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Abstract

Background: The study of the natural killer (NK) immune compartment could provide important find-
ings to help in the understanding of some of the pathogenetic mechanisms related to autoimmune
thyroid diseases (Graves’ disease (GD) and Hashimoto’s thyroiditis (HT)). Within this context, it
was suggested that alterations in NK cell cytotoxicity (NKCC) and NK production of cytokines
might occur in subjects with GD and HT, whereas the normalization of NK functions could potentially
contribute to the prevention of the onset or the progression of both diseases.
Objective: Due to the hypothesis of alterations in NK in autoimmune thyroid diseases, we were
interested to evaluate NKCC in GD and HT patients and to modulate NK function and secretory
activity with cytokines and dehydroepiandrosterone sulfate (DHEAS) in an attempt to normalize
NK cell defect.
Design: We studied 13 patients with recent onset Graves’ disease, 11 patients with Hashimoto’s thy-
roiditis at first diagnosis and 15 age-matched healthy subjects.
Methods: NK cells were concentrated at a density of 7.75 £ 106 cells/ml by negative immunomagnetic
cell separation and validated by FACScan as CD16 þ /CD56 þ cells. NK cells were incubated with
interleukin-2 (IL-2) and interferon-b (IFN-b) and co-incubated with DHEAS at different molar
concentrations for measuring NKCC and the secretory pattern of tumor necrosis factor-a (TNF-a)
from NK cells.
Results: Lower spontaneous, IL-2- and IFN-b-modulated NKCC was demonstrated in GD and HT
patients compared with healthy subjects (P , 0.001). A decrease in spontaneous and IL-2-modulated
TNF-a release from NK cells was also found in both groups of patients (P , 0.001). The co-incu-
bation of NK cells with IL-2/IFN-b þ DHEAS at different molar concentrations (from 1028 to
1025 M/ml/NK cells) promptly normalized NKCC and TNF-a secretion in GD and HT patients.
Conclusions: A functional defect of a subpopulation of NK immune cells, involving both NKCC and the
secretory activity, was demonstrated in newly-diagnosed GD and HT patients. This defect can be
reversed by a dose-dependent treatment with DHEAS. The impairment of NK cell activity in auto-
immune thyroid diseases could potentially determine a critical expansion of T/B-cell immune com-
partments leading to the generation of autoantibodies and to the pathogenesis of thyroid
autoimmunity.
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Introduction

Natural killer (NK) cells are the effectors of the innate
immune response and show morphological features
similar to the large granular lymphocytes which consti-
tute about 5% of the peripheral blood lymphocytes
(PBL). NK cells express CD16 (Fcq RIII) and CD56
(NKH-1 isoform of NCAM) surface antigens, but not
T-cell receptor of CD3 complexes. NK cell activity
mainly results in cytolysis of tumor, virus-infected

and microbial cells, without a prior sensitization with
target cell antigen (NK cell cytotoxicity: NKCC). More-
over, they function as killer cells that mediate anti-
body-dependent cellular cytotoxicity (1–3), in
particular during cytokine modulation (4–7).

NK cells are a subset of mononuclear cells which
have been suggested to play an immunoregulatory
role in the prevention of autoimmune disease (8).
Decreased NK activity, due to antilymphocyte anti-
bodies (ALA) in patients’ sera, has been found in lupus
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erythematosus (9), Sjogren’s syndrome and rheuma-
toid arthritis (10), whereas in other diseases such as
multiple sclerosis (11) and Crohn’s disease (12), a
role for viral antigen was suspected to cause disturb-
ances in NK cell activity.

In autoimmune thyroid diseases such as Graves’ dis-
ease (GD) and Hashimoto’s thyroiditis (HT), antibody-
and T cell-mediated death mechanisms and cytokine-
regulated apoptotic pathways were proposed as the
responsible agents for thyrocyte depletion (13 –16);
moreover, several abnormalities of killer cell activity
have been described (17 –19), while ALA, which con-
stitute anti-asialo ganglioside membrane 1 (GMI) anti-
bodies, a marker for NK cells, have been detected in
sera of patients with GD and HT (19, 20). Moreover,
the measurement of NK activity in PBL from GD
patients by cytolytic assay or phenotypic analysis has
produced widely different results, with reports of the
activity being enhanced (21), normal (22, 23) or
decreased (24–27). The reduced effector activity in
PBL from hyperthyroid patients would seem to be due
to a functional defect rather than to a decreased NK
cell count, and the incubation of PBL of GD patients
with recombinant human interleukin-2 (rhIL-2)
promptly reverses the NK cell defect (27). On the
other hand, increased activity was found in hyperthyr-
oid Graves’ and HT patients (28), whereas NK cell
activity was found to be reduced in GD and HT patients
(29). All these findings suggest that in GD patients, as
in other autoimmune diseases (30), there is a func-
tional defect involving NK maturation and/or func-
tional activation.

The mechanism by which NK cells could influence
autoimmunity is still controversial (31). However, it
remains possible that autoimmune diseases could be
dependent on chronic viral infections due to the
decreased NKCC against virus-infected cells or to NK
modulation of autoimmune responses by the regulation
of B/T cells survival and/or expansion. In effect, NK
cells produce some Th2-associated cytokines, such as
interleukin (IL)-5 and IL-13, that may enhance B cell
activity and indirectly suppress Th1 autoimmune cell-
mediated responses (8).

Because of the role of NK cells in the onset and pro-
gression of autoimmunity, a great deal of attention has
been focused on the objective to enhance NK cell func-
tion in order to normalize NK defects. Interferon (IFN)-
a has been studied in myasthenia, and during IFN-a
treatment the CD4 T lymphocytes count and the
CD4/CD8 ratio increased, while NK cells underwent
maturation also restoring NK cytotoxic function (32).
Moreover, dehydroepiandrosterone sulfate (DHEAS)
has been proposed for the treatment of systemic
lupus erythematosus (33). It is well known that
DHEAS exerts multiple immune functions (34, 35)
also enhancing NKCC via local production of the
immunoregulatory peptide insulin-like growth factor I
(36, 37).

Within this context, the aim of the present study was
to evaluate the functional alterations of spontaneous
and IL-2-/IFN-b-mediated NKCC and of TNF-a release
from circulating NK cells in subjects with GD and HT.
TNF-a secretion was chosen as one of the main inflam-
matory markers of cytokine production by NK cells.
Since a role for DHEAS could be expected in the modu-
lation of NKCC in subjects with thyroid autoimmunity,
the co-incubation of NK cells with IL-2 þ DHEAS and
with IFN-b þ DHEAS was performed in order to nor-
malize NKCC and NK production of cytokines.

Materials and methods

Patients with GD and HT and healthy subjects

The study concerned 13 subjects with newly diagnosed
Graves’ disease (GD), 11 subjects with newly diagnosed
Hashimoto’s thyroiditis (HT) and 15 matched healthy
subjects. Diagnosis of GD was based on standard clini-
cal (subjective and objective) criteria, high thyroid hor-
mone levels (free-thyroxine (T4) .48 pmol/l in all
subjects), suppressed basal thyrotropin (TSH) levels
(,0.08 U/l in all subjects), positive anti-TSH-receptor
antibodies (.22 U/l in all subjects) and a diffuse
uptake on 99mTc pertechnetate scintigraphy; four GD
subjects had ophthalmopathy. HT subjects were diag-
nosed on the basis of clinical symptoms, low thyroid
hormone levels (free-T4 ,6 pmol/l in all subjects),
high basal TSH levels (.25 U/l in all subjects), on the
presence of anti-thyroid peroxidase antibodies
(.1600 U/l in all subjects) and of anti-thyroglobulin
autoantibodies (.850 U/l in all subjects), and on the
basis of thyroid ultrasound that revealed a diffuse
reduction of echogenicity compatible with thyroiditis.
Therefore, all HT subjects were hypothyroid during
the recruitment period. Furthermore, as partial support
for the clinical diagnosis of HT, all these subjects pre-
sented with lymphocytic thyroid infiltration established
by fine needle aspiration.

All patients gave their informed consent to the study,
in accordance with the Helsinki Declaration, and were
investigated before any treatment. Clinical, biochemical
and immunological characteristics of healthy GD and
HT subjects are summarized in Table 1. Serum
DHEAS was also determined in all subjects with a
specific RIA (Coat-A-Count DHEA-SO4, DPC, Los
Angeles, CA, USA) (Table 1).

GD patients were studied at the time of diagnosis and
after 4 and 8 weeks of treatment with the antithyroid
drug methimazole (MTZ). The treatment was started
with a dose of 15 mg MTZ per day for 1 week (5 mg
before every meal: 0700 h, 1300 h, 2000 h) and was
continued with 30 mg MTZ for 3 weeks (10 mg every
meal), finally returning to 15 mg/day for the last
period of 4 weeks. All the patients were euthyroid
within 4 weeks of treatment. HT patients were studied
at the time of diagnosis and after 4 and 8 weeks of
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replacement therapy with L-thyroxine (75 –100mg/da-
ily) and all the patients were euthyroid within 4 weeks
of treatment. The study of NK cell cytotoxicity (NKCC)
and of TNF-a secretion by NK cells was conducted
before and after 4 and 8 weeks of treatment with
MTZ and L-thyroxine.

Immunological procedure for NK separation
and modulation

Complete medium containing RPMI 1640 medium
(HyClone Laboratories Inc., Logan, UT, USA) enriched
with 10% inactivated fetal bovine serum (FBS), 1% glu-
tamine (HyClone Laboratories Inc.) and 50mg/ml/gen-
tamycin (Irvine Scientific, Santa Ana, CA, USA) was
used for all cultures and cytotoxicity assays. Inacti-
vation of FBS was performed by treatment with dithio-
threitol, a procedure that eliminates all detectable
growth factors (38). The human myeloid cell line,
K562, was the source of sensitive targets for measure-
ments of NK cytotoxicity (39, 40). The cell line K562
was maintained in our laboratory in suspension culture
flasks at 37 8C in a 5% CO2 incubator (Heraeus BB
6220, Hanau, Germany). All target cells used were
.90% viable, as measured by Trypan Blue dye exclu-
sion (Trypan Blue solution 0.4%, Sigma Chimica,
Milano, Italy). Peripheral blood mononuclear cells
(PBMC) were obtained from heparinized venous blood
samples in all subjects fasting for 12 h before venipunc-
ture. PBMC cells were immediately separated by Ficoll-
Hypaque density centrifugation (41) (Lympholyte-H,
Cedarlane Laboratories Limited, Hornby, Ontario,
Canada). Plastic-adherent cells were removed by incu-
bation at 37 8C in petri-cultured dishes for 1 h. The
remaining non-adherent cell population was passed
through nylon wool columns preincubated for 1 h
with RPMI 1640 supplemented with 10% heat-inacti-
vated autologous serum (RPMI/AS) at 37 8C (5% CO2

in air). T/NK cells were obtained by rinsing the col-
umns with tissue culture medium which leaves B cells
and remaining monocytes attached to the nylon wool
(42). The enriched fraction of PBMC, containing
T/NK cells, was used for the separations in the

magnetic field. For the immunomagnetic separation
we used the magnetic cell separation (MACS) system
and the NK cells isolation kit for the negative
enrichment (Miltenyi Biotech GmbH, Bergisch Glad-
bach, Germany). Washed PBMC were resuspended in
80ml buffer (per 107 total cells) containing PBS and
supplemented with 0.5% BSA. PBMC were incubated
for 15 min at 6 8C with 20ml reagent consisting of
modified CD3, CD4, CD19, CD33 antibodies of mouse
IgG1 isotype to label non NK cells. Thereafter the
cells were washed once in PBS and incubated for
15 min at 6 8C with 20ml colloidal superparamagnetic
MACS microbeads recognizing non NK cells. Labeled
and unlabeled cells were separated in a high gradient
magnetic field, generated in a steelwool matrix inserted
into the field of a permanent magnet (43, 44). The
negative unlabeled cells, representing the enriched
non-magnetic NK cell fraction, were eluted from the
separation column outside the magnetic field in a lami-
nar flow to ensure appropriate asepsis. The efficiency of
separation was evaluated by flow cytometry, using a
FACScan (Becton Dickinson, Mountain View, CA,
USA). The sample obtained from the negative fraction
was stained with FITC-conjugated NK cells antibodies
(CD56 þ , CD16 þ ) and counted for total NK cell
number. Anti-leu 11b (anti-CD16) and anti-leu 19
(anti-CD56) were purchased from Becton Dickinson.
The procedure allowed us to separate the negative NK
cell population within 2 h with yields .95% and a
purity of 97^1% for CD16 þ , CD56 þ NK cells. The
viability of the NK subpopulation was determined by
Trypan Blue uptake before the cytotoxicity assay
against K562 cells and was .95% viable in all
subjects.

After the magnetic separation, NK cells were washed
three times (with 0.9% saline and complete RPMI
medium), and finally resuspended to a measured den-
sity of 7.75 £ 106 cells/ml of complete medium. NK
effector cells were incubated for 20 h (45, 46) at
37 8C in a humidified atmosphere of 95% air and 5%
CO2, with IL-2, IFN-b and IL-2 and IFN-b co-incubated
with DHEAS in order to determine modulated NKCC;
NK cells were also incubated without modulators

Table 1 Clinical, biochemical and immunological parameters of healthy subjects and GD and HT patients. Results are means^S.D.

Healthy subjects GD patients HT patients ANOVA F test

Number of subjects/patients 15 13 11 —
Women:men 9:6 10:3 7:4 —
Age (years) 38^5.3 37^9.9 41^7.4 NS
Albumin (g/l) 43.5^3 42.8^3.1 43.1^2.8 NS
Pre-albumin (g/l) 0.33^0.03 0.31^0.05 0.32^0.04 NS
Transferrin (g/l) 3.17^0.3 3.15^0.6 3.12^0.3 NS
Lymphocytes (cells/mm3) 1997^60 1965^71 1973^77 NS
CD16 þ (%) 10.1^5.2 9.8^5.6 9.6^6.1 NS
CD56 þ (%) 5.3^1.6 5.7^1.8 5.8^1.7 NS
DHEAS (mg/ml) 6.3^0.8 5.3^0.5 5.1^0.6 P , 0.01

NS, not significant.
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(using 100ml of the vehicle RPMI) for measurement of
spontaneous NKCC. IL-2 (recombinant human IL-2;
Proleukin, Chiron Corporation, Emeryville, CA, USA)
was employed at final concentrations of 50 and
100 IU/ml/(7.75 £ 106) NK cells. IFN-b (recombinant
human IFN-b; Betantrone, Italfarmaco S.p.A., Milano,
Italy) was used at final concentrations of 325 and
650 IU/ml/(7.75 £ 106) NK cells. DHEAS (Sigma Chi-
mica, Italy) was diluted in complete fresh medium (in
a 0.1 ml final volume) and used at final molar concen-
trations of 1027, 1026 and 1025 M/ml/(7.75 £ 106)
NK cells (36). DHEAS was also co-incubated with IL-
2 at 100 IU/ml/(7.75 £ 106) NK cells and with IFN-b
at 650 IU/ml/(7.75 £ 106) NK cells. After incubation,
the NK cells were washed twice with 0.9% saline and
then once with complete medium containing modified
medium 199 and 5% fraction V bovine albumin
(Sigma Chemical Co., St Louis, MO, USA).

Procedure of NKCC evaluation

After washing three times with 0.9% saline and com-
plete medium (medium 199 þ 5% albumin fraction
V), 3 £ 104 target cells in 0.1 ml complete medium
were mixed in triplicate with various concentrations
of NK effector cells in the wells of a round-bottomed
96-hole standard microtiter plate (TPP, Celbio, Pero-
Milano, Italy), at a final total volume of 0.2 ml. These
mixtures gave final effector:target ratios (E:T) of 25:1,
12.5:1, 6.25:1, 3.125:1. After a second incubation
for 4 h at 37 8C in a 5% CO2 atmosphere, the microtiter
plate was centrifuged and a fixed aliquot (0.1 ml) of
supernatant was extracted from each well and trans-
ferred to the corresponding wells of a flat-bottomed
microtiter plate. The cytotoxicity assay of NK cells
was based on the kinetic measurement, by a compu-
ter-assisted (Milenia Kinetic Analyzer DPC, Los
Angeles, CA, USA) microtiter plate reader, of the
amount of lactate dehydrogenase (LDH) released in
the supernatant of target cells, according to the calcu-
lation of Korzeniewski and Callewaert (47). Sub-
sequently, 0.1 ml lactic acid dehydrogenase substrate
mixture (48) was added to each well with intervals of
3 s. Data on NK activity of effector cells incubated
with modifiers were expressed as lytic units (LU)/107

cells (48) and as a percentage of increase and decrease
of specific lysis. The reproducibility of the cytotoxicity
assay was evaluated on triplicate measurements and
was ,2%.

Procedure for TNF-a evaluation

A 500ml volume of the supernatants of cultured NK
cells was centrifuged at 4 8C and 300ml were rapidly
frozen at 280 8C until assay for the cytokine TNF-a.
Hence, the fluids were resuspended at 4 8C and ana-
lyzed for the TNF-a concentration by using a high sen-
sitive colorimetric sandwich ELISA (Quantikine Human

TNF-a, R&D Systems Inc., Minneapolis, MN, USA). The
sensitivity of the method was 0.5 pg/ml and the intra-
and interassay precisions were respectively 5% and
8%. TNF-a concentrations in the supernates of NK
cells were measured in spontaneous conditions and
after modulation with lipopolysaccharide (LPS)
(1mg/ml), IL-2 (50 and 100 U/ml), DHEAS (1027,
1026 and 1025 M/ml) and IL-2 (100 U/ml) co-incu-
bated with DHEAS (1027, 1026 and 1025 M/ml).

Statistical analysis

One-way analysis of variance (ANOVA F-test) was
employed to measure differences concerning clinical,
metabolic, hematologic and nutritional parameters
among healthy subjects and GD and HT subjects.
Non-parametric Wilcoxon signed-rank and sum-rank
test were employed to evaluate differences in NKCC
and TNF-a release evaluated in the different exper-
imental conditions. Correlations were performed using
the parametric Pearson’s regression test. A P value of
less than 0.05 was considered significant. All analyses
were run with the SPSS/PC þ V 3.0 statistical package
(SPSS Inc., Chicago, IL, USA).

Results

Table 1 summarizes the clinical, biochemical and
immunological characteristics and serum DHEAS con-
centrations of healthy subjects and GD and HT
patients. No differences concerning the total number
of lymphocytes and the percentage of NK cells expres-
sing CD16 and CD56 monoclonal antibodies were
demonstrated among the groups. Furthermore, nutri-
tional parameters were found to be similar in all the
subjects examined. On the other hand, a significant
reduction (P , 0.01) in serum DHEAS levels was
found in GD and HT subjects compared with the
healthy group.

Figure 1 shows the mean changes (^S.D.) of spon-
taneous and IL-2-/IFN-b-modulated NKCC in healthy
subjects and in patients with GD and HT. The results
are expressed as lytic units and as percentage increase
of NKCC from basal conditions. A significant reduction
in both spontaneous and IL-2-/IFN-b-stimulated NKCC
was found in GD and HT patients compared with
healthy subjects. Figure 2 shows the mean variations
(^S.D.) in spontaneous and modulated (with LPS and
IL-2) TNF-a secretion by NK cells in healthy subjects
and in patients with GD and HT. A significant
reduction in TNF-a production was demonstrated
after exposure with LPS and IL-2 in GD and HT
patients. Figure 3 shows the mean changes (^S.D.) of
NKCC and TNF-a secretion during modulation with
DHEAS in healthy subjects and in patients with GD
and HT. A dose-dependent increase in both NKCC
and TNF-a release was found during modulation
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with DHEAS in all groups. Figure 4 shows the mean
variations (^S.D.) in NKCC after co-incubation of NK
cells with cytokines (IL-2, 100 U/ml and IFN-b,
650 U/ml) and DHEAS (from 1027 M to 1025 M)
in healthy subjects and in patients with GD and HT.
A dose-dependent increase and normalization of
NKCC was found in GD and HT groups during
DHEAS co-incubation with IL-2 and IFN-b. Table 2
summarizes the data concerning NKCC and TNF-a
secretion by NK cells and serum DHEAS levels follow-
ing IL-2 and IFN-b after 4 and 8 weeks of treatment
with methimazole (GD subjects) or with replacement

therapy with L-thyroxine (HT subjects). No changes
in any of the immunological parameters were found
after 4 weeks of treatment in either the GD and HT
groups; a slight but significant improvement in NKCC
and TNF-a release by NK cells was demonstrated
after 8 weeks of treatment in the GD group. No
changes in serum DHEAS concentration were found
during either treatment.

Finally, no correlations among thyroid hormones and
any of the immunological parameters (NKCC and TNF-
a release by NK cells) were found in GD and HT subjects
at diagnosis (data not reported).

Figure 2 Mean variations in TNF-a
release from NK cells, expressed as
pg/ml £ 7.75 £ 106 NK cells, after incu-
bation with LPS (1mg/ml) and IL-2 (50
and 100 IU/ml). Data (mean^S.D.) for
healthy subjects (open bars), GD
patients (dashed bars) and HT patients
(solid bars) are shown. *P , 0.001
compared with healthy subjects.

Figure 1 Mean variation in natural killer cell cytotoxicity (NKCC), expressed as lytic units (LU) and as percentage increase of NKCC
from baseline, after incubation with IL-2 (50 and 100 IU/ml) and IFN-b (325 and 650 IU/ml). Data (mean^S.D.) for healthy subjects
(open bars), GD patients (dashed bars) and HT patients (solid bars) are shown. *P , 0.001 compared with healthy subjects.
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Figure 3 Mean variations in
NKCC and TNF-a release
from NK cells, after incu-
bation with different molar
concentrations of DHEAS.
Data (mean^S.D.) for
healthy subjects (open
bars), GD patients (dashed
bars) and HT patients (solid
bars) are shown. *P , 0.001
compared with healthy sub-
jects; XP , 0.001 compared
with spontaneous conditions
and to 1027 M DHEAS.

Figure 4 Mean variations in
NKCC, after co-incubation
of IL-2 or IFN-b with differ-
ent molar concentrations of
DHEAS. Data (mean^S.D.)
for healthy subjects (open
bars), GD patients (dashed
bars) and HT patients (solid
bars) are shown. *P , 0.001
compared with healthy sub-
jects; XP , 0.001 compared
with spontaneous conditions
and to 1027 M DHEAS.
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Discussion

NK immune alterations can be associated with the
pathogenesis of thyroid autoimmune diseases (9–12),
such as GD and HT (24 –27). In particular, the impair-
ment of NK functions could induce the expansion of
B/T cell subsets and activity by means of enhancing
Th1 autoimmune cell-mediated responses and by
increasing some Th2-associated cytokines, such as
IL-5 and IL-13, that may indirectly suppress the Th1
autoimmune mechanism (8). Within this context, the
demonstration of NK cell dysregulation, affecting both
NKCC and NK secretory activity, could have important
implications in the onset and progression of thyroid
autoimmunity.

In the present study, we clearly found that in subjects
with Graves’ and Hashimoto’s disease NKCC is
depressed and that the secretion by NK of the inflam-
matory cytokine TNF-a is reduced under stimulation
with LPS and IL-2. The defect of NK cells can affect
both cytotoxic function and the ability of NK to produce
cytokines. The depression of NK cells is, therefore,
related to all of the functional aspects linked to the
immune activity expressed by these cells (i.e. cytolytic
and secretory functions).

As suggested in a previous study (27), the NK defect
would seem to be due to a functional alteration rather
than to a decreased number of NK cells. In effect, the
percentage of CD16 þ /CD56 þ cells observed in GD
and HT patients was similar to that found in healthy
subjects, so suggesting that the count of peripheral
blood NK cells was within normal limits in all the
experimental conditions related to our study.

The functional alteration of NK cells, demonstrated
in GD and HT subjects, has been correlated not only
to an impaired ability of NK cells to respond to IL-2
but also to increased NKCC during modulation with
IFN-b. Therefore, NKCC impairment could depend on
a multiple post-transcriptional mechanism affecting

either interleukin or interferon stimulatory pathways
inside NK cells. In effect, it is very interesting to observe
that the NKCC abnormality found in GD and HT
patients can involve multiple excitatory signals related
to different concentrations of IL-2 and IFN-b and the
ability of NK cells to release the inflammatory cytokine
TNF-a. Moreover, the reduced release of TNF-a, demon-
strated in NK cells of GD and HT subjects, could be
responsible for a further progressive failure in the NK
maturation and cytotoxic response against K562
tumoral target cells.

Our results originally suggest, in agreement with
prevoius studies (27, 30, 49), that in subjects with
clinical thyroid autoimmunity there is a functional
defect involving a subpopulation of mature cytotoxic
NK lymphocytes either in the stage of basal pre-acti-
vated function (spontaneous NKCC) or during the
specific dose-dependent activation with cytokines and
LPS. Nevertheless, further studies should be performed
in order to confirm these results in other subpopu-
lations of NK cells (e.g. CD16 or CD56 bright cells) of
patients with thyroid autoimmune disorders.

Since our study demonstrated the absence of corre-
lations between serum levels of thyroid hormones and
immunological parameters, NK alterations would
seem to be directly associated with the autoimmune
condition linked to GD and HT pathogenesis. This evi-
dence can also be supported by the demonstration of
the persistance of the NK defect even during the nor-
malization of thyroid metabolic patterns with methima-
zole in GD subjects and with L-thyroxine in HT patients.
Data concerning methimazole are in agreement with
other studies that found no effect on NK cell function
during in vitro pharmacologic exposure with relevant
concentrations of methimazole (50).

Altogether, all the data presented in our study are in
accordance with some preliminary experimental evi-
dence that indicates a systemic immune alteration
and a peripheral NK immune deficiency in thyroid

Table 2 Immunological parameters evaluated during treatment with methimazole (GD subjects) and L-thyroxine (HT subjects). Data are
presented as means^S.D.

GD patients HT patients

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks

Number of patients 15 15 15 13 13 13
NKCC (LU) after IL-2 50 U 18.0^3.3 18.1^3.5 19.3^4.1 17.1^3.3 17.3^3.2 18.2^3.6
NKCC (LU) after IL-2 100 U 23.6^4.1 24.9^4.6 26.7^5.9* 22.9^4.5 23.7^4.8 24.2^5.2
NKCC (LU) after IFN-b 325 U 22.8^6.1 23.3^6.1 23.8^5.7 22.8^5.7 23.1^5.5 23.6^5.8
NKCC (LU) after IFN-b 650 U 27.1^5.2 27.4^5.6 28.6^6.2* 27.0^4.7 27.1^5.1 27.9^5.8
TNF-a (pg/ml) after LPS 1mg 278^31 290^33 308^51 282^44 303^40 311^49
TNF-a (pg/ml) after IL-2 100 U 384^45 396^52 417^62* 378^72 381^66 399^71
Lymphocytes (cells/mm3) 1965^71 1960^73 1982^82 1973^77 1978^71 1974^74
CD16 þ (%) 9.8^5.6 9.9^5.9 9.5^6.7 9.6^6.1 9.7^5.7 9.8^7.7
CD56 þ (%) 5.7^1.8 5.5^1.7 5.7^1.9 5.8^1.7 5.9^1.4 5.6^1.5
DHEAS (mg/ml) 5.3^0.5 5.2^0.4 5.2^0.6 5.1^0.6 5.2^0.5 5.2^0.7

LU, lytic unit.
P , 0.05 versus baseline (before treatment).

Natural killer immunity and thyroid autoimmune diseases 709EUROPEAN JOURNAL OF ENDOCRINOLOGY (2005) 152

www.eje-online.org

Downloaded from Bioscientifica.com at 07/04/2021 03:57:44PM
via free access



autoimmune diseases (51). We suggest that the
depression of NK activity could imply the potential
expansion of T/B cell functions with a consequent
up-regulation of auto reactive T lymphocytes, the
production of thyroid-specific auto antibodies and lym-
phocytic migration and infiltration into the thyroid
gland. Therefore, the complexity of NK functional
depression could potentially be related to the pathophy-
siology of thyroid autoimmunity, also suggesting NK
dysregulation as a trigger factor for GD and HT immu-
nopathogenesis. Further studies concerning the corre-
lations between NK and cells of the acquired immune
system should be performed in order to confirm this
preliminary hypothesis.

The normalization of NK cell activity in these clinical
conditions could be very important in the prevention,
or the delay, of some pathogenetic aspects related to the
onset, progression and relapse of thyroid autoimmune
disorders. In other words, a modulatory effect able to
improve NKCC and NK secretory mechanisms, or boost
NK cell number and functions, could represent a novel
immunotherapeutic approach to GD and HT.

On these grounds, important studies indicate the role
of dehydroepiandrosterone (DHEA) and its conjugate
ester DHEA-sulfate (DHEAS) in the positive regulation
of T/B immune cells and of NK cell activity (52, 53),
the latter by means of IL-2 modulation (6, 53). Further-
more, our previous investigation demonstrated an
excitatory dose-related mechanism of DHEAS on
NKCC of healthy subjects in young and old age (36).
Therefore, we hypothesized that DHEAS could be suc-
cessfully employed in order to normalize NKCC and
NK secretory function in newly diagnosed GD and HT
subjects, so improving the potential disequilibrium
between NK and T/B immune cells in these pathologi-
cal conditions.

In effect, our investigation originally indicated that
DHEAS restored, in a dose-dependent fashion, the phys-
iological pattern of NKCC and NK secretory function in
GD and HT subjects. Moreover, resulted of a certain
importance the evidence that the positive effect of
DHEAS towards NK was obtained in GD and HT patients
with reduced serum DHEAS levels and that serum
DHEAS remained unchanged during treatment with
methimazole and L-thyroxine. The immune activity of
DHEAS was prompt in the spontaneous conditions (i.e.
without the use of immune modulators) and during
the co-incubation of DHEAS with IL-2 and IFN-b. The
effects of DHEAS on NKCC and TNF-a release from NK
cells was therefore not entirely dependent on the
increased availability and activity of IL-2 or IFN-b
within NK cells (6), but was also dependent on a direct
mechanism involving basal NK cytolytic function and
hence spontaneous NKCC. Anyway, DHEAS demon-
strated a wide spectrum of physiological effects able to
restore and normalize the derangement of NK function
in subjects with associated thyroid autoimmune diseases
and low serum DHEAS levels. Moreover, these results

could suggest the possibility of a pharmacological inter-
vention on NK function in GD and HT only in those sub-
jects with evident NK cell dysregulation.

In conclusion, our data demonstrated that important
alterations in NK cell function are present in thyroid
autoimmune disorders such as Graves’ and Hashimo-
to’s diseases, and that these changes are probably
related to the set and progression of the autoimmune
mechanism. These functional disorders are present
before treatment and persisted during the normaliza-
tion of thyroid function by methimazole and replace-
ment therapy with L-thyroxine. NK immune cells are
altered either during spontaneous conditions and
IL-2/IFN-b modulation or during the intracellular
pathway leading to synthesis and release of the inflam-
matory cytokine TNF-a (54). In both GD and HT, the
reversibility of these alterations was reached after in
vitro incubation of NK cells with different molar con-
centrations of DHEAS thus suggesting a potential
novel therapeutical approach in the correction of the
immunopathogenetic disorders found in thyroid
autoimmunity.
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