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FEACEE T M B i LA =4 12(S) -HETE JIIFA A S2M Arg-1 3K (P>0.05) , [fiiffi H CYPIAL 34
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LPS inhibits arginase-1 expression in macrophages by up-regulating activity of
cytochrome P450 1A1 epoxidase
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[ Abstract ]| Objective To explore the regulative effect and mechanism of cytochrome P450 1A1
(CYP1A1) on regulating lipopolysaccharide ( LPS)-induced arginase-1 ( Arg-1) expression in macrophages.
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Methods Afier mouse macrophage-like cell line RAW264.7 (RAW) was treated with 10 mg/L LPS for 0,
12 and 24 h, respectively (n=3 for each time point), the expression of CYPIAl and Arg-1 at mRNA and
protein levels were measured by RT-PCR and Western blotting. Negative control RAW ( NC/RAW ) cells,
CYP1Al-overexpression RAW (CYP1A1/RAW) cells, CYP1A1l-knockout RAW (CYP1A1 KO/RAW) cells
and CYP1A1 hydroxylase-activity mutant RAW ( CYP1A1m/RAW) cells were constructed, respectively, and
then the cells were treated with LPS and further detected with RT-PCR and Western blotting for the expression
and activation levels of Arg-1 and signal transducer and activators of transcription-6 (STAT6). Then STAT 6
inhibitor AS1517499 was added to treat the CYP1A1 KO/RAW cells and NC/RAW cells, and the mRNA and
protein expression of Arg-1 was measured again after LPS or PBS treatment. CYP1A1 epoxidase inhibitor,
nordihydroguaiaretic acid (NDGA) and 12 (S)-HETE were introduced to treat normal RAW cells, the mRNA
and protein levels of Arg-1 and activity of STAT6 were detected after LPS or PBS treatment. Results LPS-
induced CYP1A1 and Arg-1 were highly expressed in staggering peaks in RAW cells (P<0.05).
Overexpression of CYP1A1 inhibited LPS-induced Arg-1 expression and STAT6 activation in RAW cells,
while CYP1A1 knockout enhanced above effects (P <0. 05). STAT6 inhibitor AS1517499 abolished the
enhancement of CYP1A1 knockout ( P<0.05). CYP1AIl hydroxylase-activity mutation or 12 ( S)-HETE
simulation had no effect on the expression of Arg-1 (P>0.05), while CYP1A1 epoxidase-activity inhibitor
NDGA enhanced Arg-1 expression and STAT6 activation ( P<0.05). Conclusion CYPIAI can inhibit Arg-1
expression by reducing STAT6 activation in LPS-induced macrophages, and CYP1A1 hydroxylase-activity or
its proinflammatory metabolism 12 (S)-HETE has no effect on this regulation, while CYP1Al epoxidase-
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activity may be involved in this effect.
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AR Wi I AR A T BT R B0 R 2% ) IR A= JIONS 22 1R it -
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(S)-HETE ] {2 f# g £ B (lipopolysaccharide , LPS ) i &
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CYPIAI @& RAW(CYP1A1 KO/RAW) L) % CYP1A1
i AR H G HR A B IS VA7 A1) RAW (CYP1AIm/
RAW) (& 1,45 118 247 /5 i CTL 2848 % CGT, 45 245
SALRH CGT 274228 CCT) BZ4E MBI 23wl il /E
Fram AR B R PUIESE N o DA b 20k B DX 4 4 7 400 i
PIREFRAE & 10% BR 4 L3 1% 5 -4 5 % .5 mg/L I
ISR R 1Y) RPMI1640 35 35 He b LAY 5 2L SE 9 ik — 25
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1 CYP1A1 BELEGE ML m REEK

1.2 £&&XA

LPS (99% % i) W 3 35 [E Sigma /3 w5 12(S)-
HETE (99%4[i i ) W [ 5% [&] Cayman /3 7] ; CYP1A1 £
SERERTARIE A B =8 A A ; Arg-1 STAT6 STAT6 @12
Ak H i E-3-1 1R Bt & 1 ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) BA 78 B4 {4 ¥ g H 2€ [F CST
SN STAT6 413 ( AS1517499) 1 [ 25 [ Selleck
N 2B A AL K R ( Nordihydroguaiaretic Acid
NDGA) W) [ I 5 B 28 2 ) 5 K& RGBT 174 5 3 53
(RT) B S} 5 i 5 5% S0 (qPCR) 1] £ 44
9 H H A TaKaRa 2% ®], TRIZOL ZLfi# i W A 3% [
Sigma 2\ F] ; RIPA 25 [ 24K WEIRER 22 vhEh (PBS) 11y
H P EE R RAH,
1.3 %7k
13,1 SEmsrdiit
1.3.1.1 LPS %} RAW 1 CYPIAT & Arg-1 55K 515
SR RS 3 AL, EFE O h 2 12 h 4 .24 h 4
(FHE 3 B fL, n=3) [l [H] 10 mg/L LPS 73 5l 3%
RAW 4fifff1 0,12 .24 h,
1.3.1.2 CYPIAIL %} LPS Hl|i# B} RAW H Arg-1 Fik
I STAT6 {EALE R SEg: 4o 3 4, fuds NC/
RAW+LPS 26, CYP1Al KO/RAW +LPS 4H . CYPIAl/
RAW-LPS 41, /35125 F 10 mg/L LPS #ili% 24 h.

1.3.1.3 STAT6 #fI5I %} CYP1AL BFRIF Arg-1 5
RS dAES R 4 4, 1 4E NC/RAW+PBS+

LPS 2 \NC/RAW +AS1517499 +LPS 4 .CYP1A1 KO/
RAW+PBS+LPS 2 CYP1A1 KO/RAW +AS1517499 +
LPS 4,53 B4 T2 5 PBS & 21 nmol/L AS1517499 Fiff
FH 2 h, P8 255 PBS % 10 mg/L LPS $ili% 24 h.,

1.3.1.4  CYPIA1 ¥ALREGE M X LPS i S 1Y Arg-1
FRAR RS LB 4 srh 3 41, 4G NC/RAW+LPS
41 .CYPIA1/RAW+LPS 4] .CYP1A1m/RAW+LPS 41,

A3 BIZ5F 10 mg/L LPS #il3# 24 h,
1.3. 1.5 CYPI1AL ¥ ALREGTE M= Y% LPS 53 1)
Arg-1 FIRFE 00 52 55 i o 2 4, AL 4G RAW +
PBS+LPS 4 RAW+12(S)-HETE+LPS 4, 4> 54 7%
i PBS J% 100 nM 12(S)-HETE Hiff i 2 h, Fiieseffi
FH 5 PBS % 10 mg/L LPS #ili# 24 h,
1.3.1.6  CYPLAL PR A& 1 411 1 57 NDGA
LPS 531 Arg-1 23K i 52 5 s 2 A,
f145 RAW +PBS+LPS 41 . RAW+NDGA +LPS 41, 435
YT 44 PBS J% 30 umol/L NDGA FAER] 2 h, 4L
i FZ & PBS J 10 mg/L LPS #il3% 24 h,
1.3.2  SZHF# 565 & PCR(RT-qPCR) i1 mL
TRIZOLI Z&# RIS 45 4140 , 2 1] TaKaRa 350 & 136
AN LS. RNA 2 7 % 500 mg/L J5HL 1 pg &
RNA |, [ % 5% ¢DNA J5 ALY 3. A0 50 i AR &
KB 38 i A DR B /A . A
B-LZh & [ ( B-actin) N 2, R 274 %l &
CYPI1A1 Jz Arg-1 i) mRNA ik,
1.3.3 AR 7 S2 56 ( Western blot) Al
JIT A5 4 MR LA 500xg 24050 5 min 15 41 i 1A B
i RIPA R AR R HUE & A, F BCA 3057 & iF
frEfds. ¥ERFNEDZEW S min J5 B, H
7k 40 min J5 L4 110 V 2508 5% 90 min, A 4% 1§
AUl 4% 45 135 F A (BSA) EH] 1 h, PBS JEifE
—PUFE LR (4 C) Ik HEEIFEF Pt 1 h, Ak
1.4 %t o

AFFER I SPSS 22. 0 AR R AT e 1 43
Mro THEFERIFTEIESIM, UL x+s FR, Z 4 0] FLE
SR FH BRI 2R 5 2850 H , L) 9 9 EL AR A LSD-¢ K 56
P<0.05 R2z A5t

2 H#R

2.1 LPS T % RAW P CYP1A1 & Arg-1 4% ik

I 2A 45 SR m] %0, LPS #1312 h B CYP1AI
mRNA Z ik /K2 ik T ( P<0. 05) , 1] Arg-1 mRNA
MIFE 24 h B RBW BT+ (P<0.05) (& 2B),
CYPIAT Jz Arg-1 B4 238786 S mRNA 224k
FAMRL, CYPIAL ZE T 12 h Wik e (& 3A) 1
Arg-1 T 24 h i Rk (B 3B) . DL B4
LR ,CYPIAL 5 Arg-1 245043255, B CYPIAL £ik
i Arg-1 FIK AW, CYPLIAL FRIKFEARAT Arg-1
FikTtE, #278 CYPIAL R385 Arg-1 RIEA[RERE
FHICAE AL
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EARIEKTE

GAPDH(35x10%)— (

2.2 CYPILAL T fi M A 4% LPS &) iF RAW ¥ Arg-1
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B XT B ZH (NC/RAW +LPS) #H [, CYPIAL 3 %3k
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(P<0.05) (&l 4B) iR HZRIK (B 4C) , FFli STAT6
BEIR ALK (HXF STAT6 & [ 3Rk I Tostm (K 4C) .
52> MR, Bk CYP1A1(CYP1A1 KO/RAW+LPS)
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(& 4B) JaE ik (B 4C) , Jf 4G5 STAT6 WiFR ok
F(E4C) o LA SRR, 908 e i iy CYPTAT ] 71
PR 45 B g 40 M Arg-1 33k J STAT6 i 4k, P
CYPIAL H3RiA T BHiE Arg-1 KA H STAT6 {4k, 1M
CYP1AL R AT 3458 Arg-1 A HI STAT6 151k,
2.3 STAT6 9] 7T 55 CYP1AL sk § 2049 Arg-1

KLY Im

5 PBS X[ HE21 (CYP1A1 KO/RAW+PBS+LPS) #f
L, i B STAT6 41 ] %] AS1517499 ( CYPIAI KO/
RAW+ AS1517499+LPS) A i &34k CYP1A1 il S

Y Arg-1 mRNA(P<0.05) (& SA) K &k Bl
(K 5B) , Ui WA RAE S i CYPTAT AR A] 8 38 1o 8 1%
STAT6 {& AL K F-HE T IH 1Y Arg-1 ik,
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5 DSRER
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415 A Hivll B
1 2 3
p-STATO(110x10°)— | A SR S |
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1:NC/RAW;2;CYP1A1 KO/RAW;3;CYP1A1/RAW;a:P<
0.05,CYP1A1 KO/RAW+LPS 485 NC/RAW+LPS a8t
b:P<0.05,CYP1A1/RAW+LPS 5 NC/RAW+LPS 2148t

4 LPS #1i% 24 h J§ NC/RAW CYPIA1 KO/RAW %
CYPIAI/RAW m CYPIAL (A) 5 Arg-1 (B)
mRNA %ik/KFE(n=3,x+s) L& Arg-1 STAT6 &
BRiE R STATG BEE& LK F(C)

207 OnerAw
B CYPIAL KO/RAW

W
1

R N-1(Arg-1)
mRNA #5781k
=)

W
1

0-
ASI517499 -
PBS  * o+ - -

1 2 3 4

Arg-1(40x10°)— | (I s -

GAPDH(35x10°)— [ s q
B

1:NC/RAW+PBS;2:CYP1A1 KO/RAW+PBS;3:NC/RAW+
AS1517499;4.CYP1A1 KO/RAW +AS1517499;a. P<0. 05,
CYP1A1 KO/RAW + AS1517499 +1PS #4155 CYP1A1 KO/
RAW+PBS+LPS 48t

B 5 LPS B AS1517499 {£ | 24 h |§ NC/RAW &
CYP1A1 KO/RAW i Arg-1 mRNA % 3% 7k
(A) (n=3,xxs5) LK Arg-1 EERIEXKFE(B)

2.4 CYPIAl LB &M R L F W3t LPS 3 58
Arg-1 k% £ B %k
SCERW, 5 HaiE ik CYPIAL 41 (CYPIAL/
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RAW + LPS) #H b, & 4 CYPIAL %% 1k B 15 1
(CYP1AIm/RAW+LPS) X Arg-1 iy mRNA (P>0. 05)
(K 6A) LA FRAH T EZm (K 6B), #—
Kl % B, 5 PBS X} B 4H (RAW +PBS +LPS) A I,
CYP1A1 (AL 15 YE 7= 12 (S)-HETE ( RAW + 12
(S)-HETE+LPS) %} Arg-1 f#) mRNA (P>0.05) (& 7A)
FSAEHFRIBWICH B (B 7B) . DL EZ5 R,
CYPIAT AR AT REIF 8 ik FLR A Bl 1 1 sl LB 7 )
12(S)-HETE 45 LPS #5519 Arg-1 3535,

1.5

=
2101
=X
&
~ T
% Z 0.5
I = a
$r £
0
1 2 3
415 A

2 3

1
Arg—l(40><103)ﬂig e

(JAPDH(35><103)Hb — e |

1:NC/RAW;2.CYP1A1/RAW;3.CYPIAIm/RAW; a.P>0.05,
CYPIAIm/RAW+LPS 415 CYP1A1/RAW+LPS 41481k

B 6 LPS ## 24 h J§ NC/RAW _CYPIAI/RAW &
CYP1A1m/RAW 1 Arg-1 mRNA Rik7kFE(A)
(n=3, xx5) AR Arg-1 EHRIEKF(B)

1.5 7

mRNA Fik281k

W R RHE-1( Arg-1)
o
wn

Arg-1(40x10°)—

.
GAPDH(35x10°)—| d
e | B

1:+PBS;2:+12(S)-HETE;a; P>0. 05, RAW+12(S) -HETE
+LPS 2155 RAW+PBS+LPS 28481t

B 7 12(S)-HETE X LPS %% 24 h J§ RAW 1 Arg-1
mRNA RiEKF(A) (n=3,xxs) LK Arg-1 ER
FikAKFE(B)

2.5 CYPILAL 2R B AC B & M 49 4] 57 NDGA T 42
LPS #5469 Arg-1 &4

K % B, 5 PBS Xt HE 41 (RAW +PBS+LPS) #H
b, CYPIAL ¥4 %A fk Bl 3% 4 #0 7] NDGA ( RAW +
NDGA+LPS) 7] #4838 LPS i 5 i) Arg-1 mRNA (P<
0.05) (& 8A) JaE FH 435 (& 8B) , [A] i 5 1k STAT6
ALK (E 8B) o DA EZ5 UL, CYP1AT 1R A] gl
T R SR A B TR PR LPS 5510 Arg-1 %55,
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e
MJéP(
SX 6
2%
22 4
EE
7 o
0_
1 2
413 A
1 2

p-STAT6(110x10°)— | _— -

GAPDH(35x10°)— ‘- B

1:+PBS;2:+NDGA;a: P<0. 05, RAW+NDGA+LPS 48 5

RAW+PBS+LPS 4848 1t

8 NDGA & LPS #li# 24 h j57 RAW 1 Arg-1 mRNA
RiEKFE(A) (n=3, xx5) LUK Arg-1 EHFRKIEK
SEF1 STAT6 &K F(B)

3 it

3.1 X mar CYPLAL 7945 E v 2 e AR AL 7 %)
L R 20 AR Sy AL A T S8 190 92 2550 40 L, 78 T %)
I SR AR IS, T 38 3 73 WA S RE PRI 1~ (A W it A 55
WRTERA FZOR R o RAE SN R, B A
Bm) 1 B 58 BUAR AL, 43 W — %A AL & (nitric oxide,
NO) e ERFE R F--o (tumor necrosis factor-ou, TNF-o) 25
PAE PR RLA K JBUAR o SAE S vz v Je 31, e 40
THGTE 2 RIGTR R AL, FEEAE LA Arg-1 RT
— R 2 BUIRALAR D), A RAE eI E S AE
Mo IEFIRET, FiRR A PR AL T 3h 25V, 4
JE 18] 1 BB AL I AT 8 5 BORAE P 7R PR, 5 A 4
B JNE RN Z55 L s o 3k B 1] 2 BUAR A ) ml e 2 A
JEE IR I C T BN B s S o BTt , A ey o2 ] 42
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IR AT FR X A A 1) D RE , 00 L )
YEREA T2 L FRATATIHA I & B, JRAE S0 I
CYPIAT mIfie it B W i A ] 1 BYAR AT 153 6 K 1
fRRIA T AHILXE Arg-1 %5 2 BUHE AL AR I R 45 1
FHEALHMBA AR . A5 7E s R b, E s T
LPS iS5 CYPIAL X E Mg -p Arg-1 9 I 2007
SR, AT i 15 e 240 R 2 A B 300 478 5 g B4 7
T At
3.2 CYPIAI ] 4% STAT6 &4 K F L A 1% Arg-1
Fik

Arg-1 & E WA [n] 2 BIRRALIS G AR S,
REEMBIRE 7. AU HARE , 76 B w40 &
K Arg-1 A] AT R I 5% 248 e J s I R 5 L 5 B
PRI NO KT o A A S 3 LA e 0k
Arg-1 PG RLFEAL LPS 375 I 20 5 i3 M TNF-o [
NO /S 44T IPEC-J2 40 H0Rs 2 fa fE Fl vl 5%
R Arg-1 (3G VIR LPS 35 1) TPEC-J2 21
L B 3 BB A B TS T Arg- 14100 41 5500 0 ) )
SR AR o AT SCHRAR IS, A R /N B
THEREZH ML P Y Arg-1 A 52515 A0/ )N BRURR % 4 ¢ Al F i
PR IBET R AL HE B g AN i B R = 19 TNF-a J¢
A E-6 ZRIEN T . LIRS REW], Arg-1 A {
SR AR A B A 3 B RO AR R T I A . AR
AW FAT B, CYPIAT W] fig 3@ it 1) ] STAT6 1%
KLU I8 Arg-1 9358, X 0 T 2 I & R GE B
Arg-1 {1 LA FBeagfit 7R
3.3 CYPIAI TTHei@ it LR AAEEE R Evdtm

faAR A

CYPIAT j&—F = SA7AE T HHIE S a8 >4 b g AR
WG, AT S 5 2 M N ANE A S, i
BTG 4, I A A MO B P o, S 30 DNA 453433 1
R o AR B CYPIAT [ HoA B4k
BT T B PR AL RS P 3 BB I S R AL
PERT S 5 R I V. AR RE, CYPLAL Y15
S Y R T -p- R A T A S U 4 A P Y
W B -1 ( Activator Protein-1, AP-1) 3@ §&% IR #E &
it SO, HTE CYPIAT B ALEG/E R IE A6 &0 T Lk
FOM . 12(S)-HETE & CYPIAL ¥R {b I
AR = 22—, L O IR 5 AT 38 2o 1 b 22 24 s 4L
BB I T B SR S MR R R T 3R
FEFTEAIBRSGE o & B0, CYPIAL A5 5o HL 32 Ak i 06 1 i
F 12 (S)-HETE & j3% hn Jf fin 55 Bk 2 5 1 5 28 1
RS RIS R, CYPLAL 3R AR EGIE P 7E S0
SN A R Rt AR b B oy S R EAE L (H

FLIR A PR AE AR SO Y A AT e TLARGE . A
WA UAESE, CYP1AL XF LPS 75 SiF Arg-1 114 30 il
AV PR 3 A T 0 1 S B, 1 5 AT e LA A
TR TG PR & AR, DRLUE AT X5 CYPLAT (34 4 Ak il
TG PETE A ARSI 70 AR ek BE R S

ST Z AR & B, LPS J T L 05 240 el v sy
FeikM CYPIAL W] fig3d it i) STAT6 (17 £k L BH &
Arg-1 Bk, MU ZE 3R 5 105 40 it i) Bt 98 78 A Ak 1 it
i H IR EEVE RS CYPIAL 3840 Bl i 1 sl L3
27 12(S) -HETE JE¢, T Al BE -5 H 3R 2 Ak B 1% P
Ko ARSI FE T B WA MR A R i 4
FERAE , N FHRAAE MBI 1 T BUH LS 25 T JL Al

Sk -
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