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Priming Effect of Endotoxin in Human Alveolar Macrophage

Man Pyo Chung, M.D.,* Chul Gyu Yoo, M.D., Young Whan Kim, M.D.,
Sung Koo Han, M.D., Young-Soo Shim, M.D. and Yong Chol Han, M.D.*

Department of Internal Medicine and Tuberculosis Research Institute,
Seoul National University College of Medicine, Seoul, Korea

Background: Endotoxin or lipopolysaccharide(LPS) can prime phagocytic cells such as polymor-
phonuclear leukocytes, monocytes or animal peritoneal macrophages to generate increased amounts
of secretory products such as oxygen free radicals and tumor necrosis factor, which play an
important role in developing adult respiratory distress syndrome in gram negative sepsis. Human
alveolar macrophages(tHAM) are continuously exposed to various stimuli inhaled into the alveoli,
and the response to LPS might be different in HAM. Therefore, we investigated the effect of LPS
pre-exposure on HAM adhered to plastic surface and A3549 cell(type II human alveolar epithelial
cell line) monolayer.

Methods: HAM were isolated from bronchoalveolar lavage fluid from normal lung of the
patients with localized lung cancer and esophageal cancer. LPS was exposed to HAM for 2hrs
before or after adherence to plastic surface of 24-well Linbro plate and A549 cell monolayer. And
then HAM was stimulated with PMA(phorbol myristate acetate) or fMLP(N-formyl-methionyl-
leucyl-phenylalanine). The amount of hydrogen peroxide(H.O:) production in the supernatant was
measured on the principle of peroxidase-dependent oxidation of phenol red by hydrogen peroxide.

Results: LPS pre-exposure could not enhance H-O> production in neither HAM adhered to
plastic surface nor one to A549 cell monolayer. But LPS even in the absence of PMA or fMLP
stimulation directly increased H-O> release in HAM if added after the adherence to A549 cell
monolayer.

Conclusion: Endotoxin does not prime HAM, but may directly activate HAM adhered to alveolar
epithelial cells. Further investagation will be necessary.
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1. 7| &XHE MH

AN HIEE AQF At BEel 27
7 gl Zek AR A7 glemld S ollgY
sighol} AlEskat ol s Ate] F&Hol AL S

32 ke g ik Hie] Qi HitEa HellA
FE AIEgdo g ol4e] gl Ao A
$ZFgolt Fsldddelld  F1PAHNFAEEBron-
choal veolar lavage, ©l3} BALE 9R$h& AJ2felsia
37T AAErE 1300l somly F<lsled 12 73
A EAP L] F 3l<pafe] 150~200cc7t SIS o
Aeg FABACk

2. BAL MZE2o| &2|

7| BRHNFAPHHAE A= 73 F 4T, 400g
B 1087 dAResed A5ag welz s 9l
+ AEEE 4C Hanks’ Balanced Salt Solution
without phenol red(GIBCOA}L, o]} HBSSE <F3h 5
mlE ApPEsiar opA] PAEelsE 8-S 23] whEst
k. HAE HFEEE penicillin(Sigmash) 100 Ufml,
streptomycin(Sigma AP 100 mg/ml, 10% -F=iE4
(GIBCO A}, fetal bovine serum)e] FE3H¥l RPMI1640
without phenol red(GIBCOA}, ©]8} RPMI 164002
ok3hol] 3)43F vt} hemocytometerZ o]-gslod =H|E
AAIEZE 1X10° /mlo] EXEE AIER-GH(cell sus-
pension)& THFEQITE ©]F trypan blue 4 AlE3
A(viability)o] 90% ol3}Q] HZHAMEZE Al A
|14 Yghct

3. HEAMIME =HE(Cell Monolayer) EM
Y HECHAMIEX S£&

1X10° /mie] HEAAE B8N | mlg 24-well
Linbro plate2] 2 wellel] B5sl0] Fris2hg 3 2
A7 B9t FoHE vh, ¥2h=|R) ¢k BALAIES Al
715171 €43l 37°C HBSS 1 mlE 23] HeadA) Azt
o] Eulay FEloll ¥ sl EcAEToR Ag
ek

HEAT| NERS-E Aol 7 BAAEG AEFR
A Al 293 AFAAFAEL} AL FAR V1sS THA
JE="" A5494%F(American Type Culture Collection)
£ 24-well Linbro plate2] Z} wellol] 254+ 3 RPMI
1640 vljedelo 2 37T, 5% CO, vjokr]olA] 18~244]
7} wljekslod WREQLISL 37°C HBSS 1 mlE 23] APEgt
% 1X10°7H) SENIAEE 2212052t F2AI7 ok



S B354 42 BALAEE AlAs] 4 37¢C
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1) WA EH 248 K4 XX

WE4E  Lipopolysaccharide(SigmaAl, E. coli
0111:B4) 500 ng/ml$- AM83}3 5 Fehie] o) &
Zslo] Qe HAEHAAES 377, 5% CO, wiglol
A 2A7FERQE =2X17] & 37C HBSS 1 ml2 33] &
=gdA ARt

2) AS4OMECHS BAX KA HyX|

ASAAER S H245]7] A Adefelld] = EeiAlA|
EE 500 ng/mle] HEEZ 37T, 5% CO,; ¥iklell
A 2X7FERY =2:A171 & 37°C HBSS 1 mlZ 33 B
ZRA AP ok, 2713 Mol E AS49AERSl|
F2R) 70t

3) ASOMIEZELE RAF LIRS WA

olu] A549MERIZel A =o} Gl ATAAE
£ 72 359 WELE 37T, 5% CO; viekr|olA
2A1ZKE]F 22A17) ¥ 37°C HBSS 1 mlE 33] H=
Al APsigict.

5. HECHMAHIZE X5 ¥ s JF

A FEuF AFHol A FHdlpaoks sk W
2 peroxidase Exs}ollA phenol red7} FHAFSREA|
ofsf AskEld FArslrae] ool wiel YAsA A
o] Wizl BlE ol gsled 2. =] 7]
%3P, phenol red”t ¢l HBSSO horseradish
peroxidase(Sigma A} 8.5U/ml¥} phenol red(Sigma
A 0.28 nME E3H3E EFAIE | mlg TEo, 1X10°
M) HZEHAMEES F2R]Z7] 24-well Linbro plate )
7} welloll W& ohg, 2417 B3t SENAAIEA] &
H|¥ #HAkskeA7) phenol redE AHBHAIA A7 Wt
£ Yo7, o]& spectrophotometer® 610 nm 3}7
i FEEE FHsk o] FXIE vig] ghEe] ¥
< PR FEE EFTAS o]831] nMjwell

2hours®] <9] & Agkslod Ak AEATE Al
EE 23 A5 4 2= phorbol myristate acetate
(Sigma A}, ©]s} PMAZ 2}$H$} N-formyl-methionyl-
leucyl-phenylalanine(Sigma A}, o|s} tMLPE <F3h)-&
7}7} 100 ng/ml, 100nM2] E53 AAZsch
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25 2Hs7) 98 EJAF | me DT 24128 3}
Askpdds FA4sle] Jlxghez AAT, AAlZ
£alE Ak giick 23 PMAY MLP A5
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EAe) T21289) Starview II Software S o}-83}
of $24 AAE A, ¢ BAe] AZOAZE
F& AAXNTIH FAXNTeE, oA 47 JIAE,
PMAY, MLP-2 & ul:zs}7] S8l paired t-testE Al
sHaldet. pake] 0.05 vlaky o SAIERQ fol4do] 9L
cha Qsisck

! o}
L J|BXIHEMNY SMES U MEWES

Z1BRA A EAG Y] AZWYNESFE 2.811.5X
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2. W4K{A9| Priming &1}

1) EIAE|FESO A2 HEHAMER(n=7)

PEALZE HAX$A g sITuRNEE FAi=5
¥, PMAYT, fMLPTIA 74z} 9.48+2.44, 1038+
2.34, 10.2842.33 ng/well/2hours2] FAkzhpd: Hu)
5 Bl WEAZ 2417k AX X8 HEHA A E=
Z}z} 9.56+2.15, 9.82+1.80, 11.31%2.48 ng/well/
2hoursE Mo, ZehrelFuiol HabA7]l s EoiAlA)
FolA hE 4ol & priming A= {licHp>0.05,
Fig. 1).
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Fig. 1. Neither LPS-priming nor triggering was
observed by stimuli with PMA or fMLP in
AM adhered to polystyrene surface(p>0.05).

2) 0j2] MAx|B T ASIOMIEEHS0| F5A|ZI
HZLHA M ET(n=T)

WEARE AR ¢k SlEoZzs T4
T, PMAT, fMLPwolld] ZHzZt 4.82+1.59, 831+
1.67, 7.06+1.82 ngjwell/2hours®] T3k Huls
£ Hy WS4 247 AHXEE AEAAIEE
247t 4.44%1.41, 7.05%1.64, 6.32+1.69 ng/well/
2hoursE 2o, PMAS} fMLPol| 9J3F Hu)s k=
59 21 (p<0.05) M=ol 23} priming A=
8lckp>0.05, Fig. 2).

3) ASAQMIEEFS0 R HAIZ] £ LIRAZ HA
Xt HECHANEZ(n=11)

WEAZ AXXEA G2 #HZdBAZE FAF
T, PMA, fMLPTolA ZHZ} 4.33+1.04, 794+
1.42, 6.00%1.22 ng/well/2hours2] FHAk3}rA Buls
& HIAY JELZ 247 AXXG [IEZOANEE
Z+zk 5.43+1.19, 7.56+1.31, 6.38%+1.19 ng/well/
2hoursE H.od, AS49A)¥EXE ol Hatx HEciAAE
N E WEol] 23 priming A= 3AcHp >0.05,
Fig. 3). 121} PMAU fMLPE =}1A] 988 3k
Lol WHEL HARRFo]l AAAEA] 2 HZol
A Eol| vlsh T4 Hulse] foldt 2915 Bl
thp <0.05, Fig. 3).
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Fig. 2. LPS pre-exposure of AM before the adher-
ence to A549 monolyer does not prime human

AM(p>0.05).
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Fig. 3. LPS directly increases HO: release from
human AM if added after the adherence to
A549 cell monolayer(p<0.05).
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T Al Al =29 S uholl gle 3356 2o
22 3&% AFAIES o] primed state7} Elo]
AUA bt L it AFARIAEE 12 Y
A7} BF FAR ALY Fad7dHol U] wiFell ¢
0% vlE] AFE weke 7Hedel wrlkn Ak
Are] AZARAIETE W4l 23l priming =
Aol| thelod Suzuki V0] Badt njol] osld, Fod
o] Hoj] Augle] 25 Saoll 23l priming= 3 L
HAEEE 500 ng/mle] L FARE 2474, v|FAz}
£ 24A17F A XXE 73-9oll ZUE superoxide d £
geha sgdrk. v B dATllie Agkel iy
AE7F WEL &) primingEles Zo] olal A
A3kt fARE 270 e AR eE ASHcke A
£ 2olFgirt A= Fe) Suzuki $0-2 HIEOK)
AEE F 16X17K53F AlEueket ohgoll FAg A
Axpslgd] HEARAE} EeheE Fol] F2ts]
£ A Aoz Askslo] felitirizt Bulsg
ths APO% u) 2ol 2w, 16X17HE1F HElR
uiokEl S| EoHAAIEE B3ol] 23l olu] 43} =
o2 P54l o4 priming £7HE FFE = glE A
o7 FAEh ARE 1247 o4 AEulkst Foll
A4S o) Bokor} ofn] BF dAJskElo] 25 AAIL
ouj7} gl AEBA LS Hoj] ¢ ol A5e
Siic) wiebd Zekad] E Bzl o) ojn] #A
o] QI Ae] HZEhA A ZollAl = T o4 priming
e AR AERAE 7jod o glicka A7
e}k AS49AIE = Ate] Z|RAHFE} AEFEA 1
E0] A 28 ATATAMES} FAl'Y, W)
HE9} vl Af=AE whEol F7) sl ol &3t
Al S ofd] A AESRe] Bk FekiE I
Zol] o3l MELASHE 2k F ok Baslo]'”,
AS4OA TR AEURAEE A e A
x5 Al8§sis ert priming A= A HEE]A] o
o} AZulAE= FHEH o3t gl Aglel
WEol] 28l priming=lA] ¥& AoZ FH=UCk
HZoiAlA)2e] oiiE-e o] chl | ¥r} Fahy
SAE, 7H, AZASNIE S5 AXEA 233 Al
2 o] FolA] gl oleh 72 o|F W XA ellA
AFo] Aare] go] deiAle Ao IwA Qeul?,

UEIHAE Zhulell 218 priming SN ghalla)E}
HENAAZE AolollA] 2lolE viehllo] HIEANE
ANAE priming A7} AR ok=chs Ba'*97)
o] WEAol 28t priming EAE vpPIAR gle
7HsAo] Brkar A7tEIgick 1992\ o] Brsl o] 52
9] Bl Agke] slEdAAlEoAlE A ot
AT} wlAe] i ES} Fe) QEHE 2}
ol] 218} priming 77} Qiglckar Horsled wZoi4A)
XN, BA=e] S ARl wied dlel] Wil
ALfel71E Bulsle SEo] delXle AL Y
T ik

ATl Eoltl 212 AT MEe} Rzlet HE
A ZellA = WELTF PMALY fMLPS} Zbo] 24
Moz FRE Bue ATl EFHE Bl
£ Aloleh, 49| olzl M AT et
o] PMAL} fMLP 27159l 438 & 7%l 1 o]
4 AFHAE g Zo] Basigick ol Agel A4
43 ARle] #HEaRAES} vig] WSl =EFA]
T gSkrhe AME A A o] 24 US4l 2%t A
& S ZAAAES] priming e PR gerhs
2L U8 P ek =3t A=A G2
24 oA HFEAAME A7 Aol o]
AANellA HEAAE) AIFEFAAEE AHZE ol
4] #1Z(pseudopod)el] &gt H3} 7+ f71HQ <
Al Q7)Y wiFelelm Azk=le oldl A|EZFS]
Bzl of3t #AlSloll= K22 adhesion molecule)
7} Hofsla glrkar LedA] Qo) S| ZA T A Ee #H|
FUAAFEr} H3Epd AE o] BARAE £
A|EZAI317} o) FolAA| et F4=Igrk L dhel] Wy
S0 ofal) A AL Hul} 439 ol f2E
Alg Ao o] A3kl H|E i Eo]-E 7140l
Slvhal =k B3] iRyl 25 Faa7dgel U
a1 85 FgkE Alo]At Hijlo ) Al=eke 7 g
Z}o]7] wiifel] o] Hslo] HAFoHAA|E] A3 3fo]
gloglzl Bkl 5 giglonz ojnj A3} Aellol 3L
Y] HEHAAEZEE RS vlAIY == Yisict =t
2] AlEA| Aol AT Aol ozl W4 HIE
AAIZS 2y 2Fshelol g 998 53 Y}
22 glidAE ol8sled Aol & Ha4fe] ok
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o] AellA= HAFURAE] B2 )it
2715 RS 1T T IAE 2430
oI, 2709] welloll ©71 HIEOAES 3 744 =
AR A=l AlEele Bulgl HEaE 25
superoxide©l] BI&}] well 3h}g ZHo| o] Fol2)z &2
HIEA] ok AlEAYeA vhEoRl HRE AlZEE
AL 3P0l B oA sl o] ARk AlEST
AHE s7lolle APsil7] wiFol)

Pubdog drHZEE eixFe FH) AHe)
Holdeol wet AafelrlE Akhs 5ol det
A Ao UdeiA ik Johnston 57 F 2| Bk
BCG %2 WiS4E FASE 2 HBoiAES
opsonized zymosan®|t} PMA & A58 74 priming
IS FHsIA g3k oS} u) e AR
13 g FMIE eleg 7RIvhe A wilen,
Pabst 57 H|2Joll4] WS4 g Ale] AlERtAIRe)
muramyl dipeptide 2 UIAES xelst £ PMAE
AF=8H superoxide s Hlgol A4 dldA|E R} Ho
7o) AEAA] SR & Holal of# priming
B WS4 didjaEete] HEA o] 308-HE]
ok 2AHA AEE ZE wEek w3 s
FEE 10” ug/mlPE] 10 ug/mi7HA] superoxide2-1)%
o] Z7FIHAL 1 ug/mlAl AN priming E7-E Hick
B Aol s WEAE 500 ng/mlE 2417 AXx)s)

v, o= Suzuki 99 el B delale] A
A AY Agsickn A7EE 2709l AAlE
W52 F5 XX A7hg S7kste] A8 vig
5 Ao Aol il HEoAAES} EetaElE
Hell BA5]7] AE2 iS4 AXXE S5 priming
HIR= glo] HEe] TRy AXX] A7kez Q3 o
FE YA Aod AZksm AE5 WELe] Ao,
S 9 AR XolE 22{PS wlollE HhEA), Pabst
79 2718 welok & Weae gigick i} 7R
HZEAE Y 2A|7} ezt ol il Limulus Ame-
bocyte Assay S AJ3lslA| glo} WEA4AE AXxjs)r]
Aol] Atel] olu] =Zxlo] A} FolslA UghS 7t
S AR = ek

2 of

AP AEHAMZES}L W F 4ol =FEH o] F
ATl sl FofiARIAL, AL § FAeo] At
s WEo] vl % FAlso] A S g Twt
Y2 7% HPAglo] eflsl= F23t V1HoE ofls]
3 ek aziu F4lo] Harg yiEdel] 23t o)
priming 7= ch e, gl ¥ 530 #E
AAZE ooz & AxpE A, 9l H|ZellA 9]
HEWAE, HEAAAE g W54 45AE-E
ghsl WellAe st ek

W | EHT] A ENA 710k BPA TR A549
AIEE- 24-well Linbro plateol] vijokslo] AjEelEg-
HAE F 7R TAHER o2 ARl HEol
AZE(10°mDE AS49A|Eol B=RAIA A} 544
g 3PS ahgo] AgS Allsilel WS A5494]
B AFel] WEA(500 ng/m) 2 AXXNEE ohE
PMA, fMLPZ F3lo] Wdl #ABkr4E nM/
well/2hrs T2 FAsl0] iz} v]asly ofE
2] A549A) 53 glo] 7 wellell 2% HIZoha) N Zxt
55 WA ¥ SYA AxzIe Are okt
Edyiiee

F- Il

1) 24-well2] FHof] HIENAAELES A4S &
WEER AX =73 3%, 2T FASE, PMA
AT, IMLPARS oA 742 9.48+2.44, 10.38+
2.34, 10.28+2.33 nMjwell/2hrs 2] FA3kpA Bals
& B3 WS4 XS 242 9.5642.15, 9.82+
1.80, 11.31%2.48 nM/well/2hrs & Ko Y540 23t
priming &3 gk

2) HIENAAEE vje] B4R AX)3 T A5494]
Ersol B2hn=7)A171 7Sl iz ksl
4 Fnleg FAST 4.824+1.59, PMAASA 8.31+
1.67, IMLPR}=SE 7.06+1.82 nM/well/2hrso] 2 &
& RAAXTL 47 4.44+1.41, 7.05+1.64, 6.32+
1.69 nM/well/2hrs 24| WH540l] ©J3F priming A=
Sigich

3) AZAAANEES AS49A TR0l BRI %

N

g




E4AZ X (n=11)5 2P FASTT, PMARKS
T, MLPASoA Z42F 4.331+1.04, 7.94+1.42,
6.00+1.22 nMjwell/2hrs8] FASPAE Bafslgs
WS4 AT 22t 5.4341.19, 7.56+1.31, 6.38
+1.19 nM/wellf2hrs & Ho] AS49AE BAFoE )
549] priming #¥= WEEA Ygker), PMAY
fMLPE AFFHA] ¢k FAlT-7ollA EL AXA T
o] tlzFoll ulsl A4 ulee] {eld e
B3rkp<0.05).

ZHE: ojde] Avhe= At HEoRIMZN HEA
ol 28t priming A= §lov} SEAs|AEte] 4
ZHgo| oJ3 WSS HZaAAEE A AS5EE Al
Ayl Aol 3k A7 He g oz Agsl
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