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The tumor necrosis superfamily (TNFSF) contains two
soluble ligands that are involved in B lymphocyte devel-
opment, BAFF (B cell activating factor, BlyS, TALL-1,
CD257, TNFSF13B) and APRIL (a proliferation inducing
ligand, CD256, TNFSF13). These two ligands signal
through three receptors: the exclusive BAFF receptor
(BAFF-R, CD268, TNFRSF17) and two receptors that rec-
ognize both BAFF and APRIL, TACI (transmembrane-
activator-1 and calcium-modulator- and cyclophilin li-
gand-interactor CD267, TNFRSF13B) and BCMA (B cell
maturation antigen, CD269, TNFRSF13C). All but
BAFF-R are known to be synthesized in term placentas.
In this study, expression of the ligands and receptors
were distinguished in two embryologically discrete sub-
populations of placental cells, villous cytotrophoblast
(vCTB) cells and mesenchymal cells (MCs). Real-Time
PCR showed that vCTB cells contain low levels of BAFF
and APRIL transcripts whereas MCs contain high levels.
Both Real-Time PCR and immunohistochemistry identi-
fied BAFF-R and BCMA mRNA and proteins in vCIB cells
but essentially no TACI. By contrast, MCs contained
readily detectable levels of all three receptors. These
results illustrating potential autocrine and paracrine
pathways for BAFF and APRIL signaling in human pla-
centas suggest that lineage-specific regulation of placen-
tal cell viability, differentiation and/or other activities
may be novel functions of these proteins. (4m J Pathol
2008, 172:1303-1311; DOI: 10.2353/ajpath.2008.071139)

Human placentas contain multiple messages and pro-
teins encoded by genes of the tumor necrosis factor
superfamily (TNFSF)."=® Of these, three non-apoptosis-
inducing TNFSF ligands have been identified, B lympho-

cyte-activating factor (BAFF; also known as BlyS, TALL-1,
CD257, TNFSF13B), a proliferation-inducing ligand
(APRIL; also known as CD256, TNFSF13), and CD30L.>
Two of the three ligands, BAFF and APRIL, support B-
lymphocyte survival and differentiation, and influence T
lymphocytes as well.

Characteristics of BAFF and APRIL and their receptors
have been extensively reviewed.*'® BAFF is found in many
tissues, where it is primarily produced by stimulated my-
eloid cells such as monocytes, macrophages, dendritic
cells and neutrophils. Synthesis and release are facilitated
by CD40L, interleukin-10, and interferon-a and -y. Some of
the same cell types may produce APRIL, which is also
stimulated by cytokines. As with other TNFSF ligands, BAFF
and APRIL form trimeric soluble complexes that recognize
and signal through membrane-bound receptors. BAFF may
also exist as a membrane-bound ligand. BAFF binds to
three different receptors: BAFF receptor (BAFF-R; BR3,
CD268, TNFRSF17), transmembrane activator-1 and cal-
cium modulator- and cyclophilin ligand-interactor (TACI;
CD267, TNFRSF13B), and B cell maturation antigen
(BCMA; CD269, TNFRSF13C). Of these, only the BAFF-R is
exclusive for BAFF.' APRIL is recognized by both TACI
and BCMA. Preferences that TACI and BCMA may exhibit
for BAFF and APRIL remain unresolved.'® '3

Separate and distinct events occur in B lymphocytes
signaled through each of the three receptors. The BAFF/
BAFF-R signaling system is anti-apoptotic via induction of
nuclear factor kB and Bcl-2, acting at the transition stage
of B-lymphocyte development and inducing the B cell
differentiation markers, CD21 and CD23.'® As summa-
rized by Woodland et al,'” BAFF-dependent survival sig-
naling in B cells activates either the Pim 2 or the Akt/
mTOR pathway and requires Mcl-1 for full protection.
Regarding TACI, binding to this receptor in mice results
in negative regulation of B-lymphocyte proliferation stim-
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ulated by BAFF, but this seems not to be the case in
humans, since patients with TACI mutations have normal
numbers of B lymphocytes.' Treml et al'® have com-
mented that TACI has its major impact on short-lived,
proliferating B cells. In contrast to BAFF-R and TACI,
BCMA is involved in late stages of B cell maturation,
being important to the survival of plasmablasts and long-
lived plasma cells in the bone marrow.'314:18.20

An early study from our laboratory identified BAFF and
APRIL messages and proteins in human placentas.® Until
recently, when Chang et al®' reported human monocyte
binding of BAFF, B lymphocytes were the only described
targets of these two cytokines. B cells in placentas are
entirely restricted to blood vessels and are not known at
any time to be permanent residents in normal placental
villus stroma. Thus, in this study, we postulated that other
types of cells that comprise placental villi, ie, villous cy-
totrophoblast (vCTB) cells encasing the villi and/or B
lymphocyte-free preparations of mesenchymal cells
(MCs) from the villous core, might comprise target cells
for BAFF and/or APRIL. In experiments designed to test
this idea, the results suggested that driving placental
development and/or other functions may well be new and
entirely unsuspected actions of these two normally B
cell-influencing cytokines.

Materials and Methods

Tissue Collection and Processing

Human placentas were acquired from cesarean sections
performed in the third trimester of pregnancy to avoid the
possibility of fetal distress. These acquisitions were done
in accordance with a protocol approved by the Human
Subjects Committee of the University of Kansas Medical
Center. Underlying pathology was not evident on histo-
logical examination of the samples. For immunohisto-
chemistry experiments, samples of placentas were man-
ually dissected and (1) fixed in freshly prepared 4%
paraformaldehyde in PBS at 4°C for 4 hours followed by
transfer into 18% sucrose overnight at 4°C, or (2) fixed in
paraformaldehyde overnight. Paraformaldehyde/sucrose-
fixed tissues were embedded into optimum cutting temper-
ature tissue freezing medium (OCT; Triangle Biomedical
Sciences, Durham, NC) and stored at —20°C until used.
Paraformaldehyde-fixed tissues were embedded in paraffin
and blocks were stored at 20°C. Five- to eight-micrometer
sections were cut, placed on glass slides, and tested by
immunohistology as previously described.?? For quantita-
tive polymerase chain reaction studies, tissues were taken
from term cesarean deliveries and processed as described
below to separate vCTB cells and MCs.

Separation of vCTB Cells and MCs

The protocol for collecting vCTB cells from term placen-
tas has been reported.?® In brief, samples were taken
randomly from beneath the basal plate and minced finely.
Of particular importance to the present studies, exten-
sively minced tissues were washed thoroughly and then

filtered through fine steel mesh to remove fetal and ma-
ternal blood. Cells were released from the tissues by
enzyme digestion and purified by density gradient cen-
trifugation over Percoll to remove the remaining cellular
debris and red blood cells. The cells were then further
purified over an affinity column using magnetic bead
technology with the anti-human leukocyte antigen (HLA)
class | monoclonal antibody, W6/32,24 to trap HLA class
I-positive cells. The flow-through cells (vCTB) were
washed and concentrated as needed for experiments.
MC originally resident in the stroma of placental villi,
which are HLA class | positive, were released from the
affinity column, counted, and used as needed for
experiments.

Purity of vCTB and MC Preparations

Villous CTB cells were analyzed for purity as described.?® In
brief, the cells were centrifuged onto glass slides and im-
munostained to identify vCTB cells using mouse anti-cyto-
keratin-7 (Dako Corporation, Carpinteria, CA). An isotype-
matched nonspecific monoclonal antibody (mAb) was used
as a negative control (IgG1; BD Biosciences PharMingen,
San Jose, CA). The results were evaluated by two indepen-
dent readers. MCs were analyzed by flow cytometry to
determine percentages of macrophages using a directly
labeled fluorescein isothiocyanate-labeled anti-CD14
mouse monoclonal antibody (Chemicon International, Te-
mecula, CA). CD14™ blood monocytes served as positive
controls. An isotype-matched, nonspecific mAb was used
as a negative control (IgG1; BD Biosciences PharMingen).
Analysis was performed using FlowJo software from Tree-
Star Inc. (Ashland, OR). Villous CTB cells and MCs were
further tested for B-lymphocyte contamination by semi-
quantitative PCR as described below.

Reverse Transcriptase (RT)-PCR

RNA isolated from vCTB cells and MCs were subjected to
RT-PCR using CD19-specific primers to test for the pres-
ence of B lymphocytes. RNA from two human B-cell lines,
L721.221 and Raji (American Type Culture Collection,
Manassas, VA), were used as positive controls. RNA
extraction was performed using TRIzol RNA Isolation Re-
agent (Invitrogen, Carlsbad, CA) and treated with de-
oxyribonuclease | (DNase; Sigma Chemical Co., St.
Louis, MO) to remove contaminating DNA. One micro-
gram of the DNase-treated RNA was reverse-transcribed
in a 40-pl reaction using 400 U of Moloney-murine leuke-
mia virus reverse transcriptase. The reaction contained
10 mmol/L dithiothreitol, 50 mmol/L Tris-HCI, pH 8.3, 75
mmol/L KCI, 3 mmol/L MgCl,, 0.5 mmol/L each of dGTP,
dATP, dTTP, and dCTP, 1 ug of oligo(dT),,_5 and 1 U of
RNaseOUT (all from Invitrogen). Reverse transcription
was performed using a GeneAmp PCR System 2400
Thermocycler (PerkinElmer Corp., Norwalk, CT) for 1 hour
at 37°C, 15 minutes at 70°C, and then chilled on ice. Four
microliters of cDNA were amplified in a PCR using the
following CD19-specific primers: CD19F, 5'-ACCTC-
CTCGCCTCCTCTTC-3' (forward) and CD19R, 5'-TC-



CCCTTCCTCTTCTTCTG-3' (reverse). A control experiment
was performed using human B-actin primers, 5-CGG-
GAAATCGTGCGTGACAT-3' (forward) and 5'-GAACTT-
TGGGGGATGCTGGC-3' (reverse). The PCR contained
0.2 umol/L each primer, 20 mmol/L Tris-HCI, pH 8.4, 50
mmol/L KCI, 1 mmol/L MgCl,, 0.2 mmol/L dNTP mix
(dATP, dTTP, dGTP, and dCTP), and 2 U of Tag DNA
polymerase (all reagents from Invitrogen). The PCR was
incubated for 3 minutes at 94°C, followed by 35 cycles of
denaturation at 94°C for 30 seconds, annealing at 58°C
for 30 seconds, and extension at 72°C for 2 minutes. A
final extension was conducted for 10 minutes at 72°C,
then the PCR products were cooled to 4°C. The PCR
products were resolved by electrophoresis in a 2% aga-
rose/NuSieve gel (3:1; Amresco, Solon, OH), containing
0.1 pg/ml ethidium bromide in 1X Tris-acetate-EDTA
buffer for 2 hours at 100 volts and examined using a UV
transilluminator. The amplified PCR products were ex-
cised from the gel, extracted using a QlAquick Gel Ex-
traction kit (Qiagen Inc., Valencia, CA) and sequenced to
verify the identity.

Cell Lines Used as Controls in Real-Time PCR
Experiments

RNA isolated from the cervical adenocarcinoma cell line,
Hela, and the HLA class I-negative lymphoblastoid cell
line, L721.221 (American Type Culture Collection), were
used as calibrators in real-time PCR experiments. The
cells were grown in minimum essential medium (Eagle)
with 2 mmol/L L-glutamine and Earle’s basic salt solution
adjusted to contain 1.5 g/L sodium bicarbonate, 0.1
mmol/L nonessential amino acids, and 1.0 mmol/L so-
dium pyruvate and 10% fetal bovine serum (all from
Cellgro, Mediatech, Inc., Herndon, VA) at 37°C in a hu-
midified atmosphere containing 5% carbon dioxide. At
confluence, the culture medium was aspirated and RNA
was extracted from the cells using TRIzol Reagent (In-
vitrogen) as described by the manufacturer.

Real-Time PCR

Complementary DNA was synthesized from 1.0 ug of
total RNA isolated from HelLa, L721.221, MCs, and vCTB
cells as previously described.?®> The cDNA was sub-
jected to real-time PCR to determine the levels of BAFF,
APRIL, and its three receptors, BAFF-R, TACI, and
BCMA, using predeveloped TagMan Gene Expression
Assays (Applied Biosystems, Foster City, CA). Prelimi-
nary experiments showed that levels of BAFF, APRIL, and
BAFF-R mRNAs in HelLa cells and levels of TACI and
BCMA mRNAs in L721.221 lymphoblastoid B cells were
appropriate for using these lines as calibrators. The rel-
ative quantitation method was used to estimate the levels
of messages encoded by these genes in each sample,
with glyceraldehyde-6-phosphate  dehydrogenase
(GAPDH) mRNA serving as the endogenous normaliza-
tion control. The suitability of using this method for quan-
titation was validated by confirming that the amplification
efficiencies of GAPDH and the target mRNA messages
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were equal. Real-time PCR was performed in triplicate in
96-well MicroAmp optical reaction plates (Applied Bio-
systems). Each 25-ul reaction contained 1X 6-carboxy-
Ifluorescein-labeled Tagman Gene Expression Assay (for
each target) or GAPDH endogenous control, Tagman Uni-
versal PCR Master Mix (Applied Biosystems) and cDNA
diluted 1:25 in water. The PCR was performed using a 7500
Real-Time PCR System (Applied Biosystems) with an initial
AmpkErase uracil-N-glycosylase activation step conducted
at 50°C for 2 minutes followed by a 10-minute incubation at
95°C to activate the Amplitag Gold polymerase enzyme.
This was followed by 40 cycles of denaturation at 95°C for
15 seconds and annealing/extension at 60°C for 1 minute.
The data were collected and analyzed using the ABI Se-
quence Detection Software, version 1.3.1 (Applied
Biosystems).

Analysis of Placentas by Immunohistochemistry
and Immunocytochemistry

Frozen tissue sections to be tested for BAFF-R were
warmed to room temperature and fixed in cold acetone
(—20°C) for 10 minutes, air dried, and then re-hydrated in
PBS. The sections were blocked with 10% normal goat
serum in antibody dilution buffer (1% bovine serum albu-
min in PBS, pH 8.0, containing 0.3% Tween 20) for 1 hour
at room temperature. Following the block, tissues were
incubated with mouse anti-human BAFF-R (Abcam, Inc.,
Cambridge, MA) or mouse isotype control IgG1 (Vector
Laboratories, Burlingame, CA) at 10 pwg/ml for 1 hour at
37°C or overnight at 4°C. Endogenous peroxidase activ-
ity was blocked with a peroxidase blocking reagent
(Dako Corporation, Carpinteria, CA) for 15 minutes at
room temperature before adding developing reagents.
The tissue sections were washed three times with PBS,
followed by the addition of biotin-labeled secondary an-
tibody (Jackson ImmunoResearch, West Grove, PA) con-
taining 5% human serum, for 25 minutes at room temper-
ature. Binding of secondary reagents was identified
using a streptavidin immunoperoxidase labeling kit from
Zymed Laboratories, Inc. (South San Francisco, CA). The
enzyme substrate was hydrogen peroxide containing
3-amino-9-ethylcarbazole chromogen (AEC kit, Zymed),
which yields a red signal in positive cells. The sections
were washed in water, counterstained with Mayer’s he-
matoxylin (Sigma-Aldrich, St. Louis, MO), overlaid with
Crystal Mount (Biomeda Corp., Foster City, CA) overnight
at room temperature, and mounted with Permount (Fisher
Scientific, Pittsburgh, PA). The same procedure was
used for immunocytochemistry, where anti-cytokeratin-7
defined this specific cell population in purified prepara-
tions of vCTB cells, and essentially the same strategy was
used for paraformaldehyde-fixed, deparaffinized tissue
sections tested with mouse anti-human TACI (R & D
Systems, Minneapolis, MN) and rabbit anti-human BCMA
(ProSci Incorporated, Poway, CA.) Appropriate serum
controls were used.
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Figure 1. Immunocytochemical identification of trophoblast cells in the
vCTB cell preparations used in the experiments. A: Cartoon showing loca-
tions of vCTB and syncytiotrophoblast (sTB) cells and MCs in human term
placental villus. B: Identification of cytokeratin-7-positive trophoblast cells.
The percentage of trophoblast cells in the vCTB cell preparations was
established by centrifuging the cells onto glass slides using a Shandon
Cytospin (Shandon, Pittsburgh, PA) and immunostaining for cytokeratin-7 to
reveal trophoblast cells. The cells were counterstained with Mayer’s hema-
toxylin. The inset shows failure of binding of the isotype control mAb.
Original magnifications, X200.

Results

Characterization of Cells Harvested from Term
Placentas

Our goal in the present experiments was to define the
placental cell populations that could participate in auto-
crine and/or paracrine BAFF and APRIL signaling path-
ways in human placentas. Two embryologically distinct
cellular constituents of human placental villi are shown in
Figure 1A. Villous CTB cells underlie the continuous syn-
cytial trophoblast layer; both trophoblast subpopulations
arise from the trophectoderm layer of the blastocyst. By
contrast, MCs are products of the inner cell mass of the

L721.221
CTB-1
CTB-2
CTB-3
MC-1
MC-2
MC-3

Actin CD19

Figure 2. Analysis of CD19 mRNA in cytotrophoblast cells (CTB) and
mesenchymal cells (MC) by semiquantitative RT-PCR. Upper panel: The
CD19 dimer is present in the positive control cells, Raji and L721.221, but
absent in three preparations of CTB cells and matching MCs. Lower panel:
Amplification of B-actin showed equal loading of samples onto the gel.

blastocyst. Cells harvested from term placentas by den-
sity gradient centrifugation of enzyme-digested placental
cells are enriched for vCTB cells, but the harvests also
contain some MCs with similar densities. In these exper-
iments, the two subpopulations were separated by mag-
netic bead affinity chromatography into HLA class |-neg-
ative vCTB cells and HLA class I-positive MCs, and then
characterized for purity.

The flow-through cells from the affinity column averaged
90% to 95% VCTB cells by immunostaining with anti-cyto-
keratin-7 (Figure 1B). No signals were detected using the
isotype-specific control mAb (inset to Figure 1B).

The cells remaining on the affinity columns were re-
leased and tested by flow cytometry to establish the
content of CD14™ macrophages, which are abundant in
the villous mesenchyme.?® In other contexts, macro-
phages are major BAFF- and APRIL-producing cells.*~'8
At the same time, the preparations were tested for B-
lymphocyte contamination using anti-CD19. In two exper-
iments, CD14" macrophages in non-lymphocyte-gated
fractions of the MCs averaged 33%. The antibody-posi-
tive control, which consisted of anti-CD14-selected blood
monocytes, was 100% positive. It should be noted that
the intensity of anti-CD14 staining to placental macro-
phages was significantly lower (fluorescein isothiocya-
nate peak, 10°) than the intensity of staining to peripheral
blood mononuclear cells (fluorescein isothiocyanate
peak, 10%%). CD19" B lymphocytes comprised 0.4% of
lymphocyte-gated MCs. Positive control experiments us-
ing peripheral blood mononuclear cells gave expected
proportions of ~30% CD19™ B lymphocytes.

To exclude definitively the possibility that B lymphocytes
contaminated the vCTB or MC preparations, semiquantita-
tive RT-PCR was performed for CD19 mRNA. Figure 2 (top
panel) shows that although both Raji cells and L721.221
cells exhibited the doublet predicted for CD19, neither
vCTB cells nor MCs contained cells transcribing the CD79
gene. Amplicons from Raji and L721.221 cells were identi-
fied as authentic CD19 by sequence analysis. Loading
controls (actin; Figure 2, bottom panel) showed that lanes
contained essentially equal amounts of mRNA.
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Figure 3. Analysis of BAFF (A) and APRIL (B) mRNA in three preparations
of purified vCTB cells and matching MCs from the same placentas by
real-time PCR. Hela cells were used as calibrators.

BAFF and APRIL mRNAs in Purified
Subpopulations of Placental Cells Identified
using Real-Time PCR

Having established that preparations of vCTB cells and
MCs contained predominantly the desired study popula-
tions and no cells that could give artifactual results, real-
time PCR was used to quantify BAFF and APRIL mRNAs in
vCTB cells from three different placentas and matching
MCs from the same three placentas. GAPDH was used as
an endogenous control to normalize RNA input and Hela
cell cDNA was used as a calibrator against which levels of
BAFF and APRIL transcripts in vCTB cells and MC were
measured. An additional three harvests of term vCTB cells
were tested for the ligand mRNAs using the same tech-
nique, with results essentially identical to those reported
below.

Figure 3A shows that both vCTB cell and MC prepa-
rations contained transcripts derived from the Baff gene.
In comparison with the Hela cells used as calibrators,
ratios of levels of BAFF mRNA in the three preparations of
vCTB cells averaged 0.2:1 (vCTB/HelLa) whereas, in con-
trast, MC mRNA averaged 19:1 (MC/HelLa) (Table 1).
Thus, levels in vCTB cells were low in comparison to MC
cell levels, with a ratio of 1:95.
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Table 1. Ligand (BAFF, APRIL) and receptor (BAFF-R,
TACI, BCMA) mRNA levels in vCTB cells and MCs

from term placentas assessed by real-time PCR

mRNA vCTB/calibrator MC/calibrator vCTB/MC

Ligand
BAFF 0.2:1* 19:1* 1:95
APRIL 0.2:1* 53:1* 1:260
Exclusive BAFF
receptor
BAFF-R 4.0:1* 12:1* 1:3
Shared
receptors
TACI 0.5:17 1117 1:.22
BCMA 5.0:1%F 12:17 1:2

Values for vCTB cell mRNAs from three different placentas were
averaged as were values for preparations of MCs taken from the same
three placentas. The averaged values were used to establish ratios of
levels of vCTB cells and MCs to the specific calibrator cell lines as well
as the ratio of vCTB/MC.

*Calibrator, Hela cells.

TCalibrator, L721.221 cells.

Figure 3B shows that levels of APRIL mRNA in the
three preparations of vCTB cells relative to Hela cells
were identical to those of BAFF/HelLa (0.2:1) whereas in
MC, APRIL/HeLa mRNA yielded an average ratio of 53:1
(Table 1). Thus, the differential between BAFF transcript
levels in vCTB cells and MC was even greater for APRIL
than for BAFF, with a vCTB cell/MC ratio of 1:260.

These experiments clearly identified placental MCs as
a primary source of transcripts encoding BAFF and
APRIL, with MC levels greatly exceeding vCTB cell levels
in all samples tested. Although this was true in sum,
ranges of individual values relative to Hela cells were
broad for MC (BAFF, range 15 to 38; APRIL, range 18 to
118). A previous study® identified BAFF- and APRIL-
specific proteins in term human placentas by Western
blotting. Thus, the messages are known to be translated.
Immunostains were not done because of the difficulty of
identifying cell-specific production of soluble proteins by
immunohistochemistry.

Exclusive Receptors for BAFF in Placental Cells
Identified using Real-Time PCR and
Immunohistochemistry

In the next group of studies the goal was to ascertain
whether any term placental cells might receive BAFF sig-
nals. The same set of three harvests of MCs and matching
preparations of vCTB cells shown above in Figure 3, A and
B, were tested. As before, GAPDH was used as an endog-
enous control to normalize RNA input and cDNA from Hela
cells was used as a calibrator for BAFF-R.

As shown in Figure 4A, both vCTB cells and MCs
contained readily detectable BAFF-R mRNA. Levels were
not dramatically different in the two embryologically dis-
tinct subpopulations of placental cells, with relative val-
ues of vVCTB/HelLa cells of 4:1 and MC/HelLa cells of 12:1,
and a vCTB/MC ratio of 1:3 (Table 1). As with production
of ligands in MCs, variation was observed among sam-
ples in production of BAFF-R mRNAs by MCs, with one
sample containing markedly higher levels of BAFF-R
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Figure 4. Analysis of BAFF-R in the three preparations of purified vCTB cells and
matching MCs from the same placentas. A: BAFF-R mRNAs in vCTB cells and MCs
using 721.221 cells as calibrators in real-time PCR experiments. B: BAFF-R proteins
in placental villi identified by immunohistochemistry. Solid arrows point to positive
mesenchymal cells; open arrowheads point to syncytiotrophoblast. The inset
shows that no signals were obtained when isotype-specific mouse IgG was substi-
tuted for anti-BAFF-R. Original magnifications, X200.

mRNA than the other two. Because BAFF, APRIL, and
BAFF-R mRNAs were all tested against the same stan-
dard, Hela cells, it could be concluded that levels of
BAFF-R mRNA in both types of placental cells were usu-
ally low in comparison with BAFF mRNA levels.

To determine whether BAFF-R mRNAs in placental cells
were translated into protein, frozen sections of term placen-
tas were tested by immunohistochemistry using an anti-
BAFF-R mAb. Figure 4B shows that cells in the villous
stroma, which resembled macrophages by morphological
criteria (pleiomorphic cells with extended processes), den-
sity and distribution,?® were strongly BAFF-R positive. Weak
staining was observed in syncytiotrophoblasts. Villous cy-
totrophoblast cells are sparse in term placentas and were
not identified by marker expression. Positive cells be-
neath the syncytium that resembled vCTB cells by
morphology (round cells with vesiculated nuclei) were
observed in ~10% of cross-sections of placental villi.
The inset to Figure 4B shows that the isotype-specific
control mAb did not bind.

Both the real-time PCR and immunohistochemical
studies indicated that BAFF signaling through the spe-
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Figure 5. Analysis of TACI and BCMA mRNAs in the three preparations of
purified vCTB cells and matching MCs from the same placentas. A: TACI
mRNAs in vCTB cells and MCs using 721.221 cells as calibrators in real-time
PCR experiments. B: BCMA mRNAs in vCTB cells and MCs using 721.221 cells
as calibrators in real-time PCR experiments.

cific BAFF-R may take place in two placental cell popu-
lations, trophoblast cells and MCs.

Shared BAFF and APRIL Receptors in vCTB
Cells and MCs Identified using Real-Time PCR
and Immunohistochemistry

Two additional genes encode receptors that are not ex-
clusive to BAFF but are shared by BAFF and APRIL, Taci
and Bcma. To determine whether these receptors might
transduce BAFF and/or APRIL signals to vCTB cells
and/or MC, real-time PCR was used to evaluate TACI and
BCMA mRNAs in the three harvests of MCs and vCTB
cells reported above. Glyceraldehyde-6-phosphate de-
hydrogenase was used as a loading control and
L721.221 cells, a B-cell tumor line, was used for calibra-
tion since levels of TACI and BCMA transcripts were
unsatisfactorily low in the Hela cells used to calibrate
BAFF, APRIL, and BAFF-R mRNAs.

The results shown in Figure 5A demonstrate that vCTB
cells contain barely detectable levels of TACI, whereas
levels in matching MCs were readily identified. The ratio
of relative quantities of TACI mRNAs to L721.221 cells in
vCTB cells was 0.5:1 and 11:1 in MCs. This yielded a
vCTB/MC ratio of 1:22.

By contrast, as shown in Figure 5B, BCMA mRNAs in
both vCTB cells and MCs were easily identified. The ratio
of relative quantities of BCMA messages in vCTB:
L721.221 cells was 5:1 and in MCs was 12:1. This yielded
a vCTB/MC ratio of 1:2.

To ascertain whether or not the TACI and BCMA tran-
scripts were translated into proteins, immunohistochem-



Figure 6. Immunohistochemical identification of TACI and BCMA in human
term placentas. A: Anti-TACI immunostaining of term human placenta. Inset,
isotype-matched negative control. B: Anti-BCMA immunostaining of human
term placenta. Inset, negative control. Open arrowheads mark syncytiotro-
phoblast; solid arrows mark MCs. Original magnifications, X200.

ical studies were performed on fixed tissue sections of
term placentas. Figure 6A shows TACI immunostaining in
term placental villi. Consistent with the real-time PCR
results, TACI immunostaining was weak to negative in
syncytiotrophoblasts but was clearly identified in the MCs
of placental villi. No signals were observed when non-
specific isotype control mAb was substituted for specific
antibody (inset, Figure 6A).

Again, consistent with the real-time PCR results, BCMA
was clearly identified in both syncytiotrophoblasts and
MCs of placental villi (Figure 6B). No signals were ob-
served when nonspecific isotype control mAb was sub-
stituted for specific antibody (inset, Figure 6B).
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Figure 7. Cartoon illustrating the finding that MCs in term placental villi are
major sites of BAFF and APRIL ligand synthesis and that both vCTB cells and
MCs may receive BAFF/APRIL signals. BAFF and APRIL may target in an
autocrine manner to three receptors, BAFF-R, TACI, and BCMA, on MC and
in a paracrine manner to two receptors, BAFF-R and BCMA, on vCTB cells.

Summary

As illustrated in Figure 7, the major points regarding
potential autocrine and paracrine pathways for BAFF and
APRIL signaling in human term placentas identified in this
study were: i) ligands originate with MCs; and ii) recep-
tors are differentially distributed, with vCTB cells capable
of receiving paracrine stimulation via BAFF-R and BCMA,
whereas MCs are capable of serving as autocrine targets
via signaling through all three receptors.

Discussion

The results of this study indicate that two TNFSF ligands
mainly associated with B-lymphocyte development and
differentiation, BAFF and APRIL, may serve these and/or
other functions in human placentas. Further, we show that
MCs, not vCTB cells, are the major sources of BAFF and
APRIL in term placental villi, and that signaling strategies
will differ between vCTB cells and MCs due to differences
in receptor expression.

The results reported here expand those in an earlier
study in which transcription and translation of the Baff
and April genes were identified in human placentas by
semiquantitative PCR, immunoblotting, and immunohis-
tochemistry.® The current study contains more definitive
and therefore more useful results, using affinity purifica-
tion procedures to obtain enriched populations of placen-
tal cells as well as real-time PCR and immunohistochem-
ical studies to ascertain cell-specific receptor message
and protein expression. Our improved separation meth-
ods for vCTB cells permit us to state with some confi-
dence that BAFF and APRIL messages previously
thought to arise from vCTB cells® were likely contributed
by contaminating MCs. Regarding receptors, the earlier
study did not investigate Baff-R, which was newly de-
scribed at the time, 1®° or the cellular distribution of TACI
and BCMA because tools for analysis of these receptors
were as yet untested. We formally excluded the possibil-
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ity that the messages identified in vCTB cells or MCs
were due to B cell contamination by showing that none of
the preparations exhibited CD19 messages.

The two ligands have been previously reported in pla-
centas, but here we are able to report definitively that
BAFF and APRIL are synthesized almost exclusively in
MCs. This was not entirely unexpected because MC
preparations derived from enzyme digests of term pla-
cental villi contain a high proportion of macrophages,
which are prominent among the cell lineages known to
produce BAFF and APRIL. Although some BAFF and
APRIL mRNA was identified in vCTB cells, these RNAs
are likely to have been contributed by the 2% to 5%
contamination by MCs that takes place regardless of how
carefully purification procedures are done. These real-
time PCR experiments were of particular importance be-
cause BAFF and APRIL are soluble proteins and, conse-
quently, specific cellular sites of protein production are
difficult to identify in situ.

Unexpectedly, we learned in this set of experiments
that human term placental cells transcribe and translate
not only Baff and April ligand genes but also the genes
encoding their exclusive and shared receptors. In con-
trast to the situation with the two ligands, which were
clearly more prominent in MCs than in vCTB cells, both
lineages were shown to be capable of receiving BAFF
and APRIL signals. Mesenchymal cells likely transduce
BAFF signals via all three BAFF receptors, BAFF-R, TACI,
and BCMA, whereas vCTB cells are probably signaled
exclusively through BAFF-R and BCMA. Collectively, the
data suggest that the placenta may be a site of intensive
autocrine and paracrine signaling to local placental cells.

These surprising observations raise the question of
how BAFF and APRIL might function within the placenta.
Our previous ideas were that placental BAFF and APRIL
were exported to the mother, where the cytokines could
buttress the mother’s production of antibodies for her
own immunological defense, or to the fetus to boost the
developing immune system.® We here propose an en-
tirely novel concept: perhaps placental BAFF and APRIL
are used to drive placental cell maturation, development,
and/or differentiation. As summarized recently by Treml
et al,"® BAFF signaling through the BAFF-R regulates the
primary B-cell pool, whereas BAFF and/or APRIL acting
via the TACI receptor affect short-lived, proliferating B
cells The same two cytokines signaling through the
BCMA receptor govern memory B cells. The possibility
that BAFF in the placenta may have similar actions, at
least as regards placental macrophages, is supported by
a recent study showing that monocytes exposed to BAFF
respond with increased survival, activation, and differen-
tiation.?" It will be of considerable interest to perform
functional experiments.

Regarding increased survival, our data show that both
vCTB cells and MCs have the potential to activate the
BAFF:BAFF-R signaling pathway, which would interfere
with apoptosis via implementation of both the alternative
nuclear factor kB2 and classic nuclear factor kB1 path-
ways known to support innate immunity.® It is tempting,
further, to speculate that the ability of vCTB cells and
MCs to proliferate may also be regulated by TACI, which

is unexpressed in the former and highly expressed in the
latter. BCMA, which is associated with terminal differen-
tiation in B cells, was equally expressed in term placental
vCTB cells and MCs. This suggests a mechanism by
which further differentiation in these subpopulations is
limited.

Whether any placental pathologies are due to over- or
underproduction of BAFF, APRIL, and/or the three recep-
tors remains to be discovered. Regarding overproduc-
tion, BAFF is excessive in autoimmune disorders®’ 31,
and studies on endometriotic lesions indicate that areas
of pathological cell growth are filled with plasma cells due
to excessive production of BAFF by macrophages.®? If
BAFF and/or APRIL is important to programming tropho-
blast functions, relationships between underproduction
and failure of trophoblast migration such as occurs in
pre-eclampsia could be envisioned. If important to pro-
gramming placental macrophage functions, immunity in
the placenta might be compromised, leading to infection-
associated preterm labor and delivery.

In summary, the results of this study designed to dis-
sect potential autocrine and paracrine pathways for BAFF
and APRIL signaling in human term placentas achieved
that goal but also produced evidence in support of an
emerging concept regarding development and immune
mediators. Certain cytokines and growth factors originally
identified in the immune system are now known to influ-
ence reproduction and embryogenesis. This is the case
with tumor necrosis factor «,%? two other TNFSF ligands,
ie, LIGHT®®24 and TRAIL (tumor necrosis factor apopto-
sis-inducing ligand),*® and two unrelated cytokines, col-
ony-stimulating factor-1¢ and transforming growth fac-
tor-B.3” The same is very likely also to be true of the B-cell
regulators, BAFF and APRIL.
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