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TITLE OF THE INVENTION
'AntibodijestinggMethod'and.Antigen Microarray"'
BACKGROUND OF THE INVENTION

The present 1nventlon relates to a method for testlng
whether or not an antlbody that blnds Wlth a target antlgen 1S

present 1n a test sample, and to an antlgen'mlcroarray usable

- 1n that method More partlcularly, the present 1nventlon

relates to a method for determlnlng antlbody levels of human

.mrcroblal-pathogens.l

In antibody testing methods of the:prior art, after first
examlnlng a patlent sufferlng from,an infectious dlsease, the
symptoms and infection route are 1nvest1gated and the pathogen

that 1s causrng the 1nfectlous dlsease 1s predlcted. .Antlgen

jcorrespondlng to the predlcted pathogen and serum.collected
from the patlent are then allowed Lo react 1n a test tube

'(antlgen antlbody reactlon) - The pathogen 1s then 1dent1f1ed

accordlng to the results of the antlgen antlbody reactlon

‘H0wever, 1t was. extremely dlfflcult to narrow the
candldates of the pathogen down to one to an extremely small

number based on patlent examlnatlon results, and the number of

pcandrdate pathogens normally ranged from- several types to

several tens of types. iConsequently, pathogen 1dent1f1cat10n

was performed by testlng antlgen antlbody reactlons for each

“of a comparatlvely large number'of candidate pathogens. Since

the number of tests performed 1ncreases as the number of

candidate pathogens 1ncreases, consrderable labor and tlme

were requlred for pathogen 1dent1f1catlon. In partlcular,

since there are cases in Wthh all candldate pathogens

consrdered to be the cause of patlent symptoms may number up.
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to several hundreditypeS, 1t was dlfflcult to comprehen31vely.

test these candldate pathogens wrthout omlttlng any possable

ones. In-addltlon,-known.examples of antlgenwantlbody
reactlons include the prec1p1tatlon reactlon, agglutination '
reactlon,_neutrallzatlon reactlon, hemoly31s reactlon, 2 '
bacterloly51s reactlon,.1mmunoadherence reactlon~and
1mmun0phagocyt081s. Slnce 1t is- necessary to select the
optlmum method-correspondlng*to the-antlgen'from.numerous
antlgen antlbody reactlons, pathogen ldentlflcatlon requ1red

even greater labor and tlme.}

The objective. of the present 1nventlon lS to prOV1de a

method for ea51ly and rapldly testlng whether or not an

.antlbody that binds with- a target antlgen 1s contalned 1n a

sample, and antlgen mlcroarray usable in that method. ‘Another

'ob]ectlve of the present 1nventlon is to prOV1de a method for

ea81ly measurlng antlbody level

To achleve the above objectlves, the-present.inVention
prov1des a method for testlng whether or not antlbody that
binds with a target antlgen 1s present in a test sampleu The
method 1ncludes by the steps of produc1ng an antlgen

mlcroarray with spots_oflat.least elght‘types of target

.antigens;-¢Qntacting'the‘testjsample‘with the spots, wherein

in the case Whereuan.antibodyjcorresponding.to'the target
antigens is-contained'inlthe test sample, the antlbody 1s
retained on the antlgen mlcroarray due to an antlgen antlbody
reaction; and detectlng whether or not the antlbody 1s‘

retained on the antrgen mlcroarray,

The second aspect of the present 1nventlon provides a

method for measurlng blood antlbody levels of mlcroblal
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pathogensé.‘ 'I‘h'e- metho_d J.ncludes the stepsf of pr-o-du_cin‘gﬁ | _a-n

antigen microarray with SpOts-of an ahtigeh;«contactingfserum;

. wrth the spots;,Wherein in the case an antlbody 1s present in

'the serum,\the antlbody“correspondlng to the antlgen lsi

retained on the'antrgen mlcroarray due to an antlgen antlbody.

'-reaction:tand-detecting whether or not the antlbody 1s

retained on the:antigen_mrcroarraya

Other aspects and-advantages of the'presentlinvention h-
will become apparent from.the followlng descrlptlon, taken in
conjunctlon w1th the accompanylng drawrngs, 1llustratlng by

way of example the prrncrples of the lnventlon.
'BRIEF DESCRIPTION OF THE DRAWINGS

The'featureS‘of the'present5inventionbthat are believed

to be novel are. set forth wrth partlcularlty in the appended

claims. immtlnventlon, together w1th objects and advantages

_ thereof, may best be understood by reference to the followrng )

descrrptlon of the presently preferred embodlments together

.w1th the accompanylng drawrngs in whlch

‘Fig. 1 1s a perSpectlve view of an antlgen mlcroarray of

the present invention; and

Fig. 2 1s a plan v1ew of an antlge mlcroarray for

umeasurement of antlbody level in the blood.

' DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

‘ The'fOllowing prOVideSwan-explanation-of the method for
testing whether or not an antlbody that blnds w1th a target

antlgen is- present in. a test sample,,and antlgen mlcroarray in

accordance wrth a flrst embodlment of the present 1nventlon
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' Accordihg to themethOd“of'the firSt'embodiment whether
or not numerous types of antlbodles that respectlvely bind

wrth numerous types of target antlgens are present in a test

'sample is 1nvest1gated by a srngle testlng procedure - Thus,_'

-the method of the first. embodrment 1s preferably used for a

numerous medlcal or. molecular blologlcal screenlng testlng as

well as for measurement of. antlbody level in the blood

Examples of Cest samples that are used 1nclude body

- fluids such as serum.(blood) lymph perltoneal exudate,

| 1nterst1t1al fluid and braln splnal fluid; culture

supernatants of antlbody producrng cells such as B cells and

'hybrldomas, and antlbody contalnlng fractlons lsolated and

purlfled from body flUld or culture supernatant,~.A preferable

_test sample 1s serum.31nce serum.ls ‘easily oollected and

contalns antlbody at comparatlvely high concentratlons

In the‘method of the flrst embodlment whether or not a

_desrred antlbody is contalned in a test sample is tested ‘using
~ the antlgen mlcroarray 100 shown 1n Fag' 1. The antlgen-
‘-mlcroarray 100 has a substrate 110 such as a sllde glass or. au

‘plastic plate, and spots 120 of at least eight target antlgens'

lmmoblllzed on the upper surface of the substrate 110‘ 'The |

antlgen mlcroarray 100 1s produced by 1mmoblllzrng a plurallty

- 0of target antlgens 120 at dlfferent locatlons on the srngle

substrate 110

Whether or not a test sample contalns an antibody that
'reacts w1th target antlgens 120 is investigated by contactlng

the test sample,w1th the_target antlgens 120 on the microarray

100.

~In the method Of'the firSt embodiment'-the'ahtigen

mlcroarray 100 1s used that has a plurallty of types of target“
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antlgens (heteroantlgens) | The antlgen mlcroarray 100 1s

.. produced in the manner descrlbed below. To -begln with, a

plurality of types of target antigens 120 is respectively

.spotted at different'locations on‘a‘slide glaSS'llO Then,:‘.

the target antlgens 120 are 1mmoblllzed on the slide glass 110-

u51ng a known methodL iThe antlgen mlcroarray 100 has at least

- eight types of target antlgens 120 The number of types of
'target antigens 120 1s preferably 10 to 1000 types,‘more
'_preferably 30 to lOOO types, even more preferably 80 £o 1000

types, and stlll,more preferably 80 to 500 types,.‘When an

antlgen mlcroarray hav1ng less than 8 types of target antlgens;

is used the number of types of antlbodles that can be

detected ln a s1ngle detectlon procedure is low, ‘which means,

that a plurallty of rounds of detectlon work. 1s requ1red to '

‘.1dent1fy an antlbody contalned in a test sample ‘Thus, us1ng

an antlgen mlcroarray hav1ng less than 8 types of target

antlgens lS 1neff1c1ent and results in a srgnlflcant 1ncrease

in testlng costs.

It is preferable that the antrgen mlcroarray 100 contalns-

all known'antlgens._‘kmong the known antlgens, roughly 1000

;types of useful antlgens, and roughly 500 types of extremely'

‘useful antlgens are Kknown for use as the target antlgens.

Thus, at least eight types of antlgens selected from.useful
antlgens are preferably 1mmoblllzed on the antlgen'mlcroarray
At the current level of'mlcroarray productlon technology, up
to 96 spots, or up to 384 spots, are typlcally lmmoblllzed on

a 31ngle sllde glass Thus,'lt is economlcal to produce 80 to'

96 spots {and more preferably 90 to 96 spots), or 300 to 384
spots (and more preferably 350 to 384 spots) on a s1ngle ;

antlgen mlcroarray

- Preferable examples of target antigens include substances

having comparatively‘highrantigenicity such as proteins,
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glycoprotelns and glycollplds, whlle more preferable examples
1nclude non autoantlgens such as endotox1n antlgens and
flagellar antlgens of pathogens that cause 1nfectlous

dlseases,,tumor antlgens of cancer cells and allergens.

A s1ngle antlgen'mlcroarray preferably has antigen spots

'.prearranged in groups correspondlng to the testlng objectlve.

For example, a 31ngle antlgen mlcroarray preferably has the

spots of at least elght target antlgens respectlvely relatlng

to at least elght pathogens selected from a group of pathogens'
~known to cause a 81ngle dlsease,'a 81ngle symptom.or a -

'plurallty of mutually 51mllar symptoms.-'

HNeth an explanatlon 1s prov1ded of the antlbody testlng |

method. The antlbody testlng method :anludes a blndlng step

and a detectlon step

In-the.binding*step, the test sample (31ngle sample)'ls\

arranged on the antlgen mlcroarray" If the desired antlbody

NlS contalned in the-test<sample,-that antlbodysreacts w1th at

least one of the plurallty of target antlgens 1mmoblllzed on

the antlgen mlcroarray, and is bound to the antlgen mlcroarray

viadthat targetiantigena' In. thls case, blndlng between the

' 'antigen-microarray.and antlbody is detected.ln.the subsequent_

detection step. On the other hand, if the test sample does

not_contain_anfantibodyuhaving‘affinity for the target

,antigens, an antigeneantibOdy?reaction'does-nOt occur; and the

antlbody does not blnd to the antlgen mlcroarray"Thus;'

'blndlng between the antlgen mlcroarray and antlbody 1s not

'detected in the subsequent detectlon step

In the detectlon step, whether or not an antlbody 18

present that 1S bound to the antlgen mlcroarray 1s detected

:Thlssdetectlon uses~knownadetectron means‘that can be;applled‘

6
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to a mlcroarray methodi For example, a labeled secondary

vantlbody can be used that has been labeled Wlth a fluorescent_

prgment such as Cy3 or Cy5 havrng high detectlon sensrtrvrty

and which can be handled ea81ly'..Labeled secondary antlbody

~'Spec1f1cally blnds w1th the constant regron (such as an Fc.

fragment) of the 1mmunoglobulln (Ig) of anlmal specres from.

which the sample was collected. " The labeled secondary

'gantlbody 1is preferably an antl IgG antlbody or antl IgM
_antlbody. \ \ .

The antlbody detectlon method of the present 1nventlon
can be applred to the measurement of blood antlbody level. In
the case of measurlng blood antlbody level, serum.rs dlluted‘
to dlfferent dllutlon factors (for example, serially in the'

manner of lO trmes, 100 trmes and 1000 tlmes) to prepare a

-plurallty of test sample llqulds (serum dllutron serles) .

Each of the pluralrty of test sample llqulds are arranged on
the antlgen_mlcroarray and whether Or not they react w1th the

target antlbodles 1mmobrllzed on the antlgen mlcroarray 1s

-'1nvest1gated using the procedure'descrlbed above. The

~ resistance or sen51t1v1ty of a patrent to a dlsease such as an

1nfectlous dlsease,“cancer or allergy ls then predlcted from.

'the results of measurrng blood antlbody level Since the

antrgen mlcroarray has at least elght target antlgens,

antlbody level can be measured srmultaneously for 8 or more

."types.of antlbodres,,

In measurlng blood antlbody level, an antibOdy'microarray[

(single-array) 1s used on Wthh a pluralrty of. target antlgens‘

mls respectlvely spotted at a plurallty of locatlons.\bknma

specrflcally, a single target antlgen is spotted at a
plurallty of locatlons on a srngle antlgen mlcroarray at the

same concentratlon and 1n the same amount. It is economlcally\

preferable £o use a srngle antlgenlmlcroarray for testlng a

7
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single serum dllutlon serles. In this case, testlng is
conducted in order startlng w1th the test sample llquld havrng-

the hlghest dllutlon factor;? In addltlon,.a single antlgen

_ mlcroarray-may.be used for:testing‘a'51ngle test sample -

lJrnxui"In thls case, srnce a plurallty of test sample
lquldS having mutually dlfferent concentratlons can be tested'
srmultaneously (lnpparallel), the amount of tlme required for

.measurlng blood antlbody level 1S shortened

The antibody'testingfmethod'is used to'identify

~.pathogens, tumor antlgens, allergens and so forth that are the

cause of dlseases lncludlng lnfectlous dlseases, cancer,

allergles and the llke (dlseases assoc1ated with actlvatlon of

‘the 1lmmune systemj,.frn-addlt;on, the antlbody testlng method

'is used to predict the sensitivity or-reslstance of a patlent~_

(human or mammal) to these diseases.

In the case of 1dent1fy1ng the cause of an 1nfectlous

dlsease, cancar or allergy, a physician or other health

.profesSional-prediCts7the\pathogen,-tumor antlgen or allergen
jbased on symptoms, and then selects an. antlgen mlcroarray

_haV1ng an antlgen correspondlng to the predlcted pathogen,

tumor antlgen or allergen, namely the target antlgen.-'
Preferably, an antlgen‘mlcroarray 1s selected that has spots
of target antlgens derlved from all of the predlcted

pathogens,;cancer cells or allergens. It should be noted that

.rf there are frequently dlagnosed dlseases, a plurallty of

_antlgen mlcroarrays may be prepared in advance- 1n accordance

with the testlng pattern for dlagnosrng those dlseases.

NeXt serum or other test sample 1S collected from.the

patient. The test sample is contacted W1th the selected
‘antigen'mlcroarray,_and,whether'orpnot;an antlbody that blndS h

“with the target antigens is present in the test sample is

8
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'inVeStigatedi TMore'speCifically, the test sample 1S flrst

placed on the antlgen mlcroarray' 'The antlgen mlcroarray 15

~arranged under condltlons SO as to 1nh1b1t non- specrflc

-reactlons ‘and 1nduce spec1f1c antlgen antlbody reactlons In-

the case there is an antlbody correspondlng to a target

u.antlgen on: the antlgen mlcroarray, that antlbody blnds to the

target antlgen and 1s retalned on the antlgen mlcroarray

Test sample that has been retalned on the antlgen

mlcroarray is removed and the antlgen mlcroarray is washed

- gently. A labeled secondary antlbody is then placed on the
1antigen_mlcroarray; In the case the antrbody is retalned on
the antigen microarray,~the-labeled_secondary antlbody‘blnds
~ to the antlbody and as a result is_retainedon_the'antigen

'lmlcroarray

The labeled.secondary antibody that was not retained‘on
the antlgen mlcroarray 1s removed “and the antlgen mlcroarray

1s washed'gentlyu The labeled secondary antlbody retalned on

fthe'antigen microarray rS:then detected usrng a detection

device: such as a laser fluorescent mlcroscope, and laser

~scanner. The detectlon dev:Lce 1s preferably able to :Lndlcate

-the presence of labeled secondary antlbody v1sually

If a prediCted antibody;7namély an'antibody correspondinon
to the target antlgens of the antlgen mlcroarray, is. not
present 1n the test sample,'the antlgen mlcroarray is not

V1suallzed'by the detectlon.dev1ceu On the other hand. 1f a ’

'tpredlcted antlbody is present 1n the test sample, since

specrflc blndlng srtes of that antlbody are spec1f1cally bound‘

with target antlgens on the antlgen‘mlcroarray, and labeled

' secondary ant ibody is bound to the constant region of that N
antibody, labeled secondary antlbody bound to that antlbody 1S

visualized by the detectlon dev1CEu -Target antibodies are

'.- ) 9:
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then 1dent1f1ed and the presence of correspondlng antlbody 1s-

then conflrmed based on the locatlons of the v1suallzed spots

\of the antlgen.mlcroarray' Eor example, in the case the label'

is a fluorescent substance,.the detectlon devrce detects the
fluorescent substance and target antlgens are 1dent1f1ed from
those locatlons.,‘ In thlS manner, a pathogen, tumor antlgen or
allergen present in the body of a patlent 1is ldentlfled by
testlng for the presence of antlbody in a test sample that

spec1f1cally blnds wrth a target antlgen..

The blood antlbody levels of m;croblal pathogens are

,Adetermlned by modlfylng the antlbody testlng method. 'The

follow1ng prov1des an explanatlon of a method formeasurlng‘_
antibody level. To begln with, serum collected from a patient

is serially dlluted to prepare a plurallty of sample llqulds

'hav1ng.mutually dlfferent concentratlons (serum dllutlon

| serles} . Each sample llqu:z_d is placed on a s::.ngle antlgen |

microarray " ‘I‘he blndlng and detectlon steps are carrled out
in the same manner as descrlbed above. By carrylng out the

blndlng and detectlon steps for a plurallty of concentratlons

 of sample llqulds, the dllutlon-factor of the-sample~llqu1d
.haV1ng the hlghest dllUthn factor that reacts wrth an antlgen
of the antlgen mlcroarray is obtalned - The blood antlbody

'level is then calculated from,the inverse of the resultlng

dilution factor.

The follow1ng advantages are obta:ned accordlng to the

flrst embodlment.

In the antlbody testlng method of the flrst embodlment
an antlgen mlcroarray is used haV1ng SpOtS for at least elght

types of target antlgens.“The test sample 1s SLmultaneously

-contacted w1th at least elght types of target'antlgens.,”Thus,

since an antlgen mlcroarray is. used that has extremely hlgh

”.10-
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detectlon sen81t1V1ty and allows large volume screenlng, the

-presence of antlbody to numerous types of target antlgens can

be tested both ea31ly and rapldly' Slnce whether or not an‘:
antlbody is bound to the target antlgens can be detected in an

extremely short tlme, pathogens and tumor antlgens can be

.1dent1f1ed in a ‘short perlod of tlme. Lnjpartlcular,-an-
'antlgenmlcroarray havzng spots of all known antlgens as the

-target antlgen 120 lS preferable for detectlng or 1dent1fy1ng

pathogens and tumor antlgens in short time. Thus, the present.

.1nventlon is extremely useful ln'medlcal flelds such as the

~dlagnosls of dlseaseS;and:treatment'of patlents.

Slnce the presence of numerous types of antlbodles can be:

.tested w1th a 31ngle detectlon routlne, screenlng testlng can
be conducted effLC1ently~ ‘fhe‘predrcteducause~of-an

infectious disease, cancer or allergy can be determined in

nearly a 51ngle detectlon routlne«,JAlthough.lnfectlous
diseases have become lncrea31ngly dlver81f1ed 1n recent years,

maklng thelr dlagn031s more dlfflcult accordlng to thlS

‘fantlbody testlng method, 1dent1f1catlon of the cause of

lnfectlous dlseases that are dlfflcult to predlct is extremely

‘easy.

Slnce there was an extremely large number of means'for
vrsua1121ng and detectlng the results of the antlgen antlbody
reactlon, the selectlon of detectlon means and detectlon work |
conventlonally requlred con81derable labor; In contrast - in
the flrst embodlment the results of antlgen antlbody .
reactlons are detected 31mply by v1suallzlng a labeled
secondary antlbody on the antlgen mlcroarray' Thus,.detectlonh

lS extremely easv and requlres little labor.

- The presence of prlmary antlbody 1S detected by

'ampllfylng by us1ng a labeled secondary antlbody' .Thus;

11
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detection sensitivity is comparably high.

In the antlbody testlng method of the flrst embodlment

“processrng work of test samples 1s nearly constant regardless

of the type of test sample or type of antlgen'mlcroarray
Thus, workers are able to easrly become famlllar with testlng,
thereby decrea51ng the llkellhood of errors and confus1on
Since the tabulatlon of test results, Wthh 1s partlcularly

susceptlble to the occurrence of human error, 1s not requlred

_.the antlbody testlng method of the flrst embodlment is useful

in medical flelds havrng a comparatlvely hlgh level of
rellablllty' Iniaddltlon, 51nce proce551ng 1nvolves routlne

work the eff1c1ency of antlbody detectlon can be 1mproved

easrlyr For example,_antlbody detectlon can be carried out by-
 an antlbody detectlon devrce programmed w1th the antlbody

.'testlng method of the flrst embodlment

Slnce the test sample 1s in the form.of a serles of seruml
dllutlons, blood antlbody level can be measured easrly and
rapldly' ?By comblnlng antlbody detectlon and measurement of
blood antlbody level rn partlcular, thw-presence~of numeroust

types of antlbodles can be detected whlle 31multaneously

_measurlng blood antlbody level wrth respect to the detected
_'antlbodles in a srngle procedure,.thereby maklng thlS \

l extremely useful

Since.the'antigen‘micrOarray-isfspotted'with endotoXin'

'antigens, flagellar antlgens,ntumor antigens_or.allergens;.the

causes of 1nfectlous dlseases, cancer or?allergie8~are

ldentlfled rapldly and ea31ly' In the case of usrng an

“ antlgen mlcroarray havrng endotox1n antigens or flagellar |
eantlgens 1n partlcular, such an antlgen mlcroarray 1S useful
for patlent treatment srnce the resrstance and. sensrt1V1ty of

jthe patlent to 1nfectlous dlseases lS tested easrly and

312h
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u.rapidly- ]Ilthe case of u51ng'an.antlgen mlcroarray haV1ng

various tumor antlgens, cancers can be detected in early

stages. In the case of u31ng an antlgen mlcroarray havrng

'_varlous allergens, the sen31t1V1ty of a patlent or allerglc

person to the allergens lS tested easrly

Since~a plurality'Of antigensfderived from a plurality of

.pathogens that have been correlated with the objectlve of

testlng (for example, a dlsease or symptoms) are 1mmoblllzed
on the antlgen mlcroarray, an antlgen that is the cause of a
dlsease is. 1dent1f1ed comprehen31vely and ea81ly w1thout

omlttlng any p0351ble causatlve antlgens. If'varlous types of

antlgen mlcroarrays are prepared 1n advance, in the case, for

example, an emergency. S1tuatlon has occurred .an unknown

‘antigen can be 1dent1f1ed rapldly, whlch is useful in rapldly

handllng the emergency 51tuatlon.

If a single antlgen mlcroarray 1s prepared correspondlng

to a srngle symptom, a physrc1an can easily identify an
‘~antlgen by selectlng an antlgen mlcroarray correspondlng to

_the symptom, contactlng a test sample Wlth the selected

antlgen.mlcroarray, and detectlng the antlgen for whlch an

.antlgen antlbody reactlon has occurred

The followrng prov1des an explanatlon of an antlbody

'testlng method and antlgen'mlcroarray accordlng to a second

embodlment of the present 1nventlon while focusing on the

.dlfferences Wlth the flrst embodlment. In the second
embodlment each of a. plurallty of types of antlgens are

respectlvely 1mmoblllzed at a plurallty of locatlons and at a

'plurallty of concentratlons.n'In-other-words; a srngle target_
“antigen is spotted at a plurallty of locatlons on the antlgen
.mlcroarray, and the concentratlons of the target antlgen at

‘_the_pluralrty of-spotsnare mutually‘dlfferentq 'The'antlbody
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testlng method of thlS second embodlment 1s sulted for‘

f.measurement of antrbody level 1n the blood Slnce'the antlgenf
.1m1croarray of ‘the second embodlment 18 'spotted w1th at least \

'elght types of target antlgens, the presence of antlbodles to

numerous types of target antlgens is detected Wlth a srngle

procedure, and the blood antlbody levels of the detected

antlbodles are also measuredL Furthermore, less than 8 types

of target antlgens may be spotted for a srngle target antlgen.

”When:measuring blOodfantibody leVel serum.is firsti'
collected from the patlent sufferlng from.a dlsease such as an,-‘

1nfectlous dlsease,:cancer or allergy"'fhe serum 1is placed on

'the antlgen mlcroarray, and blndlng and detectlon steps are

\carrled out 1in the same:manner as the flrst embodlment ,At_

this tlme,.a sample lquld prepared by dllutlng the serum.may

also be used as’ necessary

In the case the serum.(or 1ts dlluted sample llquld) is

retained on the antlgen mlcroarray,\a spot-of the target:
'antlgen is v1suallzed in the detectlon step In this case,

‘spots of target antlgens havrng a low concentratlon'may not be

v1suallzed; ‘Thus, the detectlon llmlt concentratlon 18

determlned from the locatlon of the target antigen havrng the

lowest concentratlon among those spots of the target antlgens
that are vrsuallzed; 'The blood antrbody level is then

calculated from that detectlon llmlt concentratlon..

:Alternatlvely, the concentratlon of a labeled secondary

antlbody retalned on the antlgen mlcroarray.may be measured

_usrng a measurement detectlon devrce such as a laser scanner.

In thls-case, a graph 1s produced that 1nd1cates the

'fluorescent lnten51tv of each spot and the concentratlons of‘

target antigens, after whlch blood antlbody level 1s
calculated:frOm the graphl- Thus, blood antlbody level 18

measured w1th greater precrslon.
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The followrng advantages are obtalned accordlng to- the

*second embodlment

Slnce an antlgen.mlcroarray 1s used having a plurallty of

spots of the same type of antlgen at serlally dlfferent

-concentratlons, the labor of preparlng a serum.dllutlon serles

can be ellmlnated; In addltlon, the reactlon between serum.

'and the antlgen mlcroarray 1s carrled out once, thereby

ellmlnatlng the need to repeat the procedure for a plurallty

of dlluted sample llquldsw Thus, measurement of blood

.antlbody level is carrled out eff1c1ently in a short tlme.

‘Since the antlgen mlcroarray has spots of a plurallty of
types of target antlgens, whether or not a plurallty of types

of antlbodles is present 1n serum.can be conflrmed with a

Jsrngle procedure.

"In the case of”cOnventional measurement Of'antibody?level

'ln‘antlserum,:, flxed amount of antlgen was added 1n a test
; tube to respectlve sample llqulds of a series of antlserum.
 d1lut1onsw The dllutlon factor of the antlserum.was'
'determlned at. the endpornt of a reactlon such as '
'neutrallzatlon, agglutlnatlon or precrpltatlon,\and antlbody
flevel was calculated from the lnverse of the dllutlon factor..‘

- However, there are varlous forms of antlgen antlbody

reactions,?lncludlng a prec1p1tatron reactlon, agglutlnatlon'
reactlon,'neutrallzatlon reactlon, hemoly81s reaction, “

bacterlolysrs reactlon,\1mmunoadherence reaction and

‘1mmunophagocyt1c actlon"l<Consequently, a method ‘and means for;

’jvrsuallzlng whether or not an antlgen antrbody reactlon has

occurred has not been establlshed 1n the prlor art 'maklng

thlS bothersome and lneff1c1ent. In addltlon, dependlng on

the partlcular v1suallzatlon'method or means,~the_detectlon
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”senSLtlvrty was exce351vely low, maklng these unsultable for

-measurement of antlbody level In contrast _1n the second

embodlment blood antlbody level lS measured usrng srngle

udetectlon means of detectlng labeled secondary antlbody on an' 

antlgen.mlcroarray'f Thus, the level of the target antlbody

contalned.ln serum.ls measured extremely ea31ly and rapldly

The following provides an explanation of embodiments of

‘the present invention.

[Investlgatlon of Antlbody Patterns of Normal Adults]
The correspondlng gene products (endotoxrn antlgens,
flagellar:antrgens and-adventrtlal-tumor-prote1n~antlgens)

were respectlvely purlfled fromothe pathogens llsted 1n TableA'\

lu. The purlfled gene products were spotted and 1mmoblllzed on

a single sllde glass to prepare an antlgen mlcroarray

16
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Table 1 ILlst of Deplcted Target Antlgens Immoblllzed on.-

Antlgen Mlcroarray

Antlgens

| Pathogens
| Aeromonas hydrophlla' |

'oEnterotox1n gene product OMP

‘| Bacillusn anthracis | Pag, PA, EF
| Bacillus cereus o   Haemolys1n .

Bacteroides fragllls~ ,EnterotOX1n,,LPS, OMP Flagellln.‘
| Bordetella pertussis | PTX, Fha , Fim o -

-_BOrrelie'burgdorferi'
‘Burkholderia cepacila |
| Burkholderia pseudomallel

*o"OSpABC Flagellln |
- | LPS, OMP Flagellin, Alpase

| LPS; OMP Flagellln,<Alpase
‘Chlamydia trachomatis | MOPS, DnaJK, GrokEL, OMP
- | Chlamydia p51tta51 - [ OMP; 'MOPS, ‘DnaJK, GroEL
'fChlamydla pneumonlae ‘ ”}OMP, MOPS DnaJK GroEL |
Clostridium difficile Toxin A, Toxin B |

'Clostrldlum.perfrlngens
‘Clostridium tetani
_Clostrldlum septicum

| Corynebacerium dlptherlaee'- |
~ l'immunoreactive antlgen DnaJK GroEL OMP

Coxiella burnetii .
‘Ehrlichia phagocytophlla

_Staphylococcus aureus |

| Tetanospasmin
lalfa toxin,

Alfa toxin, Beta tOXln, theta~toxin}
delte tox1n
dlphtherla toxin '

':DnaJK, GroEL, OMP .
pscherichia COll. _'fInVE Intlmln, Shlga:t03in,'ST, LTr:'LPS,-
i Flagellin - |
‘| Enterococcus spp | Cytolysin.
| Francisella tularen31s“ | GroEL, DnaJK,.AcpA TUL FOp, LPS
;Haemophllus influenzae | LPS, OMP | '
{ Helicobacter pylori | '_Cag; LPS -
‘Legionella pneumophila  LPS, Omp, Mip, DotB, Metaloprotease
Listeria monocytogenes. | Lysteriosin,. Hemolysin, Flagellln
| Leptospira interrogans '1Flagellln, omMp
Pseudomonas aeruginosa | LPS,: Omp, Flagellln, Eon; PilA
Orientia tsutsugamushi GroEL, DnaJK, Omp
;Mycobacterlum.tubercu1031s GroEL, DnaJK
| Salmonella spp.- | LPS, Omp, Enterotox:l.n, E‘llC InvAB SlpBC.
| serratia marcescens | LPS, Omp. | |
Salmonella typhi Vi, F1liC, .Entelotox1n, Omp, InvAB, SlpBC

- | ETA, ETB, SEA,SEB, SEC, SED,SEE, TSST

| | | SLO, SIS, M antlgen P antl en, SpeABC,
‘_St;eptococous pyogeneS-' SagAC, SSA . _ g P--T
Streptococcus pneumoniae - | Ply, LytA .

| Treponema pallidom | 47kD. antigen, OMP

|Vibrio parahaemolyticum  |LPS, Omp TdH ~ .
{Vibrio cholerae - | Omp, ' LPS, Flagella, CT, zot, Pili

Yersinia pestis ~ |'ST, Pst, YopE, Yada, Invasmn; Omp
t Influenza virus 7',HA, Neuramldase | -

Adenovirus

ICM virus
Japanese encephalitis
virus |

‘;Major capsid protelns-
"_?Major envelope proteins

e Major envelope protelns
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'Next' serum was collected from normal adults (Japanese)

The serum,was serlally dlluted by a factor of 10 to prepare a

plurallty of serum.sample lquldS haVlng dlfferent dllutlon

factors. Test,lng was carrled out 1n the manner descrlbed
below in order startlng wrth ‘the serum llquld sample that was

dlluted the greatest namely the serum llquld sample haV1ng

'the hlghest dllutlon factor,

TO begln w1th the serum,sample lquld haV1ng the hlghest

dilution factor was placed on the antlgen microarray. Free

‘~serum.components that were not retalned on the antigen

mlcroarray were removed from.the antlgen mlcroarray,'and the

l'antlgen mlcroarray'was washed gently' Labeled secondary

antibody (Cy5 labeled antlwhuman IgG and IgM antlbodles) were
contacted with the antlgen mlcroarray' ’Whether or not the

labeled secondary antlbody, and more specrflcally, the Cy5—

-labeled'antlbody, 1S retalned on the antlgen mlcroarray was
'_lnvestlgated usrng a laser scanner for mlcroarrays.-‘The"

"locatlons of the fluorescent spots generated by the Cy5 label

‘were stored in the memory of a computer.

The antlgen mlcroarray was washed well to remove serum

:components and secondary antlbody from the antigen mlcroarray -

Slmllar testlng was carrled out for the test sample llquld

'hav1ng the second hlghest dllutlon factor (namely the second

most dlluted sample llquldj The above procedure was then

acarrled out in order startlng from the test sample llquld
‘having the hlghest dllut1on factoru" The obtalned results were
ftabulated w1th a computer, and 1n addltlon to 1dent1fy1ng the

ptypes of antlbodles contalned 1n the serum, thexblood levels

of those antlbodles were determlned

Slmllar tests were carrled out on a plurallty of normal

adultsl In thls;manner, the average antlbody pattern of

. . .
'
18\
* .
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,normal adults along wrth a database of blood antlbody levels

lwere produced and stored in a computer.‘

- The flrst and second embodlments may be changed 1n the

manner descrlbed below

‘An antlgen mlcroarray may also pe produced by spottlng
antlgens related to varlous groups of dlseases (endotox1n‘

ntlgens of varlous pathogens, flagellar antlgens, tumor

pantlgens and allergens) on a s1ngle sllde glass,“ In thlS

case, a w1de range of dlseases are tested 1n a 31ngle round of

'testlng.\'

Serum.of a large number of normal adults may be tested
using an antlgen mlcroarray spotted wrth numerous types (about
500 types or about 1000 types) of target antlgens, ‘and the |

average antlbody pattern may be recorded and used for

‘d1agnosrs.- In thls case, by testlng patlent serum.w1th the

same type of antlgen mlcroarray and comparlng those results

with a normal adult antlbody pattern, characterlstlc

-antrbodles can be easrly detected 1n the patlent serum,

hereby maklng thlS useful for treatment._

Examples of labeled secondary antlbodles that can be usedf

lnclude secondary antlbodles bound with an enzyme such as

‘alkallne phosphatase or perox1dase..r

The antlbody testlng method of the present 1nventlon can

‘also be used for screenlng durlng productlon of polyclonal

antlbodres Qr monoclonal antlbodles.~

In the secondvembodimenti 1nstead of produc1ng an antlgen

mlcroarray havrng a plurallty of spots of the same type of

antlgen at. serlally dlfferent concentratlons, an antlgen.‘ﬁ

19
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amlcroarray may be produced haV1ng long, narrow, llnear spots
| of the same type of antlgen for whlch concentratlon is changed

consecutlvely In thJ_s case, ‘_blood antlbody level is measured

. more prec;sely.

In the second embodlment an antlgen.mlcroarray IOOa
shown in Flg 2 can be used.r‘The antlgen mlcroarray 100a 1s-
"preferable for measurement of antlbody level in the blood. “In
.detall the antlgen macroarray 100a 1ncludes a plurallty of

10 reglons.A B and C deflned on a substrate 110ad‘ Spots of a
' plurallty of types of target antlgens are 1mmob1112ed on each
of the reglons.A B and C,_ In the case of:measurlng blood.
antlbody level .serum.ls dlluted to dlfferent dllutlon factors
(for example, serlally 1n the manner of 10 tlmes,'lOO tlmes l
135 o and 1000 tlmes) to prepare a plurallty of test sample llQUldSi
‘ '(serum dllutlon serles) For example, 10- tlmes dlluted test
-sample lquld 1s arranged on the reglon A, 100 ~-times dlluted
test sample llquld is arranged on the reglon B, 'and 1000 trmes
dlluted test sample lquld 1s arranged on. the reglon C. ;Srnce.
20 the test samples are reacted Wlth the target antlbodles ‘ '
' -_spotted in each of the reglons A B and Ly antlbody levels canp
be measured 51multaneously for a. plurallty types of

-antlbodles.

25 ~l It should be apparent to those skllled in the art that
- the present 1nventlon may be embodled 1n many other spec1f1c
forms w1thout departlng from.the splrlt or scope of the
1nven.tlon..'i Therefore, the present examples and embodlments
'flare to be con51dered as 1llustrat1ve and not restrlctlve and
30 .the 1nventlon 1s not to be llmlted to the detalls glven '
.hereln, but ‘may be modlfled w1th1n the scope and equlvalence

ﬁof the appended clarms.:
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What is claimed is:

1. A.method for testlng whether or not antlbody that blnds~

-w1th a target antlgen is present 1n a test sample; the method

~comprlslng the steps of

produ01ng an antlgen mlcroarray wlth spots of at least

elght types of target antlgens,

contactlng the test sample wrth the spots, whereln in the

.case where an antlbody correspondlng to the target antlgens 1s

contalned in the test sample, the antlbody 15 retalned on the

~antigen mlcroarray due to an antlgen antlbody reactlon, and

detectlng whether or not the antlbody 1s retalned on the

antlgen mlcroarray

2;. The testlng method accordlng to clalm 1, wherein the step'

of producrng the antlgen mlcroarray includes 1mmob11121ng the

spots of" lO to 1000 types of target antlgens on the antlgen

mlcroarray

3,".The'testiug methOd-according7to olaim7l .wherein“the‘teSt-,

.sample 1s a plurallty of serum.dlluted llqulds that have been

dlluted to dlfferent dllutlon factors,_and the testlng method
further 1ncludes calculatlng the blood antlbody level of the_w

'-antlbody u51ng the results of the detectlon step

4. The testing method accordlng to claim 1, whereln “he step
of produCLng the antlgen mlcroarray 1ncludes 1mmoblllzlng a

plurality of spots havrng serlally different concentratlons on,

the antlgen mlcroarray for each of the ‘target antlgens, and

.the testlng method further 1ncludes calculatlng the blood
.antlbody level of the antlbody u51ng the results of the

detectlon step

5. The testing method_aooordihg.tofclaim-l,“whereinfeachrof
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the target antlgens 1s an endotoxrn antlgen; flagellar

antlgen,-tumor antlgen or. allergen.

6. The testlng method accordlng to clalm 1, further 1ncludes
selectlng the at least elght types of target antlgens from a

prescrlbed antigen group that causes the dlsease belng tested

7. The testing method according to claim 1, wherein the

.detectiOn?step'inCludesfcontacting“labeledfsecondary antibody

"with the antlgen'mlcroarray,Iand‘detecting whether‘the labeled"

secondary antlbody is retalned on the antlgen.mlcroarray

'8.. The testing-method'according to claim 1, ewherein‘the step

of detecting the labeled secondary antrbody 1ncludes\

V1suallzlng the labeled secondary antlbody retalned on the

antigen mrcroarray.

3. A method for.measuring;blood antibody level comprising
the'steps-0f° o \_:' '_ . ‘ \
' producrng an antlgen mlcroarray with spots of an antlgen,
contactlng serum w1th thegspots, whereln 1n the case an
antlbody is present in thelserum;_the antlbody_correspond;ng
to the antlgen is retained. onlthelantigenumicroarray-dueto an
'antlgen antlbody reactlon, and. ” ' |

detectlng whether or not the antlbody 1s retalned on the

antigen mlcroarray

10._‘The'measurement,methOd according to claim 9, wherein the
step of"producing.the antigenfmicroarray includes“formingﬁ
spotS‘of'the.antigen,having serially different,concentrations.

on the antigen microarray.

11. The measurement method accordlng to claim 9, Wherein'the

step of produc1ng the antlgen mlcroarray 1ncludes spottlng a
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spot. of the antlgen hav1ng consecutlvely gradlng

concentratlons on the antlgen mlcroarray

antlgen 1s one of elght types of antlgens.

12, The measurement method accordlng to cla1m.9 whereln the

- 13. The measurement'method accordlng to clalm,9 fnrther

comprlslng calculatlng blood antlbody level of- the antlbody

usrng the results of the detectlon step

14. An antlgen mlcroarray for testlng whether or not an

sample comprlslng"

a substrate,_and H | |
spots of at least elght types of target antlgens:

1mmoblllzed on the substrate._ 

15. The antlgen mlcroarray accordlng to clalm.l4

\antlbody that blnds w1th a. target antlgen 1s present in a test

whereln the

gat least elght types of target antlgens are lO to lOOO types |

‘of_target antigens.

16. The antlgen mlcroarray accordlng to clalm.l4

wherein a

plurallty of spots hav1ng serlally dlfferent concentratlons

are formed for each of the target antlgens.

17 The antlgen mlcroarray accordlng to clalm.l4 wherein

each of the target antlgens lS an endotox1n antlgen,uflagellar\

antigen, tumor antlgen or allergen.

18 - The antlgen mlcroarray accordlng to clalm 14 whereln the

at least elgh_ tVDeS of target antlgens are selected from.a

fpredetermlned group of antlgens that causes the dlsea

tested

se beling
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