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¥ 2 & (Abstractin Chinese)

Toll-like receptors & 3T & KARZHF IR e FEaificd £ T B 10 L& 2 ¢ L F
BIELHRE RE - A7 Kt (unmethylated) *2 #f3ez_( cytosine ) - & ¥ &
(guanine) 4 A 7] (CpGmotifs) > 7 5 4 £ & e 4 > flm
AT AR @ AT KT CpG A A ,’{%d Toll-like receptor-9
(TLR9)Z faxdo L X P A T F b — s B 0 L Bk > 31837 5 2 Wk
Boré 5 E iAo b A PRI S ¢ P 4 CpG T - Raw264.7

Evfiimiz cnfy FAr 0 fpt g M P A 4 o 2 & 1 fed® PP2 (Src

\\\ﬁr

family kinases [SFKs] erdrd|] ) 18 » wmre e (7805 » 5 3 1) SFKs
24 CpG 33 cnim ™2 45 (77 02— % IoRaw264.7 'w? & CpG fljE T »
3 Src ZRH 4 o Lyn~ Fgr fv Hek 39 223 (x~ 4L & » @ Bop X
R p2 Evglmiz s F 4p e cPIR % o & Raw264.7 0% * RNA interference
SR S Sre 2 IRE 0 € 33 CpG A # hmfe H 7> @ w4k Src & IR >
PIF PRAR mPe A3 (730 4 o & B a2 TLRY 4] chloroquine f= quinacrine
6 > CpG ## e Src 2 MfrimPe H (7% g3 > » oot ELL
TLR9-dependent o ¥ ¢k » 2V i3y 2 3 44k 5 INOS ehE v iw?e > 2 CpG 5|
FenSrc A MArimie BT RS o d FakaniEE o AP ni INOS ¥ L3

a4 Src 2 IR i&m BB CpG % chimrz i (740 4 o

BatF © CpG FtiH peA 7] > Sre v Eilim®s 45 {740 4



# < & (Abstract in English)

Toll-like receptors (TLRs) have recently been identified as important
sensors of infection that, upon microbial recognition, activate the immune and
inflammatory responses. DNA containing cytosine-guanine dinucleotide (CpG)
motifs have potent immunostimulatory activities. Unmethylated CpG
dinucleotides in particular sequence contexts occur frequently in bacterial but
not in vertebrate DNA. Unmethylated CpG motifs initiate innate immune
responses via Toll-like receptor-9 (TLRY), which activates a spectrum of
signaling molecules and triggers a variety of biological responses including
migration in macrophages. In this study, we demonstrated that upon CpG
stimulation, the motility and the content of total protein tyrosyl
phosphorylation in Raw264.7 macrophages were greatly enhanced. The
abrogation of CpG-induced migration by PP2 (an inhibitor for Src family
kinases [SFKs]) suggested the involvement of SFKs in this process. Analysis
of the expression of SFKs in Raw264.7 cells revealed that only the expression
of Src (but not Lyn, Hck and Fgr) was CpG-inducible. And similar result was
also detected in rat peritoneal macrophages. Remarkably, silencing of Src
expression by RNA interference reduced CpG-evoked cell mobilization in
Raw264.7 macrophages and restored Src expression could rescue this defect.
The inhibition of CpG-induced Src expression and migration in cells
pretreated with chloroquine and quinacrine implicating these events were
TLR9-dependent. Notably, this CpG-mediated mobilization and Src induction
was suppressed in macrophages devoid of iNOS. With these findings, we
concluded that iNOS-induced Src expression played a significant role in
CpGe-elicited macrophage migration.

Key word : CpG motifs, Src, macrophage migration
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% - % FE#% (Introduction)

¥ - & L& 4% (immunesystem) % Esiwm? (macrophage)

A ARG L0

E»

cFEE P R (self) &2bp By H
(non-self) » i@ i & #E",fé'ié Wb w2 B2 F R (1] #4
LR T LN R T e lE R SN AN SO 7
IR A B S o AR S SRR e i B e
i3 FEAMELNREL e - A3 AAEF BV A5 ALIELE
(innate immunity ) s % #& & % (adaptive immunity ) o £ % }& & 5

PER - FERRB RGN AR Bk B RRE G

ﬁjqﬁ;\ﬁ‘,ﬁqngg;#;m]q Bk ~ F iRy R BB N

Flr R AT E RS PR FEE ARG S
TAAAPLA G EER - o SEwmie ¢ 7 H Pk
( monocyte ) ~ "‘%,’ ? }47% (neutrophil ) fv E ¥ w*¢ (macrophage) % >
é%‘%ﬁ AT % (phagocytosis) R =k ki > @A A FEFR M
Beienfe By € f 4 v e E (cytokines ) v it %% (chemokines)

Sl K ot vt s R & IR w2 (antigen presenting cells) 4ot



4% fm#e (dendritic cells ) v E #im? (macrophages) » #-4Lh & %

#* = fmre (lymphocytes) > %14 T lmP & d'm% gk » i&m FiY B

e A4 - el > X R HPURRE A 8k - Badas
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% = & Toll-like receptor 9 (TLR9) 2 CpG

1997 # Medzhitov % A 4 3 A #55 £ 02 % w6 cToll A F] > # 1 i
~Eeith kp s TP ELEF R B kv AP & L5 Toll-like
receptors » iz BAF I A X B L E P EIFR [4, S]o g S B M
TLRs ¢ 3 16482 % [6] o d % 7§ 4 w ¥ } copattern recognition
receptors ( PRR ) ¥ #¥#% pathogen-associated molecular patterns

(PAMPs ) » #Toll-like receptors 7% ¥ & _~ fAPRRs » # & — My
% Ip c9PAMPs o 3 — & Toll-like receptorsi=*:w? % & > &|4-TLR4

i KM E M F % lipopolysaccharides

=

[5123

(Rt R N RS X
(LPS): TLR2¥ y#a: & fF < I |+ Fpeptidoglycan (PGN) - ¥ 5 -
#* Toll-like receptors >+ fm?2 p > 4oTLR9 i+ >t endosome® - ¥ F¥:s 'm
Flfr + DNA} e0CpG motif [7] - — & TLRsehzt & @ iL d
myeloid differentiation primary response protein 88 (MyDS88) ~ IL-1
receptor associated kinase (IRAK ) ~ TNF receptor-associated factor 6
(TRAF6 ) ~ transforming growth factor-p -activated protein kinase 1
(TAK1 ) 4vIxB kinase (IKK) ~ IxkB ~ NF-«B [8, 9]/4 fxd ¢ F & ©

* 7 A& CpGE+: 3 (unmethylated CpG dinucleotides) = 1%

shiF TP H A 7 (CpG motifs) ¥ AATLRI#r3%a - CpG 2 H A&



NI F wFE ot A e d 4 DNA S F (10, 11]0 5 B8 ¢ fa s
P DNA L it A2? #7352 F 5 p & ot ADNAGE & §54] o
PR pfEFT N R ATLRORH DL HE LT B Y Ly
A Al (KT &0 CpGRER F e fl AR AR > ) o @ if PR A A
B F i [12] » B&Efe & 1 hTLRO Ave A it i 7] 4§ 249 ch 4 B
[13] > & CpGAp 8 FDNA & &5 » % 3 &5 30 @ e&es (purines)
%3’ i vipeg ( pyrimidines ) > #]4cGACGTT [14] > fvCpGAp 4% (iDNA
%5 zpend B4 L guanine (G) fradenine (A) > 3" & B efee 'y
% thymine (T) o fe 4 #Ffe % & H © 4 0] 2 TCGTTCHr/& TCGTA
I [15] 0 #7uCpGAp#ReDNA RS a7 @ 7 Fe o

£ = gholigodeoxynucletides (ODNs ) & Z CpG motif ¥ 1 $i- 17 ‘m
FIDNA ] 318 & 3 4p 0 e d B F Ji o & Jrcytokines s s v &
£ ODN¥ 4 2D (CpG-A) ~ K (CpG-B) fvCpG-C= ~ £ [16] * 4=
GGTGCATCGATGCAGGGGGG 52 D (CpG-A) #f » é_.ﬁé’—fﬁj . 1
- CpG motiffr# 4p a8 5 7|3k < (palindrome ) #7le= > &3 k¥
d2F 5GP o A& 5 PR T M wr% (antigen presenting
cells) = # ~ # & interferon-a (IFN-a) ¥ i % {1 plasmacytoid
dendritic cells ( pDCs ) 4 % IFN-a - » K (CpG-B) #f & B 7| 4r

TCCATGGACGTTCCTGAGCGTT 3 % B CpG motif ¥ & £t i &k



s (phosphorothioate ) % = # % (backbone) it & pDCs= 3 frif i

tumor-necrosis factor (TNF ) i i&_ Bim¥e 3 4 {o % g [gMArIL-6 ©
CA] enCpG ODN i TCGTCGTTCGAACGACGTTGAT 4= CpG-B

XAk 3 % B CpG motifs+ A d i gifkfy (phosphorothioate ) ‘e =

F4 e das #5 3ETCGE 7] F % «CpG motiff| &k & f 71 2

® o B g B §lid IgMAeIL-6 £ 7 { pDCs A i IFN-a [7] -
TLRO % 33>t Bin¥e ~ E v o2 foiik 'm 2 > frendosomefi& |47k

BT #ERCpG [17] o v H # ~ DNA ODNst 4 fod & ~ R 2 B A

£

m}-

e

N

FM AR 3§ CpGhFISDNA (18] § 257 fd
% (fluorescently labeled ) e 3% i BODN ; ¥ J & % = » ODN ¥ €
A dmfe o> 2 B 5 CpG ODNise 7% 1 TLRO [19] o TLRO safr |
chloroquine = # #g #2 4~ quinacrine ¥ #* 4] CpGfr TLRO 7 & 3 1% *
(interaction) @ ¥r#|d £ & & [20,21] ¥ ¢ » TLR9 knockout #-¥
8 { %% 7 CpGfrTLRO % *» B % [13]-TLRO#= & @ ihie /o ¢ 3
mitogen-activated protein kinases ( MAPKs ) - i %_ p38, c-Jun
NH,-terminal kinase ~ (JNK ) - extracellular receptor kinase (ERK ) >
FeNF-kB-inducing kinase (NIK) -IKK-IkB pathways [22-24] o & {5 €
& 1 transcription factors# 7 NF-kB - activating protein-1 (AP-1) -

CCAAT/enhancer binding protein ( C/EBP ) -~ cAMP-responsive



element-binding protein (CREB) @ ¥ 8m% g% foit 52 chi I

[23, 25, 26] -
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A& %

¥ = & Src kinase

1911 & Peyton Rous ** Rous sarcoma virus (RSV) # % - B
oncogene ’* & V-SIC [27]c @ f$ L8 Rt ¥ wrw ¢ FIH 5
C-SIC % proto-oncogene © A% 2 #% % 2_ Src 7 C-SIC ehj-v AP o H
&+ & % 60kDas % non-receptor protein-tyrosine kinase £_Src family
kinase (SFKs) ehH ? — B o ¥ &% bl4c ¢ 'm¥ %% (cytokines )
4 £ F]3 (growth factor ) ~ &k*¢ (adhesion) fr#u/ # < % (antigen
receptor ) {0 A A 4 w4 & (cell growth ) ~ & it

( differentiation ) ~ m ¢ 25 sz % (cell shape alteration ) ~ # {7
(migration) % # 75 (survival ) ¥ 24 12 F & [28] o Src e~ F %
T#Z&LN-Q“% 3| C-# > % K % SH4 domain ~ unique domain ~ SH3 domain »
SH2 domain ~ SH2-kinase linker ~ protein-tyrosine kinase domain ( SH1
domain ) 4 C-terminal kinase domain - SH4 7 myristylation ¥ & Src
FiE AR AL 2 e N O & 5 unique domain F BB RIEP s
A &P * 2 ks SH3 ¥ £ proline rich s9& i s & 7% & 5 SH2 R
4_21 phosphorylated tyrosine F f% % ¢4 % ; kinase domain £
regulatory domain B ¥_3 & 3 45 Src /& (7 5t B B [29] ©

AALr SreiEdE B o0 F B BEE B PBEL C RAR > 0 A B E
Tyr527 % Tyrdl6 - § Tyr527 # H i ehtyrosine kinase & 3 Csk
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( C-terminal Src kinase ) % Chk ( Csk#homolog ) #ifi& it {é » pTyr527
& 3 SrcenSH2 domain > 1 Srci 3t % B R AR o F pTyr5272
SH2-binding pocket4 B 15 » i & e € RE Dk [30] 0 ptpE T
activation loopeiTyrd163£¥ 118 {7 p RERfL 1 > Srch&‘»EE & 27 ot
1 f o T Tyrd 1622 TyrS27a B v gk fik cghit 7 4 f:Sreeh
B o gt ¢h E Sredk £ CH eityrosineifik it B € 1€ proteasome ¥t Srcid
= ubiquitinationfrdegradation > F]}* X fék i T Csk¥+Src kinase&_
B [31,32] ¢

Src family tyrosine kinases (SFKs) £ 3 11 B 72+ > 4 %] &
Src ~ Yes ~ Fyn ~ Lyn ~ Fgr ~ Hck ~ Frk ~ Lck ~ Srm ~ Blk % Brk - H
? Src ~ Fyn v Yes & &3t #73 éhiw?e ¢ [33] > Blk ~ Fgr ~ Hek ~ Lek
feLyn 2 & % IR A:d & % (hematopoietic cells) o 2 # Lck % T fw
!¢ ~ Hek o %8 27 o7 ~ Srm 75 & & ¥ 'n%# (keratinocytes ) °

EEUCERS S ? 3% % Lyn~ Hek ~ Fgriz = i%Src family = B & E v fm
e AV Rt nd d oo e 1997 & Lowellen i g ¢ [34] 0 @
* Lyn ~ Hek ~ Fgriz = #8 3¢ knockoutei & » B~ H g 3r{e § g F
“in% o & LPSTeT™ £rg IUNO & 2 felL-1 ~ IL-6 ~ TNF-0 % £ %
Lo B g B ine il o ot R 2 Ergllmie om0 AT PR G

hiFZfERY 3 5 2T o 3% H @ dityrosin kinaseB- A N 2 K E
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Evgimie o AF %R ZFRM > Eviiw? XLPST]j ™ Src& & 3 4 T
EINOAF ML H 4 > TR ESrce ErgEmiz E P I FE R &4
[35] °

GyF S BT RO AR R RO R R T
BFRSre -5 A B H b o B EALH b R [36] 0 L AT AR
21 Src e A #F B e B (development ) friE B (progression) 7 £
& hB B o Src¥ 14 fr— & tyrosine kinase receptors ~ cytokine
receptors ~ steroid receptors ~ integrin receptors and G-protein coupled
receptors T #* > %}‘}E’ TR A FESIcRE 1 e A s FE s AR
fe#s 7 [37-39] o A x4 (metastasis ) * Src%%r} Frfocal

adhesion kinase (FAK) &2 3 % @

\\?’gy

b u P oo - 4@ 3 > FAK
Ffa (v 15 € & Sre > 2 {6 ¥ 51 Crk-associated substrate (Cas) ©
Paxillin (Pax) # Crk [IF & 3Cas® 822 DOCKI180 ( 180-kDa protein
downstream of Crk ) -ELMO (engulfment and cell motility ) 4§ & % >
H {s ] Rac-GTP ¢ »+#> 3¢ B & (actin polymerization) o ¥ ¢
Paxillin {1 jgp21-activated kinase (PAK) &3 ‘w2 migration - ¥ ¢} >
i% i phosphatidylinositol 3 ( PtdInsP3 ) -kinase (PI3K) #§tj&» ¥ i

dnfe B A ZRo#S 7 [40] -
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Y3

% = & iINOS (inducible nitric oxide synthase )

Nitric oxide synthase (NOS)» 2 NO# & = fiz2% » &+ £ 9130
kDa> 3 & e 5¢ 5 ¥ 1 L-arginine % = L-citrulline - $# 3 #1NO - NOS
AR ¥ A 5 = % 3 & 5 EeNOS (endothelial NOS ; NOS T): iNOS

(inducible NOS ; NOS II) 2 2 nNOS (neuronal NOS ; NOS III ) -
= ANOSH P 5 F50~609%4p 1242 » 2 nNOSE eNOS Z_J§, »+ 4%
FERDFD 0 FAWAH LU PN L ? o T RS TS
o AREOT A ¥ INOSRI LB # A ehded o A AR AL 0 s
iFnre ~ TR efeEeginre 0 H A A NOugszy 8.7 F L 403 T on
[41] - INOSehigHE e 7 5 1 (oxygenase ) % B & (reductase) 7

% #. (domain) > INOS& f &= BR324 & 3 &4 % INOS
H i 2 hemess & 12 € 4%, iﬂf# A e s o @ FINOSY FiE A~ £ in
oxygenase domain2 3} = = F & > } BFHINOSH A £ 5 E i §
arginine & H4B i # ¥ heme #? oxygenase domain#73) = i & = %
pF > iNOS. it T ¢ ?sg A 4 % o ¥ 22INOS promoter.E &

g 45 F]+ 3 NF-xB ~ AP1 (Jun/Fos) ~ C/EBT ~ CREB 1 2 STAT %
% o @ NF-kB2 JAK-STAT sl 2 7 12 g B i " ¥ inossifk ¥ 4

¥ [42,43] -
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BF SR Y 4 FB IR INOS uER 423 0 2 A4 NO (nitric
oxide) “ifd ATy F P HRY IEd Bl we R - B F
Fed FH 2 4 BIEBE 2 = (tumorigenesis) [44] - INOS-deficient
mice ** — it ¥ mice # % 31 AR > WP T kA INOS 9 NO
BRI £ & Med [45]0 ¥ 5 INOS B R ARMEE
wie > ABFID A TR F F A EEE 0 AR EE
e 22 NO 2 4 8~ &éfvps R B Tt INOS ek LB 5 4 9 #c¥
Ergimie s b 0 2 3 X F eng 4 [46] o

i Y Y FRE R T AR mE NS F e A

70 XA R A o T R Y 3 A CpGH B e £ (7
P oSrc e fEEd o ¥ob o AR EF R ALPST T 0 INOS
g 2§ ArSeh BB we A T o gt APy Ay 2CpGi

WerSrck WA b 5 (7 AE 4 ZINOSHRR 4y o
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- % FH#EZ2 32 (Materials and Methods)

1y

- & FmHp
- ~mPE .

AR St Plenime Raw264.7 0 H 5 £ B E w2 $& (murine
macrophage-like cell line) » # $kw% %k p »+ ATCC (American Type
Culture Collection ) » & ® = i& v-Abl (abelson ) transform - #» %] i¥ src
siRNA (siRNA-1 4v siRNA-2) w2 feii s /R 22535 2 4 siRNA

(Ctrl)enim®z B § 41 * Raw264.7 E ¥ w? > & * transfected plasmid
DNA pLKO.I-msrc (puro) > 2 B {5 7| (targeted sequence )
5’-CGAGCCGCCAATATCCTAGTA-3’ &% negative control 7 pSilencer
plasmid (£ ¢ 3 0B 7| X BeAF 2 ¢ 2R > 5 Ambion Ins #f
# &) &d Lipofectamine invitrogen #1> ;% » £ d puromycin &
hygromycin & iE 1% 3| Src siRNA w2 - @ #- Src £ 3w Src-attenuated
'mP A_* Raw264.7 %2 % I src siRNA £ co-transfected pBabe

(hygro) DNA {r DNA encoding avian c-Src [47]/Z hygromycin & i

sl

—

e @3] e

&M B2 F v wPe (rat peritoneal macrophages ) f # = PEM

fm¥e > Brp 3t 2 SD rat & C57BL/6 % BlenErgimie » 41 TG
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(thioglycolate ) /3 &+ 3 & BU*gvE > @ H BEvime B & » £ 2 PBS &

%% chid3 SDraty X250 g T 3| - <2 2 B0 TR M E
2 AR RF KPP w o ¥ ¢b C57BL/6 inducible nitric oxide
synthesized knockout ( C57BL/6-NOS™") mice > $20g> p 7% 7
TR R R ('specific pathogen free ) 3 ® » iNOS knockout mice

FEFFT o Mz R 2 BA) (phenotype) °

=~

1. CpG ODN 18264rcontrol CpG ODN 1826
CpG ODN 1826 % & = 2 oligonucleotide > %z % " & i+ CpG
dinucleotides & 1] » 5°- tcc atg acg ttc ctg acg tt -3’ % 20 mer>  murine
TLRY ligand > % 4 #f + 52 K (CpG-B) » 12200 pgiz >+ 1 ml
endotoxin-free water it &l % stock concentration 200 pg/ml - final
concentration 0.3 ug/ml  #* %2 5.p¢ i >t Invivogen » %73 *-20C » ¥
¢k » ODN 1826 control* #nCpG - ¥ Z negative control» H F 71| 5 5°-

tcc atg agc ttc ctg age tt -3’ > 48 Fr 175 20 mer © F] 5 Hécytosinefr

17



guanine ™ ¥ ¥4 @ H 2 B S o

2. PP2
P~1mg PP2 ;3*"5ml 2. DMSO*® > fie @ % stock concentration 20
ug/ml » final concentration 10 pM o % 5.p#p >>Merck » %73 >-20
OC °

3. Chloroquine diphosphate salt

-

P~ 10 mg 2. chloroquine ;3" pH & 4-6 2.3 ;7% ¥ » fe#l 5 stock
concentration 5 mM - final concentration 10 uM = pt % 5.4 L 57R /R
¥k o P A Sigma s BT EET o

4. Quinacrine dihydrochloride
P~ 5 mg 2 quinacrine i3t Ffd 2 = k¢ o prfl 5 stock
concentration 0.5 mM - final concentration 1 pM o pb % 544 L 57 R R
¥k o P A Sigma s A ERT o

5. 1400W
P~ 10 mg 2 1400W 3+t PBS ¢ » fe# % stock concentration 10
mM > final concentration 100 uM o y* % 5-p¢ g % Sigma > %75 37-20
C .

6. ODQ
P~ 5 mg 2 ODQ ;3> DMSO ¥ > fe#] 5 stock concentration 50

18



mM - final concentration 100 pM o ¢ 2 2.p# A > Sigma > %33 >+-20

OC °

T~ il

1. pp Sigma :
Anti-actin (anti-actin mouse monoclonal antibody ) » % 7% *+-20°C »

FAE L 5] 1:5000~10000 o

2. M p Upstate :
Anti-iNOS (anti-iNOS rabbit polyclonal antibody ) » %5 >+-20C >

FURE v 5] 1:1000~2000 -

3. B p Abcam :
Anti-COX-2 (anti-COX-2 rabbit polyclonal antibody ) > % % *+-20

C > #8825 1:5000 ©

4. B p Santa Cruz :
(1) Anti-Lyn (anti-Lyn rabbit polyclonal antibody ) » % % 3% 4°C » $=
91l 5] 1:1000 -

(2) Anti-Hck (anti-Hck goat polyclonal antibody) » %1% %+ 4°C » #<

19



R 5] 1:500 -

(3) Anti-Fgr (anti-Fgr rabbit polyclonal antibody ) » #33** 4C » 3=
R 0L ] 1:200 o

(4) pTyr (HRP-conjugated mouse pTyr monoclonal antibody ) » % i3

3 4°C 0 FUBE e 5 1:1000 ©

5. B p Jackson :
(1) HRP-rabbit anti-goat antibody > & % *+-20°C » 48+ ] 1:2000
~3000 -
(2) HRP- goat anti-mouse antibody > % % *+-20°C > 48 ¢ &) 1:5000 -

(3) HRP-goat anti-rabit antibody > # % 3+-20°C > $48 +* ] 1:5000 -

6. Anti-Src (anti-Src mouse monoclonal antibody ) » 4 %] g 2d 5 /%8¢ 5
AP AFEH I LRI HRTHRE F3F4C 8 5] 1:200

N PARRR 15 F 720 -
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® % R H

Centrifuge Eppendrof 5424
Centrifuge Beckman Allegra
Hemacytometer BOECO

Hoefer semiPhor

Pharmacia Biotech

TE70PH meter JENCO 6071
Power supply EPS 1001

pH meter JENCO 6071
Shaker TKS RSO1

Vortex GENIE SI-2 G560
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
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Boyden chamber Neuro probe

11 R %

Protein Assay Kit Bio-Rad
Polycarbonate filter (8 pm ) Neuro probe
PVDF transfer membrane NEN

X-15RDigital analysis system Kodak EDAS 120

2R RES

1. B p Acors (New Jersey, USA ) :
Deoxycholate ~ Sodium orthovanadate °

2. #p Fisher Scientific (New Jersey, USA ) :
Methanol ~ Tween 20

3. Pt p Fisons Scientific Equipment( Bishop Meadow Road, England ) :
Sodium chloride °

4, P p Amresco : Bis-acrylamide °

5. B£p Gibco BRL (New York,NY,USA) :
Ammonium persulfate - EDTA > Fetal bovine serum > Glycine » L-
Glutamine > Penicillin-streptomycin > Sodium Bicarbonate » TEMED >
trypan blue °

22




. FBp Nunc:

100 X 20 mm culture dish » 60 X 15 mm culture dish > 15 ml cornical
tube > 50 ml cornical tube °

. M B Merck : Thioglycolate -

. Mp Sigma:

B- mercaptoethanol » Aprotinin > Bromophenol blue * EGTA > IGEPAL
CA-630 » PMSF > Acrylamide > 1400W, ODQ, DMSO -

. MBp 2K USB:

Coomassie brilliant blue R-250 » Tris-base » SDS » Glycine » Tween

20 -
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Y-8 FH%E
- ~ e % (cell culture)

1 &8 ¢

(1) £ %% (RPMI-1640)
B & w2 %% 5 RPMI-1640 » #-— H =< RPMI powder
= 2.0 g s NaHCO; 2 5.957 g <o HEPES /% *t /= E’f?]fé = =X K
o pH R T4 b FHR TS 0 0022 im R s
Jats Ak W3R4T o

(2) 8% it i e 4
| & e Fd F-d (fetal bovine serum> FBS ) Bp Hyclone
Sigma > #3>-20C » &% PiRER S 10% -

(3) Penicillin-Streptomycin ( 10X ; 10000 unit/ml-10 mg/ml ) » B p
Sigma > % 5>"-20C » B %727 PHEER S 1%

(4) L-Glutamine (10X ; 200 mM ) » p£p Sigma » %73 >+-20C » &
B PRERG e

(5) 1X PBS (phosphate balanced solution )
12 8 g NaCl ~ 1.2 g NaH,PO, - HyO #4c = -k e » #-H pH

& 74tz ZoRE] AL B ES RE 4T



(6) # ik %
22 ml 7 DMSO 4c + 8 ml s RPMI (¥ % 4e P-S 27 L-Gln,
EZag) fefl= 20% DMSO » # & i * =¥ 13%3-20C %

T oA £ 7% 1 25ml 920% DMSO ¥ fetal bovine serum

2. # I

(1) wre & 4% (subculture )
fm¥e $2 % % RPMI medium (10% FBS ~ 1% P-S~ 1% L-Gln) *# >
WE ek & 4 (37°C 0 5% CO2)» Famre £ g3 4 A
B RAARRE c AHERENE AR N R 2
1X PBS 4 3~5 ml j*ikim¥ » £ = 3 = % » #7 2 chimie 2
oo & A r 8~10ml WOR (SR &R 0 Bl 2N T L T
BTl E P hAtme 113 14t hia g o

(2) 4 i mre
Ak - 2 I HAITHENE R R R EZEF NN A RN
e e dird 0 £ 3-5ml2 IXPBS ik > 4
Z 32K ot 8~10ml g F R 0 Bhwmie 2T L L B

% e BB %t 50 ml g F 0 12 1000 rpm > 10 A B2 g iF i
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Rime TR T koo 2R1E 2 %1 TRl ml AR ERE
P iTRr o BN R Y 0 At 4Ck4 30 A4 R
80T k4 » 12 P PFZ (8 3330 fi g H o
(3) fzif fmre
FH P BD e B 3N RO RPMI 8 &% 0 4
= 2000 rpm 0 5 A4 o A ESRPMIE 2% - £ % 10 ml 0
RPMI #-‘mP2 d47 > B IR X w2 R is L B 2R » LY

- BALILE e AR RS L d % o

~ o fk fm Pz lysates ©

1. 3

31 & %% Lysis buffer (RIPA buffer) » 12 4.38 g NaCl ~ 3.0285 g
Tris-base ~ 1.25 g Deoxycholate ~ 5 ml IGEPAL CA-630 ( 4p § utbAk >
BB ) ket 0 BEA R s SRS 0 #pe X pH
B % 7.4°500mliz0% 0 BIER R ER FF4C 0 * ke A
f2 o § BT H e > £ f2 ¥ = modified RIPA buffer » p 7 39 -k
fRpsr4 A o 2 & Ae® & 1ml> P| % & 1 ml RIPA buffer~5 ul 2. 200
mM Sodium orthovannadate (final conc.= 1 mM)~ 5 ul 2. 200 mM

EGTA (final conc. = 1 mM )~ 5 ul 2. 0.5% Aprotinin ( final conc.
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0.0025% )~ 5 ul 2= 200 mM PMSF (final conc. = 1 mM ) o Sodium
orthovannadate #_phosphatase inhibitor » EGTA Z_4F &+ cHfT & A& >
)2

Aprotinin &_ serine protease inhibitor - PMSF » -#_ serine protease

inhibitor o 40§ 2 T K7 F § if 4o — & e F o

2. %5%

AP £ 4 medium £ £ > P~ 1 ml medium #3542 & > 218
22 d] dd R % o 4 0f Fefhmedium {2 0 IXPBS it S 1
Z & #-PBSH g M LI FEA o £ 4 » f £ modified RIPA
buffer (iLim% % & @ %+ 3% 4 chime % 800 1 1000 ul) » &%
® L) e 4T (R 317 )0 18 B > eppendorfe £ 4+ eppendorf 7
rack F #d o kv 3~5 =t F LB i3 mre o 12 4°C ~ 10000 rpm o B
s 10 A& 4818 B~ ik PIAT 0 eppendorf # ¥ ® E ¥ ¥ denature {4

#3127 Western blot » 3= % %3P % *>-80°C k4 o

=30 FRARRE

L&

BSA 1 pg/ul > Protein Assay Kit
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2. %5%

BAFRE BSALpg/ul 75 ®WiIrTiREY R * > RREY 73 FIER
s BSA 3% 800 pul (bldepe B B R IR 50 0~30 ug BSA) > £ 4 »
200 pl Protein Assay Kit (dye ) 2 £ 353 58 % 10 A 40 & B 200
plo e x 9634459 > B 5 e A4 k@ o £ 17 ELISA reader
fp| %595 nm k£ ek k@ 0 3R W & (R-squared>0.99) o
Atk gqepl b 0 B2 10 pl e cell lysate » 4e ~ 790 pl #h= =X -k 22 200
ul £ protein assay kit (dye)» R £ 393 58 % 10 4 4 > B~ 200 pl 4c
»~ 96 3t 4z ¢ 11 ELISA reader /B 2_595 nm ek 2k (@ o #-#71H ok ok

B Y fRE RS ER o

z ~ v %A (SDS-PAGE)

1. 324

(1) 30% Acryamide/0.8% bisacryamide
fe ¥ 3 2 5 150 g Acryamide £ 4 g N’N’- methylene
bisacryamide 3 *t = = -k ¢ > ¥ fe ¥ = 500 ml 3 30%
Acryamide/0.8% bisacryamide » #F % i3 3% 4°C » i 8T A A2

SR Fehie 2 o
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(2)

(3)

(4)

Tris-base (2 M, pH 8.8, pH 6.8 )

Fel % 5 > 12 121.14 g Tris-base ;3 >t i £ = =x-k ¥ » f Al
= 500 ml pH 8.8 & 6.8 613 /% » %15 4°C o Tris &7 & ehiff
feg P L EPFAEpH Eenk d o+ K pH 6.8 hY IR

i glycine & I 7 03 7 AR v £ % ¥ v i 3 stacking e0F4
fio@m Tk pH 8.8 kg IRKE G B4 A gy SDS g T R o
10% APS ¥ TEMED

e 25 1 gAPS» 33 10 ml = -k » el enp HHIER 5

10% APS » %75 *-20°C » - acryamide £ bisacryamide ¥ * &
ALY o APS $iF F it ehd & > @ TEMED R iF 9 pren &
¢ » TEMED p| ¥ % p Sigma & 5 » %53 4C o

10X sample buffer

fe®l = ;2 % 1 ml<h 1M Tris-HCI pH 6.8~5 g SDS~25 g sucrose »
10 mg bromophenol blue ~ 5 ml 2-mercaptoethanol ;3 *+ = =x -k >

B ez &R E S500mls 733 Z 0 o SDS it At id Fod B
+ f % o sucrose ¥ & B Bk KB R AR A S B AT

B-mercaptoethanol 7 B4t 4+ 7 g Frngd §T 24 ¥ 14> @ bromophenol
blue ¥ * k2 FA Rk ehgp ¢ 11> i k&2 ~ o Sample buffer P

AR LR R18 F B3 denature 0 F R R0 A f T o

~’
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(5) 5X running buffer
fe®l = ;x5 7.5 g Tris-base ~ 36 g Glycine ~ 2.5 g SDS » ;3 3tk
fe®l= 500 ml> F 3>t > @ ﬁ%—% = 1X running
buffer o & & 5 A A T B9 EFRant bl ¢ B
I FERTAERDEIR -

(6) Resolving gel (8% )
el 25 158 ml 2. = -k ~6 ml 2. 2 M Tris- base (pH
8.8)~8 ml 2. 30% Acryamide/0.8% bisacryamide~ 150 pl 2. 20%
SDS ~ 150 ul 2. 10% APS ~ 20 ul 2. TEMED -

(7) Stacking gel
fedl % 8 ml2 = -k ~0.625 ml 2 2 M Tris-HCL (pH
6.8)~ 1.33 ml 2. 30% Acryamide/0.8% bisacryamide ~ 50 ul 2.

20%SDS ~ 50 ul 2. 10% APS ~ 10 pl 22 TEMED -

2. %55?
W HPLIGIE ~ B GF spacer 2 A d A b - BERE > AR
Fl* 2 d g HE K& o BT P (resolving gel) fie = #1F ch&

Ak BAe » R 0 R SIS S 0 1% pipette 4 W EY TR F

|~

P o 1 TS%IFH A is 0 {1 A R R AR R kR gel TF - FRY
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(%) 25 4 48 )o RFpd )4 36 ~ B 1 % fn(comb ) -+ & #(stacking
gel) e #7% hER| R R Av »ME4F o #3553 > I ¥ pipette 4o 3] |
BEY TG R R R TEZE (25 448 ) Kcomb £ 4>
o~ ~ TR % 250 ml 1X running buffer o #-sample T & = - 10X
sample buffer (10:1) Rfr3m3 {4 > Mg A FBF A 5 045 0 RS

A pcdos — T > % micropipette 42k S > well ¢ 0 B {TRREE R AE

(50V~20mA » X)FERF 18 ] FF 590V ~ 22 mA » FEFY 12 ] &) o

I ~ Western blot analysis :

1. 334

(1) Transfer buffer
fe = ;x5 12 1.5 g Tris-base ~ 7.2 g Glycine ~ 0.5 g SDS ~ 100 ml
Methanol ;3 » = =t kel = 500 ml> #5330 % F i F - =X
fie*x £ %73 > AP g»‘ FEF e R ST aTA o

(2) Blotting buffer
Fe®l > 7% 2 2 5ml 10X TBS ~ 1.5 g BSA ~ 25 pl Tween 20 # =
Z-kZ 50 mlo %33 &d4C o &% Ki#d e (S e PVDF Aicia
blocking e (> 12 . € 7 FLRE2E % — eyt o d 3% BSA &
o o AN RACEGEERY AR RIEPFFOES -
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(3) 10X TBS and washing buffer
fe @l > ;% 5 30.3 g Tris-base £2 43.83 g NaCl ;3 *+ = =x-k 1 » pH
A T4 FARE 500 mlc FFA R R o TBS 2 & % kA &
blotting buffer #2 washing buffer 7 pH & - Washing buffer p/|%_

™2 50 ml 7 10X TBS ~ 500 pl Tween 20 (1% ) 4r = =z -k ¥] 500

ml> 3 & er iy Akd LG - 47 ?‘T}%@j’%—u 2R & e
£ o
2. %55?

T B~ig § ~ -] 9 PVDF transfer membrane (14.5x12.5 cm) > 14
methanol /7% 4 30 #)15 » £ 1= ki 2 A4 e IR * R
transfer buffer> i "8 A = & Jjg 5 ~gel \PVDF~ = 3 g %> f1* semi-phor
transblotter ¥ & %} ¢ v F transfer | PVDF transfer membrane

(25V~300mA > 1.5 /] BF ) o 2_ & # PVDF transfer membrane B ) »
&2 %t i £ enblotting buffer » > &% ;8T ¥ *% shaker } preblotting

5 -] P (shaker #fc#>i& & : Srpm) » & {7 blocking #d iF o 2_ {4 #-
blotting buffer #|4#- > 4r » 3 £ 7 7 primary antibody ( & 7 I 8 7
? I #f#  #) < blotting buffer » ** 4°C™ overnight » Ff % P~ 2

6> A% B T 4L ¥ shaker } ¥ % 30 4 4&(shaker #9%:% & :5rpm )°
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£ rif £ washing buffer /% membrane = = » 5 & 48 ~ 5 4 45 ~ 10

i 48 (shaker #:#+:% & : 30 rpm) ° 4c » if £ 7 secondary antibody =7

blotting buffer (%% 34873 7 F ﬁr% Z# ) %% blotting 1.5 |- pF
(shaker #:#+:% & : 5 rpm) o £ 11 if £ washing buffer /7 membrane

IX oS5k 55410 45415 54 > 15 ~ 4 (shaker $#

A :30rpm) e % membrane < -} (0.125 ml/cm®) > 4r » i§ £ e ECL kit

solution I £2 II %" (|53 R {oi% o f membrane &2 2_ (5% 5 445

fé > 1 X-ray film g % o

+ ~ e o4 45 (cell migration assay )

1. BH % &

(1) 48-well Boyden chamber » & Jf 14 i % & - %18 {6 B §c

(2) Polycarbonate filter (8 pym)> ~ 5 & & @ & > T & kF o F &
A TP EGPT 0 Fe T AR AR RS B L o
E R R wE o

(3) Trypanblue » ¥ M1 #-7m% L d > A D wie R ILES @
Bl REP R o

(4) " (H20ml)> 2L B A5 2 HLmie t o

(5) Giemsa stain reagent ( 20 ml) > w2 4 ¢ * » L F|ehm?e &
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I;L# = d ‘*-'4;'-305741? —?‘J%ﬂ_ﬂ_ﬁi J_ﬁ{ggj\,u_ 3}9,:&0

2. %ok
fmre A 44 T 6 cm culture dish » {93 F B e w] o R I ¥
A ts W H B AT B o TP Iml e &% 0 B I A T R R o
21X PBS i Fieime 3=t > & =2 3 mlo 2 {8 143§ £ e serum free 9
RPMI medium #-4m %2 & F 37472 B~ 20 pl fm?2 4 » 20 pl shtrypan blue
(L1:1)i (7 fmoe - i #-im oo kB 33 BF 5 2x10° /50 plo B~ ) 48-well
Boyden chamber> { lower chamber ¥ & i well 2 > 30 ul 7 7 10 %
FBS 5 RPMI medium ° 2_{s £ & B #-HIB & 7 > polycarbonate filter
(8 um)Z% upper chamber> ™ $F 0= L 40 % i chamber - polycarbonate
filter 5 7 > FEEE F o > W LB £ o A& upper chambe
¢ & B owell 2~ 20000 B e o s E O RERE G B 48-well
Boyden chamber » *x ¥ ** 37°C » 5% CO2 ‘w32 % §4 ¢ » 8w i (7
fe (79 % 5 ] pF o B~ 48-well Boyden chamber 2_ {$ » & B & % » #-
polycarbonate filter & ® #F F /2723 20ml 7 f& ¢ 10 & 45 & {7 fm¥e
T T_o B T_% e polycarbonate filter 12 F @ §P ¢ 0 3N 3 A g E e
b §C o 218 lwbe A d e F - polycarbonate filter & i *t 20 ml

11 Giemsa stain reagent 1.5 /] FF » £ 2 d.d H,O #-%4 ¢ :33 » #i%8%
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% = {8 » #-polycarbonate filter 7 T3 § gL & b o 1% Kpcst (400X)

BLRmie e 7 kw s FBH P L ITHE o

S B PR 2 8 A

1. 5 &5
50ml &t g oo e F 7~ 4R~ 44ER 39 dropper * R R R AF4E
P& UV overnight » & # & £ 2 ~ 54 A EPE o~ R 7 Pl N e
2. H £
#-4-6 weeks 1 SD rat (%) 250~300 g) R AEL B 0 F o~ 3%2
Brewer thioglycolate medium > # & 10 ml - C57BL/6 4= C57BL/6
inducible nitric oxide synthesized knockout mice > % & 4= 1 ml - 3% % "%
VB me R o4 R 2T Rk TR AMK ITCwIEED
PBS ~»~ 3] 50ml s g p > e 975 Ko B HF A 2L B F
$ &%~ laminar flow o & * laminar flow & "UEpE i 4 £ 5 > T

B oL M T gL b FRRF SRR UV 30 A

\

&

s sy 22
° Z_fg

=

LR & 2 COp IR R ¥ RS LRt )k
FROEPH M A e 1y P B g A5 B o B Bk % laminar

2

flow & o + enfEd A o 1% 37Cw B hPBS 47 » 35?2 Y
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1 »45fs > TR X RTEvE BT e PBS 4 i r o - £ R
12100 ml PBS #-F vgim®e 3 41 > — =73~ & % 50 ml > A #ic=i i~

BRI kR EREPBS v (P PBS ZRE T E

=k

FHA L F e ) e dw b HPBS #rw (2000 rpm 20 A48 ) 0 4 g L i
i o 11if & O RPMI (10%FBS ~ 1% P-S ~ 1% L-Gln) #-'m*e §< = 47
$7° 37C 5% CO, T4 i P » Fawpbiy 5 | 3
"% B RPMI 3 & > 12 37C2 PBS %3 =t » £ # } 3750 RPMI

AR BERE 24 ) BFERIHK -
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$=3% 2% (Results)

— ~ Src family kinase £ & CpG # % ¢hE v w % # {7 ¢

i3 /,%v‘ 14 CpG &8 TLRO dygsiam A 4 — i 8 ehi

>}

FFR -mefPpimabrimed &tz - »m Src Aid it

¢

\\\?{r

B g imie A 2 @R EAR o P B arE Sre & CpG
SHF chme a4 ¢ T FhE d o 8 % Raw264.7 EeiioiE 0 A
4e » CpG 2 nCpG 7 20 A 48 4 PP2 (10 uM) EJT » 5 48 /| P14
R e 5 7o 4 o d Fig 1A > A P I fde ~ CpG (0.3
pug/ml) ehje B ¥ s mPe £ (T ey 4 PR RCA 4c & 2 nCpG (0.3 pg/ml)
Ewly e i s @ PP2AIET » FHERA A CpG #HF i 5 (7 eh
i 4 g4k PP2 #rfrd] » @ PP2 & Src family kinases || o iz 4k
% % » % & Src family kinases ¥ it %22 & CpG 4 % chm?e 4 (7 ¢ o

%] % Src family kinases ( SFKs) % nonreceptor tyrosine kinases >
M it & fa (tyrosine ) Bk it ¥ % #ovd F-v ¥ ¥ 7 (actin
cytoskeleton) & % » 5k tmre 2t ¥ (cell spreading ) ~ %%t (adhesion )
fo# 8> (motility ) & [48] e #rriatipie— 4 3 5 2 Ewiim® X CpG
f| T o g Bt ehfiA5 o md Fig. 1B ¥ & & CpG

DT > b FLEREE 1 e 4 B < Y A B2 2 nCpG iy -



= ~Raw264.7 E v ¥ & CpG hf| ™ € # 4c Srcehd R E

- AP aeE )R EURB Sre 7 2E S B 48 & CpG 31 E b
Evglmie £ (7 o 35182 v e B AT RE 5 wmre € & Srco @
Lyn -~ Fgr 4 Hek #_F wifim? » % 3k % 99 SFKs [34] 0 #7030 e & #
Raw264.7 E ¥ fm?e 4r » CpG & nCpG (0.3 ug/ml) 2 48 /| fF{s &
#7 Lyn ~ Fgr fv Hek eh3-9 2 IR & o d Fig.2A ¥ &v CpG fljcis ¥ 7
Src £ 234 > @ Lyn > Fgr fv Hek end-0 € 37 & 4 F el ¥
G s g g oo

¥k A 2 e e CpG ik & 2 Raw264.7 wbe > HIER &
5 % 0.01+0.03~0.1~03~1-~3 (pg/ml)-d Fig.2B ¥ =5 ¥ ik &
e 4e o Src A TRE » M2 3 4 5 & CpG kA 5 0.3 ug/ml BF > Sre
2MEHI - BFETE - 12 CpG 0.3 pg/ml 2 Raw264.7 w2 7 e
RERY 5 AR RT3 IR Sre e CpG enfile™ B Fod & SEPE P e
7 e (Fig. 2C) e d * CpG AL 48 | pFis chSrc £ LB B+ » #7

WIS R T ERE CpG kR 5 03 ug/ml > PFRE 5 48 ] PF o
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=~ X EPERE e & CpG iaf ™ € H 4e Src chd R friwie

AN A E e cnime iR Y B I Sre 58 B CpG #73 # cnlmbe
BEoFREAP B ffnadl e d T AE5WEgme? 3
4 o HErL AN B Y B e 3V - TG (thioglycolate ) 73 ~ & & (rat)
e B R o R (50 11 CO, #k B TP (8 Sy
E v m®2 (peritoneal macrophages ; PEMs ) #4 i 12 CpG & nCpG 0.3
ng/ml w2 48 /] PFISELEE Src cnd ME frimfe £ (Teha 4 o JAHR
A4 # 4o nCpG 2% > CpG ¢ # +« PEM 4 7 5c 4+ (Fig. 3A)

e Src & LA 4v el PF o Lyn en4 I & % 1 (Fig. 3B) - INOS %

—_\

L &1 positive control o d it % & 7 v CpG #13
FenSrc A B me 5T B 4 ARl chlmE iR o R PFL

A nE v fmbe o
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z ~Src 28 A CpG P hErEme 77

BT ORAP R Sre & CpG 3% dhim e # (7B ARG 3 0F ep
£ o7 AN ¥ sresiRNA wm?e 4 #53F & Src 2 R T % > CpG
FH Eoeimie ey (7 2 F £ FI B o Raw s ¥ v control %] & CpG
Tlgcts > fmre g5 (700 4 34 o = CpG {1 is e src siRNA ‘w2
(siRNA-1 > siRNA-2) > ® # {75 4 4p$#> Raw ‘o #& {r control %]
P EE R o B2 2R CpG 3% % 77 Src & siRNA-1 %2 siRNA-2 ‘wPe ¥ % IR
B0 e Lyn h& T & 810 (Fig. 4A ) #7127 Src & CpG 314 em
e ERER DL o

@ﬂwzﬁﬁ%mmA%%ﬂﬁﬁﬂ%’%uﬂW#%&V&
w4 SICsiRNA fm#2 ¢ » 3 5§ Src £ AR 6 £ F » it I &
SR £ 1T 4 o VPt g SIRNA-1 % siRNA-2 ‘w?2 fr Raw ‘m 7
Zw] > IR & siRNA-1 fr siRNA-2 w2 @ > § Src 2IRLE T % > F
FFim e #% 17 a0 4 33 ot F ¥ Src 2z w 4 siRNA-1 (siRNA-1/Src6 »
siRNA-1/Srcl5) fmPe p > ¥ 148 7 & Src 2R E R v > b PFlm'e
# a4 » HAed (Fig. 4B)o #70 fept A PP 7 Sre & CpG # %

EefmiefiTa 4 P chd B = o
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I~ B 4 CpG ™ » H4cSrc 2 RE frimie # 17

# 7 it 4 3518 TLR9-dependent 45 4]

35 2006 & JCB &% )]%:}F 1 CpG # % et 5 i (tyrosine ) #%
fé it ¥ 53 TLRY-independent e8] [49] - m Src 5 nonreceptor
tyrosine kinase » #7142V i s B AviE CpG 3% 9 Src frimPe £ (7 a0 4
] & #_% TLRO9-independent £ &_TLR9-dependent 11§ j& o 5 w ¥ iE
BRAL > A * Raw264.7 BEviim® » f4e » CpG & nCpG # 30
& 48 4 4v chloroquine (10 pM ) g quinacrine (1pM ) &J2 > % 48
DS L RE R By it g FRRERE T o R P IR CpG AR T
SR Fov Phg PARRPEL TV 4 > 2 B & B i3 chloroquine &
quinacrine 4 ‘m%e Fi R AL & femips T "% (Fig. 5B) e F B & TLRO
Pl A LT 27 CpG # M 2 Src hE2 R EF S @ fwmve f5 {7 X Fri

(Fig. SA) - #7m3v P s i BFRF CpG ™ 73 4v chlm e #5 {7

2 Srcen4 F AR 5 TLR9-dependent =752 j3
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= ~ 1400W 4= ODQ ¥ #r4] Src 2 REfrE v m% £ (74 4

¥oeb oo AP %R IR A INOS knockout % B PR32 v lm e
LPS it » Src cnZ B RS > PRFwmefTa 4+ T @ i
»> NO donor v NO T * & 4= ¢cGMP g i1 4+ 8-br-cGMP 15 > 3 I+
VAh Sre thd B foimis chfs (7 o #710 INOS frdl T 54 4 NO 2
cCGMP A #EF 7 7 U & LPS 8 ch Src frim™ # (Fiv 4 » F 1 i
e ® o AL Baig 7 INOS » 5 CpG # % o Src frim b
i d o1 w FE B AP L 1400W (INOS ehdr |3 ) »
fed T 252 $ sGC e # ODQ 4 a2 Raw264.7 ‘mPe > L gLz H
¥ CpG #7314 1 Src & MArime $ 75 & %25 o AP I CpG #1734
H# e Sre e E (Fig. 6B) frim?e 4% (75 4 (Fig. 6A) & iNOS fr
sGC engr | ched@ ™ w5 7 > #7127 INOS fr sGC %2 & CpG #

# Src A MEfrEvgime # (Tic 4 ¢ o
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=\ CpG AJLE wim? 15 Src 2 BB frfs 7 4 o 4 T & INOS

- A * INOS knockout (¥ Bz F INOS e dk & o & “¥F
23" ewl(wild type ) CpG A2 i 48 v it & pLadpt (v 54

e ¥ 4 iNOS % 5 & ,igﬂgszﬁ,%k,i&ﬂ 27 (Fig. 7B) » & CpG /&2

—

G

INOS"Ergrim®e 2 Src chd BB L enle P> e 4 (7i0 4 4 B
BTk (Fig. TA) e FIpt AP s Evilim?2 P Src 2 IE % ‘mbe 43 (7
e 4e > A AT LPS flg >+ 2% CpG A2 - #711 & CpG # %

Src (& B frEvimP2 4 (T 4 ? 2.7 & INOS 7o

FEIERHRES  APRIEEE A EFRF CpG fjE
T > Src & IR 3 4r 815 3F TLRO9-dependent i+ » @ B E vk
e iT e ANips FHP I INOS 4 TLR9-dependent ffs j& ¢ e 42
v 0 HEM R Src chd B B anfd (Fa0 4 o #7127 INOS ¥

% Sre thd BACE sim e chfh (a4 B3 T A akehe
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$2 3% 4% (Discussion)

- #3%% CpG DNA H_d =* P2 p endosome =77 TLRY #77%
ERRELEE N B Sl AR SR A O G A I
hemaggutinin-tagged TLR( HA-TLR9 )#1 HEK293 ‘@ %z 4t » CpG ODN
13 4o Cy3 plus FITC-labeled TLR #48 - 4232 &> L % & &= & &8
#cat. (confocal microscopy ) L% dm®e k% o 425 CpG DNA {1
#T > F 3 TLRO & + crendocytic vesicles ¥ & tm¥e oL % 3| [50] ©

% CpG ODN ™ 7 gLz Cy3 & £ {&3c F 7 TLRO vesicles & 10

&8 /T*ﬁ 1T % o Az o] {3 CpG ODN 7% endosome

o[ e g FRP R e o (e 4 iE 4% 2 intracellular domain (ICD)<

TLRY 2 HEK293 m% Rl§ 7 | i o o b § = feie » 4 5

‘mlk»

GFP-tagged MyD88 1 Raw264.7 E v ‘m "% % % o & CpG ODN 13

45 4~ 48 16 > GFP-tagged MyD88 ¢ % # F| lysosomal-associated
membrane protein 1 (Lamp-1)-positive endosomal compartment [51]

? o TLRO &3 4 %518 MyD88 i £ 3-v (adaptor protein) H &
( recruited ) ¥| TIR ( toll/IL-IR homologous region) 2_ s & i*
IRAKI-TRAF6-TAK1 B/ [8] - fe H 7 f§ TLR4 2 &g = ¢ 5 TIR
domain-containing adaptor protein/MyD88-adaptor like ( TIRAP/MAL )

[14]- 17 # k3 7 > fr MyD88-dependent = MyD88-independent 4p R
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B R0 dEd [52]c AW ¢ 2 B F|- 4 TLRO 24 ike 3
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Figure 1. Involvement of Src family kinases in CpG-induced macrophage
migration. Raw264.7 cells were pretreated with PP2 (10 pM) for 20 min and then
cells were stimulated without or with nCpG or CpG (0.3 pg/ml) for 48 hrs. (A) The
migratory potential of each group was determined by Boyden chamber as described
in Materials and Methods. Results were mean + S.D.of three independent
experiments. *** p<0.001 as compared with cells treated with CpG. (B)Equal
amounts of lysates (80 pg) from each sample were resolved by SDS-PAGE and
probed with antibodies against phosphotyrosine.
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Figure 2. Src expression is enhanced in CpG-treated Raw264.7 macrophages.
(A) Raw264.7 cells were stimulated without or with nCpG or CpG (0.3 pg/ml) for 48
hrs. (B) Raw264.7 cells were stimulated without or with nCpG (0.3 pg/ml) or CpG
of various concentrations as indicated for 48 hrs. (C) Raw264.7 cells were
stimulated without or with nCpG or CpG (0.3 pg/ml) for various time points. 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 3. CpG enhanced Src expression and cell migration in rat peritoneal
macrophages (PEMs). Rat PEMs were treated without or with nCpG or CpG (0.3
pg/ml) for 48 hrs.  (A) The migratory potential of each group was determined by
Boyden chamber as described in Materials and Methods. Results were mean + S.D.
of three independent experiments. *** p<(0.001 as compared to control. (B) Equal
amounts of lysates (25 pg) from each sample were resolved by SDS-PAGE and
probed with antibodies as indicated.
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Figure 4. Involvement of Src in CpG-induced macrophage migration. (A)
Raw?264.7 and its derived control (Ctrl) and Src attenuated cells (siRNA-1,-2) were
treated without or with nCpG or CpG (0.3 pl/ml) for 48 hrs. The migratory
potential of each group was determined by Boyden chamber as described in
Materials and Methods. Results were mean + S.D. of three independent
experiments. *** p<<0.001 as compared with CpG -treated RAW cells (top).
Equal amounts of lysates (80 pug) from each sample were resolved by SDS-PAGE
and probed with antibodies against Src, Lyn and actin (bottom). (B) The generation
of siRNA-1 cells harboring plasmid encoding avian Src (siRNA-1/Src6 and
siRNA-1/Src15) was described in Materials and Methods. Cells were treated
without or with nCpG or CpG (0.3 pl/ml) for 48 hrs. The migratory potential of each
group was determined by Boyden chamber as described in Materials and Methods.
Results were mean = S.D. of three independent experiments. *** p<<0.001 as
compared with CpG -treated RAW cells (top). Equal amounts of lysates (80 pg)
from each sample were resolved by SDS-PAGE and probed with antibodies against
Src, Lyn and actin (bottom).
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Figure 5. CpG-induced Src expression and cells migration are via
TLR9-dependent mechanism. Raw264.7 cells were either untreated or stimulated
with nCpG as control or pretreated with chloroquine (10 uM) or quinacrine (1 pM)
for 30 min and then stimulated with CpG for 48 hrs. (A) The migratory potential of
each group was determined by Boyden chamber as described in Materials and
Methods. Results were mean + S.D. of three independent experiments. *** p <
0.001 as compared with cells treated with CpG.  (B) Equal amounts of lysates (80
pg) from each sample were resolved by SDS-PAGE and probed with antibody as

indicated.
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Figure 6. The inhibitory effect of 1400W and ODQ on CpG-induced cell
migration and Src expression in Raw264.7 cells. Raw264.7 cells were pretreated
with 1400W (100 uM) ODQ (100 uM) for 30 min and then cells were stimulated
without or with nCpG or CpG for 24 hrs. The migratory potential of each group
was determined by Boyden chamber as described in Materials and Methods.

Results were mean + S.D. of three independent experiments. *** p<<0.001.

Equal amounts of lysates (80 pug) from each sample were resolved by SDS-PAGE
and probed with antibodies against Src , iNOS and actin (bottom).
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Figure 7. INOS is required for macrophage migration mediated by CpG.
PEMs from wild-type (WT) and iNOS " mice were treated without or with nCpG or
CpG for 48 hrs. (A) The migratory potential of each group was determined by
Boyden chamber as described in Materials and Methods. Results were mean + S.D.
of three independent experiments. *** p<<0.001. (B) Equal amounts of lysates
(25 pg) from each sample were resolved by SDS-PAGE and probed with antibodies
against phosphotyrosine (pTyr), Src, iNOS, Lyn and actin.
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Figure 8. A model illustrates CpG-induced Src expression and macrophage
migration. Following CpG treatment, some signals are transduced into
macrophages via TLRO to upregulate the expression of Src, which is dependent on

iNOS. And Src is the main SFKs responsible for macrophage migration.
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