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Most in vitro models of oviduct epithelial cells (OEC) used thus far to gain
insights into embryo-maternal communication induce cell dedifferentiation or are
technically challenging. Here, we propose a model based on bovine oviduct
epithelial spheroids (OES) with specific shape and diameter (100-200 pm) criteria. So
far, however, one of the most significant discussions during pre-implantation embryo
development in vitro is oxidative stress with deleterious effects on blastocyst
development and quality. We tested OES as a new co-culture approach to support
embryo development under both usual (5% O,) and oxidative stress (20% O,) culture
conditions.

The objectives in the first experiment were to 1) determine the appropriate
culture conditions of bovine OES cultured in suspension by evaluating their
morphology, total cell number, viability, and activity of ciliated cells; 2) monitor gene
expression in OES at the time of their formation (day 0) and over the 10 days of
culture; and 3) test whether the vicinity of developing embryos affects OES quality
criteria. On day 10, the proportions of vesicle-shaped OES (V-OES) were higher in
M199/500 (500 pL of HEPES-buffered TCM-199) and synthetic oviduct fluid (SOF)/25
(25-uL droplet of SOF medium under mineral oil) than in M199/25 (25-uL droplet of
M199 under mineral oil). The proportion of viable cells in V-OES was not affected by
culture conditions and remained high (>80%) through day 10. The total number of
cells per V-OES decreased over time except in SOF/25, while the proportions of
ciliated cells increased over time in M199/500 but decreased in M199/25 and
SOF/25. The movement amplitude of OES in suspension decreased over time under
all culture conditions. Moreover, the gene expression of ANXAI, ESR1, HSPAS, and
HSPAIA in OES remained stable during culture, while that of PGR and OVGPI
decreased from day 0 to day 10. Last, the co-culture of developing embryos with
OES in SOF/25 increased the proportion of V-OES compared to OES cultured alone.

The objective in the second experiment was to examine the effect of OES on
embryo development and quality in terms of blastocyst cell numbers and blastocyst

transcriptome according to the co-culture time (4 vs 7 days) and oxygen tensions (5%
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vs. 20%). Under 5% O,, the presence of OES increased the number of cells per
blastocyst when OES were co-cultured for 7 days (137.6 + 10.8 vs. 102.6 + 8.4 cells in
control; P<0.05). Under 20% O, the presence of OES significantly increased
blastocyst rates on days 7 and 8 (30.7% and 31.8% for 4 and 7 days vs. 19.8% in
controls; P<0.05) and cell numbers per blastocyst with no difference between 4 and
7 days of co-culture (112.7 + 7.8. and 138.1 + 10.5 cells, respectively, vs. 82.1 + 4.5
cells in controls; P<0.0001). The highest number and proportion of specific
differentially expressed genes (DEGs) was observed for the 7dOES vs. control under
20% oxygen. Finally, the most enriched functional terms of DEGs impacted by OES
co-cultured regardless of the oxygen level and time of co-culture including
“metabolism of lipids”, “response to extracellular stimulus”, “response to oxygen
levels”.

In conclusion, these results point to OES as an easy-to-use, standardizable,
and physiological model to study embryo-maternal interactions in cattle. This is the
first study reporting the supportive effect of OES on embryo development and of
developing embryos on OES morphology. The OES altered the embryonic
transcriptome  with the highest impact under oxidative stress conditions, also
evidencing for the first time a modulation of the embryo-OES dialog according to the

embryonic environment.
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