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MECHANISMS OF DECREASED ANTIBODY-DEPENDENT
CYTOTOXICITY MEDIATED BY MONOCYTES AND NEUTROPHILS
IN ATOPIC DERMATITIS
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Abstract. By using IgG-sensitized erythrocytes as target
cells, we found the antibody-dependent cytotoxicity
mediated by monocytes and neutrophils to be depressed
in atopic dermatitis. This change was accompanied by
a reduction of phagocytosis of target cells by the effector
cells. and also by a decreased lysozyme liberation from.
and hexose monophosphate shunt activation in. the
effector cells during the cytotoxic reaction. However.
the binding of target cells to effector cells remained nor-
mal. In individual patients. cytotoxicity and phagocytosis
were equally depressed. No relation was found between
cytotoxicity and lysozyme liberation in atopic dermatitis.
but a relation between cytotoxicity and hexose mono-
phosphate shunt activity was highly significant. These re-
sults suggest that the decreased cytotoxicity mediated by
monocytes and neutrophils in atopic dermatitis is caused
by a diminished production of oxygen radicals during
the respiratory burst. This reduced respiratory burst was
not due to any defect in the enzymes responsible for
this process. since the superoxide production of mono-
cytes and neutrophils stimulated with phorbol myristate
acetate was tound normal in atopic dermatitis. it therefore
seems that although binding of target cells to eftector
cells was normal. the signals created by the binding pro-
cess were defective in activating monocytes and neutro-
phils in atopic dermatitis.
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In atopic dermatitis (AD) the in vitro function of
monocytes determined as antibody-dependent cell-
mediated cytotoxicity (ADCC) has been found to
be depressed (12. 15). This defective ADCC in AD
is caused by neither humoral factors (15) nor lym-
phocytes (16). The cyclic AMP response elicited in
monocytes has been found diminished in AD, but
ADCC did not correlate with the cyclic AMP re-
sponse (16).

The aim of this study was. therefore. to investi-
gate whether any of the processes involved in

ADCC. viz. binding of target cells. degranulation.
activation of the hexose monophosphate shunt. and
phagocytosis (5. 6. 7. 10). were disturbed in AD.
and to examine whether similar defects could be
found in neutrophils.

MATERIALS AND METHODS

Patients

14 patients (7 females and 7 males) were studied. Their
age ranged between 13 and 31 years with an average
of 24 years. All had atopic dermatitis with typical
cutaneous morphological characteristics and distributions
ot lesions. Cutaneous infections had not been clinically
apparent for at least 2 months. The extent and severity
of the dermatitis were graded according to Rogge &
Hanifin (17). Both variables were quantificd on a scale
of 1 to S. Most of our patients had moderate AD with
an average score for severity ot 2.5 and for extent. 1.7.
Four of the 14 patients had a past history of allergic
rhinitis and/or asthma. None had received systemic treat-
ment; all were being treated topically with hydrocortisone
or hydrocortisone-butyrate. Seven heaithy individuals
with an age and sex distribution comparable to the patient
group served as controls.

Isolation of monocxtes and neutrophils

Monocytes and neutrophils were isolated from heparin-
ized venous blood as described elsewhere (4, 13). In
esterase-stained preparations 89% to 97% (mean 93 %)
of the recovered mononuclear cells were monocytes.
@ccasionally 1-3% neutrophils were present. Judged by
morphological criteria the isolated neutrophils were more
than 96 9% pure.

Antibody-dependent cell-mediated cxtotoxicity

The assay was performed as described previously (14).
The tests were set up in duplicate in volumes of 300 ul.
Cytotoxicity was measured as *'chromium-release from
prelabelled human type A erythrocytes sensitized with
human hyperimmune anti-A serum. By subtracting the
release in control tubes containing no phagocytes the
specific cytotoxicity was defined. Results were expressed
as the number of targets lysed per phagocyte:
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Table 1. Events during antibodyv-dependent cviotoxicity mediated by monocytes and neutrophils in

atopic dermatitis

Atopic dermatitis
(n=14)

Healthy controls
(n=7)

Monocytes
% rosette forming cells®
Phagocytosis (erythrocytes ingested per monocyte)*
Cytolysis (erythrocytes lysed per monocyte)”
% lysozyme liberation®
cpm "C@®, from [1-'*Clglucose”

Neutrophils
Phagocytosis (erythrocytes ingested per neutrophil)®
Cytolysis (erythrocytes lysed per neutrophil)”
% lysozyme liberation®
cpm MCO, from [1-*Clglucose?®

88+2
0.46+0.03%*
0.58+0.03**
18.7+1.5*
2.29%10°+0.16**

90+2
0.62+0.03
0.78+0.02

3.19x10°x0.07

0.53+0.03 ¥* 0.74+0.03
0.72+0.05** 0.98+0.03
20.0+1.5* 24.1%£1.7
3.58x10%£0.25** 511 x10°£0.17

2 1x10° monocytes were incubated with | G (v/v) erythrocytes sensitized with [gG for 15 min at 20°C.
% 1x10% phagocytes were incubated with 4x 10° erythrocytes sensitized with [gG for 30 min at 37°C.

* p<0.03. ** p<0.0l.

number of targets X specific cytotoxicity

number of phagocytes

Phagocytosis

For determination of phagocytosis the method of
complement-mediated lysis described by Holm (8) was
adopted. After incubation at 37°C under the same
conditions as for ADCC, the tubes were chilled in ice
water, and | mM iodacetamide was added in order to
stop further phagocytosis and lysis. Non-phagocytosed
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Fig. |. Relation between monocyte cytotoxicity ana
neutrophil cytotoxicity in 14 patients with atopic dermati-
tis (R=0.84. p<0.01). 1x10° phagocytes were incubated
with 4x 10> erythrocytes sensitized with IgG for 30 min
at 37°C.
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erythrocytes were then lysed by reincubation at 37°C
with a 10-fold dilution of fresh human serum.

After 30 min with frequent agitation. half of the super-
natant was withdrawn. This supernatant (P) and the resi-
due (R) were counted in a gamma counter. Controls
were included as for the ADCC assay. Phagocytosis
was calculated as the fraction of targets protected from
complement-mediated lysis:

(R cpm—P cpm)
Phagocytosis = ———
R cpm + P cpm

In control tubes without anti-A serum. phagocytosis was
almost nil. Results were expressed as the number of target

cells phagocytosed per phagocyte:

number of targets X phagocytosis

number of phagocytes

Hexose monophosphate shunt

1C@®, liberation from [1-"*Clglucose during the ADCC
reaction was measured by incubating the cells in the
presence of 1 mM labelled glucose. specific activity 2.2
mCi per mmole. After 30 min the reaction was terminated
by injecting 100 ul 1 N NaOH through the caps into the
reaction mixture. After | hour the content of each tube
was withdrawn and transferred to a conical flask con-
taining 800 Il 1 N HCI. The flask was immediately
sealed with a rubber cap and the killed reaction mixture
and the I N HCI were mixed to drive out the CO, dis-
solved. A centre well, | cm in diameter, contained 400 wul
1 NaOH for the absorption of CO,. After standing over-
night in a shaking bath, the content of the centre well
was withdrawn and counted in 19 ml Instagel. We have
previously demonstrated that *CO, liberation from
[6-**C]glucose is unchanged during ADCC. Thus, the
stimulation of '*CO, liberation from [1-**CJglucose reflects
activation of HMPS. (5)
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Degranulation

Degranulation was determined as the liberation of lyso-
zyme from monocytes and neutrophils during ADCC.
Assay mixtures were incubated as for the cytotoxicity
assay. After 30 min 200 ul of the supernatant was with-
drawn for assay of lysozyme and lactate dehydrogenase
(LDH). Total lysozyme and LDH were measured after
ultrasonic disruption of unstimulated cells in 0.2 % Triton-
X-100. Lysozyme was measured turbidometrically by
the lysis of Micrococcus lysodeikiicus (11). LDH was
measured as described by Bergmeyer (1). Liberation was
expressed as a percentage of the total amount of enzyme
in unstimulated cells.

Superoxide production

Phorbol myristate acetate (PMA) stimulation of super-
oxide production was measured as described elsewhere
(3) by monitoring the increase in absorbance at 550 nm
of a cell suspension containing 0.2 mM cytochrome ¢.

Binding of 1gG-sensitized erythrocytes

The ability of monocytes to form rosettes with erythro-
cytes sensitized with 1gG was determined as described
previously (9). After incubation at 20°C for 15 min, acri-
dine orange was added and, under the fluorescent micro-

scope, monocytes with at least 3 erythrocytes attached
were counted as rosettes.

Statistical analysis

Statistical significance was assessed by using Wilcoxon's
test for two samples. A p-value below 0.05 was considered
significant. Spearman's coefficient of rank was applied
in the correlation studies.

RESULTS
In Table I the processes involved in ADCC are
shown. Both monocytes and neutrophils exhibited
a slightly but significantly depressed ADCC in AD.

PHAGOCYTOSIS
(targets ingested per neutrophl }

In individual patients. monocytes and neutrophils
were almost equally depressed in their cytotoxic
activity (Fig. 1). The cytotoxic level was higher
in neutrophils than in monocytes. but in principle
nearly identical results were obtained for the two
types of phagocyte in AD (Table I). The depressed
ADCC was accompanied by depressed phago-
cytosis (Table I) and, in individual patients, ADCC
and phagocytosis were closely related (Fig. 2).

During the ADCC reaction both lysozyme libera-
tion from, and hexose monophosphate shunt acti-
vity in, monocytes and neutrophils were depressed
in AD (Table ). The ability to form rosettes with
1gG-sensitized erythrocytes was found normal in
monocytes (Table I), but it was not determined in
neutrophils from patients with AD.

We were not able to show any relation between
lysozyme liberation and ADCC in AD (R=0.31,
p>0.10 for monocytes; R=0.39, p>0.10 for neu-
trophils). However, a highly significant relation was
demonstrated between ADCC and hexose mono-
phosphate shunt activity (Fig. 3).

The superoxide production (mean £ S.E.M.) of
PMA-stimulated phagocytes was the same in AD
(2.7%£0.1, n=14 for monocytes; 13.2+0.1, n=14
for neutrophils) as in controls (2.6£0.1, n=7 for
monocytes; 13.41+0.1, n=7 for neutrophils).

DISCUSSION

Antibody-dependent cell-mediated cytotoxicity
with monocytes or neutrophils as effector celis is
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Fig. 3. Relation between cytotoxicity and hexose mono-
phosphate shunt activity in 14 patients with atopic
dermatitis. (A) Monocytes. R=0.84. p<0.001. (B) Neutro-

a complex reaction involving binding of the target
cells to effector cells and subsequent phagocytosis
and lysis of the target cells. During this reaction
the effector cells are stimulated as observed by both
the degranulation and the activation of the hexose
monophosphate shunt which closely accompany
the ADCC reaction (5).

Both lysosomal enzymes liberated during de-
granulation (7), and oxygen radicals formed dur-
ing the respiratory burst (5. 6. 10) have been as-
cribed arole as effector molecules in ADCC mediat-
ed by monocytes and neutrophils. The generation
of the oxygen radicals is attributed to a superoxide
forming system. which through the interaction of
NAD(P)"/NAD(P)H is connected to the hexose
monophosphate shunt as the donor of electrons
for the reduction of oxygen (2). We have previously
shown that there is a close relationship between
ADCC. activation of the hexose monophosphate
shunt. and superoxide production in cells which are
defective in their ability to generate superoxide (5).
Our findings that the activation of the hexose mono-
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(1-%* C)GLUCOSE OXIDATION
{cpm*COzx10-3)

phils. R=0.72. p<0,01. 1% 10° phagocytes were incubated
with 4x10* erythrocytes sensitized with 1gG for 30 min
at 37°C.

phosphate shuat during ADCC was depressed in
AD. therefore indicates that the generation of
reduced oxygen radicals during ADCC was defec-
tive. However. this did not result from abnormali-
ties in the enzymes responsible for the generation
of the respiratory burst. since superoxide produc-
tion induced by the soluble phagocytosis stimulator
PMA was normal in AD.

Although lysozyme liberation was depressed in
AD it did not correlate with the depression of
ADCC. Lysozyme liberation was taken as a para-
meter of the liberation of lysosomal enzymes.
Hence it cannot be the defective degranulation
which is responsible for the depression of ADCC
in AD.

The strong correlation between ADCC and hex-
ose monophosphate shunt activity indicates that it
is the defective generation of reduced oxygen radi-
cals which is responsible for the depression tound
in AD. However. the observation that the respira-
tory burst, degranulation, and phagocytosis all are
depressed in AD, despite normal binding of the



target cells to effector cells. points to a defective
mounting of the membrane signals which transduce
the Fc receptor stimulus into activation of the
effector cell. as being the primary defect in AD.
The same defect. in or near the cell membrane,
might be of importance in the activation of other
cell functions.
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