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The Effect of Endotoxin on Gene Expression and Total Amount of
Surfactant Protein A

Doo Seop Moon, M.D.*, Jang Won Sohn, M.D., Seok Chul Yang, M.D.,
Ho Joo Yoon, M.D., Dong Ho Shin, M.D., Sung Sooc Park, M.D.

Department of Medicine, Colleges of Medicine, Hanyang and Kwandong™ Universities, Seoul, Korea

Background : Surfactant protein A (SP-A) is important in the regulation of surfactant secretion, synthesis
and recycling. SP-A has important roles in regulating surfactant metabolism as well as in determining surfac-
tant’s physical properties. Since systemic sepsis is one of the common causes of acute respiratory distress
syndrome (ARDS) and abnormalities in surfactant function have been described in ARDS, the authors investi-
gated the effects of endotoxemia on the accumulation of mRNA encoding SP-A and SP-A protein content.
Methods : Adult rats were given various doses of intraperitoneal endotoxin from Salmonella enteritidis and
sacrificed at different times. SP-A mRNA was measured by filter hybridization method. Lung SP-A protein
content was determined by double sandwich ELISA assay using a polyclonal antiserum raised in rabbits
against purified rat SP-A.

Results : 1) The accumulation of SP-A mRNA in the endotoxin treated group 24 hours after 2mg/kg and
5mg/kg endotoxin treatments was significantly increased 50.9% and 27.3%, respectively, compared to the con-
trol group (P<0.001, P<<0.025 ). 2) The accumulation of SP~A mRNA 24 hours in the 5mg/kg endotoxin
treated group was significantly increased by 26.5% compared to the control group (P<0.01). 3) Total
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amount of lung SP-A was not altered at 24 hours by various doses of treatment. Total lung SP-A content 144

hours after endotoxin administration was significantly decreased by 51.4% compared to the control group (P<

0.01).

Conclusions : The specific regulation of SP-A by various time course in vivo is evident. The late decline in SP

-A protein content was unexpected and suggests that SP~A may be differentially regulated during lung in-

flammation. The functional significance of these alierations remains to be clarified. (Tuberculosis and

Respiratory Diseases 2000, 49 ;. 703-714)
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FAHEETDSTF(acute  respiratory  distress
syndrome . ARDS) & 1967 Ashbaugh'vt A&
Bg Al APEo] 58% o[ EAE 50-80%
o] & AMHES Holn Qry 4 ARDSe| w4 o
e ohekBli oJ8j7hR] 716 9Jste 5 ¢
H A7tk ARDS 9] 71 &3 Wejstd £
I8 £ S712 Q13 HEue gy
FREY BFENIP o] B Fhauge] Aol
gAdo] A 2 ¥R REe] duE 2w
&7, 4% W B, prostaglandin, leukotri-
ene, thromboxane, interleukin-1 (IL-1), tumor
necrosis factor (TNF)e&} Z& A Huj7ES0]
ARDS<] wRlo] #ojshe Aoz gaiA Ao
AZ7E WSR2 =2EE ZEY 53 fdol &
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o] dgte] Zetgrt. nlolEZ=glop) BER3E7t
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lation) & Waliste] AZE Fof olzA st &
2< lipopblysaccharidel;— Z2 Yjof] Bo] EA5=
AN EE 4371 BAstE didlEeE B
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HA AL APFENAM TNFE d73 F9)std
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#FE = gong TNFE ditolt g2
8 wge shtg e Aot FEHHA o
cytokine & A Ex FFuld] T4do2 Fosld
B4 #Heake fuste ARDSSate] €3 2 i
A A EAHYN A TNFEE7F S7hE0) ARDS] @
AR e S8 g sk Zoz duA ot
g ARE 3 W™l AU e] TNF gid
FEY G Foislae o MAEATHE Bt Qo

ARDSol] 1o)A surfactante] ke B34 0]z
ok gaata o) olabo]l ARDSe] Wejielo] F-84 0
2 7195t Hebde] ast #8719 #RALelY &
2 o}zlrZIt}. Surfactant AlEe] Wslyl ARDS
o} Hadel dxbAEel SHrIEE oA agtkn
341 ARDS9] o]x#<l Fa4vte] ojulg FofajA
= ordul® Surfactant AlEL dxlZolE ojxtd
olgiztell A Hrieg AR SlolA] =3
9% wot oja}, oW Hejo]d surfactantZy
of #Ho] wejde sk Wl 2A r]osty] wio
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Surfactant@¥ (surfactant protein, SP)E&
surfactant®] Eujata AJ4de] 24 2 diabzdd
Aol Fadk 9E& 3l SP-Ag] 71%& type II
pneumocyte 256 Ax|Fe] F4E A3}l type

II pneumocyte 2X-E| surfactante] ¥ul8 23}

— 704 —



— The effect of endotoxin on gene expression and total amount of surfactant protein A —
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1. HHEE

Sasco FAIRZFE FoFe 300-380 gmel Spr-
ague-Dawley# (Grand Island, Nebraska)Z& A}
B 25 FU o8 AT B AT d¥EER
A3 Y. Salmonella enteritidis lipopolysac-
charide B (Difco Laboratories, Detroit, MI) 2mg
/kg, Smg/kg B 7.5mg/kgE 77+ 8rlele] AYPF
8o 27 B § 24470 22 gAA g A
4 iz 8ulele $%9 4g4E lipopolysac-
charide Btjal o2 BE7hY FARE & 24710 A48
¥k, Salmonella enteritidis lipopolysac-
charide B bmg/kg & 47} 8nla]9] dd5E 270U
ol & 6AIZE, 24A17F, 48417, 96 A1 2 1444]
tofl slgsla, Auiay 8uiele Tkl Agse
& B FARRE F 242070 gAY H2A e
71 S8l HEEEE T § A8 A8 FHe
t}. Wet to dry lung weight ratic (WDR)& &%
at7] flate % Hlo] 2/3 ¥918 L2 BAZ &
4519k, mRNAE 2743k7] 9J3k 500-750 mg
o] #1224 10 mlY solution D (4 M guanidium
thiocyanate, 25 mM sodium citrate pH 7, 0.5%

r\l

1% me

sarcosyl, 0.1 M 2-mercaptoethanol)d] Y& %

Tissumizer (Tekma, Cincinnati, Ohic)Z high
speedofl 4] 30-60% F<F #AsE -70Ce YBH
o Byt

2. RNAZ2| £a|

Chomezynski®} Sacchi®e] #po® & RNAE
solution D2] #SHezRE Eeslgrt. & Ep-
pendorf tubeol] 500 @l 9 solution Do pH 4.0¢!
50 uf 2 M sodium acetateE 7}slo] 2HA3E &
pH 7591 0.1 M Tris & pH 7.5%) 10 mM ethy-
lenediaminetetraacetic acid (EDTA)=Z €231 &
pheniol 500 uxf & 7}ttt @yb(vortex)o 2 %
438 the chloroform3 iscamyl alcohole ®B)7}
49 1 1¢1 89 100 wf & 748 & o] skskdc.
Eppendorf tubel] o} E3E-& 158 B 429 &
2 & 10,000 G¢ microcentrifuge® 5% ¢+ 4
LoA] ¥A3HT. Aqueous phase micropipet
Z A 2% Eppendorf tubed] &7 & Z29 iso-
propanol g 7}eted RNAE AZAAHTE 24170
-20°C ol FEAZ &, 10,000G A 585 YA}
Aok dEdE skl WEF HAHES 150 uxlg
solution Doll %<1 & -20°Cof 828t F3Fe]
isopropanol® A ATl 5&%<r 10,000 G2
A48 E T AHES 22 v 70% ethancl® &
2l Ak HHEE 123 § diethyl pyrocar-
bonate(DEPC) 2 #x]3+ 1 mM EDTA(pH 8)=
oAl B59S wEgick. 223t RNAE spectro-
photometry 260 nanometerofjr] AHuk &A3ct,
RNA9 & (quality)-& ethidium bromide® &4
3l formaldehyde/agarose denaturing gels 2l
dhod B AAE AlSs EAdgelA Ale] AlZTh

3. RNA Hybridization Assay

mRNA¢] Aeke A RNAQ fraction® F-cyto-
skeletal actin mRNA ¢} & = o] filter hybri-
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dization ¥o g ZAs9ct. FHel SP-A9 sur-
factant©t®¥9] complementary DNA (cDNA )9
g @HdF  codingFAE Gem 4Zo]
subclone &}¢It}. Anti-sensel} sense EALA|
(transcript) & SP6 RNA polymeraseE o]&35}o]
odojel. EApigo 2 HE AEEL linealized vec-
tor microgram( ug)@d A Zol7} 20-30 ug9
BA At

0, 0.1, 0.5, 1.0, 2.5 2 5.0 ngo| sense EAlA s}
1 pg®l RNAE 65CA 10-15% denature® 3
Zo] 13 mm nitrocellulose filter (0.45 um in
pore size, Schleicher and Schuell, Keene, N.H.)<j}
10 x standard saline citrate (SSC)/50% formal-
dehyde-& 20 pf ¥ 7}shct. FilterE& 80°CoA
2A7 79 ¥ 1 M sodium chloride, 10%
dextran sulfate, 50% formamide, 1% sodium do-
decyl sulfate (SDS)& ¥3}sl+= prehybridization
gote filterd 0.2-0.5 mlFe 2 56°CoA 12-14
A)1Z+ 50 ml Falcon centrifuge tubeuwjollA] £5HA]
prehybridization d}t}. Prehybridization & 4 x
SSC, 1xDenhardt’s solution, 45% formamide,
10% dextran sulfate, 0.5% SDS, 0.1mg/ml salm-
on sperm DNA 9] &91¢ filterd 0.2-0.5 ml 7}3+
F Bo] 8457} 5x10° cpm/mlgl P& FAAIZ
# ] Eo] ¢cDNA probeZ 56°C o4 E5HA 17-
20417t =<t hybridizationd}$itt. 2E fiter= A
24 2x8SC, 0.2% SDSg&Ho =g 3, 65T A
0.1xSSC, 0.2% SDS gdoz 3H A3t
Filter 37130 @&l & scintillation vial2 z}z}
Adatact. Sol mRNAE 3|74 (regression
equation)-& AME-Sl EF2Al (standard curve)

o= RE Ak,
4. SP-ATige| &
sje] SP-Age] 23e AR o] SP-Ad]

g BE7joA Azt UE24 4EH L o]43 dou-
ble sandwich ELISA¥Ho g ZA3l¢c).

e

Ak

i

HZ&L 4 ml9) 1% Triton X-100/polytrong A}
23} phosphate-buffered saline(PBS)<| #3%3}
T AAF 229 X stk Welld 0.1mie]
rabbit .anti-rat SP-A IgG fraction(0.1 xg/ml
9} 0.1 M NaHCOQ,, pH 9.3) 2.2 227CoA 31&9%
ot gHch A LAE AAT F 30852t 1% Tri-
ton X-10037} 3% bovine serum albumino] £33
PBS&-9c) Gthe Z& buffer 902 2 4
otk 0-20 ng/mle} AAE Fo] SP-ARFIHY
0.1 mloj] 1:250904 1:1000= X8 HA=2 #
S349E 72 wellgo) 718t thg- 37°ColA 90&T
o B ATt WellE2 3% albumin/PBS/1%
Triton X-1003} horseradish peroxidased} F3HA]
71 rabbit anti-rat SP-A IgG fraction 0.1ml& 7}
welle] H7RF F 37CoA 9025 FEAAT
Well&¢ 1% Triton X-100/PBS2 438 AL o
€ Z} wello} 0.1 ml9) 0.1% (wt/vol) o-pheny-
lenediamine, 0.03% (vol/vol) hydrogen peroxide
¢} 0.1M citrate buffer(pH 4.6)& H7}stac}.
Plate& 22°CelA] 1085< o}5& ZollA FEAIH
t}. 0.1 ml¢] 2 M H;SO.Z 2} wello]] 7}3F & 490
nmol|A] microtiter autoreader EL307(Biotech In-
struments) & X3},

5. 45 £4
EA%4 Br7k= unpaired student’s t-test2 A4}
277 zh #7ke] mRNAZ AloldlA Hrtslgict.
3|3 2]L Epistat statistical package 23-E] 4k
Z3}l9it}). Probability value: 0.057]9HE f-<f%h
Ao g #A3 AT}

2 5

1. AlSE mjEde =

Az 8uiEdlA AFEES 0%, s
4 2mg/kg, Smg/kg ¥ 7.5mg/kgE FoF 24
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Fig. 1. Mortality rates of rats in 24 hours after
endotoxin administration.

Y= 5732X + 1218
Correlation coefficient = 0.99

CPM / Filter
o0
=1
t=3

0 05 1 15 2 25 3
SP-A mRNA transcript input (ng)

Fi

g- 2. Standard curve for SP-A mRNA tran-
script input.

AZE A APGES Zh2) 1/8(12.5%), 3/8(37.5%)
9 4/8(50% )e)%itH(Fig. 1). Wet to dry weight
ratio( WDR) &= AAtZ3ol vigte] WE4 2mg/
kg, Smg/kg 2 7.5mg/kgz HATE, EA A
o7 29 9w Wshs ¢tk BYUzT] vlshe]
W4 Smg/kgE Fol F 6412F, 2447, 4847,
96 A1 & 144 A)7Hte] WDRE EAgI® o 2 99
Ae Wzl 9

2. SP-A0|| gl sense BALH|S] EEFM

SP-A¢] sense EAMA 0, 0.1, 0.5, 1.0, 25 ¥ 5
ngol & cpmyte] FEIH 2 FAFE()E ¢
3 2rh. SP-Ad| tigh sense BAM o] HEFA
< Y=573.2X+121.8 (X=SP-A mRNA =i}
A, Y=CPM) 0|2 J#AI5E 0.99 |3lcH(Fig. 2).
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Fig. 3. Dose dependent alteration of SP-A
mRNA in 24 hours after endotoxin
administration.
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Fig. 4. Time dependent alteration of SP-A
mRNA after endotoxin administration.

3. SP-A mRNAZ2| 54

Wsae] FoAY @2 SP-A mRNAZS =4
2mg/kg2 5mg/kgE FAT 24 AIZtOA =g
ulaled 50.9%, 27.3% 7t 7t S-olsHA Zvkalale.
WH(P<0.001, P<0.025), 7.5mg/kg BoAl= G9)
3 2742 QAUtH(Fig. 3). WEA9] 27k w2
SP-A mRNA#e Y524 5mg/kgd F9F 244
ZH) Atz vlske] 26.5%7F 28k 2713k
tH(P<0.01)(Fig. 4).

B-actin mRNA 9] Z2.e Fvzzd 2 7319
ojolglEs Wske= §19l%, Factin mRNAS] %32
A3t aArt.
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Fig. 5. SP-A content after endotoxin injection.
4. #j2| & Surfactant A Thulizt

SP-Aghigksl SP-A mRNAAjojoll AaaAE &
olr7] ¢sle] He) SP-AvHFe H3& 38
dut, Ho] SP-ATFe g Yuae] Fe F
% st gglev, ol SP-ARHRe Smg/
kgl WEAFARFE 14447k gzl B3l
51.4%7} ro)abAl ZHaslsinH(P<0.01)(Fig. 5).

o #

WEad o8 s 34 W&de ARE 5
3ollA ARDS =¥z Z Zgglgo] ¥ Y g4
lipopolysaccharide® CD 189} ¥3-& Z7iAA
2 Yol ol sk AN EE s &
&9 aMEE 22 TNFE Eujdith. TNF
= IL-13} #A1%F cytokineo|w, HEY EE= 2
g eAFos fie AEZAA LA Ao 3
88 o ER geA Joh% TNFE #73 34
Al WS4 gjgte] fiEE Hedd FI8 ek
29 QA RN HEH AYLGE S F Jon
2 TNFE d&dolu H8Ze S8 d/lEe] shi
2 994 g TNF 5o 122A0F H2dy &
27014 Z7hdkm 8%, TNF= 3379 453
&3l mAEE ST 89G-S SAA F
Bzo owsirt}dd TNFE FEAYA A4 £

N e

o,

AU FaHo g Fostd 7is B FRAWUE 7t
7e} ARDS# fARE §4 #&3E FE3T
ARDS#=}e] 83 o 7]@AHAEA H oA TNF
FE7) Z7HEn] ARDS e 27| dox 837 oA
B2 guiA dope il ojsizte] g FoAl 4
A= TNF= ARDSS| Beld] 2% AEF 8t
Uz d@iA dopere. TNFe g, 239 &34
At Al E f 5k S EA Sl mAA R
® TNF&H ¥ IL-1, IL-6¢} IL-8%°] 3% 4]
st olF cytokined Bef A% HH|H oA <A
o] AAHAE A ASstn 2Hshe Zoly A
URA Be ool Rulsd HEF Sl Heh )
HE Fgol olzA k. WELE 3FTEE AT
slo] freladarlg wol A/dsk sked o dE0l
I EE AT F 7] ) EEolt Al

-
&8 AAE % T 5 ok
e ATl e AEE A7t 94 2ot 3

o] AL w¥sl= AS TEFo| WS 1 F ¢
Hox HEZF oz oy Es Ig FAto] Uehlr] 4]
Aapd A F7} i ek 22 AL ALl =
Bslm Fgo) ol2AH). olue] ARl HE
A Holgdzn & 5 e AFEo] 20-80% ol
the®, olglzro] ApEe WU W& e Aot
YA £ Jehlr|= s E3 A7E o
of FdstA] 3L wdsle Ao A4t B 4
FollAl AFHET] AFEFELS 0%01%R, WE:
2mg/kg, 5mg/kg 2 7.5mg/kgE FAF 24 A7H)
A AGEe Zbz 125%, 37.5% % 50%°lslth
(Fig. 1). W54 5mg/kg 3 7.5mg/kgFAF 24
Az AbEEo] Zbzh 37.5%, 50% 9] ol AL
YA Ho] Aol AztE. FEHHAA S.
Tiphimurium WEAd] 98 diite] 48 A=rt
= A] HgAtele] Ald g AR vt
£ AL ojJge RIEE A *Y o3 YEi
2 APgEe F7hs WA o
FVEFE Henr 23R Atk AS 0
oz v & Qlokn AzkEch

ool

— 708 —



— The effect of endotoxin on gene expression and total amount of surfactant protein A —

oA Wet to dry lung weight ratio
(WDR)& WE42 AAE Fo] Atz 83}
of Zastoy, BAHESS HELE HXFEA
o] FAEH 2 o9 9l= Wil i) ol He
WDReo] #l&4de] AR AM-SATH, WDRe] ¥
siglols 38} e M Eu| ) ddado] By ¢
9‘}\’5}‘38"

W7 RNAO] tjah 44 mRNAS| S-S sense
EAE o]&8t HEFAE o188l d& F
(Fig. 2). ol9}= tjx8 o2 F-actin mRNA 9} &34
2 7} 3ol loix gk dAsth oj9kze] cpm
27} 2+ filtero] #3189 RNAS}H #i#dste] 2xaA

7} 4¥¥ 35, hybridizationo] Bolsiohd Aatdiz "

T B WEAR A FoA filterd cpmE BIR
gomA grEe W 4 AT ¥ AHdA A
238 Z+ mtrocellulose filtery= 80 ug/cm?gke]
RNASH 238 & ot & A7dA AMER filter
hybridization¥#-& Northern bloto]t} slot blot\
of Aol Wigloe RIZske @0l =& W ol
g} %ol gl f-ol3leh,

Surfactanti #Hoirde] 38ke ulx A g3
woisl: e IEEE A S0
factant W7} FQ8 AbslRrA]go] ) z, S
T F7A HEHo R YAEE A AHSH S B3] SP-
Agt AMEZ FeApgol HHT WANEI T
FrABk=H Fasith o] F ol=ghtel] Aozt A
=W ARDSe] HWQlo] Fg3 dFge vlIch.
ARDS9| glojA] surfactamt AR & THIFA
EX¢ 2= phosphatidylinositol# phosphatidyl-
ethanolamine & #1248 9 surfactante] §3
755 #H o] wor)Ad 938t AEe &= surfac
tant b o] Wy} e Evht oo,

Surfactant@¥ 52 type II pneumocyte’}59)
AR oj&E:, 9=4 cytokineSo] olgle] %
AL, surfactanttilz =52 ARDSEAIA] 7HA
B4 Surfactant @S2 surfactante] E2]8

A 439 24 % e gdold 2 Gge

= o T

o

k=1 surfactant T % SP-AE ghdoln, 3
A7 o] Bxjere 28-36 kDa o]xz, A surfactant
o] 30-40% & HTH. SP-A9] 71%& type
II pneumocyte2%E] AXde F45 Z3lslu
type II pneumocyte 2% surfactanto] ¥u]&
Asle 2 A E Al tubular myelintz2g
SHAATI= 2% H8E gth SP-A& surfac
tant 2] A&3 filmgAdel] ol 54 wipAd gy
¢l SP-Bs} SP-Ce} 4358548 st ©@39] %
WA ZAAAY surfactante] 28], 4 2 A
s8] glo] =03 9% @l SP-AX7F ARDS
gz} @ ARDSe 2 48 $84do] 2 $xjel 7w
2 ZA Ao A BT B0} olm
Gl Awwel SP-AgAE #He vjds @
ARDSe] A& &% 4 AUt ™ =3t o
A SP-A$X & o]gsle] ARDSE AE 98 Aol
Z 3RS =79 IR & QAT B A7 A
WEA Fogo] @& SP-A mRNAZS Yz
Zmg/kgt Smg/kgE FATE 24 At )=o)
njgte] 50.9%, 27.3% 7+ 24zt foJ3Al F7kskdn
WEA ook ©E SP-B mRNA & JyEi
2mg/kgE FoIF 24100l dizatof Bsted 32.8
%7} fo3HA Z1e v SP-C mRNA#S 5mg
/kg ¥ 7.5mg/kgs FHFE 244tz )
o] 38.3%, 36.4%7} Selst 47 Zasignk=
Byol vjwspa®, YEas g wE SP-Ag #4
o]

P

(2
‘

Aol Frleh= Bolgt ¥als & F Ul B3
5mg/kg\t 7.5mg/kgzto] w% «] yEd 7o &
SP-A mRNA =9} 7} o type II pneu-

mccyte-—»-""o B I8k 7k q}f;} HAFo 2 SP-A
mRNA o] A= ivtn At £ Ao
WEA #gATe)] wE SP-A mRNA%E Smg/
kg YEAE F9F 6ARME Frtsle] 24470
A dizFe vlstd 26.5%7F folakl STl
g, YEAE F4% 4827 € 961[7ke] 43t}
144 X7l ThA] Z7sktE. SP-A mRNAC| tjg
WEsel gt Al AT g Eolgl ¥gs &

h
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% glon olelzre Az type I AEAIFe] A
28 whdaickn AZkdch. ARDSEMA 918Qixts
12 Babe] 76%0A 241 ool ARDS7}
A 72T B P Aol ATk Bas
7} Q= B Qo)A 24417 olule] SP-A &4
Apgdel folg 277} AW Ao ARDSY A}
54 71 83 A)7]¢l 72A17HY surfactant 2]
A& fimPAel Bdshs Wsguuse) 2o
We BAko 2 AzkEns,

Aze] A7AT} SP-ATHE TR W4l
2 5a% W3} gglout, de & SP-Anhuore
5mg/kge] WEATF 144A13k0) izl H]ahe]
51.4%7} J8HA Zasdnh. HBZo 9ol
9clolsl ARDSEAOIA 12470 H2s ¥4 SP
-AA7} gz Hlgke o ¥rhe ®ase} ARDS
BRI 7227 A BAAEA HHY SP-A ]
= gzl vt ZasTE BTES Y Hls
olstzro] Frlol SP-Awkepe] ztazste ol7]x)
Qs 42 Ho] BYe onrin 229}

o4te] AT} SP-A mRNAL 4§ YExo =
ojops} A7) get PFEY SP-A 8zt
Walo] Bold WsE ¢ 4 YUL SP-Aguzke
AN F7)0] 7ast YA} ol Boldt SP-
ASAe] Wackyst SP-Anuake] At J%
2ol WA ojWE Aeke ALY geirE o
A7 ¢ A gzac.

N

2 o

APl -

ARDSd| gleiA surfactante] H¥e H3tajol=|t
FHgE e ool ARDSe] Wejlleld] HEHoz
7lojste] HEAde] e} B7(9 BRALO)S FHE
okglAZIt}. SP-A& surfactante] 4], ¥4 &
AEd] Qo] a8 98E g}, ety ARDS<]
Fodde] He Uigart SP-Ad d4%& vH
ARDSZ o) 7]e& 71540] o}, olo] ARE

& ARDSS| 28 B shidl YSas A
FE 7 A% 5] 5o 2HEA
oz} SP-A §3Ake} & SP-Adhigto] ojgA &
sl g B23] A3k o] A& ATk
s I

AAEL WEAE BA FoF SP-A] {82 &
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