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Abstract. Peripheral blood mononuclear cells (PBMC) from 
16 non-institutionalized patients with Down syndrome (DS) 
were studied with various monoclonal antibodies and analysed 
for natural killer (NK), and NK-like activity. Lymphocyte 
proliferation and cytotoxic T-lymphocyte (CTL) cytotoxicity 
generated in mixed lymphocyte culture (MLC) were also eval- 
uated in 11 DS patients. Phenotypic characterization of PBMC 
from DS subjects confirms our previous findings of high num- 
bers of CD8+ lymphocytes and H N K - I + ,  and CD16+ cells. 
Lymphocyte proliferation and CTL cytotoxicity generated in 
MLC were low or absent in most patients. NK activity was low 
in almost all DS patients, while NK-like cytotoxicity gener- 
ated in MLC was normal in the majority and did not correlate 
with NK activity from unstimulated PBMC. 
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Introduction 

Considerable clinical and laboratory evidence has demon- 
strated a combined deficiency of cell-mediated and humoral 
immunity in patients with Down syndrome (DS) [2, 3, 5, 8, 9, 
11, 15, 16, 20, 21, 32, 35, 46, 55, 58, 61, 62, 64]. In particular, 
abnormalities of cell-mediated immunity include morphologi- 
cal alterations of the thymus, decreased T-lymphocyte number 
and responses to mitogens and antigens as well as depressed 
activity of different thymus-dependent hormonal-like activities 
[4, 10, 13, 17, 22, 29, 33, 34, 43, 49]. 

We have previously reported that in DS, peripheral blood 
mononuclear cells (PBMC) include high numbers of CD8+ 
lymphocytes and H N K - I +  cells [37]. In the present study, 
lymphocyte proliferation, cytotoxic T lymphocyte (CTL) ac- 
tivity, natural killer (NK-)like activity generated in allogeneic 
mixed lymphocyte cultures (MLC) and NK activity were eval- 
uated in non-institutionalized trisomic and karyotypically nor- 
mal control subjects. 

Offprint requests to: G. R. Burgio 

Abbreviations: BSA = bovine serum albumin; DS = Down syn- 
drome; CTL = cytotoxic T lymphocytes; FCS = fetal calf serum; 
MLC = mixed lymphocyte culture; NK = natural killer; PBMC = 
peripheral blood mononuclear cells; PBS = phosphate-buffered 
saline; PHA = phytohaemagglutinin 

Patients and methods  

Patients 

Peripheral blood samples were obtained from 16 non-institu- 
tionalized patients with trisomy 21. Their ages ranged from 4 
to 15 years, with 2 subjects less than 5 years old, 5 between 5 
and 10 years, and 9 between 10 and 15 years. Sixteen age- 
matched karyotypically normal subjects served as controls. 

All subjects were free of infection at the time of the study. 

Cell preparation 

PBMC were isolated by means of a Ficoll-Hypaque density 
gradient. The cells were resuspended in RPMI 1640 medium 
supplemented with 2 mM glutamine, 50 I~g/ml gentamicin and 
5 • 10-5M 2-mercaptoethanol (complete medium). 

Membrane immunofluorescence with monoclonal antibodies 

Leu 7 (HNK-1) and Leu 11a (CD16) were purchased from 
Becton Dickinson (Mountain View, Calif., USA); OKT3 
(CD3), OKT4 (CD4) and OKT8 (CD8) were purchased from 
Ortho Pharmaceutica (Raritan, N J, USA). Mononuclear cells 
(3 • were resuspended in 0.2ml phosphate-buffered 
saline (PBS) supplemented with 0.01M sodium azide and 
0.5% bovine serum albumin (BSA) and incubated with the 
optimal dilution of each antibody for 30 min in an ice bath. 
The cell pellet was then washed twice and resuspended in 
0.3ml PBS containing the second antibody, a fluorescein- 
labelled F(ab')2 goat/mouse IgG (Techno-Genetics; Engle- 
wood Cliffs, NJ, USA) diluted 1/40 (v/v). The suspension 
was incubated for 30 rain in an ice bath, the cell pellet washed 
resuspended in a small volume of glycerol-PBS and counted 
using a Leitz Orthoplan microscope equipped for epifluores- 
cence and phase contrast. Two hundred lyrnphocytes were 
counted. Monocytes were excluded on the basis of morpho- 
logical criteria. 

NK assay 

Natural killing was assessed using K562, an erythroleukaemia 
cell line, as target cells. K562 cells were maintained by serial 
passage in complete medium supplemented with 10% fetal 
calf serum (FCS). The cytotoxicity assay was performed in U- 
shaped wells of microtitre plates. Target ceils (2 • 106) were 
labelled with 100 ~Ci of sodium 51chromate solution (New 
England Nuclear, H A N A  Media inc., Berkely, Calif., USA) 



54 

for 60min at 37~ in 0.2ml RPMI medium supplemented 
with 10% FCS. The cells were then washed four times and 
resuspended in complete medium supplemented with 10% 
FCS. A volume of 0.1ml containing 5 • 103 cells was intro- 
duced into each well. PBMC were used as effector cells. Vari- 
ous concentrations of effector cells in 0.1 ml complete medium 
supplemented with 10% FCS were added to the wells so as to 
achieve an effector to target ratio of 100:1, 30:1 and 10:1. 
The plates were centrifuged for 4min at 200g and incubated 
for 4h at 37~ After incubation the plates were centrifuged 
for 8 rain at 200 g and 100 ~1 of the supernatant from each well 
was collected and counted for 1 min in a gamma counter. Maxi- 
mal release was determined by freezing and thawing the target 
cells. The percentage of isotope released was calculated by the 
formula: 

% release = experimental release - spontaneous release x 100 
total release - spontaneous release 

Spontaneous release from the target cells was always less than 
15%. 

MLC 

To measure cell proliferation generated in ony-way MLC, 105 
responder PBMC were cultured in triplicate in U-shaped wells 
of microtitre plates in complete medium supplemented with 
10% human serum with 105 irradiated (3000 R) allogeneic 
human PBMC as stimulators. Cultures were incubated at 37~ 
in a humidified 5% CO2 atmosphere. After 6 days incubation, 
the cultures were labelled for 21h with 0.5 gCi/well of 3HTdR 
(methyl-3H thymidine, 2 Ci/mmol, Amsterdam inc., Bucking- 
hamshire, United Kingdom) and then harvested by the stan- 
dard procedure. The results were expressed as mean counts of 
triplicate cultures. To measure NK-like and CTL activity gen- 
erated in MCL, responder PBMC were cultured in 24-well 
plates at a concentration of 106/ml. Irradiated allogeneic 
stimulator cells were added at the same concentration in a 
total volume of 2 ml. After 7 days incubation, cells were re- 
covered and NK-like and CTL activity was measured. 

Phytohaemagglutinin-induced lymphoblast activation 

Allogeneic human PBMC from the stimulator population 
were cultured in 24-well plates at a concentration of 106/ml in 
complete medium supplemented with 10% FCS. PHA-M 
(Gibco, Paisley, Scotland) was added at a concentration of 
1% (vol/vol). After 72 h incubation the cells were recovered 
and labelled with 100 gCi sodium 51chromate solution as de- 
scribed above. 

CTL-mediated cytotoxicity and NK-like activity 

Seven-day MLC cell populations were tested for cytolytic ac- 
tivity using PHA-induced lymphoblasts derived from the 
stimulator population for CTL activity or K562 cell line for 
NK-like activity under the same conditions as described for 
the NK assay. The specificity of CTL activity was tested by 
utilizing additional allogeneic mononuclear target populations 
unrelated to the PBMC used in the initial sensitization phase 
of MLC. 

Statistical analysis 

Student's t-test for unpaired sample was used to analyse the 
data. Values below P < 0.05 were considered significant. 

Table 1. Surface markers identified on PBMC from 16 subjects with 
DS and 16 karyotypically normal controls. Results are expressed as 
mean values + SD of the percentage of positive cells; NS = not sig- 
nificant 

HNK-1 CD16 CD3 CD4 CD8 

DS 35 + 12 30 + 9 71 + 6 45 + 7 41 + 12 
Controls 16 + 7 23 + 5 75 + 6 43 + 9 26 +_ 4 
P < 0.001 < 0.01 NS NS < 0.001 
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Fig.1. Proliferative response in MLC of PBMC from l lDS subjects 
and from 11 karyotypically normal controls (C). Vertical bars: 1 SD of 
the mean. Results are expressed as cpm/culture 

Results 

Table 1 shows that peripheral blood lymphocytes from the 16 
subjects with DS included a higher number of H N K - I +  and 
CD8+ cells than those from the 16 karyotypically normal con- 
trols. The presence of a high proportion of lymphocytes with 
NK phenotype was confirmed by the finding of a high percent- 
age of CD16+ cells. The proportions of CD3+ and CD4+ 
lymphocytes were similar to those of controls. 

As shown in Fig. 1 the proliferative response in allogeneic 
MLC in 11 subjects with DS was absent or significantly lower 
as compared with 11 karyotypically normal controls ( P <  
0.001). 

Evaluation of CTL activity generated in allogeneic MLC is 
depicted in Fig. 2. CTL activity was depressed at different ef- 
fector to target ratios in 6-8 of the l l D S  subjects tested. CTL 
generated in MLC were specific for the sensitizing population 
and did not kill unrelated peripheral blood mononuclear target 
cells (data not shown). Mean values of CTL activity were sig- 
nificantly lower in 11DS subjects than in 11 controls at effec- 
tor to target ratios of 30 : 1 (P < 0.001) and 10 : 1 (P < 0,005) 
but not significantly different at an effector to target ratio of 
100 : 1. 

The NK activity using three different effector to target 
ratios is reported in Fig. 3 and shows that, in spite of elevated 
numbers of H N K - I +  and CD16+ lymphocytes, NK activity 
was significantly lower in DS than in karyotypically normal 
controls (P < 0.001). 
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Fig.2. CTL activity of PBMC of 11 subjects with DS (O). Effector to 
target ratio, 100 : 1, 30 : 1; 10 : 1. Vertical bars: 1SD of the DS mean. 
Shaded area 1 SD of the karyotypically normal control mean 
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Fig. 3. NK activity of PBMC from 16 subjects with DS (O). Effector 
to target ratio, 100 : 1, 30 : 1; 10 : 1. Vertical bars." 1 SD of the DS mean. 
Shaded area 1 SD of the karyotypically normal control mean 
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Fig. 4. NK-like activity of PBMC for 16 subjects with DS (O). Effector 
to target ratio, 100 : 1; 30:1; 10 : 1. Vertical bars: 1 SD of the DS mean. 
Shaded area 1 SD of the karyotypically normal control mean 
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Fig.5. Correlation between NK activity and NK-like activity of 
PBMC of 16 subjects with DS. Results are expressed as percentage of 
specific lysis. Effector to target ratio, 100 : 1 

Evaluat ion of NK-like activity generated in allogeneic 
MLC showed heterogeneous results at different effector to 
target ratios. Low levels of cytotoxicity were found in 4-7  of 
16 subjects with DS (Fig. 4). Mean  values of NK-like activity 
in DS subjects were not  significantly different as compared 
with normal  controls. NK activity in fresh PBMC was not  cor- 
related with the NK-like activity generated in MLC (Fig. 5). 
Fur thermore,  NK-like activity was not correlated either with 
the proliferative response in allogeneic MLC or with CTL ac- 
tivity (data not  shown). 

D i s c u s s i o n  

The present  study shows that NK activity and MLC-induced 
lymphocyte proliferation are low in DS patients compared 
with karyotypically normal  age-matched controls. The NK- 
like and CTL-activity generated in MLC varied from very low 
to normal  in DS subjects. Phenotypic characterization of 
PBMC subpopulations confirmed our previous findings [37] of 
high numbers  of C D 8 + ,  H N K - I +  and CD16+ cells in DS. 

Evaluat ion of specific CTL activity generated in MLC 
demonstrated low or absent CTL activity in 7 of the l l D S  
subjects tested. This pat tern of response was not  related to 
MLC-induced proliferation, which was depressed in 9 DS sub- 
jects tested and is in keeping with previous observations of 
CTL activity in cultures with negative MLC-induced prolifera- 
t ion [6, 7, 42, 65]. 

Our  data on the low proliferative response of DS lympho- 
cytes in MLC confirm the data of Walford et al. [62], although 
they are not  in agreement  with the normal  or even higher val- 
ues of proliferation in MLC reported by other groups [17, 22, 
54]. Reasons for this discrepancy remain to be established. 

The low proliferative response of DS lymphocytes in MLC 
and low CTL activity in more than half of the trisomic children 
tested demonstrate  that a T-cell defect is an integral feature of 
DS. 

The finding of low levels of NK activity in spite of elevated 
numbers  of lymphocytes with an NK phenotype can be ex- 
plained by the previous finding that in DS the majority of 
H N K - I +  cells are also C D 3 +  [37]. In fact, it has been re- 
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ported [1] that H N K - I +  CD3+ lymphocytes have low NK 
activity as compared with H N K - I +  C D l l +  cells, which in- 
cludes the majority of H N K - I +  cells in normal subjects. Abo 
et al. [1] reported that virtually all H N K - I +  bone marrow 
cells express the CD3 antigen and proposed that these lym- 
phocyte subsets represent a functionally immature stage in 
NK-cell differentiation. According to this hypothesis the ma- 
jority of circulating H N K - 1 +  lymphocytes of DS subjects are 
immature cells with low NK activity. 

Much evidence suggests that NK ceils are implicated in tu- 
mour immunity, resistance to viral and microbial infections as 
well as the regulation of haematopoiesis and B-cell activity 
[23-25, 27, 45, 51, 54]. Furthermore, studies with both murine 
and human tumour cells suggest that different subpopulations 
of tumour cytotoxic cells are activated by allostimulation [19, 
26, 47, 57]; these effector cells include both T-lymphocytes 
and NK-like cells. Allostimulation induces tumour reactive 
cells by various mechanisms, including the release of lym- 
phokines and the expression of cross-reactive alloantigens on 
tumour targets [48]. 

The study of NK and NK-like activities and CTL cytotoxic- 
ity generated in MLC is important in trisomic patients, given 
the increased incidence of infections and malignancies and the 
defective regulation of granulopoiesis in DS [11, 30, 32, 39, 
46, 55]. 

Attempts to correlate the non-specific effector activity 
generated in MLC (NK-like activity) with NK activity of un- 
stimulated PBMC or with specific CTL activity have led to 
conflicting results [36, 40, 50, 56]. Some evidence suggests 
that NK-like activity is mediated by MLC-induced T cells 
[40], or that NK-like activity is mediated by a subpopulation 
of circulating NK cells [50, 56]. Our data show no correlation 
between NK activity and NK-like activity in DS and NK activ- 
ity was low in spite of a very high percentage of cells expressing 
HNK-1 ,  CD16 antigens. One explanation is that NK activity is 
low in DS because the majority of NK cells are immature 
(HNK - 1+, CD 3 + ). These cells can be stimulated in vitro dur- 
ing MLC to differentiate into mature NK cells expressing nor- 
mal levels of NK-like cytotoxicity. In fact, it is well known that 
the IFRec gene, coding for the species-specific response to in- 
terferon, is localized on the human chromosome 21 and that 
trisomic cells including fibroblasts, monocytes, lymphocytes 
and NK cells have enhanced sensitivity to the effect of inter- 
feron [12, 14, 18, 41, 43, 44, 53, 59, 60, 63]. During MLC var- 
ious lymphokines, including interferon, are produced and the 
enhanced sensitivity of NK cells to interferon may contribute 
to their maturation, resulting in normal NK-like activity in the 
majority of DS subjects. An alternative hypothesis is that NK 
lymphocytes and precursors of NK-like cells belong to differ- 
ent subpopulations and PBMC from the majority of DS sub- 
jects include a normal number of the latter population. 

The relationship between T and NK cells is still a matter of 
debate [31, 45, 66]. However, some NK cell subsets show 
common steps of differentiation with T-cells [28, 38, 45]. In 
DS the defect in NK activity is associated with an abnormally 
high number of circulating H N K - 1 +  CD 3 + lymphocytes and 
with impairment of T lymphocyte function. It is conceivable 
that many immunological abnormalities of DS include (or are 
the result of) a derangement of the differentiation pathway 
leading to maturation of fully competent T and NK cells. 

In summary, the impaired NK activity of DS lymphocytes 
together with the T-cell defect may contribute to the high sus- 
ceptibility of infection and malignancy of trisomic children. 
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