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Abstract

Toll-like receptors (TLRs) are important for macrophages to
recognize foreign insults and induce the secretion of proinflammatory
cytokines such as tumor necrosis factor-alpha (TNFa). While TLR4 can
recognize lipopolysaccharide (LPS), a Gram-negative bacterial
component; TLR2 acts as a signaling receptor for peptidoglycan (PGN), a
major component of the cell wall of Gram-positive bacteria.
Concomitant induction of nitric oxide synthase (iNOS) and TNFa in
LPS- and PGN-stimulated macrophages raised the possibility that iNOS
was involved in TNFa generation.  Indeed, pharmacological blockade or
knockout of INOS reduced LPS- and PGN-mediated TNFoa secretion.
Meanwhile, SNAP (a NO donor) or 8-br-cGMP (a ¢cGMP analogue)
induced the production of TNFa in both wild type and iNOS null
macrophages. Since (1) LPS- and PGN-increased TNFa generation was
PP2-sensitive, (2) NO could upregulate the expression of Src, and (3)
ERK was required for transcription of tnfa  gene ;  therefore, one might
wonder NO-mediated Src enhancement was involved in generation of
TNFa in macrophages exposed to LPS and PGN. Indeed, LPS-, PGN-,
SNAP-, and 8-br-cGMP-mediated activation of ERK as well as induction
of TNFa were greatly suppressed in macrophages treated with PD98059
(the MEK inhibitor) and attenuation of Src by src specific siRNA reduced
LPS- and PGN-evoked ERK activation and TNFa release in Raw264.7
macrophages and reintroduction of siRNA-resistant Src could reverse
these events. With these results, the strong association between ERK
activation and TNFa secretion in macrophages devoid of iNOS exposed
to LPS, PGN, SNAP and 8-br-cGMP indicated that via activation of Src
and ERK, iNOS was required for LPS-and PGN-elicited TNFa

generation.
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Toll-like receptors (TLRS)¥{>* E viim?e K FgF £ & ek & >
Higrapaehkan Sz 88 LA augd > 4o tumor
necrosis factor-alpha (TNFa) - TLR4 # %3 lipopolysaccharide (LPS) ~
RS A R A 2~ > TLR2 B4 peptidoglycan (PGN) =
oI AR B B A2~ o AT HRTL P
LPS &2 PGN {1} E e fm %2 #7 & 4 £0iINOS 22 TNFo & & 73 2 + 4>
fe INOS ¥ it %21 &3 fr TNFougk Flehpe i @ o %38 2 4 crpr ] 12
2 2k F15)% INOS #h e it LPS & PGN flj¢E iiim* 4 2 TNFa
g > ¥ = > & > SNAP (a NO donor) or 8-br-cGMP (a cGMP
analogue) ' ¥ 7 % & WT & §_iINOS null mice E #% w2 e TNFou % IR
® 3 4v o (1) PP2 ¥ i drs] LPS & PGN {1 E vgim? 2 2 TNFo > (2)

¥ & Src & L E H 4r > (3) TNFoik Flendg 48 7 & ERK > } it
SR T 3 eF- BV At NO g Sre e 4 822 LPS » PGN
Tl Evgmie #r4 2 (G TNFaZ E 5 B od F % % % ¥ 7> PD98059
(MEK e @) 14 % Src siRNA ehim?z & ¥ 3 sxenged]| LPS~PGN -~

SNAP ~ 8-br-cGMP {1 F w5 fm¥e #7i¢ = 579 ERK activation 14 2 TNFa
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g o A & % % 4p ) INOS ~ ERK activation £2 TNFouis %
€& g B > ¥ 5 Z_LPS ~ PGN ~ SNAP -~ 8-br-cGMP i% i iINOS

&1t Src v ERK 4 # #3 TNFas4 R E ©
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- & % % % 3t (immune system) £ E 7§ 0% (macrophages)

AR E R R o BRFE D A X 44 (Innate immunity)
% {8 X M 4% (adaptive immunity) o £ X fEEH 7 B B — 4> f# b

FRPAET > RIEIR ST PR R IR - BB RRE F 50
AR ~ZEE BIR > moedE ~ % R~ ;;g{s'?a SIS E T LG A ﬁ’ﬂfzsjﬁa
i FEO O BP0 2 RN R g R
5% = i AR ’;Q-f’gﬁ 55 Bl enimre > ¢ JLH $53f (monocyte)
7?13k (neutrophil) o H PisRiE 2 e R FR e e ,T}ﬁ;_ %
E v sm? (macrophage) > # ﬁ d & iF% (phagocytosis) % ij “f ®
FF D REFFAEITY il s g f 2l ek (cytokines) fr
v &% (chemokines) 7/ % L F e ¥ - *w > Evglm?? 5vER
o F) A PR AR 2 {8 R R e B b o L AR AL G R B R TE
(antigen presentation) - % EFLR T IR ITH* » Evgime ¥ U5 T w2
H{cwre jgrF (cytokines) s ¥ ¢h— 3G o FitehBnie £ A2 4 & -
My Ergimre { a0 3 2 PR R B oo 5r1r) > B imie g

P AEF Y O BIFIXER 4 ¢ (Janeway, 2001) ©

%= &% p 3% (Endotoxin)



PAFORE S D AR P B e TN ihd okt
fmre B fE s F RS F € AT & AP (Myhre et al., 2000) © fin ¥
% (lipopolysaccharide, LPS)E_J 3 12 jf = 15 |2 hm 7 ¢ Bleha & =

& 2.— o 3t N & % endotoxin - & o LPS A A& F R A
ZIR COFR P E AR s 5 FE (Caroff et al., 2002) o i3 ¢F ]
1 outer-polysaccharide ¥ - L& F iR Een i B p 2 7 4%
% - 450 2k (O-specific chain) R BT ML R
WA R IR R Ry T B RIS £ d - BrgspL At e
Sk AR o ST A B LIPS A L F KA L hi &30
oy ot denpos S EEV A & R aEan & 2 5N 4% O-specific
chain 2 73 & A (Caroffet al.,2002) ° & injF » & b pFd nve B2
e LPS ¢ flipfp ¢ 35 T ‘vz ~ EfEsfwie ~ Evgio’e -
SAm s h A B SRR R E f (de B E T
A A SRR ARTER S22 AR BREREE S AL L
KPR~ L E s MR R E g Kk (Woltmann ef al., 1998)  peptidoglycan
(PGN) > o L im B B & % i 0 A S B Emme BEd

1. -

e g 0BG AN EREDmE R 75 5 A5 PGN-PGN 1 & d

F_&

GlcNAc (N-acetylgalactosamine) ¥ MurNAc (N-acetylmuramic acid)

"2 B(1-4)d $ % £ 4R > B L o MurNAe 7 e B L & D



A ek f - & ¥ % = B 5 m-diaminopimelic acid (m-DAP,lysine
Fm FRgr) 0 A S ER LB EEDT = Bk i L-lysine o 14 gt
m-DAP & lysine & ¥ - BER &P rirdfkay e Brofipmayd  F &

T %35 = PGN (Dziarski and Gupta, 2006) °

%= & Toll-like receptor (TLR)

Toll-like receptor (TLRs)  &_— i pattern-recognition receptors
family - R (Akira et al,2006) > $| P 50 5 1t > ¢ 3 16 & TLRs 44
7 I (Keestra et al., 2007) o % 7 TLRs3» 7> 8 fv 9 H mPe p 37
endosome 5% 48 » H &0 TLRs ¥t e L o g2 28 o TLRIO
12> 4r 13 ¢hligands & # 75 5> =  #& TLRs &0 ligands $% = 405 I -
TLRs 5 @ vEi & F 53 ER T ks it NF-xB RH & ~ % 3 40
NF-kB * %5 £ F]en4 IFLO“% 7 TLR3 z #b> < %4 9 TLRs i% iF MyD88
@i 4, (Wong and Wen, 2008) - m f & 2 /5 14 E v fm %2 ,Tk{;g ]
TLRs g /2 » 4v TLR4 ¥ 1 #5832 jF 1544 7 ¢ Lipopolysaccharide
(LPS) 5 TLR2 7%:# peptidoglycan (PGN) ; TLR3 ¥ 14 353805 # %
RNA ; TLRS5 # ruy#88= 3-v ; TLR7 B¢ TLR8 #_f R e i 4~ >
¥ s H O RNA 2 2 siRNASTLRY ¥ 343845 4 DNA F ¢9 CpG motif

(Hayden et al., 2006; Kawai and Akira, 2006) - LPS £ PGN =7/% it g2 5

4



f%4p i > % 1 TLR-4 £2 TLR-2 1 cytosolic domain frim¥e p 20 4 @
Wk BL BT - R o 4 @RS > 4ot MAPK pathway ~
NF-kB - TLR4 #- LPS-induced signal @£ 3 ‘wm?e p pF > & d MyD88
(Toll-interacting protein) % IL-1R-associated kinase (IRAK) %
TNF-receptor-associated factor 6 (TRAF6) %t 4 F-v > @ 51t
TGFp-activated kinase-1 (TAK1) » 314 NF-kB inducing kinases (NIK)
Eit ¥ IKKo/B 2524 &4 > mifa it kB> 3 2 H Az 5t &
£ %]+ NF-kBoNF-xB /& i* {§d ‘m?e fig » e 7> A7 ¢ 3 mfa >

inos & £ F) A& e 45T % (Thanos and Maniatis, 1995) -

5 & iNOS (inducible nitric oxide synthase)

- § *§ (NO), &~ bEFe Hicrmir+ > SEHE-F 5 44
& = fiFcnfig 2 (NOSs)¥t L-arginine 1% it it % #r & 4 (Nathan,
1994) - NOSE 3 = 47 Ir e isoforms » & RARATHF FLTE T ¥ %
A % Ca® -dependent ¥ Ca® -independent® + #f > @ Ca/calmodulin
it 3% @ neuronal (nNOS) 12 % endothelial (eNOS) /& 41 ® 3 4§ eh

# 3> @ inducible (iINOS) =712 72 % Ca/calmodulin #73% 337 1 *

R BRI F ALY 42 cytokines 314z o A NO A4 P AFF



- AR R O BEF AL BRI blhe D BEA SN L RS
Foo R TR Pl FRE o ApF B o d Elmre g A
Gl rrgd 4t £40 NO PRI F AP A 4 0 @ ik
Ffru 7 it (Bogdan, 2001; Duffield, 2003) - e £ » = 5 7 7 45 1 &
M FFEEIRA NO € F E% L2 Frai 2 (Knowles and
Moncada, 1994; Moncada and Martin, 1993) - @ soluble guanylate
cyclase (sGC) #_ NO i &4¢2chp 2 - > ¥ NO %7 sGC -
g &1 sGC ¢ guanosine 5-triphosphate & % = Cyclic guanosine
monophosphate (¢cGMP) > [fij ¢cGMP = f_A f2p ehz &M F A

(Krumenacker et al., 2004) -

L Src kinase

cellular Src (c-Src) 4 #f _+ &>t nonreceptor tyrosine kinase (NRTK)
(Levy et al., 1984) » %_Src family kinases (SFKs) ¢1H ¢ — B » &3
protein-tyrosine kinases % Tﬁj FTABBAEFTORE D N33 C
4 % 5 ¥ myristylation 7 SH4 domain> 7 % ¥_ unique domain ~
SH3 domain ~ SH2 domain ~ linker ~ kinase domain ~ 4 2 regulatory
domain - SH4 ¢ myristylation ¥ i Src ifiE & 4#175 VAL 22 fm e

W 4 s unique domain VR M enpdn| B R2EY i B s SH3 F

6



22 proline-rich % f & 7% & ~ SH2 B|¥ £ phosphorylated
tyrosine F %5 74 % ~ kinase domain ¥ regulatory domain B+ 3%
¥ Src thfEE E e Src A3 B L 60kDas v a st Ae C
WAy BEkE T (regulatory domain) - 3t H B e Tyr-527 FAk
FAfL it Bl ¥ # Src FETE M o F Tyr-527 mEpL it {5 €3 = SH2 -
SH3 £ kinase domain J # »2) & it ehfrd] e 2 > kinase domain
F e Tyr-416 #hp RERFL T B 7 3 40 Src E 1 o F) “‘%ﬁr} Tyr-416
2 Tyr-527 & @ =¥ comipe it ¥ A ¥ Src 951+ (Boggon and Eck,
2004)c p w A BP0 SFKs 4% 5 11 4 4 % 5 Blk~ Brk~ Fgr »
Frc ~ Fyn ~ Hck ~ Lck ~ Lyn ~ Sre ~ Srm ~ Yes » 2 # Src ~ Fyn ~ Yes
AR EF E % P e (Roskoski, 2004) > m Lyn~ Hek ~ Fgr ~ Blk ~
Lek R4 T Aid o % o PGN RJLE vim¥2 2. © 4 Src family %=
T 55 21995 # %P 1 Fetlm?® & PGN &2 ¥ & Lyn cgipi it
# & A 40 (Gupta et al., 1995)°:8 3 f LPS xd2 7 > E ¥ildm ¥ 17 Lyn ~
Hek~Fgr enfis% i&42+ #1+ 2 o i Fanying Meng %1997 & %M 7 >
i 4 &= 8 30 knockout 2 1% > LPS flj™ H Ergfim®e (v ¥

& IL-6 ~ TNF- @ i3 8- 3 3 eh% 5g47 B (Meng and Lowell, 1997) -
AP vR F B LPS {1 T cnE v e 5 A A 4R IR0 tyrosine

kinase(s) 2 ¥ pro-inflammatory cytokines =& # o



¥ & %1t 39 Fjgps (Mitogen-activated protein kinase >

MAPK Kkinase)

The mitogen-activated protein kinases (MAPKs)®_— # #¢ [ H4

i & serine/threonine kinases » 73 &3t E friwmre ¥ | § fwmfe b X P

>

B o MAPKS 7 fxds fmre o2 4 iR T c-MAPKS ¥ | 4 % = & 5F
(- ) extracellular responsive kinases (f§ - ERK1/2 # p44/42 isoforms
MAPK) (Davis, 1994; Nishida and Gotoh, 1993) ; (= ) c-jun N-terminal
kinase % stress-activated protein kinases (f§ £ INKs/SAPKSs) (Derijard et
al., 1994);( = )p38 MAPKs (Han ef al., 1994)-82 #X iz = + #f :n MAPKs
REHLE 2 A FRiggiy o i drd 2 Rl s d 3 e b Fen
kinases %34 43778 1407 11 7 I 9 MAPK cascade @ 3%31 & (Cano et
al., 1995) - ERK cascade d = i & =t ¢ kinases &= o % — & =t &_
MAP kinase kinase kinase( fj it MAPKKK )-> ¢ 455 Raf-1 {- B-Raf;
% = B & =t £_MAP kinase kinase ( f§ fi MAPKK) > ,T*u—fx'—\MEK ;@
% = B k& = &_MAPK > ¥ ERK1/2 - § MAPKKK % 3|} #5310 & & 1
2_ts > € # MEK _} s serine/threonine #fix it > i & MEK 7% {23 4o
@ Fafe i© ERK1/2 > & 2. 7% i o = ERK cascade # #% Ras ~ GEF ~

Rap &p & 7 #8 39 3 ¥ (Grewal e al., 1999) o 2w 787 3 i;] a4



ERK cascade ¢ % growth factors frtumor promoters *73% Fa /& i
AR EEETF 2 AT ARG E w4 o0 S F 0Tk

= (Kumar et al., 1998) -
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P AG, knockout
\ , ’ 8-rbo cGMP
3 coMP | e

b= ez s
Sustained ERK activation

SNAP
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Fo8 FHRHE
e .
*F BRATR Y £ R E g w2 & (murine macrophage-like cell line)
Raw264. 7> P> & 51 47 7 #7 B p 2 1 BALB/c % & chF wiiim %
453§ c-Abl (abelson) transform o % = & 848 #48 £ 8B~ 10 2 E v ¥

(rat peritoneal macrophages) » f§ # = PEM ‘w¥e o

b
i % ehde 4 5 C57BL/6 or SD & fi 5 % o

[. C57BL/6mice: X3 |- ¥ x emice = & » AT @E A B T
F b f P ow o

IL SDrat: ¥ 250 g & & B4 FpHmpg a2 e o

A RE=

!

e

1. Lipopolysaccharides from Escherichia coli serotype
0111:B4 4r thioglycollate (Sigma) (St. Louis, Missouri,
USA)

2. Peptidoglycan from Staphylococcus aureus (Sigma)

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

12



8-Bromoguanosine 3',5'-cyclic monophosphate sodium salt
(8-Br-cGMP) (Sigma)
1H-[1,2,4]Oxadiazole[4,3-a]quinoxalin-1-one (ODQ)
(Sigma)
N-([3-(Aminomethyl)phenylmethyl)ethanimidamide
dihydrochloride ; 1400W dihydrochloride (1400W)

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

dn e 32 & R

El O

RPMI-1640 (invitrogen)
fetal bovine serum (FBS) (JRH Biosource)
Penicillin-Streptomycin (Sigma)

L-Glutamine (Sigma)

TAZ T R AR

el

A O o

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
Pacific Ltd., Hong Kong)]

13



8. Sodium dodecylsulfate (SDS) (USB)

9. Tris-base (USB)

10. Glycine (USB)

11. Western Blot detection reagent (ECL kit) [Amersham
Pharmacia

12. Thoglycolate (MERCK)

13. Methanol (Fisins Scientific Equipment)

il

1. Phospho-p44/42 M AP kinase (Thr202/Tyr204) (E10) Mouse
mAb (Cell Signaling)

2. Anti-iINOS/NOS 1II (rabbit polyclonal IgG) (upstate cell
signaling solutions)

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

4. HRP-rabbit anti-goat antibody (Jackson)

5. HRP-goat anti-mouse antibody (Jackson)

6. HRP-goat anti-rabit antibody (Jackson)

14



FRREFAEH

®kE R
Centrifuge Eppendrof 5424
Centrifuge Beckman Allegra
Hemacytometer BOECO

Hoefer semiPhor

Pharmacia Biotech

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

Boyden chamber

Neuro probe

15




=1 R %
Protein Assay Kit Bio-Rad
Polycarbonate filter (8 pwm) Neuro probe
PVDF transfer membrane NEN
X-15RDigital analysis system Kodak EDAS 120

(=) ez % (cell culture)

A, BER

B & e o &R 5 RPMD fie ¥ o R 47 (7] 0 W53 P 3
FRET R FEIT AR BUV - Bt ofe ¥ pF— H = HRPMI
powder~2.0 g <5 NaHCO; {r 5.957 g -1 HEPES /% %= feh= =tk
v #-pHEAI pHT.3~-pHT. 4> 4= -k 1 %884 1 liter -

B£0200.22 pm B A K0 33 4T o

B. B&RA 44
Fetal bovine serum

16



Beb A FBS # Rk P o HMR A RS 0 R AT
voEr 50ml Eds g 0 £ % parafilm ¢ RELC o
*-20C -

2. Penicillin-Streptomycin (10X ; 10000 unit/ml-10000 pg/ml)

% 500 ml /7 RPMI 4¢ 5 ml 7 Penicillin-Streptomycin °

3. L-Glutamine (10X ; 200 mM)

% 500 ml < RPMI 4¢ 5 ml 7 L-Glutamine -

C. PBS (phosphate balanced solution)
IX PBS 12 8 g NaCl ~ 1.2 g NaH,PO, - HyO 4r = K-k e ] » #-
H pH & 74 (44 = S -KF| IL > & Ft ki3 3t 4C o
D. 42k EiR
7 1 ml 5 DMSO 4r + 3 ml e7 RPMI fie @ = 25% DMSO - i&
3@ e RPMI = 5 252 ,T fei i g ﬂ]‘ e P/S ¥ L-Glu> 2} R

g 18 3320 C o4 sk 8 & R 1 4ml ¢725% DMSO £ 6 ml

FBS & & » & (50 DMSO E & % 10%
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E.

fnre 33 & ¥ 2
1. X% &£ ¥ (subculture)

#-in %z 32 % 3% culture RPMI medium (10% FBS ~ 1% P/S ~ 1%

L-Glu) > 2 3t 2 % 45 (37C > 5% COy) > Flwmre £ 5§~
IALKBFE EFAEERE A E DR AT Er HEP o

etRen AL s AR R S AGPERESR SRS A B X
1237 Cw R 18 @ B IXPBS 7~10 ml % i %z > Fik— & o

e r 8~10mI 37 Cw iR (6632 &% » #fmie >IN T kv Ferax

Bk

BB I bAtmie i 113 &8 114 gt bl s B

2. Ajwme

2R AF AL ERDme > Lk e — X 3 {3 AT D
hi o §AMESE A R4 > & 2 7~10 ml @ F 1X PBS
R o k= 2 e de o 8~10 ml e &R o Bdmie 20T
koo L #-dmre e BB 3t 50ml #es F o g (1000 rpm v 10 A
452% 2000 rpm> 5 A 48) 2o {8 B e AR T Ko 3 "t Fris o

1 ml AR &R e TR s ket 0 B P mie ks g i

B0L R 0 A 4Tk 30 Ak A B80Tk

wh
PN

’FEL'] 0 12 ’J‘B?*:i%;-@ TR i F oo



3. R mre

&
3

dR i F ¢ Bdiimre > Bl 3 £ 0 RPMI 3 % %
#2000 rpm T A 48 o ®H- RPMI 32 % /% > 2 10 ml &7 RPMI #-
iR R iR R R B R R > - BT wre gl

1 ¥ fé'i:? 5@ °

(=) Jz & cell lysates

a & ;%% Lysis buffer (RIPA buffer) > ¥ #-‘m? 2| f% - 2 438 g
NaCl~3.0285g Tris-base~ 1.25g Deoxycholate~5 ml IGEPAL CA-630 (4p
Foerdhgr 0 R R B) kpefle 2 ERAVE R kG

i fes 500mlpH 7.4> % B & B R FF04C-* g R * W >

~

& JE v e B = Modified RIPA buffer> 2 & fe @l = 1ml> |3 & 1 ml
RIPA ~ 10 pl 200 mM Sodium orthovannadate (final conc.= 1 mM) ~ 5 ul
200 mM EGTA (final conc. = 1 mM)~10 ul 0.5% Aprotinin (final conc. =
0.0025%) ~ 4 ul 200 mM PMSF (final conc. = 1 mM) © & & i 4v chf_F-

v FoKfREs )& 0 @ 45 Sodium orthovannadate %_ phosphatase
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inhibitor » EGTA #_4F 3+ 4% & &) » Aprotinin #_ serine protease

inhibitor > PMSF » #_serine protease inhibitor °

3.

A.

H 3

#¥medium = 4_> # =12 Iml IXPBS jFikimie » &3 & 0 2 (51
#-PBS =37 o

4v » 500 ul modified RIPA buffer (6 cm dish) > % 3] 7 %k w #-
e )T (B Nk HEIF) o B #-mPe Rk % Y eppendrof 0 #-
eppendrof # rack } Z % XK ® g]#c=x o

12 4°C ~ 10000 rpm > &t 10 A 48 > B~ b 3R | 770 eppendorf

% -80C

=) B6 FERRE

wH e

1. BSA (1 pg/pul)

2. Protein Assay Kit

B. ﬁ.&ﬁ:

l.

M ek & e BSA § 0 39 Bk R B 0 standard curve o #

20



FAcT™ 0 2~ 0-5~10~15~20~25~30 pul BSA (1 pg/ul) eppendorfs o
‘v » 4 £ ¢d.d HO 3| eppendorfs # - & H 2484 £ 800 pl -

4v 200 pl Protein Assay Kit (dye) *] eppendorfs> 12 vortex R & 32

% sample 3R] T+ o B~ 10 pl cell lysates » 790 pl d.d H,O » 200 pl
dye i 353 -

# * Bradford Protein Assay»> @] & 87 F € 2. BSA &4 & 595 nm
ek @ 0 & 1 standard curve © £ ] sample 7 0.D.iE > F

sample 3-8 FIER o

() %9 ¥ A (SDS-PAGE)

A. #FA| :
Acryamide 150 g
N’N’-Methylene bisacryamide 4¢g

#eird 2 (v 8 & 2aa 3t 350 ml d.d H,O

£4rddHO 3 500ml > %333 4C -

Tris-HC1 (2 M » pH 8.8) 500 ml

Tris-HCI 121.14¢
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#- Tris-HCI 7 ** 350 ml d.d H,O » pH 2 = 8.8

£ 4v d.d H,O 2 500 ml -

3. Tris-HC1 (2 M > pH 6.8) 500 ml

Tris-HCI 121.14¢g

#- Tris-HCI 7 ** 350 ml d.d H,O > pH 2 = 6.8

£ 4r d.d H,O 2 500 ml -

4. 10% APS 10 ml
APS lg

#- APS 7 >t 8 ml d.d H,O

E4rddH0 3 10ml> %33 4°C o

5. Resolving gel (8%) 30 ml
H,O 15.8 ml
2M Tris-HCI, pH 8.8 6 ml
Acrylamide/bis (30%/0.8%) 8 ml
20% SDS 150 pl
10% APS 150 pl
TEMED 20 ul

6. Stacking gel (8%) 10 ml
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H20 8 ml

2M Tris-HCI, pH 6.8 0.625ml
Acrylamide/bis (30% / 0.8%) 1.33 ml
20% SDS 50 ul
10% APS 50 ul
TEMED 10 ul

10X Sample buffer 50 ml

IM Tris-HCI, pH 6.8 1 ml
SDS S5¢g
Sucrose 25¢g
Bromophenol blue 10 mg
2-mercaptoethanol 5 ml

HerrZ 2 v B & won ot 350 ml d.d H,O» £ 4v d.d H,O 2 500 ml »

3 EE o

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

£ 4 ddH,0 3 500ml > 3t E R e

H 3
#dh B IR 45 ~ A iE spacer 2 A d L g - BEYE S R
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RN ¥ = e e D

BT R AR AT R R kB S 2 AT 0 845353 > {1 ¥ pipette
PR AMIEE R o

fer ImlddH0 R85 0 FRM (925448)-
#-d.dH,O #4 > & » comb > H#-+ K Whpe = A7 F B MW kA S
A W= 0 I pipette 4 I T AR, o

FFYREBRA2LE > Ecomb £A4_ 0 H 2 ~ TR E 200ml 1X
running buffer o

#-sample - 10X sample buffer (10:1) & fe3=23 > H fic spin — T >
RigE A S ko

1 * micropipette #-sample ¢ F| well p -2 (7 R4 7 A2 (S0V ~
20mA > FFRF 18 /] B 5200V ~30mA » PR S0 BF 4ok & §5

B Src-416 > B3 4C ~70V ~ PR 20 -] FFv 28 ~ 60V ~ PR 23

| pE) o
7 )  Western blot analysis
A
1. Transfer buffer 500 ml
Tris-HCI I5¢g

24



Glycine 72 ¢
SDS 05¢g
Methanol 100 ml

#eird 20w 8 & 5aa 3t 350 ml d.d H,O

£ ddH0 1 500ml> FRRAEF e RENEE -

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

#orZ 2 v B At 350 mld.d HO » pH 3 = 8.8

£ 4cddHO 2 500ml > %33 3R o

. Blotting buffer 50 ml
10X TBS 5 ml
BSA 15¢g
Tween 20 (USB) 25 ul

Heft g 2 - B E &% 35 ml dd HyO

£ 4 ddHO 2 50ml> 333 E -

. Washing buffer 500 ml
10X TBS 50 ml
Tween 20 500 pl

#rr @ 2 v B eea 350 ml d.d H,O

25



£ 4 ddHO 2 500 ml > %733 ] o

B. ﬁ.&ﬁ:

l.

P B~if § * -] 9 PVDF transfer membrane » 12 methanol ;% ;¢
305t > £ 2 d.dH,O iziE o

F1* semi-phor transblotter #-% / #} ¢ e 3-d & transfer 3| PVDF
transfer membrane (25V ~ 300 mA > 1.5 -] fF) -

#- PVDF transfer membrane 2~ 4! » ;% ;¢ *% 30 ml blotting buffer

? > A% E T B > shaker + blotting 3 /] PF (shaker #o#%:% B -

F_&

5rpm )
#- blotting buffer #|4- > 4c » 10 ml 7 3 primary antibody (1 :
1000 )= blotting buffer> % ** 4°C {7 % 12 /| pFe 38 1~2 /] FF -

PR X Bediz 18 5 A% 8T L% A shaker ' i¥* 30 4 4% (shaker

bl

Hedeig & : Srpm) o £ 12 washing buffer 37 membrane = =t > 5
gy S A 4s 5 10 4 48 (shaker ##:i# & : 50~60 rpm) °

4v » 10 ml 7 secondary antibody =7 blotting buffer (1:2000)> F &
blotting 1 /|- B* (shaker #t#-:# & : 5 rpm) °

£ 4 washing buffer j/% membrane 7 = - 5 /448 ;5 ~ 455 10

Lk 15 248 5 15 & 48 (shaker 2% :# & : 50~60 rpm) o
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8. & membrane + -] (0.125 ml/cm®) > 4 » if £ ¢ ECL kit solution
[ 201 % b|ed5 3 R{oik o & membrane 222 % 5 24515 -

2 X-ray film g & o

(+) - § i § )k B 2_ (Nitrite concentration

measurement)

A. #FA| :
Reagent A4 £ AS

Reagent A4 4 500 mg Sulfanilamine ~2.5 mg H3PO, ;3 *+ 500 ml »
¥F Sk %33 % 4°C o Reagent A5 50 mg N-(1-naphthll-)-ethylenediamine
(NED) %>t 500 ml = =x-k > % %33 4°C o 4 & it ¥ 43t A4
1 Sulfanilamine ¢ &3 >tk aNO (NOy) i®* 24 i &4 > igit &
P& ASGNED )% o d hg b o JEh G ¢ A6l KRB R

v 7§ 55 NO &>tk o

HAG T MRS AR E culture dish ¢ 35 R iR R E

LAY Fw FRE RSP culturedish £B 50 pul Gz &4 2 96
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well dish ® > 4v » 45ul 7 A4 R £323 » §|* ELISA reader 3 B~
£ 540nm k@ (Al) e BA4cr 45 ulAS B¢ @kl odso B
PARRARFEER - AR EE (A2) o BT R EDPE IR LA
4 € o kR RTE - §00 Nitrite Jk B3 8 238 5 Total Nitrite =
(A2-A1) sigite — ( 0.006 ) prank nigrite > F1* NaNO, Fafh2Ed & 1 3.5361x%
Alroainivie — 0.001 = (NOy k& pg / ml) o #5737 cheriic i 11 b

ARENER LB AR pREe R PAE KEEL .

(=) wyEalnfE s 5E

A. B4
1. 4-6 weeks 72 SD rat (%2 £ ¥ 250~300g)
2. C57BL/6 mice (5-6 weeks) %8 & % 20g

3. iINOS-deficient mice (5-6 weeks) %8 € 5 5 20g

B. &
1. 3% Brewer thioglycolate medium 10 ml/rat

2. 3% Brewer thioglycolate medium 10 ml/mice

C. %2
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H#-¥ UL vEiE &t 3% Brewer thioglycolate medium » #| & 10 ml > 3%
BB E e sl AeF LR o4 210 R CORPEEE -
#-37C e wif PBS v 1 & Fitsd % £ 0 1ot 3% TG I % gy
PR ETRAEXEEINEREY 23 A4 0 @ % £ 5% 7 Operating
Scissors str » % ST B > A FR RS E o BHEIN) I PBS ¥
¥wi 3 PBS R § EPRE ; mice R4 P EE BT R )
P IBF X B S RN PBS s o 2 50 ml dpee
B OEEARY BEALF AL ZEFLRFIE N R ET dldedia)e
H#-3d 34+ PBS i * centrifuge 3= (2000 rpm > 20 min) > .o {5 0 -

FiFiREZ R o g E RPMI (b 7 4e 10% FBS) #-fmre fsfcdrig o &
w3t Bcis 0 B & A culture dish p 2 2~ 37°C 5% CO, ™ ‘w12 %
1o Fawre PR X Shrs (80 2 "% B RPMI 38 % % > £ AT # AT
RPMI medium » 2 f/mPe BF 4 £ > 8 % w3 24 hrs & & F i

‘Eﬁo

(~) TNF-a#lz

A. 3R
1. Assay buffer

el 3% 5 8.0 g NaCl ~ 1.13 g Na,HPO,4 ~ 0.2 g KH,PO, ~ 0.2 g
29



KH,PO4 ~ 0.2 gKCI ~ 5.0 g BSA ~ 1 ml Tween20 > 4c = =-K3] 1.0L »
PH #42 74 1 & hx i a2 &M (¢ 3 standards) s Fuid
(coating Ab “% 7h)

2. Other buffer

Coating buffer B » fie #;* 4.3 g NaHCO; ~ 5.3 g Na,CO; » 4v = =
k3 1.0 Lo pH# 3 94 1 &0 * 2> ffF Coating Ab - Washing
buffer> 2 9.0 g NaCI~1 ml Tween20> 4 = =z k3] 1.OL-PH# % 7.4 -
IR A kikd Ao & 39 o Stop solution - e @ 1.8 N

H)SO4» A &g k¥R F o

B. Plate coating

It coating buffer Bff-{# coating Ab (1.25 pg/ml) » &]4e @ 10 mlf] 12
12.5 ul coating Ab + 9.988 ml coating buffer - >+963¢ 4 ¢ = B wellx »
100 ul coating solution » $E3p 45 + E3 %353 » £ BN F3 4
¥ > 34°C T 2 ¥ 12~18 hrs o #- % 4k cicoating solution| H-18 - )3 &

Bt R 3

|l

$ Rk 37 o & Bwell4e » 300 ul assay buffer & #block
dds {F (kkit? 3 & 5 4F 7% Fblocking buffer) ** 2/ T 2z ¥ | hr >

» TALA28C TV %i33I % o ifflassay buffer » F3c gL K+ oo

B fe ¥ 47k &8 0 11300~400 pl washing buffer £3~6=% > £ %% $x
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C. ELISA method

* assay buffer /& 7| % % #¥ standards-standards hjk & i 5 5 1000
pg ~ 500 pg ~ 250 pg ~ 125 pg ~ 62.5pg ~ 31.25 pg ~ 15.625 pg ~ 0 pg °

R~k R o R enrl assay buffer 1§ & (FiR] samples © % - = § &

~)

GHERE VY - BT F R AR PR LLRPET
T AP RS EFNTRIUFFLE - p AT
plate 300 pl assay buffer &4 > £ 12 300~400 pl washing buffer & is 3
s B AL A Mg SRR 0 £ T e AL wells
pi& B 4e ~ 100 pl standards & sample » = 5 F 4 »~ 50 ul Detection
Antibody & J& > >t B T i 2l FF o 2 {8 £ 4 300~400 pl washing
buffer = jiF 3 = » £ 4c » assay buffer fff# i¢ ¢ streptavidin-HRP 100ul
FE T IE* 30mins o £ & * 300~400 pl washing buffer i iF 3 = »
% B & well 4c ~ 100ul chromogen TMB & Ji& - i#¥ & 30 mins 2 {& =
well & B 4c » 100 pl stop solution (F *+ 30 & 45 B Tk iE) o & *
ELISA reader iB] ¥ 450/650 nm %%k (@18 > @ % T "q#-971F e
standarts = &8 & 27 > ¥ sample B F BB F ~ R E A ML 0 BB

T T E SR SV EL RS
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- > AG 2 ODQ ¥ ¥ F #H#r4| PGN #t & 2 e TNFa > ¥ SNAP
3 8-br-cGMP iJ2 Raw 264.7 E Fgim? » 3 7 3 v TNFo «§#

3L o

W3 F % FIEP LPS ¢ i5d TLR4 F i Erfim?e > & i 475
NF-kB ; /=it {4 NF-xB+¥ d m”e%ﬁ%e‘.)\i w5 ¢ > B H AL el Flen

5-flanking region & & {5 :&m BT 254 F]& B om INOS %2 TNF-a

13\

FOANF-kBefh e 7] o Flgt RAW264.7 E exiim 'z th & LPS i1
2. ¢ i8¢ INOS 2 TNF-ae& R o 3 B L A n R %77 #F R
LPS § E o5 w2 838 TNF-oen& ILE_ % 7] iINOS e7324 37 - @ PGN
X% TLR2 F i Evgllm?e » AP 02 eniz o™ » NP i - 475
LPS&PGN-induced macrophage activation ¥ »iINOS #>/# 7 ®f8 4 ¢ -
d Fig 1A #7 iINOS ~ TNF-a ¢ < $| LPS 22 PGN | g4 31 > F]
20 R A PGN 1 E v im#2 $8 22 TNFosag 42 ¢ > iINOS &% % &7
He o B w BB A AP * AG (5 INOS #4143 5 2mM) v
ODQ (sGC #r#4] ; 100 uM) » # EJ2 RAW 264.7 E v fm 2 30 & 415
# A2 PGN (5 ug/ml) - 48 hrs {4 » 4z & cell conditioned medium 7] &
TNFos§#2c £ o % % 4 Fig 1B #75% > £ control £t $# > LPS 2 PGN
fligcis enime & TNFoff2c & 7 B FH 4 2 & # &2 AG & ODQ
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hiin®s  # TNFashff 4 157 1 - Tl A & 2ol PGN 1
$OE i #rig & TNFaffcouB27 - NO 2 sGC 7 i $2 8 ¢ o
BT AAPEHZLS SNAP (NO “rdonor 5 100 uM) % 8-br-cGMP
(cGMP ¢ analog ; 100 pM) &k {jE vifim?e o & % & SNAP 2
8-br-cGMP ’]5'3? "3 Raw264.7 Eviim®e & 2 TNFa~ & (Fig 1C) >

TR, v ¥ LPS #2 PGN 3 # TNFaA i ehiE42 ¢ » iINOS 2 sGC 42

He o

. SNAP £ 8-br-cGMP ¥ 3 ¥ iNOS knockout mice peritoneal

1y

macrophage # # TNFa

AipEF 7 AG 2 ODQ ¥ #r#4] PGN-induced TNFa secretion ©

i PE- R

TP INOS i Egimie At INFa#t g & g & Fod o 30 E A

ETIRS

i¢ * iNOS knockout (KO) mice % #& 4 iINOS # PGN 3% # TNFa % 35
e B Mo Ay B wild type (WT) %2 INOS” % & cr?g vE F v im b2
(PEM) E22 PGN (5 pg/ml) » 48 hrs {4 4z & cell conditioned medium P
£ TNFaea s ehd o 2% 5 WT BEriimee 4ptt » iNOST 1E
v m e & PGN §] {8 e TNFas 2 & P & 7 % (Fig2A) - &7 % »

A i 12 SNAP 2 8-br-cGMP % % WT £ iNOS™ 1 PEMs - 48 hrs
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i

s » Jc & cell conditioned medium B £ TNFa 4 s g o d F 5
* # 4w SNAP (NO ¢1donor; 100 uM) % 8-br-cGMP (cGMP ¢ analog ;

100 uM) % i: 3% & WT £ iNOS” PEMs TNFa:4 4 (Fig2B~C)- %
% Bt Egiwe chiINOS 2 H 7 -9 NO/cGMP pathway > #13t PGN

w2k 3 e TNFa» § -2 endi 48 o

I

+  AG % ODQ % i  »3#7#] PGN #% # ERK % v

LH A% T e SEP NOSGC ¢ %8 infa mRNA 3 1.8 (¢ ]

Iy
N

§ ¥ jedp 91 TLR4 i 35 3875 * ERK @508 - 34 mfa &
Flenig k2 TNFos - m % 22 5+ HP I 1400W 2 ODQ &t
Fr4] LPS 34§ ERK srja i > ¥ { 38— #HEF SNAP 2 8-br-cGMP it
7% * ERK » # 4c TNFas# 31 (*Bl=) - 4 * TLR2 /& # » TNFa
R EH/F 0w AP S A TLR2 3 ifa 7 Fleig 42 TNFo %
A dr S FITLRAAPEE o 5w $2 B R IEA P * AG (2 mM) 4r
ODQ (100 pM)» % &2 RAW264.7 E ¥ m¥e 30 4 4515 £ AJI2 PGN (5
ug/ml) o 48 -] FF{s » Jx & cell lysates » & 7 ERK e/a {4 o F 2% 2 % &
TLR4 ch% % 4pk (Fig3); #.%A ¥ » NO % sGC %# % LPS 4r PGN
# % ERK 0/ 487 o
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T >

LPS 22 PGN # # ERK i3/ i 5 & B 7 fo chfg £

%%@%ﬁm&

B AP

» L% 3] ERK 7

M-CSF i% i % * ERK % @ £ 1] B e im 72 et 4,
P >

BB R B E R B A

transient activation fr sustained activation o @ < }}% T

L
2

5o

persistent activation ¥t E ¥ fm P2 ek it

o+ e 5 (Ebisuya et
al., 2005; Guha and Mackman, 2002; Marshall, 1995) » F]pt s i

BEE LPS &2 PGN % Eiim®e 1 ERK cniEH 8 3 5 £ 5 4pfp h
B35 o 24 02 LPS (100 ng/ml){= PGN (5 pg/ml) &S w7 15 4 %) & 10

mins ~0.5-2~6~12-24-~36~48~60~ 72 hr e ¥ 2Ly & cell lysates >

245 ERK eria o S % # 3 4 05hr 2+ > ERK SHp BEH & - i@
B.05 ] PR R E (L > HisliiRbrT e

%

o 24 | B e ERK & Mg 3t
0.5 -] e ERK A 1P & "% 437 % 2x % — B ERK activation » #* i

i2_ % transient ERK activation % 4&§_> % = 4 9 ERK /& it 3t 48
- F
’J‘ Bi: SR

NI > AP A2 5 sustained ERK activation (Fig 4) e
LPS 2 PGN #r#} $z¢hsustained ERK g8 ¢ £ AG i
BE
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t g T_LPS ~ PGN 2 iE vim?e » H ERK 7% i 3 transient &2
sustained ERK activation 2_ 4 » F]pt 2 7 8 B° enf* 38 §_LPS 22 PGN &
it ERK et /5 ¢ -iNOS £ %87 2 oR i i Boo Fpt 2 7 41 % AG (2 mM)
7 i J® RAW264.7 E wiim*2 30 » 4515 £ ad2 LPS (100 ng/ml)fe PGN
(5 pg/ml)> 4 %] A 10 mins~0.5~2~12~24+48 =pF FF gk & cell lysates °
&35 ERK et o & % 2 3 2 INOS & Mg #r 4] 5325 s transient

(30 mins)=7 ERK /#4832 £ B2 5% e sustained ERK activation #r

k2T *% > ¢ sustained ERK activation 3 # i % 3/ iNOS 334 477 o

R iNOS % PGN-mediated sustained ERK activation #13

it 2% Fig 3 55 ;7 NO/cGMP pathway ¥ &t %% PGN-induced
sustained ERK activatione 3 7 # % INOS #%f sustained ERK & & |4 »
A ¢ * INOS” mice » kB H PEM A4 4 INOS2 & » #
PGN-induced sustained ERK activation _% % F|# 8 7 0w WT 2
iINOS™ mice é7hPEMs AJZ PGN (5 pg/ml) 48 /| F¥ 1% » 4 & cell lysates
A 45 ERK e+ o o #dh ™ 400 ¥ WTPEMs 4p ¢ » 2 PGN AU ¢

iNOS™ PEMs H sustained ERK /& 1 Bgag f#r4] (Fig6) o d gt 54
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4235 LPS ¥ PGN 113 F vt im % 2 TNFosis /o ¢+ iNOS i &

sustained ERK activation #_{x & & o

= ~  Src family kinases %27 & LPS 2 PGN #73 ¥ ¢ sustained

ERK activation °

Bk 7 3 ¢ g ) Sre family kinases %3F 5 7 f eiw e A £ ¢ "
3 - BEER SN ;j}“{'?]‘; 2t 4, @ vE 40 co-transducers (Leu and Maa,
2003; Lowell and Berton, 1999) @ E sm®s ¥ i & 9 SFK 5 Lyn -
Fgr 4= Hek o 3% [}% v Ap BE ed B " K 12 LPS &8 PGN ¥t E v fm e
B g > By ?K 2 *?1 7| transient ERK activation ; ¢ ** SFKs
AR 4w iR g ERK & 1Y 0 FIpt VPR B oelin#z ¢ sustained ERK
activation ©x ] LPS & PGN & #p fijcdm k o 3 w FioB AL 2L
#-F v w2 12 LPS (100 ng/ml) &8 PGN (5 pg/ml) AL | FFis > R
transient ERK activation % ¥'| t 8 » 4v » PP2 (Src family kinases
inhibitor; 10 uM) {s £ % 46 hr> Jc & cell lysates ¥ conditioned medium
& 4 45 SFK #f sustained ERK activation 2 TNFa production 7382 58 o
d Fig7 end %81 > &b & g2 PP2 vhie %@ > sustained ERK
activation ¥# TNFo #§% *c & ?K’ﬁ POEE A e o FIR VIR S Sre
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family kinases %22 & LPS ¥2 PGN #7i ¥ F v 'w? 2. TNFof# *ciE 42

Src 42 & LPS~PGN 2 SNAP #73 ¥ E v o %8 ¢f1 sustained

ERK activation 2 TNFa production °

4 nTNFa

d Lyn~Fgr~Hck % 3 &P E wiw®e %] LPS 1] A

TR P AE R MRk “?1 ' J& 7 Lyn~Fgr 2 Hck 12 #} ciatyrosine kinases

%% % LPS # % F w2 ff 22 TNFosgt 2@ (Meng and Lowell
1997)c ¥ - % & » AP RHFES &7 A LPS {1k E s imme & it 4
Fenpeie? > SrciFF- BER et d (Maaeral, 2008) o d >t Src

family kinases %-£2 & LPS ¥? PGN #7134 # rhsustained ERK activation >
pA i Ry Sre £ 42 A LPS & PGN ™ 20 E v w72 8 2

TNFo s = ¢ o 24 it 411 % Raw264.7 2 % £ vector control (ctrl cell)

% 1% src-specific siRNA 7w "2 Src-attenuated Raw264.7 (siRNA) 12 %

% i£ ectopic Src £ Src-attenuated Raw264.7 (siRNA/Src) * i § %

“ PGN o2 48 /| FF {5 L% Src &2 ERK s/ 1

* FenfmPe 2 LPS ¢
d Fig8 % Fig9 & 77§ Src-attenuated Raw264.7

£ 7

22 TNFa 4 g o
« PGN {1 }%> Src eri5 1% (Src-pY416) ¥ Src e

(siRNA) = 3| LPS &
gt #b ERK & 1

L& &2 vector control (ctrl cell) Apfie™ P* &g e 14 >
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(PERK) 4 TNFa ¢hd JLE < 4887 ¥ 5% € & & LPS # PGN fI
#r ectopic Src 77 Src-attenuated Raw264.7 (siRNA/Src) 1 > Src e/% 14
(Src-pY416) £ Src en% & ¥ Src-attenuated Raw264.7 (siRNA) 4p #
P &g enw 2 5 ERK #0751+ (pERK) #3 TNFo & &~ % Src
i A a4 (Fig9) >4 RAF 2 LPSE PGNF $ 2 4

TNFa ePf4is? > Src#ifi- BERhé ¢ o amghd RAPL &
3¢ LPS ~ PGN - iNOS - NO/cGMP - ERK - TNFa > @ Src * =%
3| NO/cGMP 2 4520 i& @ 2 4% SNAP g2 Src-attenuated Raw264.7
(siRNA) 1 %2 £ % ectopic Src 7 Src-attenuated Raw264.7 (siRNA/Src)
2 % ERK &2 TNFosh4 5o § % % % #9400 & Src # £ chif )

T ERK #j% 1227 TNFashd R 304k P & e 4] (Fig 10) 0 @3k <0
&5 a‘% d1 Src # @ # LPS ¥2 PGN 7% i* E ¥4 %2 migration ¥ /7 & &

7k ¢ o p e LPS 2 PGN 24 % TNFos4 3y &5 £ & chg & o
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TLRs ¥ 7# & i < ffw % 23 & ch LPS 12 2 PGN  TLR-4 7
WA B e — B Toll AP M v > "EF ¥ TLR4 » 5 24
Aw R MLl R T 2 A FIA A B A iR o 3R AP E
257 f2 TLR-4 t A B4 B & siend & B oF LPS ¥ PGN 42 7] TLRs
6> € # 4 NF-xB & Fl#E&= 1 & IL-1~1L-2~1L-6 ~IL-8 >
TNFo 2 iINOS 74 4 > 518 % X F & (Lee et al., 2005; Wright et al.,
1990) -

LPSe SHBF nFEF I wepet 4 B ERPFLF B

P
g

L% I* NF-kB 2 MAPKs familys= f 4= ERK 1/2 (Liu ef al., 1994;
van der Bruggen et al., 1999) ~ JNKs (Hambleton ef al., 1996) » = p38
(Casey et al., 1994) - = }*Jw ipdi LPS v 3% 10 ERKI/2 1 4 #iE
#AL 0 KRR e 4 F)3 Elk-1 cogipi it 0 @ Elk-1 4 SRF %
& - 42 8- HE I egr-1 promoter 3 4r Egr-1 %3 4 TNFa
& Flenk B (Guha et al., 2001) - = }]%JJ dpdiy % MEK #ri)
U0126 P>+ > LPS #73 4 L w7 r % (4o IL-1°IL-8> TNFo)
cha ez INOS ehjd-d £ 3R o @ $Fienfia). 4 4 A TLR2 7% i i
A2 o d ¥ wERKIR A B mre p 4 BEP » - BEE P
& ¢ (Scherle et al., 1998) o

AN e B % o AN ij:’i,ﬁi T LPS T E g imie o > T A 4
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e7 iINOS ~ ERK ~ Src ~ TNFou # ¢* 2. B erfif B2 o &A= A4 02 LPS
¥ PGN g2 E vim ™ > b g 0 INOS A 4 22 TNFa (hf I P &
W 4e o 2 FH IR 1L inos e tnfo gene ¥ 5 NF-kBerk ek F] > & iINOS
2 TNFo sn& frh 2 K f2f - '2d 3 NO % - second messenger °

FCEN P 7 #E",’Tf’ﬁ - B ¥ A ?Ki]%L{iNOS A2 5NO ¢ i ¥ TNFo 9

A4 o Al 1400W 2 AG $74] INOS » 1* ODQ 74| sGC » @

-

i % BT ot Z 4 ¢ 5 dr4] LPS- and PGN-induced TNFa secretion
FEs T INOS £ sGC 4% & LPS 22 PGN % # TNF-o » i chif 42 ¥
(Figl) > @ = }}%JJ 4p >* human neutrophil ¥ > NO donors (SNAP)
A & N & %4 % TNFo synthesis (Van Dervort et al., 1994) ; & iNOS
transfected human U937 cells » >»NO + 3 4r TNFa & 2 > 4§ U937 cells
# 5 7 sGC>U937 cells P & ;2 # NO 3% H A 2 TNFa (Yanet al., 1997) -
¥ ¢ NO 2 cGMP %% #f 4 human peripheral blood 1 TNFa
synthesis(Wang et al., 1997) -

sGC #_NO i & starget > § NO 7% > sGC 7 8% fmre ) 2 4
@ £ (Bogdan, 2001)- 2L i7# & * (1) NO donor, SNAP 2 cGMP #f iz 3~
8-br-cGMP + [ ¢35 ¥ 11 3§ 4 TNFo s (Fig 10) » P
NO/CGMP %% 7 TNFa f#41 - (2) &4 $]% 7 iNOS  # firk &
NE v > FIE T F Bz a0 H A% LPS &2 PGN 1%
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{8 TNFo ~ ;&8 « g > (Fig2) > iz SNAP £ 8-br-cGMP % ¥ # &
WT £ iNOS” PEMs # # TNFa- ¥ “} 12 reverse transcripation-PCR 4
o5 RNA chi k2 e P 1T 4% § %% % * AG 2 ODQ
A B R ] LPS #734 ¥ chRaw 264.7 E ¥ % tnfa mRNA 4 & ;
SNAP v 8-br-cGMP s # 11 & tnfo mRNA £ & H 4 ("FRI=) -
B4 M cGMP 2§ ¢ 4% NO # % Raw 264.7 Evfim® £ I
tnfo. mRNA i 4% - cGMP effector proteins @ %5 phosphodiesterases
(PDEs) ~ cGMP-dependent protein kinases (PKGs) ~ cGMP-gated ion

e

channels- 7 # # -?‘,‘ %2 7 NO/cGMP-induced TNFou % 3 4c 3 2L F J& >

»F [ﬁ%:};—, J LIPS #:iE% 1 ERK 30 4 @33R 75 > W 4 7 mfa
& Flendg 4% TNFa secretion (Luyendyk et al., 2008; van der Bruggen
etal., 1999; Yao et al., 1997) o et B % 37 49— RenA_p AP enf %Al
PD98059 (MEK #r#/|#]) ¥ 143 »cdr4] LPS ~ SNAP ~ 8-br-cGMP # #
TNFo (*tBl=)  i&& & F INOS 2 NO/cGMP pathway %£7 & LPS
%% ERK /& b » i2@ i3 & TNFo 988 ) o @ 52540 & PGN
FESE T BLRT] 0 A {2 - # ar* wild-type (WT) 2 iINOS” PEMs
K H AR o 24 2 LPS 7 PGN U2 7 iNOS” PEMs # ERK 7 it
&1t (Fig 6~ *f@Blz ) > & SNAP fr 8-br-cGMP R % ¥ &8 ERK 7%
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(@) o ABGE > A PEZT] T sustained ERK 7% it 0
TNFo 8% & F]l& 2 - » & 3P 7 A F swe & INOS 2 LPS-
% PGN-induced sustained ERK activation #7% 7 o {33558 7 % % %
A 43 LPS 22 PGN {1k E wilim #2 {5 € FINF-xB /&t @ & 24 INOS °
INOS 1A $+ NO &2 2 T 25:3sGC & 47 cGMP ¢ 2 fado i & B iRe s o
;’%‘E’ Src thk-v & % HiE i 4 » e b ¢ 3 2 sustained ERK
activation » 3 *v mfa & Flehig 4k % TNFo§ 1) -

- 435 INOS 2 TNFa & LPS & PGN {ljgis » 4 39 &
S A BT 73R F e AR R R - @ffuﬁ”'ﬁ E o A
7% .LPS and PGN-induced TNFa £_Z € INOS #1%¥ o #] iNOS %
st B R TNFashg 2 36 § 7 % o BN g - BLPS
PGN/iNOS/sGC/Src/ERK/TNF-a ﬁmathwayi&#ﬁtﬁii (Fig 10)0 2\ 7% 7
IR etk chpathway 3 7 & 7 e E imbe end s TLR3U LB/ > »

ARERG T AL R RE e A BB me .
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Figure 1. NO/cGMP is involved in PGN-induced TNFa secretion.

(A) Raw264.7 cells were treated with or without LPS (100 ng/ml) or

PGN (5pg/ml) for 48 hrs. Equal amounts of lysates (80 pg) from each
sample were resolved by SDS-PAGE and probed with anti-iNOS and
anti-actin antibodies. (B) Raw264.7 cells were pretreated with AG (2 mM)
or ODQ (100 uM) for 30 m and then stimulated with or without PGN

53



(5pg/ml) for 48 h. (C) Raw264.7 cells were treated without or with SNAP

(100 uM) and 8-br-cGMP (¢cGMP, 100 uM) for 48 h. The concentration

of TNFa in culture medium of each sample was determined by ELISA

% P<0.001.
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Figure 2. iNOS is required for TNFa secretion mediated by LPS and
PGN.

Peritoneal macrophages from wild type (WT) and iNOS™ mice were
treated without or with LPS (100 ng/ml) (A), PGN (5pg/ml) (B), SNAP
(100 uM) (C), or 8-bro-cGMP (cGMP, 100 uM) (D) for 48 h, then the
concentration of TNFa in culture medium of each sample was
determined by ELISA. Meanwhile, total lysates (80 pg) from each
group in part (A) and (B) were resolved by SDS-PAGE and probed with

antibodies against iNOS and actin. ***  P<0.001.
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Figure 3. PGN-induced ERK activation is inhibitor by AG or ODQ.
Raw264.7 cells were pretreated without or with AG (2mM) and ODQ
(100 uM) for 30 m and then were stimulated without or with and PGN (2

png/ml) for 48hr. Equal amounts of lysates (80 pg) from each sample were
resolved by SDS-PAGE and probed with antibodies as indicated.
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Figure 4. Sustained ERK activation mediated by LPS and PGN.
Raw264.7 cells were stimulated with LPS (100 ng/ml) (A) and PGN (2
pg/ml) (B) for various time as indicated. Equal amounts of lysates (80

ng) from each sample were resolved by SDS-PAGE and probed with

antibodies as indicated.
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Figure 5. LPS- and PGN-mediated sustained ERK activation was

AG-sensitive.

Raw264.7 cells pretreated without or with AG were stimulated with LPS
(100 ng/ml) (A) and PGN (2 pg/ml) (B). Equal amounts of lysates (80
ng) from each sample were resolved by SDS-PAGE and probed with

antibodies as indicated.
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Figure 6. iNOS is involved in PGN-mediated ERK activation.
Primary peritoneal macrophages from wild type (WT) and iNOS-/- mice
were treated without or with PGN (2 pg/ml) for 48 h, then equal amounts

of lysates (25 ng) from each sample were resolved by SDS-PAGE and

probed with antibodies as indicated.

59



A)

0hr 2hr
+LPS,PGN  +PP2
Y ¥

B) ***
16 -
14
= 12 -
E ] |
[=T1]
E 5
o}
o 6
£ .
2
B
0
- == pERK
- -
D w— — ERK

— LPS PGN LPS PGN
PP2

Figure 7. Involvement of Src family Kkinases in the late stage of LPS-
and PGN-induced TNFa secretion and ERK activation.

(A) Flow diagram describing the administration of PP2 and LPS. (B)
Raw264.7 cells were incubated with PP2 (10 uM) after 2 h LPS (100
ng/ml) and PGN (2 png/ml) stimulation. Equal amounts of lysates (80ug)
from each group were separated by SDS-PAGE and probed with

antibodies as indicated. The concentration of TNFa in culture medium of

each group was determined by ELISA. *** P<0.001.
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Figure 8. LPS- and PGN-mediated TNFa secretion was inhibited by
src-specific siRNA.

Raw264.7 cell and its derived control (ctrl-1), Src attenuated cells
(siRNA-1, -2) were stimulated without or with LPS and PGN for 48h.
Equal amounts of lysates (80ug) from each sample were resolved by
SDS-PAGE and probed with antibodies as indicated. The concentration

of TNFa in culture medium of each group was determined by ELISA.

*Hk P<0.001.
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Figure 9. LPS- and PGN-mediated TNFa secretion was inhibited by

src-specific siRNA, which could be reversed by ectopic Src.
Raw?264.7 cell and its derived control (ctrl-1, -2), Src attenuated cells
(siRNA-1, -2) and Src attenuated cells harboring plasmid encoding avian
Src (siRNA-2/Srcl, siRNA-2/Src2) were stimulated without or with LPS
and PGN for 48h. Equal amounts of lysates (80ug) from each sample
were resolved by SDS-PAGE and probed with antibodies as indicated.
The concentration of TNFa in culture medium of each group was
determined by ELISA. The arrow indicates the position of Src.***,

P<0.001.
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Figure 10. SNAP mediated TNFa secretion was inhibited by
src-specific siRNA but ectopic Src could reverse this phenomenon.
Raw264.7 cell and its derived control (ctrl-1, -2), Src attenuated cells
(siRNA-1, -2) and Src attenuated cells harboring plasmid encoding avian
Src (siRNA-2/Srcl, siRNA-2/Src2) were stimulated without or with
SNAP for 48h. Equal amounts of lysates (80ug) from each sample
were resolved by SDS-PAGE and probed with antibodies as indicated.

The concentration of TNFa in culture medium of each group was

determined by ELISA.*** P<0.001.
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Figure 11. The proposed NO/sGC/Src/ERK signaling pathway for
TNFa secretion in LPS- and PGN- stimulated macrophages.
Following LPS and PGN treatment, the signal is transduced into
macrophages via Toll-like receptor 4 and Toll-like receptor 2, which
leads to NF-«xB activation. Traditional model (A) indicated TNFa and
iINOS were independent. But our lab study indicated activated NF-kB
increases the expression of iNOS. NO produced by iNOS contributes to

Src and sustained ERK activation, TNFa generation (B).
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LPS
- - AG ODQ SNAP cGMP

gapdh

'+ 8= ~LPS-induced fnfa transcript is sensitive to inhibitors of INOS

and sGC.

Raw264.7 cells were pretreated without or with AG (2 mM), ODQ (100
uM) for 30 min, and then cells were stimulated without or with LPS,
SNAP and 8-br-cGMP for 48 hrs. The amount of ffa transcript was
analysis by RT-PCR. gapdh was utilized as an internal control for

amplification efficiency.
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*+ @ = ~ MEK inhibitor PD98059 suppressed the SNAP- and

8-br-cGMP-induced TNFa production.

(A) Raw264.7 cells were pretreated without or with 1400W (100 uM),
ODQ (100 uM) for 30 min and then were stimulated without or with LPS
(100 ng/ml). Lysates from each group were separated by SDS-PAGE and
probed with antibodies against either phosphorylated or
nonphosphorylated ERK. The concentration of TNF-a in culture medium
was determined by ELISA. Raw264.7 cells were preincubated without or
with PD98059 (10 uM) for 1 hr, then stimulated without or with (B) LPS
(100 ng/ml), (C) SNAP (100 uM) and 8-bro-cGMP (cGMP, 100 uM) for
48 hrs. The content of phosphorylated ERK, ERK and the concentration
of TNF-a in culture medium in each group were determined by Western

blot analysis and ELISA, respectively.
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*+ @z -~ LPS-mediated ERK activation was abrogated in iNOS null

macrophages, which could be restored by SNAP and 8-br-cGMP.

(A) Primary peritoneal macrophages from wild type (WT) and iNOS
knockout (iNOS-/-) mice were treated without or with (A) LPS (100
ng/ml), (B) SNAP (100 uM) and 8-bro-cGMP (cGMP, 100 uM) for 48
hrs, then equal amounts of lysates (25 pg) from each sample were
resolved by SDS-PAGE and probed with antibodies as indicated.
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