
Prof Robert Gilchrist lighting the lamp to Inaugurate ACE 2017 

essential and crucial element in embry-
ology lab. This workshop’s objective was 
to help embryologists answer the com-
mon challenges in implementation of 
TQMS in IVF program on a day-to-day 
basis. Experts from industry in TQMS 
were invited to conduct hands on ses-
sions. Common challenges in maintain-
ing TQMS were identified and discussed 
through one on one interaction. Com-
mon gadgets used in TQMS for measur-
ing pH, temperature, air quality etc were 
shown in the workshop. Delegates got 
an opportunity to play around with all 
the gadgets and the common challenges 
with them and optimal ways of handling 
them were also discussed. Apart from 
hands on sessions in trouble shooting we 
also had sessions of basic aspects of 
TQMS, the art of writing SOPs, Docu-
ment control in IVF, Auditing in IVF lab 
and trouble shooting poor reproductive 
outcome in IVF program.  

IUI: This workshop was attended by 

The sixth international conference of the 
Academy of clinical Embryologists was 
held on September 15-17, 2017 in Hy-
derabad, India. It provided an opportuni-
ty for the embryologists (Clinical & re-
search), researchers in reproductive 
biology,  andrology & embryology  tech-
nicians,  clinicians in reproductive medi-
cine &  andrology to interact, share and 
learn current trends in the filed of assist-
ed reproductive technologies (ART).   
Thousand delegates from all over the 
country and neighboring countries 
attended the congress. There were five 
pre-congress workshops attended by 
368 participants. Below is a brief over-
view of the workshops 

Basic & advanced course on USG in in-
fertility: The target audiences were clini-
cians entering the field of ART & those 
wanting a better understanding of vari-
ous USG based interventions in ART. The 
major focus was addressing the common 
challenges at oocyte retrieval and em-

bryo transfer, two common USG based 
interventions in fertility practice. Consid-
ering the need of the hour for training in 
scientific writing this workshop also had 
an expert session on tips on how to do a 
web search, read and interpret research 
articles and finally how to write ab-
stracts and manuscripts and share your 
data to the world.   

Vitrification workshop:  The emphasis 
was to understand the cryobiological 
principles of vitrification. Demonstration 
and hands on session of vitrifying and 
warming of oocytes, sperm and embryo 
were done. A team of 4 senior embryol-
ogists were involved in giving hands on 
training to the participants. A total of 60 
embryologists participated in this work-
shop. This workshop also had interac-
tions on auditing and troubleshooting 
cryopreservation program in IVF units. 

Fun with Gadgets in ART lab: Total Quali-
ty Management Systems (TQMS) is an 
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BOB Edwards Oration  

This year’s BOB Edward’s oration was 
presented by Prof. Robert Bruce Gilchrist 
from university of New Southwales, 
Australia. Prof. Gilchrist is a world re-
nowned Reproductive Biologist and has 
contributed extensively in Ovarian Biolo-
gy. Various Signaling pathways in ovary 
for oocyte maturity has been his main 
focus area. His research on oocyte ma-
turity, various signaling pathways at 
molecular level and its application for 
IVM (in-Vitro Maturation) has received 
special grants from Australian govern-
ment. Prof. Gilchrist presenting a com-
plete overview of his research in oocyte 
maturity, with a special focus on its ap-
plication in specific scenarios like PCOS, 
endometriosis and premature ovarian 
failure.  

Subash Mukherjee Oration 

Dr.Subash Mukherjee was the first scien-
tist to successfully introduce IVF in India. 
In his memory ACE conducts this oration. 
This year’s oration was delivered by Prof. 
S Shivaji. Prof. Shivaji is the retired direc-
tor from the prestigious  Bio-medical 
institute, Centre for Cellular and Molecu-
lar Biology, Hyderabad. Dr Shivaji spent 
his entire life researching spermatozoal 
cell, understanding the various molecu-
lar mechanisms required for spermato-
genesis and to fertilize the oocyte and 
preserving the germ-plasm of endan-
gered species. An overview of sperms 
developments from testes to oocyte 
fertilization with its molecular basis and 
use of ART in different wild animal spe-
cies was clearly presented in this ora-
tion.  

Keynote lectures were delivered by emi-
nent national and international faculties, 
which were well received by the dele-
gates. The topics for keynote lectures 
were focused on the current burning 
issues in the ART field. 

Prof. Arne Sundae from Norway present-
ed a keynote lecture on embryo culture 
and the effects on child’s phenotype. 
Various aspects of embryo culture were 
discussed in relationship to the future 
child’s heath. Global data on the same 
was presented. 

Prof. Deepak Modi’s (India) keynote 
lecture was on embryo implantation. 
Newer insights and signaling pathways 

practicing OBGyian’s. Optimization of IUI 
cycles was the main agenda. Various 
clinical and laboratory aspects required 
to optimize the reproductive outcomes 
in an IUI cycles were discussed through 
case based scenarios, hands on semen 
processing sessions and interactive ses-
sions with the experts in the filed.  

Advanced Andrology Workshop -The 
field of andrology has undergone a dra-
matic transformation in the last few 
decades. Predictive power of basic WHO 
criteria semen analysis has been ques-
tioned and there has been a need for 
advanced sperm testing. This workshop 
mainly focused on the various advanced 
sperm testing modalities. The basic sci-
ence, technique, application and chal-
lenges with sperm DNA fragmentation 
testing, Sperm Magnetic activated cell 
sorting, sperm micro-fluidics, optimizing 
sperm selection criteria through IMSI & 
P-ICSI, computer assisted Semen Analy-
sis were demonstrated and hands on 
training was also offered. Post lunch 
sessions offered hands on training for 
handling of surgically retrieved testicular 
sperms. Tips for teasing the testicular 
tissue, processing the samples to opti-
mize the sperm yield, optimizing testicu-
lar sperm selection to obtain the best 
reproductive outcome were dealt exten-
sively. 

The conference addressed the clinical & 
embryology related topics separately. A 
total of 40 lectures, two orations, five 
keynote lectures, five debates and five 
panel discussions were delivered by both 
national & the international faculty.  
Lectures addressing Ideal lab practices, 
Quality control, cryopreservation and 
the limitations of newer procedures like 
PGS were addressed.  Panel discussions 
addressing the common issues like em-
bryo selection by moropholgy, trouble-
shooting in batch & regular  IVF  pro-
gram, management of azoospermia , 
ethics of care & responsibility  of 3rd 
party reproduction & optimizing freeze 
thaw cycles. & the responsibilities of the 
embryologists were well received. An 
interesting session of the Lifetime jour-
ney of Pioneers in ART in India, DR Mam-
ta Deendayal & Dr Kamala Selvaraj high-
lighting their challenges made the ses-
sion thought provoking for the partici-
pants. 

 

involved in embryo implantation and the 
pathways, which bring about rejection of 
embryo implantation, were discussed 
concisely.  

Prof. Daniel Franken (South Africa) pre-
sented a complete over view of develop-
ments in testing modalities of spermato-
zoa for the last 4 decades. Emergence of 
the 5th edition of WHO manual and its 
application and limitation in ART was 
explained very well. The current status 
and application of advanced sperm func-
tional assays was discussed precisely.  

Dr Allan Thornhill (UK) presented a key-
note lecture on the current controversial 
topic of PGS. The lecture had clear take 
home messages of the current accepted 
consensus about ideal stage for biopsy, 
ideal platform for comprehensive chro-
mosomal screening and the fate of a 
mosaic embryo. 

Dr Jeanie (full name) (Australia) gave an 
elaborate presentation about the use of 
culture oil in embryo culture, which had 
a lot of practical tips for the practicing 
embryologists. 

A total of 70 abstracts were received 
from all over the Country & few from 
Tehran, Iran. The jury meticulously went 
through each and every abstract and 
selected the best 10 for oral presenta-
tion.  The final jury consisting of Dr Arne 
Sundae, Dr Deepak Modi and  Dr Rutvij 
Dalal selected the best oral paper. 

A C E  2 0 1 7  H Y D E R A B A D  :  T H E  L E G A C Y  C O N T I N U E D  

Page 2 A C E  N E W S L E T T E R  

Dr Krishna Chaitanya 
Organising Secretary, ACE2017 Hyderabad 



Page 3 M A Y  2 0 1 8 .  V O L U M E  5 ,  I S S U E  1  

A C E  2 0 1 7  H Y D E R A B A D  :  T H E  L E G A C Y  C O N T I N U E D  

Prof Robert B Gilchrist (Australia ) 

Bob Edwards Oration 

Prof S Shivaji (India)  

Subhash Mukherjee Oration 

Dr Mamta Deendayal (India) 

Lifetime Achievement Award 
Dr Kamala Selvaraj (India) 

Lifetime Achievement Award 

Dr Daniel Franken (South Africa) 

Outstanding Contribution in Andrology 

Eminent Speakers : Arne Sundae, Deepak Modi, Allan Thornhill , Denny Sakkas 



Page 4 A C E  N E W S L E T T E R  

Dear Colleagues, 

It gives me great pleasure to re connect 

with you through the re launch of the 

ACE newsletter. The journey of ACE has 

been a roller coaster. The momentum 

gathered is unprecedented. The sup-

port of colleagues & professionals in 

ART has been humbling.  

An idea conceived by a few handful has 

become a platform for academic dis-

cussions & deliberations for the entire 

community of clinical Embryologists in 

India. The events conducted by ACE are 

being attended, & appreciated by both 

clinical & laboratory personnel involved 

in the art of ART! 

This has been a platform for the embry-

ologists practicing in different parts of 

the country under varying scenarios to 

connect. To know each other, derive 

strength & encouragement in each 

other’s achievements has been ACEs 

biggest achievement. 

Last year the ACE conference was at-

tended by 960 delegates & the bi- an-

nual workshops conducted in 8 cities & 

towns of India saw a total participation 

of 300 delegates. ACE takes great 

pride in the fact that all the events are 

well thought of, relevant to the need of 

the hour. 

This year too ACE, is conducting a mas-

terclass in Clinical Embryology in June 

for biologists, embryologists & clini-

cians entering the field of ART.  

The coming years are going to be more 

challenging for the ACE family. The 

expectations are higher than before. 

There is no dearth of visionaries & 

young minds in this field.  ACE looks 

forward to such volunteers infusing 

new ideas & enthusiasm. This is a fami-

ly that cherishes experience & wel-

comes fresh enthusiasts. 

The field of ART has seen a huge jump 

in the advances that have been intro-

duced & many without adequate clini-

cal trial. They  are being used with  

great enthusiasm & expectations. It is 

time that we pause to consider the 

safety & risks associated with them. 

Keeping this in mind, ACE 2018 will be 

conducting their annual conference in 

Goa from 17-19th of august. The theme 

being ‘Safety, Risks & controversies in 

ART’. 

I look forward to welcoming you  all at 

Goa! 

 

 

The current issue of the ACE news-

letter brings to you the glimpses of 

the 6th International Congress of 

ACE held at Hyderabad. 

The huge success of the series of 

Workshop on Embryo Morphology 

conducted by ACE in various cities 

of the country  is summarized in 

the pictorial collage. 

Journal Scan features some of the 

latest articles from renowned jour-

nals. 

Many a young, enthusiastic ACE 

members regularly ask us as how 

they can actively participate in ACE 

W 
e strive hard to offer 

the best of the litera-

ture & writings from 

the renowned authors to our read-

ers time to time.  

The ultimate goal to achieve 

healthy viable pregnancy is often 

jeopardized by the high prevalence 

of aneuploidy in human oocytes. 

Review article- “Oocyte develop-

ment, meiosis and aneuploidy” 

would certainly be a good read for 

those who wish to learn more about 

this phenomenon.  

activities. ACE Newsletter offers an 

excellent opportunity to them to 

share their own observations, data 

and scientific writings related to 

clinical reproductive biology & 

embryology with the fellow ACE 

members and doctors working in 

the field of assisted human repro-

duction.  

I encourage you all who have a flair 

to write, to send your articles to 

ACE newsletter. 

Send your suggestions, comments, 

articles etc to  : 

ace.embryo@gmail.com  

P R E S I D E N T I A L  A D D R E S S  

E D I T O R I A L  

“The coming 

years are going to 

be more 

challenging for 

the ACE family. 

The expectations 

are higher than 

before” 

Dr Varsha Samson Roy 
President—ACE (India) 

Dr Sanjay Shukla 



Page 5 M A Y  2 0 1 8 .  V O L U M E  5 ,  I S S U E  1  

Dr. Agerholm was the Laboratory direc-

tor and Head of the Department at the 

Fertility Clinic, Region Hospital Hor-

sens, Denmark. She has also held 

several positions in Danish Fertility 

Society, Nordic IVF Laboratory Society 

and ESHRE. Her main interests are 

embryo culture and selection and have 

many publications in the area. She 

has been part of the team to develop 

time lapse concept since 2008 and 

has conducted many workshops on 

time lapse imaging in embryology. 

The symposia were conducted in two 

batches. The first was in February 2017 

covering Pune, Chennai, Kolkata and Delhi. 

The second round covered Cochin, Chan-

digarh, Lucknow and Ahmedabad. About 

250 participants benefitted from the first 

round of symposia and about 150 partici-

pants benefitted from the second batch. 

Subject Expert 

Dr. Inge Errebo Agerholm  

A C E  S Y M P O S I A  O N  A S S E S S M E N T  O F  V I A B L E  

E M B R Y O S  B Y  M O R P H O L O G Y  

Symposia Coordinator 

Dr.Priya Kannan  
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R E V I E W  A R T I C L E  S E M I N A R S  I N  C E L L  &  D E V E L O P M E N T A L  B I O L O G Y  4 5  ( 2 0 1 5 )  6 8 – 7 6 )   

a b s t r a c t 

Meiosis is one of the defining events in gametogenesis. Male and female germ cells both undergo one round of meiotic cell division during their 

development in order to reduce the ploidy of the gametes, and thereby maintain the ploidy of the species after fertilisation. However, there are some 

aspects of meiosis in the female germline, such as the prolonged arrest in dictyate, that appear to predispose oocytes to missegregate their chromo-

somes and transmit aneuploidies to the next generation. These maternally-derived aneuploidies are particularly problematic in humans where they 

are major contributors to miscarriage, age-related infertility, and the high incidence of Down’s syndrome in human conceptions. This review will dis-

cuss how events that occur in foetal oocyte development and during the oocytes’ prolonged dictyate arrest can influence meiotic chromosome segre-

gation and the incidence of aneuploidy in adult oocytes.  

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/). 

Keywords: Oocyte Meiosis Aneuploidy Trisomy Recombination Cohesion 

Oocyte development, meiosis and aneuploidy 
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1. Introduction  

Abnormalities in chromosome number, or aneuploidies, have been associ-

ated with human disease for over fifty years, and are the most common 

known genetic cause of developmental and intellectual disabilities in hu-

man births [1–5]. Embryos ought to inherit one copy of each of the twenty 

two autosomes and one sex chromosome from each parent, and aneu-

ploidy can involve inheriting too many or too few of any of these chromo-

somes. Most aneuploid embryos that inherit only one copy of an autosome 

(autosomal monosomy) develop severe abnormalities and die before preg-

nancy is clinically recognised. Inheriting an extra copy of an autosome 

(autosomal trisomy) is also associated with severe developmental abnor-

malities and accounts for approximately a third of all miscarriages. Some 

autosomal trisomies, and some sex chromosome aneuploidies, are com-

patible with birth in humans. Chromosome 21 trisomy, the cause of Down’s 

syndrome, is by far the most frequent aneuploidy affecting live births [4–6].  

Aneuploid embryos arise primarily due to inheritance of maternally-derived 

aneuploidies: around 10–30% of fertilised oocytes are aneuploid, compared 

to only 1–2% of spermatozoa [4–6]. This strong maternal bias applies pri-

marily to autosomal aneuploidies, but sex chromosome aneuploidies are 

exceptions to this: the extra sex chromosome that causes Klinefelter’s syn-

drome (XXY sex chromosome trisomy) is paternally derived in 46% of cases 

[4]. Down’s syndrome does follow the general mater-nal bias for aneu-

ploidy with around 88% of chromosome 21 trisomies arising maternally, 8% 

paternally, and the remainder thought to arise due to mitotic errors during 

early embryonic development [4]. The frequency of aneuploid conceptions 

is strongly associated with maternal age, and aneuploidy rates increase 

exponentially during the decade prior to menopause. Maternal age affects 

autosomes more strongly than sex chromosomes, and some autosomes 

more strongly than others [4–6]. The high prevalence and severe conse-

quences of oocyte aneuploidy make maternally-derived aneuploidy a sub-

ject of significant importance. This review will discuss recent developments 

in the field that inform on the causes of oocyte aneuploidy in mammals.  

2. Overview of oocyte development  

Mammalian oogenesis begins with the differentiation of oocytes from sex-

ually dimorphic primordial germ cells in the foetal ovaries. In female mice, 

germ cells become committed to differentiate down a female pathway into 

oocytes between E12.5 and E13.5, which is typically accompanied by a 

transition from mitosis to meiosis [7,8]. Meiosis involves one round of DNA 

replication followed by two meiotic divisions, MI and MII [6,9–12]. Oocytes 

initiating meiosis contain two homologous copies of each chromosome, 

one inherited from each parent, each of which replicates to form two sister 

chromatids during meiotic S phase, and are held together by sister chroma-

tid cohesion. After meiotic S phase, oocytes enter the leptotene stage of 

MI, and initiate meiotic recombination by generating DNA double strand 

breaks (DSBs) that recruit repair proteins to form recombination foci [13]. 

This stimulates the pairing and synapsis of homologous chromosomes in 

zygotene as DSBs search for a homologous template to repair from. Synap-

sis and assembly of the synaptonemal complex, a protein scaffold that 

holds synapsed chromosomes together, is complete by pachytene (Fig. 1). 

During zygotene and pachytene, the recombination foci mature, and recruit 

a series of factors that promote the resolution of recombination intermedi-

ates into either crossover or non-crossover exchanges [13]. Non-crossover 

exchanges only acquire short patches of homolog sequence used as a tem-

plate to repair the DNA damage, whereas crossovers exchange the chroma-

tid arms between homologous chromatids distal to the crossover site (Fig. 

1). These crossover events have two purposes: they increase genetic diver-

sity in the population; and, once the synaptonemal complex disassembles 

in diplotene, they provide the physical connection that keeps homologous 

chromosomes together [11,12]. Around the time of birth, developing oo-

cytes arrest at dictyate with chiasmata, the physical manifestation of cross-

overs, holding homologous chromosomes together as a single bivalent unit 

(Fig. 1). During this lengthy dictyate arrest, which can last for months in 

mice or decades in humans, the chiasmata are maintained by cohesion 

between sister chromatids, particularly cohesion on the chromosome arms 

distal to the chiasmata [6,9].  

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Hormonal stimulation during the adult oestrus cycle subsequently induces 

groups of dictyate oocytes to grow, mature, and eventually resume meiotic 

prophase and progress into metaphase I. The bivalent chromosomes are 

held together by chiasmata and arm cohesion as they align on the meiotic 

spindle in metaphase I (Fig. 1) [6,11,12,14]. These physical links between 

homologous chromosomes, in combination with mono-orientation of sister 

centromeres, allow tension to be generated when centromeres from each 

homolog attach to opposite spindle poles. At least one chiasma is therefore 

required on each homologous chromosome pair to ensure balanced chro-

mosome segregation in MI. As oocytes go through the metaphase I to ana-

phase I transition, sister chromatid cohesion on chromosome arms is re-

leased allowing chiasmata to resolve, and homologous chromosomes to 

segregate to opposite spindle poles. Sister chromatid cohesion at the cen-

tromeres is retained at this point and holds the two sister chromatids to-

gether (Fig. 1) [6,11,12,14]. As the oocytes progress into the MII, each pair 

of sister chromatids aligns on the metaphase II spindle with sister centro-

meres bi-oriented to opposite spindle poles. The oocyte then arrests at 

metaphase II and typically completes meiosis in response to fertilisation, 

removing centromeric cohesion to allow sister chromatids to separate and 

segregate to opposite spindle poles (Fig. 1) [6,11,12,14]. Both the meiotic 

divisions in oocytes are asymmetric, and extrude one set of chromosomes 

into small polar bodies that will degenerate during pre-implantation devel-

opment, and retain one haploid set of chromosomes in the larger develop-

mentally competent oocyte [6]. Generating and maintain-ing cohesion 

between sister chromatids and chiasmata between homologs during oocyte 

development are therefore key for pre-venting transmission of aneu-

ploidies to the next generation.  

3. Crossing over in foetal oocytes  

3.1. Introduction to meiotic recombination  

Meiotic recombination takes place during foetal stages of oocyte develop-

ment, and is a key process in enabling the balanced metaphase I segrega-

tion of homologous chromosomes in adults. Recombination is initiated by 

the activity of the highly conserved endonuclease SPO11, which generates 

hundreds of DSBs across the genome during the start of meiotic prophase 

[13]. These DSBs subsequently recruit repair proteins which initiate a 

search for their homologous chromosome partner, promoting the pairing 

and synapsis of homologous chromosomes in mice [13]. The repair of mei-

otic DSBs to crossovers typically requires the heterodimeric complex of the 

mismatch repair proteins MLH1 and MLH3 [13]. These proteins can be 

visualised immunocytologically as foci localised to chromosomal axes in 

zygotene and pachytene foetal oocytes, and are interpreted as a reliable 

proxy for crossover frequency and positioning in both mouse and human 

germ cells [15,16]. The transient localisation of MLH1 in mouse and human 

oocytes, as well as the formation of ∼10% of crossovers by an alternative 

pathway [15–17], make MLH1 foci counts conservative estimates of crosso-

ver formation. As the synaptonemal complex dissociates, crossovers can be 

visualised as the chiasmata, though this is also a proxy for crossover for-

mation as chiasmata are susceptible to migration or loss [6,9]. Whilst these 

cytological techniques are only applicable to analysis of recombination in 

MI germ cells, genotyping allows the crossover genetic exchanges occurring 

in foetal oocytes to be detected in subsequent stages of oocyte devel-

opment and in adult offspring [5,18]. Genotyping relies on there being 

sufficient polymorphisms between the homologous chromosomes to iden-

tify the segments of chromosomes inherited together. Genotyping charac-

teristic pericentromeric markers also enables identification of parental 

origin of surplus/absent chromosomes in aneuploidies and whether they 

are sister or homologous chromosomes [19,20].  

3.2. Chromosomes without a crossover  

As mammalian oocytes progress through the foetal stages of meiotic pro-

phase it is essential that at least one crossover is formed by recombination 

between each pair of homologous chromosomes to ensure their balanced 

segregation during MI (Fig. 1, Fig. 2A). Genetic studies of Down’s syndrome 

patients have estimated that ∼30% of all maternally-derived cases with 

homologous chromo-some segregation error have failed to form crossovers 

on the affected chromosome, indicating that this fault is often responsible 

for the resulting aneuploidy (Fig. 2B) [21]. Analysis of foetal oocytes has 

demonstrated that chromosomes 21 and 22 are the most com-mon to lack 

MLH1-marked crossovers and do not have detectable MLH1 foci ∼5% of the 

time [16]. The production line hypothesis proposed the formation of low 

Fig1: Meiotic oocyte progression from foetus to adult. Schematic diagram showing how events that occur during foetal development influence 

meiosis I chromosome segregation in adult oocytes. Two homologous chromosomes (blue, orange), each comprising two sister chromatids, centro-

meres (light blue, light orange), sister chromatid cohesion (black circles), synaptonemal complex (green lines) and meiotic spindles (grey lines) are 

indicated. Sister chromatid cohesion and crossover exchanges/chiasmata established during foetal development provide a physical link between 

homologous chromosomes that persists after the synaptonemal complex disassembles and throughout dictyate. Chiasmata and sister chromatid 

cohesion facilitate bi-orientation of bivalent chromosomes on the meiotic spindle during metaphase I in adult oocytes. Removal of arm cohesion and 

resolution of chiasmata allows homologous chromosomes to segregate to opposite spindle poles in anaphase I, whilst centromeric cohesion continues 

to hold sister chromatids together at this stage. Removal of centromeric cohesion allows separation of sister chromatids in anaphase II. Both meiotic 

divisions are asymmetric and segregate one set of chromosomes into the oocyte, and the other into small polar bodies that degenerate during pre-

implantation development. 
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numbers of crossovers in oocytes generated later in gestation, which would 

subsequently be ovulated later in adult life and predispose older mothers 

to aneuploidy [22]. However, MLH1 foci counts in oocytes of different ges-

tational age indicates that no such drop in crossover formation exists [23]. 

Thus, the failure to form a crossover during foetal oocyte development 

contributes to oocyte aneuploidy independent of maternal age [21]. Low 

genome-wide recombination rates, rather than a specific reduction in 

crossovers on chromosome 21, are associated with Down’s syndrome 

caused by a maternal failure to form a crossover on chromosome 21 [24]. 

Curiously, low genome-wide recombination rates are also seen in the sib-

lings of these Down’s syndrome patients, independent of maternal age, 

indicating that maternal fac-tors influence the rate of crossover formation 

and the frequency at which chromosomes without a crossover arise during 

oogenesis [25].  

3.3. Crossover frequency control  

Crossover frequency as measured either by MLH1 foci counts or by geno-

typing is reported to vary ∼10-fold in human oocytes both across the popu-

lations studied and within individuals [23,26,27]. The variation reported is 

much greater than that of human males and also mice of both sexes, indi-

cating that the regulation of crossover frequency may be less strictly con-

trolled in human females, potentially contributing to the high rate of mater-

nally derived aneuploidies. Genome wide association studies to identify 

variants that influence maternal crossover frequency have led to the identi-

fication of a number of variants associated with this, including several in 

RNF212 [28,29]. RNF212 is implicated in the control of recombination tak-

ing place in foetal oocytes, and has been demonstrated in mice to localise 

to meiotic recombination intermediates and promote their resolution by 

crossover formation [30]. Variants in this gene may be an example of a 

maternal factor accounting for low crossover rates in oocytes resulting in 

offspring with Down’s syndrome or their healthy siblings.  

Following the formation of several hundred DSBs in the foetal oocyte, some 

DSBs repair as non-crossovers or by inter-sister recombination and only 

∼10% of the original DSBs repair to form crossovers. Although many pro-

teins are involved in DSB formation and homologous chromosome synapsis 

upstream of crossover formation, mutations or polymorphisms in these 

proteins typically cause defects in chromosome synapsis and infertility in 

mice [13] and these proteins may have limited effects on crossover fre-

quency in human populations. A smaller group of proteins are implicated in 

promoting the repair of DSBs to form crossovers in mice, and these are 

good candidates for regulating crossover frequency in humans. The hetero-

dimer of mismatch repair protein homologs MSH4 and MSH5 is essential 

for stabilising recombination intermediates and the formation of crossovers 

in mice [13]. MSH4 also physically associates with TEX11 during meiosis, a 

protein of unknown bio-chemical function that promotes crossover for-

mation in mouse oocytes [31]. The stability of MSH4 and TEX11 at recombi-

nation intermediates in mice is controlled by the antagonistic relation-ship 

of the SUMO E3 ligase RNF212 [30] and the E3 ubiquitin ligase HEI10 [32]. 

The AAA+ ATPase TRIP13 is also involved in promoting crossover formation 

in mouse oocytes [33], though it is not yet clear how it relates to other 

components of the recombination machinery. MSH4, MSH5, TEX11, HEI10, 

RNF212, and TRIP13 are therefore good candidates for regulators of mater-

nal recombination in humans and potential risk factors for increased inci-

dence of oocyte aneuploidy.  

3.4. Susceptible exchanges  

Maternally-derived Down’s syndrome usually involves copies of chromo-

some 21 that have undergone a single detectable crossover exchange [21]. 

However, the position of these single crossovers along the chromosome 

can predispose it to missegregation. Single crossovers in regions close to 

the telomere rarely occur in human oocytes contributing to healthy concep-

tions, but are enriched in maternally-derived Down’s syndrome trisomies 

caused by homolog missegregation [21]. Telomeric chiasmata are conceiv-

ably most sensitive to being lost from chromosome arms as there is less 

distal arm cohesion maintaining them. The incidence of Down’s syndrome 

involving copies of chromosome 21 with telomeric crossovers is largely 

independent of maternal age, suggesting that some weakening of arm 

cohesion and loss of chiasmata occurs even in oocytes from young moth-

ers. Similarly, single telomeric crossovers on chromosome 16 are thought 

to cause the high incidence of chromosome 16 univalents in oocytes of 

young mothers, and the high rates of trisomy associated with this chromo-

some [34,35]. However, as maternal age increases, copies of chromosome 

21 that have crossovers positioned further from telomeres become more 

susceptible to missegregation, and missegregation is not restricted to those 

copies of chromosome 21 that have telomeric exchanges [21,36]. This is 

likely due to failed chiasmata maintenance caused by age-dependent weak-

ening of sister chromatid cohesion (Fig. 2C, Section 4.4).  

Remarkably, positioning of crossovers proximal to the centromere has been 

shown to leave chromosomes susceptible to sister chromatid missegrega-

tion in cases of maternally-derived Down’s syndrome [19,20]. Peri-

centromeric exchanges are risk factors for trisomy 21 even when this chro-

mosome has two crossovers rather than one [37]. Contrary to telomeric 

exchanges, pericentromeric crossovers are rarely observed in cases originat

-ing from younger mothers, but observed much more frequently with ma-

ternal age [21]. Therefore such cases fit with the pro-posed two-hit model 

of chromosome missegregation [20]. The first hit is formation of a suscepti-

ble crossover pattern during foetal development, and the second hit is the 

age-dependent increase in risk of that susceptible chromosome missegre-

gating. It is possible that pericentromeric crossovers disrupt centromeric 

cohesion between sister chromatids in MI, further compromising age-

dependent weakening of cohesion (Fig. 2E), although there are other mech-

anistic interpretations of this genetic association [6,21]. In summary, partic-

ular recombination patterns established at foetal stages of oocyte develop-

ment can predispose both homologous chromosomes and sister chroma-

tids to missegregation during the meiotic divisions in adult oocytes.  

3.5. Factors regulating crossover position  

Crossover positioning is subject to regulation at multiple stages of meiotic 

recombination. For a crossover to form at a locus a DSB must first be gener-

ated to participate in recombination. DSB formation is enriched at certain 

hotspots throughout the genome [13], which are determined at least in 

part by the zinc-finger histone methyltransferase PRDM9 [13]. Research in 

human spermatocytes has demonstrated that crossover frequency in a 

particular position largely correlates with DSB frequency at that site [38], 

although analysis of specific hotspots in mice suggests that there can be 

significant regional and sex-specific differences in the proportion of DSBs 

that mature into crossovers at some sites [39]. Crossover formation at 

certain locations makes chromosomes susceptible to missegregation, there-

fore such defects could be traced back to positioning of DSBs at vulnerable 

loci.  

The distribution of crossovers over the genome tends to follow a pattern 

with three potentially related features: (i) at least one crossover is typically 

formed between each pair of homologous chromosomes [15], (ii) crossover 

frequency is buffered from fluctuation in DSB frequency by a process of 

crossover homeostasis [40], and (iii) multiple crossovers are distributed 

across chromosomes by crossover interference inhibiting their formation in 

close proximity [12,15]. The mechanism(s) influencing this distribution are 

not known, though research in mice indicates that chromatin loop organisa-

tion influences crossover promotion [41], and work in yeast has led to a 
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Fig. 2. Potential mechanisms contributing to chromosome missegregation in mammalian oocytes. Schematic diagram showing normal meiotic 

chromosome segregation (A),and some abnormal meiotic chromosome segregation patterns that can generate oocyte aneuploidy (B–E). Two 

homologous chromosomes (blue, orange), each comprising twosister chromatids, centromeres (light blue, light orange), and meiotic spindles 

(grey lines) are indicated. Failure to generate crossovers during foetal development (B), or lossof chiasmata caused by age-dependent weaken-

ing of arm cohesion (C), can cause missegregation due to bi-orientation of univalents on the MI spindle, and premature sisterchromatid separa-

tion during MI. Age-dependent weakening of centromeric cohesion (D), possibly exacerbated by peri-centromeric crossovers (E), can cause 

missegregationdue to bi-orientation of sister chromatids on the meiosis I spindle (D) and/or premature separation of sister chromatids during 

meiosis I (E). Weakening of centromericcohesion could potentially affect one (D) or both (E) homologous chromosomes in the same division. A 

number of additional meiotic chromosome segregation errors arepossible which, for clarity, are not depicted here. Any of the abnormal segre-

gation patterns that involve bi-orientation of sister centromeres and premature segregation ofsister chromatids at meiosis I can still generate 

normal haploid oocytes if homologous chromatids partition to different cells in meiosis II (F). 
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model where crossover formation is regulated by physical chromosomal 

stress in a pathway involving topoisomerase II [42]. The strength of crosso-

ver interference correlates with physical distance along the synaptonemal 

complex, thus this structure is thought to be involved in interference trans-

mission [43]. Indeed, higher crossover frequency in human oocytes com-

pared to spermatocytes correlates with differences in synaptonemal com-

plex length [43,44]. Defects in mechanisms influencing this control of cross-

over distribution could generate chromosomes without a crossover that 

ultimately missegregate resulting in aneuploidy.  

3.6. Chromosome missegregation in human oocytes  

Genotyping Down’s syndrome patients has demonstrated that around 

three-quarters of maternally-derived cases are caused by missegregation of 

homologous chromosomes, and a quarter by missegregation of sister chro-

matids [4,19]. This is consistent with a wealth of cytological data indicating 

that the most prevalent chromosome missegregation events in human 

oocytes from older women involve premature separation and segregation 

of sister chromatids during MI (Fig. 2C–E) [6]. A recent genetic study com-

bining analysis of all three products of a complete female meiotic division: 

the first and second polar body, and the oocyte, has provided further in-

sight into the mechanisms of chromosome missegregation in human oo-

cytes [27]. This study revealed that even in cases where recombination took 

place between homologs, a failure to form multiple crossovers involving all 

four chromatids in exchanges predisposes to premature separation of an 

individual sister chromatid during MI [27]. However, the most common seg-

regation error involved premature separation and segregation of sister 

chromatids from both homologs in MI (Fig. 2C), a conclusion similar to that 

reached from imaging and analysis of ageing mouse oocytes [45,46]. This 

MI segregation error occurs much more frequently than expected if each 

homolog in a bivalent lost cohesion independently (Fig. 2D), suggesting an 

alternative mechanism is involved [27]. Live imaging of young and old 

mouse oocytes has demonstrated that bivalents separate into univalents 

during metaphase I more frequently in older oocytes, then bi-orient on the 

MI spindle [47]. This results in premature separation and segregation of 

sister chromatids during MI, which could partition independently during MII 

to generate either an aneuploid oocyte (Fig. 2C), or a haploid oocyte with 

normal chromosome complement (Fig. 2F). A similar mechanism may be 

responsible for the common MI segregation errors reported in human 

oocytes [27]. The production of a normal haploid oocyte following prema-

ture segregation of sister chromatids in MI and correction by segregation of 

homologs in MII (Fig. 2F), a phenomenon described as “reverse segrega-

tion”, was indeed found to frequently occur in humans [27]. Failure to form 

crossovers between homologs during foetal development presumably 

results in a similar pattern of chromosome missegregation (Fig. 2B) and 

potentially also reverse segregation. Generating and maintaining at least 

one chiasmata per homologous chromosome pair during foetal oocyte 

development, through the prolonged dictyate arrest and up to metaphase I 

therefore appears to be crucial for faithful meiotic chromosome segrega-

tion in the adult oocyte.  

4. The role of cohesins in foetal and postnatal oocyte development  

4.1. Cohesins in meiosis  

The sister chromatid cohesion that will mediate meiotic chromosome seg-

regation in adult oocytes is established during foetal development. Sister 

chromatid cohesion is generated by the cohesin complex which forms a 

tripartite ring like structure that holds sister chromatids together [48]. The 

cohesin complex comprises four subunits: a core V-shaped heterodimer of 

two SMC (Structural Maintenance of Chromosomes) subunits; a kleisin sub-

unit which closes and stabilises the ring-like structure; and one SA 

(Stromalin Antigen) subunit that associates with the kleisin. In mitotic cells 

the two SMC subunits are SMC1 _ and SMC3, the kleisin subunit is RAD21, 

and the SA subunit is either SA1 or SA2. Meiotic cells express additional 

SMC and SA subunits named SMC1 _ and STAG3 respectively, and two 

additional kleisin subunits, REC8 and RAD21L [9,49].  

The presence of multiple flavours of cohesin subunits in meiotic cells means 

that many different hypothetical cohesin complexes can be generated 

containing different combinations of alternative SMC1, kleisin and SA subu-

nits. Immunoprecipitation of cohesin subunits from testes extracts reveal 

that SMC1 _ and SMC1 _ do exist in several different complexes with other 

cohesin subunits in vivo [50]. However, not all hypothetical cohesin com-

plexes are detectable in meiotic cells, for example the meiotic SA subunit 

STAG3 is present in cohesin complexes with REC8 or RAD21L meiotic klei-

sins, but not with the mitotic kleisin RAD21 in mouse testes [51,52]. Inter-

estingly, different flavours of the same cohesin sub-unit can localise to 

distinct regions of meiotic chromosomes in mouse oocytes and spermato-

cytes [51–54] suggesting that differ-ent cohesin complexes could have 

distinct functions in mammalian meiosis.  

Cohesins can promote intra-molecular interactions between different re-

gions of DNA on the same chromosome in addition to inter-molecular inter-

actions between DNA on sister chromosomes [48]. The former may be 

important for generating loops of chromatin that are thought to underlie 

the structure of meiotic chromosomes [55], and some of the roles and 

localisations of meiotic cohesin subunits may reflect this aspect of cohesin 

function. Indeed, only some of the flavours of cohesin expressed in oocytes 

function in sister chromatid cohesion during the meiotic divisions. Sister 

chromatid cohesion in metaphase I mouse oocytes depends on an intact 

REC8 kleisin subunit suggesting that any cohesin complexes that contain 

the meiotic RAD21L or mitotic RAD21 kleisins are not sufficient to generate 

functional sister chromatid cohesion in these cells [56]. In contrast, some 

functional sister chromatid cohesion can be generated in meiotic oocytes 

lacking the meiotic SMC1 _ cohesin, presumably by cohesin complexes 

containing the mitotic SMC1 _ cohesin [57]. The ability of mitotic cohesins 

to function in sister chromatid cohesion in meiotic oocytes may be related 

to differences in the way that different cohesin subunits, and different 

flavours of cohesin subunit, are regulated.  

4.2. Establishment of cohesion  

1Studies in yeast and mammalian mitotic cells have revealed that cohesin 

loading onto DNA during DNA replication requires the heterodimeric cohe-

sin loading factor NIPBL-MAU2 [58,59]. Cohesin is loaded onto DNA 

through the opening of an entry gate at the inter-face of the SMC1 and 

SMC3 subunits. Once loaded, cohesin can be released from DNA by opening 

an exit gate at the interface of the SMC3 and kleisin subunits [58,59]. Load-

ing cohesin onto chromatin is required but not sufficient for cohesion to be 

established between sister chromatids. During establishment of cohesion, 

acetylation of SMC3 by the acetyltransferase ECO1 leads to the recruitment 

of sororin which promotes sister chromatid cohesion by displacing WAPL 

from its interacting partner PDS5, and preventing WAPL-dependent remov-

al of cohesin from the chromatin [58–61]. The recruitment of sororin there-

fore locks the loaded-cohesin complexes onto DNA and marks a sub-

population of cohesin that is more tightly associated with chromatin [62]. It 

is not yet known whether SMC3 acetylation occurs during the establish-

ment of sister chromatid cohesion in mammalian oocytes, or if sororin 

plays a role in protecting any acetylated SMC3-marked cohesin from WAPL-

mediated dissociation. However, any genetic variation or environmental 

influences during human foetal development that alter the activity of the 

genes involved in the establishment of meiotic cohesion could potentially 

affect the incidence of aneuploidy in adult oocytes.  
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4.3. Cohesin removal  

During mammalian mitosis, removal of cohesin occurs in two discrete steps 

[63]. Firstly, phosphorylation of cohesin and shugoshin by the prophase 

pathway allows WAPL to remove cohesin from chromosome arms by a non-

proteolytic mechanism, whilst centromeric cohesin is protected by a com-

plex of shugoshin and protein phosphatase 2A (SGO1-PP2A) [58,59,61]. In 

the second step of mitotic cohesin removal, activation of the anaphase 

promoting complex at the metaphase-anaphase transition stimulates the 

ubiquitylation and proteasome-dependent degradation of securin, an inhib-

itor of separase. Separase then removes centromeric cohesion by proteo-

lytically cleaving the kleisin subunit, triggering anaphase and chromosome 

segregation [58,59].  

In contrast to mitotic cells, removal of arm cohesin in meiosis requires 

separase-mediated proteolysis of REC8 [64]. It is unknown whether WAPL-

mediated cohesin removal occurs in oocytes, how-ever conditional knock-

down of separase post-natally in growing oocytes prevents chiasmata reso-

lution and polar body extrusion [64]. Therefore, whether a WAPL pathway 

operates or not, it is unable to compensate for separase-mediated cohesin 

removal at anaphase I. As in mitotic cells, shugoshin acts with PP2A in MI to 

protect centromeric cohesin from separase cleavage [65]. In yeast, SGO-

PP2A appears to protect centromeric cohesion during MI by antagonising 

REC8 phosphorylation which is essential for its cleavage by separase [66], 

but whether this mechanism is conserved in mammalian oocytes is un-

known [66]. Over-expression of SGO1 in mouse oocytes has been shown to 

block homologous chromosome segregation but only when it is capable of 

interacting with PP2A [67], thus demonstrating the essential interaction 

between these proteins.-Protection of centromeric cohesion in mouse 

oocytes is normally mediated by SGO2 shugoshin [65]. Mammalian SGO2 

colocalises with centromeric REC8 at metaphase I, where it is stabilised by 

meikin, a meiosis-specific kinetochore protein that helps protect centro-

meric cohesion and prevents sister chromatids bi-orienting to opposite 

spindle poles at this stage [65,68]. SGO2 is redistributed at metaphase II by 

spindle-associated tension act-ing across the sister centromeres. This relo-

cation of SGO2/PP2A is thought to permit removal of centromeric REC8 

during metaphase II–anaphase II resulting in sister chromatid segregation 

[65,66]. Clearly, there are fundamental differences in the pathways used to 

remove arm cohesion in meiosis and mitosis, however some of the proteins 

involved in protection and cleavage of centromeric cohesin appear to be 

the same. As will become clear in Section 4.4, pathways that remove cohe-

sin from meiotic chromosomes in res-ting dictyate oocytes may play a role 

in age-dependent aneuploidy in mammalian oocytes.  

4.4. Cohesion decay in mice  

1The cohesion that is established in foetal oocytes needs to be maintained 

throughout the prolonged dictyate arrest to mediate faithful meiotic chro-

mosome segregation in the adult oocytes. One of the first indications that 

defects in cohesins play a role in age-related aneuploidy came from studies 

of mice lacking the meiosis-specific SMC protein, SMC1 _ [57,69]. Despite 

having reduced cohesion at the early stages of chromosome condensation, 

SMC1ˇ−/− oocytes progress through meiosis I to dictyate arrest. Whilst 

MLH1 foci are normally distributed in SMC1ˇ−/− foetal oocytes, there is 

failure to maintain sister chromatid cohesion as chiasmata position is 

skewed in adult oocytes, with chiasmata being found in more terminal 

positions [57]. This reduction in cohesion and terminalisation of chiasmata 

results in fewer chiasmata, increased frequency of univalent chromosomes, 

and single chromatids, leading to-considerable aneuploidy and consequent 

sterility [69]. Importantly, comparison of chromosome preparations from 

one month and two month old mice revealed that the severity of these 

defects increased with age. Therefore, reduced levels of cohesion in 

SMC1ˇ−/− post-natal oocytes accelerates the appearance of defects similar 

to those seen in naturally ageing mice.  

Interestingly, conditional inactivation of SMC1ˇ shortly after birth has no 

effect on sister chromatid cohesion, chiasma place-ment or fertility in fe-

male mice [70]. Similarly, elegant genetic experiments in mice that condi-

tionally express REC8 at different stages of oogenesis demonstrate that 

REC8 expression postnatally in growing oocytes is not able to function in 

sister chromatid cohesion during meiosis I [56]. This suggests that cohesion 

which is lost or removed from oocytes postnatally is not replaced, and that 

the meiotic cohesins that are loaded onto DNA in foetal life must be main-

tained in adults.  

Different strains of naturally aged mice have a marked reduction in the 

amount of the meiotic kleisin REC8 on chromosome arms and centromeres 

in metaphase I oocytes and SMC1 _, is similarly reported to be markedly 

reduced in older oocytes [45,46,71]. This age related decrease in REC8 and 

SMC1 _ abundance has also been observed in dictyate mouse oocytes 

suggesting that this deterioration occurs during dictyate arrest [72]. Wheth-

er or not the observed changes in REC8 and SMC1 _ abundance reflect the 

behaviour of the entire cohesin complex is unknown, but, consistent with 

an age-dependent loss of cohesion at centromeres, the distance between 

sister kinetochores is larger in older oocytes [45,46]. Older oocytes are also 

less able to maintain chiasmata and have an increased proportion of 

prometaphase I chromosomes with either a single chiasma located distally 

on the bivalent, or with no visible chiasmata between univalents that are 

loosely associated at their telomeres [22,45,46,73]. Migration, terminalisa-

tion and loss of chiasmata in older oocytes could potentially reflect weak-

ened sister chromatid cohesion on chromosome arms, particularly cohesion 

distal to the chiasmata [9]. Therefore, the age-dependent depletion of 

cohesin from meiotic chromosomes in oocytes appears to be associated 

with weakening of cohesion along chromosome arms and at centromeres.  

The number of single chromatids in old oocytes at metaphase II is much 

higher than the number of unpaired univalents in prometaphase I sug-

gesting that the primary chromosome segregation error in ageing mouse 

oocytes involves premature separation of sister chromatids [45,46]. Weak-

ening of centromeric cohesion would allow sister chromatids to either 

erroneously bi-orient during metaphase I then prematurely separate and 

segregate at anaphase I (Fig. 2D), or to prematurely separate in anaphase I 

after correctly mono-orienting in metaphase I (Fig. 2E). Although a spindle 

assembly checkpoint operates effectively in young and old oocytes to moni-

tor attachment of chromosomes to the meiosis I spindle, bi-orientation of 

sister chromatids during meiosis I is not detected by this checkpoint 

[6,45,46,74]. However, weakening of arm cohesion may play a role in the 

premature separation of sister chromatids in ageing mouse oocytes as live 

imaging suggests that bi-orientation and premature separation of sister 

chromatids on the meiosis I spindle may be preceded by bivalent chromo-

somes prematurely resolving into transient univalents during metaphase I 

(Fig. 2C) [47]. The loss of cohesion from meiotic chromosomes in oocytes 

from older mice could therefore potentially account for at least some of the 

chromosome missegregation and aneuploidy associated with maternal 

ageing.  

In oocytes, sister chromatids are normally prevented from separating prem-

aturely during metaphase I–anaphase I by SGO2 [65], and loss of chromo-

some cohesion in aged oocytes correlates with reduced levels of SGO2 on 

meiotic chromosomes during both MI and MII [46,73]. Interestingly, SGO2 

has also been found to localise to chromosome arms, as well as centro-

meres in metaphase I oocytes, suggesting that SGO2 may also play a role in 

protecting arm cohesin in meiosis I before the onset of anaphase [46]. The 

levels of both arm and centromeric associated SGO2 are also reduced in 
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SMC1ˇ−/− oocytes, suggesting that cohesin depletion during prolonged 

dictyate arrest results in reduced recruitment of SGO2, which may in turn 

amplify loss of cohesion as oocytes age [46].  

4.5. Cohesion decay in humans  

1Similar to the findings from naturally aged mice, immunofluorescent stain-

ing of human oocytes in ovarian sections has shown that the level of meio-

sis-specific cohesins, REC8 and SMC1 _ are decreased in dictyate oocytes in 

small follicles from older women [72]. Whether or not there is a reduction 

in arm cohesin, centromeric cohesin or both in the human oocytes is un-

clear. Consistent with a reduction in cohesin however, inter-kinetochore 

distances increase significantly and chromosome segregation errors occur 

more frequently in human eggs with advanced age [47,75]. Cohesin levels 

and loss of cohesion shows a linear negative correlation with oocyte age 

[72] however, the frequency of chromosome segregation errors rises expo-

nentially in women in their mid-thirties [4]. Consistent with the findings in 

naturally aged mice [45], it seems that a threshold level of cohesin is also 

required in human oocytes in order to prevent missegregation [72]. Inter-

estingly, aside from the age-effect, the rate of cohesion decrease varied 

between individuals which could indicate that genetic or environmental 

variation between individuals could be influencing susceptibility to age-

dependent oocyte aneuploidy [72]. Clearly, studies from both human and 

mouse oocytes suggest that loss of chromosome-associated cohesins leads 

to weakening of cohesion and meiotic errors. However, further research is 

required to establish if cohesins are being removed from chromosomes dur

-ing oocyte ageing by one of the known pathways for cohesin removal, by 

non-specific processes, such as oxidative damage or spontaneous hydrolysis 

of peptides bonds, or by as yet unidentified mechanisms.  

5. Conclusions  

It is becoming clear that the developmental strategy used by mammalian 

oocytes plays a significant part in the high rates of age-dependent maternal 

aneuploidy seen in humans. Events that occur in foetal oocytes such as 

failure to form a crossover, or crossover formation in a susceptible location, 

can lead to chromosome segregation errors and aneuploidy in adult oo-

cytes. As maternal age increases, maintaining chiasmata and sister chroma-

tid cohesion becomes more of an issue and mechanisms that promote loss 

of these in post-natal oocytes have a stronger influence on the incidence of 

oocyte aneuploidy. Huge progress has been made in recent years in our 

molecular understanding of how sister chromatid cohesion is established, 

generated and removed during meiosis, and in deciphering the chromo-

some segregation defects that con-tribute to aneuploidy in ageing oocytes. 

Understanding the primary mechanisms contributing to loss of sister chro-

matid cohesion in post-natal oocytes would seem to be the next major 

question that needs to be answered, and is one that will be key if any ther-

apeutic interventions to slow chromosomal ageing in human oocytes are to 

be developed in the future. 
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Abstract 

Intracytoplasmic sperm injection (ICSI) is well established and provides patients with severely impaired sperm quality with an opportunity to father a child. However, previous 

studies do not clearly indicate whether male with cryptozoospermia should use testicular sperm or ejaculated sperm for ICSI. The newest systematic review of this topic also 

gave a controversial conclusion that was based on incorrect pooling result. Moreover, two clinical studies published after the systematic review. In the present update system-

atic review and meta-analysis, a comprehensive citation search for relevant studies was performed using the Cochrane library databases, Embase, Ovid MEDLINE, PubMed, 

ScienceDirect, Scopus, and Web of Science up to September 2017. The search returned 313 records, in which six studies were included in quantitative synthesis. These studies 

involved 578 male infertility patients who had undergone 761 ICSI cycles. The risk ratios favour fresh testicular sperm for good quality embryo rate (1.17, 95% CI 1.05–1.30, P = 

0.005), implantation rate (95% CI 1.02–2.26, P = 0.04), and pregnancy rate (RR = 1.74, 95% CI 1.20–2.52, P = 0.004). In conclusion, the existing evidence suggests that testicular 

sperm is better than ejaculated sperm for ICSI in male with cryptozoospermia.  

Objective 
To determine whether cleavage anomalies, multinucleation, and specific cellular kinetic parameters available from time-lapse imaging are predictive of developmental capacity or 
blastocyst chromosomal status. 
Design 
Retrospective analysis of prospectively collected data. 
Setting 
Single academic center. 
Patient(s) 
A total of 1,478 zygotes from patients with blastocysts biopsied for preimplantation genetic screening were cultured in the EmbryoScope. 
Intervention(s) 
Trophectoderm biopsy. 
Main Outcome Measure(s) 
Embryo dysmorphisms, developmental kinetics, and euploidy. 
Result(s) 
Of the 767 biopsied blastocysts, 41.6% (95% confidence interval [CI], 38%–45%) were diagnosed as euploid. Individual dysmorphisms such as multinucleation, reverse cleavage, 
irregular chaotic division, or direct uneven cleavage were not associated with aneuploidy. Direct uneven cleavage and irregular chaotic division embryos did, however, exhibit 
lower developmental potential. The presence of two or more dysmorphisms was associated with an overall lower euploidy rate, 27.6% (95% CI 19%–39%). Early embryo kinetics 
were predictive of blastocyst development but not ploidy status. In contrast, chromosomal status correlated significantly with start time of blastulation (tSB), expansion (tEB), and 
the tEB-tSB interval. A lower euploidy rate, 36.6% (95% CI 33%–42%) was observed with tSB ≥ 96.2 hours, compared with 48.2% with tSB < 96.2 (95% CI 42%–54%). A drop in 
euploidy rate to 30% (95% CI 25%–37%) was observed in blastocysts with delayed expansion (tEB > 116). The proportion of euploid blastocysts was increased with tEB-tSB inter-
vals of ≤13 hours. A logistic regression model to enhance the probability of selecting a euploid blastocyst was constructed.  
Conclusion(s) 
Morphokinetics may aid in selection of euploid embryos from a cohort of day 5/6 blastocysts. 
Key Words:  
Blastocyst development, preimplantation genetic screening, morphokinetics, multinucleation, aneuploidy 
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Purpose 
To study the regulation and functions of oviductal glycoprotein 1 (OVGP1) in endometrial epithelial cells. 
Methods 
Expression of OVGP1 in mouse endometrium during pregnancy and in the endometrial epithelial cell line (Ishikawa) was studied by immunofluorescence, Western blotting, and RT-
PCR. Regulation of OVGP1 in response to ovarian steroids and human chorionic gonadotropin (hCG) was studied by real-time RT-PCR. OVGP1 expression was knockdown in Ishikawa 
cells by shRNA, and expression of receptivity associated genes was studied by real-time RT-PCR. Adhesion of trophoblast cell line (JAr) was studied by in vitro adhesion assays. 
Results 
OVGP1 was localized exclusively in the luminal epithelial cells of mouse endometrium at the time of embryo implantation. Along with estrogen and progesterone, hCG induced the 
expression of OVGP1 in Ishikawa cells. Knockdown of OVGP1 in Ishikawa cells reduced mRNA expression of ITGAV, ITGB3, ITGA5, HOXA10, LIF, and IL15; it increased the expression of 
HOXA11, MMP9, TIMP1, and TIMP3. Supernatants derived from OVGP1 knockdown Ishikawa cells reduced the adhesiveness of JAr cells in vitro. Expression of OVGP1 mRNA was found 
to be significantly lowered in the endometrium of women with recurrent implantation failure.  
Conclusion 
OVGP1 is specifically induced in the luminal epithelium at the time of embryo implantation where it regulates receptivity-related genes and aids in trophoblast adhesion. 
Keywords 

Endometrium, Implantation, Receptivity, Oviductal glycoprotein 1, Glycoprotein, Trophoblast  

Purpose 
A microwell culture system that facilitates group culture, such as well-of-the-well (WOW), improves embryonic development in an individual culture. We examined the effect of 
WOW on embryonic development in vitro with commercially available human single culture media.  
Methods 
Using four different commercial human single culture media, in vitro development and imprinted gene expression of bovine embryos cultured in WOW were compared to droplet 
culture (one zygote per drop). To determine the effects of microwell and group culture on embryonic development, different numbers of embryos were cultured in droplet or WOW. 
Diffusion simulation of accumulating metabolites was conducted using the finite volume method.  
Results 
WOW had a positive effect on bovine embryonic development, regardless of the type of single culture media. Imprinted gene expression was not different between droplet- and 
WOW-derived blastocysts. The microwell and group cultures in WOW showed a significant positive effect on the rate of total blastocysts and the rate of development to the expand-
ed and hatching blastocyst stages. The assumed cumulative metabolite concentration of WOW with one embryo was 1.47 times higher than that of droplet culture with one embryo. 
Furthermore, the concentration of WOW with three embryos was 1.54 times higher than that of WOW with one embryo.  
Conclusions 
In using human single culture media, a microwell culture system that allows group culture could be a powerful clinical tool for improving the success of assisted reproductive technol-
ogies. 
Keywords 

Bovine embryo assay, Group culture, Human single medium, Metabolites, Microwell  
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