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Abstract

Weinvestigated the mechanisms of alphafetoprotein (AFP)
transfer across the human placenta by correlating measure-

ments of AFP transfer with cytochemical localization of
AFP. Placental cotyledons were dually perfused in vitro with
either the fetal or maternal perfusate containing umbilical
cord plasma as a source of AFP. Steady state AFPclearance,
corrected for release of endogenous AFP, was 0.973±0.292
,ul/min per gram in the fetal to maternal direction (n = 10),
signfficantly higher (P < 0.02) than that in the maternal
to fetal direction (n = 5; 0.022+0.013 ,ul/min per gram).
Clearance of a similarly sized protein, horseradish peroxi-
dase was also asymmetric but clearance of the small tracer
creatinine was not. Using a monoclonal antibody, we local-
ized AFP to fibrinoid deposits in regions of villi with discon-
tinuities of the syncytiotrophoblast, to cytotrophoblast cells
in these deposits, to syncytiotrophoblast on some villi, and
to trophoblast cells in the decidua. Weconclude that AFP
transfer in the placenta is asymmetric and that there are

two available pathways for AFP transfer: (a) from the fetal
circulation into the villous core and across fibrinoid deposits
at discontinuities in the villous syncytiotrophoblast to enter
the maternal circulation; and (b) AFP present in the de-
cidua could enter vessels that traverse the basal plate. (J.
Clin. Invest. 1995. 96:2220-2226.) Key words: protein
transport * in vitro * placenta * fetus

Introduction

Measurement of the maternal serum alphafetoprotein
(MSAFP)' concentration in the second trimester is a common

A preliminary report of this work was presented at a meeting of the
Society for Gynecologic Investigation, 24-28 March, 1994, in Chi-
cago, IL.

Address correspondence to Colin P. Sibley, Ph.D., Department of
Child Health, University of Manchester, St. Mary's Hospital, Hathersage
Road, Manchester M13 OJH, United Kingdom. Phone: 161-276-6484;
FAX: 161-224-1013.

Receivedfor publication 19 July 1994 and accepted in revisedform
27 July 1995.

1. Abbreviations used in this paper. AFP, alphafetoprotein; HRP, horse-
radish peroxidase; MSAFP, maternal serum AFP; K, unidirectional
clearance.

component of pregnancy care. Elevated MSAFPlevels were
originally used to screen for fetal neural tube defects. However,
recent data indicate that in the absence of fetal anomalies a high
MSAFPconcentration in the mid-trimester is associated with
intrauterine growth retardation, preeclampsia, and increased
perinatal mortality ( 1). Increased fetal to maternal transfer of
alphafetoprotein (AFP) across the placenta due to increased
placental permeability is often implicated as an etiology for the
higher MSAFPlevel where there is no fetal anomaly. However,
this assumption has not been tested directly since the mecha-
nisms involved in AFP transfer in normal pregnancy are un-
known.

There are four anatomical barriers for proteins passing be-
tween the maternal and fetal circulations of the human placenta:
the syncytiotrophoblast which is bathed by maternal blood in
the intervillous space, the trophoblastic and capillary basement
membranes, and the fetal capillary endothelium. Gitlin (2) sug-
gested that placental transfer of APP is by diffusion. Both in
vivo and in vitro studies have shown that the permeability of
the human placenta to inert, hydrophilic tracers is proportional
to their coefficients of free diffusion in water (3-9) showing
that transfer by paracellular diffusion can occur for a molecule
such as AFP. The anatomical correlate for the paracellular route
of diffusion in the human placental villus is controversial since
the syncytiotrophoblast is a true syncytium. However, we re-
ported that discontinuities in the syncytiotrophoblast layer were
present on placental villi from uncomplicated pregnancies and
were associated with fibrin containing fibrinoid deposits (10).
This observation allowed us to identify these discontinuities as
one paracellular route for diffusion of hydrophilic molecules
from the maternal to fetal circulation.

The aim of the present study was to investigate the mecha-
nisms of AFP transfer across placental villi from uncomplicated
pregnancies. Wecorrelated quantitative measurements of AFP
transfer between the fetal and maternal circulations in the dually
perfused human placental cotyledon with cytochemical localiza-
tion of AFP immunoreactivity in sections of perfused tissue.
This also allowed us to test the hypothesis that areas of syncytial
discontinuity on the villous surface provide one route for AFP
transfer between the fetal and maternal circulations.

As the data suggested that AFP clearance in the fetal to
maternal direction is greater than that in the maternal to fetal
direction, we also measured the fetal to maternal clearance of
the similarly sized (molecular radius 3-4 nm) protein horserad-
ish peroxidase (HRP). This allowed comparison to our previous
data on maternal to fetal HRPclearance (9) and determination
of whether the asymmetry in clearances was a phenomenon
affecting all macromolecules.

Methods
This study was approved by the Central Manchester Health Authority
Ethical Committee.
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The placentas from uncomplicated term pregnancies were obtained
after vaginal delivery (n = 16) or cesarean section (n = 9) from women
whose MSAFPconcentrations were less than two multiples of the me-
dian when measured during the second trimester. Cotyledons (42.4±4.3
grams; mean±SEM) were perfused by the method of Schneider, Pani-
gel, and Dancis ( 11) as adapted in our laboratory (9). The intervillous
space and the fetal circulation were perfused at a mean rate of 14.1±0.1
and 5.6±0.1 ml/min, respectively; perfusate recovery for both the fetal
and maternal circulations was required to be > 95% of inflow volume
to proceed with the experimental protocol; in the experiments reported
here actual perfusate recovery was not significantly different from 100%.
Perfusate was initially Earle's bicarbonate buffer containing 5.6 mM
glucose, 0.5 mMdextran 70 (mol wt 70-80 kD; Sigma Chemical Co.,
Poole, United Kingdom) and 0.017 mMbovine serum albumin (Sigma
Chemical Co.), equilibrated with 95% 02/5% CO2 attaining a pH of
7.4 after gassing. Perfusion with this standard medium was continued
throughout the experimental period in three preparations. In the other
experiments, a 15-20-min period of dual perfusion with the medium
was followed by ongoing perfusion with fresh medium added to either
the maternal circulation (in experiments where maternal to fetal transfer
was measured) or fetal circulation (in experiments where fetal to mater-
nal transfer was measured). The fresh medium was Earle's bicarbonate
buffer containing 5.6 mMglucose, 4.4 mMcreatinine (as a small molec-
ular weight extracellular tracer), and either 20 or 50% (vol/vol) umbili-
cal cord plasma, obtained from other placentas, as a source of AFP.
Perfusion was continued on the donor circulation with the medium
containing AFP in closed circuit for 40-60 min while the acceptor
circulation was perfused with the standard medium without creatinine
or AFP in open circuit. Samples of donor and acceptor circulation
perfusates were taken at 10- and 5-min intervals, respectively. At the
end of the transfer experiment, cotyledons were perfusion fixed through
the fetal circulation with a fixative of 2.0% formaldehyde (wt/vol) and
2.5% glutaraldehyde (vol/vol) in 0.1 Mcacodylate buffer at pH 7.2.
The fixed cotyledon was excised, weighed, thinly sliced, immersed in
the same fixative for 1 h, and washed in three changes of 0.1 Mcacodyl-
ate buffer with 0.25 Msucrose at pH 7.2. The fixed tissue was washed
in three changes of 0.1 MTris hydrochloride buffer at pH 7.4 and stored
in this buffer at 4°C until processed for histologic examination.

In some experiments HRP(type II; Sigma Chemical Co.) was added
to the donor side perfusate containing cord plasma, as described above
to a final activity of 17,500 U/liter and in other experiments HRPwas
added to the standard medium (i.e., without cord plasma) and perfused
through the donor side; these experiments were then continued as de-
scribed above.

Analysis of perfusate samples. The AFP concentrations in perfusate
samples were measured by the RIA used for clinical samples at St.
Mary's Hospital (12). This RIA uses a well characterized antibody
which is unreactive with other serum proteins; the assay has a sensitivity
of 5 ng/ml and a coefficient of variation of < 10% at the analyte ranges
used. Because blood is incompletely removed from the fetal circulation
of perfused cotyledons (13), there was release of AFP endogenous to
the tissue. Wemeasured this endogenous AFP output into the fetal and
maternal perfusates in the three preparations dually perfused with the
Earle's salt solution without added cord plasma. These data were used
to correct for release of endogenous AFP in experiments where AFP
was added to one of the perfusates, as detailed further in Results.

HRPwas assayed as previously described (9, 14). During the course
of this study we found that effluent perfusate contained endogenous
peroxidase activity, most likely due to hemoglobin in the samples. How-
ever, in the absence of added HRP, the absorbance of perfusate samples
at 414 nm (a wavelength at which HRPat the concentrations used here
does not absorb) was linearly correlated (r2 = 0.99) with the endoge-
nous peroxidase activity. Therefore, in experiments with added HRP,
measurement of absorbance of perfusate effluent samples at 414 nm,
together with the standard curve (endogenous peroxidase activity versus
absorbance at 414 nm), allowed us to correct data for endogenous
peroxidase activity. In our previous study of maternal to fetal transfer
of HRP (9) we had not been aware of the endogenous peroxidase
activity so the clearances reported are therefore an overestimate of the

true maternal to fetal HRPclearance. However, we had stored frozen
all the samples from that study so that we were able to reanalyze them
and correct for the endogenous peroxidase activity.

Creatinine concentrations were measured using Sigma Kit No. 555-
A (Sigma Chemical Co.). Transfer of AFP, HRP, and creatinine was
calculated in terms of unidirectional clearance (K):

K = ([acceptor side].Q)/((donor side]-W) p1l/min per gram placenta

where Q is the measured flow rate in the acceptor circulation and Wis
the wet weight of the perfused cotyledon before fixation (9, 15).

Data are mean±SEM. The Student's t test for paired or unpaired
data as appropriate was used for statistical analysis of normally distrib-
uted data. The Mann Whitney U test was used for analysis of data which
was not normally distributed. A probability of P < 0.05 was accepted
as significant.

Morphological investigations. The histologic evaluation of perfused
tissues was effected in two steps. The perfused tissue was examined
initially to verify the absence of tissue damage. Villous tissue was diced
into fragments about 2-3 mm3in size, dehydrated in alcohol, cleared
in propylene oxide, and infiltrated in a propylene oxide/resin mixture
before embedding in Taab epoxy resin (Taab Laboratories Equipment
Ltd., Aldermaston, United Kingdom with polymerization at 600C for
72 h. Sections 0.5-Am thick were cut on a ultramicrotome (OMUHI;
Reichert Scientific Instruments, Buffalo, NY), mounted on glass slides,
and stained with 1% toluidine blue in 1% borax. Three blocks were
examined from each of the upper, middle, and basal areas of the perfused
cotyledons. Only those specimens showing minimal trophoblast vacuo-
lation and little artefactual disruption of the syncytiotrophoblast were
further processed. Clearance data from the tissue rejected by these crite-
ria were not included in the final analysis.

Tissues fulfilling the above morphological criteria were further pro-
cessed for cytochemical localization of AFP. 5-jsm sections of paraffin
embedded specimens were dewaxed in an organic solvent (Americlear;
American Scientific, McGawPark, IL) and absolute ethanol, and endog-
enous peroxidase was quenched by immersion in 0.6% (vol/vol) metha-
nolic peroxide solution for 30 min. Slides were rehydrated in graded
ethanols and distilled water and placed in PBS at pH 7.4 for 10 min.
A monoclonal antibody to AFP (Clone AFP 1; Serotec Ltd., Kidlington,
United Kingdom) was diluted 1:1,000 (vol/vol) with PBS and applied
to sections for incubation in moisture chambers for 18 h at 40C. Slides
were developed using the avidin-biotin-peroxidase complex method
(16). A chromogenic precipitate was obtained by immersing sections
in 3,3 '-diaminobenzidine tetrahydrochloride (0.25 mg/ml with 0.003%
hydrogen peroxide; Sigma Chemical Co.) for up to 10 min and the
reaction product was enhanced by brief exposure to 0.125% osmium
tetroxide. Slides were counterstained in Harris' hematoxylin, dehy-
drated, and coverslipped in a synthetic mounting medium.

Negative controls were placental sections processed identically ex-
cept with substitution of anti-AFP antiserum by either nonimmune
mouse ascites fluid (as a protein-rich source) or McCoy's solution.
Staining sections of a human yolk sac germ cell tumor known to express
AFP immunoreactivity provided a positive control. Duplicate sets of
placental sections from each experiment were compared to these positive
and negative control slides by an observer blinded to the treatment
conditions. The presence or absence of AFP immunoreactivity was sys-
tematically evaluated in the syncytiotrophoblast, the endothelium and
connective tissue of the villous core, the fibrin containing fibrinoid
deposits, and the decidua, when the plane of section happened to include
this area of the cotyledon.

Results

General. 17 of 27 preparations used in clearance experiments
which fulfilled our perfusate recovery criteria also fulfilled our
morphological criteria. 5 of the 17 were used to study maternal
to fetal AFP clearances and one was used to measure maternal
to fetal HRPclearance. Of the remaining 11, 10 were used to
study fetal to maternal AFP clearances, six of which were also
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Figure 1. Endogenous AFP output. Cotyledons were perfused with
Earle's bicarbonate buffer containing 5.6 mMglucose, 0.5 mMdextran
70, and 0.017 mMBSA. AFP in maternal (A) and fetal (n) perfusates
was measured by RIA and calculated as a percentage of that in the
perfusate at time 0 (i.e., 15-20 min after the start of dual perfusion).
Mean±SEM, n = 3.

used to study fetal to maternal HRPclearances, and one experi-
ment was used to study fetal to maternal HRPclearance alone.
Creatinine clearances were measured simultaneously with those
of AFP.

After correction for tubing pressure, mean inflow pressure

at 40 min was 38±6 mmHgon the maternal side and 46±5
mmHgon the fetal side.

AFP, HRP, and creatinine clearances. Blood present in the
perfused cotyledons is incompletely removed (14), and thus,
we noted a continuous elution of AFP into the perfusates
throughout the perfusion time period studied when cord plasma
was not added to the perfusion medium. This release of endoge-
nous AFP is shown in Fig. 1, where AFP concentrations in
perfusate samples are illustrated as a percentage of the AFP
concentration in the perfusate measured at time zero (i.e., 15-
20 min after establishing dual perfusion of the fetal vasculature
and maternal intervillous space). Endogenous AFP release into
the fetal circulation was relatively constant over the time course

of the experiments whereas endogenous AFP release from the
maternal circulation slowly decreased. In each experiment
where AFP was to be added to either the maternal or fetal
perfusate, we measured the AFP concentration in the time zero

sample obtained before perfusion with the medium containing
cord plasma. This AFP concentration in the time zero perfusate
and the data shown in Fig. 1 was used to estimate the contribu-
tion of endogenous AFP to total AFPmeasured in each acceptor
circulation sample subsequently collected.

Clearance data for AFP are illustrated without correction
for endogenous AFP release in Fig. 2 a and with correction for
endogenous AFP release in Fig. 2 b. Donor and acceptor side
perfusate AFP concentrations at steady state (40 min; see be-
low) in experiments where fetal to maternal clearance was mea-

sured were 59.6±7.1 and 0.048±0.021 yg/ml, respectively,
and, in experiments where maternal to fetal clearance was mea-

sured, 65.1±9.1 and 0.085±0.045 pug/ml, respectively. Fetal to
maternal clearance increased significantly (P < 0.05, paired t
test) over the first 25 min and then reached a steady state; the
steady state clearance, K, at 40 min was 0.973±0.292 ,ul/min
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Figure 2. AFP clearance uncorrected (a) for release of endogenous
AFP into the perfusate and corrected (b) for endogenous AFP release.
Cotyledons were initially perfused with Earle's bicarbonate buffer con-

taining 5.6 mMglucose, 0.5 mMdextran 70, and 0.017 mMBSA. After
15-20 min of dual perfusion Earle's bicarbonate buffer containing 5.6
mMglucose, 4.4 mMcreatinine, and either 20 or 50% (vol/vol) umbili-
cal cord plasma was perfused through the maternal circulation (in exper-

iments where maternal to fetal clearance was measured; *) or through
the fetal circulation (in experiments where fetal to maternal clearance
was measured; ,) while the standard perfusate without cord plasma was

maintained through the opposite circulation. AFPwas measured in timed
samples using an RIA and clearance calculated. Mean±SEM; n = 5 for
maternal-fetal clearance and n = 10 for fetal-maternal clearance; * P
< 0.02 vs maternal-fetal clearance (Mann Whitney U test).

per gram placenta when corrected for endogenous AFP. In con-

trast, maternal to fetal AFP clearance showed minimal change
over the time course studied. When corrected for endogenous
AFP, maternal to fetal AFP clearance (K = 0.022±0.013 ,ul/
min per gram placenta) was not significantly different from zero

(Fig. 2 b). Fetal to maternal AFPclearance was significantly (P
< 0.02, Mann-Whitney U test) higher than maternal to fetal
AFP clearance at steady state (40 min) whether or not the
correction for endogenous AFP was made (Fig. 2).

Fetal to maternal HRPclearance, corrected for endogenous
peroxidase activity, was very similar to that for AFP in this
direction and, at steady state (40 min) was 0.783±0.232 ,u/
min per gram placenta (n = 7). For comparison we reanalyzed
samples from our previous study of maternal to fetal clearance
of HRP (9), so that endogenous peroxidase activity was cor-

rected for and added to these values data from one further
measurement of maternal to fetal HRPclearance, carried out as

part of the present study to ensure reproducibility. The maternal
to fetal HRPclearance calculated from these data was similar
to that for AFP in the same direction; at 40 min the mean

maternal to fetal HRPclearance was 0.103±0.056 [I/min per
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Figure 3. Creatinine clearance. C
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Immunocytochemistry. M
peroxidase cytochemistry to
sections of villous tissue froi
munoreactivity was observe
placenta where nonimmune r
or McCoy's solution were
(Fig. 4 A). The expected pa
was present in nests of cell
yolk sac germ tumor knowr
qualitative localization of ir
in placental tissues perfused
cord plasma as a source of j
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brown staining in the matr
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brinoid deposits (Fig. 4 C)
E) identified when the basz
happened to be included in tl
reactivity was additionally 1
of some, but not all, of the f
the syncytiotrophoblast of sc
4 C and G). The villous cor

tissue cells, the trophoblast and capillary basement membranes,
and the fetal vessel endothelium showed no specific immunore-
activity for AFP (Fig. 4 F). The lumina of fetal vessels occa-
sionally contained peroxidase reaction product, either secondary
to endogenous AFP or to incompletely quenched peroxidase
activity of red blood cell hemoglobin.

Discussion

l lI l± This study is the first to directly investigate mechanisms of
AFP transfer across the human placenta from uncomplicated
pregnancies. The AFP clearance data show that the rate of AFP
transfer from the fetal to the maternal circulation across the
placental villus is faster than the AFP transfer rate from the

20 30 40 50 maternal to fetal circulation. This asymmetric clearance of AFP
contrasts with the clearance of the small hydrophilic molecule

Time (min) creatinine which was bidirectional and symmetrical. The cyto-

otyledons were initially perfused with chemical findings indicate that at least two anatomical pathways
ning 5.6 mMglucose, 0.5 mMdextran associated with the placenta are available for AFP entry into
5-20 minutes of dual perfusion Earle's the maternal circulation: the AFP leaving fetal vessels can pass
5 mMglucose, 4.4 mMcreatinine, and through the villous core and across the fibrinoid deposits at sites
lical cord plasma was perfused through of discontinuity of the syncytiotrophoblast to enter the maternal
riments where maternal to fetal clear- circulation without passing through the cytoplasm of the syncyt-
gh the fetal circulation (in experiments iotrophoblast; the AFP present in the decidua basalis can access
e was measured; A) while the standard the maternal circulation by entering the vessels that traverse the
{as maintained through the opposite basal plate.
ured using a calorimetric assay and The clearance across the placenta due to paracellular diffu-
M; n = 5 for maternal-fetal clearance sion of an inert, hydrophilic, nonelectrolyte solute that is not
learance. limited by flow should be symmetrical (15). Creatinine is a

tracer with the listed characteristics and creatinine clearance in
this study was symmetrical. In contrast, the clearance of AFP

ificantly (P < 0.05; Mann Whitney was asymmetrical and predominantly unidirectional from fetal
CP in the fetal to maternal direction. to maternal circulations. The need to correct the clearance data
e significantly (paired t test) over for the endogenous AFP release may mask a small amount of
ntal perfusion and then reached a AFP transfer from maternal to fetal circulations and yet, what-
ntrast to AFP and HRP, there was ever the error in actual values, AFP clearance remains signifi-
r the maternal to fetal creatinine cantly higher for transfer from the fetal to maternal circulation,
min per gram placenta) compared compared to the transfer from the maternal to fetal compart-

inine clearance (K = 24.9±6.1 piL/ ment.
The asymmetrical clearance of AFP suggests that a more

le used a monoclonal antibody and complex mechanism exists for transfer of this protein than para-
localize AFP immunoreactivity in cellular diffusion. The most likely explanation for the asymme-
m the perfused cotyledons. No im- try is that the fetal to maternal clearance of AFP was higher
d in negative control sections of than predicted by a paracellular diffusion model because there
nouse ascites fluid, rich in proteins, was bulk flow of perfusate containing AFP from the fetal to the
substituted for the AFP antibody maternal circulation. The data showing that the clearance of
ttern of immunoreactivity for AFP HRP, a protein not normally handled by the placenta, is also
s in positive control sections of a asymmetric is consistent with this bulk flow hypothesis. A fetal
n to express AFP (Fig. 4 B). The to maternal hydrostatic pressure gradient would drive such bulk
nmunoreactive AFP was identical flow across the placental villous exchange area. Schneider and
with or without medium containing colleagues (17) have previously demonstrated this in experi-
AFP, although specimens perfused ments where, using the perfused human placental cotyledon,
ord serum did tend to have more increases in fetal venous pressure were shown to significantly
rix components of the fibrin-con- increase fetal to maternal clearance of a 70,000 MWdextran,
1 plate. Specific AFP immunoreac- but not that of their small extracellular tracer, L-glucose. Al-
ophoblast cells associated with fi- though direct measurement of hydrostatic pressures at the level
and in the decidua (Fig. 4, D and of exchange was not possible, the fetal arterial perfusion pres-

al plate of the perfused cotyledon sures were higher than those in the maternal intervillous space
ie tissue section. The AFPimmuno- in our experiments. We calculate that only 0.054 ml/min of
ocalized to noncellular components perfusate would need to be filtered from the fetal to maternal
fibrinoid deposits (Fig. 4 F) and to direction to explain the asymmetry in AFP clearances, if we
)me, but not all, placental villi (Fig. assume negligible paracellular diffusion. Unfortunately, this ad-
*e matrix and associated connective ditional volume is too small to measure in our system, with our
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maternal perfusion inflow rate of 14.1 ml/min. Umbilical ve- cifically associate, may allow detection of AFP in this matrix
nous pressure is significantly higher than intervillous space pres- but not other matrices such as the villous core or basement
sure in vitro (18) suggesting that there is a fetal to maternal membrane.
hydrostatic pressure gradient which could drive bulk flow across An unexpected cytochemical finding suggests a second route
the placenta in situ. Stulc and Stulcova (19) provided direct for AFP entry into the maternal circulation in vivo. The AFP
evidence for fetal to maternal bulk flow in vivo across the rat localized within the decidua would have access to the maternal
placenta. Bulk flow would not affect creatinine clearance, or circulation if this protein molecule can cross into arteries or
that of other extracellular tracers of similar size such as L- veins that traverse the basal plate. The immunoreactive AFP in
glucose, across the human placenta because of the much higher the cytoplasm of trophoblast cells in the decidua could reflect
rate of paracellular diffusion for these small molecules. Trans- either synthesis or endocytosis of the protein. Synthesis of
cytosis in the fetal to maternal direction across the trophoblast alphafetoprotein is predominantly by yolk sac and liver during
layer offers an additional explanation for the higher fetal to fetal development (2), but Furth and Adinolfi (21) reported
maternal AFPclearance, but the immunolocalization of the AFP some AFP synthesis by placental tissue in vitro. Alternatively,
largely to the apical cytoplasm of the syncytiotrophoblast does the cytoplasmic immunoreactivity may relate to trophoblast en-
not suggest, but does not exclude, this route. docytosis of the AFP molecule, as described for other fetal cells

Fibrin containing fibrinoid deposits occur at discontinuities (22). Understanding whether the trophoblast either produces
in the syncytiotrophoblast as a common histologic feature of or endocytoses AFP is of particular interest in light of recent
villi from term human placentas (10, 20). The AFP immunore- data associating low maternal serum AFP levels with pregnan-
activity identified cytochemically in some, but not all, of the cies complicated with trisomic fetuses (23). The mere presence
deposits in sections of perfused tissue indicate that one available of AFP in the basal plate provides a source for maternal serum
route for paracellular transfer of AFP between the fetal and AFP elevations associated with placenta accreta (24), a patho-
maternal circulations is through the syncytiotrophoblast layer logical pregnancy condition associated with abnormal basal
at the discontinuities in the syncytium. The AFP immunoreac- plate anatomy.
tivity of cytotrophoblast in these deposits suggests that AFP The assumption that AFP passes from the fetal to maternal
uptake, if not synthesis, occurs in these cells and such uptake compartments via the amnion or the placenta is implicit in
might modify measured AFP clearance to a small degree. Many correlating AFP levels with clinical conditions in normal and
deposits did not exhibit immunoreactivity for AFP and no im- abnormal pregnancies (1). The mechanism for elevated mater-
munoreactivity for AFPwas identified in capillary endothelium, nal serum AFP concentrations when abnormal fetal anatomy is
villous core connective tissue, or the basement membranes of present is well described, as this serum protein passes from the
trophoblast or capillaries. This contrasts with our study of ma- fetal circulation across surfaces without skin to enter amniotic
ternal to fetal clearance of horseradish peroxidase, a protein of fluid and ultimately the maternal circulation. However, the spe-
similar molecular weight to AFP, in the perfused cotyledon cific mechanisms for AFP transfer in pregnancies without anom-
model. Cytochemical localization of peroxidase in sections of alies have not been delineated. In such pregnancies elevated
perfused tissues included not only the fibrinoid deposits but also mid-trimester AFP concentrations have been associated with
the trophoblastic basement membrane and villous core macro- increased placental volume, abnormal basal plate anatomy,
phages (9). Weare therefore uncertain how AFP exiting the chronic villitis, and placental infarction at term (24-26). Our
fetal circulation gains access to the fibrinoid deposits on the evaluation of AFP transfer in perfused human placental cotyle-
villous surface. The ability to detect AFP cytochemically is dons from uncomplicated pregnancy not only indicates that the
limited by the number of AFP molecules per unit area of tissue AFP can cross the placental villus, but also offers microscopic
section and the affinity of the monoclonal antibody for its AFP mechanisms to explain why enhanced AFP transfer occurs in
antigen, among other factors. Fibrinoid contains fibrin and many the presence of gross abnormalities of the placenta. Wesuggest
other serum proteins to which AFP molecules, perhaps nonspe- that the elevated MSAFPlevels in some high risk pregnancies

Figure 4. Localization of AFP in sections of perfused placenta. C, D, and E are from specimens perfused without exogenous AFP in the perfusates
while A, F, G, and H are from specimens with exogenous AFP added to a perfusate. A monoclonal antibody to AFP and the avidin-biotin-peroxidase
technique were used to identify AFP immunoreactivity in tissues. (A) Negative control section of a placental villus processed for cytochemistry
but with substitution of nonimmune mouse ascites tumor fluid, rich in proteins, for the specific monoclonal anti-AFP antibody. No background
brown staining is present in the fibrinoid deposit (f ) located on the villous surface at the discontinuity (arrow) in the syncytiotrophoblast layer.
(B) Positive control section from a yolk sac germ cell tumor showing nests of cells with brown staining indicative of specific AFP immunoreactivity.
(C) Brown staining localizes AFP immunoreactivity to cytotrophoblasts enmeshed in a fibrinoid deposit (f ) and to syncytiotrophoblast on an
adjacent villus (arrow). The villous core shows no immunoreactivity. (D) AFP immunoreactivity is apparent as brown staining of trophoblast cells
present in this section of the decidua from the basal plate area of a cotyledon perfused without exogenous AFP in the perfusate. An adjacent section
to the one shown in D, is illustrated at higher magnification in E and shows two of the trophoblast cells with AFP immunoreactivity in the decidua.
(F and G) Lower (F) and higher (G) magnifications of sections of villi previously exposed to fetal perfusate containing AFP. Three fibrinoid
deposits (arrows) are present in F with AFP immunoreactivity localized in two of them (closed arrows) and one showing no brown staining (open
arrow). The largest fibrinoid deposit bracketed by arrows in the center of F is located at a junction of two villi where there is a discontinuity in
the surface layer of syncytiotrophoblast. The villous core connective tissue and fetal vessels do not show specific AFP immunoreactivity. A higher
magnification (G) of a fibrinoid deposit attached to a villus at a discontinuity in the syncytiotrophoblast layer shows the matrix of the deposit is
immunoreactive for AFP and an adjacent villus also has syncytiotrophoblast (open arrow) that is immunoreactive for AFP. The villous core shows
no specific immunoreactivity. (H) A villus with cytoplasmic immunoreactivity in the syncytiotrophoblast shows more staining in the apical cytoplasm
adjacent to the microvillous border (small arrow) compared to the basal cytoplasm (arrowhead) adjacent to the villous core. A-C, and G X 1,520;
D and F x600; E and H x3,800.
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may reflect increased damage to the syncytiotrophoblast of pla-
cental villi or abnormal disruption of vessels passing through
the basal plate. An increased number of discontinuities in the
syncytiotrophoblast would provide more surface area for fetal
to maternal AFP passage by either diffusion or filtration, and
ultimately higher maternal serum AFP concentration. The AFP
molecules in the decidua would have increased access to the
maternal circulation if the basal plate anatomy were disrupted,
especially if vessels passing through the area were involved.
The extent to which irreparable damage to trophoblast or basal
plate occurs would determine which pregnancies with elevated
mid-trimester AFP levels result in poor pregnancy outcome,
including perinatal loss, preeclampsia, or intrauterine growth
abnormalities. The capacity of the human placenta to repair
itself would explain why most pregnancies with elevated mid-
trimester AFP concentrations proceed to normal outcomes.

In summary our data show, firstly, that there is asymmetric
clearance of AFP across the perfused human placental cotyle-
don; such asymmetric transfer would be exaggerated in vivo by
the considerably higher concentration of AFP in fetal as com-
pared to maternal plasma (2). Secondly, one available route of
AFP transfer across the syncytiotrophoblast is across areas of
syncytial discontinuity in the villous surface. Finally our data
suggest that trophoblasts can alter AFP production and metabo-
lism either by synthesizing or endocytozing this protein.
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