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Natural killer (NK) cell activity and blood mononuclear cell subpopulations were 
characterized in patients with Hashimoto’s thyroiditis (n = l l ) ,  Graves’ disease (n = 20), 
non-toxic goitre ( n  = 10) and in normal controls (n = 22). NK cell activity against K 562 
target cells and the capability of IFN-a, 11-2, and indomethacin to enhance NK cell 
activity in vitro did not differ significantly between the groups. The percentages of large 
granular lymphocytes, C D 5 + ,  C D 4 + ,  CD8+ and CD16+ cells were normal in 
patients with non-toxic goitre, Hashimoto’s and Graves’ diseases. There was no correla- 
tion between NK cell activities and TgAb, MAb and TSAb. Although NK cell activity is 
suppressed in several autoimmune diseases, NK cell function is normal in patients with 
autoimmune thyroid disorders. 
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Natural killer (NK) cells are functionally iden- 
tified by their ability to lyse a wide variety of 
targets. Morphologically they are identified as 
large granular lymphocytes (LGL) (18); anti- 
bodies reactive with Fc-IgG receptors, e.g. 
Leu 11 (CD16) identify essentially all NK 
cells (8). Interferon (IFN) (12) and interleukin 
2 (11-2) (11) enhance NK cell activity, while 
down-regulation of NK cells has been demon- 
strated with, e.g. certain prostaglandins (PG) 

Hashimoto’s thyroiditis and Graves’ disease 
are thought to be due to a basic immunologic 
defect; as yet the precise abnormality trigger- 
ing the chain of events leading to antibody 
production, thyroid gland structural abnormal- 
ities, and resultant thyroid function perturba- 
tions has not been defined (5). Calder et al. 
(6) and Bogner et al. (3) observed enhanced 
NK cell activity in Hashimoto’s and Graves’ 

(4). 

disease patients, whereas Papic et al. (13) 
found decreased NK cell activity in Graves’ 
disease, and Iwatani et al. (8) demonstrated 
decrease of peripheral LGL in Graves’ dis- 
ease. Sack et al. (16) and Pedersen et al. (15) 
demonstrated normal NK cytotoxicity against 
K562 target cells. As it is of great importance 
to determine whether NK cells play a role in 
the destruction of thyroid cells in autoimmune 
thyroid disease, we have extended this line of 
inquiry. We have further examined patients 
with Hashimoto’s and Graves’ diseases partly 
included in our previous publication (15). 

We have characterized baseline NK cell ac- 
tivity and the ability of IFN, 11-2 and the pros- 
taglandin-inhibitor, indomethacin, to enhance 
the cytotoxic activity of NK cell activity. Fur- 
ther, we determined the quantity of LGL and 
the proportion of CD5 + , CD4 + , CD8 + and 
CD16 + cells in patients with Hashimoto’s thy- 
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roiditis, Graves’ disease, non-toxic goitre and treated. The controls were euthyroid without a 
in controls. We have examined whether these 
immunological parameters correlate to the thy- 
roid function. 

PATIENTS AND METHODS 

Patients 

A total of 41 patients with various thyroid dis- 
eases and 22 healthy controls were studied. 
Patient characteristics are given in Table 1. 
The diagnosis of Hashimoto’s thyroiditis was 
based on the presence of a characteristic goitre, 
positive antithyroglobulin and/or antimicroso- 
ma1 antibodies, and evidence of thyroid failure 
with low thyroid hormones and high TSH. All 
patients, except three studied at diagnosis, were 
euthyroid on L-thyroxine. The patients with 
Graves’ disease all had diffuse uptake on Tc- 
scintigraphy and clinical and biochemical evi- 
dence of hyperthyroidism. Eleven of the pa- 
tients were studied at time of diagnosis while 
still untreated. The remaining nine were stud- 
ied after in median 12 months (range 4-36) of 
treatment with antithyroid drugs (thiamazole 5 
to 10 mg daily). The patients with non-toxic 
goitres were all euthyroid with a diffuse or 
multinodular scintigram, and all were un- 

goitre and received no medication. 

Thyroid function 

Thyroid function was evaluated by measure- 
ment of serum concentrations of total thyroxine 
(T4), total triiodothyronine (T3), T 3  uptake 
test (T3U) and thyrotropine (TSH) by radioim- 
munological methods previously described (8). 
Free T 3  and T 4  indices were calculated as total 
hormone concentrations multiplied by T3U. 
Presence of microsomal antibodies (MAb) was 
determined by immunofluorescence, and thy- 
roglobulin antibodies (TgAb) by enzyme linked 
immunosorbent assay (9). Thyroid-stimulating 
immunoglobulins (TSAb) were measured by an 
adenylate cyclase assay using the human thy- 
roid homogluate (1). The immunoglobulins 
were prepared from serum by ammonium sul- 
phate precipitation followed by extensive dialy- 
sis (1). The activity was expressed in percentage 
of immunoglobulins from controls, and activity 
exceeding 110 % indicated presence of TSAb 

(2). 

Assay f o r  determination of NK cell activity 

NK cell activity of blood mononuclear cells was 
measured using K562 target cells in a 51Cr 

Table 1 

Characteristics of patients with thyroid diseases. Median and ranges are given 

Free T 4  Free T3  
TSAb 

No. with 
TgAb/MAb/TSAb 

n F/M Age index index TSH mU I 
(years) (arbitrary) (units) 

Hashimoto’s 11 10/1 60 5.9 84 3.7 8/11/6 112 
thyroiditis (26-90) (1.4-14.7) (60-141) (< 3->80) (82-138) 

Graves’ disease 11 10/1 61 25.1 780 < 3  31711 1 136 
(untreated) (20-79) (7.4-31.0) (98-934) (< 3-<  3) (115-300) 

Graves’ disease 9 7/2 63 7.0 124 < 3  1/8/7 115 
(during treatment) (27-70) (5.1-8.8) (70-219) (< 3-7.5) (89-308) 

Non-toxic goitre 10 10/0 53 7.3 105 < 3  21216 118 
(35-78) (5.5-10.1) (73-140) (< 3-5.0) (62- 162) 

Controls 22 1913 39 6.6 122 < 3  315 n.d. 
(25-79) (3.5-8.0) (85-156) (< 3-3.9) 



NATURAL KILLER CELL ACTIVITY 479 

Table 2 

NK cell activity in patients with thyroid diseases and in controls 

NK NK + 11-2 NK + IF NK + indo 

Hashimoto’s 
thyroiditis 

Graves’ disease 
(untreated) 

Graves’ disease 
(treated) 

Non-toxic goitre 

Controls 

25.1 
14.7-44.7) 

34.4 
(5.7-51.4) 

21.8 
(12.4-32.4) 

37.1 
(23.9-60.6) 

34.7 

34.1 
(11.6-49.7) 

50.0 
( 10.8-62.9) 

27.9 
(19.2-44.5) 

45.3 
(37.0-69.2) 

41.2 

49.7 
(20.2- 59.6) 

58.6 
(27.3-65.7) 

47.0 
(31.3-60.7) 

57.9 
(47.8-68.7) 

56.5 

32.4 
(9.9- 50.4) 

37.5 
(15.8-65.0) 

28.0 
(17.9-42.1) 

42.6 
(30.8-64.5) 

37.5 

release assay as previously described (14). The 
assay was carried out at three effectodtarget 
(E/T) cell ratios: 80/1, 40/1 and 20/1. The 
results obtained at the different E/T cell ratios 
did not differ qualitatively. Only the NK cell 
activity at E/T cell ratio 80/1 is given below. 

Incubation of effettor cells wi th IFN-a: 10 p1 of lo5 
IU/ml of IFN-a were added to 990 p1 of lo6 
effector cells/ml. IFN was kindly provided by 
Dr. Robert Jordal, The Blood Bank, Copen- 
hagen County Hospital, Gentofte, Denmark. 
The cells were preincubated with IFN for 1 h at 
37°C and IFN was also present during the 
incubation with target cells. 

Incubation of effector cells wi th 11-2: Purified 11-2 
was purchased from Boehringer Mannheim, 
W. Germany. This 11-2 was obtained from cul- 
ture supernatants of pooled human T lympho- 
cytes stimulated with PHA and purified by 
ammonium sulphate fractionation and DEAE 
column chromatography. 11-2 was stored in 
small aliquots at -20°C until use. 11-2 at a final 
concentration of 10 % was preincubated with 
lo6 effector cells/ml for 1 h at 37OC. 11-2 was 
present during the incubation with target cells 
as well. The IL-2 preparation used in our ex- 
periments contained 300 IU/ml, measured as 
previously described (12). 

Table 3 

% LGL, % CD5 + , % CD8 + , % CD4 + , and % CD16 + cells in patients with thyroid diseases and in controls 

% LGL % CD5 % CD8 % CD4 % CD16 

Hashimoto’s 3.0 67 28 42 6 
thyroiditis (1.5-10.5) (54-76) (10-36) (27-54) (4-9) 

Graves’ disease 4.1 61 20 45 9 
(untreated) (2.3-8.9) (44-77) (10-30) (24-67) (6-20) 

Graves’ disease 3.8 57 18 43 8 
(treated) (2.1-10.1) (42-68) (6-47) (26-49) (3-10) 

Non-toxic goitre 3.9 58 21 42 10 
(2 .O-8.6) (43-67) (5-21) (1 9-55) (5-17) 

Controls 4.3 57 18 38 7 
(1.5-8.5) (43-67) (8-45) (22-46) (1-25) 

31 
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Incubation of effector cells with indomethacin: In- 
domethacin (Confortid, Dumex) was dissolved 
in RPMI and preincubated with effector cells 
for 1 h at 37°C at a final concentration of 1 
pg/ml. 

Enumeration of large granular lymphocytes (LGL): 
Mononuclear cells were cytocentrifuged and 
stained with May-Griinwald stain as described 
(14). LGL were identified as medium to large- 
sized lymphocytes with a relatively high ratio of 
cytoplasma to nucleus, azurophilic cytoplasmic 
granules and often an indented nucleus. Mono- 
cytes were distinguished from LGL by their 
morphological appearance. The human per- 
centage of LGL was blindly determined by two 
independent observers counting at least 200 
lymphocytes. 

Cell surface marker analysis: The phycoerythrin- 
conjugated monoclonal antibodies Leu1 (CD5), 
Leu2 (CD8), Leu3 (CD4) and Leu11 (CD16) 
(Beckton-Dickinson, CA, USA) were used. La- 
belled cells were analysed by flow cytometry 
using a fluoresence-activated cell sorter analyser 
(FACS, Beckton-Dickinson). 

RESULTS 

A total of 30 of the 44 patiens with thyroid 
diseases were positive for TgAb, MAb and/or 
TSAb, as opposed to five of 22 controls (Table 
1). There was no relation between absence or 
presence of TgAb or MAb and NK cell activity. 
Furthermore, no correlation existed between 
TsAb and NK cell function. 

The NK cell activity in the different groups 
of patients with thyroid diseases was compared 
with the NK cell activity in normal healthy 
controls. The NK cell activity of patients with 
Hashimoto’s disease and Graves’ disease on 
anti-thyroid treatment, was lower than that of 
normal healthy controls or non-toxic goitre, but 
this difference was not significant (Table 2). 
IFN-a, 11-2 and indomethacin significantly en- 
hanced NK cell activity in all groups tested 
(P< 0.01). Baseline NK cell activity and the 
NK cell activity enhanced by in vitro stimulation 

with IFN, 11-2 or indomethacin did not differ 
significantly between the groups (Table 3). Fur- 
ther, the % LGL, % CD5, % CD4, % CD8 and 
% CD16 mononuclear cells did not differ signif- 
icantly between the groups. 

DISCUSSION 

It seems well established that cytotoxic anti- 
bodies and antibody-dependent cell cytotoxicity 
against the thyroid gland is involved in the 
pathogenesis of autoimmune thyroiditis. Other- 
wise there are conflicting studies on NK cell 
activity in autoimmune thyroiditis (reviewed by 
Burman & Baker ( 5 ) ) .  Reduced, elevated and 
normal NK cell activity have all been demon- 
strated in patients with Hashimoto’s and 
Graves’ diseases. In our study neither the func- 
tion nor the quantity of NK cells in patients 
with Hashimoto’s and Graves’ disease differed 
significantly from that of normal healthy con- 
trols or non-toxic goitre. 

Although a defective NK cell function has 
been found by many patients with systemic 
lupus erythematosus (1 7) and Sjogren’s syn- 
drome (14), an impaired NK function is thus 
not a consistent finding in patients with autoim- 
mune disorders. 
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