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Chapter 8 

Enrichment, identification and analysis of fetal cells from maternal blood: 
evaluation of a prenatal diagnosis system 

Irene M. de Graaf, Marja E. Jakobs, Nico J. Leschot, Ilya Ravkin, Simon Goldbard, and 

Jan M.N. Hoovers 

In this study we evaluated the performance of a system for the enrichment, identification and 

analysis of fetal cells in maternal peripheral blood. 

Blood samples were collected from women after chorionic villus sampling and enriched for 

the presence of nucleated erythrocytes using a three step procedure, namely: a) centrifugation 

to separate nucleated red blood cells (NRBCs) from the majority of red blood cells (RBCs) 

and white blood cells (WBCs); b) selective lysis of the remaining maternal RBCs; c) 

separating the NRBCs from the remaining WBCs in a three layer density gradient. Fetal cells 

were identified by using a monoclonal antibody against the y-chain of fetal haemoglobin 

(anti-HbF) and a nuclear stain (DAPI). Additionally, to further increase the specificity of the 

identification, and to eliminate some of the undesired staining by maternal leukocytes, a 
fluorescent antibody (CD 45) was added. 

The sex chromosome complement of the cells was determined by fluorescence in situ 

hybridisation (FISH) with X and Y specific probes and the results were compared with the 

karyotypes obtained after analysis of chorionic villi. 

Using the described method, in all cases where the woman was carrying a male fetus (n=18) 

at least one XY cell was found, while no male cells were found in women carrying a female 

fetus. However, in the majority of cases with a male fetus (n=l 1) female HbF positive cells 

were found indicating the presence of maternal nucleated erythrocytes. The study 

demonstrates that the combination of anti-HbF and CD 45 is a useful, but not fully specific 

marker for fetal NRBCs and that additional markers are needed. 

Prenatal diagnosis, accepted for publication. 
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Introduction 

Prenatal diagnosis for chromosomal disorders is mainly directed towards the detection 

of Down syndrome, the most common serious abnormality. Most women at risk of 

carrying an affected fetus with this disorder are offered an invasive prenatal diagnostic 

test. Those tests, chorionic villus sampling (CVS) and amniocentesis, carry a risk of 

procedure-related fetal loss. Furthermore, amniocentesis is performed relatively late in 

gestation and in many cases termination of the pregnancy in case of an aneuploid fetus 

cannot be offered before 18 weeks of gestation. 

Non-invasive techniques like first and mid trimester maternal serum screening, lack the 

sensitivity and specificity of invasive tests. In addition to first trimester serum screening 

there is an early ultrasound marker, nuchal translucency (Snijders et al., 1998) that, 

combined with serum markers concentrations, can identify 85% of Down syndrome 

fetuses to a false positive rate of 5% (de Graaf et ai, 1999a). 

The isolation of fetal nucleated red blood cells from maternal blood may overcome 

many of the limitations of conventional invasive and non-invasive methods in prenatal 

diagnosis. However, it is not fully known if fetal cells are present in sufficient number 

in all pregnant women. The estimated number of fetal nucleated red blood cells 

circulating in maternal blood is very low (Bianchi et al., 1994; Reading et ai, 1995; 

Takabayashi et al., 1995; Bianchi et al., 1997). In order to analyze these cells one needs 

to enrich them using one of several methods previously described in the literature (Hahn 

eta!., 1998). 

In this study we evaluate the performance of a novel system, based on a three-step 

protocol for the enrichment of fetal NRBC's from the maternal circulation. 

Identification and analysis was achieved using a semi-automated imaging instrument. 

Materials and methods 

Patients 

Women undergoing prenatal diagnosis by CVS were asked to participate. Transcervical 

CVS was performed, between 10 and 13 weeks of gestation, by a small biopsy forceps 

(Lunshof et ai, 1995). Immediately after the procedure 20 ml peripheral blood was 

drawn and collected in EDTA-tubes. The blood samples were stored overnight (4°C) 

and processed the next day without knowledge of the sex of the fetus. During the course 

of this study blood samples of 60 pregnant women were collected. The mean maternal 

age was 37 years and the mean gestational age 11 weeks and 3 days. 
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Fetal cells in maternal blood 

Enrichment of fetal cells 

Fetal nucleated red blood cells (NRBCs) were enriched using a three-step method 

previously described elsewhere (Saunders et ai, 1997). Briefly, first the blood is 

fractionated by centrifugation in a specially designed tube (figure 1). The nucleated red 

blood cells are harvested from the interface layer between white blood cells and red 

blood cells. Next, the remaining erythrocytes are selectively lysed. This lysis is based on 

an enzyme difference between maternal and fetal red blood cells. Maternal cells contain 

carbonic anhydrase I and II, where fetal cells only contain carbonic anhydrase II. By 

adding substrate, ammonium bicarbonate is formed within the cells, which will lyse due 

to the uptake of water. By inhibiting carbonic anhydrase II, fetal cells are prevented 

from lysis. Finally the cells are layered on a hypertonic triple layer Percoll gradient to 

remove most of the WBC. After centrifugation, the nucleated red blood cells are 

harvested from the bottom of the gradient and deposited on a slide. Approximately 1.5 * 

106 cells are deposited on a poly-L-lysine coated slide either by a wedge smear or 

centrifugal cytology (Oosterwijk et al., 1998"). The slides contain nucleated red blood 

cells, red blood cells and white blood cells, all of them of possible fetal or maternal 

origin. 

A B 

Figure 1. Specially designed tubes (bulk-separation tubes) before and after centrifugation. 

Identification of fetal nucleated red blood cells 

Identification of fetal erythrocytes was performed using a monoclonal antibody against 

the Hb y-chain (Oosterwijk et al., 1998b). The slides containing the enriched cells were 

first incubated with mouse anti-fetal haemoglobin (HbF) followed by a secondary goat 

anti -mouse biotinilated antibody (Vector Labs, Burlingame, CA), and, lastly, incubated 

with steptavidin conjugated with alkaline phosphatase (Vector Labs, Burlingame, CA). 

Alkaline phosphatase activity was detected using a precipitating substrate, Vector blue 
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(Vector Labs, Burlingame, CA). Leukocytes were identified by adding FITC labelled 

anti-CD 45 (Becton Dickinson, Franklin Lakes, USA) at the end of the Vector blue 

reaction, and incubating for 30 minutes. Nuclear DNA was stained with DAPI (Sigma, 

Zwijndrecht, NL) in Vectashield (Vector Labs, Burlingame, CA). 

Analysis of fetal cells 

All nucleated cells positive for HbF (DAPI and Vector blue positive) were selected for 

FISH-analysis with X and Y specific probes (CEP X/ CEP Y probe mixture, Vysis, 

Downers Grove, IL) according to the manufacturers instructions. CD45 positive cells 

were classified as maternal leukocytes. 

Semi-automated microscopy 

The identification and analysis of cells was performed using a semi-automatic scanning 

and imaging system (Winscan, Applied Imaging Corporation) which has been described 

elsewhere (Ravkin and Temov, 1998). Briefly, the system has a microscope with 

transmission and fluorescence capabilities (including both a transmission and 

fluorescent filter wheel). The microscope also has automatic focusing and scanning 

abilities. Images are acquired through a video camera. A Windows 95-based computer 

workstation is used to control the scanning, perform image acquisition and processing, 

and user interface functions. 

Objects are selected when they fit the following criteria: overlap of DAPI fluorescence 

(nucleus) and Vector blue precipitate (presence of fetal haemoglobin). After scanning a 

slide, a data file is produced which contains images and measurements of the detected 

objects. The operator reviews the results of the scan, and selects the cells of interest for 

FISH-analysis. The review can be done from the screen, but the slide is available for 

immediate relocation and inspection under the microscope. 

Results 

The results of 40 samples successfully enriched for fetal NRBCs (HbF+/CD45-) are 

shown in table 1. In 18 cases no possible fetal NRBCs were found and in 2 cases the 

enrichment was not successful due to technical problems. 

The median number of cells per sample after enrichment was 5*10 , and the maximum 

number of analysed cells was 8*106. Figure 2 shows digitised images of a cell after 

identification and FISH analysis, as presented by the system to the reviewer. 
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Fetal cells in maternal blood 

Only the CD45-cells were considered as candidate fetal NRBCs. The median number of 

candidate fetal NRBCs was 14 cells per patient. The FISH efficiency was 73%, with 

large inter-patient variation. 

A B C D 
Figure 2. Representative digitised images: A. HbF positive cell (bright field Vector blue detection); B. 

DAPI stained nucleus (fluorescence); C. Combined image in false colours; D. Detection of X (green 

fluorochrome) and Y (red fluorochrome). 

In all 18 cases where the fetus was male, at least 1 XY cell was found. The mean 

number of male cells was 53 (range 1-515), with a median of 6 cells. However in 11 

(61%) samples with male fetuses also HbF+ positive XX cells were found. 

No significant correlation was found between the number of Y-positive cells and 

gestational age, pregnancy outcome, previous pregnancies or amount (in mg) of 

chorionic villi sampled (data not shown). In only one case (case 38, table 1) out of 21 

with a 46,XX fetus one XY cell was found (amongst 441 XX cells). One chromosomal 

abnormality (69, XXX) was diagnosed in a pregnancy referred for maternal age. Of the 

cells isolated from maternal blood in this sample, 13 showed 3 hybridisation signals for 

the X chromosome, while 2 cells had only 2 signals (de Graaf er ai, 1999b). 

Figure 3. Cell positively stained with CD45, DAPI and HbF. FISH revealed an X and a Y signal. 
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The results of combined staining of HbF and CD45 of the samples with a male fetus 

pregnancy are shown in table 2. In 13 cases (72%) maternal leukocytes are found that 

are positive for anti HbF staining but can easily be identified as such by the CD45 

marker. In 3 cases with a very high number of XY-positive NRBCs, Y-signal bearing 

leukocytes were found (figure 3). 

Table 1. FISH results for candidate nucleated red blood cells 

Case Candidate 

NRBCs 

(HbF+/CD45-) 

FISH 

XX XY 

Karyotype 

1 1 1 XX 
2 1 1 XY 
3 1 1 XY 
4 2 1 XY 
5 2 2 XX 
6 2 1 XX 
7 3 1 XY 
8 3 2 XX 
9 3 2 XX 
10 5 2 XX 
11 5 1 1 XY 
12 6 3 XX 
13 7 7 XX 
14 7 3 XX 
15 7 2 3 XY 
16 7 1 5 XY 
17 7 7 XX 
18 8 1 3 XY 
19 12 3 XX 
20 13 2 6 XY 
21 15 6 1 XY 
22 15 15 XY 
23 15 2 XXX* 
24 17 12 XX 
25 19 1 XY 
26 20 20 XX 
27 21 14 XX 
2 S 22 1 7 XY 
29 22 14 XX 
30 29 22 XX 
31 48 40 XX 
32 60 4 50 XY 
33 63 35 XX 
34 69 24 31 XY 
35 76 15 XX 
36 180 170 XX 
37 193 176 XY 
38 551 441 1 XX 
39 561 213 96 XY 
40 619 1 515 XY 

*13 cells with 3 X-signals 
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Table 2. Combined staining of HbF and CD45 in male pregnancies (n= 18). 

Case Candidate NRBCs Lei kocvtes 
XY XX XY XX 

34 31 24 0 71 
32 50 4 0 24 
20 6 2 0 41 
21 1 6 0 3 
27 7 1 0 1 
18 3 1 0 0 
15 3 2 0 29 
16 5 1 0 21 
7 1 0 0 4 
37 176 0 39 84 
39 96 213 9 303 
2 1 0 0 0 
22 15 0 0 12 
24 1 0 0 0 
3 1 0 0 4 
11 1 1 0 0 
40 515 1 25 12 
4 1 0 0 0 
Total 1030 256 73 619 

Mean 51 14 4 34 
Median 4 1 0 8 

Discussion 

We have evaluated a system for the enrichment, identification, and analysis of fetal cells 

in the maternal circulation, and all pregnancies involving a male fetus were identified. 

We deliberately choose for the analysis of maternal blood drawn after CVS, since in 

these cases the number of cells is significantly higher than in blood samples taken 

before CVS, and a good evaluation of the identification and analysis can be achieved 

(Jansen et al., 1997; Oosterwijk et al, 1998b). Furthermore, the karyotypes obtained 

after analysis of the chorionic villi served as a gold standard for the identification of the 

sex of the fetus and therefore as a measuring device for the specificity of the 

identification method. 

To be selected as a candidate fetal NRBC, a cell had to be positive for HbF 

immunostaining and negative for CD45. Of the 1165 candidate fetal NRBCs in 

pregnancies involving a male fetus, 909 (78%) were definitely of fetal origin, as 

confirmed by FISH. The remaining 22% NRBCs are maternal in origin. This is not 

surprising since during pregnancy there is a rapid increase in erythropoiesis (Howells et 

ai, 1986). This increase raises the number of red cells and reticulocytes in maternal 

venous blood, and this may be associated with a concomitant increase in the number of 

nucleated red blood cells. We also found that a considerable proportion of the NRBCs 

that were positive for HbF immunostaining, are maternal in origin. These observations 
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are in agreement with data published by Pembrey et al. (1973), showing a sharp rise in 

maternal HbF levels at 8-12 weeks of gestation. Analysis of this hemoglobin-chain 

revealed it was most probably maternal in origin. Also Oosterwijk et al. (1998b) and 

Slunga-Tallberg et al (1995) found that a considerable proportion of HbF positive 

NRBCs in the blood of pregnant women is maternal. In a recent publication by Mesker 

et al. (1998) it is shown that the combined staining for embryonic (£-chain) and fetal 

hemoglobin (y-chain) is more specific in its identification of fetal erythrocytes. 

Our results clearly demonstrate that leukocytes can be stained non-specifically with the 

anti-HbF antibody and that an additional marker (i.e. CD45) is necessary to assure 

specificity in the identification of fetal erythrocytes. 

We are currently evaluating the combined use of antibodies against the gamma and the 

epsilon chains plus the leukocyte anti-CD45 as the best selective combination of 

markers for the analysis of fetal erythroblasts in maternal blood. 
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