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Children with the Chediak-Higashi (CH) syndrome are known to have abnormalities of natural killer (NK) cell function. We
used the HNK-1 monoclonal antibody that reacts specifically with human NK and K cells to distinguish whether this
abnormality was due either to a numerical deficiency of NK cells or a defect in their ability to function. In eight CH
patients, a significant proportion of their blood mononuclear cells (10--19%) expressed the HNK-1 differentiation antigen.
The level of NK cells in the five children with CH syndrome was higher than for age-matched normal controls (15.8% vs.
5.8%, P less than 0.001). When HNK-1+ cells were isolated with a fluorescence-activated cell sorter, the NK cells from
CH patients were a homogeneous population of lymphocytes with a single large granule rather than the multiple small
granules seen in Nk cells from normal individuals. The purified HNK-1+ cells from the CH patients had minimal NK or K
cell function. The CH syndrome thus includes a functionally defective population of NK cells that retain the capability of
expressing the HNK-1 differentiation antigen.
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A B S T R A C T Children with the Chediak-Higashi
(CH) syndrome are known to have abnormalities of
natural killer (NK) cell function. Weused the HNK-
1 monoclonal antibody that reacts specifically with
human NK and K cells to distinguish whether this ab-
normality was due either to a numerical deficiency of
NK cells or a defect in their ability to function. In
eight CH patients, a significant proportion of their
blood mononuclear cells (10-19%) expressed the HNK-
1 differentiation antigen. The level of NK cells in the
five children with CH syndrome was higher than for
age-matched normal controls (15.8% vs. 5.8%, P <
0.001). When HNK-1+ cells were isolated with a flu-
orescence-activated cell sorter, the NK cells from CH
patients were a homogeneous population of lympho-
cytes with a single large granule rather than the mul-
tiple small granules seen in NK cells from normal in-
dividuals. The purified HNK-1+ cells from the CH
patients had minimal NK or K cell function. The CH
syndrome thus includes a functionally defective pop-
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ulation of NK cells that retain the capability of ex-
pressing the HNK-1 differentiation antigen.

INTRODUCTION

Children with the Chediak-Higashi (CH)' syndrome,
an autosomal recessive disorder, have an increased fre-
quency of infections and decreased pigmentation (1).
The characteristic giant granules in the cytoplasm of
melanocytes and granulocytes is associated with the
functional derangement of these specialized cells. A
selective deficiency of natural killer (NK) cell function
has been described in CHpatients that may be related
to their susceptibility to infections and their increased
risk of malignancy (2-5). It has been suggested that
NK cells may be present but functionally defective in
affected individuals (2-4). Alternatively, it is possible
that CH patients lack normal numbers of NK cells.
These two possibilities were examined with a mono-

' Abbreviations used in this paper: ADCC, antibody-de-
pendent cell-mediated cytotoxicity; CH, Chediak-Higashi
syndrome; FACS, fluorescence-activated cell sorter; NK, nat-
ural killer.
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FIGURE 1 Characteristic large granule in NK cells from a CH patient. Mononuclear blood
cells, stained by the HNK-1 antibody and fluoresceinated F(ab)'2 anti-mouse immunoglobulin
were separated into HNK-1+ and HNK-1- cells by FACS. (a) HNK-1+ cells from a 4-yr-old
CHpatient, N.S. (b) HNK-1+ cells from a normal individual. (c) HNK-1- cells from the patient.
A single large cytoplasmic granule was seen in virtually all HNK-1+ cells from the patient,
while the HNK-1+ cells from the normal control contained multiple small granules. The HNK-
1- cells from both patient and normal control were agranular small lymphocytes.

clonal antibody (HNK-1) that selectively reacts with
a differentiation antigen on granular lymphocytes with
NK and K cell function (6, 7).

METHODS
Patients. The CHpatients and their clinical features have

been described elsewhere (8, 9). The characterisitic giant
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FIGURE 1 (Continued)

granule formation of melanocytes and granulocytes was
prominent in these patients, but the function of T and B
lymphocytes appeared normal.

Cell preparation and immunofluorescence assay. Mono-
nuclear cells were isolated from heparinized blood by Ficoll-
Hypaque density gradient centrifugation. HNK-1+ cells
were enumerated by indirect immunofluorescence using the
HNK-1 monoclonal IgM antibody (10 ug/ml) and fluores-
ceinated F(ab)2 anti-mouse immunoglobulin (0.4 mg/ml) as
described previously (6, 7). Enumerations were performed
using fresh cells from patients N.S. and R.Y., and on shipped
blood cells removed on the previous day from the other CH
patients. The frequency of HNK-1+ cells was unchanged for
control cell preparations over a 48-h period.

Functional assay. NKand K cell function was examined
by a 51Cr-specific release assay using K562 target cells and
sensitized chicken erythrocytes, as described previously (6).
Labeled target cells (10') were incubated at 37°C with ef-
fector cells suspended in a total volume 200 Il/well. Target
to effector cell ratios (T:E) ranged from 1:10 to 1:2.5 in the
NK cell assays and was a 1:10 ratio in all K cell assays. In
the assay for K cell function, 10 ;J of rabbit anti-chicken
erythrocyte antibody was added to chicken erythrocytes to
test for antibody-dependent cell-mediated cytotoxicity
(ADCC) (6). After a 4-h incubation, 100 Ml of supernatant
was removed for counting. Percentages of 5'Cr-specific re-
lease = 2(S - R)/M - 2R, where M is the maximum release
of target cells, S is half of the top supernatant of experiments
and R is half of top supernatant of target cell alone. Func-
tional assays were performed using fresh blood cells from
patient N.S., and with the same results using both fresh and
shipped blood cells from patient H.N.

RESULTS

10-19% of mononuclear cells in the CH patients ex-
pressed the HNK-1 antigen (Table I). Since circulating

NK cells (as defined by the HNK-1 antibody and func-
tional assays) increase as a function of age (7), the
values for CH patients were compared with age-
matched controls. The proportion of HNK-1+ cells in
five young children with CH syndrome was signifi-
cantly higher than in age-matched controls (15.8 vs.
5.8%, P < 0.001). In contrast, three older CHpatients
(ages 14-30 yr) had only slightly higher levels of HNK-

TABLE I
HNK-I+ Blood Mononuclear Cells Are Abundant in Patients

with Chediak-Higashi Syndrome

% HNK-1+
Donor Diagnosis Age Sex cells

A. Children

N.S. CH 4 M 18
H.N. CH 6 F 17
E.J. CH 6 F 18
J.C. CH 6 M 16
R.Y. CH 7 F 10
Controls

(n = 8) Normal 4-7 M + F 5.8±2.3

B Adolescents and adults

W.P. CH 14 M 19
Le.R. CH 29 M 19
La.R. CH 30 M 15
Controls

(n = 23) Normal 15-30 M + F 14.3±5.3
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FIGURE 2 Impairment of NK and K cell function by HNK-1+ cells from a CH patient. HNK-
1+ cells from CHpatient N.S. (- 0 -) were markedly defective in both NK and K cell functions
compared with HNK-1+ cells from a healthy donor (- * -). The sorted HNK-1+ and HNK-1-
cell fractions contained <1% monocytes; the whole mononuclear cell fraction in the patient
contained -15% monocytes.

1+ cells than did age-matched controls (17.7 vs. 14.3%,
P > 0.2).

The morphological and functional characteristics of
HNK-1+ cells were examined in greater detail using
mononuclear blood cells from the 4-yr-old patient N.S.
HNK-1+ and HNK-1- cells were purified with a flu-
orescence-activated cell sorter (FACS) and then stained
with May-Grunwald-Giemsa (Fig. 1). The sorted HNK-
1+ cells were a homogenous population of lymphocytes
containing a single giant granule (Fig. la). In contrast,
HNK-1+ cells from normal individuals contained mul-
tiple small granules in their cytoplasm (Fig. lb). HNK-
1- cells from the patient and from a normal individual
were primarily small lymphocytes containing no gran-

ules (Fig. lc). The morphological homogeneity of each
sorted fraction exceeded 96%.

Studies of HNK-1+ cells from normal individuals
have revealed the expression of HNK-1 antigen on

both the cell surface and in the cytoplasm (7). The
cytoplasmic HNK-1 staining appeared to increase as

a function of NK cell maturation. We therefore ex-

amined the cytoplasmic distribution of HNK-1 deter-

minants in surface HNK-1+ cells from CH patients.
A normal diffuse pattern of HNK-1 antigen expression
was noted in the majority (60%) of cells from affected
individuals. There was no concentration of HNK-1
antigen within the giant cytoplasmic granule.

Sorted HNK-1+ and HNK-1- blood mononuclear
cells were then examined for their NKand K cell func-
tional activities using K562 target cells and sensitized
chicken erythrocytes. The cytotoxic capability of ef-
fector cells was minimal in the 4-yr-old patient N.S.
(who had 16% HNK-1+ cells) compared with a normal
19-yr-old male with 10% HNK-1+ cells (Fig. 2). The
NK functional activity was depressed in the CH pa-

tient using both a total mononuclear cell preparation
and the purified fraction of HNK-1+ cells. Interest-
ingly, significant ADCCactivity was observed in the
whole mononuclear cell fraction (Fig. 2). This was

probably due to a 15% contamination by monocytes,
since minimal K cell activity was noted both in HNK-
1+ and HNK-1- cell fractions, which were depleted
of large unstained cells during the cell sorter separa-

tions. This data is consistent with previous studies dem-
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onstrating that ADCCactivity by monocytes was intact
in the CH patients, whereas K cell function in the
lymphocyte fraction was abnormally low (4).

The dissociation between the HNK-1+ cell level and
absent NK cell function was also demonstrated in an-
other CH patient H.N., using a discontinuous Percoll
density gradient technique as previously described
(10). HNK-1+ cells from this 6-yr-old CHpatient were
enriched into a low density fraction similar to those
of the normal donor. However, this fraction had a
depressed NK cell functional capability compared
with the control (data not shown).

DISCUSSION
The present results provide direct evidence in support
of previous proposals (2-4) that the abnormality in CH
patients is due to functionally defective NK cells. We
have found that lymphocytes expressing the HNK-1
differentiation antigen and characteristic granular
morphology, are present in normal or elevated levels
in CH patients. The expanded population of circulat-
ing HNK-1+ cells that we observed in young CH pa-
tients could reflect accelerated development of HNK-
1+ cells or excessive accumulation of functionally ab-
normal NK cells.

Highly enriched (96%), HNK-1+ CH cells isolated
on the FACSexhibited defective NKand ADCCfunc-
tion and were characterized by the presence of a single
large granule in their cytoplasm. On the other hand
neither macrophages nor T cells from CH patients
exhibited giant granules (Fig. lc and unpublished ob-
servations), whereas both effector cell types exhibited
normal frequencies and cytolytic functions (Fig. 2 [4]).
It seems likely, therefore, that giant granule in NK
cells may be closely linked to the functional defect.
The underlying mechanism of giant granule formation
is not known but may involve an abnormal inter-
action between the lysosome membrane and micro-
tubules (11).

The function of the HNK-1 antigen is not yet known
but it is probably not involved directly in the NK-
target cell interaction because NK activity was not in-
hibited by the HNK-1 antibody and inhibition of NK
cytolysis by mild pronase treatment did not affect the
expression of HNK-1 (6). It is interesting to note that
the distribution of intracellular HNK-1 antigen in CH-
NK cells was normal.

This study thus demonstrates that the recessive ge-
netic defect underlying the CHsyndrome affects lym-
phocytes expressing the HNK-1 differentiation anti-
gen. Previous studies have revealed abnormalities of
other granule-containing cells, e.g., granulocytes and
melanocytes (1). The CHdefect also affects functions
of these other cell types rather than their population
size. By contrast, T lymphocytes and macrophages in

CHpatients do not contain the giant granule, lack the
HNK-1 antigen and exhibit normal function. Our stud-
ies identify the mononuclear blood cells displaying the
characteristic giant granules, all of which express
HNK-1 antigen, as functionally defective NK cells.
These observations are consistent with the idea that
NK cells belong to a separate pathway of lymphoid
differentiation.
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