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= Abstract =
The Effect of Tumor Necrosis Factor (TNF) on Gene Expression of
Surfactant Protein A, B, and C

Jin Won Chol, M.D., Jang Won Sohn, M.D., Seck Chul Yang, M.D.,
Ho Joo Yoon, M.D., Dong Ho Shin, M.D., Sung Soo Park, M.D.

Department of Medicine, College of Medicine, Hanyang University, Seoul, Korea

Background : TNF may play an important role(central mediatar) in the development of an acute respiratory
distress syndrome. Since TNF induced lung injury in the acute respiratory distress syndrome and abnormalities
in surfactant function have been described in acute respiratory distress syndrome, the authors investigated the
effects of TNF on the regulation of surfactant protein A, B and C mRNA accumulation.

Methods : The effects of TNF on gene expression of surfactant protein A, B, and C were analyzed using filter
hybridization,12 and 24 hours after intravenous injection of TNF in rats.

Results : 1. The accumulation of SP-A mRNA in the TNF treated group (12 and 24 hours after TNF injec-
tion) was significantly decreased by 22.9% and 27.4%, respectively, compared to the control group (P< .025,
P< .025). 2. The accumulation of SP-B mRNA in 24 hours after TNF treated group was significantly de-
creased by 20.5% compared to that of the control group(P< .01). 3. The accumulation of SP-C mRNA in

12 hours after TNF treated group was significantly decreased by 31% the compared to that of the control
group(P< .01).
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Conclusions : These findings indicate the marked inhibitory effects of tumor necrosis factor on surfactant pro-
teins expression in vivo. This finding, in turn, supports the idea of inhibitory effects of tumor necrosis factor on
surfactant proteins expression as it relates to pathogenesis of acute respiratory distress syndrome. (Tubercuosis

and Respiratory Diseases 2000, 48 : 513-621)
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24 ZFEF ZF(acute respiratory distress
syndrome : ARDS)& 1967'd Ashbaugh'7l 3&
BE PFA] AFFEo] 58% 013 EAE 50-80%
o] B& AFHES Bolx gtk ARDSS A9
L9 e tstn d2irhA| 718 gjste] ¥E HE
Are $urAlZIch. ARDSS 713 &3 Wiy §4
& v e 534 712 A% ¥y DHgRo]
ERF REPgolh . of A3 yAamge] o,
o] A4 g HAAY BFe A0E 2Y¥n. &
27 WAy @ 1A, prostaglandin, leukotriene,
thromboxane, interleukin-1(IL-1), tumor necro-
sis factor(TNF)E & Mduj/iBE°] ARDSY
HQlo)] g3l Aoz gA Aot

TNF-a¢= F2 A EdA #ulsle dEHA
#9494 (proinflammatory) cytokinee g IL-13}
§AH cytokineoln], I@2AF R AEE HEF
oA WA sl FaF oiER g4 Ao+
1z TNF-o8 J1AW FYA U520l 9lsid {45
= ey 5U8 Peladse BEY + glon,
A QYA AP AYGE BEY F em=
TNF-a= &gl A2} 0 oihEe] shiz
g s TNF-ot ASE BAAESNA IL-
89 1L fx3ld 3FT9 HAFHL T
o, AF270d g9 o8 AZE <8 5537 W
JAZ 435S Z/M7E $U9E 237 A-W
M X o5 FAANACH S B 33T FH
A4sle fElithr] BB 3T BIHYES
& Z7MA 93-S 9o & e ASE &

Zol|A IL-8, IL-6, IL-189] H¥E FE = &
t}. oj¢lzte] TNF-oe WHAIE € AFAEe] &
& Ay 272 £ JoH, WHAHE 3§ A9AZe
3 wEe S8 TNF-ao 93t 2=
B EAAEEA IL-1& $4% & e 580l F
sbsta, Bulg IL-13 F5Hoz 2438l 239
dz24 Y=g B¢ F e, IL-13 tio] &
8o 4 B8|HE interferons TNF-ao] A2law)
8 Z2ZA7e Ao A ok V=l Wsa
zqlog i &4 TNF-a mRNA7E 3%
FU oz ey, g uE eRFL
A& 278 el X429 TNF-a 849 &
ZT9| d¥o] Fasi"

TNFE 337, gAAE ¥ GAEdS 434
XEe 334 9 4F d434 HES #uld
43ke njx= HYA cytokineo 2 4 ¥ opY
gt AFAoz MNIESFE oWiAdle AESAY
cytokinee 2% ZS-}?. FEHUYPANA AN EE
Iy FaFoz T3 F4 HSAE Rk
ARDS #zte] 3 9 71@AEAYHA TNF
357} Z7}bE0) ARDSY] BA7|1A T 88 A%
& 3= Aoz ¢EA YR EF HEF %
WY 224 o] TNFo g FEH & FH93190E
Al A= 2t ok

ARDSd] 9o]A] surfactante] g E§Hxo]x]
ok gz ol4do] ARDSe| Hejeld] 3o
2 7|5t ® getg el zhast @viet @FAble] #
3 o}gtAFIt}. Surfactant AEe] ¥l ARDS
o si&atel gabAQl BErAe oW agtkn
314 ARDSS} o]xtAQ1 2 Auke| oju|§ FosA
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£ ¢tgr). Surfactant A$-& YAIHO|E o]} o]
2t A sl7)5-8 fAlsked A58 Fag @
ok ohg}, o] Y& surfactantZ o] o] Wel
ety Fald o|u|dgsHA 7eists] o o},

ol A2 ARDSe] Zag@ oj/iAe] il
TNF& 29589 FUY 59315184 FoiF sur-
factant@d¥ A, B, C #-3x17} o|RA B =3&
TA3] A3l o] AFE AW

e W Yl

1 WHSR

Sasco 3ALREH Eohle 300-400 gme] Spra-
gue-Dawley3 (Grand Island, Nebraska )& A $
el 2F F¢ o8 AUF & A7) HYFEE A}
£3}0tt. Pentobarbital(0.2 cc/rat )2 v}3sh)
TNF 50 microgram-& 6vlg]e] A¥FEe] Fuiy
Fo F 1222 9 24410 Z42 ARG Y
=+ 6vldl= %2 bovine albumin 0.1% £
(BSA) 0.1 ml& TNF djdlez Hu FAE ¥
1217 & 24234 242} 2319t sjz3 e @)
918 pentobarbital 2 v}HAIZ]  WE LY A3}
%}, Wet to dry weight ratio( WDR) & &43}7)
A3l ¥ sl9] 2/3 H-918€ ALE FAE 343
2dct. mRNAE £3317] 9131} 500-750 mge] #)
2218 10 ml9] solution D (4 M guanidium thio-
cyanate, 25 mM sodium citrate pH 7, 0.5%
sarcosyl, 0.1 M 2-mercaptoethanol)dl] ¥& ¥
Tissumizer(Tekma, Cincinnati, Ohio)& high
speedo]] 4 30-60% Bt FAFE -70C IFA
o] 1ysict.

2. RNA2| Ea]

Chomczynski®} Sacchi®e] #Whio=z % RNA&
solution Do @gSdo =Ry Besxct. & Ep-

pendorf tubes]] 500 ule] solution Dol pH 4.09)
50 #l 2 M sodium acetated 7}sled AHA3}e %
pH 75¢1 0.1 M Tris ¥ pH 75¢% 10 mM
ethylenediaminetetraacetic acid(EDTA) 2 ¢33}
% phenol 500 ul& 7}8H4ch. Vortex@ & e o}
& chloroform®} isoamyl alcohole] 87} 49: 191
€9 100 pl& 71 F oAl mPraidr}. Eppendorf
tubeu] o] EFEE 15% FU¢ dRq @2 F 10,
000 G| microfuge® 5% F¢t A-dlA 3
t}. Aqueous phasef& micropipet2 Aj2¢ Ep-
pendorf tubed]] &7 ¥ F%9] isopropanolg 7}3}
o RNAE H7ZAATE 2X200)4 -20Coll BEA]
U ¥, 10,000GA 5852t |4FsIYc). 424
7he dEf FHEL 150 pl9 solution Do =
A F -20° ¢ 3EMERL FHF<] isopropanol2 A
A AR 5859 10,000G2 Y948E F A4
Eg 28 U2 70% ethanolz e H=c) A
E& =% % diethyl pyrocarbonate(DEPC)&
A% 1 mM EDTA(pH 8)& v} H-foig whg
gl B8l¥ RNAL  spectrophotometry 260
nanometerd]A] A& Z4s%ct. RNA <] 2 (quali-
ty)2 ethidium bromide2 Q248§ formaldehyde/
agaro-se denaturing gel 2 #918}e] 23] WA A
B BYdelA AAR.

3. RNA Hybridization Assay

Z}zte] mRNA e} Agg AM RNA9 fractions}
B-cytoskeletal actin mRNA¢} #@=x|o] filter
hybridization assay 2 243}¢c}t. #e] SP-A, SP
-B¢} SP-C z}z}9] surfactant ©¥)e] complemen-
tary DNA (cDNA)<] df#t A% coding®9&
Gem 4Z9¢] Ztz} subclone 3}9it}. Anti-senset}
sense HAMY (transcript)}& SP6 RNA polymer-
ase@ o188l YSTh HANMgoERE NaEE
linealized vector microgram(ug)3d AAM ZHolr}
20-30 1ig8) AT
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Fig. 1. Comparison of wet to dry lung ratio in
Control and TNF Treated Rats
Control 12 : 12 hours after normal sa-
line;Control 24 : 24 hours after normal
saline; TNF 12 : 12 hours after TNF in-
jection of 50 mcg;TNF 24 : 24 hours
after TNF injection of 50 mcg

0, 0.1, 0.5, 1.0, 2.5 ¥ 5.0 ng2] sense HAA|}
1 zg2] RNAE 65TCaA 10-15% denature¥ 3
#¢] 13 mm nitrocellulose filter(0.45 tan in pore
size, Schleicher and Schuell, Keene, N.H.)<ll 10
X standard saline citrate(SSC)/ 50% formalde-
hydeg 20 ul#¥ 7}3l%ct. FilterEg 80CoA 2
At 74938 % 1 M sodium chloride, 10%
dextran sulfate, 50% formamide, 1% sodium do-
decyl sulfate(SDS)& X3$3l= prehybridization
g8 filterd 0.2-0.5 cc¥o 2 56°CA 12-14
A7t 50 cc Falcon centrifuge tubeujoll A EEHA
prehybridization 3Jt}. Prehybridization ¥ 4 X
SSC, 1xDenhardt’s solution, 45% formamide,
10% dextran sulfate, 0.5% SDS, 0.1mg/ml salm-
on sperm DNA ¢] 24& filterd 0.2-0.5 cc 7}t
¥ Bo] Y=} 5x10° cpm/mlg] P2 HAAIR
#¢] Eo] cDNA probe& 56°C oA EEWA 17-
20A)7F ¢ hybridizationd}git). ZE€ filter&= 4
2o)A 2xSSC, 0.2% SDS{do= 3, 65Tl
A 0.1xSSC, 0.2% SDS £9c=z 3 A3
t}. Filtery 37139 % ¥ scintillation vial2
Zzt ARk Eo] mRNAE 3AA (re-
gression equation)£ AM-3t ¥F=4(standard
curve) © ZHE AR&3 ).

7000
6000 ks
5000 SP-B
E 4000
© 3000
2000 $P-C
1000
0
o] 0.5 1 1.5 2 2.5 3
SP-A, B and C mRNA Transcript Input (ng)

Fig. 2. Standard Curve for SP-A, B and C
mRNA Transript Input.
SP-A curve : Correlation coefficient=
1.0, Y=103.9+2476.6X
SP-B curve : Correlation coefficient=
1.0, Y=159.1+2034.9X
SP-C curve : Correlation coefficient=
1.0, Y=68.6+1062.6X

4. I M

EA%4 H7H= unpaired student’s t-test® A4t
273 Z+ F7re] mRNAgE Alojdf|A] Brlsigict.
3)74A 4] Epistat statistical package 2% 4t
&3

Probability value= 0.050]318 #23 Aoz ¥
Akt

4
1. Blede] B
Wet to dry weight ratio(WDR)& TNF& A X%
o] 12417 & 2447 WDR-2 4.89 2 4.92%,
Agdze] 495 E 4.96¢0 vlsle ZAsigot,
EAgta oz o9 gl W3l it (Fig. 1).
2. SP-A, B, Coj cli#t sense WALMI2| ESZTM
SP-A, B, C9] sense A} 0, 0.1, 0.5, 1.0, 2.5 &

5 ngoll ¥ cpmI}e] FEFH % ABAF (r)e
23} Zt}. SP-Ad| i@ sense HAMAS] REF
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]
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Control TNF 12 Control 24  TNF 24

HOURS AFTER TNF INJECTION OF 50 MICROGRAM

Fig. 3. SP-A, B and C mRNA Accumulation
After TNF Injection of 50 Microgram.
*<0.025 compared to control 12
**<0.025 compared to control 24
1 <0.01 compared to control 12
1 1 <0.01 compared to control 24

Ae Y=103.9+2476.6 X (X=SP-A mRNA ¥
A, Y=CPM)o|1 A#A+E 1.0 o8y, SP-
B9 i@ sense EAMNe] HEITME Y=159.1+
2034.9 X (X=SP-B mRNA EAil¥, Y=CPM)
oj1, r& 1.00]3lt}t. SP-Col] i3 sense E-AlA) o}
BE2F4L Y=68.6+1062.6 X (X=SP-C mRNA
HAM, Y=CPM)o)am, r& 1.00]21ck(Fig. 2).

3. SP-A, B, C mRNA S| &%

SP-A mRNA%& TNF Fojf 12413 R 2443
FollA 2T 1223 9 244102 v|3t 27
22.9%, 274% H-J8A Z4aslen(P< .025, P
< .025), SP-B mRNA%& TNF Foji 244X
FoA dZ2F 24 A7kl vigted 20.5% /25
AAHFTHP< .01). SP-C mRNA%E TNF %
¥ 12A2oM =T 1241024 vlgl 31%
FoJ8hA A=A (P< .01)(Fig. 3).

B-actin mRNA 9] 232 FJdizgs 4 £31e
9ol9le Wk fi%lE, Aactin mRNAg] 23
LAyt

o @

TNF-at F2 A2 A 2ul=E dERA HY
A cytokineo. & IL-13} RAIg cytokineolw, 1

# SA7E fUE AEFNA 2R sde] F
23 dAEZ geiA A% TNF-o8 #3W F
YA HELe o3l fdEe siddal FUd We
273 2 A F94] A8 AELE dAY 5 e
52 TNF-o& si&idold ¥ F8 sjsiEe
vz @214 Aok TNF Fo 122120 iz
337} F7vdYa 3 ¥, TNF& 3579 453
£310] ZAEY £ mAPEYE F7HA o
138 fuEgnd

TNF&= S22 E0AM A4 == o3l 54302
Fosd 7% ¥ F2AWENE 7Hxet ARDS9 &
AW FA W38 Rasick?. ARDS $ixle] 3
9 J1@AATA YA TNFE %7t F7lEy
ARDS¢] 2A7]Helx 8¢ WHER g4 A
tjisza3 o)9) o] TNF= ARDSS] #WRld] 58
@ o iES sz gelA o

¥ 9744 TNF& ol83ld 4¥E 3L ol
£ HEF Piridd ¥z o27kA cytokineF
TNF7} 2438 q48& sl

E dFoA Wet to dry weight ratio( WDR)&
TNFE AHA§ Fo] 12417 9 24A17HE 4.89 o
4,922 A= 4.95 9 4.969] visio 43}
Qov}, Az TNFE Ax|TAlold] B4 %3
o= 99 U= W= k. ol #He] WDR7}
vi&gel Axg AGEARS, WDRE] #siglols
3o Eu AR FAY si&de] B 4+ Aok

A RNAd 98 A4 mRNA2| #2 sense
BALNE o] 8% XEFAE o83l ¥& + Ao
(Fig. 2). ol9k= fi=H o2 F-actin mRNA 9] &3
< Z 2o UM FF 48Ut olgk2e] cpm
X7} Z filtero] #3l¥ RNAsSH #dsio F4uA
7} A4¥Ys1, hybridizatione] Eolslcid A=
T % TNFZ HXE FoflA fiterd cpmE ¥jmE
og2A Juwg HHE & Sk & dFdA AR
filter hybridization®'}2 Northern blote]u} slot
blotBt} 2e] W= duidin HAAo] =& &
ohzl Wil M= olsict. & AYAA ALS
¥ 2} nitrocellulose filter= 80 pg/cm?%e] RNA
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¢} A 4 vk, Surfactant siHol7] Aol J&
€ vz A E3] SP-A9 AlMEZ AE RS-
o] A AMEI5E FASH=H Fadt® §
A g3 dose B NESS Mo 23}
w¥3% AMA surfactant THRA7L Fa8 AP
ol dem®, A 3714 gEez e AlA
g}, o] F o=zl Aot UA =" ARDSe]
yelo] F83 943ke vzt ARDSY UolA sur-
factant A& Z EHPAY 542 2= phospha-
tidylinositol ¥ phosphatidylethanolaminez& =]
A% 9 surfactanto] F¥7]%53 3j9] P71 e
0% 9% sk surfactant@h o] WslE el
T

SurfactantTH &L type II pneumocyte 7|59
HARZ o] &EHAUR, A% cylokineEo| o3}
ZAE, surfactant @Y ELS ARDSHAEA
ZAZH42 Surfactant @ & SP-A& 3oy

ojn] gyl Bxjgko] 28-36 kDol AHA sur-

factant @} 30-40% & A3, SP-A¢) 7l%
& tubular myelin T2 & ¢AF )= 835 SL
gt SP-A+ type II pneumocyte2HE 1X3
o] F4E 7}33ln type II pneumocyte ZHFE]
surfactante] ¥H|§ Al AFARAE TR}
olg}zto] SP-A & surfactant] 8], $4 ¢ A&
Bl Qo] F8F AL Fof. EF G AR
SP-AX= ve] njid= @ ARDSe] @& 28
4 Uk s SP-AXx|7h ARDS#EA o
ARDSo g ¢3E $jdAo] & Exe 7jaAsE
AN Z2sYTHe S £ 8Y SP-ARE o
£3}e] ARDS= HE 9134e] & g8 27 &
g 4 Aok £ dYelr SP-A mRNA &2
TNFS3E 1247 B 24 A17H1A] 2] v]3ly
Zz}t 22.9%, 27.4% o3 AA39E vH(P< .
025, P< .025), oj9}22 74w TNF F4= 59
AEES] F3do] Frlet sl P, Al
¥R € g4 T g FARNEE 258
¥R ¢} AupA o g W ¥l E4)8= surfactante] A3

£ BEld3os dAA7le fdes QI SP-A
mRNA H8e] Z284E 7H4L ez 4.
SP-B& wi¢Aduold, nj@dde] £z 18
kD, ©]i, SP-C& visAddyolny, vjgdye] ¥4}
e 5-8 kD,¢|t}. SP-B2} SP-C+ surfactant 9}
A& filmBAel loir SP-Aet F3¥FHE-E
gl SP-B mRNAS%S TNF FoF 24 AI7H) A
izl ¥iEtd 20.5% FoldtAl ZAsiden(P<
.01), SP-C mRNA<% TNF Fof 12A]7t0)4
gz vlsled 2zt 31% folstA dAassivnt
(P<.01), ol2% vy IGHES 247 surfac
tant9] film¥Aol glo} B5FHoln, TNF Rz <l
¥ SP-Be} SP-Ce] mRNAS9] HdAAR Qe
surfactante] B84 #Ato| oju] EAjsh= WS&AE
opsiAl 7l WEo R 243ka Aoz wxe} 7|
=9 sl g oFIAdIE dedg AU 4
Lig=

ojAte] A= SP-A, B, C mRNAd] gt TNF
o] A aRE YFF Zeg o)L surfactant
SiEo] WEo) g TNF9 oAl&37} ARDSe
yele] g9z Ag-gicka AzhEc).

< —

AZEE TNFE WMol FoF surfactant@¥ A,
B, C2] §Ax} w#te filter hybridization®Hy
o8 A1 surfactant @9 A, B, Co §-Ax}
UHo] g TNFe] ang ddste oga 22 2
g 4k

1) SP-A mRNA%& TNF £o% 12412k} 24
ARt 2ol viste] 42} 22.9%, 27.4% 2 f9
3 Z4scH(P< 025, P< .025).

2) SP-B mRNA%& TNF Fo% 24A17ho)A
iz vidte 20.5% 2 folshA AAsHArHP<
01).

3) SP-C mRNA%2 TNF Fof 12A3t0]4
izl vjdle] 31% HostAl FAIATHP< .
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01).

olAte] Fal= SP-A, B, C mRNAJ g TNF
o] oAz S Aoz ol surfactant
guso] Wi ug TNFe dA&aast 34 &
T F37e WP/ 2% ados AP}
1 Az
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