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Abstract (J Korean Assoc Oral Maxillofac Surg 2010:36:346-52)
The effect of heat shock protein 70 on inducible nitric oxide synthase during sepsis in rats

Yong-Keun Lee, Yung Ahn, Dae-Ho Leem, Jin-A Baek, Seung-O Ko, Hyo-Keun Shin*
Department of Oral and Maxillofacial Surgery, School of Dentistry, Institute of Oral Bioscience, Brain Korea 21 project,
Chonbuk National University, Jeonju, Korea

Introduction: Heat shock protein70 (HSP70) is a highly conserved family of proteins produced after a variety of stresses. Many stadiéisateport

the overexpression of HSP70 can improve the prognosis of the patients with sepsis through a reduction of the nitric axidocort@wever,

these results only revealed the effect of HSP70 and nitric oxide. No studies have examined the relationship between 8€dgidedTie aim

of this study was to evaluate the effect of the overexpression of HSP70 on the expression of inducible nitric oxide sytiibasi&riaroxide con-
centration. In addition, the mechanism of the relationship of HSP70 and inducible nitric oxide synthase (iNOS) in sepsisnveas ex

Materials and Methods: The experiments were performed on male sprague-dawley rats. Sepsis was induced by a cecal ligation and puncture
(CLP). Glutamine (GLN) or saline was administered 1 hour after the initiation of sepsis. Serum and lung tissues wergaundhieadts 12 hours

or 24 hours after the initiation of sepsis. The nitric oxide concentration, the expression of HSP70 in lung, and the g&ipa exiOS in lung

were analyzed. The three groups, sham operation, CLP and CLP+GLN, were compared.

Results: Compared to the other groups, in CLP+GLN, GLN administered after the initiation of sepsis enhanced the expression ohd 3R¥P in t

at 12 hours (47.1810.04 vs. 33.22 8.28,P=0.025) and 24 hours (47.8610.60 vs. 31.9Gt 4.83,P=0.004). In CLP+GLN, GLN attenuated the
expression of INOS messenger RNA (mRNA) in the lung at 12 hours (5,518,081.60 vs. 4,167.17951.59,P=0.025) and 24 hours (18,740.27
+8,241.20 vs. 9,437.662,521.07,P=0.016), and reduced the concentration of nitric oxide in the serum at 12 houes {@86vs. 3.82-2.53,

P=0.016) and 24 hours (0.39.25 vs. 1.85-1.70,P=0.025).

Conclusion: The overexpression of HSP70 induced by the administration of GLN in sepsis attenuates the expression of the INOS gee® but reduc
the nitric oxide concentration.

Key words: Heat shock proteins, inducible nitric oxide synthase (iNOS), Nitric oxide (NO), Sepsis
[paper submitted 2010. 6. 18 / revised 2010. 10. 11 / accepted 2010. 10. 18]
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(1) Sham operation (SHAM): ketamine 80 mg/kg
xylazine 12 mg/k& &7} W & of(intraperitoneal inject)
ato] mtH A Z T 2 cmEY A7l 5 cecums wi il £
obf-#l A A= AlefetA] X B R A foly
Ach 59 25 9 IF S5 53 F v E 20
mL/kgel A2l d-E FoAsdh X7 $ GLN
TFI AT E SF HWE FAgAt F&0]
A= AP A Yo
et A

(2) Cecal ligation and puncture (CLPEL 3t WFH 0 2 n}
ZA7] 3 2cmEH A7) 3 cecumS wi 1 o] ileocecal
valve ] 3} Hboll A 25%¢2] cecumS 2 2t o, 18
guagelﬂ}ei T2k #E S T oiHe] B UE Y

=5 AA s 59 Jwr LIRSS HTF 5
s

J—]o]—i 20 mL/kge] A2 HFE Tt 14
OGNS a0 4o 4858 44 W2 Fol o
a0l 2 A= AbSA A Yol =3 AR E

3 e

HANZN & CLPE /\]TSE 3t A Uﬁ l"] s
g/kg/doseg &7} W2 FoI3t et F< 0
= A& A4l Pol £34 AR E 72 A2

)24 6%
CLP 12x] 7+ & 24X 7+ & ketamine 80 mg/kgZ xylazine
12 mglkgs 577 Wl F43te wtA A7 § FHE Aihst
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2) INOS messenger RNA (MRNA}E =4

~+d& kit (TRI Reagent, Molecular Research Center, Inc.,
Cincinnati, OH, USAE Al-&3lo] A A€ # %7 100 mgl
Al RNAE #%3 3, 83337 (Beckman, USAE A&
0}‘3:] 260 nmol| A 5 %51 RNA9 5= &5 A4 F&

F RNA = 100 ngS & A AL 3o first strand complementary
DNA (cDNA)E TH=3lth G xAbel] 223 wrg-2ta 2>
5 mM MgCL, 1 mM dNTP, 2.5 mM Random Hexamer
(Promega, USA), 1 WL ribonuclease inhibitor (Promega,
USA), Moloney Murine Leukemia Virus reverse transcriptase
(GibcoBRL, USA) 52 & RH=3lth cDNAE §HA st So
rat INOSe} rat glyceraldehyde-3 phosphate dehydrogenase
(GAPDH) A #te ) g PCR (PTC-200 Peltier thermal
cycler, MJ Research, USA) A 3 3} 31 t}. PCRS ¢ & v+
3}sHE-2 2 pmol primer, 2.5 YL Taqg polymerase (Takara,
Tokyo, Japan), 0.8 mM dNT#® 1.5 mM MgCl 50 & 9+&
¢l th. Polymerase chain reaction (PGR)% 7] 94C o A 3%
7} denaturation?- 30 cylcleg A] 3 311 2.1, Z} cycle 94C

o A1 1¥ 7} denaturation$- 58C o] A 1.5% 7} annealing&
3l 72°C ol A 10& 7} elongatiorst $ th. ¥ A 2] iINOS
cDNA Al o] & 2 3} oligonucleotide primers'5sCCCTTCC-
GAAGTTTCTGGCAGCAGG-3 (sense¥ 5 -GGCTGTCA-
GAGCCTTGTGCCTTTGG-3 (antisensed] 12, ¥ A 9|
GAPDH cDNAE ¢ 3l oligonucleotide prime¥ 5 -
TCCCTCAAGATTGTCAGCAA-3 (sense¥ 5 -AGATC-
CACAACGGATACATT-3 (antisensed] t}. Housekeeping
gene GAPDH] 2&-g control2 &}w, GAPDH band} 1
+ RNAE A A H ot SZ ¥ PCR products- 0.5 pg/mL
ethidium bromidewerg ¥ 3% 1.5% agarose geisA] 7 7]
FE AT Foll Aed oz e itk iINOSeH GAPDH
gene PCR product =.7]+ z+7+ 498 b} 309 bp 3t}
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3) 7 ol A1 9] HSP70u& 27

Yang 53 Sumioka-s*o] A Al W el u}zl Western
blotS A} &3}e] =4 &%) %% 7} Z %] 100 mgs 1.5
mLe] ¢kF&Ho] Y& F A7 7 5 5F7 FA 22

5
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Hl k3141 o, Western blog A}&351o] &% il g ulo
A g S SFdsAnh A A #9E bioimage
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3 Atz BM

A8 541 & SPSS for Windows version 11.0 (SPSS Inc.,

Chicago, IL, USAE o] &3l H| R 3 EARAHS AL
ST Al 29 v 2= Kruskal-Wallis tesk, 7+ 7+ ¥ .
+ Mann-Whitney U tesg A}-4-3fe] B4 61 th 72 =4 ]
o g Wit £ REUARE FAGL FAHAR FES
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Fig. 1. NO concentration 12 hours after CLP.

(NO: nitric oxide, CLP: cecal ligation and puncture, SHAM:
Sham operation, GLN: glutamine, *: P(0.05 compared with
SHAM, CLP+GLN)

rabbit anti-HSP70 polyclonal

horseradish peroxidase-conjugated sheep Z 2] 2] INOS mRNAe| &
anti-rabbit antibody (Amersham Pharmacia Biotech,

YA HEZ ZLoJA] HSP70S| Zt= 2Fe40] iN0Se| ol OjAl= =Efof et o7

P<0.052 3} % t}.

]

= M s

CLP 12247+ & A &3S wf CLPYE Al gt oA &
T st d 4] F7 CLP+GLN 2R T F2)38HA &4 =
A 5] 9] th.(47.19+10.04 vs. 33.22-8.28, P=0.025)(Fig. 1)
CLP 247t & 4 F 3l Wol = CLPYE AJd) gk o A
F Astd A9 FE7F CLP+GLN Bt} 9 81A] &4
27 ] 9] t}.(47.06+ 10.60 vs. 31.984.83,P=0.004)(Fig. 2)

2. HZZX[2] iINOS mRNA2| &5

CLP 1227t & A& }91:2: w CLPRF A8} & o 4] o
3 o] CLP+GLN 1.t} &2 517
=4 =45 9}@.(5,513.7&1 051.60 vs. 4,167.17951.59,
P=0.025)(Fig. 3) CLP 24| 7} & 2 %3} %< wjo] = CLPy}
Al st ol A # 22 9] INOS mRNAS] & o] CLP+GLN
R 898 A =A =45 9t (18,740.278,241.20 vs.
9,437.65+ 2,521.07P=0.016)(Fig. 4)

3. H|ZZAl9| HSP702| &f&d

CLP 12217+ & A %39S w CLP+GLN ol A ¥ %3
©] HSP7®] & o] CLPRF Al g Rt} {2 5kA] =7
=759t} (3 82+2.53 vs. 0.86-0.48, P=0.016)(Fig. 5)
CLP 2407t & &3t S wjo = CLP+GLN ol A ¥ =
2 o] HSP7(] & o] CLPYF Ale) gt #H Tt fo]3HA =
A 24 5 9 t}h.(1.85+1.70 vs. 0.3%-0.25,P=0.025)(Fig. 6)

No 24 hours after CLP (M)
70

60 | .
50
40 |
30 |

20

10 |
0 1 1

SHAM CLP

CLP+GLN

Fig. 2. NO concentration 24 hours after CLP.

(NO: nitric oxide, CLP: cecal ligation and puncture, SHAM:
Sham operation, GLN: glutamine, *: P(0.05 compared with
SHAM, CLP+GLN)
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Relative density of INOS mRNA 12 hours after CLP
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0

SHAM CLP CLP+GLN

Fig. 3. INOS mRNA in lung 12 hours after CLP.

(iNOS: inducible nitric oxide synthase, mRNA: messenger
RNA, CLP: cecal ligation and puncture, SHAM: Sham
operation, GLN: glutamine, *: P(0.05 compared with
SHAM, CLP+GLN)

Relative density of HSP70 12 hours after CLP

O =+ N W~ OO N

SHAM CLP
—

Fig. 5. HSP70 in lung 12 hours after CLP.

(HSP: heat shock protein, CLP: cecal ligation and punc-
ture, SHAM: Sham operation, GLN: glutamine, *: P(0.05
compared with SHAM, CLP)

CLP+GLN
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AAAC2E ) EZol of gk HSP7®] o W2 & 3ol o gt
AFT Al o] gfom AA Aol AL e U

o7 7jrE =z £33 ¢l Heat shock, GGAS 9] %
117‘4‘2 SHA= A FE L A5 284S 7HAE 3
o4 238 8= F¢ T heat shock treatmest 713 &
Ao HSPTOY 72 2 ] F9] oF8hg By sha 9o]

ol & heat shock parad@ky H 3725} Qi ohgt o &

i & GLN9| £ 5 7Hd 4 0 & HSP7®] 3= %}?ﬁ_%
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Relative density of INOS mRNA 24 hours after CLP

30,000

25,000 - T
20,000 -
15,000 -
10,000 ©
5000 -
o

SHAM CLP CLP+GLN

Fig. 4. INOS mRNA in lung 24 hours after CLP.

(iNOS: inducible nitric oxide synthase, mRNA: messenger
RNA, CLP: cecal ligation and puncture, SHAM: Sham
operation, GLN: glutamine, *: P(0.05 compared with
SHAM, CLP+GLN)

Relative density of HSP70 24hours after CLP

5

|

N

N

' m

. —
SHAM CLP CLP+GLN
S

Fig. 6. HSP70 in lung 24 hours after CLP.

(HSP: heat shock protein, CLP: cecal ligation and punc-
ture, SHAM: Sham operation, GLN: glutamine, *: P(0.05
compared with SHAM, CLP)
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