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The Effect of Heat Shock Response on the Tumor Necrosis
Factor-a-induced Acute Lung Injury in Rats
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Background : Heat-treated cells are known to be protected from lysis by TNF, which is considered to play a
central role in the pathogenesis of sepsis-induced acute lung injury. The objective of the study was to investi-
gate the effect of heat shock response by heat-pretreatment on the acute lung injury of the rats induced by
intratracheally administered TNF-«.

Methods : We intratracheally instilled either saline or TNF (R&D, 500ng) with and without heat pretreat-
ment in Sprague-Dawley rats weighing 250~ 350 g. The heated rats were raised their rectal temperature to 41
‘C and was maintained thereafter for 13 minutes at 18 h before intratracheal administration of saline or TNF.
After 5 h of intratracheal treatment, lung leak, lung myeloperoxidase activity (MPO) and heat shock proteins
were measured in rats. Lung leak index was defined as counts per minute of I'® in the right lung divided by
counts per minutes of I'®in 1.0 ml of blood. All data are expressed as means +SE.

Results : There is no difference in acute lung leak index (0.099 +0.024 vs 0.123+0.005) among the rats given
saline intratracheally with and without heat pretreatment, but MPO activity showed a decreased tendency in
heat-pretreated rats (4.58 +0.79 U/g) compared with heat-unpretreated rats (7.32 £0.97 U/g) (P=0.064).
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Rats administered TNF intratracheally with heat-pretreatment had decreased lung leak index (0.137 +0.012)
and lung MPO activity (5.51 +£1.04 U/g) compared with those of heat-unpretreated and TNF-administered
rats (0.186+0.016, 14.34+1.22 U/g) (P<0.05 in each). There were no significant difference of lung leak
index and MPO activity between TNF-treated rats with heat-pretreatment and saline-treated rats with and

without heat-pretreatment.

Conclusion : The heat shock response attenuated neutrophil recruitment and acute lung leak induced by

_intratracheal instillation of TNF-in rats..
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42 A3 (Heat shock. protein, HSP)& M¥E
o] 2E#F A WhgI Ay v FeYE=
(polypeptide) E2] AR} Aoz YH=HE= @
HEF2A 4, AN2F, &5, ¥=F 29 29
olgix 9 B3 2L 2E# 2 o f=dt.
ol2]gt HSP& 2E#H2o) o3t v|7}9 3 &gz
BE) AT T4 4EE HEde 2Ed2Ed AE
g9 o] FsANN, HHI AEe] FFAHLY
1% &S fEsle oz ¥EA YT oF
HSP 704l €2 #=%& HSPso] g3 E4
24 9ol 2%, FEIH 9 #3 53 22 A
o] AAAQ] 3R] FoFAYL = Aoz &+
ﬂ 9;1‘:}%5)'

FA3FEU2FF(acute respiratory distress
syndrome, ARDS)< 19673 A& rug o) 3
3 EA8e /] LAE BFEE L A
& 60% o3& 43]3PH® 53] ARDSe| ¥AUY
o] HEZFQ B AAN AH 2EH2E Zef3H
I AFggol 90% ooz HuEe Stk HY¥F
gk 718 goides o iAEd F F4 98
&= Aoz JARE TNF(tumor necrosis factor
-a)e FEo AN L W FAHoE FA%}
A FA4 H&3E fdsie] ARDS @219] 7184 ¥

FE4"0 9 HHY AT TNFe] Fx7} J715e
Ho] Huso] Qlo] H¥Fq] d@E ARDSS A -
JNRE FaF AT ¥ oz Algdr). oozt
o] sj¥Z o} ojol e ARDS ¥xEL AAH
o A% 2EF 20 B Y ol di7f
1L Fushe 797 Bol ol e e
A A Pojzide A HSP 7047t B8 7FsA
o] wj & Aoz Alg€rh. A9 A¥L FiA
HSP= TNF9l| oj3t Al ¥9] o7& A3 2oz
d#A lot?, WA 4Y¥E 5 TNFREH &
EHE AXSAdd] digk HSPe) 9] digt d+2
= obF] HueR gt

E A= Sprague-Dawley rate] 7]=o] TNF
& 389 fEsE M) PEst 99 B
Aol o8 AAHE NE B @ A "E
o =20 HSP70 Ale] B4 o7& 8 FozH
TNFo] 2J3k sl 9l HSP 70Ale] d8e &
Rk St

g7 Uy
1. AR 58

2 250~350 g¢l species pathogen free
Sprague-Dawley rat
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2. A

7H € FAA 7izdz Aeldds TNFE 37
18A12t Aol #|o] B7h & pentobarbital (35mg/
kg) & FYstd vl ARl F vjE] g3 § B&7)9)
HE Wl JFos 3HF Ao] 41C7) HEE 3}
ﬁt}(temperatufe probe, Omron Co, Tokyo,
Japan). A& 41CAA 1387 /427 ¥ AS
BE710M Ad F 3BARE (recovery cage)oll
Yol 2412 F¢ 92 & ¥ ¢43) sEEd e A
HAu7t4] BF3=s s

W) 7|=W o2 29 : Enfluraneg 71528 J<¢
AR BANL F S xE A7 E ST ARE
8ta] TNF(500ng/0.5mL) & Fo3ta o]ojr] ke
ol o] 2 HAEE 3CCY T1E FUB H = A
AA o A¥d7A #H7E 853 st gz
T2 AP 0.5mLE 7= 2 FUF oz
Fojslgrh. 7= okE Ro] % 4417 302 H
ketamine(90mg/kg) 3} xylazine(7mg/kg)& 27
W Fodte) nlHE 5 F BaF ANE At
A

) e & 9 9 wAEge] gd R2 Ix
(7IEWE TNF& FoF 442 3080 And
5 u}HE A8, 1'*7} &3 bovine serum al-
bumin(BSA) 1.0 Cig #eo] Fuuld] F¢] F 16-
gauge stub adaptor tube& F7|@Xd]] 4+¢]x)Zc}.
['® BSA FRIF 20%0] A3t 5 HE AF3F7
(Harvard small animal ventilator, Harvard Ap-
paratus Limited, Kent, England) o] €d3slz 7|2
R AFEE ANTH $ALE T3] snd 2009
AE FYUsidck. F9UF 308<] AH=H phos-
pbate-buffered saline(PBS)o 24 #HE& #5747
3 ojojA YEd e} AFE I dojdEH & w2
I'®9] z7]& #A3lz =W E myeloperoxidase
(MPO)Y} HSP guide] Wy HxE =Fsqd).
¥ diHE AEE S I'Pe] B3 4% gy
ImLe} EFW I'"9] B3 4o vlg= A3y

o,
2}) A% Sprague-Dawley ¥jAe] & AXX &
Azt E #3J HSP 72 @¥e] 33 A= : Q4 HH
¥ S HSP 72 @¥e] ¥ =& v|msly] 9
3l fARIEA (Western analysis)'¥ & AJ3sld
ot € FAA 3R] 2 WAt d AAMA] FHFE, 14]
7, A1 R 18X ¥l 2 10lElH WA e &
F&3A A8 dE2F 47 19y Yl
&2 TNF 5o 52t Hd E§ 5§ &35
Y sl QAL €U H —70C PF ol A
AL AlRE W7tx] Rt AAE 5034 sodi-
um dodecyl-sulfate-glycerol €+&dz} A 2
£4% = Bio-Rad assay reagent (Bio-Rad,
Ridhmond, CA, USA)E& AMg-3la] Zea|&Auke
(calorimetric reaction)© g2 WWEEE Z2A3)7]
1% guld BAe § % sodium dodecyl sulfate
polyacrylamide gel9] 2t &wrlt}t 100ug9] ¥ O
& H3A . DAL sodium dodecyl sulfate
polyacrylamide gel electrophoresis24] &a] )71
& nitrocellulosed]] &7)31 Yz} A= HSP 70
rabbit polyclonal antibodyE& EA|39ch 1 £ o)
2} &9l alkaline phosphatase7} #& goat,
antirabbit  immunoglobulin(Parmingen, San
Diego, CA, USA)& ®A|¥ ¥ NBT/BCIP(Pierce
Chemical, Rockford, IL, USA)& 7|32 3t @&y
AlZict.

o) dzAY 3T AEI= v v =AY &
Z7e] AR A=E. #4 MPO(myeloperoxi-
dase) & £33l AP 7] 7l&d AaesA
2L F& HE F2 F FA —70°Col MPO &3
Al7HA] ATtk MPO 23A1: AAE =9 %
ZZ 7] (tissue homogenizer)2 4mL<] phos-
phate buffers} g 44171 F 4°Co)A 30,000 x
g2 30¥7 4859t (Sorvall RC-5B refrig-
erated centrifuge). Pellet& oW o] tA
4mL 2] phosphate buffer2t 0.5% hexadecyl-
trimethylammonium bromide24] 2z 423% t}A]
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902 F<U¢ sonificationAlZth. A B AN=
Z3Y EAsh= MPO inhibitorg B843} A)7]7|
A3 60TCAM 24t B¢ HeAN H O-
dianisidineg o]8% 3335 (spectrometry) ©.
24 MPO9] 45§ S48 94rh.

3. BA Xz

2 FAE FF (L EFLANE BB, 54 &2
4|& PC-SAS Program (PC-SAS, version 6.04,
SAS Institute, Cary, N.C.,, USA)& o]g3lo] = 3
Abole] HmE WZ£HAEe Mann-Whitney U
HBoZ, 3F o3 vime YPBNEM L AJF)
¥ d2TH AEF Alol9) tEe|aE Dunnet'jo
2 AF3AA. @2 X Eek MPO 4x9}e 4
Ao diE 24 ABE 2agtoz AW F
A% ABAT & 3k Pghe 0.05 njgtg o
nslE Ao s

2 3

1. ¢ Sprague-Dawley 4ol 2|A|H4-B fof
B Z(cHZF) ol | HXMx|7} 0|2 &3

=LA 3 BB JAH 2] FIHEE vigels ¢
Y F2AEE @ AAA A1PF (109}, 0.099+0.
024) 3} Ajh2tA] L F(4vta], 0.123+0.005) A}
olofl Zfel7t YAt MU BFTFe] A& FEE vy
3= MPO 4=+ € ANA Az (4n)), 4.58
+0.79 U/gm)o] APl ere F(5u}a], 7.32+
0.97 U/gm)el w8 e 7A¥S RJH(P=0.
064) (Fig. 1 2 2).

2. 2 Sprague-Dawley Wiol TNFE 7|2l
Foigt 2(XB2 )0l A HXXP| 0jRl a1}

AT S FEAHE G AAR AJYA| (135}

g, 0.137+0.012) Agsix @ Z(128k), 0.
186 £0.015)¢] wjs] ZAEAHP<0.05). E3F
MPO 84xx 9 AAx AYFE(13v}8], 7.01 0.
89 U/gm)eo] Agsix] gk F(12v}8], 14.11+1.
08 U/gm)el wls} RoIt}(P<0.05). @ AN
87T d2F Aol Ne F4 9 RaxFE ©
MPO #4x¢} A}oj7} gi%itH(Fig. 1 & 2).

3. Y SF@x|2t MPO SIME 9| AlEHEA

MPO 84%71 37H+E 9 w25 Z71E%0
(r=0.564, P<0.005).

4. 9l BXX| ¥ Alzt ool wE §ZhH HSP 72
B Wiol FYx

G AAA shA] @ YAlof vig] A ANATY e
5| 22U HSP 72 d¥le] 43de & 373 ¥ 184
T % 237 HAE Fvhs0 Yebgri(Fig. 3, 4).

I

€ AFA wAe] AL FAH TNF-02 5
He 34 widdel AREAeH olad daks wy
AAAZA phospholipase A& 7I=uW) FYsk
f=se 34 dede 320 AR aga g418t
ATHY. B Ay 2yl d 27 o8 S5
3 (heat shock protein, HSP)o] TNF=&
FEHE d&ds 22/ Roz 24=HE 9,
ol INF $43d 9 3702 s =34 HSP ©
o] wyo] F7HE WAAA FA o] A
3, BAe] Aol HSP+ TNFo) o Al ¥e] o
HAE AdAZR: Aoz FA Uy wRolgm,
HSP& AXEe] g, Af2ZE, &5, ¥59 A9 &
< Hpolgla AY Fo AEg A uheEle] AT
e EZWE= (polypeptide) EXL} $4Ho 2 A
AEoY 2EF 20 oF H7MY A Ao w RE
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Fig. 1. Effect of heat-pretreatment on lung leak. Heat-pretreatment decreased(*p<0.05) lung
leak index in rats administered TNF (500ng) intratracheally compared with TNF-admini
-stered rats without heat-pretreatment. There is no difference in acute lung leak among
the rats given saline intratracheally with and without heat-pretreatment. Each value is
the mean +SEM, the number of determinations in showns in parenthesis.
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Fig. 2. Effect of heat-pretreatment on lung myeloperoxidase(MPO) activity. Rats admini-stered
TNF(500ng) intratracheally with heat-pretreatment had decreased(*p<0.05) lung MPO
activity compared with TNF-treated rats without heat-pretreatment. There is a de-
creased tendency(p=0.064) of MPO activity in saline~administered rats with heat-pre-
treatment compared with saline-administered rats without heat-pretreatment. Each
value is the mean +SEM, the number of determinations is shown in parenthesis.
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MW NH HS H1 H5 Hil&

TikDa

Fig. 3. Identification of heat shock protein(HSP)
72 in rats” lung depending on time se-
quence after whole body hyperthermia to
a rectal temperature of 41°C. HSP-72
was identified in one animal from each
time sequence by Western immunoblo-
tting. MW, molecular weight ; NH,
nonheated ; HS, heat-pretreated rats 18
h prior to saline administration
intratracheally ; H1, 1 h after whole body
hyperthermia ; H5, 5 h after whole body
hyperthermia ; H18, 18 h after whole
body hyperthermia.

Axe] Fo 74 2A5L H3dn, AEH2%E0
A ZE AEo] 7hAlst, 387 Az FaHH
A 71%F HEe] HEF fEais Aos g8jA g2,
£ Ao dd F o == HSP 704190 72 &
Wao] Z71=%iEH, HSP 704 92 f:EE
HSPe] di#2< Baer dyde] =gy 24 5
3 2 Axe] FAA B4 9 &4 duPSe
HAE WA o wual o AEaked] glo]
B 52} (chaperon) 3 d¥& 3= Ao A ¢l
o}*9. Algke] HSP 70 @@ f-a4= 6, 14, 219
3 EHAA] e Holx sl o)4te) b g4

Fig. 4. Identification of heat shock protein{HSP)
72 in rats” lung treated intratracheally by
saline or TNF at 23 h after whole body
hyperthermia to a rectal temperature of
41°C. HSP-72 was identified in one ani-
mal from each group by Western
immunoblotting. KD ; kilodalton, M :
marker, Lane 1: Saline with heat-pre-
treatment, Lane 2 ! Saline without heat-
pretreatment, Lane 3 : TNF with heat-
pretreatment, Lane 4 : TNF without heat
—-pretreatment.

o] Atk Ao AlREY,

€ d7dM TNFR f=se 34 089 2ge
ARgstEE o)l TNF7} #g% 9l 74"y §d
e o8 TJlEd F FAE 98L i Ae= 7}
FE3 217] Wgo]t. TNFe| Ha 44 5o
F sld yelhe &40 88 A7E Ulicho] 7|
BANZ TNF Fo 124305 Hexdy 23277 &
7k Bag v} Qlom!® B Axje] dpeME
TNF& 7]=d Fo 5A17F & w2ydae] Sapygo)
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7V HEdY 2 dzAy 2579 Agol F7}
o] JFHAG®. ojejte] FEAFAT A AN
A Ze ) FaHos Roy TNFo o8] T4
H&go] TaEE ¥l opgl ARDS @4} 7|97
HEH™ g G0N TNFQ] F%7} F71H
= Aol HiHo] glo] TNFE= #@= wut yja
T oha} ARDSE] Wi 7]Hd|= TNF7} a3
gEe & Aoz AlgH Jut. d 27F 1847
Hol INF& 71599 Zsihed ol @ 23%
12~18A1ZF o]l #} gZZATo] 714 o 27}
X|7] wol .

E 79 ZioA derEe] =9 MPO 84
=7} el A4g WA Qo) @ AN F TNFE2 45
g diege 7ae 4 F44 UE 9 2 53
T AR 7249 dBHUE 7HeAe] . o2
F8& TNF7 3378 8434712 -9y
T FHEAEY BEE Z7HAAY 2579 )
HAES e AT YA (endothe-
lial activation antigen)& -=3te] FFhPaAxe]
3L R 3579 superoxide AFHE I
ANFE HE2A B gk, =3, 7| g} o
o] o] TNFE 345 #dsEs o wAqds
o] FnA FUie) AdYe] HY TP FaEo|
3FTE Z2FAZ 7IYge] TNFE F9X)& 1 5
&£4e] A%r} A7E 7] wiolr},

E a7l 44 onls wsiE 2 Alakgo] 90
%9l ol2x HBZo] 2j3 ARDSS] W= AzloA
HSP 707)9] &l tidt 33 shuzl sh= HolY
t}. H@ZolL} o] & ARDS BAEL AA
2 gk 2EH 2 =3 Auid $vlopz} iy
1EE FusHs A7t Wol olaiAEle] BRlEA
AH A wolz|do 24 HSP 7047} #d 7154
ol 9 & Aeow Agdd. d4 HYdF =23
% Aee] A} dehhe datso] HdeHE Ue)
e FAEd vle] AFgEo] 8 Aes BHage| 9]
o] o] g zHHH o FuAsa Urpo, Thef
T Aeit HSP 704)e) 4SS 5ok Hadza

2o] a0l Yehls SxjdlA BE&e e 3t
o]ZQl 7o g 43t H ol vl S FoF YA
oujg zheth dusid LAAAE 249 grE
FAAFA o2 v B vt 23d) Y s
3 ojojjuta} 2AY AAFF Agte] s HY
29 Ao LA S8 7Tl FRAHQA Aax
FF AE AT sFsAel ol Qo] vhms)
e 7 dvke #H W] ol

H¥ZF7 HSPote] A e 2rkA Ho
Fo] AJTHH . WNE B0 Yol ARdA &
g A2o] 41TC7t H=F 35 1587 41~42TC
o 2 FAWHCLE AHATE) Eupgde sus)
H dIAH A A BIANA g F(HZRF))
vjg] B0 R 18417 W 7UA AlgEo| 2
0% ol 25% % 21% dl 69% =24 VA3 Wte
t, ole WE AAAFL SIFEF 6~24A7F o
Well #et A3 HSP 700] Hoj Z718 B A&
Ho}l Wiiox] HSP7/} fj@Fog HE BE 4
T sl & A& AT, a2y £ d79)
3ol MY LA ojs] HSPel AW &3
o] 7=k ste{= HSP e Z7lgto] TNFo ¢
T ¥ &3¢ ARG 93 S+ Qo kst
| FA4 H&de] ¥eEl71A9 oxygen free radical
AAE ¢ F88 71 F9 3lueld], WA g
H & 3P Cu, Zn superoxide dismutases} 72+
2314 (antioxidants) = 7] 3712 4= 4] 9E
olt}®, T3 Wde glucocorticoid EHA}/O]] wale
FEE, F BYNE] WS A FAAHL
37t A1A clzd 23]8 #HF NEEY WAL
Frxdte] gol3 7jdez A4¥ £ & o, o
Hog dfE¥Foh} TNFERE S5 AEdid
g HSPo] el it ZH 2l Ja4de 793t
71 $8iMe= HSP 702 A Ayl =
Sprague-Dawley transgenic micedl] @ Hx]x %

7|22 TNF& F94% & TNFd o3 f=5e F

A H&te] A= E HSP2o YA Fojrt gle A4t
Sprague-Dawley miceo|A2] 1 ¥izle] =27]9} H)
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W= AYH F2 Tol Yoy Aoz Algd.
2 <%

oAl -
H¥@ZFol} ol FHHE FHEFILAFZFET ¥AE
< 18S Fushs 34U B gde 239 giAl
& FAN7IEE 2 aFgd AFe] xeHs
HHF @RS A Eho] Futsle A9 d& Fulsl
2 ge 7HT Fo018e] AdAFFo] ddFes
A8k 7FsAde) Jut. vhd, el =) 93
299 A (heat shock protein, HSP) ¢] AA4e %
gto] jPF] % vl A SovRE HEE
& o QA Woir|dd s e
F& 2o HYF & o4 e FA4 s 84
£9) ol O QY vl oby FPE] YA
Qgith. & AT Q& IAA FAAY A @e
Sprague-Dawley rat¢] 7]xo] TNF& Fg% ¥
TNFdl| &3] f=se 84 ddde A=g vng
o245 do] g4 s&yel vAle adE gdstAl
3t
CHAH o 2y .
F4 eyl AR2E WA Sy I B
2% oi¥] 1mLe] @3 I'5e] B9 F3Z9 v
&2 Ao S rEA R} WAT) 2 A8
=& ¥d3l= myeloperoxidase(MPO)¢] 4= &
23319t} A= HF(+ EFRLAN B U8
2 3
Wre] 7|=d] BElXErE FYT Y ES g A
Az s9AY 31X L S F TAlole) 9 R
AF= 2zt 0.099(£0.024) F 0.123( +£0.005) =
A ztol7} giglom MPOX 4.58(+£0.79 U/gm)
2 7.32(£0.97 U/gm)E2N 98 ANA & 3¢
i ZAEE AYP=0.064)8 Rgor} Ao)rt
it

WA o] 71z TNF-o& FYF A8Tlr € A
AN PP SHEEAR 0.137(£0.012) %

MPO 7.01(+0.89 U/gm)2X @ ANA % o
A G2 0.186( £0.015) ¥ MPO 14.11
(+1.08 U/gm)el uj&] @etom (2 P<0.05) 3,
FEde a7t i

MPO 84=71 Z37Hds& 9] 72% 3F7is9]
tH(r=0.564, P<0.005).

d AAR x| gk WA vje] d AT WA
o) o] A HSP 72 d¥jde] dde 4 34 ¥
18A]7F € 23A17t Hollx F7lso] Yepgth.

33 g

Ao A& AXA ¥ 749 TNF-a2 EHE F4
&yl AREag wdo] WAl woly)Hd f-2
84 288 Ao AlgErt

#Ael 2

Western analysis 43A] AM&-® 93} 342 HSP
70 rabbit polyclonal antibody& #23 FAlz 4
Ao B A3 A& AFA MLou Het
oA a7 o] ZA=Yud.
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