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Abstract

Previous studies suggest that polyunsaturated fatty acids with long carbon chains such as eicosapentaenoic acid(EPA) and
docosahexaenoic acid(DHA) have several health benefits. However metabolic consequences of these fatty acids themselves
and their regulation of transcriptional activity involving glucose utilization are not well established. Thus, the purpose of
this study was to investigate how EPA influx affects cellular lipid accumulation and gene expressions involving de novo
lipogenesis in hepatocyte cultures. Compared to oleic acid treatment, EPA treatment showed remarkably decreased cellular
TG conversion and accumulation, along with phospholipids at a lower extent. As expected, EPA increased mRNA expression
involving fatty acid influx and lipid droplet formation, but did not affect mRNA expression involving glucose utilization.
EPA increased transcriptional activity of PPAR-«@ and glucose responsive transcription factor when transcription factor
binding protein was activated. Taken together, these data suggest that EPA decreases lipid accumulation through increases
of the (B -oxidation pathway without interruption of glucose utilization.
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ARYESA 7)Ao TE AF7F APEHA AR HA} =
Aol Toddl= HALRA Q1K transcription factor)S9] HAFE
ZJ(transcription factor) 2} W& 2o thgt At7F &3] 71
3L Itk (Pawar 5 2002; Bu 5 2009). AehAte] ofst
= o8 AARIAE Fo A= PPAR gamma(PPAR- 7 )9} PPAR
alpha(PPAR- @)= vl 2 &7l HARIZZA] PPAR- 7 =
Aepite] SRR SAEE Aol AR {A
& S7H71ALE X 5 2005), PPAR- a = A[Ake] H|E}

of Ao = Hekel= A 4148/d(denovolipogenesis) I o]
T3t EER AARIRLZ = carbohydrate responsive element
binding protein(ChREBP), stearoyl CoA responsive element binding
protein(SREBP), Liver X receptor(LXR) 5-¢] 12 ™(Repa 5
2000; Xu 5 2001), £3] ChREBP7} Z§5t= ChoRE= EZ =
g 2R WEHA Hhgske] AlE Wol A oA o] §&
2 Bole A2 dHF K (Stoeckman 5 2004). EFF 57
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of thaiA = B FE7F HHAL Uk I FollA=E A
FA 9 A7} He oY /Y APAHES I AA= AW
202 ZANE B2 ol9o= AsHY S-S, At
Az 24 F oFR AR 75 7 e, A &
Zof| o5h= PPAR- 7, LXR- @ -2 AAF HepitatatAy
o Tsh= PPAR-a T AARIAE 2 Agste] 1
e A" 2dst= Z2or deon, A 52
D7 A e T2 AN S0 Bojshs A
ARE B3N 712, 7t EZSAARY] 79 A patste]|
Tolshs AARIAY] 84S S7H71= Aoz gt
(Reap 5 2000; Xu 5 2001; Moris 5 2003; Pawar & Jump
2003).

3, 0|9 g dA7=2 tt EXIAML I Sl
Az A Fol Bol TRE 03 AA AE BRI A
21 eicosapentaenoic acid(EPA)$} docosahexaenoic acid(DHA) 2]
A3t 8% TAAHE A BT P4 $4, B
Aol % axrh vkal EasktNam 1994; Kim 5
1999). T3t EPA, DHA9}F -2 th7h EZSA|PARY] 3=
Tt HTE 59 AAEHo| He FAEAE 9 A g
A= FaA oz daed RS FHAIZIL, A4 A
HEAQl oY) o] 8EE ol ALE HAEUTHChoe &
1998; Pawar & Jump 2003). 2| AE 7T SAH A W &
< stto] ot Gt vk g2 A E g
e IR A FET okl g} 3R}, 3 A RAE, B
<& 59 FRol w2 4 AFHY FHEHE HE st
% thShoham 5 2008; Nettleton 5 2009). E3F T 4] 9] 1}
o AFE A AR, SE2HE A8 R FAAEY &
o] #ofdt= AR HHE F71 2Hdt= A= U
A(Morris 5 2003), o5 & 419 FA7}F He= Z=TY of
Aot A EZ O] He SAAY tiatel] IAE FARE At
AR Atolo]] AR Az Aol S ALe® AlREHE O
AU 25Ee 2 §U Al A 349 4 E- /4
Ao I F7h= B AFolA HuEglou, A S2E
e A AR 25 B3P tF XA
48] f-4do] ol & APA AA 9] thAL 2 Qo) Z=g o]§
S thAtA] Wt 2 EAEETH 7)o gt AR
= FESHA] gt ojof & AolAds AE FollA dEAL
o7t EEXRPAE F E2 AE w3 APAR] DHA| B 8|
GHA|EZ o4& NO Ao W& Aoz HIi1Eof(Mori
S 2000), oflo]FAR o =0f o5t 7H] A7t iAo R A
Ao 2 YZVE= EPAS A¥sto] A ol A o7t &
ZoF AL T Al Al Wl A AT ARA| o] SR &
AP, A 2 2= AR Ao HEH
A8 AARRIA] B W2 B3l EPALL AJE ol 4] 2
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1. NI H{QF

A= AR FollA EalE 2& AR8313.2m, collagenase
FYH(Klaunig F 1981)% o|-&sto] &2] vjgsict £
% ZHELE 0.5%10° cells/22-mn well @] WEZ BZ=31g 0
10% FBS, 50 TU/m{, penicillin and 50 mg/m{ streptomycin, 10 nM
insulin 2 5.5 mM glucose7} -5 M199(Gibco-BRL) %] o]
A ujerstict. AlZE EdolE(plate)o]] 78 F 4%t
48A|7F o] ZHE 100% Yol H AL FRlstar AdE Al
25tttk EPAS] A= oA AEAAA AZ254dS
U A = s =2 BiH 500 1M AR89 al(Perez-
Martinez 5 2010; Sapiro 5 2009), EPAS} 28|4F 2 2)A] A
SZO| hulgEr W A L8 Y] Zol7t g3 RISk |
AlofA] AR Rk Akl el 2 Q] YRl (albumin)
of oJsto] A2 o] E == (Elmadhoun 5 1998), 43
< 3 A 2= Ld4Koleic acid) 7 EPA 2% bovine
serum albumin(BSA)3} 3:19] H| &2 &3l5te] AA|EHGloH,
A4k A2ehR] 2 viAs T BSATRS: A st
gzgoz gt

2. M SQI|IA9| FX

Azl AE)gt Aate] AAERE 387 $5t 0.5
1 Cio [1-CTAMY 59947} B2e EPASE 28| AHoleic
acids)& M|Zo] M3 Sk AL vl WA 591¥
a7F BabE 2ipato] gl Aol A AZE £33t 3, 13
2 9 BAS 3 gk i A4k giab 717k Qu)she
“external’2 FA3I 1, 0]F WAL FHUALT} e vl
£ F Ao A PBSE A|23 F FHYATE §l= Luby
A2 ZotzE & 6AIZFE o wjFste] o] A7k Bt BhAyst
AZ o] A5 Mgk oju] fUdE AHAke] giALE 2]ujs)
= “internal”2 EA|SFTE Al Eo A A, &5 vijx|q)
A T HY47E 225 EPA 32 &d|4to] So9)E )
2014 A& A= AL HiA] 1 e F 110,000£750 dpm
o2 =350} 0.5 nmol7}A] Q] 2|HAt AEo] 7Hse £
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3. Thin Layered Chromatography(TLC) £41

Al YollA S89 o8 F79 ADE BA5] ¢ W
AHS FHEATE B2 Apste] A7jzt | A|zoA x]E
& FET £ TLCE Z7] b X9 F/FE 24530t
(Bligh & Dyer 1959). 9-A1 LAA|ZE] A4 A 2] A 7o] A
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T AZE 0T daxoA PBSE Al A3 a1, YFET
HEE-2 718to] AZE 8 mgEo] S48 A=
2 HEgE 709 2ufe] dFet= S REZES 75t
4Tl A 24A7F FeF A & A2 HA Y AE& F=3)
R, F2E AEL A Y st SWE TN +
AT SE2EZFHEE(1:2)0] =4 0.25-mn A7}
Ao A Azute oS HAISHITE TLCOA A& £
gl ik od g 20l EAK80:20:1, viv)e] E3H-glo]
A o] FojF o, Sigmac A FYUT AAHAE wHAE 0%
sto] Z47F o X H 9| FRE T8I TLCoA £2€
ALES 22E 7|3tz GAsto] A7t oA fX&
el F digste AR AS FojUo] THEE B4

2434k

4. mRNA EiS{EA

AlZW 2] AA| RNAE Trizol §8-Z o]-8-3te] A ZAKIn-
vitrogen) &] A|AHH ol whal Eajgt &, HAo] o]Fo]%]7]
A7 = —80TCo HB3HTE mRNA H4-S quantitative
PCRE o] &3dto] SAEHeH, £ AzoA &£2% RNA
of Mg SNA}H(random hexamer)S ©]-83}9] first-strand cDNA
£ g5tk A= cDNAY] SYBR green PCR Master Mix
(Invitrogen)& 7}t & AAIZEPCR AFE stglen, 44
A} ZZ 9 AO ABI Prism 7700 sequence detection systemo]|
Al o]Fo]FHh PCR 2L HAF2 - (annealing temperature)
£ 60C= 3] 40 3-L stqich 2t fAA AES s A
2% Primer= Table 19 YeRf itk PCR A3t F32 5
2 5 427120 EYels 52 4ol Aol olgs)
of BAEIRLT, mRNAS] el Slo] ALE 4 FL RS
o 2318 B4 $iske] RPL329) Wl Ao digt Ao
Aol WANE At

Table 1. Primer sequences used for qRT-PCR analysis
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5. TARIX} MEN

AARIARe] o] BAL 7] e AAEHo] Wadt
"S- Q Ax(responsive element)] G7|AFo] AAE plasmid
DNAE A3 9| transfectiond}e] HF-2-Q 4vof B2F= Juciferase?)
HES 243le] o]Fo|Fth EE plasmid DNAQ] transfection
2 DNAQ} A 329 nucleofector kit(Lonza, Switzerland)-S ©]-&
3} electroporation®] 2]5}ed A E]gith A3z o] DNAZ} A
YE F 4BAIZF Fof EPA 52 BSAE A|Zof Asl =3,
6X|7F Zo] luciferase assay kit ©]-83to] A|Eof A A
ARIz}e] Fhadol) wlelak Zute] 2Alme}A|firely hciferase)
o] FFZIE S, transfection LAE HASH7] 9
3tod AARRIALS] LA Q@ AF A3 transfectiond A] renilla
luciferase(pRL-SV40, Promega)S 20 ng& 0.5x10° HJ3Z o] trans-
fectiong FAloll HAISt] WREHY 7|22 ARSIt 24
AARIRS] A2 A A luciferase TH9J(Relative luciferase
Unit: RLU)Z ZEA|3} T

6. SHEAM

AE Hlo]El= means + SE.E FA|F 0w, A1t {9
T2 Student ¢ testE 0§35t p<0.05 FFolA HAFHIU
=8

Za Y o

1. EPAQ] RRICZ QlIst X|HCHAIAIES] FXzHa

A& ZoA TEEE dEHQ 0-34F YARI] EPA9)
7t Al Yol A e A A7) 9jste] CHUES ATt
F2hE EPAS Aol A2gh & Ao A=Ee A At
EEFAAY, I, fEAH4he] g S5, ol
A AR A AEE CUEHLaTt REE gdite

Gene Forward primer Reverse primer
FAS AGG ATG TCA ACA AGC CCA AG ACA GAG GAG AAG GCC ACA AA
Perillipin2 CTC TCG GCA GGA TCA AAG AC CGT AGC CGA CGA TTC TCT TC
ACC- a ATT GTG GCT CAA ACT GCA GGT GCC AAT CCA CTC GAA GAC CA
ALBP GAC CTG GAA ACT CGT CTC CA CAT GAC ACA TTC CAC CAC CA

CD36 GGC TGT GTIT TGG AGG CAT TCT

SREBP-1C GGA GCC ATG GAT TGC ACA TT

ChREBP CGG GAC ATG TIT GAT GAC TAT
PPAR-7 % CGA GAA GGA GAA GCT GIT GG
PPAR- « TAC AAC CGG GAA GAC TIT GC

PPAR- 72 CAA GAA GCG GCG GGG AA

RPL32 AAA CTG GCG GAA ACC CAG AG

CAA AAA CTG GGT GAA AAC GGG
AGA AGA GAA GCT CTC AGG AG
AAT AAA GGT CGG ATG AGG ATG
TCA GCG GGA AGG ACT TTA TG
TGC AGA GAA GAT GCT GAT GG
GCT CAT GTIG ACC GGA GAG ATT T
GCA GCA CIT CCA GCT CCT TG
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Table 2. Percent(%) composition of cellular lipids in [1-'*C] fatty acids incorporation

PL DG Fatty acids TG CE
EPA 21.70+0.10 7.1740.14 4.34+0.42 65.8340.41 0.96+0.10
Oleic acids 23.19+0.20 9.99+0.45 3.68+0.17 62.37+0.61 0.78+0.15

PL: phospholipids, DG: diacyglycerol, TG: triacylglycerol, CE: cholesteryl ester.

2 Aejst Ao} v makgh Az AHHALS A A3,
AIE ool d $1E Ao Qlgh A AR S
R D A B1SS SR 62-65% SIAH 21~23%
28 2812 o AE 08~09% 502 2 2ol 2 HolA] Y3t
Th(Table 2). T} AZ W2 o]u] $15 X|upAFS o] Ak
7} o] 0] 2= A|7|(Chase)ol= EPA Ael2 3 HE2] B2,
2 2)uke] 27 o] 6% ZHA(p<0.00)FT, AR AL 22%
F5HTHp<0.05)Fig. 1). LU L A2 3 Aze)
© M ol o] ZAfete gl Lelte] FHEE HE
ache AFL molo, FAMOR FolshA) agte
, Qx| WskE oAl zfol7} ASich EPASH &7
e HE ) GalAuAto 2 Eaet u S Basty
ol AHAITZ o] o]FATo] BE EPAZ} HE )
[k Zulgo] BR Hrhe o] 7] ATPawar & Jump 2003)
o} s, oju] AlE Yol ST AHHAte) ofa] Al
29 o]4 Ho| QolA % EPAZF SaAtET) § 41451 o]
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Fig. 1. Change of lipid metabolism by EPA. *p<0.05
when compared with controls.

5= AR Hth E3 o7 BuSd ofstd APitE
o] et Ashg o= Y Al AE RN FYE= A
Aol A Al gE ARl vleR 9 A= ol o8
FE O] A2 HASE A} el He APAEY ol 8E
o] ¥ &2 o= AL of(Kanaley § 2009), EPALE A
Z4Y A% ABRAEE AR His SEAeR WA A
e & AL o] Refd Aoz AZbEn.
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2. EPATL X|E 28 M& I X4 MMM 2H0{ohk=
A 280 0jxl= FE

WAMY S9ed 34 AN, SHALY] A Al
FAALOIY QA AL Ao Z WIS HolA| 4sk7] o
2ol EPARES Aeisto] EPAZE AW S2 oyt Ai) 414873
o Ttz FAR LA wX= FFS BESI T EPA
9] A2= CD369 mRNA H&S 3uj o4} F7HA R CH,
perilipin2 2] &&= 4] 7}7lo] Z7FAFH thFig. 2a~c). L&
U ALBPO| -2 EPAC] oJsf W3S Koz Ygith CD36
= fatty acid translocase 2 L&A Qom, WAL AZ U
o Al A 2 T2 948 ke didE dEA o
of 22 AT W) #%1 A LHoR Fleks HHAlH
(Chabowski 5 2007), ADRP®] 79~ A &4 ot S0
A AR FAATo] ALY FHE AZ ol F3]
F o A*HLipid droplet) FE A= 4TS shof A
W Qboll B E SAA o] thE 2utobA] Fofl ot Zsf
£ Atste dTS st A2z dEA UtkSapiro T 2009).
ALBP(adipocyte lipid binding protein) =3t X|HARS- 24H6H=
S SHAITE AAEe] SolA¢l Tz deEfA gle
I 2 (Reese-Wagoner 5 1999), 7| ZoA = 2 HEE Ho)
A = Aoz AlmEn: o ARY "S53 #- A
9 Hsh= Ao I AAte] | Atz Holw,
WAHY S HEa FA AR A oA EPAC] &3t SRS
A7 AAE £ a7t obd AlZU 9] thal #Bte] ofgh
RS AR =3 Zregdo] ARt 2 HMdlsh=t] o
Bl= J 49 fatty acid synthase(FAS), acetyl-CoA carboxylase-
(ACC-@)2} ZE9] o o] Projahe 7ARSIA2] CHREBP
o] wrale EPA A2lo] o3 el el WskE el ekt
ChFig. 241, AE Yol X Hato] 99E AS 22 TEg
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Fig. 2. Effect of EPA on gene expression involving lipid
synthesis and accumulation. *»<0.05 when compared with
controls.

o] XHkAto 7 A3lEl= x|Hl AXA] IHA o] ZHASH= 7 G0
9lo] T}l o] & ago] 4T 4= 9o u(Robbez Masson
% 2008; Fedor & Kelly 2009), o]:= H|gt TEA3 »d 52
A4 POM«I H|gk &A50] e AU g 55
2 ¢l elo] & 2= QrhMeGill 5 2011). 2} 2
oA 7 A Bl FAEY T W3t ¢
Ao Z Hol FPAE AHF AIRYA] 3bd #i3} glo] A4
2o A% Jugk AeH o A7 = AR Bl

orr r2 1= g
l l_“ma

2}

3. EPAJ} X[t =& 3 Abst 2H3d MARIXIES| &Y

w0l nixls st

EPAZE S % QX RY Aho] graEgon), A
S A T SR04 SRS WBlE AYIA) ek] e,
A% 521 A S840 ofols BAAS B0 D

Ago] AR 4= Sk E THE H2Q) A AbsfEgo] ol
She HEE Pohu] Sisto] A Aslabg e 2ok A
© 2 o#Z(Pawar & Jump 2002) PPAR- @ &) AXIEAL =
A3t AAREA 9] =42 PPAR responsive element(PPRE)
7} 4= DNA plasmidE A|3zof| F=¢8to] Al o] HARRIZL
S°| PPREY| Zst= H=E 61Tk EPAY A= A
HPARg Aalshn) b AES) HlLste] PPAR TA-S 1000

14p<0.001) Z7PA O LF mRNA SHloli= JakS o]

AZ Woll A oflo] AtulEtof| e o) 4] A &3
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Fig. 3. Transcriptional activity and gene expression of
PPAR- @ and PPAR-y by EPA. *p<0.05 when compared
with controls.

2UATHFig. 3a~b). ©]= PPAR HAFQIR}FO] AT o] Abakgl
o] AARRIZLS] SARES F7HAXl A2 wdE Tt B3 2
2 responsive elementS ARE-5}A|TL, PPAR- ¢ 9F= HHEA]
< Ad(Zhang 5 2006) PPAR-y o] &4 S4 23, EPA=
PPAR- 7 o] 222 2.58](p<0.001) A= Z7}AF 21, PPAR-
7 mRNA 28 % Z7HAZthFig. 3c,d). ©]= PPAR-7 2] A
AF B8 oh et TAIALe] AR Boldl Ao
71915 A0 HAR ] Z80] loJA1E EPAZ} PPAR- 7
Hr} PPAR- 9] T Eo|&¢l Ao 2 Bt TS PPAR-
O] HAR-Z AWAE ZHAof] fsfiA = 2EEARE 03 APk
9] 8 YAHMEES] of7] FEj Y] Z2XAEE7H (prostaglandins)
of oA = E4do] EEZ(Figueras 5 2011), EPAZ} A Al
A Bl BARY 0 A 280] oA B3} EPATL
obd mzAebgetiel] ojgt 28 4 9ok T EPAL
22 AlE w3 AWARI DHAO H3] EIAE FolA 9
NOXIATFo] e Ao 7 B IE T (Mori 5 2000), EPA |
A ZR2AERFTT 93 2Fo| JhH o E A2 PPAR-
a®] &Aool § Wo| F7I% ALR Hol 2 dAo dd=x

AolA o] ATHSE EPAS] 23 HHAQ Faoletn AR

e,
4. EPAT} Q1B MBS Y EEH0I2 S0 Hof
sh= FAlRIRIS] B0 D= st
o) ATEL SE) wH BPAV FAA Lo AeE
£ Hlgo] ztasia, A Aksh B WAL AL 27}
AZLU, AERe] A Ao Bolsls $aRrSe)

Sk B2 EPAC] of3t Zw=wte] o] gago| s 4
o $aj7} glch 1A EPAYF ZEgo] X|Hto 2 A3ty
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Fig. 4. Change of transcriptional activity of ChREBP by

EPA. *p<0.05 when compared with controls. #p<0.05 when
compared with EPA controls.

ChoRE + ChREBP

o) Bolahis AR S0l BlAE JRre BAdal)
8l B ool A= Stearoyl CoA responsive element(SRE)2}
Carbohydrate responsive element(ChoRE)7} A|E o] & ZA}L
zto] o3 A= F=E A5 SREBP= 2 F+
71 e, 2 ZHAHE diAte Bosts AeRE &
HA §lom, SREBP l-a= S| AHE A8 18& 245}
i1, SREBPl-c= S| AHEHAME = 2 A A4 1t
ol o B2 G HAH(Repa 5 2000; Xu F 2001), &=
T FEHETE dad AsAG oo AHA FFE E
o] k= AARIZLZ U2 A §lt}. ChREBP= Z:=of os)
(A0 2 FAslE= AR 0|1, Lpyruvate kinase, pho-
sphoenolpyruvate carboxykinases EEFo] 0|82 4= Qli= 9
YA Aol Tojshs FAREY] EES 2 E3TH(Stoeckman
S 2004). AARIALS] B4 E4 A}, EPA= SREBPl-c7} &
3t HA| o Aot B3 © A ZFollA] SRES] &4
9] zpolE HolA| AFQUTHFig 4a). 2Lt ZE=Y o]-gof
A FFS FE= ChoREQ] &2 EPA Ao <J3f 26.8% 7
2:81{ek 22y ChREBP7F 2/d3} & Aol A= A#PAto]
U= BSA AP Zo|E Hox| FolFig. 4b), EPATL 3
= o]gof BE HARIAS B4 A= AAAZIAL
2 E2 o =2 5ol g8 AR} ojw| &3}
H 2= o ol HAEA ol G PIRA| deu
B 2ot oy} wE A IR & e FA E=
Zo g H3lth ol EPA7} AW S3& A7) &t
UoPE 2= o]-§ AE-2 WHlsHA] Y= AWE AlRE
o, EPAZ} T2 o8] F&, YA EaE e At
P, A oA, A e a5 UsiHAE ¢
9 A, 2= WA 71 T 59 #2H8o] dA|F]
e A Mori 5 1997; Figueras 5 2011)S FEZF o=
Ava 4 ge Aol

u=

| ©ok
i |

ol AFolA EPAE A F3 A, SEHAANA A

B

% F=AFFEIA

Ware] BAIERES F7HAYIE AOE geg o, A4
QA SZAH Y A7} HFFT £ ATE EPAY Ak
T4 Fof WASHE S I W AARIAY] WakE Al
T BAREA 7170 el FEstgon, 53] £ A
A A BUAE olgdtel A FASHE WAloR
AAZ Aol At Hge BUHE 4 99t oA
ATSe] oJstel A A AL AAGHE PSS =
S5o] Ao 2 B BT FAAYORA T
& olg4 Aste] g AE U X 2 FL 284 F
of BHER EAYSH Hof g Aol Fud §%
T 4 9 @Al dlek B AT AL EPAL EPA 44|
7 FAROR FHEL YAARE AN P oL, BT
o] ZEGo] o5 FAstEE Ao el ChREBPS %
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