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s 13 49 lefé M g e 4 %O}Huﬂl e dasBES] A7 a9E Frisdn. AE QS
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A9 (Gaucher disease, GD)= A% W &
ALY EdolR Q3 Ao eAAR wAs)

"EFa A gfetol = ey B89V u, 3, W, =
|
A

= (glucocerebrosidase, GCase)E ¥ 3}lsle=
=F3A g B 2ALo] = (glucocerebroside; ©|3}
Ho| FAEW 313 vl AAL, HRFLS FHE
HhA o] W=

Higo] #asw, 4% a2 o] Z A e dvtH HI giEo] At XF FHo=z A HA
X EXo] 2YEE AR dEA At} (Beutler and Grabowski, 2001). AL A Al 714 ez EF/F
ok A A 18 eig, 247 o, WY, 4% 44 5 dAARS Fhksle wAdAHQd v A 43
o2 A-dgt X857t o]FolXA & A AMgE. 7 WA IFES §4 AW EF (acute neuropathic for
meolet BEEd, BEe PHE7F wan | A 1d ool Fdo] Azt AAANA o] Fdo] LAE
dl, FE frotr] 2 Aol A7]9] Mo FFIATBEAI|E FAHOR Qg 41T FHFo] EAALR
syttt AS 6719 ool wFe] Hltirt DSk, £ Aol WA, Aol AAEL, iFE 3
| oolulel Abgete Aoz d#A Utk Al AR ol A 217 W53 (subacute neuropathic form) &= &=
¥ dAMAAez FHAS AFTEoNA tizF 50,0008 189 W=z LA}, AAA 42 TR 1|
wA =g A JWEEa, F4e A A7l wg- gdsiAR i o s obs |y Handrlel vebdt. A
A FHToRE HAAAA, ETEL, oY 4™ So] HA glow hEAg #HHge] dysre o
o, 0¥ M8 25 ¥ 7l ozt wAste e wze doyles 54HE vEldtt (Beutler and

Grabowski, 2001).

A" ¥ F slue AXA U EAWoA] SFEIAHEZAIHo|ZT FH 7
GCase7} AXEAZFH HihFoR ol F glA Ho AxA o FAHHER ol
stress)& F%=dte] Bel-2 el AW 2 sjzH o] =(caspases) ok 22 A7 EZAE A o
AN A AL APEo o]2A 3} (Zong et al., 2003; Wei et al., 2008). ¥zt ofuz}, mAHor =
=d A 2 uAgdAl A4 giatel 22 giAF B9 &3 % YEhd Y (Wennekes et al., 2009).

A 7bg del g Qe wAW AEA BANEAE du-x e Fde e A8 3
Fweks T¥% M3 wq¥el Auanst pEse, oz <8l A4Sy 4o AN TS F o any
Q1 AW A sAl Aol AlFE Aol

Y AW B E = (resveratrol, trans-3,5,4'-Trihydroxystilbene)& W& Al o] Zgo], uvhegglo} 7+ % T}k
gk Q)R Ao RRE S B f8 222 AAdEE FdolEdH M (phytoalexin) A€ e EH¥E B4
2ZA AW FAiksE A 2 A Y 2A 715 22 qAksE 28, AR EE S A A el = A T 4
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2006; Bradamante et al., 2004; Vallianou et al., 2013). ZZ&lu}, EAZHA ANAsHE FAS Twets 13
9 IME el A9 1334 2 oAk} g ﬂﬂ*HﬂE}EEJ ade= obA I XInk vt

(E3E3 0001) st F71E3] A110-2014-0138850%

—~

E3 &3 0002) = F/HESF] #10-2009-0001069%

B £5) 528
(ME3] 53 0001) Cox TM. Gaucher disease: clinical profile and therapeutic developments. Biologics
2010;4:299-113.

(B &3]3 0002) Ron I, Horowitz M. ER retention and degradation as the molecular basis underlying
Gaucher disease heterogeneity. Hum Mol Genet 2005;14:2387-98.

(ME3F3 0003) Wei H, Kim SJ, Zhang Z, et al. ER and oxidative stresses are common mediators of
apoptosis in both neurodegenerative and non—neurodegenerative lysosomal storage disorders and are
alleviated by chemical chaperones. Hum Mol Genet 2008;17:469-77.

(M E3&E3 0004) Zong WX, Li C, Hatzivassiliou G, et al. Bax and Bak can localize to endoplasmic
reticulum to initiate apoptosis. J Cell Biol 2003;162:59-69.

(ME3]F3 0005) Wennekes T, Berg R, Boot R, et al. Glycosphingo-lipids nature, function, and
pharmacological modulation. Angew Chem Int Ed Engl 2009;48:8848-69.

(ME3 &3 0006) Liu C, Shi Z, Fan L, et al. Resveratrol improves neuron protection and functional
recovery in rat model of spinal cord injury. Brain Res 2011;1374:100-9.

(M E3] 53 0007) Saha A, Sarkar C, Singh SP, et al. The blood-brain barrier is disrupted in a mouse
model of infantile neuronal ceroid lipofuscinosis: amelioration by resveratrol. Hum Mol Genet
2012;21:2233-44.

(ME3] &3 0008) Vallianou NG, Evangelopoulos A, Kazazis C. Resveratrol and diabetes. Rev Diabet
Stud 2013;10:236-42.

(HEFEE 0009) Bradamante S, Barenghi L, Villa A. Cardiovascular protective effects of
resveratrol. Cardiovasc Drug Rev 2004,;22:169-88.

(ME3F43 0010) Kim SJ, Kang SY, Kim JB. Possible therapeutic effects of myxobacterial metabolites
on type I Gaucher disease. Gene 2012;504:156-9.

(H]E3 &3 0011) Bravo R, Gutierrez T, Paredes F, et al. Endoplasmic reticulum: ER stress regulates
mitochondrial bioenergetics. Int J Biochem Cell Biol 2012;44:16-20.

(ME3]E3 0012) Szegezdi E, Logue S, Gorman A, et al. Mediators of endoplasmic reticulum stress—
induced apoptosis. EMBO Rep 2006;7:880-5.

(ME3F3 0013) Susin SA, Lorenzo HK, Zamzami N. Molecular characterization of mitochondrial
apoptosis—inducing factor. Nature 1999;397:441-6.

(M E3& 53 0014) Sullivan A, Singh M, Srere P, et al. Reactivity and inhibitor potential of

_4_



[0008]

[0009]

[0010]

SMEd 10-2016-0101452
hydroxycitrate isomers with citrate synthase, citrate lyase, and ATP citrate lyase. J Biol Chem
1977;252: 7583-90.

(R E38]&3 0015) Roche TE, Baker JC, Yan X, et al. Distinct regulatory properties of pyruvate
dehydrogenase kinase and phosphatase isoforms. Prog Nucleic Acid Res Mol Biol 2001;70: 33-75.

(R E38]&3 0016) Buhaescu I, Izzedine H. Mevalonate pathway: a review of clinical and therapeutical
implications. Clin Biochem 2007;40:575-84.

(R E3&]&3 0017) Baur JA, Pearson KJ, Price NL, et al. Resveratrol improves health and survival of
mice on a high-calorie diet. Nature 2006;444:337-42.

(R &5 &3 0018) Marambaud P, Zhao H, Davies P. Resveratrol promotes clearance of Alzheimer's
disease amyloid-beta peptides. J Biol Chem 2005;280:37377-82.

(R ESE3 0019) Okawara M, Katsuki H, Kurimoto E, et al. Resveratrol protects dopaminergic neurons
in midbrain slice culture from multiple insults. Biochem Pharmacol 2007;73:550-60.

g J§
ddstel= A

B ougAEe @4 A% ARAV 9 13 2 I3 1A9e) AF8H 42 AN = 8T 5 g
13 % MY oMY ARE o 24ES ATHnA I

A2 HE 58
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18 ME M8 Ax AEgdd g3 daudESY ads yephio, NIT 24 23 d2dztEE A3
oM AFEe] AELS FUFEATE. DMSO(EANE A 18 uME AFe &S
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Normal-vehicle: DMSO®= &3 A& AlZ; 6D I, ¥ M AfokAE. «= AT v& o o] Folg
ZFolE YERATE, +, P<0.05 by Student's t-test.

T 2a, 2be AEAPERJIAE d2E £330 Ua] TAgE Aoltt. (% 2a) M3 GD AEAAA lAHTgE
ATIF, Bax % Add sfxdo]=-39] FdE FAAZTH (2b) D=EA 4 A3 dud

2 A2, B-AEe dxzdoR o] &3t WAlT (vehicle) S M3 GD AXEE DMSOZ A g Ao)a,
o]Z AfA WX 100%%E A9t tt. Normal-vehicle, W%iiﬁﬁ}@%ﬂg§wl,Fﬁﬂﬁ%'@%@ﬂ%.
= AT & o He] /98 ApolE YEhdt. %, P<0.05 by Student's t-test.

% 3a, 3b= Al PRAC digk d2" By WE A 435 Ve (3a) ¥ G AlEAA 2w et
2 ACAT1(acetyl-coenzyme A acetyltransferase 1), E3BP(E3-binding protein) % (S(citrate synthase)

A 2dSs F7HFTT. (3b) HWEA A A duld sEvt TR EX R FULSIglT. B-AES o
o7 o]&33tt. AT (vehicle)S M3 GD AlEE DMSOZ A3 Hola, o]F A Wk 100%= A2
t}. Normal-vehicle, W%i7ﬁﬁﬁﬂﬂﬂ¢,ﬁ)m ME A AfFoME. = 24T & & 112
9]t Ato]E YERHATE, #, P<0.05 by Student's t-test.

(U=

e

‘QL‘PNrﬂ\llm

D%

% 4a, 4bE AE U SFIAYEEA = (ZF AT =; GluCer) FEE W IRRE I3 (4a) D Y
ZEAUb)eR Z4% Aoty MY D AEANA MG ESLS FFIAUREAE T8 LA AT
AT (vehicle)S ¥ GD AEE DMSOEZ A3 AHola, o5 Ay = 100%= AHsAtt. Normal-
vehicle, DMSOZE A &gt AGAE; GD M, MY I AfFotAdxE. = SATH & & 19 s A&
Yebdith, %, P<0.05 by Student's t-test.

)

% 5% M3 G AXA dHA=HgEZS A4S YedlE 7lexe|d. AIF, apoptosis-inducing factor;
ACAT1, acetyl-coenzyme A acetyltransferase 1; E3BP, E3-binding protein; CS, citrate synthase.

Fig. 1. Effects of resveratrol on cell viability. The MIT assay demonstrates that type II GD cells
treated with resveratrol exhibit increased cell viability. The viability of type Il GD cells treated
with DMSO was defined as 100% relative cell viability. Normal-vehicle, normal cells treated with DMSO;
GD II, type II GD cells. *P <0.05 vs vehicle by Student’ s f-test.

Fig. 2. Western blot and densitometric analyses of AIF, Bax, and caspase-3 proteins. (A) Resveratrol
dose-dependent ly reduced expression levels of AIF, Bax, and cleaved caspase-3 in type II GD cells. (B)
Densitometric analysis. [B-actin served as a loading control. Vehicle represents type II GD cells
treated with DMSO, which was defined as 100% relative density. Normal-vehicle, normal cells treated
with DMSO; GD II, type II GD cells. *P <0.05 vs vehicle by Student’ s t-test.

Fig. 3. Western blot and densitometric analyses of ACAT1, E3BP, and CS proteins. (A) Resveratrol dose-
dependently increased expression levels of ACAT1, E3BP, and CS in type II GD cells. (B) Densitometric
analysis. B-actin served as a loading control. Vehicle represents type II GD cells treated with DMSO,
which was defined as 100% relative density. Normal-vehicle, normal cells treated with DMSO; GD IT,
type II GD cells. *P <0.05 vs vehicle by Student’ s t-test.

Fig. 4. Measurement of intracellular glucosylceramide by TLC (A) and densitometric analysis (B).
Resveratrol reduced the concentration of glucosylceramide in GD cells. Vehicle represents type II GD
cells treated with DMSO, which was defined as 100% relative density. Normal-vehicle, normal cells
treated with DMSO; GD II, type II GD cells. *P <0.05 vs vehicle by Student’ s t-test.
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ohelol A FAHA AAleE Hol B wwe] 1y 2
dle] AW FAHE Aol ohde B o] St s&Rokl Al Bde A4 4 Aol A Asict,

A EF2} A Fujk

mE MY oAl E+= Coriell Institute for Medical Research (GM# 20272; homozygous for the L444P
mutation, Coriell, Camden, NJ, USA)ellA T8 1AM A-FolAE(GM# 08760; homozygous for the L444P
mutation, Coriell, Camden, NJ, USA)X & 3tolx gatqlct. A AfroldEs b= AEXF2 3 (KCLB#
21947, (CD-986sk; Seoul, South Korea)ollA SJ=3lalvt. MEE 20% -l @7 (Thermo Scientific, South
Logan, UT, USA), 100 units/mL SYA A, 100pug/ml. ~EZHAEnjo]al D 0.25ug/ml. H3EE 22 (amphotericin)
B (Invitrogen, Carlsbad, CA, USA)7} &% DMEM(Dulbecco's modified Eagle's medium)(Mediatech Inc.,
Herndon, VA, USA)e] & 100-mm FHAJllA  wigFstadch. wigde 5% Co,7F & <AsfulelHelA 37C=

FABAT.

AX AEE 4

D83 Ms D AfolAlEe AAF AfolAE= 100 we A7 & 96-2 %311015(103 A 3E/200 1) (Thermo
Scientific)olA 37C =%9] CO, Pi%7] oA 24A)7F wod}iar, = & 0.1uM, 1uM == 10uM #2=dHg
EZ(tolreEZ o] = (DMS0) o &alste] F=H|gl; Sigma, Saint Louis, MO, USA)S &3} DMEMolA 244
7F &9F 37CTE 5% CO, wiF7]olA wiksidtt. 08 GD AfohAxE, MM GD AdfolMx 2 AA AdfolHx
EF 234 R =A 0.1% DMSOZE A #skEct. 10 we] MIT{EZ-cytox 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide} ¥4 £ (Daeillab service, Seoul, South Korea)S Z} € 7}t 37C=E F
Al EoF ST, wlY &, AdE NIT Erpzte] g vle]a 2 ZHolE #3%37](Bio-Rad, Hercules, CA,
USA)Z 405mmell A o] 3 =5 F5A3ste] ZA3E Y. MXE ASEELS 2T AX AES gk &2 Yehy
Fr=

ESSIE-L

e

oF 1x10° &I} MH D AohAE 2 44 Aol ES g2 =20, 1uM, 1ul E= 10p)o] = wY
WAE FHrabs 100-mm FAIOIA 37C=E kst T A G ArolAlE 2 84 Afollx B5s
0.1% DMSOCEAl thzx=wh) ol Mtk wiFslleh. 24A13F Wik § X7k PBS® A|EES AlHsta ZReo]= A A
Z}el| Y (Roche, Penzberg, Germany)o] $Hi-¥ FHE &4 <51 (20mMHEPES pH 7.5, 0.5mM EDTA, 0.1mM EGTA,
350mM NaCl, 10mM NaF, ImM MgCl, = 1% Triton X-100 [Sigmal)olA &dAFH . @iz FT&= Foupal+ghlz
B2 A A (Pierce, Rockford, IL, USA)E A3}ttt ZF A|BoA] 30pgd] @ adS Kol A7|d% A 2ds
3, Zge)dygd to)|ZF o glol= wh(Millipore, Billerica, MA, USA)el %#cth. =& AIF A (Abcam,
Cambridge, MA, USA), Bax(Bcl-2-associated X protein) @ #|(Cell Signaling, Beverly, USA), Avtsl 7§25
o]z=-3 A(Cell Signaling), E3BP(E3-binding protein) @A (Abcam), CS(citrate synthase) 3¥+A](Abcam),
ACAT1(acetyl-coenzyme A acetyltransferase 1) @A (Abcam) 2 B-% A (Sigma)e} $HA sfgFstdt. 1A
oS 98 F-np9x 2% A (Abcam) % F-E7] 23 FA(Abcam)9} Al wi%EFAtE. wlE  enhanced
chemiluminescence system (SuperSignalWest Pico Luminol/Enhancer Solution, Pierce)® @ A]Z}3}3}Sit}.
TINA 2.0 AZE9o](Raytest Isotopenmessgerate GmbH, Straubenhardt, Germany)= Tz FLZ Aeks)y)

A3 Bw BAL S,

Ad F& 3 SFIAFEENE BE S

2B EE T DMSO(EA 22 A3 Mxe SFIMdEIA S o] A Has vu 32
WfEIZHI(TLO R SAsATE. XA F5 4 SFIMEERZA = B2E 8 7isd w2 359 K
et al., 2012). TINA 2.0 AZE9o](Raytest Isotopenmessgerate GmbH)E 0|83l FFFA e HEZA}o|=

_8_



[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

ZIHSd 10-2016-0101452

Eﬁ T"i"}‘
7 AL FHAa A Weld Hd oA W7kA] myAo® Fasgith. Student's t-test= Fo % xkol7F ST
= gQlatr] A8 Fskgivt. P<0.05 g froldk Ao w dekEnt.

A3 1: J2HHEE A F AX A

0% % M3 G AfFobA=EE 0.1 pM, 1 pM 2 10 pMe] d=vgEER Astal AlE AAESEel 1A
S MIT B2 s BA8tr. 0.1 uM, 1 pM 2 10 pMe] H2MBPESS Aglshd DNSO= x%ﬂfﬂ GD %
obdZel wlmate] MY GD AfoblEe] AEES Fof oEH o R 17-46% S8 ATL(P<0.05, & 1),
GD AFotEe] AE&L FolRk oEH R 27-49% TUISFAITHP<0.05, = 6). daMlBEES] BE 24
T S8 MEANE #AE AIF, Bax ¥ Adhd samo]=-39 wd HES HUreklh. 0.1uM, 1uM
2 10puM HEHTESS M3 6D AfobMEe] Azlald AIF (34-63%; P<0.05), Bax (23-46%; P<0.05) % A
el A ase]2-3 (35-70%; P<0.05) W& o] DMSO-A 2] GD AdfrolAlxe} nluste] T ojE&xoz 7H4assl
(%= 2a, 2b), 0¥ GD AdFolxEze st AIF (38-62%; P<0.05), Bax (26-41%; P<0.05) % Hdt® 7jx
#lo]=-3 (53-75%; P<0.05) &@o] DMSO-A 2] GD AfrobAlEe} Hluste] Fog o]&A o FhAasqith (e 7a
7b).

o H mx rlr
tlo offf o o2

= H

A% 2: oAl wiAG] gAY B B4

DM dEed AIdA L AAA 43 22 A} o] o] BauEul 9ar(Wennekes et al., 2009), ¥%
g3 A thate] diE FAvEEZe 24 g7 BaEnt 97] wjEl(Vallianou et al., 2013; Bradamante
et al., 2004), 0¥ | tA} ARo] Tojal: Ee] r=2 2}
AE doludrt. FEHZ HAWHEESS AYsta 24A17F Aoet & g@A dizaty v]aske] ACATI ¥
E3BP &3 sLw FoAHF &Aoo FrteivH Iy *ﬂﬁﬂ el A ZHz; 23-58% 2 19-67%, T H AEo| ths)
A Z¥zF 13-66%, 11-57%, P<0.05). Z3k, mEZ=glo} np# §49¢ (S HdAEEE MY AZo thaf] T 9
EXHOE 10-54% S7FekaL, 0 Ao tis] Fod=gF &8 oz 10-48% S 718l th(P<0.05, = 3a, 3b, 8a,
8h).

>1E
=
oft
[*p}
=
ko
o
9,
By
o
=2
-
o)
>
é
;‘i
lrrl
ﬂl}ﬂl
(3

A 3: AE ) FEIFAFEZAIE BE H3E =4

03 % MY @ AfetAxels SFaAdBRAe] =] Jeka] W} b AasetE a2 Prtetqict.

AL vasto]l DMSOZ A 2lgk GD A4 =5 = S7FelGiTh. HaHBEE vEE
Z7MA71H A A B3 GD ATAE FFEIAYBEAO)E ZHo] Fog o&Hog ZhadFdu(Aud U
20l ofahH MY AEolAM 21-38% Fadka, TE AEolA 11-37% 48, P<0.05, & 4a, 4b, 9a, 9b).
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