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Proliferative and Synthetic Responses of
Airway Smooth Muscle in Asthma

Jung Yeon Shim, M.D.

Department of Pediatrics, Kangbuk Samsung Hospital,
Sungkyunkwan University School of Medicine, Seoul, Korea

New evidence is emerging that airway smooth muscle(ASM) may act as an immunomodulatory cell
by providing pro-inflammatory cytokines and chemokines, polypeptide growth factors, extracellular
matrix proteins, cell adhesion receptors and co-stimulatory molecules. ASM can promote the forma-
tion of the interstitial extracellular matrix, and potentially contribute to the alterations within the ex-
tracellular matrix in asthma. In addition, extracellular matrix components can alter the proliferative,
survival, and cytoskeletal synthetic function of ASM cells through integrin—directed signaling. In-
creased ASM mass is one of the most important features of the airway wall remodeling process in
asthma. Three different mechanisms may contribute to the increased ASM mass : cell proliferation,
increased migration and decreased rate of apoptosis. The major signaling pathways of cell prolifera-
tion activated by ASM mitogens are those dependent on extracellular signal-regulated kinase and
phosphoinositide 3'-kinase. The key signaling mechanisms of cell migration have been identified as
the p38 mitogen—activated protein kinase and the p2l-activated kinase 1 pathways. ASM cells con-
tain A 2-adrenergic receptors and glucocorticoid receptors. They may represent a
adrenergic receptor agonist/corticosteroid interactions which have antiproliferative activity against a
broad spectrum of mitogens. (Korean J Pediatr 2005;48:580-587)
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b Bronchoprotective factors

bradykinin LPS

IL-1f

¢ Adhesion molecules

d Growth factors

Fig. 1. Human ASM produces cytokines, chemokines, inflammatory mediators, matrix-
modifying enzymes, growth factors, and angiogenic factors. VCAM : vascular cell adhe-

sion molecule(Adapted from Ref. 11).

Serum

TGF-B
TN

Human airway smooth muscle

* Fibronectin
* Perlecan

® Elastin %4
. Lamininé E1
2

\Yz

®* Thrombospondin

® Chondroitin
sulfate

® Collagen |
1]
1

%
v

* Verisican
* Decorin

Fig. 2. Synthetic capabilities of human ASM of relevance to the ECM.

(Adapted from Ref. 7).
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Fig. 3. Salmeterol(SALM, 1 ymol/L) significantly("P<0.05) in-
hibited TNF- @ -induced RANTES release (A) and signifi-
cantly("P<0.05) increased IL-6 generation (B) by human ASM
cells. Dexamethasone(0.1 nmol/L) also inhibited RANTES but
had little effect on TNF- @ -induced IL-6 release. The combi-
nation of SALM and dexamethasone(DEX) further enhanced
RANTES inhibition over SALM or DEX alone, but it in-
creased IL-6 release compared with DEX alone(Adapted from
Ref. 15).
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Fig. 4. Key signal transduction mechanisms that operate in
ASM to regulate cell cycle entry and DNA synthesis. Mito-
gens acting predominantly through RTK(eg, PDGF) or GPCR
(eg, thrombin) activate small GTPase p2l1™ proteins, which
interact with various downstream effectors. These include
Raf-1 and PI3K. Raf-1 activates MEKI1, which then phospho-
rylates ERK. PI3K, via 3-phosphorylated phosphoinositides
such as 34,5-trisphosphate(PIP3), recruits phosphoinositide-
dependent kinase 1(PDK1), which in turn leads to maximal
protein kinase B(AKkt) activation and downstream activation of
p70°® and members of the Rho family GTPases, Racl and
Cdc42. These form part of the NADPH oxidase complex that
generates ROSs such as HyO;, which may lead to cyclin D1
activation via nuclear factor-B(NF-B) or JAKZ2. Thus, the
ERK and PI3K pathways are considered to be 2 major, inde-
pendent signaling pathways regulating ASM cell proliferation.
PIP2, Phosphoinositide 3,4-bisphosphate. SOS : son of sevenless
(Adapted from Ref. 13).
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Fig. 5. Key signal transduction mechanisms that operate in
ASM to regulate migration. Migration is associated with acti-
vation of glycolipid-anchored receptor proteins(eg, uPAR, uro-
kinase receptor) and cytokine receptors. The major pathway
so far identified for ASM migration signals to p38 MAPK via
PAK to culminate in HSP27 phosphorylation, which favors F-
actin formation and cytoskeletal remodeling. Other events re-
cently implicated in ASM migration include PI3SK activation,
possibly acting via Rho kinase(RhoK) and Racl/Cdc42, and
activation of ERK-dependent pathways. tPA :tissue plasmino-
gen activator(Adapted from Ref. 13).
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FRIAZE I EE A FHd A= Bojor FF=
FREFo|E &4 A T=HAE T FgAe AFged 5
A dud Fe Wert dojuwx F4sty FFIAZE A
o]

=)
[

Ao 2 Eo7tA FRAe] FZFo| 9= glucocorticoid re-
sponse elements(GRE)dl A&3le] 3d fxAe] AAL s 57

= GAAZIA S o] BHAS transactivation©l Bkl g}

o= ML 2 FRIFFIZE|FO|E-FFIIZEFo|E FL£X|
A7 AP-1, NF-«B 22 AXu #AARRIAte} A% 28-S

=
ste] MM AF Wee dan

il



HAD  AAAA AERBT FH% G el BF AuAR

i~

Aol 93 e FEA st&dEH(downregulation) ¥ €AY
L EFIIAEEFNEE HER IR
Z15-o] GRECl Adtste] wEl2 1A 5
|A AARE F7HAIRIYE HZ24 in vitro A @Ol dexametha-
sone ol 2A17bA WlEl2 &Z1A58-AH mRNAZF S7HE 5, 24
AHA S d el T Blo] FEIFEU, o3-S At

£F ooz FUHHEATE kA TE dexamethasone®] WER2

FRA T84 mRNAS RE7lel= o] e 2oz H
=3

A& WER FAE FFIAIZE o= FEA) the 2
FamEFol=et A4S & ¢ ARF FANFI, FEAL
AZZoA & W& zelolg He e S/ FFIAE
3ol F8A= datsk(@Ash et eedatsi(m s HH S
8 =d5ed, wEe A0 93 24 MAPK &%
ZA43sle] o3t oz AzbE

12. 7| =®E20| DIX|= HIER2

S2FIIZE|IT0E9 E1t

SEIR|2

7= 301]/11 IL-8 ‘f‘ﬂ]e AAeH= vl salmeterol> &

Aoz vebygtar fluticasone™ A Fo] Al fluti-

casone E‘r'%oi BE 4 A FHE AEATE Ao Y
o] %

Epstth. Eotaxin EH]% 16}% B HRE el A
salmeterol@ ~HZol= BT IO TNF-a A=l 2gh
eotaxin #H]& F A +$ skl 53 A Fof Al A
=237t ok A58 HER FAeE 7EHEZdA TNF-«
Aol o7k IL-6 #HE FHA7IAT RANTES #H& &
F-ojEHoz AAsts AR Yelth FFIAIZE I

= oFF 22 FEAA R TNF-ao A=l 4?‘1 RANTES &4
& st salmeterol@ 7 Fo] Al o]d d 3= 100
W FERE A& F7F AAJTh AN IL-6 wH| O*ZﬂOﬂ w

3|4 & dexamethasone?} salmeterolS %‘”ﬂ Foldls W dex
amethasone @5 HU} 45 37t gle 2= b}E}‘;,‘:E}(Flg.
3).

IL-18, TNF-a, IFN-y %2 Ao|EF}Q]
S u 7|=g&2A MCP-1, MCP-27} £7F= =4l dexa-
methasone ©]E5° F7H& oF 50% AE HaAI= Sd9E
Btk GM-CSF #H oAl &l AsiMe wek2 dxlAe

SFAIARE L BF HAS FHCA = A Zarh 9l

EFAE FoIg

t, IL-18 A=l ©J§ GM-CSF fﬂlt T OAA ZE oA
faks ®oli, 53] @7 ol A AeadE dehis AR
HE I

Vascular endothelial growth factor(VEGF) &H|i= WA=
7| oA e AL FFIIAEE S| o R
FoYqRE, SFAAZE I = ofF ZHIA 01
nmol/L8] AL TEAXE VEGF #HE
Ak IL-18 A=l ©Jg VEGF #H oﬂ Bk
ZE|FolEx= JAl FFE HolX|uh WER2 1A

=3
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Atk AW T AAE
We mrt g4 E3F 9 2 Aow eyt

13. J|E™EZo| MEA =4l
22332630/

A e we SFIAIEEHI =T

1) HIER2 SXIA0f st MEFT| Zlge] =H
HER A= 2% n|
G B AxEFTE SThee
o0& cAMP S7F AAEF o
(posttranscriptional) & #lg}e] 715 G1 phase°llA AA
A7tk ole} MER cyclin D1 f#12F %do] CRE 2wl
Q14ksle} transactivations E3 GAE = Ak CAMPQ]' pro-
tein kinase C(PKC)+ I EZ 288 3
stz wlEl2 A9t PGE2, vasoactive
(VIP)= cAMP®} PKCE F7MAz1t). Salmeterol<> thrombin
o 9% VEFFT F4S A AR yuyoy g
v Ee tafjAs E3E BolA erslth
2) 2RIITZE|R0|=9| 54| =
Dexamethasoneﬂr fluticasone G1 phasedllx Al&e] 7%=
g AxF7IE AAAE Ao et SFRA2E R

O]E% thrombin®l 28+ cyclin D1 mRNA<} @d A8 <

H
N

intestinal peptlde

Aska, AEE Rbe JARSHE AAlste], AEFV7E F7] Gl
phase°ll Al 2A Hr}

HolE zERo =Tt AE FAd w$ Fad 249 ¢/
EBP-o #7435 33 5245 dAss 222 R F,
C/EBP- a7} ZA435W  AXF7 «]%é kinase AIA

p21VARVOM 2 g3 slate] M EF7]E E A7t Dexametha-

sone ©|H WHOR MXE TS 48% HE FaAT= AL
2 Yehgth Budesonide® 33 A= Fol 7= oA
p21 VATVl 2 =2 A A=), formoterol S o] EIUF glont

budesonide®} &4 F43S wli= budesonide?] ME T2
A 2HE F7HA7E AR YERTh

cAMPE S7M71E AlE 71w Ee] Ay o|FE o
Ado, FFAABE A= PDGFE =
g, E3] HEel A9} 3 Fosds :
S urokinase® 8= il, PDGFE FE¥ 7= &t o|F7}
PGE2 #& cAMPE S7H71E AlAlel d3] oAse v8S
Btk ol¢lel® PDGFE %€ o|F7} leukotriene®] <]
7k 1L, leukotriene F&AH AIAE Folat¥ leukotrienel
o] g O]—Ar% AAH AR PDGF €8k o]F= A=A 5ol
TR AT

4 =

Zo71de) gAdol Tuid FFE MY o



I, V, fibronectin® H&& 7EHEZS T4 v ndF o
2 WsiARInh ofH7kA] AEQ] 7| Ao Wt V| EE T F
% Zgo ojrl JIFE PAE=AE FAHT YA g
V=G FA I o|FE Fude AA9) VAL HAE
FEol Bl 2 WSS Frse FHE AFY A5AGH
2% ERK, PI3K°IH, o]F #ISS FE3E FEE PAKL/

X
i}

DP3SMAPK/HSP27 &3}l o)EH) o5 AMaddAzE F
2 e AEE Tl FAEAL, AEZujFA Bl T2 9k

Aol E7IQIS #H|ste] Mol EFFQld| ]3] leukotriene & 73
FER A die
A wfgell Al Bl F2 vhg3 2 in vivo AFNAE 7]
Lo Mg o FARkgo] FA gk AA el
Al 24 e 2 SR7F =gy] Wi F24 SE0F SUHE A
58 e vk Ee, AFAEst 2SR E
X, B gae] 2HRAEL o]Fd o3 V= Et FUt
5 U3L, 71EFETe] AT FAE o] 7] Eg Eto]
< Itk o5 & ol 7heidel 7= g el
= FA STk 7PE T1dsteAE s
NEMNFE oW, Az FAY MEE o7

0]

ok

i

NENFES At ARsiedE $2 537 82 5 oy
TAE AEY AZAGHZE Adsts Ao & F28d 5
AUTh ZN1ENHE SR Al Ao ATe ng
HZo|=o oJ&Egof 3l 535 2 Aol = vig- drtet
Aol 2HZEE YASAY FY F AoWA 7=
P& AAEE Al Aol & Hgsith
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