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ABSTRACT

Trophoblast fusion into syncytiotrophoblasts is a specialized yet enigmatic cellular process, which is essential for placental development and function. To facilitate
mechanistic understanding of this critical process, here we re-purposed a widely used fluorescent membrane potential dye, Di-8-ANEPPS, to stably label the plasma
membrane of live BeWo trophoblast cells. Compared to the methods currently available to quantify trophoblast fusion, our new fluorescent labeling method is simple,
economical, robust and versatile, enabling quick and accurate quantification of fusion index in living cells.

1. Introduction

Trophoblast fusion is a critical process in placental development and
physiology [1-3]. Even though various factors such as fusogenic pro-
teins, proteases and cytoskeletal proteins as well as cytokines, hor-
mones and transcription factors have been implicated in trophoblast
fusion [1-3], the mechanisms of cell-cell fusion are still unclear. Ac-
curate quantification of fusion indexes, a parameter of fusion efficiency,
is a key to understand trophoblast fusion mechanisms in vitro.

One of the prevailing methods to quantify fusion indexes is utilizing
E-cadherin staining of fixed trophoblasts [4]. Nevertheless, marked
reduction of E-cadherin expression in fused trophoblasts significantly
reduces the staining signal on cell surfaces [5], making identification of
syncytiotrophoblasts and quantification of fusion indexes a challenging
task. Other quantification methods require expression of fluorescent
proteins through transfection or viral infection [4], a process that could
complicate trophoblast fusion. Therefore, a simple and robust live cell
imaging method is urgently needed to evaluate trophoblast fusion ef-
ficiency. Here we evaluated several fluorescent membrane probes to
label the plasma membrane of live trophoblasts, and identified that the
voltage sensing dye Di-8-ANEPPS has superior membrane labeling and
stability, enabling quick and accurate assessment of fusion index.

2. Materials and methods
2.1. Cell culture

BeWo cells (ATCC-#CCL98) were cultured in Gibco Dulbecco's
Modified Eagle Medium-Hams F12 (DMEM/F12) medium,

supplemented with 10% fetal bovine serum (FBS) and penicillin/
streptomycin. Placental cytotrophoblast cells from human term pla-
centas (IRB# PRO00014627) were prepared using a modified Kliman
method [6] as described previously [7,8].

2.2. Forskolin-induced fusion and membrane labeling

BeWo cell syncytialisation was induced by forskolin as previously
described [9]. Briefly, BeWo cells were treated with 60 uM forskolin
(Cell Signaling Technology, #3828s) for 48 h to induce cell fusion and
the culture medium with 60 pM forskolin was replaced every 24 h. After
treatments, BeWo cells were incubated with Hoechst (Invitrogen™,
#H3570, 1:1500) and various fluorescent membrane dyes: 2 uM Di-8-
ANEPPS (Invitrogen™, #D3167), 5.0 ug/mL Wheat Germ Agglutinin-
Alexa Fluor™-488 Conjugate (Invitrogen™, #W11261), 1:200 Cell-
Brite™-Orange Cytoplasmic Membrane Dye (Biotium, #30022), and
50 ug/mL Concanavalin A-Alexa Fluor™-647 Conjugate (Invitrogen,
#C21421) in 5% CO,, at 37 °C for 15-20 min. Di-8-ANEPPS stained cells
can be directly imaged without extra rinsing steps. The other membrane
markers need to be washed twice with the dye-free medium at room
temperature.

2.3. Fusion index quantification

Fluorescent images of six random fields of view were captured with
a Zeiss-780 inverted confocal microscope using a 63x/1.4 NA oil Plan-
Apochromat DIC objective. To avoid complication from dividing cells,
only cells containing more than two nuclei were defined as fused cells.
To quantify cell fusion, fusion index (FI) of each sample was calculated

* Corresponding author. Box 3711, DUMC, Durham, NC, 27710, USA. Tel.: 919 684 1406; fax: 919 684 8885.

E-mail address: huanghe.yang@duke.edu (H. Yang).

https://doi.org/10.1016/j.placenta.2019.01.016

Received 21 September 2018; Received in revised form 1 January 2019; Accepted 21 January 2019

0143-4004/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/01434004
https://www.elsevier.com/locate/placenta
https://doi.org/10.1016/j.placenta.2019.01.016
https://doi.org/10.1016/j.placenta.2019.01.016
mailto:huanghe.yang@duke.edu
https://doi.org/10.1016/j.placenta.2019.01.016
http://crossmark.crossref.org/dialog/?doi=10.1016/j.placenta.2019.01.016&domain=pdf

Y. Zhang, H. Yang

E-Cadherin CellBrite

BeWo

Con-A

A B Cc

F Primary trophoblast
Di-8-ANEPPS

o )
i

Di-8-ANEPPS

G H

Fig. 1. Di-8-ANEPPS enables a simple and accurate method to quantify tro-
phoblast fusion. A) Immunofluorescence staining of E-cadherin in paraf-
ormaldehyde fixed BeWo cells after forskolin treatment. E-cadherin expression
decreased in the fused BeWo cell (*), making identification of syncytial cells
difficult. B-E) Membrane staining of live BeWo cells with four plasma mem-
brane markers: CellBrite Orange (red, B), Concanavalin-A (Con-A, red, C),
Wheat germ agglutinin (WGA, green, D), Di-8-ANEPPS (green, E). F) Membrane
staining of live human primary trophoblasts with Di-8-ANEPPS (green). G-H)
Di-8-ANEPPS (green) labeled BeWo cell boundaries before (G) and after (H)
60 uM forskolin treatment for 48 h. Asterisks indicate fused BeWo cells. I)
Fusion indexes quantified using the Di-8-ANEPPS membrane labeling. Error

images were the representatives of at least three biological replicates. Nuclei
were labeled with Hoechst (blue). The scale bars represent 20 um.
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where fi is fusion index of each individual random field; ns is the
number of nuclei from fused cells and the N is the total number of
nuclei in each field.

2.4. Immunofluorescence staining

Bewo cells were fixed with 4% paraformaldehyde in phosphate-
buffered saline, permeabilized with 0.2% triton X-100, and blocked
with 10% goat serum prior to antibody staining. Anti-E-cadherin pri-
mary antibody (Thermo Fisher, Cat#710161) was added at 1:200 di-
lution overnight at 4 °C. Fluorescent staining was developed using the
goat anti-rabbit IgG (H + L) secondary antibody-DyLight 488 (Thermo
Fisher, Cat#35552).

3. Results and discussion

Consistent with previous reports that E-cadherin transcription is
dynamically downregulated in fusing trophoblasts [5], the faint E-
cadherin immunostaining of the multi-nucleated BeWo cells shown in
Fig. 1A demonstrated that E-cadherin is not an ideal membrane marker
to quality trophoblast fusion index. To identify a better membrane
marker and develop a convenient method to quantify fusion index
without fixation, we labeled BeWo cells with four different fluorescent
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membrane probes that are widely used in live cell imaging. Cytoplasmic
membrane labeling with CellBrite Orange, a lipophilic carbocyanine
dye based on Dil [10], was poor in BeWo cells (Fig. 1B). Concanavalin A
(Con-A) is a lectin that binds glycoproteins and other sugar-containing
entities on cell surface [11]. Nevertheless, Con-A suffered from severe
internalization, which made cell boundaries difficult to identify due to
strong intracellular fluorescence (Fig. 1C). Wheat germ agglutinin
(WGA), another lectin that also binds to the glycoproteins on cell
membranes [12], can reliably label BeWo cell surface with less inter-
nalization (Fig. 1D). However, the unbound WGA fluorescent con-
jugates induce strong background fluorescence and thus thorough
washing steps are required before imaging.

Next, we examined a widely used fluorescent membrane potential
dye, Di-8-ANEPPS [13]. Due to its two eight-carbon acyl chains, Di-8-
ANEPPS is lipophilic and is mainly retained in the plasma membranes
of live BeWo cells with more photostablity and thermostability, less
phototoxicity and minimal internalization (Fig. 1E). Moreover, Di-8-
ANEPPS fluorescence is environmentally sensitive. Di-8-ANEPPS is es-
sentially non-fluorescent in water and becomes strongly fluorescent
upon binding to cell membranes. The property therefore allows direct
imaging without extensive washing steps. Remarkably, Di-8-ANEPPS
also reliably labeled the plasma membrane of human primary tropho-
blasts from a term placenta (Fig. 1F).

To determine if Di-8-ANEPPS could be used to quantify fusion
index, we applied 60 pM forskolin to induce BeWo cell fusion and then
directly applied Di-8-ANEPPS to label BeWo cell membranes. As shown
in Fig. 1G and H, the cell boundaries of both non-fused and fused BeWo
cells were clearly demarcated by Di-8-ANEPPS and the numbers of
nuclei can be reliably counted within each individual fused BeWo cells.
The fusion index measured using Di-8-ANEPPS was 0.54 + 0.10
(Fig. 11), which is similar to the reported fusion indexes measured with
anti-E-cadherin [14].

In summary, the superior plasma membrane staining using voltage-
sensing dye Di-8-ANEPPS enables a simple, robust, economic and ac-
curate method to quantify cell fusion index.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
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