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ABSTRACT Spontaneous cytotoxicity mediated by
natural killer (NK) cells is impaired in several human
diseases including systemic lupus erythematosus (SLE).
The precise mechanism(s) by which NK activity is sup-
pressed in patients with SLE is generally unknown.
The present study was designed to focus on cellular
defects per se in NK cells from patients with SLE. It
was observed that the usual enhancing effect of inter-
feron (IF) and IF inducers was markedly impaired in
SLE patients. Of 24 SLE patients studied, 17 had sig-
nificantly decreased NK activity relative to controls.
NK activity had a significant negative correlation with
clinical activity score (r = —0.56, P < 0.005) but was
not correlated with corticosteroid dose, antinuclear
antibody titers, total hemolytic complement (CH50),
or sedimentation rate. Furthermore, significant de-
pressions in NK activity correlated with variations in
disease activity in six patients followed serially. De-
pressed NK function could not be reversed by pro-
longed in vitro incubation at 37°C or with protease
treatment. Furthermore, depressed NK activity was
not altered by removal of glass adherent cells nor was
a suppression of NK activity in normal controls seen
by the addition of SLE peripheral mononuclear cells.
No reversal of depressed activity to normal levels was
seen by the addition of indomethacin nor did the su-
pernatants from SLE cell cultures cause a suppression
of normal NK function. NK activity in SLE patients
did not respond normally to IF inducers (poly-I:C and
concanavalin A) even if the SLE patients had normal
NK function. The response of SLE cells to exogenous
IF was also impaired. The number of effector-target
conjugates was quantitated with several target cells
(K562, Yac-1, Fravel) in SLE patients and controls. A
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significant correlation between the proportion of glass
nonadherent mononuclear cells that formed effector-
target conjugates with these various targets and the
magnitude of NK lysis was observed. However, SLE
and normal subjects had equal numbers of effector-
target conjugates independent of NK function. Release
of a soluble cytotoxic factor was induced with con-
canavalin A, and was markedly impaired in SLE pa-
tients relative to normal controls. Thus, impaired NK
cell function in SLE does not appear to be related to
cell-mediated suppressive mechanisms or to the dele-
tion of effector cells; rather, the decreased NK activity
may be related to an impaired release of a soluble
cytotoxic factor.

INTRODUCTION

Natural cytotoxicity is thought to be a distinct arm of
the host immune surveillance system (1) and may be
important in the elimination of tumors (2) and virus-
infected cells (3). The natural killer (NK)! cell is mor-
phologically a large granular lymphocyte (4) and can
be partially purified with a number of techniques (5).
It spontaneously binds to susceptible targets and ef-
fects rapid lysis (6). This progression of binding and
subsequent lysis can be directly visualized and fol-
lowed sequentially (7). NK cell-mediated cytotoxicity
is abnormal in a number of human disease states in-
cluding systemic lupus erythematosus (SLE) (8), Sjo-
gren’s syndrome (9), Chediak-Higashi syndrome (10),
malignant melanoma (11), and advanced epitheliod
carcinomas (12). In SLE the abnormalities in NK func-

! Abbreviations used in this paper: ALA, antilymphocyte
antibodies; CH50, total hemolytic complement; Con A, con-
canavalin A; E/T ratio, effector/target ratio; IF, interferon;
NK cells, natural killer cells; NKCF, NK cell cytotoxic factor;
SLE, systemic lupus erythematosus.
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tion can be profound (13, 14), and in that respect pres-
ent an ideal system for the study of derangements in
this host defense mechanism.

Various studies have implicated antilymphocyte an-
tibodies (ALA) (14) and immune complexes (13) in
the pathogenesis of the defect in NK activity found
in SLE. Primary abnormalities in lymphocyte function
have been described in SLE (15, 16), but cellular de-
fects per se in NK effector cells have not been thor-
oughly evaluated. In spite of the presence of ALA re-
active with NK effector cells (14), an actual in vivo
deletion of the mononuclear cell subpopulation re-
sponsible for NK activity has not been demonstrated.
In addition, many SLE patients with decreased NK
activity do not have detectable serum ALA (13).

This study was designed to investigate NK activity
in SLE and to focus on specific defects in the mono-
nuclear cells that mediate NK activity. It was observed

that the usual enhancing effect of interferon (IF) and
IF inducers was markedly impaired in SLE patients.
In addition, the release of natural killer cell cytotoxic
factor (NKCF) that mediates NK cell lytic activity
(17), was also abnormal.

METHODS

Subjects. All patients included in this study were fol-
lowed in the University of New Mexico Rheumatology Clin-
ics and fulfilled the strict criteria for SLE as defined by the
American Rheumatologic Association (18). The patients
were followed serially through exacerbations and remissions
over the course of 2 yr. Clinical data are included in Table
I. All SLE patients and controls were female. Clinical disease
activity was scored according to the method of Barada et al.
(19): 0 = no activity; 1 = mild clinical disease (fatigue, ar-
thralgias, mild skin rash); 2 = moderately severe disease, but
without manifestations of renal or central nervous system
involvement with the disease flare (polyarthritis, serositis,

TABLE 1
Patient Profile

Clinical® Sed $ Pred, NK!
Age activity score CH50% ANA rate dosage activity
mg qd
34 0 116 Diffuse 1:10 16 None 42.0
40 0 82 Diffuse 1:100 14 None 16.2
65 1 75 Diffuse 1:200 30 10 89.0
44 1 116 Negative ND None 443
52 1 100 Negative 30 10 35.0
42 1 125 Diffuse 1:50 40 10 50.5
37 1 100 Negative 24 None 42.6
42 1 ND Negative 56 5 44.6
38 1 52 Diffuse 1:200 14 None 30.5
54 1 70 Speckled 31 10 47.9
62 1 ND Speckled 31 10 52.5
19 2 57 Speckled 1:10 19 10 18.4
30 2 83 Negative 48 10 18.2
28 2 20 Speckled 1:400 32 40 36.0
32 2 62 Diffuse 1:400 32 10 17.7
32 2 95 Negative 26 10 20.9
42 2 75 Diffuse 1:10 30 20 15.8
30 2 105 Diffuse 1:40 20 None 30.0
26 2 41 Speckled 1:10 20 10 12.6
29 2 ND Diffuse 1:10 25 10 22.5
26 3 62 Speckled 16 60 15.8
38 3 20 Speckled 1:40 58 80 5.0
58 3 60 Negative 48 80 20.9
34 3 45 Diffuse 26 60 0.0

° Clinical activity was defined on a score of 0-3 as described in the Methods.

{ CH50, normal range 50-200.
§ Westergren method, normal <20.

' Expressed as percent *!Cr release at a 50:1 E/T ratio.
ANA, antinuclear antibodies; ND, not determined.
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rash); 3 = significant multisystem disease with renal and/or
central nervous system involvement.

Peripheral blood mononuclear cells (PBMC). PBMC
were isolated from heparinized whole blood by centrifu-
gation on Hypaque-Ficoll gradients (20). Cells from the in-
terface were washed three times with phosphate-buffered
saline, and resuspended in medium RPMI 1640 (Gibco Lab-
oratories, Grand Island Biological Co., Grand Island, NY)
with penicillin (100 1U/ml), streptomycin (100 ug/ml), and
10% heat-inactivated human AB serum. Cell viability was
>99% as determined by trypan blue exclusion and contained
from 2 to 20% monocytes by benzidine peroxidase staining
(21). PBMC at 5 X 10° cells/ml were resuspended in RPMI
1640 medium containing 10% human AB serum, placed in
glass wool columns (0.5 g glass wool in a 10-ml plastic syringe
barrel), and incubated for 30 min at 37°C. The glass wool
nonadherent cells were eluted with 15-ml of warm medium.
Final suspension contained 0-1% monocytes as determined
by peroxidase staining.

Protease treatment of PBMC. Mononuclear cells were
treated with protease (type XI, Sigma Chemical Co., St.
Louis, MO) as described by Lobo et al. (22). After incubation
with protease for 25 min at 37°C (1.2 mg protease/107 cells),
the cells were washed three times in media, resuspended at
5 X 10 cells/ml, and cultured overnight in media at 37°C.
Cell viability as determined by trypan blue exclusion
was >95%.

Poly-I:C and concanavalin A (Con A). Poly-1:C (p4136,
Sigma Chemical Co.) at 100 pg/ml and Con A (C-2010,
Sigma Chemical Co.) at 50 pug/ml were incubated with
PBMC for 16 h at 37°C before being placed in cytotoxic
assays. Cell viability was >96%.

Indomethacin. Indomethacin (Sigma Chemical Co.) was
dissolved in 95% ethanol at 10 mg/ml. The solution was then
diluted with RPMI 1640 as necessary to achieve the appro-
priate final concentrations. The small amount of ethanol in
the cultures did not affect cell viability or NK function. In-
domethacin at 1 ug/ml was incubated with PBMC for 16
h at 37°C. The cells were washed with media before use in
subsequent assays.

IF. PBMC were incubated with alpha IF (National In-
stitutes of Health standard, G023-90X-577, Bethesda, MD)
at 100 U/ml at 87°C for 30 min. Better augmentation of
cytolytic activity was obtained if IF was present throughout
the assay.

Supernatants. Normal control and SLE cells in RPMI
1640/10% AB serum were cultured at 1.25 X 10°¢ cells/ml
for 16 h. The supernatant was collected and then incubated
with fresh effector cells at 1.25 X 10 cells/ml of supernatant
for 2 h before placement in the NK assay.

Sequential addition of SLE cells to normal control cells.
SLE cells were added to normal control PBMC (2.5 X 10°
cells/well) in microtiter plates at the following SLE control
ratios: 0:1, 0.2:1, 0.4:1, 0.6:1, and 1:1. These preparations
were then cultured for 16 h before placement in the NK
assay.

NKCF release assay. NKCF was induced in a manner
similar to that described by Wright and Bonavida (17, 23).
Briefly, PBMC at 20 X 10° cells/ml in medium were incu-
bated with Con A at 5 mg/ml at 37°C for 36 h, subsequently
the supernatant was harvested after centrifugation at 400
g for 5 min. Supernatants were stored at —70°C until use,
at which time they were passed through a 0.45-um filter.
The NKCF activity of each supernatant was determined by
pipetting 1 ml of K562 targets suspended in fresh medium
at a concentration of 2 X 10° cells/ml and 0.1 ml of the
NKCEF supernatant into each of three wells of a sterile flat
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bottom microtiter plate. Control wells received, instead of
supernatant, 0.1 ml of either medium or medium with Con
A. For both controls, K562 viability at the end of the assay
was >95%. Plates were incubated at 37°C in 5% CO, for 48
h at which time K562 viability was determined by trypan
blue exclusion. A minimum of 200 cells were counted per
well, and the percentage of killed cells was determined. This
percentage reflected the relative cytotoxic activity of each
supernatant. Specificity of NKCF induced in this manner
was essentially identical to that described previously (23).

NK assay. K562 is a standard target for the human NK
assay (24) and was used extensively in this study. YAC-1 and
Fravel, two other continuous lymphoid cell lines, were also
used in some experiments. The medium used for continuous
culture was RPMI 1640, supplemented with 5% fetal calf
serum. Target cells at 5 X 10%/200 ul of fetal calf serum
were incubated with 0.1 ml Na,**CrO, (New England Nu-
clear, Boston, MA, sp act 1.0 mCi/ml) for 45 min at 37°C.
The cells were washed three times with RPMI 1640 con-
taining AB serum and then placed into the wells of round
bottom microtiter plates (Linbro Chemical Company, Ham-
den, CN). Various numbers of effector cells were added to
5,000 labeled target cells, such that the effector/target (E/
T) ratios were 100:1, 50:1, and 25:1. Final volume in each
well was 200 ul. The plates were incubated for 4 h at 37°C
and then centrifuged at 2,000 rpm for 10 min. 100 ul of
supernatant was removed and placed in borosilicate glass
tubes, and counted in an automatic gamma scintillation
counter. Spontaneous release was assessed by a series of wells
containing no effector cells. Maximum release was obtained
by treating a series of wells with Lyzerglobin (J. T. Baker
Chemical Co., Bethlehem, PA). The percentage of NK ac-
tivity was calculated as follows: Percent NK activity = ex-
perimental 3!Cr release — spontaneous *'Cr release/maxi-
mum *'Cr release — spontaneous !Cr release X 100.

Effector-target conjugates. Effector-target conjugates
were quantitated in a manner similar to that described by
Roder et al. (6). Briefly, 5 X 10° targets were suspended in
RPMI 1640 without serum and 1 mg of fluorescein isothio-
cyanate (BDH, Chemicals Ltd., Poole, England) dissolved
in 1 ml of normal saline was added. The cells were incubated
on ice for 15 min, and then washed three times with cold
RPMI 1640. 2.5 X 10° fluoresceinated targets were added
to 2.5 X 10° glass wool nonadherent PBMC and the mixture
was centrifuged at 400 g for 3 min and then incubated on
ice for 2 h. Effector-target conjugates were identified on a
fluorescent microscope. Adventitious associations between
cells were eliminated by gently tapping the slide or coverslip.
400 cells were counted in each sample. At a 1:1 E/T ratio,
the percentage of effectors that bound to target cells was
counted. At a 50:1 E/T ratio the proportion of targets with
adherent effector cells was measured.

Statistical methods. The two-tailed Student’s ¢ test was
used to determine the significance of differences between
the means of two groups. Linear regression analysis was used
to compute linear correlation coefficients (r values) and P
values between two variables.

RESULTS

NK function in SLE. NK activity in SLE patients
as a group was significantly decreased relative to nor-
mal controls (Fig. 1) at three different E/T ratios
(P < 0.05). Of the 24 SLE patients studied, 17 had
significantly decreased NK activity relative to controls.
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FiGuRE1 NK activity in SLE and normal controls. Bargraph demonstrating decreased NK
activity in SLE relative to normal controls at three different E/T ratios (mean+SE). SLE patients

n = 24; controls n = 30.

NK activity had a significant negative correlation with
the clinical activity score (r = —0.56, P < 0.005) (Fig.
2), but was not correlated with corticosteroid dose,
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FiGurRE 2 SLE NK activity vs. clinical activity score. Graph revealing the significant linear
correlation (r = —0.58, P < 0.005) between SLE disease activity and NK activity (mean+SD).

SLE patients n = 24.
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antinuclear antibody titers, total hemolytic comple-
ment (CH50), or sedimentation rate. Six patients with
decreased NK were followed serially during disease
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exacerbations and clinical remissions (Table II). Im-
portantly, patients with decreased NK tended to con-
tinue to show decreased NK when studied later, even
during remissions. In addition, severely depressed NK
activity was associated with clinical exacerbations in
SLE disease activity in all six patients. These differ-
ences were highly significant (P < 0.05). Thus, it ap-
pears that SLE disease activity is closely related to
deranged NK function.

Effect of 24-h incubation. In an effort to see if

soluble factors adherent to the cell membrane might.

be responsible for decreased NK activity, SLE and
normal control PBMC were incubated at 37°C for 24
h, washed, and then placed into the NK assay. There
was no significant change in NK activity at 0 vs. 24
h for either SLE or normal controls (Table III). Sim-
ilarly, the differences between patients and controls
persisted after 24-h incubation.

Depletion of glass adherent cells. SLE patients
showed a slightly increased percentage of monocytes
in the mononuclear cell suspensions as determined by
peroxidase staining, but this difference was not sig-
nificant (SLE = 16.8+6.0%, normals = 11.84+5.0%,
P > 0.10). There was no clear correlation between NK
activity and percentage of monocytes in either patients
or controls. Removal of glass wool adherent cells in-

TABLE 11
Serial Studies of NK Function in SLE

Clinical
activity score

Patient

identification ~ NK* activity Description of exacerbation

lag 24.9+5.3 1 Nephritis, rash, arthralgias
1b§ 15.8+10 3
2a 29.8+10.4 2 Serositis, arthritis, vasculitis,
2b 0.0£+10.0 3 rash
3a 22.5+19.6 1 Rash, discoid lupus,
3b 4.2+43.2 2 arthralgias
4a 56.1+9.0 1 Rash, arthralgias
4b 12.7+6.5 2
5a 17.7x11.4 1 Rash, arthralgias
5b 12.4+3.9 2
6a 18.4+4.4 1 Rash, arthralgias
6b 5.5+15.9 2
Mean+SD
a 28.2+14.4
b 8.4+06.0

° Expressed percent chromium release mean+SD. Six patients were
studied serially during remissions and exacerbations in disease ac-
tivity.

{ a represents clinical remission.

§ b represents clinical exacerbations.
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TaABLE III
Effect of 24-h Preincubation and Removal of Glass Wool
Adherent Cells on NK Activity

Effect of 24-h preincubation

Before After
Normals 51.9+16.0° 50.0+10.8 (P > 0.10)
SLE 27.0£1.0 24.5+13.1 (P > 0.10)

Effect of removal of glass wool adherent cells

Before After
Normals 26.2+13.4% 29.3+17.4 (P > 0.10)
SLE 18.6+12.3 23.2+15.2 (P > 0.10)

° Mean+SD at 50:1, E/T ratio, six patients.
{ Mean=SD at 25:1, E/T ratio, six patients.

creased NK activity slightly in both controls and SLE
patients, but this change was not significant (Table III).

Effect of protease treatment. Because of the pos-
sibility of inhibitory proteins binding to effector cells,
PBMC from six SLE patients were treated with pro-
tease and then incubated for 24 h before use. SLE
PBMC increased slightly in NK activity: before pro-
tease 8.52+6.7%, after protease 17.9+19.2%, but this
difference was not significant (P > 0.10). Similarly,
PBMC obtained from six matched controls did not
change activity when treated with protease: before
protease 33.5+15.6%, after protease 32.2+9.2%
(P > 0.10).

SLE cell culture supernatants. In an effort to de-
termine if SLE cells produced soluble suppressor sub-
stances that could inhibit NK activity, 24-h undiluted
supernatants from SLE PBMC were incubated with
normal control PBMC for 2 h before the NK assay. At
a 25:1 ratio, there was no discernible change in NK
activity: normal supernatants = 29.8+9.8%, SLE su-
pernatants = 28.3+14.4% (P > 0.10). Thus, unstimu-
lated SLE PBMC do not produce significant NK sup-
pressive factors during a 24-h culture.

Addition of SLE cells to normal PBMC. SLE
PBMC were added to normal control PBMC in various
ratios as described in the Methods in order to inves-
tigate the possibility of suppression by a direct cell-to-
cell contact. No suppression by such addition was ob-
served.

Indomethacin effect. Indomethacin, a prostaglan-
din synthetase inhibitor, was added to cultures to dis-
cern if prostaglandins might be responsible for the
depression of SLE-associated NK activity. Addition of
indomethacin caused a significant increase in NK ac-
tivity after 16-h incubation in both normal controls
and SLE patients (P < 0.05). This enhancement was

W. L. Sibbitt, Jr., P. M. Mathews, and A. D. Bankhurst



not noted with a 2-h preincubation with indomethacin.
SLE patients did not increase to normal levels of NK
activity. Normal controls and patients responded to
indomethacin in a similar fashion, normals increasing
by 16.5+16.7%, and SLE patients increasing by
11.9+9.5%. The response to indomethacin in both
groups was not significantly different (P < 0.10).

Addition of poly-1:C and Con A. Poly-I:C and Con
A are known inducers of IF production (25, 26). These
inducers were incubated with PBMC suspensions and
cultured for 16 h before determination of NK activity.
As can be seen from Fig. 3 normal controls responded
to poly-1:C far better than SLE patients. At a 50:1 ratio
the percent increase in lysis was as follows: normal
= 20.00+16%, SLE patients = 4.0+£15.7% (P < 0.01).
This effect was similar at different ratios. The effect
of Con A on NK was essentially identical to that of
poly-1:C. In addition, the difference between the nor-
mal and SLE groups became even more significant
after addition of IF inducers: normal = 61+16.3%,
SLE patients = 26.3+22.0% (P < 0.01). Remarkably,
six SLE patients with normal base-line NK activity did
not respond normally to poly-I:C: base-line SLE
= 48.90+£5.5%, SLE + poly-I:C = 51.77+13.6% with
a mean increase of only 2.87%. Thus, SLE patients in
general did not appear to respond well to IF inducers,
regardless of the unstimulated NX activity.

Effect of IF. To investigate a possible abnormality
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in response to IF, exogenous a-IF was added to PBMC
before the addition of targets. Response to IF was
highly variable in both normal controls and SLE pa-
tients, but as a group normal controls demonstrated
a greater increase in IF-induced NK enhancement.
Normals increased 12.2+10.1% in total lysis vs. SLE
that increased only 2.5+10.0% (P < 0.05) (Fig. 4).
Thus, PBMC from SLE patients do not respond well
to IF.

Effector-target conjugates. Effector-target conju-
gates were quantitated to establish if there were ab-
normalities or an absence of cells capable of binding
the K562 targets. First, normal glass wool nonadherent
mononuclear cells were tested for lytic capability
against cell lines either resistant or susceptible to NK
lysis. Simultaneously, the percentage of lymphocytes
forming effector-target conjugates was determined. As
can be seen from Table IV, only K562, the line sus-
ceptible to NK lysis, was readily bound by the mono-
nuclear cells. Thus, binding as has been shown pre-
viously (6), is a necessary step in NK lysis, and this
particular visual assay was sensitive enough to detect
such differences in target-effector binding. Next, the
same assay was repeated in six normal controls and six
SLE patients (Table V). Although significant differ-
ences in NK activity were again evident, there are no
significant differences in the number of effector-target
conjugates. Thus, the population of glass wool non-

[::::] NORMAL
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POLY-1:C CON A

N SLE

N SLE N SLE

FIGURE 3 Effect of poly-I:C and Con A on NK cells in normal controls and SLE patients.
Bargraph showing effect of poly-I:C and Con A on NK activity in normal controls (n = 30)
and SLE (n = 23) lymphocytes at a 50:1 E/T ratio (mean+SE).
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FiGURE4 Effect of IF. Bargraph demonstrating impaired response to exogenous IF in SLE

(n = 23) at a 25:1 E/T ratio (mean*SD).

adherent cells capable of binding the K562 target and
hence possessing the potential of lysing this target were
not significantly decreased in SLE.

NKCF release. NKCF release as measured by the
percent lysis of K562 cells by Con A supernatants was
19.1+4.1% in SLE patients (n = 8) and 36.3+6.5% in
normal controls (n = 6). This difference is significant
(P < 0.05). Interestingly, three SLE patients with nor-

TABLE IV
NK Activity and Number of Effector-Target Conjugates
with Different Targets

mal base-line NK activity, but an impaired response
to IF and IF inducers had an average NKCF release
of 25.0+4.0%. This is below that noted for normals and
yet above that found for SLE patients with impaired
base-line NK cell function.

DISCUSSION

This study confirms that NK activity in SLE patients
as a group was markedly decreased relative to normal

TABLE V
Effector-Target Binding in SLE

Cell line K562 YAC-1 Fravel
Percent °'Cr release ~ 46.2+6.32° 15.6+19.6 4.68+8.8
(P < 0.02) (P < 0.02)
Effector-target 13.1+2.0% 4.6+3.6 5.2+3.2
conjugates (P < 0.02) (P < 0.02)

® MeanxSD, E/T ratio 25:1. Each experiment was performed in
quadruplicate with four different normals.
{ Mean£SD, E/T ratio 1:1. Each experiment was performed in
quadruplicate with four different normals.
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Percent effector-target conjugates

Percent lysis 50:1° 1:1°

Normal control

n==6 45.3+11.5¢ 20.6+10.9 11.5+2.5
SLE

n==6 25.0+14.8% 16.1+10.1 9.8+2.9
P <0.05 >0.20 >0.20

° E/T ratios used for this visual assay (Methods).
{ Mean=SD, E/T ratio 50:1 (K562).
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controls (13, 14). No correlations were found between
commonly measured laboratory parameters; however,
the clinical activity score was significantly correlated
with decreases in NK activity. Moreover, certain pa-
tients with markedly decreased NXK activity tended to
have abnormal NK function even during disease re-
missions. Exacerbations in these patients were asso-
ciated with a definite decrease in NK function. No
relationship was found between corticosteroid dose
and NK activity. These findings are in agreement with
those of Hoffman (8) and Karsh et al. (18). Disease
exacerbations in SLE are associated with increased
circulating immune complexes and ALA, both of
which have been implicated as a cause of depressed
NK activity in SLE (13, 14). It is no surprise, then,
that disease exacerbations should be associated with
a decrease in NK function.

A decrease in NK activity in SLE could be the result
of several factors, including the presence of suppressor
cells, increased numbers of monocytes, inactivation of
effector cells, inhibition of effector-target binding, or
actual depletion of the NK effector population. Results
presented here provide no evidence for the importance
or presence of suppressor cells as a cause of the defect
in NK activity in SLE. The sequential addition of SLE
cells to normal cells, the 24-h preincubation of SLE
cells, or the addition of 24-h supernatants from SLE
cells to normal cells demonstrated nothing that could
confirm the presence of a cell-mediated suppressive
mechanism.

In certain disease states monocytes can be selectively
enriched by Ficoll-Hypaque separation and can in-
terfere with in vitro assays of lymphocyte function
(27). Indeed, the percentage of monocytes in SLE was
greater than normal controls. However, removal of
monocytes by glass-wool adherence did not result in
an increase in NK activity for either SLE patients or
controls. Monocytes can also secrete prostaglandins
(28), and certain prostaglandins are highly suppressive
of NK activity (29, 30). Indomethacin caused a sig-
nificant increase in NK activity in both patients and
controls, presumably from inhibition of base-line pro-
duction of prostaglandins. This increase did not correct
the SLE NK abnormality relative to normals, implying
that the basic defect is not due to increased prosta-
glandin synthesis in SLE with subsequent NK suppres-
sion.

In this study, effector-target conjugates were quan-
titated and there was no statistical difference between
SLE patients and normal controls, despite concomitant
differences in NK activity. Thus, SLE lymphocytes
seem to bind to tumor targets as frequently as normal
lymphocytes. These findings imply inactivation or dys-
function of at least a portion of the NK effector cells.
The presence of serum lymphoreactive antibodies and
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immune complexes could certainly account for some
of the observed dysfunction of the NK cell in SLE.
Winchester et al. (31) reported that overnight culture
of SLE lymphocytes was an efficient procedure for the
removal of adsorbed autoantibody. Merrill et al. (32)
also reported that the NK suppressive effects of im-
mune complexes can be reversed by overnight culture.
In our study, however, overnight incubation of SLE
cells or treatment with protease did not influence NK
activity significantly. This suggests that although ALA
and immune complexes may be important in the
pathogenesis of some observed decreases in NK activ-
ity in SLE, other inhibitory mechanisms must also be
present and are not easily reversible.

NK activity in SLE could be decreased due to re-
duction or deletion of circulating NK effector cells.
The NK cell is reported to have Fc receptors, and,
indeed, there are reports of decreased numbers of Fc
receptor-bearing cells in SLE (83). In addition, the
frequency of L cells (which possess NK activity), is
also reported to be decreased in SLE (34). Deletion of
effector cells is certainly consistent with the data of
Goto et al. (14) who reported lymphocytotoxic anti-
bodies reactive against NK effectors. Our study, how-
ever, despite considerable differences in NK activity
shows no significant differences in cells binding the
K562 target. Recent studies in our laboratory with the
monoclonal antibody HNK-1 has confirmed that the
population of cells responsible for NK are not de-
creased in SLE (85). This implies that there is at least
no gross deletion of effector cells in SLE.

SLE lymphocytes did not respond normally to ex-
ogenous IF. This lack of NK enhancement by IF in
SLE patients was also seen in some patients with nor-
mal resting NK function, as well as those with de-
creased NK activity. These results are consistent with
those of Fitzharris et al. (36). IF is thought to enhance
NK activity by increasing recycling and also by re-
cruitment of pre-NK cells (37, 38). Thus, after expo-
sure to IF, pre-NK cells are converted into active NK
cells and existing NK cells become more active. The
poor response to IF noted in some patients with normal
base-line NK implies that either the IF response mech-
anisms are blocked in some manner or that other over-
riding inhibitory processes are involved.

Serum IF levels have been reported to be elevated
in SLE (39). Because of elevated endogenous levels of
IF, the NK enhancement may have already occurred
in SLE lymphocytes and thus additional exogenous IF
would have little effect in further enhancing already
elevated lytic activity. However, our findings are not
consistent with this possibility. First, SLE sera tends
to suppress, not enhance, NK activity. Second, the ef-
fect of IF is transitory if washed from the effector cell
(37). In our study after 24-h incubation no decrease
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in NK activity was noted in SLE lymphocytes. This
implies that IF-mediated enhancement had not been
present. Third, the supernatants from SLE lympho-
cytes cultured overnight did not enhance normal NK
activity implying that base-line IF production in SLE
lymphocytes is quite low. Finally, the concentrations
of IF used in these experiments were 200 U/ml, which
were higher than those in SLE sera reported by Hooks
et al. (89). Thus, the lack of response to IF in SLE
appears to be a primary abnormality and not an ar-
tifact produced by previous IF priming.

The IF inducers poly-1:C and Con A did not enhance
NK activity normally in SLE. This in itself is not sur-
prising since SLE cells do not respond to IF in a normal
manner. However, recently Neighbour et al. (40) have
reported decreased IF production in SLE leukocytes
when stimulated with IF inducers. We have confirmed
this recently in our laboratory. This abnormality cer-
tainly compounds the perceived complexity of NK
modulation in SLE. It implicates abnormalities in both
NK effectors as well as other cells that produce IF.

Wright and Bonavida (17, 23) have recently de-
scribed the existence of soluble cytotoxic factors re-
leased by NK cells that mediate lysis of NK cell sen-
sitive tumor targets. These cytotoxic factors (NKCF)
can be released into the supernatant on exposure to
various mitogens (23). Presumably to effect lysis, an
NK cell must first bind to a sensitive tumor target and
then release NKCF that acts on the cell membrane of
the target and results in lysis. Our study has demon-
strated that there is no depletion of target binding cells
in SLE, rather, there is a marked decrease in NKCF
release. This demonstrates for the first time that im-
paired NK function noted in SLE may be secondary
to a defect on the cellular level that results in impaired
release of a soluble cytotoxic factor.
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