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11, 0]2 10% fetal bovine serum (Hyclone, Logan, UT.
USA)3} 3A8A7F 2719 Dulbecco’s modified Eagle's
medium (DMEM)-S- sjjofof o & ARg35lo] A wjok7] Ui
A wiFetaict wfoFele 3Yubrt wEksilal, tryp—
si/EDTA AzE Fsto] Al wiFstalon], SHA oy
o Ao i Alz2E Afoll AHEsHtE & 67 o= E
B2 AN el RA =S ARl AMgsHl e, d A
Hl= 214, ot AH2 45A1(21-67A]) et MEZZE v]a
BAL 9ste] YA} w]RAG A E(dermal fibroblast) e}
R HFA A 2 (preadipocyte) ] A|ZF(3T3-L1, ATCC CCL
92.1; American tissue culture collection, Manassas, VA,
USA)E Aol ARg-atsith

AolE flsto] A& 35 mm Al uiF Aol A&
T A9 A 2-3YU719) HFVIE SHEGH Aol gt
A AtolE A 3 Ajizo] FH HaE WEsty] 9
ko] A= ufjokalle] &3 732 ©A}o] = (bovine brain
gangliosides mixture; Matreya, Pleasant Gap, PA, USA)
(GML1: 18%; GDla: 55%; GD1b: 15%; GT1b: 10%; GQ1b,
GM2, GD2, GD3: 2%)& Z47Fet & A" A7k A3t A1
o] phosphate—buffered saline (PBS)e¢] 343t 10% =
oz pAsy, YA A (Axiovert 200M, Carl
Zeiss AG, Baden—Wirttemberg, Germany)o & 32+

B wup kP g ma e Ee] WAy 7)o & Au)o] e tAE7HEE o]&sto] AlE &
A AFeoxfol=e) Z717h 4T B AYCR ot skc
ol & 4 o, olof tistol= AtE vk itk e = A GAe 9fsted, 6 mLo oil red O 894(0.5 g in
2 2 Aol ML, G A2 e telES Al 100 mL o] AZEuls(isopropano))e] 4 mLe| FR4E
el A Ao RN, I eAte|=o FIP7F ket S5 & A2olA 1ARE A3pA171AL 0.2 um BE o] FFA|
oAz s G pastel e W A whg oS Fujsheick 35 mm AE wjF HAle] HE
2] 7|83} A2 Aoz WA drelarat skl wo] &35t AT Al =5 A Al2E 10% 2=22™
o2 1% ¥ 300 pL9] oil red O §Hg- &-H-& ufjofaof 3
CHAbDL b 7isto] 1587 AeoAl SRl A 94 F SR4E
oflis AAE MBI AR HE AFgstol ul
g P2 AR} kS sted, HIHSAEE oS sk JM F=E S5 skl AXE
o7 Qrel 22 QMY aEd Aldshe AES e R Al B eF FAfoll o]z rulsE H7sto] AAAIE 5o
& 5 AdHHRAE E5s)0] o5 FEAUo A (collagenase; H & o] WxE=%7|(densiometry) S ARE3lo] =33}
Sigma, St. Louis, MO, USA) 2|3t & 75 cm® T—Z2hA ot}
=(BD Falcon, San Jose, CA, USA)o]l H%&3to] HES o AR Hatel A 9] 3 o RE WA
Table 1. Sequences of primers used for RT-PCR
Genes Sense 5°-3’ Antisense 5°-3°
C/EBPj AACTTTGGCACTGGGG GGCCCGGCTGACAGTT
PPARyl AAAGAAGCCGACACTAAACC CTTCCATTACGGAGAGATCC
Actin GCCATCTCCTGCTCGAAGTCTAG CATGTTTGAGACCTTCAACACCCC

C/EBPS = CCAAT/enhancer binding protein beta; PPARy = peroxisome proliferator-activated receptor gamma.
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Slato] she fxixte] ejo]u(primer)S ARg510] RT-PCR
2 A3t Table 1). TriZol (Invitrogen, Carlsbad, CA,
USA)& AHg3te] Az el RNAE 5341, 5 uge] RNA
23E 1 ylel random hexamer (2 ug/ul) (Amersham
Pharmacia Biotech Inc., Uppsala, Sweden), 1.25 mM dNTP
(Boehringer—Mannheim, Mannheim, Germany), Z12]1 200
U M—-MLV reverse transcriptase (Gibco BRL, NY, USA)
2 215ke] (DNAZ 3HAdataTt. PCRE 0.25 mM dNTP,
0.25 U9 Taq polymerase (Perkin Elmer, Norwalk, CA,
USA), 10 pmole?] primer pair, Z12]3 3 uL2] cDNAS
AF23}Fo] thermal cycler (PerkinElmer, NY, USA) Wjo] A
Algstgdet. 92 Co A 30, 55Co|A] 30, 72°ColA 18
o] F7]= PCRE A3ysich

ZA2)0 gt B4 B8 SPSS ver. 11.5 (SPSS Inc.,
Chicago, IL, USA) Z2 & AMR3IG oW, p—valuer}
0.05 vgkel uj ejn] gl Aow gesiork

Z2

A 0Alo] 0] slotd G RAIEe] TEt JFe B2
517] f)sto] Aja mfjekelo] 50, 100, 200 ug/mLe] =3 78
ZeloAto|=2 Hrlela 48A17F B3t T Ak} dul
o8 Alxo] FeIE ¥Rt dat, Fof HlFH g A9
8 Zwoz AEde] AXL Wolxi Fe| wslr} By
= ck(Fig. 1). ol2jgh Qrebdf-mA|Ee] Fef Hsh=
100 ug/mLe] &3+ =] QAlo|EE A7)sh njH A8 1A
AL A A= BEEA] okeh(TFig. 2). olgt
&5 AZe ool s wste etoliamAEe] |
B Hal7h e ] e ekl kAR
AZO) AAER] Bo}e} pelo] QA oI3E FHs
7] $istol, SAT WHom AE vjeolo] 100 pg/mL ol
=3 AT eafele 7t & 48AIRE ARt Al zof st
o] oil red O GAZ A3t Aa}, AH Aazof| A H22A o
7 GAE IS S = AUk (Fig. 3A). dA
@5& =A4517] Slote] ANIE AL Hjofae] o]k}
= A E Holdl & o5 =S4 7E A
%3}04 SAT Ay}, ikl Blste] 3 2T Ate|=
Aol MmN @M AETt S7hE A4S VAL 5 9
o, FAHOR on] gl Soli Eﬂa | st
(Fig. 3B). A|9pA|ZE3}o] Belw ) E2 SARZ o)A
9] CCAAT/enhancer binding protein beta (C/EBEB) 9}
peroxisome proliferator—activated receptor gamma
1 (PPARyDS] 2 37} of 9.2 Wsl7] Slstol, S 4
O 7 QPP A 2] wjFHe] 100 ng/mLo] &3 7=

flilo

stax| 201 A 52 H

M3z~
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Figure 1. The effect of gangliosides mixture (Gmix) treatment on
morphological changes of orbital fibroblasts. On phase contrast
microscopic examination, Gmix induced morphological changes
of orbital fibroblasts in dose-dependent manner up to 100 pg/mL
of concentration at 48 hours of treatment.

Gmix (ug/ml)

Dermal
fibroblasts

Pre-
adipocytes

Figure 2. The effect of gangliosides mixture (Gmix) treatment on
morphological changes in dermal fibroblast and preadipocyte.
Phase contrast microscopic examination of dermal fibroblasts
and preadipocyte cell line (3T3-L1) after treatment with 100 pg/mL
of Gmix was performed. No detectable morphological changes
are noted up to 48 hours compared to untreated control (X 400).

oAt EE 71§, 6, 12, 24, 48 A7t A3} Fof| 72}
APz 25 E RNAE E2late] & {34 o] digh RT-PCR&
A&t A3k, (EBPGR) WrEo] 23 e oAbl = A g
6A1 7kl thz=ste] Hlate] F7igto] IEE Gl om, ol
7k 2427k -G o] R 4847t A= STt
PPARy12] W& (VEBPGOIA = QE wraske] 57t
of Hlstol= 9 At oy, Hxtol Higte] =3 A=
2l QAfo| = A Ao A= AlIZEe] A3t whEl Frtake
241700l Aol o] 2L 4817kl A HE T 4= 3l
Ath(Fig. 4).
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Figure 3. Differentiation of orbital fibroblast into adipocyte by
gangliosides mixture (Gmix) treatment. (A) Oil red O staining
of orbital fibroblast. Oil red O stain was performed at 48 hours
after treatment with 100 pg/ml of Gmix. More and larger lipid
droplets are noted in Gmix-treated orbital fibroblasts than un-
treated control, and they are stained with red color by oil red O
staining. (B) Density of oil red O extracted from experiment A.
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Figure 4. RT-PCR for C/EBPf; and PPARyI from orbital fibroblasts
following treatment with gangliosides mixture (Gmix) at various
time points. Increased induction of C/EBPf as well as PPARyl
expression is noted evidently at 24 and 48 hours after 100 pg/mL
of Gmix treatment.

8 e 27 % shs ke Az vidjo]ck’ 1996
QropA A ol E3zshe QtobfmAlazel AEAA S
= insulin, triiodothyronine, carbaprostacyclin, thyro—
tropin, dexamethasone, 12|31 isobutylmethylxanthine
g FAHE 23 F= wjgde Ao repd
A7} AAZR fEoleto] AgAom HiE o]
2,7 erebd g A7} ekebAt vlgje] 2 Al A
oz AZE I Qi) Qrebd Al E ] A A= o] #35t
oA A7) w3t vkl ol ZF g Aol &gt b
AlRE 7142 BF8 A1 A gkgket, cAMPY| S717} 7hHsgt
714 % sz A7 o] % rosiglitazonet 72
PPARv®] AGA7} E3 Qrobd R mAlEe] AgA
uotE gEgel Musgon” Bystd T gzt
PPARy9] ligand 982 s+ 4= Q)= prostaglandins2 £-H|
Fomn greldgmAEe] AuETo HEE S
o] HiE|rh.”
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WA o HE WO dteb AL HestE 95
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© SR HgEAEY AN EAE B
A7) gpaleh. Q1A W 2 Fdtel] 2Alsks 4 °E*ﬂ:&7}
R Sl (mesoderm) 7199l A3} 2], et f
AZE Zu)EAE A7 2l ¢ (neuroectoderm) 7]%01
o= el ek e, olob g EAEE ThE AguA
2o} LHE|= EAL 71AE Ho] BlEo] gt jud
02 leukoregulind} IL-1B¢} 22 A G5 APo]E7IQ]
(pro—inflammatory cytokines) 2] z}=of] o]s}to] okolid-&
RARZE AT HF FE WS sl ol Wolof
AgEAEE 59U A3 | o
S delni, A Sl oleie 4 SolHal Ul
HGEAZY EAo] 2 A7) ¥ AujelE PuH
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2 AT A eAtolE AR frE A7 Qteby
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AER0] Lok A W A Bhe] o] et wEa
e Bl 9ot B Aol o3t kel g A E
o] gefata] Hslo] tigt A= glo], 2 oA FEH
Azl gejsha Hsks 71E0] Bae} vlaste] 31 ek
o= Alsto] Qlom, wal 2 Ante] ApA|gH BBl
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o] X g 7% 9 PPARy mRNAS| 2712 pastoa
W 710l Hare ekl A e] XA E RS} 1o
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Effect of Gangliosides Mixture on Differentiation of
Orbital Fibroblasts into Adipocytes

Youn-Hee Choi, MD, Pth’z, Eun Hyung Cho, MD3, Koung Hoon Kook, MD, PhD*?

Department of Physiology, Ewha Womans University School of Medicine', Seoul, Korea
Chronic Inflammatory Disease Research Center, Ajou University School of Medicine’, Suwon, Korea
Department of Ophthalmology, Ajou University School ofMedicinej, Suwon, Korea

Purpose: To investigate the role of gangliosides in the differentiation of orbital fibroblasts into adipocytes, a component in
the pathogenesis of Graves’ ophthalmopathy.

Methods: Orbital tissues were obtained during orbital surgery for subjects without Graves’ ophthalmopathy or other in-
flammatory orbital disease, and orbital fibroblasts were primarily cultured from each obtained tissue. Morphological exami-
nation of orbital fibroblasts was performed after treatment with commercially available gangliosides mixture (Gmix) com-
prised of several subtypes. To determine the effect of Gmix on the differentiation of orbital fibroblasts into adipocytes and
the differentiation-related genes, Oil Red-O staining and RT-PCR were performed.

Results: The treatment with Gmix induced the morphological changes, which at least in part were explained with the differ-
entiation of orbital fibroblasts into adipocytes in accordance with the increase of mRNA level of genes known to be related
to adipogenesis, whereas dermal fibroblasts and preadipocytes were irresponsive to the same treatment.

Conclusions: The results from the present study suggest gangliosides may have a role in pathologic mechanisms of
Graves’ ophthalmopathy by the induction of differentiation of orbital fibroblasts into adipocytes.

J Korean Ophthalmol Soc 2011;52(3):338-344
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