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Pathogenesis of Graves' orbitopathy: A 2010 update
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ABSTRACT. The most important of the extra-thyroidal man-
ifestations of Graves’ disease, Graves' orbitopathy (GO), re-
mains a vexing clinical problem. Treatment of severe active
disease has been limited to steroids or radiotherapy. In the
relatively rare case where vision is threatened, emergent de-
compression surgery can be performed. The proptosis, motil-
ity, or cosmetic concerns associated with stable GO are com-
monly remedied with surgical intervention. Substantial ob-
stacles have prevented the development of specific medical
therapies for GO, in large part resulting from poor under-
standing of disease pathogenesis and the absence of pre-
clinical animal models. Fundamental aspects of GO's etiolo-
gy have been uncovered from studies based in cell culture,
extensive analysis of blood constituents, and detailed exam-

INTRODUCTION

Graves' orbitopathy (GO), also known as thyroid-associ-
ated ophthalmopathy (TAO) or thyroid eye disease, rep-
resents the most common and vexing extra-thyroidal
manifestation of Graves’ disease (GD) (1). Why the con-
nective tissues investing the human orbit are susceptible
to this autoimmune process remains an enigma. But in-
creasing information about the peculiar phenotype ex-
hibited by orbital fibroblasts is beginning to provide
some insight into the potential pathogenic mechanisms
involved in GO. An unresolved question concerns the
identity of the autoantigen(s) that participates in disease
initiation and progression and characterizing the mecha-
nisms through which peripheral immune tolerance to it
is lost. In this brief summery, | will attempt to review some
of the recent advances made in the study of pathogene-
sis, characterization, and treatment of GO.

AUTOANTIGENS CURRENTLY UNDER
CONSIDERATION

The autoantigens associated with GD might legitimate-
ly be parsed into two groups, those with pathogenic
function and others which probably serve only as clinical
markers but are unlikely to initiate or propagate disease.
TSH receptor (TSHR) represents the central autoantigen
in GD by virtue of its role in mediating the action of thy-
roid-stimulating immunoglobulins (TSI) (2, 3). Thus, it be-
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ination of orbital contents collected at the time of surgical
intervention. Many of the published reports resulting from
these studies are descriptive and all have failed to yield uni-
fying concepts that integrate the anatomically divergent man-
ifestations of Graves' disease. This brief review covers recent
findings of several research groups. While major break-
throughs continue to occur in closely related autoimmune
diseases, progress in identifying the pathogenic mechanisms
relevant to GO has been limited. As emerging insights into
human autoimmunity becomes applied to the study of
Graves' disease, we anticipate that improved therapeutic
strategies will find their way to our patients with GO.

(J. Endocrinol. Invest. 33: 414-421, 2010)
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longs in the first group. These antibodies activate TSHR
and elicit the production of thyroid hormones in a man-
ner superficially resembling that of TSH. Initial evidence
for the participation of TSHR and TSI in the pathogene-
sis of GO was presented by Feliciello et al. (4) who re-
ported detecting TSHR mRNA in orbital tissues from
healthy individuals and those with GO. Shortly there-
after, Heufelder and colleagues found the transcript ex-
pressed in cultured orbital fibroblasts (5). Both of these
early studies relied on PCR-based assays and thus even
trivial levels of TSHR transcripts could be detected. Sub-
sequently a number of reports have confirmed the pres-
ence of both TSHR mRNA and protein expressed by fi-
broblasts from the orbit as well as those from other con-
nective/adipose tissue depots (6-13). The levels in
adipocytes provoked to differentiation in vitro have been
generally higher than those in undifferentiated fibrob-
lasts. Thus, TSHR appears to represent a ubiquitous pro-
tein with regard to its expression in connective tissues.
Whether the density or function of the receptor differs in
orbit compared to any of the other connective tissues
thus far examined remains to be established. In any
event, the contention by some that the distribution of
this receptor protein is limited to the thyroid and orbit
appears to be incorrect. A more realistic view of TSHR
would accommodate its emerging role in other biolog-
ical processes, such as those associated with immune
function (14) and adipogenesis in many different con-
nective tissue depots (15).

At about the same time the TSHR was demonstrated in
orbital tissues, Weightman et al. (16) reported that I1gG
collected from patients with GD (GD-IgG) could displace
radiolabeled IGF-I from the surface of fibroblasts. While
these early studies were rather preliminary in nature and
failed to identify the determinant to which the displaced
IGF-I was binding, they did suggest the possibility that



IGF-I receptor (IGF-IR) or one (or more) of the IGF-| bind-
ing proteins might prove relevant to the disease. Whether
the interaction between GD-IgG and the then unidenti-
fied cell surface protein resulted in cellular responses was
not determined in that early communication. Many years
later, Pritichard et al. reported that IGF-I and GD-IgG
could bind and activate IGF-IR (17). Moreover, they found
that in those fibroblasts from patients with GO, activa-
tion of IGF-IR resulted in the expression of two powerful
T cell chemoattractants, interleukin (IL)-16 and regulated
upon activation, normal T cell expressed (RANTES) (18).
Both of these molecules have been associated with the
pathogenesis of autoimmune disease (19, 20). The
Akt/FRAP/mTor/p70sék pathway mediates the induction
of IL-16, effects which were blocked with the macrolide,
rapamycin (18). This same group of investigators then re-
ported that IGF-I and GD-IgG could induce the accumu-
lation of hyaluronan by orbital fibroblast cultures (21).
The studies failed to examine whether glycosaminoglycan
synthesis was up-regulated or whether macromolecular
turnover was decreased but given the absence of hyalur-
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onan degradation in human fibroblasts reported previ-
ously (22), this possibility remains unlikely. That report
demonstrated that human recombinant TSH failed to al-
ter the accumulation of the glycosaminoglycan. Orbital
fibroblasts from control donors failed to respond to ei-
ther IGF-I or GD-IgG as did dermal fibroblast cultures.

OTHER ANTIGENS THAT MIGHT PROVE RELEVANT
TO GD

A series of potential autoantigens that may play roles
in orbital Graves' disease or could serve as markers of
extra-ocular muscle involvement has been reported by
Wall and colleagues over the past two decades. In large
part, this body of work reflects the long-held contention
by that author that extraocular muscles are primarily tar-
geted for autoimmune reactivity in GO. Among the
muscle-associated antigens that have been identified
include a 63kD/64 kDa protein (23), 1D antigen (23),
collagen XIlI (24), calsequestrin, G2s and flavoprotein
(25). No forceful claims have been made by this group

Fig. 1 - CD34+ LSP-1+ TSHR+ fibrocytes can be identified in the orbital tissue of patients with thyroid-associated ophthalmopathy
(TAO) but are absent in tissues from healthy donors. A) CD34 expression (arrows, green FITC) in TAO-derived tissue (inset, negative
control staining). B) Absent CD34 expression in healthy tissue (inset, positive staining control). C) LSP-1 expression in TAO-derived tis-
sue [red, arrows, nuclei counterstained with DAPI (blue)] (inset negative control). D) Absence of LSP-1 expression in healthy tissue
(inset negative control). E) CD31 expression in disease-derived tissue is limited to vascular endothelium (red, arrows). F) H and E
stained consecutive thin-sections of the same orbital tissue (40 x). G) Fibrocytes present in orbital tissue from patients with TAO co-
express CD34 and TSH receptor (TSHR). Thin sectioned tissue from a donor with TAO was stained according to procedures described
in “Methods"” with anti-CD34 (green) and anti-TSHR (red) antibodies. Nuclei were counterstained with DAPI (blue). Thin sections were
then subjected to confocal microscopy. Inset contains a negative staining control. [Reprinted with permission from (32), copyright
2010, The Endocrine Society].
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Fig. 2 - Fibrocytes cultivated from pe-
ripheral blood mononuclear cells express
high levels of TSH receptor (TSHR) re-
gardless of whether they derive from (A)

Adipocyte differentiation

patients with Graves’ disease (GD) or (B)
from healthy donors. (C) These levels are
comparable to those found on primary
human thyroid epithelial cells. (D) In con-
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trast, undifferentiated orbital fibroblasts
fail to express TSHR. (E) Fibrocytes dif-
ferentiated into adipocytes accumulate
intracellular lipid droplets staining with
Oil Red O. (F) TSHR levels on fibrocytes
remain elevated following differentiation.
Fibrocytes, orbital fibroblasts, and thy-
rocytes were cultivated. In panel A, fi-
brocytes were pre-incubated with bovine
TSH (bTSH) (SPmU/m/) prior to staining
with anti-TSHR antibodies. [Reprinted
with permission from (32), Copyright

concerning the functional/pathogenic importance that
any of these antigens might possess in GD or any oth-
er orbital pathology. Rather they appear to favor a role
for some or all of these proteins as disease markers.
Their experience in searching for the "important” au-
toantigen should serve to remind us that autoimmunity
is often associated with the production of multiple au-
toantibodies of varying specificities. This might be ex-
plained at least in part by the phenomenon known as
epitope spreading (26). Time will tell whether the study
of any of these proteins can lead us to a better under-
standing of the development of GO. More likely, they
will prove to reflect the non-specific but powerful acti-
vation of systemic immune processes, some of which
might drive GD, GO, and other forms of autoimmuni-
ty. The formidable task of substantiating the relation-
ship between these antibodies and the extraocular mus-
cles remains. We continue to look to Dr Wall and his
colleagues for further evidence that these antibodies
are related to the orbit and its diseases.
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DO THE FIBROBLASTS THAT PLAY A PATHOGENIC
ROLE IN GO ORIGINATE FROM BONE MARROW
DERIVED FIBROCYTES?

Fibroblasts in the human orbit represent a heterogeneous
cell population (27). While one subset expresses the cell-
surface glycoprotein, Thy-1 (CD90), another displays a Thy-
1- phenotype. Human orbital fibroblasts exhibiting each
phenotype can now be coupled to their potential for dif-
ferentiation into either myofibroblasts expressing smooth
muscle actin (Thy-1+) or those capable of developing into
triglyceride-accumulating adipocytes (Thy-1-) (28, 29). Dif-
ferentiation into either phenotype requires a specific set
of culture conditions. For Thy-1+ fibroblasts to differentiate
into myofibroblasts, the culture medium must be enriched
with transforming growth factor (TGF)-B. In contrast, Thy-
1- fibroblasts must be treated with prostacyclin in combi-
nation with compounds that increase intracellular cAMP
levels (29). Alternatively, activation of peroxisome prolif-
erator activator y by the prostaglandin J2 series of



molecules or by thiazolidinediones, including rosiglitazone
can promote adipogenesis (27). These attributes are con-
gruent with the concept that increased adipogenesis re-
sults in tissue expansion seen in GO. But this contention
rests only on circumstantial evidence. While orbital fat ex-
pansion is known to occur in GO, whether fat cell size or fat
cell number increases as part of the disease process has
yet to be determined. It remains possible that an exag-
gerated accumulation of hyaluronan and other gly-
cosaminoglycans in conjunction with increased mass of fat
cells might account for a substantial component of the tis-
sue expansion associated with GO.

Orbital fibroblasts from patients with TAO also display
higher levels of IGF-IR than do their control counterparts
(17). When treated with IGF-I, these cells exhibit a set of
responses, mediated through IGF-IR, that are absent in
orbital fibroblasts from healthy donors (17, 18, 21). When
orbital fibroblasts are provoked to differentiate into fat
cells, they express higher levels of TSHR (30, 31). The un-
derlying pattern of cell recruitment to the orbit in GO
that might account for the cellular heterogeneity found in
GO is only now beginning to be identified. Could the
phenotypic divergence found among fibroblasts in the
orbit arise from a subset of cells trafficked there in GO?
A very recent report by Douglas et al. suggests that the
abundance of circulating fibrocytes in patients with GD
might be elevated above those found in individuals with-
out autoimmune disease (32). Fibrocytes derive from a
monocyte lineage of bone marrow cells (33). They have
been insinuated in several aspects of tissue remodeling
and wound repair (34). Consistent with the findings of
others, this report suggests that fibrocyte abundance in
cultured peripheral blood mononuclear cells (PBMC) de-
rived from healthy subjects is extremely rare (32). PBMC
cultured from patients with GD generated substantially
more frequent fibrocytes exhibiting the anticipated
CD34+Col1+CXCR4+* phenotype. The authors found rel-
atively high levels of IGF-IR on fibrocytes from patients
with GD, but these are similar to those on control fibro-
cytes from healthy donors.

The report of Douglas et al. contained preliminary char-
acterization of the fibrocyte phenotype in cells collected
from patients with GD (32). The objective there was to
identify cellular features of these cells that might set them
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apart from fibrocytes donated by healthy donors. An array
of cellular markers was examined, including CD34, ColT,
IGF-IR, LSP-1, CD31, CD14, and CXCR4. CD34+ cells were
identified in situ in orbital fat from patients undergoing
surgical decompression for severe GO (Fig. 1). In contrast,
none of these CD34+ cells could be detected in healthy
orbital tissues. Unexpectedly, CD34+Col+CD31- cells from
patients with GO expressed high levels of TSHR, both in
circulation and in those infiltrating diseased orbital tissues
(32) (Fig. 2). Moreover, the levels of TSHR were compa-
rable to those found on thyroid epithelial cells. Surpris-
ingly, TSHR displayed on fibrocytes appears to be func-
tional. When ligated with bovine TSH, the receptor me-
diates cellular responses by fibrocytes, including the up-
regulation of IL-6 and tumor necrosis factor (TNF)-o pro-
duction (32) (Fig. 3).

NEW INSIGHTS IN TO THE PHENOTYPE OF ORBITAL
FIBROBLASTS

Several groups of investigators have focused on refin-
ing and substantiating the concept that orbital fibrob-
lasts exhibit a novel phenotype and that these pecu-
liarities might underlie the susceptibility of the orbit to
GO. A recent study by Tomlinson et al. (35) has exam-
ined the expression and activity of 11B-hyroxysteroid
dehydrogenase 1 (11B HSD-1), several cytokines, and
markers of late adipogenesis in affected orbital tissues
and in orbital fibroblasts from patients with GO. These
various parameters were compared to unaffected con-
trols (35). They reported that levels of transcripts en-
coding 11 HSD1, the glucocorticoid receptor o, TNF-
o, TNF-o inducible protein, TGF-B, IL-1 receptor, and
IL-6 were all significantly elevated in diseased tissues
as were fatty acid-binding protein 4 and glycerol 6
phosphate dehydrogenase. The activity of 118 HSD1
as determined by the rate of cortisone conversion to
cortisol was induced by TNF-a in cultured orbital fat
cells. This effect was far more robust in cultures from
patients with GO (35). In aggregate their findings might
provide important insight into the patterns of orbital
inflammation seen in GO.

With regard to the potential relationship between hyalur-
onan production and TSHR display on orbital fibroblasts,
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Y 2 300+ Graves’ disease, were treated with
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© 2004 N leukin (IL)-1B (10 ng/ml) for 48 h. The
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Zhang et al. (36) reported that orbital fibroblasts ex-
pressing TSHR with a gain of function mutation exhibit
increased activities of several target genes. Among these,
levels of hyaluronan synthase-1 and -2 were increased,
as was the production of hyaluronan. These data suggest
that, at least in contrived models of cell function, TSHR
might mediate the increases in hyaluronan production
associated with orbital fibroblast activation with TSHR-
activating GD-IgG. The findings will need to be recon-
ciled with earlier results demonstrating that GD-IgG
might act through IGF-IR in enhancing hyaluronan pro-
duction in orbital fibroblasts (21).

DO LYMPHOCYTES FROM PATIENTS WITH GD AND
GO EXHIBIT A DIVERGENT PHENOTYPE?

Given the over-expression of IGF-IR by orbital fibroblasts
coming from patients with GO, a broader search for cell-
types that might also express elevated levels the receptor
was undertaken. A disproportionately large fraction of T
cells from patients with Graves’ disease in the peripheral
circulation display the receptor protein (37); 48+4% of
CD3+ lymphocytes from patients with GD exhibit the IGF-
IR* phenotype compared to 15=3% of those from healthy
donors. This increased proportion results in part from an
expansion of CD45RO* memory T cells. While the phe-
notypes of both CD4+ and CD8+ memory cells are
skewed, naive T cells do not appear to express IGF-IR at
an increased frequency. The phenotypic skew among
CD3+*IGF-IR* cells was durable and the levels of protein
expression were up-regulated following CD3 complex ac-
tivation. T cells harvested from affected orbital tissues re-
flect similar bias with regard to IGF-IR*CD3+ cells and IGF-
IR*CD3+CD4+ cells as those collected from the periphery
(37). When treated with either GD-IgG or IGF-I, these T
cells exhibit a growth advantage and resist apoptosis, sug-
gesting possible mechanisms underlying the previously
recognized T cell population expansion associated with
GD and other forms of autoimmunity.

A similarly skewed population of B cells was also de-
scribed in individuals with GD (38). This display exhibits
durability in culture and is maintained or increased with
CpG activation. It too can be found among B cells infil-
trating the orbit and those circulating and appears to be
independent of disease duration or treatment. From those
studies, a subset of IGF-IR* cells might prove responsible
for the production of pathogenic anti-TSHR activating an-
tibodies in GD (38). IGF-I enhanced IgG production and
increased B cell expansion in cultures from patients with
GD, but the growth factor exerted no such effects on B
cells from healthy donors. In a study of Danish monozy-
gotic twins discordant for GD, Douglas et al. reported that
the skew toward the IGF-IR+ phenotype was present in
the affected twin but was absent in the healthy sibling,
suggesting that an environmental component might un-
derlie this alteration in lymphocyte phenotype profile (39).

IMPLICATIONS OF THE ENHANCED EXPRESSION OF
IGF-IR AND THE ABERRANT CELLULAR RESPONSES IT
MEDIATES TO THE PATHOGENESIS OF GO

IGF-I, its receptors, and binding proteins appear to in-
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fluence immune responses (40). This pathway might al-
so mediate pathogenic signals in autoimmune diseases
such as GD and regulate antibody responses. While no
insight currently exists concerning the events leading to
the breakdown in peripheral immune tolerance to IGF-
IR, its identification as an autoantigen might allow de-
velopment of therapies directed at interrupting the ab-
normal signaling associated with disease. Should this
prove to be the case, the substantial efforts made in de-
signing drugs targeting IGF-IR for the treatment of some
cancers might be applied to GD and GO.

WHAT IS THE RELATIONSHIP BETWEEN GO AND
131JODINE THYROID ABLATION?

The question of whether 3%iodine ablation of thyroid in
GD causes or worsens GO has consumed much discus-
sion over the last several decades and continues to spark
controversy (41, 42). The role of steroid prophylaxis too
as a means of attenuating the deleterious effects of this
approach to treatment of hyperthyroidism continues to
generate debate. Traisk et al. compared the occurrence
of GO or its worsening in individuals with GD treated with
anti-thyroid medications vs those receiving 13%iodine ab-
lation (43). The authors found that 63 patients (39%) de-
veloped GO or their pre-existing ocular disease was wors-
ened following ablation compared to 32 patients (21%) of
those medically managed (p<0.001). Fifty-three of the
patients developed GO de novo following ablation while
23 patients who were medically treated also did so. In
contrast, a similar number of those subjects who already
manifested GO prior to participation in the study expe-
rienced worsening with either treatment. The report re-
inforced the view that smokers were at higher risk and
that smokers treated with 3%iodine ablation were partic-
ularly susceptible to GO (43).

Another report from Vannucchi and colleagues retro-
spectively compared in 113 patients the effects of 13%io-
dine ablation on the activation of GO (44). Eighty-three of
these subjects did not receive prophylactic steroids. The
remaining 30 received either oral steroids (no.=21) or in-
traveneous glucocorticoids (no.=9). Activation of GO oc-
curred in 33% of those receiving steroids while only 7%
of those not receiving prophylaxis did so. When com-
pared, none of those patients receiving intravenous
steroids became active while 48% of those on oral
steroids developed orbital activity. The authors conclud-
ed that oral steroids failed to offer protection against ac-
tivation of GO in individuals receiving 13'iodine ablation
(44). In contrast, the report of Lai et al. explored in a ret-
rospective matched cohort study a total of 111 patients
with either no evidence of GO or mild orbital disease
treated with radioactive iodine (45). Thirty-five of these
individuals were not treated with steroid prophylaxis, 28
received low-dose prednisone ranging from 0.16-0.27
mg/kg body weight, while the third group of 48 subjects
received prednisone at a dose of greater than 0.3 mg/kg.
Steroids were begun 1 day after the 13%iodine adminis-
tration and treatment continued for 6 weeks. Of the 35
patients not receiving steroids, two developed GO with
clinical activity scores (CAS) of 2/7 and 3/7. None of the
individuals treated with prednisone developed GO. The



authors concluded that the lower steroid doses used and
the shortened treatment interval were probably sufficient
for the protective effects of steroids observed.

RECENT PROGRESS IN TREATMENT

Despite considerable efforts, the treatment of severe, ac-
tive GO remains largely ineffective and relies on non-spe-
cific approaches such as systemic steroids and radio-
therapy (46). Similarly, correction of the manifestations
of chronic stable disease relies almost exclusively on sur-
gical rehabilitation. Thus, before we indulge in self-con-
gratulations for the current state of treatment, a more
complete understanding GO will probably be necessary.
We must confront the unfortunate reality that our efforts
have yet to meaningfully improve therapy beyond incre-
mental refinement of surgical techniques and steroid dos-
ing protocols. Treatment of stable disease relies almost
entirely on surgical rehabilitation of severe proptosis and
compromised eye motility.

But advances in treatment of other autoimmune diseases
might be applied to GO since aspects of tissue remod-
eling appear to be shared by many of these conditions.
Anti-cytokine therapies are currently used widely in
rheumatoid arthritis and have been successfully intro-
duced into those agents comprising the standard of care
(47). Use of drugs interfering with cytokine action has
been discussed in the context of orbital inflammation
(48), but no adequately powered studies have yet been
conducted. The strong suspicion that B cells play an im-
portant role in its pathogenesis has been the rationale
underlying the use of rituxiimab as a means of CD20 B
cell depletion in GD. This compound was introduced to
the marketplace approximately 20 years ago as an anti-
neoplastic drug used in non-Hodgkin’s lymphomas and
leukemia (49). More recently, it has been successfully
used in patients with various forms of autoimmunity, in-
cluding lupus erythematosus, psoriasis, and rheumatoid
arthritis where it is generally well-tolerated and effective
(50). Because of the critical role that anti-TSHR antibod-
ies play in GD, B cell depletion makes great mechanistic
sense as a therapeutic strategy. Initial studies, emanat-
ing primarily from European investigators, have focused
on the possible application of rituximab to treat the thy-
roidal aspects of the disease (51, 52). Most of these stud-
ies have been limited in scope, uncontrolled, and un-
masked. With regard to GO, this therapeutic approach
has shown some early promise. Salvi et al. (53) reported
that rituximab therapy resulted in an almost complete
absence of lymphocytes in orbital tissues. In contrast,
Nielsen et al. (54) found similar numbers of lymphocytes
in a single patient following therapy compared with an-
other who had not been treated with rituximab. Three
studies examining the impact of rituximab in GD have in-
cluded a total of 17 individuals with GO. In a study by El
Fassi et al. (55), 2 ex-smokers were included, both of
whom had been treated with orbital irradiation and
steroids. In both, a dramatic reduction in CAS was noted
8 months after rituximab therapy. In another prospective
study, Salvi and colleagues (56) included 9 patients, of
which 7 manifested active GO. The other 2 exhibited eye
lid changes. Seven months after therapy with rituximab,
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the mean CAS fell from a baseline of 4.7 to 1.8 with con-
comitant reduction in severity. Khanna et al. (57) studied
6 patients who had failed steroid therapy, all of whom
presented with severe and active GO. Four of these pa-
tients had evidence of optic neuropathy. The CAS fell
from a baseline of 5.3 to 1.8 after 8 weeks following ther-
apy with rapid improvement of visual acuity within 4
weeks. The concomitant steroid therapy given to all of
these patients was withdrawn without any evidence of
worsening disease. A single patient with poor response
to steroid therapy has also failed treatment with ritux-
imab (58). In aggregate, this line of investigation into the
potential utility of B cell depletion would seem to be a
worthwhile pursuit. But, considerably more work will be
required before any strong endorsement of this therapy
can be made. Treatment with rituximab is certainly not
without its drawbacks. The side effect profile must be
carefully weighed as the decision of whether a particular
patient should be treated with the agent is made. This
issue of caution has been made in the past when con-
sideration is given in the treatment of GD, given its gen-
erally good outcome (59). Moreover, the basis for clinical
improvement following B cell depletion remains unre-
solved. In the 3 studies where it was monitored, it ap-
pears that TRAb levels decrease with treatment in GD
but that the decline is similar to that found in patients
with methimazole or glucocorticoids (52, 56, 60). In con-
trast, the recent findings by El Fassi et al. suggest that
rituximab might lower the levels of thyroid stimulating
antibodies as assessed by a TSHR-transfected CHO cell
assay based on cAMP generation (61). It should be re-
membered that any benefit associated with B cell de-
pletion might be unrelated to effects on antibody levels.
The B cell has other functions besides antibody produc-
tion. They represent important antigen presenting cells
and express many cytokines, the functions of which are
numerous and none more important than their ability to
provide T cell help.

CONCLUSIONS

GO remains a troublesome and poorly understood com-
ponent of GD. Absence of effective and safe therapies
continues to represent a major unmet need confronting
patient and clinician alike. Incremental progress continues
to be made in better understanding the disease, but
most of these research activities remain mired in cell cul-
ture systems using contrived experimental models in vit-
ro. Absence of complete and robust pre-clinical models
of GD continues to compromise our progress in gener-
ating insight into GO. It also impairs any effort to con-
duct systematic clinical testing of drug candidates. In con-
cluding her recent review of the topic, Bahn states that
“we have the means to precisely measure the effect of
new therapies on quality of life and specific clinical end
points.” (62). Unfortunately, many of her colleagues fail to
share the optimistic view she expresses (63). An appre-
ciable number of the most active workers in the field re-
main unconvinced that the current level of understanding
of the pathogenesis GD will prove adequate for great
advances in therapy to be made. Moreover, substantial
disagreement currently exists regarding how we are crit-
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ically evaluating the activity and severity of disease in our
patients with GO. These deficits may preclude meaning-
ful therapeutic trails to proceed. Rather, a critical self-in-
ventory of what we know and, more importantly, identi-
fying the disease aspects we have yet to grasp remains
necessary. Only when the more difficult work has been
completed will the laudable goal shared by all investi-
gators in this field-improving the care of our most severe-
ly affected patients with GO-be realized.
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