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Expression of Endothelin-1 by Stimulation with CXCLS8 in
Mouse Peritoneal Macrophages
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Endothelin-1 (ET-1) has been characterized as a potent vasoconstrictor secreted by the endothelium, and play a major

role in the regulation of vascular tone. It has been also known to participate in inflammatory reactions. The production

of ET-1 by macrophages during infection and inflammation is related to tissue perfusion and leukocyte extravasation.
The aim of this study is to investigate the role of IL-8/CXCLS, as a major inflammatory chemokine, for ET-1 expression

in macrophges. Expression of ET-1 mRNA in mouse peritoneal macrophages (PeM¢) was weaker than that in vascular
smooth muscle cells (VSMCs) from spontaneously hypertensive rats (SHR) and normotensive Wistar-Kyoto rats (WKY).
However, expression of IL-8/CXCLS8-induced ET-1 mRNA in PeM¢ was much more stronger than that in SHR and
WKY VSMCs. Maximum expression of ET-1 mRNA was observed at 50 ng/ml dose of IL-8/CXCLS8 and occurred at 2
h after addition of IL-8/CXCLS. Expression of ET-1 by IL-8/CXCLS8 was dependent on NF-kB activation and ERK1/2
phosphorylation. Baicalein, a 12-lipoxygenase (LO) inhibitor, inhibited the expression of IL-8/CXCL8-induced ET-1
mRNA. This inhibitory action of baicalein was mediated via ERK1/2 inactivation. Induction of 12-LO mRNA by IL-8/
CXCLS and expression of ET-1 mRNA by 12-LO metabolite, 12(S)-HETE were also detected. The expression of IL-8/
CXCLS8-induced ET-1 mRNA was not detected in PeM¢ transfected with 12-LO siRNA. These results suggest that
IL-8/CXCLS8 can act as one of main inducers of ET-1 in vascular inflammatory reactions, and ET-1 expression by

IL-8/CXCLS is related to 12-LO pathway in PeM¢.
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Total RNA #2]+= Trizol reagent (Invitrogen, Carlsbad,
CA, USA)E A}1-8-3}5t). Phosphate-buffered saline (PBS),
Dulbecco's modified Eagle's medium (DMEM), penicillin-
streptomycin®} fetal bovine serum (FBS):= Gibco/BRL
(Life Technologies, Gaithesburg, MD, USA)ol A 45153
t}. Recombinant human IL-8/CXCL2E R&D  systems
(Minneapolis, MN, USA)°IA F43}5th. Baicalein
Sigma Chemical Co. (St. Louis, MO, USA)ZH-E] -3}
t}. (E)3-[(4-methylphenyl)sul-fonyl]-2-propenenitrile (Bay11-
7082)2} MEK1/2 inhibitor, 2'-amino-3'methoxyflavone (PD-
98059)+= Calbiochem (San Diego, CA, USA)ZH-E ¢
3} T}, 12(S)-hydroxyeicosatetraenoic acid (12(S)-HETE)©
Cayman Chemical (Ann Arbor, MI, USA)Z 55 T3}
T}, Nitrocellulose transfer membrane<> Schleicher & Schuell
Bioscience (Dassel, Germany)oll 4] T43F3ith & &
AfukE-S 98 ET1, 12-lipoxygenase (12-LO), B-actin
oligonucleotide primer+= Bionics (Seoul, Korea)Z+-E] 3J
3lo] F43FA . LightCycler FastStart DNA SYBR Green
I MixE Roche (Mannheim, Germany)ol|lA T$13}3it).
Phospho-ERK ¢} ERK &A= Cell Signaling (Danvers,
MA, USA)°lA] A3IATh ET-1 &A= Santa Cruz
Biotechnology (Santa Cruz, CA, USA)A F+43FATh
y-tubulin |+ Sigma Chemical Co.2 F-E 433 th.

Al&
=
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=
A5 8~957 ] specific pathogen free (SPF) 47! inbred
BSTBL/6 PH-2~& & 2t (i, Sl 9isted
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Kyoto rats, WKY)= 717+ 1358 S AH831%a
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, Japan

oA 54 W tiaMbzE =22

W 23)el wek C57BL/6 mH-2=of
Brewer's thioglycollate brothS 2 ml¥ £7+ W2 $U43}ka,
34 F vheaE AF Zelos AR U heparin
(5 Uml)©] #7}¥ %712 Hank's balanced salt solution
(HBSS) 10 miE 27 el Y1 278 vhabxaksich
PR 23 G 10 ml FATE o8] 57 ) AlEs
wiule] Ale]akqlet. o] & A7 HBSS® g ¥ Al
% 2 10% FBS, penicillin (100 U/ml)#} streptomycin (100
ug/mlo] e RPMI 1640 LHuliA]oll 5217 6 well
aFg Aol B F, 37C, 5% CO, wlg7]olA 24171
S MY &, FREA G2 AEE AE] Hlske]
RPMI 164007 33] A% - F-2hgl wp9-2 B0 tf 24
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oo RRE I HIAIAEE A3} vl (24).
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Al 1 %, 4TolA 12,000 ipm O & 1557 QAR
sl S15S 2A2HA A H T2 isopropanolS
H7ste] 20Tl M 4523 FAAZ 5, 4 Ee sk
Bzl HHAES dEEE AT Fo 37] FolA &
& % 0.1% diethylpyrocarbonate (DEPC)7} 718 S/
o *o] RNA®S| s SAsIATh

ARAL &2 A HMEFS (reverse transcription poly—
merase chain reaction, RT—PCR)1} AA|Zt S84 A
MEtS (real—time PCR)

12-LO siRNAS] AlZ W 9} &<0& #fsf 12-LO
A {575 RT-PCRS 3 #E33Ith PCR
Boj 5%7} 100 ng/ul®] RNA 3 ulell, 25 mM MgCl, 4 pl,
10 X PCR buffer 2 pl, dNTP Z}Z} 2 ul® 8 ul, RNase
inhibitor 1 pl, reverse transcriptase (M-mIVRT: RAV-2) 1 pl,
oligo(dT) 1 w7} &% RT A& 17 plE ¥ 2
T HAR + 42°CoA 1523 WAl A
cDNAE A AT L & 99T A 587k, STlA 5
B3 WAl A reverse transcriptase & B3I
PCRS 2 A|S}HSITE PCR master mixture= 25 mM MgCl,
4 ul, 10 X PCR buffer 8 pl “12] 3L Taq polymerase 0.5 pl2}
Ay SHRT 655 WE EFE] HA 78 Wk HEH

SFath 7)ol 242 20 pM2] sense primer$} antisense
primerE 1 pl 37kl PCRE AAIE}ITE PCR- thermal
cycler (Perkin Elmer, Boston, MA, USA)E- o|-&35}o] AA]s}
o, A2-2] thermal cycling ©HAI= 94°ColA 45% &
ot BEAdst T, 57CAA 15% 9t A% vhg Tl
S} 12CelA 30% Et At TF dAR 353l
353]9] thermal cycling & HEZ 727TCoA 5% F<F ¢
ik T e AAste] FEdor AFE Es
AT Thgow ANA F= DA Sl %%
JE. DNAT 1.5% agarose gel (ethidium bromide 1 pg/ml
7h Aol A 0.5 X TBE buffer= 100 volt, 3027+ A7) %
A7l & #2515 Th DNA marker2i= 100 bp DNA ladder
= ARgskslth

ET-1 3 12-L0 34 2 &1 flal] A3 real-
time PCR-> RocheA} (Mannheim, Germany)2] LightCycler
£ o]&sto] sl 29 total RNA =5 22}
1 pgo & A3kl AHARE AAISte] (DNAE F4A1
- real-time PCR Al&2 AR8-3}3Ith PCR #H4-> Roche
Afoll A A A e] el Fake] Adstglth. PCR
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Table 1. Primer sequences for real-time PCR

Gene Sequence ( 5' — 3") Length

ET-1 Sense GGAAACTACGAAGGTTGGAGGC 234 bp
Antisense CTGTAGAAGCCACACAGATGGTCT

12-LO Sense TGGGGCAACTGGAAGG 312bp
Antisense AGAGCGCTTCAGCACCAT

B-actin Sense TACTGCCCTGGCTCCTAGCA 101 bp
Antisense TGGACAGTGAGGCCAGGATAG

master mixture®] T-d4-> 25 mM MgCl, 1.2 ul, LightCycler
FastStart primerE Z}2F 0.4 pl, cDNA 2 ple} B S/
5= 23kl AA ol 10 p7t HEE dlo] PCRE
ZA8F3A . Pre-incubation WA= 95CollA] 108 WHg- H,
EAHQ FES Stk WA L 95TelA 10%,

Ry | [}
A A2 primerdl] wE AR 5%, A 3
A& 72ColA 1023 F 453]15 A 7 v 3]njr}

fluorescene detections 5=3J3}3IT}. ©] $- 65~95TC<] ¥
el A4 Q1 fluorescene detections 5 HFSE melting
point 415 AAIEGIEE oW M HEE HaaEty] ¢
3l normalization gene® % B-acting AHE3}3AT}. Primer2]
71 E-2 Table 13} 2

Electrophoretic mobility shift assay (EMSA)

HHEA1Z1 M3EE 73F] hypotonic buffer A (10 mM
HEPES, pH 7.5, 10 mM KCI, 1.5 mM MgCl,, 0.5 mM DTT,
0.1 mM PMSF, 10 pg/ml pepstatin, 10 pg/ml leupeptin, 10
pg/ml autipain 2 10 pg/ml aprotinin)= ©]-&-&}o] 12} 83
A2 5 12,000 goll A 1527 A4 8ot A dls
HE & A3 pelletoll hypotonic buffer B (20 mM HEPES,
pH 7.5, 25% glycerol, 0.4% NaCl, ] mM EDTA, pH 8.0, 1 mM
EGTA, 0.5 mM DTT, 0.1 mM PMSEF, 10 pg/ml pepstatin, 10
ug/ml leupeptin, 10 ug/ml autipain, 10 pg/ml aprotinin)= ©]
g3te] 22} &3l §F 12,000 goll Al 1023 FAlste] &)
W ©hedS 4243819 t) Bradford (Bio-Rad, Richmond,
CA, USA)H o2 A&t $ 70T A H¥ste] EMSA
= 913 A5 2 AFE-3FSITE NF-«xB DNA bindingS $13t
oligonucleotide probe (5-AGTTGAGGGGACTTTAGGC-3")
+ Santa Cruz Biotechnology = 5-8] T3}t ©X] 219
3212 random-primed DNA labelling kit (Roche)& A}-8-3}
ot 3 gz 50000 cpm BRXIAS H7VeEe] 20

7+ uk-5-8-9 (200 mM HEPES, pH 7.5, 500 mM KCl, 10
mM EDTA, pH 8.0, 50% glycerol, 10 mM DTT, 1 mg/ml BSA,
1 pg/ul poly [dI-dC])oll WHE-AIXT $- 4% polyacrylamide gel
ol M7|gEsta 3M Folol Holath olE X-A
w4 eI ol BEIHIE) Yol -70TelA A7bE

A 1% F BT,

ArE 22Y

o

W2 A1 71 N EZE 427]8}e] PRO-PREP buffer (iNtRON,
Seongnam, Korea)& ©]-835}] A|EZE 3A)1Z1 & 13,000
pmO = 10 T dAlste] eSS
Bradford o= ©hiag AJFh 5 70T A Batste]
A8 BEFES 98 Q22 ARSIt 30 pgol v
A2 10% SDS-PAGE geloll X #17]%%3}aL nitrocellulose
membrane®]] 0]aklTt 5% G| ol 274 FAE 34
ato] 4ColA] 16~18A1F F<QF WEEAI7] AL 0.05% Tween
200] e QAkeksgelow 33] AlHTE F 22F Al
& 5% BAqrel slAste] AolA 1A17F WAl ZI T
Hhg-o] 1 FHAE QbkE8 o R 33] AlH %
chemiluminescence detection system (LAS-3000, Fujifilm,
Tokyo, Japan). 2.2 #2513}

Small interfering RNA (siRNA)

ET-19] el tigh 12-L09] 18-S 8Rlar] 9fste]
Lipofectamine 2000 (Invitrogen)= ©]-8-3}%] mouse 12-LO
siRNA 2} negative control (Bioneer, Daejeon, Korea)S 4]
ATel FAAAL vhesmny Bed OAAEs
6-well iAol 24413t Sk Al2E HH3} AR H,
Hj kNS Opti-MEM (Gibco/BRL, Life Technologies) 2=
A S $ 12-LO siRNA (50 nmol/¢)E lipofectamine 2000
& AREste] 2473 EoF F9% ¥ 10% FBS DMEM
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o WS wASt] HHSAIZL F, total RNAE
FZ3}9] real-time PCR WHOo 2 fFHx} W3S 9l
B} E Fl$-22 12-LO siRNA sequencei= U3} 2}
Sense, 5-GUGUGUGACUAUGUUCCAA-3;
5'-UUGGAACAUAGUCACACAC-3'.

antisense,

SAHXE

PSS X2 138 ©]-8-3}4] Wilcoxon signed

AL S
Aelsldon, fo 3 p < 005914 AAst

rank test=
At

4 1
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Figure 1. Expression of ET-1 mRNA in mouse peritoneal macro-
phages. A: Real-time PCR for constitutive expression of ET-1
mRNA in thioglycollate-elicited mouse peritoneal macrophages
(TG-PeM¢) and vascular smooth muscle cells from SHR (SHR-V)
and WKY (WKY-V). B: TG-PeM¢, SHR-V and WKY-V were
untreated (NT) or treated with IL-8/CXCLS8 (50 ng/ml) for 2 h.
The total RNAs were isolated and real time PCR was performed.
Bars represent means = SD from three independent experiments
*p < 0.05 vs. untreated PeM¢.
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Figure 2. Dose response of IL-8/CXCLS8 on the expression of
ET-1 mRNA and time course of IL-8/CXCLS8-induced ET-1
mRNA expression in mouse peritoneal macrophages. TG-PeM¢
were untreated (NT) or treated with 0, 10, 50, 100 or 200 ng/ml of
IL-8/CXCL8 for 2 h (A), and TG-PeM¢ were treated with
IL-8/CXCL8 (50 ng/ml) for 0, 1, 2, 4, or 8 h (B). Total RNAs
were isolated and real-time PCR was performed. Bars represent
means t SD from three separate experiments.
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Figure 3. Production of IL-8/CXCL8-induced ET-1 is dependent on NF-kB activation in mouse peritoneal macrophages. A: TG-PeM¢
were untreated or treated with IL-8/CXCLS8 (50 ng/ml) in the absence or presence of Bay11-7082 (10 uM) for 2 h. Total RNAs were
prepared, and real-time PCR was performed. B: Specific binding activity of NF-«kB from nuclear extracts was assessed by electrophoretic
mobility shift assay (EMSA). For positive or negative control, aliquots of nuclear extract were incubated with a 100-fold excess of mutant
probe (m) or with 2 pg of anti NF-xB Ig (Ab) before EMSA. C: Cell lysates were separated on 10% SDS-polyacrylamide gels and then
immunoblotted with ET-1 antibody. Data shown are representatives of three independent experiments. Bars represent means = SD from

three independent experiments. *p < 0.05 vs. treated with IL-8/CXCLS.

WHalE AT FHas A HS ALgste] #Es)
At} IL-8/CXCL8S- 10, 50, 100, 200 ng/ml2] &%
T AZF A7 5 glAA Eo A BT 8 ok

A7} IL-8/CXCL8S] &% 50 ng/ml WH-g-of A]
do] 7HE = YEhaL 1 o] %-8] RN
FH L "ol AUl (Fig. 2A). IL-8/CXCL8S] Wk
2 ET19] 23S 17 98] IL-8/CXCL8S] &

o -
E%:L?:-_

_1_4

< IL- 8/CXCL84 %5% 50 ng/ml,
2 3o AA|EHSIT]
IL—8/CXCL8OI| o|st ET—1 &l nf NF—«B2| &3}
2] A Eoll A IL-8/CXCL8| 23k ET-12] ¥ 7]dS
uks]7] el AAFQIA}Q] NF«Be] #o o525 &0l3513
o} tha) M o) IL-8/CXCL8S A7 A] NF«xB &4J3} <

A A1 Bayl1-70825 7 *]2]8te] ET-1 mRNAS] W&
W52 34913 A3}, Bayl1-7082 #2] A IL-8/CXCLSS|
°]3t ET-1 mRNAS] ¥&lo] 943 A= Aoz 1}
Elth (Fig. 3A). ©] 272 &<1817] 913 NF«B &4
3} o532 e 4= 9= EMSAS AlSsidch 1 2

7} IL-8/CXCL8 A2 A NF-kB7} S 3tu]= 218 8ol
3ttt (Fig. 3B). 3+ ET-1 A4S )83 9l B3
S E3lo] 4 AlEel IL-8/CXCL8 #g] A ET-1 &4
o] XS Elskal IL-8/CXCL8Y} Bayl1-70825 S|

8]shH ET-1 vz AAJo] 2A5e AL elstgtt
(Fig. 30). °1&igt ZHE5S FalA] vhg-2= gi Mo A
IL-8/CXCL8®Y 23+ ET-12] ¥&do| NF-xB &43l7} 4
83k s A8

IL—8/CXCL8O 2|8t ET—19| &M 12—-L02 &

IL-8/CXCL8 2Jg+ ET-19] & &d 714 7ke-u &
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Figure 4. Expression of IL-8/CXCL8-induced ET-1 mRNA is mediated by 12-LO pathway in mouse peritoneal macrophages. A:
TG-PeM¢ were untreated (NT) or treated with IL-8/CXCLS8 (50 ng/ml) for 2 h. After total mRNAs were isolated, real-time PCR for
12-LO mRNA expression was performed. Bars represent means £ SD from three independent experiments. *p < 0.05 vs. untreated cells.
B: TG-PeM¢ were untreated or treated with IL-8/CXCL8 (50 ng/ml) in the presence or absence of baicalein (10 uM) for 2 h. After total
mRNAs were isolated, real-time PCR was performed. Bars represent means £ SD from three independent experiments. *p < 0.05 vs. cells
treated with IL-8/CXCLS8. C: TG-PeM¢ were untreated (NT) or treated with IL-8/CXCL8 (50 ng/ml) or 12(S)-HETE (500 nM) for 2h.
After total mRNAs were isolated, real-time PCR was performed. D: TG-PeM¢ were plated on 24-well plates, grown to 90% confluence
and then transfected with 12-LO siRNA oligomers (50 nmol/¢). TG-PeM¢ were then untreated or treated with IL-8/CXCL8 (50 ng/ml) for
2 h. After total RNAs were isolated, RT-PCR and real-time PCR were performed. non TF; non-transfected cells. TF; 12-LO siRNA-
transfected cells. Bars represent means + SD from three independent experiments.

HFEAAL 12-L07}F Fofet=A] eItk WA, vk
2 220 g4 leﬂ IL-8/CXCL8®]l ©J3}] 12-LO mRNA
Els ﬁJJr IL-8/CXCL8S A &gt tj4]
Aol A 12-LO F+H#+<]
01 %%_EJOM (Fig. 4A). tA A ZAA] TL-8/

CXCL8el ©]gt 12-LO
Aol 12-LO A A9 baicaleinS IL-8/CXCL8S} 17
A3 ¥ IL-8/CXCL82] ET-1 mRNA 23]
3} baicalein> IL-8/CXCL82] ET-1 #-44} &
Al AN AT} (Fig. 4B). ©] A7= F vl st

FaRe) w e

._9_—7“
T T
A=)
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Figure 5. Expression of IL-8/CXCL8-induced ET-1 mRNA is
dependent on ERK1/2 activation, and inhibitory action of baicalein
on the expression of IL-8/CXCL8-induced ET-1 mRNA is mediated
via ERK1/2 inactivation in mouse peritoneal macrophages. A: TG-
PeM¢ were untreated or treated with IL-8/CXCLS8 (50 ng/ml) and/
or baicalein (10 uM) for 2 h. Cell lysates were separated on 10%
SDS-polyacrylamide gels and then immunoblotted with phospho-
ERK1/2 antibody. B: TG-PeM¢ were untreated or pretreated with
PD98059 (MEK1/2 inhibitor, 10 pM) for 30 min. Cells were left
untreated or treated with IL-8/CXCL8 (50 ng/ml) and/or baicalein
(10 uM) for 2 h. Cell lysates were separated on 10% SDS-
polyacrylamide gels and then immunoblotted with ET-1 antibody.
Data shown are representatives of three independent experiments.
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