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Context: CXC �-chemokine CXCL10/IP-10 plays an important role in the initial phases of Graves’
ophthalmopathy (GO). Human thyrocytes, orbital fibroblasts, and preadipocytes are stimulated to
produce CXCL10 when treated with interferon � (IFN�) and TNF�. Peroxisome proliferator-acti-
vated receptor-� (PPAR�) activation plays an inhibitory role in this process.

Objective: Until now, no data are present in literature about the involvement of CXCL9 and CXCL11
in Graves’ disease and GO, or of PPAR� activators’ effect on these chemokines.

Methods: It has been studied how IFN� and TNF� stimulation and PPAR� activation affect CXCL9
and CXCL11 secretion in primary cultures of thyrocytes, orbital fibroblasts, and preadipocytes.

Results: In primary cultures of thyrocytes, retrobulbar fibroblasts, and retrobulbar preadipocytes
obtained from GO patients, CXCL9 and CXCL11 production was absent under basal conditions;
CXCL9 and CXCL11 secretion was not induced by TNF� alone, whereas it was dose dependently
stimulated treating cells with IFN�. The treatment with TNF� plus IFN� has a synergistic effect on
CXCL9 and CXCL11 release. Treating all cell types with the PPAR� agonist, rosiglitazone, or pio-
glitazone, the IFN� plus TNF�-induced CXCL9 and CXCL11 release was dose dependently (0.1–20
�M) suppressed.

Conclusions: We conclude that thyrocytes and retrobulbar cell types from patients with Graves’
disease and ophthalmopathy participate in the self-perpetuation of inflammation, releasing
CXCL9 and CXCL11 chemokines when stimulated with cytokines. PPAR� activation plays an inhib-
itory role in this process. The huge response of CXCL9 to the IFN� plus TNF�-stimulation suggests
its leading role among CXC chemokines. (J Clin Endocrinol Metab 94: 1803–1809, 2009)

Chemokines constitute families of low-molecular weight pro-
teins that induce chemotaxis of specific leukocyte subsets.

They are classified into four or more groups; among them, the
CXC chemokines have been widely investigated (1).

Although CXC chemokines with an N-terminal ELR (Glu-
Leu-Arg) motif, such as IL-8, are specific chemoattractants for
neutrophils, those lacking the N-terminal ELR motif, such as

IP-10/CXCL10, monokine induced by interferon-� (IFN�) (Mig/
CXCL9) and IFN�-inducible T-cell �-chemoattractant (I-TAC/
CXCL11), do not act as chemoattractants for neutrophils (2–4)
but attract T helper (Th) 1 cells (2, 5).

A dominant Th1 profile has been shown by lymphocytes ob-
tained from thyroid tissue of patients with Graves’ disease (GD)
(6), or orbital tissues (7) of patients affected by Graves’ ophthal-
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mopathy (GO), whereas in patients with remote-onset GO, the
vast majority of lymphocytes have a Th2 profile (8). In partic-
ular, the presence of proinflammatory and Th1-derived cyto-
kines characterize the active phase in GO, whereas other cyto-
kines, among them Th2-derived cytokines, do not seem to be
associated with a specific stage of GO (9). Other studies confirm
the importance of Th1 immunity in active GO (10, 11).

Furthermore, recent evidence has shown that CXC �-chemo-
kines (Th1), especially CXCL10, play an important role in the
initial phases of autoimmune thyroid disease (12–16). Serum
CXCL10 levels are increased in GD, especially in patients with
active disease (17), and the CXCL10 decrease after thyroidec-
tomy (18) or after radioiodine (19) shows that it is more likely to
have been produced inside the thyroid gland. Furthermore, pa-
tients with newly diagnosed autoimmune thyroiditis show in-
creased serum CXCL10, overall in the presence of a more ag-
gressive thyroiditis and hypothyroidism (13, 14, 17).

These clinical observations, along with the demonstration
that human thyrocytes in primary culture produce large amounts
of CXCL9 and CXCL10 when stimulated by IFN� and TNF-�
(15), suggest that thyroid follicular cells are able to modulate the
autoimmune response through the production of CXCL9/Mig
and CXCL10 (12–15). The migration of Th1 lymphocytes into
the gland, where they secrete IFN�, is stimulated by these che-
mokines. In turn, the autoimmune process is perpetuated by the
IFN� stimulation of follicular cells, which increase the produc-
tion of chemokines (13–15).

This pathogenetic hypothesis may be applied to other auto-
immune disorders. In particular, if orbital fibroblasts and orbital
preadipocytes from GO patients (GO-ps) secreted CXCL10 un-
der IFN�/TNF-� stimulation, a similar mechanism may be in-
volved in the pathogenesis of GO. In fact, recently we have
shown (20) that CXCL10 serum levels were higher in patients
with active GO, compared with those with inactive GO, and that
the secretion of CXCL10 in primary cultures of thyrocytes, or-
bital fibroblasts, and preadipocytes can be stimulated by IFN�

and TNF-�, suggesting that GO thyrocytes and retrobulbar cell
types participate in the self-perpetuation of inflammation by re-
leasing chemokines under the influence of cytokines.

The presence of peroxisome proliferator-activated receptor-�
(PPAR�) has been recently shown in thyroid tissue (20) and in
orbital tissues from GO-ps (21). PPAR� has been demonstrated
to be implicated in adipocyte differentiation, glucose homeosta-
sis, and in the modulation of inflammatory responses. Treatment
of endothelial cells with PPAR� activators inhibits: 1) IFN�-
induced mRNA and protein expression of CXCL10, CXCL9,
and CXCL11/I-TAC (22); and 2) the release of chemotactic ac-
tivity for CXCR3-transfected lymphocytes (22). For these rea-
sons, PPAR� activity may be involved in the regulation of IFN�-
induced chemokine expression in human autoimmunity, and
PPAR� activators might attenuate the recruitment of activated T
cells at sites of Th1-mediated inflammation (22–25). Further-
more, we have shown that treatment of thyroid follicular cells,
orbital fibroblasts, or preadipocytes, with a pure PPAR� acti-
vator, rosiglitazone (RGZ), at near-therapeutic doses, signifi-
cantly inhibited IFN�-stimulated CXCL10 secretion, strongly
suggesting that PPAR� might be involved in the regulation of

IFN�-induced chemokine expression in human thyroid autoim-
munity and GO (20).

Until now, to our knowledge, no data are present in the lit-
erature about the involvement of CXCL9 and CXCL11 in GO,
or of PPAR� activators’ effect on these chemokines.

To verify the hypothesis that CXCL9 and CXCL11 may par-
ticipate in the induction and perpetuation of the inflammatory
process at the orbital level, we have tested the effect of IFN�

stimulation on the secretion of the Th1 chemokines, CXCL9 and
CXCL11, in primary cultures of cells obtained from the main
tissues involved in the pathogenesis of GD and GO (thyrocytes,
orbital fibroblasts, and preadipocytes). Furthermore, we have
assessed a possible modulatory role of PPAR� activation on
CXCL9 and CXCL11 secretion in these cell types.

Materials and Methods

It was investigated how IFN�, TNF-�, and PPAR� agonists can affect the
release of CXCL9 and CXCL11 in primary cultures of human thyroid
follicular cells, fibroblasts, and preadipocytes (Fig. 1).

Thyroid follicular cells
Samples of thyroid tissue were obtained from five euthyroid GO-ps

undergoing surgery. GO-ps were advised to have thyroidectomy (after a
previous methimazole course in the presence of a large goiter and/or
thyroid nodules), mainly due to a relapse of hyperthyroidism. In addi-
tion, control samples of normal thyroid tissue were collected from five
patients (two undergoing parathyroidectomy and three laryngeal inter-
vention). All study subjects gave their informed consent to the study,
which was approved by the local ethical committee. Thyrocytes were
prepared as reported previously (15, 20). The tissue samples were di-
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FIG. 1. Primary cultures of thyrocytes, orbital fibroblasts, or preadipocytes were
treated with different concentrations of IFN� alone, or in combination with TNF-
�, to evaluate the secretion of CXCL9 and CXCL11 chemokines. The modulation
exerted in this process by PPAR� agonists was evaluated adding increasing doses
of RGZ or pioglitazone.
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gested by collagenase (1 mg/ml; Roche, Mannheim, Germany) in RPMI
1640 (Whittaker Bioproducts, Inc., Walkersville, MD) for 1 h at 37 C.
Removed semi-digested follicles were sedimented for 2 min, washed, and
cultured in RPMI 1640 medium containing 10% fetal bovine serum
(FBS) (Seromed, Biochrom, Berlin, Germany), 2 mM glutamine, and 50
�g/ml penicillin/streptomycin at 37 C and 5% CO2.

Fibroblast and preadipocyte cell cultures
Orbital adipose/connective tissue samples were obtained from five

euthyroid patients (two on levo-thyroxine after thyroidectomy) under-
going orbital decompression for severe GO during the inactive phase of
the disease (all previously treated with antithyroid medication and sys-
temic corticosteroids; none treated with orbital radiotherapy). All sub-
jects gave their informed consent to the study, which was approved by the
local ethical committee. GO tissue explants were minced and placed
directly in plastic culture dishes, to let preadipocyte fibroblasts to pro-
liferate, as described previously (26, 27). Cells were propagated in me-
dium 199 with 20% FBS (Life Technologies, Inc.- Invitrogen Ltd., Pais-
ley, UK), penicillin (100 U/ml), and gentamycin (20 �g/ml) in a
humidified 5% CO2 incubator at 37 C, and maintained with medium
199 containing 10% FBS and antibiotics.

Orbital cells were grown to confluence in six-well plates in medium
199 with 10% FBS, to initiate adipocyte differentiation, which was per-
formed as reported previously (26). Cultures were changed to serum-free
DMEM/Ham’s-F-12 (1:1; Sigma-Aldrich Corp., St. Louis, MO) con-
taining biotin (33 �M), pantothenic acid (17 �M), transferrin (10 �g/ml),
T3 (0.2 nM), insulin (1 �M), carbaprostacyclin (cPGI2; 0.2 �M; Calbio-
chem, La Jolla CA), and, for the first 4 d only, dexamethasone (1 �M) and
isobutylmethylxanthine (IBMX) (0.1 mM). The differentiation protocol
was continued for 10 d, and the medium was replaced every 3–4 d.
Separately, fibroblasts obtained from the same patients’ orbital tissues
were maintained for the same period of time in medium lacking various
components necessary for complete adipocyte differentiation (i.e. cPGI2,
dexamethasone, and isobutylmethylxanthine).

Control fibroblasts and preadipocytes were obtained from unaf-
fected dermal tissues of the same patients.

Orbital preadipocyte fibroblast cultures (26, 27) were plated in me-
dium 199 with 10% FBS, grown to confluence, and subjected to either
the differentiation protocol or nondifferentiation conditions. Cells were
washed twice with 1� PBS, fixed in 10% formalin overnight at room
temperature, and rinsed in 60% isopropanol before staining with filtered
0.21% Oil Red O in isopropanol/water for 1 h. Cells were then stained
to Mayer’s hematoxylin solution (MHS-32; Sigma-Aldrich) for 5 min,
rinsed with tap water, visualized using an Olympus IX50 light micro-
scope (Hamburg, Germany), and photographed at �20 (20).

CXCL9 and CXCL11 secretion assays
For CXCL9 and CXCL11 secretion assays, cells were seeded in 96-

well plates at a concentration of 30,000 cells/ml in a final volume of 100
�l per well, in growth medium, which was removed after 24 h. Cells were
then washed in PBS, and incubated (24 h) in phenol red and serum-free
medium with IFN� (500, 1,000, 5,000, and 10,000 U/ml; R&D Systems,
Inc., Minneapolis, MN) and 10 ng/ml TNF-� (R&D Systems), alone or
in combination (22). The concentration of TNF-� was selected in pre-
liminary experiments to obtain the highest responses. After 24 h the
supernatant was collected and kept frozen at �20 C until CXCL10 assay.

To establish how the PPAR� activators affect the IFN�-induced che-
mokine secretion, cells were treated (24 h) with IFN� (1000 U/ml) and
TNF-� (10 ng/ml) in the presence or absence of increasing concentrations
(0, 0.1, 1, 5, 10, 20 �M) of the pure PPAR� agonist, RGZ (Glaxo, Wel-
wyn, UK), or pioglitazone (Alexis Biochemicals, Lausen, Switzerland).
Supernatants were assayed by ELISA for CXCL9 and CXCL11 concen-
trations. The experiments were repeated three times with the three dif-
ferent cell preparations.

Cell cultures and thiazolidinedione (TZD) treatment
Cultures of thyrocytes were treated (24 h) with 0.1, 1, 5, 10, or 20 �M

RGZ or pioglitazone. Control cultures were grown (24 h) in the same
medium containing vehicle (absolute ethanol, 0.47% vol/vol) without
RGZ, or pioglitazone. Some cultures were examined by phase-contrast
microscopy using an Olympus IX50.
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FIG. 2. CXCL9 (A) and CXCL11 (B) release from thyroid follicular cells was
absent under basal conditions (0) and was significantly stimulated by increasing
doses of IFN� (IFNg) (P � 0.0001 by ANOVA). Bars are mean � SEM. *, P � 0.05
vs. 0; °, not significantly different from the preceding dose by the Bonferroni-
Dunn test.
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FIG. 3. The combination of TNF-� (TNFa) (10 ng/ml) and IFN� (IFNg) (1000 U/ml)
had a significant synergistic effect on CXCL9 (A) and CXCL11 (B) release from
thyroid follicular cells (P � 0.001 by ANOVA), with respect to IFN� alone. Bars are
mean � SEM. *, P � 0.05.
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The effect of RGZ or pioglitazone was examined both in differenti-
ated cells (after 10 d) and in cells grown for the same period in medium
lacking various components necessary for complete adipocyte differen-
tiation (nondifferentiated cultures) (26). Cultures of fibroblasts and
preadipocytes were treated (24 h) with 0.1, 1, 5, 10, or 20 �M RGZ, or
pioglitazone after the initial 10-d period. Control cultures were grown
(24 h) in the same medium containing vehicle (absolute ethanol, 0.47%
vol/vol) without RGZ or pioglitazone. Some cultures were examined by
phase-contrast microscopy using an Olympus IX50. Parallel cultures
were stained with Oil Red O, and examined under light microscopy.

Lysis and homogenization of cell preparations were performed, and
the sample was immediately assayed for its protein concentration by
conventional methods (20).

ELISA for CXCL9, CXCL11
CXCL9 and CXCL11 levels were measured in culture supernatants

by commercially available kits (R&D Systems). The mean minimum
detectable dose was 1.37 pg/ml for CXCL9 and 3.4 pg/ml for CXCL11;
the intraassay and interassay coefficients of variation were 3.3 and 6.2%
for CXCL9, and 4.7 and 7.6%, respectively, for CXCL11. Quality con-
trol pools of low, normal, or high concentration for all parameters were
included in each assay.

Data analysis
Values are given as mean � SD for normally distributed variables,

otherwise as median and (interquartile range). Mean group values were
compared using one-way ANOVA for normally distributed variables,
otherwise by the Mann-Whitney U or Kruskal-Wallis test. Proportions
were compared by the �2 test. Post hoc comparisons on normally dis-
tributed variables were performed using the Bonferroni-Dunn test.

Results

CXCL9 and CXCL11 were undetectable in the supernatants
collected from primary thyrocyte cultures. IFN� dose depen-
dently induced the CXCL9 and CXCL11 release (Fig. 2), TNF-�
alone had no effect (chemokines remaining undetectable),
whereas the combination of IFN� and TNF-� had a significant
synergistic effect on the CXCL9 and CXCL11 secretion (Fig. 3).
Treating thyrocytes with RGZ (Fig. 4), or pioglitazone (Fig. 5),
together with IFN� and TNF-� stimulation, CXCL9 and
CXCL11 release was dose dependently inhibited, whereas RGZ
or pioglitazone alone had no effect and did not affect cell viability
or total protein content (data not shown). The data obtained
with thyrocytes from normal thyroid tissue were not statistically
different from those obtained from GO-ps (data not shown).

The results obtained in cultured thyrocytes were similar to
those seen in retrobulbar fibroblasts and preadipocytes. In fi-
broblasts (CXCL9: 0, 32 � 8, 78 � 17, 163 � 23, and 172 � 34,
pg/ml, respectively, with IFN� 0, 500, 1,000, 5,000, and 10,000
IU/ml; ANOVA, P � 0.001) (CXCL11: 0, 27 � 11, 91 � 13,
184 � 27, and 291 � 43, pg/ml, respectively, with IFN� 0, 500,
1,000, 5,000, and 10,000 IU/ml; ANOVA, P � 0.001) and prea-
dipocytes (CXCL9: 0, 51 � 17, 178 � 25, 305 � 45, and 327 �

56, pg/ml, respectively, with IFN� 0, 500, 1,000, 5,000, and
10,000 IU/ml; ANOVA, P � 0.001) (CXCL11: 0, 43 � 16, 88 �

15, 179 � 28, and 281 � 49, pg/ml, respectively, with IFN� 0,
500, 1,000, 5,000, and 10,000 IU/ml; ANOVA, P � 0.001),
IFN� dose dependently induced CXCL9 or CXCL11 release.
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FIG. 4. Increasing doses of RGZ (Rosi) (0.1, 1, 5, 10, and 20 �M) inhibit CXCL9
(A) and CXCL11 (B) release from thyroid follicular cells stimulated with IFN�

(IFNg) (1000 U/ml) and TNF-� (TNFa) (10 ng/ml) (IFN� plus TNF-�) (P � 0.0001 by
ANOVA). Bars are mean � SEM. *, P � 0.05 vs. IFN� plus TNF-� by the
Bonferroni-Dunn test.
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FIG. 5. Increasing doses of pioglitazone (Pio) (0.1, 1, 5, and 10, 20 �M) inhibit
CXCL9 (A) and CXCL11 (B) release from thyroid follicular cells stimulated with
IFN� (IFNg) (1000 U/ml) and TNF-� (TNFa) (10 ng/ml) (IFN� plus TNF-�) (P �
0.0001 by ANOVA). Bars are mean � SEM. *, P � 0.05 vs. IFN� plus TNF-� by the
Bonferroni-Dunn test.
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The combination of TNF-� and IFN� had a significant
synergistic effect on the chemokines’ secretion (in fibroblasts:
CXCL9, 13,124 � 1,642 vs. 70 � 19 pg/ml with IFN� alone,
ANOVA, P � 0.0001; CXCL11, 2,357 � 271 vs. 98 � 16 pg/ml
with IFN� alone, ANOVA, P � 0.0001) (in preadipocytes:
CXCL9, 15,897 � 2,283 vs. 61 � 12 pg/ml with IFN� alone,
ANOVA, P � 0.0001; CXCL11, 2,781 � 245 vs. 80 � 13 pg/ml
with IFN� alone, ANOVA, P � 0.0001).

Treating retrobulbar fibroblasts with RGZ, together with
IFN� and TNF-� stimulation, CXCL9 and CXCL11 release was
dose dependently inhibited (Table 1), such as treating them with
pioglitazone (data not shown; P � 0.01, at concentrations of 10
and 20 �M pioglitazone, by ANOVA).

Treating retrobulbar preadipocytes with pioglitazone, com-
bined with IFN� and TNF-� stimulation, CXCL9 and CXCL11
release was dose dependently inhibited (Table 1), such as treating
them with RGZ (data not shown; P � 0.01, at concentrations of
5, 10, and 20 �M RGZ, by ANOVA).

RGZ or pioglitazone alone had no effect, did not affect cell
viability or total protein content, and did not cause significant
adipogenic changes (as judged by Oil Red O staining) in retro-
bulbar fibroblasts and preadipocytes after a 24-h period of in-
cubation (data not shown).

The data obtained with fibroblasts or preadipocytes from
unaffected dermal tissues of the same patients were not statisti-
cally different from those obtained with their retrobulbar fibro-
blasts and preadipocytes (data not shown).

Discussion

To our knowledge, this is the first demonstration of CXCL9
production by IFN� and TNF-� in orbital fibroblasts and prea-
dipocytes, and of CXCL11 in thyrocytes, orbital fibroblasts, and
preadipocytes of GO-ps. Furthermore, a dose-dependent inhi-
bition has been shown by the PPAR� agonists, RGZ and piogli-
tazone, in this process.

IFN� alone dose dependently induced CXCL9 and CXCL11
release in thyrocytes, fibroblasts, and preadipocytes. Moreover,
the combination of IFN� and TNF-� resulted in a huge response
of CXCL9, in all the three cell types, which is definitively higher
with respect to that obtained in similar conditions and in the
same cells for CXCL11 and CXCL10 (20), suggesting that
CXCL9 may play a leading role among CXC chemokines.

The finding of increased levels of CXCL9 or CXCL11 in GO
is in agreement with previous studies that showed an involve-
ment of Th1 cytokines in GD and GO (6–8, 28, 29), with the
recent finding that (20) CXCL10 serum levels were higher in
patients with active GO (compared with those with inactive
GO), and that the secretion of CXCL10 in primary cultures of
thyrocytes, orbital fibroblasts, and preadipocytes can be stimu-
lated by IFN� and TNF-� (20). These results suggest that, in GO,
thyrocytes and retrobulbar cell types participate in the self-per-
petuation of inflammation by releasing CXC chemokines under
the influence of Th1 cytokines.

IFN�-inducible CXC chemokines can be produced by several
types of normal mammalian cells, such as endothelial cells (22),
thyrocytes (15), fibroblasts (20), colon epithelial cells (24), islet
cells (30), dendritic cells (23), and others. However, these cells
are not able to produce the CXC chemokines in the basal con-
dition, but only after the stimulation by cytokines, such as IFN�

and TNF-�, which are secreted in a Th1 type inflammatory site,
such as the orbit at the beginning of GO, by T-helper 1 activated
lymphocytes. This process has been suggested to be involved in
the initiation and perpetuation of the inflammation in several
autoimmune diseases (15, 20, 22–24, 30), and on the basis of our
results, can be applied to the orbit too in GO.

It has recently been shown that PPAR� modulates inflamma-
tory responses in many kinds of models: endothelial cells (22–
24); murine models of colitis (24, 31); dendritic cells (23); and in
other kinds of cells (32). Furthermore, the role of PPAR� has
been of great importance in GO (25). In fact, we have recently
shown (20) that the IFN�-stimulated CXCL10 secretion was
significantly inhibited while treating thyroid follicular cells, or-

TABLE 1. Increasing doses of RGZ (0.1, 1, 5, 10, and 20 �M) or pioglitazone (Pio) (0.1, 1, 5, 10, and 20 �M) significantly
(ANOVA; P � 0.01) inhibit CXCL9 and CXCL11 release from retroorbital fibroblasts, or preadipocytes (respectively), stimulated
with IFN� (1000 U/ml) and TNF-� (10 ng/ml)

Fibroblasts

RGZ 0.1 RGZ 1 RGZ 5 RGZ 10 RGZ 20

CXCL9 (% of basal IFN� � TNF-�
stimulation)

99 � 12 98 � 5 86 � 4 79 � 4.5a 74 � 11a

CXCL11 (% of basal IFN� � TNF-�
stimulation)

99 � 6 97 � 5 81 � 9a 70 � 4a 68 � 12a

Preadipocytes

Pio 0.1 Pio 1 Pio 5 Pio 10 Pio 20

CXCL9 (% of basal IFN� � TNF-�
stimulation)

99 � 12 95 � 6 96 � 9 77 � 6a 60 � 6a

CXCL11 (% of basal IFN� � TNF-�
stimulation)

99 � 7 97 � 8 81 � 4a 74 � 7a 68 � 5.5a

The results are expressed as percentage (%) (mean � SEM) with respect to the chemokine secretion obtained with treatment with IFN� and TNF-� in the absence of
PPAR� agonists.
a P � 0.05 vs. IFN� plus TNF-� by the Bonferroni-Dunn test.
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bital fibroblasts, or preadipocytes with a pure PPAR� activator,
RGZ, strongly suggesting that PPAR� might be involved in the
regulation of IFN�-induced chemokine expression in human
thyroid autoimmunity and GO. The results of our study are the
first to demonstrate that the IFN�-stimulated CXCL9 and
CXCL11 secretion was significantly inhibited by the treatment
of thyroid follicular cells, orbital fibroblasts, or preadipocytes
with two pure PPAR� activators, RGZ and pioglitazone. The
drug concentrations were selected on the basis of their near-
therapy doses (5 �M for RGZ and pioglitazone) according to
their pharmacokinetics (maximum concentration and area un-
der the time concentration curve) (20, 33). These results strongly
reinforce the hypothesis that PPAR� might be involved in the
regulation of IFN�-induced chemokine expression in human
thyroid autoimmunity and GO.

Regarding the mechanism of these actions, PPAR� activators
may act differently: first, by decreasing CXCL10 promoter ac-
tivity and inhibiting protein binding to the two nuclear factor-�B
(NF-�B) sites (22); and second, TZDs reduce CXCL10 protein
levels in a dose-dependent manner at concentrations (nanomo-
lar) that did not affect mRNA levels or NF-�B activation (24). It
has been recently shown that the TZD effect is not only mediated
by activating the NF-�B and signal transducer and activator of
transcription 1 classical pathways but also involves a rapid in-
crease in phosphorylation and activation of ERKs 1 and 2 (34).

GO is an autoimmune condition in which orbital tissue re-
modeling is caused by intense inflammation; it also involves the
accumulation of extracellular macromolecules and fat. Disease
progression is dependent on interactions between lymphocytes
and orbital fibroblasts. The tissue characteristics of GO are pro-
duced by these cells engaged in a cycle of reciprocal activation.
PPAR� may play divergent roles in this process, both attenuating
and promoting disease progression. PPAR� has antiinflamma-
tory activity, suggesting that it could interrupt intercellular com-
munication. However, PPAR� activation is also critical to adi-
pogenesis, making it a potential culprit in the pathological fat
accumulation associated with GO (35). The finding that the ex-
pression of the PPAR� gene is higher in orbital adipose/connec-
tive tissue from patients in the active stage of GO compared with
that obtained in tissues from controls or inactive GO-ps supports
this hypothesis (21). Thus, the overexpression of PPAR� caused
by the inflammatory process could lead to the increased orbital
fat tissue observed in GO. About this, a type 2 diabetic patient
who experienced exacerbation of GO and expansion of the or-
bital fat during treatment with the PPAR� agonists was described
in two recent case reports (36, 37). In cultured retrobulbar prea-
dipocytes, PPAR� agonists caused a 2- to 13-fold increase, and
a PPAR� antagonist a 2- to 7-fold reduction, in adipogenesis
(36). The adipogenic potential of PPAR� agonists on orbital
preadipocytes has been confirmed by other studies (26, 38), sug-
gesting that PPAR� antagonists could provide a novel therapy
for GO-ps in the active stage of the disease. In the current studies,
any significant adipogenic effect of RGZ or pioglitazone in fi-
broblasts or preadipocytes could be found, mainly because of the
short incubation period (24 h) because TZDs need 10 d or more
to exert their adipogenic effects (26). However, these results do
not provide sufficient evidence that PPAR� agonists may be use-

ful in the treatment of GO. It has been suggested that adipogen-
esis is a mechanism for stanching chronic inflammation (39), but
whether it is helpful to abate or amplify inflammation, the as-
sociated increase in orbital tissue mass is undesirable. Despite
antiinflammatory actions of PPAR�, its proadipogenic functions
in the orbit might worsen the disease, contraindicating the use of
these agents in GO (36). Thus, further studies are necessary to
establish whether in active GO the antiinflammatory effects of
PPAR� activation, mediated by RGZ or pioglitazone, can be
exploited without the risk of expanding retrobulbar fat mass, e.g.
combining PPAR� agonists and nonsteroidal antiinflammatory
drugs or glucocorticoids, which may synergize to exert their an-
tiinflammatory action.

In conclusion, the results of the present study, in GO, dem-
onstrate that: 1) IFN� in combination with TNF-� induces the
release of CXCL9 and CXCL11, not only by primary thyrocytes,
but also from retrobulbar fibroblasts and preadipocytes ob-
tained from GO-ps; and 2) the PPAR� agonists, RGZ and pio-
glitazone, exert a dose-dependent inhibition on IFN�- and TNF-
�-induced CXCL9 or CXCL11 secretion in these cells. The huge
response of CXCL9 to the IFN� plus TNF-�-stimulation sug-
gests its leading role among CXC chemokines.
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