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Observation of two separate bipolar spindles in the human zygote

Xiaoming Xu" - Linheng Li*? - Chuilian Zhang* - Li Meng*?®

®

Check for
updates

Received: 9 January 2019 / Accepted: 13 March 2019 /Published online: 30 March 2019

© Springer Science+Business Media, LLC, part of Springer Nature 2019

Dear Editor-in-Chief:

The article by Reichmann and colleagues recently pub-
lished in Science [1] raises a number of issues regarding the
earliest stages of mammalian embryo development. They re-
port the existence of two distinct and spatially separate bipolar
spindles in mouse zygotes, which appear to function indepen-
dently during the first mitotic division. These observations
beg the question of whether human zygotes may exhibit a
similar spindle assembly and function mechanism. Here, we
report a similar situation where a human zygote containing
two individual spindles was observed in the course of our
ongoing research. As shown in Fig. 1, the zygote in question
was fixed in anaphase of the first cell cycle and processed for
confocal fluorescence microscopy after labeling the sample
with DAPI (for chromatin blue), NuMa (red), and tubulin
(for spindle, green following standard immunofluorescent
protocols). What is apparent is that the long axis of the two
spindles is aligned in parallel with each other with a radiating
array of microtubules emanating from both spindle poles. That
a solitary microtubule organizing center is evident at one pole
(upper) is interesting given the role of the paternal centrosome
in human embryos. At anaphase, the spindles’ long axes align
the two separated groups of chromosomes (A) between their
two poles.

Given that this letter documents an isolated case of dual
spindles in a human zygote, more work is needed to establish
whether this is a common feature of cell cycle M-phase or a
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fortuitous finding that could represent abnormal processing
of the maternal and paternal genomes. Moreover, it will be
necessary to couple this approach with one that tracks
gender-specific methylation as reported by Mio and col-
leagues [2]. The potential advantage of dual-spindle forma-
tion at the zygote stage of development hinges upon the fact
that the spindles segregate two very different sets of chroma-
tin: sperm DNA is highly compact; its genome relatively
methylated and its transcription inert. Chromatin in ovulated
oocytes, however, is less compact, and its genome is rela-
tively undermethylated. If this finding demonstrates some
degree of prevalence in multiple embryos, then it suggests
that upon fertilization, spatial separation of parental chromo-
somes as observed effects compartmentalization for chroma-
tin reprogramming that in a gender-specific way would in-
clude protamine-histone replacement, epigenetic modifica-
tions, and chromatin remodeling. In mice, this separation of
localized chromatin modifications is conserved until the
four-cell embryo stage and then gradually disappears [3].
We do not know how long separation of parental genomes
continues during human preimplantation development find-
ings consistent with segregation of genomes have been re-
ported by Kai et al. in OPN human zygotes [2]. Dual-spindle
formation in human zygotes may be extremely transient or
possibly coincides with the so-called OPN embryo. The fail-
ure of pronuclei to migrate to the cell center and align the two
spindles, and asynchronous parental nuclear envelope break-
down (NEBD), both increase the possibility of heterogonic
division that has been proposed to underlie the propagation
of gender-specific spindle assembly, multinucleation, mosa-
icism, and arrested development [4]. This would be consis-
tent with conditions such as mosaicism, chimerism, and
mixoploidy, which frequently are observed after preimplan-
tation genetic testing in the clinical practice of IVF. If con-
firmed, this finding raises the specter of a parental genome
separation during the first cell cycle in the human embryo
that would require rethinking our current concepts of synga-
my [5]. This, in turn, could raise questions about when hu-
man life begins [6].
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Fig. 1 Immunofluorescence a-tubulin/
staining of human zygote fixed at
anaphase of the first mitosis. a
Maternal and paternal
chromosomes at anaphase are
spatially separated. b Two distinct
spindles separated were observed
and parallel to each other. o-
Tubulin (green), NuMA (red),
and chromosomes (blue). Bar =
30 um
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