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Background: In the pathogenesis of acute lung injury induced by lipopolysaccharide(LPS),
oxygen radiclls are known to be involved in one part. Superoxide dismutase(SOD) protects oxygen
radical-induced tissue damage by dismutating superoxide to hydrogen peroxide. In eukaryotic cells,
two forms of SOD exist intracellularly as a cytosolic, dimeric coppes/zinc-containing SOD
{CuZnSOD) and a mitochondrial, tetrameric manganese-containing SOD(MnSOD). But there has
been little information about SOD gene expression and its regulation in pulmonary alveolar
macrophages(PAMs). The objective of this study is to evaluate the SOD gene expression induced
by LPS and its regulation in PAMs of rat.

Method: In Sprague-Dawley rats, PAMs obtained by broncholaveolar lavage were purified by
adherence to plastic plate. To study the effect of LPS on the SOD gene expression of PAMs, they
were stimulated with different doses of LPS(0.01ug/m!~10ug/ml) and for different intervals(0, 2,
4, 8, 24hrs). Also for evaluating the level of SOD gene regulation actinomycin D(AD) or cyclo-
heximide(CHX) were added respectively. To assess whether LPS altered SOD mRNA stability, the
rate of mRNA decay was determined in control group and LPS-treated group. Total cellular RNA
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extraction by guanidinium thiocyanate/phenol/chloroform method and Northern blot analysis by
using a P-labelled rat MnSOD and CuZnSOD cDNAs were performed.
Results: The expression of mRNA in MnSOD increased dose-dependently, but not in CuZnSOD.

MnSOD mRNA expression peaked at 8 hours after LPS treatment. Upregulation of MnSOD

mRNA expression induced by LPS was suppressed by adding AD or CHX respectively. MnSOD

mRNA stability was not altered by LPS.

Conclusion: These findings show that PAMs of rat could be an important source of SOD in

response to LPS, and suggest that their MnSOD mRNA expression may be regulated transcrip-

tionally and require de novo protein synthesis without affecting mRNA stability.

Key Words: MnSOD, CuZnSOD, mRNA, Pulmonary alveolar macrophage, Lipopolysaccaharide

M =

A HIEde] g v oA #AlelA
HEjo] JA] F3E o] At o) F5re] AFAIEell
Al FolsEle ASEig B39 gl o Ay
= Zlo R olsiisla glow, A4t g e
s 21w Aol sl A A glek Aol
Aka7lel AL AAkle dAkskEsr) AgHen
TRz, 4719 Aol Frtshd dAstasw
7ol Frkslel 4|9} spAsta AT FHE o Fi
et

19801 At $Rlol] uix e} FARRNEAE codingsh=
$AZHcDNA)7} cloning®l o] ™, FA wHiAte]
Hlo] 7] ol)4] superoxide dismutase (o]} SODE o
he) s THs) Slsled SOD {314 ursekd
of] thgt A7t ghiks] RePs] 3 Qlek. skx|ak Aol
A88 BE, 2 AlE Soll wel SOD fAike) wt
ok 5l 24746l & ol E Bo|i gk &, At
chalFol A9 sl EE HWEAE AF38)
MnSOD mRNA Hksul Z7)%]31 CuZnSOD
mRNA 28 #3r) glcke B 37} gl whiolP?,
WEAE AXg wAel sl CuzZnSOD
mRNA o] Zrhdhe Ba% 9o)™, Ay 27
ol wie} SOD fzke) whdokdol] e o] S Ho|
3L Qlek Hegh Wi 9] HIEAYA A ES chafo et o
of] SlshH Uj=2ol] ©J8) MnSOD mRNAL: &la}3] =

lo 2t

B

7}sh} CuZnSOD mRNA Y= Z7)s1A] ekokar, AL <
Al actinomycin D(o]s} ADE °}FghHe] Axx|g
W54el] 23k MnSOD mRNA 9] Z717} s3] <A
=, chghAl o AlAlQl cycloheximide(ofs} CHX 2
R TS Fold ulSk Fo| T MnSOD
mRNA7} Z7lsl3 CHXE AXX] & WEAE 5o
3} MnSOD mRNA7} W4 ghEEodol ulal HA
S7tse} wiXe] HEAIEANA WS4l 23t
MnSOD mRNA ] ®&-2- #43h FRAolele A4t
cHAlollA 2] 3 gheA] chilgl g de g siAE
$om, F=Hog BRPE3l oA QIA; Y= RNase}
Zhe- B 0] B ThsAle] AE A gl wk?, w%)
9 HF R AZAE WS4 208 Wi =T
A45| 4| Eol| A2} 7ro] MnSOD mRNA Hto| Z7}s}
ARk AD®F CHX 2H7te] Zxz]oll 2jsf MnSOD
mRNAME o] 557 olAlw]o] uhxe] wH|Ea)daldE
o= we] AARAIe} chilg ] ThAlZE B )
AzAo| ot Ao A7hwo)'?, SOD FAA} ¥
o] zA7 AR Azl g T ZJolE Kol
) =

WA= F4 dEYelA ZH2ke] A3l SOD
S wlekgel di A7 2] Bl gpem,
Aol gk ARl elZlAell MnSODSE
CuZnSOD F oj:=Flo] 3 AL =A% A3
424 A ok vl gt v} o] SODE
AR} whsiobd vl 1 24712 Agzel uet &
ol & Kol U AARI, WHEA FoiA] wixe

— 223 —



HEoAAEelA 2] SOD {214} kol disiiAl
€ oF A7 vt glon, HEoiAAE MnSODS:
CuZnSOD f-3zte] wez=A71del dishA = 8eiA]
A e A7gelrt.

Y Nzl Yol 2 ARES Holn Jie A
g FFTREITE) Asy el A o 7Rl
et ofslte Pl Aolrk AAELE w9 HlEd
A ZENA WS4 Aol 2fal) 3H413}a49] MnSOD
2} CuZnSOD 2] A} kst 247148 vjle
BA, WSl gt FA AEEA SR AZAA
e 4av)e] dgE BARERH sEN W
Heta, 1 oyl oigh 7l2A AE Azt
£ A7E Agslgict

CHAF 3 4y
1O &

LA A7 AlF 200~300 128 Sprague-
Dawley Wil oo sl on, 7|8A= x4
< ARfsla FHE o] {gkAAA o] gAlsle
WA ditella] AlLlsigict

2. 4 o

1) HZECHAMNES &2

wAolld] Z|BAH AP EE Afslo] AEE Hel
3lgck Z1BAHZAE S 408 BAETE Sml
# 7)5ol] Fsta slEilE 43] ubEsigi e, of
Ate A=z AEE 4CollA] 400g2 1087 94
Beslo] MEE HAXF) L RPMI-164008 29 A
Het ¥ YHE 2ol aypan blued g 3}5L hemo-
cytometer & A TS ZAslgch 35mm Sk ol
ok ol] 3X10°709] A|ES B3Es}lo] 5% CO, incu-
batoroll4] 1417} uijeksle] HIZHAAIEE wioFg Aol
HAA7|3 Al AAsle] ok AEEHE HE
dRAIEE Felsiich

2) o xA

W& J(Escherichia coli, 055-B5)oll ¢J3 SOD
mRNA ulde] Sa:ubgAlE F713l7] $ial Al
ALAE ujokolel] EAE 0, 0.01, 0.1, 1, 10ug/ml2]
g Hrlsla 8A7te] Z#dt & Northern blot
analysis& AJ36}3152, A7l wE SOD mRNA
ko] W3l e Hrlksly] sl HAZOAAE ekl
FHE E% 0.1ug/miel WEAE Hr)slar 0, 2, 4, 6, 8,
24 A)7te] Aakgl % Northern blot analysis&- AJsis}

LPS

(0,0.01, 0.1, 1, 10 ug/mi)
|

LPS Dose - Response

~

[ 8 h incubration v

Incubration Time - Response

mnhem Blot Analysﬂ

LPS
(0.1 ug/mi)
| | | | |
| v v v v

|
v
0 2 4 6 8 24h
| Northern Blot Analysis]
. J/

Fig. 1. Expreimental design (I): LPS dose and incubation time res-
ponse to SOD gene expression.
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Fig. 2. Expreimental design (II): Regulation level of SOD gene
expression and SOD mRNA stability study.
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Fig. 3. Expression of SOD mRNA 8 hours after exposure to various doses of LPS. The
upper portion is autoradiograph reflecting MnSOD and CuZnSOD mRNA levels.
Middle part is GAPDH mRNA to demonstrate equal loading of RNA per well. The
lower part is laser densitometry and expressed as the percentage of control level.
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Fig. 4. Expression of MnSOD mRNA aftter exposure to 0.1ug/ml of LPS for various
incubation time. The upper portion is autoradiograph reflecting MnSOD
mRNA levels. The lower part is GAPDH mRNA to demonstrate equal

loading of RNA per well.
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Fig. 5. Effect of AD(5ug/ml) and CHX(5ug/ml) on LPS-induced SOD mRNA

expression. The upper portion is autoradiograph reflecting MnSOD and
CuZnSOD mRNA levels. Middle part is GAPDH mRNA to demonstrate
equal loading of RNA per well. The lower part is laser densitometry and

expressed as the percentage of control level.

SODe] 9J&)) hydrogen peroxide9} Ab4& #3ls] 7 o]
o %4)% hydrogen peroxidel= catalse9} glutathione
peroxideoﬂ o3 ooz ZHC T8

T AR E52] SOD7} EAligic). &, o|FA|e] 3y
2 H}a’:’,‘-lﬂ] EASlR= Cu, Zng 348 CuZnSODS}
A Felz AFEY) vEZ=golel] EAlehs

Mng 334 MnSOD, L2jar Al|EL]ell EAfsla A
ZA)e] el Z Cu, Zng 353t ECSOD(extracellular

soD)9] AFF7L Qe ol5L BX }ahﬂr o}
l et F4o] A2 Holel A RE B ok
fatt ek

*E*ﬂ‘ﬂ 9] AgollA Ao iES4 IL-1 3 TNF2

— 528 —



100

80 -

60 -

% of intensity at zero time

A\

— LSPonly
--~ Control

2

4

Time after transcriptional block(hr)

\..

Fig. 6. Degradation rate of LPS-induced MnSOD
mRNA after transcriptional block with
actinomycin D.
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ZHck ol2gt Xo]7} Aol A o 2n]E ZHeR)
ofl tighiale ob=] SH4Ix|7} ob2 Al EA] ok el
of 3 #AlZ 7=k

Pt o ) Wi A A}, nuclear processing,
cytoplasmic stability, b#iglAle] wiAlllA] 2455
ek B Ao WSl 93 MaSOD mRNA
wio] AAL AAIAIQ] ADell ofsf) ZH4slgic) ujebA
iAo} S EAAFllA WS4 2%t MnSOD
mRNA W] Z7he Hol® = shilgh] o]A9)
T 2898 & 7 Uk 12 o] Atoz
& WSdoll 2J8 MnSOD mRNA HHi 9] 717} A
2] F7lell 7108ReA] F8 mRNA Q4le) ot
of] 213k 7914 4 = gick ofe] g A B
Aol E mRNAS] QFEA(mRNA stability assay)
< FAs1ed AlEURIA mRNAS v & 24
sh= WP o ¥ 3= pulse-chase labeling'y, steady-state
labeling®}3} inhibitor chase® So] o]8&%|3 g}
Pulse-chase labeling®-2 AEE FA|Rjol| A7t 2
A7 B ZRAE AAs BAAE T3 mRNAS

ZRslod BE)E sl wholsr Steady-state
labeling®}-&- AEE FAAJ)] AEKHoZ w=FAT| 2
A7V73el w2 EAAE E5H3E mRNAS] A2 &
A £T2XE] mRNAQ HHI7IE Z2Ae= dbio]
o o] F71A) v mRNA 2] Hizt7)7} 3~244)7
ol Aol 8shA A F A vz B
7gollE B g Agslrlrt S8kt ghgo] et
Inhibitor chase]-& HEE AL Aa4z =23 &
Northern blot analysis® A]ZH3#lel] v} mRNAE
ZAslo] W& ebe Wl 919 F labeling
el ulell Bl7171 #7359l vl HesiAl uk
715 ZRE T = Aol e vl A A A
7t AEe] uiAel ke wX|7] wfiiell inhibitor
chase] ©F mRNA ¥Rzt717F 2 342 49 A4
JAAlel] 2%t Aahel-g A 4+ glo] 3 labeling
Hol| oj3t 2R1g g3l whdo] QIeF?. B o4
+ mRNA SHEA-& &4sl7] 9l6lod inhibitor chase
He Agsild. &, A EAIES dizdw iEL
FolFoF o] 8A1ZHESE ik ADE Fofdled
RNA & ST A7l @& MnSOD
mRNA Wi¥9] WHILE Psled 7 7719 a7lE
vlzsldeh tZ2FH HELFHT 7ol MnSOD
mRNA H1719] ojulgles X7} 3bakslA] grot wiA
o AERAAEAA HES) 23 MaSOD mRNA
o] wrele mRNA <HgAl9] Fotivhes A4 Aixel
F7loll 28 hsdo] & AR Azhc) g o
9] A& sty AA AAE AR Z43= nuclear
runoff assay7} Hg3t Ao g AzlbEich

WS4zel] 28 MnSOD mRNA 9] W&oy 23 oh
W3kAl(de novo protein synthesis)®] BQ 55 A&
slaap AEAAZE g QAR CHXE A
X3 & WEAE Folslol MnSOD mRNA e
315 Bslglistl, CHXE el 23k MnSOD
mRNA 9] W¥lo] shbds] AAlslo] Edof] ofgt v
| E A A ZellAl 2] MnSOD mRNA ol |28
childhdio] L aghe & < QIRlrt o] ZAzb: uire)
HAZAAES} A UAEo|A CHX sl
MnSOD mRNAZ] ¥kso] Z7}sle] MnSOD mRNA
o wkEe A 2g chilghde] FHaglris & Visner
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< SRR 7] AIE = AT F5el vl
dolgt 247138 2=l 7]UE Aojrk

WEa FoA] Zashe ke B CuzZnSOD
mRNAS] WS AD 3= CHX ZHzbe] Axjxjel] 2}
3 B $xs] Zhdsiod, SEARAIEN CuZnSOD
mRNAS] W zAs A gl chighd] oA 2501
Hofd Zog A7tk

B ool Azptko 2= US4 A5l uhE #H|E)
AAIE2] MnSOD mRNA o]l fefsl= A2 &
wo] A4del] Bkl ¢ 4 flek IL-13 TNF= W
Sdol] o8t G4 i) mPIERRA WSt 9
3l S A ZlA FulE L, ofe] FH9] AlTellA
MnSOD®] A4-g gitstkm geiA P, e}
Al B AollA] vEdel] 2J%F MnSOD mRNA 9| W
of Aoz Mg Tl US40l sl #IE2A)
FolA Ful=l IL-13} TNFY 7FsAE wilAlE 5= ¢l
ony K& gHIL-1 A9} g TNF $hE IL-13F TNF
o] o &g ARt A7l Hed ZoZ A7)

2 of

ST Sl 2t FA4 sl gl
A ALV} F/% A%E ok A & A
ek AZ el ol#dt A&Tol]l 23t AEe) £4S
WAL A4 dol7lRe g ofe] gAstasr )
szt ol SOD= AMEdAAot 23 AbSel]
o8l ABAE superoxide ZHE] AME2) 4G R}
T 9E$ 3t AEW SODE F&2 oAl 722
AEAo) EAslE CuZnSODS} AEA2] 722 v|E
Frglolol] EAllsh= MnSOD ] F £-5771 4elA
o}, A Ee) 2] SOD mRNA Wl gl 71 =
A7Vel alsiAe g4ds] HEle] IA ek B A
T2} B2 e dERAMENA HEL &Sl
23} MnSOD$} CuZnSOD mRNA utslokahg 3bds)
I W54 AFA] VEREE SOD mRNA #&ie] =4
7ag sk gick

B lde] JBASEA A e AEE
plastic plateof] 2-2A)A FAZPAAEZE it ¥ 1)

g AFsle] M4 £3H0.01pg/ml~10pg/ml) 7}
ZF2AI7HO, 2, 4, 8, 24 hrs)ol] w2 MnSOD$E}
CuZnSOD MnSOD #F&ok4-g- Northern blot analysis
g AlsPslo] apgsislcl ok <Al MnSODS:
CuZnSOD mRNA W&e] 47|48 w4l HE
WAAIES 27 AD(Sug/ml) = CHX(Spg/mhE A
AAgE & W5E2 ASsle] MnSODS}E CuZnSOD
mRNA 9] Wik g Fslgict. 1 5L Foizt
SOD mRNA¢] QPAE W7 A o LE H71st
7] 918 ALWAAEE 2T FoATeR 1o
SOD mRNA2] Eall&g ulaslgick & AFN
RNA¥= guanidinium thiocyanate/phenol/chloroform*
£ o] &stod =Z+19] 31, Northern blot analysis= *P
2 FA% wale] MnSODE} CuZnSOD ¢DNAsE ¢|
$stod Assisich

Zak wixe) =HEAAEe)A MnSOD mRNA 2]
LHL W54 Foige] Folell ale} F71Em WE
£E Solkm sAFel AT olERerk
CuZnSOD mRNAS] W88 WE42] 8% 1 Fol¥:
WA W WSk Stk WEE SolE
MnSOD mRNA ¢ k7= AD FE CHX 7}bz}e)
XKl 2J3) 25 A A=igich. MnSOD mRNA2 <}
8L WEE Fojol] ofal wigtelA] ekgick

AE: ol AAR W] MERAEE HEL
A4Sl Bhgste] SODE Ashe F8A|*Eola, Wi
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