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SUMMARY 
Flow cytometry was used to measure neutrophil and monocyte @-integrin expression in fetuses with trisomy 18 

(n=7) and trisomy 21 (n=7) at 20-25 weeks’ gestation. The values were compared with those of 112 chromosomally 
normal fetuses. There were no sigmiicant differences in @-integrin expression between normal and aneuploid fetuses. 
These hdings demonstrate that in trisomies 21 and 18, alteration in @-integrin expression is unlikely to contribute 
to the pathogenesis of immunological deficiencies that have been observed in these aneuploidies both prenatally and 
postnatally. 
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INTRODUCTION 

In postnatal life, trisomies 21 and 18 are associ- 
ated with increased susceptibility to infections, 
which at least in part can be explained by 
immunological abnormalities (Van Dyke and 
Allen, 1990; Franceschi et al., 1981). We have 
previously shown that in these trisomies, the post- 
natal alterations in lymphocyte subpopulations 
may be the consequence of abnormal intrauterine 
immunological development (Makrydimas et al., 
1994; Thilaganathan et al., 1993). The /32-integrins 
(CD 1 l/CD 18) are essential for leucocyte adhesion- 
dependent functions, such as chemotaxis, phago- 
cytosis, cell-mediated killing, and adherence to the 
endothelium (Amaut, 1990). The aim of this study 
was to investigate the development of neutrophils 
and monocytes in fetuses with aneuploidies by 
examining surface /32-integrin expression, namely 
the antigens LFA-1 (CDlla/CD18), Mol-1 or 
Mac-1 (CDllb/CD18), and LeuM5 (CDllc/ 
CD18). 

PATIENTS AND METHODS 

Neutrophil and monocyte /32-integrin expression 
was determined in 14 fetuses with trisomy 21 (n=7) 
or trisomy 18 (n=7) at 20-25 weeks’ gestation. In 
these cases, fetal blood was obtained by cordo- 
centesis for fetal karyotyping because ultrasound 
examination demonstrated one or more of the 
following defects: strawberry-shaped head, 
brachycephaly, holoprosencephaly , choroid plexus 
cysts, cystic hygromata, cardiac defects, diaphrag- 
matic hernia, hydronephrosis, exomphalos, digital 
abnormalities, and talipes. 

/32-integrin expression was also determined in 112 
controls. In these cases, cordocentesis was per- 
formed at 20-25 weeks’ gestation for prenatal diag- 
nosis of fetal infection or hereditary blood disorders 
or for karyotyping because of advanced maternal 
age, abnormal maternal serum biochemistry, or 
ultrasound findings of mild hydronephrosis or chor- 
oid plexus cysts. In all cases, the fetal karyotype was 
normal and the fetuses did not have the infection or 
blood disorder for which they were tested. 
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Flow cytometry 
Fluorescein isothiocyanate 

pursed mouse monoclonal 
(F1TC)-conjugated 
antibodies (CD18, 
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Table I-Relative fluorescence intensity (median and range) of neutrophil and monocyte 
/32-integrin expression in normal, trisomy 18, and trisomy 21 fetuses. The z values for the 
comparison between the three groups are also shown 

Normal vs. Normal vs. 
Normal Trisomy 18 Trisomy 21 trisomy 18 trisomy 21 

Neutrophil 
CD18 

Neutrophil 
CDlla  

Neutrophil 
CDllb 

Neutrophil 
CD1 lc 

Monocyte 
CD18 

Monocyte 
CDl la  

Monocyte 
CDllb 

Monocyte 
CD1 lc 

1.29 
(1.1-2.62) 

1.22 
(1'1-1 '47) 

1.33 
(1 '1-2'52) 

1.22 
(1.1-1 '4) 

1.21 
( 1'1-1 '49) 

1.16 
(1.09-1 *37) 

1 +20 
(1.09-1.37) 

1.14 
(1 '09-1 '3 1) 

1.32 
(1 -261.49) 

1.22 
(1 '2-1 '3) 

1.33 
(1.15-73) 

1.23 
(1.12-1.32) 

1.20 
(1.16-1.59) 

1.19 
(1.12-1 ~38) 

1.15 
(1.12-1 -74) 

1.14 
(1.12-1.22) 

CDlla, CDllb, and CDllc; DAKO Ltd., High 
Wycombe, U.K.) were used for determination of 
neutrophil and monocyte adhesion receptor 
expression. Control staining of fetal cells with 
anti-mouse monoclonal IgG2,-FITC and IgG,- 
FITC to keyhole limpet haemocyanin (Becton 
Dickinson U.K. Ltd., Oxford, U.K.) was per- 
formed on each sample. Fetal blood (500pl) was 
collected without anticoagulant into an equal 
volume of 0.4 per cent formaldehyde in HBSS and 
left at 37°C for 4min. Erythrocytes were lysed 
by the addition of 20 ml of 0.001 M Hepes-buffered 
ammonium chloride (0.155 M). After incubation at 
37°C for lOmin, the cells were washed twice in 
HBSS by centrifugation at 300 g and resuspended 
to 1 ml of HBSS. Aliquots (50 pl) of cells were then 
incubated with lop1 of the appropriate antibody 
at room temperature for 20min and then trans- 
ferred to 1 per cent formaldehyde before analysis 
by flow cytometry (Hamblin et aZ., 1992). This 
particular protocol and single staining with mono- 
clonal antibodies were used in order to avoid 
sampling related upregulation of neutrophil and 
monocyte cell adhesion receptor expression 
(Hamblin et aL, 1992; Macey et a l ,  1992). Cyto- 
metric analysis was performed using a FACScan 
and Consort 32 software (Becton Dickinson U.K. 
Ltd., Oxford, U.K.). The flow cytometer was cali- 

1 a26 z=0.08 z=0-82 

1-18 ~ ~ 0 . 7 8  z=0.12 

1.33 ~ ~ 0 . 0 6  z=0.40 

1.20 ~ ~ 1 . 4 0  ~ ~ 0 . 8 5  

1.23 z=0-70 z = 0.22 

1.15 z=0.79 z=0.33 

1.29 ~ ~ 0 . 6 2  z= 1.19 

1.16 z= 1.1 1 z = 0.02 

(1.19-1 -48) 

(1-15-43) 

(1.241 *49) 

(1.17-1 '32) 

(1.12-1 '3) 

( 1 * 12-1 '34) 

(1.12-1.3 1) 

(1 * 12-1 *24) 

brated for size and fluorescence every day before 
data acquisition using a fluorescence intensity 
standardization kit (Coulter Ltd., Luton, U.K.). 
Samples were gated using forward angle and 90" 
light-scattering properties to identify neutrophils 
and monocytes. Gated cells were analysed with 
CD14KD15 (DAKO Ltd.) to ascertain that they 
were of monocyteheutrophil origin. A minimum 
of 5000 cells were analysed and the mean fluores- 
cence intensity (MFI) in arbitrary units was mea- 
sured. The density of surface glycoproteins was 
measured by calculating the relative fluorescence 
(RFI) by using the formula RFI=antilog(MFU 
number of channels per decade) (Finn, 1993). 

RESULTS 

The median and range of neutrophil and mono- 
cyte fl-integrin surface expression in trisomic and 
chromosomally normal fetuses are shown in Table 
I. Comparison of values by the Mann-Whitney 
U-test showed no sigdcant differences between 
the groups. 

DISCUSSION 

Postnatal studies in trisomy 21 have demon- 
strated increased expression of LFA-1 (CD18 and 
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CD1 la) on lymphoblastoid cells, resulting in 
increased adhesive function (Taylor et al. , 
1988a,b). It was assumed that this was a gene 
dosage effect because the CD18 gene is located on 
chromosome 21 (Marlin et al., 1986). However, 
our findings in trisomic fetuses and those of 
Barrena et al. (1992) in affected children, that 
LFA-1 expression in neutrophils and monocytes is 
normal, suggest that there may be an alternative 
explanation for increased LFA-1 expression on 
lymphoblastoid cells. Maccario et al. (1984) 
reported that in trisomy 21 there is an increase in 
the proportion of CD8 cells that express the CD57 
antigen; these cells have been shown to have high 
surface expression of LFA-1 (Nishimura and Itho, 
1988). 

We have previously demonstrated that in nor- 
mal fetuses, neutrophil and monocyte /32-integrin 
expression increases with gestation to reach adult 
levels by term (Thilaganathan et al., 1995). The 
findings of this study indicate that in trisomies 21 
and 18, fetal /32-integrin expression is normal and 
it is therefore unlikely that abnormalities in this 
system contribute to the pathogenesis of immuno- 
logical deficiencies that have been observed 
in these aneuploidies both prenatally and 
postnatally. 

REFERENCES 
Amaut, A.M. (1990). Structure and function of the 

leukocyte adhesion molecules CDlKD18,  Blood, 75, 
1037-1 050. 

Barrena, M.J., Echaniz, P., Garcia Serrano, C., 
Zubillaga, P., Cuadrado, E. (1992). Differential 
expression of lymphocyte function associated antigen 
(LFA- 1) on peripheral blood leucocytes from indi- 
viduals with Down’s syndrome, Clin. Exp. Immunol., 
8 8 , 4 1 4 .  

Finn, A. (1993). Neutrophil chemotaxis and adhesion in 
preterm babies (Letter), Arch. D k  Child, 68, 68. 

Franceschi, C., Licastro, F., Chiricolo, M., Bonetti, F., 
Zannoti, M., Fabris, N., Mocchegiani, E., Fantini, 
M., Paolucci, P., Masi, M. (1981). Deficiency of 
autologous mixed lymphocyte reactions and serum 
thymic factor level in Down’s syndrome, J. Immunol., 
126,2161-2164. 

Hamblin, A., Taylor, M., Bernhagen, J., Shakoor, Z., 
Mayall, S., Noble, G., McCarthy, D. (1992). A 
method of preparing blood leucocytes for flow cytom- 
etry that prevents upregulation of leucocyte integrins, 
J.  Immunol. Methods, 146,219-228. 

Maccario, R., Ugazio, A.G., Nespoli, L., Alberini, C., 
Montagna, D., Porta, F., Bonetti, F., Burgio, G.R. 
(1984). Lymphocyte subpopulations in Down’s syn- 
drome: high percentage of circulating HNK-l’, Leu 
2a’ cells, Clin. Exp. Immunol., 51, 220-226. 

Macey, M.G., Jiang, X.P., Veys, P., McCarthy, D., 
Newland, A.C. (1992). Expression of functional 
antigens on neutrophils. Effects of preparation, J. 
Immunol. Methodr, 149, 37-42. 

Makrydimas, G., Plachouras, N., Thilaganathan, B., 
Nicolaides, K.H. (1994). Abnormal immunological 
development in fetuses with trisomy 18, Prenat. 
Diagn., 14,239-41. 

Marlin, S.D., Morton, C.C., Anderson, D.C., Springer, 
T.A. (1986) LFA-1 immunodeficiency disease. Defini- 
tion of the genetic defect and chromosomal mapping 
of the a and subunits of the LFA-1 antigen by 
complementation in hybrid cells, J. Exp. Med,  164, 
855-867. 

Nishimura, T., Itho, K. (1988). Higher level expression 
of lymphocyte function-associated antigen-1 on ‘in 
vivo’ natural killer cells, Eur. J. Immunol., 18, 

Taylor, G.M., Haigh, H., Williams, A., D’Souza, S.W., 
Hams, R. (1988a). Down’s syndrome lymphoid cell 
lines exhibit increased adhesion due to the over- 
expression of lymphocyte function associated antigen 
(LFA-l), Immunology, 64, 451-456. 

Taylor, G.M., Williams, A., D’Souza, S.W., Fergusson, 
W.D., Donnai, D., Fennell, J., Harris, R. (1988b). 
The expression of CD18 is increased on trisomy 21 
(Down syndrome) lymphoblastoid cells, Clin. Exp. 
Immunol., 71, 324-328. 

Thilaganathan, B., Tsakonas, D., Nicolaides, K.H. 
(1 993). Abnormal fetal immunological development 
in Down’s syndrome, Br. J. Obstet. Gynaecol., 100, 
60-62. 

Thilaganathan, B., Makrydimas, G., Plachouras, N., 
Nicolaides, K.H. (1995). Cell adhesion molecule 
expression in maternal and fetal blood, Am. J.  Obstet. 
Gynecol., in press. 

Van Dyke, D.C., Allen, M. (1990). Clinical management 
in long term survivors with trisomy 18, Pediatrics, 85, 
753-759. 

2077-2080. 


