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Abstract

AIM: To investigate the effect of 11,12-epoxyeico-
satrienoic acid (EET) on free fatty acid-induced
cell apoptosis and translocation of activating
transcription factor 4 (ATF4) and activating tran-
scription factor 6 (ATF6) in primarily cultured
murine pancreatic -cells.

METHODS: Primary pancreatic B-cells were iso-
lated from murine pancreas islets and cultured.
After treatment with palmitic acid (400 umol/L),
pancreatic p-cells were incubated with 11,12-EET
(100 nmol/L) for 24 h. Viability of primary pan-

creatic B-cells was examined by WST-1 colorimet-
ric assay. Changes in mitochondrial membrane
potential were evaluated to observe depolariza-
tion of cellular mitochondria by flow cytometry.
Western blot was used to determine the protein
expression of cytoplasmic and nuclear ATF4 and
ATF6 to observe their translocation.

RESULTS: After treatment with palmitic acid
and 11,12-EET for 24 h, viability of primary pan-
creatic (-cells was significantly increased (62.1%
+7.3% vs 53.0% = 6.1%, P < 0.05), and mitochon-
drial depolarization (23.6% * 3.4% vs 35.2% *
4.7%, P < 0.05) and apoptosis rate (24.5% +4.2%
vs 40.1% + 5.6%, P < 0.05) were markedly de-
creased compared to cells treated with palmitic
acid alone. Palmitic acid significantly increased
cytoplasmic but decreased nuclear protein levels
of ATF4 and ATF6 in pancreatic -cells.

CONCLUSION: 11,12-EET significantly inhibits
FFA-induced apoptosis of pancreatic B-cells by
inhibiting the translocation of ATF4 and ATF6.

Key Words: Free fatty acids; 11,12-Epoxyeicosa-
trienoic acid; Endoplasmic reticulum stress; Activat-
ing transcription factor 4; Activating transcription
factor 6; Pancreatic p-cells
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J&, KRR fa i AR A 3% 4m L6 KA IR IR
W45 69 A5 an B KR A, ARLER
11,12-EETsa R AX I Bk £ Bam R e 4R 47 45 A ;
F) S PP AT sk A A T M ik (endoplasmic
reticulum stress, ERS)M X # % H-FATF45
ATFO R 5 RoAZ b o0 % G &L, VARILE
ZH AL R

#58: 100 nmol/L 11,12-EETs 5400 pmol/L PA
2B B W 5P At24 hig, 5FFAs 2048
vb, FFAS+EETZL T 2 %42 7t ik £ Bam i 4 A
% 5(62.1%+7.3% vs 53.0%+6.1%), 5%
AR By B L 2% A A 0 S AR ALK T (23.6% +
3.4% vs 35.2%+4.7%); 11,12-EETs T A & 47
HIPAE 39 28 S0 T(24.5% +4.2% vs 40.1%
+5.6%); FI &, PAKI#69 ATF4 5 ATF6#) 4% 2
122 2]11,12-EETs#g %A, ie%ATF45 ATF6
EGNKTF R EMEIK, IEATFA5ATFOR &
KA 2 LA,

£ 11,12-EETs T A3 4| FFA s 549 8 T,
H-FHuk) 7T 4k % a8 i #p4h) FFAs 5| X 49 ATF4
5 ATFO654% 520 R i M R it Al 55 26 B R A

KR WEAEIE; 11,12-REM T B
BT PRI B I B 4; F RIS B 16, IR B
22

RIE, ki, SIS, DEiT, T F==. RENK_THKR=
BB BISAHEAA SRE pARBTEVNSIER. BFREA
EIZYRS 2012; 20(13): 1088-1093
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W s 1L 37 25 R T B2 (free fatty acids, FFAs)
KT 55 AR g 4l M D et R, 9
IRFFAs/K-F- 2t b mT DAA kb il g 4t i 23
[ TE S N (VI 5 ol o o 11| S S T
T 11,12- 85840 =R (11,12-epoxye-
icosatrienoic acids, 11,12-EETs) 4l it A, 22P450
A BEAC A6 A4 DU IR R ™ A, kAT v I A 4
7K fiE i (soluble epoxide hydrolase, SEH)X i 4
DHET(dihydroxyeicosa trienoic acids)'”. &5 i
WA L A B R O R () B O A
JULEH M Ak~ AR A TR 25 AT 5 K A S 4R
1 {7 S EHAE BRI R /) BrURH <o A5 282 g I B 4 L
IHAREM BED, EETsAKCE LTt i 38 k3 i R
995 93 L R P 5 Bt R R 11 P B I (e
doplasmic reticulum stress, ERS)Hl 552 744 /R
RN I R R B B BT B B 3% s Ty e O
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LT R4 S IR F4(activating tran-
scription factor 4, ATF4) 5 ATF6,2 755 S5 EETsH]
THIFFAsS 3 1B B B4 R T2 Wg 2 ARSI AFFAs
V5 R B4 A T, Wi 11,12-EETs T-HiliX —
R, MEH AR ER, F WHEETs)
FFAsHI B IKATF4 5 ATF6 A7 [R5, #RITEETs
PRS0 R L i LA K 5 B4 I ) 177 1
()53 7 HL.

1 RIASE

1.1 ## RPMI 16408573, FBSHIEAEE N
GibcoA 1l % i 11,12-EETs)W [ 3£ [E Cayman
AT KRR (palmitic acid, PA). IV R
Histopaque-10777) S0 — H1 3L F (Dimethyl
sulfoxide, DMSO)¥JIJ H Sigma-AldrichA &]; o
He 7 1 4 13 H 25 A (bovine serum albumin,
BSA). W ST-141 it G55 S 20 i 75 11 A I X7
AIPVDFE A i EROCHE A ] 7= fifr; £ R A i
FLAZ(JC-DA IR F . Annexin-V/PIZH 0 T
T IUIR 77) £ 2 B C AR 5 B 25 11 9 R ARSI 71
h B S RAEOR A\ ATFAS ATF6
PRI F % E Abcam A 1] B-actin’hy 3% [E Santa-
cruz/a 1) 77 iy BRI RR i L A BT Al
PiiIgG A X HInvitrogen/s @ 7= Banik 2%
RIGIEECLYAFA &I H 2 E Thermo-fisher A
w5 40 M 2 R 2R R S B 1 Marker
JFermentas/A & ;= it A A A Beckman
coulter/™ i (FC5002Y). =56 v iy H S A 713y
Rk VB = k.

1.2 7

1.2.1 M By & Ao R AR Paa i 3E I 8-10 wki¥]
C57BL/6/N BUBE IR 7 B 5. B B VR AL 28/ B,
A1 g/l IV JE 1 (AN Ca™ )Hanks 22
WO 5 RN AR/ BB IR AL SCRZ K, e
JRBE ED 7y B HCH, SRS 1E37 'C R 20 min; N
AN—E tflHitopaque-107740 i 43 B W7 & )5
SR P B B, AR B B N T L
BN B AN M. 4 5 58 A T BAN B AE N 6 FL AR
124LARF196FLHR, H+5100-200 mL/L FBSHH
RPMI1640317 77 FE (I35 9 FE AL 50 25 p4i itk 45)
137 C. 50 mL/L CO,MR;F:46 h &AM N T
ToA HH 5 T 5 25

1.2.2 40 Ae 55 B % 3t Fo o AL 220 A SIZ0G i Y] T
SZI 78200 50, 100 nmol/L 11,12-EETs7E i
By B4t ML R4 7 1A A 7R AHOPE, 100 nmol/L
11,12-EETsORY AU f5 b i 255 RN FRATTU 2 2]

WA LA 5

11,12- % &4t =+
B = ¥ 82 (EETs)
H AR, K
F. sk, 42
AR R
WA A A i
o REXAP A LE T
XS5 AEEMEA,;
R E T M &
A 1R AR N
JR I 0 VE R JEAL R
A B KIE,
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:16 é};&% o 100 nmol/L 11,12-EETsANE: 5 [ i & B4 i 2k ot 150 -
A s REAL N N N .
BSEMEAe VR CRIE (5 A A SR o). SR
PRI g Sy 2 AL VR IRAL0.4% LRI R
HpmBARARL 100
#CE EETok 1t TRBSARIS uL DMSO). FFAsXIEZ1(400 pmol/L T T
I+ 234 ) 4 A 4 e o
AL b PA). FFAs+EETiE(4OO umol/L PA+100 nmol/L £ a <
B . 11,12-EET), 4L 524 h. " 5ol -

1.2.3 WST-1:55 i 2m At 28 = 30 % 41 i 25 1 5

IAFFLINAT00 nL(5 000/4N4H ), FE7IN10 uL

WST-14. A AR FEAFIN200 pL, W50 0

A B C D

AN20 pL WST-1 8, HoA R 50 LSS HE. wT EAA
N IR N 40 PR G FRIBORITW S T- LI B (E AR I 4
L FLAE R 25 6 R 7450 nmil] 52 W 6 (A)
B, U AT S5 A 175 A0 R e R g 1K
1.2.4 Mg EEARBEEALC-1)&n: HBUE &
JC-1(200%), %M 4E50 pL JC-1(200%) A8 mL
BRI LB REIC-1, A2 mL JC-14 5 2%
M5 X), VAT )5 RIRIC-1 566 T . Hanks%Z%
MRS AN 1R, 0.5 mL RPMI164041 A
FrgRde, FEINNT mL JC-144(0 TAR MR, 7840115
M REFRAE 37 CHF 20 min; 5% & W, $2
1 mL JC-1 AL P (S>X) A4 mLZETR K1)
F A, PEC 3 R AT C- 1 4 A 28 MR (1)), FFIRCE
TUKit. WA ARG, W BiE, HIC-15x gzt
) BEBE2VK, IINT mLAI R 559, 40
ACEAUARS .

1.2.5 X 2m B AR A - 20 08 = 40 s 7R
We 208 1.5 mL EPEF, PBSUERR1IK, MG
BRI (S EEDTA)AL. £8 F gL
Jio A% (8] B A) 45 1344k, 1000 t/min5025 min,
P EVE; IO IR OB R 40 R 7R, TR
AL R FIEOAE N, 1000 r/mingi0y5 min, 7
b, WCEA I, 1 X PBSZEMR R RATIR
ST, HXS-10)7 Ha 40U, 1000 r/minEgL
5 min, 5% 7%, JIA195 uL Annexin V-FITC4S &
R, il FCES min; FIIAS uL An-
nexin V-FITCHW, BHHEWFTIRE]; SHECH T
10 min; 1 000 r/min&.0»5 min, 3 3E, A
190 uL Annexin V-FITCZ5 45 i 1 58 40 g
TIANT0 p LAk e G (i, AT IS, ikt
Jt; 30 min A5 5 i 40 A I R H, Annexin
V-FITC R & 075, PUALL A5k

1.2.6 Western blot: Wt 215 & B4f i, $2H 4
Hif S 85 S R L, B C ARG SR AT IR I
DT R T . DARHKIE20-25 pgtt 5 BT,
ZSDS-PAGEHLIK/r B E [, 4 CH MOl
MR SPVDFE b, 25 IR 9k £ 142.5 h,

1 1N12-EETHIRIFFASIE SHVRE pMIRBT(WST-TE). A:
28 EDRHIRAE; B: VIO IEAE; C: FRASKTIBZE; D: FFAs+EETZH.
‘P<0.05 vs 23 X IRZH: P<0.05 vs FRAsKTHEZH.

FH—HUATF4(1 : 2 000). ATF6(1 : 2 000)5% & it
W, TBSTLEITHBIEYE3-61K, HR L E AL br
O 2B MR P © 5 000) iR M E
2-3 h, WG IR 5 A5 08 I I 5 BT R G Ay
Hr. L SR 3K

Gt A A Dimean+ SDEUR,
N FHSPSS13.08 A 4= B AT Ge vt 2% o3 #r, B4~ 93
Y1) ¥ 22 5 K L 3 05 243 BT (ANOVA), LA
P<0.05 4 =5 B B EMS I F R .

2 BR

2.1 11,12-EET#7 4| FFAs# F49 s SR KMk 5 B 2m
R TR = 23 PN TR AL A0 A5 20 87.7% £ 10.3%,
BN FE 2 4N B A7 35 % 0 86.2% +9.9%, FFASs
X} FE 2 AN A0 K 4 53.0%+6.1%, FFAS+EET
HAMMATTE R N62.1%+7.3%. 525X A
ARG, FEA sZH 40 o A7 0% 5 W 2% PR BEIR(P<0.05),
FFAs+EE T 4l il 4775 R FFA s U431 w1,
W 2 S B G vk 2 2 = (P<0.05, B 1); vk
0 i A AR 5 21 40 P R AR B LAy, 5
X HRZL LL A, FRA s HEAL & A7 25 0 4k 280 4
() 40 e LG R A 2 2 PR 5 (35.2% £ 4.70% vs
4.7%=%0.9%, P<0.05), MHFFAsX A1 L,
FFAS+EETHA & A F A2 b 4 1) 40 o LE 26 (5
FEPRAR(23.6% 1+ 3.4% vs 35.2%+4.70%,
2); VLA AT 5 o A Mg T, g5 R R
FFA K A5 2% 6] AL AT LA 2L 08 12K e
T 5(40.1%+5.6% vs 8.2%+1.6%, P<0.05),
FFAS+EETZ S5FFA X 41 bb e H O 172 K P
I B 5 B AR (24.5% £ 4.2% vs 40.1%+5.6%,
P<0.05, K3). £ B, 11,12-EET A 43 2
JI 5 B4 A7 2 AN FFA S 55 1R 48 PR 1

2.2 11,12-BET47# FEA s ] % 64 s R KM B B
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A10° [ B 10* [ c10* | mZAEE
- EETs /2 #7 4| FFAs
T10° T10° 1 T10° T 504 M £y pLm e
i o o A H @A &
@ @ o BRI, XA AR
®10° ©10* ©10° AT H A M By Z A%
g g g : B R AIE
<3 Rt 1<y = '} v Fo ¥ I 5 IR SR
ST At S0t ST . <2 i B MM 7 i 9 R
. " "o B 34.3% #}’ﬁ{%%ﬁ'ﬁﬁgfb\
=" T s G & 270 >
-l bt T . RIEL B2
10° O 10 ‘ : o 10° : . ‘
10° 10 10 10°  10* 10° 10 10? 10°  10* 10° 10 10? 10°  10*
J-monomers FL1-H J-monomers FL1-H J-monomers FL1-H
D 10° 50 r
= a
40
T10° | #
N =
0 % 30
®10° g
g =
o) & 20
g ax
£10t ¢ K|
X 10 |
Yolmm
0
10 10° 0
A B

J-monomers FL1-H

2 M12-EETHIRIFFASIE SHVR S SR HAIREAT NI, A: 28R4, B: IRIENTIRA; C: FFASKIEZH; D: FFAS+EET
70, 'P<0.05 vs 23R IBZH; P<0.05 vs FEAsKTIAZH.

A 10" [ Quad % Gated B 10° | Quad % Gated © 10* T uad % Gated
UL 1.10 UL 0.31 UL 1.19
UR 4.73 UR 5.25 UR  26.09
T10® [ LL 90.47 T10° | LL 90.09F%10° | LL 60.35
3 LR 3.70 & LR 4369 LR 12.37
L ) L -t L hay
-§ 2 L § 2 § 2 £
©10° - e © 10 ©10°
o - L By (o)} (=)
o 1Y L
o : = ) o
g 2 5 g g
~10° - : ~ 10° 100§
'::l:
10° - 5 10° x
10° 10' 10> 10® 10* 10° 10 10* 10° 10° 10° 10 10* 10° 10°
J-monomers FL1-H J-monomers FL1-H J-monomers FL1-H
D 10° [ 0 50
Quad % Gated a
uL 2.00
UR  19.54 40 F
T10° | LL 75.22
g LR 324 -
§ 10? - @ 0
5 4
1 EE
) = 20
()]
210 &
10 r
- m .
10° 10* 10? 10°  10* A B
J-monomers FL1-H
3 112-EETO) R/ DFFASIE SEVABRRIAET.. A: 23 IR HE4H; B: AR HEAH; C: FEASKTREZH; D: FFAS+EETZH. 'P<0.05 vs 23

FIXHBZH; “P<0.05 vs FEASH ABZH.
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z 22.[28-30] > DN NSTER
A s JOHATES sshpa UK IR 1 A SR EE E TS
B bR, FFAsT5F (1) 5 40 M 175 T AR FHLEL. A

i@t 11,12-EETsF
X — i A2 E
EETs#) 1% 37 1 £
JA, H4%4% T EETs
JEAR I 4B Fk 97
RN
Bam A 8 4 F
Mk, L EIRAR
A, A BT
B R & L A A A
WA

flkz ATF4 35 kDa

=L ATF4 35 kDa

I3 ATF6 85 kDa
H@*Z ATFE6 85 kDa

=L ATF6 85 kDa

B 4 11,12-EETHDHIFFASRIBVATFA SATFOREENT. A: 231
THEEH; B: VAT IEZH; C: FFASKTIEZH; D: FFAS+EET4.

tm JLATF45 ATF64: % ) -F 49 4% 2515 Western
bloti R, FFAsX AL 2K ATF4/ATF6/K V-5
LA % S8 43 21 b A S 1 PR AIR (P<0.05), 1
% ATF4/ATF67K -5 HoAth % 51256 73 20 B 2. TH i
(P<0.05); 5FFAsX AIHILL, FFAS+EET4LIIK
ATF4/ATF6/KF- T} (P<0.05), #%ATF4/ATF6/K
B (P<0.05, Kl4). 25 L, 11,12-EETHIHIFFAs
P41 ATF4 5 ATF6 IR R% B4 A7 .

3L
11,12-EET H1 41 Jfa (6 22 P45 0 S AL A C g 46 2
IR = A, LA R B 25 WA R Y DL RO IR AR
WP E B A, PLEIESE, EETs AT 4%
oK. PURIE. Praniiis. (R4, Pish
JHK G A A N Sk I R T 5 LA R 4 4 S AR 2
AR UL S R R R AL 1R
2R RS (VIR Y IE ok sz 156", EETs
T I R PI3K-A K TAS 5 38 % M T 400 51 Fit
By ZARPL, FWI0E R 5 R g i, (R
L0 H AT B E LRI AS AR i
FFAs T 1) 55 R B At 23 ih Jo % 25, f2 b A
JIT 5 S 52 453127, AR PR 1) A A £
FRelbt . AR R FFA ST i PR 2Lk e 42
TR R JLR L Y, B IR R K
JiE 5 15 B B AT O Th fie O < JBE I 2% 40 i Th e
IEEEARD, AT RN 25 T EiRp R
KharroubiZs™" % Bl PAI i NF-«c B FINS-144
WO T, RIS A TN S- 140 B N 5 3 i, ATF4
KA BEPEE BTV B AT PSS e N 41 i, ATF6
eSO FRASIRRETS 3 40 0 S b 7R D) RE SR .
FFA s |2 1) 19 i 4i B 5T 90 52 3850 3850 )
JoE 5 AN ML D RE S L R B 2R A WA T RE DR, BX
T 25| R S BN PR A T S AR N TR TR

TERWTEETsECRA 5 5 B4R LR BT AL, A SCR
FPARSMNT T I AR/ BUBE B B4l AL 12, [R) ISR
MI1L,12-EETsIC I &, A4 RE s, ok
LENTAEER VA sl R v T b N o N R e D 3
Western blotf il P it 4 N7 1 ATF4 5 ATF6
R AL, 40 7 S50 45 R 7R 11,12-EETs
e I S5 M CR 4 B 5 B4 P, 4 T S PASL IR
FH N e B BT i 1) A2t . Bk A4 I8 v A0 A I e
% T e WA SR AR B A A 40 B 1 7K, T B
A 7K P PR S Bl 2 A2 715 Ak T 40 R o 1 L.
Rl HK S E G n] LA 4518, 11,12- EETs
AT DL PEARIF FA s 5 | 62 1 6 I p A i 301
P B2l Bk g R, AT i annexin-V/PI
R0 A0 R T, g A I 7 A DU 5 SRR
L, HeJE 3, 11,12-EETs ] M3 4k ik
FFAs$57% 1 R J5E B B4H il Western blot B {57,
11,12-EETsHlHIPA T RISH K ATF4-55 ATF6 5 A7,
PR T A A7 7K F 1 B, UPR(unfolded protein
response, UPR)JE K ZRIA AT B, M 2 £/
7B B B4 ()4 .

B, AWFEEIR IS REETs/EMHIFFAsS
TR B B B 9 T TR B AL X R
PATTHL PR B AT AU LR S AR FORE R 55
PRI IR T e CR A5 BB (1) R AR L5 L,
N AR R N HUBIF 5T 4 T WL AR
A5

4 2R
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