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<ABSTRACT>

The role of gangliosides in pathogenesis of

Graves’ ophthalmopathy

Koung Hoon Kook

Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Sang Yeul Lee)

Graves’ ophthalmopathy is an orbital disease, apooent of Graves’
disease which is the thyroid disease related watitnglogy of autoimmunity.
Although the detailed pathologic mechanisms aretgebe known, orbital
fibroblasts which exist in orbital connective tiesare believed to play a major
role in the process. Gangliosides are sialic aomtaining glycosphingolipids,
which widely distributed in the plasma membranesabfvertebrate tissue
having roles in cell differentiation, proliferaticend signal transduction. In
Graves’ disease, altered pattern of gangliosiddilerm thyroid membranes
and increased activity of sialyltransferase as alincreased GD1a in thyroid
tissue from patients with Graves’ disease have beported. Therefore, it
appears to be highly possible that gangliosideg aleole in pathogenesis of

Graves’ ophthalmopathy. However, few studies haserthined the role of



ganglioside in Graves’ ophthalmopathy. The purpotehis study was to
investigate the role of gangliosides in pathogenekGraves’ ophthalmopathy.
Orbital tissues from patients with Graves’ ophthgrathy as well as normal
subjects were obtained during surgery, and orliibabblasts were primarily
cultured from each obtained tissue. The expressmingangliosides and
sialyltransferase were examined, and the effecganiglioside on orbital
fibroblast in resting state from normal subjectsswstudied. GT1lb was
expressed in orbital tissue of patients with Grawghthalmopathy, which
was not detected in orbital tissue of normal subjedoreover, the expression
of sialyltransferase-4a mRNA was also increasearhital fibroblast from
patients with Graves’ ophthalmopathy. The treatmeith GDla or GT1b
induced the differentiation of orbital fibroblasts resting state, those from
subjects without Graves’ ophthalmopathy or othélammatory disease, into
adipocyte, while GM1 showed no noticeable effect 1 showed more
potency to induce the differentiation of orbitabrfiblast into adipocyte than
GD1la, and this differentiation was most obvious mheeated with
ganglioside mixture, whereas dermal fibroblast gmeadipocyte were
irresponsive to the same treatment. Gangliosideum@xncreased the amount
of hyaluronic acid released and enhanced the esipre®f mMRNA levels of
inflammatory cytokines and chemokines, including XGB) in orbital
fibroblast. These results together suggest thaglgemides may have a role in

pathologic mechanisms of Graves’ ophthalmopathy.

Key words : adipocyte differentiation, gangliosi@aves’ ophthalmopathy,

hyaluronic acid, inflammation, orbital fibroblast,



The role of gangliosides in pathogenesis of

Graves’ ophthalmopathy

Koung Hoon Kook

Department of Medicine

The Graduate School, Yonsel University

(Directed by Professor Sang Yeul Lee)

[. INTRODUCTION

Graves’ ophthalmopathy is a component of Gravesale, a common autoimmune
disorder of the thyroid in which stimulatory auttibodies bind to the thyrotropin
receptor and activate glandular function resultimgyperthyroidisnt. About 25% to
50% of patients with Graves’ disease develop dinimanifestation of Graves’

ophthalmopathy.

The clinical symptoms and signs of Graves’ ophtlugdathy in terms of the pattern

of presentation vary depending on the disease gs0CEne majority of Graves’



ophthalmopathy patients experience only mild ocutsscomfort followed by
spontaneous regression, however, approximately 5%he patients have severe
morbidity, including proptosis, diplopia related limitation of ocular movement, or
even loss of visioA.Currently, therapeutic strategy such as corticogtes widely
used, targeting the inflammation which is consideas the major process in early
stage of disease. However, when the disease churseto later fibrotic stage, very

few therapeutic options can be offered.

Although the pathogenesis of Graves’ ophthalmopashyet to be cleared, it is
widely accepted that Graves’ ophthalmopathy is @esoautoimmune disease like
Graves’ disease, and that it is not believed talredirectly from the metabolic
perturbations caused by thyroid hormone overpraott® Clinically, most of signs
and symptoms can be explained by the volumetriaesion of both orbital fatty
connective tissues and extraocular mustlétistopathologic study showed the
edematous changes of orbital fatty connective ¢issiwell as the expansion of fat
tissue® and the edema of extraocular muscles without paglyoof myocytes
themselves.These edematous changes are closely related weiteaised production
of hyaluronan, which has been shown to be one gbmsaibstances accumulated in
orbital tissue from patients with Graves’ ophthaprathy, resulting in edema by

attracting watef:*°

Orbital fibroblasts, which are abundantly distréalitin orbital connective tissue
including orbital fatty compartment, are currerillieved to play a major role in the
pathologic processes of Graves’ ophthalmopathyit@rfibroblasts synthesize high
levels of hyaluronan when activated by interleukinbeta (IL-B) and other

proinflammatory cytokines. The subset of orbitabrdiblasts which have no



expression of Thy-1 (CD90), has a potential ofeghtiation into mature adipocyte
when treated with cyclic adenosine monophosph#&®R) enhancing agents as well
as peroxisome proliferator activated receptqPPARy) agonists:™*® In addition,
cytokines such as IL- I leukoregulin and CD154 induce prostaglandin G/H
synthase-2 (PGHS-2) in orbital fibrobla&t? consequently resulting in increased
production of prostaglandinzrﬁPGE;l)16 which has a potential to aggravate immune
response in orbit. When compared to other siteiipdibroblastssuch as dermal or

truncal fibroblast, these findings are unique cbi@gstics of orbital fibroblast.

Gangliosides are sialic acid (NeuAc)-containing casphingolipids that have a
variable sialic acid-containing oligosaccharideusture attached to an acylated
ceramide coré’ The subtypes of gangliosides are determined byitineber and the
site of sialic acid attached. In the process ofgfiasides synthesis, sialyltransferases
catalyze the transfer of sialic acid from cytidmenophosphosialic acid (CMP)-sialic
acid to terminal position of sugar chains of glypiols** # Gangliosides are widely
distributed in the plasma membranes of all vertebtssué” having roles in cell
differentiation®® proliferatiof* and signal transduction. Furthermore, the
appearance of new gangliosides and changes ilaredianglioside profiles following
the switch in synthetic pathway are generally adeisid to be important aspects of
cellular metabolism®?® The upregulation of individual sialyltransferassults in an
overproduction of individual ganglioside and ovenatrease of plasma concentration

of gangliosides in certain pathologic states.

In thyroid, gangliosides are considered as a stralty and functionally important
element of thyrotropin receptor affecting thyrotropinding and thyrocyte function

in physiologic statud’® In Graves’ disease, autoantibodies to Forssmatolipjd



(Gb5) have been found in serum of patiéhtdoreover, altered pattern of
ganglioside profile in thyroid membrarigéand increased activity of sialyltransferase
as well as increased GD1a, one of disialogangkéssith thyroid tissue from patients
with Graves’ diseas&have been reported. Therefore, it appears todidyhpossible
that gangliosides play a role in pathogenesis @ve&s’ ophthalmopathy, especially
related to orbital fibroblast. However, few studieave determined the role of
ganglioside in Graves’ ophthalmopathy. The purpufsthis study was to investigate
the pattern of expression of gangliosides in orhiigsue and orbital fibroblast
cultured from patients with Graves’ ophthalmopathgluding the expression of
sialyltransferase, and the effect of gangliosideodnital fibroblast in resting state
from normal subjects to determine the possible oblganglioside in pathogenesis of

Graves’ ophthalmopathy.



II. MATERIALS AND METHODS

1. Reagents and antibodies

Bovine brain gangliosides mixture (Table 1), moatjanglioside 1 (GM1),
disialoganglioside la (GD1a) and trisialogangliesidh (GT1b) were purchased from
Matreya (Pleasant Gap, PA. USA). Hyaluronan ELIS Wwas from Echelon
Biosciences Inc. (Salt Lake City, UT. USA). Monaddt antibodies specific for GM1,
GDla, and GT1lb were purchased from Seikagaku Catipar (Tokyo, Japan).
Biotin-conjugated goat anti-mouse antibodies werarclpased from Abcam

(Cambridge, UK).



Table 1. Constitutions of gangliosides mixture

Type Percent
GM1 18%
GD1la 55%
GD1b 15%
GT1b 10%
GQ1b, GM2, GD2, GD3 2%

GML1: Monosialoganglioside 1; GD1a: Disialogangliesila;
GD1b: Disialoganglioside 1b; GT1b: Trisialogangides1b;
GQ1b: Quadrisialoganglioside 1b; GM2: Monosialodaside 2;

GD2: Disialoganglioside 2; GD3: Disialogangliosi8ie



2. Cell culture

Orbital fibroblasts were cultured as previouslyared. Briefly, orbital fat tissues
obtained from patients with Graves’ ophthalmopathying surgical procedure of
orbital decompression were triturated in Dulbeccoisdified Eagle's medium
(DMEM) containing 10% fetal bovine serum (Hyclohegan, UT. USA), 100 ug/ml
of penicillin (Hyclone, Logan, UT, USA) and 100 timil of streptomycin (Hyclone,
Logan, UT. USA). The obtained orbital tissue wagased in collagenase (Sigma, St.
Louis, MO. USA) to yield a single cell suspensiarich was plated in 75-c -
flask (BD Falcon, San Jose, CA. USA). With the samamner, orbital fibroblasts and
dermal fibroblasts were obtained from patients vgoieg orbital surgery without
any inflammatory reason or cosmetic eyelid surgdtguse preadipocyte cell line
3T3-L1 (ATCC CCL 92.1) was obtained from Americdsstie culture collection
(Manassas, VA. USA). Once cells were obtainedcthiires were maintained using
DMEM containing 10% fetal bovine serum in a huniatif5% CQ incubator at 37°C
and serially passaged using trypsin/EDTA. Liquid Was used in the long-term
storage of some cultures. Medium was changed eSedays, and cells beyond
passage 8 from culture initiation were not usedr Emperiments, cells were
inoculated in 35mm cell culture dish and allowedattach and spread for 2-3 days

prior to each experiment.



3. Immunohistochemistry

Orbital tissue cryostat sections were fixed on tijeleoated glass slides, dried in air
for 2 hours and fixed with acetone at room tempeeator 5 min followed by
complete air drying. They were then incubated férniin at room temperature in
PBS. After incubation with 10% goat serum for 10nnaind washing with PBS,
primary antibody was applied for 30 min at room penature. Subsequently, they
were washed 3 times with PBS and incubated withirb@onjugated secondary
antibody for 30 min. After endogenous peroxidass tlacked with 0.3% kD, they
were diluted in methanol for 15 min, and biotingldt horseradish peroxidase -
streptoavidin complex was applied for 20 min. DAB,3(-diaminobenzinidine)
(DakoCytomation, Carpinteria, CA. USA) was useddoromogen and methyl green
was used for counterstaining. Microscopic examometiwere performed using the

BX51 (Olympus Optical, Tokyo, Japan) at x100, x2&a] x400 magnification.

4. Analysis of immunoreactivity

After microscopic examination of each immunohistmitally stained slide,
photographs were taken with microscope-mountedtaligiamera for representing
area at x200 magnification. The photographs werevexted using Gradient map
function in Adode photoshop personnel software mog (Adobe Systems
Incorporated, San Jose, CA. USA) applying red cdlorarea showing high
immunoreactivity and blue color to area showingimmnunoreactivity with color
gradient spectrum. The area of positively stainexh avas measured according to
color gradient using image analysis personnel caempaoftware program (Image J

1.38X, NIH, USA).

10



5. Phase contrast microscopic examination

After treatment under each experimental settintis @eere fixed in 10% formalin in
phosphate-buffered saline (PBS) and then washed times with PBS. Microscopic
examination was performed using the Axiovert 2008kar{ Zeiss AG, Baden-
Wirttemberg, Germany) and photographs were takeh wiicroscope-mounted

digital camera.

6. Adipocyte staining with Oil Red O

Cells were stained with oil red O as described bge@® and Kehinde (1975). A
stock solution of oil red O (0.5 g in 100 ml of jgopanol) was prepared and passed
through a 0.2um filter. To prepare the working solution, 6 mltbe stock solution
was mixed with 4 ml of distilled water, left for Hour at room temperature, and
filtered through a 0.2m filter. Cells in 35 mm dish were fixed with 10%rmalin in
PBS for 1 hour at 4°C, and stained with 30®f the oil red O working solution for
15 min at room temperature. After washing the disivéh distilled water, retained
dye was eluted by isopropanol. The cells in dishewebserved under the phase

contrast microscope.

11



7. Reverse transcriptase-polymerase chain rea@o+PCR)

Total RNA was prepared using TriZol (Invitrogen,riShad, CA, USA). cDNA was
synthesized from 5 ug of total RNA using il of random hexamer (2wg/ul)
(Amersham Pharmacia Biotech Inc., Uppsala, Sweded} mM dNTP (Boehringer-
Mannheim, Mannheim, Germany) and 200 U M-MLV reeetmsanscriptase (Gibco
BRL, NY. USA). PCR was performed using 0.25 mM dNT®R25 U of Taq
polymerase (Perkin Elmer, Norwalk, CA. USA), 10 penof primer pair and 8l of
cDNA with a thermal cycler (PerkinElmer, NY. USACR cycling conditions were
as follows: 92°C for 30 seconds, 55°C for 30 sespadd 72°C for 1 minute.

12



Table 2. Sequences of primers used for RT-PCR

Genes Sense Antisense
ST3Gal | 5-GGACCCTGAAAGTGCTCA-3' 5-TCTCCAGCATAGGGTCCA-3'
ST3Gal V 5-GACCCTCTTGGAACTCTTGCC-3' 5-CCAAACTGACTTCATCGCAB-3'
S189al | 5-ATCCCAGCATAATTCGGC-3' 5-AGAAGGGCCAGAAGCCAT-3'
C/ EBPﬁ 5-AACTTTGGCACTGGGG-3' 5-GGCCCGGCTGACAGTT-3'
PPARyl 5-AAAGAAGCCGACACTAAACC-3' 5-CTTCCATTACGGAGAGATCC-3'
COX-2 5-GTTCCACCCGCAGTACAG-3' 5-GGAGCGGGAAGAACTTGC-3'
I1L-16 5-ATGCCCGACCTCAACTCCTC-3' 5-CTCCTGATGACAATCGTGACS
IL-6 5-TCAATGAGGAGACTTGCCTG-3' 5-GATGAGTTGTCATGTCCTGC3
MCP-1 5-TTCTCAAACTGAAGCTCGACATCTCGCC-3' 5-TGTGGAGTGAGTGTCAAGTCTTCGGAGTT-3'
IL-8 5-TTGGCAGCCTTCCTGATTTC-3' 5-AACTTCTCCACAACCCTCTG'
Actin 5-GCCATCTCCTGCTCGAAGTCTAG-3' 5-CATGTTTGAGAC-3'

ST3Gal | : B-galactosiden-2,3-sialyltransferase 1ST3Gal V : p-galactosiden-2,3- sialyltransferase 5;
ST8Sal | : B-galactosiden-2,8-sialyltransferase 1C/EBPS : CCAAT/enhancer binding protein beta;
PPARy : Peroxisome proliferator-activated receptor gamB@X-2 : Cyclooxygenase-2;

IL: Interleukin;MCP-1 : Monocyte chemoattractant protein-1

13



8. Quantitative assay of hyaluronic acid by enzyimieed immunosorbent assay

(ELISA)

Orbital fibroblasts were plated in 6 -well plastigiture plates and incubated for the
indicated time periods with or without Gmix treatmheSupernatants from the cell
cultures were then collected, and hyaluronic adiiA)( concentrations were
determined using a competitive binding HA-ELISA KiEchelon Biosciences, Salt
Lake City, UT, USA), according to the manufactusemstructions. Briefly, after
100pl of standards and samples were added intesgnding wells, 150 pl and 100
ul of diluent were added to blank control and zE# control wells, respectively.
After adding 50 pl of working detector to all welgcept the blank and mixing, the
plate was covered and incubated for one hour a€.37hen, 100 pl of controls and
samples were transferred to the corresponding wélthe HA-ELISA plate. After
incubation for 30 min at 4°C, the solution was drsied, and the wells were washed
and 100 ul of working enzyme suspension was addedach well. Following
incubation for 30 min at 37°C and washing, 100 fulorking substrate solution was
added to each well and the plate was incubateukinlark at room temperature for 30
min. Finally, absorbance was spectrophotometricaligasured at 570nm. The
concentration of HA in the sample was determinddgua standard curve generated

by using known amounts of hyaluronic acid.

9. Statistical analysis
Statistical analysis was performed using SPSS M5 (SPSS Inc. Chicago, IL.

USA), and significance was determined witevalue < 0.05.

14



[ll. RESULTS

1. Trisialoganglioside GT1b is expressed in orhitgdue from patient with Graves’

ophthalmopathy

To examine the expression of different subtypegarigliosides in orbital tissue
from patients with Graves’ ophthalmopathy, immumstitthemical staining was
performed on orbital fat tissue, obtained durinitat decompression surgery and
other orbital or lid surgery, from patients with@uty inflammatory disease including
Graves’ disease for control. Monoclonal antibodipscific for gangliosides (GM1,
GD1a, and GT1b) were used for immunohistochemiadhing and methyl green was
used for counterstaining. As shown in Fig 1A, hemglin-eosin stain showed
characteristic feature of orbital connective tisswech was primarily composed of
adipocytes both in control and Graves’ ophthalmiayaand no noticeable differences
between two groups. In immunohistochemical stainiMl and GDla were
abundantly found in the cytoplasm and cellular memb of adipocytes in both
control and Graves’ ophthalmopathy. However, sestisom patients with Graves’
ophthalmopathy revealed GT1b stained with promigestrong intensity and
guantity, compared with control which showed ncedtgtble GT1b positive cells (Fig.
1A). In analysis by measuring immunoreactive areanfslides of five patients with
Graves’ ophthalmopathy including three normal sciisjieGT1b positively stained
area of group with Graves’ ophthalmopathy was Sicgmtly greater than that of
normal subjectsR<0.05), while no difference was noticed in analffsisGM1 and

GD1a (Fig. 1B).

15
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Figure 1. Expression of gangliosides in orbitakuis. A. Immunostaining was
performed for orbital tissue. There was no distislgable feature which shows
positive stain for GM1 and GDla along cytoplasm amflular membrane of
adipocytes between sections from patient with Ggaephthalmopathy (GO, right
panel) and from subjects without Graves’ diseasangrother inflammatory disease
(Non-GO, left panel). Although GT1b-positively stad cells were not detected in the
section from Non-GO subject, GT1b-expressed adigscyere abundantly found in
the section from patient with Graves’ ophthalmopatfx100) B. Immunoreactive
area was measured and analyzed for slides fronGieges’ ophthalmopathy patients
and three normal subjects. Immunopositive areasedeand yellow zones (upper
panel, left). Red showed higher immunoreactivitgrttyellow (upper panel, right).
Red bar in graph indicates red area of immunonaticind yellow bar is yellow area
in slides. GT1b positively stained area of grouphwbraves’ ophthalmopathy was
significantly greater than that of normal subjg¢tsP<0.05), while no difference was

noticed in analysis for GM1 and GD1a.
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2. Sialyltransferase IV (ST3Gall) mRNA is increasedorbital fibroblasts from

patients with Graves’ ophthalmopathy

To verify the above finding that showed expres01GT1b in orbital tissue from
Graves’ ophthalmopathy, which was not found in canKRT-PCR was performed to
elucidate the expression pattern of sialyltransesain cultured orbital fibroblasts:
Three subtypes of sialyltransferase [sialyltraresferl (ST3Gal V), sialyltransferase II
(ST8Sial 1), and sialyltransferase IV (ST3Gal)] akaown to participate; the
conversion of lactosylceramide to monosialogangl®§GM3), GM3 to GD3, and
GD1b to GT1b, respectively. As shown in Fig.2, éheressions of ST3Gal V and
ST8Sial | showed no noticeable difference betwestirol and patients with Graves’
ophthalmopathy. However, the expressions of ST3®adre strikingly increased in
two (Pt4 and Pt5) of five Graves’ ophthalmopathtigras compared to the control,
while one patient (Pt3) showed slight increasehef éxpression and the remaining

two patients (Pt1l and Pt2) showed no significafiedince from the control.

17



CNT Pt1 Pt2 Pt3 Pt4 Pt5

ST3Gal v

ST8Sial |

ST3Gall

Actin

Figure 2. Expression of sialyltransferases geneoihital fibroblasts. Orbital
fibroblasts were obtained from orbital tissue dfigras with Graves’ ophthalmopathy,
subjects without Graves' ophthalmopathy or any wotmlammatory disease for
control. RT-PCR was performed for three subtypesialfyltransferasesS{3Gal V,
St89al |, and ST3Gal 1). Although no noticeable increases of the expoassiof
ST3Gal V andST8Sal | were noted in Graves’ ophthalmopathy patients creghto
control (CNT), the expressions 81T3Gal | were strikingly increased in two of five
Graves’ ophthalmopathy patients (Pt4 and Pt5),embile patient (Pt3) showed slight
increase of the expression and remaining two patig?tl and Pt2) showed no clear

difference from control.



3. Gangliosides treatment induce morphological geaof cultured orbital fibroblast

from normal subject

Since the above results showed altered pattermamglpside expression depending
on different subtypes of ganglioside and increasquession of sialyltransferase, the
different subtypes of gangliosides were appliedtioital fibroblasts isolated from
subjects without Graves' disease or any other nmftatory disease, to test the effect
of ganglioside on orbital fibroblast in restingtstaAs shown in Fig. 3, the orbital
fibroblasts treated with GM1 showed no clear moftpgical changes in both 24
hours and 48 hours compared with control, howe@&1a induced morphological
change of the cells with more round and bright plgem in 24 hours. These
morphological changes in 24 hours were more promiire GT1b-treated cells than
GD1a. Besides, although the effect of GD1a wassliglecreased in 48 hours, the
cells treated with GT1lb showed not only sustainégécts, but also increased
population with morphological changes. These chamgere most drastic in orbital
fibroblasts treated with gangliosides mixture, whicontains several subtypes of
gangliosides including GT1b (Fig. 3).

Next, gangliosides mixture, which showed the magept effect on morphological
changes of orbital fibroblasts, was applied to @ggribroblasts and preadipocyte cell
line (3T3-L1) to check whether the gangliosidesenstill effective to other types of
cells besides orbital fibroblasts. Interestinglgwever, treatment of these cells with
gangliosides mixture by the same protocol as init@rifibroblasts showed no

detectable morphological changes up to 48 houts @i
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GD1a
(40pg/mi)

GT1b
(40pg/ml)

Gmix
(100pug/ml)

Figure 3. The effect of different subtypes of gérgjties treatment on morphological
changes of orbital fibroblasts. Phase contrast on@pic examination of orbital
fibroblasts after treatment with different subtypek gangliosides. While GM1
(40pg/ml) had no significant effect on orbital fibtasts in both 24 and 48 hours after
treatment compared to untreated control (CNT), GD#&ug/ml) induced
morphological changes, showing more round and bagtoplasm in 24 hours after
treatment. These changes were more prominent weated with GT1b (40ug/ml),

and most drastic when treated with gangliosideguréx(Gmix) (100ug/ml). (x400)

20
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CNT (100pg/mi)

N

DF

Figure 4. The effect of gangliosides mixture treattnon morphological changes of
dermal fibroblast and preadipocyte. Phase contmaistoscopic examination of
dermal fibroblasts (DF) and preadipocyte cell 1i{83-L1) after treatment with
100pug/ml  of gangliosides mixture (Gmix) was perfedn No detectable
morphological changes were noticed up to 48 hoamspared to untreated control

(CNT). (x400)
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To verify the effect of gangliosides mixture on itabfibroblasts, cells were treated
with various concentrations of gangliosides mixt(up to 200 pug/ml) for 48 hours.
Fig. 5 shows that the number of cells with morplgalal changes was increased, and
more prominent changes in individual cells wereeobsd, showing more round and
bright cytoplasm when treated with higher concditmaof gangliosides mixture.

This suggests a dose-dependent effect of gangtiesitdxture on orbital fibroblasts.
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Figure 5. The effect of gangliosides treatment wrphological changes of orbital
fibroblasts. On phase contrast microscopic exangnagangliosides mixture (Gmix)
induced morphological changes of orbital fibroldasshowing more round and
brighter perinuclear cytoplasm than untreated obnin dose-dependent manner up

to 200 pg/ml of concentration.
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4. Gangliosides treatment induce differentiatiocwfured orbital fibroblast from

normal subject into adipocyte

To examine whether this morphological changes bitairfibroblasts after treatment
with gangliosides mixture were related to adipog&)evhich is known as one of the
major pathologic findings in Graves’ ophthalmopatyl red O staining as well as
RT-PCR for CCAAT/enhancer binding protein bet@/HBPS) and Peroxisome
proliferator-activated receptor gammaPPARy1) were performed. After 48 hours of
treatment with 100 pg/ml of gangliosides mixturdyital fibroblasts showed multiple
vacuoles in cytoplasm, and they were positivelynsth with Oil red O, indicating
lipid droplets (Fig. 6A). After treatment with 1Q@y/ml of gangliosides mixture, the
induction of C/EBPS was increased at 6 hours, the increased level sthkept
compared to untreated control. The inductiorCEBPS reached a peak level at 24
hours after treatment. The increase RIPARy1 induction was less drastic than
C/EBPg, but the pattern at various time points was simghowing peak point at 24

hours after treatment (Fig. 6B).
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Figure 6. Differentiation of orbital fibroblast madipocyte by gangliosides treatment.
A. Oil red O staining of orbital fibroblast afteileatment with gangliosides mixture.
Oil red O stain was performed at 48 hours afteattnent with 100 pg/ml of
gangliosides mixture (Gmix). More and larger drégpleere noticed in gangliosides
mixture-treated orbital fibroblast than untreateuhtcol, and they were stained with
red color indicating lipid. B. RT-PCR fdC/EBPS and PPARy1 from OF following
treatment with gangliosides mixture at various tip@nts. Increased induction of
C/EBPS as well asPPARyl1 expression was noted at 24 and 48 hours after

gangliosides mixture treatment.
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5. Gangliosides treatment promote hyaluronic aoidipction in cultured orbital

fibroblast from normal subject

It has been reported that orbital fibroblast is sberce for synthesizing high levels
of hyaluronic acid, which is believed as one of Keg substances related to orbital
edema, leading to proptosis in patients with Graepkthalmopathy. Therefore, the
effect of gangliosides on hyaluronic acid production orbital fibroblast was
examined using competitive ELISA kit. Thus, orbitisroblasts were obtained from
patients undergoing lid or orbital surgery with rAioflammatory issue, and were
treated with 100 pg/ml of gangliosides mixture, amel concentration of hyaluronic
acid released was then measured at different tomagup to 48 hours. Although no
noticeable changes up to 6 hours after treatméange of concentration of released
hyaluronic acid was then noticed. After reachingeak level at 24 hours (more than
seven times the control), the concentration of Unyalic acid released was decreased
at 48 hours. However, even at 48 hours, the corat@n of released hyaluronic acid
in gangliosides mixture-treated orbital fibroblagtas still more than four times the

untreated control (Fig. 7).
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Figure 7. Increased hyaluronic acid in orbital ditiasts by gangliosides treatment.
After treatment of orbital fibroblasts with 100 pd/of gangliosides mixture (Gmix),
the amount of hyaluronic acid released was measusid) competitive ELISA Kit.
The concentration of hyaluronic acid released waseased with time elapse up to 24
hours compared to untreated control (CNT). At 48urko after treatment,
concentration of released hyaluronic acid was desg@ somewhat, however, still

kept much higher than control. #<0.05)
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6. Gangliosides treatment enhance mRNA expresdianflammatory cytokines and

chemokines in orbital fibroblast cultured from naidraubject

As described above, orbital fibroblasts have cletations with immune cells such
as T, B lymphocyte and mast cell, producing inflaatony cytokines in the
pathogenesis of Graves' ophthalmopathy. TherefdR8-PCR for genes of
inflammatory cytokines and chemokines (interleu&irf-6), interleukin-8 (IL-8),
interleukin-16 (IL-16), monocyte chemoattractardtpm-1 (MCP-1) including cyclo-
oxygenase-2 (COX-2) was performed to examine tfezedf gangliosides on orbital
fibroblasts in regard with inflammation. When odbitfibroblasts from normal
subjects were treatment with 100 pg/ml of gangliesimixture, induction of all the
genes examined was noticeably increased from 2rstamd kept up to 48 hours (Fig.

8).
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Figure 8. Enhanced mRNA expression of inflammatgitypkines and chemokines by
gangliosides treatment. After treatment of orbiiroblasts with 100 pg/ml of

gangliosides mixture (Gmix), RT-PCR was performbttreased gene expression
levels of IL-6, IL-8, IL-16, MCP-1, and COX2 wereted from 24 hours up to 48

hours.
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IV. DISCUSSION

Graves’ disease is a common autoimmune disordtryobid in which stimulatory
antibodies bind to the thyrotropin receptor andvatt glandular function, resulting
in hyperthyroidism. Clinically, Graves’ disease dsaracterized by diffuse goiter,
thyrotoxicosis, infiltrative orbitopathy and ophbmpathy, and occasionally
infiltrative dermopathy. About 25% to 50% of patiewith Graves’ disease develop
the clinical involvement of the eyeand approximately 5% of patients suffer from
severe ophthalmopathy, including intense pain, csésn proptosis, lid retraction,

double vision or even loss of visidn.

Most of the clinical symptoms and signs of Graveghthalmopathy can be
explained on a discrepancy between the increaskedneoof swollen orbital tissues,
including extraocular muscles, as well as expansfarrbital fatty connective tissues
and the fixed volume of bony orbital space. Althlougdividual fibers of involved
extraocular muscle are intact, they are widely sdpd by edematous connective
tissues, and these perimysial tissues contain excess anufuglycosaminoglycans
which are predominantly composed of hyaluronanahdroitin sulfaté® A similar
accumulation of glycosaminoglycans is apparent hie fatty connective tissue
compartments of the posterior orbigs well as the emergence of a population of
newly differentiated fat celf. In addition, histological examination revealed the
infiltration of bone-marrow derived cells, inclugint and B lymphocytes and mast
cells, into orbital tissues of patients with Grdwgshthalmopathy, suggesting that the
inflammatory process is closely related to pathpfogilthough the pathogenic

mechanism of Graves' ophthalmopathy is not yet rleainderstood, orbital

30



fibroblasts, which reside abundantly in orbital cedtive tissues, have been

suggested to have a primary role in pathogenic amshs.

In this study, GT1b was found to be expressed liitadrfatty connective tissue from
patient with Graves’ ophthalmopathy, but not in tissue from non-Graves’ subjects.
Gangliosides are a particular glycolipid class ahtarized by containing a variable
number of sialic acid residues, which are anchaecedxtracytosolic leaflet of cell
membranes through the ceramide moiety and playriatyaof biological functions,
including cellular recognition and adhesion as vaslisignaling. Several subtypes of
gangliosides have been identified, depending onntiraber and site of sialic acid
bound to lactoceramide backbone. Depending on tineber of sialic acid residues
bound, GM, GD, GT, and GQ have been characterirma human, and increased
concentration of specific type of gangliosideseaseyally considered to be important
aspects of cellular metabolisi?® Each subtype of gangliosides can be substrate for
others, and several types of sialyltransferase&rase/n to catalyze this biosynthetic
pathway of gangliosid€S. This study revealed that the mRNA level of
sialyltransferase-4a (STGal I), which converts Ghtb GD1a and GD1b into GT1b,
was increased in orbital fibroblast from patientghwGraves’ ophthalmopathy,
compared to non-Graves' subject, in support of ey studies that total
sialyltransferase activity as well as STGal | mRM4&el were increased in thyroid
tissue from patients with Graves’ disedsand that the portion of GM was decreased
in orbital fibroblast from patient with Graves’ dphlmopathy, whereas the portion

of GD was increased, when evaluated by thin lajiesroatography*

This study revealed that gangliosides induced ifféation of orbital fibroblasts

which were in resting state from non-Graves’ sufgjénto mature adipocyte. This
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effect was more remarkable when treated with GTampared with GD1a, and
indistinguishable from GM1 compared to untreatedte®d, however, gangliosides
were not effective to dermal fibroblast and preadie. It has been well known that
the expansion of orbital adipose tissue is onehef pathologic characteristics of
Graves’ ophthalmopatHy.Since the capacity of orbital fibroblasts to umger
adipocyte differentiation under specific stimulatioas reported in 1998,in which
differentiation medium was composed of insulinpttothyronine, carbaprostacyclin,
thyrotropin, dexamethasone, and isobutylmethylxaethorbital fibroblasts have
been believed to be the source of expanded orbitiose tissue in patients with
Graves’ ophthalmopathy. Although exact mechanisnts effect of these particular
agents are not clearly elucidated, the enhancedReAdMel is thought to be one of
possible mechanisms of differentiation of orbitérdblast into adipocyt& 3
Agonist for PPAR such as rosiglitazone has also been reportedv® &dipogenic
effect on orbital fibroblast, and recent a study revealed that activated T Iyropte
drives adipogenesis of orbital fibroblast througimerating prostaglandins, which act
as PPAR ligand®® Although molecular mechanisms by which gangliosiuiuces
adipogenesis of orbital fibroblast has not yet bestablished, increased level of
PPARy mMRNA was observed from 24 hours after gangliositestment and this time
course was compatible with morphological changeg. ). Compared to previous
reports, the effect of gangliosides, especially BTand Gmix, on inducing
adipogenesis of orbital fibroblast in the presewidy was very rapid and strong.
Moreover, this was highly specific to orbital filtast, showing no effect on dermal

fibroblast and preadipocyte.

In addition to the expansion of orbital fatty cootinee tissue through differentiation

of orbital fibroblast into adipocyte, edema of ¢a&bitissues, including fatty
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connective tissue and extraocular muscles, is a@se of typical pathologic
characteristics of Graves’ ophthalmopathy, and urgalic acid is abundantly
accumulated in this edematous tis&ueHyaluronic acid is a hydrophilic
glycosaminoglycan, which attracts water into sunding tissue, resulting in edema.
When treated with IFNs orbital fibroblast increases hyaluronic acid b§%g
whereas no effect on dermal fibrobl&dteukoregulin is an another stimulator for
synthesis of hyaluronic acid in orbital fibroblastimulating by up to 15-foldIn this
study, gangliosides were found to increase hyalaracid in orbital fibroblasts.
Although the mechanism involved in the increaséyatluronic acid remains largely
unclear, it might be caused by the increase ofhegis or release because orbital

fibroblasts do not express hyaluronidase which atées hyaluronic acitl.

Another characteristic of Graves’ ophthalmopaththes inflammation, especially in
active stage, and this study revealed that gandésesinduced some inflammatory
cytokines and chemokines in orbital fibroblastalprevious study which examined
the cytokine profile in orbital tissue of activerses inactive Graves’ ophthalmopathy
patients, mRNA levels of ILfi, IL-2, IL-6, IL-8, and IL-10 were significantly gh in
orbital tissues from active Graves’ ophthalmopapiagients’® Furthermore, orbital
fibroblast is known to express CD40 through whiateiicellular communication with
inflammatory cells such as T lymphocyte and malis @ecur?® *°In this study, the
striking increases of IL-8, MCP-1, and COX2 mRNApeession were noted. Primary
function of IL-8 is the induction of chemotaxis its target cells such as neutrophil
and granulocytes, and MCP-1 is known as a chenagtdint for monocytes and
lymphocyte>* COX2, also known as prostaglandin-endoperoxidehayge-2 (PTGS-
2) or prostaglandin-endoperoxide H synthase-2 (P@}Ss the key enzyme in

biosynthesis of prostanoids, and is involved idaimimation. Leukoregulirf °* and
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IL-1p*° are reported to induce PGHS-2 in orbital fibroblassulting in increased
synthesis of prostaglandin.HL-6 is also thought as one of major pro-inflantomg
cytokines related to pathogenesis of Graves' opmbathy. The expression of
thyrotropin receptor in orbital fibroblast is stitated by IL-6>° and the expression of
IL-6 in orbital fibroblast is induced by ILA1>* Although the degree of increase was
not remarkable compared to that by IL8, MCP1, afXg, ganglioside enhanced IL-
6 after 24 hours of treatment in this study. ILi$6a cytokine characterized as a
chemoattractant for certain immune cells which egprthe cell surface molecule
CD4. The induction of IL-16 by treatment of orbitdibroblasts with
immunoglobulins from patients with Graves’ diseag&s reported> and this was
thought to be mediated through the insulin-likevgiofactor | receptor pathwa§.In
this study, ganglioside slightly increased the mRix¥el of IL-16 at 24 hours after
treatment, followed by decrease to basal levelh@dlgh the exact mechanisms of
time dependent inductions of examined cytokinescmmokines are not clear, these
results suggest possible relationship between gesidg and inflammatory process in

orbital tissue.
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V. CONCLUSION

This study showed that GT1lb was expressed in érbgsue from patient with
Graves’ ophthalmopathy, which was not found in talissue from normal subject,
and that ST3Gall mMRNA was increased in orbital dillasts from patients with
Graves’ ophthalmopathy compared to normal subfeahgliosides treatment induced
the differentiation of cultured orbital fibroblabm normal subjects into adipocyte.
In addition, gangliosides treatment promoted hyalia acid production, and enhance
MRNA expression of inflammatory cytokines and chkimes in orbital fibroblast
cultured from normal subjects. In conclusion, tleeutts described herein suggest

possible role of gangliosides in pathogenesis av€s’ ophthalmopathy.
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