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Abstract

Objective

ACE2, TMPRSS2 and NRP1 are key factors for SARS-CoV-2 infection. Here, we used immunofluorescence
to examine the expression patterns of ACE2, TMPRSS2 and NRP1 in human oocytes and different stages
of preimplantation embryos to investigated the susceptibility to be infected by SARS-CoV-2.

Methods

We collected human GV oocytes and different stages of early embryos donated by patients and then
performed immunofluorescence followed by confocal microscopy for signals of ACE2, TMPRSS2 and
NRP1 proteins in these oocytes and embryos.

Results

We found that ACE2 was abundant in both inner cell mass and trophectoderm at blastocyst stage, while
TMPRSS2 was mainly enriched in trophectoderm. Both of the two factors had faint signal in cleavage
embryos and oocytes. In contrast, NRP1 was barely detectable in oocytes or any stage of early embryos.

Conclusion

Taken together, we propose that human blastocysts, instead of human oocytes and other stages of early
embryos, are susceptible to be infected by SARS-CoV-2. Therefore, specific attention should be paid to
manipulation of human blastocysts in assisted reproductive technology.

Background

Studies show that in developing countries where economies are underdeveloped, pandemics tend to bring
baby booms. Attention to reproductive health issues during the COVID-19 pandemic is therefore extremely
important. There are cases reporting positive results for SARS-CoV-2 in placenta and umbilical cord blood
[1], and the presence of antibodies against SARS-CoV-2 in some newborns [2], indicating that there is
possibility of infection before delivery by mother-to-child transmission. However, in two cases of women
who tested positive for SARS-CoV-2, no viral RNA was detected in oocytes collected through ovarian
stimulation [3]. Whether human oocytes and early embryos can be infected with SARS-CoV-2 remains
elusive. SARS-CoV-2 was reported to enter cells through binding the cell membrane receptor ACE2, and
then initiating entering through TMPRSS2 [4]. SARS-CoV-2 may be able to enter endometrial stromal cells
through ACE2 receptor, and cause pathological manifestations in women with COVID-19, including
increased risk of early pregnancy loss [5]. Studies have found co-expression of ACE2 and TMPRSS2 in
primate ovarian cells. Moreover, ACE2 level was high in granular cells, but extremely low in TMPRSS2
level; ACE2 expression was low in endometrium, and TMPRSS2 expression was moderate [6] [7]. However,
another study did not detect TMPRSS2 in oocytes by real-time PCR [3]. Single-cell transcriptome data
analysis showed that ACE2 maintained a high level from the fertilized egg stage to the 4-cell embryo
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stage, and the expression was low from 8-cell embryo to morula stage. The expression levels of ACE2 in
TE (trophectoderm) and ICM (inner cell mass) of blastocyst were close to that of fertilized eggs. On the
contrary, TMPRSS2 has a continuous low expression from the fertilized egg to the morula stage, and the
blastocyst has the strongest expression in TE [8]. Another SARS-CoV-2 host receptor neuropilin-1 (NRP1),
which is known to bind furin-cleaved substrates could potentiate SARS-CoV-2 infectivity. NRP1 co-
expression with ACE2 and TMPRSS2 markedly enhanced viral infection [9]. NRP1 is abundant in
endothelial and epithelial cells of the respiratory tract [10], vascular endothelial cells and trophoblast cells
in the villi [11], but the expression profile of NRP1 in oocytes and early embryos is not clear. Few
experiments have confirmed the protein level of above factors potentially mediating SARS-CoV-2
infection in human oocytes and early embryos. Exploring the potential of the vertical transmission of
SARS-CoV-2 infection through gametes and preimplantation embryos has significance of guiding ART
(assisted reproductive technology) treatment and normal pregnancy during current coronavirus
pandemic.

Results

To elucidate protein levels of factors potentially mediating SARS-CoV-2 infection, we collected human GV
oocytes and different stages of early embryos donated by patients. Next, we performed
immunofluorescence followed by confocal microscopy for signals of ACE2, TMPRSS2 and NRP1 proteins
in these oocytes and embryos (Fig. 1 and Fig. 2).

Notably, ACE2 was present in both ICM and TE, while TMPRSS2 was mainly observed in TE. In contrast,
both of the two factors had weak expression in cleavage embryos and GV oocytes. What's more, NRP1 is
hardly detectable in oocytes and any stage of embryos. To verify the effectiveness of NRP1 antibody, we
also performed immunofluorescence for signals of NRP1 proteins in embryo stem cells (Fig. S1).

We also analyzed the transcriptome data for human ACE2, TMPRSS2 and NRP1 genes from public
database (Fig. 3). Generally, ACE2 transcript maintains a relatively high level in oocytes and from the
fertilized egg to the four-cell stage embryo, but its level becomes extremely low from 8-cell embryo to
morula stage. On the contrary, TMPRSS2 has a continuously low expression level in oocytes and from the
fertilized egg to the morula stage. It should be noted that both ACE2 and TMPRSS?2 transcripts are
enriched in TE of blastocyst, and this is in agreement with our immunofluorescence result. Moreover,
similar like its protein level, NRP1 transcript is not expressed in oocytes or early embryos.

Discussion

Our work focuses on documenting the protein level and localization of the three factors ACE2, TMPRSS2,
NRP1 in human GV oocytes and early embryos, so as to predict the potential of SARS-CoV-2 infection.
This work provides important information on how to safely perform assisted reproductive technology
during the epidemic, and provide reference for asymptomatic infected and mild patients to choose the
timing of pregnancy. According to the expression and distribution of ACE2, TMPRSS2 and NRP1, oocytes
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and cleavage stage embryos seem to have very low risk to be infected by coronavirus, and may be more
suitable for embryo transfer during the epidemic. Despite of this, considering that viruses may infect cells
through other receptors like HDL-scavenger receptor B type 1 [12], analyzing the protein expression of
other receptors will be helpful to further explore the exact risk of SARS-CoV-2 infecting oocytes and early
embryos and its impact on assisted reproduction. Our shortcomings were that the types of collected
samples and tested receptors were limited. It will be also informative to test oocytes or embryos from
patients who are positive for SARS-CoV-2. Taken together, exploring the potential of vertical transmission
of SARS-CoV-2 infection through gametes and preimplantation embryos has guiding significance for the
safe provision of ART treatment.

Conclusions

Taken together, both immunofluorescence result and transcriptome analysis support that TE of human
blastocyst is susceptible to SARS-CoV-2 infection (Table 1).

Table 1

Comparison of RNA and protein levels of cell receptors in different
developmental stages. Note that RNA and protein levels are not
always equal.

ACE2 TMPRSS2 NRP1
RNA/Protein RNA/Protein RNA/Protein

GV oocyte +/- -/- -/-
Cleavage embryo  +++/+ -/- /-
TE +H+/+++ +H+/+++ -/-
IcM /- ++/- /-

Materials And Methods
Collection of human oocytes and preimplantation embryos

Human GV oocytes from donor and preimplantation embryos by in vitro fertilization abandoned by
patients were obtained from Reproductive Medicine Center of Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology (HUST). Ethical approval for the study was obtained by
the CEIC (Ethics Committee for Clinical Research) of Tongji Medical College, HUST. Informed consent was
obtained from all patients in this study.

Immunofluorescence
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Oocytes and embryos were fixed with 4% paraformaldehyde for 20 min. After fixation, samples were
washed 3 times in PBS/PVP (0.3% PVP in PBS), and permeabilized with 0.2% Triton-100 for 20 min at RT
(room temperature). Next, samples were blocked in 2% BSA for 1 hour, incubated with the primary
antibodies ACE2 (1:200 dilution, abclonal, A12737), TMPRSS2(1:200 dilution, ab109131), NRP1(1:200
dilution, proteintech, 2H3F6) at 4°C overnight. Cell were then washed for 3 times in PBS/PVP, and
incubated for 2 h at RT with corresponding secondary antibodies: Alexa Fluor 488 secondary antibody
and Alexa Fluor 594 secondary antibody (Thermo Fisher Scientific). Nuclei were stained with 1X Hoechst
33342 (C1028). Confocal imaging was performed using laser-scanning microscope (LSM780, Zeiss) in
Tongji Medical College. Fluorescence intensity profiles were analyzed using Zeiss LSM software (ZEN
BLACK).

RNA-seq Data

The RNA-seq result of human oocyte and pre-implantation embryo was downloaded from a previously
published database (GSE36552) [13].
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Figure 1

Representative image of immunofluorescence staining of ACE2 and NRP1 in human oocytes (a-c, n = 8),
cleavage embryos (d-f, n = 10) and blastocysts (g-i, n = 6). Co-staining for NRP1 (green) and ACE2 (red)
showed presence of ACE2 at the membrane and cytoplasm of TE cells and ICM. The fluorescence signal
of ACE2 is the strongest in blastocyst stage (h), much weaker in cleavage embryos (e) and weakest in GV
oocytes (b). NRP1 (green fluorescence signal) is barely visible in any detected stages (c, f, i). Nuclei were
stained with Hoechst 33342 (blue) (a, d, g). Scale bar, 20 pm.
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Figure 2

Representative image of immunofluorescence staining for TMPRSS2. The result showed that TMPRSS2
signal was mainly present in TE (n =5). Nuclei were stained with Hoechst 33342 (blue). Scale bar, 20 pm.
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The expression of ACE2 and TMPRSS2 in human oocytes and preimplantation embryos

40+
-~ ACE2
A= -+ TMPRSS2
-+ NRP1
S
X 20+
1’4
10
O-——4——+—+ *
@ @ © © © @ & & L0
PP L OO X S
Ol‘re’&@@@&@(}\obo ©
27 27 S & &L ¢
& F &L @
VN e (R
&

Figure 3

Expression patterns of ACE2, TMPRSS2 and NRP1 in human oocytes and preimplantation embryos from
transcriptome examination.
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