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Fredrik Lanner, Sophie Petropoulos, Rickard Sandberg and colleagues at
Karolinska Institutet, Sweden, have analyzed the embryo's first week of
development in detail. Credit: Ulf Sirborn

Researchers at Karolinska Institutet and the Ludwig Cancer Research in
Stockholm, Sweden have conducted a detailed molecular analysis of the
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embryo's first week of development. Their results show that there are
considerable differences in embryonic development between humans
and mice, which is the most common organism of study in this field. The
new study, which is published in the journal Cell, also shows that genes
on the X chromosome are regulated differently.

Early human embryonic development is difficult to study, and most of
our knowledge comes from mice. During the first seven days of
fertilisation, the egg develops from a single cell to a blastocyst, a hollow
cluster of some 200 to 300 cells. It is during this time that the first three 
cell types appear: the trophectoderm, which gives rise to the placenta,
the hypoblast, which forms the embryonic endoderm, and the embryonic
cells that go to make up the embryo itself. If the embryo is to adhere to
the uterus wall and pregnancy commence, all these three cell types must
mature properly. However, exactly when and in which order and how the
cell types form in humans has not been known.

By detecting gene expression in individual cells, from donated human
embryos that were not used for IVF treatment, two research groups led
by Rickard Sandberg and Fredrik Lanner have managed to identify
which genes are used in the embryo's cells at different times during the
first week of development. They found that the first three cell types
form later and seem to mature more simultaneously in the human than in
the mouse.

"The fundamental knowledge generated by our research doesn't only
help us understand embryonic development better, it also tells us more
about how pluripotent cells are formed and regulated in its early stages,"
says Fredrik Lanner at Karolinska Institutet's Department of Clinical
Science, Intervention and Technology. "This is important for the use of 
embryonic stem cells in regenerative medicine."

The researchers also found that the expression of genes situated on the X
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chromosome is subject to an unexpected expression pattern. The X
chromosome has a particular gene regulation problem, since women's
cells have two X chromosomes, while men only have a copy (XY). To
avoid women having twice the level of expression of all genes on the X
chromosome as men, women's cells must offset the gene expression. In
mice, where this process is well-studied, one of the two X chromosomes
is simply shut off during the first week. However, it has always been
uncertain if this process even begins during the first week of human
embryo development.

"What we've been able to demonstrate is that dose balance is gradually
attained during day 4 to 7, interestingly through a completely new
manner in which the gene expression from both X chromosomes in the
female embryo is suppressed," says Rickard Sandberg of Karolinska
Institutet's Department of Cell and Molecular Biology and the Ludwig
Cancer Research.

  More information: 'Single-cell RNA-seq reveals lineage and X
chromosome dynamics in human preimplantation embryos', Sophie
Petropoulos, Daniel Edsga?rd, Bjo?rn Reinius, Qiaolin Deng, Sarita
Pauliina Panula, Simone Codeluppi, Alvaro Plaza Reyes, Sten
Linnarsson, Rickard Sandberg, and Fredrik Lanner, Cell, published
online 7 April 2016, DOI: 10.1016/j.cell.2016.03.023
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