AEMHA-GE HSZICHHZ] 27(Heat Shock Protein 27)2| .
Sn} Zalx|2 0| AEH GrS

0% o %6

evoee,
e

The Journal Korean Society of Physical Therapy ‘.2,

The Activation of Stress-induced Heat Shock Protein 27 and the Relationship of Physical Therapy
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Purpose: Heat shock proteins (HSPs) are a group of proteins that are activated when cells are exposed to a variety
of environmental stresses, such as infection, inflammation, exposure to toxins, starvation, hypoxia, brain injury, or
water deprivation. The activation of HSPs by environmental stress plays a key role in signal transduction, including
cytoprotection, molecular chaperone, anti-apoptotic effect, and anti-aging effects. However, the precise mechanism
for the action of small HSPs, such as HSP27 and mitogen-activated protein kinases (MAPKs: extracellular-regulated
protein kinase 1/2 (ERK1/2), p38MAPK, stress-activated protein kinase/c-Jun N-terminal kinase (SAPK/JNK), is not
completely understood, particularly in application of cell stimulators including platelet-derived growth factor (PDGF),
angiotensin Il (Angll), tumor necrosis factor a (TNFa), and H2O,. This study examined the relationship between
stimulators-induced enzymatic activity of HSP27 and MAPKs from rat smooth and skeletal muscles.

Methods:  2-dimensional electrophoresis  (2DE) and matrix assisted laser  desorption ionization-
time-of-flight/time-of-flight (MALDI-TOF/TOF) analysis were used to identify HSP27 from the intact vascular smooth
and skeletal muscles. Three isoforms of HSP27 were detected on silver-stained gels of the whole protein extracts

from the rat aortic smooth and skeletal muscle strips.

Results: The expression of PDGF, Angll, TNFa, and H;Os-induced activation of HSP27, p38MAPK, ERK1/2, and
SAPK/JNK was higher in the smooth muscle cells than the control. SB203580 (30uM), a p38MAPK inhibitor,
increased the level of HSP27 phosphorylation induced by stimulators in smooth muscle cells. Furthermore, the
age-related and starvation-induced activation of HSP27 was higher in skeletal muscle cells (L6 myoblast cell lines)

and muscle strips than the control.

Conclusion: These results suggest, in part, that the activity of HSP27 and MAPKs affect stressors, such as PDGF,
Angll, TNFa, H2O, and starvation in rat smooth and skeletal muscles. However, more systemic research will be

needed into physical therapy, including thermotherapy, electrotherapy, radiotherapy and others.
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19629 Ritossa®] o3 Zuje]E o]-83t AdoA FZFHhE-
(heat shock response, HSR)O|2tIl HHsh= A7|ESHNS =,
g AEYAR frEe A U wd ddo] fES 29l

st o|H3t Tl L8 HZATMA (hear shock proteins,
HSPs)ol2t 25l tH1996, Ritossa). HSPs+= superfamily 2]
FHE AR oA EZARE HIRS AE, HEEol ¢
a3, ol Fol AA de] ExEo] SltkLindquist,
1992). o[2|3t HSPsx= A4 Ae]d] AddfollAe EAshAR
W2 g 2B A7) Babe 2ol eEd A9 1
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chaperond 9] €3 2, AEA THE Tde) WA 37
729 9.8 9 AdeA Ba 23S 2] A
F22 GYAIIAG BUlES AT st e as
ddsts Aoz Hiurlo]l QItKWilliams 5, 1993). WHH,
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(arsenite) 9 Blo] 2 Gof oA = ‘j}&‘—ﬂ% Aoz defA
F=E ¥ i Morimoto 5, 1992; Sarge 5, 19913
Williams &, 1993).
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- 7K 02 Afol= dam-fal AN platelet-derived
growth factor, PDGF)Q} 12| QBN 1T (angiotensin I, Angll),
&I A (hydrogen  peroxide, H,O2) 9 FFHARIA -«
(tumor necrosis factor @, TNFq )2 2§02 HSPs FollA
AERF HSPs (low molecular HSPs 2-2 small HSPs)o| 3
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Az 9 22 Bolidoll Algdo] EAgHSaris 5, 2006;
Takenaka 5, 2004). E3F HSP279] AaAEZRN GAES-
g oA BT Nmitogen-activated  protein
MAPKs)7} Hofeith= Wgo] defA SQtHlee 5, 2007a,
2007¢). 1y ZF EFA|(PDGF, Angll, H,O,) A& w&
ERK1/2 1/2)9}
p38MAPK W SAPK/JNK (stress-activated protein kinaselc-Jun
N-terminal kinase)2] a 2 QiSO =7 O =of thst
ATEIE AL 90 27 Solxjo] Ak YA Ase] =
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Agkyo] WES  pASIo ZH HSP273}
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ot HSP279) %zﬂ;ﬂf Qe o] YR AR A9
O|FoA QA U= o|FE BB Kgastrocnemins) 27|
myoblast cell lines& 0]—9—6]-03] HSP27 QlAlsle] HEzo0|S

/\‘\"

kinases,

(extracellular  regulated  protein  kinase

AEY L

o)

=

sk dieh @E HSPs) Y4 g Wl dold
Ag Az] oA 9l ok ek} A SOl thgt W-Eo] K
aEo] QLo Rylander 5, 2007), I 9 EEXRE FHolA
IRt AFEALE mlE|RE Adeo] Qloh

web] 2 PofAl= PDGFS} Ang T, TNFe % H,0,
9 J¢F 1wt T2 AEYAS IWHSIAEL AT A
3o 2g3te] WEEL= HSP279 <lAlslel MAPKsS] W
% SIS WEste] HSP279F MAPKs 9| de 45}
T EHRGGN AT 4 U S S duEoRs
HSPs A3 7|2&2j2 520 AAA] dtol =go] =izt gk

_L4

<

N

. =CX|g AFE fet HSPs2| OfsH
) g2 Al A (heat shock proteins, HSPs)
Aas HIER EAS A5AS HIRS AEgAE ve
, T 3%} o 329} g 9@ o Fio] kE
o] A= A= A¥E 7HA9t M9 &4 9 S35 oF
715k Eok ey *ﬁzﬂoﬂ/ﬂL 015‘16} LEYAREE Al
wss] gl Tl
Holol 34 729l S UL BTIHE B
o) £ 2 A AelES) S Stk Willams
, 1993)(Figure 1A). ©]g3t HSPs= AR w2k 5719
Z, HSP100 family, HSP90 family, HSP70 family,
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E]-(Lmdqulstg} Craig, 1988). HSPs7} A -AEFHA &
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el FoKSu 5, 2005). E3F

= HSP70 mRNA(Wong 5, 1992)9} A EQ] HA
e SlRjoll A HSP90X} HSP729] =7KDhillon 5,
1993) 59 Aik= A=l gt Al29] Haukgolu): A tel
O BAIA} AHbio marker)©] TS QAA|A|AZL] o|AH
HSPs= 3424 AEg A9 He Ae]d 2 A Aeea] 9]
A=l Qs 22Ast iR Ak A4  bear
shock transcription factor, HSF)7} SAFEHZ ez E 5
8 EdstEal ofo] Fom olFHol AFAWSTE(hear
shock response element, HSE)¥} Agsto] HSPs HANE &Zls}
o] HSPs7} A EchFigure 1A). o|F7| A/AdE HSPs+= A3
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g% ZAARIAH heat shock transcription factor, HSF)
S| 3zo| 4] HSPs thilAlo] viee zAsl= olzjo)= &
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o
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7]
Eo]A DNAZG thlzle]l HSF7} £45l+(Morimoto
1992; Nieto-Sotelo 5, 1990), QAA|ZZ|(HSF1: 7 &
7 slon] @azo] 28 A4S el 20w e
12, HSF2 &} HSF4)1} HojjA AAE HSF3 U 315 ofA]
A 2709 AARIAE  EAEHCiocca 1993;
Morimoto &, 1992; Sarge 5, 1991). ©|g{gt HSFol= N-&
ok 29| DNA-ZE FE3} isoleucine repeat”} EA5lH 2%
24 A 8% dds HHtke Aoz Halwo] 9l
TH(Nieto-Sotelo 5, 1990). HSF&= A}=o] Fo{x|A] ¢+ of
A AEolAs ©FA & DNA BlA% Fejzi Ao
HSP70 2 HSP0} ZAgke E3HA2 Ayt d24L 4|
23 2B 2ol Frd e, oRiA|9] HSFol| Ao
el HSP70 2 HSP90o| Hohaso] zgom slelwli
HSF= & QFo 2 o|5HcHFigure 1B). o7]4 HSF= N-
o B0l 2A51= coiled coil trimerization domain®] lucine
zipper®] HZL-0 2 AREA|SE £ DNA 23 Je2 DS}
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E|m(Rabindran 5, 1993), Z} HSFo] N-Ztio] ZEAsl=
DNA ZA3gl §FEo] DNAQ] promotord] &Ask= HSES} 2]

A Agroz HSE-HSF 5IAE 0|77 "tiJakobseny}

Pelham, 1991; Rabindran 5, 1993; Sorger?} Nelson,
1989)(Figure 1B). &, HSF= HSEZ}l F 2+ pentameric
A B
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of %o ATUS 2, HSES WIMEE head-to-head
(nGAAnnTTCn) 2} tail-to-tail (n'TTCnnGAAn) e & s}
A9 EA A7|-LEo AEsIo](Ciocca 5, 1993; Morimoto
5 1992), AEHA f% HSEZAF EFAE olF+= 8ol
JA0|tMorimoto, 1993; Sorger, 1991). °o]&st &E3tA9
44> HSF FZas 8o o3 HSP f71xke] ZAlE &
Ast NAF= A3} = HSFY C-ZE9Jof| transactivation
domain(= C-terminal activator)-2 HSFQ| AALE 73514 A
Ao 2 HSPs AARS ZAsH= HEo| EltHRabindran =,
1993; Sorger, 1991). Bl, HSPs2| AJAdo] wpwsh 749 A4
€ HSPs7} HSF} Aglsto] DNAZRE HSF7} Wold Lo}
H|EH] FE R HEoll= 2AE o] 7|Ae] &g = HSFo
C-Ithol] EA4f8k= lucine zipper F-&o| AFAIs]| el &
A 24714 9l HSF 2lilskasrt 2-gsto] Pz

o|gist= U-8o| IAS|tHMorimoto %, 1992; Rabindran
S 1993; Sorger, 1991)(Figure 1B). E3t C-terminal
activator®}  trimerization domainAlo]o] Q)= conserved

element 2 (CE2)2hil 3= 77)9] ohu]wAKRXLLKNR)©.2
T/4% conserved heptapeptide F&o] Ql=tf| o] FEo] HSF
o PHE SPEIE AYH asw WA 2B o
(Jakobsen¥} Pelham, 1991)(Figure 1C).
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The schematic representation of cellular stress response through heat shock protein pathways (A)
and of heat shock factor cycle (B) and active model (C) of HSF
The figure B depicts an HSF trimer, with the DNA binding domains in black and the coiled coil trimerization
domain represented as a cylinder. In the inactive state, the C-terminal activator (stripes) is tethered to the
structural core of the protein by the conserved heptapeptide in CE2 (RXLLKNR, white). Upon activation, CE2
is released from its binding site, freeing the C-terminal activator.
HSF: heat shock transcription factor, HSE: heat shock response element, HSPs: heat shock proteins [quoted
and modified from Ciocca et al. (1993), Morimoto et al. (1992), and Westerheide and Morimoto (2005)]
1&3 HSF: monomeric and trimeric heat shock transcription factor, HSE: heat shock response element,
HSPs: heat shock proteins [quoted and modified from Sorger (1991), Jakobsen and Pelham (1991), and

Malago et al. (2002)]
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1) AAEE 9 Alzug
A 190~200g, -374¢] SD-315 1055 KT,
thoracic aorta) @] N|EE2|Q} ZAT ZA(HEL gastrocnemins)
o] ;22 7] sl ARESIATE

B Ao ALgot SRS LN|E(rar aorta smooth muscle
cell, RASMC)= A% 65749 2159] FriisdofA] asfiby
(enzyme dispersion method) O 2 EZ8F & AR} A EZu|oFH
(primary culture) 22 BF3IFTHLee 5, 2007¢c). Dulbecco's
modified Eagle's medium (DMEM)®|| 10% fetal bovine
serum (FBS)™ 100U/ml penicillin2} 100ug/ml streptomycin
4 200mM glutamine& £33 B o]-8sto] 3~9 Al
A MRl AmE . ugel Agsdd 87 o
myoblast?l L6 cell line2 $H=A]|3252-88(KCLB) o A 194
7HA] wieFet NEZE FEQlste] 21 ~25AHHi7kA] M|y & 2
Aol ol g3l AME wjg2 5% COu 95% 3717F 35
B 57 WIS ALESISICHLee 5, 20070).

) mzdens e olgd HSP ol 9 54
2AT 247 BUT 248 14 B A7 5 78t
e Wh W 2L 27 TS s o v
NEZ A rehydration) §43F B3 5, 200 4 o] A
72 17ecm® pH 3~10
gradient (IPG) strip2 IPG strip holdero]| Y3l IPG-phorE
(20T, SOV)AIA 24A7H5<E Alesls ARt A3t
£ AAIREIPG strip IPG-phorE 0830 #ZQtoflA 17
oz A|sto] SN isoelectric focusing, IEF)E A|SY3F3AT.
IEFZ, IPG stripS Ha-gNo|A 3087t 23K equilibration)
2 ARt 12%9] 2DE gelS 2Mdato] #719%S AlA|
Qe w2l ehie] MRS Auis) 8 Soue A
Attt 2 2 HAE spot2 MALDI-TOF/TOF  MS

(matrix assisted laser desorption ionization-time-of-flight/time-

i oo

non-linear immobilized pH

of-flight mass spectrometer; AB 4700, Applied Biosystems)=
=519t 2A4E AHEZHS MASCOT(Matrix  Science,
UK) Z2 7385 AM-SH= Global Protein Server Explore 3.0
AEEo|Z BAsIGILE EA 43k NCBI(http://www.ncbi.
Swiss-prot/TrEMBL ~ &H|0]%]
expasy.ch/sprot), MS-Fit (http://pro spector. ucsf.edu) 2
Pro Found(http://www.prowl. rockefeller.edu)& ©o]83}o]
AISFATHLee 5 2006).

(heep:/Iwww.

nlm.nih.gov),

3) HSP279] @z} Qlitst &7
HSP279] ¥y} Qs E4517] 4l Kim 5(2006)0] Al

AR BT FUS THOR B AT Ads ZHlE 2
2% 0 RS ZAE4G FUS GAoIN sl BE
2 14000xGolA 1087F 94 Belslol 43oe Aokt
SDS§ A% AT F W1G5E Sl Pl 95E
F902 795S NSk H719F B AL 4OmAE 1
~2AZk AABEk. AAEE PYDE uhe 134 3412 Ha1 4T
oA 12420 WA ke 27 SIS FLolA 147
o SR F, SO Xoray BE] wEAA ALY W

=2 SIStk Xray BEo] ekt WEL ofulx] HA]
(Bioprofil, Vilber Lourmat, France)Z ASIAHKim 5,

2 &
Al gt Akm B4 SAS FAZEIH ver. 6.12
& AMEsto] Hatdt EUAE AkESIlen, [folE @ =

1. 2 BZ20| Exifsls HsP27ol 22| X 57X
124 Alazufefios FHjE e AlEet HEL 2F O
E5E HSP27& w2 ¥ 54 A ohaat 2otk
gekloly} FAL mIEoA HSP27(PL; 6.12, Mr; 22.8
gIek 4= Qlglen, 3%Re] FHaLTt &

[e]
= 3
3k 4= QIXcKFigure 2A, 2B).

2. PAp Feff HERIXKPDGF)—R/ HSP27 QIAM3IO| H
2B A 54 F RSl PDGF 10ng/mL& ARE 94
RASMCe]| #-gA71 23} PDGF 2 523 1042, 30222
F2E ARte] S71te] wek HSP279) Qs S71sh= A
= WEd 5 3cKFigure 2C-a). °J2dt Wie A=
10ng/mLe| T©U5=o} 104 2-8-9] A} tf£54100%)°] H]
3] PDGF Z-g-<tol|4] HSP27 (312.0£30.64%)} p38MAPK
(251.3+64.44%), ERK1/2 (616.0¢180.0%) % SAPK/JNK
(659.3+229.5%) 9] ket frofet o TPk A
3Rolek 4= QlQlthFigure 2C-b~e). T3t PDGF (10ng/mL,
108) Agoz F7pH HSP279 QMEh= 30 AA T
p38MAPK®] Aeiz] oJA|4|¢l SB203580 (304 M) o2 HA]
3] 7r4% Wb, ERK1/29} SAPK/JNK 2JAIA¢] PD098059
(30u M)} SP600125 (301 M)ol| SJsiAl= ool art o
B W 4= QUK (Figure 2C-f). HSP27¢] Ql4tet 57t
off thgt MAPKs | e 2elstr] 9fsl PDGF (10ng/mL,
108) Aoz F7Hd MAPKs®| <Ql4iteK100%)of ot
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HSP2T > [ o A e N
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9) Inhibitors ) sB PD sP ERKA1/2 3E| g
2
¥ _ 1501 = Ang Il (100nM) - + 4 <« 0 Ll
pp3EMAPK > [ WS | = TN o MAPKsimhisors - - 4 PIMAPK  ERK12
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p.SAPKuNK:'i st | T B-Actin »
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22 0
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s S8 C =
0
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The expression of HSP27 on Silver-stained 2-dimensional electrophoresis (2DE) gels and the
phosphorylation of stressor-induced HSP27 from rat smooth and skeletal muscle
HSP27: heat shock protein 27, PDGF: platelet derived growth factor, Angll: angiotensin II, H,O: hydrogen
peroxide, TNFa: tumor necrosis factor a, MAPKs: mitogen-activated protein kinases, ERK1/2: extracellular-regulated

protein kinase

1/2, p38MAPK: p38 mitogen-activated protein kinase, SAPK/JNK:

stress activated protein

kinase/c-Jun N-terminal kinase, PD (PD098059): a potent inhibitor of ERK1/2, SB (SB203580): a selective inhibitor
of p38MAPK, SP (SP600125): a selective inhibitor of SAPK/JNK, RASMC: rat aortic smooth muscle cell, p-:

phosphorylated enzyme * p <0.05
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MAPKs <oAA1e] #yE a8t Zxl 308 A A3t
p38MAPKS] AeHA  AAA|Sl SB203580 (30 M; 10.7=+
2.5%)2} ERK1/29] oAAI”l PD098059 (30x M; 35.0+
15.3%) 9 SAPK/INK A2l SP600125 (304 M; 16.0+
14.5%)°] oJsff 2t7} §oJ3t pEom AAghE 29id 5 3l
AcHFigure 2C-g, 2C-h).

3. QXIQHEIMTI(Ang IT) 2t BUTARIXa(TNFa) 2 mfabait

A(H202)—8&E HSP27 QlAtsIo| HIE
g oA AEHA 4 Angl & % 9E4e
& RASMCo]| &35t A} tj274(100%) ] Hlgl Ang T 28
1InM(127.3+13.6%)3}  10nM(163.7¢3.2%) % 100nM
(202.0£17.2%) | A ZHzF HSP272] QAlsl7} EA A o2 9.9
3 222(10nM, 100nM) 3-& Z7}9] OFAH(1nM)S 23} &=
AQHFigure 2D-a, 2D-h). E3 E ALANE AR
100nM €] Tl A8 Ax} th23(100%)] H|3] Ang I
HgolA  p38MAPK  (247.0:64.47%)2}  ERK1/2
(546.7+184.2%) LU SAPK/INK (351.0+161.5%) 2] <lAlsir}
gt 2082 ISPk AS I 4 QlSrtkFigure
2D-b, 2D-c). E3F Angll (100nM, 108 Zgo= F7hd
HSP279] QMAlSH= 308 ##]2]3t p38MAPKS] AlElz ol
A|Q1 SB203580 (304 M) o2 &3] A% whd, ERK1/2¢}
SAPK/JNK JA|A41¢1 PD098059 (30 M)&}F SP600125 (30
p Mol SJsiA= ErkeE A0 BEo] YA o2 T
S 4 QItKFigure 2D-d). HSP279] QIS Z7to digh
MAPKs©] AH9S BHelalr] $13] AngT (100nM, 10%) 2
407 Z7HE MAPKs9| ¢1412H100%) ¢ thgh MAPKs A
Ao maks Rt An) 308 A A2gt p38MAPK O] A€
A AAAIQ] SB203580 (30x M; 12.0+7.8%)¢t ERK1/29]
JAA|0] PD098059 (301 M; 25.7+19.8%)0°ll <3 Z2 &
o)gt Foz TS FRIT 5 QU%rhFigure 2D-e,
2D-f).

HAsdel=doldA AEGA Z4 TNFe & 5% o9&
2o & RASMCe| 283t A3} tf£4100%)°] B3l TNFa
AL 0.1U/mL(103.7£3.2%)3  1U/mL(115.3£10.3%) 4
10U/mL(124.7£19.9%) &-8<tol|A HSP279] QAlsl7} fo
g 2= oflgloyt Sk S UEiitkFigure 2D-g,
2D-h).

H,0, 3004 ME& RASMCY]| #gst A} gjzof vls)|
HSP273} ERK1/2 @ SAPK/JNK] Ak} dAES o
3 4= QAcHFigure 2E).

4, YPHS U HAR TZU-QE TAIRET} HEOM HE
= HSP27 QlAtSt

BEZof| gk HSP27 E L Qlikske] Aol wakul 3

2 AFoMe HEZERAAN Ut dEsvl wE
HSP279] HE 3 QUBHHE et 8 3 ZAIA=E
(L6 myoblast)o]] A8et FUEIHAEHMNZ op|E=
HSP279] l4ke}l MES wasigley. Axt 43 229 4
o] F7Ktell wet d¥ 271(6.5~79) = Sk =
Leheb} 8~9%3 02 Auiel et HSP27 QlAkhE of
P SRR AT BT 5 Yo Figue 26-0)

L6 myobkast cell linesE o8&t A9 Ayl FJUE
Z 289 ARt SEA(3~48 A7 o= HSP279 1_/&32}7}
7Pk s 1T 4= SIcKFigure 2F-b).

(]

Schematic representation of the MAPKs-HSP27
activation pathways by environmental stressors in rat
smooth and skeletal muscle
HSP27: heat shock protein 27, PDGF: platelet derived
growth factor, H2O2: hydrogen peroxide, TNFa: tumor
necrosis factor a, ERK1/2: extracellular-regulated protein
kinase 1/2, p38MAPK: p38 mitogen-activated protein
kinase, SAPK/INK: stress activated protein kinase/c-Jun
N-terminal kinase, P.T.: physical therapy, 1: increase, +:
activation, -: inhibition

IV, ZA
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