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Follicular development in the ovaryFollicular development in the ovary

From Knight PG & Glister G, ARS., 2003, 78: 165-183  with permission



Follicular growthFollicular growth
Stage Follicular size (mm)

Primordial 0.03 – 0.04
Primary 0.05 – 0.06
Secondary 0.07 – 0.11Secondary 0.07 – 0.11
Preantral 0.12 – 0.20
Early antral 0.21 – 0.40
Antral 0.41 – 16.00
Preovulatory 16.10 – 20.00

Gougeon, A. (1986): Hum. Reprod., 1:81-87.
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Oocyte becomes fully growing size in early antral f ollicleOocyte becomes fully growing size in early antral f ollicle
(Reproduced with permission from Lippincott-Raven Publishers.)
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Hormonal profiles during Hormonal profiles during 
menstrual cyclemenstrual cycle



Oocyte maturation (from GV to MOocyte maturation (from GV to M--II) requiresII) requires
approximately 24 hours after LH surgeapproximately 24 hours after LH surge



Oocyte maturationOocyte maturation

GV

M-I

M-II



LH surge induces in vivoLH surge induces in vivo

• Oocyte maturation;
• Cumulus expansion;
• Ovulation;• Ovulation;
• Luteinization;
• Atresia



• Meiotic maturation 
1) Nuclear maturation;
2) Cytoplasmic maturation:

After LH surge within 24 h?After LH surge within 24 h?

2) Cytoplasmic maturation:
a. Protein synthesis?
b. Imprinting genes (methylation)? 
c. mRNA transcription and translation?



In vitro maturation (IVM)In vitro maturation (IVM)

• Immature oocytes can be matured in 
vitro after releasing from the antral 
follicles;

• Culture condition affects oocyte • Culture condition affects oocyte 
maturation rate and quality;

• Cumulus and granulosa cells 
associated with oocyte quality.



Differences between Differences between in vivoin vivo and and in vitroin vitro
human matured oocytes?human matured oocytes?

In vivoIn vivo In vitroIn vitro



Protein synthetic assayProtein synthetic assay

1       2

1.1. In vivo matured human oocyteIn vivo matured human oocyte
2.2. In vitro matured human oocyteIn vitro matured human oocyte

Chian et al., unpublished data





ImmunoImmuno--fluorescent staining of fluorescent staining of 
meiotic spindles and chromosomesmeiotic spindles and chromosomes
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Aneuploidy is not increased in vitro matured oocyte s Aneuploidy is not increased in vitro matured oocyte s 
compared with in vivo matured oocytescompared with in vivo matured oocytes
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DNA ladder assayDNA ladder assay

1     2     1      2

1.1. In vivo matured human oocytes; In vivo matured human oocytes; 
2.2. In vitro matured human oocytes;In vitro matured human oocytes;

Chian et al. Unpublished data Chian et al. Unpublished data 



Comet assayComet assay

In vivoIn vivo In vitroIn vitro

Chian et al. Unpublished data



The results indicate:The results indicate:

• No differences in detectable proteins 
between oocytes matured in vivo and in 
vitro;

• IVM does not cause oocytes with 
aneuploidy;aneuploidy;

• There is no new mRNA transcripts during 
oocyte maturation (after HCG surge)?!

• DNA fragmentation of in vitro matured 
oocytes can be corrected by improved 
culture condition;



Updated IVM success ratesUpdated IVM success rates

•• Clinical pregnancy rate 35Clinical pregnancy rate 35--40% per ET40% per ET;;
•• Implantation rate 10Implantation rate 10--15% per ET15% per ET;;
•• More than 1,000 healthy live births;More than 1,000 healthy live births;



Lower pregnancy rate from IVM?Lower pregnancy rate from IVM?

• The pregnancy rate seems lower in in vitro
matured oocytes compared to in vivo
matured oocytes. Why?

• We believe that the lower pregnancy rate 
is from cytoplasmic DNA fragmentation;

• However, this can be corrected by 
improved culture conditions.



Follicular developmentExogenous FSH for 8-10 days

Down regulation with exogenous GnRH-a for 10-14 days

In vitro mature (IVM) 24-36 hHCG

ICSI FertilizationICSI Fertilization

Embryonic development (cleavage)Culture for 72 h

Embryonic genome expressionCulture until 120 h



ConclusionsConclusions

• IVM is a process allowed the oocytes from 
GV to M-II stage in culture condition;

• IVM does not increase aneuploidy;
• Culture condition may affect oocyte • Culture condition may affect oocyte 

cytoplamisc maturation, but it can be 
improved;

• IVM oocytes can produce healthy infants;
• IVM is an efficient ART procedure.
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