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1.11 Introduction to Graves' 
ophthalmopathy y 

Graves'' ophthalmopathy (GO), also known 

ass Graves' orbitopathy or thyroid associ-

atedd ophthalmopathy, has crippled many 

patients,, and intrigued many physicians, 

endocrinologistss and ophthalmologists alike. 

Thee combinat ion of goiter, palpitations and 

exophthalmoss was first described in the 19th 

centuryy by Robert Graves and baron Von 

Basedow,, and is nowadays usually referred to 

ass Graves' disease.12 Graves' ophthalmopathy 

iss of presumed auto immune aetiology, and 

closelyy connected to Graves' hyperthyroid-

ismm which is caused by autoantibodies against 

thee TSH-Recep tor (TSH-R) .3 4 Despite the 

factt that these days much is known about 

thee immunopathogenesis of Graves' oph-

thalmopathyy and the following sequence of 

clinicall  events, our present knowledge is still 

insufficientt to prevent this disease, notwi th-

standingg the progress that has been made. 

1.22 Clinical presentation 

Theree is an enormous variability in the signs 

andd symptoms of patients presenting with 

Graves'' ophthalmopathy (see Table 1 the N O 

SPECSS classification of eye changes). Some 

patientss complain about photophobia or a 

grittyy sensation in the eyes only, whereas oth-

erss have complaints of severe facial disfigure-

mentt due to swelling of the eye lids, eyelid 

retraction,, visible squint and/or protruding eye 

ballss (Figure 1A-G). Other complaints consist 

off  double vision or disturbed visual acuity and 

retrobulbarr pain at rest or with movement. 

Patientss with GO usually suffer from Graves' 

hyperthyroidismm as well, although about 20% 

off  patients are euthyroid and 5% are diagnosed 

withh primary hypothyroidism.'1'4 On the other 

hand,, approximately 25% of patients with 

Graves'' hyperthyroidism show signs and symp-

tomss of Graves' ophthalmopathy.34 

1.2.11 Classification of eye changes In this thesis 

thee clinical features of Graves' ophthalmopa-

thyy are classified according to the N O S P E CS 

classificationn (Table 1).:'"" 1 

CLASSS I . ONLY SIGNS, NO SYMPTOMS 

Upperr eyelid retraction is often observed in 

patientss with Graves' hyperthyroidism and 

lesss frequently in patients with thyrotoxico-

siss due to toxic mult inodular goiter.1112 This 

retractionn causes lid lag on downward gaze 

(Vonn Graefe's sign) and a staring gaze. This lid 

retractionn can be due to swelling of the leva-

torr muscle or can be the result of sympathetic 

tonee increase in thyrotoxicosis. It is also pos-

siblee that adhesions around the levator muscle 

aree a cause of eyelid retraction, as patients who 

aree rendered euthyroid often still have this fea-

ture.133 Lid aperture can be measured in mm 

usingg a simple ruler.14 

CLASSS 2. SOFT TISSUE INVOLVEMEN T 

Thiss consists of swelling of the upper and 

lowerr eyelids, swelling of the caruncle, che-

ilosiss (edema of the conjunctiva) and con-

junctivall  injection and redness. The increase 

inn retrobulbar tissues (both extraocular mus-

clee and fat) within the bony surroundings 
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Figuree 1 Panel A: patient with visible squint; Panel 
B:: patient with unilateral proptosis due to extraocu-
larr muscle enlargement; Panel C: corresponding 
orbitall CT-scan; Panel D: patient with optic neu-
ropathy;; Panel E: severe edema and chemosis; 
Panell F: patient with eyelid retraction and marked 
proptosiss due to increased intraorbital fat; Panel 
G:: corresponding orbital CT scan 

off  the human orbit leads to increased space 

occupancy,, and in combination with the 

confinedd space of the bony orbit to increased 

intraorbitall  pressure (Figure 2).,n-" ' A tight 

orbitall  septum may increase intraorbital pres-

suree even further.1' This results in impaired 

venouss drainage with periorbital edema and 

chemosis.. An alternative explanation might 

bee herniation of retrobulbar tissue through 

thee naturally occurr ing holes in the orbital 

septum.'77 The extent of soft tissue involve-

mentt can be scored using colour slides or 

usingg a colour atlas.'"19 

CLASSS 3. PROPTOSIS 

Thee increased retrobulbar pressure pushes 

thee globe forward, causing exophthalmos. 

Rund lee and Pochin have demonstrated in 

postt mor tem studies that the normal orbital 

cavityy has a volume of about 26 ml, and nor-

mall  eye muscle volume is about 3.5 ml.2'1 If 

thee eye muscle volume increases by 4 ml this 

leadss to a proptosis off) mm. In other words, 

relativelyy small changes in tissue volume can 

causee major changes in proptosis. One of the 

limitationss of the N O SPECS system is that 

proptosiss is underestimated in this classifica-

tion.. Proptosis is usually measured in mm, 

usingg a Hertel exophthalmometer, or can be 

measuredd on CT-scan (Figure l ) . '4 Hertel 

valuess of 20 - 22 mm are not scored although 

thesee can reflect severe increases in propto-

siss in individual patients. In the Netherlands, 

Hertell  values 111 healthy females range from 

10—166 mm (mean 12.6 mm) and in healthy 

maless from 9—18 mm (mean 13.9).21 

CLASSS 4. EXTRAOCULAR MUSCLE INVOLVEMEN T 

Swellingg of the extraocular muscles leads to 

diminishedd eye muscle motility . The supe-

rior,, medial and inferior muscles are usu-

allyy affected and the lateral muscles are often 

spared.'' The motility impairment of the 

extraocularr muscles is caused by restricted 

relaxationn of the affected antagonist, while 

lookingg in the opposite direction. This can 

bee appreciated with the "forced duction test". 

Figuree 2 Upper panel: sagital selection through 
thee right orbital cavity. Lower panel: the muscles 
off the right orbit, lateral aspect. (Reproduced with 
permissionn from the Publisher.142) 
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Tablee 1 Modified NO SPECS classification of eye changes in Graves' disease. 

Class s 

0 0 

1 1 

2 2 

3 3 

4 4 

Grade e 

0 0 

a a 

b b 

c c 

0 0 

a a 

b b 

c c 

0 0 

a a 

b b 

Suggestionss for grading 

NoNo physical signs or symptoms 

OnlyOnly signs 

SoftSoft tissue involvement 

absent t 

minimal l 

moderate e 

marked d 

ProptosisProptosis 3 mm or more above upper normal limit; grading for Caucasian race 

absent t 

23-244 mm 

25—277 mm 

>288 mm 

ExtraocularExtraocular muscle involvement Grading according to diplopia 

absentt 0 absent 

limitationn of motion at extremes a intermittent (when fatigued) 
off  a gaze 

evidentt restriction of motion b inconstant (present but not in 

cc fixation of a globe or globes 

CornealCorneal involvement 

00 absent 

aa stippling of cornea 

bb ulceration 

cc clouding, necrosis, perforation 

SightSight loss due to optic involvement 

00 absent, vision >0.8 

aa Disc pallor, visual vield defects, 
visionn 0.5-0.63 

bb Same, but vision 0.1-0.4 

cc Same, but vision <0.1—blindness 

primaryy gaze) 

cc constant (present in primary gaze) 

Byy actually grabbing the globe and attempt-
ingg to move it in the direction the patient 
cannot,, mechanical resistance is encountered. 
Sincee the inferior muscle is most commonly 
involved,, limitation of elevation is a com-
monn finding.22 With diminished eye muscle 

motilityy a so-called torticollis oculi (head tilt) 
mayy arise. This may be illustrated when we 
picturee a patient whose gaze points down-
wardss and hence lays the head backwards in 
orderr to look up. When the increase in mus-
clee volume is asymmetrical between the right 
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andd left eye. thus influencing relative eve 

motilit yy differences, complaints of double 

visionn may arise, which is a quite invalidat-

ingg condit ion. It should be noted that diplo-

piaa wil l rarely be found when visual acuity is 

almostt absent in one eye. 

Althoughh the muscle volume increase 

inn GO is the most striking and can eas-

il yy double, there may also be an increase in 

orbitall  fat.2' Forbes ct al. measured orbital 

fatt and muscle volumes on CT-scans of the 

orbitt of 22 healthy subjects and 72 Graves' 

patients.. They found increased volumes in 

GOO patients when compared with controls.24 

Inn 49% of patients this increase consisted of 

ann increase in both muscles and fat volume 

whereass in 39% of patients it was caused by 

ann increase of only muscles and in 11% by an 

increasee of only fat. Whether fat increase rep-

resentss a distinct entity is currently debated. 

Disturbancess in extraocular muscle motility 

cann be measured quantitatively using differ-

entt techniques. Mourits et al. have developed 

aa reliable and reproducible technique using 

aa modified hand perimeter to measure eye 

musclee motility in degrees.23 Diplopia can be 

easilyy graded in the outpatient clinic using the 

Gormann score (Table l).2f' 

CLASSS 5. CORNEAL INVOLVEMEN T 

Corneall  overexposure is the result of exoph-

thalmos,, eye lid retraction and reduced blink-

ing.44 Impaired motility of the inferior eye 

musclee and decreased quality and quantity of 

tearr production may also contribute to corneal 

irritation.22 This situation may lead to pain-

full  keratopathy and, when not recognized, to 

corneall  ulceration, especially when the eyes do 

nott close at night due to proptosis (lagophthal-

moss and exophthalmos). Sight loss caused by 

corneall  involvement should be distinghuised 

fromm sight loss due to optic nerve involve-

ment.. Early symptoms of corneal involvement 

aree a gritty sensation, blurred vision and intol-

erancee to contact lenses.34 These symptoms 

cann be readily relieved by using artificial tears, 

eyee ointments and sunglasses. 

CLASSS 6. O P T IC NERVE INVOLVEMEN T 

Opticc neuropathy is due to direct compres-

sionn of the optic nerve caused by swelling 

off  the extraocular muscles near the apex of 

thee orbit, seen as 'apical crowding' on C T-

scans.. It is the result of ven- high retrobulbar 

pressuree that is not sufficiently relieved by 

developingg exophthalmos if not adequately 

treated,, it may lead to blindness. Ot to et al. 

havee shown that the intraorbital pressure just 

beforee decompressive surgery in patients with 

opticc neuropathy ranged from 12—10 mm Hg 

(meann 29 mm Hg) and was reduced by 8-12 

m m Hgg after surgery.2S In contrast the intra-

orbitall  pressure in patients decompressed for 

Figuree 3. Left panel: malignant ophthalmopathy, 
notee the tight connective tissue system preventing 
forwardd displacement of the globe resulting in a rise 
inn intraorbital pressure (also note the swelling of the 
muscless at the apex: 'apical crowding'. Right panel: 
nonmalignant,, proptotic ophthalmopathy. (Repro-
ducedd with permission from the publisher.17) 

rehabilitativee reasons (marked exophthalmos 

withoutt optic neuropathy) was 9—1 1 mm Hg, 

andd did not change after surgery. Patients 

whoo suffer from optic neuropathy have rel-

ativelyy low Hertel readings.2'' Koornneef 

suggestedd that severe eye disease with optic 

nervee involvement is due to well developed 

andd firm connective tissue in these patients.' 

Thereforee these patients do not develop 

proptosiss (which can be considered to be 

natures'ss own decompression) but rather 

developp sight loss due to increased retrobul-

barr pressure (Figure 3). 

Measuringg visual acuity is somewhat subjec-

tive.. In Graves' ophthalmopathy one should 

distinguishh sight loss due to optic neuropathy 

fromm sight loss from other conditions such as 
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strabismus,, cataract, keratopathy, retinopathy 
etc.. Sight loss caused by optic neuropathy 
iss often accompanied by visual field defects, 
impairedd colour vision and a delayed latency 
onn visual evoked potential. Papillary edema 
andd disk pallor can be seen. So called 'apical 
crowding'' on orbital CT-scans is a risk fac-
torr for optic neuropathy. Pinhole visual acu-
ityy can be measured using the Snellen Chart 
(decimall  system). 

Too give an idea about frequencies of the dif-
ferentt NO SPECS classes: in a European 
cohortt of 152 newly referred GO patients it 
wass found that 75% of patients had eye lid 
swelling,, 38% had proptosis ^ 23 mm, 49% 
sufferedd from diplopia, 16% corneal involve-
mentt and 21% optic nerve involvement."' 

dynamic^-^ ^ 
phasee / \ 

staticc phase 

time e 
Figuree 4 "Rundle's curve", describing the natural 
coursee of the eye disease over a variable period 
off several months to a few years, adapted by 
M.F.. Prummel.143 

1.2.21.2.2 Quality of life GO is often an invalidat-
ingg disease to the patient. Not only visual 
disfunctionn but also facial disfigurement has 
aa major impact on daily functioning and 
well-being.. Bartley et al. v' reported that after 
treatmentt 61% of patients believed that the 
appearancee of their eyes had not returned to 
baseline,, 51%) believed their eyes still were 
abnormall  in appearance and 37%) was dissatis-
fiedd with the appearance of their eyes. Gerd-
ingg et al. found a decreased general quality of 
lif ee in 70 euthyroid GO patients compared 
withh a reference population of 2595 healthy 
Americans.311 GO patients scored 8-36%) 

lowerr on all scales of the MOS-24, except 
forr 'bodily pain'. GO patients also scored 
worsee than patients with chronic condi-
tionss such as diabetes mellitus or emphysema, 
butt comparable writh Dutch patients suffer-
ingg from Crohn's disease. A disease-specific 
qualityy of life questionnaire for patients with 
GO,, the GO-QOL, has been developed by 
ourr group.32 This questionnaire contains 16 
questions,, eight of which deal with the con-
sequencess of impaired visual functions and 
eightt questions deal with the consequences 
off  changed appearance. This GO-QOL has 
beenn validated and reliable measured changes 
overr time in visual functioning and appear-
ancee of patients with GO.3334 The GO-QOL 
cann be a useful instrument for the outcome of 
thee disease in terms of quality of life in clini-
call  trials. 

1.33 Natural course: disease 
severityy and activity 

Thee concept of disease activity originates 
fromm observations on the natural course of 
GOO in patients who were not treated for their 
eyee disease, and from a few histologic stud-
iess performed on orbital tissues from patients 
withh variable eye disease duration. 
Rundlee followed 12 GO patients and found 
thatt the eye disease starts with a dynamic 
phase,, which is characterized by aggrava-
tionss and remissions, followed by a static 
phasee (Figure 4).3:' The disease could still 
bee severe when the static stage was reached. 
Rundle'ss curve is generally accepted, even 
thoughh the time axis varies widely between 
patientss and may read anywhere between 
somee months and several years. It was noted 
thatt while the disease tends towards spon-
taneouss regression, a return to the normal, 
premorbidd state was seldom reached. These 
observationss were later confirmed.363' Per-
ross et al. found that spontaneous improve-
mentt occurred in 64% of 59 GO patients 
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100 0 

time e 

B B 
100 0 

time e 

100 0 

time e 
Figuree 5 Concept of disease activity. Panel A shows 
G OO disease severity (continuous line) over time. 
G OO starts, reaches a maximum (100%) and than 
subsides,, although premorbid stages are seldom 
reached.. The dotted line represents disease activ-
ity.. Panel B shows the result of immunosuppressive 
interferencee at 50% disease severity (open dot), but 
initiatedd after the disease has reached the fibrotic 
endstage,, so no effect can be expected. Panel C 
showss the result of immunosuppressive interference, 
againn at 50% severity level (open dot, followed by-
continuouss line), but when GO activity is 100%. In 
thiss stage, therapy is useful to prevent further dete-
rioration. . 

duringg a median follow-up of 12 months, 
whilee the disease remained stable in 22% and 
progressedd in 14% of cases.w These results 
weree biased because it concerned a group of 
selectedd GO patients in whom improvement 
ratee was probably overestimated. Regardless 

off  the fact that the majority of patients seem 
too improve, most patients feel that their eyes 
neverr return to normal.w NafFziger operated 
onn a number of patients with very severe 
ophthalmopathyy and found edematous tis-
suee in patients with early disease, whereas 
thosee with longstanding ophthalmopathy had 
muchh fibrous tissue.4" In the early stages he 
foundd just swelling of the muscle fibers, dur-
ingg the "intermediate" stages a mononucleair 
celll  infiltrate was observed, while in the late 
stagess dense collagen scar tissue was promi-
nent.. Brain found edema and lymphocytic 
celll  infiltrates in patients with a short disease 
durationn in contrast to massive fibrosis in a 
patientt who suffered from GO for more than 
sixx years.41 So the concept of Rundle's curve 
iss supported by histological studies. During 
thee active phase there usually is edema, a 
lymphocyticc infiltrate and activation of fibro-
blasts.. In the end-stages there only is fibrosis. 
Thiss concept implies that interference with 
immunosuppressivee therapy is only useful 
inn the "active" inflammatory phase {Figure 
5A-C).. In fact, Daicker was the first to sug-
gestt that medical treatment such as glucocor-
ticoidss or radiotherapy wil l only be effective 
duringg the active phase.43 Because both treat-
mentss have immunosuppressive and anti-
inflammatoryy effects and hence can interact 
withh the lymphocytic infiltrate and edema. 
Itt is very unlikely that these treatments wil l 
changee the fibrous scar tissue that is left in the 
endd stages of GO. However, these patients 
cann still have considerable proptosis and dip-
lopia,, and because they are less likely to ben-
efitt from immunosuppressive drugs should 
undergoo rehabilitative surgery. 
Thiss confronts clinicians with the problem 
too discriminate patients with active GO, in 
otherr words patients who wil l benefit from 
immunosuppressivee therapy, from patients 
withh endstage disease. In some cases this is 
nott very difficult, but in others this wil l pose 
aa dilemma. The concept of disease activity 
mightt explain that in most prospective trials 
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Tablee 2 The 10 items of the Clinical Activity Score (CAS). For each item, one point is given. The sum of these 
pointss is the CAS.45 

Item m 

Pain n 

Redness s 

Swelling g 

Impairedd function 

Description n 

11 Painful, oppresive feeling behind the globe, during the last four weeks 

22 Pain on attempted up-, side- or downward gaze 

33 Redness of the eyelids 

44 Diffuse redness of the conjunctiva, covering at least one quadrant 

55 Swelling of the eyelids 

66 Chemosis 

77 Swollen caruncle 

88 Increase in proptosis of 2 mm or more during a period of 1—3 months 

99 Decrease of eye movements in any direction of 5 degrees or more 
duringg a period of 1—3 months 

100 Decrease of visual acuity of one line or more on the Snellen chart 
(usingg a pinhole) during a period of 1-3 months 

withh medical treatment there is a response in 
circaa 60—70% of patients.43,44 Because, in most 
studiess patients are recruited on the basis of 
severityy of eye disease and not activity and 
onlyy patients who had active GO could ben-
efitt from medical treatment. It would be pref-
erablee to select active patients for immuno-
suppressivee treatment to increase the response 
ratee and not submit patients who wil l not 
benefitt from such a treatment to potentially 
seriouss side effects. 
Thee question arises whether and how acti-
vityy can be measured. In contrast to other 
autoimmunee diseases such as Crohn's disease 
orr rheumatoid arthritis, it is hardly possible to 
obtainn a histological biopsy of the affected tis-
suee in order to determine the level of inflam-
mation.. For this reason, the Clinical Activity 
Scoree (CAS) has been developed and tested 
onn GO patients. This classification is based 
onn the classical signs of inflammation: pain, 
redness,, swelling and impaired function.4"1 

Thee CAS consists of ten items, for each cri-
teriumm met one point is scored (Table 2). In 
aa retrospective study, Mourits et al.4'' have 
foundd (studying 26 patients with severe GO) 

thatt a CAS of 3 or more was associated with 
"active""  disease, and that these GO patients 
respondedd well to immunosuppressive the-
rapyy as opposed to those who had a lower 
CASS and were deemed "not active". This has 
beenn confirmed in a prospective study in 43 
patients.466 Using a cut-off for the CAS of ^ 4 
thee accuracy to predict therapeutical outcome 
was:: specificity 86%, sensitivity 55%, positive 
predictivee value 80% and negative predic-
tivee value 64%. The CAS remains a subjec-
tivee marker of disease activity, and therefore 
aa better and more objective disease activity 
markerr would be helpful in order to select 
whichh patients could benefit from immuno-
suppressivee therapy. Chapter 2, 3 and 4 dis-
cusss the search for a marker of disease activity. 
Diseasee duration can be used as an activity 
markerr as well, although it should be used 
withh caution. Disease duration, counted from 
thee first signs and symptoms in combination 
withh the CAS can be helpful. Other activity 
parameterss such as ultrasound examination 
off  extraocular muscles47 or octreotide scinti-
grapy4**  have not been used in this thesis and 
wil ll  not be discussed further. 
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1.44 Etiolog y 

Graves'' disease is an autoimmune disease 
withh an unknown and probably multifacto-
riall  etiology.344 There is certainly a genetic 
predisposition,, since Graves' disease runs in 
families.. Many candidate genes have been 
investigatedd and some have been shown in 
associationn studies to confer susceptibility 
forr Graves' disease.49-3" Detailed analysis of 
Danishh twin cohort studies has shown that 
thee concordance rate for Graves' disease in 
monozygoticc twins is 0.35 compared to 0.03 
inn dizygotic twins, and that by model-fit-
tingg analysis about 70% of the likelihood of 
developingg Graves' disease is attributable to 
geneticc factors and 30% to environmental 
factors.3"'311 Recently, genetic polymorphisms 
inn the CTLA4 gene which are thought to be 
associatedd with the risk to develop autoim-
munee disease have been found, Graves' dis-
easee being such an autoimmune disorder.32-33 

Certainn polymorphisms in the CTLA4 gene 
havee been found to be associated specifically 
withh Graves' ophthalmopathy whereas others 
doo not differ between Graves' patients with 
orr without ophthalmopathy.56,57 In the years 
too come, detailed molecular studies may shed 
lightt on the genetic background of Graves' 
ophthalmopathy.. Yet, the genetic predisposi-
tionn is not at all clear cut, and it appears that 
environmentall  factors are important triggers 
forr the development of GO. Stressful life 
eventss are well known triggers for the devel-
opmentt of Graves' disease, probably in geneti-
callyy susceptible subjects.5K A number of other 
environmentall  factors have been investigated 
orr are currently under investigation, but the 
bestt known risk factor for the development 
off  Graves' ophthalmopathy is smoking.3<'~62 

Thee proportion of smokers among GO 
patientss is much higher than in patients with 
Graves'' disease without GO or in the general 
population.. Prummel et al. found an Odds 
Ratioo of 7.7 (95% C.I. 4.3-13.7) for smokers 
too develop Graves' ophthalmopathy.6" Smok-

ingg was found to be associated with Graves' 
hyperthyroidismm also, although to a lesser 
extentt (Odds Ratio 1.9; 95%. C.I. 1.1-3.2). 
Otherss have confirmed these findings with a 
meann Odds Ratio of around three.63 There 
iss a positive association between the amount 
off  cigarettes consumed and the increased 
riskk of GO. There is also a positive corre-
lationn between the severity of GO and the 
amountt of tobacco consumption/'4'65 More-
over,, patients who continue smoking benefit 
lesss from treatment of their eye disease than 
patientss who quit their habit.64-66 

Howw smoking contributes towards the ele-
vatedd risk at developing GO is not known. 
Theree might be a role for hypoxemia as was 
shownn by Metcalfe et al, who demonstrated 
inn vitro that orbital fibroblasts from healthy 
individualss produce more glycosamino-
glycanss (GAGs) and synthesize more DNA 
whenn under hypoxic conditions/'7 Smoking 
enhancess the generation of superoxide radi-
calss and reduces the formation of antioxi-
dants.688 It could also be that smoking induces 
aa general increase in tonus of the immune 
system.. A combination of nicotin and tar 
withh IFN-y led to upregulation of HLA-D R 
inn orbital fibroblasts of GO patients.69 The 
titerr of anti HSP72 antibodies was increased 
inn smoking subjects and Graves' thyroid dis-
easee patients.70 In our studies we have con-
sideredd the influence of smoking on serum 
concentrationss of cytokines and adhesion 
molecules. . 

1.55 Immunopathogenesi s 

1.5.11.5.1 Introduction Graves' thyroid disease is an 
autoimmunee disorder caused by stimulating 
autoantibodiess against the TSH Receptor. 
Thee hypersecretion of thyroid hormones is 
inducedd by binding of these autoantibodies 
too the TSH-R.49 The closely linked Graves' 
ophthalmopathyy is presumably an autoim-
munee disorder as well.3 The autoantigen 
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responsiblee for this autoimmune attack is still 
nott defined, but there is accumulating evi-
dencee that the TSH-R plays an incompletely 
understoodd role in the initiation or perpetua-
tionn of the orbital autoimmunity. 

1.5.21.5.2 Autoimmunity Autoimmune diseases 
resultt from the breakdown of self-tolerance 
thatt protects healthy individuals from poten-
tiallyy harmful effects of autoreactive B and T 
cells.711 All humans possess such autoreactive 
cells.. In the absence of antigen driven differ-
entiationn of effector cells there is no attack 
fromm the autoreactive cells to an organ or tar-
gett cell.71 T cells can be divided in Th l, Th2 
andd T regulatory cells, based upon their func-
tionn and the cytokines they produce. Thl cells 
producee cytokines such as IFN-7 and IL-2, 
andd Th2 cells produce IL-4 and IL-13. There 
aree different subsets of T regulatory cells (all of 
whichh are CD4+). IL-10 is an important cyto-
kinee produced by T regulatory cells. These 
subsetss of T cells with their unique cytokine 
profiless function within an intricate network. 
Thee initial step in an autoimmune response 
againstt a T cell-dependent antigen is phagocy-
tosiss of the antigen by antigen presenting cells 
(APC's),, i.e. dendritic cells. There is accumu-
latingg evidence that T and B cells are under 
thee control of APC's which thereby deter-
minee immunity and tolerance.72 Once they 
pickk up the antigen, dendritic cells migrate 
andd process the antigen in the T cell zone of 
thee regional lymph node. Antigen specific T 
cellss are trapped by dendritic cells with rele-
vantt MH C class I and II peptides exposed on 
theirr surface. Subsequently, circulating B cells 
aree trapped in the lymph node and stimulated 
byy T cells to produce antibody.49 T cells then 
proliferatee and differentiate into T helper and 
TT effector cells, each with unique functions 
andd cytokine profiles.72 

1.5.31.5.3 Autoimmune process in GO The auto-
immunee process in the orbit is initiated by 
invasionn of T cells and plasma cells. Adhesion, 

recruitementt and extravasation of mononu-
clearr cells take place when lymphocytes have 
beenn activated by antigen. The local expres-
sionn of certain adhesion molecules functions 
ass a key regulatory mechanism for a variety of 
effectorr cell functions at the site of an inflam-
matoryy or immune process, in this case the 
orbitall  tissues.73 These functions include the 
activationn and recruitment of mononuclear 
cellss to specific tissue sites, their migration 
andd targeting in the extravasular space, as 
welll  as the presentation and recognition of 
antigens.733 This process is known as homing 
off  T cells. Different celltypes, among which 
fibroblastss can express adhesion molecules 
suchh as ICAM-1, on the cell membrane in 
responsee to cytokine stimulation and via this 
routee recruite new inflammatory cells. T cells 
expresss LFA on their cell surface and at an 
alreadyy inflamed tissue site, are capable of 
perpetuatingg the autoimmune process. Under 
thee influence of cytokines and other immu-
nomodulatoryy molecules, fibroblasts prolif-
eratee and differentiate and GAG production 
iss stimulated. These GAG's are hydrophilic 
inn nature and cause edema by attraction of 
water.. This leads to swelling of orbital tissue, 
bothh muscle and fat, and causes the clinical 
manifestationss of proptosis, diplopia, perior-
bitall  swelling and redness.74~76 

1.5.41.5.4 Pathology Histological examination of 
orbitall  tissue in the early stages of Graves' 
ophthalmopathyy shows a lymphocytic infil -
tratee consisting primarily of T-helper and 
T-suppressorr cells, together with some B-
cells,, macrophages and a few plasma cells 
andd mast cells. Once the active inflamma-
tionn has subsided fibrotic tissue is left.3'7477'7* 
Brainn et al. contrasted histologic examinations 
fromm patients with short disease duration to 
thee findings at autopsy of a patient who had 
sufferedd from longstanding GO (6.5 years).41 

Theyy found lymphocytic and plasma cell 
infiltratess with edema in the first and massive 
fibrosiss in the latter. Others have confirmed 
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thesee findings. 3f,77~74 Daicker also found that 
thee eye muscles could actually be more 
enlargedd in patients with an inactive and 
longstandingg disease than in patients with an 
activee and short disease duration.42 He sug-
gestedd that corticosteroids and radiotherapy 
aree only effective during the active phase of 
fibroblastt activation. This is further discussed 
inn paragraph 1.3. 

1.5.51.5.5 T cell or B cell disease? The question 
arisess whether Graves' ophthalmopathy is 
predominantlyy a B- or a T- cell disease, or 
whetherr both pathways contribute. In other 
words,, there is controversy about GO being a 
Thll  (cell mediated), or Th2 (humoral) auto-
immunee phenomenon. De Carli et al. found 
thatt T cells in orbital connective tissue carry 
predominantlyy a Thl cytokine signature 
(IL-22 and IFN-y).811 In contrast, McLachlan et 
al.al. found a trend towards a Th2 cytokine pro-
file,, with an IL-4 increase instead of IFN-y.81 

Thiss was confirmed by Pappa et al., who 
apartt from IL-4 found a mixture of cytokines, 
suchh as IFN-y, IL-10, IL-2 etc with none of 
themm being predominant.82 All these studies 
weree based on a few patients only, and most 
off  them had been either extensively treated 
withh glucocorticoids or were suffering from 
longstandingg eye disease. Another point of 
criticismm at some of these studies is that prolif-
erationn assays of extracted lymphocytes from 
retroorbitall  tissue were used, which may not 
resemblee the in vivo situation.8"82 Immuno-
histochemicall  analysis of retro orbital con-
nectivee tissue demonstrated an infiltrate of 
predominantlyy T lymphocytes, both helper 
(CD4+)) and cytotoxic (CD8+), macrophages, 
ass well as some B cells, plasma cells and mast 
cells.374777 In order to design more specific 
treatmentt modalities it would be helpful to 
havee a better understanding whether GO is a 
Thll  or Th2 mediated disease. 

1.5.61.5.6 Cytokines and adhesion molecules Retro-
bulbarr fibroblasts may proliferate and pro-

ducee GAG's in vitro upon stimulation with 
aa variety of molecules, e.g. IL-183, IFN-y"4 

andd TGF-(3.8:> These effects can be blocked 
byy antagonists to the respective cytokines, 
irradiationn or corticosteroids.838687 Heufelder 
etet al. showed that ICAM- 1 is expressed on 
culturedd orbital fibroblasts upon incubation 
withh various cytokines or with IgG's puri-
fiedd from serum of Graves1 disease patients.88 

Immunohistochemistryy of orbital connective 
tissuee samples from GO patients showed an 
increasedd expression of ICAM-1, VCAM- 1 
andd ELAM-1 when compared with tissues 
fromm controls.89 Just a few in vivo studies have 
demonstratedd the presence of several cyto-
kines,, such as IFN-y, TNF-a, IL-1a, IL-1J3, 
IL-2,, IL-4, IL-6 and IL-10 in the retro orbital 
tissuee of GO patients.y" /i l It should be noted 
thatt these biopsies were from GO patients 
whoo had been extensively treated with cor-
ticosteroidss and/or radiotherapy and were 
probablyy in the inactive fibrotic endstage of 
theirr eye disease. Cytokines and other immu-
nomodulatoryy molecules play a pivotal role 
inn inflammation in autoimmune diseases, and 
itit  is very likely that these proteins also play 
aa major role in GO. Therefore it would be 
veryy interesting to know which cytokines 
aree present in retroorbital tissues in the early 
stagess of the disease. This might have two 
importantt clinical implications. First, a good 
biologicall  activity marker of GO is lacking, 
andd up to now a surrogate marker of activity, 
thee Clinical Activity Score is used. Secondly, 
knowledgee of which cytokines are crucial in 
early,, active GO might help to select specific 
immunosuppressivee drugs, i.e. anti-cytokine 
therapy.. This issue wil l be further detailed in 
ChaptersChapters 5 and 9. 

1.5.71.5.7 Target of the autoimmune attack: fibroblast 
oror muscle cells? There is growing evidence 
thatt the orbital fibroblast is the target cell 
off  the autoimmune attack.7;,-92>1 The grossly 
enlargedd extraocular muscles have drawn 
investigators'' attention initially to the eye 
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musclee as a likely target for the autoimmune 
attack.. In these studies, the source of anti-
genn was eye muscle from nonhuman sources, 
becausee of culture difficulties and the lack of 
humann eye muscle. These tissues were incu-
batedd with sera of GO patients and some 
studiess reported the presence of circulating 
antibodiess directed against eye muscle prepa-
rations.. However, these findings could not 
bee confirmed by others or were found to 
bee nonspecific.94"98 Furthermore, the extra-
ocularr muscle fibers from GO patient biop-
siess seem to be intact, despite the accumu-
lationn of GAG's and collagen between the 
musclee fibers and it is only in very advanced 
casess that damage to the muscle fibers is 
observed. . 

Thee focus than changed to the orbital fibro-
blast.. In GO the histological hallmarks con-
sistt of retroocular infiltration by inflammatory 
cellss and the accumulation of GAG's both in 
thee extraocular muscle and the retro orbital 
connectivee tissue.74-7677" The orbital fibro-
blastt does proliferate and produce GAG's 
underr the influence of certain immunomod-
ulatoryy molecules, such as cytokines. The 
cytokinee stimulated proliferation of cultured 
orbitall  fibroblasts can be inhibited by glu-
cocorticoids.1"""  Glucocorticoid treatment is 
beneficiall  in active GO, as will be described 
inn paragraph 1.6. Taken together it seems that 
GOO is a disease of primarily the fibroblasts 
ratherr than the muscle cells. Figure 6 shows 
aa simplificated scheme of the pathogenesis of 
GO,, reproduced with kind permission of the 
Publisherr and Prof. Dr A.P. Weetman.1"1 

1.5.81.5.8 Autoantigen Many researchers have 
focussedd on finding the autoantigen respon-
siblee for GO. This quest has resulted in many 
proteinss which have been put forward as 
beingg the sought after golden grail. I wil l not 
focuss on this quest but only summarize why-
theree is accumulating evidence that autoan-
tibodiess against the TSH-R are of pivotal 
importancee in GO, and in Chapter 9 recent 

developmentss in the search for the respon-
siblee autoantigen will  be discussed. The pres-
encee of TSH-R inRNA in retroorbital tis-
suee has first been demonstrated by Felicielli 
etet a/.102 Many studies have confirmed these 
observationss and have shown the protein 
too be present in these tissues as well.1"" 
TSH-RR protein has been found both in 
orbitall  fibroblasts of GO patients and, to a 
lesserr extent, in healthy individuals. Recent 
inin vitro studies showed that differentiation of 
preadipocyte/fibroblastss induces expression 
off  the TSH-R.107 The expression of TSH-R 
cann be enhanced by adding certain cyto-
kiness such as TNF-OC and IFN-y to the cul-
turee medium.1"" In some studies the TSH-R 
wass not found1"1' or only in GO patients and 
nott in healthy controls.1"1 These results may 
bee due to different techniques, or may have 
too do with a differential expression of the 
TSH-RR in GO patients. In Graves' thyroid 
diseasee autoantibodies against the TSH-R 
aree at the heart of the autoimmune response. 
Sincee most patients with GO also suffer from 

TSH-RR specific 
Tcelll s 

Intact t 
extraocular r 
musclee cells 

TSH-R-stimulating g 
antibody y 

Adipogenesis s 

Musclee swelling 

Cytokines s 
(IFN-y,, TNF, IL-1) 

Glycosaminoglycans s 

Waterr trapping 

Edemaa and 
-nusclee swelling 

Proptosis,, periorbital edema, 
diplopia,, optic neuropathy 

Figuree 6 Pathogenesis of GO. The extraocular 
muscless are infiltrated by inflammatory cells, pre-
dominantlyy T cells, thought to be reacting with a 
thyroid-likee autoantigen; at present TSH-R is the 
primee candidate. Cytokines released by the infiltrate 
activatee fibroblasts to secrete glycosaminoglycans, 
whichh trap water and cause muscle swelling. Orbital 
fatt increases when the TSH-R on preadipocyte fibro-
blastss is stimulated by TSH-R antibodies, increasing 
thee volume of the orbital contents further. (Repro-
ducedd with permission101) 



Graves'' thyroid disease, and TSH-R autoan-
tibodiess are usually present, it seems that it is 
ratherr likely that the TSH-R somehow plays 
aa role in GO. This view is supported by the 
findingg of a positive correlation between the 
CASS and TSH-R antibody levels and also 
betweenn proptosis and TSH-R antibody lev-
e l s _ 1 1 1 . . 12 2 

1.5.91.5.9 Animal model studies It remains difficult 
too study autoimmune responses in humans 
properly,, because there is an unknown time 
lagg between initiation and clinical presenta-
tionn of the disease. Therefore we are confined 
too the study of experimental animal models. 
Theree is no known animal model in which 
autoimmunee Graves' thyroid disease devel-
opss spontaneously. Many efforts with varying 
degreess of success have been made to induce 
thyroidd autoimmunity in experimental ani-
mals,, and these have been recently reviewed 
byy Prabhakar et al.A9 Until now, many differ-
entt animal models have been tried, and all 
effortss have been dissatisfying. At best they 
havee shown that both Graves' thyroid disease 
andd GO are very heterogenous disorders. 
Somee features of Graves' thyroid disease and 
GOGO have been induced in mice by TSH-R 
preparations.. In short, AKR/N mice were 
transfectedd with the homologous major MHC 
complexx class II molecule and the full length 
humann or murine TSH-R.113 Approximately 
20%% of mice develop thyroid antibodies that 
stimulatee the TSH-R and have increased thy-
roxinee levels, but they do not develop thyroi-
ditis.. When BALB/c mice and NOD mice 
aree treated with TSH-R primed T cells, the 
BALB/ cc mice develop a Th2 response, with 
productionn of IL-4 and IL-10, whereas in 
NODD mice a Thl type response together 
withh thyrocyte destruction and production of 
IFN-yy was observed.1'4 The orbits of BALB/c 
mice,, but not NOD mice, showed changes 
suchh as infiltration by immune cells, prolifera-
tionn of adipose tissue and edema in the extra-
ocularr muscles in 70% of cases. Based on these 

resultss a Th2 autoimmune response to the 
TSH-RR was proposed to be an initiating event 
inn GO."4 Similar results were reported after 
geneticc immunisation of outbred mice with 
TSH-RR cDNA.115 These could not be repro-
ducedd in another laboratory, despite identical 
experimentall  conditions.'16 Taken together 
withh the heterogeneous response of BALB/c 
andd NOD mice to the same stimuli, it is evi-
dentt that a good and reproducible experimen-
tall  animal model for GO is still lacking.This 
mightt be partly attributable to the lack of envi-
ronmentall  stimuli, such as major life events 
andd smoking, that are present in GO patients 
andd cannot be reproduced easily in experi-
mentall  animal models. Furthermore, the exact 
sequencee of events in GO is not known nor 
iss the responsible autoantigen, which further 
complicatess the search for an animal model. 

1.00 Treatmen t 

Alll  GO patients should be urged to quit 
smokingg because, patients who continue 
smokingg benefit less from treatment of their 
eyee disease than patients who quit their 
habit.fl4M '' Since both hyper- and hypothyroid-
ismm have a slight adverse influence on the eye 
disease,, euthyroidism should be restored and 
maintained.1171188 Treatment with radioactive 
iodinee for Graves' hyperthyroidism can have 
aa deteriorating influence on the eye disease, 
althoughh often transient in nature: the wors-
eningg can be prevented by corticosteroids.119 

LocalLocal measures Local measures such as artifi-
ciall  tears and lubricating ointments should 
bee liberally prescribed to all GO patients, to 
preventt keratopathy and to aleviate gritting 
sensations.. Other measures include the use of 
darkk glasses or prismatic correction to reduce 
doublee vision. 

ImmunosuppressiveImmunosuppressive treatment modalities There is 
sufficientt evidence that corticosteroids, both 

21 1 



orall  and intravenous are effective, with intra-
venouss pulses of methylprednisolone being 
superiorr to oral steroids.12'M24 Orbital irradia-
tionn was found to be equally effective to cor-
ticosteroidss in a randomised controlled trial.121 

Sincee then others have found orbital irradia-
tionn to have either beneficial or only marginal 
effects.12''' ,2S Orbital irradiation nor glucocor-
ticoidss have a relevant effect on proptosis, so 
inn patients with major proptosis decompres-
sivee surgery is often still needed later in treat-
ment.. Marcocci et al. demonstrated that 88% 
off  GO patients responded to the combina-
tionn of methylprednisolone pulses and orbital 
irradiation.'2r>> However, glucocorticoids are 
associatedd with considerable side effects such 
ass hypertension, diabetes mellitus and depres-
sion.1211 Recently, four deaths due to liver fail-
uree were described after methylprednisolone 
pulses.129-13""  Orbital irradiation is associated 
onlyy with some transient and mild side effects 
suchh as local irritation.121 The long term 
safetyy of orbital irradiation will be adressed 
inn Chapter 7. Some studies have focussed on 
otherr immunosuppressive treatment modali-
tiess such as cyclosporin122'131-133, somatostatin 
analoguess 134, immunoglobulins1311'13'', plasma-
pheresis1377 and pentoxifylline 138, all of which 
weree reported to have limited effect.139 It is 
difficul tt to compare the results of these stud-
ies,, because only a few were randomized con-
trolledd trials and extensively treated patients 
havee been included in some studies.12" 

DecompressiveDecompressive surgery When patients are diag-
nosedd with inactive GO, or their disease has 
beenn rendered inactive by immunosuppres-
sivee treatment, rehabilitative surgery can be 
done.. In the case of severe proptosis decom-
pressivee surgery is performed. The goal of 
decompressivee surgery is to create space for 
thee increased orbital content. In this proce-
duree orbital walls —usually two or three -walls 
dependingg on the amount of proptosis— are 
removed.. There are various surgical tech-
niquess for decompression, all of wThich lead 

too the reduction of proptosis, so the preferred 
operationn technique is the one in which the 
surgeonn is most trained.29 The only excep-
tionn being when decompressive surgery is 
donee because of optic neuropathy. When 
opticc neuropathy is present the medial wall 
off  the orbit should be removed to relieve the 
pressuree on the optic nerve. This medial wall 
iss easily accessible via the coronal route and 
manyy surgeons prefer this route when optic 
neuropathyy is present, although other tech-
niquess are advocated as well.29'14'1,141 

SquintSquint and eyelid surgery The next step in 
thee surgical rehabilitation of a GO patient 
iss squint surgery in order to reduce double 
vision.. Finally eye lid surgery can be done to 
restoree the patients appearance. 

Theree is still a need for more effective immu-
nomodulatoryy therapy with less side effects in 
GOO patients. For an approach that is curative 
ratherr than just shortening the duration and 
dampeningg the severity of eye disease, we 
shouldd gain a better insight about the auto-
immunee process in the orbit, and aim at the 
reversall  of this process. Of course there are 
costss of therapy to consider, especially in an 
eraa in which increasing costs of health care 
aree politically hard to sell. In chapter 9 I wil l 
proposee management guidelines for GO 
patients. . 

1.77 Outline of the present thesis 

Thiss thesis consists of two parts. In the first 
partt we describe the search for a serum 
markerr in GO patients, which could be used 
too select patients who might benefit from 
immunosuppressivee treatment. Furthermore, 
wee tried to elucidate the cytokine network in 
thee immunopathogenesis of GO in order to 
selectt future, more selective immunomodu-
latoryy therapies. The second part of this the-
siss deals with aspects of medical and surgical 
managementt of GO. 
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