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RAYMBERIC X 2 BIRWAL T F X F— B 1EE L ZOHENER

SRR R BB AR T RHEIRIEER 2 MU 58 4 SRR IR
(IHF#EES  ZNEREE)
(EE | /DRE—BIR)

o #F MK

AL FF L5 F—H (heme oxygenase, HO) W&, ~Aa% EUNNTI >, delsk, —B{LRFRICHABT 5 BUE % MIET 2
BETHY, HO-l, HO2, BLUHO3DT A4V 7 +—LDFEETS. BAEEEHOIRBENHRE—FI KL, 20
WREOEEAMEFEEE, TRNEEEL PO TAERLMBEECHE I LeTTIHRELL. SOIIRAITIIERD
WREE, EREORYER EAFFESN, HO-1 & B L OMERIES TR S hA. 22 CHHEDHETHE, E¥Ee b
SERY M BAEBRTERE T & 2 HO-1BEAE X IR L, S & IZALAHERMIEICS 2 5 BEICBI L THRAET LA, ) Y S BRIERL 5 T
HIROBRBETIE, BROAIHL DA b L ARG L CHO-1 mRNAZ%H L, HO1BHEEE L. U ¥ /SERTIEH
BEOALIZI->THMBRGEZIEACHESLY, MEWICRIAT 5 HOEE® HOMEH T % SoPP (tin
protoporphyrin IX dichloride) M¥EHNIC & h 4RI I LT b MR EOREICEILR Bd o/, —F, HIRTEANLRHE
Tk 0 BRI MI A E AT S A, SoPPIRANC & 0 B L . EHMONLREICLY, BRREAEON
CD36, CD1lb, CD14 OSHAUFRINET Lz, 8513, ANAFBREOBIKTIE, g6tk )+ 7Y = 2L L7zRMERD R
AATERCIIN S, HO-LBEAMTOE L, RO ORI, HEEIMRe~NLAREREETHIE, ~NAIKLK % E
S A BT S 20 BRI R HOL AR 2 AT 2 2 &, SHICIh L OBBOGEIC L 2MBANLOERKIZL D, M
BBENATE {, WBEMHEORBIUET #1489 ALBBREIFERINLZEERL TS, Th6OKRLY, MEN
BB R PR EO AT ¢, MK/ R AL iR ATHO-1 RIBAE TS S ML IRARER TS WS L
TWA I EHRE S,

Key words heme oxygenase-1, monocyte, oxidative stress, phagocytosis, cell injury

BrAEE, COFEBOHO-LIZL - THlHbLEEZEZLN

# T Tron

i}

FeAITDENZ, ANaFF Y4+ —+F (heme oxygenase, HO)-1
RIBENHRE—F 2 EBRL, Z0RE0EMEN, LEMNES
=, YRMEEELPLETHLMLMREBEICEI(ZLE
FRLHE LAY, ZoEATI, mlF o~ LdEK, Eik
BEDA L IZRE S N7z MR AR B RANE LRI 1230
T, HO-1BEEW O RIED -0 ICEEMRGEITEZ S
iR s, BIRTIEE ORI MO R, BEkE
HHERBOETICML, ERAARORFICERTLLER
BN BERRILERO BEREN, ~NLREEEOERR LVBE
ERD. HOWALZ VY UNRL I Y, sk, —B{LREIC
AHT 5 RIS E AT s EERETH L. HOIITEL DR
IZEERAICRBL L T A HO2, HO3 L, FFlE< Mz &z
LaInh, NI VREOHOERICMAESRE, —EULRE,
ERBEELLOBEADRA MLV ARIBICL ) ZOEEFFEEN
5 HO-LEDBHIBNTWAI D, Lal, BENCEHETS
HO2OBEREMFELALTH Y, A FLATTHOHOEED

FR.134E10 8 1 B#Af, FRIBFILA22HER

M7 S 4 NEEMSBICEEL, RPCHEEEROAR,
HIEIRR, oA NT A b4 vOELEEZFLT, £
B 2 F L OEEEOHRIERO TEELZMEZHF LTS
ZENHLERTWE, EhmRERE~LREHE, BALL
ARILER A BE L, ¥ LRI O 720 Dt e L T,
Wz BITA~ 707 —VOEERMIEL BoTWA, LI
HoT, HOLKBID L W ~aRBEE SN LBE L, &
WEARETICE VEEANRIEL{EEIRLOALLT,
FMERB AR ICHIBNTALHERICER L, HERBRETR
WBEEIFERSNAZ LFFESNE. LiL, BEEED
MEKFROMIL I & 5 HO- 1 EAREEHEL A P L AT TO
HO1EENDERIZIOVTORFTZFLEALZINTEL T,
HO-1RIBEORE LR L OFEUIM TRV 9 h, HO-L
BEFIE MO RIBDTERIC IR I S0 LS 2 BEES A B
e (RETHD. SAOMIETIE, FlieDA DL RFIHI X
DB R N BRI Y > /88 5 NICHERICE A HO-1EE %

Abbreviations : CD, cluster of differentiation; FCS, fetal calf serum; FITC, fluorescein isothiocyanate; HLA-DR,
human leukocyte antigen - DR; HO, heme oxygenase; LDL, low density lipoprotein; LPS, lipopolysaccharide; MFI,
mean fluorescence intensity; NK, natural killer; PBMCs, peripheral blood mononuclear cells; PE, phycoerythrin; P,
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gL, BICHBRICLAHOIEEOERELRE L. £,
ANLEBEIC L AHAGEDFE L HO-1IZ & 5 HIFLEE Ok
FHEL, BILA ML XTIZBI 5 BIROMIAMRE L iR
I A HO-LEE/EORET Lz, 8510, ~ABBOHMR
EHERY, GABCBIIITEEEMREL, HO-1KBES
TEESL-HRBRETICERT 2 LEbh @40 BT L
DEETZE LT,

HE B L UHE

I.# #
1. #HfL RS
1) BIREEROD 538
RFBAL D~ ORI E B2, 714 T-0
— N4 78— (Ficoll-Hypaque) kb &&= |2 CHBER% 28k L
7o, BEIRIEESID, 273/ F M4V F A0Sy ATT
~ 14 F (2-aminoethylisothiouroniumbromide) (Sigma Chemical
Co.,St.Louis, USA) LE ¥ v Y fimEkE HwCnEy MEL7
=L =N 8— 7 EFELEICLD) ey YRz Ey b
Eo¥y b) Bl Eaty FIERARMMICGEEL .
2) HERDBHE
Evty MEERMEIEZ, 5% @Y 2 RBIE (fetal calf
serum, FCS) (Nipro Co. Ltd., Osaka, Japan) % & tr RPMI 1640 %%
3£ (Gibco Laboratories, Grand Island, USA) 122 X 10°/ml ok
ECREXE/ 0% 75em® #3377 A 3 (Costar, Corning
Incorporated, Corning, USA) {2 10ml-024MEL 37°C, 5% COs,
303MEEEL, 77 AafEMRE 77 R ade ARG HE
L7z, o795 2af#EMlz ke L CUBOERIZAY
7=,
3) U Y RERF T b M
E oy MEEMIEGE, 0.01% 7I{kd b 7L (NaNy),
3% JEfE{k FCS M0 7= PBS (pH 7.2) 121 X 10°/m] D& TiF
EESHE, 7VFLytr - 4VFFIT B (fluorescein
isothiocyanate, FITC) f£##1k + CD (cluster of differentiation)
48 7 u— »ifk (Becton Dickinson Immunocytometry
Systems, Mountain View, USA) & 7 4 23 R J »
(phycoerythrin, PE) #Zi##ik + CD8 ¥ 7 o — ¥ Hi{f (Becton
Dickinson) ##& &+, &) - v —%—EPICS ELITE (Coulter
Corporation, Hialeah, USA) (2 & ¥ CD4 [ THIKE, CD8 Bk
T HERLICHEEL 72, F7-, Eu¥y MEERME L ) BEke 5
BEL 2D 7 7 22 EMALIE, 0.01% NaNs, 3% FCS#
A7z PBSIZ1 X 107/ml DiRHECiRilE & ¢, FITCHE# L b
CD16 8 % 1 — ik (Ortho Clinical Diagnostics, Tokyo, Japan)
& PEE#HiL + CD20# 7 0 — Y Hiff (Becton Dickinson) %
HESE, £V - V—%— EPICS ELITE - & ) CD16 /M NK
#F2, CD20 Rafhk B MR- Bl L7z,

2. HEORH

HO-1 BEAEFEICIE, ~ 3~ (hemin) (Sigma), (kA F I
4 (CACIR2) FIEMZETE, AR) &2 VT EREE (NaAsO,) (fl
RAMETE) 2B, OBREICRNML TRV A3y,
HEVIE IR FIY 2000 b D& E L. HO

]

¥

EHHEOIHIIE A X 7T bFEIV T 4 1) ¥ (tin protoporphyrin IX
dichloride, SnPP) (AFFINITI Research Products Ltd., Mamhead,
UK) % 100 uM DRE TR /2.

.5 &

1. #fak:E

#aL, 10% FCS, 25 mM XX (Hepes) #&flii, 5%X10°F
M 2- A% 7 L ¥ ) — ) (2-mercaptoethanol), R=%1) »
100 Bhr/ml, %> %<4 ¥ ¥ 10 ug/ml % &t RPMI 1640 553
WK 1X 105/ml O BEE TRl S, 37T, 5% CODE&MTH
) 7oL y#sml Fa—7 (IWAKI 2215-012) % v THEE
L7z, 72720, 79 A2 ME Mo FRoMmircit,
25cm?® {37 5 A 3 (Costar) & HWCEHE I Z =154z
37°C, 5% COD&MT TR L /2.

HO-1 BEAE O BERTF MO ML, ERMMEERD 2 v id) &
REREFLA DREONT >V, Bk D FIYLHD VIS E
WL, SHERIMEAEL . BEFWE(LORIE, ThsofiiE
12NN T2 100 oM, HAEH K34 10 oM, HREEEL0 oM ki
mu, s ORFEEE#E LA, BB OO HO-LE A * Hhalk
FTAH7E—HA b A M) =Y ERICHEE LA, HOL 5
B, BT TR L 2R SEE O RIE (Mean
fluorescence intensity, MFI) % #ll%E L Az xfig& L, HIBLHN
Mad MFI % ll5Eth, WHOFEE AMFLE LTHEMB LA, Fif
FEER TR RS & ) HO-1 A HEEsh v &
%, BT A REMRRE LS NZIA /TRy T4 70k
DHERAL TV A,

2. HO-1 ZR B DMRHT
1) RIEMBSE

RIS O R MERER T 1 10°/mlZ ¥R, 50 x 124158
TR EEE Cytospin2 (Shandon Southern Products, Cheshire,
UK) #FIVWTLYFya—F4 > 7R54 847X (DAKO
Co., Copenhagen, Denmark) i@t LTH4 b A U EE%E
et L, +CREE S B4 CTE N o CHEEL. PR
T I XY W EMAIK (Tris-buffered saline, TBS)
(pH7.2) \ZT¥EL, 4% IEH Y ¥ (Normal goat serum)
(DAKO) #M1% 7= TBST304M 70 v % ¥ 7 iLsth, 200657
RowHFHe » HO-1EY 7 o —F ik (SPA896, Affinity
Bioreagents, USA) # —k¥ifk & L CRIRC IR KD S €72,
TBSI2T5%, 3EMEHEZT VA 74+ X775 — By ¥
P4 F - Hiv v Al (DAKO Corporation, Carpinteria, USA)
B IRPURE LTESIZ305 MBS &7z, 0.1M Tris-HClI#R
i (pH 8.6) |2 THEMEE, 0.1M Tris- HCI#EH X (pH 8.6) 9.8ml
IZ Naphthol AS-MX phosphate (Sigma) 2mg, ¥ 7V ¥ v A
(Fast red TR salt, Sigma) 10mg, /%3 V=)V (Levamisole,
Sigma) 24mg #EME L7 b D R EE & L TRt 87, Bk,
EHKH TSR Lo, Mayer = b &3 1) VTSR
TiT, BEL.
2) 70— A4 bR MY —

FIB O R M BAZER 1 X 107/ml % PBS 2T 2 E Bk,
PBSIZTH L 724% /8T kv L T 7k N (paraformaldehyde)

prépidium iodide; RT, reverse transcribed; SB, saponin buffer; SnPP, tin protoporphyrin IX dichloride; TBS, Tris-

buffered saline; WB, washing buffer
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TR, 200 M EE L. PBSIZT2EIMHE, 3% FCS,
0.1% NaNs £z, PBSIZTHBML7202% R = ¥ R
(Saponin buffer, SB) THifk, 204G & & T HALERMN B
e LY, kAL LTEESBIZT LOOEFRM LI~
Y AT v b HO-1E/ 7 0—F ik (e P HO-1 L 38ERK
5, BESEAFERRIEL X kE) TR LS, 3041
RIs &g, KiEth, 3% FCS, 0.1% NaNy Znx 7= PBS
(Washing buffer, WB) T2 BliE#%, ZXk¥ifk& LT FITC
E#y £~ v AHE (TAGO Inc., Burlingame, USA) % &N,
4T, NG &EE/. 287 —78 -4 P A MY —|Z&
HEFOEAIIEIWBICT2REEE, E¥ <7 AMiF
(DAKO) L Cc7wmy ¥ v 7%, PEHEMHIE b CD4 B
¥ v — ik (DAKO), ¥k b CD8 ¥z o— ik (DAKO),
fiik b CD16 ¥ 7 1 — »Hifk (Becton Dickinson) & %\ ik
b CD20 B 7 7 — ¥ #ifk (Becton Dickinson) # 4°C, 2043
i X7z, WBIZT2[E ik, # 600 .10 WBIZTRIE &,
72— 4 b X — 4% — Cytoron Absolute (Ortho Diagnostic
System, HE) % VT, #AMIZEBI1T2 HO-1 ORB 2T L
7=,

3. HO-1 mRNA ZH 047
1) RNA OfliH

FFAE DM 1% 10% 124 LT TRIZOL Reagent (7 1 77 v
7 FNZ LR, ®E) £ imlH TR e sl
WL, RIRICTSSMEE L%, 99.5% 7 1 asklL 4200
plZiNA, X CRML, SBT3 MEHE L /o712 12,000 B
BR/ACCIS SRR TR L, L% L7mlz y X2 FV7F
2—=FiB L. Z0LFEIZ99.5% 27078 — )% 500 u 1
mx, BRICTLISHEE L2512 12,000 HE:/512 T 1049-H
BB L7, EEEREL, 80% T8/ — & lmlinx Cik
B h L, ZIRICT 14REEERIC8,000 BIE/ 2 T59
MELEBEL, =% /= e R R S /oHhkiC 1 X Tris-
EDTA ## (10mM Tris, 1mM EDTA, pH 6.8, 1 X TE) 50 .1
DB L7, —E#E D, 260nm OWEE % HI%E L TARNA
o A DAR
2) HMRE RS

G YT AANFHR Y LFF 794 <— (Random hexanucleotide
primer, Takara, Ki) ##M& LT, HIELEEE RAV-2
(Takara) # A\ 7z, HEERE X, BT BRBIZTIT» 7.
9, RE B RNA 2 g2 & £ 9121 X Tris*EDTA (TE)
(PH 6.8) IZTHIRL 235 pliZBEBE L, HFRLHBE
HBELELTuMTI Y FTAANFFXI L FRTTIAT—%
1.5 1A T, GeneAmp™ PCR ¥ A7 4 9600-R (Perkin-Elmer
Applied Biosystems Division, Foster City, California, USA) % F§
W, 65 CTI0ODERREE, 20507 C 25 CTETHRETAHT
ETRNADEME SF4v—% 72— 7 &7z KIZ
RAV2 2B 0 M 55 Kis FI R #L (5 X RAV-2 Reverse
Transcriptase Buffer) /2% 1mM dNTP (Pharmacia, USA) %1z
oW 245 415 RAV-2 0.5 41 (LOBLfL) M2 T,
GeneAmpTM PCRY A5 4 9600-R%Z AW T, 42°CT 605+
PRFFL, cDNA &R S/, 90T, 25M T RAV2 Z5KiF
B2/, BHNZcDNAIIZLIXTE (pH 7.0) 50 u1 2% T
cDNAGEI & L7z,
3) cDNA zF\»7-PCRk

HO-1® cDNA 5 EEFNL 5/ 4 57— % X— X (Genome Data

Base, Baltimore, USA) & W5IH L7z, 4EHO-1:E{E DR
DS B, TV 16Ty Y Y 3EEAHO2 METFED
HEMEIMENZ EIZEE LTHEIC PCRT I A =—%, 5 K
Hfl % 5-GAGGGGAGCTCGCAGGAG-3’, 3 k% 5°-
AATGGCACCCGTGACTTCC-3 L% L, FHZNSEN, 3N &
Rz ezl Tz )55 PCREGEN I, 399bp
EhA TIAT—OEIE, 7T B GEE) IIEEL
fo. MEERIGL Y ASNARES plEHRHELT, £774
< — (B&EE 0.2mM), 2,M®D % dNTP, PCR RS E
(10mM Tris-HC! (pH 8.3), 50mM KCl, 1.5mM MgCl]} , Taq
DNA #1) A 5 —+ (Perkin-Elmer Cetus, Norwalk, USA) 1.25 Hi
fixnz4##% 50 ul& L7, PCRikIE, GeneAmpTM PCR
AT 4 9600-R Z vy, 94 TIZTS5MOMPBLEMNTE, 95T
12T 30 M OB, S0FRICSTCII T30 T == ¥
&7, 3BFHHRIZT2TIZTOHOMERIL (extension), 60F#IC
HOEHERRICRAY A 2 VE3ST A 7 LB LU0 1 7L
TFor RIBHEI05DIEED Y 4 7 LikE)MBREHE 025% 7
DETx /= NTNh—, 026% FLLoT7 /-0, 15% 7
17—V 400) EMME, 15ul% 15% THAT—AF I (H14-
Takara, Takara) T50VIZCRESIKEI L, WkE) L7 o —2 45
NaExF Iy LT7aw Al Pl SOMRBHER (M7 2
ANIF—F—, 7522) LTHELL.

4. NI VB E

SRS ML IR\ FE & D BIED N 3 2 IR L 24 1 M5 R
PBSIZT2EIBEHE L, REHEL pg/mOIHLTRES Y L
(propidium iodide, P) %L, 72—H4 b2 P —ITHK
B L7z, BERFEI, 260N o SREREREL, TREh
DFEHIBWTPHITHB ISNT, FIHRELOET L 2wl
faz st LTEELZ. SRARNORBHOPIITY
fEENLVERY YBB L UEFERTY 1002 L, HBEZO
MR EEEL .

5. NI R X B BERIBEED AL
1) ~ 3 R & B BERERIFEOZL

&4 ORE % PBSIZCT2HBE#%, YIRICH TS CDLLD,
CD14, CD16, CD36 % & Uf HLA-DR (human leukocyte antigen-
DR) %%, PEME#ITL b CDLIbH. 7 o — »Hifk (Becton
Dickinson), FITCHE#dfiiv b CD14 ¥ 7 7 — »$ifk (Ortho),
FITC #E#iik » CDI6 ¥ 7 0 — » ik, FITCHE#HIKXL +
CD36 B 7 0 — » ik (Ortho), FITCH#Pit - HLA-DR B2
O — » #iff (Becton Dickinson) Z W THBDHZR T I —H4 |
A MY —ICTRHT L.
2) NI UTBIC L A BERERREOE(L

SR BB E D IEo ¥y MR SR, hoe RS
WEL, #01ml%5mlDR) 7O L v Fa—TTHEELL.
BEFEIT100 u MDA I, 100 LMD SoPP, & 5 W E % iR
MLUTHATL 22, MEISIEWTRORIML 2o /2. BEERGA
GRS ZICHLE®M T 7 vy A - ¥—X (Latex Beads mean
diameter 1.1 zm) (Sigma) & % W IZH DA E CARMEKE
WL, &5 IRFREEEEE L. BIERMERDERIZ O BRI
Bk# PBSIZC3EIME#4, S%RMIRFERE L, N1+ /1
— Y#L D (Ortho) % B, BEL 22537T, 307MRIE S
7. KSR T#, PBSIZT3EBEE LRMER<L v & 2R
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L7z, 1ml ORI BAERILERA L v b &5 ], EHR
BoFvr A E—X%05 MLz, BEETHR, HE
BIFvr A E—A0ERER, 70-F /AP - %
B THBREROMBOBEEY 7V RBIELRICIVERL
-, BRERMERO &R, MBREAE PBSIC CikiRk, o
& £ A 0 E £ NH,Cl 155mM, KHCO; 10mM, 7% 5 UMiC
EDTA - 2Na 0.1mM # & trigm 3 THEME, £ HI12PBS
2Tk, 1 P AE VERZER L, May-Giemsa B
FREATL, BT CHABRILEREEL L.

6. B{ERIMIKERIC L 2 HO-1 FEAFE

EMEEK L W IEu ¥y PREMEZS L, £01ml %
SmlsRY 7O YLy Fa— 7 CHE L. SEEMBEICID 0
FREEAE O BIFRILER 23800 L 7=, 1m] OAREE 3 |2 EE AR ER R
Ly P51 ZRIML, 6REEREITo /2. BERTHRPBSIC
T, FEEARMERE AEMREICTHEM, &5IZPBSIZTHE
LA A PERPER LK, 7 FRHOLINHER

W7o AR Z K ) HO1EEE T REF L.

7. HEFFENLIE
WET A LB Z Student D HIREIC T - 72,

151 18

I. RPMBEIRERFICL S HO-1 EE

1. BERA S ON2Y) & /SERIC & B HO-L EEAE ) iR
RHMELERE NI Y, LD F I Y 4d 0 ITEREER
MU TH#E, H4 DAY VERZ R, HO1BRRERE R
MR EI TRET L7 (R1A~D). WPRORBICE T
b, BSDICHEROTZHE % R HIIE I O ARV HO-1 88 & A5
Bah, VY SBICBIAEEZIZEALEOON Lo,
IR & LRI R T, BRI B A HO- 1A D & (5
BENLEdol. EHII, 70— 4 A M=k BRET
b, HERSHMOMILIC O A BO-1ELEMMER SN, U r BRI

Fig. 1. Immunohistochemical staining of HO-1 in PBMCs. PBMCs were cultured alone (A), with 100 M hemin (B), with 10 xM
cadmium chloride (C) or with 10 M sodium arsenite (D) for 8 hrs. Cytospin preparations were made after the culture and they were
stained with anti- HO-1 antibody. Scale bar indicates 20 pcm.
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FW-SC

Fig.2. Flow cytometric analysis of HO-1 production by
PBMCs. HO-1 productions by'lymphocytes (A) and monocytes
(B) were compared. X axis denotes flurorescence intensity of
FITC (HO-1). Y axis denotes cell numbers. FW-SC is forward
scatter, and RT-SC is right scatter. Solid and dotted lines
indicate staining with anti-HO-1 antibody and with isotype-
matched control antibody, respectively.
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&2 HO-1BEIRED Th3h Laln bhiro /2 (K2).

2. HO-1RE% NSRS

KA BAETR % T8 4 D (016~ 100 uM) D~ 3 ¥, JRHIL
ANITLD L GIHEMEAMC L) SEMEEL, WikRs
N S SEROHO-IRH % 70—+ 1 b 2 M 1) — 2 & b FRET
L 7. HO-1 SEEL0RaaE 1 S s MM &« & LT, MFI
M3 (AMFD 12X W B LA (M3A~C). HEK T &M
£ L CIREE © HO-1 B AR AR5 &, IR (i n,
WEETIZ4 uM, NI 2B H I FITATIE20 M D
WEZTRKE o7, —7H, VU EKTHEAN I I8 L5 HO-
1EEFEHITEALAO SN, HLD F Iy LB U
BT b 20 M ELEOBIETIE Lo T BOHO-1 ME LA
wmRNS, 2L, WTFROBIzBWwTH Y ¥ ERTO
HO-1 B I ERE LI LIA S s h i dr o iz,

3. HO-1 4 nfEusH 21

SERIMBALERIZAN 37, LD FI Y Ldhb itk s £
RLER100 1M, 10 xM, 10 MOBETHEI L, #EIEHRE
HO-1E4E0Z{kE 7u—4F4 b A MY =2k h IRl L 7z (M4

A B C
601 . T
50- - 4
% 401 7 7
301 1 .
<
201 7 1
107 . 7
o—©p —o—o—2
T T T T T L L} L T T 0 T T ¥ T T
0.16 08 4 20 100 0.16 08 4 20 100 0.i16 08 4 20 100
Concentration (uM)
Fig.3. Dose responses of HO-1 production by monocytes (@) and lymphocytes (O). PBMCs were stimulated with various concentrations

of hemin (A), cadmium chloride (B) or sodium arsenite (C) for 8 hrs and HO-1 production was evaluated by flow cytometry. The data

represent the X =+ SD of 5 independent experiments.

A B
607 7
507
407 ]
30 b
20 7
107 h

AMFI

= e

s

2 4 6 8 10 12 2 4

Stimulation Time
Kinetics of HO-1 production by monocytes (@) and lymphocytes (O). PBMCs were stimulated with 100 M hemin (A), 10 M

Fig. 4.

6

8 10 12

2468101‘2

(hrs)

cadmium chloride (B) or 10 M sodium arsenite (C) for various time and HO-1 production was evaluated by flow cytometry. The data

represent the X = SD of 5 independent experiments.
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A~C). BIKCTIIHIBEEERE2ERICTTTICHO-1DEE: 4. ) rSEREEREIC X B HO-1PE4E

MEHOHN, FOBRGKAIZHENL S~ 10ECRAMIZEL . #) OREREEBEZBIT A HO-L MEA R 245 — 70 —% 4 |
—F, D RERTEANI VRIS L o TIE 2 HO-L EAEF A M =B & DT L 7o, PEREEETCDY, CDS, CD163 5\
e, By FIgLa, ERENCL SRS CIEIEERKG Z CO20BEMRIC & 1) et SN2 B M e F SR B L, +
BFR & 0 55V HO-LEEEASFFE S M, SRR TRAMIISEL L. NETND) PSRRI BT S HO-1 EAEDOBRE L H L7

(E15). CD20BFiEMiliz v TId A8 Cd 2 97 5 2% HO-17E

CDh4

L
L
i

CD16 CDh20

(9 )
Cell number

CD8
Fluorescence Intensity

Fig. 5. HO-1 production by lymphocyte subpopulations. Peripheral blood lymphocyte subpopulations were stimulated with 100 M hemin
(A), 10 xM sodium arsenite (B) or 10 ;M cadmium chloride (C) for 8 hrs and HO-1 expressions were evaluated by flow cytometry. Solid
and dotted lines indicate staining with anti-HO-1 antibody and with isotype-matched control antibody, respectively.

AR L

12 34567 8 9101112131415

12 34567 89101112131415

Fig. 6. HO-1 mRNA expression by PBMCs subpopulations. Monocyte-enriched fraction (5,10,15) purified CD4 * T cells (1,6,11), CD8™ T
cells (2,7,12) , CD16* NK cells (3,8,13), and CD20* B cells (4,9,14) were stimulated with 100 #M hemin (1~ 5), 5 M sodium arsenite

(6 ~ 10) or 20 M cadmium chloride (11~ 15) for 2 hr. HO-1 mRNA expression were compared by RT-PCR with 35 (A) or 40 (B) cycles
of reactions.
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HABEESNL, 5L, BERICBIFSHO-LORBR L ) 38
SRR o, FOMOY L ERTBETH B CDAR AR,
CD8 M, CD16 By iig < o> HO-1 i A 13 il S o A4 2 BE
LR THLETH 7.

I. EASBMERERC £ % HO-1 mRNARH

BABE L 7 BABRA O ONCE ) o SERUEEE & &R0 SR T & R
erﬁﬁ%é KN@R&’;DHOl@WA%H#mWL

. EEEMEMO H B CPCRY A 7 WEE 35 (M 6A) %

{2 40 (R 6B) M2BRHCRERE L7z, BLERTIE, ~ 1100 !,M,
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Fig.7. Hemin-induced cell injury of peripheral blood
lymphocytes and monocytes. PBMCs were cultured for 24 hr
with medium alone, 100 M hemin (@) or 100 »M hemin
with 100 M SnPP ((J). Lymphocyte () and monocyte (B)
regions were gated separately and cell injury was determined
by flow cytometry.
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*p < 0.05, *#p < 0.001.
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Abstract

Heme oxygenases (HO) are rate-limiting enzymes that catalyze the conversion of heme into biliverdin, free iron and
carbon monoxide. They exist in three different isoforms, HO-1, -2 and -3. Recently, we have experienced the first known
human case of HO-1 deficiency. We have already reported that the symptoms exhibited by the patient were the result of wide-
spread cell damage, including to the vascular endothelial and renal tubular epithelial cells. In addition, morphological and
phagocytic abnormalities of circulating monocytes in the blood were observed in the patient, suggesting same correlation
between HO-1 activity and phagocytosis of the monocytes. In this study, the production of HO-1 by peripheral blood
mononuclear cells and the functional significance of stimulation by various oxidative stresses including hemin were
investigated. Among the different lymphocyte subpopulations and monocytes, monocytes alone responded rapidly to stress
stimuli, resulting in the expression of HO-1 mRNA and production of HO-1 protein. Few cell injuries were induced in
lymphocytes, even by high concentrations of hemin in combination with an HO inhibitor, SnPP. By contrast, significant cell
injuries were induced in monocytes, with remarkable enhancement by SnPP. Short term exposure of monocytes to high
concentration of hemin induced a significant reduction in the cell surface antigen CD36, CD11b and CD14. Furthermore,
phagocytosis of IgG-opsonized erythrocytes by monocytes was markedly impaired and significant expression of HO-1 was
observed. These results indicate that monocytes are preferentially sensitive to hemin exposure and that they have a
mechanism of selective production of HO-1 to control hemin-induced cell injury. Taken together, these findings indicate that
dysfunction of intracellular heme metabolism leads not only to cell damage, but also to impairment of the phagocytic function
of monocytes due to a reduction in the expression of cell surface molecules. In conclusion, it is likely that, in addition to the
vascular endothelial and renal tubular cell damage, a functional disturbance of the monocyte/macrophage system significantly
contributed to the pathological findings observed in the HO-1 deficiency case.



