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Fromm in vitr o studies using cultures of orbital fibroblasts, it has become 
clearr  that cytokines play an important role in the orbital inflammation in 
Graves'ophthalmopathyy (GO). Orbita l fibroblasts seem to be the key target 
cellss of the autoimmune attack, and they are capable to express the Thyrotro -
pin-Receptorr  (TSH-R). In vivo data on the presence of cytokines in orbital tis-
suess are sparse, and mostly limited to samples obtained from patients with end-
stage,, inactive GO; the same holds tru e for  presence of the TSH-R. The aim 
off  the present study was to determine whether  the cytokine profil e and TSH-R 
expressionn differ  in the active vs. the inactive stage of GO. 

Orbita ll  fat/connective tissue was obtained from 6 patients with active, untreated 
GOO undergoing emergency orbital decompression, and from 11 patients wit h 
inactivee GO subjected to rehabilitativ e decompressive surgery. The mRNA 
levelss of various cytokines and the TSH-R were assessed by real-time poly-
merasee chain reaction (PCR) using the LightCycler . Data are expressed as ratios 
(unknownn mRNA / (3-actin mRNA) . 
Activ ee GO patients had much higher  TSH-R expression than inactive patients: 
4/0-244 vs. 0/0—9, P=0.01 (median value/range). TSH-R expression was related 
too the Clinical Activit y Score (r  = 0.595, P=0.015). Patients with active GO 
comparedd to those with inactive GO had higher  mRNA levels of the proinflam -
matoryy cytokines IL-1(3 (445/153-877 vs. 0/0-455, P=0.001), IL- 6 (1583/968-
188255 vs. 559/0-7181, P=0.01), IL- 8 (1422/38-7579 vs. 32/0-1081, P=0.046) 
andd IL-1 0 (145/58-318 vs. 27/0-189, P=0.002). In active GO there also existed 
aa trend towards a predominance of Thl-derived cytokines as evident from higher 
IL- 22 (37/0-158 vs. 0/0-68, P=0.043), IFN-y (20/0-79 w. 0/0-16, P=0.12) and 
IL-1 22 (2.3/0-14.8 vs. 0/0-1.6, P=0.10) mRNA's. IL-1RA , IL-2R , IL-3 , IL-4 , 
IL-5 ,, IL-13 , IL-18, and TNF-a mRNA' s were similar  in both groups. 
Thesee data show that at the mRNA level, TSH-R expression is largely present 
onlyy durin g the active stages of GO. The active phase is characterized by the 
presencee of proinflammator y and Thl derived cytokines, whereas other  cyto-
kines,, among them Th2 derived cytokines, do not seem to be linked to a spe-
cifi cc stage of GO. 

Introductio n n 

Inn recent decades our understanding of the 
immunopathogenesiss of Graves' ophthal-
mopathyy (GO) has increased substantially. 
Theree is growing evidence that the orbital 
fibroblastt is the target cell of the autoimmune 
attackk that comprises an influx of predomi-
nantlyy T lymphocytes, together with some 
B-cells,, plasma cells and mast cells.12 The 
findingg that extraocular muscle cells are his-
tologicallyy intact and the fact that fibroblasts 
aree involved in other extrathyroidal manifes-

tationss of Graves' disease (pretibial dermopa-
thyy and acropachy) supports this view.3 

Thee autoantigen responsible for this autoim-
munee attack is still not defined, but there is 
accumulatingg evidence that the Thyrotropin 
Receptorr (TSH-R) plays an incompletely 
understoodd role in the initiation or perpetu-
ationn of the orbital autoimmunity. After the 
initiall  demonstration of TSH-R mRNA in 
orbitall  tissues, we now know that the TSH-
RR protein is expressed on the orbital fibro-
blastss of GO patients and to a lesser extent 
onn orbital fibroblasts of healthy individu-
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als.44 8 From recent in vitro studies, it has also 
becomee evident that retrobulbar fibroblasts, 
orr preadipocytes, need to differentiate before 
theyy express the TSH-R. Furthermore, TSH-
RR expression can be enhanced in vitro by the 
additionn of certain cytokines like Tumour 
Necrosiss Factor-CX (TNF-OC) or interferon-y 
(IFN-y).vv This raises the question whether the 
TSH-RR may be expressed differently during 
thee active vs. the inactive stages of GO. This 
questionn has been rarely studied using active 
specimens.. Sampling has largely been done in 
thee inactive stages of disease, mostly during 
orr after extensive immunosuppressive treat-
mentt regimens. 

Thus,, although the nature of the autoantigen 
iss still speculative, we know that the lym-
phocyticc infiltrate can profoundly affect the 
orbitall  fibroblasts. These in vitro studies have 
demonstratedd that cytokines (presumably pro-
ducedd by the infiltrating lymphocytes) when 
addedd to fibroblast cultures, induce their pro-
liferationn and glycosaminoglycan production. 
Thesee effects can be blocked by, for example 
IL-11 Receptor Antagonist (IL-1RA), irradia-
tionn or corticosteroids.1(M2 Furthermore, the 
expressionn of several adhesion molecules on 
thee fibroblast cell surface is upregulated under 
thee influence of cytokines, which also induce 
thee expression of regulatory proteins such as 
Heatt shock protein 72 or HLA-DR.1 n 14 

Thesee in vitro findings have raised the pros-
pectt of more specific immunomodulatory (e.g. 
anti-cytokine)) therapies, especially because the 
resultss of specific therapies, for example anti-
TNF-a,, show promise in other autoimmune 
diseasess such as Crohn's disease and rheuma-
toidd arthritis.1"' Ui However, a major impedi-
mentt is that the choice for an immune therapy 
inn GO would be based on in vitro studies and 
nott on data derived from in irivo observations. 
Att present it is largely unknown whether the 
cytokiness used in the culture experiments are 
inn fact present in the orbital tissues of GO 
patients,, and whether different cytokines are 
presentt in the active and/or the inactive stages 

off  this disease. The scarce in vivo data that are 
availablee have been obtained in extensively 
treatedd and probably inactive or in poorly 
definedd patients.17'8 

Cytokiness act in a network, and are produced 
byy many different celltypes. They exert their 
effectss mostly in a paracrine or even auto-
crinee fashion. If we opt to treat GO patients 
withh specific anticytokine therapies we need 
too have more knowledge of the cytokine 
environmentt in the active stage of GO. We 
thereforee decided to perform a study aimed 
att comparing the cytokine milieu in patients 
withh active GO vs. in patients with inac-
tive,, endstage eye disease. We used real-time 
PCRR to quantitatively study the amounts of 
mRNAA coding for a variety of cytokines and 
cytokinee receptors, as well as the TSH-R, in 
orbitall  fat/connective tissue biopsies taken 
duringg decompressive surgery. 

Patientss and methods 

PatientsPatients We studied orbital tissue from 17 
patientss with GO. Six patients had untreated 
veryy active GO and underwent an emergency 
orbitall  decompression operation because of 
opticc neuropathy (n=5) or fixation of the 
globess (n=l). The activity of the eye dis-
easee was assessed by the Clinical Activity 
Scoree (CAS).19 A score of > 5 (maximal score 
10)) including a worsening in the previous 2 
monthss indicates active GO. Eleven patients 
underwentt elective orbital decompression 
purelyy for rehabilitative reasons in the inac-
tivee stage of the disease. Inactive eye disease 
wass defined as no changes in eye status in 
thee previous six months. From these eleven 
patientss four had not received immunosup-
pressivee therapy at any time and seven had 
beenn treated in the past with corticosteroids, 
orbitall  irradiation or both (median 11 months/ 
rangee 6—42, prior to surgery). All patients gave 
informedd consent. The local committee on 
medicall  ethics approved this study. 
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Tablee 1: Characteristics of patients with active or inactive Graves'ophthalmopathy. 

Sexx F/M 

Age e 

Smokingg no/yes 

Durationn GO (months) 

Durationn Thyroid disease 

(months) ) 

TSHH (mU/1) 

TT33 (nmol/1) 

TT44 (nmol/1) 

TI3III  ( U/l) 

Immunosuppressive e 

treatmentt in the past no/yes 

Clinicall  Activity Score 

Totall  Eye Score 

Activee GO 

n=6 6 

6/0 0 

500 2 

0/6 6 

5.55 (1-26) 

66 (2-204) 

1.144 (<0.01-8.1) 

2.22 (1.65-2.85) 

1088 (82-150) 

788 (27-366) 

6/0 0 

7.33 9 

288 3 

Inactivee GO 

n = l l l 

9/2 2 

455 3 

2/8# # 

36(11-216) ) 

600 (16-276) 

0.622 (0.02-6.9) 

2.2(1.45-3.35) ) 

1355 (65-175) 

2.55 (2.5-12) 

4/7f f 

2.3+1.5 5 

122 + 7.7 

P-value* * 

0.295 5 

0.271 1 

0.270 0 

0.003 3 

0.08 8 

0.6 6 

0.6 6 

0.2 2 

<0.0001 1 

0.026 6 

<< 0.0001 

0.001 1 

*analysiss by r-test for values expressed as mean  SD, or by Mann-Whitney U-test for values 
expressedd as median with range 
## Smoking habits are unknown for one patient 

fcorticosteroidss n=2, radiotherapy n=4 or both n=l 

Ass an overall measurement of disease sever-

ityy we used the Total Eye Score (TES), cal-

culatedd as the sum of multiplying each N O 

SPECSS class present by the grade in that class 

(forr that purpose we substituted 1, 2, and 3 

respectively,, for grades a, b, and c).2" We also 

notedd the duration of both the eye disease 

andd the thyroid disease in months since the 

firstt signs and symptoms. 

A tt the t ime of surgery, all patients were clini -

callyy euthyroid on antithyroid drugs (11 

patients),, L-T 4 (4 patients), or wi thout any 

drugss (2 patients). 

RT-PCRRT-PCR analysis of cytokine and TSH-R. gene 

expressionexpression Surgical specimens of orbital fat/ 

connect ivee tissue were obtained and immedi-

atelyy snap-frozen in liquid nitrogen until use. 

R N AA was extracted using Tri Pure Isolation 

Reagentt (Roche Molecular Biochemicals, 

Mannhe im,, Germany), and c D NA synthe-

siss was performed with the first-strand c D NA 

synthesiss kit for R T - P CR (AMV ) (Roche 

Molecularr Biochemicals). Published primer 

pairss were used to amplify [3-actin, IL-1 (3, 

IL-2 ,, IL-3 , IL-4 , IL-5 , IL-6, IL-8 , IL-10, 

IL-12p400 IL-13, IFN-Y, T N F -a 21, and sol-

ublee IL- 1 Receptor Antagonist (s IL - IRA) . " 

W ee designed pr imer pairs for IL-18 (for-

ward:: 5' G CT T GA A T C TAA A T T A T C 

A G TT C 3 ', reverse: 5' GAA GAT T CA AA T 

T GCC A T C T TA T 3'), and for the T S H -R 

(forward:: 5' A G C C A C T G C T G T G C T T T-

TAA GG 3', reverse: 5' C C A A A A C C A A T -

G A T C T C A T CCC 3') and checked the speci-

ficit yy of the product with Southern blotting. 

Al ll  primers spanned in t ron/exon boundaries 

too exclude amplification of contaminating 

genomicc D N A . 

Real- t imee P CR was performed for the quan-

titativee estimation of the above ment ioned 

cytokiness and the T S H - R. Standards for the 

58 8 



differentt mRNA's were prepared from RNA 
off  phytohaemoagglutin-stimulated peripheral 
bloodd mononuclear cells, T-cells or human 
thyroidd tissue. For each mRNA assayed, a 
sequence-specificc standard curve was gen-
eratedd using 10-fold serial dilutions of this 
targett standard PCR product and the same 
primerss used to amplify the cDNA. For each 
genee the standard protocol was optimized; 
however,, the same amount of cDNA was 
alwayss added. Twenty-|ll PCR reactions 
weree set up with final concentrations of 
5mMM MgCl„  2 JJ.1 SYBR green mastermix 
(Rochee Molecular Biochemicals), 5 (il 1:10 
dilutedd cDNA, 0.3 N_M of both forward and 
reversee primers. 

Thee reactions were then cycled in the Light-
Cyclerr (Roche Molecular Biochemicals) with 
thee following parameters: denaturation for 
onee cycle at 95 °C for 10 s, 45 cycles (tem-
peraturee transition of 20 °C/s) of 95 °C 0s, 
50°CC 10 s, 72 °C 15 s and fluorescence read-
ingg taken at 72 °C, melting curve analysis with 
continuouss fluorescence reading. If necessary, 
optimizationn of the protocol was achieved by 
changingg MgCl, concentrations and/or read-
ingg fluorescence at a higher temperature and/ 
orr using LightCycler-FastStart DNA master 
SYBRR Green I (Roche Molecular Biochem-
icals).. The LightCycler software generated a 
standardd curve (measurements taken during 
thee exponential phase of the amplification) 
thatt enabled the amount of each gene in each 
testt sample to be determined. 
Forr each particular mRNA, all patients' sam-
pless were run in one amplification together 
withh a negative control and a standard curve. 
Becausee not all biopsies were of equal size, 
wee corrected for input differences by express-
ingg each gene product as the ratio to its cor-
respondingg p-actin value. B-actin did not dif-
ferr significantly between active and inactive 
biopsies. . 

Totall  T4 and T were determined with an 
in-housee radioimmunoassay (RIA).23 TSH 
wass measured in a chemiluminescent enzyme 

immunoassayy (Immulite Third Generation 
TSHH kit, DPC, Los Angeles, CA). TBII was 
measuredd by TRAK assay (BRAHMS Diag-
nostica,, Berlin, Germany). 

StatisticalStatistical analysis To analyse differences in 
continuouss variables we used either f-tests or, 
inn case of an abnormal distribution or zero 
values,, the Mann-Whitney U (exact)-test. 
Too analyse differences in categorical data the 
Fisher'ss Exact test was used. Nonparametric 
correlationss were calculated with two-tailed 
Spearman'ss rho correlation coefficients. T 
helperr (Th)l, Th2 and inflammatory cyto-
kiness score were calculated as described previ-
ously.-44 In short, mRNA measurements were 
dividedd in three categories based on the 25th 
andd 75th percentile of the ordered data of all 
patients.. Category 1 contains the data lower 
thann the 25th percentile, category 2 contains 
thee data between the 25th and 75th percen-
til ee and category 3 contains the data above 
thee 75th percentile. Cytokines mRNA's in 
categoryy 1 were assigned a value of 0, in cat-
egoryy 2 a value of 2 and in category 3 a value 
off  4. The values of IL-2, IL-12p40, IL-18 and 
IFNyy in each sample were than summed to 
arrivee to a total Thl score. The values of IL -
4,, IL-5 and IL-13 were summed to arrive to a 
totall  Th2 score. Although IL-6 is also a Th2 
cytokine,, its primary action is proinflamma-
tory.. Therefore all cytokines with a predomi-
nantlyy proinflammatory action were used for 
thee total inflammation score (IL-1 p, IL-6, IL-
8,, TNF-a and IL-1RA ). The role of IL-10 
cann be proinflammatory, immunosuppressive 
andd immunoregulatory, therefore we did not 
includee IL-10 in a cytokine score. 

Result s s 

Tablee 1 shows the patient characteristics. The 
activee patients had more severe eye disease 
andd a shorter duration of GO than the inac-
tivee patients. 
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IL-1PP and TSH-R mRNA were signifi-
cantlyy more often present in orbital tissue of 
activee GO patients than in inactive patients 
(Tablee 2). The different mRNA/fJ-actm 
ratioss indicated that patients with active, 
severe,, untreated GO had not only signifi-
cantlyy higher levels of TSH-R and the pro-
inflammatoryy cytokine IL-1(3, but also higher 
levelss of the proinflammatory cytokines IL-6, 
IL- 88 and IL-10 (Figure 1 and Table 2). The 
Thll  cytokine IL-2 was also significantly 
higherr in patients with active GO. Other 
Thll  cytokines such as IFN-y and IL-12p40 
tendedd to be higher in patients with active 
GO,, although this did not reach statistical 
significance.. All other measured cytokines 
weree comparable in both groups. IL-4 and 

Tablee 2: TSH receptor and cytokine mRNA expression 
withh active vs. inactive GO. 

IL-2Receptorr (IL-2R) could not be found 
inn these orbital tissues. The cytokine pro-
fil ee was not likely to be influenced by prior 
immunosuppressivee therapy, because we did 
nott find differences in mRNA expression 
betweenn patients who were never treated 
forr their eye disease (n=4) versus those who 
weree (n=7). In addition, immunosuppres-
sivee therapy was given 11 months (median) 
beforee biopsy. 
Thee inflammation score was significantly 
higherr in orbital tissue of active vs. inactive 
GOO patients (11 [8-16] median[range] vs. 
6[0-16],, P=0.016). The Thl score (10[4-16] 
vs.vs. 4[0-8],P=0.10) and Th2 score (0[0-4] vs. 
0[0—8],, P=0.656) were similar in both active 
andd inactive patients. 

inn orbital fat/connective tissue samples of patients 

TSH-R R 

IL-1P P 

IL- 2 2 

IL-2R R 

IL- 3 3 

IL-4 4 

IL- 5 5 

IL- 6 6 

IL- 8 8 

IL-10 0 

IL-12p4() ) 

IL-13 3 

IL-18 8 

IFN-y y 

TNF-a a 

IL-1RA A 

%% Biopsies positive 
mRNA A 

Active e 

n=6 6 

83 3 

100 0 

83 3 

0 0 

0 0 

0 0 

17 7 

100 0 

100 0 

100 0 

67 7 

17 7 

100 0 

50 0 

33 3 

67 7 

Inactive e 

n = l l l 

18 8 

36 6 

36 6 

0 0 

18 8 

0 0 

0 0 

91 1 

82 2 

64 4 

45 5 

45 5 

90 0 

18 8 

9 9 

64 4 

forr each 

P-value* * 

0.035 5 

0.035 5 

0.131 1 

1.0 0 

0.333 3 

1.0 0 

0.515 5 

0.237 7 

0.620 0 

0.333 3 

1.0 0 

0.280 0 

0.515 5 

1.0 0 

4 4 

445 5 

37 7 

0 0 

0 0 

0 0 

0 0 

1583 3 

1422 2 

145 5 

2.3 3 

0 0 

326 6 

20 0 

0 0 

0.1 1 

mRNA/p-actinn ratio* 

Active e 

n=6 6 

(0-24) ) 

(153-877) ) 

(0-158) ) 

(0-17) ) 

(968-18825) ) 

(38-7578) ) 

(58-318) ) 

(0-14.8) ) 

(0-65) ) 

(167-3458) ) 

(0-79) ) 

(0-1080) ) 

(0-23.2) ) 

Inactive e 

i i 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

559 9 

32 2 

27 7 

0 0 

0 0 

224 4 

0 0 

0 0 

0.3 3 

i = l l l 

(0-9) ) 

(0-455) ) 

(0-68) ) 

(0-0.91) ) 

(0-7181) ) 

(0-1081) ) 

(0-189) ) 

(0-1.6) ) 

(0-50) ) 

(0-1573) ) 

(-16) ) 

(0-9) ) 

(0-3.5) ) 

P-value** * 

0.010 0 

0.001 1 

0.043 3 

1.0 0 

0.542 2 

1.0 0 

0.333 3 

0.010 0 

0.046 6 

0.002 2 

0.105 5 

0.507 7 

0.462 2 

0.120 0 

0.353 3 

0.870 0 

mediann values with range; * Fisher exact test; **Mann-Whitney U (exact)-test 
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Thee amount of TSH-R mRNA did corre-
latee with the Clinical Activity Score (r—0.595, 
P=0.015)) and with IL - l pmRNA (r=0.0653, 
P=0.005;; Figure 2). The amount of TSH-R 
mRNAA was also related to the inflammation 
scoree (r=0.696, P=0.002) and the Th1 score 
(r=0.480,, P=0.051), but not to the Th2 score 
(r=-0.046,, P=0.860). The amount of IL-2 
mRNAA was correlated with a shorter dura-
tionn of eye disease (r=().606, P=0.01). 

Discussion n 

Inn this study we found some striking dif-
ferencess between active and inactive GO 
patients.. First, we observed that 83% (five 
outt of six) ot the orbital connective tissue 
sampless from active GO patients had detect-
ablee levels of TSH-R mRNA compared with 
onlyy 18% (two out of 11) of the biopsies from 
inactivee patients. This differential expression 
off  TSH-R between the active and inactive 

p-0.001 1 

o o 

< < 
r r 
F F 

= = 

1000--

750--

500--

250--

0--

I I 

" " 

Activ e e 

I I 

Inactive e 

stagess suggests that the TSH-R is not present 
continuouslyy in the human orbit and that its 
presencee is induced during the autoimmune 
responsee at the active stage of GO. TSH-R 
mRNAA was present, however, in two biop-
siess from inactive patients, one of them had 
beenn treated with corticosteroids and the 
otherr one received no prior therapy. From 
thee inactive patients these two had the high-
estt Clinical Activity Score (4 and 5 respec-
tively)) as opposed to 1.75 + 1 in the remain-
ingg nine inactive patients. 
Thee differential expression of TSH-R may 
explainn why some investigators could not 
findd TSH-R mRNA in their studies using 
biopsiess possibly obtained from patients with 
inactivee eye disease.2'' The TSH-R (mRNA 
andd protein) has been found, in vitro, in 
orbitall  fibroblasts of patients with GO as well 
ass in healthy controls, although the immu-
noreactivityy appeared less abundant in the 
controls.6,7266 Others found TSH-R expres-
sionn in GO patients but not in healthy con-

p.0.0433 P ' 0 - 0 1 

O O 

55 7500-< < 
z z 

££ 5000 

t j j 
££ 2500-

d d 

II I 

I II I I 

, , 

,,, , 

.2 2 

-- 3000-< < 
EE 2000-

^^ 1000-

22 . 
- JJ n " * * * 

Figuree 1: Individual and median (indicated by a line) values of IL-1 fS, IL-2, IL-6, IL-8, IL-1 0, IL-1 2, IFN-y, 
IL-11 8 and the TSH-R to p-actin mRNA ratio's in 6 patients with active and 1 1 patients with inactive GO 
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trols.277 These differences might be explained 
byy the sensitivity of the techniques used, such 
ass RT-PCR, in situ hybridization and immu-
nohistochemistry,, or by differences in expres-
sionn regulation. Animal model studies sug-
gestt that an autoimmune response against the 
TSH-RR causes both Graves thyroid disease 
andd Graves' ophthalmopathy.28 Our find-

1000 0 

T-- 500 

rr = 0.653 
P== 0.005* 

ol l 
10 0 15 5 20 0 25 5 

TSH-R R 

Figuree 2: Relationship between the TSH-R and IL-1P to (3-actin mRNA ratio's 
inn orbital tissue of GO patients. * Spearman rho correlation 

ingg that TSH-R mRNA is predominantly 
foundd in active GO as compared to inactive 
GOO would agree with a recent finding that 
orbitall  adipocytes only express the TSH-R 
duringg certain stages of their differentia-
tion.277 When and if the autoimmune attack 
hass begun it may well be self-perpetuating. 
However,, it is also possible that the TSH-R 
iss present in very small amounts in normal 
humann orbital connective tissue and that it is 
furtherr upregulated during the autoimmune 
attack.. This might be supported by a recent 
findingg that the TSH-R gene expression 
and/orr TSH-dependent cAMP production 
inn orbital fibroblasts can be altered under dif-
ferentt conditions in vitro."* On the contrary, it 
iss also possible that the expression of the TSH-
RR is secondary to autoimmunity induced by 
anotherr antigen, although its presence can 
stilll  be important in the perpetuation of the 
inflammatoryy process. This might involve 
humorall  autoimmunity against the TSH-R 
andd could explain the strong association we 

previouslyy found between TSH-R antibody 
titerss and the activity of the eye disease.29 

Thereforee we hypothesize that the orbital 
fibroblastt has the ability to express the TSH-
R,, and is able to upregulate the expression 
duringg an autoimmune attack. This might be 
underr the influence of cytokines produced by 
TT lymphocytes. After the TSH-R expression 

onn the orbital fibroblast is 
upregulated,, this might 
inducee further lympho-
cytee recruitment or cause 
bindingg of TSH-R anti-
bodies.. This might lead 
too activation of other 
fibroblasts. . 

Second,, we observed a 
differencee in the cytokine 
profilee between patients 
withh active and inactive 
eyee disease. In our six 
activee patients we found 
significantlyy more pro 

inflammatoryy cytokines such as IL-1 (3, IL-6 
andd IL-8 than in patients with inactive eye 
disease.. Also IL-10 levels were increased in 
patientss with active GO. It is difficult to inter-
prett the higher IL-10 levels as this cytokine is 
knownn to exert many actions including Th l, 
Th22 and immunoregulatory.30 There was a 
trendd to Thl cytokines such as IL-2 and IFN-
y.. Th2 cytokines were similar and thus do not 
seemm to play a major role in active eye disease. 
Althoughh the presence of cytokine mRNA 
hass been studied before qualitatively, our 
quantitativee approach shows a marked differ-
encee between active and inactive GO. Other 
cytokiness such as IL-13, IL-18, IL-1RA and 
TNF-0CC mRNA's had similar levels in both 
activee and inactive patients. To our knowl-
edgee this is the first study in which mRNA's 
forr many different cytokines are quantita-
tivelyy determined in orbital connective tis-
suee of well-defined GO patients. A potential 
drawbackk of our study is that our methods 
doo not allow us to identify the source of the 
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cytokiness measured. They may be produced 
byy lymphocytes, macrophages, fibroblasts 
and/orr adipocytes. However, our aim was to 
gainn insight into the overall cytokine milieu 
presentt in the orbits of patients with active 
eyee disease vs. those with inactive disease. 
Thee final goal being to get in vivo data that 
wil ll  help in choosing specific immunomodu-
latoryy therapies. The in vitro studies published 
soo far have used fibroblasts as the target cell 
forr several cytokines. This approach is valu-
able,, but does not take into account that a) 
thesee fibroblasts themselves are probably also 
capablee of producing cytokines 3I and b) that 
cytokiness are known to act in an extensive 
network.. We therefore feel that our in vivo 
approachh has its own advantages, although 
ourr mRNA results need to be supported at 
thee protein level. 

Ourr results are in agreement with a study 
usingg a different approach. Aniszewsk; et al?2 

analysedd T cell clones and found particularly 
Thl-typee T cell clones in early GO as com-
paredd to late GO. Also Pappa et a/.33 found, 
withh the same approach, more T cells in early 
ass compared to late GO. 
Somee of the cytokines we found, such as 
IL-2,, IL-10 and IL-5 have been found by 
McLachlann et al.n in a very small group of 
well-definedd GO patients. However, they 
weree not able to detect any IFN-y mRNA, 
whichh might be because their patients had 
inactivee GO. We found IFN-y mRNA in 
onlyy two out of 11 (18%) inactive patients 
ass opposed to three out of six (50%) active 
subjects,, and with much higher levels in the 
activee then in the inactive patients (20/0—79 
t'5.. 0/0—16). In a large study, Hiromatsu et 
aI.aI.lHlH found mRNA of various cytokines such 
ass IFN-y, TNF-a, IL-1 (3, IL-2, IL-4, IL-6 
andd IL-10, in orbital connective tissue of 
extensivelyy treated patients. As this group 
off  patients had been treated with radiother-
apyapy and corticosteroids it is reasonable to 
assumee that they were in the inactive stage of 
theirr eye disease. Our results in the inactive 

patientss are in accordance wTith theirs, with 
thee exception of IL-4. 
Orbitall  fibroblasts can act as both target and 
effectorr cells in the autoimmune process.3,3"u'1 

Cytokiness can, at least in vitro, stimulate the 
orbitall  fibroblast to proliferate and, for exam-
ple,, IFN-y, IL-1 and transforming growth 
factor-f}}  stimulate glycosaminoglycan pro-
duction.36,377 They can also stimulate the 
fibroblastt to increased HLA-D R expression 
andd inhibit IL-1RA expression.38^ There-
fore,, it might be possible that cytokines also 
havee other effects on their target cells, the 
orbitall  fibroblasts, such as inducing TSH-R 
expressionn leading to a possible binding site 
forr TBI I antibodies, thus leading to second-
aryy pathways and perpetuating the autoim-
munee response. 

Inn delineating possibilities for specific 
immunomodulatoryy therapies, e.g. anti-
cytokinee therapies, in the future we need to 
knoww the sequence of events and the mol-
eculess involved in the autoimmune pro-
cess.. This study demonstrates in the orbital 
fat/connectivee tissue of active GO patients a 
cytokinee environment of predominantly pro-
inflammatoryy cytokines and a trend towards 
Thll  cytokines, but not Th2 cytokines. Drugs, 
suchh as anti-TNF-(X, currently used in rheu-
matoidd arthritis and Crohn's disease do not 
seemm to be a good choice in view of our find-
ings.. Drugs that counteract a Thl or inflam-
matoryy cytokine may have more potential. In 
thiss respect blocking IL-2 or IFN-y might 
bee considered, thus trying to antagonize 
Thll  effects. Another approach might be to 
administerr IL-1RA, which by competition 
forr the IL-1 receptor blocks the IL-1 effect 
andd thereby a major route in the inflam-
matoryy pathway. Recently Cunnane et al.M) 

showedd a beneficial effect of IL-1RA treat-
mentt on the inflamed synovial membrane in 
rheumatoidd arthritis patients, with a reduc-
tionn of mononuclear cell infiltration. The 
long-termm effects of these new drug therapies 
aree not yet known, but tolerability seems to 
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bee reasonable and side-effects acceptable. In 

thee future we might consider treating patients 

wit hh one of these specific anticytokine drugs. 

W ee conclude that in orbital fat/connective 

tissuee of active, untreated Graves' ophthal-

mopathyy patients there is significantly more 

T SHH receptor m R NA than in inactive 

patients,, which suggests a role for the T S H-

RR in perpetuating the orbital auto immune 

process.. The cytokine environment in the 

orbitall  fat tissues of these active GO patients 

consistss mainly of proinflammatory cytokines 

andd a trend to T hl but not Th2 cytokines. 

Thuss there seems to be an initial predomi- IQ 

nantlyy cellular auto immune attack, which 

mightt be extended by a humoral autoim-

munee response. 
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