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Luteolin alleviates experimental lung inflammation and

fibrosis in vivo and in vitro
Chiu- Yuan Chen

Graduate Institute of Chinese Pharmacrutical Sciences, College of Pharmacy,

China Medical University

Abstract

Luteolin possesses anti-inflammatory property and effectively in treatment
of lung diseases. The present study investigated the antifibrotic effect and its
molecular mechanism of luteolin on lung fibrosis in both in vivo and in vitro
models. C57BL/6] mice were administered a single intratracheal injection
with bleomycin and then treated orally with luteolin. Lung inflammation was
examined by direct counting inflammatory cell population and cytokine levels in
the bronchoalveolar lavage fluid (BALF) at day 7 and day 14. Antifibrotic
effect of luteolin was determined by investigating histological changes, collagen
contents and induction of TGF-B1 mRNA expression at day 21. To elucidate
the antifibrotic mechanism of luteolin, the expression of a-smooth muscle actin
(a-SMA), collagen 1 and phosphorylated Smad3 protein were analysized by
immunofluorescence staining and Western blotting in TGF-B1-stimulated
primary mouse lung fibroblasts. The morphological changes as well as
epithelial and mesenchymal marker were examined in TGF-B1-stimulated
human lung carcinoma-derived alveolar epithelial A549 cell line. In vivo study
showed that luteolin treatment ameliorated all these biochemical indices and
histological alterations induced by bleomycin even delayed luteolin treatment.
In vitro study showed that luteolin attenuated TGF-Bl-induced a-SMA and

collagen 1 upregulation and Smad3 phosphorylation in mouse lung fibroblasts.



Furthermore, TGF-B1 mediated E-cadherin downregulation as well as
fibronectin and collagen 1 upregulation was significantly inhibited by luteolin in
A549 cells. Our data suggest that luteolin may be useful as a therapy for
pulmonary fibrosis and its antifibrotic effect at least partly through blockade of
TGF-B—signaling pathway. We also verified the effects of luteolin-mediated
immune modulation in macrophages when stimulated with lipopolysaccharide
(LPS). We examined the effects of luteolin on the production of nitric oxide
(NO) and prostaglandin E, (PGE,), as well as the expression of inducible NO
synthase (iINOS), cyclooxygenase-2 (COX-2), tumor necrosis factor-alpha
(TNF-a), and interleukin-6 (IL-6) in mouse alveolar macrophage MH-S and
peripheral macrophage RAW 264.7 cells. Luteolin dose-dependently inhibited
the expression and production of these inflammatory genes and mediators in
macrophages stimulated with LPS. Semi-quantitative reverse-transcription
polymerase chain elongation reaction (RT-PCR) assay further confirmed the
suppression of LPS-induced TNF- o, IL-6, iNOS and COX-2 gene expression
by luteolin in a transcriptional level. Luteolin also reduced the DNA-binding
activity of nuclear factor-kappa B (NF-«xB) in LPS-activated macrophages.
Moreover, luteolin blocked the degradation of IkB-a and nuclear translocation
of NF-xB p65 subunit. In addition, luteolin significantly inhibited the
LPS-induced DNA binding activity of activating protein-1 (AP-1). We also
found that luteolin attenuated the LPS-mediated protein kinase B (Akt) and IKK
phosphorylation, as well as reactive oxygen species (ROS) production. In sum,
these data suggest that, by blocking NF-«xB and AP-1 activation, luteolin acts to
suppress the LPS-elicited inflammatory events in mouse alveolar macrophages,
and this effect was mediated, at least in part, by inhibiting the generation of
reactive oxygen species. Our observations suggest a possible therapeutic

application of this agent for treating inflammatory disorders in lung.
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SRR L 03 5T PR E AL 13 - T eesfRfRd AR 3

GE WD AN CE N, B S R CE N S S
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1990 par % D & 4059 A3 - BATHE T 6 BEASZ 2

i

H 199325+ 5 2 3 Bz ey 1994&apasx sp
B2 BATOEEen AR R A o AR P h g 3 Bz jpa
## > » %53 -0 - a- L- rhamno pyranosyl (1 —2) - a - L - arabinopy
ranonosyl hederagenin 28 - O - § - D - xylpyranosyl ( 1—6) - - D - glucopy
ranosyl ester ~3 - O -a - L -arabinopy ranosyl hedragenin 28 - O -a - L -
rhamnopyranosyl (1—-2) [B - D - xylpyranosyl (1—6) - B- D - glucopy ranosyl
ester fv 3 - O - o - L - rthamnopy ranosyl (1 —2) - a - L - arabinopy ranosyl
hederagenin 28 - O - a - L - rhamnopy ranosyl ( 1—-2) [B - D - xylpyranosyl ( 1
—6) - B - D — glucopy ranosyl ester °

2.5 B~

&7 7 i

Ik

~Z X 15> +%iFe~Mn~Cu~Zn~Ti-Sr~Mo -
Ba-Ni~Gr~Pb~V~Co~Li~Ca -

LA g Y B 7F m% (inositol) ~ B- FLFAE (B-sitosterol) * o ¥ ¢
Pil i BF MG AR S R-T, 40" FAF R B MG
PrEEYRRMAF L BRERF ‘%’%%hjq*(m) .

3. £8-z FmivH
3.1 ¥ Robcd 4

R RSB T AU E T I FEIE A AR E S AR F
A E S BRAE G REH B R FEET IR T
7]~ TR ‘ﬁ%ﬁﬁ‘%ﬁﬁﬁﬁﬁwﬂﬁ%mogﬁﬁ%%%

q'u
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Bop+ 7 2pd s hpd  ELARIRE (SIV) %5357 4
ﬂﬁa,gﬁﬁgﬁﬁ%&%ﬁﬁmi%

L
3 FRAET o b RRRATE £ 4UEE B A 4 20 Y

ERUERBFHA & EY - FF S0t ROUREIET $rd] iy
B PRI oA 0T c HELATRE G U LBETRHRTT S
SR HKER S U IRRACASMRHA LR ~ 2T
LN RS S I ST
eh ., g, B P A& B BURLVEE MR bE B YRR AR 'frf\vi:fﬁﬁi; v ZBP

ffﬂ‘{:%{?’}%w fF %’*ﬁ*—* /r’%k‘#‘“)"/fi ‘Qﬂ;ﬁﬁ\!}% g{ﬂ%'ﬁ;"% L PR

A4 22
3.3 B A F A B 1 %

B R AT £EUEY 2 R H M & RG] BTG G P
RENERE e o 3P MR RO LA G R E AR o £ TE B R
RO BRI AL SRS L R T MR Y e & R

D -5y RiFe 4 Ru FARHARFEE > S HOFY B Z i 2
i,m@%ﬂ%%%gﬁ%ﬁEMO

3.4 HiiEw

EHTF HBLAF R AT > ARG H D w IR s L wie B

et e F ALY BETSE FERRE SIS0 R B E ARG P A
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P A MIER o EAATTHRPRUIRE S RFHRET B FEAE TR - &
AL TR~ BEYRAMG I PL oS REEY o 0t B R

FA AR T RA R 4T TR HR R R e O80.

oA ABE R 2 pRE

-
@
-
e
(w
i+
J

# ¢ 3@ {L ?(27)
1.1 & % : Luteolin (3,4, 5, 7- tetrahydroxylflavone)
1.2 AR ;7\: EAAR 'E"_ . C15H1006 ; 286.24

13 FIPR ART AL ARG S BORTk 0 B 1F 4

7% o 4Bk 328-3300C -

o5

1.4

OH O
"+ B 2. Structure of luteolin.
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1.5 Xikied

1 % 4 FHE4 L 4 (Lonicera japonica) 2 # ABEE L AHTER
PR IR dede PE L F R 4 3 (Gentianopsis paludosa) - Er. TR REY
(Valerlana amurensis) # 384 ~ & 4% 7= 4 (Arachis hypogaea) % § *h £ ~
B~ 2 (Spartium junceum) 7=+ ~ =% £l & & ¥ (Antirrhinum majus) =%
¢~ L3 44 & ¥ (Capsela jobursa)® o
1.6 2853 Rz ABRYT 258

ERATZABET 3 7 EECFLEATEAE AR 5 AR LR
ERTR-FFE A RINEY AELTZZELT AR 2 E S ROTH
STEe R b FAEALLTE A PP s AR 3R F A LB
ug/g ¥ 24039 ug/g * & o et B EAEP

PG B F R B @

2. AER R ER

\“é‘

g1

AR ZH et SR AP E - IS
o RAA GRS R 0 GRS A MABESE S 0 - I UPE
ARG A BRSO AR HAY c FRENE LG R LNEI 2R
SRR AR DR L IE A= A LR o NI o B
HAFDHEG s wk FAR S X ARFERBABIDRIEF G LR L
BooFLHBEL G SLRPM M FERFLORM R A T
FOARBER I AR IR G R P T ARy PR AT
EFEAFTOBRFAR 2 - cfMFt L BHEEF 1S BRRF G
At b o ¥Rk (AR~ B k) 2B - Bzpsa (C ) fpid o ¥
C6-C3-C6 27(itR2) H ¥ C VA7 U fpsd> 5 ¥ 1122 B KN

AR A LR T g el o 1845 C3 WA TR~ §F Lo 2 e g
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TEREEC &7 A 5% k3 (flavones) ~ & Ak f5 58 (flavonols) ~ £ & fir
% (isoflavones) ~ # f ft #7 (chalcones) » ¥£ © 3 7 (aurones) ~ = 7 % #7
(anthocyanins) % 2 % ¢ it 2 3fenz @ 474 4 o FERSETC & iy it eniT

Bp R B AR AR B S E BTN d BB A
ERNEE Uy Lo

R BRI R & b

s L s RSB T B o» “F.'TS*ﬁ Rt e e o JE U L AP B T

AN

POEIR G R AT &b LiER BN H v g - 2001 # Xagorari ¥
A T;E]P\ # % (lipopolysaccharide;LPS) 1| ;5 RAW264.7 E v¥'m?z g 4
o ¥e %o# (proinflammatory cytokines) e @ 2 KT G — ¥ A 1 & $ e
g L iE* > e W 2 luteolin -~ luteolin-7-glucoside ~ quercetin fv
genistein® #r4| TNF-o 8 IL-6 §#72z> @ eriodictyol f= hesperetin ¥ $r
#] TNF-o c§# 2% > luteolin f= quercetin 7 ICso4 % & 1 uM f= 5 uM >
#& 4 luteolin-7-glucoside 3z R % 4rf ~ luteolin GD 2004 Chen %
A 12 TNF-oo f]gc 2 fmie 8% ICAM-1¢09 B > W = 6§ fF %
(flavonols): kaempferol, quercetin, myricetin% = &% f¢ (flavones): flavone,
chrysin, apigenin, luteolin, baicalein, baicalin cfr4|2c% > H ¥ kaempferol,
chrysin, apigenin, luteolin %+ #r4] ICAM-1 #-v B2 mRNAGZE R (ICs
AulE 121,009, 0.82, 0.8 uM) » iE—- ek F EEIE T Y IR luteolin #
PRy ICAM-11¢ P5enggds i+ AP-1 &2 DNA & > &m Air o 7
1% 1.°Y . 2006# Mo nica Comalada % 4 #primary bone marrow-derived
mouse macrophages (BMDM) #7i{Eehfug L3 5% ® » IR w97 £ B 5
(flavonols: quercetin, kaempferol; flavones: diosmetin, apigenin, chrysin,
luteolin; isoflavones: genistein, daidzein; flavanones: hesperetin)® > quercetin

fr luteolin ¥+** BMDM 33§ £ ~ IkBa eifik it ~ cytokines# NO f#
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R G R F enfrd) (£ B 2006# Kazuki Kanazawa # 4 323 B85 ik 1
& 4 ¢ (quercetin, apigenin, baicalein, chrysin, luteolin, kaempferol) > ¥ "ﬁ
luteolin ¥ quercetin £ 7 & HepG2 'wPs 4.3t ¥ 1 B 4 if & 'wm? DNA
B F i 4 Ve 2007E B EAFTF R ALY ET UL LERPE R
B S RE Y Rl DA g mEiEr o 2002# Hisashi
Mastuda % 4 # Antigen-Induced RBL-2H3 Cells (mast cells) degranulation
FH%? BN LB &4 7 luteolin £ 7 {5 chFuEATE M 0 F] P
EHFR DR AP AR T B BT R LR A
OO mE b S L SR B A
* 7848 B 14 (structure-activity relationship; SAR) > @ luteolin s & crsx
FABER AT B FY AT S E R G {5 nF H 307 & luteolin
FMNERZ oS PEFT o

2001 # Anastasia Kotanidou % 4 f % &9 % % L luteolin ¥ 14 % i
d LPS 3l% chx& 7 & 2 4p B proinflammatory molecules % 3 ©¥ o
2003& M. Das & % g v JR luteolin ¥ 125> ovalbumin IRac/] Bl ehg
v 18 " Mw ¢ IgE 4= bronchoalveolar lavage fluid (BALF) # IFN-y,
IL-4 , IL-5 A CY o 2005 Liisa Tormakangas #-¥ &g % Chlamydia
pneumoniae 314 &% X e B¢ IR 0 L1 6 luteolin ¥ 'F K& Bl
infection load % %28 LI %90 o A A0 3 I IF A > 30 % b enim b
PRATIE (TP U T 3 3930 5 luteolin Fui L IT* B ER @A
F NF-xB chigft » T8 UApM A F ha £ Y. Luteolin
FUm L TE* P gy H 35 F IR RTAT 4+ 3 sp 2 PKC signalings @ e 7 T 3%
histamine - leukotrienes (LTs) ~ prostaglandin D, (PGD,) f= granulocyte
macrophage-colony stimulating factor (GM-CSF) % i 44 5 erfg 114 o
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SR TR T P
S F AL

ARBL M R T R T R B R Fr A e BUR M B R
AZiH 200 % fa % B F A o (Interstitial Lung Disease 5 ILDs) 3% ¢ 3 3¢ % 4
Wit E e drhd FlheBE BB BH B LR RS LA
B A (dopl tgp g gdiat )R 5 Ry OF Hisdlvy A=
2PB O R RS E TR e RIE A B R g B
@S BRI s e P AR R R KRR G el s
ABRRLREEEBR T AR ERER B 2T o B
% i+ (Idiopathic pulmonary fibrosis; IPF) S (6 T35 n 8 5 2-4 & >
S5&GESF S 30-50% U5 e g R BARS Fa sk g LA G s
BGHAR R R R T R e N R o AR
W L (ARLZHEHPE M) e L mie v X e s R
fod B mre (wdAa® wmre s e e iz )il A S e kR
(cytokines) ~ WL /i FE A P B 7> FHE L& Finmiv* o
Bdn A FARE W X B R B0 A w0 2

—_

PRSI
Z

g

4

Th

AUNN
G

L

)
P

I B :ffq%p\ e [ A e ~ B mbe ~ BEvfimie 1l 5 ¥
ﬁ&i@%%ﬁﬁoﬂ&,éﬁ%%ﬁﬂm;ﬁmw P - BAE e

it e AR T B OB 3) AT R BT 0 B P UM E e

3]

e bR mE R R EA i R AR R B E AR PR E £ R en
£4 o

17



Pulmonary Fibrosis

Inflammatory Cells

Parenchymal Cells

Eosinophil
. @ L.
3 FGF-Q
Mast cell
- ) B-E.G'F
h
Macrophage \,k
@\
Endothelial Cell
Lymphocyte

"+ B 3. Pathogenesis of pulmonary fibrosis.*¥

=~ %:Lﬁc}“;@ TE E T (ARDS) 295 gk g qL

EMPWIE (ALD > ¢ 2w Fl /};’5% EAC IR SR LN R AN A S
EE R e L B L N 3 Ry P Y EA R R
(ARDS) » T ¢ %3 * # % » 2= % (54 3540 % % 4 o 12 2003 &
5l A g vtk ix (SARS) PATA|Z R p A 5 6] > § & m+ & G
AT RESE 1S o BoiE AR A ks> £ 2 F CDS-T cell ffd‘%‘ﬂ%}ﬁai o
Gty P A2 EPishime A4 BB DL EF o A2 E RN B
H4v > % FFER S HREIE ARDS » * 5 & b %3 (cytokine storm) > %
Llhnre (b= 3k~ H ko ? B3k) RE BB S T2 ke g B
B g e 2 L B IT e I KRR B A b L e 2
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Z AR p it it pgand d

P

/I—
Z 1

N

%

¥

3
&

L A %Iﬁz'ﬂﬁvﬂ#jgf‘ 82
i f%’f*‘,é’w&;*% S L E
B BB BT G B e MR RGP Bk

it

X %o @wmadf i

&

N

B

B Ri24 o IPF }?5 A Fe

LS
A

—

_ﬂ“"

T

g

A 2% W SR s 2
B2 T3 N I AL -

3

# B 4 1 0 neutrophils % L 4% i @ I ¢ monocyte/macrophage -
lymphocytes f= eosinophils (%} ®l4) - # ¢ macrophages = monocytes -_
fibrogenic cytokines ~ chemokines {- growth factors (TNFa, TGFf, PDGF 4=
MCP-1) 2 & sk iRimre o it LA dwie & & 2 H i@ hff 5 3

Rlefgigd? - d 2 BRAMFEMNBR2(F4]D) -

%+ 4% 1. Major mediators expressed by lung cells and their potential roles in
repair and fibrosis.®”

Made By Major Biological Activities

Mediators  Endo  Epi  Fibroc  Fib  Myo  Major Targets  Proliferation  Chemotaxis  Collagen Synthesis  Fibrogenic

Fib

TGFB, Y Y Y Y Y + + + +
PDGF Y Y Y Y Y Fib + + + +
FGEF2 N N Y Y Y Fib + + + +
TGFa N Y Y Y Y Fib + 0 + +
TNFa N N Y Y Y Fib + 0 + +
IL-1 N N Y Y Y Fib + 0 + +
1L-4 N N Y Y Y Fib + + + +
IL-10 N N Y Y Y Fib +

IL-13 N N U Y Y Fib + + +
IFNy N N U Y U Fib

IL-8 N Y Y Y Y Mac + + + +
MCP-1 Y Y Y Y Y Mac + + +
MI1P-la Y Y Y Y Y Mac + + +
Col-1 N N Y Y Y Fib + 0 + +

Endo Endothelial cells, Epi epithelial cells, Fib fibroblast, Fibroc fibrocyte, Mac macrophages, Myo myofibroblast, ¥ yes, N no, U
undetermined, ++ major role or strongly stimulatory, + stimulatory, — inhibitory, + variable-dose-dependent, 0 no effect.
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1. P’F]’ ¢ v o 2k (Neutrophils)

%A A F B o polymorphonuclear leukocytes neutrophils (PMNs)
¥ AP RER AR FTEEH e LIk o gt eb > PMNs #:ig
cytokines, chemokines 4= growth factors » 4= IL-1, IL-6, IL-8, MIP-2, TNFa,
granulocyte macrophage colony-stimulating factor (GM-CSF), arachidonic acid
metabolites, proteases, reactive oxygen metabolites (ROMs) 4= neutrophils-
derived complement fragments %% ) & PMNs fm® %t chde £ B (4o
heterotrimeric G protein-coupled seven-transmembrane receptor) ¥ £ CSa,
platelet-activating factor (PAF) % CXC chemokines family % & fs 514 — i
P e it & & - PMNs # parenchymal cells & 3 4p 4 A2 /& 3k 4 > v €
& MMP9 (Gelatinase B), acid hydrolases, low-molecular-weight cationic
proteins, ROMs = lipid secretory products > iz & 4 =+ ¢ g3k parenchymal
cell £ A& ECM "% 2 o 3 § chort g @ # B IPF g5 4 % ¥ ki
(bronchoalveolar lavage; BAL) ¢ PMNs 17 € @K BcE A2 & 7 & 4p B
Mm% i PMNs fris ks v Nt @R eng 4 o AT 7 AT

PMNs A% e cad L F RES S RABRmT e ai g & s o

2. % E g o’ (Alveolar Macrophages)

iR B e ie B DN 40 S R R R eI B m e o 1T
K3 F 57 aF e Eiimre cn2d a5 o @ ML KA LD~ K
ABIER S F LI RANHER 4T AT R R D E R
o AT E AT oF A ER ‘%lﬁz{ F;\zﬁ]ﬁc)\)\’*fp‘:‘u/ﬂ;}&
ff Pl 5 ¥ e B vglimre (alveolar macrophages; AMs)-AMs i & § B % - &
m}?ﬁ}ﬁmii'&& b imie g R IR S LB BT E SN o s AMs »
g IL-10 M bR F L E 2R B g £ F o afFde n f 4 2
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i o B F EviwPe (interstitial macrophages; IMs) 4 # ffg B 32 e B e
%‘s« 'IMs #8848 AMs -] > B4 2 #1830 & Fliwe £ @ #& § v MHC Class
II §=CD54 # 3> %+ T-cell 3 #25 <5 antigen presenting capability SRR iF
B U XHEP ARt > iz st a KT < R A P E A m
e g e TR A o R E e e § R R e R
(TGF-B1, TNF-o, MCP-1 4r insulin-like growth factor; IGF-1); # % [
epithelial, endothelial §= mesenchymal cells f#3cH v Bt wre g2 > I

£ % 34 % 4m 72 3 2 {o collagen deposition *> ¥ -

FA g dp % E v e b e i SRR A A/ R T e gl A
BB FLEME O E w2 f2EEF  (MMPs, serine, cystine
protease v acid hydrolases ; z & & MMP-1, MMP-2 4= MMP-9) ¥ 4 f%
collagen fr elastin & ECM 3 ©7 . » Eegim®e £ cytokines fr growth
factors (% H B TGF-B)flikcpr~ € 4 b’ fapz % dr4H TIMP 124 i%‘«« &
2eig § & IPF g5 4 TIMPs ¢ F #8 ¢% 3 e MMPs/ TIMPs 4 72 3¢
Rl R R R BRI I RACNERTFF c E DT R EHENRE

in et i A BB B 0 B B e AR E i L 3 A BT R

ey s e ®BRIT LN TvIoh FERET PF R MG F I N
"}é FiE - a—l;,{ﬂ;i: o

3. # % 1% (Lymphocytes)

MTIT RS L P e kit e T v § ¥ Adb G R
b5 2 ERrigL e pitr @ B 0% J§ ¥ A s Al (antibodies)
B FE o ] IR S U3 b SRR TR &
FTHRRGPF LA ARY FABIE T % > AU 3R T we
(cytotoxic T cell) & s e+ 42 T ‘m¥ (helper Tcell)» ¢ 7% 73 o4z P 4&
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st T wm% % B (TCRs)» £ % U kypnin® b ine dp 5 {24
3 U irAs s a3g £ 48 (MHC-Ag) » = —?;,1 A e end_ L F R T w1
ofT ‘miz X B2 CD8 #f e* &< B Kk fuiknim?e (target cells)t 0%
- AlesipF Es + (MHC-D) 2k » X 423k & f8 %] (b 4operforin) %
Yo AR 3 B AR cnin 5 (bl 4e > £ B B R in s A R e ) o @ i e
T ez pld ofT e dax B2 CD4 o< BRAFMRLLR L Rinre
(APCs) tehlesidp 3 44+ (MHC-I) % - & 4% 4 ¢ B (interleukins)
e R s (e B dnre A4 ML T dme) A AW %X i 4
@£TF@%%%$’%ui%ﬂ%ﬁ&@“% WE KA F Y M
T-helper (Th) # = 3% & & edm e g & G 1b 2 B chRf % T-helper (Th) #
TRV A& 5 Z ¥ Thl w8 IL-2,IL-12,1L-18 4r interferon-y (IFN-y) ;
Th2 ¥ & IL-4 , IL-5, IL-10 4= IL-13 o Thl clones 4%/ delayed-type
WAF X2 WA A AR Mo S F N IgG2a )k &R @ 2% IgE - Th2
clones {1 B cells 22 1IgE > 2 g e EiEack % IPF Ehirgai }F%

% (chronic fibro-proliferative disorders) 7 B o IPF A SELGERE Ik Sl
% 1 Th2 cytokines #% 3 % #2 > ¢ Thl cytokines ( ] 4- anti-fibrotic
cytokines-IFN-y 1% & 2 ) 1% & collagen deposition’” = F]pt » Th2 /Thl
tha e B Rat pRekHhFe - o

m s b s (AEC) #gai

R 2 vk R e (K B EEE b R e )ik T TE LR
Beni B ppES 23 LE R SRR S B2 ) Wk s
foE e o 4 e 1 4 (Type T fo Type ID) swfe § 224 P AE chsg it
Type I %2+ L lmie phdfem o ie g Ay Feafld 2 88 > R
e E e ins Type I W5 b fmve 3 4 5 £ R7A F Sk ek A2

22



G re R TR AT o e b 4 R B T i SRR w5
PELFIHBEIWEPN > it Ll g4~ & AR wig 2 T e
e B @ E AR uEARP e R F R o e mie X T ke
% % ECM components 133y > p & 5 ¢ #3i IL-8, MCP-1, GM-CSF,
adhesion molecules, proteases, surfactant proteins = ECM components o 7§
b d PR I AR AL Y B S KB A D E
M ok T e R e B2UY A u A § eh mediator gk S e
¥4 2 ECM TR e Yo 5 B z\ﬂiﬁw}l'ﬁ g &

ARG AT o bR FE A G o e L

%ﬁﬁmﬁéﬁi’E#ﬁ£$@ﬁ£%ﬁf&@§%%$’iﬂﬁéi

BEAR A JRA i R A SRR AR LR~ B e o i e
ECM 7k » 45 % REf2315 2 f 4= 3 B 403 B Typell e - 4 oo 3 4
5 IPF ehups@ gz — W00 2 0 APF g5 4 radnag S E 4 S AR pr ]
(steroids and/or immunosuppressive drugs) iR ¥ & P B el o F] gt AECs &
1 & /% W 2 1 0 dysregulated repair ~ abnormal mesenchymal cell activation
W FE R &4 o35 X3 F 5 FF 4t AEC & 3
epithelial-mesenchymal transition (EMT) st # > & TGF-B §1T™ ¢ # % &
£ myofibroblast phenotype him®e > ZEM 1 it pFH AECs » ¥ 17 5

5 (74-76)

myofibroblast 7%k Jk fm

B rag T H R EMT @@ w% #6022 3708 p 777 o EMT eh
R A e K R M 1 L e (epithelial cell) & it = & 3 R {75 4 5
mesenchymal cell - fm% i& {7 EMT P » cell junctions % # i » f & ?f R
@ Lty 4 4 b g w2 %3 ek (epithelial polarity) © #7en

2 1‘# #-v (vimentin fr a-smooth muscle actin; a-SMA) A& # » :x% 7 fwbe
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A% 85 A 3 4v R {7 50 4 (migration) 0 F] P jE P LA & (e.g. change from a
cuboidal cell shape to an elongated or spindle-shaped form) % — % epithelial
markers (E-cadherin) §= mesenchymal markers (vimentin fr a-SMA) %
BT FE%E EMT ch® 1 o A2 BB P h@giaits v g1 EMT thie
7 )4 ’&_%’"Fiﬂ‘;%ﬁfc)ﬁa B —'F‘T ZEE AR - B AL :}?34':‘_’2:&" 7. renal proximal

tubular cells =7 a-SMA # RP* &g 3 4, (79.80)

EMT ¢ % epidermal growth factor (EGF), hepatocyte growth factor
(HGF), fibroblast growth factors (FGF) > £ # §_ TGF-B % extracellular
matrix components (i ¥ € _collagen) §ljT {7 o & FEIHRAIL hEp
REFHRatEmY > TGE-L Azt s £ “master switch” s # > §_i8i& EMT
2 g i 7O e ke g e e 4 5 o0 TGF-B % B2
7Y R eh TGF-B & & 18 ¢ 75 1t fm7e ) éng 8% F]5  Smad proteins» 513 T 7%
AFEESEA NS L H T e FF (40 Slug, Snail, Scatter, lymphoid
enhancing factor-1 4 B-catenin)™ o & # 4% 7] & “EMT proteome”
(junctional disassembly, cytoskeletal rearrangement fo cellular motility) 3%

ek

FE M oarit o e P e AT AR 7R AR 3 R
¥ > Adamson ¥ 4 %5 #F 40 AEC injury el eh ) L i3 4R 48R IRLE S
ﬁ@%m@#nmoAﬂ@ﬁAﬂ:u@; CECERE S L R

s
IRy
\*Fﬁ?

 #8 c0 profibrotic cytokines » £2 4p 48 ek M o Fe fo =N B B e B,

B8 @ gL en proliferation/survival % # i o
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CHRONIC LUNG INJURY, ALVEOLITIS AND FIBROSIS

AEC damage
and alveolitis
IPmﬁianlim 3
Migration Angiotensin Il
4 Apoplosis b ‘I_ %1
il Myofibrobl ast differentiation
Basement membrane r
dimﬁhn
- - w=SMA exprassion
MMP S/ TINPS
MMPs f TIMPs Cal and ECM
unbalanced -+ * o

_

{PRGMOTE FIBROSIS

i+ B 4. Summary of cellular and cytokine networks in chronic stages of lung

injury and fibrosis.””
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-

I ~wga® w% (Lung fibroblasts) ~ 34k a* ‘w2 (Myofibroblasts) £ %

/,

ot

’ 2

= ek

BB RN TR ¥ i ECM 35 A AL A
f‘“ ‘é—’f#ﬂ—\—‘ Pend e @z ECM F-v i d bfpilat wida- ¥

mesenchymal cell o] ok g A mrr § - AR AT eime e

B we X § AR a-SMA 1 mesenchymal cell> S I B4 38 F

r i < B ECM F9 N B LI ER o L ¥R ET o0

o
|
3

S
™

B

i
\ﬁ}

s
ﬂ“?\
Il
bl

A BRI 0 B UL Lk AR 1 ¢ R T
& i % ¢ v fibrocytes F B Bl 4p 2% = s iz 8 2 4 proliferation
marker-positive nuclei =% B* mPe Poif B 4 & o it 5 & stress fiber
HEA e (HES) e A DR BB BREKD FHERG L B Has
e ferit g B A e chs oo MR A fme foyt ik A e 4 % matrix
degrading enzymes 144 X 4f s & e pF £ 2 ATED matrix AT T4 (%

R106) -

AT H v OE IRy > A e 3 BB Ao ah i3
oo PRSI E G F 0 i 0 Al KA T & EAVR AN e
CREUR Ly~ RER NG AL et A S S el 1%‘ Ed T E iRl > R
Al dF e AT AL K R o e R e § 5 d  apoptosis i# [T
A2 s in vitro P F R AR R £ Rk a® wied  [L1B-induced
apoptosis #p B =77 antiapoptotic protein Bcl-2/proapoptotic protein Bax # I
oFE RS Rt e R e o BEon v BGEaduE= a4 e e
TGF-B1 # gagrvgh e mbe & it o 2 » & bleomycin-induced pulmonary

fibrosis model % F.re %t TGF-B1 signaling » € & > 7ok @ e e g
0)
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5 growth factors fr cytokines ¢ 347 fibroblasts B4 ~ 3 4 ~ &

¥
it4o ECM g =/4 f&> @ iz fibrogenic cytokines % X+ &_ fibroblasts

BeEitigareiame Bat wmizfoytiia® e LRt iRy R
hk AR RARR EAR 0 7 Aok P Llwfe - R € 42 5 4 fibrogenic
mediator > @ * ¥ ECM i & #]:3 —‘F'T o § 3¥ % i1 fibrogenic cytokines * 1§
TGF-B, PDGF, GM-CSF, FGF, TNF-a, IL-4 fr IL-13 > ¢ # 4 o-SMA %

ECM %-v eh& > # ¢ TGF-p 25 € & - 6> @ IFNyfo IL-1B B ¢

B o-SMA %2 ECM 3-v e 310199

Fibroblast .
) Mechanical stress
No stress fibers ‘ and inflammation

cytoplasmic actins

Poorly differentiated
myofibroblasts = TGF-B

Protomyofibroblast
Stress fibers ?

cytoplasmic actins

ED-A
fibronectin
Differentiated
Myofibroblast
Stress fibers
o-SM actin

“+® 5. TGF-BI induced myofibroblasts differentiation.®”

27



ROLE OF FIBROBLASTS/MYOFIBROBLASTS
IN LUNG FIBROSIS

AEC injury
and alveolitis

fibrogenic

mediators : —
Fibrablast “iexe
activation & recruitment cpomakines Bone marrow-derived
activation Fibroblast proliferation
w
EMT
+  Myofibroblast differentiation
L~ poptosi
a-SMA expression I:n:_u "
MMP/TIMPS * Telomerase
A TGFp
4 asMA
4 4+ MMP/TIMPs imbalancad
PROMOTE FIBROSIS

"+ B 6. Summary of the key pathogenetic mechanisms of fibroblast and
myofibroblast in lung injury and fibrosis.®”
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SRR S ST ST

¥ Je % i extracellular matrix (ECM) ¢ collagen (%= £ &_ types [, III),
elastin, proteoglycan, fibronectin % * € H v F-v #rle = o W35 5 € Bk
ECM g1t » 2 {6 hig fp &2 £4& (repair and remodeling) 1 Fia 3 £ & » @
HEMm el F AV L wre v p L e frih A e *‘"K Rt
ECM components © 7 7 A3 5 ¢ = 7 F > AEC P a4 v o it 3 &
o T PR R F A N ATOMREE ) B PFL S5 d 514 anti-fibrinolysis % At
BB B o Bt ¥ T o fibrinolytic [k Ate € PEETE LA
Fefe (7 endd i o AR i pF o AEC 8 B 4 IR potent procoagulant factor
4= plasminogen activator inhibitor (PAI-1, PAI-2) > #-% >+ fmPe chf {7 2 i3
AFH R 0 A F ke ?—k 5{£§ L3¢ Py S BEECHL RIS SV KER AR IS
v L grk ~ chemokines ~ 2 £ & o F A j2 39 fF ()4 MMPs) ¢
it g ami B H A ol it e ABC frivgiia® iz 4 ik ih MMP-2 e
MMP-9 (gelatinase A {c B) ¢ #cjpl A A5 (% B & type IV collagen) gt
¥ 4 41t fibroblast/3 vk B2 e R i~ K 4 fot A 4 1 BCM 3£
to IPF 5 4 " 7 LRSI A # A ARG BB R A e § 3
B e MMP-2 v MMP-9 %3 - % & ¥ z’v’ﬂﬁf_f%‘z CERCENE AL S |

% 4p ﬁFk SF R AT U L F A g ‘3.&‘?1%‘23"@ °

AW £ 3¢ p* Matrix Metalloproteinases (MMPs ; zinc dependent
matrix degrading proteinases) % 4 f# ECM - 32 5 £ b & * 3] § e
Kf#ps > &4 55 MMPs familys 7 23 %= > MMPs ¥ {393 2 2 <
FRg Al 2 %F - & € & - §f ¢ 4% collagenases, gelatinases, stromelysin,
(96)

matrilysin §= membrane-anchored MMP [membrane- type (MT)-MMP]

MMPs ¢ 1 inactive proenzymes Ak A i 0P| P o L AR SRR

29



%7 e s ¢ Ao TIMPsl-4 Fr4] MMPs B > &2 22 MMPs st
i TIMPs #F % £ ¥ @ n F m s 5k %70 ¢ 32 neutrophils,
AMs, AEC v #riha#* Wi G p iF 5wz o i 3 7 it i MMPs
/TIMPs F|im?z ¢t » &2 ECM, integrins, growth factors f- parenchymal cells
B eng Tl L WG RS R o 0 R B g
4 1> MMPs e I3 4o 413 40 8P e b A 1t (re-epithelialization) & 324 %
TE o BITF Y RIR o  IPF I}% A B .EL]%‘« TIMPs # 33 ** MMPs » &
i e 2 R R R Bk o 2t 0t 0 TGF-B ¢ Bl R
4 w1 MMP-1/ MMP-2~ 3 40 TIMP 4 2 82 2 o vz i 5 9 f 4k S ers

§3 > #72 MMPs /TIMPs 038 4 f7s £ & mahgh i cp 72 - 0%
= TGF-Bl 2% g it

o A A4 £ P+ (TGF-B) - ¥4 # it chiwme % - 3 5 117 &840
B yoE S Bty m® ', TGF-B superfamily A % = < #f : TGF-p family,
bone morphogenetic protein (BMP) familyfractivin family> v 7 & 3 * I 0%
oA LB EREfrERDEI P REE - arf LG = oih
TGF-B isoforms (TGF-B1-3)4tsria @ H ¢ TGF-Pl&E g ait aabf i 5 B
*7 o TGF-B1# latent TGF-B binding proteins (LTBPs).% & =¢ latent precursors
complex 4 %5 ¢ latency-associated protein (LAP)?} = & 4f & = 4 & *¢

=

b AU (R B7) 0 5EE o TGF-BLA it A2 2 TLE o gt

latent form TGF-fl ¥ §4r#p it 2 451 5 A2 4P 155

B

s.z:
Va=d

Jui

LR s ()a & eniE v s > Z Y epithelial cell integrin avB6 % & i@
=Bt a A2 g TGF-L > 18 % 30 4837 w2 0 TGF-BI
receptors > ("4 B]8) (2) ¥ matrix protein thrombospondin-1 (TSP-1) % & > (3)
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M F-v BF (plasmin, MMP2, MMP9, clastase, or cathepsins) 4 f&= & it i
TGF-B1 (i B19)1 %19 o TGE-B1 A s 2 (5% e2d & 2 B3t i~ 23
AfeiE it B2 E > X TGFPlHXH#icE 2 8 6 wie i anfp 3 0T

FARFE L

TGF-Bl e #FL 2 AA & 5 7 I H Lweifd o 0% - B X8

2o H =z f62 TGF-PlE & MAcit a2 4 ¢ TRRI ~ TRRII 4= TPRIII -
TGF-B1 ¢ 3 I p&22 TPRI 4v TPRII 2 & 4 i #2 & AT @i o TBRI fr
TPRII #3535 % % serine/threonine kinase receptor > TPRI = 756_ FIAL

%8 #cfx (avtivin receptor like kinases, ALKs) (*t B]10) » H i & m %2 B p 1740
% ¢ serine/threonine kinase domain it # TPRII #pc > TPRIL AIE 5 p
NPRpL i enF Ry o S I i eh TGE-Bl &2 chimre i o TPRII B & 2 H
pOAVEERL Y o B F AT T E (Y 4p A8 TRRI » #4735 1 £ receptor complex4i
¥ &7 P5erreceptor-regulated Smads (R-Smad; Smad2 and 3 for TGF-f/activin)
% MH2 domain e1C-terminal serine residues SXS (S465/S467) #ifs it
(196, ig_# common mediator Smad (Co-Smad; Smad 4) £ R-Smadi & =
heterodimer > #£ /% i* e17 R-Smad/Co-Smad complex % °F translocates F| w7
¥% » ¥2 co-activators ¢ co-repressors B & £ B AT L F s 4 IR
(9705 gt ¢k 5 inhibitory Smad (I-Smad; Smad6 and 7) 8 A f& TBRI & j 33
TGF-B1 e 5L @ L(F B 11)- 8278+ 5 3 F ©3% Smads F-v Swfe p f
# # TGF-B1 flpcar A 2 et & BiL 3 wbe P hids ’ﬁ—‘ﬁ v fes 3 H T
VLEL IS AR 3T ¥ 38 0 B4e & primary intestinal  epithelial cells §= breast cancer
cells lines » TGF-Bl ¢ /& i Ras, extracellular signal-regulated kinase

1/2(ERK1/2) 4= c-Jun N-terminal kinase (JNK) ; f=murine mesengial cells »
TGF-B1 ¢ 7% i protein kinase A """ -
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2. TGF-B 4 323 i

\\\ﬁr

TGF-B #2% = B 37 % mi%‘«fr’%”ﬁ‘”ﬁ FR A BT 5 v L
P A IR AR S fE e A B S IRAv s AT v S S S TR AR e
Foengs i (019 TGF-B & § @ 1 TGF-Bl 8 il & enMh fhde 5 P AE >

%373 e fAF e 3R flid TGF-Bl A i i £ v 4 1t fodff 4o % 7
R gy ehai e ol § ehd 1235 ¢ > TGF-B1 5d Biimre 8 p b A
Fthk a gt 4 E 5 blde ¢ cyclin kinase inhibitors p" ™ %, p?' Pl
p?/KIPU9) waL ob TGF-B1 + ¢ % d Smad-dependent # Smad- independent
pathway (¢ #MAPK pathway f= PP2A/p70S6 kinase pathway) #r+|%m¥s #
L0 g 4 imoe > TGE-BLAL ¥ § 15 B3 ro 0 [ 2502 $ril 3 & f2
A e e gk E Y o TGF-Pl tfyim e 38 B 7 b pig § 3 F ehppgr (O
O & % g TGF-BL 5w il Sk & Frglimte A B 5§ Rimre i s 4

£ prdldadidy mopoid g B pF o TGE-BL R € Wi 1130 lmre 3 4 2 45 chjic

o

¥ - L~ EBY > TGF-BI1 fi};ﬁ:}gg:}imﬁfé&ﬁﬁé_i o g
B 5 BT ey me T F R TGF-Bl ~ 2 end > * A AT 1 4 303
TGF-B1 % i3 ¢ MMP fr uPA i I IRAE R m % iz o 4o iy 1
tht 4 snve g I TGF-Bl 158 :% 1t Smads ® A MAPKs "'V & MMP2 4
MMP9 4 JH 4 5 B4 3 9P & am % 3 > TGF-B1 58 7% ¢ Src &

Smad 3 4 uPA - PAI-1 % R (112, 113)
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3. TGF-B1 7 % & i

TGF-Bl d /] 4% ~ Evfimefoph L w2 £ 4 4 > Ui BoggR A2 wie
A1~ 24 %R (collagen L, 11, IV, V) frik @i £ F-9 ¥ Frd % R ' 2 >
HEFHRatG €2 a8 TGF-BI {1 % Bl & & fibrogenic
cytokines (|4 TNF-o, PDGF, IL-1p 4= TGF-B1) > TGF-B1 # ¥ ¥ ig_j& s
AR dwre o it 75 PDGF e e i 2 5 53F IL-1P Frdld i
A fmte k= o TGF-B1 i = %2 ¢t R g enp Flde™ (1) S R a2 fmve
collagen -~ fibronectin ~ proteoglycans f=# © ECM components :7mRNA #
R > (2)#r#| plasminogen activators ~ MMPs - elastase 74 IR T 3 4c
TIMPs ~ PAI-1 fc PAI-2 éh# b 374 4 9 ECM #5132 %1 o
R A 2 b b et IR AR R AN § 3 & R TGF-BI 4
W %4 TGF-Bl v pggat amp'®" . 12 g5l igmg
B+ a‘é(“g) o T4t » 12 TGF-P signaling pathways 3 ¥= Bherys R Wk B-E 42

FRG A ES AT R - B 9
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LAP Mature TGFp
(of0]

NH2 OH

Furin

Small latent
complex (SLC)

Large latent
complex (LLC)
LTBP

"+ B 7. Synthesis and organization of latent complexes of TGF-f3. (102)

Increased Permeability,
Decreased salt re-uptake

*+ B 8. Model of the consequences of av6 integrin-mediated activation of
TGF-P by alveolar epithelial cells."?”
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i+ B 9. Pre- and postreceptor regulation of TGF-f1 signaling. Latent TGF-1

can be activated by proteases (such as MMPs, plasmin) and by binding to TSP-1
or the integrin avb6, expressed on epithelial cells'*”
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Activin/TGF-p BMP
Smad pathway Smad pathway

Ligands [Activins TGFps BMPs }

GDFs
MIS

Type 11
Receptors

l

Type I [ALIH ALKS ALK1 ALKEJ

Receptors ALK6

ATE?
o _
\ J

Co-Smads

I-Smads [ Smad7 Smads

L

"+ @ 10. Signaling specificity in the TGF-3 superfamily. Classification of the

mammalian Smad signaling cascade into activin/TGF-p and BMP pathways. >V



MR 11,

| Cellular effects

! Differentiation
| Growth inhibition
| Deposition of

Apoptosis

extracellular matrix

Nucleus

Gene

transc

ption

b |

Mechanism of signal transduction mediated by TGF-p.""*
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BFAOEL RO B ORI SR B e RT X
% o ALALA B LR ke

39



2. @ Fich E

FHRRE - BRERIAVESNRRE IS WA ERESFT G T
P HOp AR R o R DBk s R AR E A A LA
S EMG A W T G oo R AR A F FRa Y pEgy oo
B B0 SR AT B b enE AN e B e AT A i R e R
% 2 $24®) 0 4o IL-1~ TNF-o~ TGF-B 4o IFN-y £ o 5 ¢b 5 3 dade
Flga® e 3 4 chE L > de pirfenidone -

% bleomycin 314 e795% 4 f v
B VORIED S R g et > invitro @

v VR MR i g A
darE S FHEE R
R i AR R PBEAR KRR > # RS AR BRI ET G F R A s R
g o B FARST LW 2R ARG G

G FERT Gia R R AR > e

TGF-B1 ¥ i % fmve b9 R Fen chymgp (0% PV

@01’?-&1# F 3
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it Xan o R PG FUE LR A chier (P mpL g S i
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AR AR HE MR T A2 A5 A XM LA (innate immune
response) fris % M4 % (acquired immune response) > £ %} K F_RE A
Weh% - F BH o v R BRI REFBELRET R LR RO
Hivo AXBALRAF S F o gpad LK AR s e
LG RAERMEN KB RPN o - AR

=

SEPARE § B hE Y A KR o o T A
%3¢ (monocytes)% % A% 3f# 3k (polymorphonuclear leukocytes; PMN) - ¥
PRl Edp 0 TR EM ) 2 S wi — E v (macrophage) % iR &R
i Pz (antigen presenting cells; APC); % A5 3 3k B] & 2 F"F‘; ¢ g
(neutrophils) ~ V’F,’ % 42k (basophils)> “%’ fa i3k (eosinophils)~?* + w? (mast
cell) 2 » -] & (platelets) o & v ‘o P2 ¥ 5t {%ﬁ d pattern recognition
receptors FEh Ko RAM L 6 LI 45 o Tl - B L E AP
Bt JTE 4 B0 ko R bldet e ek A PR B F (Y 4 (peroxide)
2 i (NO)» R RG] 5 @4 F ksl RA ok ¥ - gpa
F 2 R R RS > P ,T*ugfrlév%v: EIFAR SR MEALE
Yoo BV T wm¥edrB Mm% - w2 b % (cytokine strom) E_§ 4 8% I
:Lfa:i BAF LR T mie § & 4 ¥ -k (cytokine ¢ 45+ 3 % IFN-y
v E Rk 5v F]+ TNF-a) > # Eeiimfe Bt 3 ¢ B 5 Beg st imﬁfa-* gl
Ao B A Eir2 {80 X g fmie g 0 BT Wb o Erglmbe
2 T v flmi prd cniT¥ 2.7 5 gk o 1 i Pim%@Wawkﬁﬁ
PR R § G F A M A S L f R n
e ER R R RN T E R REER K o LA R
FE AR TN REAMLL R ORERE S F AR LR PTG o
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Z N B

\j‘b
ﬂ'u

gh‘ﬂ

v IL”'?“‘ZW/""; P EIRG — B B h Es ”‘#”,f“l)‘ﬁ”?{fi
R o betwmiE 2 4 B A F F B W BRI I s M R ER A
Wf Bk e (Ig A) S E R0 4%k 227 /% dendritic cells #i
GiEfmEr 2 B2 M0 P4 P Tap B LEEFED TRIR
R~ e frb g ilme AR F B R REE AR R 186G

__)‘«f‘_ﬂ/‘ﬂi"—" ;}'ﬂ'gﬁo II “L’EF;" j\‘f‘-_-,é,\ ’ H?';%Km}!ﬁ ﬁkﬁ; /),7\‘—,,}. P\?:i’\iliﬁ?pﬁ H#;

# 89 ~ surfactant fr fibronectin H 3 T 5 2 B i im e A B0 X F REREE
e vy ALk 2 gk T 3R f o Ji bronchoalveolar ik ) fndmte @ e
Eviimie b 185% 5 Pk p 3 F B dmre o 1t 2 %R H Pk R

R A R E e o e R hAh R A8 R T RS R L
TR E o ApRTHE U .E'_%J%E B PR o g Eeimie £ g
AN [%,&(133) o Me Beiimieid ¥ A AT R p,qg N el — B e m e o
FOEPARE P2t s R RELDIRFN > vl d B

IR BT S R Ee A Pfe s e R 0 4 TR A LR R R

M
(7=

REME B LR TPk — 2 b et £ e B IR
PRE T RIAMIALAF BOF - Rp T 2 HE G LI LRPE

PE'B:“’:"? - ."j}é—Iﬁi’ %; x 'Iiiél#iaﬂ) o

Wi B imie it LSS EAREEE AN B LAY s e
P Falg - e g UF o 3 U F dedet IL-la > IL-1B & TNF-o
G 2 3 ] gt e % ] # 2% chemokines (IL-8, MIP-1a/B, RANTES or
MCP-1/3) ~ # £ 3% (GM-CSF, G-CSF or M-CSF) » &% p & fm#2 % + g 'w
AR A AR B U R IR enim e YR L R Y LR i T

# LI 0 e PEE I cyclooxygenase #- arachidonic acid ## % = *g B &+
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(thromboxane A,, LTB4, 5-HETE, PGE, {= PGD,)> #f + n # i £ 2 F 5 F%’
e n ok adB it £ R (chemotaxis) o 3 3% ?‘%’ LA A B O & 1oF Zfr’(}w ST, ||
(antibody) % 4 %8 (complement) %% 1w § Pl X g %o 3 o F Wik
2o A - B Eg e F A LF & 0 bl4e IL-1 receptor antagonist
(IL-1Ra) # TNF-soluble receptors (TNFsR55 or TNFsR75) > E #ilimbe » € &
wo IL-10 r2gesf] IL-1 &2 TNF e L 2 2 B R % L F Ko Eiilw
2 flig lysozyme ¥ #-F » chup R A f# o Defensins £ - # & § kv F

O A IR R R ¥ = PRI E  E i iobe & L dis
M % v F (Reactive oxygen intermediates; superoxide anion, hydrogen
peroxide, hydroxyl radicals) & %4+ % it 4 (Reactive nitrogen intermediates ;
nitric oxide, nitrites or nitrates) » %2 1 #cd $ H 3 F R v chd e r (1Y

(442) -

hlwie g F G T 0 e E e w7 4 4 metalloelastases, collagenase,
metalloproteases (MMP1, MMP9) , TIMPs {r urokinase ¥ iw%z *F @ 5 3o
RS R A R R BB I (S hE R B RS At )

#3l4 & F5(TGF-P) § 22§ v ks
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% 2. Macrophage-secretory products.*”

Cytokines Defensins and lysozvme
T IL-1 B/IL-1ra Reactive oxygen intermediates
TNF-o/ TNFsRs Reactive nitrogen intermediates
IL-6 Enzymes
IL-10 Metalloprotease/ TIMPs
IL-12 Macrophage metalloelectase
. : Urokinase
Chemokines Acid hydrolases
IL-8 -
MIP-1/B Bioactive lipids
RANTES Cyclooxygenase
MCP-1-MCP-3 Products of arachidonate
Complement proteins IL-1ra = IL-1 receptor antagonist.

Most components of complement
pathways and the inhibitor Clq

= ~ LPS¥ Toll-like receptors

Sl 27

Eregm?e cn A4 T % (opsonization) #_IEGE 5 R 5 o (T % T3l
FAEF BB LESPE o A7 FHahiE R B D Fo receptors,
complement receptors v lectin receptors > % F £ & 1 & ¢ o (1)
immunoglobulin G (Ig G) receptors : FeyRI, FcyRII, FcyRIIl > (2)% ;2 E ¥ fw
¢ 3 = 4 complement receptors # ? & & & 34 CR1 (CD35) receptor > v ¥t
C3b £ 3 B MAcitm 22 iC3b 2 Cdb 5 M At ;CR3 (MAC-1, a-chain
CD11b, B-chain CD18) © % iC3b & % & Mirlts & C3dg 2 C3d 3 i
#.Afett ; CR4 (a-chain CDl1l1c, B-chain CD18) & iC3b % & o Q)¢ E
v dm P2 L #c % % ¢ phagocytosis-associated receptors (lectin-binding
receptors)®® (% % 3) o o2 b B 3 4& % autocrine & 1 £cytokine

receptors > ]4c interleukin-1 receptors (IL-1R) §= TNFR -
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't % 3. Ligands recognized by alveolar macrophages via receptors.”

Immunoglobulins Complement

IGgl, [gG2a (murine) C3b, iC3b, Cdb, C3d, C5a
lgG2b, 1gG3 (murine)

lgG1, [gG3 monomers (Human) Lipoproteins

lgG complexes (human) Low density lipoprotein

IgE, IgA (murine and human) f-very low lipoprotein
Proteins Lectins with specificity for
Fibronectin, fibrin a-linked galactose residues
Lactoferrin, transferrin N-acetylgalactosamine residues
GM-CSF, CSF-1 N-acetylglucosamine residues
Interferon-y, 1L-4, IL-1Ra a-linked fucose residues
IL-2. insulin Mannose residues

N-acetylneuramine residues
Surface markers
Class II molecules, CD11a, CD11b, CDl1lc, CD14, CDI18, CD54
Molecules recognized by monoclonal antibodies:
25F9 (mature macrophages), 27E 10 (inflammatory macrophages), Ki M2, Ki M8
{mature macrophages), RM31 (inflammatory macrophages), RFD1, RFD7, RFDY

lg: immunoglobulin; GM-CSF: granulocyte-macrophage colony-stimulating factor; IL:
interleukin.

-

Eviim®e ¥ Ww? & 6 o lectin-binding receptor k%35 R 7 o £ ¢
£ 7 7 macrophage mannose receptor, macrophage scavenger receptor %
CD14 - Macrophage mannose receptor f|%* H %2 1 £ cysteine rich domain
iy i R 7 Pmannosylated antigens % & 0 #-U F LN BT BF Ao
Macrophage scavenger receptors ¥ ¥ 7 ¥ jme ligand % & » £ ¥ € i3 4 fm
e -0 FTE B R Fp B9 (low density lipoprotein) o #7% o fim e BEA
& = > & PR PE (peptidoglycan) » 1 fF N 1B L) ¢ 0F 7 BEEERL (teichoic
acid) > ¥ W <AL F ¥ § %5 39 (lipoprotein) {r?g % pE#E (LPS) o 5 &
wie dom Logoina S Bl FRS XA (pattern recognition receptor) » ¥ 1 e

%8 blde CDI4 ¥ 22 mehey 5 pE LPS B & o
¥ B e & G 0 receptor FEE IR R FFF 0 EeEimie g £ 4 FELEY
#-s R e A kA phagosome > 3% F £ ¥ N 1 lysosomes i £ B
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A=7) = phagolysosome- i & lysosomes P cfiiic #+ hv [ 2 fE % € ¥
REFAFfEe ¥ —> 0 0 Evgfime X 3|7 Fenflg (P2 8wt k) €33
* R e A @R s ans i (P E12) o

LPS ¢ 2 LPS binding protein (LBP) 2) = 4§ & 4 o LBP & A #fx % ¢
it FER G 3-10pug/mle F WP S8 E M F & (aute phase response) 4
s ® & LBP JE& ¢ + 2 > LBP-opsonized particles € £2 E vgim™ % 6
CD14 & o frf stagimoe ? > LPS » ¢ 4t— f& toll-like receptor 4 (TLR4)
FRE oo B L AT Bk d X F oA 9 MyD88 {rIRAK
(IL-1R-associated kinase) » # ¥ /& i* NF-xB, AP-1## IRF3 x5 % 3 2 4p
B A Fleniigr o 318 S F LB F o TLR4 € 82— % /b s ey MD-2
EEewmiz it G A4 E4 > ML 4F £ 4 & 5 LPS signaling receptor
#c o TLRs > % %W 3-v (transmemberane proteins) > P #v A #74 I3
10 #& TLRs 4 =+ »:igit & + 75’3”;3 - % FenimP2 5% leucin rich domin e
‘¥ o domin > # —f& TLR £ B ¢ ligan % & € % & il Fl &
o AR A AR ARA AL G EFaF BPY (CHBI13) -
Katsuhisa Oshikawa % % &2 3 35 41 % ¢ B ¥ w2 & LPS, TNF-o fr
IL-1B enflg™ TLR2 i ¢ A B A 4@ TLR4 Plm % 1 > 42/ TLR2
g & Ergime 2 { 5 ¢ TLR2 ligands % & > 4vid % 304 m ”F’]b‘_
BARFALIBELEF B TLRs dE ¥ 0sl4e— B 2 b ot 4 @i
j& (common signaling pathway)!/ % it 3-v jcf# (protein kinase) » % #& 45 ¥]
-+ nuclear factor-kB (NF-xB) (*# Bl 14) ~ activating protein 1 (AP-1)% > %%
FLIHELEAF LA FIEAIR > & 7 TNF-a~IL-1 % IL-6- granulocyte colony
stimulating factor (G-CSF) - GM-CSF ~ M-CSF -~ IL-8 ~ monocyte chemotactic
protein 1 (MCP-1) %2 iNOS %7 (3 @15) -
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*+ B 12. Innate and acquired immune activation of macrophages.(134)



Imidazoquinolines
flagellin (@nti-viral compounds)

lipoprotein  Peptidoglycan # gg} CpG DNA LPS  4epNa
«

S T U

TLR3

or § 4TLR2 - TLRS BITLR7 £

Inflammatory cytokines

*“+#] 13. TLR and their ligands."*®

ERK, JNK, p38

C_ kB D
(N
NFxB
, _—-_'-—-.___-\
Nucleus »~ . ——=
Inflammatory Response

Jun Fos p50 p65
oD O |

'“+® 14. TLR signaling pathway."*”
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Cytoplasm

/ I
MAPKKK [ cpaf K14 PKR . !

e @?{KE}J EE o) 2
won (e [war ] [ .xuﬂ l

l l 1 Pl

maPk | ERKiZ | [ x| p3a IKB o

'm,.:;[eus .//I/\ \ \ T
Transcriplion  +
ﬁmmmﬁg}\g&g&i ;;ly;:k
Elh;i EHF m:m n-duli.ﬂ'l'ﬁ% CFIEE!,ATF1 Pﬁﬂ p&S

EHE NF-<B

“+ B 15. LPS stimulation of monocytes activates signaling pathway.”

z ~ Eorgdm e R A anln e ,ﬁi‘%
1. TNF-a

1985 # > L. Old’s &# 4~ 48 p (in vivo)2 & ¢b (in vitro)= i S 504
o g RS LPS e stis P A2 - ARy FEd =~ FLEER
SRR 0 F B MR F) S AT g o 15 ket 8 F_O'Malley %

ASER LPS #3087 4 2 48 fava fa F ¢ R AR
&%?%éﬁﬁJ®NMWw§4%£@?‘%ﬁ% 715 0 g &

e w3t g & 4 TNF-a > 4- B % o % (macrophage) ~ #F = I
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(lymphocyte) ~ 3 £ %m*e (mastcell) ~ % 4450 = K (PMN) % » ¢ x 1 F
Hm e Lokt Z kR o INFa - i E & ch il g &3
(proinflammatory cytokine) » 3% % F]% 38 ¥ A % wmie 2 2 TNF-0 > A F 2
TR I KR LD, Be RN L el AL e ol L SR AL
4 TNF-o0 k35148 B3IV 2 L L F R - E % L » TNF-a & 3
fea B PR dmBe PN E F1G 0 w5 "%’ PR e B e DA R 43R
o w d AR FE TN foi e o R F A e R TNF-o» § 35385 1 2
# fmve 2% { % #TNF-0 f IL-1, PGEy, NO %4 11+ faf £ 8 4 F
o FRT EhING T F RER > TNF-o k& € "% o 8 Lk
oo hB g L AL A 4 eh TNF-a 835 1>t F 4 0 A8 k sfanig
B &I i €= 2 ¥ ok (systemic capilliary leaking syndrome) ~ i<
2 B gt ikii(sepsis) £ FEBF RFBo AN S FEEDLR

Rl petehe o S gl L FRE L o RAFFTHAM PR o
TNF-o e % — # ic 2.5 d Fas ligand %2 w? k= (apoptosis) =3t 4, i@

BFSHRINA B Y P B TNF-o ApEERE FFLL i
¢ o Gl4e: interleukin (IL)-1B, IL-2, IL-3, IL-4, IL-5, granulocyte macrophage
colony stimulating factor (GM-CSF), interferon-y ( IFN-y ), TNF-a. % > JF"S F B3
TR OF XF e B¢ o INF-o - fAlRg Liwe i - Ry ¢ iR
Ap B 1% % &2+ (adhesion molecule) > 4 : E-selectin, vascular cell adhesion
molecule-1 (VCAM-1) 12 % intercellular adhesion molecule-1 (ICAM-1) =
* IR o i’%‘ﬁ%’ Pobe m IR 2 ‘Z‘E fadto X IREH AEF LF By M heoea
T ooos A - fAAR M ehiw e 2% (chemotactic cytokine) o 1997 #
Olivenstein R & A A & 4 F S eV ¢ W > £ d  ovalbumin R a7

(OVA-sensitized) % & » & H 2 § ¢ %2 /%% (bronchoalveolar lavage

50



fluid, BALF) ¢ » TNFa k& e = ¢ §]j T Fsehm?e & 2 endothelin-1
(ET-1)» :&m & Fg @ w2 ¢ GM-CSF mRNA # L3 4v > BaEIu a2
e A n R FREgEC P prga o mgEE BALF ¢ R
= & ¢ neutrophils f- eosinophils’ iz & € 4 & proteases fr oxidants L%
w2 )?ﬁ— w ,ﬂqmw W IR AmEe > A B £ Pl e B im e A b chim e ik (IL-1

fr TNF-q) oagit (% @ R g et o s g lime s Fomes

m;é“"’i iT% 4 K@@%‘c‘ﬁ.ﬂ}?ﬁ%ﬂ”}ﬁq

2. 1IL-6

4ofe TNF-o 0 IL-6 3¢ U F - B M4 4 F]F > v - f8 5§ #
it 1 (pleiotropic) m™ % > B i ¢ A S AMMOLEF B g n (T
FR R SR PR I NS z@-““‘” o IL-6 + i g @aE s 45 B 4 S AT
2 OGEEFITY o Fitehdvimie ~T % ~B oz ~ Fa® wmie ~ &7
e s p L e A A S e B e 309 25 IL-6 1P H v chimer ek
4o & % (lymphotoxin) ~IL-1~TNF-a~ = -] 3 4 & F]3 (platelet-derived
growth factor ; PDGF) ~ & «] 45 /& it %]+ (platelet-activating factor ; PAF) -
Sk sk $r4] 30 (granulocyte-inhibitory protein) % = g FHE OIL-6 ché =
(146,149 ettt B & R R X G T hiwie 2 R e e
4 TL-6 - BRh IL-6 % AL ¥ 4o 5 AR i 2 5 LA M A
B o G)de 0 b JBIMEAE & X rheumatoid arthritis (RA)J 4 B g @ en IL-6 Gk
B K 5 F e e 30-1000 B0 @ b phIR Y IL-6 kR hd Bl T
R RSO R 1S - i

3.1IL-10
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Mosmann % A ** 1989 # % — fad T helper 2 (Th2) w74 ik h
FrA)dmre ek 0 & 3 #r4] T helper 1(Thl) w2 2 2 IFN-y 0 g > fL 5
cytokine synthesis inhibiting factor (CSIF ) > i B & 3 % 4 £ &3 &% 5 Flm
" jpck oA interleukin-10 (IL-10)"* e g 3% 5 fmoe 38 ¢ & 2 IL-10 > i
BRI VEgmeE2 Th2 w5 2 o— #m 3 IL-10 & ;‘gd ARSI A e
v Ik e#cE 2 8 WU cytokines %3 chemokines 1 F& # riE B g Frd] b
fEr o IL-10 7 & $5HHE % A SR % Rin® (APC) 7t 2 MHC
class Il &4 I8 > ¥ 5 :EFr$8 L F BFF NFkB d0E i » B0 5w &
4 TNF-a ~ IL-6 ~ IL-8 ~ IL-1Bf= IL-12% i#3# { ‘m?2 % (proinflammatory
cytokines) o 3F 5 B W F B~ P A FEF R BN P  blde D AL
(pancreatitis) ~ p %2 & & %@ - (autoimmune  encephalomyelitis) ~ # 7t
(diabetes mellitus) ~ #f & &2k & X (theumatoid arthritis) ~ px e {4 ik 5. (septic
shock)fr % 7 # & (organ transplantation) % » %+ TL-10 + & % >0 .
IL-10 FIPI% | B 34 4 Rov B4 o af & TL-10 7 0 > 5o
(5D o g wb 2048 o T 5 4 L IL-10 7 $r )5 ¢ B v fw %% @i TNF-o 2
IL-1B » Tt 7 > L BAf & Rl = 3 if 0 & 7 RS $he w TRendg i
% o K Nakagome, % * % bleomycin 7R % B/ g ait @ &9 IR > L4
IL-10 A Fliafk 7 > %R 30 7t 2 ovpo integrin % M@ L Wk
i H ST i LB EIL-10 $ TGF-B enfr] v Vo35 koo § 45 o)
IL-10 ¢ i% 48 i* /% STAT3 12 5 4c soluble type II tumor necrosis factor
receptor (TNFR) 4= IL-1 receptor antagonist (IL-1Ra) e 3> » & Fug 2§

W - (153) |

4. IL-1 4v IL-1Ra
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IL-14 Fl32E7 A 5 S8 - fa5oe# (L-la, IL-1B) ~ — 48 45 ]
(IL-1Ra) r= #a4:% % (IL-IRL IL-1RI)) Yo IL-18.4 w2 55 2 - g
AP R T A 2 - Y Lendmfejed o A & A R E e
o Rmefpp i AR wmer B Wi koo IL-12 &3 5 fAA550
IL-1a 2 IL-1B > = ?ﬁ;ﬁ gmt T mes B fm¥e > ¥ & 2 % X F - IL-1
¢ 4viE "R E 28 39 (acute phase protein) @iE o B > B ity ehlnbe
‘F'.’K”ﬁ IL-1 e < B » H¥ g 7 e it * 27 TNF-a BEOL o 4ois YRR
%2 (granulocyte) =ik BT * » 7 #F 4 4B (T * (chemotaxis) # & T4 XN
3 B 4ep ZRAE P2 (natural Killer cells, NK) ch# #ip # 5 2@ p A Jm

¢ & 4 fb' %]+ (adhesion molecules) » # 3 se H i F o U3 LR g

3
o)
I
%

'\‘.J:’
Ve i B

e T he 58 F M A RS H AR (EY S K T

et imre e 4 > BB H AR e ek o

IL-1Ra & IL-1 3282 — » v enfA Flim ¥ 97 IL-1 224 4217 0 4
AR HA MY o TR A 1@7& B EEAl > & - AT e p

7 IL-1Ra (intracellular IL-1Ra ; icIL-1Ra) > 2 & & # iclL-1Ra eiwm?s 5 &

3

Fawmegr L L Y-t Zit B Pwme B Efimes ¥ 1A 2

poagdes e dclL-1Ra ¥ 2 E e fogedir i IL-1 ehd & 3
Perxm M BRE F - BUYLF s i o B BRI R A e d

IL-1Ra (secreted IL-1Ra; sIL-1Ra) > ¢* #& IL-1Ra A F]F % 7 - L7 11 &
z\"lh a LEREY E'ﬁ}.%,}x] s B ,&‘}é )%ﬁ'é" EME S ?;ﬁ;’;g\ﬁﬁilj‘gmﬁé sF i@é”r_ﬁ
Ry hlmie L pme b QLm0 U PARGLS A EH N B L

FEX TERES £ L LR TR Ry T E

-

L

>B\-

il

¥

#c& > Glde D IL-1~1L-6 ~ IL-8 ~ IFN-y &2 TNF-o % %% 12 {33 sIL-1Ra ¢
Ao gAY g LF REF L » a9 aFmp IL-1 4o IL-1Ra

BT R A B ET ERNEEF 2 mA e g oMb e Y 5
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#x bt IL-1Ra Fev & A FIfe i o s WA s enb] o Thpc s ~ MR b R

PR s pPEG e G F A S emERR R BT B LR

B} Mg 3T g d B3 IL-1Ra $45 IL-1 & s ek » o0
T Acm A Lk e fid IL-1Ra kK@ L& - B22H 5 B4 o2 % o

5.PGE, & NO

AREAeH v B g i e B o i e “F‘.’K*ﬁ S BT S ’fra f& (arachidonic
acid; AA) = % #f i j5: cyclooxygenase pathway (thromboxanes and
prostaglandins) f-  lipoxygenase pathway (leukotrienes and hydroxyl
cicosatetraenoic acids HETEs) » it A 4~ 3082 38 2 F e ang M7 o
Cyclooxygenase Z 43 TxA,, PGE,, PGD, 4= PGF, ; lipoxygenase & 4 3
LTB, f= 5-HETE- # # 12 TxA, ¢9& & % (ng/ml)> & > % - + £ ¢ LTB,
Z 5 B2 %opwm e & cyclooxygenase 3 = & isoforms: 4 %W # COX-1 fr
COX-2 » COX-1f o5 ¢ R >3 1L (constitutive) & I » 1 & (7% 304

F 4 2 2 (homeostatis) * & » b4r4 ;8 4E% (mucus secretion) ; COX-2

| & - #:4 %] (inducible) f¥2 » 1 & S22 A F L F Ko § 07 ’gﬁ"\'% A
Wiz 18 ¢ kb jwre ¥ @22 > FiF{c plasma membrane F #F T_F HAv

4R ® (receptor) S E @ TH AAKITRE o Wiz Ereiiwie ¢ X IL-1P -

TNF-a ~ cross-linking of Fc receptors = LPS % ¢ L §1| e chif 8 5 1t

(158)

COX-2 m 24 PGE,; m silica sf|p| g %t lipoxygenase

~ 5§ (NO) §- @ ic* wifenge a3 (diatomic) & F > 3 % 7 F

e 5 Pe g

-3
BRE? PFEFLCRPET bldrd 2 B 55 (P2 F 2 fr Ry

S

Foo-F N Efov R AR EF S A AR 2R

et i)~ A gl R g d B L F e 00 e er g

4 - F it § ~ fi i endothelium-derived relaxing factor » £ 5 # & n ¥ 4§
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sEeni®* o - F b § fwme | * L-arginine 5d - F i* § & = f# (nitric
oxide synthase, NOS) i % & 4 o — § {* § & s v A& 5 24 > T &3

(neuronal) — ¥ i* § & = fs (nNOS, type INOS, NOS-1 g NOS-1)~ p & m
%2 (endothelial) - % i § & = f= (eNOS, type II NOS, NOS-II &

NOS-2) ~ %% 4| (inducible) — § i § £ 2 (iNOS, type III NOS, NOS-III
£ NOS-3)'V e v i LKA A TR AR N ko L h A o
chromosomal location °» #7 F eim?e B IR @R & (8% o INOS Al ¥

AT G A S EA e Y o e £ TN e D
LPS # cytokines i > ¢ %% fwmfe & ) iNOS"%? o INOSE % X F R
T R B f £ & e § 1§ kiR > #17 INOS knockout & HF 14§
FPEPALEF R - F P FENEFUL O ERREL P d o

- F M EfrF R Fawm g B ek ereiE P L wme INOS 2R
340D o i pleE g A 4 4 B Bene § o § 05, (e 50 4 vd R i
P AL Ao R R AILEOR T  P R o e 3
4o iNOS eh& > X flis N+ Bohm § 14§ PFo g5ldcime 3 3 s R
R 2 g (%10 Mg INOS 4 & - F 0§ » ¥ iTs BEF g L F

Forim BE R A e o

I ~ NF-xB %2 AP-1 =3 4, @ik /5
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1. NF-xB/IkB kinase ( IKK )# 5

% Evgimre b eh receptor & 4F % ligan B & {5 0 € F 1 e o
BL o AT € HH TS NF-kB &% v > 3 4e cytokines 3k ] 4
U719 o NF-kB 7 Afich 482 437 5 40 Torid i o 358 L mie g
% TNF-a~IL-1 v T mPeiFit g~ 4 £ F|F 2 3 VR4 X o b lmiz
foNF-kB $& 24 DNA A& e G A 2 F LF Bap hE fEA T
f 4o ¢ i NF-xB ¥ 143 & cytokines 4- IL-1~IL-2~IL-6~IL-12~TNF-a -
lymphotoxin a (LTa) ~ LTB 4= GM-CSF ; chemokines 4 IL-8 -~ macrophage
inflammatory protein-la. (MIP-1a) ~ MCP-1 ~ RANTES Ar eotaxin; #F% 4
<+ (adhesion molec ules) 4= ICAM, vascular cell adhesion molecule (VCAM),
E-selectin; acute phase proteins 4v SAA; %% 4|2 2% 4 INOS = COX-2
AFEBod 3 NF-kB 3 LiEAR? BFF b d > Flpty & % Fug it
EfHEgaikage NFxB #2% 5% I B F » » % 5 Rel (c-Rel) ~ RelA
(p65) ~ RelB ~ NF-xB1 (p50/p105) 4= NF-kB2 (p52/p100) ' ("¢ B16) -
pl05 £ pl00 5 pS0 % p52 chw Spde > S C-rhpife it fr i C-xfeh
[kB-like #%4 it {7 ubiquitin i& G A f2i4 2 4 p50 2 p52 % NF-«xB

)

™2 homo- # heterodimers #53:% F o R A f|jEenimz ¥ & § Hreh NF-xB
dimer ¢ & #r#4|}£ 3¢ (inhibitor of kB ; IkB) % & 5 &

e B 5 IkB-o ~ [kB-p ~ IkB-g¢ ~ IkB-y ~ Bel-3° IkB &3 = B { %0
ankyrin repeat > i&d A 7| 5 &2 NFxB A2 % &7 > £ j5d RHD &
NF-kB % & o IkB #r4] NF-kB svE 1 & kp >+ H

N-#ple 2 5 F # &7 i 0 domain o A4 X {ljrehime ¢ > kB § i jr
# NF-xB 7 nuclear localization signal (NLS) ¥R 4 > A5 = % & it e
NF-kB/IkB #f £ 4 » @ &g teimre G 00, & B pipe it A4 j2 15
)‘I*uﬂ pES ﬁ‘ﬁ? NF-xkB 7 NLS > @ & p d g 9 NF-xB dimers & » | % +%
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M DNA % & %1 NF«xB ##A &gl Fl& o ¥ *F & NF-kB & it &
ALY 0 gAY IKBeo oA R 0 4§ it & ¥ AT kB -
F] IxkB-a # 7 leucine-rich nuclear-export signal (NES) » #7112 &7 & = ¢

IkB-a. it 394 w2 $2 % Fliwie F7¢ » £ F w82 DNA % £ NF«B 7 -

IkB-o 2 gpa it 1 & § % 7] IKK % i chf] g > IKK 4.4 IKKa »
IKKB~ %2 IKKydimer £ 75 -  tetramer' "o # ¢ [KKa frIKKp
= catalytic subunit > @ IKKy (2" & NF-«B essential modulator - NEMO) =
regulatory subunit'' ("4 Bl 17) ¥ i 52 | TNF-a~IL-1~double-stranded RNA
2 endotoxin {jrpF ¢ i it IKKy e & IKK ¢ catalytic subunit ¢ > IKKp
& [kB-o gipi ittt g B koom IKKo AR5 T 7 ERiER LT E & o
W61 g i e IKK ¢ fe IkB-o 43 N-#4 } ¢hd § serine (S32 &

2

S36) & (TEEpL it T % > i = IkB-oo =7 polyubiquitination - T % 26S

(7. Mitogen-activated protein kinase kinase kinase

proteosome & {7 & %
(MAP3K) #2%¢ & NF-kB-inducing kinase (NIK) ™ 2 MEKKI1 » ¢ &t
NF-kB- NIK ¢ gipkit &%t IKKo > » MEKKI R ¢ g ALpipe it IKKB

(178) |
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(@) Mammalian NF-kB gene family

RINTT

NN\

y Cleavage
yCleavage

RelB

Dlmerlzatlon
[4}}
o
Nucleus Retalned in Blndsto kB
cytoplasm and is
retained in
cytoplasm

"+ @ 16. NF-kB/Rel proteins : Homo- and hetero-dimeric TFs that in
resting cells are retained in the cytoplasm in complex with IxB."'"™
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NF«B respond to a broad range of different stimnli

Virus infiction (HIV, Hepatite B), Mamrhaliah x5 gone Tamily

virus proteins (tax,EIA) and dsRNA Sl e
Cytokines (TNFw, IL-1 and IL-2) SS@
Bactrrial LPS \ Cytokines
Stimulation of antigen receptor on T- or B cells —* Growth Factors
Calcium ionophores ss ol Stress
Protein synthesis inhibitor ' m'/
UV and X-ray

Sphingomylenase/ceramide

B NF-kB—-IxB
ro complex
Phorbol esters — <E» & NIK

' ; retained in MEKK
Nitrogen oxide cytoplasm Others
Nucleus
(binds p50 and p52
homodimers)
~—— - 1xB kinase
kB is Phospharylation complex
ubiquitinated
IxB is
proteolytically

NF-xB translocates
to the nucleus

"+ @) 17. Multiple signaling pathways activate NF-kB. "
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2.AP-1 BIE

“,ﬁ% 7 NFxB 2z ¢ > AP-1» & - B 2 % L 4p B & & F] 5

) 189 o AP-1¢ promoter region GERA

(proinflammatory transcription factor
% jr% (cytokines) ~ ApHA F frime 4 K cnig £ =3 0 AP 1 E
d Jun F-¢ F 7% (c-Jun, JunB, and JunD) % Fos 3¢ F %% (c-Fos,

FosB, Fral, and Fra2) #r% = » Hip3 FF e & = 3,2 B4 (homodimer)

g 2252 B A (heterodimer) o § %+ LPS - Pz 4 £ F]3 {eiw?z 2 i)
BOpE o T %’ﬁf d MAPK 2 3 4 & #§ @ > 4o ERKS, c-Jun-N-terminal kinases

(JNKs) f- p38 kinase % i& it AP-1- i@ A4~ 254 (g @ 15) -

= ~ Reactive oxygen intermediates ¥ 2 3, @ YL [

W Ergnte LB (TR rE T PR PRy ¢ 3l 3 A A F (Reactive
oxygen intermediates) > #]4r: superoxide anion (O2 ) ~hydrogen peroxide (H,0,)
Fr hydroxyl radical (-OH) » ¢t #+4]x F 5 =¥ R4 (respiratory burst) (% ]
18) o gt ¢k » ¥ tm?2 X ¥| phorbol myristate acetate (PMA), IFNy, GM-CSF,
TNF, LTB,4, zymosan f- IgG immune complexes F{|jppF~» ¢ :& ROIs
o R (T BB 2 AT MM R B e b B (Y 4R
R o frs FAT R SR S0 G o i AT %‘gd %ﬁi’-‘ﬁwﬁvi S U N
NADPH oxidase f= xanthine/xanthine oxidase % % 312 = jEF 4+ ¥ it F (ROS)
fed % it $ (reactive nitrogen species ; RNOS) » # » NADPH oxidase 4_
&A% ROS efiEd o AW 0g Lk 5P » B hErfimbe ~ vg P 3k ~
LI fo R L % 454 A4 ROIs = ROIs i (7% &3 f ~ DNA
forg o § 342 2 A FAUL G > & FMMinse cnd B foi 4 o ROIs
4R AL @ o fEd BEAL T 1T 7 %75 © MAPK family > # 42 ERK, INK,

60



p38 kinase fr phosphoinositol-3 kinase » i = — & #& 4% F]+ (transcription
factor) 4 NF-xB 4= AP-1 & » ifi¢ — & 25 L 4%/ # (pro-inflammatory
cytokines)siifk F]## 4% (¥ * (gene transcription) 3 4v (IS4 18)(vs /) 19) o

Phagosom

N ADPg- : 0 Phagocytosed 2\\-\“

Oxidase-complex 2 particle \
__{ @ ,_
[BiE= = ) W

(o) HOCI
A o ,'f , 0 3

F

I

+
3

channel e

'+ ] 18. Phagocytosis and oxidative burst. During phagocytosis, intracellular
reactive oxygen species rapidly increase, known as oxidative burst."*®
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Macrophage Inhaled substances
MNeutrophil
22
@ ROS/RNS
-

TI"-.IFﬂ\‘ /

Plasma
Antioxidants membrane
. . Vitamin CE
Xanthine oxidase ROS/RNS !
NADPH oxidase |— & Redoxstate ] E}iﬂgfﬁd”ﬂ
FJS?DWQEHESE Thials
CAT
S0D Cytoplasm
GSHPx vie
— —— GSH
— Aetivatod B
/" @ NFLS e N
/ﬂ.P‘-1 O\ /;D Ay
/ m Nucleus

Inflammation-associated genes
[1L-6, ICANM-1]

"+ Bl 19. ROS/RNS and intracellular signaling molecules in airway epithelial
cells."®
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-~ F A

1.2 1 5 *¥ 2 & (Taipei, Taiwan)
RT-PCR Forward and Reverse Primer ( mouse TNF-a, IL-6, iNOS,COX2,
IL-10, IL-1Ra, GAPDH); 5’-biotinate double-stranded oligonucleotide

probes containing a consensus binding-sequence of NF-kB and AP-1

2. fhiv B 1 E kx5 *L 2 @ (Taipei, Taiwan)
Prednisolone 5 mg/tab
3.4 1 ¥ o @ (Taipei, Taiwan)
RNA-Bee isolation of RNA
4.% = %] % (Taipei, Taiwan)
Penicillin, Streptomycin
5. BD Biosciences (Franklin Lakes, NJ, USA)
Human TGF-1, FITC-Mouse Anti-E-cadherin, Anti-Vimentin, E-cadherin
antibody, ELISA OptEIA Set for TNF-a and IL-6

6. BioColor Ltd. (Newtownabbey, U.K.)
Sircol Collagen Assay Kit

7. BIO-RAD (BioRad, Hemel Hampstead, UK)
N,N’-methylene-bis-acrylamide (Bis), Acrylamide, Ammonium persulphate
(APS), Glycine, N,N,N’,N’-Tetramethylethylenediamine (TEMED)

8. Cayman Chemical (Ann Arbor, Mich, USA)
EIA kit for PGE,
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9.

Cell Signaling (Danvers, MA, USA)

Anti-phospho-Smad3 antibody , Anti-IKKa/f3, Anti-phospho-IKKa/3

10

11

12

13.

14.

15.

16.

17.

18.

antibody
. Clontech (Palo Alto, CA, USA)

Random hexamer primer, Oligo (dT) primer, dNTP mix, 5X reaction buffer,

Recombinant RNase inhibitor, MMLYV reverse transcriptase

. Extrasynthese (Genay Cedex, France)

Luteolin ( HPLC test: > 99.0%)

. GeneMark (Taipei, Taiwan)

Trisolution Reagent Plus

Gibco BRL (Gaithersburg, MD, USA)

Dulbecco’s Modified Eagle Medium (DMEM), Fetal Bovine Serum (FBS),
Trypsin, Fetal Bovine Serum (FBS), RPMI 1640 Medium

HyClone Laboratories Inc. (Logan, UT, USA)

Fetal Bovine Serum (FBS)

MERCK (Merck, Germany)

EDTA, Postassium chloride (KCl), Sodium hydroxide (NaOH), Methanol,
Dimethylsulfoxide (DMSO), Sodium dodecyl sulfate (SDS), Sodium
chloride (NaCl), HCIl, 2-Mercaptoethanol (2-ME), Formalin, Giemsa

solution

Molecular Probes (Eugene, OR, USA)

2’, 7’-dichlorofluorescin diacetate (H,DCFDA,)

NEN Life Science ( Boston, MA, USA)

L-glutamine, Non-Essential amino acid solution (NEAA), Polyvinylidene
fluoride (PVDF) transfer membrane

Nippon Kayaku (Tokyo, Japan)

Bleomycin
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19.

20.

21.

22.

23.

Oncogene (Cambridge, MA, USA)
Anti-a-SMA antibody
PerkinElmer Life Science, Inc. (Boston, MA, USA)

Horseradish peroxidase-conjugated rabbit anti-mouse or anti-rabbit IgG,
ECL detection kits, nitrocellulose transfer membrane,
streptavidin-horseradish peroxidase conjugate, SuperSignal

chemiluminescent substrate
Santa Cruz (Santa Cruz, CA, USA)

Anti-Smad3, Anti-Smad4, Anti-B-actin, Anti-COX-2 and [kBa antibody,
Anti-p65 antibody

Sigma-Aldrich (St. Louis, MO, USA)

Lipopolysaccharide = (Escherichia coli = 055:B5), Methylene blue,
Collagenase, Trypsin (1 : 250), Triton X-100, propidium iodide (PI), EGTA,
Dithiothreitol (DTT), Leupeptin, ATP, Sodium pyruvate, 1LY294002,
4’,6’-diamidino-2-phenylindole (DAPI), 7-bis (4-hydroxy
-3-methoxy-phenyl)-1, 6-heptadiene-3, 5-dinone (curcumin), ammonium
pyrryolidinedithio-carbamate (PDTC), 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT), Griess reagent (1% sulfanilamide
in 5% phosphoric acid and 0.1% naphthylethylenediamine dihydrochloride
in water), anti-INOS, FITC-conjugated goat anti-mouse IgG antibody

Vector Labs (Burlingame, CA, USA)
Vectashield
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b

C57BL/6] &5 2 EHp (B2 A BEF %P T IF shbod P w0 973
FEr 10-11 8 WML L 2530 g ] R o % FI S phr (50 I5

Rt A - Tl > SAdRFEPTH > IR T2 B FFEH > AL
o ¥ HEwHP el R EF > AE T RAESII A 2ITC 0 BRE S 60 +
10% » | B light / dark #F 7R iE T > @ * 45E 0 & B4 4RSS
SR AIL B UL A LR RS c F B e B R G
R 32 T 55 air shower fﬂl}@w » I FR R 0 F R s o B TR B iR R

Z Rk RE B A ER
PRt 2 42 g2 ] g aR wizB-p C57BL/6J 10-11 iF &
o Bz ¥ 5% o AS549 cells (human lung carcinoma-derived alveolar epithelial cell
line; ATCC, CCL-185) ~ E v w2 $& MH-S (ATCC number: CRL-2019) %
RAW 264.7 (ATCC number: TIB-71) Pt p & 21 £ B/ 7 7 B &£ iF 2 4o
T
[ A549 cells ] 5% FCS RPMI 4=100 U/ml penicillin/streptomycin °

[ MH-S (& %t % 3] fm?2 half-adherent cell) ]

RPMI1640 (10% FCS), 2 mM L-Glutamine, 4.5 g/L glucose, 1.0 mM Sodium
pyruvate, 10 mM HEPES, 1.5 g/LL NaHCO3, 0.05 mM 2-mercaptoethanol, 1%

Penicillin/Streptomycin
[RAW264.7 (*it % 4] Zm*2 adherent cell) ]

DMEM (5 % FCS), 2 mM L-Glutamine, 1.0 mM Sodium pyruvate, 1.5 g/L
NaHCOs, 1% Penicillin/Streptomycin
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Foow PR EEHR

PartA M EHH - 2 R we B\ AREX 5 R A its
19*%@#?

-~ BRI RN R T
1. 3= = ] 8% 5o i Fos0

B BURRR (S 0 0 Smg/kg H - BE F B L~ BT 200 pl L b
4 12 8§ @-Ken bleomycin R BT~ B F i st 432§ BK(NS) o ~
3207 1 mg/ml )k &3> 50 % ethanol » 4 & & & 5 10 mg/kg -

BB I B
2.1 *\}g—_.\i‘_%;}m”} J\IF? 4 J:'I/{—_"‘

“f ¥R e (NS) ¢t > bleomycin i #i--] BT 4 2 > &£ = bleomycin
(BLM) o~ B ¥ %o 2 (Lut) % #FFfiaRk e (Pred) £ 205 & 10
SR ART FioR B HRIE<F BN F4A&S 10 mgkg A EE
% HERIeRETEELEEXE P T F4&S 10 mg/kg prednisolone e
FRAMEES Y TR AR 147 - § R 2B R G
A Iml 4G5 HRF LR & 3o 2 P 5 hematoxylin & eosin (H&E)
A OBBEHBEEL o TR BN RAKIEF LT 2
F14% - F it 4R B0 E kR (bronchoalveolar lavage fluid, BALF) »
JRIPABE S KF H A~ Iml AR a Rk (4C) o F AR BE v
£AFEEE % 0 9F fch 3 ml 0 BALF > 4C 3o 5 e ¢ it =70
Chv73 > #B BALF ¢ cytokines 7z € ; <2 7™ w2 | ml NS

(4C) # 4t » 74 cytospin ¥l gl ¥ + - 12 Giemsa solution %
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§ o BEHCEL T (Fmie tHc LR e PEHP O L e vt b2 i (differential
cell counts) = } 7% 12 4 B % % # 5% 2 (ELISA) #l 2 TNF-a fr IL-6 7%

lr’i"o

22 MR ORIt 2 P SRR
2.2.1 g epFfe s i (Time course of bleomycin-induced lung fibrosis)

= 7 FEzh bleomycin i fi-] B Sk LT g T 1 AT > YR RS %
0, 3, 7, 10, 14, 21 = &~ w|P~% 3 & bleomycin % fi/| IF)}%E“’*T 1Y
Masson’s Trichrome % ¢ » B & —h;‘;;ﬁ" RiC2 M RiE AL DPERF o

. Inflammatory Phase Fibrotic Phase |
| " |
I I | "Therapeutic model" |
0 1 10 (Treatment days 10-21) 21
t t y
BLM "Preventative model"” (treatment days 1-21)
Admin >

222 % # ;5% (Early treatment)

“,% ¥HPe 2 (NS) ¢t > bleomycin i3 #i--] B4 4 2 > & = bleomycin
(BLM) E~A B ¥ % /5% %2 (Lut) 2 S HM/B/oKk e (Pred) £ 2 2,5 2 10
S B e AR R o e Ep 0 g&a 10 mgkg A BEX
% HERsREenEEEEXE P T 443 10 mg/kg prednisolone e
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JRASESEE 14 %2 % 203 EP 0 JNBRE G 0 Tml
A5 5 TR E ?;,_]%k @ 3 2t i > H&E fr Masson Trichrome (MT) %
§ o BBRERHBILEN o ¥V - PR A g BRI 0 3B P
EvW R s A4 L % EHB RNA i RI-PCRA 45 o

223 i ¥ 5% (Delayed treatment)

E

¥ ooh— P A B
Fro A B FISREEHEREEE 10 2 Fp 0y F&S 10mgkg A

A BLM #H#4% 10 2 1 B4tk a &
BX 4 SHEBRENEREERES 10 X2 p 05 48 10 mgkg
prednisolone » /| & &4k 8 #4155 14 2 2 5 21 kP> 247 =
e b oo

3.0 BRI B % T g ok

¥ o ot 10% formalin 3 % W 24 ] B & B HIOP-AR e
TgE s pie o4 um BRI, FFEcie 1 H&E & MT
Ad o RFREBETRREY DRAAT PEE o BRER AR N TS
% Tanino % Ashcroft % A chs 2 w4 vz sc8 % g e g jm & A
= 0318 s igrade 0- ¥ ** w3 grade 1-7 ;2 B2 w1 f ¥ $Z M0 5 grade
3-7 R e kR L om PAE R enBUR; grade S-PPRR e R o M4 T
B e S B RAEE S S L grade 792 SR EE AU > < 6 ff 0%
s ) grade8-"F RAA AU R 2RI o A 20x AT 0 F P HRRN

B 20 BALITIEA 5 & B 20 BARTT chA B X (T3 A 45 o
4. B R Fv 7 2Rl E
s it q2 & ¥ 12 Sircol Collagen Assay R collagen 7 £

= 3% 78 P o Sircol Collagen reagent 7 3 Sirius Red (in picric acid) ¢ £
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w8 ® type I-V collagens & # &5 fs ehiz d Juilikde o 3 4™ 1] K2
e S AEE T BB AT 0.5 M acetic acid/500 ple pepsin (EC 3.4.23.1 ;
1:10 ratio of pepsin: tissue wet weight) % /§ T £* over night > #* ¢ &% 4«
»~ 1.0 ml Sircol dye reagent> % %+ F{5R E£353 > 2 BT F K 30 ~ 48
¥ 12 1 mg/ml Collagen acid soluble type I standard ;% >+ 0.5 M acetic acid #
RARRER 23k o WA IRER R4 F bR o ik 1 100 pl
Sircol alkali reagent ® ;% > B~ 200 ul ** 96 3t# > & 560 nm & & T Pl
REXURESRE 2R ERHRYF T ERZ R Y 78 (ug/mg
of lung tissue) °
5. F #4 % & prsas & (Real-time RT-PCR)
5.1 RNA extraction

TR RE e R e Fg R B R B F A S 2 ml
Trisolution Reagent Plus & e v 2 iR PN E 3P mFRp g P F B 5 4
48 > 4 ~ 0.5 ml chloroform %8 F %% 15 &2 45> 2 {¢ & 4°C ™ 12 12000 rpm
s 15 #4850 2505 3 0.6 ml 9 g4 » 7 0.5 ml isopropanol
eppendorff 7tk T % 10 & 4gfs > £ 4°C ™ 12 12000 rpm &< 10 4 45 > 3
sfgrd bR R 0 12 759 ethanol ik 0 B8 i 4°C T 14 12000 rpm - A
5 ks wed R RIS R G0 & pellet = E P RS 4 2 30-50 pl o
ddH,O % ** 4°Crk4at5 et 7%  Muose TGF-B1 primer (524 bp) & 71 4c T
Foward 5-TGGACCGCAACAACGCCATCTATGAGAAAACC-3 » Reverse
5-TGGA GCTGAAGCAATAGTTGGTATCCAGGGCT-3 -

52 F #4&F & (Reverse transcription)

RNA 12 ddH,O (2:98) 1850 & 4 i > J&t & 260 nm ez e N
= RNA kB > & — mJZP8 2 ug RNA ~ 20 uM random hexamer primer 0.5 pl
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Fv 20 uM Oligo (dT) primer 0.5 pl > *4 ddH,O # Z&4# 1 13.5pl £ >
85°C ™ denature 15 A 4& > 2 {54 » 4l &1 5 & reaction buffer (250 mM
Tris-HCI pH 8.3 ~ 375 mM KCI ~ 15 mM MgCly) ~ 1 ul =7 10 mM dNTP mix ~
0.5 ul Recombinant RNase inhibitor (40 units/ul) ~ 1 pl 5 MMLV
Reversetranscriptase (200 units/ul) >+ 42°C* extension 1 | fF > 94°C = i®*

5 & 48 0 v~ 30 ul ddH,O ﬁv‘%g\ 2 & cDNA>» &3 -20C T REF o
53 X% &pssak & (Polymerase chain elongation reaction)

B~ 1.5 pul 7 2X cDNA ~ 2 ul 50% glycerol ~ 1 pl 10 X PCR reaction
buffer ~ 0.25 pul ANTP mix (10 mM/ul ; 0.25 mM/reaction) ~ 0.3 ul DNA
polymerase (5 units/pl ; 0.2 units/reaction) ~ 20 pM primer (forward& reverse
primer % 0.5 pl) > & {6 1 ddH,O # 424 % 10 pl 8 » 2 Bio-Rad PCR
mach ine €R & feddil B (F ik 2:95C/4% 48— 95 °C/ 45 #) 25 cycle »
60C/1 4~ 48 ~ 72 CR24 48) > 72°C/ T » 48— 4C H13)e

54 DNA = AP 5%

Tl * Bl g4 # 2 3 2 % agarose 7 TBE buffer » & #icis Fris > 4
»> 5 ul/100 ml +* &) ethidium bromide (10 mg/ml) » /R & 323 {3 F] » -k T
RAGBIEL Y 0 R REAF AL AL B 4T kAR
B H Rk ®»~ 05 %« TBEbuffer ** % /A ¢ » & buffer iz w §
5B %Wae o ¥ PCR 242 6 & DNA gel-loading dye R{r3=3 2 {5 »
A~ agarose gel W ¢ o JI* 50 RiFHFIREFT DNA T4 > A3
{8 » £ 11 EverGene #ci> B2 i P~ &« si(gel analysis system) 4 7 o F 254
5 & TBE buffer : Tris 54g, Boric acid 27.5 g, 0.5 M EDTA /pH 8.020 ml » 14
ddH,O # #Z## 1 1L - 6% DNA gel-loading dye: 0.125 g Bromophenol
Blue » 0.125 g Xylene Cyanol FF, 15 ml Glyerol, ddH,O *rv % 35 ml -
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o~ R 0N A 3 W IE
AR ¥ frd] | BV RS mee i 4 2 A1
1.1 ’J‘ &z B#;ﬁ:@_ﬁ- ﬁm?é—iféa\ %,ﬁ.i j;% %

AR BE B 8 & 8-10 irds2 CSTBL/6T = B > R4E18 B~ W50
2169 BIS AR T ST o 0 I mlg ) HBSS 3R ik w3 0 F
B E 5 2 collagenase (1 mg/ml) 4= 0.25% trypsin (in 1 mM EDTA) 37°C
T 64 48 0 12 22-um nylon mesh /g ¥ 4r » DNAase » Jgik 4 » &
MEZLFRARSILIFEFEY > RHEIAPERLAF I EY A H3 £
HATE iR 300 x g #es 5 A48 Pkt 9/10 R 4E o ddHO i3
fRiom g 1/10 %848 10x HBSS AR % 3% > 3w 5 A48 0 bz Uik
o10ml 2 % R340 8 %3 10cemdishe £ % 7% & DMEM 10% FCS, 100
U/ml penicillin/streptomycin, 2 mM L-glutamine, 100 uM non-essential amino
acid (NEAA), 20 uM HEPES buffer (pH 7.3), 1.5 % Fungizone - #+ 2 = $& -
TEAER N 10 X LR E* we LR R E T U trypsin T (T
MA oA 2 (6F 2 AN 2% 5 ATLIFRBER KRS E
A WPz o 11 g-smooth muscle actin % ¢ FER B R AR Wmiz B R 5 95% 14
1+ o327 cell proliferation = TGF-B1-induced myofibroblastic differentiation

F s im0 3 5 FCS 9 DMEM # % o

12 B X Fdrdl ] SUF G o ve i 4

A kA A B XA (10,25, 50 pM; DMSO:EOH=1:1) &2 # 4 ‘4
K LEARAA V—,IJ%/:\ 24, 48, 72 /I~ EI??JJ Trypsu‘l _,%L g —‘::‘,Lﬁ';:‘gmgé, i e 4 E o %'ﬂ
]Tﬁ:] o
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1.3 % ¥ %2 ¢ (Immunofluorescence imaging)

itk A e 3X 10%cell/well 83 % § M ER P2 12 344 ¢ > 12
A ¥ % (25 uM) wEIE 30 A 455 0 17 TGF-B1 (5ng/ml) EJZ7 e &)
himie > 72 PSRN Y R LR F LT o MgE G ez gL B B

XA

B
T

‘-\u—

Teh 12 34 ¢ oPBS e 10 448 3 =12 2 % paraformaldehyde
% 30 ~48 0 PBS Fik 10 A4 3 = v 4 » 0.1% Triton X-100/in PBS
F% 20 A4 B g 3L ENELHET e ATETRY 5%
bovine serum albumin /PBS i¥* 60 4 4& > 1’2 mouse anti-o-SMA (1:100)
antibody 4°C i* * 24 -] g% » PBS % 10 44 3 = > 4& ¥ " FITC-
conjugated goat anti-mouse IgG antibody (1:200) 37 °C* 1 |- p# > PBS %
5 /4 3 X o Figie RE> LY 104 Vectashield /Tris buffer (pH 8.4)

35 o @ * Leica laser scanning confocal g 4% PR 4R 3545 o
1.4 & B & el ] B G ER mie s b2 25k ECM

el A B X E (25uM) W AEJE 30 44518 0 17 TGF-Bl (5 ng/ml)
e uaimie > 72 ] FERSTB e Few e 2 BLE E 047 a-SMA,

vimentin f= collagen # L& o

1.5 3=v fz T2 T & 417 (Western blot analysis)
F—v B ch% P~ (Protein Extraction)

PR S B AIL N R SRS % 0 & 4C 12 1600 rpm
o 5 44 I ke PBS Blwmte e fs 0 4CT RS 5 A
% > E ,3);‘,,;7 I # fﬁ.ﬁsﬁz—;%&m kexiz > #-mre pellet 323 $747 0 4e »
if & e RIPA buffer [50 mM Tris (pH 7.4), 150 mM NaCl, 1% Triton X-100
0.25% Na Deoxycholate, EDTA (pH 8.0), ] mM EGTA (pH 8.0), 1 mM DTT, 5
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ug/ml Leupeptin , 0.2 mM PMSF, 5 pg/ml Aprotinin , 1 mM Na Vanadate , 1
mM NaF]) > %7k i®% 20 & 480 4CT &g %2 55000 rpm 42 3 i#
o 30 A4 e B R 0 - ks e drik R eh BSA RS2 standard
curve # 5 3v Tk R (ug/ul) o #-3-5 FA %x % RIPA buffer 3 & = 4p
P84 > & F L 4v » 1/3 £ 4 B protein loading dye (8 % SDS, 0.04 %
serva blue R-250, 40% glycerol, 200 mM Tris pH6.8, 10%
2-mercaptoethanol) » 12 95°C szig 4 10 &~ 4815 > 7 5> -80C ¥

N
B pe="E T A2 (SDS-PAGE Assay)

f1* SDS-PAGE #-3-v Fizs+E 5 4 MAadge.q e 1.5mm
% 1 discontinuous acrylamide gel » T £ separating gel # acrylamide p
A o AR AP R0 A G E @ 20 b K e stacking gel Pz 7 4 %
acrylamide ° fie B % = "R T AR A P 0 4 > R A E @R (runnung
buffer : 25 mM Tris, 192 mM glycine, 0.1 % SDS) o 4% ¥ #-5 B~ 1) e do &
sample % 77 &% 4 3+ £ & Multimaker & F 2 » MRt @ > 7
KB 80 KFr o Hik i iF stacking gel SR BAKL L 100 kiF o ARLH LS

£ = 'J‘ﬁiﬁ—ﬁ ToNPERE o
v > BEEZ (Western blot)

#- PVDF membrane ;%*" methanol ##){s 14 Milli-Q water =72 > ¥
3R 47 g 22 PVDF membrane £ %72 & transfer buffer (25 mM Tris ,
192 mM glycine) ® = B~ A B R G B F 2 PVDF membrane » 3¢
4°Ci 2 100 Voltage® /& 1/] FF o # membrane P~1! > ;&2 3% 5% non-fat
milk /TBST¥ 3% ;8 T 4 % — -] p¥ - 12 TBST buffer (24 .22 g Tris , 87.75 g

NaCl, 10 ml Tween20 » 4c k33 $]1 L) j % membrane 10 4 48 3=t » 4c » -
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B>t 4 'CT 8% over night o g p L2 TBST buffer /% membrane
10 A48 3 % o 4o r - adill > REATETHLET | P2 L
TBST buffer /10 4~ 4 3 =x - & ¥ ® 5 ¢ ¥membrane &2 ECL
(Enhance chemi-luminescence) » & fe » > H P P ERN & 8 2R P %

¢ 17 Xeray film gR AR > B L p Fet B o
1.6 4 B3 % frd] ] g a® wrz 2 TGF-Bl /Smads 2t 4 5

dmre 0l A B ¥ % (25 uM) = TGF-B1 inhibitor (SB431542, 10 uM) =
BdZ 304 4518 0 2 TGF-B1 (5 ng/ml) AIZ 7 Fr e enfm?e » 304 4818 2B~
wPe F-v 1 F > BLE 2 A 17 p-Smad3, Smad3 fr Smad4 & RE o

2. AEBEX E e R etk AS49 &7 EMT

A549 cells (human lung carcinoma-derived alveolar epithelial cell line;
ATCC, CCL-185)#: % >t 5 % FCS RPMI {=100 U/ml penicillin/streptomycin °
Cmre £ 3OS & s RS 0.1% FCS medium (starved for 24 hours) » 12 & B

-\ﬂ'; gn}-

%2 25 uM) = &2 304 45 ts 0 2 TGF-B1 (5 ng/ml) &JZ 7 F f2 %) e
g 0 48 | PFiS e B~lwe F-v 11 @ > BEE 2 4~ 15 E-cadherin, fibronectin v

vimentin % I ; E-cadherin @ £ ¥ KL d 3 2w it o
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PartB B ¥ 2 {¥W W ie Eviwme il £ R
— ~ P2 33 % 5 pl 2 (Cell viability test)
1. Trypan blue dye exclusion % ¢ /%

% 2. lm % ¥ #% Trypan blue dye #* % S imie oh o @ o= 2 e P
A ET S thimie fd o AR A Y 5x 100 B ime A fET
24 Fimir i A Y 5 3G Ecm e 15 0 Bimie 2 & 37°C ~ 5% CO,
497 > ¥ % over night £ 2 FER (5-10~25-~50 uM) A B & %
FedB o 2240 P is > 11 Trypsin-EDTA #-imP2 37> L % 0.4% Trypan blue
dye %4 > i k8 E (hemocytometer):t & & 3L 4 |\ chimre fic 0 M F ok

AP EHZ X BT HETS w3 Ed Mo
2.MTT 2

St mre @ /J[fi’;f]‘\ # % % (mitochondria succinate dehydrogenase) ¢ -
3-(4,5-dimethylthiaxol-2-yl ) -2,5-diphenyl- tetrazoliumbromide (MTT) & & =
4 formazan % & 0 B-EHA RIS AL 17K E 2R (optical density) & 14
L mre 2 B o #lwre 1 E 55X 10° B anre A AT 24 L lnre s & 4
P HBATme s 0 Bmre g 3037 C 5% CO, R Y 0 B & over
night {45 2 FERG~10~25~50uM) A B ¥ & &Jd2 » & 24/ PFis >
HB-hm e 32 & R “3»% {612 PBS % 3 =X >& 34 x 200 ul ;33 PBSe MTT
(100 pg/ml) > 3+ 37C FEER A Y #FERZ 2 [ FE RBERER &
> 200 ul DMSO #1584 B~ 100l T 96 3t 4 ¢ » UfxE f ik R
#_tk ELISA Reader 1 p] 550 nm 2. *% sk {#(ODsso) © 40 ¥ 73 7= & (%)=(#
2 %2 ODsso/ ¥ B 22.0Dss0)x100% o
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= ~ % %% (Cytokines) 71 ELISA 4 47

~ 5 % 4_12 mouse TNF-o fvIL-6 Enzyme-Linked Immune Substrate
Asssay (ELISA ) kit i 722 2 L5~ 17 A 7w £ % ® TNF-a %
IL-6 ¢h5 & o #imie &30 5x 10° B mee A f53 24 TP im0
¥4 HAime s 0 Bimie 1 A3 37°C ~ 596 CO, s & Y o W AJL
ER G5~ 10~25 uM) A B 32304 48 0 4 » LPS (100 ng/ml) §]jgcim?e 24
JEERS o s d E R pT e 2t J70°C #R] o Lt ELISA 96 344 ¢ ¥ o~ 100
pl/well capture antibody (##** 1:250 in coating buffer) ; < & ACHg T o 14
wash buffer (0.05% Tween 20 in PBS) £4g & 3 = » 4r » 200 pl Assay
diluent A% 8 T} | B {8 > 14 washing buffer /% 3 =X £ 4c > 200
ulimre 32 £ 2 MR B 5. > A 3B F3E 2 ¢ BF o 12 washing buffer * % 3
=x » 4v » working detector (Detection antibody + Avidin-HRP reagent 1:250 in
assay diluent) ¥ <% 1 -] FFo Washing buffer /# & 7 = {&>4c > 100 ul
TMB (tetramethylbenzidine) & ¢ » £ T &k F & 30 A 454 » 50 pl stop
solution (2N H2SO4) » 30 % 4&p 2 ELISA reader >t 450 nm 2z_ & & | & 3%

¥k @ o BRI Sk B cytokine 2k R o
= ~—-F 1§ (NO) 7z &p =

mie 1 2 X 10° cell/well 83+ 96 34 4 ¢ FR sz & - %0 AJZH ok B 1
(5~10~25uM) A B3 2% 30 445 > 4c » LPS (100 ng/ml) fjcim?e 16 -]
ofs o P~ 100 ul o & 4c 100 pl Griess reagent (7 0.1%
napth-alethylenediamine dihydrochloride, 1% sulfanilamine , 2.5% phosphoric
acid) > £ TR IT* 10 45> 30 ~ 4 p 4 ELISAreader »t 550 nm 2

dE B E % 52 7%k (@ > 14 sodium nitrite % standard solution ¥ I i

By Ry I RtE A Y Finitrite JE R o
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PGE2 2. jpl = &_Ff1 * s & 4| ¥ 2 £ £ 4~ 17 (competitive enzyme
immunoassay) 2. RIZ o * £ L FRlHk &0 PGE2 &2 ¢ v FH 2k B e PGE2
alkaline phosphatase tracer #t% 3 *3:7 PGE2monoclonal antibody - % = F &
g ®* 1 ) P2 {5 > ¢ BF PGE2 monoclonal antibody ¢ £ i % &
plate & %0 goat anti-mouse IgG antibody % & - 12 washing buffer #* & &
i g B {8 0 4o~ substrate (p-nitrophenyl phosphate) ** g ® & ¢ 60
I 90 ~ 45 > A E 420nm 2. ELISA reader 3f B~vx sk i@ o o 538 5.0k
kB Y FRIE ST PGE: k& o

I~ mﬂgigur'-,——,,]oi_‘g

el 5 X 10%cell/well 8* % F MEg P2 12 3449 » w EgL 2
uM & B 3% 30 448 4~ LPS (100 ng/ml) #|jcim?e 15-60 min > #-f&
4 BB R AT 12 B I LA kRS 2 e i .
2 mouse anti-p65 antibody (1:500) 4°C i** 24 | p#-PBS jie 10 4 4 3
=% » #& ¥ 11 FITC-conjugated goat anti-mouse IgG antibody (1:200) 37 °C* 1
| P 0 sn?e % 00 propidium iodide # ¢ 15min » PBS ik 5 448 3 = o
Ficts W E LY L Vectashield/Tris buffer (pH 8.4) 444 - i * Leica

laser scanning confocal % et PR 4p 3o 4k o

- Fﬁiéﬁ?ﬁl@ﬁgﬁﬁﬁ &

Mot 2ok o B e lysates 0 F R T 4v » RNABee (51 ml/dish) %%
5 ~482 %5 5 4v >~ 0.2 mlchloroform ZE T ®* 15 A4 2 (54 4CT
1112000 rpm A 15 4480 P25 05 1 0.6ml e9F Eig4e > 7 0.5 ml
isopropanol &7 eppendorff ® > iTHk 10 & 48fs > £ 4°C T2 12000 rpm
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o 10 A4 e isad R 11 75% ethanol ik 0 B e i 4C
T2 12000 rpm Hes S A4 o w2 b R REES R g7 0 F pellet & E PR
{§4e > 30-50 pl & ddH,O % 4Crk4alEteid s o F B4R L esaF B

= % o it o Primers 5 7|5t »Y Table 1. o

Table 1. Primers used in RT-PCR analysis

Primer Sequence

TNF-a Forward 5-ATGAGCACAGAAAGCATGATCCGC-3’
(502 bp) Reverse 5-CTCAGGCCCGTCCAGATGAAACC-3’
IL-6 Forward 5-ATGAAGTTCCTCTCTGCAAGAGACT-3’
(247 bp) Reverse 5-CACTAGGTTTGCCGAGTAGATCTC-3’
INOS Forward 5-CAACCAGTATTATGGCTCCT-3’

(835 bp) Reverse 5’-GTGACAGCCCGGTCTTTCCA-3’
COX-2 Forward 5-GGAGAGACTATCAAGATAGTGATC-3’
(860 bp) Reverse 5-ATGGTCAGTAGACTTTTACAGCTC-3’
IL-10 Forward 5-TGAATT CCCTGG GTG AGA AG-3’
(136 bp) Reverse 5’-ACACCT TGG TCT TGG AGC TT-3
IL-1Ra Forward 5-AAA TCT GCT GGG GAC CCT AC-3’
(127 bp) Reverse 5-GGT CAATAG GCACCATGT CT-3’
GAPDH Forward 5’-ACCACAGTCCATGCCATCAC-3’

(451 bp) Reverse 5-TCCACCACCCTGTTGCTGTA-3’

- ~ Electrophoretic mobility shift assay (EMSA)

)% fose ¢ AT 2 A B r2 ATV ZADNAR B & b
i %‘%357 Pidv 241 & 2 enE R P HEAF 4 (oligonucleotide probe).s
EBTE @ ARAMRY TR B B4 KRB T TS E A e

b A G cnE B v gt {8 P17 aopellette » 9 H £ 4% 884 hlysis

buffer (50 mM Tris-HCI, 4mM EDTA, 2mM EGTA) » % A8 3 1 » % *t k2
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204 45 0 B-b B bR F iR 4o ~ £ B trypan bluet B AL T LR

lysistFas > F 5 < I0e fwie A F B2 = 0 P& 3 fcF” B B 15

=i

1210000 rp.m. 24C T o204 45 - Yz & pellet & 2 Tortex buffer (20 mM
Hepes/ pH 7.9, 350 mM NaCl, 209% glycerol, 5 mM MgCl,, 0.5 mM
EDTA/pHS8.0, 0.1 mM EGTA, 0.5 mM DTT, 0.1% PMSF, 1% Aporotinin) -
R¥a3 R E > A4CF BB R ° 1212000 rpm. A4 CH < 154 4818 » o i+

FREF D FIRR P A KR ES~15 ugehdee 0 3 -80CH * o
Pe 5 ug e enZ Bofe 4 » 20 pl binding reaction mixture [ Z 2 pLen
buffer D (20 mM HEPES/pH7.9, 20% glycerol, 100 mM KCI, 0.5 mM
EDTA/pHS.0, 0.25% NP-40, 2 mM DTT, 0.19% PMSF) ~ 4 uLbuffer F (20
% Ficoll 400, 100 mM HEPES/pH7.9, 300 mM KCI, 10 mM DTT, 0.1%
PMSF) ] % 5 uL cabiotin & 2 e 4F 4~ (NF-xB & AP-1 ; 5 pmole) >

NF-xB(5’-AGTTGAGGGGACTTTCCCAGGC-3’) ; AP-1 (5-AGTTGAGGG
GACTTTCCCAGGC-3°)30°C F &304 4> H B 5 104 e R R & -

Koo F R = 18 4 » 61 ehloading dye [2096 5% TBE (0.445 M Tris, 0.445
M boric acid, 0.01 M EDTA), 509% glycerol, “> 3 Xylene cyanol] £k &
£353 > 44°C* 6% Native acrylamide gel (F £ 220 mAk (7 § 4 1] BF)
30 AR TR A2 BF o FR AR s B P EE0.5% HTBE buffer 10
ko I RN EF N 24C ~ 150 mAEF 1) B BFed #F I NC
membrane ! ° NC membrane’ 1% TBS (2.7 mM KCI, 10 mM Tris-Cl, 137
mM NaCl/pH 7.5)E % {5 » 12UV crosslinkerfe & 5 7_> £ 1111 TBS#1jz =
5% % g 2 45 18 {7 blocking 304 48 © 12 1% TBS /£ NC membrane 4 =t » #
54 48 o k1 1 20000 %Y 4% v fe @ Strepavidin-Horseradish Peroxidase
(Jackson ImmunoResearch Laboratories, Inc., PA USA)** 12 TBS¥ » i #NC

membrane # ¥ 3 H P 5 A4CP F RER - MEAEABERIZETF R
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PEES 0 1118 TBS# % NC membrane 4 > % =54 48 o #NC membrane£!
ECL (enhanced chemiluminescence) detection kit (PerkinElmer Life Science
Inc, MA USA)®Z BT F BS54 48 > ZWEP PR RPN T ERY &
(cassette) ® > 12 X-ray film (Fuji Photo Film Co., Ltd., Tokyo Japan) g % {& >

4800 p B0 7% 5 #% (Hope X-ray Products Inc., PA USA)i% & &8 8 -
AN~ N fm e li;éa\“}fr/r- EaE TR (ROS)

ROS 2 F 2°, 7’-dichlorofluorescin diacetate (H,DCFDA) ¥ & 3%i2
*hnRE R F AR A RS g ¥ R KM B dichlorofluorescein (DCFH) © §
mie g 4 %3y~ (ROS) ¥ & DCFH 3 i 2) = § k3 7 2,
7’-dichlorofluorescein (DCF) » 4% 75\ fmfe &k i B § k4 Fren s &0 % &
H,0, 2 =& o MH-S % &£ 1 H,DCFDA (5 uM, Molecular Probes,
Eugene, Oreg ) v luteolin (5-25 uM) # aJdZ 30 4 48 > 3% 1 LPS (100
ng/ml) ** 37°C % 0-15 24t 3 FEFRF 2 7 b AL 25 himie 1Y
ip 4 PPBS R o 1 * Rt m e & 47 &k (FACSCalibur flow cytometer,
Becton Dickinson, CA, USA) % Cell Quest software 4 #7 % 8 ‘w?e e -k
21

o

Il

>
»
»
>

1N

TR 54

FHREEF U TEEHERE B L (mean+SD.)%& 7 > 8 * ANOVA & 47 >
12 Bonferroni correction §= Student’s t-test k& s % { BT 2 27 H PR 2
2 4B 0% p<0.05-~p<0.01& p<0.00] P+ A7 3t BB F LB o &
Y T I Y LR S A T LRy T ey

F oo
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%A

I 2z %

s

PartA MEH &5 2 W we AT A BT ZHmRai vy
203 ik

- ~ AR X F R0 bleomycin 513 2. & L

R PP L BB PR AT R RN ARG 2 8 A 4
TR LARR o AN U] BB R Y g Leie il KiITh ARY
3t bleomycin 313 & 8 7% 2 b stk o A bleomycin i #-{E %3
T MEEGER Y  Lne BeP BER e 0 T % 7 B e e BB
Shker 5 B2 5 (Table 2) > MA BT Z NFRBESF LK EPER > &
B AR R P i e e Bt bleomycin 2t o B F T R R
BAB LA (228 + 0,17 /135 + 0.11 x10°) = 2 fmse &> 3 47 (b et ) %
'J}.;I‘ A B E 2V PR E S bleomycin i A 5"5””1%’ Poltd w IR 4 (2107 £
2.43 [ 14.4+2.99 %)

M T - R L IR Y 5 BB e ik i
A_ TNF-a §= IL-6 - j&_ELISA 4~ 7% % % R > 7 bleomycin i #-{S 3
% 5 IL-6 kR4 5 ¥ 0 3 B (Figure 1B) ; & bleomycin i #ié % 7
% TNF-o JER B e 52 # 0 4 5 (Figure 1A) > @ A B ¥ 4 s o
Bp e '% Md bleomycin 514 ¢ TNF-o v IL-6 $ 30 2R E 5 5k 2

BRACH&KE %4 e Renit o ¥ 0 7 UBRBWF G AR © &
bleomycin ##ie % 7 X 0 s EHHEPIERE b1 s WLs e EF
Fos B 2 ¥ F e300 % 14 % EPsRER G 5 R
o ART Fiohev Rt PR BT eRSR Y AR
e J R BTy R R BT AR
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TR EXIOBRR S BEHAREFREART AP ELT
(Figure 2) °

= s AB X %R0 bleomycin 313 2 5 g it
BHART R T g FERH 0 §F L ER R
bleomycin i = /] R A it e B o Figure 3A 5 bleomycin

3
{6 =i 7 F X #h Masson’s Trichrome % 4 I R ML H
%

fm e _f#_g\ e LI “'E'_%%‘q %—f# ’ it g {'K A f—; Jﬂ:‘J b 9 }W DA ﬁ% ’ﬁ}? e ELL KN “%‘4

-~

@ S o bleomycin @ {iis % 3 X Mg BdeAk < B0l Lwie iR ¥y o
T AR EREPE SR 7 LTI R IR B EER S B L

- R

»

=1

N

\m

2537 % 10 X0 MR Fw PRER A IR 4% > W TRV
LA ERA it fmie » 35 587 °E R miz g e P (Figure
3B) > Hﬁjé@%ﬁ’?ﬁﬁﬁ"‘ ¥ 9% R 3¢ (Figure 3C); & 21 = » W e BB < &
AR R R Fev LR e A hInahg it }]% % (focal fibrotic

lesions) °

BEFEFALRT Znpgan v 2 o«
B i 4R ie (7 o2t (Figure 4) o 9 B A 5 = 384 ()% 8 L8R A7 3018 HE18
X Ep S FARGES S QU BERR: SHEGE 10 X B4pF
P EAEER o K 2] A RS REES PRER A5 BT AR

%

ﬁg?l% 7/él:‘cl ):'Li_j"i"—i

<

B F ey ] Blendt e gk it R % P Bt bleomycin i i g HeRF
(Figure 5A) » % R T f P f o &< 1B o SR g S B e R R T AR
EEILERT  FPLES ABRT 2R TNIERRRAEMHE 4 (Mean
fibrosis score, p<0.001 vs. BLM) ; & #p &+ & tengusyd L EHF HiE~- 7
tpiT e d: (p<0.01 vs. BLM)- i ficis % 10 X » )’I}u{’%ﬁ? ST S A2
B BAeR A ABET R sk 0 g 4 magacd (Figure 5B)
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(Mean fibrosis score, p<0.01 vs. BLM) ; (& #p ensf B fg /5K s % B8 7 P &g
(p<0.05 vs. BLM) ©

R AR chE 4R S S i F  (profibrotic cytokine)
TGF-Bl % & & Jx FEE G (i NGB TEH o 2y Ji| B fe Ben
WR A R Ae TGF-Pl A FIA KR A B 5 2§49 g (C chic ¥ 2R -

: ~ .\)—;t,‘ A 2 12 3, ’ _a g - N2 —‘C N2
(= 3 |k 2R R A U N 2B =3 E
% bleomycin #{i-fs 21 X > M H SR R Fd EP AR A T F S

-+

P RS ABRT F o R T UP R eSS R -9 £ (Figure 6A)
p<0.001 vs. BLM) ; 5 ¥ %3 g FH s~ 3 41Tk (p<0.01 vs. BLM) -
F

N~

GBS F 10 X 4 AR ABRT ok o » TR ERSR R R

5 £ (Figure 6C) ( p<0.01 vs. BLM) 5 i 88 e B i B % 5 7% o %
9% R v B o e TGF-Bl A FIAIRITA o 3 8T A BT 455
BT rLP BT S % e Seh TGE-Bl mRNA %3 £ (Figure 6B) (p<0.001 vs.
BLM); &g firid % 10 * A B4pd 3 A BRI F0f o » 7 R0 W e
TGF-B1 mRNA # & (Figure 6D ) ( p<0.01 vs. BLM) ; 8L 3} 58 ] f% /s 2
SR FE ISR - o 1 e ?“ e11 TGF-B1 mRNA & > 2 &k #& 7 P &
(Pp<0.05 vs. BLM) o icH %% 42 27 § 5 Sngfb @l » B ¥ % 2 o if

FEnE LY WP LTEY > R AET 2 AN R G P AT

ek o
= ABRE EFe ) B GRARS me s £ A L84 8 ECM

R @A R A AR R A Y > 5 & LA
FABE ZFAm R R niE g AP B R R T e
(FAadr o WA wie R B A2 BREMRY gy £ R PEd
T ¢ &% 5 f4 fibrogenic mediator » @ ¥ H_ ECM ¢hi & %ﬂi‘éiﬁ ) B gk A

‘w2 . TGF-Bl enfljge™ > € 34 a-SMA 2 ECM F-v &k R > 4 ¢ iE

84



— b A e gk dm A e 0 A 0 % e fibrogenic mediator e

AP Rt s gl gRat mie > MABZHILE N RIER
ABEE % (10,25, 50 uM) B ESE v ga e s 8 72 | Fehd Kb SR
PRI AR FHRRER w4 Eded Tt > @ P g AR &Rk
J& (Figure 7) o 25 uM ehk B3 % % ¥ % 2 # frd| e 02 £ 5 50 uM 1

ANEERFH T A g}q“ifcé;\q R RERT S =

?\_
—u»

R FOORPrF AR R e chd £ R AR e o 0D

PRALE- H T B o o-SMA i R 4o A R e & 1L eh- JE 4y
T it igarugiat wme X £ AR o-SMA 2352 stress fiber 0 A b
ECM g 4 & B 4e o i m% g ¥ K4 o 7 ¢ F IR > WA wie ¥
WBAEIE TGF-B1 (Sng/ml) 72/ Pt » o-SMA + £ £ 7 & T (7 g k5] ;
FAJE 25 uM fhk B X & ehime I E P ARl d  TGF-B1 ) jcstis & e
a-SMA + & % . (Figure 8) - Western blot 7 o-SMA #-v % ¥ #cdy~
P - BT RS 5 (Figure 9) ( p<0.01 vs. TGF-B1) -

TGF-B1 f At mre a2 b > R R e g ] F ahle
e P E B0 0 B¢ g3 & 0¥ collagen I/IIT - j&_Figure 9 western blot .5
ST oHBAIEARY 2 PR FR R i 93 collagen I (p<0.01
vs. Veh) ; H 432 TGF-B1 P* collagen I 4~ & @3 5 w5 G2 A B ¥ %
pI# Frdld TGF-B1 f]j#7i¢ = hrcollagen ] ~ & 4 3R o Vimentin £ % - &
LR e chiptRded o MBI F H bt & TGF-Bl & # R hm e 17
Fr4| vimentin 9% 3L (Figure 9) °
Smads F-v F2EE wmre p i 7 K TGF-B1 {174 2 it 4 BL 1 e
freni@iiH - 3 » o & BLM-induced en%# 4 M i 2 %5 Smads protein

R R TR e Fl AL BE T A B R A E RS ¥ o0 TGF-B1/Smads
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4 @R o Western blot en% % &5+ (Figure 10) » TGF-B1 §]jk ##* g o
‘wmre 20-30 4480 NI E ch Smad3 LT F-v 0 e W T 25 uM Ak
B3 % P ¥ $rdld TGF-B1 {1 7i¢ & e p-Smad3 + & % R (p<0.05); @ ‘w
2 3 JoJZ TGF-B1 type 1 receptor kinase inhibitor (SB431542) P % 2 ¥ Fr|
7 Smad3 =wiEps v ( p<0.001)  J# it e p-Smad3 (R-Smad) % ‘f ¥2 Smad4
(Co-Smad4) % & = heterodimer> - it i&4% 227 & F|e934 3720 F] P Smad4 F
vk e € B TGF-Bleni & @ iE - Western Blot 1% % & 7+ (Figure
10) » fm*e H b 25 uM ek B 3% )’I*u ¢ ¥r#] Smad4 F-v % I (p<0.05 vs.
Veh) ; & & TGF-Bl1pF7= v % ixd TGF-B1 1§ #7:¢ = ¢ Smad4 & & % IR
( p<0.01 vs. TGF-B1) - SB431542 %t TGF-B1 {1 = ¢ Smad4 iF & %
WilF B e RS F > $iEdrd] Smad3 g foi > Smad4
ek Ium % TGF-Bl 3 4 @R 7 4t LA BT Zdrd| e wmigd £
L (b fek i ECM ik + Wi 2 - o

T o~ A B I E A A etk AS49 2 {7 EMT

4ot it L e B AR B ER S kT g A
W B i 5 B ehde T {e ECM componentsZ ¢k > ¥ + g fw#z & TGF-B1
flg™ & 5 epithelial-mesenchymal transition (EMT) i # > € &+ & fm7e
L Evugiia® fmre phenotype im0 FF AL BIF A B X E ¥
TGF-B1- induced EMT #1i% % o 4 Figure 11 A #7577 » I ¥ ¢ A549 ‘m*e
£ 3 1+ A ¥ A 3k (cobblestone epithelial morphology) %  cell-cell
adhesion » # & ¥ £ % ¢ ¥ F R " WHITF P A 0 epithelial marker
(E-cadherin) % 3 > & TGF-Bl ]}k 48 ] pFis » w2k P Agec % » 8 =
mesenchymal-like =4} 'm?2 > cell-cell adhesion 7} % > E-cadherin 4 %3]

wie F Y 0 AN F Hipu g P A e (F* o Western blot .8 %
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&g 77 (Figure 11B) > A549 ‘w¥® ¥ fp g2 TGF-B1 48] p¥ i > epithelial marker
(E-cadherin) # JLj& > ; mesenchymal phenotypic markers (fibronectin v
vimentin) P & 3 ‘v > X 5 A549 w *¢ A& TGF-Bl §] j T i& {7
epithelial-mesenchymal transition o * B 3 & $iz it cx 5 P &g e )] (8 %
("f 7 vimentinZ_ ¢F) e (¥4 00 b K F e FiEdrd] EMT @ b vk s

e inA E o Vo A ABET FE AT i - o

Part B A B ¥ % $35 2 Eviime N B A 3

- N ABEF A GEd L B

MH-S §= RAW 264.7 fmre 2 w7 kA (5102550 uM) =k
BX HrJIL 5 24 [ PFie 04 Trypsin %4 2 MTT i (Rl A B X % %
W E E A BEFR S0 M T hELERIDT i3 S iz 3
(Figure 12) -

S~ ABEEEH LIPS fEE s me A 4 BE L ikE 2 LR R

TNF-o v 1L-6 % B3 ¥ fm¥e ,;r—,% (Proinflammatory cytokines) %
WHARY PFER £ > F AP AFH ALY Z LT H LPS TIKE e
2 2 42 TNF-a f= IL-6 7 #r#]3x% ° 4 Figure 13 #775% » RAW 264.7 v MH-S

woz 8 HAST LPS (100 ng/ml) i % me g < £/ D> @ e o Al A B
B F 0 O(525uM) MR R R ] LPS fl e 2 o=
TNF-a (Figure 13A) o IL-6 (Figure 13B) = % NO 4r PGE, 7§ B % %~ 7
10 Ie A8 4 (Figure 14) » fe Flim®e fG35 4 ok § £ 8 > & RAW 264.7 ‘m¥2
BEIAELE SuM % NO T3 P & et (50%)(Figure 14A) 5 @ &
MH-S % » & B ¥ % 5uM % PGE, crfrd] @ £ 3] 80% (Figure 14B) o
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=~ ABEFFH INOS fr COX-2 hi-v Frediy

PIHELT AR F4H LPS flikEsme 44 NO - PGE, £.F &
iINOS f= COX-2 - fafLitfE% 7 M > 4% ¥ 11 westernblot & & 47 & B ¥ %
$ INOS 4r COX-2 $-v thi Lo h4 e LPS T2 ¥ BAge A k¥ 4
rime @ )7 F) INOS 4r COX-2 3= 3 o LPS (100 ng/ml) i 8
RS 0 INOS fe COX2 36 Bdot £ 0 5| 14 [ prit § % (Figure
15)0 A BE % 25uM) fisc HhEim® ¢ 7 ¥ 5 Frdld LPS s
B4 INOS fr COX-2 ehj-v £ R o

e~ ABETFEARM A T A TR

TR AR Z Il X A 2 K TE TS FEARM A T PR T
AL BFNUF BEEREPMEE B (RT-PCR) R & 4740 B & F e
mRNA % 5. MH-S v RAW264.7 fm¥ # A2 A B3 % & &3 LPS {5
BN I hpE Y BT B 2092 (i RNA A 45 iINOS » COX-2 ~ TNF-a. 4r IL-6
mRNA - 4c Figure 16 #777 » A~ B ¥ % (25 uM) & ¥ & ¥rd]d LPS fgc#7
5142 e iNOS ~ COX-2 » TNF-a o IL-6 mRNA level o pt 38 % 7= & & 5+ 3o
K =% ehit % o 1t i MH-S v RAW264.7 = kw2 & PF R » MH-S % /ic
7 LPS 2 /| p&@ RAW264.7 to/id® LPS 4 | Pris4phd & 3+ B4 (748
oSt HERERT 0 AEY FLARATFIEER il e kA
(TNF-a, IL-6) % f# it f% % (iNOS, COX-2) ek F]1 4 B » K T 5eh
TNF-a, IL-6, NO 4= PGE, # £ & ** o

E v& M ¢ 4~ ;& 0 Interleukin-1 Receptor antagonist (IL-1Ra) fr
Interleukin-10 (IL-10) 3 #r+4] TNF-o ~ IL-1 ~ IL-6 f= IL-8 & 24 > 34 &%
LF s o Tt Ak 4 F A R A S A L ek
B 2 o 4o Figure 17 22 RT-PCR % % #771 > MH-S ‘w* ¥ jHeJ? LPS &
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ABE % 8 | pFfé > IL-1Ra mRNA % B4 (& W5 p< 0.05 v p<
0.01) ; I PEAIZ LPS frh ¥ % %2 > A B ¥ %% LPS ] IL-1Ra
mRNA 7 4c % g%k (p< 0.01) - MH-S ‘w% ¥ j&J2 LPS ¢ 3 4c IL-10
mRNA 23 > @ A B % %7 ¢ % IL-10mRNA th& ig & @ #2458 o

T~ ABEXE% LPS tlj NF-B & i g

NF-«kB - 428ty FAFABSHLL o ds 3 D FpApn
Bl BEEZ gl L F oA FI AR B drd] NFxB gt 5 B o &
Fo%&{]* EMSA f 2 kiR~ BEX %% NF-xB &2 DNA % & 4 @
2R o 4o Figure 18A #7757 » LPS d® MH-S m*s >t 60 4 48 pF NF-kB p65 =<

R L TR TS I NN E S E S R e
(Figure 18B) ; m*2 o1z PDTC ( NF-kB #r#]#]) w0 a2 7% (8 3] 40 e e
P o BRI A e gLk F R R EELEE T  NF-xB p6S5 st H ~
P A5 IR % o 4o Fig 19 #7170 A B & 2 P &gk rdld LPS fljcorig = o
NF-«xB p65 nuclear translocation °

NF-kB p65 = # §F F1*t kw e [T N &2 NE-kB 3 & chir 12 3=

IxB-o ##ffs i (phosphorylation) ~ ;2.% i* (ubiquitination; ubiquitin &_%* %
Fe iR R0 B iR M 30 ) > & 18X T proteosome 4 7% PV
Flet f % & > 2L & 72 (western blot analysis) X ELZ & B 3 % ¥d LPS {5
“rig & [kB-a 4 & e 58 4e Figure 20A #75 » 2 100 ng/ml LPS &2 MH-S
& RAW 264.7 > 514 IxB-o PiE 4 4 f2 (10-20 » 48) > & 60 » 48P ¥ (R4R
PRAeR R meE N ARY 2 (25 uM) & PDTC (200 uM) = &2 30
ARV 3 osededld LPS flgcetid & IkB-a » f# (Fig 20B) o %5 & 0+ %
8w ABRE 244 NFkB g i > @ 42 IkB-a 4 f# ~ NF-xB p65 =
ey g #%5 fo NF-xB 22 DNA 0% & a0 4 o
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* o~ ABEE ZH LPS {7 AP-1 /51t e %K

< }}%é’ﬁ # activating protein-1 (AP-1) £_¥ — B#E &N FF » wie
WLPS flicis 76 1 AP-1 # & 340 B3 gk enflg 21 mpt A
- HEEF A B 4 AP-1 E BB o F A% EMSA F % %k Rl A

3% 4 AP-1 &2 DNA 2 & it 4 eng2 58 o 4r Figure 21 EMSA § 2% #777 >
LPS U2 MH-S ‘m% *t 60 A 455 AP-1-DNA complex & & €& | 5 % %
(Figure 21A) > gt iE 14 8% ¥ Fl% ad2 & B 3% & curcumin (AP-1 #r|3])
m e Prd| (Figure 21B) o & _RT-PCR e % &5+ » P2 12 10 uM curcumin
T dZo T prdld LPS {1 gc#rig & e TNF-0~IL-6iINOS = COX-2 mRNA
i B % I (Figure 22A) ° % 12 100 uM PDTC (NF-xB Fr#|#]) » » ¥ ¢
#1d LPS fljc#7iE & en [L-6 ~ iNOS f= COX-2 mRNA :if & % # (Figure
20B) o 4 B I % (25 uM) ¥ LPS #ljc#ris & 1 TNF-o » IL-6 = iNOS
mRNA Fr|sc%k i3 e pF i * curcumin fr PDTC (Figure 22C) o 58 & 2}
% @5 LPS 5107 NFkB fo AP-1 = B#srA+ » SR 255 L 4p
B A3 (TNF-a ~ IL-6 ~ INOS fr COX-2) # LB H e o & B ¥ % plgr]
d LPS {]j#7ri¢ = NF-xB {r AP-1 % it (L8717 3¢ L 4 F g 2 o PDTC
- AL E T PP NFkB evg it s e AR PSS E4FF %Y FRT T

7 we i@ NF-xkB T # TNF-o mRNA 4 35 (Figure 22B) o
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=~ ABRE R HH LPS {lj ROS A2 df i

v AR LPS § T E ifin s & fma A 24 ROS (194 195)
A Gt dmre KRR DCF ¥ £ 8 & 7 e #r 4 4 o H,0, fr -
OH- 4 Figure 23A #75F »LPS &J2 MH-S !w¥e »5 A 4P % ) 5 ROS
Fx AR o L ABEY FE (5-25uM)F fE 2k ROS A 2 o 15 |
£ %33 1+ (Figure 23B) -

N~ A B EE S Akt 8 TKk BRER T R AR

g A 77 7 850 NF-«B e it & b % IKK & Akt ¥ jps

FORE o TS - B IE A AR Z ¥ NFkB 5o L @RI

\\\xr

#7 o j&_Figure 24 Western blot =% % &51 » MH-S ‘w2 % g2 A B 3
% 25uM) ¥ #4414  LPS 1 & 10 A & pF 47 51 4= h Akt
(Thr308/Serd73) 4= IKKo/p (Serl76/180) &% fie it = % %m 2 12 10 pM
LY294002 ( PI:K selective inhibitor ) # d® - » 3 #fiendrd|it* o &
YRR o MR EE% 7 NF-xB L 2Fan 4 By > B

NF-kB i 45 % & {7 o
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A T = 2 =)
I X F

R R e F e R BRI EREF R D
SR R ;ﬁ&ﬁ—ﬁ%%ﬁéi%mﬁﬁﬂﬁﬂoﬁ%ﬁbﬁ

T

A& R A e b e @iz L 1t (re-epithelialization) i &
Atz ) VR e dE e T i xR R e B
BHORE  GEISE IR AT BTGRP E > L 5T
Lo M T g BB AR W AL
FER R B a s FI pindy by i A TRA L AT AR 2
igm%%é@ﬁ%*ﬁ%%%%’E%?&“%E“m%‘I*K?q
o AN KRPEFRILE S ARG LA ERP R I T
HGEF 5 ATRE 2 B R REE R R g LB (2 FE AR R D
2y s A A R TSI AR R R AR g g S T DS & o T
oo AR D BeaE B
Sitgm 4 (IPF) spa 454 o W3ng ¥ 2 £40 & ﬁﬂ?%t}ﬁﬁf‘-ﬁﬁ%‘z ’

\

B2 473 S8 cnimie 2 A 3 ey
4
poi

MATE KRGWE 7 et Legait o B ok

F @ 3 P & e epithelial-mesenchymal interaction fv7 & % 3 © )ﬁj

AE 0 FARKRAR S PR TR B i 2 Sl - P a0 e sl B
AR ET AL RDRF] B2 M EATERDRRIOHFELEALAE
FEBFFRET LA FHIDmieZ FAFRRSpT TF 0 g S
WA R A i b o SR R AR B A S B L Y P IR

R L PP R A B S v A 2 Fend T o

AREFE -t 2 ARRY FH Y AR R A D
FERTEI R A L2 - > FEEFIHEFAET R LG P R

‘JA&Y
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Table 2 Effects of luteolin on total and differential cell counts in

BALF.
Total cells Cell Differentiation (%)
Group (x 10° /ml) Neutrophils Macrophages  Lymphocytes
Day 3
Control 0.38 £0.04 3.08 £ 0.65 94.36 = 6.41 3.35£0.56
BLM 1.49 +£0.12 29.48 + 3.27 66.27 £ 6.96 3.58 £0.81
BLM+Lut 1.16 £ 0.11* 27.32+2.42 67.42 = 7.39 3.94 £ 0.57
BLM+Pred 1.01 £ 0.09* 25.16 £ 3.02 69.97 = 6.44 4.41 £0.73
Day 7
Control 0.41 £ 0.06 3.38 £0.85 92.54 £5.15 3.81 £0.47
BLM 2.28£0.17 21.07 £2.43 69.79 + 6.64 8.75£1.17
BLM-+Lut 135+ 0.11%*%%  14.04 £2.99**  75.8916.77 8.44 £0.79
BLM+Pred 1.43 £ 0.18***  12.36 + 2.54** 76.92 £ 10.37 8.76 £1.12
Day 14
Control 0.36 £0.07 2.84 £ 0.54 95.49 + 5,15 3.53+£0.32
BLM 1.45+0.15 16.88 = 2.43 74.72 £ 3.48 7.96 £1.36
BLM+Lut 1.01 £ 0.09 10,48 £2.13 79.89 £ 6.77 8.23+1.13
BLM+Pred 0.96 = 0.11 11.68 = 1.65 77.72 £ 9.66 8.05+£1.33

Total and differential white blood cell counts in bronchoalveolar lavage fluid
(BALF) measured at 3, 7 and 14 days after intratracheal instillation of
bleomycin or saline as indicated. Data are presented as mean £+ SD. in the
group of ten mice. * p < 0.05,** p < 0.01, *** p < 0.001 as compared with the
BLM treatment. BLM, bleomycin; Lut, luteolin; Pred, prednisolone.
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Figure 1. Time-course changes in the levels of TNF-a and IL-6
level in BALF.

Time-course changes of TNF-a and IL-6 level in bronchoalveolar lavage fluid
(BALF) at 3, 7 and 14 days postbleomycin or saline in experimental groups as
indicated. Mice were daily and orally treated with vehicle, luteolin (10 mg/kg)
or prednisolone (5 mg/kg). Bronchoalveolar lavage was performed as
described in Materials and Methods. The levels of (A) TNF-a and (B) IL-6 in
BAL fluid were measured. Data are presented as mean + SD. in the group of
ten mice. * p < 0.05, ** p < 0.01, *** p < 0.001 as compared with the BLM
treatment. BLM, bleomycin; Lut, luteolin; Pred, prednisolone.
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Figure 2. Attenuation of bleomycin-induced lung inflammation by
luteolin.

Mice were treated as described in Fig 1, lung tissues were collected and stained
with H&E. Images were selected according to the alveolitis scores.
Bleomycin-treated mice appeared inflammation in the lung interstitium (A).
Magnification x10. Scale bars, 100 um. Histological lesions scores of lung
tissues from experimental groups (B). Data are presented as mean = S.D. in
the group of ten mice. ** p< 0.01 as compared with the BLM treatment. BLM,
bleomycin; Lut, luteolin; Pred, prednisolone.
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Figure 3. Time course of BLM-induced lung fibrosis.

Histological sections of mice lung demostrating the course of lung fibrosis.
Masson’s Trichrome stain (A). 14 days after intratracheal bleomycin, a marked
peribronchial interstitial infiltration with inflammatory cells, oedema and
fibrosis (B). Thick arrow in panel B indicates thickening of interalveolar septum,;
thin arrow in panel B indicates intra-alveolar macrophage; arrow in panel C
identifies interstitial collagen. Original magnification of x40 for A, and x60 for
B and C.
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Figure 4. Criteria for grading lung fibrosis.
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Figure 5. Luteolin ameliorate bleomycin-induced lung fibrosis in
mice.

Mice were administered bleomycin (5 mg/kg) at day 0 and drug treatments
(luteolin or prednisolone) commenced from day 1 to day 21 (A) or from day 10
to day 21 (B). Evaluation of fibrotic change in the lung from experimental
groups using fibrotic scoring system. Magnification x100. Scale bars, 100 pm.
*p<0.05, **p<0.01 vs. BLM.
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Figure 6. Down-regulation of bleomycin-stimlated collagen and
TGF-B1 gene expression by luteolin.

Mice were administered bleomycin (5 mg/kg) at day 0 and drug treatments
(luteolin or prednisolone) commenced from day 1 to day 21 (A-B) ; drug
treatments (luteolin or prednisolone) commenced from day 10 to day 21 (C-D).
Collagen content in the lung from experimental groups on day 21 was measured
using a Sircol collagen kit. TGF-f1 mRNA expression in the lung from
experimental groups examined by RT-PCR analysis. * p< 0.05, ** p< 0.01, ***
p<0.001 vs. BLM.
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Figure 7. Luteolin inhibited cell proliferation in a dose-dependent
manner.

Lung fibroblasts were treated with various concentrations of luteolin for 72
hours, cell number was evaluated by trypan blue dye exclusion method.
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Figure 8. Luteolin inhibited TGF-B1-induced myofibroblastic
differentiation.

Serum-starved lung fibroblasts were induced with TGF-B1 (5 ng/ml) in the
absence or presence of luteolin (25 uM) for 72 hours. a-SMA was

immunocytochemically determined with monoclonal antibody. Magnification
x630.
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Figure 9. Luteolin decreased a-SMA, collagen 1 and vimentin
production induced by TGF-B1 in lung fibroblasts.

Serum-starved lung fibroblasts were induced with TGF-B1 (5 ng/ml) in the
absence or presence of luteolin (25 uM) for 72 hours. Western blot analysis was
performed to detect a-SMA, vimentin and collagen protein expression in lung
fibroblasts. The blots were analyzed by densitometry and the results expressed

as relative integration units. Data from triplicate experiments are shown as
mean £ SD. * p< (.05, ** p<0.01 vs. Veh.
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Figure 10. Decrease of TGF-B1-induced Smad3 phosphorylation
and Smad4 expression by luteolin in primary lung fibroblasts.

Cells were pretreated with luteolin (25 uM) or TGF-B1 inhibitor (SB431542, 10
uM) for 30 min then treated with TGF-B1 (5 ng/ml) for 30 min. Smad3
phosphorylation and total Smad3 were measured with Western Blot analysis
using antibodies for p-Smad3 and Smad3. The blots were analyzed by
densitometry and the results expressed as relative integration units. Data from
triplicate experiments are shown as mean = SD. * p< (.05, **p <0.01 , ***p <
0.001 vs. TGF-B1.
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Figure 11. Prevention of TGF-B1-induced EMT by luteolin in
Ab49,

(A) Effects of luteolin on TGF-B1-induced morphological changes in A549 cells.
Serum-starved A549 cells were induced with TGF-B1 (5 ng/ml) in the absence
or presence of luteolin (25 uM) for 48 hours (200x), E-cadherin was
immunocytochemically determined with monoclonal antibody (630x%). (B)
Expression changes of EMT-related markers in A549 cells. Epithelial marker
(E-cadherin) is down-regulated by TGF-B1 and expression of fibronectin and
vimentin, the mesenchymal markers, are up-regulated by TGF-f1 in parallel
with the down regulation in the epithelial marker. These phenomenons are all
inhibited by luteolin. The blots were analyzed by densitometry and the results
expressed as relative integration units. Data from triplicate experiments are
shown as mean + SD. * p <0.05, ** p<0.01 vs. TGF-B1.
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Figure 12. Effect of luteolin on cell viability.

MH-S and RAW 264.7 cells were incubated with 5-50 uM luteolin for 24 h.
The results were displayed in percentage of control samples. Data are

presented as the mean £ SD. (n=3) for three independent experiments; Lut,
luteolin.
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Figure 13. Luteolin inhibited LPS-induced TNF-a and IL-6
production.

MH-S and RAW 264.7 cells were pretreated with luteolin (5-25 uM) for 30 min,
and then stimulated with LPS (100 ng/ml). Culture media were collected at 8 hr
for TNF-a (A) and IL-6 (B) analysis. Data are presented as the mean + SD.
(n=3) for three independent experiments; ** p< 0.01, *** p< 0.001 vs. LPS
treatment. Lut, luteolin.
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Figure 14. Luteolin inhibited LPS-induced NO and PGE,
production.

MH-S and RAW 264.7 cells were pretreated with luteolin (5-25 uM) for 30 min,
and then stimulated with LPS (100 ng/ml). Culture media were collected at 16
h for NO (A) and PGE, (B) analysis. Data are presented as the mean = SD. (n=3)
for three independent experiments; ** p< 0.01, *** p< 0.001 vs. LPS treatment.
Lut, luteolin.
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Figure 15. Luteolin decreased the protein levels of COX-2 and
INOS in LPS-stimulated macrophages.

MH-S and RAW 264.7 cells were pretreated with luteolin (25 uM) for 30 min,
and then stimulated with LPS (100 ng/ml) for 8-14 h. Total protein extract was
separated by SDS-PAGE, and then Western blot analysis with specific
antibodies against COX-2 and iNOS. B-actin was used as an internal loading
control. The figures were obtained from three independent experiments with
similar patterns.
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Figure 16. Luteolin decreased the mRNA levels of inflammation
-associated genes in LPS-stimulated macrophages.

Cells were pretreated with luteolin (25 uM) for 30 min, and then stimulated
with LPS (100 ng/ml) for 2-8 h. TNF-a, IL-6, COX-2 and iNOS mRNA
expression were analyzed by RT-PCR as described under Materials and
Methods. Data are presented as the mean = SD. (n=3) for three independent
experiments; ** p< 0.01, vs. LPS treatment. Lut, luteolin.
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Figure 17. RT-PCR analysis of IL-1Ra and IL-10 mRNA
expression.

MH-S cells were pretreated with luteolin (25 puM) for 30 min, and then
stimulated with LPS (100 ng/ml) for 8 h. Total RNAwas analyzed by RT-PCR.
The figures were obtained from three independent experiments with similar
patterns. Data are presented as the mean®=SD. (n=3) for three independent
experiments; * p< 0.05, ** p< 0.01. Lut, luteolin.

119



(A)
LPS (100 ng/ml)

NFkB complex . H “ u

(B)

dee el e

Fold Increase
o -l N W i
| 1+ TR

T

Figure 18. Attenuation of LPS-induced NF-kB activation by
luteolin.

MHS-S cells were pretreated with luteolin (25 uM) or PDTC (200 uM) for 30
min, and then stimulated with or without LPS (100 ng/ml) for 60 min.
Nuclear extracts were prepared and electrophoretic mobility shift assay was
performed wusing biotin-labeled NF-xB consensus binding sequence.
Competitive EMSA using an unlabeled NF-kB consensus sequence at 100-fold
excess confirmed the specificity of NF-kB protein binding. Values were
expressed as mean £ SD. (n=3). *p< 0.05 as compared with the
corresponding vehicle control; # p< 0.05 as compared with the LPS treatment.
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Figure 19.Effects of luteolin on LPS-induced nuclear translocation
of p65 subunit of NF-xB.

MH-S cells were preincubated with luteolin (25 uM) for 30 min, and then
treated with LPS (100 ng/ml) for 60 min. The subcellular localization of
NF-«B p65 subunit was detected by immunofluorescence with antibody against
p65 as described in Materials and Methods. The same fields were counter
stained with PI for location of nuclei.
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Figure 20. Luteolin blocked LPS-induced IkBa degradation.

MH-S and RAW 264.7 cells were pretreated with 25 uM luteolin for 30 min,
and then stimulated with LPS (100 ng/ml) for 10 and 20 min. Protein extract
was separated by SDS-PAGE followed Western blot analysis was performed
with specific antibodies against [kBo.. Equal loading of proteins was verified
by actin immunoblotting. The figures were obtained from three independent
experiments with similar patterns.
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Figure 21.Suppression of LPS-induced AP-1 activation by luteolin.

MH-S cells were pretreated with luteolin (25 uM) or curcumin (10 uM) for 30
min, and then stimulated with or without LPS (100 ng/ml) for 60 min.
Nuclear extracts were prepared and EMSA was performed using biotin-labeled
AP-1 consensus binding sequence. Competitive EMSA using an unlabeled
AP-1 consensus sequence at 100-fold excess confirmed the specificity of AP-1
protein binding. Values were expressed as mean £ SD. (n=3). * p< 0.05 as
compared with the corresponding vehicle control; # p< 0.05 as compared with
the LPS treatment. The figures were obtained from three independent
experiments with similar patterns. Lut, luteolin; Cur, curcumin.
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Figure 22. Effects of PDTC and curcumin on LPS-induced
inflammation-associated genes expression.

(A) MH-S cells were pretreated with curcumin, (B) 200 uM PDTC or (C)
combined treatment with PDTC and curcumin for 30 min, and then stimulated
with LPS (100 ng/ml) for 4 h. TNF-a, IL-6, COX-2 and iNOS mRNA
expression were analyzed by RT-PCR as described under Materials and
Methods. The figures were obtained from three independent experiments with
similar patterns. Lut, luteolin; Cur, curcumin.
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Figure 23. Effect of luteolin on LPS-induced ROS generation.

(A) MH-S macrophages were pretreated with H,DCFDA (5 uM) for 30 min in
serum-free medium and then exposed to LPS (100 ng/ml) at 37°C for 0, 5, 10,
(B) MH-S cells were pretreated with H,DCFDA (5 uM) and luteolin
(5, 10, and 25 uM) for 30 min, and then exposed to LPS (100 ng/ml) at 37°C
Cells were collected and fluorescence was measured by a
The figure was obtained from three

20 min.

for another 5 min.

(B)
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flow cytometer using Cell Quest software.
independent experiments with similar patterns.
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Figure 24. Luteolin decreased the LPS-induced Akt and IKKao/

phosphorylation.

MHS-S cells were pretreated with luteolin (25 uM) or LY294002 (10 uM) for 30
min, and then stimulated with LPS (100 ng/ml) for 10 min. 50 ug of each
protein was separated by SDS-PAGE, and then Western blot analysis with
specific antibodies against phospho-Akt (Thr308), phospho-Akt (Ser473) and
phosphor-IKKa/f (Ser176/180) were performed. [-actin was used as a control.
Results are expressed as the mean £ SD. for three independent experiments;
¥ p<0.01, *** p< 0.001 vs. LPS treatment. Lut, luteolin.
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Abstract

Luteolin, a plant flavonoid, has potent anti-inflammatory properties both in vitro and in vivo. However, the molecular mechanism of luteolin-
mediated immune modulation has not been fully understood. In this study, we examined the effects of luteolin on the production of nitric oxide
(NO) and prostaglandin E, (PGE,), as well as the expression of inducible NO synthase (iNOS), cyclooxygenase-2 (COX-2), tumor necrosis factor-
alpha (TNF-a), and interleukin-6 (IL-6) in mouse alveolar macrophage MH-S and peripheral macrophage RAW 264.7 cells. Luteolin dose-
dependently inhibited the expression and production of these inflammatory genes and mediators in macrophages stimulated with
lipopolysaccharide (LPS). Semi-quantitative reverse-transcription polymerase chain reaction (RT-PCR) assay further confirmed the suppression
of LPS-induced TNF- «, IL-6, iNOS and COX-2 gene expression by luteolin at a transcriptional level. Luteolin also reduced the DNA binding
activity of nuclear factor-kappa B (NF-kB) in LPS-activated macrophages. Moreover, luteolin blocked the degradation of IkB-a and nuclear
translocation of NF-kB p65 subunit. In addition, luteolin significantly inhibited the LPS-induced DNA binding activity of activating protein-1
(AP-1). We also found that luteolin attenuated the LPS-mediated protein kinase B (Akt) and IKK phosphorylation, as well as reactive oxygen
species (ROS) production. In sum, these data suggest that, by blocking NF-kB and AP-1 activation, luteolin acts to suppress the LPS-elicited
inflammatory events in mouse alveolar macrophages, and this effect was mediated, at least in part, by inhibiting the generation of reactive oxygen
species. Our observations suggest a possible therapeutic application of this agent for treating inflammatory disorders in lung.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Luteolin; LPS; NF-kB; AP-1; Alveolar macrophage; Anti-inflammation

Introduction

It is well documented that pulmonary oxidant stress and
inflammatory reaction play important pathological roles in di-
sease conditions, including acute lung injury/adult respiratory
distress syndrome (ALI/ARDS), hyperoxia, ischemia—reperfu-
sion, sepsis, radiation injury, lung transplantation, and chronic
obstructive pulmonary disease (COPD). Reactive oxygen species
(ROS), released from activated leukocytes and macrophage,
damage the lungs and initiate cascades of pro-inflammatory

* Corresponding author. Department of Education & Research, Taichung
Veterans General Hospital, Taichung 407, Taiwan, ROC. Tel.: +886 4
23592525x4037; fax: +886 4 23592705.

E-mail address: h2326(@mail.vghtc.gov.tw (S.-L. Hsu).

0024-3205/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/).1£5.2007.09.028

reactions multiplying pulmonary and systemic stress (Christofi-
dou-Solomidou and Muzykantov, 2006). Severe acute respiratory
syndrome (SARS) is a novel global infectious disease induced by
Corona virus. A clinical investigation has shown that pathological
changes in SARS patients are similar to those of acute lung injury,
as revealed by alveolar cell collapse, severe exudation, acute
inflammatory reaction and hyaline membrane formation (Lew
et al., 2003). Currently, no effective therapy is available for the
management of ALI/ARDS/SARS and only supportive therapies
exist. This has prompted us to search for novel compounds with
therapeutic effect to reduce lung injuries and relieve symptoms
(File and Tsang, 2005; Lai, 2005).

It is noteworthy that the use of medicinal plants or their crude
extracts is increasingly becoming an attractive approach as a
complement and an alternative for treating various inflammatory
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disorders. Lonicera japonica (Caprifoliaceae) has been known
as an anti-inflammatory herb in traditional Chinese medicine for
thousands of years and has been widely used for upper
respiratory tract infections, diabetes mellitus and rheumatoid
arthritis (Lee et al., 2001). This herbal medicine has also been
employed for treatment of SARS in mainland China (Liu et al.,
2006; Wu et al., 2004). Luteolin (3’,4',5,7-tetra-hydroxyl-
flavone), a flavonoid isolated from L. japonmica, exhibits a
strongly anti-inflammatory activity, can effectively inhibit the
lipopolysaccharide (LPS)-induced tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6) and inducible nitric oxide (NO)
production in vitro (Park et al., 2005; Xagorari et al., 2001), and
also protect against LPS-induced lethal toxicity by inhibiting
pro-inflammatory molecule expression in vivo and reducing
leukocyte infiltration in tissues (Kotanidou et al., 2002). LPS
from Gram-negative bacteria is well known to cause bacterial
sepsis mediated through activation of monocytes, neutrophils
and macrophages (Aderem and Ulevitch, 2000). Sometimes
activation of these cells may induce hyper-secretion of various
pro-inflammatory and toxicity mediating molecules such as
TNF-a and IL-6, eicosonoids and nitric oxide (NO) (Nathan,
1987). The excessive inflammatory responses, in turn, may
manifest respiratory failure and multiple organ dysfunction
syndrome (MODS) i.e. loss of capillary integrity, distributive
and septic shock, multiple organ dysfunction and mortality.
Exposure of laboratory animals or cultured monocytes to
bacterial LPS triggers the generation of ROS and gene
induction; the inducible genes encode pro-inflammatory
cytokines and enzymes such as TNF-a, IL-6, COX-2, and
iNOS, which up-regulate the host defense systems but
unfortunately also contribute to pathological conditions such
as bacterial sepsis, ischemia/reperfusion injuries, chronic
inflammatory disease, and the down-regulation of hepatic
drug-metabolizing enzymes (Guha and Mackman, 2001; Guha
et al., 2001). Recently, luteolin has been found to be able to
inhibit the LPS-induced TNF-a release by inactivating the
extracellular-regulated kinases (ERK) and p38 MAPK and
blocking the transcriptional activation of nuclear factor-kappa B
(NF-kB) (Xagorari et al,, 2001, 2002). An in vivo study
indicated that feeding of luteolin protects mice against LPS-
induced toxicity (Kotanidou et al., 2002). Also, luteolin
alleviates bronchoconstriction and airway hyperreactivity in
ovalbumin-sensitized mice (Das et al., 2003) and decreases the
acute Chlamydia pneumoniae infection load and inflammatory
reactions in vivo (Tormakangas et al., 2005).

Alveolar macrophages play a vital role in the defense of the
lung through their ability to scavenge inhaled particles, ingest
and kill microorganisms, recruit and activate other inflamma-
tory cells and elicit the immune response. They perform major
roles in antigen presentation, production of a variety of
biologically active substances (e.g. ROS and cytokines), and
modulation and regulation of immune effector cells (Kobayashi
etal., 1999; Matsunaga et al., 2001). Due to the lack of scientific
evidence to address the effect of luteolin on the alveolar
macrophages, in the present study, we examined the potential
anti-inflammatory properties of luteolin in LPS-stimulated
mouse alveolar macrophage MH-S and peripheral macrophage

RAW 264.7 cell lines. In addition, we also investigate the mo-
lecular mechanism responsible for the inhibitory effect of lu-
teolin. In this study, we demonstrate that luteolin inhibits LPS-
induced inflammatory reactions in MH-S cells, apparently
through blocking the NF-kB and activating the protein (AP-1)
transcription activation pathways.

Materials and methods
Reagents and cell culture

Luteolin was obtained from Extrasynthese (Genay, France)
and dissolved in EtOH:DMSO (1:1,v/v). Lipopolysaccharide
(Escherichia coli 055:B5), 1, 7-bis (4-hydroxy-3-methoxy-
phenyl)-1, 6-heptadiene-3, 5-dinone (curcumin), ammonium
pyrryolidinedithio-carbamate (PDTC) and LY294002 were
purchased from Sigma (St. Louis, MO, USA). Two different
types of macrophages were used in this study. MH-S and RAW
264.7 cells were obtained from Culture Collection and Research
Center (Hsinchu, Taiwan). MH-S were cultured in RPMI 1640
medium containing 10% fetal bovine serum (Hyclone, Logan,
UT, USA), penicillin (100 units/ml), and streptomycin (100 pg/
ml), 10 mM HEPES, 0.05 mM 2-mercaptoethanol. RAW 264.7
were cultured in Dulbecco’s modified Eagle’s medium
supplemented with 10% FBS, penicillin (100 units/ml), and
streptomycin (100 pg/ml). These cells were maintained at
subconfluence in a 95% air, 5% CO, humidified atmosphere at
37 °C.

Cell viability

Cell viability was assessed by the mitochondrial-dependent
reduction of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetra-
zolium bromide (MTT) to purple formazan. Cells were
incubated with MTT (0.5%) for 4 h at 37 °C. The medium
was removed by aspiration, and formazan crystals were dis-
solved in DMSO. The extent of the reduction of MTT was
quantified by measurement of A550.

Table 1

Primers used in RT-PCR analysis

Primer Sequence

TNF-a Forward 5'-ATGAGCACAGAAAGCATGATCCGC-3’
(502 bp) Reverse 5'-CTCAGGCCCGTCCAGATGAAACC-3'

IL-6 Forward 5'-ATGAAGTTCCTCTCTGCAAGAGACT-3'

(247 bp) Reverse 5'-CACTAGGTTTGCCGAGTAGATCTC-3’
iNOS Forward 5'-CAACCAGTATTATGGCTCCT-3’

(835 bp) Reverse 5'-GTGACAGCCCGGTCTTTCCA-3’
COX-2 Forward 5'-GGAGAGACTATCAAGATAGTGATC-3’
(860 bp) Reverse 5'-ATGGTCAGTAGACTTTTACAGCTC-3’
IL-10 Forward 5'-TGA ATT CCC TGG GTG AGA AG-3’
(136 bp) Reverse 5'-ACA CCT TGG TCT TGG AGC TT-3'
IL-1Ra Forward 5'-AAA TCT GCT GGG GAC CCT AC -3’
(127 bp) Reverse 5'-GGT CAA TAG GCA CCA TGT CT-3’
GAPDH Forward 5'-ACCACAGTCCATGCCATCAC-3’

(451 bp) Reverse 5'-TCCACCACCCTGTTGCTGTA-3’
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Cytokine measurement

Cytokine concentrations in the supernatants were determined
by ELISA kits that were specific against mouse cytokines.
Levels of TNF-a and IL-6 were measured by using OptEIA Set
from BD Biosciences. Assays were performed according to the
manufacturer’s instructions.

Nitrite measurement

The nitrite concentration in the medium was measured
according to the Griess reaction, and the calculated concentra-
tion was taken as an indicator of NO production. The
supernatant of cell cultures was mixed with an equal volume
of Griess reagent (1% sulfanilamide in 5% phosphoric acid and
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0.1% naphthylethylenediamine dihydrochloride in water). The
optical density at 550 nm (A550) was measured and calculated
against a sodium nitrite standard curve.

PGE, measurements

PGE, concentration in the supernatant of the culture medium
was determined by using an EIA kit (Cayman Chemical, Ann
Arbor, MI, USA) according to the manufacturer’s instructions.
Western blotting analysis

Confluent cells (1x10°) in a 3.5-cm petri dish were

pretreated without or with luteolin (25 pM, Extrasynthese,
Genay, France) for 30 min and then treated with LPS (100 ng/
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Fig. 1. Luteolin inhibited LPS-induced pro-inflammatory cytokine and mediator production. MH-S and RAW 264.7 cells were pretreated with luteolin (5-25 uM) for
30 min, and then stimulated with LPS (100 ng/ml). (A) Culture media were collected at 8 h for TNF-a and IL-6 analysis, 16 h for NO and PGE, analysis. (B) Viability
in luteolin-treated cells was evaluated using the MTT assay. Cells were incubated with 5—50 uM luteolin for 24 h. The results are displayed in percentage of control
samples. Data are presented as the mean=SEM (n=3) for three independent experiments; **p<0.01, ***p<0.001 as compared with the LPS treatment. Lut, luteolin.
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ml) in the absence or presence of luteolin. At each point in time,
cells were washed with PBS and then scraped into micro-
centrifuge tubes and pelleted. The cell pellets were resuspended
in extraction lysis buffer (50 mM HEPES, pH 7.0, 250 mM
NaCl, 5 mM EDTA, 0.1% Nonidet P-40, 1 mM phenylmethyl-
sulfonyl fluoride, 0.5 mM dithiothreitol, 5 mM NaF, 5 mg/ml
each of leupeptin and aprotinin) and incubated for 20 min at
4 °C. Cell debris was removed by microcentrifugation,
followed by quick freezing of the supernatants. The protein
concentration was determined by using the Bio-Rad protein
assay reagent according to the manufacturer’s instruction.
Lysates (20 pg/lane) were separated by SDS-PAGE on
polyacrylamide gels and transferred onto polyvinylidene
difluoride membranes (PerkinElmer Life Sciences, Inc.
Boston, MA, USA). The membranes were blocked in 5%
milk in TBS-T solution for 1 h. Then membranes were
subsequently probed with monoclonal anti-iNOS antibody
(Sigma, St. Louis, MO, USA), anti-COX-2 and IkBa antibody
(Santa Cruz Biochemicals, Santa Cruz, CA, USA), anti-
phospho-Akt (Thr308) and phospho-Akt (Ser473), anti-
IKKa/B, anti-phospho-IKKa/p antibody (Cell Signaling)
overnight at 4 °C. The blots were washed with TBS-T three
times and incubated with horseradish peroxidase-conjugated
rabbit anti-mouse or anti-rabbit IgG (1:20,000; PerkinElmer
Life Sciences, Inc. Boston, MA, USA) for 1 h at room
temperature. Following three further washings in TBS-T,
immunoreactive bands were visualized using the ECL-Plus
detection system (PerkinElmer Life Sciences, Inc. Boston, MA,
USA).

Semi-quantitative RT-PCR for TNF-o, IL-6, iNOS, COX-2, IL-10
and IL-1Ra

Total cellular RNA was extracted from both the controlled
and treated cells in a 6-well plate by Trisolution Reagent Plus
(GeneMark, Taiwan) in accordance with the manufacturer’s
instructions. Then RT-PCR analyses were performed by using
the One-step RT-PCR kit (GeneMark, Taiwan). The sequences
of the primers are presented in Table 1. The first strand of
cDNA synthesis was 1 cycle for reverse transcription (50 °C,
30 min) and | cycle for MMLV RTase inactivation (94 °C,
2 min). The second strand cDNA synthesis and PCR reaction
were performed as follows: TNF-a, IL-6, IL-10 and IL-1Ra
(94 °C for 1 min, 60 °C for 1 min, and 72 °C for 2 min), iNOS
(94 °C for 45 s, 65 °C for 45 s, and 72 °C for 2 min) and COX-
2 (94 °C for 45 s, 55 °C for 1 min, 72 °C for 2 min). For each
combination of primers, the kinetics of PCR amplification was
studied. The number of cycles corresponding to plateau was
determined and PCR was performed at exponential range.
PCRs were electrophoresed through a 1% agarose gel and
visualized by ethidium bromide staining and UV irradiation.

Electrophoretic mobility shifi assay
MH-S cells were plated in 3.5-cm dishes (1x 10° cells). The

cells were pretreated without or with luteolin (25 pM) for 30 min
and then treated with LPS in the presence or absence of luteolin

for 0—120 min. A fter treatment, cells were washed once with PBS,
scraped into 1 ml of cold PBS, and pelleted by centrifugation.
Nuclear fractions were extracted by buffer I (1 M Tris—HC1, 0.5 M
EDTA, 100 mM EGTA) and Totex buffer. Twenty micrograms of
nuclear protein was incubated with 100 pmol of 5’-biotinate
double-stranded oligonucleotide probes containing a consensus
binding sequence of NF-«B (5-AGTTGAGGGGACTTTCC-
CAGGC-3")or AP-1 (5’-CGCTTGATGAGTCAGCCGGAA-3")
for 30 min and resolved in 6% nondenaturing polyacrylamide gel.
The protein—-DNA-biotin complexes were blotted onto a
nitrocellulose transfer membrane (PerkinElmer Life Science,
Inc. Boston, MA, USA) followed by UV cross-linking. The
complexes were revealed with streptavidin—horseradish peroxi-
dase conjugate and SuperSignal chemiluminescent substrate then
exposed to X-ray film.

Immunofluorescence

Cells were pretreated without or with luteolin (25 pM) for
30 min and then treated with LPS (100 ng/ml) in the presence or
absence of luteolin, and then fixed with 2% paraformaldehyde
for 20 min. The cells were incubated with 0.1% Triton X-100
for 30 min then blocked with 1% BSA for 30 min. Cells were
probed with mouse anti-p65 antibody (Santa Cruz Biochem-
icals, Santa Cruz, CA, USA, 1:500) overnight at 4 °C, followed
by FITC-conjugated goat anti-mouse IgG antibody (Sigma, St.
Louis, MO, USA, diluted 1:200) 1 h at 37 °C, washed with PBS
three times and then stained with propidium iodide for 15 min.
NF-kB p65 subunit was observed with a laser scanning confocal
microscope.

Reactive oxygen species (ROS) production

Intracellular oxidative stress was assayed by measuring
intracellular oxidation of dichlorofluorescein (DCFH). The
substrate was 2’, 7’-dichlorofluorescein diacetate (H,DCFDA)
which easily diffuses into the cell and was next deacetylated by
cellular esterases to the more hydrophilic, nonfluorescent
DCFH. H,0, produced in the cell oxidized DCFH to the
fluorescent 2/, 7’-dichlorofluorescein (DCF). MH-S cells were
pretreated with H,DCFDA (5 pM, Molecular Probes, Eugene,
OR, USA) and luteolin (5-25 pM) for 30 min in a serum-free
medium. Next, the cells (except for controls) were exposed to
100 ng/ml LPS at 37 °C for several times. Cells were detached
and fluorescence was measured with a FACSCalibur flow
cytometer using the Cell Quest software.

Statistical analysis

All results are expressed as means=SEM of twelve replicates
from three independent experiments. Figures shown in this
article were obtained from at least three independent experi-
ments with similar patterns. One-way ANOVA followed by a
Scheffe post-hoc test and Student’s #-test was used to determine
the level of significance for the statistical analysis of data by
using SPSS 10.0 statistical program. A p-value of less than 0.05
was considered significant.
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Results

Luteolin inhibited LPS-induced pro-inflammatory cytokine
expression and NO and PGE; production

Pro-inflammatory cytokines (including TNF-a and IL-6) and
mediators (NO and PGE,) play important roles in the
inflammatory process. To examine how luteolin regulates the
production and expression of these cytokines and mediators, the
levels of secreted TNF-a, IL-6, NO and PGE, were measured.
As demonstrated in Fig. 1A, treatment of mouse alveolar
macrophage MH-S and peripheral macrophage RAW 264.7
cells with LPS (100 ng/ml) caused a substantial increase in the
production of pro-inflammatory cytokines (TNF-a and IL-6)
and mediators (NO and PGE;). When the cells were incubated
with luteolin (5-25 uM) alone, the concentration of TNF-c, IL-
6, NO and PGE, maintained at a background level similar to
that in the unstimulated culture (data not shown). To examine
whether luteolin is cytotoxic to these two macrophages cell
lines, MH-S and RAW 264.7 cells were incubated with 5—
50 uM luteolin for 24 h. Within our tested concentrations, no
cytotoxic effect of luteolin was observed in these two cells
(Fig. 1B). However, treatment with luteolin for 1 h before being
incubated with LPS resulted in a dose-dependent inhibition of
the LPS-induced TNF-«, IL-6, NO and PGE, production in
both MH-S and RAW 264.7 cells (Fig. 1A).

Luteolin decreased the protein and mRNA levels of
inflammation-associated genes and increased IL-1Ra mRNA
level in LPS-stimulated macrophages

To determine if the inhibitory effect of luteolin on these
inflammatory mediators (NO and PGE,) was related to the
regulation of iNOS and COX-2, the levels of these two proteins
were examined by Western blot analysis. As indicated in
Fig. 2A, the protein levels of iNOS and COX-2 were markedly
increased upon LPS treatment, and this induction was
effectively inhibited by luteolin treatment.

To address the suppressive effect of luteolin on LPS-induced
inflammatory molecules that might result from a transcriptional
inhibition, MH-S and RAW 264.7 cells were stimulated with
LPS in the presence or absence of luteolin at various indicated
time points, and the mRNA levels of iNOS, COX-2, TNF-« and
IL-6 were measured by RT-PCR. As presented in Fig. 2B, LPS-
stimulated macrophages increased the mRNA levels of iNOS,
COX-2, TNF-a, and IL-6. However, luteolin (25 uM) signif-
icantly attenuated the LPS-induced TNF-a, I1L-6, COX-2 and
iNOS mRNA expression in both MH-S and RAW 264.7

macrophages. These results summed up to indicate that the
LPS-stimulated iNOS, COX-2 and pro-inflammatory cytokines
(TNF-a and IL-6) expression would be suppressed by luteolin
at the transcriptional level. Interleukin-10 (IL-10) and IL-1Ra
are potent anti-inflammatory cytokines produced predominantly
by activated macrophages. The effects of Iuteolin on the
expression of IL-10 and IL-1Ra in LPS-activated MH-S
macrophages were examined. As demonstrated in Fig. 2C,
luteolin significantly increased the LPS-induced IL-1Ra mRNA
level but had no observable effect on the expression of IL-10
mRNA in MH-S macrophages.

Prevention of LPS-induced NF-kB activation by luteolin

NF-«B is an important transcriptional regulator of inflam-
matory cytokines and plays a crucial role in immune responses
(Aderem and Ulevitch, 2000). For the purpose of this study, we
hypothesized that luteolin would inhibit the expression of these
genes through the suppression of NF-kB activation. We
examined the effect of luteolin on the binding activity of NF-
kB to its consensus DNA oligonucleotide by employing the
electrophoretic mobility shift assay (EMSA). As indicated in
Fig. 3A, LPS treatment caused a significant increase in NF-xkB—
DNA binding activity within 60 min. This binding activity was
decreased by pretreatment with luteolin, and the specific
interaction between DNA and NF-kB was demonstrated by
competitive inhibition with 100-fold excess of unlabeled
oligonucleotide. LPS-mediated NF-xB—DNA binding activity
was also inhibited by a NF-«B inhibitor, PDTC. Furthermore,
we examined the regulatory effect of luteolin on LPS-induced
nuclear translocation of the cytosolic NF-kB p65 subunit
by immunostaining (Fig. 3B). As expected, luteolin treat-
ment markedly suppressed the LPS-induced NF-«B p65
nuclear translocation. Since nuclear translocation of NF-xB
was preceded by the phosphorylation, ubiquitination, and
proteosome-dependent degradation of IkB (Ghosh and Balti-
more, 1990; Hayden and Ghosh, 2004), we next examined the
effect of luteolin on LPS-induced IkB degradation by Western
blot analysis. As demonstrated in Fig. 3C, stimulation of MH-S
or RAW 264.7 macrophages with 100 ng/ml LPS induced a
rapid degradation of cytosolic IkB protein within 10 to 20 min;
this effect was drastically blocked by treatment with luteolin
(25 uM).

Prevention of LPS-induced AP-1 activation by luteolin

Fig. 3A shows that PDTC inhibited LPS-induced NF-xB—
DNA binding activity. In order to determine whether this action

Fig. 2. Luteolin decreased the protein and mRNA levels of inflammation-associated genes in LPS-stimulated macrophages. (A) MH-S and RAW 264.7 cells were
pretreated with luteolin (25 uM) for 30 min, and then stimulated with LPS (100 ng/ml) for 8—14 h. Total protein extract was separated by SDS-PAGE, and then Western
blot analysis with specific antibodies against COX-2 and iNOS. {3-actin was used as an internal loading control. (B) RT-PCR analysis of TNF-a, IL-6, COX-2 and
iNOS mRNA expression. Cells were pretreated with luteolin (25 uM) for 30 min, and then stimulated with LPS (100 ng/ml) for 28 h. Total RNA was analyzed by RT-
PCR as described under Materials and methods. (C) RT-PCR analysis of IL-10 and IL-1Ra mRNA expression. MH-S cells were pretreated with luteolin (25 pM) for
30 min, and then stimulated with LPS (100 ng/ml) for 8 h. Total RNA was analyzed by RT-PCR. The figures were obtained from three independent experiments with
similar patterns. Data are presented as the mean+SEM (n=3) for three independent experiments; *p<0.05, **p<0.01 as compared with the LPS treatment.
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is attributed to suppressing the expression of inflammatory
genes, RT-PCR analysis was performed. LPS-mediated up-
regulation of inflammatory genes (iNOS, COX-2, and IL-6) was
significantly attenuated by PDTC except TNF-a (Fig. 4A).
Based on these results, we hypothesize that there may be other
routes participating in the inhibitory effect of luteolin on TNF-«
expression. It has been reported that transcription factor
activating protein-1 (AP-1) also appears to be activated by
LPS and causing production of pro-inflammatory cytokines
(Granger et al., 2000; Shaulian and Karin, 2002). Accordingly,
subsequent study of LPS-induced AP-1 activation in MH-S
cells was performed. Pretreatment of MH-S cells with 10 pM
curcumin (an AP-1 inhibitor) resulted in a decrease of the LPS-
stimulated TNF-a, IL-6, INOS mRNA expression except COX-
2 mRNA. The inhibitory effect of luteolin on inflammatory
gene expression is stronger than that of combined treatment
with curcumin and PDTC in LPS-stimulated macrophages
(Fig. 4B). To assess the effect of Iuteolin and curcumin on AP-
1-DNA binding activity, EMSA was done on MH-S cells. As
indicated in Fig. 4C, treatment with LPS caused an increase in
AP-1-DNA binding activity within 60 min; pretreatment with
luteolin or curcumin caused a strong inhibition of LPS-induced
AP-1-DNA binding activity. These results suggest that the
inhibitory effect of luteolin on LPS-stimulated pro-inflamma-
tory cytokines and mediator production might be regulated by
both NF-kB and AP-1 transcriptional activation.
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Luteolin inhibited the LPS-mediated ROS generation

It has been reported that LPS rapidly induces the generation
of ROS especially H,O, in macrophages (Hsu and Wen, 2002;
Lu and Wahl, 2005). In order to investigate the effect of luteolin
on LPS-induced ROS production, H,DCFDA was applied in
order to detect cell oxygen burst. As illustrated in Fig. 5A,
treatment of MH-S cells with LPS rapidly increased intracel-
lular ROS level, especially H,O, and .OH. Preincubation with
luteolin (5, 10 and 25 uM) for 30 min attenuated the ROS
generation in a dose-dependent manner in the LPS-activated
macrophages (Fig. 5B).

Luteolin inhibited the LPS-induced Akt and IKK phosphorylation

Previous study indicated that transcriptional activation of
NF-kB can be regulated through IKK or Akt signaling pathway.
To further address the upstream signaling molecule in luteolin-
mediated NF-«B inactivation, MH-S cells were pretreated with
luteolin for 30 min and then stimulated with 100 ng/ml LPS for
10 min, the effect of luteolin on LPS-induced Akt and IKK
activation was examined. Pretreatment with luteolin signifi-
cantly reduced the LPS-elicited Akt (Thr308 and Ser473) and
IKKa/p (Ser176/180) phosphorylation. Similarly, pretreatment
with a PI3-k selective inhibitor LY294002 (10 uM) resulted in a
dramatic reduction of Akt and IKKa/p phosphorylation
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Fig. 3. Attenuation of LPS-induced NF-kB activation by luteolin. (A) Effect of luteolin on LPS-induced NF-xB-DNA binding activity. MH-S cells were pretreated
with luteolin (25 uM) or PDTC (200 uM) for 30 min, and then stimulated with or without LPS (100 ng/ml) for 60 min. Nuclear extracts were prepared and
electrophoretic mobility shift assay was performed using biotin-labeled NF-xkB consensus binding sequence. Competitive EMSA using an unlabeled NF-«xB consensus
sequence at 100-fold excess confirmed the specificity of NF-kB protein binding. Values were expressed as means+=SEM (n=3). *p<0.05 as compared with the
corresponding vehicle control; “p<0.05 as compared with the LPS treatment. (B) Effects of luteolin on LPS-induced nuclear translocation of p65 subunit of NF-kB.
MH-S macrophages were preincubated with luteolin (25 pM) for 30 min, and then treated with LPS (100 ng/ml) for 60 min. The subcellular localization of NF-kB p65
subunit was detected by immunofluorescence with antibody against p65 as described in Materials and methods. The same fields were counter stained with PI for
location of nuclei. (C) Luteolin blocks LPS-induced IkBa degradation. MH-S and RAW 264.7 cells were pretreated with 25 pM luteolin for 30 min, and then
stimulated with LPS (100 ng/ml) for 10 and 20 min. Protein extract was separated by SDS-PAGE followed by Western blot analysis that was performed with specific
antibodies against IkBa. Equal loading of proteins was verified by actin immunoblotting. The figures were obtained from three independent experiments with similar

patterns.
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(Fig. 6). These data suggested that luteolin inhibited NF-xB
activation via suppression of Akt and IKK phosphorylated
activation.

Discussion

Flavonoids are ubiquitous plant secondary metabolites and
have a variety of biological effects, including antioxidant, anti-
tumor, anti-microbial, anti-allergic, and anti-angiogenic prop-
erties (Shimada et al., 2006). Some natural flavonoids have anti-
inflammatory effects in mammalian cells, which may be due to
their ability to suppress the production of pro-inflammatory
cytokines and mediators (Yuan et al., 2006). Accumulated
evidence indicates that dysregulation of cytokines, such as
TNF-a and IL-6, plays an essential role in many inflammatory
conditions such as septic shock, hemorrhagic shock, rheumatoid
arthritis and atherosclerosis. Inhibition of inflammatory cyto-
kine and mediator production or function serves as a key
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mechanism in the control of inflammation, and agents that
suppress the expression of these inflammation-associated genes
have therapeutic potential for treatment of inflammatory
diseases. Therefore, natural flavonoids have attracted interest
as potential therapeutic agents for the treatment of inflamma-
tion. The plant flavonoid luteolin exhibits anti-inflammatory
effects by inhibiting NF-kB-elicited gene expression and pro-
inflammatory cytokine production in vitro (Xagorari et al.,
2001), and histologically suppresses the inflammation in
bacteria-infected lung tissue in C57BL/6J mice (Tormakangas
et al., 2005). On the other hand, alveolar macrophages
especially are thought to be the preferential immunoregulatory
cell in lung tissue and targeted by bacterial endotoxins such as
LPS. In this study, we found that luteolin significantly inhibits
LPS-induced TNF-a, IL-6, cyclooxygenase-2, and iNOS
expression at the transcriptional level in murine alveolar
macrophage MH-S and peripheral macrophage RAW 264.7
cell lines.
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Fig. 4. Suppression of LPS-induced AP-1 activation by luteolin. MH-S cells were pretreated with 200 pM PDTC (A) or combined treatment with PDTC and curcumin
(B) for 30 min, and then stimulated with LPS (100 ng/ml) for 4 h. Effects of PDTC and curcumin on LPS-induced TNF-a, IL-6, COX-2 and iNOS mRNA expression
were analyzed by RT-PCR as described under Materials and methods. (C) Effect of luteolin on LPS-induced AP-1-DNA binding activity. MH-S cells were pretreated
with luteolin (25 uM) or curcumin (10 pM) for 30 min, and then stimulated with or without LPS (100 ng/ml) for 60 min. Nuclear extracts were prepared and EMSA
was performed using biotin-labeled AP-1 consensus binding sequence. Competitive EMSA using an unlabeled AP-1 consensus sequence at 100-fold excess confirmed
the specificity of AP-1 protein binding. Values are expressed as means+SEM (n=3). *p<0.05 as compared with the corresponding vehicle control; p<0.05 as
compared with the LPS treatment. The figures were obtained from three independent experiments with similar patterns. Lut, luteolin; Cur, curcumin.
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Fig. 5. Effect of luteolin on LPS-induced ROS generation. (A) MH-S
macrophages were pretreated with H,DCFDA (5§ pM) for 30 min in serum-
free medium and then exposed to LPS (100 ng/ml) at 37 °C for 0, 5, 10, 20 min.
(B) MH-S cells were pretreated with H,DCFDA (5 uM) and luteolin (5, 10, and
25 uM) for 30 min, and then exposed to LPS (100 ng/ml) at 37 °C for another
5 min. Cells were collected and fluorescence was measured with a flow
cytometer using Cell Quest software. The figure was obtained from three
independent experiments with similar patterns.

Macrophages/monocytes, derived from a bone marrow
pluripotent stem cell, are specialized hematopoietic cells
distributed throughout different tissues of the body where
they play a central role in homeostasis and tissue remodeling.
Generation of an immune response may be considered another
aspect of macrophage function. When monocytes leave the
bone marrow, they do not appear to be programmed for any
particular tissue. Rather, they undergo tissue-specific matura-
tion in response to factors in tissues. Different macrophage
populations may arise from differing local conditions in the
tissue; these populations differ in morphology and functional
activity (cytotoxicity, migration, oxygen radical production,
pinocytosis and tissue factor production). In the lung, alveolar
macrophage function can be influenced by surfactant and other
components of lung lining fluid that can be obtained by lung
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lavage (Lambrecht, 2006). The alveolar macrophages play a key
role in inflammatory and immune responses in the lung.
However, the alveolar macrophage is thought to be a relatively
poor antigen-presenting cell, compared with interstitial macro-
phages and monocytes. It has been reported that LPS-inducible
genes were differentially regulated in macrophages derived
from different tissues (Feng et al., 1999). To our knowledge, this
is the first report implicating the inhibition of LPS-stimulated
inflammatory molecule gene expression by luteolin in both
alveolar and peripheral macrophage cell lines. Our observations
are consistent with the findings of previous reports demonstrat-
ing that luteolin significantly suppressed the LPS-increased
expression of TNF-a and iNOS genes in murine primary bone
marrow-derived macrophages (Comalada et al., 2006), and of
IL-6 and COX-2 in peripheral macrophage cell line RAW 264.7
(Xagorari et al., 2001; Harris et al., 2006). However, our
findings show that the different populations of macrophages
exhibit differential kinetics of activation in response to LPS. For
example, while the activation of MH-S macrophages by LPS is
relatively rapid (detectable at 2 h, Fig. 2B). LPS stimulation of
RAW 264.7 macrophage activation is more slow (detectable at
4 h, Fig. 2B). Interestingly, the inhibitory effect of Iuteolin on
LPS-induced gene expression (TNF-a, IL-6, COX-2 and iNOS)
is stronger in MH-S macrophages than in peripheral macro-
phages (Fig. 2B). These results imply that alveolar macrophages
are more sensitive to tested agents (LPS and luteolin) than
peripheral macrophages. The reason for such differences may
be due to functional heterogeneity among tissue macrophages as
regards their cytokine production and signal transducing
properties.

TNF-a, a cytotoxic cytokine, is known to play a key role in
inflammatory processes (Nathan, 1987). As LPS stimulation
induces a large increase in macrophage TNF-a production
(Guha and Mackman, 2001), this production of TNF-«a is also
known to be responsible for induction of other pro-inflamma-
tory mediators (Chandel et al., 2000). Our results, similar to
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Fig. 6. Luteolin decreased the LPS-induced Akt and IKK /P phosphorylation. MH-S cells were pretreated with luteolin (25 uM) or LY294002 (10 uM) for 30 min,
and then stimulated with LPS (100 ng/ml) for 10 min. Fifty micrograms of each protein was separated by SDS-PAGE, and then Western blot analysis with specific
antibodies against phospho-Akt (Thr308), phospho-Akt (Ser473) and phosphor-IKKo/p (Ser176/180) was performed. 3-actin was used as a control. Results are
expressed as the mean+SEM for three independent experiments; **p<0.01, ***p<0.001 vs. LPS treatment. Lut, luteolin.
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those of a previous report (Xagorari et al., 2001), have shown an
inhibitory action of luteolin on the LPS-induced production of
TNF-a mRNA expression in LPS-activated MH-S macro-
phages. Moreover, both luteolin and curcumin cause a strong
inhibition of LPS-induced AP-1-DNA binding activity (Fig. 4).
These observations suggest that luteolin-suppressed TNF-a
production most likely occurs via an AP-1-dependent pathway
in LPS-stimulated MH-S macrophages.

Interleukin (IL)-6 is a typical pleiotropic cytokine which
plays an important role in the homeostasis of the immune system
and hematopoietic system, in addition to its physiological
functions upon the nervous system, endocrine system and bone
metabolism (Kamimura et al., 2003). However, IL-6 production
is rapidly increased in acute inflammatory responses associated
with infection, injury, trauma and other stress. As such, a
dysregulated, high-level production of IL-6 could induce an
undesirable inflammatory condition in many organs. With this
study we show that luteolin not only inhibits IL-6 production
(Fig. 1) but also reduces its mRNA transcript in LPS-stimulated
MH-S and RAW 264.7 macrophages, indicating that this
compound could transcriptionally down-regulate 1L-6 expres-
sion. The NF-«B transcription factor has been proved to play a
key role in the transcriptional up-regulation of the LPS-inducible
IL-6 gene (Guha and Mackman, 2001). We found that although
the LPS-induced NF-kB and AP-1-DNA binding activities are
inhibited by luteolin (Figs. 3A and 4C), blocking NF-kB activity
with PDTC significantly attenuates IL-6 mRNA expression.
However, blocking AP-1 activity with curcumin slightly
reduced LPS-induced IL-6 expression (Fig. 4). These results
suggest that luteolin-mediated NF-«B inactivation is the most
important pathway involved in IL-6 down-regulation in LPS-
stimulated macrophages.

NO is a free radical playing a pivotal role as a vasodilator,
neurotransmitter and immune regulator in a variety of tissues at
physiological concentrations. Currently, at least three distinct
isoforms of NOS have been isolated and cloned: eNOS
(endothelial NOS), iNOS (inducible NOS) and nNOS (neuronal
NOS). Many cell types can express iNOS for their function in
the host defense against microbial and viral pathogens (Bogdan,
2001), and this leads to the formation of NO radicals or S-
nitrosothiols or ONOO " in the host cell or in the microbe itself.
On the other hand, iNOS expression in macrophages is
activating by particular inducers and participating in the
pathology of inflammatory diseases including atherosclerosis,
rheumatoid arthritis, diabetes, septic shock, transplant rejection,
and multiple sclerosis, leading to cell death (Buttery et al.,
1994). Therefore, the regulation of NO production or iNOS
expression levels might be an important target in the treatment
of inflammatory disorders.

Luteolin has been shown to inhibit the NO production and
iNOS expression in LPS-stimulated BV-2 microglial cells (Kim
et al.,, 2006), in primary bone marrow-derived macrophages
(Comalada et al., 2006) and in human gingival fibroblasts
(Gutierrez-Venegas et al., 2006). Consistently, we found that
suppression of iNOS expression by luteolin is in parallel with
the comparable inhibition of NO production in LPS-activated
MH-S and RAW 264.7 macrophages. Both NF-xB and AP-1

binding sites have been identified on the murine iNOS promoter
and play a role in LPS-mediated induction of iNOS in
macrophages (Aktan, 2004; Cho et al., 2002). Our results
indicate that in addition to the inhibition of the NF-xB
activation by luteolin, a slight decrease in the AP-1 activation
may also contribute to the suppression of iNOS gene
expression.

Cyclooxygenase (COX)-2, an enzyme in the conversion of
arachidonic acid to prostaglandins (PGs), prostacyclin, and
thromboxane A,, clearly represents an important step towards
relieving the inflammatory process in macrophages (Wadleigh
et al., 2000). Thus, selective inhibitors of COX-2 have been
considered therapeutically effective for preventing inflamma-
tory reaction and disease. The production of PGs by LPS in
macrophages is primarily because of the transcriptional
activation of the COX-2 gene. Luteolin has been found to
inhibit inflammation-associated COX-2 expression and PGE,
formation in RAW 264.7 cells (Harris et al., 2006). We
demonstrate here that luteolin could suppress PGE, production
and COX-2 gene expression via inactivation of NF-«kB in both
MH-S and RAW 264.7 macrophages. Our data also revealed
that luteolin might not affect COX-1 enzymatic activity,
because this compound did not alter basal PGE, production in
these two macrophage cell lines (data not shown).

It has been reported that endogenous IL-1Ra produced by
both macrophages and infiltrating neutrophils, exhibits an
important anti-inflammatory effect in LPS-induced lung-injury
model (Ulich et al., 1992). Expression of IL-1Ra may attenuate
bronchial hyperreactivity and inflammation in both antigen-
induced disease and in allergen-induced late asthmatic reactions
in guinea pigs (Okada et al., 1995). Our observations showed
that luteolin could up-regulate IL-1Ra mRNA expression in
LPS-stimulated MH-S macrophages. These results revealed that
the anti-inflammatory effect of luteolin may not only down-
regulate the pro-inflammatory cytokines but also up-regulate
the anti-inflammatory cytokines.

The intracellular redox (reduction—oxidation) state is
physiologically important in maintaining cellular homeostasis
and is vital for proper cellular functions. Oxidative stress
occurs when this balance is disrupted by excessive production
of ROS. ROS are commonly multiplied during inflammatory
processes that involve signal transduction and gene activation
and can contribute to host cell and organ damage. Accumulat-
ing evidence indicates that generation of ROS is involved in
regulating the activation status of a variety of transcription
factors, including NF-«B and AP-1 (Pham et al., 2004).
Intracellular redox changes induced by ROS augment NF-xB
activation through the phosphorylation and degradation of IkB
by increasing IKK or Akt kinase activity (Gloire et al., 2006).
Several agents that activate NF-«kB are found to have led to
increased intracellular production of ROS. Previous studies
proved that antioxidants inhibit NF-kB activation and block the
expression of inflammatory cytokines as well as the production
of NO and PGE,. Also, it has been reported that ectopic
overexpression of catalase attenuates ROS production and
subsequently inactivates AP-1 in endothelial cells (Lin et al.,
2004). Structurally distinct antioxidants have been shown to
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inhibit the expression of NF-xkB- and AP-1-dependent
cytokines, iNOS and COX-2 and, thus, reduce inflammation
(Comalada et al., 2006; Ma et al., 2003). Therefore, it is
suggested that the suppressive effects of these antioxidant
compounds on the production of the associated inflammatory
mediators are related with their antioxidant activities.

Luteolin exhibits obvious antioxidative and has been shown to
be able to scavenge ROS (Harris et al., 2006). In this study, we
found the LPS-induced ROS produced within the initial 5 min,
degradation of IkBa would occur within 10—20 min, and the NF-
kB and AP-1 DNA binding activities would increase within
30 min. It is likely that the LPS induced NF-«B activation via the
generation of ROS and possible that luteolin, through scavenging
of ROS, may mediate suppression of NF-«B and/or AP-1
signaling, thus reducing the level of downstream products
(including TNF-a, IL-6, iNOS and COX-2) in alveolar MH-S
macrophages. These results suggest that this pharmacological
property of luteolin may have therapeutic potential with respect to
modulating redox-sensitive alveolar macrophage functions caus-
ally implicated in acute lung injury and other inflammatory
disorders within the alveolar compartment during evolving
microbial sepsis.

LPS signaling in macrophages involves a series of phosphor-
ylation events leading to transcription factor activation and
cytokine production. Stimulation of RAW 264.7 with LPS leads
to a time dependent phosphorylation of tyrosine residues of
several proteins that is inhibited by luteolin (Xagorari etal., 2001).
It has been reported that LPS stimulated NF-xB activation
through the phosphorylation and degradation of IkB by increasing
IKK or Akt kinase activity (Ardeshna et al., 2000). Studies by
Ozes et al. and Madrid et al. showed that a signaling pathway
culminating in phosphorylation both IKK«a and 3 by Akt are
necessary for activation of NF-kB (Madrid et al., 2001; Ozes
etal., 1999). Our results show that luteolin significantly decreases
the phosphorylation of Akt on Ser473 and Thr308 and IKK /3 on
Ser176/180 (Fig. 6) similarly to results obtained with L'Y294002,
and this inhibitory event is accompanied by the suppression of
IkB degradation and NF-«B p65 subunit nuclear translocation in
alveolar MH-S macrophages, indicating that Akt and IKK
inactivation might be involved in luteolin-mediated anti-inflam-
matory actions. Experiments are underway to further dissect the
molecular mechanism that involves kinase in the inhibitory
effects of luteolin on the LPS-induced cytokine and mediator
production in MH-S cells.

Luteolin belongs to the flavonoid family of compounds.
Flavonoids are composed of two aromatic rings linked through
three carbon atoms that form an oxygenated heterocycle.
Variations in the basic structure of flavonoids yield different
classes of flavonoids. The structure variations may mediate the
differences in the bioactivity of these related compounds.
Xagorari and co-workers used RAW 264.7 macrophages to
evaluate the effect of flavonoids on macrophage physiology.
Their results showed that among the tested flavonoids,
quercetin and luteolin are the most active compounds in
reducing the action of LPS on pro-inflammatory cytokine
release in macrophage and luteolin showed a lower IC50 than
quercetin (Xagorari et al., 2001). These data are in line with the

findings of Comalada et al. (2006) who showed that luteolin and
quercetin effectively inhibited LPS-stimulated TNF-a release in
primary bone marrow-derived macrophages. Analysis of the
structure—activity relationship showed that four hydroxylations
at positions 5, 7, 3’ and 4’, together with the double bond at C2—
C3 and the position of the B ring at 2, seem to be necessary for
the highest anti-inflammatory effect. The major determinants of
antioxidative capacity have been classically considered to be the
presence of a catechol group in the B ring, the presence of a 3-
OH group, and the C2—C3 double bond (Silva et al., 2002).
Consistent with this, our preliminary study also showed that
luteolin is more potent than baicalein in suppression of LPS-
induced macrophage activation. The anti-inflammatory capacity
of flavonoids has long been put to use in Chinese medicine as
crude plant extracts. Some flavonoids have been found to
inhibit chronic inflammation in animal models (Camuesco
et al., 2004; Kawaguchi et al., 2004). Current clinical
approaches showed that flavonoids are promising anti-inflam-
matory drugs. However, the pharmacokinetic characteristics of
flavonoids have to be considered before these agents may be
used successfully in vivo. Most flavonoids are found glycosy-
lated in plants and cannot be absorbed by the intestinal
epithelium in that form. Hydrolysis of the glycosides by the
intestinal flora yields free flavonoids that are absorbed
efficiently. Comalada et al. suggested that flavonoids must be
administered orally in glycosidic form in order to be applied as
anti-inflammatory agents (Comalada et al., 2006).

In conclusion, our observations suggest that luteolin has a
strong antioxidant capacity to inhibit inflammation-associated
gene expression (TNF-a, IL-6, iNOS, and COX-2) by
suppressing redox-dependent NF-kB and AP-1 activation,
resulting in its anti-inflammatory effects, and imply that luteolin
may be a potential drug for treating inflammatory diseases. Our
observations also demonstrate that the anti-inflammatory
property of L. japonica may be partly due to the luteolin,
providing support for the traditional use of this plant in Chinese
medicine against alveolar inflammatory disorders. However,
further in vivo investigation of this activity is necessary to
qualify its mechanism and medicinal potential.
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