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Abstract

Interleukin-6 (IL-6) is a multifunctional cytokine that plays a pivotal
role in both innate and adaptive immunity. As a predominant mediator of
the acute phase response triggered by infection and inflammation, IL-6
also participates in the subsequent development of acquired immunity
against pathogens such as stimulation of antibody production by B cells
and regulation of the response of regulatory T cells to microbial infection.
In this study, we observed concomitant induction of inducible nitric oxide
synthase (iINOS) and generation of IL-6 in LPS-treated macrophages.
This raised a possibility that NO, a well-known second messenger
produced by iINOS, might contribute to IL-6 production. In addition, Src
is also a well-studied tyrosine kinase and is proved to be an important
regulator in LPS-induced macrophage migration. Pharmacological
blockade or knockout of iNOS reduced LPS-induced IL-6 secretion.
Inhibition of Src kinase activity caused the reduction of LPS-stimulated
[L-6 expression. Interestingly, SNAP (a NO donor) or 8-br-cGMP (a
cGMP analogue) provoked the production of IL-6 in both wild type and
INOS null macrophages. These findings indicate that iNOS and Src are

indispensable in LPS-elicited IL-6 production. These finds indicated that



as a downstream target of NO/cGMP pathway, Src plays a critical role in

LPS-triggered IL-6 generation.

\4



1) ﬁ.;?;’t /:“- .\%'-‘L; Eﬁiﬁmgé ﬁ_‘,‘/“é fL‘

A @%ﬁ:\z’ BBk SRR RpeA R o~ oA LR kSR T
5 A * M4 (innate immunity)fris = (£ % % (adaptive

immunity) ; § BFF S BRI DG A FF LR R AR AP

Z

ik

&

PN

R

BER o L X B & - X ARPE R R IR ke n
EoT P EEFAUNTARMPN LA K B o 2383 ALPSiE
ﬁmff’vfﬁ'ﬁfj*uéqﬁ\ TR LR G Ll < WA Rl e A
XMk G B chimfe ¢ (¢ dimacrophage ~ monocyte F ¥ ) > #3318
kmp R PEG - BIRER G A A B X F BT M
fi ¥ » # drcytokines ~  chemokines ~ nitric oxide % reactive oxygen
species °

FAFBEEHY I T ARELE T Aok LG kg LF Ko
BT R FRAPHL - REAR LA I HE R m a5 B o R ik
Beehf LF hrs 3V - LappECERIFWS = b
4v > rheumatoid arthritis (RA) » Crohn’s disease * atherosclerosis °

diabetes > Alzheimer’s disease * multiple sclerosis > 14 % cerebral and
myocardial ischaemia (1).
Lipopolysaccharide (LPS)&_— #&7% %" Gram negative ‘w 7w %
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ke 3 % (Endotoxin) o g A #8 X Pl F > & ~ & % {6 > monocyte
£ macrophage ¢ % 8 %2 % & Toll-like receptor (TLR) family * TLR4
Aralgd gt L3 S A 4 inflammatory cytokines - ¥ %5 it (activate) »

i - ¥ 4 ¥ innate immunity #® JE o 7E 14 2 {4 e macrophages &t 49
# 17 (migration) |5 { g i %ﬁ d B iT* (phagocytosis) k ; 3‘-"%
Ja B e ¥ — > m > & macrophages # % > LPS £ LPS binding protein (LBP)
(2)% £ 15 * 3% & 3 TLR4 2 CDI4 %12} % 50iff & My 7 ¢ 19 TLR4
A kmPe N ¥R 4§ % MyD88 dependent & TRIF =0 pathway % /% it

PRemF S L Bk £ ¢ 354k %]+ NF-kB 2 MAPK pathway - i&

A

-

A Al E L F AR A FI AR (3) o B2 T g !
MyD88-deficient mice 7%i8 ¥ LPS iz & s R pF > I 2 & 3R 4138
47 B £ cytokine (4 TNF-0) (4) » #* — %% & 7 31 TLR-MyD88
pathway $i8l 38 5 o » Eenimie 2 4 4 X F Ao F oo @ fogf X e
B i cytokines ¥ 14 i 17 L K LB AL DS WAL RPF
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2) Cytokines % IL-6

FoF k Fidon R kALY e enk i o s £ £ 7| cytokines &

interleukins (ILs)734 & o iz cytokines snH ¥ — B4F8LE 3 ¥ € 45



MehFs §p o 4o — f& cytokine 3T 3F § 7 b ehim e & F_%‘«jé R
Zoend s oo B v 7 dhcytokines 5 VY A dF Tahim e b4 IR
MidpinE £ fpeniv® o [L-6 ,T*u{g;f;é_i A e % 7 5 cytokine e

IL-6 # 4~ &_12 B cells stimulating factor (BSF) 732 s% 428 ] » &
R £ f&@?ﬁf@mﬂé ek it (5) o f3F 5 7 I ostimuli en§jE2 T o
professional APC (Antigen Presenting Cell)# 14 £-i# e g 4 2 $8# 1
IL-6 - IL-6 ¥ 12 ik IL-12 — $ 2 # 3% naive CD4 T cell & i+ » i&—- #
¢ naive CD4 T cell & % = 3t Tcell - £ a e~ }?&a‘% A5 JL-6 » ¥ U R
& et ThI/Th2 & e i chim e # 4% Th2 dims & i (6) > 4 48
B - BT 0 B o AR A BT o ka0 IL-6 € i@ @ T cell
W PEEE AR BEEINE s F IL-6 LA FE Y en T fm e e
#Eie* 5 B (7)o ¥ ¢k > & invitro R B ® > IL-6 120 {fﬁd miF
fmfz o Bel-2 30 Fend o @ R 17 CDAT wrecnd pat ko F]pb 4k
e B A ES e (8) e

¥ A AT O IL-6 7 € £ R F ST S op Mot
FIR > bldeim FiE 2 om & M am Rg %0 IL-6 ¥ B i L Bl
¢ 357 Macrophage » T 22 B ik = Zk N 793F % e 910 8 o ¥ %
%1% IL-6/gpl130 signaling > IL-6 » st & p L& & (9;10)-

IL-6 hik £ SfE § HTe— & LR B S EE AR & FE



Fifemd ds s b (1) o @ % 050 en T cell R 7 o 2
leukocyte # &= 3|3 WL > g 4 TR (12) 0 ¥ - P m fre WU
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Antigen-induced Arthritis (AIA)e075 2 > @ 17 e %7 [L-6 & 40 B} 38 =
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NO # 3hg23% 5 ehcarcinoma % 3 X F M > H 3 & 77 = EHF0R
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1980 # i+ Furchgott, Ignarro, & Murad & 4 3 P 7 5 @
acetylcholine ¥ 14 3w F ek > B P 7 S5 R @R A AL 4
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! iT= EHF RS Fla R0k 1998 £ ik B 4 F R gk
Fods Pdgdis i g ¢ ehp L m% ¢ {1 % nitric oxide synthase (NOS)
% #-L-arginine #& & citrullin 2 NOe#gd o ¢ p 4 % NO 4 2 #
BT R eE R B R F IR E m B B A o

NO ~ # ri#k phagocytes A& # » ¢ 35 7 monocytes > macrophages
Fv neutrophils A - NO ¥t £ £ s SLan@ 80 o & £ 7]+ 4453 -

# phagocyte * > NO 2 & #_d iNOS ( inducible NOS)#7 g it A5 = o
iINOS & 4-f &+ 4 & §.d ¢ kerfljeord 2 o NOS - 4 5|i A 4
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(17) = *% 7 iNOS 12 t > HU A f isoform 4_% 4 T4 A& Meh
(constitutive expression) » I+ ® H &M 5 calcium-dependent > 4 %] &
brain constitutive NOS (NOS1, nNOS) %2 endothelial constitutive NOS
(NOS3, eNOS) (18) - 8228 L fLdg s I v P A=A N F | & ko
e LA A NOS {8 ke AHFRT AR AR T 25w ¢ - INOS
%_calcium-independent » I ® € S F PFRE chs 4o Ak s £ HNO S
#r A 4 (i NO ¥ 12 % it soluble guanylate cyclase (sGC) @ & @ #- GTP
#& it = cyclic guanosine monophosphate (cGMP) » % it & 3%
cGMP-dependent protein kinases (PKGs) it e77F ik chd-vo  (19) >
7 NO 3 en% 82 — & 32 smooth muscle relaxation - platelet function

regulation ~ sperm metabolism ~ cell division ~ {= nucleic acid synthesis

g R 2L .

4) Src Family Kinases 2 Src %2 F ¥ im e /5

Src family kinases (SFKs)&_— # % 44 02 & nonreceptor tyrosine
kinases o % #p J. Michael Bishop §= Harold E. Varmus % 3k & & %]
iy oo @* 7 %3 agiRous retrovirus K At F fwve B i kb
P oncogene s o A FILT SIC AT I FLEE 1989 & ek
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SFK% 4 ® = » # 457 Src > Blk » Lyn > Fgr » Hck » Lck » Yes >
FynfeLyk o f& f % % P2 v s % 49 B ehimee > SFKs fudf fe e 4
B PERFELRNET (21;2]) R B B R EH TR
e A X E A WIEF o G Rz ? > SFKsE 7 I fARE it
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ITERY - BRI T chE 2 ¥ SFKs¥ >t macrophage#$ 7 1%
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R 5 o 5 #p > d Jan Bohuslav® A 45 24 A ##monocytes &
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(23)o 2 s M E HF FF 2 w7 14534 Sre family kinases ¥4t i 7%
#5832 gRen G bl enig st SFKs (Hek » Lyn » Fer)aipi
ik § £ LN E v m e 5 1L FleytokineshA i P B F E E & chd
¢ (24;25;26) - 2 ¥|Meng F.fcLowell CA.cn§ 2% % ¢ * 7 Hek” >

Fgr’™ » Lyn” értriple knockout mice ¥ 4 B~ # peritoneal macrophage§ 5
st % o Bgon ) b iz = FASFKH F {macrophage:7/% it %2 cytokine
A4 ¢ T2 g e F atyrosine kinases > iz A R AL FE G FH U
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## 31 LPS 51 % macrophage;s i* e~ }I?% P T E e e e i
- § v § h4 2 % cytokinerHZ I > ¢-Src¥® &y 480 H P g i @ik
B4 (28)°Dr. M.C. Maa% 4 { %2008+ = @it 7 iINOSZ H T 25:eh
pathway¥+d LPS3 !4 ciimacrophage migration® % #_& & 9> @ Src
iTiEpathway ® * % ¥ M4tk & (29) -
“f 7 Sre 2 b > s R Lyn ¥ myeloproliferationfr p 48
# ek % (30) o i35 Lyn ~ Fgr ~ Hek & leukocyte ® #}**integrin beta-2
signal transductionsr @2 58 31)& %, — £ kg or I SFKs¥ > £ % %

FUATE R A F RNdk ik d oo
5) MAPK Pathway ¥ ERK Kinase 2 H T 352 /&

Ras/Raf/MEK/ERK pathway > * #MAPK pathway > & d ‘¥ %
B3GRz i d - k7 ded ERE T e L BiRiE A (32) 0 -
b X Plwve ¢b g chstimuli ] EcPF > & 35 % T growth factor 315 0
receptor tyrosine kinases (RTKs) . > Ras € frGTPg & @ A5 i » 4%
¥ o RafF|pt &l B P A H TPz 50T > T 2 F 5 % 3| Src family
kinases (SFKs)«i® * @ & i (33; 34) 7% it 15 ehRaf ¢ 31 4=MAP kinase
extracellular signal regulated kinases 1/2 (MEK1/2) &4 ps it » i& @ @

extracellular signal-regulated kinases 1/2 (ERK1/2)_F & Thr% Tyr



residues Fgifid it (35;36; 37) o iF it {8 cPERKE# FlimPe 4% ¢ > T 2%

faiv — i #4571+ (b4 @ Elk-1 ~ Myc ~ CREB ~ Fos% %)@ H 2% &
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%= % FEHile 2 (Materials and Methods)
$o8 R
1) &4
i * ehfs pr 5 C57BL/6 9 wild type f= iNOS knockout mice =
f8 > # ¢ wild type mice -p R 7F % # 4 ¢ & » @ INOS knockout

mice K W2 F# x FEREPEHT{RTHRE o

2) e

*F B ATiR ¥ BUE ¥ % f& (murine macrophage-like cell
line) 5 Raw264.7 > p>t & 51 ZF7 %7 > B~ 5fd o W BALB/c %
R enFE e w2 o 173 c-Abl (abelson) transform o % = & 805 48 & &

P~18 2 F v ¥ (rat peritoneal macrophages) > fj - = PEM !m¥z o

3) A

A REHREL
1. Lipopolysaccharides from Escherichia coli serotype 0111:B4
fe thioglycollate (Sigma) (St. Louis, Missouri, USA)
2. Aminoguanidine hemisulfate salt (AG) (Sigma)

3. 4-amino-5-(4-chlorophenyl)-7-(t-butyl) pyrazolo [3,4-d]
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pyramidine (PP2) (Sigma)

4. 1H-[1,2,4]Oxadiazole[4,3-a]quinoxalin-1-one (ODQ)
(Sigma)

5. S-Nitroso-N-acetyl-DL-penicillamine (SNAP) (Sigma)

6. 8-Bromoguanosine 3',5'-cyclic monophosphate sodium salt
(8-Br-cGMP) (Sigma)

7. 2’—amino-3’-methoxyflavone (PD98059) (Merck)

lm e 32 & RR|

1. RPMI-1640 (Invitrogen)

2. Fetal bovine serum (FBS) (JRH Biosource)

3. Penicillin-Streptomycin (Sigma)

4. L-Glutamine (Sigma)

el

A e AT L

. Electrophoresis 2 Western blot 3&%|

Protein assay reagent (Bio-Rad)

Ammonium persulfate (APS) (Gibco BRL)
N,N,N,N-Tetramethyl ethylene diamine (TEMED) (Gibco
BRL)

Bis-acrylamide (AMRESCO)

Tween 20 (Merck)

Prestained marker (Bio-Rad)

SDS-PAGE molecular weight standard[Bio-Rad (Bio-Rad)
Sodium dodecylsulfate (SDS) (USB)

Tris-base (USB)
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10.
11.

12.
13.

1.

Glycine (USB)

Western Blot detection reagent (ECL kit) [ Amersham
Pharmacia

Thioglycolate (Merck)

Methanol (Fisins Scientific Equipment)

. Al

Anti-iNOS/NOS II (rabbit polyclonal IgG) (upstate cell
signaling solutions)

Anti-Src (mouse mAB, GD11) (provided by Dr. Sarah J.
Parsons in University of Virginia)

Phospho-p44/42 MAP kinase (Thr202/Tyr204) (E10) Mouse
mADb (Cell Signaling)

ERK-1 (K-23): sc-94 (Santa cruz biotechnology, inc)
Anti-actin (anti-actin mouse monoclonal antibody) (Sigma)
HRP-goat anti-mouse antibody (Jackson)

HRP-goat anti-rabit antibody (Jackson)
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) FHRRFEEAH

®E R
Centrifuge Eppendrof 5424
Centrifuge Beckman Allegra
TE70PH meter JENCO 6071
Power supply EPS 1001
Shaker TKS RS01
Universal Microplate BIO-TEK
Spectrophotometer
Automated Strip Washer BIO-TEK
Stirrer/Hot plate CORNING PC640
Vertical slab gel unit Hoefer SE400

Vortex GENIE SI-2 G560

Water bath TKS ZX-400
i H R

Protein Assay Kit Bio-Rad

Polycarbonate filter (8 pum)

Neuro probe

PVDF transfer membrane

NEN

X-15RDigital analysis system

Kodak EDAS 120
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- & A

1)im? 32 % (cell culture)

A BE7
B & e it % % 5 RPMD fie B o B 47 () 2 g0 i gl 33
AT AFFEITSAZe BUV - Bt ofe pFr— H = RPMI
powder~2.0 g £ NaHCOs = 5.957 g </ HEPES % /= [f¢= =t /K
o 4pH @3 1 pH 7.4 4 = =k T A MA 1 litero £ 17 0.22 pm

SRR A K 0 B4 C

B. %% Zi P
1. Fetal bovine serum
Bt A B K o H R AT 0 YR R T
eI 50 ml & s g Y 0 £ parafilm ¢ HAg o o
-20C -
2. Penicillin-Streptomycin (10X ; 10000 unit/ml-10000 pg/ml)
% 450 ml 5 RPMI 4t 5 ml =7 Penicillin-Streptomycin °
3. L-Glutamine (10X ; 200 mM)

% 450 ml <7 RPMI #4c 5 ml 7 L-Glutamine °
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. PBS (phosphate balanced solution)
1X PBS 12 8 gNaCl ~ 1.2 g NaH,PO, - H,0 4 = =t -k el » #

H pH # % 74 4= k3| 1L R FE F334C 527 7%

7~

.V ﬁ“ﬁlt«\‘ 10X PBS %33~ 4°C » ¢ * m, %“’f?l; %

pH & 7 #*Efr]"'r’? °

F.

. 40% DMSO &2 4§ % 7%
2 4 ml 7 DMSO “4c } 6 ml 7 RPMI fiz % & 40% DMSO - &
# e RPMI & w»ﬂr frifa 2 g 7t P/S ¥ L-Glu> 2} R

353 18 523%3200C o 4 kB &% 012 2.5 ml £940% DMSO £

75ml 8 & > 5 {6 DMSO k& 5 10%

e 12 %—}b,ﬂf
1. m%2 £ % (subculture)

#-‘mPe 12 % >t culture RPMI medium (10% FBS ~ 1% P/S ~ 1%
L-Glu) » 2%+t w232 £ 45 (37C > 5% COy) » &z £ N
IAAEBEEFLAERERE A E DR AT A EP
LR S A ,‘hu"l 5 b Az FPER o a4 Eﬁﬁz—g,mip@,,zazk’ F 1l 37
Cw iR 16 ene B IXPBS 3~5ml i e fm® » & jfik = & o 4o 2

8~10ml 37°Cw B {s s %% » Hlwoe 2I0F T X » ¥ e xf=

15



[
|y
B

Roo ARETRE R RRA B KU 3~5ml @ F IXPBS ¥

¥

fne o BFiEZ A o 4e ~ 8~10 ml e KR o w2 T
ko & #-lmie ek BB 2t S0ml gt F o g (1000rpm o 10 4 48)

2§ Rt R R TR o ARE L R 2 18 o 1 ml 8 R R

WA ATk 30 A4 BB EN-80C ki 0 12 ) B2 (51 5%
WREF R e

3. fRijlmre

doR i 110 Bediimie o B e 3ot B o0 RPMI & &% % o
o 2000 rpm T A 48 o 54 RPMI 32 % 7% > 12 10 ml 7 RPMI #-

TR IR R R RIS L R AR - BT wefE T

47 LR S

16



2) Yz ¥ cell lysates

A. @A

a & ;4% Lysis buffer (RIPA buffer) » ¥ #-im?e 2 f% - 2 438 g
NaCl-~3.0285g Tris-base~1.25g Deoxycholate~5 ml IGEPAL CA-630 (4p
Foediar 0 B ER B ke tle 0 BRBE R Sk %

B pes 500mlpH 7.4> % B & RS FE F > 4C-F g R T 5o

&

& JR H#-v fe B & Modified RIPA buffer> # & fe @l = 1ml> B % & 1 ml
RIPA ~ 10 pl 200 mM Sodium orthovannadate (final conc.= 1 mM) ~ 5 ul
200 mM EGTA (final conc. =1 mM)~ 10 pul 0.5% Aprotinin (final conc. =
0.0025%) ~ 4 ul 200 mM PMSF (final conc. = 1 mM) © & & 3¢ 4v 8 _F-
v B oK f# s )& 0 ¢ 35 Sodium orthovannadate &_ phosphatase

inhibitor » EGTA &_4F 4+ 4% & &) > Aprotinin #_ serine protease

inhibitor » PMSF = -#_serine protease inhibitor °

B. ﬁ&f :
1. # medium = 4_> & =12 Iml IXPBS it lm®e » £ 78 = > 2 {2
i 4 PBS v i o
2. #4v» 500 pl modified RIPA buffer (6 cm dish) > 1% 2179 &k w -
e d] T (BN sk T R o#imie ik B Y eppendrof o #-

17



eppendrof # rack ' % % Kk ® f|#c=x o
3. 1 4°C~10000 rpm > &< 10 4 48 > P~ 7% $| #7<0 eppendorf

7 2 -80°C

3)F- FEAR T

A. A .

1. BSA (1 pg/ul)
2. Protein Assay Kit

B. ﬁ&f :

1. M7 kAR «BSA F 9 3¢ Tk & B 27 standard curve - # =
Z4c™ 0 P~0~5~10~15~20~25~30 pul BSA (1 pg/pl) eppendorfs °

2. 4v»>7 & eddHO ] eppendorfs ? > i€ H A& 484 E 800 pl o

3. 4r 200 pl Protein Assay Kit (dye) F| eppendorfs > 12 vortex R & 32

4. % sample ep| = _+ > B~ 10 pl cell lysates > 790 ul d.d H,O > 200 pl
dye» R &323 o
5. #* Bradford Protein Assay | % #87 ¢ € 2. BSA & & 595 nm

ek @ > 4 4 standard curve o £ iB] sample 7 O.D.iE > F

18



sample hj-v FIER °

4)F-v F T # (SDS-PAGE)

1.

A
Acryamide
N’N’-Methylene bisacryamide

#est % 2 14§ F 203 2 350 ml d.d H,0

£ 4 ddHO 3 500ml > %33 4C o

Tris-HC1 (2 M > pH 8.8)
Tris-HC1

#-Tris-HCI /% *+ 350 ml d.d H,O > pH # = 8.8

£ 4 ddH0 1 500 ml -

Tris-HC1 (2 M » pH 6.8)
Tris-HC1

#-Tris-HCI /% *+ 350 ml d.d H,O » pH # = 6.8

£ 4 d.dH,0 % 500 ml -

10% APS
APS

19

150 g

500 ml

121.14¢

500 ml

121.14¢

10 ml



% APS 7+ 8 ml d.d H,0

£ 4 ddH,0 X 10ml >

Resolving gel (8%)

H,O

2M Tris-HCI, pH 8.8
Acrylamide/bis (30%/0.8%)
20% SDS

10% APS

TEMED

Stacking gel (8%)

H,O

2M Tris-HCI, pH 6.8
Acrylamide/bis (30% / 0.8%)
20% SDS

10% APS

TEMED

10X Sample buffer 50 ml
IM Tris-HCI, pH 6.8

SDS

Sucrose

Bromophenol blue

20

2 4T o

30 ml

15.8 ml
6 ml
8 ml
150 ul
150 pl
20 ul

10 ml

8 ml
0.625ml
1.33 ml
50 ul
50 ul
10 pl

1 ml

25¢g

10 mg



2-mercaptoethanol 5 ml

Bt @ o LB E wea st 350 ml d.d H,O 0 & 4r d.d H,O 2 500 ml >

FFEE e

Running buffer 500 ml
Tris-HCl 75¢
Glycine 36 ¢
10 % SDS 25¢g

£ 4cddH,0 % 500ml > &3tz g

H 3

B BLpLIHHE B iE spacer 3 v d A L - BERE S RS
TR R ETAAL -

TR BFe S TR BB &R Ao Bl o RSS2 {17 pipette
CHERSSE £ AL

e r ImlddH,O0 IR8 2§ 0 FEM (925 448)

#-d.d HyO #4536 ~ comb > #-  Wfe > 94 F chBE A ik K 4o~
WAr 0 W55 > JI1* pipette 4o T T AR o

L EMET2ZE  Bcomb £4_ 0 F > T A & 200ml 1X
running buffer °

#-sample f= 10X sample buffer (10:1) R {23 » H Hicspin - T

21



7. F1* micropipette » #-sample 4r ¥| well p > B {FHE T AE (50

V- 20mA > FERF 18 ) FF 5200V ~30mA » PFRF 5 ] BF) o

5) Western blot analysis

A. @A .

1. Transfer buffer 500 ml
Tris-HCl 15¢g
Glycine 72¢g
SDS 05¢g
Methanol 100 ml

£ 4 ddH,O0 2 500ml et &5 i€ i

=
&
)
ek
fg

2. 10X TBS 500 ml
Tris-HCI 303 ¢
NaCl 4383 g

BerrZ 2 (LB = a3 350 mld.d H,O » pH 2 & 8.8

£ 4cddHO % 500ml > %33t F 8 o

3. Blotting buffer 50 ml
10X TBS 5ml

22



BSA 15¢g
Tween 20 (USB) 25 ul

#ebr @ 2 14 & & At 35 ml d.d HyO

£4cddH0 % S0ml > i3 E o

4. Washing buffer 500 ml
10X TBS 50 ml
Tween 20 500 ul

BT 2 E R

o

%+ 350 ml d.d H,O

A4 ddH0 2 500ml > #1530 38 o

B. # L
1. T B~if ¥ + | 77 PVDF transfer membrane > ' methanol ;%72 4
305t > £ 11 d.dH,0 i=iE o
2. {1* semi-phor transblotter #-7 A ¥} ¢ %o % transfer | PVDF
transfer membrane (25V ~ 300 mA » 1.5 /] FF)

3. # PVDF transfer membrane P~} » ;%2 »* 30 ml blotting buffer

® > 4 %8 T ¥ A shaker ' preblotting 2.5 -] F¥ (shaker #o#% &
B D Srpm) e

4. #-blotting buffer ®|4- > 4r » 10 ml 7 # primary antibody (1 :
1000 ) ‘i blotting buffer » % ** 4Ci¥* 12 /] FF o

23



6)

R 08 s AAF R T A % ot shaker F 1E* 30 4 45 (shaker

i & ° Srpm) > £ 12 washing buffer /&£ membrane = =t > 50
ml~5 445 ;50ml~5 445 ; 100 ml~ 10 4 48 (shaker Hod:& & :

30 rpm)

. *t » 10 ml 7 secondary antibody 7 blotting buffer (1:2000)° % /&

blotting 1.5 -|: P (shaker #.#> & & : 5 rpm) °

. £ 14 washing buffer 3-/£ membrane T =t » 50 ml~5 4 4& ; 50 ml ~

5% 48;100 ml~>10 4 455150 ml~15 4 455150 ml~15 4 48 (shaker

s ik &30 rpm) ©

. f& membrane + -] (0.125 ml/em?) > 4c » if £ ¢ ECL kit solution

[ 211 %+ |53 R ok o & membrane 22 2_ it % 5 24518 >

" X-ray film g % o

IL-6 P] Z_

R

1. Assay buffer

fefl= ;4 5 8.0 g NaCl ~ 1.13 g Na,HPO, ~ 0.2 g KH,PO,~ 0.2 g

KH,PO4 ~ 0.2 g KCl ~ 5.0 g BSA ~ 1 ml Tween20 > 4r = -k 3 1.0L -

PH 2% 74 3 & g 5y i ¥ (¢ 35 standards)¥? fY

24



(coating Ab “,/TT 7)o
2. Other buffer

Coating buffer B » fiz @/ 4.3 g NaHCO; ~ 5.3 g Nay,CO3 » 4r = =%
k310 L pH# 1 74 1 & # i * > 4§ Coating Ab - Washing
buffer> 12 9.0 g NaCl~1 ml Tween20 4 = -k 3 1.0L-PH# % 7.4-
IERAT KR AR BRI A F-9 o Stop solution > fe®] 1.8 N

HySO,» A &E#a * K% 5 F B o

B. Plate coating

I2coating buffer Bff-ff coating Ab (1.25 pg/ml) > 54 : 10 mIR] 14
12.5 ul coating Ab + 9.988 ml coating buffer - *+963t 4% ¢ & B welliz »
100 pl coating solution > #£4p 4 3+ ®A k353 > B * F@W s F 5 3
¥ 0 34°C T A B 12~18 hrs  #- % 48 cihcoating solution | H- {8 > §)3c B
Bt A E B gs o & Bwellde » 300 pl assay buffer % f#iblock
efs (T (kkit? 3 £ 5 #F7kehblocking buffer) » *t 2§ T 2% ¥ 1 hr >
2 T Aa2~8C T ¥ %37 % o if#assay buffer » F)c AL A o

ffie B4R 518 0 121300~400 pl washing buffer %£3~6=% > £ 73 e x

i :‘;'f\_!— pkg'a;};;,\ o

C. ELISA method

25



* assay buffer & 7| #f# % ff-{¥standards ° standards=hjk & & A &
1000 pg/ml~500 pg/ml~250 pg/ml~125 pg/ml~62.5 pg/ml~31.25 pg/ml ~
15.625 pg/ml ~ 0 pg/ml > & ~ ik K& ° I kil assay bufferfff§ & %
iPlsamples ° % - X F R H > 74 - BT F B R R
A LS RIPE T AR R R R RS £ 47 0 %
RFA B o g AHLaiplate 300ul assay bufferi®|# » £ 12300~400ul
washing bufferiejig3=t (& » F2c fegrd A gz SRR £ 3
© F Rk HdFwellsph & B 4~ 100ul standards 2 sample » = T § F 4e
»~ 50ul Detection Antibody » & » »> F 8 F (8% 2| pF 5 2_ {3 £ 4¢
300~400ul washing bufferijiF3=x » £ 4c » assay buffer - i e
streptavidin-HRP 100ul ** % ;8 7 1T % 30 mins » £ & * 300~400ul
washing buffer;/ig3=x » & & * well 4c » 100ul chromogen TMB &
R 0 #¥F k30 minsZ. {8 & well & B 4c » 100 pl stop solution (F *+304 45
PPk E) o 8 % ELISA readerif] ¥450/650 nmerex sk g {8 > & *
7 P-4 17 chstandards s R 4 A8 > HEsampleip] (F e B A o~ 8

§ S PR s by TR R B E N F F g i
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$=% 2% (Results)

1) LPS ¥ 143 % RAW264.7 macrophage #7iNOS ~ Src 2 1L-6 4 3R

R

e 4 By 0 i 49 A 4 proinflammatory cytokine » 4= TNF-a,
interferon - interleukin (IL)% (38 ) > { ¥ 1 §] macrophage ¢ iNOS
"3 Src eh& IR (39) o i@ * LPS (100ng/ml)2 #] /% Raw264.7 &
Rinre P g L IL-6 chk P B b X 34 > LPS e 55/ 3 #7138 o
fepF o> Ay BLR T INOS v Sre & LPS e g2 ™ i 53 3 B F o0
# B(Fig.1) o o p* > 3P 7 LPS#2F € H# +r iNOS » Src > = IL-6 5

A4 e

2) AG 2 ODQ # ru#r#| & LPS #]#2 ™ macrophage *t 2 % 7 Src

£ IL-6

¥ oAPEALFFOI S IL-6 X3 LPS §lik2 (sen+ & LI
72 INOS ek G B 32 &L gt g ¢ 4 0 (40) > INOS ¥ 12
A2 NO» EZEMsGCH » @ A2 cGMP - 4 7 /x>

iNOS/NO/sGC/cGMP iz iE 2 & % # e = §_F 27 LPS-induced IL-6



expression F B > 3T E_» A i * 7 INOS chprd|# AG (2mM) >
Raw264.7 itthim 30 A 4515 45 LPS (100ng/ml)ch#] e » 5 % %
ot LPS ehg g2 T > AG i P B e IL-6 4 3 (Fig.2A) - @
& e x 7 sGC ehfrd] ODQ (100uM)2 15+ 7 5 R IL-6 & 2 4 43 &8
¥ 3 o d)(Fig2B) o ¥ ¢ » A s BT Srcehdes FLME S
€ F1 5 INOS Al a 3 P A e > (Fig.2A) » 3P 1 L@ e }E% 4
4p 91 Src & LPS #]j ™ macrophage e/ i @ 2@ hd & ("H >~ -)

(29).

3) PP2 ¥ ri#r4] RAW264.7 cell line 2 2 I1L.-6

% I INOS shgr & AG 7 1 34| Src fe IL-6 s 32 {8 »
P& % 1 SFKs cdrd|#l 2 B2 IL-6 2 INOS ik T o A7 4 4
RAW264.7 itk fm*2 ke d2 PP2 (SFKSs inhibitor, 10mM)30 4 473 » e »
LPS (100 ng/ml) 14 §]3§c  f¢_Fig.3 % % &7 8 PP2 ¥ 11 4 23t gl
macrophage 2 # IL-6° ¥ ¥ PP2 » # iINOS 74 & 3 F & ¥ e

EE

4) LPS i ;% 3 % iNOS knockout mice peritoneal macrophage 2 #
IL-6

B drd ) A 2 INOS 2 2 T 25 & £ ¥4t macrophage % LPS #|
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gV A AL IL-6073 FE~BFL > 57 gt iEH K AP
% & * 7 INOS knockout mice £ wild type mice "L ¥y E v fm P2
(Peritoneal macrophage, PEM) % &f & » 4 3R 4 » LPS (100ng/ml)

8 /| B¥2_{$ » INOS knockout =7 PEM ¥+*t LPS 1§ 7 & 4 e 1L-6
M BF e ] 4 40 I FpciE © S wild type PEM » 3529 1 iNOS %

macrophage % LPS #|jcis 2 4 IL-6 #7% & cnE & F-v (Fig4) -
5) SNAP £ 8-Br-cGMP ¥ 143 # iNOS knockout PEM # # IL-6

Foobos A x gt 3 INOS T 5 A P NO 9 donor—SNAP 17 %
cGMP 1 analog—S8-br-cGMP 4 2 Raw264.7 izt im?e o & % B >
A e » SNAP(100uM)#2 ¢cGMP (100uM)2_ {4 »macrophage # I 1L-6
T A IR e o eniew] >0 2 F E_wild type PEM £ &_iNOS
Knockout PEM > % 7 % ¥ chik 3 (Fig.5)° 1} e 5% % &g o 41 INOS
2 HTA R T A LPS aig B B e IL-6 A 4 B E

& ik d o

6) PDI98059 ¥ 14 3 »xi» Fr| E v m¥e & i IL-6

® 53 ¥ kdp & & LPS iz T omacrophage ) § 5 8 ERK

pathway 3 #r cytokine §# 11 (38) »#rruA F fik - ¥ 3 /Eiu e LPS
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gz T > ERK pathway 7 IL-6 4 2@ | K37 ¥ & A i
39 % L2 v PD980SY (MEK inhibitor, 10 M) £I2 RAW264.7
TR me 30 A 482 18 £ 4o~ LPS (100ng/ml) - 48 -] FF2_{s Jc & cell
lysate 2 condition medium 4 %] 3 4 7 iNOS> Src>pERK e 3% IL-6
H R o %A 0 & LPS #2450 ERK 5 £ (pERK)# IL-6
G SRR BT MR @ A ST PDIS05Y thin] ¢ > pERK
23 JL-6 e JLix P &g et PD98059 #r#r+#] » e iNOS %2 Src s74 IR
TGOS e i2k% % 4p d ERK pathway #7257 LPS-stimulated

macrophage (1 1L-6 & g F - B L & d 4 (Figo) -

7) AG ii # »#74] LPS 3 % pERK 4 7.

¥ 52007 2 LPS %6 INOS 2 H i @ #1542 en [L-6 A
® » ERK pathway 7 & %228 ¢ > Ajpwgeg k1% 7 AG 2mM)3E
% 2 RAW264.7 ‘o7 $k 30 A 48 > £ & 12 LPS (100ng/ml)#] 5 > 48
J PEtE B cell lysate 2 A 45 pERK ¢4 IR o ‘& % B r » 2134 b
i LPS #3215 én pERK 2 I8 3 4c > @ 4c » 343 9 pERK 4
WG BF R 4p ) AG R g < R e'E M ERK 7 1 o 2 R F
INOS 22 H = 534 & 4 LPS # # 7 ERK pathway B #4234 % ¥ — B {x £

Lk d o
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> & 3it# (Discussion)

FXFBE - EP)Ed BB w2 A2 4 cytokines ~ growth
factors~NO #7134 ¥ e74f s 420 E vt 'm P2 (5 d Toll like receptors (TLRs)
FEEk 4 ﬁ,:;,;»,[a REX LB B EEFH N e A e X Baoe 3
SHZMES L B2 %ﬂ?‘ﬂ,ﬁ%%? S & e i3 > TLRs
AP AE AN ERMY FRALFAFE PE gLz - o LPS

iz # R p Gram negative bacteria ‘w2 EE i f}% B S d A MR 7 ¢

LBP & £ {4 » & CD14 it p4 2. = a5 LPS-LBP-CD14 = 4845 & 1% -

'~\

RS

FFEd Eefiimiz } TLR4A ey » fxd— i W2 32 NF-k B

pathway ~ MAPK pathway & p &3t & @ 3% > e P € 75 14 Src family
kinases (SFKs) » # ¥ A #4x%]F (NF-xB -~ AP-1)#x B it 2. {8 » A&
pro-inflammatory agents (iNOS » IL-6 » TNF-q@ )&% L 5 & (41) -

d %> LPS ireceptor ¥ % & 5 intrinsic tyrosine kinase 79/% % »

i
e
=

bE et s VB ARY 0 £ A FRT 64 -

Jus]
I

membrane-associated tyrosine kinases % H ¢ > & {¥ signal
transduction ¥ M AR fErd o & BT T R S ¥ AL R E e S
L ;’v’ﬂéigiev‘ » 300 Lyn~Fgr~Hek 33 #% > 5 &= FHMNE

< ’ 2

% B #] s Y 20 {8 e migration ~ cytokines production #F

I
o
B
r ~
)¢

AN

FERPEd > Ry 52 & Lyn > Fgr Hek = ¢ &8

ok
1
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PERF N s AT (42:43544545) @ F] 3 2006 & 4 Tzeng-Horng
Leu ¥ A3 e % 81 4> Src 7 @ & LPS e 2. T 3 2 W »
e R HEFEFPHE A R R FAPE R
Lowell C.A.% # 3+ 1997 # & * Lyn” ~ Fgr” ~ Hek™ triple knockout
mice *THa ) ek & o @ 8NP PP2 B E e dn e 4718 T ehd %
Baor 10 Src & PFRF (48 ) BF)X T LPS §jrenfiin 2 T i S B
BErgiwmie st 2 (5 enIL-6 2 > @ F 4ok it 53 1€ * Src e
knockout mice k #AF Bk > 2NF L 4 B4R F Src 3 IL-6 £ e
Mo gk Sre MER LEEDP ELEFLFFLLE LS 5 v g

H v 1 SFKs AR5 # 3

Vil

SFK

9

B e bt B R G s T4

o+
A
o
o
|
|

Mo 4 A% 5 SFKs 2 BF Y 50z ¥ P AR enB > B E- HiF
T e
% 2008 # th- i@ * 35 Z p85a (PI3K ¢ subunit)

Pik3rl-deficient mice % #5734 LPS 35 £ E vl'w?e & # cytokines :7% 'S
® ip > PI3BK-Akt pathway ¢ 7] ERK1/2 e77& i > 3 'F 14 45 5]
Egr-1 én& - 4p#>t wild type mice 0 E ¥% ‘w?2 > Pik3rl-deficient mice
E R mie fT & 4 e 35 IL-6 L ¢ cytokines e9E € PP AR g 4o
(46)> e # 4 & PI3K-Akt pathway ¥*+ LPS 514 chlx Ba "% fj2 2% NF-

k B ehtranslocation 7 € § B A @ RS 2w 8 enF Bedp I it

32



G PI3K Frf| M40 NF-xB § F3 40007 (47:48)0 ¢ 4 4 it
Beend E ghdiRl 0 R FIW A B bl A chtd - [ e nfEag % P
FIHEREE o AP sk D > A LPS #]k2. T » MAPK
pathway it 232 £ [L-6 ch4 35 5 d PDIS059 crdrd| 2 15 » 824 IL-6
wArdl s PIE A F R L EApgAT R PP2 &% AG F F PEr 4]
kg 0IL-6 chg i» BiRE o ¢ FRTKDERT i £ INOS/Src pathway

TR 5 SR IL-6 #ékchpathway (¢ 35 NF-£B) » @ &
E wiim?e ¥ INOS/Src pathway ¥# PI3K-Akt pathway z_ fF cRf B 14 p
3 FH o = F #IpMon Src/PI3K/Akt dependent pathway 4-£7 i
nNOS A 2 NO =42 (49)> » 7 #7 3 4p & & valsartan-induced eNOS
activation ® > Src/PI3K/Akt pathway ¥ 12 /5 d # & eNOS k3 # NO
4 2 (50): @ e E gz ¢ o 3 rd] Sre/PI3K/Akt pathway # 14
i# ¥ NO %2 proinflammatory agents s34 € > » 2 £ 323 X 7 23]
Sre/PI3K/Akt £ iNOS 2. ¥ cbf 4 (41)o %5 & 1 it en% % 1 1) PI3K/Akt
pathway e #74] MAPK pathway @ 2258 [L-6 4 3 ; 2) Src/PI3K/Akt
pathway sc 3 57 NO % cytokines 14 ) 3) NP a7 55 F 4
iNOS/Src pathway %ﬁ d 24 ¥ MAPK pathway 2 £ 58 IL-6 04 I
(Fig.8) ciz i@ FA P43 4 gt pathway 2 R E P end § M2 5 @ 7 &

Evgimre ¢ Ve e & e INOS/Sre 2 MAPK pathway 2 B crfd % o
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@ iINOS ¢ 7 € - eNOS~nNOS - # £ Src/PI3K pathway 3 ¥ 4p i 93
FL"I 7EJ};,$1€. ﬂ'}}m‘ﬁ,‘%}/&‘ﬁc

Bk 2 SRy R s B LPS g2 T 0 5d NF-k B

translocation i ¥ iNOS 4v IL-6 3k Flle prfg 4 k > @ AP gt 3

1:\*5

3% B 4y iNOS %5 i MAPK pathway %At 25 £ F 5@ chE v

miE R EALIL-6hER 45 > R Aw o 'F:] o B H - Hen

(dn

PR Y P XA B gt G () 2 PR
M AP LPS rJRE v imie £ if 48 0] BF o & dr R e fA R %
s v 2t o pERK erd= F e F ¢ B2 58 cell signaling decisions
(51); @ transient pERK §r sustained pERK £ iNOS ~ IL-6 2. & 7 &
MG ARIIPSHlFHL B2 €3V d - BEFFrNFR o

Pang ¥ 5 E & ¥ INOS 2 Src enprd]ie* i2(7 > @ INOS
AELBFUF BDELR S F o Src Pl ot it BARY R F L&
ik d o hPEIWE T TLPS &% INOS 2 Src 2 {4 ## 4 ERK
SRR Y R IL-6 230 ) B FH A RE B EES LR

CE SRR SN S E D S O
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Figure.1 LPS-induced IL-6 secretion in RAW264.7 macrophage.
RAW264.7 cell line were treated with LPS (100 ng/ml) for 48 hours.
Then the condition medium were collected to determine the IL-6
expression by ELISA. Total cell lysates (80 pg) from each group were
collected and soon resolved by SDS-PAGE and then probed with
antibodies of INOS, Src, and Actin.
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Figure.2 The inhibitory effect of AG and ODQ on LPS-induced
macrophage IL-6 expression. (A) Raw264.7 cells were pre-treated with
AG (2 mM) for 30 minutes and then cells were stimulated with LPS (100
ng/ml) for 48 hours. The IL-6 expression was determined by ELISA kit

( Invitrogen Corporation). Total cell lysates (80 pg) from each group were
collected and resolved by SDS-PAGE and then probed with antibodies of
iINOS, Src, and Actin. *** P <(0.001 as compared with LPS-stimulated
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groups. (AG -- aminoguanidine hemisulfate, inhibitor of iNOS) (B) Raw
264.7 cells were pre-treated without or with ODQ (100 uM) for 30
minutes and then stimulated with LPS (100 ng/ml) for 48 hours. Equal
amounts of cell lysates (80 pug) from each groups were resolved by
SDS-PAGE immediately and probed with anti-iINOS and anti-Actin
antibodies. The concentration of IL-6 in culture medium was determined
by ELISA. *** P <0.001 as compared with LPS-stimulated groups.
(ODQ -- 1H-[1,2,4]Oxadiazole[4,3-a]guinoxalin-1-one, inhibitor of sGC)
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Figure.3 The inhibitory effect of PP2 in IL-6 secretion of
LPS-stimulated RAW264.7 macrophage. Raw264.7 cells were
pre-treated with PP2 (10 uM) for 30 minutes and then cells were
stimulated with LPS (100 ng/ml) for 48 hours. The IL-6 expression was
determined by ELISA kit (Invitrogen Corporation). Total cell lysates (80
ug) from each group were collected and resolved by SDS-PAGE and then
probed with antibodies of iNOS, Src, and Actin. *** P <0.001 as
compared with LPS-stimulated groups.
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Figure.4 LPS-induced IL-6 expression in wild type and iNOS
knockout mice peritoneal macrophage ( PEM ). PEM isolated from
wild type (WT ) and iNOS knockout (iNOS™ ) C57BL/6 mice were
stimulated with LPS (100 ng/ml) for 48 hours, then the concentration of
[L-6 in culture medium was determined by ELISA. *** P <(.001 as
compared with wild type LPS-stimulated group.
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Figure.5 IL-6 expression was increased by adding SNAP and cGMP
in both wild type and iNOS knockout mice PEM. PEM isolated from
wild type (WT) and iNOS knockout (iNOS™) C57BL/6 mice were treated
with or without SNAP (100 uM) and 8-br-cGMP (cGMP, 100 uM) for 48
hours, then the concentration of IL-6 in culture medium was determined
by ELISA. *** P<0.001 as compared with untreated groups. (SNAP —
S-nitroso-N-acetyl-DL-penicillamine, NO donor ; 8-br-cGMP —
8-bromoguanosine 3’°, 5’-cyclic monophosphate sodium salt, homolog of
cGMP))
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Figure.6 The inhibitory effect of PD98059 on LPS-induced
macrophage IL-6 expression. Raw264.7 cells were pre-treated with
PD98059 (10 uM) for 30 minutes and then cells were stimulated with

LPS (100 ng/ml) for 48 hours. The IL-6 expression was determined by
ELISA kit. Equal amounts of cell lysates (80 pg) from each groups were
resolved by SDS-PAGE immediately and probed with anti-iINOS, anti-Src,
anti-pERK, and anti-ERK antibodies. ***, P < 0.001 as compared with
LPS-stimulated groups.
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Figure.7 The inhibitory effect of AG on LPS-induced macrophage
PERK expression. Raw264.7 cells were pre-treated with AG (2mM) for
30 minutes and then cells were stimulated with LPS ( 100ng/ml) for 48
hours. Equal amounts of cell lysates (80ug) from each groups were
resolved by SDS-PAGE immediately and probed with anti-pERK, and
anti-ERK antibodies.
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Figure. 8 The proposed iNOS/Sr¢/ERK signaling pathway for IL-6
secretion in LPS-stimulated macrophages. When macrophages are
stimulated with LPS, the signal will be transduced inside the cell via
TLR4 and leads to induction of iNOS. NO/cGMP pathway then
upregulate and activate Src, which results in sustained ERK activation
and contributes to IL-6 production.
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Model of iNOS and Src in LPS-mediated macrophage migration.
Upon LPS stimulation, NF- B becomes activated and increases iNOS
expression, NO production. The following activation of sGC results in the
production of cGMP and augments the expression of Src. Meanwhile, NO
retains the ability to promote the activity of SFKs, including Src via
nitrosylation. Because SFKs can mediate the activation of NF-kappaB,
thus a loop of signal amplification for macrophage movement can be
constructed. The open arrow indicates increased protein expression,
whereas the closed arrow indicates increased activity of enzymes and
transcription factor(s) (i.e. NF-kappaB) (THE JOURNAL OF
BIOLOGICAL CHEMISTRY 2008; 283: 31408-31416).
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