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Introduction

In postnatal life, blood mononuclear cells
undergoing DNA replication or cellular divi-
sion are mainly confined to the marrow as
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Abstract

Fetal blood mononuclear cell division was measured using
flow cytometry in 53 normal pregnancies and 51 pathological
pregnancies complicated either by anaemia due to red blood
cell isoimmunisation (RCI: n = 21), intrauterine growth retar-
dation (SGA: n = 13) or abnormal karyotype (n = 17). In nor-
mal pregnancy, mononuclear cell division rates decreased
with gestational age from a mean of 1.8% at 18 weeks to 1% at
40 weeks. Furthermore, there was a significant association
between cell division and erythroblast count. The rates of cell
division and erythroblast count were significantly increased in
the chromosomally abnormal fetuses, and significantly de-
creased in the transfused RCI fetuses compared to the con-
trols. Although the erythroblast count was elevated in the SGA
fetuses, the mononuclear cell division was not significantly
different from the controls. Fetal blood mononuclear cell divi-
sion is elevated in early pregnancy and in chromosomally
abnormal fetuses, probably as a consequence of increased
numbers of circulating haemopoietic precursors. Mononu-
clear cell division is decreased in transfused RCI fetuses as a
consequence of suppressed erythropoiesis. In SGA fetuses,
despite the increased erythropoietic stimulation and erythro-
blastosis, cell division is not increased.

haemopoietic progenitors [1], and in the ab-
sence of malignancy more than 99% of pe-
ripheral blood mononuclear cells (mainly leu-
cocytes) are in the resting phase of the cell
cycle [2]. In fetal life, there is a high number of
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Fig. 1. Rclative DNA content per cell (fluorescence
intensity) demonstrating non-dividing (G1 phasc) and
dividing (S. G2 and M phases) cells.

circulating haemopoietic stem cells probably
as a consequence of the increased activity of
growth factors and the inability of the liver to
prevent the release of nucleated precursors [3,
4). The aim of this study is to investigate fetal
blood mononuclear cell (haemopoietic stem
cells, erythroblasts and leucocytes) division
and its association with gestational age and
thc numbecr of circulating haemopoietic pre-
cursors, both in normal and pathological preg-
nancies.

Patients and Methods

Mononuclear ccll division and erythroblast counts
werc determined in fetal blood samples obtained by (1)
fetal cardiocentesis immediatcly before elective termi-
nation of pregnancy for social indications at 13-17

weeks (n = 12): (2) umbilical cord puncture at delivery,
from clective cacsarcan scctions at 38-40 weeks for
previous scction or brecch presentation (n = 12), and
(3) cordocentcsis for fetal karyotoyping at 18-37 wecks
for minor malformations such as mild hydronephrosis
and choroid plexus cysts where the fetal karyotype was
subscquently found to be normal (n = 29). In addition,
blood was obtained by cordocentesis from (1) 21 red
blood cell isoimmunised (RCI) pregnancies. which in-
cluded 12 fctuses that had been transfused on previous
occasions and 9 that were being sampled for the first
time; (2) 13 pregnancics with ultrasound cvidence of
severe fetal growth retardation (SGA). where the fetal
karyotype was subscquently found to be normal, and
(3) 17 pregnancies with chromosomally abnormal fe-
tuses including trisomy 21 (n = S), trisomy 18 (n = 3),
trisomy 13 (n = 3), Turncr syndrome (n = 4), and trip-
loidy (n = 2). The study was cross-scctional and in cach
case, gestational age was determined from the men-
strual history and confirmed by an ultrasound scan in
early preznancy. Kleihauer-Betke testing confirmed
that all blood samples contained only fetal cells (except
in the transfused RCI pregnancies). Blood films were
stained by the May-Griinwald-Giemsa method for the
differential cell count. Fetal blood (0.5 ml) was col-
lected into isotonic edetic acid solution (0.5 mmol/l in
0.15 mmol/l sodium chloride) and single-cell suspen-
sion of nuclcated cells was prepared by density gra-
dient centrifugation [5]. The DNA stained with pro-
pidium iodide (Sigma Chemicals, Poole, England), and
cytometric analysis was carricd out using a FACScan
and Cellfit software (Becton Dickinson, Oxford, En-
gland). A minimum of 10.000 cclls were acquired to
calculate the percentage of cells in the various stages of
ccll division (fig. 1).

Statistics

Regression analysis was used to determinc the sig-
nificance of any association between the cell division
ratc and both crythroblast count and gestational agc.
Since in normal pregnancy the cell division rate and
the crythroblast count change with gestation [6], the
fetal valucs obtained from the pathological pregnan-
cies were expressed as the number of standard devia-
tions (SD) by which the individual values ditferent
from the appropriatc normal mean for gestation (delta
values). Unpaired Student’s t test was applied to dcter-
mine if thc mean dclta valucs for cell division and ery-
throblastosis in the RCI, SGA and chromosomally
abnormal fetuses differcd significantly from the appro-
priate normal mean for gestation.
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Results

In the fetal blood samples obtained before
16 weeks gestation, both the rate of cell divi-
sion (fig. 2: median = 3.2%, range = 0.7-14.7)
and erythroblast count (median = 14.7 x 10%
1, range = 2.5-23.9 x 10%1) were significantly
higher than in those obtained at later gesta-
tions (cell division: median = 1.4%, t = 2.60,
p<0.001; erythroblast count: median = 0.5 x
10%1, t = 4.33, p < 0.0001). For the samples
obtained after 16 weeks gestation, there was a
linear decrease in the percentage of dividing
mononuclear cells from a mean of 1.8% at 18
weeks to a mean of 1.0% at 40 weeks (fig. 2:
r=0.403, p<0.001). Furthermore, there was a
significant association between the rate of cell
division and the number of erythroblasts
(fig. 2: r = 0.409, p < 0.05). In the abnormal
karyotype group, both the mean rate of cell
division and the erythroblast count were sig-
nificantly higher than in the controls (fig. 3:
cell division: t = 4.07, p < 0.001; erythroblast
count: t =12.33, p<0.0001). The highest rates
were observed in two trisomy 21 fetuses who
also had markedly elevated leucocyte counts of
9.7 and 19.5 x 10%1; in all other cases the leu-
cocyte count was less than 4.0 x 10%1. In the
untransfused RCI fetuses (haemoglobin con-
centration: median = 10.8 g/dl, range = 5.4-
12.0 g/dl), both the mean rate of cell division
and the erythroblast count were not signifi-
cantly different from the controls. However, in
the RCI post-transfusion group, both cell divi-
sion and erythroblast count were significantly
decreased (fig. 3: cell division: t = =2.62, p <
0.05; erythroblast count: t = -3.60, p < 0.01).
In the SGA fetuses, the erythroblast count was
significantly increased (fig. 3: t = 5.70, p <
0.0001), but the mean rate of cell division and
haemoglobin concentration (median = 12.3 g/
dl, range = 10.5-18.3 g/dl) was not significant-
ly different from the controls (cell division: t =
0.14, haemoglobin concentration: t = 1.24).
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Fig. 2. Fctal blood mononuclear ccll division plot-
ted as a function of length of gestation (a). The sloping
lincs are the mean, 2.5th and 97.5th percentile values.
The individual values on the left are for samples at 13-
17 weeks gestation, and thc horizontal bar is the
median. Relationship of fetal blood mononuclear cell
division with crythroblast count (b).
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Fig. 3. Individual values of fctal blood mononuclear cell division (a) and erythroblast
count (b) plotted as standard deviations (SDs) from the normal mean for gestation for preg-
nancies with chromosomally abnormal (AK) and growth retarded (SGA) fetuses, and in red
blood cell isoimmunised pregnancies before (RH1) and subsequent to intrauterine transfu-

sions (RH2).

Discussion

The findings of this study demonstrate that
fetal blood mononuclear cell division is higher
in early than late pregnancy and is associated
with blood erythroblast count. The high num-
bers of rapidly dividing, circulating hacmo-
poietic cells may be the consequence of in-
creased levels and activity of growth factors.
At this stage of fetal life, growth factors and
cytokine levels are elevated, presumably due
to production in the decidual or feto-placental
unit [7, 8]. Additionally, fetal tissues have
been shown to be more sensitive than adult tis-
sues to these factors [3]. Alternatively, these
findings may be the consequence of extrame-

dullary erythropoiesis. Thus, in early pregnan-
cy the liver is the major erythropoietic organ,
which unlike the marrow is thought to allow
the escape of nucleated haemopoietic precur-
sors such as erythroblasts and haemopoietic
stem cells into the circulation [4, 9, 10].

In the SGA group, there was crythroblasto-
sis, which is thought to be the consequence of
tissue hypoxia and erythropoietin mediated
stimulation of extramedullary erythropoiesis
[11]. However, the rates of cell division and
haemoglobin concentration were not signifi-
cantly different from the controls. It is possi-
ble that despite the apparent stimulation of
erythropoiesis and release of erythroblasts,
there is a hypoxia-induced suppression of cell
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division and therefore failure to increase the
haemoglobin concentration [12, 13].

In red blood cell isoimmunised pregnan-
cies, extramedullary erythropoiesis and ery-
throblastosis are known to occur when the
fetal haemoglobin deficit is more than 7 g/dl
[4,9]. In this study, none of the pre-transfused
fetuses were severely anaemic, and therefore
both cell division and erythroblast count were
not siginificantly different from controls.
However, in fetuses that had received transfu-
sions, erythropoiesis is suppressed and conse-
quently both the percentage of dividing cells
and the number of erythroblasts were de-
creased [14].

In chromosomally abnormal fetuses, both
the percentage of dividing cells and the num-

ber of erythroblasts were increased. As these
variables are known to decrease exponentially
with gestational age, these findings may be the
consequence of the ‘developmental delay’ that
1s characteristic of fetuses with an abnormal
karyotype [15]. Alternatively, the increased
numbers of rapidly dividing, circulating hae-
mopoietic cells may be the consequence of
abnormal regulation of haemopoiesis in these
fetuses. The latter hypothesis is supported by
the finding in this study that the 2 trisomy 21
fetuses with striking erythroblastosis and leu-
cocytosis had the highest cell division rates,
and the finding in post-natal life that chromo-
somally abnormal fetuses are more suscepti-
ble to malignancies of haemopoietic origin
(16, 17].
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