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Human IVM: outline

* Priming strategies

* Developmental potential of IVM oocytes

¢ Range of clinical applications

¢ The neglected organ — the endometrium

* IVM babies

Culture media

Critical changes occurring during IVM

Potential new players for improved IVM systems




Early history of human IVM

¢ 1965 Growing interest in oocyte IVM (Edwards 1965)
* 1969 IVF of in vitro matured oocytes (Edwards 1969)

* 1983 First delivery from IVM oocytes (GV from COS) (Veeck 1983)

¢ 1991 Delivery after IVM in egg donation programme (Cha 1991)

¢ 1994 Delivery from IVM oocytes of PCO patients (Trounson 1994)
¢ 1995 Delivery after IVM and ICSI (Barnes 1995)

¢ 1999 Delivery from IVM oocytes of normovulatory women (Mikkelsen 99)

The (confounding)
IVM priming strategies

Oocyte pick up Embryo transfer on day
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PCO/PCOS/OHSS

Cancer/fertility
preservation?

Younger/older?

IVM: for which patients?

Normovulatory?

Male factor?

PCO/PCOS/OHSS
Authors | Cycles/ | N° of N of N of NET  Meanof  N° of imp
patients | oocytes oocytes | mature embryos clinical rate %
collected  matured | oocytes transferrd | pregnancy
and (%) fertilized per cycle
mean (%) (%)
son 419 6860 5021 3967 1816  43%09 137 327% | 116
2002 16.4£7.1  732% | 79%
Lin 68/60 1528 1134 852 68 3810 23 338% | 105
2003 225+101 742% | 72.8%
Chian | 254 3079 2462 1679 865 3409 61 240% | 111
2003 1962 | 78% 69.2%
Cha 203/139 | 3148 929  51&21 41 202% |55
2005 15.58.2
LeDu | 45/33 509 321 225 103 25 9 200% | 109
2005 114+69  63% 70%
FSH + hCG priming no hormonal priming hCG priming
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PCO/PCOS/OHSS

IVM in Europe in recent years
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Barak POL
Child UK
Frydman FRA
Martinez ESP

PCO
PCO
PCO
PCO

118 33.3%

63

32.0%

234 27.7%

54

34.7%

12%
13%
12.4%
16.2%




@m,- - Val 19 No ¥ 2009 343-351 Reproductive RioMedicine Online  Fadini et al.
Effect of different gonadotrophin priming
on IVM of cocytes from women with normal
ovaries: a prospective randomized study

Normovulatory?

Parameter No Gnts HCG FSH HCG FSH
No. of oocyte collections 23 o3 95 a8
No. of retrieved cocytes 454 485 469 536
Moem retrieved vouyies L 5D 53142 S3L4l 48134 54135
N of dhsvarded voeyies 17 5 8 11
Mo of immature soeyies 477 442 151 416
enltred
No. of in-vive-matured a IR (5.7) (4 112 (20.3)
M%)
Neo. of in-viuo-mamsed MII 231477 (48.4) 256/442 (57.9) 234461 (50.8) 322416 (77.4)
after 30k (%)
Total MII aceyies available 231477 (48.4) 2840470 (60.4) 2340461 (50.8) J31/525 (B2.1)
(%)
Mo of oosytes fertilized (%) 14183 (TTE) 1387193 (71.5) 135185 (730) 178244 (73.0)
No. of suubryo transfers 172 65 5 87
No. of embryos transferred 130 125 132 171
Mean no. of embryos 1807 19+07 1.7£07 1L9£0.8
transfermed + K1)

@rh.- « Vol 19 No 3. 20019 343-351 Reproductive BioMedicine Oniine  Fadini et al.
Effect of different gonadotrophin priming o
on IVM of cocytes from women with normal
ovaries: a prospective randomized study

Normovulatory?

Outcome No Gnts HCG FSH HCG FSH
(CPR-ITT 117100 (110} 5/100 (50) 13100 (13.0) 26/100 (26.0)
CPR-OC 193 (11.8) 503 (5.4) 1395 (137)  26/98 (26.5)
PR 1A2(153) 5/66(1.6) 1375(17.3)  26/87(20.9)
Implantation rate 12130 (9.2) 5125 (40) 14132 (10.6) 28171 (16.4)
Miscarsiags rate AU{182) 05000} IR H26(154)

@‘ e - Vol 18 Ne 2, 2009 251-261 Reproductive BioMedicine Online Fadini et al.
Predictiy tors in in-vitro maturation in
unstimulated women with normal ovaries

re

Age < 36 years

Basal FSH <10 mul/ ml

Basal 17 B Oestradiol < 250 pmol/L Normovulatory?
Antral Follicle Count >5

J Assist Reprod Genet. 2011 Jun. 15;28(6):501-508.  Fadini et al.

Anti-mullerian hormone as a predictive marker for the selection of women for
oocyte in vitro maturation treatment

Univeriste linesr regression snalysis Multiveriste linesr nepression model

Coof. 9845 IC pvalee Caef. 954 IC pvalue
Age 017 -0.31—0.01 n.oze 411 0.28-0.06 0.196
FEN Eikl 0634010 0008 <006 034022 G650
17— ccstadiol 003 0T 0.0 o4 -0.01 0.04-0.02 0.602
AFC 0.35 023049 = 0.0001 0.3 002028 0.092
AMH 085 048024 =2 0.0001 054 030-0.77 = 0.0001

An AMH value of 1.28 ng/ml was identified as a threshold for the prediction of the
retrieval of at least 5 oocytes




Outcome of cycles of oacyte in vitro maturation
requiring testicular sperm extraction for

nonobstructive azoospermia
Fadini et al., 2011 Fertility and Sterility® Vol. %6, No. 2, August 2011

Laberalery dala of 27 cycles in which 21 women were
treated with IVM and male partnars were affected by NOA
and underwent TESE.

Male factor?

Ho. of oocyte collechions 7

No. of retrioved cocytes 138

Mean (+50) ne. of mieved cemies 5.1 + 2.0 fange =13

No. of mature cocyles al retieval 25

HNo. of cultured immature cocytes 112

No. of in Vilro matmed socyles (9) 53 (47.9)

Mo, of oocyles

Total no. of maty dae avd  Clinkcal oul of 27 IVM-TESE cycles.

No. of i 1 oocytas -

No. of fertilized eags (%) A-HCG positiva 8

No. of embryo transfers Giinical precprncies 6

M. of Prac rate par cyde 22.2%

Mean no. of embryd P rate per embryo transfer 27.3%

fons & (16.7%)

Anartions 1
Lives births =

Retrieval of immature oocytes from unstimulated ovaries
followed by in vitro maturation and vitrificalion: A novel
strategy of fertility preservation for breast

Cancer/fertility cancer patients

preservation?
Huang et al.

The American Journal of Surgery (2010) 200, 177-183

Abstract

BACKGROUND: We report a novel fertility preservation strategy that may be usefil for young, breast
cancer patients who present with fime constraints or concemns about the effect of ovarian stimulation.

METHODS: The protoend involves relrigval of i eyl from i ovaries follwed
by in ¥itro matu and vilrification of 0oCyles OF embryos.

RESULTS: ge 2445 years) underwent vitrification of cocytes (n = 18) or
embryos (n = 30T wes were 33,1 + 5.0 yaars and 34.7 *+ 4.8 years, raspactively. The maan
dxys required to complete the epg ion was 13 duys. The medisn numbers of vitrified oocytes and
embryus per relrieval were 7 (range 1 22) and 1 (range 1 13), respeclively.

CONCLUSIONS: The strategy of immature 0o<ytc retricval without ovarian stimulation followed by
TVM and oocyte or embryo vitrification, which does not increase the serum estradiol level and delay
Cancer an ive option of fertility preservation for many breast cancer patients.
@ 2010 Elsevier Inc. All rights reserved.

IVM cycles performed at

Cancer/fertility Biogenesi for
preservation? fertility preservation purposes
No. of women 38

Mean agexSD (range) 35.7+4.1 (26-40)

IVM cycles 43




IVM cycles performed at
Cancer/fertility Biogenesi for fertility
preservation? .
preservation purposes

No. of pts No. of cycles Tumor type
32 37 Breast
2 2 Ovarian
1 1 Colon
1 1 Neuroendocrine
1 1 Lymphoma
1 1 Lung

Immature oocyte recovery,
maturation, and cryopreservation

Cancer/fertility in cancer patients

preservation?

No. of retrieved oocytes 229
Mean + SD of retrieved oocytes 5.745.3
per cycle

No. of in vitro matured and vitrified 156 (68.1)
oocytes (%)

Mean + SD of vitrified oocytes per 3.6+4.8
patients

No. of warming cycles 0

Cryopreservation of immature oocytes as
an adjunct to ovarian cortex cryobanking

Cancer/fertility
preservation?

Pletri anogine fmm = of matuen aaspas
Lay ol OO OY oLy M. of M Jrec. o M

Patient Canger mentinay Maturatesn | o0 oviee

e Age Ll A% (%) vitrified

1 21 Hougein ymphoma 2 Cvarian wedge resecion 2 bl 100 2

2 35 Breast Cophorectomy 1 1 100 1

3 18 Hoagn ymonoma 5 Cwmrisn wege resecion 4 2 51 '

3 Fiactal cancer Ohvarian wedge masction E3 2 &7 2

Huang et al., 2010




Cryopreservation of immature oocytes as an adjunct to
ovarian cortex cryobanking for cancer patients

Patients Age Retrieved oocytes | Cryopreserved oocytes
31 @ [)
Cancer/fertility 20 0 0
preservation? 28 [©) )
14 @
5 23
6 32 @ 0
7 19 0 0
8 35 0 0
9 26 @ 0
10 15 @ @
1 36 9 5
12 31 0 0
13 36 @ 0
14 32 0

Oocytes were retrieved from slices of ovarian cortex, not from whole ovaries

Biogenesi, unpublished data

CASE REPORT

Embryo transfer following in vitro maturation and cryopreservation of oocytes
recovered from antral follicles during conservative surgery for ovarian cancer

Fadini et al., JARG, in press

a 38-year-old woman with a previous history of
infertility requiring surgery for ovarian adenocarcinoma

Conservative laparotomy, right annexectomy, and cyst excision
from the left ovary. Contextual and opportunistic retrieval of
immature oocytes from antral follicles of the left ovary.

3 mature oocytes vitrifiied

2 oocytes microinjected
1 fertilized egg

3 COCs collected and matured in vitro

2 oocytes survived after warming (15 months from surgery)

1 embryo at the 2-cell stage transferred on day 2
No pregnancy, but proof of principle

IVM births

More than 2,500 IVM babies have been
born so far, mostly unreported




Pregnancy outcome
in IVM, IVF and ICSI cycles
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Live Birth (p<0.05)  Miscarriage Ectopic Late Pregnancy  Miscarriage in
(p<0.005) Loss PCOS (NS)

432 children

W IVM EIVF mICSI

Buckett et al
Obstet Gynecol 2007;110:885-91

Almost 200 babies born at Biogenesi

Singletons Singletons | TwinsIVM  Twins ICSI

IVM(=153) | ICSI (n=148) (=21) (n=23)
Babies born 153 148 42 46
Mean maternal age at delivery (ys) 333£32 34,93 354532 356£26
Mean birth weight (g) 3269 616 3001+668 | 2283+555 = 2432+540
Proportion LBW (<2,500 g) 6,5% 10,8% 61,9% 435%
Proportion VLBW (<1.500 a) 2,0% 2.7% 7.1% 6.5%
Proportion of macrosomic (> 4,200 g) 3,9% 3.4% 0,0% 0,0%
Males 48,4% 439% 57,1% 47,8%
Females 51,6% 56,1% 42.9% 52,2%
Mean gestational age (wk) 38,6+23 387+25 | 352:27 37:26
Proportion delivery less than 37 wk 17,0% 15,5% 71,4% 435%
Proportion delivery less than 32 wk 2,0% 2,7% 9,5% 4,3%
Apgar score at 1 minute 91+11 91+11 832 9:11
Apgar score at 5 minutes 9,9£05 9,9£05 9607 97£0,7
Major congenital abnormalities 0 2 0 1
Minor congenital 8 6 2 4

Unpublished data

The neglected organ: the endometrium

Clinical outeome of non-hCG-primed oocyte in vitro
maturation treatment in patients with polycystic
ovaries and polycystic ovary syndrome

De Vos et al. Fertility and Sterility® Vol 36, No. 4, Dctober 2011

C ive £lirieal af frazh and vitrifi

warmed IVM embryo transfer.

Vitrified-
Fresh wanned P value
Clinical 5/53(9.4%) 7/22(31.8%) 023
pragnancy rate
Paositive HCG 7/53(12.0%) 922(40.0%) 008

Implaniation rale  5/72(6.0%) 732 (21.0%) 043

“A non—hCG-primed IVM system in PCO or PCOS performs poorly when embryos
are transferred in a fresh cycle. Transfer of vitrified-warmed IVM embryos in an
artificial cycle leads to significantly improved clinical outcomes.”




In vitro maturation systems

Have IVM systems been improved
in the last 15-20 years?

Culture condition

Trounson et al., 1994

Fadini et al., 2011

Culture device

4-well plates

4-well plates

Culture medium

E-MEM (aspecific)

Origio (aspecific)

FSH 75 miU (HMG) 75 miU (rFSH)
HCG (LH-like) 500 miU (HCG) 100 miU (HCG)
Estradiol 1 mg/ml

Protein supplement

Maternal serum

HSA

Easy answer .... NO

What do we expect from novel IVM systems?

Imperative to improve oocyte quality AND quantity

GV stage

MIl stage

Current maturation rates are low, ranging

a mere 50%




Towards more physiological
human IVM systems

AMPHIREGULIN
EPIREGULIN
BETACELLULIN

AMPHIREGULIN
* Accumulates in preovulatory follicles after HCG administration
* Levels are associated with oocyte maturity at retrieval
... But
No evidence yet of a possible ability of amphiregulin
to improve oocyte maturation rate and quality in vitro

Direct CC-oocyte interaction during IVM

Atlas of Human Female Reproductive
Function. Ovarian Development to
Early Embryogenesis after In Vitro
FertilizationBy S. Makabe, J. Van
Blerkom, 5.A. Nottola and T. Naguro

e Is it affected by in vitro conditions?
* ... And if yes, what are the consequences?

TZP retraction, GV centration and increase in spindle size
occur during in vitro maturation (Barrett and Albertini, 2010)
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Percordage

BIOLOGY OF REPRODUCTION BS, 1282-1250 (2011)
Gap Junction.Mediated Communications Regulate Chramatin Remaodeling During
Bovine Oocyle Growth and Differentiation Through cAMP-Dependent Mechanismis)

Alberio M. Luciano,® Federica Francioi, Sivia C. Modina, am Valentin Lodde
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Culture causes closure of CC-
oocyte gap junctions in bovine
oocytes. This affects chromatin
condensation during meiosis
and, ultimately, developmental
ability

Maintenance of gap junction
perviety is sensitive to FSH
concentration

CC-oocyte communication in the human

Human COC from unstimulated patient

During IVM

e Are TZPs retracted?
¢ Are gap junctions left open?
How can we preserve

#
Image from Biogenesi Research Lab L4

functional communication ?

Conclusion

¢ Inthe human, in vitro matured oocytes are developmentally
inferior in comparison to their in vivo counterparts

¢ This has not prevented IVM to become an increasingly useful
strategy for a range of clinical conditions. The field of
application of IVM, though, should be defined more precisely

¢ More than 2500 births have been obtained from IVM oocytes.
Data on the health of babies are scant, but current information
does not suggest an increase in congenital abnormalities

¢ Proper endometrial preparation could significantly improve
success rates

¢ IVM systems are definitely inadequate and have not evolved
significantly over almost two decades

* Identification of key players of the maturation game could lead
to a major improvement of IVM systems and, ultimately, clinical

efficiency




