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Abstract

The syncytiotrophoblast forms a continuous barrier between the maternal and fetal circulations. Here we

present a serial block-face scanning electron microscopy (SBFSEM) study, based on a single image stack,

showing pooling of fetal blood underneath a region of stretched syncytiotrophoblast that has become

detached from the basement membrane. Erythrocytes are protruding from discrete holes in the

syncytiotrophoblast suggesting that, under specific circumstances, the syncytiotrophoblast may be permeable

to fetal cells. This observation represents a pathological process but it poses questions about the physical

properties and permeability of the syncytiotrophoblast and may represent an early stage in the formation of

fibrin deposits in areas of syncytial denudation. This study also illustrates how the 3D images generated by

SBFSEM allow the interpretation of structures that could not be understood from a single histological

section.
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Introduction

The human placenta is monochorionic and haemochorial,

and its syncytiotrophoblast forms a continuous barrier

between the maternal and fetal circulations (Sibley, 2009).

Despite the continuous nature of the syncytiotrophoblast,

there is functional evidence for a size-selective paracellular

route (Sibley, 2009; Bain et al. 1990). The anatomical basis

for the paracellular route remains unclear, and although

trans-trophoblastic channels have been proposed, they have

not been observed to cross the full width of the syncytiotro-

phoblast. However, partial channels may have been

observed under pressure (Kertschanska et al. 1997). Alterna-

tively, evidence exists for regions of syncytial denudation

that may allow paracellular diffusion (Brownbill et al.

2000). These regions of syncytial denudation are covered in

fibrin deposits whose pathogenesis is not entirely under-

stood. The passive permeability of the placenta decreases

with increasing molecular size and proteins and cells would

not be expected to cross the placenta (Bain et al. 1990; Sib-

ley, 2009). Maternal microchimerism demonstrates that

non-trophoblastic fetal cells can enter the mother’s circula-

tion (Bianchi et al. 1996). In this study, we present evidence

that fetal cells could, under specific pathological conditions,

cross the syncytiotrophoblast.

Methods

Tissue was collected after vaginal delivery from term placenta from

an uncomplicated pregnancy with written informed consent and

ethical approval from the Southampton and Southwest Hampshire

Local Ethics Committee (11/SC/0529).

Within 30 min of delivery, a villous sample was dissected out and

placed directly into 3% glutaraldehyde in 0.1 M cacodylate buffer at

pH 7.4 at room temperature (RT) and stored at 4 °C until process-

ing. Samples were treated twice with 0.1 M sodium cacodylate buf-

fer pH 7.4 containing 0.23 M sucrose and 2 mM CaCl2 for 10 min,

4% OsO4 for 60 min, thiocarbohydrazide for 20 min, 2% OsO4 for

30 min and finally 2% uranyl acetate for 60 min. Samples were

embedded in Spurr’s resin, polymerised at 60 °C for 16 h, blocks

were trimmed (100 lm2), mounted on an aluminium pin with con-

ductive glue and sputter-coated with gold/palladium (Holcomb

et al. 2013). Blocks were imaged using a Gatan 3View inside an FEI

Quanta 250 FEGSEM at 3.0 KV accelerating voltage and with a
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vacuum level of 40 Pa. The voxel size was 22 9 22 9 50 nm, and

the total image size was 3000 9 3000 pixels.

Images were processed in FIJI (version 2.0.0-rc-43) using Gaus-

sian blur (sigma radius 2) and enhance- contrast (0.4% saturated

pixels) (Schindelin et al. 2012). To estimate the size of the holes

in the syncytiotrophoblast from which erythrocytes were protrud-

ing, the maximal diameter on the X–Y axis was measured in FIJI

along with three to five slices either side to ensure it was the

maximum point. The maximal diameter in the Z axis was esti-

mated by counting the number of 50-nm slices in which it

appeared. The image stack was segmented in AMIRA (Version

6.1.1; FEI, UK) using thresholding.

The most prominent protruding erythrocyte and the surrounding

region of syncytiotrophoblast were manually segmented. The sur-

face area of the syncytiotrophoblast and the cross-sectional area of

the first slice were measured using AMIRA. Before calculating the sur-

face area of the syncytiotrophoblast, smoothing was performed to

make it comparable to the flat surface of the base.

Results

SBFSEM revealed a region of syncytiotrophoblast detached

from the underlying basement membrane. This stack con-

sisted of 426 sequential slices with a Z resolution of 50 nm

(Supporting Information Video S1A). The external face of

the structure had microvilli, indicating it was the maternal-

facing microvillous membrane; the space enclosed by the

syncytiotrophoblast contained 78 erythrocytes and one

unidentified cell of low electron density (Fig. 1). No

endothelium or stroma was apparent on the fetal side of

the syncytiotrophoblast nor was there evidence of fibrin

deposition. The structure was 19 lm at its deepest point,

with an average diameter at the base of 42.9 lm and a cir-

cumference of 144.4 lm. Seventeen erythrocytes were

observed partially protruding through the syncytiotro-

phoblast at 25 sites, all located on the side of the structure

where the syncytiotrophoblast was thinnest (Fig, 1B & C,

Supporting Information Video S1b & S1c). The median

diameter of the holes was 0.56 lm (range 0.34–1.41 lm) in

the X–Y plane and 0.50 lm (range 0.20–1.85 lm) in the Z

plane. In 20 cases the protrusion was covered by syncy-

tiotrophoblast membrane on the maternal side, suggesting

that it may have pushed through a relatively weaker area

rather than a pre-existing hole. The surface area of the syn-

cytiotrophoblast was 5415 lm2 compared with the area of

the base of the structure of 1628 lm2, suggesting a 3.3-fold

stretch (actual stretch may be less if syncytiotrophoblast is

pulled in from adjacent regions).

A

B

C

Fig. 1 Electron microscopy image of the structure and 3D reconstruc-

tions of the stack. (A) An image from the SBFSEM showing the syncy-

tiotrophoblast (STB), the erythrocytes (RBC) and the main protruding

erythrocyte (arrow). (B) The segmented structure showing the surface

of the syncytiotrophoblast and the protruding erythrocytes (arrows)

(Supporting Information Video S1b). (C) Segmentation of the largest

protruding erythrocyte (red) pushing through the syncytiotrophoblast

(blue) in two places (arrows). (Supporting Information Video S1c).
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Discussion

This study suggests that the syncytiotrophoblast is distensi-

ble and that, under specific pathological conditions, fetal

cells can cross the syncytiotrophoblast. We speculate that

this structure, which is similar to a blood blister, may repre-

sent an early stage in the formation of regions of syncytial

denudation. Furthermore, the image stack highlights the

value of 3D imaging, as this interesting structure would be

difficult to interpret in 2D and may have been overlooked.

We interpret this structure as a pathological feature

resulting from leakage from a fetal capillary (not observed)

and fetal blood pooling under the syncytiotrophoblast,

stretching it away from the basement membrane. Fetal

hydrostatic pressure has then pushed erythrocytes through

weaker areas in the stretched syncytiotrophoblast.

The structure suggests the association between the syncy-

tiotrophoblast and basement membrane is relatively weak,

consistent with observations of denuded regions of villi

(Brownbill et al. 2000). It also suggests that the syncytiotro-

phoblast can stretch, potentially allowing movement of villi.

The only holes observed in the syncytiotrophoblast were

those with protruding erythrocytes, suggesting that they

only open under higher pressures. The holes were smaller

than the protruding regions of erythrocyte, indicating that

they had sufficient structural integrity to prevent a rip

occurring. These holes could represent regions of damage,

trans-syncytial channels or a structural feature making the

syncytiotrophoblast locally weak.

A limitation of this study is that it is a single observation

and that the underlying villus was not observed. This is an

inherent limitation of relatively low throughput techniques

such as SBFSEM, but the image may help the interpretation

of such structures when they are observed in 2D. Another

issue is whether shrinkage could have caused the erythro-

cytes to push through the membrane. However, we do not

think this is likely, as shrinkage would primarily occur dur-

ing dehydration, which occurs after the tissues are hard-

ened due to aldehyde fixation.

Across the villi there are regions of damage in which fib-

rin deposits replace the trophoblast (Nelson et al. 1990).

These could form where the trophoblast is sheared off

directly or in regions where blood has pooled below the

trophoblast and clotted before the overlying trophoblast

died. Although there is no evidence of fibrin deposits in this

image, it is possible that this represents an early stage in

the evolution of fibrin deposits. Understanding the patho-

genesis of these regions is important as they may mediate

paracellular diffusion of small solutes (Brownbill et al.

2000).

This observation probably represents a pathological fea-

ture, but it does demonstrate a potential route for transfer

of fetal cells to the mother through the syncytiotro-

phoblast. This could explain maternal microchimerism,

where fetal lymphoid cells persist in the mother’s body

(Bianchi et al. 1996). This image raises questions about the

strength and permeability of the syncytiotrophoblast and

may represent an early stage in the formation of fibrin

deposits in areas of syncytial denudation.

Acknowledgements

E.P. is funded by the Gerald Kerkut Trust and a University of

Southampton Vice Chancellors Scholarship. Equipment in the

Biomedical Imaging Unit was supported by MR/L012626/1

Southampton Imaging under MRC UKRMP Funding. The authors

have no conflicts of interest.

Author contributions

RL, BS, JC and CT designed the study and were involved in

the provision of financial and maternal resources. EP, EL,

PG, CP and AP conducted sample collection, processing and

data acquisition. EP and DC performed image analysis. EP,

RL, DC and PG composed the initial manuscript. All the

authors revised the manuscript and approved the final

draft.

References

Bain MD, Copas DK, Taylor A, et al. (1990) Permeability of the

human placenta in vivo to four non-metabolized hydrophilic

molecules. J Physiol 431, 505–513.

Bianchi DW, Zickwolf GK, Weil GJ, et al. (1996) Male fetal pro-

genitor cells persist in maternal blood for as long as 27 years

postpartum. Proc Natl Acad Sci U S A 93, 705–708.

Brownbill P, Mahendran D, Owen D, et al. (2000) Denudations

as paracellular routes for alphafetoprotein and creatinine

across the human syncytiotrophoblast. Am J Physiol Regul

Integr Comp Physiol 278, R677–R683.

Holcomb PS, Hoffpauir BK, Hoyson MC, et al. (2013) Synaptic

inputs compete during rapid formation of the calyx of Held: a

new model system for neural development. J Neurosci 33,

12954–12969.

Kertschanska S, Kosanke G, Kaufmann P (1997) Pressure depen-

dence of so-called transtrophoblastic channels during fetal

perfusion of human placental villi. Microsc Res Tech 38, 52–62.

Nelson DM, Crouch EC, Curran EM, et al. (1990) Trophoblast

interaction with fibrin matrix. Epithelialization of perivillous

fibrin deposits as a mechanism for villous repair in the human

placenta. Am J Pathol 136, 855–865.

Schindelin J, Arganda-Carreras I, Frise E, et al. (2012) Fiji: an

open-source platform for biological-image analysis. Nat Meth-

ods 9, 676–682.

Sibley CP (2009) Understanding placental nutrient trans-

fer – why bother? New biomarkers of fetal growth. J Physiol

587, 3431–3440.

Supporting Information

Additional Supporting Information may be found in the online

version of this article:

© 2017 The Authors. Journal of Anatomy published by John Wiley & Sons Ltd on behalf of Anatomical Society

Imaging trans-trophoblastic cell transfer, E. Palaiologou et al. 3



Video S1a. A movie showing all of the slices in the stack in

sequence.

Video S1b. A movie showing a 3D reconstruction of the structure

focused on the microvillus surface of the syncytiotrophoblast and

the protruding erythrocytes, which can be seen as spheres on the

surface.

Video S1c. A movie showing the largest protruding erythrocyte

in red and the region of syncytiotrophoblast around it in blue.
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