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Abstract t 

Cytokines,, such as TNF-a, IL-2, IL-6 and IFN-cc alter human thyroid hormone metabolism and may 

bee involved in the pathogenesis the euthyroid sick syndrome. Experimental data suggest that IFN-y 

couldd be another cytokine that might influence thyroid hormone metabolism. To evaluate whether 

IFN-yy can be involved in the pathogenesis of the alterations in thyroid hormone metabolism in 

humanss with nonendocrine illness, we measured thyroid hormone concentrations in six healthy 

volunteerss during 24 hours in a placebo, controlled trial: once after subcutaneous administration of 

IFN-yy (Immukine 100 ug/m2 s.c.) and, on another occasion, after the administration of saline 

(control).. In addition, we measured cytokine concentrations in plasma (TNF-a and IL-6). IFN-y did 

notnot induce effects on any of the measured thyroid hormone and TSH plasma concentrations. 

Moreover,, IFN-y did not affect TNF-a plasma levels. Only a modest but significant elevation of 

plasmaa IL-6 levels was detected after administration of IFN-y (p<0.05 vs control). It is concluded that 

IFN-yy administration to healthy humans does not result in short term alterations of thyroid hormone 

metabolism.. These data do therefore not support a role of IFN-y in the pathogenesis of the euthyroid 

sickk syndrome in humans as might be deduced from in vitro and in vivo animal studies. 

62 2 



IFN-yIFN-y does not affect thyroid metabolism in humans 

Introduction n 

AAlterationss in thyroid hormone metabolism induced by nonendocrine 
diseasee in otherwise euthyroid patients are referred to as the euthyroid 
sickk syndrome. These alterations consist of decreased plasma levels of tri-

iodothyroninee (T3), increased levels of reverse T3 (rT3) and changes in plasma 
thyroxinee (T4), the latter being lowest in patients with the poorest prognosis (1,2). 
Thyroidd stimulating hormone (TSH) levels usually remain normal, but may be 
decreasedd or slightly elevated (3). 

Cytokiness are considered to be involved in the pathogenesis of the 
euthyroidd sick syndrome (4,5). For instance, administration of tumor necrosis 
factorr (TNF)-cx, interleukin (IL)-2, IL-6 as well as interferon (IFN)-a to humans 
inducess acute alterations in thyroid hormones, resembling those seen in the 
euthyroidd sick syndrome (5). Moreover, there is a relation between the severity of 
thee euthyroid sick syndrome and plasma cytokine levels (6). Finally, additional 
supportt for at least a partial role of cytokines in the development of the euthyroid 
sickk syndrome is provided by the observation that the decrease in serum T3 
inducedd by lipopolysaccharide (LPS) in IL-6 knockout mice is smaller than in wild 
typee mice (7). 

IFN-yy is another cytokine, that may influence thyroid hormone metabolism. 
Increasedd IFN-y levels can be detected in patients suffering from nonendocrine 
infectiouss diseases that are associated with the euthyroid sick syndrome (8). 
Moreover,, in vivo studies in animals support a role of IFN-y as humoral mediator 
inn the pathogenesis of the euthyroid sick syndrome. IFN-y administration to mice 
mimickedd several aspects of the euthyroid sick syndrome (9). In addition, effects of 
IFN-yy on aspects of thyroid hormone metabolism of thyroid cells in vitro are 
reportedd (10-13). 

Thee acute effects of IFN-y on thyroid hormone metabolism in humans in 
vivoo have not been delineated. Therefore, we evaluated whether IFN-y can be 
involvedd in the short term adaptation of thyroid hormone metabolism to 
nonendocrinee illness in humans. For this purpose we administered recombinant 
humann (rh)IFN-y to healthy subjects in a saline controlled cross over study. 
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Subjectss and Methods 

Subjects Subjects 
Sixx healthy male volunteers (age 22  1 yr, mean  SEM) participated in the study. 
Al ll  were in good health, had not experienced any febrile disease in the month prior to 
thee study and did not use any medication. The study was approved by the Research 
Committeee and the Medical Ethical Committee of the Academic Medical Center, 
Amsterdam.. All subjects gave written informed consent. 

StudyStudy design 

Eachh subject was studied twice, with an interval of at least four weeks between the 

twoo studies. On one occasion the subjects received rrüTN-y (Immukine, Boehringer 

Ingelheimm GmbH, Ingelheim/Rhein, Germany), on the other occasion saline (control 

study).. The order in which rruTN-y or saline was given was determined by balanced 

assignment.. To rule out any effects of meal intake, subjects were fasted from 6.00 

P.M.. the day prior to the study, until the end of the study. Before the start of the study, 

aa 19-Gauge catheter for sampling of blood was inserted retrogradely into a hand vein. 

Thee catheter was kept patent by infusion of NaCl 0.65% (30 ml/h). During both 

studiess the subjects were confined to bed. Just before 9.00 A.M. (t=0) blood samples 

forr baseline thyroid hormones and cytokine levels were drawn. At t=0, 100 |iig/m2 

rhlFN-yy or a similar volume of saline was injected subcutaneously. At 1,2,4, 6, 8, 10, 

122 and 24 hours after injection of rhlFN-y or saline, blood was drawn for the 

measurementt of plasma cytokines and thyroid hormones. Oral temperature (Terumo 

Dig.. Clin. Termometer CI 1, Terumo Corp., Tokyo, Japan) was recorded hourly 

Assays Assays 

Bloodd drawn for determination of plasma parameters was centrifuged at 4 °C and 

15500 g for 10 minutes. Thereupon supernatants were immediately stored at -80 °C. 

Al ll  samples were thawed only once. Measurements in plasma of each individual 

subjectt were performed in the same run and tested in duplicate. IFN-y plasma levels 

weree measured using an in-house sandwich ELISA with a detection limit of 31 pg/ml 

(14).. IL-6 and TNF-a were determined by ELISA (CLB, Amsterdam, The 

Netherlands),, both with a detection limit of 2 pg/ml. For thyroid hormones and TSH 

thee following assays were used: T4 (reference value 70-150 nmol/L, detection limit 
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5nmol/L,, intra-assay CV 2-4%, interassay CV 3-6%), T3 (reference value 1.3-2.9 
nmol/L,, detection limit 0.3 nmol/L, intra-assay CV 3-4%, interassay CV 7-8%) and 
rT33 (reference value 0.11-0.44 nmol/L, detection limit 0.03 nmol/L, intra-assay CV 
4-5%,, interassay CV 5-9%) were measured by in-house RIA methods (15); free T4 
(FT4)) and TSH were measured by time-resolved fluoroimmunoassay (Delfia FT4 
respectivelyy Delfia hTSH Ultra, Wallac Oy, Turku, Finland: reference value 10-23 
pmol/LL respectively 0.4-4.0 mU/L, detection limit 2 pmol/L respectively 0.01 
mU/L,, intra-assay CV 4-6 and 1-2% respectively, interassay CV 5-8 and 3-4% 
respectively);; T3-uptake by a commercial kit (T3-uptake {MAA }  kit, Kodak 
Clinicall  Diagnostics, Amersham, England: reference value 0.84-1.11, detection 
limi tt 0.50, intra-assay variation 3-5%, interassay variation 3-5%). 

CalculationsCalculations and statistics 
Alll  data are presented as the mean  SEM. Data were analysed by analysis of 
variancee for randomised block 
designn and Wilcoxon test to 
comparee data at individual time 
points.. A p-value of < 0.05 was 
consideredd to represent statistical 

significance. . 

FigureFigure 1 Effects of IFN^y 
administrationn on plasma cytokine 
concentrations: : 
Sixx healthy male subjects were studied 
twice;; once after administration of 
rhlFN-yy (100 ug/m2 s.c.) and, on another 
occasion,, after administration of saline. 
Depictedd are plasma IFN-y and IL-6 
concentrationss (mean  SEM) after 
rhlFN-yy administration (closed circles) 
vss saline administration (open cir-
cles).. * = P<0.05 vs the cor-
respondingg value on the control day. 
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Results s 

ClinicalClinical effects of IFN-yadministration 

IFN-yIFN-y caused an increase in temperature from 36.2  0.2 to 36.9  0.1 °C (p < 0.05 

vss control study (16)). IFN-y administration did not cause chills, nausea or other 

signss of acute illness. There were no changes in clinical condition of the volunteers 

duringg the control study. 

CytokineCytokine plasma concentrations (fig.1) 

Baselinee cytokine levels (IFN-y, IL-6 and TNF-a) did not differ between the 

controll  and intervention study. During the control study, IFN-y levels remained 

beloww or just above the detection limit of the assay. In the intervention study, IFN-

yy levels increased gradually to 518  96 pg/ml after 6 hours (p < 0.05 vs control). 

Thee IFN-y plasma levels at 24 and 48 hours after IFN-y injection, were not 

differentt from pretreatment values. 

Inn the intervention study, plasma levels of IL-6 gradually increased with a peak at 

122 hours after IFN-y (p<0.05 vs control). During the control and intervention study, 

TNF-aa levels stayed below the lower limit of detection of the assay (2 pg/ml). 

ThyroidThyroid hormone and TSHplasma concentrations (ftg.2) 

Baselinee thyroid hormone (T4, FreeT4, T3, rT3, T3-uptake, F T4 index) and 

TSHH levels did not differ between the control and intervention study. During the 

interventionn study, there were no effects of IFN-y on any of the thyroid hormone 

indices. . 

Discussion n 

Inn the present study, the short term effect of IFN-y on thyroid hormone metabolism 

inn healthy volunteers was evaluated. Our data clearly demonstrate that in humans 

IFN-yy does not affect thyroid hormone and TSH levels in blood. This finding casts 

doubtss on the role of IFN-y in the pathogenesis of euthyroid sick syndrome. 
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FigureFigure 2 Effect s of IFN-y administratio n on plasm a thyroi d hormon e and TSH 
concentrations : : 
Sixx  health y male subject s were studie d twice ; onc e after administratio n of rhIFN-y (100 ug/m 2 s.c.) 
and,, on anothe r occasion , after administratio n of saline . Depicte d are plasm a concentration s T4, 
Freee T4, TSH, T3, rT3 and T3-uptak e (mean  SEM) after rhIFN-y administratio n (close d circles ) 
vss salin e administratio n (open circles) . There were no difference s betwee n bot h stud y days . 

Duringg the control and intervention studies, levels of T3 and TSH decreased. These 

observationss can be explained by fasting (T3) (17), circadian variation (TSH)(18), 

andd hemodilution. Since both studies showed identical patterns, an effect of IFN-y 

onn these thyroid hormones can be excluded. 

Thee question arises whether the quantity of cytokine administered in the 

presentt study was large enough to induce any effect on human regulatory systems. 

Thee molar amount of IFN-y administered in the present study (6.1 nmol/m2) was 

higherr than the amounts of TNF-oc, IL-6 and IFN-oc administered in our previous 

studiess in humans in which profound euthyroid sick syndrome-like features were 
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inducedd (TNF-a 2.8 nmol/m2, IFN-a 1.3 nmol/m2 and IL-6 3.8 nmol/m2)( 19-21). 

Moreover,, the serum levels reached in these previous studies were in the same range 

ass in the present IFN-y study (IFN-y 3.1 x 10~2 pmol/ml vs IL-6 2.8 x 102 pmol/ml and 

IFN-aa 6.2 x 10"3 pmol/ml; TNF-a levels were higher due to intravenous, bolus 

administrationn and are therefore not suited for this molar comparison (20)). Moreover, 

IFN-yy induced effects on endocrine and non-endocrine systems; a moderate but 

significantt increase in ACTH and Cortisol levels was detected (16). Additionally, 

monocytee HLA-DR expression increased with -100% and leukocyte dynamics were 

considerablee altered by IFN-y (16,22). Finally, in the present study plasma levels of 

IFN-yy were in the same range as those reported in several nonendocrine diseases, like 

sepsis,, HIV and malaria (8,23,24). Therefore, it is unlikely, that we administered an 

insufficientt dose of IFN-y. 

IFN-yy administration induced a modest but significant elevation in IL-6 

plasmaa levels. Although IL-6 administration influences thyroid hormone 

metabolismm in humans (21), elevated IL-6 levels did not reflect such influences in 

thee present study. It is unclear whether the absence of an IL-6 induced effect, is 

causedd by the only small change in IL-6 concentrations. 

Thee effect of chronic IFN-y administration on human thyroid hormone 

metabolismm has been studied previously in chronic type B hepatitis patients by 

Kungg et.al. (25). In parallel with our results, there was no effect of chronic IFN-y 

administrationn on thyroid hormone metabolism (25). In the present study, short 

termm effects of IFN-y were evaluated. Short term effects of cytokine administration 

onn thyroid hormone metabolism should be distinguished from effects of chronic 

cytokinee administration, since those effects can differ significantly, as has been 

shownn for IL-6 and IFN-a (21,26-28). IFN-y however, induced neither acute nor 

chronicc influences on thyroid hormone metabolism. 

Inn contrast to in vitro and in vivo studies in animals, the present study fails to 

demonstratee a role of IFN-y as an humoral mediator of the euthyroid sick 

syndrome.. This observation, however, does not exclude that under certain 

circumstancess IFN-y may have other influences the thyroid gland. For, instance, in 

vitro,, IFN-y induces HLA-DR expression on thyroidal cells (13,29). Therefore it is 

suggestedd that IFN-y, produced by activated T-lymphocytes infiltrating the thyroid, 

inducess aberrant HLA-DR expression on human thyrocytes, which may trigger 
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and/orr maintain autoimmune thyroid disease (30,31)- Moreover, anti-EFN-y 
treatmentt reduces thyroid pathology in experimental autoimmune thyroiditis (32). 
Inn agreement with these observations, IFN-y increased HLA-DR expression on 
monocytess by ~100% in the present study (16). 

Inn conclusion, IFN-y administration to healthy humans does not result in 
shortt term alterations in thyroid hormone metabolism. Our data, in combination 
withh the previous findings of Kung et. al. (25) on chronic IFN-y administration to 
humans,, do not support a role of IFN-y in the pathogenesis of the euthyroid sick 
syndromee in humans. 
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