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I ha Y N T7HEE (MELAS, LeighfEf38) 2R &4 2
NBEEBMWETANA DB, BRICHET AR

Diagnosis and treatment of intractable epilepsy caused
by mitochondrial encephalomyopathies: MELAS and Leigh syndrome
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Key Words : MELAS, Leigh syndrome, stroke-like episodes, epilepsia partialis continua,
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acidosis and stroke-like episodes) #32%,

Frr

Kearns — SayrefE & & (KSS) 4920.8%,
LeighfE & 8£18.5% Cdh o7z LA L, /PR
HEREEARERTRZOGH RS
D, DEABFRICBWTIE, LeighfEfEEd
31.1%, MELASH299%THo7-DiZ L,
AR ER TIIKSSA938.6%, MELASHS
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BTV —F JEFIE (%) B (%) | RE,SER (TEV-F)
(BEHREED) TTORIR (A)

SR - TR (1) iEAE (—) 7(32) 23{41) 2-27 1249
TR - Ent (4-) & () 7(32) 16(29) 0-70 16418
BEA-EE (— /) EE () 6(27) 11 (20) 11-94 18420
g5 -1et (—) epilepsia 2(9) 6(11) 25,74

partialis

continua

(EPC)

ENSE 227EF (100%)
Tab. 1 RV V— FORUS - Bk & Eokkst

FRAERERIZ 3B, EBHREL EHICLIEL
ISP EH L CAPA L DEJAHEIZE
b, AEHEARXEREEEZRL, I b2
1] 7DNA (mtDNA) it 4 ¥ >~ (UUR) &8
RNAHDHEERIPHRESh TS, ERA
OEOE W CIIFFRMEZOSRED
BETICL2HeEENELLZ L, WERE
% B3 ARRF (Ragged red fibers) 2SSV
(strongly SDH-reactive blood vessels) Tl
TRUIGEBEL TWE LR EIHBALTY
Bo BIEIKTHEBMERELLTELY,
BUHOERBORRAICL o TEFORBENE
o T AHBENED L. FHREICBNT
MELASOEBORE AR L, HREDTA
PALDOERFHLOMITHZEE L,
LeighfE R 2 MeE, KRERZ, #K
OBFEREFREICER T HARE, HERE,
R REER, BT, BRRETZER
L, LIILEHEHEOERLSMH TS, B
FESERHI AL RS v, DEOFKFRER, OF
tZX-linked PDHC Ei a -subunit® &{zFER
WEBrENE VEEBKEREZERE (PDHC:
pyruvate dehydrogenase complex). @EF
EEREERE  HE6K I IR VOEHE
T (mtDNAZ £, ZDNAZEZETHED
» %) ®mtDNAZ 138993, 9176A'E T,
3243, SM4EROHELH D, ThHIXFR
HBIZEET 5. O¥DNAZKER (99340
SURF-1B{EZFEE D cytochrome ¢ oxidase
(CCO) RApITHE STV A), F/2, B
FEELEOTEEMMFETE L VWER L
BA5%h 660%H 5. LL, Zhonifiz
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56[] (100%)

FEERSLEBERENLO LD ICHEEREH
FELTWEPRAHATH B, 41, &Lk
LeighfERBHEA BRI SEHL, TA»ARED
R ERSEISRE L0 THET B,

X &

HHRIT1980F 2 5 U THABEL TE /-
I hYFYTHREGELIHN T, AR
MELASE 247 L7:851 (B 2#), LeighfEfE
FHLZEL-10M (Be2f) ThHbH, MELAS
(3, MRE3IFALISHE2 B, BERZTDHER
611 H B2 5205, FETABITH o720
MtDNADA3243GREEVFHL I h o7
33 TdH - 720 LeighfEEEEIL, RIEEHR
X B ERROD H 8% (FH2m27 ) m#REP
ERNZ1E7 0 A9 517840 B, BEI2HTH
-7

;] P

MELASHlIC BT 2 BB OFHICDOWT,
FEARREAR, FEFERERME, ERIC X Aol
HRAFHCHIT L7z, LeighfEBEREIZ B
B TAPABEDEHICOWT, BIRERL
HEMRIORE 2 RIS % Rk, FBIC
BIFpEE, BRIEROESE 2 HFRNICS
L7z mtDNADEALZWRETT 57912,
A3243G ZE%Z/RTMELAS®14] & T8993G
R YR T LeighfERE2BICT L, #LEH
BTRMEBE I THEE L /MR kS
FTHRE. ZORFM/NKE%E templated L,
nested PCRi#E# AAWEH Z & IZPCR-RFLP
#1727,
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B O OO®
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+5E, £itdsw, H5EN58%,
YHeEtE (EPC) 2917% Th b, EXEIHTH
7ok B eiEds5%, BatEH67%, EPC
H18% Th o 720 MELASOFIEEEIED F
EES A EAE R LT, BEELY
V- P28 20 - BIERE, ERREED
AR 2 IEAREBTRET T 5 & (Tab.l),
fa - TERE (+) ¥ (-) BIERI41%, W
5 - WER (+) EEE (+) BIEREN29%, H
55 - Mk (-7 7)) 8 (=) RBIEREA20%, BH
5 - B () EPC (+) BEAf11%ThH Y, B
55 EHEREZEAHELTVAELORT0% %
Hize 3 bV F) TRBEORED O REE
¥y - FERTICOHMEL*RS &L, W
fE - AR (+) BB () BIER, TR - B
(+) FER (+) BERBZOE -2 AL 6F
BLTWAOIIX LT, B - WERE (-)
EPC (+) #3253 721327 B RHEL, W
5 - IR (—/ ?) E (+) BERIRIZOPHE
D1LH BALREBL T, Bt Y -
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7 BIEIIEHRERICT2RABZ THMEREINS
FLWRENTETED, 1y ARICEBER
FEMOMEIIHEBEL, IR BEEEIT2
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(=) /MRS ERICFE SR EER ORI
DFEEMENIFEARERDHIET 2 it b3
EHHEFHIL, ERRERLIEERIC
BB LATEI ThHhole MEBERETFIIAHT

— 461 —



TABAEHFRERM AR HI5% 20035118 53

T T, e T T . e o P Tend e T Bt

TSI T
FRL = AL ot hrrm st om A 54 e Ao 0o i Mo T 4t S gt e . 1 A, il g e R e g g o s =
Fp2 — AZ = e P S Y T R P AL gl 8 S P P o e gt P 4N = g R A A i

AL N R s e o o NS [ e P BN B e A A N AN o iR P it . g b e e gt

AL L e e AR kb s et R P e i N i s e W e e A 7 e e
- Al LT e oy e ey e o g s e P AP 5 7,

F7
F8
=
T4 = A2 e
T$
TS
2]

e
e AT e o e s et s et gt e T
e AL m R e T e e v e et e P e i o Pt gt o AR e e

B N T Y U 7T T R S

= Al L S L P S o Pt 3R TNt NI P NP e W AT st A AN 8D,
Bd = A2 e e o st A e I e e N e S O b it Y e A A VA L At o
C3 = AT oo o P i P B A e AR o s o o o A e e P s g 8 Pt e e
Gl = AT N o o oo s L N Al oty i bR I o P N A i S e N B e A Ry I e SO S P P P N T i

P3 = Al 4o A r el s e N,.,--NWWV'\..-M4,'\'~v‘-.,,-w,w*.... T et Ml A ("

Pd = AT ¥ s M A S st o e e o 5 s s e e a3 o | N 1N NN a4 0t e pimpimsme . f
S - = it R kA H ; - ‘e,
R N T A R VT e P
- . . . N » -
[ R R A L L R e N N T
§ 1100sY
ECG ﬁ_w.wwup_wwﬂuﬁa_%-rw R St ) 1ee = —r—
—_ e e — A —— e ne

ZOI. FRASMEHMAHE, 7V A A _
;iﬁgf&ﬁgﬁgﬁm:;nd ETA ATV AN AR RN A AN A WA
o AMMWNW“M

_—run AL

Fig. 4 MELAS #E#3 (15:2)
i - BHERFRORDF 474, BG4S

case6

T89934

Cazes ar

Pr waen
3 nnrbi [T R
WAL e

wbvan
I T RO

Ve Eloedca)

Tola WAUF TSN T m m————
wadvarys vorE b, sovn, 7 SRR

camed L L4

s PRI« e e em

3 g

R T e e e e e s
wtuwm
A N
v etiny &
A VI TR Y] R e
by 41 WP uEn ™

lday 6

midbrain (central gray)

cases

globus pallidus
Fig. 5 AHis BERBANHE T8093GH B

COXEaRENTDO LN, QKRMEEHE Bi Rz BL 3L R AN R B I K A B R R & TIREE
JEA% A Z Epileptic spasmTHIEL, MRIEIX HOZEWMLTETHELEET, WERETFR
I EEERE L RO Rd o o Ficl T8I9IICE RN iz, LeighfEEEHER
HLTw5S, HFAEFRITAHETHS, @K 6OMRIDZE R/ HICERT S (Figh)o T

— 462 —



54 TADAERTIERAM EAHRER £15% 2003F11R8

HE AR EGIE | RIERBRRY ZXERY
EEZR 3 0
AR EEEZE 1 100 Atypical West
KB AR AL B R B 2 100 West
HRA/ M E 3 0
IR (—) /M BEeE! 2 100 Myoclonic szs
& &l 10 50

Tab.2 TA»AR{EEERSE

Bk QR BRCRE s RO A MED L LD
R, BEOERPETLTWLON
BHLND, 104 B zidrbiE, EFHMICLHE
EHRTD LR TWDE, OEER/NRHNEREIE
MRLE, /MROZEH, LEBRELZ EFREL,
FERIBEIES A REZ ZBIBELLR TV,
IEER{EFIET8993C, TII7T6CERMAD L
iz, ®FEER (-) MRENHIIIMRIELE
ERICHRESED R, AR, i, EE
DIRE R EfhE Lz, BEBETFIZASIMG
TRIFED bz,

TADPARIERL = OBFER S () TR
+5¢(Tab.2), OQKBEHEEEZET
Atypical West% 161 (100%) T, @K
B B RE MR R T West % 241 (100%) TR
Di. @RER (-) MEkRETIA IO
——R{E% 200 (100%) TRz, LL, ©
HELRE E QEEE/NMREIETA»ARER
Do ize GEFTidLeighfERBEEED
3 H50%ICTAPAREEZED, WestfEfE
BEA30%, 347 0o —RIEE20%12580 7

3. EHOGEEROE{LEmIDNATSER

T8993GLER % & DLeighfEFEHD2H &
A3243GER* HOMELASO1IFIZEWT,
@i E SR OMREROZEL L mtDNA
LERBOELERE Lo LeighfEREE, IiE
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Summary

Diagnosis and treatment of intractable epilepsy caused
by mitochondrial encephalomyopathies: MELAS and Leigh syndrome

Kazutoshi NAKANO MD, Tomohiro NAKAYAMA MD, Kaori SASAKI MD, Mihoko MATSUZAKI MD,
Mikako TARASHIMA MD, Mayu OHTSU MD, Hirokazu OGUNI MD, Makiko OSAWA MD

To elucidate the mechanisms underlying intractable convulsions with mitochondrial
encephalomyopathy, we studied 8 cases with MELAS (mitochondrial encephalomyopathy,
lactic acidosis and stroke-like episodes) and 10 cases with Leigh syndrome. We also evaluated
serial changes in the mutation rate of platelet mitochondrial DNA (mtDNA) by the PCR -
RFLP method in one MELAS case and two Leigh syndrome cases. As most convulsions in
MELAS are attributable to stroke-like attacks, differentiation from epileptic seizures is
necessary. EPC (epilepsia partialis continua) can be distinguished from convulsions associated
with MELAS, based on not being accompanied by headache or vomiting and because EPC
occur after repeated stroke-like episodes. We found definite differences among epileptic seizure
types according to the Leigh syndrome sub - group, which we first attempted to classify'ﬂsir}g' ‘
serial brain MRI studies. West syndrome was recognized in groups with prominent cerebral
lesions. Myoclonic seizures were recognized in the group with prominent cerebellar and brain
stem lesions. Fluctuation of neurclogical symptoms, including convulsions, was .reIated to
changes in the mtDNA mutation rate, .

Ann.Rep.Jpn.Epi.Res.Found.2003;15:49-56
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A Two-Year-Old Infant with a Myopathic
Form of Very-Long-Chain Acyl-CoA Dehydrogenase Deficiency

Yasushi Ito, MD, Kazutoshi Nakano, MD, Keiko Shishikura, MD, Haruko Suzuki, MD,
Norihisa Iida, MD, Nobutaka Sasaki, MD, Masahiko Kimura, Yuki Hasegawa, MD,
Seiji Yamaguchi, MD and Makiko Osawa, MD
Department of Pediatrics, Tokyo Women’s Medical University, School of Medicine, Tokyo (Y1 KN, KS, HS, MO) ;
Department of Pediatrics, Hiroshima-ken Kouseiren Onomichi General Hospital, Hiroshima (NI, NS) ;
Department of Pediatrics, Shimane Medical University, Irumo, Shimane (MK, YH, SY)

A two-year-three-month old girl was hospitalized for detailed examination following repeated hyper-creatine
kinasemia and cervical muscle cramps induced by pyrexia and persistent hypertonicity of the cervical muscles. Physical
examination showed mild hypotoniz but no muscle weakness. Induction of symptoms by continuous cervical muscu-
lar exercise and the appearance of dicarboxylic aciduria during the fasting test indicated a disorder of fatty acid oxi-
dation. Free fatty acid and acyl camitine analyses using dried blood spots, and acyl-CoA dehydrogenase activity assays
using cultured skin fibroblasts established a diagnosis of very-long-chain acyl-CoA dehydrogenase (VLCAD) defi-
ciency. Currently VLCAD deficiency has been divided into three phenotypes;a severe childhood form, a milder child-
hood form, and an adult form. However, we suggest that the severe and milder childhood forms would be better
described as a systemic form, and the adult form and our infant case as a myopathic form. An early onset of the
myopathic form within the first year of life, as well as its diagnosis in early infancy, has never been described in the

literature,
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We designed and synthesized 2-[6-(4’-hydroxy)phe-
noxy-3H-xanthen.3.on-9-yllbenzoic acid (HPF) and 2.
[6-(4’-amino)phenoxy-3H-xanthen-3-on-9-yl]lbenzoic acid
{APF) as novel fluorescence probes to detect selectively
highly reactive oxygen species (hROS) such as hydroxyl
radical (OH) and reactive intermediates of peroxidase.
Although HPF and APF themselves scarcely fluoresced,
APF selectively and dose-dependently afforded a
strongly fluorescent compound, fluorescein, upon reac-
tion with hROS and hypochlorite (TOCI), but not other
reactive oxygen species (ROS). HPF similarly afforded
fluorescein upon reaction with hROS only. Therefore,
not only can hROS be differentiated from hydrogen per-
oxide (H,0,), nitric oxide (NO), and superoxide (O7) by
using HPF or APF alone, but ~“OCl can also be specifi-
cally detected by using HPF and APF together. Further-
more, we applied HPF and APF to living cells and found
that HPF and APF were resistant to light-induced au-
toxidation, unlike 2,7'-dichlorodihydrofluorescein, and
for the first time we could visualize ~“OCl generated in
stimulated neutrophils. HPF and APF should be useful
as tools to study the roles of hROS and ~OCl in many
biological and chemical applications.

Reactive oxygen species (ROS)! play key roles in many path-
ogenic processes, including carcinogenesis (1), inflammation
(2), ischemia-reperfusion injury (3), and signal transduction
(4-7). Several methods, including electron spin resonance {8)
and chemiluminescence (9), have heen developed to detect
ROS, but flucrescence detection is superior in terms of high

* This work was supported by Ministry of Education, Science, Sports
and Culture of Japan Research Grants 11724028, 12470475, 12557217
(te T. V), 10771238 and 12771349 {to Y. U.). The costs of publication of
this article were defrayed in part by the payment of page charges. This
article must therefore be hereby marked “advertisement” in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

[S] The on-line version of this article (available at httpz/fwww jbe.org)
contains text and additional references.

] To whom correspendence should be addressed. Tel.: 81-3-5841-4850;
Fax: 81-3-5841-4855; E-mail: tlong@mol.f.u-tokyo.2ejp.

1 The abbreviations used are: ROS, reactive oxygen species; DCFH,
2', 7' -dichloredihydrofivorescein; HPF, 2-[6-(4’-hydroxy)phenoxy-3H-
xanthen-3-on-8-yl]benzoic acid; APF, 2-16-(4’-amine)phenoxy-3H-xan-
then-3-on-9-yllbenzoie acid; HRP, horseradish peroxidase; PMA, 48-
phorbol-12-myristate-13-acetate; DCFH-DA, 2',7°-dichlorodihydro-
fluorescein diacetate; Amplex Red, 10-acetyl-3,7-dihydroxyphenox-
azine; HPPA, 3-(4-hydroxyphenyl)propionic acid; MPO, myeloperoxi-
dase; DMF, N,N-dimethylformamide; HLE, buman hepatocellular car-
cinoma c¢ell line; CCD, charge coupled device; hROS, highly reactive
oxygen species; ROQ", alkylperoxyl radical; NO, nitric oxide; O3, super-
oxide radical.
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sensitivity and experimental convenience. Experimental stud-
jes on Ca?*-dependent signal transduction in cells were greatly
facilitated by the development of fluorescent indicators for
cytosolic Ca®* (10, 11). Several fluorescence probes to detect
ROS, such as 2',7'-dichlorodihydrofluorescein (DCFH) and di-
hydrorhodamine 123, have also been developed. However, as
Hempel and co-workers (12) pointed out, DCFH and dihydror-
hodamine 123 can react with various ROS and oxidizing spe-
cies (superoxide (03), hydrogen peroxide (H,0,), nitric exide
(NO), ferrous ion, and others), and in addition, DCFH is easily
autoxidized, resulting in a spontaneous increase in fluores-
cence upon exposure to light. Therefore, it is not appropriate to
think of these probes as detecting a specific oxidizing species in
cells, such as H,O, or NO, but rather they should be considered
as detecting & broad range of oxidizing reactions that may be
increased during intracellular oxidative stress (12).

There are many species of ROS, as mentioned above, but
they tend to be considered collectively as “oxidative stress”
when their effects in living cells are discussed. However, we
believe that each species of ROS is likely to have a specific role
in living cells. There is some evidence for this view. For exam-
ple, H,0, is an endothelium-derived hyperpolarizing factor in
human and mice (13), p38 mitogen-activated protein kinase
mediates caspase-3 activation during apoptosis induced by sin-
glet oxygen (10,) but not by H,0, (14}, and hydroxyl radical
("OH) plays an important role as a second messenger in T cell
activation (15). In addition, each species of ROS has a charac-
teristic chemical reactivity; for example, 'O, reacts with- an-
thracenes to yield endoperoxides in the Diels-Alder mode (16),
whereas "OH can react directly with aromatic rings to yield
hydroxylated products (17), and NO reacts with guanine to
yield the deaminated compound (18). However, because of the
problems, ie. lack of selectivity among species and autoxida-
tion (12, 19-20), the roles of an individual species of ROS in
living cells remain uncertain. Therefore, we believe that it is
very important to be able to detect each species of ROS selec-
tively. If novel fluorescence probes that overcome the above
problems were available, they would contribute greatly to the
elucidation of the roles of individual ROS in living cells, be-
cause we would be able to “see” the generation of specific ROS
with high resolution in time and space.

It is known that "OH participates in various bhiclogical pro-
cesses. For example, HeLa, MW451, and HL-60 cells are in-
duced to undergo apoptosis by ‘OH (21). "OH can damage DNA
bases (1) and mediates redox alteration of cell-membrane Ca?*
channels (22). However, because of the lack of effective direct
detection methods for "OH, its participation in these events has
been established only indirectly by using inhibitors such as
dithicethanol, glutathione, and desferrioxamine (1, 15, 21, 22).

This paper is available on line at hitp://www.jbc.org
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Novel Fluorescence Probes to Detect ROS

Therefore, we wished to develop novel fluorescence probes for
highly reactive oxygen species (hROS). Here, we use the term
hROS to indicate reactive oxygen species with strong oxidizing
power sufficient to directly hydroxylate aromatic rings (for
example, "OH or reactive intermediates of peroxidase).

‘We report herein the development of novel fluorescence
probes for ROS, 2-16-(4’-hydroxy)phenoxy-3H-zanthen-3-on-9-
yllbenzoic acid (HPF) and 2-[6-(4’-amino)phenoxy-3H-xanthen-
3-on-9-yIlbenzoic acid (APF), which can specifically detect cer-
tain species of ROS in terms of an increase of fluorescence and
exhibit complete resistance to autoxidation both in vitro and in
vivo. We also describe the visualization of hypochlorite (TOCL)
in stimulated neutrophils.

EXPERIMENTAL PROCEDURES

Materials—4-Fluoronitrobenzene, 4-iodophenol, ischutene, 2,2,2-tri-
fluoroethanel, and trifluoromethanesulfonic acid were purchased from
Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan). Uranine (sodium flucres-
cein), cuprous chloride, 2,2'-azobis(2-amidinopropane)dihydrochloride,
horseradish perozidase (HRP, EC 1.11.1.7), polyvinylpyrrolidone, and
4p-phorbol-12-myristate-13-acetate (PMA) were purchased from Wako
Pure Chemical Industries Co., Ltd. {Osaka, Japan). Fluorescein was
purchased from Aldrich. DCFH-DA and 10-acetyl-3,7-dihydroxyphe-
noxazine (Amplex Red) were purchased from Molecular Probes
{Eugene, OR). 3-(4-Hydroxyphenyllpropionic acid (HPPA) wes pur-
chased from Dojindo Laboratories (Kumamoto, Japan). Myeloperoxi-
dase (MPO, EC 1.11.1.7) was purchased from Calbiochem (San Diego,
CA). Pyridine, dichloromethane, dimethyl sulfoxide (Me,SO), and
methanol were used after distillation. Other materials were of the best
grade available and used without further purification.

Instruments—"H NMR. spectra were recorded on a JEOL JNM-
L.A300 instrument at 300 MHz. Mass spectra were determined with a
JEOL JMS-SX102A mass spectrometer. Fluorescenece spectroscopic
studies were performed on a Hitachi F4500.

Fluoromeiric Analysis—The slit width was 2.5 nm for both excitation
and emisgion. The photomultiplier veltage was 950 V. HPF, APF, and
DCFH-DA were disgolved in DMF to obtain 10 mM stock solutions. We
obtained DCFH by hydrolyzing DCFH-DA with 0.01 M aqueous NaQH
for 30 min at 37 °C in the dark {12).

Cell Lines—A human hepatocellular carcinoma cell line (HLE) was
purchased from the Health Science Research Resources Bank of Japan
Health Sciences Foundation (Osaka, Japan). PCR3.1-Uni plasmid (In-
vitrogen) containing a sense human manganase-superoxzida dismutase
c¢DNA insert was a kind gift of Dr. Makoto Akashi (National Institute of
Radiological Sciences, Chiba, Japan). The HLE cell line was transfected

using the GenePORTER transfection procedure (Gene Therapy Sys-

tems, San Diego, CA) according to the previous report by Motoori and
co-workers (23). Manganase-superoxide dismutase-transfected HLE
cells were maintained in Dulbecco’s modified Eagle’s medium contain-
ing 10% fetal bovine serum (JRH Biosciences, Lenexa, KS) and 500
pg/ml Genetecin at 37 °C in humidified air containing 5% CO,. Gene-
tecin was removed at least 24 h before the experiments were performed,

Light-induced Autoxidation—Manganase-superoxide dismutase-
transfected HLE cells were seeded 1 day before dye loading onto a
glass-bottomed dish. The cells were then rinsed with modified Hanks’
balanced salt solutien containing 10.0 mM HEPES, 1.0 mm MgCl,, 2.0
mM CaCl,, and 2.7 mMm glucose adjusted to pH 7.3 + 0.05. Then, the cells
were loaded with HPF or DCFH-DA (10 g) by incubation for 30 min at
37 °C in the dark. Fluorescence images were acquired using a CSU-10
confocal laser scanning unit (Yokogawa Electric Co., Tokyo, Japan)
coupled to an IX90 inverted microacope with an UPlanAPQ %20 objec-
tive lens (Olympus Optical Co.} and a C5810-01 color chilled 3CCD
camera (Hamamatsu Photonica K. K). The excitation wavelength was
488 nm, and the emission was filtered using a 515-nm barrier filter.
After loading the dyes, the fluorescence images were acquired. After
that, the cells were laserArradiated at 488 nm for 10 8, and then the
fluorescence images were acquired again. The laser power, the exposure
time of the 3CCD camera {for acquiring the fluoreacence images), and
the gain of the amplifier were held at 500 pW, 1 s, and 18 decibels,
respectively, to allow quantitative comparisons of the relative fluores-
cence intensity of the cella between groups.

Preparation of Porcine Neutrophils—Neutrophils were obtained from
1.8 liters of porcine blood basically according to the method of
Wakeyama and co-workers (24) with some modifications (25). Erythro-
cytes in the buffy coat collected from blood were hemolyzed with a large
volume of ice-cold 0.2% NaCl solution for 30 s, and then the preparation

3171
hFIOS
(i)
00~ =NH;
x—<}o
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FiG. 1. Schemeofo-dem-ylatlon reaction of HPF and APF with
hROS. ¢ is the molar absorptivity, and ¢, is the relative quantum
efficiency of flnorescence.

was promptly mixed with an equal volume of ice-cold 1.6% NaCl sclu-
tion to restore the igotonic condition. Neutrophils were separated from
platelets and mononuclear cells by the Conray-Ficoll methed described
previously (26). The neutrophils were suspended in Krebs-Ringer phos-
phate buffer (114 mM NaCl, 4.6 mm XCl, 2.4 mm MgSO‘, 1.0 mm CaCl,,
15 mu NaH,PO/Na,HPO,, pH 7.4) and kept on ice until use.
Bisimaging of Neutrophils—Separated porcine neutrophils were
seeded onto a glass-bottomed dish. Then, the cells were loaded with HPF
or APF (10 p) by incubation for 30 min at room temperature. Dye-loaded
neutrophils were stimulated with PMA (2 ng/ml; 0.1% DMF was con-
tained as a cosolvent). Fluorescence images were acquired twice in each
experiment (before and 10 min after the stimulation with PMA) using an
LSM510 confocal lager scanning unit (Carl Zeiss Co., Ltd.) coupled to an
Axiovert 100M inverted microscope with a Plan-Neofluar x100/1.3 objec-
tive lens (Carl Zeiss Co., Ltd.}. The excitation wavelength was 488 nm,
and the emission was filtered using a 505-550 nm barrier filter. -

RESULTS

Design and Synthesis of HPF and APF—We reported previ-
ously that aryloxyphenols are O-dearylated in the ipso-substi-
tution manner by hROS such as *OH, reactive intermediates of
peroxidase, and cytochrome P450, but not by other ROS (O3,
H;04, 0,4, and so on) (27, 28). In addition, our recent investi-
gation of the absorption and fluorescence properties of fluores-
cein derivatives showed that the fluorescence of flucrescein
could be quenched by protection of the phenolic hydroxy group
at the 6'-position of fluorescein with an electron-rich aromatic
ring.? Therefore, we designed and synthesized two novel fluo-
rescence probes for hROS, HPF and APF, by making use of this
fact. We expected that almost nonfluorescent HPF and APF
would be O-dearylated upon reaction with hROS to yield
strongly fluorescent fluorescein. The putative reaction scheme
is shown in Fig. 1. The dynamic range of fluorescence augmien-
tation should be wide, because both molar absorptivity and
quantum efficiency values are greatly increased upon O-deary-
lation, so these compounds should operate as sensitive and
selective fluorescence probes for hROS. HPF and APF were
obtained in only 3 steps and 2 steps, respectively (see Supple-
mental Materials),

Reactivity of HPF and APF with "OH—First, we investigated
the reactivity of HPF and APF for chemically generated hROS.
We tried to detect 'OH, one of the hROS, formed in the Fenton
reaction, using HPF and APF (Fig. 24). H,0, was added to
buffer solutions of HPF and APF and then ferrous perchlorate
was added. The fluorescence intensity did not increase wpon
the addition of H;0, alone, but increased substantially upon
the addition of ferrous perchlorate in the presence of H,0,. The
results clearly showed that both HPF and APF could detect
"OH selectively. In addition, the fleorescence increase caused
by the reaction with "OH was suppressed in buffer sclutions of
HPF and APF containing Me,SO (a quencher of "OH), and we
confirmed the production of flucrescein in the reaction mixture
with ‘OH by reverse-phase high-performance liquid chromatog-

2 K. Setsukinai, Y. Urano, and T. Nagano, manuscript in preparation.
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