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Increasedd serum cytokine levels have been reported in patients with auto-
immunee thyroi d disease, but less is known about their  levels in patients with 
Graves''  ophthalmopathy (GO). It is not known whether  GO is a cell-mediated 
orr  humoral autoimmune disease. W e investigated whether  serum cytokines 
aree elevated in GO patients and whether  the cytokines were Th l - or  Th2-
derived.. In addition, elevated cytokines might reflect the activity of GO, and 
thuss we investigated, whether  cytokine levels could predict the clinical response 
too orbital radiotherapy. W e studied 62 consecutive patients with moderately 
severee untreated GO and 62 healthy controls, matched for  sex, age and smok-
ingg habits. Serum concentrations of IL-1RA , sIL-2R, IL-6 , sIL-6R, tumour 
necrosiss factor-alpha (TNFoc) RJ and II  and sCD30 were measured using highly 
sensitivee ELISAs, in the patients before and 3 and six months after  radiother-
apy.. Al l patients were euthyroid, with anti-thyroi d drugs, before and durin g 
thee entire study period. Al l baseline cytokine and cytokine receptor  levels were 
significantlyy elevated in GO patients compared with healthy controls, except 
forr  IL-1RA . The levels did not correlate with parameters of the thyroi d disease, 
norr  with the duration, activity or  severity of GO. However, backward logistic 
regressionn analysis showed that IL-6 , sCD30 and TNFotRI  were able to predict 
aa beneficial response to orbital radiotherapy. W e therefore conclude that both 
Th l -- and Th2-derived cytokines are elevated in GO patients compared with its 
controls.. IL-6 , sCD30 and TNFotRI  had some value for  predicting therapeutic 
outcomee to orbital irradiation , and may thus reflect active eye disease. 

Introduction n 

Graves'ophthalmopathyy (GO) is an orbital 
diseasee of presumed autoimmune aetiology, 
closelyy connected with Graves' hyperthy-
roidism.. Histological examination of orbital 
tissuee in the active stages of GO shows a 
lymphocyticc infiltrate consisting mainly of T-
helperr and T-suppressor cells, together with 
somee B cells, macrophages and a few plasma 
cellss and mast cells.1-2 The immune process in 
thee orbit leads to proliferation of fibroblasts 
andd stimulation of glycosaminoglycan (GAG) 
production,, which in turn leads to swelling 
off  orbital t issue.1^ These features cause the 
clinicall  manifestations of proptosis, diplo-
pia,, periorbital swelling and inflammation.v> 

Oncee the active inflammation has subsided 
fibroticfibrotic tissue is left. 

Lymphocytess produce different cytokines 
whichh can have an effect on retrobulbar 

**  IL-1 and IL- 4 stimulate the pro-

liferation,, and GAG production by fibroblasts 
iss stimulated by IFN-y , tumour necrosis fac-
tor-betaa (TNFp) and IL-1 and inhibited by 
IL-1RA.*~" '' Some cytokines can induce the 
expressionn of modulatory molecules like 
HLA-D RR or intracellular adhesion mole-
culee 1 (ICAM-1) on retrobulbar fibroblasts." 
133 Whether these in vitro data are relevant for 
thee in vivo situation is unclear, because only 
somee of the above mentioned cytokines, e.g. 
IL-4,, IL-1 and IFN-y have been found in 
orbitall  tissues using polymerase chain reac-
tionn (PCR) or immunohistochemistry.141'' 
Theree are only scanty data about their serum 
levelss in GO. In patients with Graves' hyper-
thyroidismm increased levels of soluble IL-2 
Receptorr (sIL-2R), IL-6, IL-6 Receptor 
(IL-6R),, soluble CD30 (sCD30) have been 
found."-2""  In GO we only know that sIL-2R 
andd IL-6R levels are elevated, and that IL-1 
andd IL-1RA increase in response to radio-
therapyy in GO.21"23 
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Too understand better the pathogenesis of GO 
itit  would be important to know which cyto-
kiness are present in the lymphocytic infil -
trate.. Such knowledge might help to establish 
whetherr GO is mainly a humoral (Thl), or a 
cellularr (Th2) immune process, or both. To 
answerr this question, analysis of orbital tis-
suess would be necessary. Since it is difficult 
too obtain orbital tissue from a large number of 
patients,, measuring serum levels seems to be a 
helpfull  first step. Another reason why serum 
cytokinee levels are potentially important is the 
distinctionn between active and inactive eye 
disease,, as the former but not the latter may 
bee susceptible to immunosuppressive therapy. 
Pathogenically,, the difference between active 
andd inactive GO is the presence of a lympho-
cyticc infiltrate during the active stage. This 
iss clinically of littl e relevance however, and 
otherr methods are necessary to separate these 
stages,, since the stage of the disease indi-
catess which treatment should be given. Since 
cytokiness seem to be involved as intermedi-
aryy effectors in GO, we wondered whether 
serumm measurements might help to differen-
tiatee between active and inactive disease. 
Thee aim of our study is i) to determine 
whetherr there is a difference in cytokine lev-
elss between GO patients and healthy controls 
andd ii) to establish whether cytokine levels 
correlatee with the activity and/or severity of 
GO.. Because Graves' hyperthyroidism itself 
iss associated with elevation of serum cyto-
kines,, we only studied GO patients, who 
weree euthyroid for >. 2 months. Since GO 
patientss smoke more frequently than the 
generall  population, and smoking might have 
ann influence on cytokine levels we matched 
controlss for age, sex and smoking habits. We 
chosee to measure a panel of stimulatory (IL-
6,, TNFaRI and II)24-25, inhibitory (IL-1RA), 
Thll  derived (sIL-2R, TNFaRI and II) , and 
Th22 derived (IL-6, IL-6R) cytokines and 
sCD30.. sCD30 is a member of the TNF 
receptorr super family, and is released by 
T-cellss that secrete Th2- type cytokines.26"38 

Patientss and controls 

Wee studied 62 consecutive patients with mod-
eratelyy severe untreated GO, who qualified 
forr retrobulbar irradiation. The patients had 
severee soft tissue involvement, and/or propto-
siss of >_ 25 mm, and/or impaired eye muscle 
motilityy (mostly with diplopia). None had 
opticc nerve involvement. All patients were 
euthyroid,, mostly on anti-thyroid drugs, for 
att least two months before start of treatment 
(definedd as: free T4 (fT4) 10-23 pmol/1, total 
T33 1.3-2.7 nmol/1, thyroid-stimulating hor-
monee (TSH) <4.0 mU/L). Blood for cyto-
kinee measurements was withdrawn from the 
patientss before, and 3 and 6 months after treat-
ment.. Controls were recruited from the gen-
erall  population by advertisement, and partici-
patedd in a study to determine reference values. 
Theyy were matched for age (within +5 or -5 
years),, sex, and smoking habits. Smokers were 
definedd as individuals who currently smoked 
cigarettess and non-smokers did not. 
Retrobulbarr radiotherapy consisted of 10 frac-
tionss of 2 Gy, in two weeks (20 Gy in total). 
Sixx months later the response was assessed 
accordingg to changes in major and minor cri-
teria.. Major criteria were changes in grade of 
diplopiaa (0 = no diplopia, 1 = intermittent, 
22 = inconstant, 3 = constant diplopia)29, and 
changess in eye muscle motility (> 8° elevation). 
Minorr criteria were i) a change in appearance 
onn colour slides (pre- and posttreatment)3'1, ii) 
aa change in lid aperture of >. 2mm or iii ) a 
changee in proptosis of >_ 2mm. Amelioration 
inn more than one major criterion or in two 
minorr criteria was considered a response. No 
responsee was defined as no change at all, or 
changess in 1 minor criterion only. If a patient 
deterioratedd this was considered as no response. 
Orbitall  radiotherapy resulted in a response in 
34/622 (55%) patients. No change or deteriora-
tionn was observed in 28/62 (45%) patients. 

ClinicalClinical characteristics The activity of the 
ophthalmopathyy was scored using the clas-
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Tablee 1 Serum cytokine concentrations in patients with untreated moderately severe Graves' 
ophthalmopathyy and healthy matched controls 

agee (yrs) 

F/M M 

smokingg yes/no 

fT44 (pmol/1) 

sIL-2R R 

IL-1RA A 

IL-6 6 

IL-6R R 

TNFaRI I 

TNFaRII I 

sCD-300 (U/ml) 

Patients s 

n=62 2 

53.11 3 

43/19 9 

32/30 0 

15.55 7 

1 1 

394+249 9 

7 7 

0 0 

2 2 

8 8 

4(18-153) ) 

Controls s 

n=62 2 

53.22 7 

43/19 9 

32/30 0 

15.99 5 

7 7 

2 2 

0 0 

30434+7554 4 

6 6 

2112+487 7 

277 (10-87) 

P-value e 

<0.00()1 1 

NS S 

0.009 9 

<0.0001 1 

<().()(( )()1 

<{.).()(( )()1 

<< 0.0001 

sicc inflammation parameters: rubor, dolor, 
tumourr and functio laesa.31 This Clinical 
Activit yy Score consists of 10 items, for each 
itemm present 1 point is given, thus the maxi-
mall  score is 10. We also noted duration of 
bothh the eye disease and the thyroid disease in 
monthss since the first signs or symptoms, and 
thee Total Eye Score, calculated as the sum of 
multiplyingg each NO SPECS class present by 
thee grade in that class (for that purpose we 
substitutedd 1, 2, and 3 respectively, for grades 
a,, b, and c),32 as an overall measurement of 
diseasee severity. 

Methods s 

fTT was determined with either a coated tube 
125II  radioimmunoassay (SPAC, Byk-Sang-
tecc Diagnostica, Dietzenbach , Germany), 
orr a solid-phase time-resolved fluoroim-
munoo assay (Delfia, Wallac Oy, Turku, Fin-
land).. TBII was measured by TRAK assay 
(BRAHMSS Diagnostica, Berlin, Germany). 
Antie-thyroidd peroxidase (TPO) antibodies 
weree measured by immunofluorescence. 

Serumm samples were kept stored at -20°C, 
untill  use. All samples were measured in dupli-
cate.. sCD30 (detection limi t 0.5 U/ml) was 
measuredd by an ELISA (Bender MedSystems, 
Vienna,, Austria). Highly sensitive, com-
merciallyy available ELISA kits (Quantikine, 
R& DD Systems, Minneapolis, MN) were used 
too measure serum concentrations of IL-1RA 
(detectionn limi t 14 pg/ml), sIL-2R (detection 
limi tt 24 pg/ml), IL-6 ( detection limit 0,094 
pg/ml),, sIL-6R (detection limi t 140 pg/ml), 
TNFaRII  (detection limi t 30 pg/ml) and II 
(detectionn limi t 10 pg/ml) and expressed in 
pg/ml. . 

StatisticalStatistical analysis To analyse differences 
betweenn GO patients and healthy controls we 
usedd either f-tests or in case of an abnormal 
distribution,, the Mann-Whitney U-test. To 
assesss whether one or more cytokine or cyto-
kinee receptors could predict for the response 
too orbital radiotherapy, stepwise, backward, 
logisticc regression analysis was performed in 
whichh response was the dependent variable. 
Inn short, this means that all cytokine values 
aree added to the regression analysis and then 

34 4 



theyy are stepwise eliminated from the formula noted between smokers and non-smokers 
iff  they have no statistically significant influ- (Table 2). 
encee on the dependant variable, e.g. response In the patients the different serum cytokine 
too treatment. At the end, these variables with concentrations were not related to thyroid 
aa P <0.10 are left in the regression equation, status (fT4), methimazole use, anti-TPO anti-
Onn the basis of this analysis, a receiver-opera- body titer, TBII titer, or the duration of the 
tor-characteristicss (ROC) curve was drawn, thyroid disease. The duration of the eye dis-
andd the area under the curve (AUC) was cal-
culated.. Correlations were calculated with 
two-tailedd Pearson correlation coefficients. 
Changess in serum cytokine concentrations 
weree evaluated with repeated measurement 
F-tests. . 

Result s s 

easee ranged from 4 to 240 months (median 
177 months). At study entrance they had a 
Clinicall  Activity Score of 3.2  1.8 (mean 

 SD). The diplopia score was 2.4  0.9 
(meann +_ SD). Proptosis ranged from 13 to 
288 mm (median 19 mm), and overall sever-
ityy of eye disease (Total Eye Score) from 2 
too 19 (median 12). There was no correlation 
betweenn cytokine levels and several ophthal-
mopathyy parameters; neither with the dura-
tionn nor with the severity or activity of the 
eyee disease. 

CorrelationsCorrelations between the different serum cytokines 

SerumSerum cytokine levels in patients and controls 
Patientss and controls were well matched 
andd had similar fT levels. Patients had sig-
nificantlyy higher levels of all T h l - and Th2-
derivedd cytokines with the exception of IL - The Thl cytokines (TNFaRI, TNFaRII, 
IRAA (Table 1). This could not be explained sIL-2R) correlated well with each other 
byy differences in smoking behaviour in view (P<0.0001), as did the Th2-derived cyto-
off  the matching procedure, although differ- kines IL-6 and sCD-30 (PO.001). Thl 
encess in some cytokine concentrations were cytokine sIL-2R levels did correlate well 

Tablee 2 Serum cytokine concentrations in smokers and non-smokers of patients with untreated moderately 
severee G O and healthy matched controls 

sIL-2R R 
(pg/ml) ) 

IL-1RA A 
(pg/ml) ) 

IL- 6 6 
(pg/ml) ) 

IL-6R R 
(pg/ml) ) 

TNFaRI I 
(pg/ml) ) 

TNFaRII I 
(pg/ml) ) 

sCD-30 0 
(U/ml) ) 

patients s 
controls s 

patients s 
controls s 

patients s 
controls s 

patients s 
controls s 

patients s 
controls s 

patients s 
controls s 

patients s 
controls s 

smoking g 

9 9 
9 9 

3 3 
3 3 

2.22 (0.9-23.4) 
1.77 (0.5-11.7) 

4 4 
5 5 

7 7 
3 3 

33011 3 
1 1 

444 (26-153) 
299 (10-87) 

non-smoking g 

8 8 
9 9 

312+75 5 
8 8 

2.00 (0.6-12.1) 
1.22 (0.6-6.3) 

0 0 
27464+6441 1 

1089+228 8 
939+128 8 

3110+845 5 
5 5 

455 (18-111) 
266 (11-61) 

P-value e 

0.728 8 
0.507 7 

0.011 1 
0.191 1 

0.933 3 
0.597 7 

0.921 1 
0.002 2 

0.409 9 
0.599 9 

0.368 8 
0.340 0 

0.949 9 
0.164 4 
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withh both Th2 cytokines, IL-6 (P<0.01) and 
sCD300 (P<0.0001). Th2 cytokine sCD30 
didd correlate well with all Thl cytokines and 
IL-66 correlated well with sIL-2R (P<0.01) 
butt not with the TNFoc receptors. Lastly 
IL- 66 did not correlate with IL-6R (data not 
shown).. IL-1RA only correlated with TNF(X 
RII  (P<().0001). 

PredictionPrediction of the response to radiotherapy When 
wee compared the pretreatment values in 
thee responders to radiotherapy (supposed 
too have been active at baseline) with those 
whoo did not respond (presumed to have 
beenn inactive), there were no differences 
inn any of the cytokine levels (Table 3). 
However,, using backward logistic regres-
sionn analysis, IL-6, sCD30 and sTNFaRI 
togetherr predicted response. Calculat-
ingg a R OC curve with IL-6, sCD30 and 
sTNFaRII  together the AUC was 0.69. In 
aa subgroup of 47 patients we also studied 
serumm cytokine concentrations 3 and 6 
monthss after radiotherapy. Serum levels did 
nott change upon radiotherapy (Figure 1, for 
dataa on sIL-IRA). 

Discussio n n 

InIn this study we measured a panel of cyto-
kiness in sera of 62 patients with moderately 
severee GO and in 62 matched healthy sub-
jects.. We found that almost all cytokines 
weree increased in the patients, as compared 
too the controls. This was true for both T h l -
andd Th2-derived cytokines, as well as for 
stimulatoryy cytokines. IL-1RA was the only 
exception,, with similar levels in patients and 
controls.. The question thus arises whether 
increasedd levels in the patients reflect the 
immunee response in orbital Graves' disease. 
Alll  patients, except for one, who had euthy-
roidd Graves' disease, also had a clinical history 
off  Graves' hyperthyroidism. 
However,, it seems unlikely that the thyroid 
diseasee alone caused the observed elevated 
cytokinee levels. First, all patients were euthy-
roidd for at least 2 months prior to enrolment 
inn our study. Second, no correlations were 
foundd between cytokine and fT4 levels. Third, 
wee could not find any correlation between 
cytokinee levels and parameters of autoim-
munee thyroid disease, like TPO antibodies 

Tablee 3 Baseline serum cytokine concentrations in patients with moderately severe G O who responded 
orr did not respond to orbital irradiation 

IL-1RAA (pg/ml) 

SÏL-2RR (pg/ml) 

IL-6RR (pg/ml) 

TNFaRIII  (pg/ml) 

IL- 66 (pg/ml) 

TNFaRII  (pg/ml) 

sCD300 (U/ml) 

Response e 
n=344 (55%) 

359+177 7 

6 6 

2 2 

5 5 

2.33 (0.6-23.4) 

1084+181 1 

455 (17.5-153) 

Noo response 
n=288 (45%) 

4 4 

1345+435 5 

7 7 

3251+868 8 

1.99 (0.9-10) 

1 1 

433 (21.8-92,4) 

Mestt or Mann-
Whitneyy U-

0.233 3 

0.922 2 

0.972 2 

0.720 0 

0.502 2 

0.283 3 

0.262 2 

test t 

Stepwise e 
backward d 

logistic c 
regression n 

0.10 0 

0.04 4 

0.10 0 
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orr TBI I. Thus the elevated serum cytokines 

didd not seem to be related just to the thyroid 

diseasee itself. Therefore it seems that at least 

somee cytokines might reflect the presence of 

thee eye disease, although, we can not rule 

outt the possibility that these increased cyto-

kinee levels reflect a heightened overall activa-

tionn of the immune system m Graves' disease 

patients.. Another expla-

nationn might be that our 

GOO patients have a differ-

entt genetic background in 

termm of M H G haplotypes 

comparedd with our con-

trols.. For, there are differ-

encess in cytokine produc-

tionn in vitro in subjects 

withh a HLA-B8 , D R3 hap-

lotypee compared with oth-

ers.""  We could not find a 

correlationn between serum 

cytokiness and the dura-

tion,, severity or activity of 

thee eye disease, but using 

backwardd logistic regres-

sionn analysis. IL-6, sCD30 

andd T N F a Rl together had 

somee value for predicting a 

responsee to radiotherapy. This suggests that 

elevationn of the cytokines indeed reflects 

activee eye disease at baseline, although this 

shouldd be tested for clinical relevance in a 

secondd study. 

Theree is controversy in the literature about 

GOO being a T hl (cell-mediated), or Th2 

(humoral)) au to immune phenomenon, or 

both.14,34'355 We found that all cytokines, 

exceptt for IL-1RA . were elevated, both T h l -

andd Th2-der ived cytokines and stimulating 

cytokines.. It is likely that these findings indi-

catee a reflection of the delicate cytokine net-

workk in the orbit, though it remains difficul t 

too determine their pathogenic role and place 

inn the cascade. 

Wee also found that smoking tended to have 

somee effect on serum cytokine levels. II -

1RAA and IL-6 R were significantly higher in 

smokerss than in non-smokers. Also some of 

thee other cytokines tended to be higher in 

smokers,, though this did not reach statisti-

call  significance. Smoking is strongly associ-

atedd with GO.36 s The mechanism by which 

smokingg might aggravate GO is not known. 

Theree might be a role for hypoxaemia. as was 

DD R-/S- n=7 

IR-/S++ n=12 

IR+/S-- n=16 

 R+/S+ n=12 

13 3 

Timee in weeks 

Figuree 1: IL-1RA in 47 moderately severe G O patients measured before 
andd 13 and 26 weeks after orbital radiotherapy. Patients have been 
dividedd in responders (R+) and non responders (R-) and smokers (S+) 
andd non-smokers (S-). 

shownn in an in vitro study by Metcalfe et al./' 

orr smoking might induce antibodies like HSP 

antibodies,, as was found by our group.4'1 

T oo our knowledge this is the first study to 

comparee various cytokines between oph-

thalmopathyy patients and controls. There arc-

onlyy data on sIL-2R and IL-6R levels in GO 

patientss and our study confirms that these 

twoo cytokines are elevated in G O. There-

aree no data on the other cytokines, with the 

exceptionn of IL-1RA. Hofbauer et al.23 mea-

suredd serum IL-1 RA levels in 27 GO patients 

andd found that IL-1RA was decreased in 18 

smokingg patients compared with nine non-

smokingg patients. Increased baseline IL-1RA 

levelss were associated with a response to 

radiotherapy.. We could not confirm these 

findings.findings. We used the same assay and actu-
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allyy found higher IL -1RA levels in smokers 

thann in non-smokers. It might be that this 

discrepancyy is due to the larger sample size of 

ourr study, or to a different patient selection. 

W ee included patients on the basis of disease 

severity,, not activity and consequently many 

appearedd to have had inactive disease. Hof-

bauerr et al. included active GO patients with 

<44 months disease duration. O ur patients 

reflectt usual clinical practice in presenting n 

wit hh disabling ophthalmopathy in w h om the 

activityy phase still has to be determined. 

W ee conclude that sIL-2R, IL-6, IL-6R, 

T N F c t RII  and II and sCD30 are elevated in 

G OO patients compared with healthy controls. 

Thiss was not related to parameters of thyroid 

au to immunee disease. However, IL-6 , sCD30 10. 

andd TNFc tRI had some value for predict ing 

therapeuticc outcome to retrobulbar radio-

therapyy in G O, and probably reflect active 11. 

eyee disease. 
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