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•  Introduction to Gene Security Network 

•  Overview of GSN’s commercial clinical array technology for PGS 

•  Clinical case studies 

•  Clinical outcome 

•  Future directions 
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•  Lab (CLIA‐cer-fied) 

–  Five genomics technicians 

–  Two Clinical Laboratory Scien-sts (CA‐licensed) 

–  One clinical lab manager 

•  Sta-s-cs 

–  Five algorithm developers 

•  SoBware development 

–  Four J2EE engineers 

–  One database developer 

•  Clinical support 

–  PGD Director 

–  Three cer-fied gene-c counselors 

–  Medical Gene-cist (ABMG cer-fied) 

Overview of Gene Security Network 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GSN’s molecular technology 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1.  24 Chromosome PGS 
2.  Monogenic disease testing & 24 chromosome PGD 

“Cleaned” Single Cell Data   

Microarray Measurements 
on Father & Mother 

+ + 

Noisy Single Cell Array 
Measurements from MDA 

Parental Support 

Data from Human Genome 
Project (HapMap) 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GSN’s bioinforma+cs technology 



Summary of technical 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Criterion FISH CGH GSN arrays 
Detects aneuploidy across 24 chromosomes 
Partial aneuploidy (large deletions & additions) 
Detection of haploidy and polyploidy 
Detection of UPD 
Parental origin of trisomies  and monosomies 
Detection of DNA contamination 
Individual confidences for accuracy of each call 
on alleles and chr. copy numbers  
Detection of both mitotic and meiotic copy errors 
Screening multiple disease loci in parallel Preclinical 
Aneuploidy on 24 chromosomes at same time as 
disease loci  Preclinical 
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✔ 
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✔ 
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Case study 1: egg donor 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Patients 
•  45-year old father 
•  24-year old egg donor 
•  45-year old mother 

•  Conceived naturally at age 42 
•  Six subsequent IVF cycles with no pregnancies using her own eggs 
•  First donor IVF cycle was Trisomy 16, spontaneously aborted 
•  Second donor IVF cycle had triplets with 2-embryo transfer, 
underwent reduction, had infection, lost child 

Clinical Decision: Transferred two euploid embryos using GSN’s data (4/16 
euploid) 

Outcome: Ongoing single pregnancy at 22 weeks  



Case study 1: egg donor 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embryo 
id 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 sex Day 3 

morph transfer Day 5 
ploidy 

Day 5 
morph 

1 -P E E -M -M -P E -P E E 0 E -P E -P E E -P E E E E XX 1 B  
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1  46XX HB  
3 E E E E E E E E E E E E E E E E E E E E E E XX 1  YES HB  
4 -M 0 -M -P E 0 -P -M 0 -M -M 0 -M 0 0 -M -M 0 -M -M -P -P X 1  ARR  
5 E +M E E +M E E E +M +P +M E E E E E E E E +M E E XXY 1 48XX, +5,9 B  
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  B  
7 E E E E NC E E E E E NC E E E E E E E E E E E NC 1  46XX HB  
8 -M -M -M E -M -M -M 0 E E 0 -M -M -M -M -M -M E E -M -M E Y 1  COMP  
9 -P E -M E -M -M -M -P E E E E E E -M E E E E E E E XY 1  HB  
10 E E E E E E E E E E E E E E E E E E E E E E XY 1  YES HB  
11 E E E E E E E E E E E E E E E E E E E E E E XX 1  HB  

12 0 0 -P 0 0 -P -P E 0 -P 0 -P -P 0 -P 0 0 -P 0 0 0 0 X 1  

 56XY, 
+1,2,3,7,8,
9,10,13,14,
15,16,21,22

; -4,6,20 

HB  

13 E E E E E E E E E E E E E E E E E E E E E E XY 1  HB  
14 E E E E E E E E E E E E E E E E E E E E E E XXY 1  46XX HB  
15 E E E E E E E E E E E E E E E E E E E E E E XXY 1  46XX HB  
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2  46XX HB  

Ploidy call notation:  D5 notation:   D3 notation: 
+M maternal trisomy  B blastocyst   1 best morphology 
+P paternal trisomy  HB hatching blastocyst  4 worst morphology 
-M maternal loss   COMP compacted 
-P paternal loss   ARR arrested 
E euploid    
0 nullisomy 
NC no call 

•  4/16 euploid Day 3 
•  5/7 euploid Day 5 



Case study 2: recurrent pregnancy loss 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Patients: 
•  39-year old father 
•  40-year old mother 

•  1st natural pregnancy was trisomy 13, lost at week 15 
•  2nd natural pregnancy lost, blighted ovum 

Clinical Decision: Transferred 2 euploid embryos using GSN’s data (3/10 
blastomeres were euploid) 

Outcome: Ongoing twin pregnancy at 25 weeks 
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embryo 
id 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 sex 

1 -P -P -M -M E -M E -P -P +M -P -M E -P E -P E -M -P -M E -M XY 
2 E -M E E E E E -P -M E E E E -M E -P E E -M E E -M XY 
3 E E E E E E E E E E E E E E E E E E E E E E XX 
4 E E E E E E E E E E E E E E E E E E E E E E XX 
5 E E E E E +M E +M E E E +M E E E E -M E E E E -M XX 
6 E E E E E E E E E E E E E E E E E E E E E +M XY 
7 E -P E E E E E E E E E E E E E E E E E E E E XX 
8 E E E E E E E E E E E E E E E E E E E E -M -M XX 
9 E E E E E E E E E E E E E E E E E E E E E E XY 
10 E E E E E E E E E E E E E E E -M E E E E E -M XY 

Notation:  
+M maternal trisomy 
+P paternal trisomy 
-M maternal loss 
-P paternal loss 
E euploid 

Summary: 
•  11 paternal loss monosomies, 16 maternal loss 
monosomies (50-50 across ~1000 blastomeres) 
•  4 maternal gain trisomies, 0 paternal gain trisomies 
(95-5 across ~1000 blastomeres) 

Case study 2: recurrent pregnancy loss 



Case study 3: oligozoospermia 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Patients: 
•  26-year old father 

•  Severe oligozoospermia 
•  29-year old mother 

•  1st pregnancy was natural 
•  2nd and 3rd pregnancies lost to miscarriage at 5 weeks 

Clinical Decision: Transferred 2 euploid embryos using GSN’s data (3/7 
blastomeres were euploid) 

Outcome: Ongoing pregnancy at 6 weeks 



Case study 3: oligozoospermia 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embryo 
id 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Sex 

1 +M E E E +P +M E +P E E E E E E +P +M E +M E +P E +M XY 

2 E E E E E E E E E E E E E E E E E E E E E E XY 

3 E E E E E E E E E E E E +P E E E E E E E E E XXY 

4 E E E E E E E E E E E E E +P E -M E E E E E E XX 

5 E E E E E E E E E E E E E E E E E E E E E E XX 

6 E E E E E E E E E E E E E E E E E E E E E E XX 

7 E E E E E E E E E E E E E E E E E E E E E E XX 

Notation:  
+M maternal trisomy 
+P paternal trisomy 
-M maternal loss 
-P paternal loss 
E euploid 

•  Typically 95% of trisomies are maternal in 
origin (~1000 blastomeres measured) 
•  Here 5/10 trisomies are paternal in origin 
•  (not statistically significant) 



Case study 4: blastocyst biopsy 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Patients: 
•  32-year old mother 
•  34-year old father 
•  No children, no prior pregnancies, no fertility problems 
•  Mother undergoing chemo and radiation therapy for Hodgkin’s lymphoma 
•  Elected for IVF with blastocyst freezing for transfer at a later date 

Results: Seven out of eight trophectoderm biopsies were euploid. One 
embryo had maternal trisomies on chromosomes, 8, 9, and 15. 

Outcome: Seven euploid blastocysts frozen for later use. 



Control Arm data from published studies: 

GSN 
Average of 
all Studies 

Hardarson 
2008 

Staessen 
2004 

Rubio 
2005 

Staessen 
2008 

Munne 
1999 

# of Embryo 
Transfers 

38  81  53  121  24  89  117 

# of Embryos 
transferred 

64  196  95  338  50  89  408 

Mean 
Maternal Age 

34  N/A  40  ≥37  ≥38  30  38.5 

Pregnancy rate   61% ± 7.9%  41% ± 5.5%  30.2%a  32.2%b  50%c  58.4% d  40.2%e 

Implanta+on 
rate 

45% ± 8.1%  14% ± 2.4%  18.9%  11.5%  16.0%  N/A  13.7% 

On‐going 
pregnancy 
(≥12 weeks) / 
Live Birth rate 

50% ± 8.1%*  32% ± 5.2%  18.9%**  24.0%**  45.8%*  41.5%**  36.8%* 

Overall 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a 16 HCG+/53 ET; b 39 HCG+/121 ET; c 12 HCG+/24 ET; d 42 HCG+/89 ET; e 47 HCG+/117 

* On-going pregnancy rate per Embryo Transfer; ** Live Birth rate per Embryo Transfer 



Control Arm data from published studies: 

GSN 
Average of 
all Studies 

Hardarson 
2008 

Staessen 
2004 

Rubio 
2005 

Munne 
1999 

# of Embryo 
Transfers 

13  79  53  121  24  117 

# of Embryos 
transferred 

21  223  95  338  50  408 

Mean Maternal 
Age 

40  N/A  40  ≥37  ≥38  38.5 

Pregnancy rate 
(per ET) 

54% ± 13.8%  36% ± 5.4%  30.2%a  32.2%b  50%c  40.2%d 

Implanta+on rate  48% ± 13.7%  14% ± 2.3%  18.9%  11.5%  16.0%  13.7% 

On‐going 
pregnancy (≥12 
weeks) / Live Birth 
rate 

38% ± 12.8%*  30% ± 5.1%  18.9%**  24.0%**  45.8%*  36.8%* 

Advanced Maternal Age  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* On-going pregnancy rate per Embryo Transfer; ** Live Birth rate per Embryo Transfer 

a 16 HCG+/53 ET; b 39 HCG+/121 ET; c 12 HCG+/24 ET; d 47 HCG+/117 



Control Arm data 
from published 

studies: 

GSN  Staessen 2008 

# of Embryo Transfers  25  89 

# of Embryos transferred  43  89 

Mean Maternal Age  30  30 

Pregnancy rate (per ET)  64% ± 9.6%  58% ± 5.2%a 

Implanta+on rate  44% ± 9.9%  N/A 

On‐going pregnancy (≥12 
weeks) / Live Birth rate 

56% ± 9.9%*  42% ± 5.2%** 

Younger Maternal Age  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a 52 HCG+/89 ET 

* On-going pregnancy rate per Embryo Transfer; ** Live Birth rate per Embryo Transfer 



•  Planning a large randomized prospec-ve clinical trial 

•  Ongoing NIH grant to examine concordance between Day 3 and Day 5 
biopsies 

•  Clinical valida-on of 24‐chromosome screening with single locus disease 
screening 

Future direc+ons 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•  La Jolla IVF (California, USA) 

•  Stanford IVF (California, USA) 

•  Concep-ons Reproduc-ve Center (Colorado, USA) 

•  Reproduc-ve Endocrinology Associates of Charlode (North Carolina, 
USA) 

•  Reproduc-ve Care Center (Utah, USA) 

•  Hun-ngton Reproduc-ve Center (California, USA) 

•  Gene Security Network (California, USA) 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