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Study of oxidative damage by myeloperoxidase
derived reactive oxygen

Yasuhiko Ohta”, Kaoru Akiyama® and Kenji Tokunaga"

Summary Neutrophils enhance the production of reactive oxygen as a result of the priming
reaction by various cytokines. However, the relationship is still unknown between the priming
reaction and releasing of myeloperoxidase (MPO). Furthermore, the oxidized stress disorder has not
been fully studied yet.

We examined the activation of neutrophils by various stimulating substances, MPO releasing
activity by the priming reaction of TNF- «, and the oxidation disorder from the MPO-derived
reactive oxygen.

The study found that priming by TNF- ¢ with f-MLP stimulation enhanced the production of
reactive oxygen. The releasing of MPO increased only with f-MLP stimulation, and the priming by
TNF- « increased the releasing of MPO even more. The reactive oxygen species derived by the
releasing of MPO enhanced the lipoperoxidative reactions and cellular membrane defect.

The above results indicate that MPO-derived reactive oxygen species increase cellular disorder and

are related to a clinical condition with oxidized stress.
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Fig. 6 Impact of TNF- « on the red blood cellular

disorder caused by neutrophil activation.

MPO. XODZ CHB$ AHOCL, O

AL, F-TBAMEIC X @ LIRE O k-
APRAD LNz, TNEDRISIEV 91 b NaN,
THEICHES N (Fig. 4)-

3) BF AP ERTE LIS X B M E

TR ERIG A ISR O WG ER TR & 2 IR E R
1t & MRS 2212 DT, FRIMER 2 VAL %
i & L THET L7zo PMATRIIEE TR
DI E L Th IR L,
NaN, CRHE S M7z (Fig.5). F72. ZOREE,
TNF-a l2E B 754327128 )BImEso 5
HERH Bz (Fig. 6) o

V. EZ®

PER. TFFRERHRIGTERR R & 2 BRfbREE I,
NADPHEELEE R IC & D A L 720> DSl E X 5
IZENTE7, LPLZYH0LEMRERE L
TOMALBOEEES < . AR D R E 7 & @Rk
DORERIETH HKREDOF & & idH RV,
—J ., WFREROE ARG L Y B & s MPO
3. KO 230 FA 4 » % HEIC L THOCI & A2l
%, HOCUTAARBHHERECH 5, BEFRUATM:
BWEH & L CoRE 2R L Tw b,

Bt WFHRERDSY A b A ICE DT T4 3
YrEND L I XY GRS A A
MBI EDNHMEENT VWS, LALEDS,
TIA4 327 RIGEMPORE IZ DWW CIIAH T
Hbo —F . MPORHIZHE ) HOCID & 72 7
HlE, BLREE IS & ) KHERREICEEE T 5 2 &
WEZOENL, LIz > TMPODHIE, it
MFIZLBMILA N L ABEDREIIZEETH
5,

AAfFETIE, INF-a I2& B 754 3 v 7
) NADPHFRALEE R DOIEMEALIC & 2 GRS D
A, MPORHI . MPOIZ 3R B G E D
AL EA~ O B % $1_, MPOIZ X 5[ LA
FLARBEEZHSPICTL2OPENTH %,

ZZ T, FHERE H 55 UOTNF- « THIULE
LT, 794 3 v 7k, RSB E CRilg LA
BT AR EE L AW,
PMA, fMLP, OZ®H CIMLPId I b iR i
AERESEEINL 72, COREWEIC & 5T,
TNF-a \2 &5 754 3 7 7 ORIEE & flE
B ONADPHIE A LEBESE (2 2 i AL O Fl Bz
RERERLIENEZLND,

— 137 —



EoY)]

RIZ, TNF- ¢ |2 & 2 MPORH BUB 2 DWW TR
L7z { MLPHHORIHU & ) MPOJKIE 255
L. &512, TNF- o« ORI L ) MPORH
I L 720 MPOORIIZEED B E &L
CEDROLNTWEDS, A, FIEWEIC X
B RO A TMPOJH % FERE L 720 B E 2
X9 5 22T, Hoshino 5 "I fMLPHIEL T
MPOZ T AR RIS R L T2 2 L 23 L T
Wb FOREFE, MPODSHIFAAM i S 7z &
e sz,

INLDOFERELY, 79437 Rpns
NADPHER{UEE SR T & 5 {G 1 BE 5 A4 B & MPOTX
HOWZIVEHT 5 2 & ERE 72, TNF-«
WCEBTI4 I ERIE, FadrFr—F
RLAEHITHIR S B &2 S IRZ A Z i §
BHIGHEALBEICEET 2 2 EARmBE N5,
MPOJK & DEFEPEIZOWTIE, EDXLH %Y
7 FIAZE Z T SN O Rl EdEE R %
BOSBOWMIRE»LETH 5,

IFRERIG LIS & A MPORE & I TEEESE O
HEPTER S NIz T, KRICMPODERLEEE 12D
W, ) = VERORREERRILSUE & MR L7z,
F9. MPO, XODtB & FAAPHT ¥ 1 Vi
£ = VEBROBBILKEE LTHEY = >
ZME L7 AAPHT V7 VI L T, MPO,
XODATHER T HHOCL, 0¥V / — VEEIZx)
T 2B IEAYME W b O 0BEEL e iE EA
L. TBALIZ X % @ LIR B AR OK R %
R LMPORUGIC & 0 IR #EIL 2 iR 72, K
12y BFHRERESROTEEER SR I L B REEIZOWT,
FIEWE I L 2L, 79430 70X Bk
LRIz OWTHRE Lz, $3, iFhEk%PMA
TR LT/ — VB OBRBL UG & #Et L7z,
IFHREROIEEALIC & b 7 ) I MEER R 1C & 0 R
B IEAEY = v OBINATRRD S, MR LR E
fiEd LR L7720 ZORIBIENaNIC X ) Eif S
7oo IO DOFERIT, IFPEREELIC XD Bl
XN 7-MPOHISRHOCIZ & % @b e A4 L
TWAZLEZRLTWVWDE, 2TDOHIZOWVWT,
HOCI?E L UHIF P ERIFHEALDIC L 2 5 v 30 ]
OBHi, MPO/ v 777 v <7 ADLKIEE TV
TRALA LAY — 7 —OFEPODHE ST
W5,

T4 I VTSI X AMPOILHEIZ & D )
MIFEREEIC OV T, DPFPIEMA B L,

L S S I

Al HWZ2RINERIEE AN TH 5720, Pk
BERIC & ) EEOREIRCKERTH L &F
2 HMN 5o MPOHIRIGFIERR I & & MR
2oV, IR ERIGEEALIC & 0 AR R e i
ZREEL, BIo ERPBEIN, ZORIL
ERHIRE IR 2 12D v T, Margret 5 'YOHOCI %
WCHFZET, HOCIASHIIL R % jiiH L GSHOERAL
FEEXREIL, BT 5 EFREINTND,
ABFFEIZ BT b I ERMPO HISRHOCI 23 1L
rEIRILALLEZONS, T72, RS0
(&, MERERZ VT, BEREEICBWTTY
— 7V AVHHRMERDFTENE 2 LT S8, PR
WEALZ RIZT I Ez@MiELTWE, E512,
KR I H T DOMPOD U122 v TZhang & 775,
MPOISHURRILE D% Il h CTLDLERL % &
ERITHEINFNDL I LERE L, T2,
MPOHISRDHOCI & HlL4E 5 > /37 OIRALIEE ~
— 71— & L CAdvanced oxidation protein products
(AOPP) DR iy SN TV 5™, LDk
Rid, AFPEROBEF G X0 BT 5%
PERRF. & 5 I S 7zMPOHIk DHOCIIZ
FRAL A b L ARRE L L CIRELRERIL PO & HE i
SET, MRGELERES L 2L 2RRT 5,
B EN72MPO & JiRE & DBHEMEIZ DWW TR
N EEAREDIRAEALHE D BRE T % F > 72 S AL
{LEERIIRAT 2 47 o 7285 B el & 8
L7eAREE T T — 7 B AF H ER DI A3 B
IZRRO LN T WA, —J7, KMho 77 4
YT ENTAFRERDAAE L LT, SHERAT
HHRABHIZBWT, BILHORETRTES X
D LIEHAL SN TWVD Z E DR SN TV B,
I, B ERE R R EIEOH L WIRRE L L T
SIRS (Systemic inflammatory response syndrome -
L ERRESULIERRE) TlE, & A b A~
MAEN & DAFRERDT I I 0 7EhTBD,
b ) R A S T A Z &I & iR IR L.
WS, TuT T —Erit L. A REZRO
WIRZ AL H 2 EHHRIBEI N TV S, A%
H, IS OIFHREDILIEIZIZMPMPO, &
ERIGTERRFPEABRDOWEN HETH 5 Z LAUR
N7z,

HREEUAL. TNF-o I2X B 754 3712

— 138 —



WS HE Vol 35, No 2 (2012)

P9 IR FE O BELE . MPOJUT SUIE, MPOIZH
K B IR IE ORI EA OB % 37z,

R H

12 X BIEEIRIC & ) MPOD I 25328

L, &512, 794 3 v 7 RUBIIMPOSH %
B L7, TNOORIBIC X A IGEEERIZ, A
Fafgde % 0 LERL A b L A2 X B JRHRE |2 B
THIEDNEZLZT,

L)

2)

3)

4)

5)

6)

7)

3)

3Rk
Kiryu C, Makiuchi M, Miyazaki J, Fujinaga T,
Kakinuma K: Physiological production of singlet
molecular oxygen in the myeloperoxidase-H.O.-chloride
system. Fed Eur Biochem Soc, 443: 154-158, 1999.
Holtschke T, Lohler J, Kanno Y, Fehr T, Gies N,
Rosenbauer F, Lou J: Immunodeficiency and chronic
myelogenous leukemia-like syndrome in mice with a
targeted mutation of the ICSBP Gene. Cell, 87: 307-317,
1996.
Hanzan SL, Crowley JR, Mueller DM, Henecke JW:
Mass spectrometric quantification of 3-chlorotyrosine in
human tissues with attomole sensitivity: a sensitive
and specific marker for myeloperoxidase-catalyzed
chlorination at sites of inflammation. Free Radic Biol
Med, 23: 909-916, 1997.
Aratani Y, Kura F, Watanabe H, Akagawa H, Takano
Y, Suzuki K, Maeda N, Koyama H: Differential host
susceptibility to pulmonary infections with bacteria
and fungi in mice dificient in myeloperoxidase. J Infect
Disease, 182: 1276-1279, 2000.
Sugiyama S, Okada Y, Sukhova GK, Vimani R,
Heinecke JW, Libby P: Macrophage myeloperoxidase
regulation by granulocyte macrophage colony-stimu-
lating factor in human atherosclerosis and implication in
acute coronary syndromes. Am J Pathol, 158: 879-891,
2001.
Hoshino A, Nagao N, Ito-Thara T: Trafficking of QD-
conjugated MPO-ANCA in murine systemic vasculitis
and glomerulonephritis model mice. Microbiol
Immunol, 51: 551-566, 2007.
Utsumi T, Klostergaard J, Akimura K, Edashige K,
Sato EF, Utumi K: Modulation of TNF- « -priming
and stimulation-dependent superoxide generation in
human neutrophils by protein kinase inhibitors. Arch
Biochem Biophys, 294: 271-278, 1992.
Fu S, Wang H, Davies M, Dean R: Reactions of

9

10)

11)

12)

13)

14)

15)

16)

17) 7

— 139 —

hypochlorous acid with tyrosine and peptidyl-tyrosyl
residues give dichlorinated and aldehydic products in
addition to 3-chlorotyrosine. J Biol Chem, 275: 10851-
10858, 2000.

Masuda M, Suzuki T, Friesen MD, Ravanat JL, Cadet J,
Pignatelli B, Nishino H, Ohshima H: Chlorination of
guanosine and other nucleosides by hypochlorous acid
and myeloperoxidase of activated human neutrophils. J
Biol Chem, 276: 40486-40496, 2001.

Zhang R, Brennan ML, Shen Z, MacPherson JC,
Schmitt D, Molenda C, Hazen SL: Myeloperoxidase
function as a major enzymatic catalyst for initiation of
lipid peroxidation at sites of inflammation. J Biol Chem,
277: 46116-46122, 2002.

Vissers MCM, Winterbourn CC: Oxidation of intra-
cellular glutathione after exposure of human red blood
cells to hypochlorous acid. Biochem J, 307: 57-62,
1995.

ANBR B, DA E], NR—AZ,
gy F: 71 — 7 291 )V O FREGT
DT RE S, 30: 89-92, 1990.
Zhang R, Shen Z, Nauseef WM, Hazen SL: Defects in
leukocyte-mediated initiation of lipid peroxidation in

H§R, B 7510,
i S R A L

plasma as studied in myeloperoxidase-deficient subject:
systematic identification of multiple endogenous
diffusible substrates for myeloperoxidase in plasma.
Blood, 99: 1802-1810, 2002.
Witko-Sarsat V, Gausson V, Nguyen AT, Touam M,
Drueke T, Santangelo F, Descamps-Latscha B: AOPP-
induced activation of human neutrophil and monocyte
oxidative metabolism: Apotential target for N-acetyl-
cysteine treatment in dialysis patoents. Kidney Int, 64:
82-91, 2003.
Naruko T, Ueda M, Haze K, van der Wal AC, van der
Loos CM, Itoh A, Komatsu R, Ikura Y, Ogami M,
Shimada Y, Ehara S, Yoshiyama M, Takeuchi K,
Yoshikawa J, Beckeret AE: Neutrophil Infiltration of
Culprit Lesions in Acute Coronary Syndromes.
Circulation, 106: 2894-2900, 2000.
R, T B, RERE, MR, ) 2
TR HE, RO =M BEE Y 2 v < FIlB
VT B G TER R FEAE BE OMRAS . IRAEAE, 18: 196-200,
1989.

NIGERE: A4 A X R Bk AL &
fiEgRIEE. PR D & @ A, 169: 845-849, 1994



