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Effects of Heat Shock Protein 70 (HSP/0) Induction after Lipopoly-
saccharide Exposure on the IL6 Production and the Cell Viability
after  Subsequent  Lipopolysaccharide  Challenge in Murine  Alveolar

Epithelial Cells

Jung Mi Lee, Jin Sook Kim, Young Kyoon Kim, M.D., Seung Joon Kim, MD., Sook Young Lee, MD,,

Soon Seog Kwon, MD,, Sung Hak Park, MD.

Department of Internal Medicine, The Catholic University of Korea College of Medicine, Seoul, Korea

Background and Aims : Pre-induction of heat shock protein 70 (HSP70) is known to effectively attenuate the
lipopolysaccharide (LPS)-induced inflammatory response in lung tissue. However, it is unclear if HSP70 induction
after LPS exposure attenuates the subsequent LPS-induced inflammatory response in alveolar epithelial cells. This
study examined the effects of HSP70 induction after LPS exposure on the IL-6 production and the cell viability after
a subsequent LPS challenge in murine alveolar epithelial cells, and investigated whether or not HSP70 itself may

be involved in those effects.

Methods : Murine alveolar epithelial cells were cultured and divided into two groups; the Non-Pre-LPS group
without a LPS pre-treatment and the Pre-LPS group with a LPS pre-treatment. Each group was subdivided into
the following four subgroups: subgroup C (control), subgroup Q (quercetin), subgroup HSP70 (HSP70 induction), and
subgroup HSP70-Inh (HSP70 inhibition). HSP70 expression, which was induced by sodium arsenite and inhibited
by quercetin, was analyzed by western blot analysis. The IL.-6 levels in the culture supernatant were measured by
ELISA, and the cell viability was measured using a simplified MTT assay.

Results : The IL-6 levels were lower in subgroup HSP70 than in subgroup C (P<0.01), and were higher in subgroup
HSP70-Inh than in subgroup HSP70 in both the Non-Pre-LPS and Pre-LPS groups (P<0.05, P<0.0I). The cell
viability tended to decrease in the Pre-LLPS group compared with the Non-Pre-LPS group. While the cell viability
was higher in subgroups @, HSP70, and HSP70-Inh than in subgroup C in the Non-Pre-LPS group (P<0.05, P<0.05,
P<0.01), there was no difference in cell viability among the subgroups in the Pre-LPS group.

Conclusion : HSP70 induction after a LIPS pre-treatment in murine alveolar epithelial cells inhibits the subsequent
LPS-induced IL-6 production without affecting the cell viability, and HSP70 by itself may play an important role

in this proccess. (Tuberc Respir Dis 2006: 58 375-3%4)

Key words : Acute lung injury, Lipopolysaccharides, Heat shock
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IL-1 receptor antagonist 5) 2 E=A W (heat shock
protein, HSP) 5-¢] $th.

AZATNELS AAHQ I5A 0L} sodium arsenite
(SA), Ataz, ik 2=E 1¢% | olaf fE=s’,
- R TZ}?*O] 70 kDa$l HSP70°] 7} th%
Ao|t}, theFet LPS I A3 reo]x SA A3
2 v]g] HSP70S ‘:o]—.T’_ Q) A 7ko] A}k o
LPSE Folatd dAxAAMEZSE TNF-q, IL-15,
IL-6 59 AT9% A7l 1] 2 /e LPS f5=
AFHkSEo] A A= Ao defA Yo,
A AA] At M= LPS %= ALIZF 2As7)
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1. H|ZAMI|M|Z HHQF

Sk Al E5-2-3Y(Seoul, Korea)ol|A] E4-2 # 9]

Table 1. Experimental protocol

A28 HEAY A EF2 L2 A¥EE L-glutamine(300
mg/L), 109 FBS(JRH Biosciences, Lenexa, KS), 1omM
HEPES(ABCO, Carlshad, CA), sodium bicarbonate(2000
ng/L, GIBCO) 3 84| (penicillin 100 U/mé, streptomycin
100 pg/mt, GIBCO)7F 3471 RPMI 1640(GIBCO) ¥l
A& 75T flaskol A Al wjgsto] Aol AH8-3k3l
o AEAEE SA4S F8AE %B-well culture plate
o well® 1x10" AEZ, HSP70 23d 3} [L-6 A%
245 91314 6-well culture plated]] welld 25x10°

AEE 77 2Fstol Wl Wk Fol AHgstelch
2E Aol Ao 3351014 88 Aole) AEE
w ARg ek

2. geiat & AlRZE]

4 S Table 1ol419} 2o] ZA] LPS H|A
A3 (Non-Pre-LPS) 2} LPS A A | (Pre-LPS)
o7 FEE T 7} & oA hZ2HC), quercetin
THQ), HSPIO- = (HSP0+h), HSPIOS Al (HSP70-
Inhih) &2 AlZskgiet., vpAeol 371 LPS AA &
& Sl vjFdE AL A IL-6 S-S 918 -0
Toll wtslal, A¥= whEs gl A4 (leupetin,
aprotinin, phenylmethanesulfonyl fluoride, Roche Applied
science, Mannheim, Germany)”} ¥ RIPA £
200 e Hrrste] gaiA17 & Dismembrator(SOr
nifier 250, Branson, Danbury, CT) % %S3¢ 3}
of HSP/0 &d =745 9all 20T RAstich
LPS(E. Coli serotype 0127-B8, Sigma-Aldrich Co.,
ST. LOUIS, MO)®| 5%+ 1 pg/ml, HAA - 4A]
roz 3t}

Main group Pre-Tx Sub—group Conditioning Recovery Post-Tx

C CM 6hr + CM 2hr

CM Q Q 6hr + CM 2hr LPS

Non-Pre-LPS dhr HSP70 CM 6hr + SA 2hr CM 181r dhr
HSP70-Inh Q 6hr + SA 2hr
C CM 6hr + CM 2hr

LPS Q Q 6hr + CM 2hr LPS

Pre-LPS dhr HSP70 CM 6hr + SA 2hr CM 18nr dhr
HSP70-Inh Q 6hr + SA 2hr

LPS:  lipopolysaccharide, ~ Tx:  treatment, CM: culture medium, C: control, Q  quercetin, HSP70: HSP70 induction,

HSP70-Inh: HSP70 inhibition, SA: sodium arsenite
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9%6-well platedl] ¥l 12 AIEE AW ZAH =
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control)
4. HSP70 R’

HSP70 -‘r’rEE sodium arsenite(SA, Sigma—AldriCh)
23 %]\T_‘ |, 941 96-well plate] HjSH L2 M3
F3F FI(25, 50, 75, 100 uM) 2] SAZ 2AI1%F XJX]
o] 24/\]{} T AXAEEE SAHATOZHA XS
of g mXA| Y= SA FEE oIt o
] SE2 6-well plateol] ¥lYFH L2
AlZE A A ske] 244]7F & HSPI0 23S <
& XA FowA F
3} SA«] HE AP EE
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2 AF A5 EY SAR 247 AR F F A7
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LyE AREE AAES
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5. HSP70 3o =X

HSP70 &d western bloto.2 A3t} Q.oF
1M Coomassie plus protein assay reagent(Pierce,
Rockford, IL)Z Z} Ao @il xwE v|g A3k
%, 8% A(gel)ell laned 7+ A 50 pg¥ & 53t
SDS-PAGE (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis)& A1&stal, A8 =A3ske] PVDF
membrane(Amersham Pharmacia Biotech, Bucking-
hamshire, UK)2.& @ &S o] A AL I v
PVDF membrane< +73F%] 10% skim milk(Difco,
Sparks, MD) 2 1543+ 2 g]sto] H] So] A3 2t
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AlZ1 ), 1:50002-2 8]41 ¥ rabbit anti-human HSP70
Al (SPA-812, Stressgen, Victoria, Canada)E& U=F
| 2 1A17F WEg-A) 7] AL 1:50002 8] % goat anti-
rabbit IgG-HRP(Jackson, West Grove, PA)E ©]x}
A& T 30:23F WE3-A17] $- enhanced chemilumine-
scence(ECL, Amersham Pharmacia)& ©|&3}e] 2

& (Amersham Pharmacia)®ll 73417 HSP70 @S
et A M= ZEE densitometer= 3
etlal Zk W= FA ®sk= positive control €]
o sk A Q1 ¥E-8(% of control) 2 #Hilete] =2

6. HSP70 2ix°

HSP70 2} #]+= quercetin(Sigma-Aldrich) &2 &%)
|, quercetin< dimethylsulfoxide(DMSO, Sigma-
Aldrich)ell o] AREsEglom, HE A3l A
quercetin &4 2] DMSO &2 0.05% o]ttt -4
%-well plated] wWiYE 12 HYXE tdst 5=
quercetin(100, 150, 200 uM) 2.2 6A17F 3%
&, SAR 22X AAFHaL 18A 7 F AZAERE
Aato 2 MEZAAET GIFS )
TEE RIS o] o] =l

2 6-well plateo] ¥4 [2 AIXE
U SAZ 22417 A skar 18A17F & HSP70 &S
gRIgto =M AZAELE FEFS WX A O HA
HSP70S a8 oz AAst= quercetin® HE %
4EEE 2433

o
o

r%

=
=

et

2| A &= quercetin
3 quercetin =
6A7F A 5

ok

l

HjeFdEd o] IL-6 5%+ ELISA kit(Biosource
Corp, Camarillo, CA)E ©]-83to] A|ZARe] A A€
Hol2 S48k on, kite] HA 4= 8 pg/ml
o]tk
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7+e] EAA AAL SPSS T2 139 independent
sample T-testE ©]-&3t31aL, Pgkol 0.05 vkl 7
=5 Aol Ao = sy}
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nl
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o MNX

1. HSP70 S=0f 23t SA ME ==

(1) SA ST MzZMET

L2 AIEE 25, 50, 75, 100 uMe] SA F=2 2A7F
A x| sho] 24A17E & dizatoll digh oAl MEA
EX(%)E s Ayp 75 100 uMe] SA FEA
A EABEETE ol stAl FHASFATH(73.7+3.0, 59+4.1,
P<0.01, Figure 1).

o

AlZ1 HSP70 2

>
ok

24417+ & HSP70
o] i3l western blotS Alddsk 23} 25 yMKE. T}
50 uMe] SA F oA HSP70 23 o] A3 ZF7}st

Ao (Figure 2A), 50 pM2] SA sEZ 2A17F A A]
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Figure 1. FEffects of sodium arsenite on the viability
of L2 cells.
The cell viabillity of [2 cells treated with various SA
concentrations  for  2h  followed by a recovery period
of 24h was measured. The data is representative of
three separate and independent  experiments and is
expressed as a Mean *+ SEM. SA sodium arsenite,
Control: untreated cells.
*P<0.01 vs. control
sk & HSP70°] = 5= AR 18A17F ]

HFigure 2B).

A) SA (uM) B)
e PC O 2 8 8 12 18 24 48 Time (h)
PC [ o 25 50 v
- —— g 1 HSP70 - — O —— y —— { HSPT70
3 120 S andr
Q‘E .?."E 20
u o= o= 60F
Z'n Z2'n
83 a0 B8 5
L [
o x o
= [i] = 0 ; I i
= PC C 25 50 = PC O 2 6 8 12 18 24 48 Time{h)
SA (uM)
Figure 2. SA-induced HSP70 expression from L2 oells.
(A) SA dose response for HSP70 induction. Western blot analysis for HSP70 expression was perfomed on L2

cells treated with 25 or 50 uM of SA for 2h followed by recovery for 24h. C: control, untreated cells. (B Time ocourse

of SAdnduced HSPAO  expression.  Western  blot  analysis
with 50 uM of SA for 2h folowed by a predetermined

for
recovery period. The data is

2 cels treated
representative  of three  separate

HSP70  expression was perfomed on

and independent experiments. PC: positive control for recombinant human HSP70
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150 I B

120 +

20

80 |

30

Cell viability (% of control)
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Controel 100 150 200 Quercetin (uM)
+ + +  SA(B0pM)

Figure 3. Effects of quercetin on the cell viability of
2 cells.

The cell \viability of 12 cells treated with various
concentrations  of quercetin  for 6h followed by SA
freatment for 2h with a recovery period of 18h was
determined. The data is representative of three separate
and independent experiments and is expressed as a
Mean + SEM  Contro: untreated cells.  *P<001 vs.

control

2. HSP70 2{H|of| 2R3t quercetin M¥ =T

(1) Quercetin SEY MEMEE

L2 Al32E 100, 150, 200 uM9] quercetin 5=% 6
A ZF AA A3 o8- SAR 241 7F A X8k 184]17F &
izl gk Aol AEAEE(%)E T
¥} 150 2 200 quﬂ quercetin & =0l A A ZAYE
7b frefebAl raEkdnh (57441, 551438, P<0.01,
Figure 3).

r;'k
Paling

=)

(@) Quercetindi| 2|8t HSP70 4|

L2 AEE AEAEE d3S nAA] &= 100 u
M2 quercetin FE=2 6A17F A5k T} SAR 2
A7 A A]8kar 18417 &, HSP70 3ol gk western
blot& A33F A3} quercetin A XS 3}A] &&
Zaro vl HSP70 Z&o] dAsHA A=At
(Figure 4).

= + Quercetin (100uM)

. + + SA (50uM)

= w— s 4 HSPTO

=y

(8]

o
1

[{e]
[=]
T

Relative density
{%of positive control)
8 3

o

Quercetin {100M)
SA (B0uM)

Figure 4. Effects of quercetn  on the  SA-induced
HSP70  expression from 2 cells. Western blot  ana
lysis for HSP70 expression was performed on L2 cells
freated with or without 100 pM quercetin for 6h for
llowed by a treatment with 50 uM SA for 2h with a
recovery period of 18h. The data is representative of
three  separate  and  independent  experiments. (03
control, untreated cells

3. LPS TXX[Z} HSP70

0jxls %g

22 HSPIO Mo

LPS HAx]= SAe| &gk HSP0 %= % que
reetin®l] €]&F HSP70 SJAloll Faks mA]A] edtom,
LPS HAHA offe] A#glo] Ct B QutellAe
HSP70 @& o] &= hth(Figure 5).

4. LPS MAX[, HSP70 ®*= =2 HSP70 X7t

7} A8 to] A|lFAEEE Non-Pre-LPSw29] Ci
2 318k9S i, Non-
Pre-LPSwoll A= Q, HSP’?OE, HSP70-Inh* &5
7} Citoll i3l MEAEET} ol skA S7FstAA R
(100 vs 1088+1.8, 120.7+25 122.3+45, P<0.05,
P<0.05, P<0.01), Pre-LPSwoll A& C3} Q<] Al
FAEETE frefstA Hastal oM (100 vs 582443,
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Figure 5. Effects of LPS pre-treatment on  HSP70
induction or the inhibiion of HSP70 expression of |2
cells after a subsequent LPS challenge.

Western  blot  analysis  was perfomed on 2 cells
freated using the experimental protocol  described in
the figure (Pre-LPS and Post-LPS 1 ugmé Queroetin:
100 pM, SA 50 uM. The data is representative of
three  separate  and  independent  experiments. QG quer-
cetin oontrol, HSP70-hn: inhibition of HSP70 induction

68916.1, P<0.05), HSP70+¥ HSP70-Inhiol A
EAMOE FootA = FUAT AEAELET) 7
St A4S BATHR0.3+85, 79+6.6, P>0.05). 314
Pre-LPS-9] 7} At 7ol AELAYER 2ol &
Holx] eF¢kth(Figure 6).

mﬂl (RO

5. LPS XX £ HSP70 RT
7} LPS XI=0]| <Jst

3! HSP70 X7}
IL-6 M-S0 0[X[= J&F

ZF7FLPS A=l 93k IL-6 A4 5 (pg/ml)2 Non-
Pre-LPSwol|l A= Catoll Bls Qut 9 HSP70w &5
7} ol ehAl 7haeh WA (147.1411.8 vs 91.3+4.6, 54.4
+35, P<0.01), Pre-LPSioll A= Catoll H]sl HSP-
70w o8l FHasklal, Qure AFol7t gt
(1237461 vs 73526, 124.8+76, P<0.01, P>0.06). &=
Sk Non-Pre-LPSw" ¥} Pre-LPSw B0l A HSP701*
o H]&] HSP70-Inhw2] IL-6 A/d5o] ok =
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Figure 6. FEffects of a LPS pre-treatment, HSP70
induction or inhibition of HSP70 inducton on the cell
viability of L2 cells after a subsequent LPS challenge.
The cell viabiity was measured on L2 cells treated
using the experimental  protocol  described in the
figure (Pre-LPS and Post-LPS: 1 ugmé Quercetin: 100
M, SA 50 pM. The data is representative of three
separate and  independent  experiments  and IS ex
pressed as a Mean + SEM. » P<0.05, = P<0.01

IH54.4+35 vs 681429, 735126 vs 113.4+4.3, P<
0.05, P<0.01, Figure 7).

LPS 6% d=uksoA] IL-69 gt tsjrs
FPTHEL Bk w4 H 25T e
FAAAR Agate] 23le FFUES TR
= BSo*0 9Jo] o} =gto] w1 9t} ahH ¥

ERIAEE LPS = d5Wee 79 FAAE
(target cells)©]7]% AR IL-6S 4|8k <HaAl
E(effector cells) 2% 2H8-3)7] W&ol LPS 5% ALI
o Hejggel v a9 HES st o
oje} -2 o= B Aol F o A28 H A
AIEQ 12 XS NQEH”Q?L stlom, 7 A

a5 IL-6 A5 AlE
HSPE-2 molecular chaperone .24 A7} ~E
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Haue 7. Hfects of LPS pretreament, HSP/0 induction or
the inhibiton of HSP70 inducton on IL6 production
of L2 cells after a subsequent LPS challenge. The IL-6
levels were measured from the culture supematant of
2 cels freated with the  experimental  protocol
described in  the figure using ELISA (Pre-LPS and
Post-LPS: 1 wgml Quercetin: 100 pM, SA° 50 uM.
The data is representative of three separate  and
independent  experiments and is expressed as a Mean
+ SEM. * P<0.05, * P<0.01
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7} ) E]ofof g}, o]l 1 el A
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