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Abstract

Objective: To address the influence of thyroid hormones on circulating markers of cell-mediated
immune response in an in vivo human model.

Subjects and design: Twenty-two patients with stage I differentiated thyroid carcinoma were studied on
the last day of thyroxine suppressive treatment, 4—7 days after withdrawal, and the day before whole
body scanning. Three patients were excluded because of residual disease. Twenty euthyroid individ-
uals served as controls. Serum thyrotrophin and thyroid hormones were measured by an immuno-
metric assay, circulating cytokines by enzyme-linked immuno-sorbent assay and lymphoid
populations by flow cytometry.

Results: Thyroid function in patients changed from subclinical or mild hyperthyroidism at the first
visit, to a situation of normal circulating levels of free thyroxine and triiodothyronine at the second,
ending in a state of overt hypothyroidism. Thyroxine suppressive treatment in patients increased
serum interleukin-18 concentrations (IL-18, mean=*s.n., 280122 vs 183106 pg/ml, F = 3.192,
P =0.029), soluble interleukin-2 receptor levels (sIL-2R, 4368+1480 vs 2564*=846 pg/ml,
F=21.324, P <0.001), and the percentage of natural killer (NK) cells in peripheral blood
(15.9%+8.6 vs 10.5+3.6%, F =4.977, P = 0.004) compared with controls. After thyroxine withdra-
wal, serum levels of TL-18, sIL-2R and the percentage of NK cells decreased progressively.
Conclusion: Our present results suggest that thyroid hormones modulate the cell-mediated immune

response in humans.
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Introduction

Modulation of the immune response by thyroid hor-
mones has been well recognised for years. Although
thyroid hormones are required for normal B lympho-
cyte development (1) and humoral immune response
(2), it is unclear whether they play a significant role
in T lymphocyte development and cell-mediated immu-
nity (1).

Thyroidectomy in animals results in depressed
humoral and cell-mediated immune responses (3).
However, the study of the influence of exogenous thyr-
oid hormones on the immune response yielded conflict-
ing results (2). Many studies in humans conducted
in vivo included patients with autoimmune disorders,
or patients treated with thionamides, and these factors
may have influenced the immune response in addition
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to the direct effects of thyroid hormones, thus acting as
confounding factors (4, 5).

At present, there is increasing evidence that the cell-
mediated immune response, directed towards virally
infected cells and tumour cells, is mainly mediated by
natural killer (NK) cells, cytolytic T lymphocytes, and
activated macrophages (6—8). Macrophages and NK
cells are considered innate immunity effectors, yet the
adaptive immune response that occurs after T lympho-
cyte activation is also important for the functional regu-
lation and proliferation of NK cells and macrophages (9).
Interleukin (IL)-18 and IL-12 are secreted by macro-
phages, and induce the production of interferon-y
(IFN-y) by T lymphocytes and NK cells (10, 11). There-
fore, these cytokines are important effectors of the adap-
tive immune response directed towards the activation
and proliferation of macrophages and NK cells.
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In this process, T lymphocytes release IL-2, which
acts through autocrine and paracrine mechanisms
to stimulate the functional activity and growth of T
lymphocytes and NK cells (9). The high affinity IL-2
receptor is a cell membrane heterodimer composed of
a-, B- and +y-subunits. T lymphocyte stimulation is
followed by shedding of the a-subunit (also known as
CD25), which may be measured in serum. This fraction
is termed soluble interleukin-2 receptor (sIL-2R), and is
considered a specific serum marker of T cell prolifer-
ation and activation (9).

In the present study we studied several markers of
cell-mediated immune response in patients with a his-
tory of differentiated thyroid carcinoma without any
current evidence of residual disease. By evaluating
these markers when on chronic thyroxine suppressive
therapy, and after thyroxine withdrawal, we estimated
the direct influence of thyroid hormones on cell-
mediated immunity, avoiding the possible effects of
autoimmunity or residual cancer that might have
acted as confounding factors in previous studies.

Subjects and methods

Twenty-two women with differentiated thyroid carci-
noma, referred for a routine whole body scan during
follow-up after initial total thyroidectomy and *>'1 abla-
tion, were recruited prospectively. Patients were studied
during thyroxine withdrawal at three time points: the
last day on thyroxine at their usual thyrotrophin
(TSH)-suppressive doses, 4—7 days after withdrawal
(12), and the day before '*'I whole body scanning.
Thyroid function in these patients was expected to
change from subclinical or mild hyperthyroidism at
the first visit, to a situation of normal circulating
levels of free thyroxine and triiodothyronine at the
second, ending in a state of overt hypothyroidism at
the last visit.

The indication for whole body scanning after thyrox-
ine withdrawal (recombinant human TSH was not
available in Spain at the time of the study), as well as
the degree of suppression of endogenous TSH secretion,
and the doses of thyroxine used during follow-up, were
decided by the physicians referring these patients, and
were not influenced by any of the authors of the
study. Two patients were excluded from the study
because their baseline TSH levels were not suppressed.
The remaining patients had been taking TSH-suppres-
sive doses of thyroxine (mean=*s.D.: 169*24 ug per
day) for 44+53 months (range 6 — 249 months),
after total thyroidectomy and '*'I ablation of thyroid
remnants. At that time, all the patients had stage I
differentiated thyroid carcinoma (14 papillary, 5 follicu-
lar and one mixed papillary-follicular).

The age of the patients was 43+14 years at recruit-
ment, and before the present whole body scanning, 17
of the 20 patients had no evidence of thyroid remnants
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because serum thyroglobulin levels were undetectable.
The remaining three patients were excluded from the
analysis, two because of detectable thyroglobulin
levels and because cervical remnants on whole body
scanning were found, and one because of pulmonary
metastases. The mean=s.D. total cumulative '*'I dose
received before the study by the seventeen patients
finally analysed was 132*+87 mCi, and none of these
patients had received any '*'I dose for the previous
six months before sampling.

Twenty healthy female volunteers, matched for age
(43=*15 years) and without thyroid disease, served as
controls. They were not taking any drug known to
influence thyroid function. Preliminary data regarding
quality of life, psychometric functionality and cardio-
vascular aspects of most of the patients and controls
have been reported previously (13, 14).

The ethics committee of the Hospital Ramon y Cajal
approved the study, and written informed consent was
obtained from all the participants.

Study protocol and analytical procedures

Patients and controls reported early in the morning
after a 12-h fast. Patients were advised to take their
usual thyroxine dose just after waking up, before
reporting to the hospital on the day of the first visit,
and medication was withdrawn thereafter. Evaluation
was repeated in the patients after 4 to 7 days (second
visit, mean*s.n.: 5.4%*1.1 days after thyroxine with-
drawal), and the day before whole body scanning was
performed (third visit: 30.6+4.4 days after thyroxine
withdrawal). Controls were evaluated only at one
time point.

Serum samples were obtained for determination of
TSH, free thyroxine (FT4) and free triiodothyronine
(FT3) wusing commercial immunochemiluminescent
assays (Immulite 2000, Diagnostic Products Corporation,
Los Angeles, CA, USA). The mean coefficients of variation
were below 10% for all these assays. The normal ranges
were 0.4 — 4.0 wU/ml for serum TSH, 0.8 — 1.9 ng/dl
for FT4, and 1.8 — 4.2 pg/ml for FT3 as reported by the
Central Laboratory of the Hospital Ramon y Cajal.

Serum cytokine concentrations were measured in
duplicate by enzyme-linked immuno-sorbent assay
(ELISA). For IL-6, which is predominantly implicated
in systemic inflammation (15), a high sensitivity com-
mercial kit was employed (Diaclone, Besanson,
France) after adjusting the standard curve to yield a
sensitivity of 0.4 pg/ml. Serum sIL-2R levels were
measured using a commercial kit (Diaclone) with a sen-
sitivity of 8 pg/ml. Serum IFN-y and IL-12 were deter-
mined by commercial ELISA kits (Diaclone) with a
sensitivity of 5 pg/ml and 20 pg/ml respectively. Finally,
serum IL-18 was measured by ELISA (MBL, Naka-ku,
Nagoya, Japan), after adjusting the standard curve to
reach a sensitivity of 12.8 pg/ml. The mean coefficients
of variation were below 10% for all these assays.
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Lymphoid subpopulations were studied in a
subgroup of 13 patients and 16 controls. This subgroup
was representative of the whole population of patients
and controls in terms of age (45*=12 years and 41+15
years respectively), thyroxine dose (162£22 pg per day)
and "' cumulative doses (139+98 mCi) in patients.

Total blood samples were analysed for white cells
count. For the study of lymphoid subpopulations and
activity markers, the following monoclonal antibody
panels were employed: CDS8-FITC/CD19-FITC/CD3-
PE/CD56-PE and CD4-PerCP (Lymphogram, Vitro S.A.
Madrid, Spain), and CD3-FITC/CD4-PE/HLA-DR
PerCP/CD25-APC, and CD3- FITC/CD4-PE/CDS8-
PerCP/CD69-APC (Becton Dickinson, Franklin Lakes,
NJ, USA). Flow cytometry (FACSort, Becton Dickinson)
was performed after incubation, lysis and washing of
samples, and then analysed by specific software (Cell-
Quest and Paint-A-Gate, Becton Dickinson). Lymphoid
subpopulations were expressed as percentage of the
total lymphocyte count, which, in turn, was expressed
as percentage of the total leukocyte count.

Statistical analysis

Data are expressed as means*s.D. unless otherwise
stated. The normal distribution of the variables was ana-
lysed using the Kolmogorov-Smirnov test. Logarithm or
square root transformations were applied to ensure
normal distribution whenever possible. The values of
the patients at the three visits were compared by repeated
measures analysis of variance, or Friedman analysis of
variance by ranks, as appropriate. After Friedman analy-
sis, comparisons between visits 1, 2 and 3 were performed
using repeated Wilcoxon signed rank tests applying the
Bonferroni correction to the level of significance.

The comparisons of the values of the patients at each
visit with the controls were performed by one-way analy-
sis of variance followed by Dunnet'’s test, or by Kruskall-
Wallis one-way analysis of variance by ranks followed by
Mann-Whitney tests, depending on the distribution of
the variables. After a significant Kruskall-Wallis test
was obtained, the identification of the particular visit,
or visits, which were different compared with the con-
trols, was made using separate Mann-Whitney tests.
Because no comparisons were made between visits, no
correction was applied to the level of significance. An «
value of 0.05 was chosen as the level of statistical signifi-
cance with the exceptions described above. Statistical
analyses were performed using SPSS for Macintosh,
version 10 (SPSS Inc., Chicago, IL, USA).

Results

Serum thyroid hormone concentrations
(Fig. 1)

As expected from chronic treatment with supraphysio-
logical doses of thyroxine, the mean serum thyroid hor-
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mone levels were in the mild hyperthyroid range at visit
1 (14 of 17 patients had increased FT4 levels, whereas
all the patients had suppressed TSH levels, and only two
had increased FT3 concentrations) (Fig. 1).

At visit 2, mean TSH levels were below the normal
range, whereas mean serum FT4 and FT3 were
within the normal range. Fourteen of 17 patients still
had decreased TSH levels, but their FT4 and FT3
levels were within the normal range except in one
patient who still had minimally increased FT4 levels.
When considering patients as a group, at visit 2 these
subjects presented with lower mean TSH and FT3
levels compared with euthyroid controls (Fig. 1).

At visit 3, all the patients presented with increased
serum TSH and low serum FT4 and FT3 levels, with
the exception of two patients who had FT3 levels in
the lower limit of the normal range. When considering
patients as a group, mean serum TSH was increased,
and mean FT4 and FT3 levels were decreased, com-
pared with euthyroid controls and with the normal
range established in the Central Laboratory of the Hos-
pital Ramon y Cajal (Fig. 1).

Serum cytokines and Iymphoid populations in
patients on TSH-suppressive thyroxine
treatment, and compared with euthyroid
controls (Table 1 and Fig. 2)

Patients receiving TSH-suppressive doses of thyroxine
presented increased levels of serum IL-18 and sIL-2R
compared with controls, suggesting a potential stimu-
lation of the adaptive immune response. On the other
hand, serum IL-6 levels of patients on TSH-suppressive
thyroxine treatment were not different from those of
controls, suggesting that a stimulation of systemic
inflammation was not present (Fig. 2).

In conceptual agreement with this cytokine pattern,
the percentage of peripheral blood NK cells was signifi-
cantly increased in patients when on TSH-suppressive
thyroxine treatment, compared with controls. However,
the percentage of CD4 + T lymphocytes in patients at
this time was lower compared with controls. No differ-
ences among patients when on TSH-suppressive
therapy and healthy controls were found in any of the
other lymphoid populations or immune markers
studied here (Table 1).

Serum cytokines and Iymphoid populations
during thyroxine withdrawal, and compared
with euthyroid controls (Table 1 and Fig. 2)

Thyroxine withdrawal was associated with a progress-
ive decrease in sIL-2R levels, which were low when
patients were severely hypothyroid compared with pre-
vious visits, and also compared with controls (Fig. 2).
Similarly, serum IL-18 levels in patients decreased in
parallel with serum thyroid hormones, and were low
during overt hypothyroidism compared with previous
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visits, but not compared with controls (Fig. 2). Finally,
serum IL-6 levels remained unchanged during thyrox-
ine withdrawal (Fig. 2), whereas serum IL-12 and
IFN-y were undetectable in both patients and controls
throughout the study.

The percentage of NK cells in peripheral blood
decreased during thyroxine withdrawal, compared
with that found when patients were on TSH-suppres-
sive doses of thyroxine (Table 1). This decrease in the
percentage of NK cells was evident at visit 2, when
patients presented FT4 and FT3 levels in the normal
range, and was even more important at visit 3, when
patients were overtly hypothyroid. However, when
compared with controls, no differences were found in
the percentages of NK cells when patients presented
FT4 and FT3 levels in the normal range or when they
were hypothyroid.

Discussion

Considering that the changes in cytokine levels and
lymphocytes observed in our patients paralleled the
changes in circulating thyroid hormone concen-
trations, our present results suggest that thyroid
hormones directly modulate circulating markers of
cell-mediated immune response in vivo in humans.

On the one hand, TSH-suppressive thyroxine treat-
ment increased several markers of -cell-mediated
immune response, including serum IL-18 and sIL-2R
levels, and the percentage of NK cells in peripheral
blood. On the other hand, these immune changes are
apparently dependent on serum thyroid hormones, as
the predominant cell-mediated immune response
observed in our patients during TSH-suppressive
therapy blunted shortly after thyroxine withdrawal,
when serum IL-18 levels and the percentage of NK
cells returned to levels similar to those of controls.
Moreover, when patients were overtly hypothyroid,
SIL-2R levels decreased even below those of healthy
euthyroid controls.

These results provide original and intriguing exper-
imental evidence suggesting that TSH-suppressive
therapy is associated with an expansion of NK cells,

Figure 1 Thyroid hormone function in patients with differentiated
thyroid carcinoma on suppressive thyroxine treatment and during
thyroxine withdrawal, and also compared with euthyroid controls.
Data are represented as means=*s.D., and the dot scattergram
shows the individual data with lines connecting them. The shaded
areas represent the normal ranges for serum thyroid hormone
levels as reported by the Central Laboratory of the Hospital
Ramon y Cajal. Statistically significant differences between visits
1, 2 and 3 were observed in serum TSH, FT4 and FT3 levels,
with P < 0.05 or less for all the comparisons. *P < 0.05 or less
compared with the values from the euthyroid control group, which
were TSH = 1.87+0.88 wU/ml, FT4 = 1.29£0.13 ng/dl and

FT3 = 3.38%0.77 pg/ml; 1P < 0.05 or less compared with visit 1;
FP < 0.05 or less compared with visit 2; §P < 0.05 or less com-
pared with both visits 1 and 2.
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Table 1 Lymphoid subpopulations in the subgroup of patients with differentiated thyroid carcinoma and euthyroid controls studied by

flow cytometry.

Patients (n = 13)

Visit 1 Visit 2 Visit 3 Controls (n= 16)
Serum thyroid hormone levels
TSH(pU/ml) 0.04£0.08*f 0.16+0.31* 78.02+55.65*§ 1.75+0.81
FT4 (ng/dl) 2.18+0.47*% 1.33+0.30 0.32+0.14*§ 1.31+0.12
FT3 (pg/ml) 3.15+0.71 2.42+0.56*t 1.20+0.40*§ 3.51+0.78
Lymphoid populations
Total leukocytes (n/mm?®) 6,551+1,860 6,011+1,717 6,280+1,795 6,067+1,367
Total lymphocytes (%) 29.63+6.11 31.43+8.18 31.51+7.55 31.56+5.70
NK (CD56 + CD3 — ) cells (%) 15.91+8.64* 9.84+4.10t 7.97+4.661 10.47+3.61
T(CDS + ) lymphocytes (%) 70.03+10.91* 73.69+6.02 79.02+7.51 76.76+8.98
CD4 + lymphocytes (%) 38.81+7.63* 42.49+6.83 43.82+7.65 48.34+7.85
CD4 + 25 + lymphocytes (%) 30.79+15.46 30.49+10.05 40.10+21.66 33.10%+23.60
CD4 + 69 + lymphocytes (%) 12.13+£28.76 8.92+27.40 4.11£9.95 6.05+16.82
CD4 + DR + lymphocytes (%) 2.42+1.43 2.40+1.67 2.13+1.52 8.07+22.82
CD8 + lymphocytes (%) 22.98+5.51 22.23+6.80 27.08+5.02 22.68+5.89
CD8 + 25 + lymphocytes (%) 10.18+£7.42 6.53+5.28 21.44+35.46 16.11£32.90
CD8 + 69 + lymphocytes (%) 7.19+9.51 4.69+3.81 3.87+5.47 3.12+2.18
CD8 + DR + lymphocytes (%) 4.61£3.15 4.33+2.53 6.69+7.69 7.53+8.43
CD4 + 8+ lymphocytes (%) 1.16+1.22 1.55+1.67 1.52+2.06 1.11+0.96
CD4 — 8 — lymphocytes (%) 7.08+5.92 7.42+6.89 6.78+7.48 5.74+3.18
B (CD19 + ) lymphocytes (%) 13.97+3.94 15.69+4.90 15.88+4.79 12.88+5.27

*P < 0.05 or less when compared with euthyroid controls; 1P < 0.05 or less when compared with visit 1; $P < 0.05 or less when compared with visit 2;

§P < 0.05 or less when compared with visit 1 and 2.

which represent the first line of cell-mediated defence
against tumour cells (7). Moreover, considering that
NK and cytolytic T-cells activation and proliferation
are induced by several cytokines such as IL-2 and IL-
18 (10, 16), the increase in serum sIL.-2R and IL-18
levels when patients were on TSH-suppressive therapy
may be related to the increase in the percentage of
NK cells in peripheral blood. As anti-tumour effects
have recently been shown to be enhanced by immu-
notherapy with IL-18, which in turn activates NK
cells and other cytolytic T lymphocytes (17-19), our
present results, if confirmed by larger studies, may indi-
cate a beneficial effect of TSH-suppressive therapy as an
immune-modulator in patients with differentiated thyr-
oid carcinoma.

However, it must be highlighted that we did not
measure the cytolytic activity of NK cells, yet in agree-
ment with a possible stimulatory effect of TSH-suppres-
sive therapy on NK cells expansion, others have
reported that intraperitoneal injections of thyroxine
increased NK cell counts in the spleen and bone
marrow of adult mice (20), and that thyroxine
increased IFN-induced cytotoxicity when administered
simultaneously with IFN and IL-2 in vitro (21-23).

Of note, our present results strongly suggest that
these immuno-modulatory effects are directly caused
by thyroid hormones, considering that the patients stu-
died here had no evidence of residual or recurrent thyr-
oid cancer, and did not have any underlying
autoimmune disorder.

On the contrary, most previous studies evaluating
the effects of thyroid hormones on the immune

system have been hampered by the inclusion of patients
with autoimmune thyroid disease, or undergoing treat-
ment with thionamides, factors that might have influ-
enced the Ilymphoid populations and cytokine
patterns encountered (4, 24-27). In this regard,
increased serum IL-18 levels have been described in
patients with Graves’ disease, but not after liothyronine
treatment in euthyroid individuals (28). To our knowl-
edge, we describe here for the first time a thyroxine-
dependent increase in serum IL-18 levels in an in vivo
human model in which autoimmunity is not involved.

Graves' disease has also been associated with
increased levels of IL-6 (29) and IL-12 (30), suggesting
a strong and systemic stimulation of the immune
response in autoimmune thyroid disease. On the
other hand, no association of serum IL-6 concen-
trations with changes in thyroid function has been
found (31, 32), in agreement with our present results.
In our study, serum IL-6 levels remained unchanged
despite marked changes in thyroid hormone levels,
suggesting that the previously increased serum IL-6
levels reported in patients with Graves’' disease (29)
resulted from the autoimmune process underlying
this disorder. In fact, it is well known that non-auto-
immune thyroid disorders produce less striking changes
on the immune response (33—35). In addition, we
found that serum IL-12 and IFN-y levels remained
undetectable in controls and in patients throughout
the study, possibly reflecting the predominantly local
effects of these cytokines (9, 11).

Previous studies by Papic and colleagues (24, 36)
suggested that thyroid hormone excess was associated
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8000 with suppression of peripheral blood NK cell activity,

*4 both in mice and in humans. In one of these studies,
including 22 patients with Graves' disease and 18
&k hyperthyroxinaemic patients, a significant reduction
in the cytolytic activity of NK cells against tumour
cells was found, although the NK cell count in periph-
eral blood was not altered (24). However, only
3 patients with differentiated thyroid carcinoma were
included in this study (24) and therefore the possibility
exists that the finding of reduced NK cell-cytolytic
activity was related to the immune milieu underlying
Graves' disease rather than being directly dependent
on thyroid hormone excess (37).

In our study, the percentage of CD4 + T lymphocytes
in peripheral blood was diminished in patients when on
TSH-suppressive thyroxine treatment. This finding
might be related to previous treatment with '3,
which might influence lymphoid populations, yet diag-
nostic or therapeutic doses of *!1 do not usually
result in clinically relevant immuno-suppression (38).
However, a transient decrease in NK cells, B and
CD4 + T lymphocyte counts, occurring up to 15, 30
and 60 days respectively, has been reported after thera-
peutic doses of >'1 in patients with differentiated thyr-
oid carcinoma (38). Nevertheless, our patients had
not received '*'I for at least 6 months before
recruitment.

Therefore, instead of being related to *>'I treatment,
it is possible that the decrease in CD4 4+ T lymphocyte
percentage observed in our patients during TSH-sup-
pressive thyroxine treatment may reflect a response
similar to that observed in patients with renal carci-
noma after treatment with IFNa-2b and IL-2, consist-
ing of an increase in the cytolytic activity of NK cells
paralleled by a significant decrease in the percentage

0 : ; : of CD4 + lymphocytes, with no changes in the prolif-
erative response to T-cell mitogenic signals (39).

In conclusion, our present study shows that thyroid

hormones exert important direct and reversible stimu-

14 latory effects on serum markers of cell-mediated

immune response, consisting of an increase in serum

12 IL-18 and sIL-2R levels with a concomitant expansion

e = of NK cells in peripheral blood. Whether these effects

10 contribute to the good overall prognosis of patients

with differentiated thyroid carcinoma on TSH-suppres-

sive therapy remains to be established.

0 Q

6000 —

O 0000
oo

4000 —

slL-2R (pg/ml)

2000 —

600

450 —

300 —

IL-18 (pg/ml)

150

(o]l0]

6 Figure 2 Serum cytokine levels in patients with differentiated thyr-
oid carcinoma on suppressive thyroxine treatment and during
thyroxine withdrawal, and also compared with euthyroid controls.
Data are represented as means=*s.e.m. for sIL-2R and IL-18, and
median * interquartile range for IL-16 (these data did not follow a
normal distribution), and the dot scattergram shows the individual
data with lines connecting them. The shaded areas represent the
95% confidence interval of the mean (dashed line) observed in
the control group for sIL-2R and IL-18, and the 95% confidence
interval of the median (dashed line) for IL-6. *P<<0.05 or less com-
pared with euthyroid controls; 1P < 0.05 or less compared with
visit 2; £P < 0.05 or less compared with both visits 1 and 2.

IL-6 (pg/ml)

www.eje-online.org



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2005) 153

Acknowledgements

We thank Mrs Genoveva Gonzalez, Laboratorio de
Endocrinologia, Hospital Ramén y Cajal, for excellent
technical help. José I Botella-Carretero received fellow-
ships from the Consejeria de Educacion, Comunidad
de Madrid (01/0430/01), and from the Fondo de Inves-
tigacion Sanitaria (01/F072), Instituto de Salud Carlos

I,

Spain. Financial aid came from Merck Darmstadt

KgaA, Germany, and from Comunidad de Madrid
(grant 08/007/03 to Luis Escribano).

References

1

1

1C

(e

11

12

13

14

—
1

S5

Dorshkind K & Horseman ND. The roles of prolactin, growth hor-
mone, insulin-like growth factor-I, and thyroid hormones in lym-
phocyte development and function: insights from genetic models
of hormone and hormone receptor deficiency. Endocrine Reviews
2000 21 292-312.

Fabris N, Mocchegiani & Provinciali M. Pituitary-thyroid axis and
immune system: a reciprocal neuroendocrine-immune inter-
action. Hormone Research 1995 43 29-38.

Fabris N. Immunodepression in thyroid-deprived animals. Clinical
and Experimental Immunology 1973 15 601-611.

Weetman AP & McGregor AM. Autoimmune thyroid disease,
further developments in our understanding. Endocrine Reviews
1994 15 778-803.

Volpe R. Evidence that the immunosuppressive effects of antithyr-
oid drugs are mediated through actions on the thyroid cell, mod-
ulating thyrocyte-immunocyte signalling: a review. Thyroid 1994
4 217-223.

Brostoff ] & Hall T. Immunity against tumours. In Immunology,
Roitt IM, Brostoff ] & Male DK eds. edn 2, ch. 19, pp 5-11.
London: Gower Medical Publishing, 1991.

Papamichail M, Perez SA, Gritzapis AD & Baxevanis CN. Natural
killer lymphocytes: biology, development and function. Cancer
Immunology and Immunotherapy 2004 53 176-186.

Abbas AK, Lichtman AH & Pober JS. Cellular and Molecular Immu-
nology, edn 4. WB Saunders Company, 2000.

Janeway CA]J, Travers P, Walport M & Shlomchik M]J. Immunobi-
ology: the Immune System in Health and Disease, edn 5. New York:
Garland Publishing, Taylor & Francis Books Inc., 2001.
Dinarello CA. IL-18: a Th1l-inducing, proinflammatory cytokine
and new member of the IL-1 family. Journal of Allergy and Clinical
Immunology 1999 103 11-24.

Germann T & Rude E. Interleukin-12. International Archives of

Allergy and Immunology 1995 108 103-112.

De Groot L, Manowitz N, Chait L, & Mayor G. Differential end
organ responsiveness to suboptimal thyroid hormone concen-
trations as assessed by short-term withdrawal of levothyroxine
sodium in athyreotic patients. Proceedings of the 70th Annual Meet-
ing of the American Thyroid Association, Colorado Springs, CO, USA
1997 S-88.

Botella-Carretero JI, Galan JM, Caballero C, Sancho | & Escobar-
Morreale HF. Quality of life and psychometric functionality in
patients with differentiated thyroid carcinoma. Endocrine-Related
Cancer 2003 10 601-611.

Botella-Carretero JI, Gomez-Bueno M, Barrios V, Caballero C,
Garcia-Robles R, Sancho J & Escobar-Morreale HF. Chronic thyro-
tropin-suppressive therapy with levothyroxine and short-term
overt hypothyroidism after thyroxine withdrawal are asssociated
with undesirable cardiovascular effects in patients with differen-
tiated thyroid carcinoma. Endocrine-Related Cancer 2004 11
345-356.

Suffredini AF, Fantuzzi G, Badolato R, Oppenheim JJ & O’Grady NP.
New insights into the biology of the acute phase response. Journal
of Clinical Immunology 1999 19 203-214.

16

17

18

19

20

21

22

23

24

26

27

28

29

30

31

32

33

34

229

Cellular immunity and thyroid hormones

Lebel-Binay S, Berger A, Zinzindohoue F, Cugnene PH, Thiounn N,
Fridman WH & Pages F. Interleukin-18: biological properties and
clinical implications. European Cytokine Network 2000 11 15-25.
Xia D, Li F & Xiang J. Engineered fusion hybrid vaccine of IL-18
gene-modified tumor cells and dendritic cells induces enhanced
antitumor immunity. Cancer Biotherapy and Radiopharmaceuticals
2004 19 322-330.

Chung SW, Cohen EP & Kim TS. Generation of tumor-specific
cytotoxic T lymphocytes and prolongation of the survival of
tumor-bearing mice using interleukin-18-secreting fibroblasts
loaded with an epitope peptide. Vaccine 2004 22 2547-2557.
Zhang B, Wu KF, Lin YM, Ma XT, Rao Q, Zheng GG, Cao ZY, Li G &
Song YH. Gene transfer of pro-IL-18 and IL-1beta converting
enzyme cDNA induces potent antitumor effects in L1210 cells.
Leukemia 2004 18 817-825.

Mahoney MX, Currier NL & Miller SC. Natural killer cell levels in
older adult mice are gender-dependent: thyroxine is a gender-
independent natural killer cell stimulant. Natural Immunity
1998 16 165-174.

Provinciali M & Fabris N. Modulation of lymphoid cell sensitivity
to interferon by thyroid hormones. Journal of Endocrinological
Investigation 1990 13 187-191.

Provinciali M, Muzzioli M, Di Stefano G & Fabris N. Recovery of
spleen cell natural killer activity by thyroid hormone treatment
in old mice. Natural Immunity and Cell Growth Regulation 1991
10 226-236.

Provinciali M, Muzzioli M & Fabris N. Thyroxine-dependent modu-
lation of natural killer activity. Journal of Experimental Pathology
1987 3 617-622.

Papic M, Stein-Streilein J, Zakarija M, McKenzie JM, Guffee | &
Fletcher MA. Suppression of peripheral blood natural killer cell
activity by excess thyroid hormone. Journal of Clinical Investigation
1987 73 404-408.

Farid NR, Munro RE, Row VV & Volpe R. Peripheral thymus-depen-
dent (T) lymphocytes in Graves’ disease and Hashimoto's thyroid-
itis. New England Journal of Medicine 1973 288 1313-1317.
Corrales J], Orfao A, Lopez A, Mories MT, Miralles JM & Ciudad J.
Analysis of IL-2 and IL-6 binding to peripheral blood lymphocytes
in Graves' disease: relationship with disease activity. Cytometry
1997 30 118-123.

Escobar-Morreale HF, Serrano-Cotarredona J, Villar LM, Garcia-
Robles R, Gonzalez-Porque P, Sancho JM & Varela C. Methimazole
has no dose-related effect on the serum concentrations of soluble
class I major histocompatibility complex antigens, soluble inter-
leukin-2 receptor, and beta-microglobulin in patients with
Graves' disease. Thyroid 1996 6 29-36.

Miyauchi S, Matsuura B & Onji M. Increased levels of serum inter-
leukin-18 in Graves’ disease. Thyroid 2000 10 815-819.
Siddigi A, Monson JP, Wood DF, Besser GM & Burrin JM. Serum
cytokines in thyrotoxicosis. Journal of Clinical Endocrinology and
Metabolism 1999 84 435-439.

Tamaru M, Matsuura B & Onji M. Increased levels of serum inter-
leukin-12 in Graves' disease. European Journal of Endocrinology
1999 141 111-116.

Salvi M, Pedrazzoni M, Girasole G, Giuliani N, Minelli R, Wall JP &
Roti E. Serum concentrations of proinflammatory cytokines in
Graves' disease: effect of treatment, thyroid function, ophthalmo-
pathy and cigarette smoking. European Journal of Endocrinology
2000 143 197-202.

Ahmad L, Parkes A, Lazarus ], Bartanela L, Martino E, Diamond E
& Stagnaro-Green A. Interleukin-6 levels are not increased in
women with postpartum thyroid dysfunction. Thyroid 1998 8
371-375.

Bossowski A & Urban M. Serum levels of cytokines in children and
adolescents with Graves' disease and non-toxic nodular goiter.
Journal of Pediatric Endocrinology and Metabolism 2001 14
741-747.

Chandratilleke D, Hala K & Marsh JA. Effects of in vivo thyroid hor-
mone treatment on the expression of interleukin-2 receptors on

www.eje-online.org



230

35

36

37

J I Botella-Carretero and others

avian splenocytes. International Journal of Immunopharmacology
1996 18 203-210.

Mariotti S, Caturegli P, Barbesino G, Marino M, Del Prete GF,
Chiovato L, Tonacchera M, De Carli M & Pinchera A. Thyroid
function and thyroid autoimmunity independently modulate
serum concentration of soluble interleukin 2 (IL-2) receptor
(sIL-2R) in thyroid diseases. Clinical Endocrinology 1992 37
415-422.

Stein-Streilein ], Zakarija M, Papic M & McKenzie JM. Hyperthyr-
oxinemic mice have reduced natural killer cell activity, Evidence
for a defective trigger mechanism. Journal of Immunology 1987
139 2502-2507.

Corrales JJ, Orfao A, Miralles J]M & San Miguel ]. The relationship
between hyperthyroidism and the distribution of peripheral blood
T, NK and B-lymphocytes in multinodular goiter. Hormone and
Metabolic Research 1994 26 104-108.

www.eje-online.org

38

39

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2005) 153

Tofani A, Sciuto R, Cioffi RP, Pasqualoni R, Rea S, Festa A,
Gandolfo GM, Arista MC & Maini CL. Radioiodine-induced
changes in lymphocyte subsets in patients with differentiated
thyroid carcinoma. European Journal of Nuclear Medicine 1999
26 824-829.

Molto L, Carballido J, Manzano L, Martinez-Martin B, Esquivel F,
Chafer J, Olivier C & Alvarez-Mon M. Immunological changes in
peripheral blood mononuclear cells of patients with metastatic
renal cell carcinoma after low doses of subcutaneous immu-
notherapy with IFN-alpha-2b and IL-2. Journal of Immunotherapy
1999 22 260-267.

Received 3 March 2005
Accepted 19 April 2005



