MAE Vet Fak Derg, 6 (1): 34-40, 2021

DOIL: 10.24880/maeuvfd.835288

Review
Embryonic diapause
Mesut CEVIK!, Merve Deniz GENC!
'Department of Reproduction and Artificial Insemination, Faculty of Veterinary Medicine, Ondokuz Mayis University, Samsun/TURKEY
Key Words: ABSTRACT
lastocys P . . . .
gift;lcs};t Embryonic diapause in other words temporary cessation of embryonic development is a common
embryo some plant and animal species. Embryonic diapause is a temporary cessation of the development
evolutionary strategy of embryogenesis in the blastocyst stage and is a reproductive strategy characterized by delayed

implantation in the uterus. It is defined in over 130 species of mammals. It occurs obligate or
facultative in cases where the development of the embryo from the blastocyst stage to later stages

Anahtar Kelimeler: is not appropriate (eg, during environmental conditions or lactation). The embryonic diapause
blastosist begins with the blastocyst entering the metabolic and proliferative state of silence so reduction or
dlY’gP_OZ interruption of mitosis in the embryo. When exit from the diapause, reactivation, blastocyst returns
embriyo

to active metabolism, mitotic activity restarts and with cell proliferation, the implantation process
begins in the uterus. Embryonic diapause is a protective phenomenon, it represents an important
developmental advantage for species survival and should be evolutionarily protected.
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l(\:/[Oféeé Oﬁgmcei Embriyonik diyapoz veya embriyo gelisiminin gegici olarak durdurulmast, bitki ve hayvan ttrlerinde

yaygin bir fenomendir. Embriyonik diyapoz, embriyogenezisin blastosist asamasinda gelisiminin
gecici olarak durdurulmasidir ve uterusta gecikmeli implantasyon ile karakterize bir ireme strate-
jisidir. 130’dan fazla memeli tirtiinde tanimlanmistir. Embriyonun blastosist asmamasindan daha
ORCID ileriki asamalara gelisiminin uygun olmadigt durumlarda (6rnegin cevresel kosullar veya laktasyon
M. CEVIK : 0000-0002-0754-6116 doéneminde) zorunlu olarak ya da fakiiltatif olarak meydana gelmektedir. Embriyonik diyapoz, blas-
MD. GEN : 0000-0002-7822-2100 tosistin metabolik ve proliferatif sessizlik durumuna girmesiyle baslamaktadir yani embriyodaki
mitozun azaltilmasi veya kesilmesidir. Diyapozdan cikis'], reaktivasyon, sekillendiginde blastosist
aktif metabolizmaya geri dénmektedir, mitotik aktivite yeniden baslamaktadir ve hiicre prolife-
rasyonu ile beraber uterusa implantasyon stireci baglamaktadir. Embriyonik diyapoz koruyucu bir
olgudur, tirlerin hayatta kalmas: icin 6nemli bir gelisimsel avantaji temsil etmektedir ve evrimsel
olarak strdirilmelidir.

(cevikm@omu.edu.tr)

INTRODUCTION conditions for the survival of the offspring. It is known to
occur in more than 130 species (for example roe deer, polar
beat, giant panda) in blastocyst stage (7). It can take from a
few days to 11 months depending on the species. Although
the property of diapause differ between species according to
the endocrine status the purpose is; extending the gestational
period, ensuring that the offspring are born at the propitious
moment of the year according to the feeding, environmental
conditions, and if the mother has given birth and breastfeeding
before conception, she gives all her metabolic resources to her
newborn babies (19). The striking thing about diapause is that
early embryonic cells stop dividing, but this is reversible. To
understand how this is controlled at the molecular level; it has
the potential to aid in many situations, such as improving the
viability of blastocysts in assisted reproductive technologies,
deriving embryonic stem cells or slowing cell division and
identifying new cancer therapies by halting cancer cells. In

The embryo develops on its own before implanting into
the uterus. However, when it reaches the blastocyst stage,
its metabolism inherently slows down and cannot develop
further in the absence of appropriate stimuli in the uterus (16).
Pregnancy can be blocked in the presence of an unfavorable
environment such as uterine causes, metabolic, climatic
conditions. Carnivore, Rodentia or Diprotodontia embryos
who event hard climates, malnutrition, metabolic stress or
breastfeeding, enter diapause (29). Embryonic diapause, also
known as delayed implantation, is the arrest of blastocysts in
the early stage of the embryo. So cell division, development
and blastocyst expansion cease or are very considerably
reduced and there is down-regulation of metabolism. It
includes the uncoupling of mating and fertilization from birth.
So it is an evolutionary strategy by ensuring that postnatal
development occurs under the most favourable environmental
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essence embryonic diapause is the study of how to stop and
restart cell growth (8).

1. The embryo in diapause

The success of reproduction is depends on the external
(photoperiod, season as) and internal (hormones as) the
conditions. In the absence of conditions for successful
reproduction, different adaptations may occur depending
on the species. An example of these adaptation situations
is delayed fertilization (31), delayed implantation or post-
implantation delay (seen some in bats). All this adaptation
status has to aim: the gestational period is extended so the
birth of offspring when environmental conditions are better
(2). Embryonic diapause is a period in early development
during which an embryo remains temporarily suspended
at the blastocyst stage (30). It was the first species in which
embryonic diapause exists in the roe deer (8). One of the main
properties of diapause is regardless of the mating time or the
normal birth time and it is the cessation of development in a
period of pregnancy and controlling the birth time according
to the environmental or physiological conditions. Although
embryonic diapause varies between species, it can vary from
a few days to 11 months. For example, rodents embryo can
last from 1 day to several weeks in diapause or the tammar
embryo can remain in diapause for 11 months. According to
studies, it has been determined that diapause occurs in more
than 130 mammal species. During diapause, there is minimal
or no cell division, reduced cell metabolism, cell development
is put on hold and despite all these situations, when the
conditions become suitable, the pregnancy continues without
any problems. (30). Diapause has effects on cell division apart
from its effects on cell metabolism. It causes the mitosis in
the embryo to decrease or stop during cell division. Although
it depends on the species, cell cycle arrest may occur in the
GO0, G1 or G2 phase. The resumption of mitotic activity also
means the end of diapause (19). Diapause occurs when the
early embryo is in the blastocyst stage, blastocyst development
either stops completely or develops very slowly, and after
blastocyst stage continuity of pregnancy requires contact
with the uterus and uterine secretory activity, which are
dependent on ovarian steroids, blastocyst development either
stops completely or develops very slowly, and after blastocyst
stage continuity of pregnancy requires contact with the
uterus and uterine secretory activity, which are dependent
on ovarian steroids (30). In carnivores during diapause,
blastocysts are not complete metabolically inactive since their
oxygen consumption is continuous, and they continue to
synthesize RNA, DNA and protein, although they are at lower
rates compared to active blastocysts (22). Many factors can
induce diapause; season, food, temperature, photoperiod and
breastfeeding like (30). So, embryonic diapause in animals is a
result of physiological stress factors (photoperiod, lactation),
and all physiological and psychological stress factors directly
change uterine receptors through the hypothalamic-pituitary-
gonadal (HPG) axis and affect the hypothalamic-pituitary-
adrenal axis (15). Diapause is divided into 2 types according to
physiological conditions (facultative) and reproductive season
(obligate) in animal species. (22).

1.1 Facultative embryonic diapause

Facultative embryonic diapause is best known in rodents and
marsupials. Rodents are the most used species in facultative
diapause studies. In this study after fertilization, ovariectomy
operationand hormoneapplication (progesterone)is performed
(27),and it can also be finished with estradiol application (306). If
mating occurs with oestrus in mice, zygotes are transported to
the uterus by reaching the blastocyst stage on the 4th day (10).
In the uterus, optimal progesterone levels must be maintained
for embryonic development to continue (37). However, if
mating occurs while the mouse is breastfeeding its offspring,
progesterone will remain below optimal concentrations and
embryonic diapause takes shape. Embryonic diapause in
rodents can last from 1 day to several weeks, depending on
the number of pups in the suckling litter (25). The amount of
progesterone released from the corpus luteum under the effect
of the prolactin hormone is not sufficient since the mother
is still breastfeeding her offspring in postnatal oestrus. That
is, a low amount of released progesterone induces embryonic
diapause. The prolactin secretion can also be enhanced by
melatonin in Marsupialia (2). (Figure 1).
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Figure 1. Regulation of facultative diapause (2).
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1.2 Obligate (Seasonal) embryonic diapause

In species in which obligate diapause occurs, the embryo
undergoes diapause in during every reproductive season.
When the environmental conditions are suitable for birth, the
diapause ends and the pregnancy continues (33). Studies have
shown that this process in mammals with obligate diapause is
regulated by seasonal changes in the photoperiod (28). Mink,
weasel, skunk has seasonal diapause, which also affects day
length and melatonin levels in regulating diapause through
prolactin. In skunks (Spilogale Gracilis) mating occurs in
autumn and embryos remain in diapause for 200 days (21),
likewise in minkes (Neovision Vison) they undergo a long or
short diapause phase that can last about 2 wecks after mating
in March (23). In carnivores, blastocysts continue to cluster
in the uterus in diapause. The number and diversity of cells
in embryos undergoing diapause is higher than in rodents.
Embryos in obligate diapause are encapsulated in the zona
pellucida of the oocyte (4). Minkes mate before the spring
equinox when daylight is less than 12 hours. While this situation
suppresses prolactin secretion, it causes an increase in melatonin
secretion. At the same time, diapause begins, which will
continue until after the spring equinox. The new studies show
that polyamines as the factors that are required for reactivation
of the embryo in diapause. Ornithine decarboxylase (ODC)
is the rate-limiting enzyme for transformation of ornithine to
putrescine. It can reactivate the development of mink embryos
that are in the state of diapause (24) (Figure 2).
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Figure 2. Endocrine and uterine regulation during diapause and
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2. Hormones involved in diapause

Prolactin, melatonin, progesterone, estrogen are important
hormones in the initiation of diapause and reactivation.
Prolactin hormone is secreted by the pituitary gland. Prolactin
is an important hormone that has an effect on the initiation and
continuation of breastfeeding in mammary gland development
and the implantation of the embryo. It is also effective in the
initiation of both obligate and facultative diapause. In obligate
diapause photoperiod influences embryonic diapause and
following reinitiating of embryo development by regulating
the secretion of pituitary prolactin (5). In facultative diapause,
fluctuations in prolactin concentration cause suppression
of secretion from the corpus luteum and development. In
facultative diapause, fluctuations in prolactin concentration
cause suppression of secretion from the corpus luteum and
development. Melatonin hormone is produced in the pineal
gland and its biosynthesis is controlled by the photopetiod.
Melatonin hormone is also effective in regulating embryonic
development. Estrogen hormone optimizes embryonic
implantation time, affecting both uterine and blastocyst
activation, especially in mice. Estradiol-17B is used to start
implantation in laboratory mice. Progesterone is a necessary
hormone for both the regulation of diapause and implantation.
The hormonal mechanism required for initiation, maintenance,
and termination of diapause is complex and many molecules
are required (2). To sum up the hormonal control of diapause
depends on prolactin, estrogen and progesterone levels (29)

(Figure 3).

3. Molecular control of diapause

Mouse, mink and tammar wallaby are the species in which
the molecular part of diapause is best understood according
to studies. and mink blastocysts are surrounded by multiple
acellular layers and do not implant until a few days before
reactivation, suggesting that the factors controlling diapause
must reach the embryo via uterine secretions (28). It is
thought that the mechanism that provides communication
between the endometrium with blastocyst may be uterine
secretions. Recent studies have revealed that a large number
of proteins, hormones, cytokines, transcription factors are
important in regulating embryonic development and are also
effective in entering into diapause and reactivation. It has been
shown that amino acids found in uterine fluids affect embryo
development, but it has not been determined what the amino
acids specifically affect (35). The uterine endometrium secretes
cytokines and growth factors that affect the development of
the preimplantation embryo. Some of these are known to
control the arrested growth that occurs in diapause. Among
these factors, Leukaemia Inhibitory Factor (LIF), Insulin-
Like Growth Factor IGF), Epidermal Growth Factor (EGF),
Fibroblast Growth Factor (FGF), Transforming Growth
Factor-b (TGF-b) (11;14), PAF (formerly platelet activating
factor), Vascular Endothelial Growth Factor (VEGEF).
However, molecular control of diapause is still not fully
resolved (30).
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Figure 3. Hormonal changes during embryonic diapause in some species. Progesterone (P4),

estradiol (E2), prolactin (PRL) (29).

4. Cell cycle effect

Mammalian embryo transforms from zygote to embryo by
going through the stages of cell division and differentiation.
The main cause of events occurring in diapause is the
inhibition of the mitotic cell cycle in embryonic cells, stopping
or decreasing cell proliferation. Cells enter a dormant state
and apoptosis is prevented by maintaining basal metabolism
with protein, RNA synthesis and oxygen consumption (31).
Quantification of DNA in mammalian embryos shows that
diapause occurs before the S phase of the cell cycle (34), but
the absence of 5-bromo-2-deoxyuridine uptake in mink shows
that diapause occurs the GO/G1 phase of the cell cycle (3)
Immobilized embryonic cells maintain the ability to continue
the cell cycle when the diapause ends (31).

5. Changes in gene expression

Many known and unknown factors play a role in inducing,
maintaining, and ending the diapause. It is still not known
how the factors act on the blastocyst at the molecular level, so
proteomics and transcriptomic studies continue to eliminate
these uncertainties (30). A study in mouse looked at the
characterization of blastocysts using microarray technology
to identify genes between blastocysts at the diapause stage
and blastocysts activated following diapause. In this study,
mRNAs were isolated from 100 diapause and activated
embryos. 229 different genes have been identified between

activated and diapause blastocysts. 229 different genes have
been identified between activated and diapause blastocysts.
Blastocysts in diapause have 149 genes upregulated compared
to active blastocysts and 80 genes that increase in expression
level. Genes ranging from diapause and activated blastocysts:
genes specifically involved in cell cycle or cell proliferation
control; genes involved in energy pathways and carbohydrate
mechanisms; genes involved in signalling; genes involved in
nuclear transport; genes involved in chromatin remodelling
involved in adhesion divided into six functional groups as
genes. In accordance with the physiological state of the
embryos, an increase was observed in the expression levels
of genes that stop cell proliferation at the GO and G1 stages
in the cell (9). In general, the expression of many genes that
differ between diapause and activated blastocysts is consistent
with the cellular and physiological events that are expected to
change with activation. However, none of these 229 genes have
been identified as the ‘key’ to regulate diapause (12). Likewise,
91 genes are upregulated in the mink blastocyst at reactivation
from diapause (5). In mink, there was also a clear increase in the
amount of polyamines (spermine, spermidine, and putrescine)
among the genes upregulated in the activated uterus (17). In
recent studies it was found that rapamycin (mTOR) can induce
diapause in the mouse blastocyst (1). In a recent study, they
identified pathways in gene ontology that are up and down
regulated during diapause. What stood out in the study were the
genes in lipolysis, glycolysis and pyruvate pathways, and those

MAE Vet Fak Derg, 6 (1): 34-40, 2021



involved in cholesterol metabolism. The results showed that
an important metabolic profile characterizes diapause. They
also emphasized that mTOR inhibition or failure of mouse
embryonic stem cells (mESC) results in a transciptome that
summarizes the diapause cellular phenotype (13).There are
many factors that are interlinked in this increasingly complex
network. Also, there are many factors that have been identified,
including microRNAs. Proteomic studies have shown that
there are a lot of new effective candidates for diapause (18).

6. Future directions

A thorough understanding of how diapause is controlled by
molecular aspects has the potential to assist in many situations,
enhancing viability of blastocysts in assisted reproductive
technologies (ART), generating embryonic stem cells, or
identifying new cancer therapies by halting and slowing cell
division. It will provide information about the requirements
to keep the embryo alive for a long time, thus bringing new
approaches to assisted reproductive technologies, helping
to improve the embryo culture environment, and be able
to introduce approaches that can offer an alternative to
cryopreservation. It will also be effective before transfer in
determining the selection criteria for the best embryo. Same
time 1t will also be effective before transfer in determining
the selection criteria for the best embryo (8). It has a lot of
similarities to the invasive nature of cancer cells including

e
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embryo reactivation, rapid resumption of cell proliferation and
the implantation process (20). Preventing the reactivation of a
cancer cell or encouraging it to enter diapause could provide
a new treatment method for cancer in the future or prevent
metastasis (8). Another important point to be wondered and
studied is whether embryonic diapause can occur in other
mammalian species, including humans. If embryonic diapause
is an evolutionarily conserved phenomenon, it must also be
inducible in blastocysts of non-diapause mammals. In the
study conducted to prove this hypothesis, blastocysts from
domestic sheep were transplanted into mice in which diapause
conditions were induced. Sheep blastocysts have been found
to stop growing and it has been found to express a gene
specific to diapause and to be in diapause. This is shows that
embryos from a domestic mammal, the sheep, can enter into
diapause when adequate conditions are created (27) (Figure
4). They demonstrated that a non-diapausing species, the
sheep, is capable of embryonic diapause, put forward a new
hypothesis; could all mammals, including humans, have a
common ancestral trait? (26). Understanding the mechanism of
embryonic diapause in humans might be a tool for prolonging
or enhancement of embryo culture durations in some patients
of infertility (32). The study on mTOR has opened the door
to new studies on assisted reproductive technologies that can
help in many areas such as regenerative medicine, preservation
of cell viability after trauma and aging, and stopping mTOR
inhibition in cancer cells (1).
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Figure 4. Experimental design of a study of sheep blastocysts in embryonic diapause by transferring ovariectomized
pseudo-pregnant mice. Times in the diagram refers to embryos (25).
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CONCLUSION

Embryonic diapause studies also hold promise for
reproductive research. There is a molecular communication
between the uterus and blastocyst in the entry and
continuation or even the ending of diapause. Understanding
all the molecular stages of diapause will not only shed light on
evolution, but will also have important contributions in many
areas such as assisted reproductive technologies (ART) By
determining the molecular level of the mechanism of diapause
formation, maintenance and reactivation, it will be understood
to what extent it is protected among species and whether
all mammalian embryos can enter diapause. New proteomic
studies have shown the wealth of new candidates. There are still
many unanswered questions on embryonic diapause and many
species to work on. Cell and molecular biology techniques,
which continues to evolve today, can provide tools to answer
all other questions about diapause. Diapause will continue to
be a powerful research topic with all its mechanisms.
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