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plates were immediately immersed in 3 % glutaraldehyde in 0.2 mol/l phosphate buffer at pH 7.2 and
prepared for transmission electron microscopy as described in detail previously (Bourinbaiar and
Phillips, 1991; Phillips and Bourinbaiar. 1992).

Results

The inspection of productive infection revealed that all four tested trophoblast
cell lines are susceptible to HIV-1 infection as summarized in Table 1. However,
the infectivity of HIV-1 was dependent on the mode of virus delivery. None of
the trophoblast lines was permissive to cell-free virus in a detectable fashion.
Similarly, there were no signs of infection when choriocarcinoma cell lines were
exposed to HIV-1 carrying Ul monocytes or ACH-2 lvmphocytes which did not
adhere to trophoblasts. On the contrary, exposure to adherent MOLT-4/11IB
lymphocytes or U937/YHS monocytes resulted in infection of all tested tropho-
blasts. The infection of trophoblasts was characterized by very low RT activity
and p24 production. The results of direct viral detection from trophoblast culture
fluid 10 and 20 davs p.i.. revealed that there were barely detectable levels of p24
antigen (under 10 pg/ml of p24 with the detection limit of p24 kit being 7.8
pg/ ml) and RT activity of only 100-300 cpm/10 ul against 100-200 cpm/10 ulin
mock-infected trophoblasts. Mock-infected and HIV-infected trophoblasts re-
mained morphologically identical and no cyvtopathic effect could be observed in
trophoblast cells exposed either to free virus or cell-associated virus. One month
after inoculation the HIV-1 infection seemed to be established as a latent
infection with no detectable p24 release or RT activity. However. coincubation
Table 1. Infection of choriocarcinoma-derived trophoblast lines by cell contact with HIV-carrving

Iymphocytic and monocytic donor celis or by exposure to free HIV-1 from donor supernatants

Choriocarcinoma-derived trophoblast lings
Source of HIV

BeWo ENAMI JAR JEG-3

MOLT-4/11IB cells + + +

MOLT-4/111B sup. - - -

U937/YHS cells \D ND - ND
U937/YH5 sup. ND ND + /e ND
ACH-2 cells - - - ND
ACH-2 sup. - - - ND
Ul cells - - - ND
Ul sup. - - - ND

Amount of cell-free viral inoculum in supernatants (sup) was adjucted to \m levels of infectious
viruses in HIV-producing donor cells according to a procedure described earlier (Bourinbaiar er al.

1991a). Positive (+) or negative (-) infection was confirmed by virus culture \\mh MT-4 lvmphocytes
using both p24 ELISA and RT assay at least in two separate experiments. ND not done: U937/YHS
and JEG-3 cells were discontinued due to persistence of antibiotic-resistant mycoplasma
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of all trophoblast lines, exposed beforehand to MOLT-4/111B or U937/YH5
cells, with non-infected indicator MT-4 lymphocytes resulted in heavy viral
production with typical levels of p24 above 1000 pg/ml and RT activity higher
than 3500 ¢cpm/10 ul.

Electron microscopy revealed that within 20 min of cell contact HIV-1

particles, normally invisible on the surface of washed lvmphocytes. were found
buddmg from lymphocytes in a highly polanzed fashion into the cell-cell contact
area and were entering trophoblasts via endocytosis (Fig. la-i). Mature and
budding viral particles were observed exclusively in trophoblast-lymphocyte
contact areas. This indicates that a contact-triggered virus releasing mechanism
occurs in a situation similar to that described previously for cell-mediated
infection of epithelial cells (Bourinbaiar and Phillips. 1991; Phillips and Bourin-
baiar, 1992). This observation support an earlier study by Douglas er al. (1991)
carried on placental explants. One hour after cell-cell contact most of the viral
particles were found in electron dense lvsosomes. Morphological evidence
suggested that some of the virions may evade the degradation in lvsosomes by
a classic escape mechanism through fusion of the viral envelope with endosomal
wall prior to delivery into lvsosomal compartment. As result the viral nucleocap-
sid may be released into the cytoplasm (Bourinbaiar and Phillips. 1991: Phillips
and Bourinbaiar, 1992). In addition. HIV-1 seems to enter target cells by budding
from lymphocyte microvilli directly into the cytoplasm of target trophoblast cells
(Phillips and Bourinbaiar, 1992). Ultrastructure of trophoblasts exposed to free
virus did not show any uptake nor virions in the cytoplasm with few viral
particles being immobilized on the surface of the cells.

Discussion

Although it is increasingly clear that in utero transmitted HIV-1 has an
important impact on,child mortality, the mechanism and factors regulating the

Fig. 1

Transmission electron microscopy of HIV-1-infected MOLT-4/111B Ivmphocvie in contact with
BeWo trophoblast
(a) Bars 1.0 zm for (a) and 0.1 gm for (b-i). Higher magnification reveals that virions are
concentrated in the narrow intercellular space between contacting cells (b). Trophoblast membrane
investigations resembling coated pits (b) and small coated vesicles containing individual virions (d)
suggest the possibility of endocvtic uptake by placental cells. At later times single virions were
apparently delivered to the tubulo-vesicular compartment resembling early endosomes (¢) and then
to sphere-shaped late endosomes containing intact viral particles (fand g). The membrane of some
endosomes displaved electron dense structures (arrowhead) suggesting th escape of HIV-1 into the
host cytoplasm by fusion of the viral envelope with the wall of the limiting vesicle (2). At 1 hr and
later remaining virions were found in electron dense lysosomic mmmmmm where they appeared at
different stages of degradation (h and 1). Alternatively, HIV-1 seems 10 penetrate target cells by
budding from lvmphocyie microvilli protruding duull) mlo m cvtoplasm of target trophoblast cells
(c).
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mother- m child transmission of HIV-1 are still poorly understood (Andimann er
al., 1990, Chandwani er al., 1991; Pur‘(‘) nean Collaborative Study, 1991; Mattern
et al., 1()92« Bourinbaiar er al., 1992). The )Iewn t study was aimed at establishing

the intrauterine infection routes of H V-1in a situation where no direct blood-
blood contact could be implicated as the cause of retroviral mftémicm An m )
model representing human trophoblasts in contact with cell-free HIV-1 or HIV-

carrying lymphocytes and mmmm}l'. :ﬁ;;HV has been established. This mic )deﬁ Was
based on our prcwiom studies wi'w*;z we used mc, hu kS a,whei%ui cell hine
exposed to infectious cells or free v ruu (Bourinbaiar and Phillips 1991: Bourin-
batar ef al., 1991a; Phillips and Bourinbaiar, WW
Viral infection in trophoblasts cwmm ed 1o result from cell-to-cell contact with

HIV-1- mzwuw MOLT-4/1THE lvmphocvies, or on one lested occasion. wH
U93T/YHS monocytes. We observed that cellular contact induces rapid release
of virions from donor cells and HIV-1 subser memh entered placental cells via
coated pits. The mechanism of virus processing within tophoblasts and the
process of uncoating at the endosomal membrane is very similar 10 the infection
mechanism desc h..,d previously for HIV-T (Bourinbaiar and Phillips. 1991;
Douglas er al., 1991 Goto er al., 1988: Grewe er al.. 1990: Pauza and mm ﬂ%%:
Phillips and Bourinbaiar, 1992) and for other enveloped viruses (Marsh, 1984}
addition, H}\/ I seems 1o penetrate target cells by budding from the l\mphmuu
microvilli i prot truding directly into the cvtoplasmt of the target placental cells in

I

}

4 LM on sinilar to that described previously (Phillips and Bourinbaiar. 1992).
All this apparently leads 10 the establishment of latent infection that was
mrtivz‘w(f by co-cultivation with cord blood derived MT-4 lvmphocvies. Infecu-

vity assays with free virus or non-adherent ACH-2 and 11 cells hd not reveal
productive viral infection. This may reflect the fact the choriocarcinoma lines
lack the CId viral receptor and thus manifest 1 cstxmuﬂ nummn\ eness 1o HI\/-}
(Zachar er al.. 1991 a; Zachar er al.. 19910 Zachar er ol 1991 ). However. the
possibility of trophoblast infection by free HE\ l cannot be uxduda d. provided
that adequate HIV-1 strains and more sensitive virus detection muhmu]»; will be
employed (Zachar er al. 1991a: Zachar er al.. 1991b: Zachar er al.. 1991¢) or tested
on freshly obtained placental samples that may chffer in their pmpw{ es from
choriocarcinoma cells (Amirhessami-Aghili and ‘w;wwu 1991 Douglas er al.,

1991). All these results are not new on their own. Very similar resulis were

obtained and discussed extensively in our previous Mud ies when we used CDM4
negative epithelial cells and in HIV-1 infection studies by a number of other
investigators,

The possibitity of the transfer of maternal blood cells across the placental
barrier has been a subject of (:mw‘;i(‘ia rable controversy (Hummkm et al.. 1984:
Olding, 1972 Shroder. 1972). but unfortun d[nl\ our model did not provide
evidence to support such a nmdu of HIV-1 spread. The placental cells used in
our experiments were human c*hm Wi(‘mlr'ciru‘n‘x“ 1 cells and thus may not represent
exactly the /n viva si \:u.:tm . Despite that, the described trop h«)! last model could
serve as a useful tool fo }m elu ucl tmn of viral att mmmm ey, and infection
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across the trophoblast barrier as proposed earlier by Zachar er al. (1991a; 1991b:
1991¢). More important is that the knowledge gained from experimental data
could be directly applied to the development of preventive measures against
HIV-1 transmission in utero (Bourinbaiar er al..1992).

In conclusion. our results support numerous studies by others and indicate
a potential route of mother-to-child intrauterine transmission that could be
significantly enhanced by contact of the foetal trophoblasts with infected
maternal blood cells.
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