paired blood
T Tel.: 141-31-632-11-97: mobiles41-76-510-74-56: samples were collected between 17 and 41 weeks of gesta-
fax: +41-31-632-11-99. tion (WG) by puncture of a peripheral maternal vein and by
E-mail address: antoine.malek@dkf2.unibe.ch (A. Malek). cordocentesis (17-36 W@, = 91) or directly at delivery
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(37-41 WG,n = 16) from the umbilical vein. Additional  with close correlation. This observation could be an indica-
maternal samples were collected from the same individual tion for specific transfer of the antigen antibody complex.
(n = 16) at 10, 20, 30 WG, and at term. The transmission of antigen across the placenta is sup-
The mean levels of IgG and immunoglobulin class A ported by experimental studies in rats, in which the im-
(IgA) in maternal sera at 9-16 WG were. I3+ 2.53 and munization of the pregnant female led to the transplacental
3.95+ 1.23gl/l, respectively. Both IgG and IgA through- immunization of her fetuses as indicated by the detection of
out pregnancy decreased to a level of 60—70% (37-41 WG)fetal IgM anti-TT in the infantd17]. Similar observations
of the initial concentration in early pregnancy. The ratio of were also reported from human studies. Maternal vaccina-
1gG1:1gG, in the maternal circulation was 2:3 and remained tion in the last trimester of pregnancy was associated with
constant throughout pregnancy (17-41 WG). 4g@d 1gG, the presence of IgM anti-TT in the cord blood sera. Such
levels remained constant and together were less than 10%antibodies might have been induced by transported TT, or
of total IgG. In the fetal circulation, a continuous rise in the through anti-idiotype reactiorj48].
level of both IgG and IgA was observed between 17 and 41  Other studies have shown that maternal immunization
WG. Fetal levels of IgG at 17-22 WG were only 5-10% of resulted in higher infant levels of vaccine-specific 19G
maternal levels and at term exceeded maternal levels reachantibody but not in the transfer of specific T lymphocyte
ing a value of 1198 + 2.18¢/l. IgG at 17-22 WG was  response(s) or production of neonatal antib@sj.
0.93+ 0.42 g/, which is approximately three times higher
than 1gG. IgG; showed an exponential rise and at 37-4l WG
its concentration was seven times higher thanld@Gs and 3. Invitro studies
IgG4 also showed an exponential rise and at term reached
similar levels as in the maternal circulation. The difference  Using the in vitro perfusion modeF{g. 1) of an isolated
from the results for Ig@, with a slow linear rise throughout  cotyledon from human term placerf20,21] the placental
gestation, was striking. Fetal IgGevels at term remained transport of various proteins present in human serum, such
significantly below maternal concentrations. The IgG sub- as immunoglobulins (IgG, IgA), specific anti-tetanus-1gG
classes, when characterized according to the differences in(anti-TT-IgG), and tetanus toxoid-antigen (TT-AG), was
transport capacity gave the following sequence: ;lg& investigated. In addition, the transport of IgG modified with
IgG, > 19G;3 > 1gG,. Fetal IgA showed a slow linear rise  biotin (IgG-BT) and'4C-bovine serum albumin'¢C-BSA,
with fetal levels at term remaining approximately 1000 times a permeability marker for macromolecules), was assessed.
lower than concentrations in the maternal circulation. The perfusate was recirculated on both maternal and fetal
The specificity of IgG transport across the human placentasides. After an initial stabilization phase of 2h (control
was further confirmed by calculating fetal to maternal level phase), media were changed on both sides and perfusion
ratios for anti-tetanus (TT)-IgG (specific antibody) and IgA was continued, comparing two different conditions (ex-
at term. The ratio for anti-TT-IgG was 1.41 which was 1000 perimental phase). In the first group (control experiments
times higher than for IgA. In the same study, a similar ratio (A, n = 3)), no test proteins were added during the ex-
was found between anti-TT-IgG and its antigen (TT-AG) perimental phase (4-6h). In the second groups(Bs 5),
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Fig. 1. Schematic diagram of the human placenta perfusion system. FA: fetal artery; FV: fetal vein; MA: maternal artery; MV: maternal vein.
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during the experimental phase (6h), the maternal perfu- [2] wild EA. Transport of immunoglobulins and other proteins from

sion medium contained IgG (Sandoglobuﬁ)neﬁ_]_o g/|), mother to young. In: Dingle JT, editor. Lysosomes in biology
anti-TT—IgG (21_25 mg/|) TT-AG (0 19-0.24 mg/|) and pathology, vol. 3. Amsterdam: North-Holland; 1973. p. 169—
' ' . ' 215.

and IgA _(0'13_0'19 g/l). 19G-BT (2 9/') and“C-BSA [3] Wood GW, Bjerrum K, Johnson B. Detectors of IgG bound within

(30—40 nCi/ml) were added to the medium on the maternal human trophoblast. J Immunol 1982;129:1479-84.

side. 1gGs and TT-AG were determined in the perfusates [4] Grifiith GD, Kershaw D, Booth AG. Rabbit peroxidase—antipero-
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1000 times higher than in the f?ta' circuit. In the experi- transfer of plasma proteins. Ph.D. thesis, University of Lough-
mental phase these levels remained constant at 50-80% of  porough; 1984.

control levels with no change in the last 4h of perfusion [8] McNabb TC, Koh TY, Dorrington KJ, Painter RH. Structure and

(group A)_ function of immunoglobulin domain V, binding of im_munoglobulin
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trace am_oums ot g - V! g ! . T [9] Johnson PM, Brown PJ. Review article: yreceptor in human
tectable in the fetal circuit within 1 h, with no significant placenta. Placenta 1981;2:355-70.
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the perfusion. In contrast, the detection of IgGs in the fetal Fey-receptor. Mol Immunol 1990;27:45-55.

circuit was delayed by 2 h. Thereafter, a continuous linear [11] Kameda T, Koyama M, Matsuzakai N, Tanaguchi T, Saji F, Tanizawa
O. Localisation of three subtypes of{~ceceptors in human placenta
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ratio of immunoglobulin G to immunoglobulin G in the [12] Sedmak DD, Davis DH, Singh U, van de Winkel JGJ, Anderson CL.
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a factor of 10 (0044 0.01) when compared with the natural [17] Gill 11l TJ, Repetti CF, Metlay LA, Rabin BS, Taylor FH, Thompson
IgG (0.49 + 0.08) or the specific antibody (anti-TT-IgG). DS, et al. Transplacental immunization of the human fetus to
The relative fetal-to-maternal ratio found for TT-AG ;eganus by immunization of the mother. J Clin Invest 1983;72:987—
(0‘48i_0'12) was similar _tO anti-TT-1gG (@6+0.11), and [18] Vanderbeeken Y, Sarfati M, Bose R, Delespesse G. In utero
approximately 4 and 50 times that ¥C-BSA (0.12+0.03) immunization of the fetus to tetanus by maternal vaccination
and IgA (Q01 + 0.01), respectively. Considering that the during pregnancy. Am J Reprod Immunol Microbiol 1985;8:39—
molecular weights of TT-AG and anti-TT-IgG were at least 42.

[19] Englund JA, Mbawuike IN, Hammill H, Holleman MC, Baxter BD,
Glezen WP. Maternal immunization with influenza or tetanus toxoid
vaccine for passive antibody protection in young infants. J Infect
Dis 1993;168:647-56.

[20] Malek A, Sager R, Zakher A, Schneider H. Transport of

References immunoglobulin G and its subclasses across the in vitro-perfused

human placenta. Am J Obstet Gynecol 1995;173:760-7.
[1] Brambell FWR. Transmission of passive immunity from mother [21] Malek A, Sager R, Lang AB, Schneider H. Protein transport across
to young and the catabolism of immunoglobulins. Lancet 1966;ii: the in vitro perfused human placenta. Am J Reprod Immunol
1087-93. 1997;38:263-71.

twice that of BSA and similar to IgA, the difference in
transfer suggests a specific mechanism of transport.
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