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SUMMARY

Peripheral blood lymphomononuclear cells (PBL) from 35 patients with Down's
syndrome (DS, trisomy-21; 25 institutionalized and 10 non-institutionalized) were
phenotypically characterized by means of various monoclonal antibodies. They included
a high percentage ofT lymphocytes with low avidity for sheep erythrocytes as well as an
extremely high percentage ofHNK-1 + cells and of lymphocytes reacting with the OKT8
and Leu 2a antibodies. The HNK-1 + cells of DS include four different subsets: (a)E+,
OKT3+, OKT8-, Leu 2a-; (b) E+, OKT3+, OKT8+, Leu 2a+; (c) E-, OKT3-, OKT8
Leu 2a- and (d) E-, OKT3-, OKT8+, Leu 2a+. Subsets (a) and (c) are also present in
PBL from karyotypically normal controls while subsets (b) and (d) have a phenotype
which has not been previously reported. These findings may be related to the triple
expression by trisomic cells of the receptor for interferon, which is coded by a gene located
on chromosome number 21. Alternatively, the high number of 'immature' NK cells ofDS,
possibly identical with pre-T lymphocytes, may originate from the congenital thymic
derangement associated with trisomy 21.
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INTRODUCTION

Patients with Down's syndrome (DS, trisomy-21) have an increased susceptibility to polytopic
infections (Oster, Mikkelsen & Nielsen, 1975), a high frequency of malignancies, especially
leukaemia (Krivit & Good, 1957; Miller, 1970) and increased frequency of autoantibodies (Burgio
et al., 1965; Fialkow, 1970; Baxter et at., 1975; Ugazio et al., 1977).

The clinical picture of DS has been associated with a combined deficiency of antibody and
cell-mediated immunity (Griffith & Silvester, 1967; Gordon, Sinha & Carlson, 1971; Burgio et al.,
1975; Lopez et al., 1975; Whittingham et al., 1977; Ugazio et al., 1978; Fekete et al., 1982). In
particular, lymphocyte responses in vitro to T cell mitogens (Burgio et al., 1975) and antigens
(Epstein & Epstein, 1980) are weak and the percentage of circulating E rosette forming cells
(E-RFC) is low (Burgio et al., 1975; Levin, Nir & Hogilner, 1975; Franceschi et al., 1978).

However we have previously reported that in DS, peripheral blood lymphocytes (PBL) include a
high percentage of lymphocytes with low avidity for sheep erythrocytes (Burgio et al., 1978, 1983).

In the present study, various subpopulations of circulating lymphocytes have been character-
ized in subjects with DS by using a series of monoclonal antibodies (MoAbs). Results show that
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Lymphocyte subpopulations in Down's syndrome
PBL ofDS include a very high percentage of cells expressing the HNK-1 antigen, a putative marker
of lymphocytes with natural killer (NK) activity (Abo & Balch, 1981) together with the OKT8 and
Leu 2a antigens, usually present on suppressor/killer T cells (Reinherz et al., 1980; Evans et al.,
1981).

These HNK- I+, OKT8 +, Leu 2a+ cells include at least two subsets: one reacts with the OKT3
MoAb, a pan-T reagent (Reinherz et al., 1979) and forms E rosettes, while the other does not react
with the OKT3 antibody and does not form E rosettes.

MATERIALS AND METHODS

Patients. Twenty-five institutionalized subjects with karyotipically documented DS (the age
ranged from 2 to 42 years; in particular seven subjects were less than 5 years old, four between 6 and
10, five between 11 and 20, nine between 21 and 42) and 25 age and sex matched controls with
normal karyotype living in the same institution were included in the study. Ten children
non-institutionalized (i.e. living at home) were also included in the study; the age ranged from 8
months to 7 years, three were males and seven females. Lymphocytes were isolated from
heparinized peripheral blood as previously described (Burgio et al., 1978).

Monocyte depletion. Monocytes were removed by plastic adherence as described (Nespoli et al.,
1980).

Preparation of T cell depleted and enriched fractions. T cell enriched (E+) and depleted (E-)
fractions were obtained by resetting PBL with 2-aminoethylisothiouronium bromide treated sheep
red blood cells (AET-E-RFC) as previously described (Indiveri et al., 1979; Maccario et al., 1981).

'Panning' technique. Fisher 30 x 15 mm polystyrene bacteriological Petri dishes were indivi-
dually coated with 2 pg of rabbit anti-mouse IgG (Flow Laboratories, Irvine, UK) diluted 1/10
with normal rabbit IgG as described by Wysocki & Sato (1978) and Reinherz et al., (1981) and kept
at 40C overnight. The plates were then washed four times with 5 ml of PBS, filled with PBS
supplemented with 2% FCS and maintained at 40C for 1-4 h. The medium was removed prior to
addition of the cell population. About 10-20 x 106 E- lymphocytes were spun and 1 ml of a 1/200
dilution of OKT8 MoAb was added to the pellet. The cells were incubated for 30 min at 40C and
then washed in PBS with 0.5% bovine serum albumin (BSA). The cell suspension was brought to a
concentration of 3-4 x 106/ml and 0 7 ml were applied to a single anti-mouse IgG coated plate. The
plates were incubated on a level surface at 4 C and after 30 min gently swirled; after a total of 60 min
the non-adherent population was removed with a Pasteur pipette swirling again the dish. To recover
the bound cells, after one washing the plate was filled with 10 ml PBS 2% FCS and the entire surface
of the plate was flushed using a Pasteur pipette. To remove bound antibody, washed cells were
treated for 1 min with saline brought to pH 3 with 2N HCl. The cells were then washed twice with
medium.

E rosettes. E rosettes (E-RFC) were assessed as previously described (Burgio et al., 1978).
Membrane immunofluorescence. The cells were characterized by MoAbs as previously described

(Maccario et al., 1983); OKT3, OKT4, OKT6, OKT8 antibodies were purchased from Ortho
Pharmaceutical Corporation (Raritan, New Jersey, USA) HNK-1 (Leu 7) and Leu 2a MoAbs were
purchased from Becton-Dickinson (Rutherford, New Jersey).

Double labeling with HNK-J and Leu 2a. T cell depleted and enriched lymphocytes were first
incubated with HNK-1 and stained with fluorescein labelled goat/mouse antiserum, the cell pellet
was then incubated with Biotinyl Leu 2a (Becton-Dickinson) for 30 min at 00C. After three spin
washes, 0-1 ml of rhodamine labelled avidin (Vector Laboratories) was added to the cells. The tubes
were maintained at0C for 30 min in the dark. After three further washes the slides were prepared.

RESULTS

The results obtained in the 25 institutionalized DS patients and 25 matched karyotypically normal
controls confirmed previous findings of a low percentage of E-RFC in DS; nevertheless the
percentages of OKT3+, OKT4+ and OKT6+ cells were the same in the two groups (Table 1).
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Table 1. Surface markers identified on PBL of 25 subjects with DS and 25 karyotypically normal controls

OKT4
E-RFC OKT3 OKT4 OKT8 Leu 2a OKT8 OKT6 HNK-1

DS 56+12 72+2 43+8 45+11 52+9 85+8 4+4 37+12
Controls 72+4 74+6 43+11 25+6 23+7 65+7 2+2 16+6
P <001 NS NS <0001 <0001 <0001 NS <0001

Results are expressed as mean values + s.d. of the percentage of positive cells.

The percentage of OKT8+, Leu 2a+ cells, putatively killer/suppressor T lymphocytes, was
significantly higher in DS than in controls. In DS the percentage ofcirculating lymphocytes reactive
with the HNK-1 MoAb, a marker of lymphocytes with NK activity, was more than twice the
normal value (Table 1). Similar results were obtained in the non-institutionalized children: the
percentage ofOKT8 + cells was 42 + 10 (age normal values 27 + 8) while the percentage of HNK- 1 +
cells was 38+12 (age normal values 12+ 7).

In all subjects with DS, the sum of the percentages of OKT4+ and OKT8+ lymphocytes was
higher than the percentage ofOKT3 + cells (known to include normally OKT8 + and OKT4+ cells),
whereas in controls this sum was lower than the percentage of OKT3+ cells. When PBL of DS
patients and controls were simultaneously exposed to a mixture of OKT4 and OKT8 MoAbs, the
percentage of positive cells was again lower than the percentage ofOKT3 + lymphocytes in controls
but higher in DS thus suggesting that PBL from DS include a subset ofOKT3 negative lymphocytes
reacting with the OKT4 or the OKT8 antibodies. To test between these two possibilities, PBL of
patients with DS and controls were first depleted of adherent cells and then separated in E-RFC
depleted (E -) and E-RFC enriched (E+) fractions. The E+ and E- fractions were then
characterized by reactivity with the OKT3, OKT8, Leu 2a and HNK-1 MoAbs (Table 2). After
E-RFC depletion, PBL from both DS and controls were substantially devoid of OKT3+ cells;
however PBL from controls were also devoid ofOKT8 + lymphocytes while PBL from DS included
a high percentage ofOKT8 + lymphocytes. Similar results were obtained with the Leu 2a MoAb. In
the E- fractions, the percentage of HNK- 1 + cells was higher in DS than in controls.

Table 2. Surface markers identified on E - and E + fractions in 10 subjects with DS and 10 karyotypically normal
controls

E E+

OKT3 OKT8 Leu 2a HNK-1 OKT3 OKT8 Leu 2a HNK-1

DS 6+4 33+11 31+9 48+7 90 44+5 43+8 46+13
Controls 3+2 2+2 0 27+7 90 30+3 31+4 12+7
P NS <0001 <0001 <0001 NS <0001 <0001 <0001

Results are expressed as mean values + s.d. of the percentage of positive cells.

In the E + fraction, the percentage ofOKT3 + cells was 90% in the two groups and the percentage
of both OKT8 +, Leu 2a+ and NHK-1 + cells was higher in DS than in controls. As reported in Table
3, double labelling with Leu 2a and HNK-1 MoAbs of E- and E+ fractions showed that in DS
almost all Leu 2a+ cells in the E- fraction were also HNK-1 + while in controls E- cells were

substantially devoid of Leu 2a +/HNK-1 + cells; on the contrary the percentage of HNK- +/Leu
2a - cells was the same in the two groups. In the E + fraction from DS, most HNK-1 + cells were also
Leu 2a+ but a subset of HNK-1+ cells did not react with the Leu 2a MoAb; the E+ fraction from
controls only included HNK-l + /Leu 2a- cells. In three separate experiments the OKT8+, Leu 2a+
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Lymphocyte subpopulations in Down's syndrome
Table 3. Double labelling with Leu 2a and HNK-1 MoAbs on E - and E + fractions in eight subjects with DS and
eight karyotypically normal controls

E- E+

Leu2a+ HNK- + HNK-l+/2a+ Leu2a+ HNK-1+ HNK-l+/Leu2a

DS 3+1 26+8 27+6 16+6 15+7 27+11
Controls 2+1 27+5 1+1 28+6 10+6 3+2

Results are expressed as mean values + s.d. of the percentage of positive cells.

cells present in the E- fraction were enriched by 'panning' with the Leu 2a MoAb: in all
experiments, more than 80% of the cells were OKT8+ and HNK-l+ with less than 1% of
contaminating OKT3+ lymphocytes.

DISCUSSION

The present study shows that PBL ofpatients with DS include a low percentage ofE-RFC, a normal
number ofOKT3 + cells, a high percentage ofOKT8+, Leu 2a+ lymphocytes and an extremely high
number of HNK-1 + cells. In fact the E- fraction of PBL from subjects with DS was found to
include a sizeable subset ofOKT3 - cells not present in PBL from controls and characterized by the
simultaneous expression of the OKT8, Leu 2a and HNK- I antigens. As HNK- I + cells are known to
express receptors with low avidity for sheep erythrocytes (West, Boozer & Herberman, 1978) the
presence of this subset may justify previous finding of a high percentage of lymphocytes with low
avidity for sheep erythrocytes in DS (Burgio et al., 1978); furthermore these cells are OKT8 + and
OKT3-, thus accounting for the finding that the combined percentages of OKT8+ and OKT4+
lymphocytes exceeds that of OKT3+ cells in DS but not in normal subjects. Derangements of the
OKT8 subset in DS have been reported in non-institutionalized children with DS by Gupta et al.
(1983); however, at variance with the present results, Gupta et al. (1983) have found low rather than
high numbers of OKT8+ cells. The reasons for this discrepancy remain to be established. The
percentage of HNK-l+ cells was higher in DS than in controls also within the E+, fraction.
HNK-l + cells include OKT8- cells also present in controls as well as OKT8+ cells usually not
found in karyotypically normal subjects. On the whole, the present data show that circulating
mononuclear cells from DS include at least four subsets ofHNK-1 + cells: (a) E +, OKT3 +, OKT8 -,
Leu 2a-; (b) E+, OKT3+, OKT8+, Leu 2a+; (c) E-, OKT3-, OKT8-, Leu 2a- and (d) E-,
OKT3-, OKT8+, Leu 2a+. Subsets (a) and (c) are also present in PBL from normal donors while
subset (d) has a surface phenotype which has not been previously reported and subset (b) has a
membrane phenotype normally found only among bone marrow lymphocytes. The mechanism
underlying the high number ofcirculating HNK- I + cells in DS as well as the appearance ofunusual
subsets of HNK-1 + lymphocytes are presently obscure.

Interferon (IFN) is known to increase NK activity (Herberman & Holden, 1978; Trinchieri &
Santoli, 1978; Silva, Bonovida & Targan, 1980; Targan & Dorey, 1980): the gene responsible for the
cellular response to IFN has been mapped on chromosome 21 (Tan, 1975) and the triple
representation of this gene in DS results in an increased susceptibility to IFN of trisomic cells
(Epstein & Epstein, 1980; Epstein, Lee & Epstein, 1980; Mogensen, Vignaux & Gresser, 1982). It
may be hypothesized that this hypersensitivity of trisomic cells to IFN is also the ultimate cause of
the high number ofNHK- I + cells in DS. An alternative explanation is that NK cells are massively
produced and/or released because of the high frequency of infections; however in the present study,
the percentage of HNK-1 + cells was not increased in karyotypically normal controls living in the
same institution and therefore exposed to the same microbial load as DS subjects. Furthermore
subjects with DS did not show an age-dependent increase of the percentage of HNK-1+ cells
although adults with DS have certainly experienced a higher number of infections than children.
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Abo et al. (1983) have suggested on the basis of ontogenetic and functional studies that the

HNK- 1, OKT3+ cells are in fact immature lymphocytes with low NK activity. The subset (d) of
HNK-lI, E-, OKT3-, OKT8+, Leu 2a+ cells shares several phenotypic features with a recently
described subset of neonatal lymphocytes (Maccario et al., 1983; Vitiello et al., 1983) characterized
by the phenotype HNK-1 -, E-, OKT3-, OKT8+, Leu 2a+ displaying NK activity; this neonatal
subset also expresses a membrane receptor for the peanut agglutinin (PNA), a marker of immature
cells (London, Berrih & Bach, 1978; Reisner et al., 1979). Furthermore, although this subset does
not react with the HNK-1 MoAb, it reacts with the MoAb B73 1 specific for NK cells (Perussia et
al., 1983a, 1983b). Thus, the subset of HNK-1 +, OKT3-, OKT8+, Leu 2a+ cells found in DS may
represent an early, immature stage of differentiation ofNK cells: in fact, although the number of
HNK-1 + cells is very high, NK activity in DS is not significantly different from that of controls
(Nurmi et al., 1982).

Roder, Karre & Kiessling (1981) have suggested that both NK cells and pre-T lymphocytes
originate at least in part from a common progenitor so that when the thymus is absent or hypoplasic
the impaired differentiation along the thymic axis leads to a preferential differentiation of the
common progenitor to NK cell. This may be the mechanism leading to the observed high NK
activity of the athymic nude mouse (Kiessling et al., 1976; Warner, Woodruff & Burton, 1977;
Minato et al., 1979). Patients with DS are known to suffer from a congenital dysplasia of the
thymus, manifested both morphologically (Benda & Strassman, 1965; Levin et al., 1979) and by an
impaired production of thymic hormonal factors (Handzel et al., 1979; Duse et al., 1980). The
presence in DS of a large percentage of NK cells together with the occurrence of a severe thymic
derangement further supports the hypothesis that NK cells are under the indirect control of the
thymus.

We wish to thank Mr A. Ascione for expert technical assistance and Ms M. G. Zambon for preparing this
manuscript. This work was partly supported by CNR, Rome.
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