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Summary

Maternal immune recognition of pregnancy occurs despite the nonexpression of classical major
histocompatibility complex (MHC) antigenic determinants by chorionic villous trophoblast, which
comprise the major surface area where maternal blood contacts fetal-derived cells. cDNA-mRNA
in situ hybridization was used to probe expression of transcripts corresponding to nonpolymorphic
MHC determinants in first-trimester chorionic villus samples. The HLA-B7 probe hybridization
signals were localized to syncytiotrophoblast and to cells of the mesenchyme but not to villous
cytotrophoblast. HLA-G mRNA was found only in syncytiotrophoblast. A DRg clone
hybridized to both villous cytotrophoblast and syncytiotrophoblast. The results suggest that
expression of trophoblast class I and class II determinants early in gestation (10 wk) may be
regulated by posttranscriptional events. This also suggests the potential for maternal antifetal

alloimmune responses.

he human placenta is formed from embryonic tissue and

therefore expresses gene products of both maternal and
paternal derivation. In the first trimester of pregnancy, villi
of the developing chorion frondosum are bathed in maternal
blood and the villous trophoblast serves as the cellular inter-
face where maternal exposure to fetal alloantigens occurs. It
is now clear that during the course of normal human gesta-
tion, maternal immune responses are evoked that are of fetal
specificity and may be required for pregnancy success (1, 2).
The lack of detectable expression of conventional MHC Class
I and II determinants by villous trophoblast throughout gesta-
tion (3) is of obvious significance since classical immune re-
sponsiveness to allogeneic tissues results from host recogni-
tion of these molecules on the cell surface. Although it remains
to be established whether effector mechanisms play a role in
pregnancy success or failure, trophoblast expression of MHC
determinants would clearly potentiate cellular antifetal re-
sponses. To further understand mechanisms involved in the
maternal-fetal immunologic relationship, we have examined
chorionic villus samples obtained at 9-10 wk of pregnancy
for RNA transcripts specific for class I and II determinants.
We demonstrate here that in the apparent absence of expres-
sion of the corresponding antigens on the cell surface, villous
trophoblast contain mRNA specific for nonpolymorphic
MHC antigenic determinants.

Materials and Methods

Preparation of Placental Tissue. Chorionic villi were obtained by
chorionic villus sampling (CVS) performed at 9-10 wk of gesta-
tion by the Division of Medical Genetics of Thomas Jefferson
University (n = 5). The tissue studied was not required for diag-
nostic testing and would have otherwise been discarded. Villi were
washed and processed immediately after sampling. Villi were fixed,
embedded, sectioned, and processed for in situ cDNA-mRNA hy-
bridization as described (4), or were snap frozen and stored at —80°C
for immunohistologic analysis.

Preparation of cDNA Probes. An HLA-B7 cDNA clone (1.4-kb
insert in pSP64) that hybridizes with HLA-A,BC mRNA (5) was
a gift from Dr. Sherman M. Weissman (Yale University, New Haven,
CT). A locus-specific clone homologous to 0.25 kb of the 3’ un-
translated region of HLA-G (6) was a gift of Dr. Harry Orr (Univer-
sity of Minnesota, Minneapolis, MN). A cDNA clone encoding
a nonpolymorphic region of HLA-DRg chains (1.32-kb insert in
pcDV1-p12) (7) was obtained from American Type Culture Col-
lection (Rockville, MD). pMCP, a cloned cDNA to the mouse
placental calcium-binding protein (0.7-kb insert in pBR322) (8),
and a 2.5-kb cDNA of the Onchocerca volvulus paramyosin gene (9)
were used as control probes. Isolation of plasmid DNA and restric-
tion analysis was performed following standard protocols (10). Total
plasmid DNA was biotinylated by nick translation (11).

In Sitw Hybridization. Pre-hybridization and hybridization proce-
dures were those described by Tuan et al. (4). The location of bi-
otinylated probes in villus sections was detected using the

1027  ]. Exp. Med. © The Rockefeller University Press » 0022-1007/92/04/1027/06 $2.00
Volume 175 April 1992 1027-1032



streptavidin-alkaline phosphatase procedure as described by Lo (11)
and Enzo Biochem, Inc. (New York, NY). The streptavidin con-
jugate was used as a 1:100 dilution, and the chromogenic substrates
were 5-bromo-4-chloro-3-inodolyl phosphate and nitroblue tetrazo-
lium (Sigma Chemical Co., St. Louis, MO). Hybridization signals
were detected by examination of sections with an Olympus BH-2
microscope using bright field, phase-contrast and Nomarski differen-
tial interference contrast optics. Kodak Panatomic-X film was used
for photography.

Results

A phase-contrast photomicrograph of an unstained villus
section (Fig. 1) demonstrates the histologic architecture of
a 10-wk chorionic villus sample. At this early stage of gesta-
tion, villous trophoblast consists of the external multinucleate
syncytiotrophoblast and the mononucleated ovoid cells, which
comprises the cytotrophoblast. The underlying mesenchyme
forms the villous core. Histologic morphology was preserved
in villus sections prepared for cONA-mRNA hybridization,
thus allowing localization of transcripts to particular cellular
layers. The typical hybridization signal generated on a 10-wk
villus section with the HLA-B7 cDNA probe is shown in
Fig. 2 A. An intense hybridization signal is seen at the syn-
cytiotrophoblast layer along with scattered signals on the
mesenchymal cells. Hybridization of the cDNA clone specific
for DRg chain message localized to both the syncytiotro-

phoblast and cytotrophoblast of a section from the same villus
sample (Fig. 2 B). A (control) cDNA probe for placental cal-
cium binding protein expressed during late gestation (11) did
not hybridize to villus sections, as evidenced by lack of signal
on any villous cells (Fig. 2 C). Fig. 3 demonstrates an addi-
tional panel of results obtained with an alternate control probe
and a class I locus specific cDNA clone (HLA-G). Compar-
ison of Fig. 3, A and B reveals that the HLA-G-specific clone
generated a weak, scattered hybridization signal on the syn-
cytiotrophoblast layer only (Fig. 3 B), whereas, as also seen
in Fig. 2 A, the HLA-B7-specific clone hybridized to both
syncytiotrophoblast and scattered mesenchymal cells (Fig. 3
A). The signal generated with the HLA-B7 clone was stronger
than the HLA-G signal. In both cases, however, the signals
were uniformly scattered over the syncytiotrophoblast layer
and no hybridization signals were observed on cytotrophob-
lasts. Similar to the results displayed above, the DRg cDNA
sequence hybridized to both the syncytiotrophoblast and
cytotrophoblast in the 10-wk villus sample (Fig. 3 C). As
expected, no signal was observed on the sections treated with
the O. volvulus paramyosin probe (Fig. 3 D).

Discussion

The human placenta is comprised of specialized cells that
enable this organ to perform a diversity of functions critical

Figure 1.

Phase-contrast micrograph demonstrating the histology of 2 10-wk chorionic villus sample (x400). At high power, 2 cross-section of

the first-trimester chorionic villus exhibits the multinucleate syncytiotrophoblast (S) and cytotrophoblast (C) surrounding a mesenchymal core (M).
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Figure 2. Localization of in situ hybridization signal in 10-wk villus sections. Examination by bright field optics demonstrated hybridization of
an HLA-B7 probe to syncytiotrophoblast (arrow) and cells of the mesenchyme (A4). Hybridization signals generated with a DRg clone localized DRg
mRNA to syncytiotrophoblast and cvtotrophoblast (arrow) (B). No hybridization signals were observed with control cDNA probe pMCP (C) (bar = 3 um).
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Figure 3. Localization of in situ hybridization signals in 10-wk villus sections. Hybridization of the HLA-B7 probe is localized to syncytiotrophoblast
{arrow) and some cells of the mesenchyme (A), while HLA-G signal is confined to syncytiotrophoblast (arrow) (B). The DRg probe hybridized with
mRNA in both cyto- and syncytiotrophoblast (arrows) (C), and no signal was observed with the O. volvulus paramyosin control probe (D) (bar = 5 um).

to successful pregnancy. The chorionic villus trophoblast is
the placental cell layer that forms the interface between the
allogeneic fetal placental unit and maternal tissues. Immuno-
histochemical analyses of chorionic villi obtained from term
placenta and first-trimester terminations have demonstrated
that cytotrophoblast and syncytiotrophoblast fail to express
conventional class I and class II determinants (3). This char-
acteristic of trophoblast is thought to contribute to successful
pregnancy in that it is one mechanism that may allow the
apparent evasion of classical transplantation rejection responses.
However, increasing evidence indicates that maternal itnmuno-
logical recognition of fetal alloantigens is necessary for preg-
nancy success since first-trimester spontaneous abortions, in
certain instances, are associated with an insufficient maternal
immune response against fetal alloantigens (12-14). This “pro-
tective” response may well be due to the absence of fetal MHC
determinant expression.

Our studies of trophoblast antigen regulation have been
conducted on early-stage villi provided by chorionic villus
sampling. We have been unable to detect cytoplasmic (J. A.
Lata, and J. B. Smith, unpublished observations) or cell sur-
face (15) expression of classical class I or II antigens by villous
trophoblast of any CVS-derived villi. A small subpopulation

of these early-stage cells with the immunobhistologic charac-
teristics of villous trophoblast were found to express a class
I monomorphic determinant uniquely recognized by the mAb
W6/32, but not by additional anti-class I monomorphic de-
terminant monoclonals. Class I-like cell surface antigens, dis-
tinct biochemically from classical class I determinants, have
been demonstrated on extravillous trophoblast and choriocar-
cinoma cell lines (16, 17). These are now known to be
the nonpolymorphic gene products of the HLA-G class I
locus (18).

Our results show that first-trimester villous trophoblast
express mRNA transcripts for both class I and class II mono-
morphic determinants. However, the steady state expression
of these mRNAs is not reflected by the production of corre-
sponding polypeptides. It is likely that the signal generated
on villous syncytiotrophoblast with the nearly full-length
HLA-B7 probe resulted from hybridization to transcripts en-
coded by HLA-G. This is consistent with the recent finding
that HLA-G expression in extraembryonic tissues changes as
gestation proceeds with HLA-G transcripts present on
placental tissues, but not extravillous cells, during the first
trimester. This pattern is then reversed as gestation proceeds
to term (19). It is notable that HLA-G message was not de-

1030 Villous Trophoblast Contain mRNA Specific for MHC Antigen Determinants



tected in cytotrophoblasts or mesenchyme of the early villus
samples, as reported by Yelavarthi et al. (20), who demon-
strated in situ HLA-G transcript expression in cytotropho-
blasts of first-trimester elective abortion samples. These
conflicting observations may reflect differences in placental
sampling procedures. Chorionic villus sampling may provide
the more peripheral recent outgrowths of villi, which could
be lost in the termination procedure.

The detection of DRg transcripts in first trimester syn-
cytiotrophoblast and cytotrophoblast described here was un-
expected. MHC class II determinants have not been detected
on any cells of the normal villous trophoblast. However, Labar-
rere and Faulk (21) have demonstrated trophoblast DR ex-
pression in localized areas of villitis, indicating that upregu-
lation of DR gene expression may occur. In that circumstance,
immune responses to fetal alloantigens could occur via con-
ventional T cell activation pathways.

It is likely that tissue/cell-specific or stage-specific post-
transcriptional or translational regulatory events, which re-
main to be elucidated, are involved in trophoblast MHC an-
tigen expression. It is not yet known if the nonpolymorphic
HLA-G antigens are recognized or serve as class I restriction
determinants. However, a recent report shows that CD8 can
bind HLA-G (22), and thus an interaction between tropho-
blasts and cytotoxic cells is possible. Likewise, if class II de-
terminant expression could be induced on trophoblast, it seems
likely that they could serve as target structures for alloreac-
tive CD4* T cells. Modulation of trophoblast expression of
MHC gene transcripts and the corresponding polypeptides
may occur in normal human pregnancy as a mechanism to
ensure the survival of the fetal allograft, by preventing a de-
structive cellular immune attack or by allowing a beneficial
maternal immune response.
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