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History of Polar Body
Approach

e 1984 First proposed in World Health
Organization’s Document “Perspectives in

Fetal Diagnosis” (Kuliev et al, Ares-
Serono Symposia, Rome, Italy, 1985, p. 47)

o 1990 First introduced by Dr. Verlinsky
(Human Reproduction, 1990, 5:826-9)



Day 0 First polar body removal Day 1 Second polar body removal

Microsurgical Techniques
- For Polar Body Biopsy

Day 1 First & Second Polar body removal
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Current indications:

Slngle Gene Disorgers

* Autosomal Recessive and Dominant Disorders

* Adult-onsetdisorders
* Infertility-causing genes
* Maternal-fetal incompatability

HLA genotyping
Aneuploidy testing
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Markers order:
D5S1982
D5S1988

HEXB 16Kb Del
HEXB 1207V
D5S2003
D5S349
D5S1404

117 115 115

206 194 32y.o0. 203
1207V N 16 Kb Del
130 116 132
102 104 ® @ 98
165 193 185
1.1 1.2
117 115
206 203
1207V 16 Kb Del
130 132
102 98 2.1 2.2 .
165 185 PGD (Ong01ng)

Sequential Polar Body Analysis
7 8 9 10 11 13

Pre-Embryonic Diagnosis
for Sandhoff Disease

117 115 117 117 117 115 117 115 117 115 115 115 115 117 115 117
201 203 201 201 201 203 201 203 201 203 203 203 203 201 203 201
N Del N N N Del N Del N Del Del Del Del N Del N
128 132 128 128 128 132 128 132 128 132 132 132 132 128 132 128
98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
185 185 185 185 185 185 185 185 185 185 185 185 185 185 185 185
N M N N N M N M N M M M M N M N
: Fr ! i E Fr E Fr : Fr Fr Fr Fr ! Fr !
! 1 1 1
i i i E E Blstomeres Analysis E i
1 4 5 6 8 10 16 18
115 117 115 117 115117 115 117 115 117 115 117 117 117 117 117
194 201 194 201 194 201 194 201 194 201 194 201 206 201 206 201
N N N N N N N N N N N N 1207V N 1207V N
116 128 116 128 116 128 116 128 116 128 116 128 130 128 130 128
104 98 104 98 104 98 104 98 104 98 104 98 102 98 102 98
193 185 193 185 193 185 193 185 193 185 193 185 165 185 165 185
Normal Normal Normal Normal Normal Normal Carrier Carrier
ET Fr Fr Fr Fr ET Fr Fr






Maternal Paternal
Dominant Mutation Dominant Mutation Recessive Disorder




PGD for Fanconi A, HLA & Aneuploidy Testing

FANCA Markers order:
HLA Markers order:
D16S520
D6S1568 o o D16S3026
D6S1560 FANCA Intron 1
TAP1 FANCA Arg951Try)
MIB HLA  FANCA 11 1.2 FANCA FANCA Argl080Leu)
R951IW/N N/R1080L FANCA Intron 27 SNP
D65265 D16S3407
RF
D6S306
I I o I] I
HLA FANCA FANCA
2.1 2.2
R951W/ RIOSOL PGD
Sequential Polar Bodies Oocyte # 1 2 3 4 5 6 7 8 9 10 11 13 14 16 18
Predicted 161 161 161 152 161 152 161 152 152 161 161 152 161 161
o - 160 160 160 158 FA 160 158 160 158 158 160 160 158 160 160
YP®  R1080L R1080L R1080L N RIOSOL N  RIOSOL N N RIOSOL RI0SOL N  RI0OSOL RIOSOL
Embryo# 1 2 3 4 5 6 7 8 9 10 11 13 14 16 18
Blstomeres Analysis Predicted @ @ @ @ @ @ @ @ @ @ @ @ @ @
Genotype:  posyw/ R95IW/ R95IW/ N/ R95IW/ R951W/ RISIW/ RISIW/
FANCA  RI0S0L RI0SOL RI0SOL N N/N  gioso. N/N Rigosor N/N ngoL r1osor. NIN FA  prosor
HLA Markers:
D6S1568
D6S1560
TAP1
MIB
D6S265
RF O
@hromosome
tes[ing 65 6; 65 0; 65 6; 6’6; 65 6; 65 6; 6’6; 65 6; 65 6; 0 6 6’6;
13,13; 13,05  1313; 13,13;  13,13; 13,13;  1313;  13,13; 13,13; 13 13 13 13 13 13 13 13 0,13 13,13;
16,16;  0,16;  16,16; 16,16;  16,16; 16,16;  16,16;  16,16; 16,16; 16,16;  16,16;  16,16;  16,16; 16,16 16,16;
18,18;  18,18;  18,18; 18,18;  18,18; 18,18;  18,18;  18,18; 18,18;  18,18;  18,18;  18,18;  18,18;  18,18;  18,18;

2121; 0,213  2121; 2121; 2121 2121;  21.21;  2121;  2121;  2121; 21213 2121; 21213 0,213 2121
2222, 2222 2222 2222, 2222 2222, 22,223 2222 2222 2222 2222 2222; 2222 22225 2222

XX YO0 XY XX XY XX XY XX XX XX XY XY XXX 0,X XX
Affected, Affected, Carrier, Normal, Carrier, Normal, Affected, Normal, Carrier, Carrier, Normal, Affected,
Non-match No tch No tch Noi tch Non-match Non-match Non-match Non-match Non-match Watch Affected Non-match, Non-match

Monosomy ET Monosom’y Trisomy X' nfonosomy

6,13,1621 & Y 0 6 6,1321 & X 0



Chromatic Exchange of Both Normal and Derivative Chromosomes in Meiosis |
in PGD for translocation 46,XX,t(1;15) Identified by Rehybridization and PB2 FISH analysis




Aneuploidy testing
starts with

1st & 21d Polar Bodies

Focuses on the oocyte - the major
contributor of aneuploidy in AMA
due to meiotic nondisjunction

Reproductive Genetics Institute




Testing is being extended to 24 chromosomes
Example: Error Free Ml and MII Resulting in Euploid Oocyte
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Current Aneuploidy
Strategy

Polar bodies analysis for

wpp  upg CHIrOmosomes |5, 16, 18, 21, 22

Single Blastomere analysis for chromosomes
, 16, 15, 21, 22 followed by rehybridization

for chromosomes

X, Y,15,17 =g

15t hybridization 2" hybridization




Halt of Oocytes are Aneuploid (FISH),
which should be detected and avoided

# Patient  # Oocytes with ~ Abnormal
Cycles Results Oocytes

3933 20946 9772
(47.0%)




Comparable Error Rates observed in the

First and Second Meiotic Divisions, so
both PB1 and PB2 should be tested

FISH: Results 1 PB I1 PB
Normal 13097 69.0% 13635 66.0%

Abnormal 5921 31.0% 6938 34.0%

Total 19018 100% 20573 100%
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Chromosome (Chromatid) Segregation
Errors in Meiosis 1

' 'L‘
: 68.9%




PB1 NHI1 — Missing Chromatid 16
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Predicted and Observed Types of
Aneuploidies Based on Testing of 1st
Polar Bodies and Blastomeres

ol

Observed

Predicted Trisomy
Trisomy

- —
Predicted
2ii2§§y

Polar Bodies Blatomeres
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Origin of Chromosomes 13, 16, 18, 21 and 22
Aneuploidies Detected by PB 1 and FISH Analysis




Complex Aneuploidies

hromosome
in each PB

Complex
errors

39.7%




PB1 NHI3 - -1, -6, -13, -14
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PB2 KA6 - -2, -5, -9, -15, -21
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Complimentary errors in MI and MII resulting in Euploid (Balanced) Oocyte Karyotype
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CONCLUSIONS

Polar Body Approach to PGD is applicable both to Chromosomal and Single
Gene Disorders, involving testing of PB1 and PB2 prior to singamy

While providing possibility for Pre-embryonic diagnosis for those couples
who cannot accept embryo biopsy and discard, PB approach is also part of
comprehensive strategy in cases of complex indications for PGD

There is comparable prevalence of MI & MII errors, one third of which are
isolated events not detected by PB1.

Random nullisomy or disomy in MII contrasts to 2:1 ratio of missing and
extra chromatid/chromosome finding in M1

Predominance of predicted trisomy by polar body analysis contrasts with the
observed predominance of monosomic embryos, suggesting a limited
diagnostic value of blastomere analysis

Over one third of meiotic errors are complex, indicating to an overall
disturbances in female meiosis, which may possibly be detected by testing of
limited number of chromosomes, despite current feasibility of 24
Chromosome testing by microarray analysis

Accurate assessment of embryo genotype requires a combined oocyte and
embryo testing, particularly in testing for chromosomal disorders
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