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Expression ofleukocyte IgG Fc receptor (FcyR) an-
tigens byplacenta, endothelial cells (EC) ofnormal
tissues, and ECs of kidney and skin from subjects
with immune complex diseases was studied im-
munohistochemically using anti-Fc'yR monoclonal
antibodies (MAb). Monoclonal antibodies against
all three leukocyte FcyR classes stained placental
villous macrophages. Placental villous trophoblasts
were stained intensely by anti-FcyRIII MAb 3G8,
while both anti-FcyRI (MAb 32) and anti-Fc'yRII
(MAbsIV3, KU79, CIKM5, 2E1, KB61, and 41H16)
antibodies did not react with these cells. Anti-FcyRII
MAbs IV3, KU79, CIKM5, 2E1, KB61, and 41HI16
immunostained placental villous capillary EC, in
contrast to anti-Fc-yRI MAb 32 and anti-Fc-yRJII
MAb 3G8, CLB-Granl, and B73.1, which did not
bind. Anti-FcyRIMAb 32, anti-Fc-yRIIMAb IV3 and
CIKM5, and anti-Fc-yRIII MAb 3G8 did not react
with the ECs of tonsil, liver, kidney, spleen, intes-
tine, lung, or uterus. Similarly no EC staining was
seen with thesefourMAbs in 14 skin and 14 kidney
biopsies from subjects with immune-complex dis-
eases. FcyR antigens are expressed constitutively
only by placental villous ECs and are not induced
on nonplacental ECs by immune-complex-me-
diated diseases. (AmjPathol 1991, 138:175-181)

Receptors for the Fc region of IgG, FcyR, are an important
bridge between antibodies and cellular effector systems.
A heterogeneous but homologous group of FcyR, integral
membrane glycoproteins that are members of the im-
munoglobulin gene superfamily, is expressed on the sur-
faces of human leukocytes. Three classes of leukocyte
FcyR-FcyRI, FcyRII, and FcyRIII-have been defined

by cell-specific expression, molecular weight, affinity and
specificity for ligand, differences in cDNAs, and reactivity
with monoclonal antibodies (MAb). FcyRI (CD64), a 72-
kd high-affinity receptor for monomeric IgG, is present on
monocytes and macrophages and can be induced on
neutrophils. FcyRII (CD32), a low-affinity 40-kd receptor
that only binds complexed IgG, is present on monocytes,
macrophages, neutrophils, eosinophils, basophils, B cells,
Langerhans cells, and platelets. FcyRIII (CD16), a 50- to
80-kd low-affinity receptor for multimeric IgG, is present
on NK cells, macrophages, and neutrophils (reviewed in
Ravetch and Anderson' and in Huizinga et a12). Although
the expression of all three Fc-yR classes on inflammatory
cells is well characterized, little is known about their
expression on other cell types.

The human placenta exhibits at least two properties
that may depend on the presence of FcyR.34 It is a func-
tional and physical barrier between fetus and mother that
may serve as a sink for immune complexes of infectious
or alloimmune origin. Furthermore the placenta transfers
IgG from the maternal circulation to the fetus. Experiments
using binding of fluorescein-conjugated heat-aggregated
lgG5 or hemadsorption of IgG-sensitized erythrocytes67
to placental tissue sections revealed indirectly the pres-
ence of FcyR on villous endothelial cells, mononuclear
phagocytes (Hofbauer cells), and trophoblastic cells.
Studies with anti-FcyR MAbs confirmed the presence of
FcyR on these structures.A2 The heterogeneity of pla-
cental FcyR, as well as their similarity to leukocyte FcyR,
has not been evaluated immunohistochemically in a sys-
tematic fashion. Herein we detail the presence of antigens
within the placenta reactive with MAbs to all three Fc'yR
classes. FcyRII antigens were found to be specifically
expressed on placental villous capillary endothelium but
not on the endothelium of a panel of normal tissues. To
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Table 1. Description ofanti-Fc-yR Monoclonal Antibody Used in this Study

Expression

MAb CD Fc-yR Isotype Ma Mo N E P B NK Source Form Reference

32 64 FcyRI IgGl + + - - Medarex, West Lebanon IgG 14
IV3 32 FcyRII IgG2b + + + + + - - Medarex, West Lebanon IgG 15
KU79 32 Fc-yRII IgG2b u + + u - + - T. Mohanakumar, St. Louis Sup 16
CIKM5 32 FcyRll IgGl u + + - u u - G. Pilkington, Melbourne Asc 17
2E1 32 FcyRII IgG2a u + + - u u - F. Farace, Villejuif Sup 18
KB61 32 Fc7RII IgGl + u + - u + - D. Mason, Oxford Sup 19
41H16 32 Fc7RII IgG2a + + + - u + - T. Zipf, Houston IgG 20
3G8 16 FcyRIll IgGl + + + - - + Medarex, West Lebanon IgG 21
CLB-Granl 16 FcyRIll IgG2a + + + - + T. Huizinga, Amsterdam Asc 22
B73.1 16 FcyRlll IgGl + u + - - + B. Perussia, Philadelphia Asc 23

MAb, monoclonal antibody; CD, cluster of differentiation; Sup, supernatant fluid of hybridoma culture; Asc, hybridoma ascites fluid; Ma, macrophage;
MO, monocyte; N, neutrophil; E, eosinophil; P, platelet; B, B lymphocyte; NK, natural killer cell; +, present; -, not present; u, expression unclear; i, inducible.

test the hypothesis that FcyR may be induced on vascular
endothelium by immune complexes or immune-complex-
induced inflammation, renal and skin biopsies from sub-
jects with immune-complex-mediated diseases were in-
cluded in this study.

Materials and Methods

Tissue

Four normal third-trimester placentas and umbilical cords
were obtained from patients with uncomplicated preg-

nancies. Control tissues used in this study were obtained
from surgical specimens and were normal according to
histologic examination. These tissues were obtained
through The Ohio State University Tissue Procurement
Service. In addition to normal skin and kidney specimens,
14- skin biopsies and 14 kidney biopsies from individuals
with immune-complex disease were examined. Tissues
were snap frozen in isopentane precooled in liquid nitrogen
and stored at -70°C for no longer than 12 months.

Immunohistochemistry

A description of all anti-FcyR MAbs, their expression,13
class, and source, is given in Table 1.

Tissues were immunohistochemically stained using the
labeled avidin D technique.24 Four-micron-thick sections

were cut using a cryostat, air dried onto glass slides, and
fixed in 40C acetone for 10 minutes. Primary antibodies
were used at a dilution that in preliminary experiments
gave optimal staining of placental tissue. Following in-
cubation for 45 minutes, slides were washed in TRIS-buf-
fered saline (TBS) and incubated with biotinylated, affinity-
purified, horse anti-mouse IgG (Vector Laboratories, Bur-
lingame, CA). Slides were washed, incubated with horse-

radish peroxidase avidin D (Vector), washed, and devel-
oped with 3-amino-9-ethylcarbazole (AEC) (Sigma Chem-
ical Co., St. Louis, MO) in 3% hydrogen peroxide in 0.02
mol/l (molar) acetate buffer. Tissues were counterstained
with Gill-lIl hematoxylin. Negative controls consisted of
substitution of the primary MAb with irrelevant MAb of the
same mouse immunoglobulin isotype (Anti-Leukocyte
Common Antigen [LCA], IgG1, Dako, Carpinteria, CA; Anti-
Cytomegalovirus Early Nuclear Protein, IgG2a, Dupont,
Doraville, GA; Leu-M5, IgG2b, Becton-Dickinson, Mountain
View, CA).

Results

Placental Reactivity

Anti-FcyR MAbs exhibited several distinct patterns of im-
munoreactivity with human placental tissue (Table 2).

Table 2. Immunoreactivity ofanti-FcyR Monoclonal
Antibodies with Placenta and Umbilical Cord

Placental villi Umbilical cord

Antibody EC TROPH IF VEC AEC IF

Fc7Ri
32 - - + - - + (r)

FcyRII
IV3 + - + - - +
KU79 + - + - - +
CIKM5 + - + - - +
2E1 + - + - _ +
KB61 + - - - - + (r)
41H16 + - + - - +

FcyRIII
3G8 - + (s) + - - +
CLB-Granl - - + - - +
B73.1 - - + - - -

EC, endothelial cells; TROPH, trophoblasts; IF, inflammatory cells; VEC,
venous endothelial cells; AEC, arterial endoftelial cells; +, staining present;
-, no staining; s, strong; r, rare.



Placental and Endothelial Fcy Receptors 177
AJPJanuary 1991, Vol. 138, No. 1

There were no differences in staining patterns between
the tissues of four different donors.

Placental Reactivity with Anti-FcyRI MAb

Monoclonal antibody 32 reacted with Hofbauer cells of
the placental villi and mononuclear cells of the umbilical
cord. It did not react with villous endothelial cells or tro-
phoblasts (Figure 1 A).

Placental Reactivity with Anti-Fc-yRII MAbs

Anti-Fc'yRII MAbs reacted intensely with the endothelium
of placental vessels, particularly of villous capillaries and
venules (Figure 1 B and C). Staining was present through-
out the cryostat-sectioned endothelial cells and it was not
possible to distinguish accurately cytoplasmic staining
from a combination of both cytoplasmic and surface

staining. Immunohistochemical staining of representative
placental sections with a polyclonal antibody to von Wil-
lebrand factor resulted in an identical pattern of positivity,
supporting the interpretation that the vascular endothelium
was a focus of positivity (not shown). The endothelium of
the umbilical vein and arteries was negative.

Anti-FcyRII MAbs, with the exception of MAb KB61,
immunostained Hofbauer cells (Figure 1 B and C). Mono-
nuclear cells scattered throughout the cord were positive
with all antibodies. In contrast, trophoblasts did not stain
with any of the anti-FcyRII MAbs tested. Furthermore tro-
phoblast staining was absent in unfixed (air dried) as well
as acetone-fixed placental tissues.

Placental Reactivity with Anti-FcyRill MAbs

Anti-Fc,yRIll MAbs did not react with placental endothelial
cells nor with umbilical vein or artery endothelium. Mono-
clonal antibodies 3G8, CLB-Granl, and B73.1 uniformly
immunostained Hofbauer cells, but only MAbs 3G8 and

Figure 1. Immunohistochemical assessment of FclyR in cryostat sections of term placenta. A: Staining with anti-FcSyRJ MAb 32.
Hojbauer cells are positive (red-brown color); endothelial cells and trophoblasts are negative (X 160). B: Staining with anti-Fc-yRJI
MAb IV3. Endothelial cells and Hojbauer cells are positive; trophoblasts are negative (X 160). C: Staining with anti-Fc-yRPI MAb
KB61. Only endothelial cells are positive (X 160). D: Staining with anti-FcyRIII AAb 3G8. Hojbauer cells are positive and there is
intense staining of the maternal surface of trophoblasts (X 100; aminoethylcarbazole with hematoxylin counterstain).
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CLB-Granl immunostained the mononuclear cells of the
cord.

Monoclonal antibody 3G8 intensely immunostained the
maternal surface of the villous trophoblasts, the majority
of which appeared to be syncytiotrophoblasts by histologic
criteria (Figure 1D). Staining clearly was confined to the
membrane region of villous trophoblasts that was in direct
contact with maternal blood. This pattern of staining also
was seen with F(ab')2 fragments of MAb 3G8.

Normal Tissue Endothelial Reactivity

Because the endothelium of placental villi strikingly ex-

pressed FcyR antigen, the presence of FcyR antigens
on endothelium of other normal tissues was examined
with representative antibodies to each FcyR class (Ta-
ble 3).

No anti-FcyRI, II, or IlIl MAb exhibited immunoreactivity
with normal tissue endothelium, including the endothelium
of arteries, arterioles, capillaries, venules, veins, high en-

dothelial venules of the tonsil, or glomeruli.
Within these normal tissues, anti-FcyRI, II, and IlIl MAbs

exhibited variable reactivity with inflammatory cells. For
the purpose of this study, inflammatory cells were defined
as isolated mononuclear and polynuclear nonparenchymal
cells. No distinction was made between resident inflam-
matory cells, ie, dendritic cells, and infiltrating inflammatory
cells. Immunohistochemical staining of representative
sections of normal skin and kidney with a monoclonal
antibody mixture to the leukocyte common antigen con-

firmed the validity of this definition (not shown). Anti-FcTyRIII
MAb 3G8 intensely stained alveolar macrophages in con-
trast to the weaker staining seen with anti-Fc'yRI and 11
MAbs.

Monoclonal antibody IV3 and 3G8 exhibited staining
of sinusoidal lining cells of the liver. Whether this staining
was confined to kupffer cells or also was present on en-

dothelial cells could not be determined accurately. Mono-
clonal antibody 2E1 reacted with few scattered individual
cells in the sinusoids, a pattern that was most suggestive
of kupffer cell reactivity. Monoclonal antibody 3G8 stained
intensely the epithelium of sebaceous glands of the skin.

Skin and Renal Tissues Containing
Immune Complexes

Because there was no constitutive expression of Fc"yR
antigens on the endothelium of normal tissues, the hy-
pothesis that FcyR are induced on vascular endothelial
cells in vivo by immune complexes or immune-complex-
mediated inflammatory reactions was tested. Skin biopsies
from 14 patients with a variety of immune-complex-me-
diated disorders were immunostained with anti-FcyRI MAb
32, anti-FcyRII MAbs IV3 and CIKM5, and anti-Fc'yRll MAb
3G8. The diagnoses included vasculitis (n = 3), dermatitis
herpetiformis (n = 5), and systemic lupus erythematosus
(n = 6). Diagnoses were based on clinical histories, his-
tology of the biopsies, and the presence of a characteristic
immunofluorescent pattern for IgG, IgA, IgM, C3, and fi-
brinogen. The endothelial cells of all dermal vessels were
negative in every patient biopsy, regardless of the un-

derlying disease. All biopsies contained positive inflam-
matory cells, many of which were perivascular in nature.
These cells were classified as inflammatory based on his-
tology and immunoreactivity with a MAb to the leukocyte
common antigen (not shown).

Vascular endothelium within 14 kidney biopsies from
patients with immune-complex-mediated glomerulone-

Table 3. Immunoreactivity ofanti-FcyR Monoclonal Antibody with Normal Tissue

Normal tissue

Tonsil Skin Lung Uterus Kidney Intestine Liver

Antibody (n =3) (n=1) (n=1) (n=1) (n = 3) (n = 1) (n = 1)

FcyRI
32 IF+ negative IF+ (r) IF+ (r) IF+ (r) IF+ SLC+ (f)

(alveolar
macrophages)

Fc-yRII
IV3 IF+ dermal IF+ IF+ IF+ IF+ IF+ SLC+ (d)

(alveolar Colon mucosa+
macrophages)

Fc'yRIII
3G8 IF+ sebaceous IF+ IF+ (r) IF+ IF+ SLC+ (d)

epithelium+ (alveolar glands+ Colon mucosa+
macrophages) Small intestine

mucosa+

IF, inflammatory cells; EC, endothelial cells; SLC, sinusoidal lining cells; r, rare; f, focal; d, diffuse.
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phritis was negative with anti-FcyR MAbs. The underlying
pathology in these biopsies was membraneous glomeru-
lopathy (n = 5), systemic lupus erythematosus (n = 4),
and IgA glomerulonephritis (n = 5). Diagnoses were based
on clinical histories, histology of biopsies, electron micro-
scopic examination, and the presence of a characteristic
immunofluorescent pattern for IgG, IgA, IgM, C3, and fi-
brinogen. Tissue sections for anti-FcyR staining were
taken from the frozen-section kidney and skin blocks that
exhibited positive immunofluorescence.

Discussion

This investigation demonstrates that monoclonal antibod-
ies identifying the three known leukocyte FcyR classes
react with the major cellular constituents of the placental
villous, ie, trophoblasts, Hofbauer cells, and endothelial
cells. These results support and expand those studies
that have functionally and phenotypically located FcyR
on these cell types.5-12

Anti-FcyRII MAbs uniquely stained the placental en-
dothelium. Receptors for human FcyR have been de-
scribed on human placental endothelial cells using fluo-
rescein-conjugated heat-aggregated IgG, fluorescein-
conjugated immune complexes, hemadsorption of lgG-
sensitized erythrocytes, and immunostaining with anti-
Fc,yRII MAbs IV3, 2E1, CIKM5, KB61, and 41H16.5'681''112
The functions of FcyR on ECs are ill defined. FcyR on
placental villous ECs may protect the fetus by binding
immune complexes of alloimmune or infectious origin and
may facilitate transport of IgG from the maternal circulation
to the fetal circulation.3 The findings of our study suggest
that these functions may be mediated by Fc-R antigen-
ically similar to leukocyte Fc-yRII.

Only anti-Fc-yRIll MAb 3G8 stained the placental villous
trophoblasts, specifically at the maternal surface. This
staining was independent of the MAb Fc portion as dem-
onstrated by immunostaining with F(ab')2 fragments of
MAb 3G8. Studies using hemadsorption of IgG-sensitized
erythrocytes previously showed the presence of FcyR on
trophoblasts.67 Furthermore quantitative studies of IgG
FcR using purified trophoblast plasma membranes support
the distinctive plasma membrane-staining pattern noted
herein.3

The role that Fc'yRIll might play in placental transfer of
IgG is unclear. Leukocyte FcyRIll have very low affinity
for monomeric IgG, the species that is transferred across
the placenta. However reactivity of only one of the three
tested anti-FcyRill MAbs (MAb 3G8, but not MAbs CLB-
Granl or B73.1) with villous trophoblasts could represent
identification of a novel FcyRIII-like receptor unique to the
placenta and involved in IgG transport. Alternatively MAb
3G8 positivity may indicate the presence of an FcyRIll-

like variant that manifests a more conventional function,
that of binding immune complexes specifically of alloim-
mune origin. Future studies with cultured syncytiotro-
phoblasts evaluating in situ hybridization and IgG binding
may provide answers to some of these questions.

Others have studied placental-derived tissue. Stuart et
al'0 reported the presence of FcyRII mRNA, and FcyRII
antigen as detected by immunoreactivity with MAb IV3,
within syncytiotrophoblasts. These findings seem contra-
dictory to the lack of MAb IV3 staining of syncytiotro-
phoblasts seen in our study and in a recent study by
Micklem et al.11 Two reasons for the differences seem
possible. These conflictual findings might be explained
by the use of human hydatidiform mole by Stuart et al,10
while we and Micklem et al" studied normal human pla-
centa. In addition, the methods of tissue fixation were
different. Whereas Stuart et al'0 used formalin-fixed par-
affin-embedded tissue, which is known to result in marked
antigen alteration and loss,25 we used acetone-fixed and,
in some cases, nonfixed (air dried), frozen tissue. Fur-
thermore our findings of intense EC, Hofbauer cell, and
trophoblast positivity with anti-FcyR MAbs suggest that
antigenicity of cell types in our study was well preserved
in all tissues evaluated (Table 2).

All three classes of FcyR were represented on pla-
cental mononuclear phagocytes (Hofbauer cells). Previous
studies using enzymatically isolated placental cells showed
that placental phagocytic cells express FcyR.26 Similarly
studies with anti-FcyRII MAbs CIKM5, IV3, 2E1, KB61,
41 H16, and anti-FcyRIll MAbs 3G8 and Leu1 1b showed
staining of Hofbauer cells.911"12 Hofbauer cells are phe-
notypically related to other tissue macrophages, express-
ing a number of monocyte/macrophage-specific anti-
gens.9 Thus it is not surprising that these cells, like mac-
rophages of the lung and peritoneal cavity,27 express all
three classes of FcyR.
We evaluated the EC of multiple tissues for staining

with anti-FcyR MAbs but found reactivity only with the
ECs of the placental villi. The ECs of the umbilical vessels
and of the vasculature of a panel of normal tissues were
negative. Evidence for the expression of FcyR by non-
placental ECs is controversial and may be related to tech-
nique. For example, bovine pulmonary ECs cultured in
vitro fail to bind IgG-sensitized erythrocytes unless infected
with virus or damaged by leukocyte lysate.28 Similarly
noninfected human umbilical vein ECs do not bind IgG-
sensitized erythrocytes, heat-aggregated IgG, or thyro-
globulin-antithyroglobulin IgG immune complexes.-93'0
However incubation of heat-aggregated IgG with human
umbilical vein endothelial cells has been shown to induce
tissue factor activity, possibly through FcyR-mediated
binding.31 Micklem et all" recently reported that anti-FcyRll
MAbs immunostained hepatic endothelium based on ob-
servation of a sinusoidal pattern. We also report herein a
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sinusoidal pattern of staining, particularly with anti-Fc7RII
MAb IV3 and anti-FcyRIllI MAb 3G8, but additional studies
are required to establish definitively the endothelial nature
of this staining.

In response to a variety of inflammatory mediators,
ECs express a number of membrane antigens that facil-
itate the inflammatory response.32 To test the hypothesis
that FcZyR expression on ECs may occur in vivo in re-
sponse to immune complexes or to the cytokines present
locally in immune complex-induced inflammation, skin and
kidney biopsies from subjects with specific immune-com-
plex-mediated disorders were studied with representative
anti-FcyR MAbs. The distinct lack of EC staining in these
tissues might be secondary to a number of different phe-
nomena: 1) leukocyte anti-FcyR MAbs may not recognize
nonplacental EC FcyR, 2) ECs may not express FcyR,
or 3) immunoreactive sites on EC FcyR may be blocked
by immune complexes. The latter possibility is unlikely
given the strong EC staining seen within the placenta.
Furthermore two of the MAbs used in this study recognize
epitopes outside the ligand-binding site on FcyR and
would not be affected by bound immune complexes, eg,
MAbs 3214 and CIKM5.33

Although the results of this study revealed distinct FcyR
class-specific placental immunostaining patterns, there are
several intraclass exceptions and inconsistencies. Anti-
FcyRIll MAb 3G8, for instance, was the only CD16 MAb
that reacted with villous trophoblasts. This phenomenon
may relate to the existence of several isoforms within each
class. Currently seven isoforms have been described for
FcyRI1103435 and three for FcyRII.3'37 These isoforms, and
perhaps others that are not described, may have sufficient
epitopic diversity to account for the variability of antibody
reactivity seen with anti-FcyRII and Ill MAbs. A similar phe-
nomenon may be responsible for the description of FcyRIII
on eosinophils.38:' Although Hartnell et all found no
staining of human eosinophils with anti-FcyRIII MAb Leu-
1 1 b, Looney et al39 reported positivity with MAb 3G8.
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Note Added in Proof

Additional immunostaining of five immature placentas ranging
from 25 to 33 weeks of gestational age has shown the same
pattern of FcyR MAb reactivity reported herein with mature pla-
centas.


