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ADP adenosine diphosphate (77 / v> U U R)
ATP adenosine triphosphate (77 / 2> = U V)
BSA bovine serum albumin (“FII{E7 /L7 I V)
COX cytochrome ¢ oxidase (I k7 & A ¢ FR{bEESR)
CS citrate synthase (7 = BEEFNIESR)
CYP cytochrome P450 (3 k7 & A P450)
DHA docosahexaenoic acid ( N =~ F o U fg)
DiHDPEs dihydroxydocosapentaenoic acids (¥t Fr Rt~ ¥ )
DMEM Dulbecco’s modified Eagle medium (& /L= 22845 A — 7 LR i)
DTNB 5,5'-dithiobis-2-nitrobenzoic acid, Ellman 73K
DTT dithiothreitol (¥F 4 LA Fh—/L)
EDPs epoxydocosapentaenoic acids (TARF T Nt~ & U fg)
EDTA ethylenediaminetetraacetic acid (=F L > U7 I U VUFERE)
FBS fetal bovine serum (4 V2 ifiLyF)
GAPDH glyceraldehyde-3-phosphate dehydrogenase
(VAT ATE R 3-UUEETE Rarth—E8)
LPS lipopolysaccharide (Y RZ¥E)
MSPPOH N-(methylsulfonyl)-2-(2-propynyloxy)-benzenehexanamide
NCM neonatal cardiomyocyte CHTA= W Coligef i)
PBS phosphate-buffered saline (VU > E&#E{E A B AT K)
PPAR peroxisome proliferator-activated receptor
(AL F Y — DA I E LS A AR)
PUFAs polyunsaturated fatty acids (ZAlASEFIAENEE)
PVDF polyvinyl defloride transfer membrane (7KV 7 v{b =V 7 /&)
sEH soluble epoxide hydrolase (FI¥EME= A % o R/KIRLEESR)
SPT serine palmitoyltransferase (£ U > /)L 3 b A VISR IESR)
TBS-T Tris-buffered saline with Tween20
TMRE tetramethylrhodamine methylester
(FhIAFLa—FI AFILTAT))
Tris tris(hydroxymethyl)aminomethane

(FRUR (BERBRFTUATFI) TIJAZY)
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DHA and 19,20-EDP induce lysosomal-proteolytic-dependent cytotoxicity through de novo
ceramide production in H9¢2 cells with a glycolytic profile.

Endo T., Samokhvalov V., Darwesh A.M., Khey K.M.W., El-Sherbeni A.A., El-Kadi A.O.S.,
Machida T., Hirafuji M., Seubert J.M.

Cell Death Discovery, 4, 88 (2018).
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Abstract

Introduction: The benefit of dietary n-3 polyunsaturated fatty acids (PUFAs) in the
reduction of cardiovascular disease has been recognized for many years.
Epoxydocosapentanoic acids (EDPs) produced by cytochrome P450 (CYP) epoxygenase
from docosahexaenoic acids (DHA) as well as DHA, is known to have significant biological
effects, which can differ between cell types and pathology, but how they work is still unclear.
Previously, it is reported that DHA and 19,20-EDP cause significant cytotoxicity in H9¢c2
cells with an increased ceramide production through de novo synthesis pathway. In this study,
we investigated the mechanism of the effect of DHA and 19,20-EDP induced cell death under
glycolysis or oxidative phosphorylation condition.

Results and discussion: H9c2 cells cultured under normal (25 mM) glucose conditions had
lower O, consumption and higher lactate production indicating a more glycolytic phenotype
compared to cells under low (5.5 mM) glucose conditions. Both DHA and 19, 20-EDP
markedly reduced cell viability in cells cultured in normal glucose. Co-treatment of DHA
with a CYP epoxygenase inhibitor prevented cell death, suggesting that the cells death is
attributable to 19, 20-EDP, the CYP metabolite of DHA. Co-treatment of myriocin, a potent
inhibitor of the de novo synthesis of ceramide pathway also prevented the cell death. Under
low glucose conditions, DHA and 19, 20-EDP had no significant effect on the cell viability.
Under normal glucose condition, both DHA and 19, 20-EDP significantly increased ceramide
content, especially in lysosomal and mitochondrial fractions. Both DHA and 19, 20-EDP
significantly decreased the activities of citrate synthase and cytochrome ¢ oxidase which are
key enzymes for mitochondrial functions, and myriocin significantly reversed the DHA- and
19, 20-EDP-indcued inhibitory effect. Both DHA and 19, 20-EDP significantly increased the
intensity of LysoTracker Green fluorescence, which reflects lysosomal activity, under normal
glucose conditions, while inhibiting ceramide synthesis by myriocin reduced
19,20-EDP-induced intensity. Both DHA and 19, 20-EDP-induced intensity was reduced by
MG-132, a cell-permeable potent proteasome inhibitor.

Conclusion: As the novelty of this study, these results demonstrate that DHA and 19,20-EDP
induce cell death in H9c2 cells with a glycolytic metabolic profile through a

lysosomal-proteolytic mechanism.
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LAt A fafnfgfiEE (polyunsaturated fatty acids: PUFAs) (347 +HIC —EiEA%E2 22U ED
ORfERERTH Y, “EEAPMEDSMEICL > Tn-35%, n-6 7R ETRISND.
n-3 % PUFAs 121%, «-Y / V22 («-linolenic acid: C18:3n-3) , A =X ¥ = g

(eicosapentaenoic acids: EPA, C20:5n-3) , N2 ¥~FH = £ (docosahexaenoic acid: DHA,
C22:6n-3,Fig. 1) 2 ENHY, TNOLOEENEAENRET D Z & CREREER ENR
ET D Z LD, EAFBE CIERHEREED A Z2HE2RE L TV5. VR DHA AR
BT 5 LT, MOMBMRE, BIoFRBRENPRE REEZZT, K A EREDOK
TxEZY. Y BIfEE TIC DHA X, MiSIEEREKTER, f/BEmsIER Y %
W, TEEREREEAR, Y INEEEEEZAMEE, © HAMET, 7 BAE Y ~oO TR, BE
FBEOEIN, 10 AR O, P H R ORI O E O Y 7e
EOEMZ b o LHEINTWD. 61T, EBHEmE LTREREFEICR T DD ~ U
7 UtV K (triglyceride: TG) S &DIKT, KONEMIEE « TG & RGFREE OIELTEEDIK T &2
HEIZ, EPA R O'DHA A O r R Y A% (REFELTE) BHnLh TS, 20X 91,
DHA 3% < OAEBEREZHH 5 7217 T2 <, IRRAVREDIRIEIC O AN TH D Z L s S
NTWL—77, ZbOFMEFIIAZRRbZ .

VAR, ZHVE T DHA OARIER & LTSN TO/EHO—H82%, (AN T DHA 7> bR
A ERESNDIFEAT A == F—ICLDbDTHL ZENRMBNIRY, ZTOREWD
APER AR 2B ACAT DIV TV D, il 21X, DHA X, 15-VARFv 7 —+E

(lipoxygenase: LOX) (2 & o TKIbA ), ZO%TARF L FHREAEEZRETL Y LE
D (D-series resolvin: RvD) KON 7 115 7 F > D1 (protectin D1: PD1) 72 & ~ZEfsns. ¥
IO OWEE, GFHPEROBEEMMIEN K ORIEVEY A A > OREEAEMSENER 72 £ 2R
THNERMEOTRIEERYE & L THEET 5. 2/ E TIZ, DHA IS =~ ¥ 2Dk
M EHETTALE 3% &, RvD X ONPD1 OFEAENEI L TEEFEORE#EL ~RTZ &
P SN TS, P Fi2, HINLELAS ULy o L R Z e SE7- b B iR
MRS AR D AS49 MIRIZ ISV T, PDLIEA I 4 LV ADES TR
mRNA #EAMH L, ZOv 4 VANEERED ST, 0



—7J, PUFAs (X3 27 1 A P450 (cytochrome P450: CYP) (ZX > THMHI S5, n-3
# PUFAs (3312, CYPIA2C2ER2I2U 12 XL D AR ¥ AL &4, CYPAA/AF (2 X 0 KSR
Ena. 7 ZETIS, WILIE TR S BT CYP2C, (DT CYP2) N B E ICAF(ET
HTENHESNTEY, ¥ DHA 1 CYP2C2J I L W =R F Mz Z I ToRF s R
P H = UfE (epoxydocosapentaenoic acids: EDPs, Fig. 1) ~Y & #i X%, EDPs %, #t
RIEVE], A — b7 7 D—FF8EN, AEHAEENREICBWT, DHAZDH DO LY &1
WEMEAET S Z EBRHLNIR > T, ¥ DHA NET 5 _EiG 2T hZhTR
XAk T 5 Z & T 6 DDONLE MK 4, S-EDP, 7, 8-EDP, 10, 11-EDP, 13, 14-EDP, 16, 17-EDP,
19,20-EDP M Ep &5 (Fig. 1) . 2 EDPs @1 T4 19,20-EDP AR TOE A B i
H %<, DRI E R B EIFET D2 LD, DEME R TO 19,20-EDP O#&EA
FEHEN TS, 22 F7= EDPs T Al¥aMET R 3 o R/KBR LR (soluble epoxide
hydrolase: SEH) (2 X » TIEMEZIZE A ER-R20WP e Frdy RahXu 2o g

(dihydroxydocosapentaenoic acids : DIHDPEs) ~& kS fES 5 (Fig. 1) . 2

DHA %, %% HL-1 LEMHMO Y ARZHE (lipopolysaccharide: LPS) (2 &2 5 Al 7t 12
% U CHEER 273, 2 OFICIE DHA 2> L {UH & 72 19, 20-EDP 78 Sirtuin 1 2 151
322 T hay RY THEEEZRET DERAMNBEGE L T3 27 F72, Qadhi 51T,
Z v MO CTH B HOc2 FIZ BT, DHA 73 10 75 100 uM % T AFHI I
RAEFREZRTIE, I har R THRARESE, Bibk3E5—5 7T, FRED DHA
DI EEEE 7 v M FZEVL DAY (neonatal cardiomyocyte: NCM) Dl A 77 =3RIZ 132 4
Bz LML, P & 512, Samokvalov 51, Z @ DHA (Z X % H9c2 il
BFRICT N, ~A XY — LHFEK A 1EMHE L2 2548 (peroxisome proliferator-activated
receptor 8: PPAR §) FHEIK TH H GSK 3787 L TNE T X K de novo & kSR O )R ALH % 56
DY LI A NVEREEESE (serine palmitoyl transferase: SPT) PHERTHDH IV A v
WL VRSN D Z L& L L, DHA IZ X % HOc2 Hifast~D 82 PPARSK O E T X R
INEHEERREN 2RI LTS Z a2 RE L. Y £72, DHA L, WA A—P37EMEE I
HSEHZLnd, TR M=V APMIEFEOHFDO 1oL EZHND. 0 S5
Samokvalov 5%, 1 uM @ 19, 20-EDP %3, 50 100 uM @ DHA (2 X % i A=K FVEH
BT 2 1EREHF TS5 2L 55202 L, EDPs 28 DHA LV & WAEBYEEZH$ 5 2
xR L Y DlbkoZ L5, DHA KON EDPs D EHIE O H ¢ & K IC H9c2 AR %t
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Fig. 1. Chemical Structures of DHA and CYP-derived Metabolites.
Docosahexaenoic acids: DHA, epoxydocosapentaenoic acids: EDPs, dihydroxydocosapentaenoic

acids: DIHDPA, soluble epoxide hydrolase: sEH



— AT, IS ATP DR AX—%FEET DD, REMR ATP FEARKK & L
THERER, 7 V7 AR K ONERERE O 72 2 ki) Y (kR (oxidative
phosphorylation: OXPHOS) 73& %. R Z2 f SIS Ol TiX, 7L =2 — R E
NTIBERIZ L > CTEBEEN O 2 522 T TNV E VA AR T 2B T2 0 F0
ATP ZEAT D, EAEUVEIZII Far RUTHOZ L7 AEKICTIERIEE CTh L ==
FUTIRTT=UIVX 7 LAF RINADH) R 7 Z 877 =0V X7 AT R (FADH,)
ZELD. Zhoid, 2 hary R THIRICHFET 2 4 DOEAFImZEROFFREEGIK (1
-IV) TNAD K ONFADIZEgfb &, U7 by (HY) 2SRRI S AR~ AT
LHECEBRILFRT vy VEEEET D, 2O H OB LR LT, ATP AkiE#
(HAEIKRV) (2L ADP & 8D g (inorganic phosphorus: Pi) 7205 ATP A& &5
(Fig. 2) . ZOMEIEE OBRCIZEE D 36 4310 ATP OARRIREE SERLY U L FR{LARR IS C
HbH. —HT, BRI EEOEA, HERIZEVAETCZELEVIRIEZI b R 7
BATET, HERDKEBRICL > THB~ ARSI ND. F72, DAMSCEEEIZ SR
T HMBEIZ BN T, FRRIRETH > TH BV E VLR % £ 5 Warburg %2R
NEHN TG, Y

Glucose

Glycoly51s %

_0z
L-lactate — grmmm— Pyruvate

Acetyl CoA

[ oxpros |

Intermembrane space

Hf H'
Il

Im.ler . J Complex1 [}) } ) )| Complex 11 Complex IV
Mitochondrial (NADH-CoQ ( 1 ¢ c
Membrane |
[lvlvvlvevlowl

c c
oxidoreductase) oxidase) o
4

120, H,0 ADP+Pi  ATP

Matrix

NADH

FADH,

Fig. 2. Cell Metabolism Pathways for ATP Production.
OXPHOS: oxidative phosphorylation



YT IR, AT 4TV ERERNEERE LA o o IREHOT T, SEIER
RSB Z T 2 72O DBEERIFEAT 4 =— X —Th 5. HEENTII de novo G kR
B, 274 AIY F—ERE, V=2 (BN REOKRE =Z20ORKRK LD 4
AkEns (Fig.3) .

| De novo pathway | Fig. 3. Pathways of Ceramide

: ' Synthesis.
i Palmitoyl CoA and L-Serine

l' SPT serine palmitoyltransferase: SPT
3-Ketosphinganine (dihydro) ceramide synthase: CerS

3-keto-sphinganine reductase . .
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De novo BRI TIX, 1-E U &/ UL I hA /L CoA MIE & L CHIREREEETH D
SPTIZ X o THiEG S, D% 3-7 N AT 4 T = igeliE#R, € 7 I FE A ((dihydro)
ceramide synthase: CerS), ¥t Frt Z I RAfafI{kE%FE (dihydroceramide desaturases: Des1)
X DB ERTET I KRG END. P 27 023 ) F—BRE T, fl
R D27 4 AT NCAT 4TI VK REESE  (sphyngomyelinase: SMase)
PERT2Z&TET I RPN - Glishd. PAR—URKIE, A7 0 35E (R
T4rAIxY R Nav T IR) ELTIHFRINTWEZ DR, U Y Y=Ly
DOEEPEERSEE T CHetE SMase CfeMEf /v a v H—PIZL > TETI KERY, —FERAT ¢
AT ERYEFRET I KRR ENRS. P T 2 NI, fIREE#ERTAEEE LT



DF72 5T, MBS ZLEH, Mk, BILOREE2 R+ 2 BEERERES T TH Y,
FOMFIZI bary RUTHREELTWS Z EBRIEERLMISNTE . P #tk, 5
I NI/ LM ERN TER I NToR, SH/NEEICHEIND EEALNTE
7. Lnl, A7 4 AERE L LT hary R T~k s b0, 2 har K
UTHNOEZ I RERBERIZCE ST, B I F~EAHRENTWHAREE DB X b T
B, RIS, T I RICLD I Fay RY T A~OEBICONTOMZER N D0l
IhTwab. &7 FELEUE (LCL124) 1%, BEEASAMEOI h=a RY TICERL,
Fay RU 7 ORSEZ N LT R b —3 225FEST 5.0 WagatziEot s I NE
LA (Cy-ceramide) 1%, 7 » MOEHSROYIGHMIIO I = B U 7 RNIEOES A 1T 2[R
EY 5. D Sl ARBEREO M TH D CerS DMHE L THRMIZAERLEZET IR
FUAR (Cis-ceramide) 7%, ¥ EEZ2S AUMIREEK Td D UM-SCC-22A DI h =2 R Y 744
BUICERL, A— 77 V—DRETHDH LC3 X LV "V EORBEFEST 5.

ANRO@Y , ZALE TOMIET DHA KON 19,20-EDP 73 HO9c2 il DGR Z KT S+,
ZOBFICET 2 FARBEE LTS aREMERN 5. Y HOe2 filfidi, BDIX 7 v M LfidEh 6
HEE L 7= A b0 EMia ch v, BE 10% 4FRIEIMTE (fetal bovine serum: FBS) % &
i cHER I NS, P ZofMb TR SRS HOC2 ML, BRLM Y EME XV bR
BER CEMN 2T R VX —PEAENRR SN TS, D Hi, ZoMIE T o nEEA &%
10%2° 5 1%~ &8, 512, VF /A U (retinoic acid: RA) ZIRINT 5 & miffesk C
HE IR~ L9 5. 2% £z, HL-1 <> NCM IZEEAY U > B LR BB 72 = R L
—RERKEZ A L TWD 72w, =3 F— R OEWIZ L - T DHA LT 19,20-EDP
DIERANRRR D Z N EZLND. P

AAFFED BB, DHA T 19, 20-EDP 12 X 5 HOc2 Hifd OHIIESEE G A 1 = X L& 5
T HZETHD. ZDD, H1ETE, BESFME2EZD I E TR —HHR
% 2 25k S 72 H9e2 AfEIZ351F % DHA J Of 19,20-EDP OMRASERE/EH st Lz, &
2FTIL, HIQ MMt T I NEFAELZDRBEKRNI har R THEHREIC XIE§ DHA
819, 20-EDP OB At Lz, 8 37 TlE, HI2 il V vV — AEMHALIZ KIET
DHA % ! 19, 20-EDP D84 fiif L 7=,
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¥ 1% DHA KON 19,20-EDP (2 X 5 = /L F—RETR IR AN HOc2 ST /E

F1f s

DHA (3 H9¢2 M O MR AEAFHR AL T S 5208, ZOEMIZX CYP =R ¥ 27 —EHF
3KC ¥ % N-methylsulphonyl-6-(2-proparglyloxy-phenyl) hexanamide (MSPPOH) (Z & V) #iffil] =
NHZEMNGL, ZOEAOAKRKRIZEDPs THDH EEZ LN TS, Y —J5T, DHA 1% HL-1
HIEC NCM O AIFRICH B L 5. 2 720, 250 228l OfEIC & > T DHA KO
19,20-EDP OYEH N 72 5 D&, Zb OEHOFEMFIIRTEAIATH S.
HOc2 #lfd Xy, 7 /v 2—AZ 25mM (normal glucose: NG) % &4 9 HE:MICTRMER
IREE TSR S, 2 OLMET TR DMEN 2 = 3 L F— @K EZF L TnD.
—HT, FNa—ZADNPbVIIHT I h—RE2GH8T 5B TERT S, b L I3k
AT HIMEZES LT RA ZIRINT 5 Z & THI2 filaxpibsE 5L, I har RV
TIHEAT L2 bR U VLIRS DM AL 2 = 3 L X — R I 12 20 5 #0249 2 = ¢
1ETHE, NG E2id7/va—A55mM (low glucose: LG) #=& A 3 HE5H CTENZ NS
7 L7 H9c2 Mila fe OV NG B A B D IMIEIRE 2 10%72°D 1%ICA4H, S HIZRA 2L
MR~ & b S 72 H9e2 FE D = 3L — REHRIE ORI SV THRFET L 72, F 72,
NG K ONLG & &A 9 DM CREFE L7 H9e2 M D A /7 3612 % 1F 4 DHA K OY 19,20-EDP
DEBZ ST LT,



H2H HiE

)]
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EE

HO9c2 ffifd % American Type Culture Collection (VA, USA) L VWHEEAL, 16fCH LV
HRAZBMA L. HMBREHREL TRy MY v 74 A 7D 75em” 77 A2 (Corning,
NY, USA) Z v, §5#ik & LT 10% 4R MG (FBS; Sigma-Aldrich, ON, Canada) ,
1%~=2V, AV hvA 2, 77 2F > (Penicillin-streptomycin-fungizone:
PSF; Life Technologies, CA, USA) % & L7225 mM 27 /L 22— A ® Dulbecco’s modified
Eagle’s medium (DMEM) EfHiAfEH L7z, $&FE L7-Milaz, 37°C, 5% CO, 7 A X
T, 4 2% 2~X—%— (Forma Scientific CO, Water Jacketed Incubator; Forma Scientific,
Inc., USA) PNT2-3 HBEITHEIRAZZHBLANOER L. EIar7rxr b
LM Z 025% ~ U 72053 mM = F Lo VT R L P ERREE
(ethylendiamin-N,N,N’,N’-tetraacetic acid: EDTA) &% H\\ 72 ~ U 73 ALBEIC &
DI L7, MR E I a7 vy MIE L%, BRI B 7o 21T
W, Zva—RRER 25mM (NG) £721E5.5mM (LG) 2 &/ ¥ % 2 il DMEM
EHWNTENENRREEREL, v 7bxy MOELMIZ EZRICH W, ERIZ
(TR I 40 FRE TOMBRAMEH L7z, 70, Hiluz b S E 5720, MO 25 mM
73— AEGAH D DMEM IZ 1% PSF, 1% FBS, & HIZx ¥ ) —/WIZEF S 72 RA 10
nM ZRINUESRE Lz, a7 ey MCE LIz EBRICH W -

il ) e OV

FRIZAEH L 7= 19, 20-EDP & OX MSPPOH 4 Cayman Chemical (MI, USA) X ¥, DHA,
VAT, RA, b VU A (2-Amino-2-hydroxymethyl-propane-1,3-diol: Tris) , ik k
U (NaCl) , 7ok F hU DAL (NaF) , Ea V@7 NI oL, PFF LA
~—/v ((2S,3S)-1,4-bis(sulfanyl)butane-2,3-diol: DTT) , 7' U >, EDTA,
10-[4-(2,4,4-trimethylpentan-2-yl)phenoxy]decan-1-ol (Triton-X100) , “FliE7 /v 7 I

(bovine serum albumin: BSA), K7 v /UAiEEF kU 7 A (sodium dodecylsulfate: SDS) ,
R AFrxFroyvelrv/ 77— (Tween20), 77 b U 7 A (NaNs) ,
HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) , ¥ A F/LA/LRF T R

(dimethyl sulfoxide: DMSO) , 3-[(3-Cholamidopropyl)dimethylammonio]propanesulfonate



3)

4)

(CHAPS) % Sigma-Aldrich £V, 7274 7 v A BiEGaHERE, 2%I="n
74 7 VUTGX™ 7 L2 ¥ 2 h 7 /L1L BIO-RAD Co. (CA,USA) , UHFhhaR=
> THUE, Western Blot DWIRHES L7 B L LTO 7 VAT AT R-3-U VBT
bt Nue 7 J—+% (GAPDH) DOHiURTH 5 7 ¥ 51 GAPDH Hiik e DD & D@L
fi#3% (Horseradish peroxidase: HRP) #&ifi~ 7 A H1 7 VX 1gG HifAIX Cell Signaling
Technology (MA, USA), DMEM, 0.25% ~ U "3~ 0.53 mM EDTA {&ifZ, 10 X Dulbecco’s
phosphate buffered saline (D-PBS) #<X™7 # —|Z Invitrogen (ON, Canada) , Pierce ' Protease
and Phosphate Inhibitor Mini Tablets, PageRuler ' Prestained Pierce Ladder |3 Thermo
Fisher Scientific (MA, USA) , £ £ 2 RY 7 v{bE =Y F & (polyvinyl defloride
transfer membrane: PVDF J5) | Millipore Co. (MA, USA) , ECL Western Blotting Detection
Reagents (& GE Healthcare UL Ltd. (Buckinghamshire, UK) X D EA L7= b O & L7-.
Z DM OFRFIT T TR FLE £ 72 13A0F 0 % Sigma-Aldrich K 0 A L TfE
ML,

HE e 0> HE ) AL R

HIfaAS = > 7 vy MCEET 2 24 BERIATICE 2 252 U 7= BRI, SRR 2 RN L,
EHIZ24 HEEER L2, ST ) — VI A X ) — VAR S SRR L 7.
Ay hw— VRIS, YR & FREOREE (=% /) —/L XX DMSO) iRl
7z.

i IO (e S

Az A L7z PBS T 3 [EIVER R, " kiR 20 mM kU 25l pH 7.4, 50 mM NaCl,
50mMNaF, 5mM Ewa U R FU A 025M A2 2—Z, 1% Triton-X100, | mM
DTT) 10 mL 72 Y Pierce " Protease and Phosphate Inhibitor Mini Tablets 1 $£% 10 cm 7
4 ¥z 1,000 ul Mz, =R T2 oMiEE 9%, KETAZ L—r3—={TTEIY
LC~vA7uaFa—T7~B L. HH%, KEC15 oME L, 15000Xg Tl L
7o BWEZBEIRL T ) P TR, IRIRERPICTREmAIL, £D%-80°C Tk

LT,



5)

6)

2N TE Rk

AR D & X 7 BB EIE, Bradford 75 9 ICHEHL L 7=, 96 /X7 L — b &
T, 1 7UZ 10 ul DA A 7887k (deionized distilled water: ddH,0) Z Iz, "L
WA 2uL ALz, a7 A4 o7 v A EfaRaldE s 5 EAR L7 H D% 200 ul i
L, Multiscan EX U —%"— (Thermo Fisher Scientific) (2T 5 /07 TiRE 9 =4,
594 nm OWEE ZRIE Uiz, FEHEYE & L CREMIEE O BSA (B RE) ZHWT
[FER DEEZ U CTIRTCR MR b I LR D & X 7 B &2 R T,

FrR=2 T X7 ERBOKME (Western blot 1)

B R 25 ug B e RIALEEHT, S fFIRAMEY TNy T —EEED 553D
1 B2 T100°COKIB TS RIEB LIz, TD%, 2%I=787 17 TGX™
TUXy A RNFLVEMEHLTEY 2L 15 ul O bRE 2R L, kEi Ny 7 7
— (25mM kU AHEE pH8.3, 190mM 27 U2, 0.1% SDS) % FHWTykE)L7-.
VK@~ — B — {43 1% Pierce Ladder # 7=, ykENHEES LTI =T a5 47
Tetra £/ (BIO-RAD Co.) ZH\W\o. F7, 5 FEBEAMOERES X7 8 % [FIRFIZTK
L CEDOBEENLREL Y X EDOS T REERDTZ. K TR, FAROX
NI EERFE Ny 77— 25mM U AHEEE pH8.3, 190mM 7'V ) H, 25V
DEEETHEN L2285 E S, 0.2 um @ PVDF [RA~ERE LU7-. FERERA S %
5 < 7=, Z @ PVDF Ji#% Tris based saline with Tween 20 (TBS-T; 20 mM ~ U A5z,
137 mM NaCl, 0.1% Tween 20, ddH,O % HC1(Z XV pH 7.6 (ZFHHi) (2 5% BSA KO
0.05% NaN;s Z X CHRfi L7 ey X o /Ny 77 —ICCHIRT IR 7 v %
27" L7z. TBS-T T4 [FIBEH%, 5% BSA KT 0.05% NaNs/ TBS-T TEiLZ 4L 1,000 i
IZHR LIS Fh0 b rR=2 THIE, 3,000 527K L7 7 3550 GAPDH ik % =
T2 E /1L 4 CTBOE L=, ZD%, TBS-T T4 EESHFLEZ. KRWT, 5%
A A2V 7/ TBS-T T 5,000 5278 L 7= HRP =ik~ 7 A5 7 U 1gG Hifk & PVDF
5% SR C 1 BRI S S 72, UG, PVDF 5% TBS-T T 5 70 4 [RIPEiE#%, ECL
Western Blotting Detection Reagents C{b7%6 )t &, Fuji film Super RX (FUJIFILM Co.,
W) ICEEXL7Z. FoR=2T & GAPDH IZZ N1 40 kDa, 37 kDa (ZZNZHH
— DN RELUTHNE. Mxt/Ny R8I Image] Y 7 7 =7 (NIH, MD, USA)
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7)

8)

9)

ZHAWET A MU —IZ Lo TERHAIL 7=,

MR HEEOHIE

AfasEEFETHZ (oxygen consumption rate: OCR) &, O, Consumption Assay (Abcam,
ON, Canada) ZHWTHIE L. 96 X7 L — MZ 1 Rd7=0 4X10°#H /200 uL %
L, 270z MOETLHETHERE L., BHEZREL, Hiic/iEis 150 ul
Mz 7=. 2732 ddH,0 T Ei L 7= Extracellular O, Consumption 74384 10 uL Il % 7-.
H 1% |Z High Sensitivity Mineral Oil % 100 uL Il x. CEf & L7=. 37°CIZRE L7271 — b
J — % — (Synergy HT Multi-Mode Microplate Reader, BioTek, VT, USA) T, 90 4yt
Ex/Em = 380/650 nm DHOEHREE 2 1 73O HME T 60 07 =~ b LTOCR ZHH L
7z.

FLIRAE DR E

P OFLEAEIL, L-Lactate Assay Kit (Cayman Chemical) # HWCHIE L7z, =2
TNy MIELEHROEMEZ T X KL T7F 2—712 500 uL BEELL, 0.5 M A
2 UREFRIE 500 uL Z N2 C, 4°CT 543, 10,000X g 2Tl Lz, Dk 5M Kk
fe s U o DYAIR S0 ul 2N Z, S 512 4°CC 543/ 10,000 X g 12 Cizls L7z, EiE 20 ul
ZEAL L T 96 X L — KNI AL, Assay Buffer 100 ul, Cofactor Mixture 20 uL,
Fluorometric Substrate 20 uL, Enzyme Mixture 40 uL % 1% T=iE T 20 7y K6 S 72
%, 7'L— VU —% =TT ExEm = 540/595 nm OHOCIRE 2 MIE L7z, EEWEIZIE
BEAREE O L-AE 2 W CRBROEEZ L TEI-RERN D, P OILEME %L KD
7z.

ADP/ATP tEOHH

#faH o> ADP/ATP kiX, ADP/ATP Ratio Assay Kit (Sigma-Aldrich) % VW CHH
L7z, 96 K7 L— MZ 1 RH7ZD 4X10°#E /200 uL ZHEFEL, = 7/Lxmr MC
ETAHETERE L., TO®REMAZFRZE L, ATPreagent (Assay Buffer, substrate,
Co-substrate, ATP enzyme) 90 uL Z 0N L CIEFI, =R T 1 oREE%R, ATP &% X
BBy 7 2T —EHIE (RLUL) &, 7L— M) =X —ZHWCTHE L. X5,

11



10)

11)

HE T 10 pMEER, Vo7 =7 —BRNEHENEL (RLUs) , Zi#vz ADP HIE
DERD FLAE ATP B & L7-. RIZ ADP reagent 5 uL Z 301 L, =& T 1 oM EHE%, ADP
BERMT 507 =7 —EFN (RLUC) 2 #|I7E L7z. ADP/ATP ki, (RLUc — RLUp)
/ (RLU,) X VEFRLKR®DT.

NAD/NADH O F

NAD/NADH tri%, NAD/NADH-Glo™ Assay (Promega, WI, USA) ZHWCHEHL
7. 96 K7 L— NI 1 RHT=Y 4xX 10/ /200 uL ZFEREL, =22 7> MIE
95 F TH:# L7-. Luciferin Detection Reagent % Reconstitution Buffer
10 mL CIEfE S, L7 o URHERIEZFIHE L7=. NAD Cycling Enzyme % ddH,O
275uL THHE L. Vo7 = VU UM HFEE 1 mL |12 Reductase 5 uL, Reductase Substrate
5uL, NAD Cycling Enzyme 5 uL, NAD Cycling Substrate 25 uL Z#s/ll L T
NAD/NADH-Glo™ Detection Reagent Z #{% L 7=. 1 7% 50 uLf% L CHsHi A2 B &
NAD/NADH-Glo™ Detection Reagent 50 uL Z #1925 = & C, B CT=RIE, 30 rREs
Bz, 7'L— kU —%—(ZTNADH OfF{E I, Reductase N7 m/L> 7 = %L
T2 NEBRTLEBOLY 7 2T —BREEZEE LT,

A AE AR ORE

MAAA{7EER1%, RealTime-Glo' ™ MT Cell Viability Assay (Promega) % FA\VNCHllE L
72, 6 RTL— M 1T RSB 4X10°FE /2 mL &722 X O ICHIlRZEREL, a7
vy NERTOMBIZ R MEE 21T, S 512 24 REfREER L. FEIR@E R o
NanoLuc®Enzyme 2 uL &% (X MT Cell Viability Substrate 2 uL% DMEM 996 uL/ll %, 2 X
RealTime-Glo '™ & L72. 17%50 uL#% L CEGHIABR%, 2XRealTime-Glo™ 50 uL%
WL, S|IRT 10 pMEpE%, 7L — ) =X =Ty 7= 7 —BR N EE L.

12



12)

13)

208 7T T Y — LEMEORIE

2XI10° AL /2mL 72D X DI 6 R L— MIHIfEZRERE L, 2> 7 /L= MER]
[CERMFNRE 2TV, S5\ 24 BEfIESE L7, 20k, B L7zfiia % 4°CC 12 43R,
1,500 X g [Z Tl L7, BWEEBRE, N L Ml Al kK (50 mM HEPES pH 7.4,
0.1% CHAPS, 1mM DTT, 0.1 mM EDTA, 0.1% Triton X-100) 200 uL % #A0 Ui
SHT-. EHIT4CT20 400, 1,500Xg Tl L7t d Biad o7 b L, 96 7%
7L— MZHY 7L, Assay Buffer, ddH,0, 20S 7277 Y — LIRERMIIER T 5
_TF REE CTH 5 Suc-LLVY-7-Amino-4-methylcoumarin (CHEMICON Inc., MA, USA)
BETREI A N Z CHREFTC 37°CICC 1 BERERE L, el L7
7-Amino-4-methylcoumarin (AMC) % 7L — K U —4—|Z T Ex/Em = 380/460 nm T}
E LTz, BEAIRE O AMC 2 W ClRBRO#EZ U TR R D 20S 7 u 7T Y
— LDOIEMEZE R DT,

ot m LB

HEFFALE Y, 3 _C Prism 5 (Version 5.0a) Z W C{To7-. ZREEM ORI,
— JCHLE D57 BT (One-way analysis of variance: One-way ANOVA) TATVY, Z D%
Bonferroni i€ Z1T > 7. fabR=r 5% A (P<0.05) ZHalFHIIAE & AR L.
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B3 HT AR
95 1IH H9c2 AR D53 b O FfERR

Fran© bk 72 K 912, H9c2 M kst o oD i3 22 3@ D 10% 700 B 1%~ 1% 7,
F721E RA ZEHIFICIRING 2 2 & THEMIa~ Lkt 5. D KEBRTIE, NG &2E5F
T HOEHUZ 1% 1M7E, S HIZRA (10 nM) ZHIN L 72854 T H9e2 Mila % 2 L& T 5
Z & Tl E b ST

FP, ARFEBRSAET HI2 M350k L TW A%, hrR= TRELZIEEIIHRFL
7. 10%1MiE 2 & e NG B AL VLG GARHITRER LIl Tk b e AR=2T D%
BUIRRO bR o7, b S TIE e AR =2 T OB bivl- (Fig. 4) .

Troponin T

GAPDH

Undifferentiated  Undifferentiated Differentiated
(25 mM Glucose) (5.5 mM Glucose) (25 mM Glucose)

Fig. 4. Expression of Troponin T in H9¢2 Cells.

Undiftferentiated H9c2 cells were cultured in DMEM containing either 25 mM glucose or 5.5 mM
glucose supplemented with 10% FBS. Differentiated H9c2 cells were cultured in DMEM
containing 25 mM glucose supplemented with 1 % FBS and 10 nM RA for 2 weeks.



%5 2 TH  H9c2 Hifim o> = L X —RHHR B O MET

HOc2 ARl s, MR AT & A ETEE LW R 2 £ & L = R L — R 2 7R
TLHEEIN TS, Y NG &AM LG &4 5 # TR L=l o St 5w &
XZFNEH, 50+14.5 K1N278+2335 (RFU) THY, AEETLZNLOD, LG EAE;
HCHAEE L2 AIIRIE, NG S AR CREE LM & TR S 5O E AR ST
7=. —F, bSO BREEE EIX, NG A O LG &F T L7 R0k
OMifd & EEXTHEICEELZ R LT (Fig. 5) .

#
*

7504

wm

(=3

=3
re

N

wn

=3
re

O, Consumption, RFU

oL |

Undifferenti d  Undifferenticated Differenti
(25 mM Glucose) (5.5 mM Glucose) (25 mM Glucose)

Fig. 5. Oxygen Consumption of H9¢c2 Cells.

Undiftferentiated H9c2 cells were cultured in DMEM containing either 25 mM glucose or 5.5 mM
glucose supplemented with 10% FBS. Differentiated H9c2 cells were cultured in DMEM
containing 25 mM glucose supplemented with 1 % FBS and 10 nM retinoic acids for 2 weeks.
RFU: relative fluorescent unit. Data are expressed as mean = SEM (n = 3). *P < 0.05vs.

Undifferentiated (25 mM glucose), #P < 0.05 vs. Undifferentiated (5.5 mM glucose).



FLERIT, MPRICEVEASNIZELEVERN I hay RUT~A LRWES, Al
BN T KERERIC LV EESIND. NG G TR U llu)s Ol S -3l
FAfE & beie U C, LG A H5 I TREER L 72l B OV b S E 7o A s O W S 7= SR 1T,
FHITIREZ R L7z (Fig. 6) . LG &AL TR L7z Mlalc BT 2 LD, kst
AR L FRREThHo72Z 2 h, LG BARITEET 2 &, sb3g< Th kil
ERBRIZI Far RUTEFH L=V F—EER 2SN TWLDOTII W e B %,
e TR R TR L7 #lls T ADP/ATP £, NAD/NADH Ft % fiif L7z,

S

1001

~
wn
re

Lactate in media, nmol
wm
=

[]
wn
re

*

0 ‘

Undifferenti d Undifferenti d Differenti
(25 mM Glucose) (5.5 mM Glucose) (25 mM Glucose)

Fig. 6. Lactate Production from H9c2 Cells.

Undiftferentiated H9c2 cells were cultured in DMEM containing either 25 mM glucose or 5.5 mM
glucose supplemented with 10% FBS. Differentiated H9c2 cells were cultured in DMEM
containing 25 mM glucose supplemented with 1 % FBS and 10 nM RA for 2 weeks. Data are
expressed as mean + SEM (n = 3). *P < 0.05 vs. Undifferentiated (25 mM glucose).
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AR D =R VX —PEARN R A 2T ADP/ATP thlE, E THDH ADP & &, ATP G HklER
(2 Y ADP & PirbEKIND ATP B2 EL TEDLNLRO BND. LG AR
TH:ZE L= ADP/ATP tld, NG &AEH TR L7Z Ml ADP/ATP ke & Hrifis L C
ZHICED L2 (Fig. 7) . £7z, fbfiifno ADP/ATP ki, LG &AM T2 L 7= M

L0 SHITERVWMEEZR LT,

10+

ADP/ATP ratio

#

*

Undifferenticated ~ Undifferenticated Differenti
(25 mM Glucose) (5.5 mM Glucose) (25 mM Glucose)

]

Fig. 7. ADP/ATP Ratio in H9¢2 Cells.

Undifferentiated H9c2 cells were cultured in DMEM containing either 25 mM glucose or 5.5 mM
glucose supplemented with 10% FBS. Differentiated H9c2 cells were cultured in DMEM
containing 25 mM glucose supplemented with 1 % FBS and 10 nM RA for 2 weeks. Data are
expressed as mean + SEM (n = 3). *P < 0.05 vs. Undifferentiated (25 mM glucose), #P < 0.05 vs.

Undifferentiated (5.5 mM glucose).
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NAD %, EF=AEE LTEHT 288 (NADY) &, &Gk E LTERT 218
7t (NADH) @2 DOIREBATEER L T\ 5. R E 7 L7 AERIZBWTEA S LT
NADH I, B RERICIBNT NAD' ~E BRI N HERIC ATP B EA SN D, £72, K
HIFRIE R IO CHLEE S PEAE S D BRIC NADH 705 NAD B EA SN D Z &b,
NAD'/NADH tt% R 2% = & THHIFLO = R VX —FEAENRNHEN TE 5. £2T, LG &
NG & H R TR L7- HO9¢2 Ml o> NAD'/NADH A fiit L7-. LG A TR L
7o MR & OV bAlREL O NAD/NADH i, NG &5 ChHE 3 L 72#ifdd NAD/NADH

&bl U CEICED Le (Fig. 8) .

101

NAD*/NADH ratio
wm

=4

Undifferenticated ~ Undifferenticated Differ
(25 mM Glucose) (5.5 mM Glucose) (25 mM Glucose)

Fig. 8. NAD /NADH Ratio in H9¢2 Cells.
Undiftferentiated H9c2 cells were cultured in DMEM containing either 25 mM glucose or 5.5 mM
glucose supplemented with 10% FBS. Differentiated H9c2 cells were cultured in DMEM
containing 25 mM glucose supplemented with 1 % FBS and 10 nM RA for 2 weeks. Data are
expressed as mean + SEM (n = 3). *P < 0.05 vs. Undifferentiated (25 mM glucose).
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% 3T H9c2 MIEAETFHIZ&IET DHA & 19, 20-EDP D 2%

FH2HEOMFIZ LY, NG RONLG & AR TR L7z HOc2 il Tl 7 5 = F L ¥ —
KRB 2T 2 EAVRENTZ. £ 2 TIKRIS, NG RONLG & A B #IZ THEE L 72 H9¢2 H
R AEFFERIZ ) 1E 3 DHA & T 19, 20-EDP D284 15+ L 72. DHA (100 uM) } T* 19, 20-EDP

(1 uM) 1%, NG & BT L - Mla 0 A7 2 2 M A EICED <872 (Fig.
9A) . %72, DHA IZ X DMIAEMFROAERIETI, CYP 2ARF 7T —BHFERTH
% MSPPOH OIF(E F CTliA b~ 7- (Fig. 9A) . — 5T, LG &AL T2 L=
i TiZ DHA K& TF 19,20-EDP D523 Hiv7e > 7= (Fig. 9B) .

A.NG B.LG
1004 1004 —‘—
= £
g T 3
= =2
g 5 = 501
~ =
0 0
DHA - + + _ - DHA - +
19,20-EDP - - - + + 1920-EDP - - - +
MSPPOH - - + - 4 MSPPOH - - + -

Fig. 9. DHA and 19, 20-EDP Induce Cytotoxicity under Glycolytic Conditions.
HO9c2 cells were cultured in DMEM containing either 25 mM glucose (NG; A) or 5.5 mM glucose
(LG; B), and treated with DHA (100 uM), 19, 20-EDP (1 uM) or MSPPOH (50 uM). Results were

represented as a percentage taking none-treated group (control) to be 100%. Data are expressed as

mean + SEM (n = 3). *P < 0.05 vs. non-treated group.



I

FATH XU AT UAFE T TO H9e2 M 7RI & IE 9 DHA & TF 19, 20-EDP D228

Fram Cik<72 X 912, Samokvalov 513 DHA |2 & % H9c2 Afld DM RO FIL, &
7 X KD de novo A RHRHILER THL IV AV UAFE T TIEA LN L Z2HE LT
W5, 0 22T, AR TIENG KONLG AR TR LZMZIZ BT, DHA K OY
19, 20-EDP (Z X DM EFR DR FIZKIET I VAT o ORBELRF LI, ZORR, 2

Ry

U 7 AF(E T CIE DHA 2 UN9, 20-EDP (IR AE A7 RIZH B %2 5. 2 727> 7= (Fig. 10A, B).

A.NG B.LG
1004 1004
S 8
2 =
E 2
) =
2 509 .-‘S‘ 501
= =
>
DHAU - DHA -
19,20-EDP - - + 19,20-EDP - - +
Myriocin - + + Myriocin - + +

Fig. 10. DHA and 19, 20-EDP-induced Cytotoxicity is Attenuated by an Inhibitor of de novo
Ceramide Synthesis under Glycolytic Conditions.

HO9c2 cells were cultured in DMEM containing either 25 mM glucose (NG; A) or 5.5 mM glucose
(LG; B), and treated with DHA (100 uM), 19, 20-EDP (1 uM) or Myriocin (1 uM). Results were

represented as a percentage taking none-treated group (control) to be 100%. Data are expressed as
mean = SEM (n = 3).
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BH5IH 208 T T Y — LRI KITF T DHA KT 19, 20-EDP O 52 %
TaTTV—AX, avXFTF MBI OCEGEZ T F N O R RET S 2 b
(2 &0 MR E Y OMEFRICF BT 5. Y NG SAEH TR LR 208 7 a7 7 Y —
LOIEVE, LG BRI TR Lo L i L Cay b r— L UL TRIVIEER A 5
iz, S 512 DHA LKTN19,20-EDP i, NG &AL TR L7-/ilICEBIT 5 208 a7
7Y = NEEAEIC B &, DHAIZ X 52O EAEH L MSPPOH 1#1E | Tl
biviemo7o (Fig 11A) . F£72, LG &AM TRE L7-MidTiX, DHA KO
19, 20-EDP |Z X B I A B2 o 7- (Fig. 11B) .

£ ANG £ B.LG

*é 100+ <§ 10+

=" ="

ep = T

2 804 £ s

: : :

g T S

= 60 = 61

z £

=2 Z

S 5

2 404 g 4

= =

= £

z - 2

g 20 g8 2

2 3

2 2

=" ="

L 0 £ 0

“ pHa - + + - “ooma - + + -
19,20-EDP - - - + 19,20-EDP - - - +
MSPPOH - - + - MSPPOH - - + -

Fig. 11. DHA and 19, 20-EDP Induce 20S Proteasomal Activity under 25 mM Glucose.

HO9c2 cells were cultured in DMEM containing either 25 mM glucose (NG; A) or 5.5 mM glucose
(LG; B), and treated with DHA (100 uM), 19, 20-EDP (1 uM) or MSPPOH (50 uM). Results were
represented as a percentage taking none-treated group (control) to be 100%. Data are expressed as

mean = SEM (n = 3). *P < 0.05 vs. non-treated group, #P < 0.05 vs. DHA alone.
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FAHT BR

F1ETIE, o7V a—2E5FERRR - TRE TR L72 K5k H9e2 fllfulc
B3 X —HREZBRET L, IDICIOO5M TH#E LIDMIROAFRICKIE
3 DHA K Y 19,20-EDP D84 fiit L 7=,

R R = TR O FERRHE SR 2 # v X7 B o—FC, DI O UGS 12
BWTEERLE Z R4, B, FaR= T H9c2 #illuZ 5k S B 7 DA T o
FFEBINH ST, — 5T, Kb HOe2 ML TIE NG GA M N LG EAH5HT kR
=2 TORBPHRB I NRIN-T2Z LD, 7 a—RA%25mM M5 55mM ~ZEH LT
LRSI E L TCORREERSZ ENHLNE R -T2, 0B, T v NORFENSHE
Bt L7 B R AR 2 D - ERICB W T/ L a— R EBEE 30 mM £ T2 EETHM
FANA A BRI R E REERED OV EV I HENS S, P 25mM L 5.5mM 7
L — A5 LEARERICBNTE Z L a— A EEDOEIC L B HIEOEEITE ~0 25
FhneEZILND.

NG A CRE SN L i L C, LG &AM TH# LIMIlomRBENE &iX
m<, FHEREARIIKMEEZRLE. /o TC, JLa—RBEELZTIF5ZLICL->T, NG
FMET I B AV fHE RN 7 = L — (EIREE S, R A B T Db ) I bR
NEBMMINDATEEMER B 2 bV, ATP IXfEFER T2 01, 7 V7 AEIKT247, &
FARFER T 36 I FREA SN D, £7-, NADH LB R T 2 5+, EAEVBIAL T &F
)V CoA ZET DB 2 /07, 7 V7 ARIKT 6y FEAIND. RERLZEY, ATP
SN NADH 13241124 ADP KON NAD b EAE SIS, ZHOIFIERED &I hav
RUT Z2HM LT bry ) bR TR LS EA SN D Z L5, ADP/ATP KR
NAD/NADH i b= RU T &2FIH L7z 3 VX —REERIC R D IR Z RS, T,
NG & H i Th: 28 L7- > ADP/ATP bt &% (0" NAD/NADH ktid, fifaz/mfbsE5 2 &
THEIZET ULz, BBREWZ L1, RO T LG AT & Lo Mild Tldz
NODOEPERIZEDT L2 EBHALMNERY, /HMbSEa Th 7L a— A RE &)
S & T HIe2 Mifldd = F—MEHREKIE, I har FUTZRMAT 8 o~
FRALRR B S D Z E N L N E 2o T,

& 512, Samohvalov B DA & —H LT, fRFERIMEN 72 NG &4 1 H D RS>k H9c2
#MiE ¢ DHA (100 uM) }TX 19,20-EDP (1 uM) 2SHIIESEAFAE L, DHA @ H9c2 #llidd
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EFERETIEL, CYPZARF T T —B2HETLZ & THRINTZZENDLEDETLHIE
MIZEDPs Th 5 &5 %2 B2, 19,20-EDP & F 72 fifHE R BN 05t 2 &2 b Mk
MR HUVEC I8 W T b, MBI Md 32 2 LA ShTns. ¥ —5T, LG
G KRR I TIE DHA &Y 19,20-EDP (2 K 5 I AEAFRA~D BN b o T,
Z®OZ L% Qadhi 512X % DHA (100 uM) 1XER(LA U L FRRREE AMEAL 720 = 1 L ¥ — R
&2 AT HNCMIZE W CTHIIAEFRICEER A LNV E VI WE? & —%d 5. £z,
Pk Y R LRI & F 72 D = L — R I & 3 2 Ol HL-1 ffic BT,
19,20-EDP | LPS |2 L W FE SN p MifafsE 2 i+ 5. Y

NG & 55T DHA & T 19,20-EDP |2 X 2 /lfasEIE, I U A U AFE T ClEA bt
Mol LU AL, SPT 283 % Z & T de novo & AR Z il 5. > T, DHA
2 T019,20-EDP (2 L B HIFASEDIERIZIEE T X K de novo A F AR N B B /e B &2 7= L C
WD ZERHLMNE ST, VVIBEO M THHET I NIE, TR M=V AFEEKLOR
JEWCBET 2 7 A1 UCTER L, MBROAFEEZRE ST D ECRE &S 251
TW5. Y DHAIZT v MRS EIFIICIB W T SPT ZiEM L L TE T 2 FEAHENE
HHZENRMESH TS, *D DHA X, PPARD Y TV RTHDH I ENRESNTE
v, P F7-, GENAEERT v OB TIE, PPARAEME(LEZ ST L= SPT iEM AL T 2
RERTLEVOMELHS. P 15T, DHA KT 19,20-EDP | & % H9c2 Hllfia 5E 8
HOBEFIZ, PPARSDIENEL Z I L7o& 7 X K de novo A BfRiE DIEYEIL D TLHED B 5 L T
WAHZ ENEBEZ LN

TaT TV —AE, X TF AR OEE =TI Z N T B AR - BT S il 208
a7 &, 200 198V T 2=y WO RIERR Y VR EHREFRELSERTHY,
By B R E R D 2 AT K o THIBEIH R OVR A A Z L A Z MR+ 5. 1) HRi,
3 AU Ze £ OTEFE 2 AR B A 2 (U OIRFE R MENL 2 la T 7 e 7 7 Y — AS @V EE A
bOoZERNMBN TS, Y 65T, NG EHRHCHZE LMY LG & AR i Chiss
Lizfilg b tbt_xCar hr—bvco7asr 7V —AEENEHEEZ R L2 &1L, NG
GAEM TR T D S IIMPSREMN R = XX —RERICR Y, LG EAHTEET S
ALY VR LEBAL R =L — RIS D AT A LB X bl 72, NG
G B CRERE L7238\ C DHA J U8 19,20-EDP T 208 7' 107 7 Y — ANl % 7
L7z &g, MlNIica e F AbZ X7 EREMLTAA TR TIZEEB L TNDHZ b
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R LTWD. a7 T Y —AOfEERIE, MIEOT R =3 A0F— 7 7 P— %<
ZEmn, 2 ZdZ LA DHA K 19,20-EDP 12 K D MIRSE T A RS O L LT
HLTWDATREMENE 2 b LTz,

Pk, 13 TIIHI Mz LG &FEM TR TS &, MbTHZ & =x ¥ —
REBFRE N ERIER ) VBRERIE 725 Z L 2B Lz, & 51Z, DHA LT 19,20-EDP
[T ARPE RN 72 = L X —REAHR I O CRREMICHIEZ S SR T2 &, ZOMF
IZt T 2 Rdenovo BFRROT 0T TV —LhOFEMALAEET 5 Z L 2L L.
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2% H9c2 #

Mot 7 I REELROI bar R THEEEIC &IE 9 DHA KUY 19, 20-EDP
D 2B

Pavax

=51

=
=1

i

fl

%5 1 3 ClX, Samokhavalov D5 &~ LT, *” DHA &Y 19,20-EDP 7 NG &5
TR L7z H9e2 Ml D EfF R 2Bl 2 Z L 2R Lz, £z, T DHA KO
19,20-EDP | L AAMASEFEEEA L, I VAT ko TR Sz Z &b, TOMEA
AR = A LNTHBANTOE T X K de novo BN EEREE 2 H > TS Z LIRS
7o FEEE, MlaNOt T I FEOZEIE, MIOEFLZRE ST DIZEOEELRKFTH
HZENHEINTEY, ¥FITI hary FUTHEE~ORENFEE I TWD., F%E, &
FIRTFu s THLH N-TEFLAT oI, 7y FUEEECTCOI ha v R T
DETIREREAER M OBRIFEAE T ST 2 8w sn s, 7

T ZTH2FTIE, NG AL LG & AR CTHAR L 72 R0k HO9e2 Mlifaiz i) 5
DHA K,V 19.20-EDP I L AT X FOGRFEEEDORMELZRELZ. 512, DHA KO

19.20-EDP (2L A3 b KU THRE~DEE L 7 I K de novo B %% DEH 52>V T
AR R LTz,
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H2H HiE

l.

2.

it FH 0 e

1R 2H L.

i W) e OV
FBRICH M LIZ EDTA, AV ATV T PV UL, Tk bl oL, 77ur

F=v, oA XTF, RTAXTF 2 2 X vd4- A Ny Xy T ) 7
a—T—7 )LV T 2 UIUEEEE  (ethylene
glycol-bis(2-aminoethylether)-N,N,N’,N’-tetraacetic acid: EGTA) , # 7 VU, 7 &4
Vg, 55-VFAEARQ2-= bR ERE) (5,5'-dithiobis-2-nitrobenzoic acid : DTNB)
2 g, MG-132 (3 Sigma-Aldrich &£ V),
3-(4,5-Dimethylthial-2-yl)-2,5-Diphenyltetrazalium Bromide (MTT) % Thermo Fisher
Scientific L ¥, 7 &F /L CoA, it~ 77 LRKFIHIT Santa Cruz Biotechnology

(CA,USA) LY, UHFhr = fAEE#E (citrate synthase: CS) HUIK, ~ 7 AHT
v b7 v A e BEEESE (cytochrome ¢ oxidase: COX) Hi{A, HRP AZ5#k 7 - Hi~ 7 2 1gG

PLIARIZ Cell Signaling Technology & ¥, reduced cytochrome ¢ I& Abcam L Y A L7z,
FRELIAMIEE 1 B 26 2) ITHEL T,

A oD S AILER

RS 2H UL .

IR 53 1B

MZ 175 cm® 7 7 2 2 CREEE, AERILERAIC N Y 77 UAAUBEIC K v B L 7=
A4 4°CC 10 43[#, 700X g Ti.L53 B L, WA PBS THei%, FON4°CT 10 4,
700X g T LB L2, BEEZBREL, 2Ly MOEE VX — MEEIK 250 mM A
7 —2A,10mM b U AiEfE, 1 mM EDTA, Il mM 4L kX F P U+ R Y 7 A, 1 mM
TofbF P UL, 0pgl TFRTF =, 2ug/ll vA XTFF, 100 ug/l TR
AT ) ENATKEIZTHREY R — L, 4CTI10450M, 700Xg TiELOHEL, =
DEEDO_ L N ZMfEEE > & Lz, B2 S 5124 CCT20 40, 10,000X g Tl
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THEEL, Ny hE U Y Y—A/I har R TS E LT

7 FEOUE

7 2 FIEEOHHIE, Bose & U8 Kolenick D 1% 545124772, °? 0.4% NaCl
VR 300 uL e O'7 B kb h-A /) —/L-INHCI (100:100: 1, v/v/v) {E&% 1 mL
ZAREEEE Sy, U Y Y — A/ hay RU TEGZNEIICERIML, =i T 20 5
Thermomixer (Eppendorf , Hamburg, Germany) Z H\WCIRFE S E 7. S HIZEIRE, 20,000
X g T2 syl Oy B, AR I R L 72 05 ug/ mL 2-8 R od4- 2 hF o
YT ) (RAE - 01 %EERERIR) AN CNEMERE L Lz, RN T, im0
it (Savant DNA 120 SpeedVac® Concentrators; Thermo Fisher Scientific, MA, USA) T
WRFEHLE LT % A &2 ) — VIS TS YT, 4C, 6,000Xg T 1 4z LT
7 REAOIFEZ M L7z, LOMS LI, Sahle 50 FEESEIiT-72. )
EREIR 7 v~ ~ 77 71213 2795 separations module (Waters, MA, USA) , E&/0H7
FEE 21T Waters ZQ 4000 (Waters) % V7=, 238D Z 0% Alltima HP C18 7 7 4 (150
X 2.1 mm, Thermo Fisher Scientific Inc.) , A A AMKIEIFIARTYT 47 (EAA) E— R
ZEAL, BEEEMILITET I FRE4-A NIRRT 2 ) U EENEILm/z=3424
KON213.1 & LTRH L=, BT HEE 35C, BEHEAEIT3SuL & L=, BEIFHIC
FAZ ) —-T F T Re7J oK-FEE (80:10:10:02, v/v/v/v) &L, 7A
VI TT 4y JIETEKR LI, T2 BSTOEESIEIOA A UFRIRE % 120C, i
IR A 275CIC L. a— v EEEZE T I FRR4-A IR0y T2 ) U ER
ZN25V RO ISVICHRELTZ, ¥ry 7 U —@EEZ 40kVITRE L. BN L
TeBEFERE DO T I FOEMERE X VER LI ER 2 W CEHR L, RV TH R
JEBETHIEL, MY NI BEHTZY 0BT I NEELE L.

2 har R TEEORMH

96 K7L — RZ 1 R&H7=0 4X10°HII /200 ul & 725 L9 ICHifaZBREL, =7
VT NERTORIBICEY MR 21T, S 1T 24 IfEIREE L7z, 558 MTT %
0.5mg/mL & 722 & 52 L7 DMEM %, &7 150 uL iINL T, 5% CO,, 37C
T30 0HA > Fax—hL7. TO%, Vb FaXxviERICLETINZRL<Y
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7.

Vb AT 5729, DMEM #fREL, 4 V7 msX 7 —/ 150 ul N2 CT=EIR T
30 RERE T A - L TR AR LT, R~ HT o BE %X 595 mm OWNEEL 1L —
J—F—THIELT-.

ATP PEA R DMIE
ATP PEAE§1X, ATP Bioluminescent Assay Kit (Sigma-Aldrich) M TN ATP Assay Kit
(Abcam) ZHWTHEL7Z. T bDFy ML, KAV T T =T —BRIEIEICHE
SNTDNATT =Y BT T =T —8, TR T LA T UAFEFTATP & UG
L7ctk, MR+ ERIS L TEREOA T AT = U aRERKR L, EEREIZR
HECH LT RENET 20 THS. Mlaxk 175ecm’ D7 7 A THEEL, av 7
NE MIZELELOE Y 7V B L CRIL L, Sorvall Legend RT' Centrifuge
(Thermo Scientific) (27T 700 X g Timt.0rHfE L7z, A PBS T—E %L, < 512700
X g Tl L C RiG&EBrRE L, ~XL > K% Respiration buffer (0.5 mM EGTA, 3 mM
MgCl, « 6H,O, 20mM % 7 U >, 10 mM KH,PO,, 20 mM HEPES, 1 g/L BSA, 60 mM
potassium-lactobionate, 0.3 mM DTT, pH 7.1) 600 uL CE#E L7-b D& 71L& LT
FJH L7=. ATP Bioluminescent Assay Kit /&, ATP Assay Mix (lypophilized powder
containing luciferase, luciferin, MgSO4, DTT, EDTA, BSA and tricine buffer salts) %,
TR T 25 5D T~ A /7 nF 2 —71250ul, Y7L 50 ul 5 mRe S8
TfEM L7=. ATP Assay Kit | ATP reaction mix (ATP assay buffer, ATP probe, ATP
converter, developer mix) 50 uL, ¥ > 7 /L 50ul # Mz CHEERES S CHEH L.
N T2 EATP RN 7 2T —BILEDAF AT T 2 ) o~ ST B
\ZHE LT3 E %, L — N —H—Z W CTHIE L.

AR O Al bTE
B1EE 2H T T,

H N E R

RS 2 SHICHET .
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10. CS KT COX FELOMH
T1EFE2H )T, 728, CS KOV COX OMHIZIL, £ Z4 L PVDF % 5%
BSA %10 0.05% NaN3/TBS-T T/ r v ¥ 7L, —&kiifkE LT 1,000 FIZAR L7
o B P CS FUE, 10,000 (FICAHR L7~ 0 A5 COX FLiR A L7z, Rk E L
T5%AF L I/L7/TBS-T T 5,000 fFIZA R L7z HRP ARk DO~ & 2 HL D W F 1gG Lk
KO FHi~ 7 A 1gG Pk Zz i L7z, CS kO COX I1ZFNFh 52 kDa, 17kDa I
THENHE DR RELTHRESRTE.

11. CS KO COX it DM E

CS O COX iHMEDMIE L, Spinazzi & D FEICHE ST, ™Y Mz 175ecm> D7 F
AaATHEEL, IV 7LV MNIELELOEZ N VB L TR L, 700Xg T
mLEE L T EI PBS TS L7z, 512 700X g Tl L C EiF 2RI L
THe > 7=~ L v k%, Respiration buffer (0.5 mM EGTA, 3 mM MgCl, * 6H,0, 20 mM %
7 U >, 10 mM KH,PO,4, 20 mM HEPES, BSA 1 g, 60 mM potassium-lactobionate, 0.3 mM
DTT, pH7.1) 600 uL T L, HRGAARLEEZ1T 572, CSTEMEORIEEZ T H 7201
1.5mL ®F 4 A2RE /AT ddH,0 300 ul, 200 mM Tris (pH 8.0) with Triton X-100 500 uL,
10mM 7 & /L CoA30uL, 1 mMDTNB 100 uL, ARV > 7/ 10ul 20 L7-.
Y%, 37TCITHRT=N 23 66 EERE (Lamda25; Perkin Elmer, USA) (28 L, 412 nm
OWHFEEERTL, ZHaE_X—RAT A& Lz, Z0%, 10mM 45 o fig 50 ul
ZINA CTEERPOG Z2 Bldh S, 412 nm OWOEEERIE L7z CS i5PE4 DTNB O E /LI
¥ 13.6mM ' em” ZHWTHH L. COXTEMEAZRIET 57012 1L.5mL OF 1 A
A2 ddH,0 400 uL, 100 mM potassium phosphate buffer (pH 7.0) 250 uL, 1 mM
reduced cytochrome ¢ 50 uL & A7z, BV % 37°CICR 727 70 I EEEHT T 550 nm @D
WHEEEZREL, ZhaeX—RAT7 A& L. D%, #WRF 70 20ul 2z,
550 nm DOWESERE 2 HI7E L7, COX i&M1ZE, cytochrome ¢ D E/LIEEAREL 18.5 mM™ cm’™
ERHWTHERH L.

12. #EEHLE
128 I)IHEL .
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5 3HT AR

F1H 7 FEEICKITT DHA KO 19, 20-EDP O %8

R HOc2 FIE & 0 ML 2y KON Y V) — /2 b3y R Y Tlisya00E - L, %
nNENOE 7 I REFEEZRE L. DHA &KV 19,20-EDP i, Wi h NG & AH B
TICBWTHIEE Y N Y Y —45/2 by RYUTHEO®T 2 REAEEAEICHEM
ST KRS, VY Y=L/ bary R TES TOMIMERIZEE CH Y, MK D5
FEIVEMEEZRLE. £72, R VAT UOFEEF T, 19,20-EDP (2 X 5 Z OHINEA
FNTHOEGICE N THEIICHH Sz, —F T, LG &AM T, DHA k&
UN19,20-EDP |3t 7 X REEICEEL R o7

Table. 1 DHA and 19, 20-EDP Accelerate Ceramide Accumulation Shifted to

Lysosome/Mitochondria under Normal Glucose Condition.

Crude Membrane Lysosome/mitochondria

NG LG NG LG

Ceramide Concentration (nmol/pg protein)

Control 3281+ 1.9 14.27 £ 0.62 1.45+1.27 1.14+£0.79
DHA 5426+ 1.73* | 20.85+0.87 | 470.73 +£15.94* | 0.25+0.09
19, 20-EDP 50.50 £4.63* | 16.44+£0.52 | 601.73 +23.9* 0.40+0.21

19, 20-EDP + myriocin 1823+ 7.571 | 11.78£0.24 | 64.20 + 63.85F 0.37+0.22

LC/MS analysis was employed to measure the accumulation of ceramide in crude membrane
fraction and lysosome/mitochondria fraction. H9¢2 cells were cultured in DMEM containing either
25 mM glucose (NG) or 5.5 mM glucose (LG), and treated with DHA (100 uM), 19, 20-EDP (1
uM) or myriocin (1 uM). Data are expressed as mean = SEM (n = 4). *P < 0.05 vs. Control, TP <
0.05 vs. 19, 20-EDP alone.
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W2l T UBRAREERE KRN N7 v b e FRLEESE 2 2 R BUZ KIE T DHA KO
19, 20-EDP D %5
DHA &% T 19,20-EDP (%, 2 b= KU 7 CTATP sEAICB G DE4E TH 5 CS X COX
BN ERBUCE B L RIS o T-. F12, U AT, MSPPOH OHAF FIZH W\ T
#, DHA } 7} 19,20-EDP | CS K TN COX & /8 7 R BUT B % M IFE S 72 h- 7= (Fig. 12).

A.NG B.LG

S e e e e (5 e——

GAPDH GAPDH
1.59 1.59

-
=
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=
e

s
in
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Citrate synthase/GAPDH protein

Citrate synthase/GAPDH protein

0.

0.

pHA - + + - -+ - DHA ~
1920-EDP  ~ - - + - - + 1920-EDP - - - + - - +
Myriocin - - - - + + + Myriocin - - - - + + +
MmsppOH - - 4+ - - - - MSPPOH - - 4
C.NG

£

1

—-
3
e

Cytochrome c oxidase/GAPDH prote|
g

Cytochrome c oxidase/GAPDH protein

0.04

=]

=

=
+
+
+

DHA -~
19,20-EDP - - - + - - + 1920-EDP  ~ - - + - - +
Myriocin - - - - + o+ o+ Myriocin - - - -+ o+ o+
MSPPOH _  _ . ) MSPPOH .

Fig. 12. Protein Expression of Citrate Synthase and Cytochrome ¢ Oxidase in H9¢2 Cells.
HO9c2 cells were cultured in DMEM containing either 25 mM glucose (NG; A, C) or 5.5 mM
glucose (LG; B, D), and treated with DHA (100 uM), 19, 20-EDP (1 uM), myriocin (1 uM) or
MSPPOH (50 uM). Values are expressed as mean = SEM (n = 3).
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F3E 7T UBRAKIESE KN NI a b e B LEERTE I KT DHA & O8N 19, 20-EDP
D FHE
—7J7, DHA KUY 19,20-EDP |E, NG & AT L72Mifgic s\, CS RN COX O
BERTEMEZ A EICEI L (Fig. 13A, ©) . £/, ZOBSEEMEMGEIERX, S VA4vy
FE T TIEA SRR -7 (Fig. 13 A, C) . DHA } O} 19.20-EDP (%, LG & H AT
IZBWTITBERTR R I B B2 KT S 72> 7= (Fig. 13B, D) .
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Cytochrome ¢ oxidase activity, nmol/min/mg
[}
>

Cytochrome ¢ oxidase activity, nmol/min/mg

U v

DHA ~ DHA ~
19,20-EDP  ~ - + - - + 19,20-EDP  ~ - + - - +

Myriocin - - - + + + Myriocin - - - + + +

Fig. 13. Citrate Synthase and Cytochdrome ¢ Oxidative Enzyme Activity in H9c2 Cells.

HO9c2 cells were cultured in DMEM containing either 25 mM glucose (NG; A, C) or 5.5 mM
glucose (LG; B, D), and treated with DHA (100 uM), 19, 20-EDP (1 uM) or myriocin (1 uM). Data
are expressed as mean = SEM (n = 3). *P <0.05 vs. non-treated group, TP < 0.05 vs. 19,20-EDP

alone.
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95 4TH  ATP FEAEIZIFT DHA KON 19, 20-EDP D%

CS KON COX BERTEMEDME T L2 Z &0, MlNTEOREIHSEZ I a2 R THRHE
S TWD ATP FEAEIZOWTHET L7- & 2 A, NG & A EHECHi 3 L 7= Mifa o JLtfE ATP &
AR, LG BRI TR LM i L T2 D 1 TH-o7= (Fig. 14A,B) . £7=,
DHA K& T* 19,20-EDP 1%, NG &I Chs 8 L7ofiflad ATP FEAEZ A EICHHEI L, IV
I UFE T TR OMGERR A LD -7 (Fig. 14A) . —JF, LG &AL T &
L7l TlE, DHA KT 19,20-EDP 1L, X U AT OFRBEIZED LT ATP FEAEICEE
5272 7= (Fig. 14B) .

Fig. 14. DHA and 19, 20-EDP Decrease ATP Production under 25 mM Glucose in H9¢2 Cells.
HO9c2 cells were cultured in DMEM containing either 25 mM glucose (NG; A) or 5.5 mM glucose
(LG; B), and treated with DHA (100 uM), 19, 20-EDP (1 uM) or myriocin (1 uM). Data are
expressed as mean + SEM (n = 3). *P < 0.05 vs. non-treated group, #P < 0.05 vs. DHA alone, TP <
0.05 vs. 19, 20-EDP alone.
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FH5IH I har RYUTREICKIET DHA KON 19, 20-EDP O %2

MTT (%, MO I h=ar RYTICL s TGEIL IRV~ &2 5703, B TIEE
JE S A7V, DHA IE, NG & A TR 28 L= MTT &R &2 4 A fEmZz R~ L,
19.20-EDP L Z A HEIZHHI Lz, F£7z, I U AT UAF(E FTIE 19,20-EDP |2 £ 5 MTT
BICRIMEER R RSN -T2, E6I2, 7uT 7 YV —AREKTH S MG-132 (1 uM)
/£ F ClZ DHA X T 19,20-EDP (22 DIER A B ive -7 (Fig. 15A) . —J7, LG
GAEEHAME T T, 19,20-EDP 1L, 2 U AV U KUNMG-132 DA MIZED 5§ MTT i#7t
FrAERICEAIHE (Fig. 15B) .

i

A.NG B.LG
=0 L MG-132 2001 C MG-132
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150+

10094
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A MMMMMIMBIINY
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1920.EDP - - + - - + - - + - 4+ 1920EDP - - t - - * - -+ - &

Myriocin———+++—_-++Myriocin———+++—__++

+
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|
=t
s
g
I

Fig. 15. 19,20-EDP Induces Mitotoxicity under 25 mM Glucose in H9¢2 Cells.

HO9c2 cells were cultured in DMEM containing either 25 mM glucose (NG; A) or 5.5 mM glucose
(LG; B), and treated with DHA (100 uM), 19, 20-EDP (1 uM) , myriocin (1 uM) or MG-132

(1 uM). Results were represented as a percentage taking none-treated group (control) to be 100%.
Data are expressed as mean = SEM (n = 3). *P < 0.05 vs. non-treated group, TP <0.05 vs.

19, 20-EDP alone.
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H3HT BER

H2F T, NG ROVLG & AT L7 RME HOC2 MiIC BT A #laNtE Z 2 K
DJHTEIZ K IET DHA KT 19,20-EDP D84 Mt L7z, & 512, DHA &K TF19,20-EDP (2
K5I hary RUTHEE~DEEL VT I K denovo B R DG IZ DWW TCEHIIIZ ARG L
7.

DHA 0¥ 19,20-EDP 78, NG %A E-HETREE L7 H9e2 MW CHIlaNE 7 X R E
BAABEICHEINESE S Z &1, BEIC Smokhvalolv 52K » THE SN TW5S. Y f£7-, Kang
B, =R — IR DR NMBNL CTh H b MR IERIILE SH-SYSY Az B\ C,
IKER R T CHIIIE N Z SN B BRIC de novo YRR D SPT MNIEMEAL L, MKENE T
S REEMEML TS Z E2@EL TV, > A#FFEICE Y, DHA KT8 19,20-EDP A3
NG &AM TRE2E L7- H9c2 MiliZ W THRRIZY VY — 4/ hay KU T 3B TET
REENEETLHZ L, LG A T & T %5 & DHA XU 19,20-EDP i3t 7 I FE&EI(C
WELGZ W E RO THLMNZ L., > T, DHA XU 19,20-EDP (2 X % de novo
BRI DOTTHENS, FRHEREBALRRMEPVATH D Z RISz, 61T, NG&f
e CREZE L 7= H9c2 MBI T, 19,20-EDP (2 L » TN LMl E 7 2 REEN
VF AN R THRICRD SN2 Enb, RIEFRIZIBWTE 19,20-EDP (2 L 5 SPT ~

DEBNEETHDLZ ENEZ L. DHA KOV 19,20-EDP (%, 725 3 /Lx— U
FBNI har RUTEFHT 28R LR Th D LG & A H I TR L7z Mifa o
MR FRICEBE L 52 00—0F, I har R T E2EEZHT 30X —REHRRE & Lan
FERE RN 72 R BE DRI BV CRE R HIfSE Z Bl X 23 & v — B, S L7 fEH
BT RERBERTHD LEZ L.

ARETEHNT, 2 bar KU THREICEITT DHA KON 19,20-EDP O #2288 % SEAIIC
A L7z, £, DHA KUY 19,20-EDP 7% NG & A 55 # THE L 72 MildiZ VT2 CS KO
COX IEHZIRTFEEDHZ LWL L. CS KD COX TV ATP BEAIZE DS
BETH Y, EBIC DHA LTV 1920-EDP I L > CTEDOEARNMET Lz, 26 Ol%E
JEPER OYATP PEABEDIE T, I VAT UAHE N TR LN oTc7cd, BT I Rde
novo GRITHED T2 ) VYV — L/ hay KUY TEGIZEFIZEE L2t T I RBFRKET
HHZLENALNERoT. ¥ T I RO bary RYT~0E#IE, ¥ b7 a b e Ofi
H~OilEl R, I har FI 70— 77 0— (94 77 V—) OFE, I k=
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Y RU TR b P AT EARE S TWS. Y £72, DHAL, b
N AL CH 5 Jurkat fAEC T v FUMEEEIFZICB N CH T 2 REREZINS
, A A D S8 5 2 ERHE SN THA. Y Jurkat fliEIC VT, 10 uM DHA
& DT I REROEIT 6 M TRALERY, TO®%GBAIZEITS. O #-sT, A
FBRGMTH 24 BERILIATIC BN AN R E TWD Z L BESND. £, IR EN 72
TARNF—RECRE R TR A EIEHEEZ AT MR TE, I har KU T2 LT R
FIEORFEICE Y 72U R har RYTHMSKRE SRS Eo®E L H Y, @ KEERT
BHNTZ CSIFMEORGF EBE L TWDOTIERWNEEZbITZ. —J7, DHA KO}
19,20-EDP %, CS XN COX D& /37 ERBUNIA BIREEL 5 2 Iano T, it
REBET LT v b ODIEHEEETAICB O THEBEREEOK TR Z 7 BRIOKTIC
FATLTODZ ERMESNTNDZ L, @ REBRRICEW TG IRWAERH 24 FFH
DBRIZBWTIEZ U AV ERBLIR T T 5 & H 7=, 2 DHA T 19,20-EDP (2 X %
T hay RYTHEOREIX, MITERICE > ChERSNZ. MTT AL, @F, sy
/R OMEBIZHOCO DM, ZOFEE LT MITECENEMIEOI har R T &
KT D ENEHERTWD. - T, TORILHEIXI hay R TREEOEBEN
FEREIC72 0185, 19,.20-EDP 1%, NG &AM THEE LZMICB W Tt T 2 K denovo &
FARTERIC S hay RU TRELZFET L ENHLNE o7, —F, RERSEMT
DHAE, HTDOI hary FITEEZEZIMHAZ R LI bODOREREEZH X 720>
2. ZOHMIIARBETH DA, CS, COX, ATP ZHEEIC L-EBER S L, DHA X
= RUTIZRABDOEEZ G X TWDATREMEN & <, DHA 73 H9e2 Milad X k=1
RUT7 oW AR OIREBEMOE T 25 BTV I@EE2LFHETILOEEL LN,
) F72, 19,20-EDP (C X > CTAHA LN MTTIZBTLROK T, 7077 Y —ARERDOT
FEFTIEAR LN -T2, 1 ETIE, DHA KT 19,20-EDP 3 208 7' 027 7 Y — L& TE M
ItT5ZLEHALMNILTEY, ZOIEMENI bay R TEEICEHEL TWA Z &N
RIE X T

LIk, %2 % Tl%, DHA KU 19,20-EDP 1, fi#hlREA 70 = %L —RE5R &2~ -
IZBWTODOHK, BT Rdenovo GlkETLHELI hay R TEEZS|SEZTZ L 2]
S LT, £, ZOBEFFIZ DHA KT 19,20-EDP I X W iEH b ST v T T V— A
DB L CTWAZ ENRE ST,
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38 HIc2 fii Y Y — AIEMEIZ KIE S DHA &N 19, 20-EDP 0 52 %%

F1HT kS

%2 T2 T, DHA &Y 19,20-EDP 78 NG & A 55 ChS 2 L7 fllaic VoA, +
7 2 Rdenovo BFENTTHEL, #FIC ha v FU 7, VY Y—AEHTOET I NEE
HEMSEs2 8, 20T REEOHEMMAI har R THEZREET 2 E2HL0
L7z, U Y Y =A%, BYEREE T TR 2K e 2 B e & e fifia /s B C
Ho., VY Y—AF, T2 R¥A b= 22X o TS BBV A - Eo#k L
7oA N ORI L CF— 7 7 v —) T 5. TF, A— 77 U—Dh T
BN SEICH LS, FFEOX VIR hary R T, g F oy — A Y
OMFAN/NERE 2RISR ET 2 RINA— N 7 7 V— BB LB S ST b, ff
WCHE LI bary R T7TE24— b7 7 V=2 LD BIRICERET HREIL, ~1 b7 7
T—LRETND.

Z 2 CH 3T TIE, DHA, 1920-EDP LV BT I REENEHE L-ESICEENDY
Y — LRI K IE S DHA KON 19,20-EDP O S88 % fit L 7=,
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l.

it FH A e
1R 2H L.

il ) e OV

TR AFNLE—HF I =F )L A7) (TMRE) (& Sigma-Aldrich 12 ¥, Hoechst®
33342 % Thermo Fisher Scientific & ¥, LysoTracker® Greaan DND-26 | Life Technologies
FOBALTHER L., EFRUAMIE 1 &5 26 2) ICHEL .

AR oD FR A AL ER
RS 1 DICHEL .

CEQ) RIS a7 e S

AR % 35 mm T AR b AT 4 v = (MatTek Corporation, MA, USA) THizE L
7z. I ha KU 7 OYMAIZIE TMRE (100nM) ©, ZOYLEIZ1E Hoesesht® 33342

(1uM) %, U VY —LADOYI21T LysoTracker® Green DND-26 (10 nM) % vy, =
NoEE 2 EA LIS Ciliaz 30 /5t L7z, LED 7 > 7 2854 L 7o i HIdE 1
#t 4% 1 (Charge Coupled Device: CCD) 7 A 7 (Iekars b =7 A, § i) %1 2 7= Zeiss
Axio Observer /A T REINZEAHSSE (ZEISS, Oberkochen, Germany) T 63X 741 /L
RE L X L Cila 285, iR L.
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B3 HT AR
1 U VY — NI K&IET DHA KT 19, 20-EDP 0 %

LysoTracker® Green |%, ARG/ NEEE O H T FRMERMEZ2 736 O 2 R A9 IR
W LHEIEFENT D DT, FORNREITIRMEERED Y VY Y — AOIEHOFRIE L 72 5. DHA
SN 19,20-EDP 1%, NG &AEMCHAR L7zfificiks Ty hr—L & _THNY vV
V— AR AR L7z (Fig.16b, ¢) . F7z, S UA T KRR TaTr 7 Y —AHEETH
% MG-132 O ML, U Y Y — AOHCREIZEE A 5 2 e~ 72 (Fig. 16d, g) .
DHA K& Tr 19, 20-EDP ZLERIZ L o TR LAV IRWEOEIRE L, I U A3 KT MG-132
DOFFFE T CIXm# &7z (Fig. 16e, f, h, i) . —J T, DHA &K1 19,20-EDP |%, LG &FH
B CHER LIZHIIRD Y v Y — AOENBEEIC R X g B% 5. 2 72 o 7= (Fig. 17) .
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d. Myriocin ' e. DHA + myriocin

f.19,20-EDP + m_yriocin

=

Cae ‘

h. DHA + MG-132 i. 19,20-EDP + MG-132

Fig. 16. DHA and 19, 20-EDP Induce Lysosomal Formation under 25 mM Glucose Condition.

HO9c2 cells were cultured in DMEM containing 25 mM glucose (NG) treated with DHA (100 uM),
19, 20-EDP (1 uM), myriocin (1 uM) or MG-132 (1 uM).
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a. Control

¢c. 19,.20-EDP ©

d. Myriocin e. DHA + myriocin

f. 19,20-EDP + myriocin

h. DHA + MG-132 i. 19,20-EDP +MG-132

Fig. 17. DHA and 19, 20-EDP Have No Effect on Lysosomal Formation under 5.5 mM
Glucose Condition.

HO9c2 cells were cultured in DMEM containing 5.5 mM glucose (LG) treated with DHA (100 uM),
19, 20-EDP (1 uM), myriocin (1 uM) or MG-132 (1 uM).
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FAHT BR

B 3FETIE, NG KOLG & A CH#% Lo RME H92 Mild CTD U v v — ATEHEALIC
JIEF DHA &N 19,20-EDP O 8 % fit L=, EOf5%E, DHA KT 19,20-EDP 1%, NG
GAEEMTORY VY —LNEEE ER S, 2O ERIZ, BT 2 K denovo &R K Y
a7 TV —AREE LTSI ERHLNER ST, fiE- T, DHA KT 19,20-EDP (2 &
S>TET7I FOERMEN L CREINTZI bary RUT %, VY Y—AEFHALTHEL
LT DH~A M7 7 V—RBIERIENTWNWD Z EAURBE I, ZHVETIZ, DHA A
ZL ONRAMIBIZBNWTA—F 7 7 V=2 E LT, KEIICHEEZ5 SR ZEn
WIS STV S, DHA 1%, HASAMAETdH % MCF-7 #ifld Tk PPAR y 23 L LT, A4 —
N7 7 O—FE S Y Beclin-1 28L& 789 5. * £72 DHA X, B AMIETH
% SW620 i T4 A— b 7 7 U—BEE s T SQSTMI BHA M S 5. O X HIcEH
5%, A—r7 7 V—mHH%E T 0 —7 2= EBRICEBW T, 19,20-EDP 28 NG &4
B CHER L2l CoA— R Y VY —LAOBKREREL, ZnE I U 4T o BNEEICH
gD L a2MERLTWA. LnL, FEEEDHA KON 19,20-EDP 28, ~A b7 7 ¥ —%5]
FEZTDICOWTIES LR IFAERLETHS.

DHA KM 19,20-EDP IZ L5V VYV — LADIEMAIZE 2, 7'mT T Y — AHEE MG-132
ZEoThflsniz. a7 T Y —MIERRG FHEEE GO FEEERNGR 5 7 0
TT7T—ET, MiRNTERECEXRTF ALINTF T EESRT D, 1 EROE 2
E(ZEBUWT DHA KT 19,20-EDP 73, NG & A B T3 L7 Miflnod 208 7' a7 7 Y — Ak
MA2AEIC EF &8, DHA OV 19,20-EDP (2L 5 2 b= R U 7 REEZ MG-132 235854
HZEEHLMILEE. ZRHDOZ LS DHA KON 1920-EDP (37 07 7 Y/ — AN %
FRHIFI P R THEEZRETLIZLE, ZOZENRILIZY VY —AEED LR &
B LT\ 5 Z EAURBRENTZ. U Y Y — LDy REmIEo iR, Yusr T V) —A
IC L DMMEZ B SR -T2 ERMESH TV, P £, FESEN AN SiHa fiEIC
BT, MG-132 [ Z DHA IZ L A4 — b7 7 O— D T2 40H9 5.9 ZoZ &5 E DHA
SOV 19,20-EDP (2 LD MIASEICITA— F 7 7 =& T w7 7 V=L RE L THEET 52
E MR R I T

LIk, % 3% Ti¥, DHA KT 19,20-EDP 1, b RN 72 = 3L — R38R 2~ 9l
IZBWTORHR, VY Y —LiEEE2 ERESEZ LWL L. £, 2O, &
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e T

n-3 % PUFA T& % DHA I, TRIAVAEREREZ AT 22 LB EORENL S DFRED
JRIR & 725 2 ENEW. T, ZHETDHA OEFERL L Tab TWERO
2, KNT DHA 2R - ERSNDIEEAT A =—F =2 L D5bDTHDHZ L6
TR0, 2 OREM O EPER A fRIT 2FFE8 A2 T T\ 5. DHA I, CYP
k> THRF S 6 DDONERMAKREZ SO EDPs NERR S NDD, ZOHTEH 19,20-EDP
PDERNTOEREEN R HZ <, DIRME R EEICAET 2 2 &0, OnE R
T? 19,20-EDP D& EINTEH S TW5. 222D DHA & 5\ % 19,20-EDP (%, 1E# D
N RAARZ 3B W TUTHIR A AERICH B A 5- 2 W21 T, LPS R EIZ L - TiHE S
DRSBTS HER 2730, RO ML Cd 5 Hc2 a2 Al fu st
~LiEL P39 Z o DHA $ 5\ 19,20-EDP (2 L % HOc2 M SEAEAEHIC PPARSS 5\
e 7 I RBMEETLHZE, I har RUTEENESGT LI ERBIN TR,
AP IIA THh - 72,

ABFFETIX, DHA KT8 19,20-EDP (2 & % HOc2 fILOMIILFHE A h = X L ZEERT S
Tedh, WERMEE X DH T L T3 F — U 2 2810 S ¥ 72 H9e2 M2 d51) 5 DHA
KT 19,20-EDP OFMMSEHEEA 2 Mat L7-. SHICHIQ MDD T I RER®&ELTD
JRER N b= RU THERE, U Y Y — ATEMEIZRIET DHA LU 19,20-EDP D28 % i
L7z,

1. EihicEEns 7/ a—ABEZET O 25mM (NG) 7205 55mM (LG) I[ZEE L
TEEOMEO T R X — R AT L7z, NG KO LG &AM T L7 H9c2 #l
fad 612, /b Lo @il R Emic A 6 b b rR =2 T 258881k b 7R AE
DRTZIVTW e, —F, LG AR CR & LcMld ComBIHE EIT, NG EHEM T
ZEL-ME Y bEafEa s L, FLEEPEER, ADP/ATP Ik, NAD/NADH [tiE, /MbEH7-
AR E VLT DIZ EDIREEZ R LT &, B o7 a—AREARTIELZ L
THIBLDO =R — R R DEFER D DR Y VR ERIRICER S D Z EBH Dk
7otz EHIZ, NG KNLG A EHI TR L7z H9e2 Ml DA /731 & I1E§ DHA KO}
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19,20-EDP D BERF L7z, ZO/ME, NG GH I THE LMD AT DHA KOt
19,20-EDP O AEAFHREIMET L, ZOEHITE T X R denovo R ZHET S Z LIZ X
DR S TZ. ZDZ )5, DHA KO 19,20-EDP (3@l RENL 2 = R L X — R 2 A
T2 MBI 2 58T 2EHEZ BB L, ZOMFICE T I K de novo 1R
MEETHSHZ LIRRENT. £/, DHAIZX D HO2 MISEIE, CYP =K% —
PIEROHFHIC L VRSN Z L h, MlSEHEER O —EE, EDPIZL5HDT
HOLZEBH BN T.

2. NG KOVLG AL TR L7z H9e2 Ml 7 X RRTEMEZ RG220, flak
ARy, VY Y —A/X b RYTESESHE -G, T hotT I REREIZ
K IF9 DHA & TN 19,20-EDP O 2 et L7z, £ OfE%E, DHA KUY 19,20-EDP X NG &
BEHTERRE L7z H9Q2 MIIBICBWTCORY VY —A4/I ha v RUTHESDO®T I NEE
PEWHICEINESE, Zo#ENiEto I K de novo G RGRZIHITH Z & TSz, =
D Z &7, DHA KTN19,20-EDP 13t 7 X K de novo &R E UL, FFZY VYV —AK
NI Par RUTHEGIZET I FEERESELZLE2PALMNI L. S 512 NG & aEH#
THE L 72 H9c2 MIfEIZ 3V C DHA & TF 19.20-EDP 1%, X b= KU 7IZEBWT ATP &
B ABERIEME A ME L, ATP EAEZ WD S, ZNODOIEHHE®Z X R denovo
AR EIR TR Sz, £72, DHA ROV 19,20-EDP (2 X5 b=y N U 7TEET,
a7y Y —AREECHEICIR SN, BLEORRE S, DHA KUY 19,20-EDP 1%, fi#
PEREA e = R L X — R 2R TR NTOR, T 3 K de novo B ZETUHE L
Far RUTEELZSISEITIENHLNI -T2, £72, TOKFIZ DHA KO
19,20-EDP |2 L W iEMHbENT=7 0T 7 YV —LANEEL TWD Z LR E .

3. NG KO'LG &AM T2 L= RO L HI Mia CD VY Vv — AJEMEALIZ 21T DHA
KON 19,20-EDP OB 2 kit L=, ZFDOfE%, DHA KX 19,20-EDP 1%, NG &AEHTO
FHU Y —=AIENE PRS- 2o EFIE, ©T I K de novo B RkEEZE R E IR CER
Nz, ZOZ L5, DHA MV 1920-EDP I2 k> Tk T I ROEREAN L TEESNZS
car R T7%, VY Y—LZFHLTEELEYI ETH~A F 77 U—R5&EI SN
TWADZENRBINTZ. EHITaTT =B VY —AEHEICEE LTS Z b
DB 2MZ72 0, DHA O 19,20-EDP (2 X D ifsEIZi3A— h 7 7 =7 07TV — A
WAL TR 25 2 E i< R STz,
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LIk, ARFZEiE, DHA K OY 19,20-EDP 3, H9c2 Mo K o (CARBE RN 72 = R VX —1X
R R THIEOMIEZS ZEZ T2 L 2PN L. Z4E TDHA & 5 % EDPs
X, BB AKIRED K 5 2 B 7l e U CRIfR e &2 R 3 — 05, IER 2RIkt L
TIEHFESEZ RSN SIFZ<HE SN TWD. RIFFE T, =30 F —REHREK 21k
SHToFl—OMifaZ M L7 Z & T, DHA J Y EDPs |3 /b — AREHRR B AR A L A
BUEZRTZERHLNE ST, £, TOMFIZE T X K denovo BRROTLIEE, U Y
V—AL/X bary R TEG~OER, I har FUTESE, VY Y —2 O EHPEE
LTWDHZ EERI L. AWFFEICL D, DHA O EDPs O#F 7= 72 EFER A A &,
Z D Z &7 DHA KU EDPs % fis L 72 BB 5E O LB Fn ISR 0 152 Ll S %.
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