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Summary. Flow cytometry was used to determine the P < 0.0001). The use of primitive fetal blood CD34' 
percentage and number of circulating CD34' cells in fetal progenitor cells for prenatal somatic gene therapy may 
blood from 100 pregnancies at 13-38 weeks gestation. have distinct advantages over postnatal somatic gene 
When expressed as a percentage of the total number of therapy. 
lymphocytes, the proportion of CD34+ cells decreased 
exponentially from a mean of 11.1% (9.2 x 107/1) at 1 3  Keywords: fetal blood, CD34' cells. 
weeks to 1.0% (3.0 x 107/1) at 38 weeks ( r  =0.751, 

Stem cell transplantation using cells isolated either from 
adult marrow or peripheral blood is now the established 
method of treatment of several hereditary disorders of 
haemopoiesis or metabolism, and malignancies of haemo- 
poietic origin. The CD34 antigen has been used to identify a 
subpopulation of bone marrow and peripheral blood cells 
that are enriched for colony-forming activity in vitro, and 
are capable of complete haemopoietic reconstitution after 
engraftment into lethally-irradiated animals (Berenson et al, 
1988). In postnatal life, CD34' cells are present in 1.8% of 
bone marrow and 0.2% of peripheral blood (Bender et al, 
1991). In addition to CD34, the co-expression of cell-surface 
antigens such as HLA-DR, CD33 and other lineage-specific 
antigens are said to vary with maturation, loss of pluripotent 
and self-renewing capacity and altered sensitivity to growth 
factors (Caux et al. 1989; Andrews et al, 1989; Pierelli et al, 
1993). Previous postnatal studies of these CD34+ cells have 
been hampered by their low frequency and the need for in 
vitro culture techniques. The purpose of this study was to 
quantify the number of CD34+ cells and subpopulations in 
fetal blood with advancing gestation in order to investigate 
haematological differentiation and development of fetal stem 
cells. 

Correspondence: Dr B. Thilaganathan, Department of Obstetrics and 
Gynaecology, St Bartholomew's Homerton, Homerton Row, London 
E9 6SR. 

PATIENTS AND METHODS 

In a cross-sectional study of 100 pregnancies, fetal blood 
samples were obtained either by cordocentesis at 17-38 
weeks gestation (n = 82), or by fetal cardiocentesis, from 
women undergoing elective termination of pregnancy for 
social indications at 13-17 weeks gestation (n = 18). In all 
cases the fetal karyotype was normal and the fetal 
haemoglobin concentration and white cell count were 
within the appropriate reference range for gestation. 

In each case, gestation was determined from the maternal 
menstrual history and confirmed by an ultrasound scan in 
early pregnancy. Fetal blood samples (1 80 pl) were collected 
into 2011 of isotonic edetic acid solution (0*5mmol/l in 
0.1 5 mmol/l sodium chloride) and the full blood count was 
determined using a Coulter S-Plus counter (Coulter Electro- 
nics, Luton. U.K.). Blood films were stained by the May- 
Griinwald-Giemsa method for the differential cell count. 
Blood samples (0.5 ml) were also collected into heparinized 
syringes for enumeration of fetal lymphocyte subsets, which 
was performed on the day of sampling. 

Fluorescein-isothiocyanate (FITC) or phycoerythrin (PE) 
conjugated monoclonal anti-human antibodies (Becton 
Dickinson UK Ltd. Oxford, U.K.) were used for simultaneous 
two-colour determination of lymphocyte subpopulations 
using CD34-FITC. HLA-DR, CD3 3 and a-glycophorin-PE. 
The whole-blood method was used for staining the cells 
with monoclonal antibody. Cytometric analysis was carried 
out using a FACScan and Consort 32 software (Becton 
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Fig 1. Relation between fetal CD34' cell percentage and number versus the length of gestation (CD34' percentage: r = 0.751. P < 0.0001; 
CD34' number: r = -0.291, P < 0 .01) .  

Dickinson, Oxford, U.K.). Samples were gated using forward 
angle and 90" light-scattering properties to exclude 
granulocytes, monocytes and piatelets. Gated cells were 
analysed with CD14/CD45 (monocyte/leucocyte marker) to 
confirm that they were lymphoid in origin. Control staining 
of fetal cells with anti-mouse monoclonal IgG2,-PE/IgG1 - 
FITC was performed on each sample, and background 
readings of < 1% were obtained. A minimum of 5000 cells 
were acquired in the lymphocyte fraction and analysed to 
calculate the percentage of CD34+ cells. The absolute 
number of CD34' cells was derived from the lymphocyte 
differential count on the blood film and the percentage of 
CD34' cells. 

Regression analysis was used to determine the significance 
of any association between the number and percentage of 
CD34+ cells and gestational age. Logarithmic transformation 
was used to make the data Gaussian. Mann-Whitney U tests 
were used to determine the signiiicance of any differences 
between groups. 

Table I. The percentage co-expression ( z t  1 SD) of HLA-DR. CD33 and 
a-glycophorin on CD34' fetal peripheral blood mononucIear celh 
obtained at 13-15 weeks gestation (n = 12). 

Monoclonal antibody 

HLA-DR 7 0 f  18 
CD3 3 82 f 2 3  
a-Glycophorin 1 3  f 1 2  

Percentage co-expression with CD34 

RESULTS 

The percentage and number of fetal CD34+ cells decreased 
with gestational age (Fig 1: CD34+ percentage; r = 0.751, 
P < 0.0001; CD34' number: r = -0.291, P < 0.01). The 
co-expression of HLA-DR. CD33 and a-glycophorin on 
CD34' cells before 16 weeks gestation is shown in Table I. 
The expression of HLA-DR on CD34' cells at 13-17 weeks 
(median 83%. range 44-100%. n = 18) was significantly 
lower (z = 5.28, P < 0.0001) than at 18-38 weeks 
gestation (median 100%. range 50-100%, n = 82). 

DISCUSSION 

This study demonstrated that both the total number and 
percentage of CD34' cells in the fetal circulation decrease 
exponentially with advancing gestation. The number of 
CD34' cells detected at 36-38 weeks in this study is similar 
to data from studies of CD34+ cells in cord blood after 
delivery (Reisbach et al, 1993). The finding of high levels of 
CD34' haemopoietic progenitor cells in early pregnancy 
(12-20 weeks), when bone marrow haemopoiesis is being 
established, supports the hypothesis that developing bone 
marrow is colonized by circulating stem cells (Moore & 
Metcalf 1970; Barnes et al. 1964). 

The finding that there are more CD34' DR- cells in early 
than in late pregnancy is in keeping with postnatal data 
from stem cell cultures which have demonstrated that the 
acquisition of the HLA-DR antigen is associated with the loss 
of multilineage capacity and the maintenance of proliferative 
capacity of the stem cells (Caux et al, 1989). This is 
supported by the finding that most of the CD34+ cells are 
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also CD33+, a phenotype associated with the progressive loss 
of self-renewal capacity in adult long-term marrow cultures 
(Andrews et al, 1989). Although the level of CD33 co- 
expression on CD34' cells is equivalent to that found in 
adult peripheral blood, HLA-DR expression is lower in early 
pregnancy and reaches adult levels at term (Bender et al. 
1991: Pierelli et al, 1993). Previous studies have demon- 
strated that fetal cells are more responsive to stimulation by 
erythropoietin and colony-stimulating factors than adult 
cells under similar conditions (Linch et al, 1982: Kidoguchi 
et al, 19 78). Furthermore, erythropoietin stimulation of fetal 
cells results in the production of predominantly HbF, 
whereas adult cells produce HbA (Kidoguchi et al, 1978). 
These findings suggest that fetal CD34+ progenitors are 
more primitive than adult cells and retain a multilineage 
capacity despite some phenotypic similarity. 

In future, fetal CD34' cells may be used for prenatal 
somatic gene therapy. Many candidate diseases can now be 
diagnosed by chorion villus biopsy at 11-12 weeks 
gestation. Fetal blood sampling could then be undertaken 
by cordocentesis for the isolation of CD34' cells and for the 
reintroduction of these cells after transfection. The advantage 
of this form of fetal therapy are early treatment in a sterile 
environment before the onset of disease-related complica- 
tions, intrauterine monitoring of the effects of gene therapy, 
and repeated infusions of transfected cells if necessary. 
Furthermore, the use of primitive fetal CD34' progenitor 
cells which are colonizing the bone marrow and have a high 
self-renewal capacity may result in life-long expression of the 
transfected gene. 
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