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Circulating Fetal Trophoblastic Cells (CFTC)
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Leukocytes are the 

smallest cells in the body

Whole Genome Amplification

Genetic Diagnosis
No signal 

discarded

cells isolated on filter

H&E staining or
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Mutation analysis

N

Single cell  STR genotyping

TCTC TCMC No 

signal

MC

Discarded

Laser 

microdissection

possible trophoblast 

TC= Trophoblastic cells

MC = Maternal cells

ISET by Rarecells: Patented combination of parameters allowing very sensitive and rapid isolation of CFC



Workflow for ISET® in vitro assay of sensitivity and reproducibility with fixed cells counted by micropipetting

4- Filtration by Rarecells® Device 

and Block: fixed cells workflow
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3- Dilution with 

Rarecells® Buffer 

and incubation

for 10 minutes
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13 pregnant women
11-12 WG
Before CVS
CFTC in all the mothers, Y and STR genotyping

12 mothers at risk for baby with SMA
10-12 WG before CVS
Blind analysis vs CVS
CFTC in all the mothers, correct diagnosis

12 mothers at risk for baby with CF
10-12 WG
Blind analysis vs CVS
CFTC in all the mothers, correct diagnosis

63 mothers at risk for baby with SMA or CF
10-12 WG, before CVS
Blind analysis vs CVS
CFTC in all the mothers, correct diagnosis

21 pregnant women
6 before CVS, 3 CF, 3 SMA, correct diagnosis
15 before TOP
PAP like sampling 8-12 WG
2 to 12 trophoblasts in 2 out of 10 ml
TC in all the mothers, correct diagnosis



Table 2 Non invasive-prenatal diagnosis for spinal muscular atrophy.

Couple no.

(weeks of

gestation)

STR markers Microdissected

cells (n)

CFTC (n) CFTC result (n) Test results

With gene

deletion

Without

gene deletion

NI-PND Invasive

PND

1 (11) D16S539, D16S3018, D21S1435 0 5 NA NA

2 (11)a D7S480, D16S3018, D5S465 13 6 5 0 A A

3 (10) D7S486, D7S490, D7S523 11 5 0 5 NA NA

4 (10) D7S486, D21S1435, D21S1437 15 7 0 5 NA NA

5 (9)a D16S539, C272, D21S1435, D17S800 17 8 5 0 A A

6 (9) D16S539, D5S816, D1S1171 15 8 0 5 NA NA

7 (9) D21S1437, D17S800, D5S816 13 6 0 5 NA NA

8 (11) D16S539, D5S816, D5S1360 14 6 0 5 NA NA

9 (11) D16S539, D5S615, D21S1435 12 7 0 5 NA NA

10 (10) D7S523, D16S539, D5S681 11 5 0 5 NA NA

11 (9) D7S486, D16S539, D21S1435 19 9 5 0 A A

12 (11) D7S486, D16S3018, D21S1437 16 7 0 5 NA NA

13 (10) D5S637, D16S539, D5S816 14 6 5 0 A A

14 (11)a D16S539, D5S1360, C272 11 5 0 5 NA NA

15 (11) D16S539, D21S1437, D5S465 12 7 0 5 NA NA

16 (9)a D16S539, D5S615, D5S816 25 13 0 10 NA NA

17 (11)a D16S539, D5S346, D21S1435 24 11 0 10 NA NA

18 (10)a D7S523, D16S539, D5S681, D17S800 21 10 0 10 NA NA

19 (10)a D16S3018, D5S615, D17S800 25 12 0 10 NA NA

20 (11)a D16S539, D5S1360, D7S523 21 10 10 0 A A

21 (11) D16S539, D21S1435, D1S1171 27 12 0 10 NA NA

22 (10)a D16S539, D21S1437, D5S465 22 10 0 10 NA NA

23 (10)a D16S539, D5S681, D21S1435, D17S800 27 13 10 0 A A

24 (10)a D16S539, D5S816, D5S1360 27 12 10 0 A A

25 (11)a D16S539, D5S681, D5S637 23 12 0 10 NA NA

26 (9)a D21S1437, D17S800, C272 23 11 0 10 NA NA

27 (11) D16S539, D21S1437, D21S1435 22 10 0 10 NA NA

28 (10) D16S539, D21S1435, D1S1171, D7S486 21 10 0 10 NA NA

29 (11) D21S1435, D7S486, D17S800 24 10 0 10 NA NA

30 (11) D16S539, D21S1435, D16S3018 22 10 0 10 NA NA

31 (11) D21S1435, D1S1171, D7S486 21 10 0 10 NA NA

Total SMA 586 276 50 185

A = affected; C = carrier; CFTC = circulating fetal trophoblastic cells; CVS = chorionic-villous sampling; N = normal; NA = not affected; NI-PND = non-invasive prenatal diagnosis; STR = short

tandem repeat.
aCases redundantly tested by indirect diagnosis.

Table 1 Non-invasive-prenatal diagnosis for cystic fibrosis.

Couple no.

(weeks of gestation)

STR markers Microdissected

cells (n)

CFTC (n) CFTC result for F508del (n) Test results

Homozygous Heterozygous Without

F508del

NI-PND Invasive

PND

1 (11)a D7S486, D16S539, D21S1435 14 7 0 5 0 C C

2 (9)a D7S486, D16S3018, D21S1437 12 6 0 5 0 C C

3 (11) D16S539, D21S1435, D21S1437 16 7 0 0 5 N N

4 (10) D16S3018, D21S1437, D21S1435 15 8 0 5 0 C C

5 (10) D16S539, D16S3018, D21S1435 14 6 0 0 5 N N

6 (9)a D7S480, D16S539, D16S3018 13 6 0 0 5 N N

7 (11) D16S539, D21S1437, D21S1435 19 9 0 5 0 C C

8 (11) D16S539, D16S3018, D21S1435 15 7 0 5 0 C C

9 (10)a D7S480, D16S3018, D21S1435 12 6 5 0 0 A A

10 (9)a D7S486, D7S490, D7S523 11 5 0 5 0 C C

11 (10)b D7S486, D21S1435, D21S1437 13 6 0 5 0 C C

12 (10)c D7S480, D7S486, D7S523 17 8 0 0 5 N N

13 (11)a D7S486, D21S1435, D16S3018 13 7 0 5 0 C C

14 (11)a D7S480, D21S1435, D21S1435 13 6 5 0 0 A A

15 (11) D7S486, D16S539, D21S1435 11 5 0 5 0 C C

16 (10)a D7S486, D16S539, D16S3018 15 7 5 0 0 A A

17 (10)a D16S539, D21S1437, D7S486 23 11 0 0 10 N N

18 (11) D16S3018, D21S1435, D1S1171 27 12 0 10 0 C C

19 (10)a D16S3018, D7S486, D5S615 24 11 0 10 0 C C

20 (9)a D16S3018, D5S816, D7S480 26 12 0 0 10 N N

21 (11) D16S539, D16S3018, D21S1435 21 10 0 10 0 C C

22 (11) D16S539, D21S1437, D5S637 24 11 0 10 0 C C

23 (11) D16S539, D21S1435, C272 21 10 0 10 0 C C

24 (11)a D7S480, D16S3018, D16S539 22 10 0 0 10 N N

25 (11) D16S539, D5S816, D21S1437 21 11 0 0 10 N N

26 (10)b D7S486, D16S539, D5S816 30 13 10 0 0 A A

27 (9)b D7S486, D7S490, D21S1437 23 11 0 0 10 N N

28 (10)b D7S523, D21S1435, D16S539 22 11 0 0 10 N N

29 (11)a D7S486, D16S539, D5S816 25 12 10 0 0 A A

30 (11) D21S1435, D7S490, D5S681 21 10 0 10 0 C C

31 (11)b D7S523, D21S1435, D7S490 26 12 10 0 0 A A

32 (10) D7S523, D21S1435, D7S490 27 12 10 0 0 A A

Total CF 606 285 55 105 80

A = affected; C = carrier; CFTC = circulating fetal trophoblastic cells; CVS = chorionic-villous sampling; N = normal; NI-PND = non-invasive prenatal diagnosis; STR = short tandem repeat.
aCases redundantly tested by indirect diagnosis.
bOne parent with non-F508del mutation.
cBoth parents with non-F508del mutation.
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5 duplicates, Se=0.80

5 duplicates, Se=0.84

5 duplicates, Se=0.88

5 duplicates, Se=0.92

5 duplicates, Se=0.96

10 duplicates, Se=0.80

10 duplicates, Se=0.84

10 duplicates, Se=0.88

10 duplicates, Se=0.92

10 duplicates, Se=0.96

Successful clinical validation - Mouawia et al, RBMO 2012

When using 10 CFTC replicates, the protocol of independent diagnostic 

analysis (correlation = 0), virtually never gives rise to a global (clinical) 

mistake at an error rate of 10%, i.e. the probability of global diagnostic 

error rate is 1 in 10 billion. With five CFTC replicates, this 

extraordinary performance can be reached if the error rate is 1% or 

less. 

SMA + CF: total (31+32) = 63 pregnant women

Consecutive cases

1191 microdissected cells: 475 CFTC

7 + 7 affected fetuses

as compared to CVS

Sensitivity: 100%

Specificity: 100%

Effect of circulating fetal trophoblastic cell replicated

tests on the overall reliability of the diagnostic

procedure.
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Kinetics of Circulating Fetal Trophoblastic Cells in maternal blood 

after In Vitro Fertilization (4th to 12th WG) (collab. Prof R Frydman):

CFTC start to circulate at the 5th WG

9 Mouawia et al, RBMO 2012
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Collection of cells from

external part of the cervix
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Pfeifer I et al Placenta, 2015
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Non-invasive isolation of trophoblasts from the cervix

2ml out of 10 ml analyzed  - Pfeifer I 2015

2- Dilution with 

Specific Rarecells® Buffer 

and incubation

(5 minutes)
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3- Filtration by Rarecells® Block and 

Device

B- ISET® filtration workflow for enrichment and analysis of fixed/live circulating rare cells 
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A- ISET® filtration workflow for enrichment and analysis of fixed circulating rare cells 

2- Dilution with 

Rarecells® Buffer 

and incubation

(10 minutes)
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- Workflow for ISET® in vitro assay of sensitivity and reproducibility with fixed/live cells counted by micropipetting
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4- Filtration by Rarecells® Device 

and Block: live cells workflow

3- Dilution with 

Live Rarecells® Buffer 

and incubation

for 5 minutes
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