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Table 2 Multivariable analysis of log (Dmin) in non-asthmatic asymptomatics (n = 93)

569

df F value p value
Age 1 0.769 0.383
Sex 1 0.075 0.786
Presence of allergic rhinitis 1 0.142 0.707
Family history of asthma 1 0.182 0.671
Log (number of peripheral blood eosinophil) 1 3416 0.063
Specific 1gE antibody 1 1.228 0.271
FEVi/FVC 1 3.100 0.082
Mites in bed 1 0.668 0416
p=0.07
{ i
5
. p=076 p=0.09
1 8o
& e 3 SD
= cooo Soco 2530 mean
E 0 852 % 5
2 g, Seo coo
S PR soo 220
° H oo
e ¢ 22
g
T T2
<C
....3 — =]
—4 1 { ]
Steroid therapy Another therapies  No therapy
n=33 n=50 n=22

Fig. 4. The comparison of Dmin according to the presence or absence of therapy

(mean =SD).

TWwAERSRD G/, BEEERTZDON 2P o
7> (Fig. 4).

Wi BB > Dimin X 0.001~28.70 BifiT, MIEHEBEOH
IE Dmin i 028~ 1908 T b, i B Dlog (Dmin)
EEFEEBE O log (Dmin) D4 %, PN
FIIThHE, pRYECEBICDE THLO»Z
BLR2WHFBRHLNLFigs). M LY, HERHD 5%
it Dmin7 BALRBICA D, BEREEO 95% i Dmin
09 B LA EIZ Ao 7z,

HEFERE EWEBBREDF -y » LR L SEERE
VEFEME BIAR (receiver operating characteristic curve ©
ROC #i#t) C, MBOBRBRELREEOENRI L L
50DE Dmin33TdhH 0, BEKE800%, FFEE 801

% Tdh o7 (Fig.6).

F 7z, MPIRPLIMAOME & % /R 9 SGrs,/Grs cont %
HHERT AL, WERCTHE SR T3 101 A
-0722006 (P BE#FEE) C, BEEN 141 AT
H-073+004 TH Y, MEAIFWEEETZEOL D -
72 (p=055).

SHOMHERTRDEEL S, WEBAE & B
EHD Dmin OHAEIS, PR EVEEERICH - TH
SPREZYFEDLNIIETHE. ChETDE
COJ|EINB-8 L WET 5 &, BEEOSHILITIZR
BIZD, BEEFOIMIKECREL-TV A,

ZITEY, TAMNSS 7D Dmin DEEIZOWV
TEZI.
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Table 3 Reports on the comparison of Dmin between asthmatics and non-asthmatic asymptomatics

Author (reference) Year Dmin 0~1 1~10 10~ 50 50 ~ Mean
Takishima (17) 1981 Healthy volunteers 0 0 0 10 50
Asthmatics 44 14 2 0 147
Ohkuma (23) 1986 Healthy volunteers 0 3 9 8 219
Asthmatics 12 7 0 0 0.51
Kimura (24) 1987 Healthy volunteers Q 0 12 4 368
Asthmatics 29 15 1 0 0.59
Kitani (27) 1990 Healthy volunteers 0 1 4 17 4251
Asthmatics 21 14 1 0 178
Hasegawa (28) 1992 Healthy volunteers 0 6 16 9 N.D.
Asthmatics 62 3 1 0 N.D.
Present data 2003 Asymptomatics 8 71 49 13 178
Asthmatics 56 46 3 0 213

SEBHEMERE I, BRBAEKE LT dosimeter
1300, tidal breathing ¥#£30, HA7 L ¥ — S 4£EH
B3, by, BERAEELTTAPTI7®
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MIZIB LT, Grs /01 Grs 2 BREMNEKE (func
tional residual capacity : FRC) TR L FENKE T
v ¥ 7 % R (specific airway conductance . SGaw) &
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FEV) &, FPK$TE 202 L7z Dmin % Grs, SGaw
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TERTVAHEVWDRTWARE®, 421, FMEE
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NHIHCBbIE. Thbb, H—IIMBBEEDIE
FAYEEEBEESELTEY, POBERED
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KTHDHEERT.
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STUDIES ON AIRWAY HYPERRESPONSIVENESS BY THE ASTOGRAPH® METHOD
IN ASTHMATICS AND YOUNG ADULT NON-ASTHMATIC ASYMPTOMATICS

Yoshinobu Fukui, Etsuro Yamaguchi, Nobuyuki Hizawa, Yukiko Maeda, Daisuke Takahashi,
Satoshi Konno, Motoko Kobayashi, Takeshi Hosokawa, Eisei Jinushi,
Kei Takamura, Yasuyuki Nasuhara and Masaharu Nishimura
First Department of Medicine, Hokkaido University School of Medicine

We investigated airway hyperresponsiveness (AHR) by the continuous inhalation method using an Asto-
graph™® in 105 asthmatics and 141 non-asthmatic asymptomatics. The range of Dmin (1 U=one minute inhala-
tion of 1mg. ml of methacholine) of asthmatics was 0.001 to 2870 U, and that of adjusted Dmin of non-
asthmatic asymptomatics was 0.28 to 190 U ; thus, an apparent overlap was recognized in the distributions of
Dmin.

Ninety-five percent of asthmatics had a Dmin lower than 7 U, and 95% of non-asthmatic asymptomatics
had a Dmin higher than 0.9 U. Presuming that almost all asthmatics had AHR, it was inferred that nearly half
of non-asthmatic asvmptomatics had AHR, too. Comparison with previous reports suggests that AHR in
healthy people may be increasing generally. When Dmin is determined to be >7 U by the Astograph®
method, it is likely that the patient does not have asthma. When a patient has a Dmin<0.9 U, it is highly prob-
able that the patient has asthma.
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Development of Fluorescence-linked
Immunosorbent Assay for High
Throughput Screening of Interferon- Y

Eiji Matsukumal, Zenichiro Kato!, Kentaro Omoyal, Kazuyuki Hashimoto?, Ailian Li?,
Yutaka Yamamoto?!, Hidenori Ohnishi!, Hidenori Hiranuma?, Hisakazu Komine? and Naomi Kondo!

ABSTRACT

Background: Human interferon-gamma (hIFN-y) is produced by lymphocytes and has a variety of biological
properties. Measurement of hiFN-y is widely used for various immunological responses for allergic or autoim-
mune diseases. Enzyme-linked immunosorbent assay (ELISA) is an established immunoassay used to quan-
tify cellular metabolites or cytokines. ELISA requires many incubation and wash steps and is not practically
suitable for screening large numbers of samples.

Methods: We have developed a fluorescence-linked immunosorbent assay (FLISA) method for the detection
of hiFN-y. We measured the 50% inhibitory concentration (ICso) value of the hIFN-y production by interleukin
(IL)-18 binding protein and anti-IL-18 monoclonal antibody. The ICs0 described by FLISA was compared with
that by ELISA.

Results: We developed a new system for measuring hiFN-y using Allophycocyanine (APC) fluorescent protein
and compared it with the previous method using Cy5.5. The proposed FLISA had a smaller coefficient of vari-
ation than ELISA, and the means of coefficient of variation using the same samples measured by ELISA and
FLISA were, respectively, 11.1% and 3.8%, suggesting that the edge effect often giving non-specific resuits
may be smaller in FLISA than in ELISA.

Conclusions: The improved FLISA system proposed is ideally suited for efficient measurements of hiIFN-y.
This homogeneous and multiplex method will be a powerful tool for high throughput screening for drug discov-
ery research.

KEY WORDS
enzyme-linked immunosorbent assay, fluorescence-linked immunosorbent assay, fluorometric microvolume
assay technology, high-throughput screening, interferon-gamma

fect allergic responses.3#4 Many studies have shown

INTRODUCTION that hIFN-y secretion associated with IL-12 or 18

Several studies have shown that cytokines participate
in the induction and effecter phases of inflammatory
responses in allergies. Studies of the cytokine net-
work are important for identifying candidates for
drugs or drug targets. In addition, measurement of
cytokines is required for screening of drugs.! The
regulation of human interferon-gamma (hIFN-y) is
particularly important for protective immunity in Thl
cells.2 hIFN-yis implicated with interleukin (IL)-12 in
the adoption of a Th1 phenotype. On the other hand,
Th2 cytokines such as IL-4, IL-5, IL-10, and IL-13 af-

plays an important role in the Thl and Th2 balance.56
Hence, measurement of hIFN-y has been widely used
for monitoring immune responses in allergic diseases
such as atopic dermatitis.”8

Enzyme-linked immunosorbent assay (ELISA) is
an established immunoassay used to quantify various
cytokines. Conventional ELISA, which is not readily
amenable for screening large numbers of samples in
drug screenings, requires many processes and large
quantities of antibody. For drug discovery and devel-
opment, high throughput screening (HTS) would
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Fig. 1 Homogeneous assay is the main characteristic of
FLISA. An FMAT ® 8100 HTS has a macro confocal imag-
ing system with a helium/neon laser, which automatically fo-
cuses on and scans fluorescent-bound beads resting on the
bottoms of multiwell trays. Because the depth of focus, 100
um, is small in comparison with the remaining volume, back-
ground fluorescence is minimal in relation to bead-bound
fluorescence; thus, there are no washing steps to remove
unbound fluorophores.

100 pm

633 nm He/Ne
laser

benefit from an immunoassay that requires minimal
manipulation and uses just a small amount of the
compounds required. Fluorescence-linked immuno-
sorbent assay (FLISA) is particularly well suited for
HTS.®

We have developed a FLISA method for the meas-
urement of hIFN-y. We constructed the assembly of
capture antibody and fluorescent conjugated detec-
tion antibody for our FLISA system. This system en-
ables high throughput measurement of hIFN-y and
could be applied to the assessment of other cytokines
or chemical mediators in allergic responses.

METHODS

INSTRUMENTATION

A fluorescent microvolume assay technology
(FMAT®) instrument consists of a detector (Applied
Biosystems, Tokyo, Japan) integrated with a bar code
reader and robotic plate handler (Zymark Corp, MA,
USA) that can accommodate 60 plates. An FMAT®
8100 HTS has a macro confocal imaging system with
a helium/neon (He/Ne) laser (633 nm) which auto-
matically focuses on and scans fluorescent-bound
beads resting on the bottoms of multiwell trays. The
laser performs 256 scans across an area 1 mm x 1
mmx100 um deep (Fig. 1). Because the depth of fo-
cus, 100 pum, is small in comparison with the remain-
ing volume, background fluorescence is minimal in
relation to bead-bound fluorescence;thus, there are
no washing steps to remove unbound fluorophores.
The emitted fluorescence passes through the same
optical path as the excitation beam and through a di-
chroic beam splitter for detection by photomultiplier

50

tubes through the filters (680-730 nm).

PREPARATION OF ANTIBODY COATED BEADS
200 yul of streptavidin beads (0.5% w/v;6 ym bead di-
ameter;SVP-60-55, Spherotech, were diluted in 800 yl
of phosphate-buffered saline (PBS) +0.01% sodium az-
ide (NaN3). After centrifugation at 10,000 g for 2min-
utes, the supernatant was discarded and resuspended
in 1 ml of PBS+0.01% NaN3. Next, a 4 ug portion of
biotinylated mouse anti-hIFN-y monoclonal antibody
(mAb) (AHC4539, Biosource, California, USA) was
added to the streptavidin beads solution and incu-
bated with gentle mixing for 18 hours at room tem-
perature. Washing was repeated 2 times and the cap-
ture antibody coated beads were stocked in PBS +
0.01% NaN3 (8.4 x 106 beads/ml) at4T.

PREPARATION OF RECOMBINANT hiL-18 PRO-
TEIN

We used recombinant wild-type hIL-18 for the inhibi-
tion assay. Expression and purification were carried
out as described previously with minor modifica-
tions.10-12 The concentration of purified hIlL-18 protein
was estimated using the absorbance constant (6160)
for h1L-18.

PREPARATION OF hiFN-~y BIOLOGICAL SAMPLE
hlIl-18 inhibition assay based on hIFN-y induction
was carried out as previously described.13.14 Briefly,
human myelomonocytic KG-1 cells (ATCC CCL246)
were grown in a culture medium consisting of RPMI
1640 supplemented with 10% heat-inactivated fetal calf
serum , L-glutamine (2 mmol /L), penicillin
(100 U/mlL) and streptomycin (100 pg/mL). hIL-18
prepared at our laboratories (in a final concentration
of 2 ng/ml) was preincubated with anti-hIL-18 mAb
(Medical & Biological Laboratories, Nagoya, Japan)
or hIL-18 binding protein Fc chimera (IL-18BP) (Re-
search and Development Systems Inc, Minneapolis,
USA) (in final concentrations between 0 and 500 ng/
ml) at 37°C for 1 hour and then 100 ul of the mixture
added to 100 1l of KG-1 cells (3 x 108 cells/ml) per
well in a 96-well plate (Nunc, Roskilde, Denmark), fol-
lowed by incubation at 37°C for 24 hours in 5% COs2.
The culture supernatants were collected, and the
hIFN-y production in each of the samples was deter-
mined by ELISA (Japan Immunoresearch Laborato-
ries, Co. Ltd., Takasaki, Japan) and FLISA. Data are
presented as the percent inhibition of total hIFN-y
production in the absence of hIL-18 antagonists. 1Cso,
the concentration of antagonists required to inhibit
50% of hIFN-y production by KG-1 cells stimulated
with hIL-18, was then calculated.

FLUOROMETRIC MICROVOLUME IMMUNOAS-
SAY FOR hIFN-y

A 50yl aliquot of sample or hIFN-y standard (Re-
search and Development Systems Inc) was placed
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