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Scope of work

e Evaluation and diagnosis of the infertile couple

e Controlled ovarian hyper-stimulation and oocyte retrieval
e Sperm preparation and oocyte insemination

e Assessment of fertilisation and embryo culture

* Pre-implantation genetic screening and diagnosis

* Embryo transfer and cryopreservation
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Obesity and infertility in women
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Median Age for mothers (Australia)
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Aneuploidy and age
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Effects of paternal age on sperm quality
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Fig. | Epigenetic cvents
during spermmogeness. In
primodial germ cells (milosis),
DNA methylaton occurs 10 set
up the patemai specific
impnnts. Phosphory lstion (in
meiotic cell) occurs to assest in
hoth recombination and XY
body formation. Ubiquatylatson,
sumaylaton amd incorpoestion
of H2AZ and H3.3 varants are
ol mvolved in XY body
formation. Hypemcetylanon
occurs during spermiogenssis
10 assist in the
Histane-Protamine exchange.
Spermalocytogenesis Gin also
give rse 10 chromosome
non-dsjuncton dunng its
meloses 1 and 1 nloeg wah
double sorand breaks, shnormal
histome modification and
akerution in the expression on
mRNA and other non-cexling
RNAs. DNA Fugmensation is
the consequence of apopiosis
followmg double strand breaks
of shacemal protanvinatice
during spermiogenesis
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Sperm DNA damage with age

r=0.566; P< 0.0001

Log percent highly damaged DNA
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Genetic causes of male subfertility

e Chromosomal (eg. Klinefelter’s XXY)
e Translocations & Meiotic errors

e Genome instability oo N
e Point mutations R et

e Duplications & Deletions




Azoospermia Factor (AZF) regions
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Laboratory investigations: Female

e FSH (Day 2) e Ovarian reserve

* AMH * Ovarian reserve

e Oestradiol * Folliculogenesis

* Progesterone e Ovulation

* Prolactin * Prolactinaemia

* Testosterone * PCOS

* AsAb * Immunoinfertility
* Kremer test * Cervical hostility



Laboratory investigations: Male

* Semen volume * Retrograde ejac’n
* Semen pH e Occlusions

e Sperm density * Spermatogenesis
* Sperm motility * Sperm transport
e Sperm shape e Sperm binding

e Agglutination e Sperm function

e Sperm DNA e Sperm quality

* FSH * Spermatogenesis



Functional evaluation of sperm populations — the

semen analysis

Volume:

Concn (x10°ml):
Total count(x10°):
Prog Motility (%):
% normal morph:
% MAR:

50
30
20

AL e - \
@m S - .
2.0 1.5 (1.4-1.7)
20 15 (12-16)
40 39 (33-46)
50 32 (31-34)
- 4 (3.0-4.0)
50 <50



Predictive factors

Table | — Life-table estimates of 36-month cumula-
tive pregnancy rates, by seminal variables. among 709
couples with no evident female infertility factor

Cumulative
pregnancy rate, 9%
{and standard error

Variable [SE]) p*

Sper;'o-cou-n?x' 1-05/:'--7 WNS-,
Only TOTAL MOTILE COUNT 1018 (n — 44 22 (8)
> 20 {n = 590) 50 (3)

(TMC) e = 320) 45 ) e
3-9 (n = 480) 48 (3)

% of progressively

Small et al (1987) CMAJ 136, 829 motile sperm NS

< 25 {n = 107} 36 (7)
26—-50 {n = 175) 41 (5)
51-100{n = 427) 52 (3)
% of sperm with abnormal
morphologic features NS
< 50 (n = 494) 51 (4)
51-100 (n = 215) 39 (5)
Total motle sperm count,
>x. 10°/ejaculate 0.001
< 9 (n = 83) 20 (6)
1019 (n = 43) 37 (9)
> 20 (n = 583) 52 (2)

*NS = not significant.




Menstrual Cycle
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Ovarian Stimulation - regimens

FSH = follicle stimulating hormone
GnRHa = gonadotrophin releasing hormone antagonist
hCG = human chorionic gonadotrophin
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Ovarian Stimulation - regimens
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Oocyte Retrieval — Egg Collection

Single & Dual Lumen Needle Sets & Tube Heater

Heated & Adjustable
Operating Table




Oocyte recovery procedure




Cumulus-Oocyte-Complexes in follicular fluid




Oocyte Maturational Stages

1. Germinal vesicle.
Immature.

2. Oocyte in metaphase | (Ml), the polar body
(PB) not extruded.

Might mature in Culture!

3. Oocyte in metaphase Il (Mll), the first PB is
extruded.

Mature!




Sperm Preparation & Selection

* remove all seminal fluid
* remove all non-sperm cells
* isolate normal, motile sperm

* support capacitation

* reduce %DNA frag
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Centrifugation for 20 minutes
at 1600 rpm

Upper phase
45%

Lower phase
0%

Seminal plasma

= White blood cells, deb

Abnormal non-motile
sperm

pe |V t@rPhase

Viable motile sperm

Sperm Preparation & Selection

evary time, speed (g) and/or gradient
*(%, volume, number)
ereduced DNA fragmentation
eeffects of temperature
e pre-incubation
esperm concentration
e depends on use (IUl v IVF v ICSI)

o« 5 M/mIl motile




Retrograde ejaculates

the Liverpool solution

Development and in vitro testing of a new method
of urine preparation for retrograde ejaculation;

Thomas R, Awse, M.B., Ch.B." Stephanie Brookes, B.Sc.,” Stephen A. Trowp, PP
William D. Fraser, M.D_." and D. Iwan Lewis-Jones, M.D*

FIGURE 1 I

Change in urinary osmolarity in 10 subjects ingesting
Liverpool solution.
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FiGURE 2

Change in urinary pH in 10 subjects ingesting
Liverpool solution.
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Liverpool Solution
Dilution required: 1 in 8, 8.49% (wt/vol) sodium bicarbonate
in sterile disulled water. This solution then is diluted 50:50
with normal saline.

APPENDIX TABLE 1 NG

Liverpool solution drink volumes and other
patient instructions.

Liverpool

Time from solution drink

start (min) volume (mL) Instruction

0 500

30 250

60 250

90 250 Urinate to empty
bladder
completely

120 Nil Ejaculate and

void mixture

Auxt. Resrograde ejaculation wurine preparation. Fersid Sterdd 2008

FIGURE 4

Change in progressive motility (grade A and B) with
time in sperm exposed to prepared urine (n — 6).
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Surgical sperm retrieval

PESA*=

Percutaneous Epidydimal Sperm Asplratlon e

. o Butterfly
'v}fl(ahr(l,, r-nl‘-\ s Needle

Butterfly Needle

Testicle

TESA

Testicular Sperm Aspiration

Skin of Scrotum

Testicle

Extraction Incision Skin of Scrotum

Extracted Seminferous Tubules

Curved T E S E
Scissors Testicular Sperm Extraction




Mechanical dissection
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Sterilising sperm defects
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Specialised fertilisation media

Higher glucose supports

- sperm maturation

- sperm function:
-capacitation
-binding

-acrosome reaction

-fertilisation

Fertilisation rate %

30 A

5mM Glucose

0 mM Glucose

Mahadevan 1997




glucose

1

Sequential v Single-step Culture Media

PHASE 1

Embryo genome is inactive
Low metabolism, development controlled by

maternal gene transcripts

PHASE 2
Embryo genome is activated
Metabolism rises. Proteins, many growth factors and receptors are
produced.




Intrauterine insemination (lUl)

e often the first step in ART

e prepared sperm injected into the uterine
cavity

e 3-6 cycles of IUl often attempted before
other more invasive fertility treatment

* e with or without ovarian stimulation




IVF - Insemination
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Denudation of Oocytes

Natural in vivo function:

Hyaluronidase enzyme breaks the HA bonds Sperm uses hyaluronidase enzyme
connecting cumulus cells to pass through oocyte cumulus,
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:‘ { /,/' Walurondase
:'\ _.J'\’ -’-——}»- — GPl-anchored hvaluronidase
\ \\‘ // on plasma membrane

‘—-.----"
—— e y
hydrolysis of cumulus hyaluronan
by GPl-anchored hyaluronidase

D K

— -

#
zona | &%
pellucida "‘

@ cumulus
penetrstion

.C’....>

/
~

o—C B 1g4 ZN ) = > I
CH3 . A ’ .'\ e { 5~ g
N-Acetyl Glucosamine . Glucuronic Acid cimuius — S ,'.j:\' \\& < “”Pf
cells [
PH20 Hyaluronidase = & o i
\ R\‘\ o @) acroseme
| ) ___')v’ reaction

e @) hydrolysis of hyaluronan
-g_______.—/ in zona pellucida by
(8 zona pellucida released hyaluronidase

peneteation and
fertilization




|ICSI-Cumulase® (rHuPH?20)

smoothly removes the cumulus matrix
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Description

Reproductive
BioMedicing,
Onlirte

Vanderzwalmen et al, 17(5): 617-627,
2008
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Sperm immobilisation for ICSI
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"Normal’ ICSI




Embryo development
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Incubators — with inbuilt optics

- Morphology (Development Phase n=292)
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Assessing fertilisation

two polar bodies (PB) =
excess genetic material

two pronuclei (2PN)
- one female (from oocyte)
- one male (from sperm)

3PN 1PI.\|
usually an activated egg —
more than 1 sperm entered :
egg (polyspermy) so female PN forms in
88 1P ng y absence of fertilisation or

sperm nucleus

retained PB (digyny) decondensation




Embryo assessment —day 1

2 cell embryo




Embryo assessment — day 2/3

2-cell

4-cell 8-cell

2-cell 4-cell
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Grade 4
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BLASTOMERE SIZE

FRAGMENTATION




ion and genetic health
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Embryo assessment —day 5/6

inner cell mass

trophectoderm




Genetic testing

Preimplantation genetic diagnosis
PGD for detection of specific inherited genetic abnormalities

Preimplantation genetic screening
PGS for detection of spontaneously arising abnormalities




Polar body biopsy

video courtesy of

A Doshi

e Centre for Reproductive
& Genetic Health

)
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Blastomere biopsy

video courtesy of

A Chatziparasidou & M
* |laser / Nijs
* simple ¢ /z ) -
aspiration —
bevelled SMBRYOULAC

pipette




Preimplantation genetic screening

 Chromosomal mosaicism in early screening embryos,

* where embryo biopsy is not representative of the other blastomeres.
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Trophectoderm Biopsy

Slide: Pacific Fertility, USA




Trophectoderm biopsy — clinical data
Yang et al. Molecular Cytogenetics 2012

First-time IVF patients with a good prognosis (age
= tud <35, no prior miscarriage) and normal karyotype.
; \ = Pilot study, prospective randomised

A ' — Transfer on day 5

44,9% aneuploidy rate in Blastocysts

Morphology + aCGH: 69,1% OPR
Morphology: 41,7% OPR p<009

nij geertden



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3403960/figure/F2/

Future applications
MtDNA

Information on chromosomal status, amount of mtDNA, and presence of mutations in the mitochondrial
genome

379 embryos analysed with aCGH, quantitative PCR and NGS

123 were determined to be aneuploid

. Abnormal mtDNA levels are present in 30% of non-implanting euploid embryos, but are not seen in embryos forming a viable pregnancy
. The quantity of mtDNA was significantly higher in embryos from older women (P=0.003).
. MtDNA levels were elevated in aneuploid embryos, independent of age (P=0.025).

. Blastocysts that successfully implanted tended to contain lower mtDNA quantities than those failing to implant (P=0.007).

A novel biomarker?



Embryo transfer

* precise placement of the embryo inside the
uterus is important

e touching the fundus may cause the uterus to contract
and harm chances of implantation

* if the catheter is not inserted far enough the embryo
may be unintentionally placed in the cervix
e difficult transfers:

e trial transfer (normal catheter but no opening)

e stylet (mandril; inner that helps form shape of
catheter)

» pre-formed (shaped before use)

Fundus

Inner Os

Outer Os




Slow freezing v vitrification

e |38 Acritical appraisal of cryopreservation (slow cooling versus vitrification) of human
rgpma‘n ction oocytes and embryos

Upcate: Hum. Reprod. Update (2012) 18(5): 536-554

Edgar DH and Gook DA

CONCLUSIONS: Available evidence suggests that vitrification is the current method of choice
when cryopreserving Mll oocytes. Early cleavage stage embryos can be cryopreserved with
equal success using slow cooling and vitrification. Successful blastocyst cryopreservation
may be more consistently achieved with vitrification but optimal slow cooling can produce
similar results.




Choice of cryoprotectant

* no clear evidence to favour any
one system

e optimise system within each
laboratory

* ORIGIO: PROH/EG; Sage:
o DMSO/EG

H H HOH HO o
H H HO HO d
HOH / HO OH

s Raffinose * anecdotally, DMSO favoured for
oocytes?

non-permeating - extracellular



http://en.wikipedia.org/wiki/Image:PropyleneGlycol-stickAndBall.png
http://en.wikipedia.org/wiki/Image:Ethylene_glycol_chemical_structure.png
http://en.wikipedia.org/wiki/Image:Ethylene-glycol-3D-balls.png
http://en.wikipedia.org/wiki/Image:Glycerin_Skelett.svg
http://en.wikipedia.org/wiki/Image:Glycerol-3D-balls.png
http://en.wikipedia.org/wiki/Image:Dimethyl-sulfoxide-3D-balls-A.png
http://en.wikipedia.org/wiki/Image:Sucrose-inkscape.svg
http://en.wikipedia.org/wiki/Image:Raffinose.png

Time required for equilibration

* stage-dependent
* 5—-15 minutes

* options
- observe and wait to see full (90%) re-
expansion

- establish median (fixed) time for your
laboratory

* blastocysts — effect of collapse

- collapsed: use 5 minutes

- non-collapsed: check for re-expansion of cells
NOT blastocoel




Collapsing blastocysts

Reproductive Biology and Endocrinology 2009, 799 http /iwww rbej com/content/7/1/69

* some clinics doing well without
collapsing

 preferred options
- puncture with ICSI needle

- laser
- small tip (micro-pipetting)
e generally advised

e wait for 50% shrinkage and then
move straight to VM

| —p Mlcropetting

Figure |

Digffcrcnt pre-vitrification interventions for blastocysts. A, Assisted hatching: An opening Is created in the zona using
laser pulse B. Needle blastocoele puncture: A needle is passed through the zona and blastocoele and retracted allowing the
blastocelic fluid to freely leak. C, Laser blastocoele puncture: laser pulse creates an opening In the zona and a small defect In
the trophectoderm causing the blastocoele to lealk. D. Blastocoele aspiration: An injection needle is introduced into the blast-
ocoele and blastocoelic volume is sucked out. E. Micropipetting: Passing the blastocysts through a narrow pipette would crack
the zona and compress the blastocoele to leak through the cracked zona.




Choice of carrier: open v closed

e simple device

| e |oading

- minimal volume
- numbers

. - maximal cooling

- timing (not too soon as evaporation significant)




Summary

To optimise any lab, one needs...

* the right people with...

e the right skills, provided with
* the right equipment in

* the right facilities.

To get the best outcomes, one must also ...
e optimise egg quality with good stimulation regimens
e provide good culture conditions
* be able to choose the right gametes and/or embryo(s) for treatment and transfer

* be skilled at replacing embryos




