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Inflammatory Regulation by Haptoglobin in A549 Cells. Nam-Hoon Kim, Myung-Jae Lee and In-Sook
Kim*. Department of Natural Science, Chemistry Section, College of Medicine, The Catholic University of Korea
— Haptoglobin (Hp) is an acute phase protein, and its plasma level increases consistently in response
to inflammation. To investigate the biological role of Hp in lung epithelial cells, the gene expressions
of cyclooxygenase-2 (COX-2) and inflammatory cytokines were analyzed using human Hp gene-trans-
fected A549 cells. Western blot analysis showed that COX-2 expression was markedly increased in Hp
DNA-transfected cells (stable transfection and transient transfection) compared with that in vehicle
DNA-transfected cells. When the Hp-expressing cells were treated with 1 ug/ml of LPS or 100 U/ml
of IL-1B for 24 hr, the COX-2 expression was synergistically up-regulated. ACP-based PCR data dem-
onstrated the Hp decreased SPARC expression, but increased IL-4 and S100AI expressions. These find-
ings suggest that the Hp acts as a pro-inflammatory mediator in lung inflammation.
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g 2 24 (haptoglobin; Hp)-& 7Holl A A H
Z FHlHe 84 goiaAz A, oy 22¢&
F e A 8% w271 343 Frteke 347
Z(acute phase protein)o|tH14]. Hpel A8 7]
Hpol sz 2207 wojoizoz Fai 2des
71z31] A ZA Y Aol AAHI At F,
2ulo) o3 24 #H418lE Hpol B2 W] 4
A gAFgoEN LAY A BT F e A
&4 Hagdde AojtH1415] 3 Hpe H Y 24 %
Aol o3 fFEHE 35T 2 X7 B4 E AT B
ofve} gl Py 557 FoHo] A tumor ne-
crosis factor-a (TNF)ol &J8) AT ¥oz fde 5 2y
ol e B3ttty Rug up 9dti3,17,22].

Hgo dFELS Hpo] #2149 angiogenic factor)
2 A 3 0] 5 A}(cell migration factor) 24 9] 715& 33
tgx Busgd. &, AMA FHY(systemic vasculitis)S
7h gxte] @02 HE AN A& M diAd S
£213 23 Hpo 2 FAHNS ®xt ofe} Hiwst &
FHA Hp 44 Tdol #&PS HATS6] oA
AHIE-2 Hpol AR E R FAolv Y A7l #A%
& ofnlsie] go] Aelpolt A& Fo AF FH 9
Hpo] S a3t 248 71542 AAs gk

Hpo A4& F2 7oA o|FoFtha ¢34 AT
A2 AL 7HAFo]9l 9] A I (extrahepatic cells)ol M &
Hpo] 23 g& Rust@ed dAFTFoY Afst d8s
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4R H A E, HE AR, gRELAY T 9
Aol g Bolg AWAEME Hpol] B@ETh 8
9GrH82024]. 3 B AFEL all-frans retinoic acid
(ATRA)Z A28 527 B7AE E& o 88 2y
A A A A A E (astrocytes)o] A& Hpo] 2& €8 w3 o]
Zbzk B3 ub 9UTh10,16). ole ¢ AxE2 Hpol et
Aol g3l o] AxM FAE FAaHoZ HEE V)
5 FIY 754 AASHAT o4& 714 extrahepatic
cellsof A LS E Hpel A 75L& 484 g
B dFdAE, Hpg HEdA 7 17 H oA 254
A549 A XE ARE3te] cyclooxygenase-2 (COX-2)9] 2d 4
AZukgo] BHost= o # 71R] cytokineE 9] HHo| o] E A

B!
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ZHHEAE ZATOEA HAAZAMS Hp 7]15€ ¢
32 s
HE U wy
MZ g

7t #AS A MEF A549% American Type Culture
Collection (Rockville, MD)oll X F¢{3l5ch. Al Eujgdoz
+ RPMI 1640 (Sigma, St, Louis, Mo)o] 10% fetal bovine
serum (FBS)(Hyclone, Logan, UT)#} 100 ug/ml streptomy-
cin (Gibco, Grand Island, NY)& 3 7}5te] AL&3tHth Al
7} 80~90% confluence7} E| ¥ trypsin-EDTA (Gibco)E * 2]
sto] Al 3t e, AlEE 37T incubator (5%, CO)9
A stk COX-29) Bl & 2Ate7I9 e A2
12 well jSFgtel] 5x10°70 2 Ao H, IL-18 (300 U/ml) =
E LPS (1 pg/ml)= 243t 3t A=A



Transfection

A549 M EE 12 well v ko] 25x10° 7| 2 A3 ME7} u)
ofatel 2ol AR F, widA S AT FAYAIE %A
%8 RPMI 1640 vkl 0 2 wA 3] =90tk Opti-MEM 8jj &kl
S AH8-3to] PCR3.1 vector DNA == Hp FAxE 333

vector DNAE 7}7} Lipofectamine 2000 (Invitrogen, Carlsbad,

CA)Z} 129) BIEE A3 A2o)A 2087 £ Th AEol 713
ok 6A17F & A} Z3E 0] A @& A} RPMI v Fi o
2 Zol#E t}h8, transient transfection A& ¢l %o = 48417
Zol A& vjekat gt Stable transfection 28-S YA
= G418 (1 pg/ml)e 718t selection 3%t

Western blot

AXE PBSE 23 AXHY F, FEEFTIQR5 mM
Tris-HCl (pH 7.2), 0.1% sodium dodecy! sulphate (SDS),
0.1% Triton X-100, 1% sodium deoxycholate, 150 mM NaCl,
1 mM EDTA, 1 mM sodium orthovanadate, 1 mM phenyl-
methylsulphonyl fluoride, 10 ug/ml aprotinin, 5 pg/ml leu-
peptin)- A14-3te] AETE S AZT P4 E2(12,000
pm, 208)2 B8] A0S FHiu dud g AFYF

% 4 Atk SUT G4 HAIE A0l 124 D5
polyacrylamide geloll %7 ]%‘% 4tk #7195 9 gelg ni-

2 g el anti-COX-2

HH-E-A171 3 mem-
brane$ tris-tween buffered saline(TTBS)e.Z MH3 &
horseradish peroxidase7} #--% 23} &4 9} wh-S-A| 7T} &
7 iAol we e ECL 49 (Amersham Biosciences)& A}
&3t skt

trocellulose membraneo] &71 & 1
T anti-haptoglobin antlbodyg} z 2

RNAFE % <HEAIEE (Reverse-
transcriptase-polymerase chaln reaction; RT-PCR)
RNA+= RNAzol B solution (Tel-test, Friendswood, TX)&
AL-g-3te] £2]3}1 diethyl pyrocarbonate (Sigma)S & gk
Z240) o 70TIA BAsHT) cDNA 345 RNA 3
ug, dNTPs, 1 yM dT-ACP1, RNase inhibitor 2 moloney
murin leukemia virus G3AF E4E E s wH-5-9(20 pl)
o4 908 Fot 2THM AYstHt 38 714 cytokinese)
82 GeneFishingTM DEG kit (Seegene, Seoul, Korea)&
A8-5te] ACP-based PCR¥H o 2 3213} 4T} 12].
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39 TH8,10,16,20,24]. o] & AN & ERMEAA FHEH=
Hpol §4 8 FHolA 142508 488 7t S AAE
th E A7 e HojA g5 e Hpol °3’?§‘?}3°ﬂ olg
Aee FEAE FAEIRA HSFHAETQA A549 AE
o Hpg #dA)7)a COX-29 Ld S %@3}91‘:}

Stable transfection® A ¥ ojA Hpol & 2HdH 1 gl&-&

A F, COX-2¢] EdE 243 23, Hpdf &g 9
8 COX-2 340l dA3] 57 }'6\}2 A & UAHF
1A). Stable AT E gtz A4 Fo] Yehde HlEol 3 34
Ao] o}ld& =wsl7] 93te] transient transfection A&
359t 1 A#}, Hpo] 2@y e MEdA COX-2 %d
ol =& A&} th(Fig. 1B).
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COX-2 80| Chet LPS i IL-169} Hpllo) BHEX =g
LPSS} IL1BE Thober A2l BAES Z/MIA 93
W FESHE GEAQ Aol 943 AL COX2

(A) Mock Hp

COX-2

B-Actin

(B) Mock Hp

COX-2

B-Actin

Fig. 1. Up-regulation of COX-2 gene expression by Hp. A549
cells (2 x 10°) were stably(A) and transiently(B) trans-
fected by human Hp gene. Then, the cell lysates(80 pg
of protein) were analyzed by Western blot analysis
with an anti-COX-2 antibody(upper panel), an anti-Hp
antibody(middle panel), or an anti-B-actin anti-
body(bottom panel).
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TA% Hpo] §E522o2 2837
Hpg dists A549 Al X IL-18
7+ ok X% F COX-2 B e 23
o}gq. Flg. 201 A BEntgl o] IL-1B & LPS A4 9
8 COX-2 @&o] Hpo] H&HA| k= A Xof Hls| Hpol
FHEE AZA O Frlste A& dEHS o2
Aste Hpol t2 g3 2459 53202 288t

F9e 4542 & 98T driad

ol

HASHN cytokines LSOl OjXl= HpQ HE

Hpo] @543 w7l Fa8tA #&3te COX-2 2E &
BsZ2AsY7] & o2 79 @590 cytokine %4
232 Hpoll 3] €A 2AHeAE 2AREIAS TUdd
cytokineE 9} Az 2¢& RT-PCR Wy og =48 A3,
Hpo] #etd == A £ A SPARC (secreted protein acidic
and rich in cystein)9] B3 o] HA3] A 3HQ“ vl o L4
o9 S100A1 f-AA FEe 47t 23S & = At Fig.
3). 2919 cytokineS 9] WA= Ao WA AT

Fe]Z $A T YangE2
A AEG HE gy
& BG4 stA HHE
2 oA 7 REY “H-r°ﬂ 2
2 FHAHAEE Ao E

Bh-g-o| 4] o] Hp9 @%}a T s A549 HHEE
Hp A2 transfectionA]Z] 23}, COX-29] &do] F7}
31%2.H, Hpoll 9j3 COX-2 g F7he LPS = IL-1B &
Zo o8] EHoZ 23S ¢ 5 UATHFig. 1& 2. &

N

Mock Hp Mock Hp Mock Hp
LPS -— - — - + +
-t — - + — -

Fig. 2. The combinational effects of Hp and LPS or IL-133 on
COX-2 gene expression. Hp-transfected A549 cells were
stimulated with IL-18(300U/ml) or LPS(lug/ul) for
24h. Then, the cell lysates were analyzed by Westen
blot with an anti-COX-2 antibody(upper panel), an an-
ti-Hp antibody(middle panel), or an anti-B-actin anti-
body(bottom panel).

% Hp2 pro-inflammatory cytokine$] 1L-4$} 51009} 2H&
Bt ofujz} FFFRHSo #ofste SPARC
Z}i*liiﬁ}(Flg 3). ol AshE2 Hpol

= 483 FAEA A T \_Q A= COX- 11—}1‘ U}Eﬂ]
g 7HA] g5 WAA S o EdHo| fFrEd. HZ ¢
TE[13,23]0) &3tH COX-2¢9] 7]5& FFH7f B3 ofy
2t Aoy RN Tl FastA A&t i
At Hpe #4492 2 cell migration factor2 Z]'%
gol wag u Uk ol @ ARHEF B A7ERE
101, Hpol COX2 BHE 4547 BRARE A4l
A% 7t5E AANE F Ao oy V1AL ¢ Mol
Aoy AL Tl Xf FA AN 8T 9T T AL

2 479

FrohlanderE-2 Hpo] F o} ¥ (osteoblasts)| A} Tz A
g2dd E @"é & FVMA E€5E FANNZE Aer B
3H9] vta o2 AFAHE-S sheep vesicular gland9] A X2
& A& in vitro 4 o)A Hpo] Z22etadd 94 A
A2 F&era SHTH2 11 o]¢} Zo] ZEAENE U
Aol WA= Hpe] F8& of7tx] &34 dor M2
AEA Rusn it o] A& @A AHE-S A2}
Agolge] 2 ARAA 2ot & d7dAM AHE3 FAA
X0 A Hpell 93] COX-2Edo| F7tstyAt €5 %‘%}
o #dste Z22eFTHEY FA o] FAl F71E
AR g F&HHo] Q7 H

o
g 79 cytokme B‘aﬂo} Hpell 93 oJ9A 2d€=AE
893 A7}, IL-49) S100A1 Lao| 7t 2718S ¢ 4 3
Atk (Fig3). 4= T4 et o] MM 4= THZ
T ¥3to] #ogrn deiA gled, A4F 2L 4
J|=dF ARA Thig 715& oA 58S A

B T21]. T3 51008 B4 AF UHAZA Ca'Y &
ok ohg}, g5utg 2ENA L tdd 385 3.
We AL, EFTY §431E QAMNE B WIAHE F
E Ca™ o&slo] ol ENS THE HER &
dhe] #edstm[18], TNF-aut IL-189] H&H&

871 % gH7]. ¥k, SPARC @& & Hpol 93] d A3
HBL BH39ch Osteonectin®. & ¢4 U+ SPARC
T A% 3uRdEA F2 AMAEY W] 4 2 &

3ot e 23 AFAAN Y FHEHE Aoz °‘84xi AqS W
o o}, ZusS ¢ FEEHS TR 71X
I 9oi RuEgich &, SPARC 29 g2 % o}&- 2o

Ae 3570 4879 a0 Fosel 4R 43U
o 8455 AeH19]
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Fig. 3. The effect of Hp on inflammatory cytokines. Total RNAs were prepared from vehicle DNA-transfected cells(Mock) and Hp
DNA-transfected cells(Hp), and ¢cDNA were synthesized using 3 pg of RNAs. ACP-based PCR was performed using
GeneFishing DEG kit(Seegene, korea). P means positive control for various cytokines.
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B Ao M= Hpo] COX-2 B @37} cytokineE9| &
ol v]Xe TS ZAIFLEH ﬁl’ébl*ﬂﬁ‘ﬂ]*i Hpo] &
THEE 2ANDE B3t o] & AFRE A9 EFA

o2 @¥o] Z7sk= Hpd W4 715& oldlate
= RoZ A7

H
2 AF ™ cytokin ZA}3t T} Stable trans-
fection B+ transient transfection® A549 A ELo|A Hpo]
99D 9ee BAF T COX29 BAL 23e 2
7}, Hpe} 8o o3 COX-2 @40 8A3] F71e &
g = YA L3 Hps HEHs= AS49 A X)) LPS (1
pg/ml) E¥E IL-1B (100 U/ml)E Z7} 24217 59 2 X8}

9& o, Hpoll ¢§ COX-2 &d F7te LPS £& IL-18 #
2o 93} gix_-} 0.8 271319t ACP-based PCR ¥ o
Z E3 39 cytokine59] 2¥E A A3, Hpoll 93

SPARCY] #&o] #A 3] Aslsl= whdHd L4 L S100A1
AR TP T TS ¢ & AN oH @ ARE
2 #HAs A2 Hpol 43u3-S EAsAE 71d2
2 A& A

$QAAR)Y AYoz B
o} +8 " A7 (KRF-2003-041-

o EEL 20039 FH (@
SAFAT) AUg W
FE00044).
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