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(57) ABSTRACT

The present invention relates to a diagnostic device for mea-
suring the ratio of similar structural proteins among the pro-
teins secreted in a liquid test sample taken from diagnosis
subject. In further detail, the test device according to the
present invention comprises detection marker-antibody con-
Jugate recognizing the same site on two or more similar
structural proteins and a detection zone in which antibody
specifically recognizes each of said proteins via formation of
sandwich type complex, wherein said antibodies form a set,
and the present Invention relates to a diagnostic device for
early diagnosis of polycystic ovary syndrome, abnormal
pregnancy, prostatic carcinoma etc. based on determination
of the ratio of follicle stimulating hormone and luteinizing
hormone in case of polycystic ovary syndrome, the ratio
between hCG isomers in case of abnormal pregnancy, and the
ratio of prostate-specific antigens (PSA) in case of prostatic
carcinoma.
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M, molecular weight marker ;

antibody 1(modified hCG-binding antibody 1)-81, intact hCG standard; 82, beta hCG standard,
1, pregnant woman’s urine sample;

antibody 2(modified hCG-binding antibody 2)-2, urine sample of pregnant woman;

antibody 3(intact hCG-binding antibody 1)-3, urine sample of pregnant woman;

antibody 4(intact hCG-binding antibody 2)-4, urine sample of pregnant woman;
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Fig. 9
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DIAGNOSE DEVICE FOR MEASURING THE
RATIO OF PROTEINS WITH SIMILAR
STRUCTURE

TECHNICAL FIELD

[0001] The present invention relates to a diagnostic device
for determining the ratio of similar structural proteins in a test
sample containing the similar structural proteins and to a
diagnostic method for disease which can be diagnosed based
on the ratio of similar structural proteins using the device.

BACKGROUND ART

[0002] As analytical methods for the secretionratio of simi-
lar structural proteins in a test sample, enzyme immunoassay
(EIA) and radioimmunoassay (RIA) etc. are currently used
for quantitative determination of individual analyte, and the
relative ratio is measured and used for a diagnosis of disease.
However, because the methods as mentioned above carry out
the analysis of analytes by using monoclonal antibody which
recognizes specific epitope, the analytical result differs
respectively according to analytical method, further shows a
different numerical value in accordance with standard. As
such, determination of the ratio based on analytical values
showing difference even in a test sample of same patient
naturally includes a large error, so it is hard to be used as
objective clinical result.

[0003] It was known that polycystic ovary syndrome
(PCOS) shows a high incidence of about 5% in teenagers and
adults, respectively, and relatively common in fertile young
women. The size of ovary in PCOS patients is 2-3 times larger
than that of normal women, and about 10 small sacs are found
therein. It has been reported that even in case of normal
women, about 30% thereof shows polycystic ovary symptom
on ultrasonography, yet in case of infertility patients, about
75% or more of the group shows PCOS symptom, causing
repeated abortions. Further, it has been reported that an
increase in frequency of solenoma and breast cancer due to
continuous stimulation of estrogen, arteriosclerosis due to
lipid change by raised female hormone level, and frequency
of diabetes mellitus is high for accompanied hyperinsulinism.
Also, PCOS is the most frequent cause for anovulation, and
accompanied by fatal complications, indicating a clinical
importance. PCOS is being diagnosed based on clinical
symptoms, blood test or ultrasonography, and can be diag-
nosed by detecting abnormal menses such as oligomenorrhea
or amenorrhea, clinical symptoms such as hypertrichosis,
obesity, infertility and acne, and unbalance of female hor-
mone level. PCOS is a disease which causes a variety of
complications such as infertility when not suitably treated by
screening in adolescent period.

[0004] Pertti et al. reported (Fertility & Sterility. 1996.
65(3):517-522) that as a method for differentiating polycystic
ovary syndrome (PCOS) from normal women, comparative
analysis on the level of luteinizing hormone (LH), follicle
stimulating hormone (FSH), and androstenedio shows sensi-
tivity of 98%, specificity of 93%. Tayler et al. reported that
75% or more of PCOS showed increased LH level, and 94%
thereof showed a raise in the ratio of LH/FSH (J. Clinical
Endocrinology & Metabolism. 1997. 82(7):2248-2256). As
such, in a diagnosis of PCOS, the ratio between LH and FSH
is used as significant result. However, such a method where
the ratio of LH and FSH is determined after analyzing indi-
vidual level of FSH and LH respectively by analytical instru-
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ment, is not suitable as a first screening method, thus at
present, no analytical method is available by which PCOS-
risk group can be early screened by one step test.

[0005] Korean Patent No. 0403871 discloses a device for
diagnosing normal pregnancy and ectopic pregnancy, and
manufacturing methods thereof, which device analyzes intact
human chorionic gonadotrophin (hereafter, referred to as
hCG) and modified hCG by using a combination of mono-
clonal antibodies. According to said disclosure, ectopic preg-
nancy is diagnosed based on measuring the ratio of intact
hCG and modified hCG, where said similar structural pro-
teins in test sample are assayed by use of different set of
antibodies respectively. However, said Korean patent No.
0403871 has defects that an instant measurement of the ratio
of the similar structural proteins is not possible because the
ratio can only be determined after conducting individual
analysis on the level of each protein by use of a different set of
monoclonal antibodies.

[0006] Also, U.S. Pat. No. 5,786,220 discloses a manufac-
turing method for one-step diagnostic reagent which differ-
entiates normal pregnancy and abnormal pregnancy, and
describes that simultaneous determination of the levels of
progesterone and hCG in female fluid enables diagnosis of
normal pregnancy, abortion, ectopic pregnancy and cancer
etc. That is, according to the disclosure, when the level of
progesterone in blood is not more than 25 ng/ml and at the
same time, that of hCG is in a range of 25-2,500 mIU/ml,
diagnosed as spontaneous abortion and ectopic pregnancy,
and when the level of progesterone in blood is 25 or more
ng/ml and that of hCG is 2,500 or more mIU/m], diagnosed as
normal encyesis.

[0007] International Laid-open Publication No. 0070094
discloses a diagnostic method for trophoblast or non-tropho-
blast malignancy using antibody specifically reacting with
early pregnancy associated molecular isoform (EPMI).
According to the disclosure in said International Laid-open
Publication No. 0070094, the levels of early pregnancy asso-
ciated molecular isoform and intact form hCG in test sample
are measured by reaction of early pregnancy associated
molecular isoform and antibody, and the ratio between them
is calculated, thereby to differentiate, normal pregnancy and
abortion, trophoblastic disease and non-trophoblastic disease
in early pregnancy.

[0008] Known methods as described above, that is, method
of measuring doubling time of hCG level (during gestational
ages of 5-9 weeks, blood level of hCG doubles every 1.4-2
days) and method of diagnosing ectopic pregnancy by mea-
suring the level of free B-hCG in pregnant woman’s fluid, are
defective for necessity of repeated blood-collecting. Also a
diagnostic principle of said methods differs from that of the
present invention in that along with the measurement of hCG
level, the level of progesterone should be also determined,
and said methods include problems that though normal preg-
nancy and abnormal pregnancy can be differentiated, ectopic
pregnancy which is very dangerous disease to pregnant
women and spontaneous abortion are difficult to be effec-
tively screened at an early stage.

[0009] On the other hand, prostate specific antigen (here-
inafter, referred to as PSA) is a protein secreted from normal
epithelial cell or cancer cell of prostate, and an enzyme which
under normal situation acts to dissolve aggregated semen at
the time of ejaculation. Though PSA is normally found only
in prostate, when the normal structure of prostate is being
destroyed due to tumor or infection, it is to be found even in
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blood stream. Further, in case of infection such as prostatitis
or when prostate is enlarged for prostatomegaly yet not
tumor, increased blood PSA level is observed. According to
American Cancer Society, prostatic carcinoma has been
reported to be the cancer most frequently diagnosed in men,
and in 1999 about 179,300 cases of prostatic carcinoma were
diagnosed and prostatic carcinoma shows a high death rate
(37,000 persons) in men except lung cancer. Since PSA was
lately found to have several molecular structures in blood
serum, PSA test has been rapidly developed. The majority of
PSA in blood serum binds with a variety of protease inhibi-
tors, i.e. ACT (Alpha 1 antichymotrypsin) and AMT (alpha-
2-macroglobulin). PSA-ACT conjugate is a major form in
serum and called conjugate PSA. Another form of PSA is also
found, enzymatically inactivated non-conjugate form with
nothing bound. This is called free PSA. PSA test is performed
via analysis of free PSA and total PSA, it was widely known
that determining the ratio of free PSA can raise sensitivity and
specificity of prostatic carcinoma. Measurement of free PSA
is meaningful in that prostatic carcinoma and benign disease
can be distinguished when prostatic carcinoma is not sus-
pected on rectal examination yet the level of total PSA is
4.0-10.0 ng/ml. Also the lower the level of free PSA is, the
higher the probability of prostatic carcinoma is, and thus
measurement of free PSA can reduce unnecessary biopsy by
20-40%, and enables accurate diagnosis of tumor by speci-
ficity of 90% or more. Further Klaus (Clinical Chemistry,
2000. 46(1):47-54) et al. reported that tests on the ratio of
PSA-ACT and free PSA are also used as marker to differen-
tiate prostatic carcinoma and benign disease.

[0010] As described above, the known method performed
two tests respectively and determined the ratio of similar
structural proteins by comparing the analytical results, thus it
has problem that standardization is impossible for a large
variation of absolute value depending on the feature of diag-
nostic device.

DISCLOSURE OF THE INVENTION
Technical Problem

[0011] The present invention was devised to resolve the
conventional problems as described above, and the object
thereof resides in providing a diagnostic device for determin-
ing the ratio of similar structural proteins in a test sample
containing the similar structural proteins, and to a diagnostic
method for disease which can be diagnosed based on mea-
suring the ratio of similar structural proteins by using the
device.

Technical Solution

[0012] The present Invention relates to a diagnostic device
and diagnostic method for measuring the ratio of similar
structural proteins, and the present inventors noticed that the
ratio of similar structural proteins among proteins secreted
into human fluid can be analyzed, and the ratio can be used for
diagnosis of disease, thereby to complete the present inven-
tion. That is, the present invention is effective in that the ratio
of the levels of similar structural proteins present in a test
sample can be evaluated on the basis of identical standard,
and has advantage of quickness and simplicity of test.

[0013] The present invention relates to a diagnostic device
for diseases that can be diagnosed based on the ratio of similar
structural proteins, which is characterized in that it comprises
a) a first probe-detection marker conjugate which is formed
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between a kind of probe having identical recognition site for
two or more similar structural proteins and a detection
marker, and b) two or more kinds of second probe, wherein
each second probes recognize specifically each of the similar
structural proteins, thereby forming a set of a) and b), each of
said second probes being immobilized in spatially separate
positions from each other(s), thereby to form a detect zone as
a whole, said first probe-detection marker conjugate being
provided either by being contained in a separate container or
by being applied on a membrane pad such that it is free to
migrate with aid of mobile phase, and the ratio of said similar
structural proteins being able to be instantly read by simulta-
neous analysis for the reaction result of said similar structural
proteins with said first and second probes, needless to conduct
respective determination of the levels of each similar struc-
tural proteins in a test sample.

[0014] In the diagnostic device according to the present
invention, it is preferred that said first and second probe are
selected from a group consisting of monoclonal antibody,
polyclonal antibody and lectin.

[0015] Said detection marker is preferred to be selected
from a group consisting of radioisotope, enzyme, dye, mag-
netic bead, colloidal gold, selenium and latex bead.

[0016] In the diagnostic device according to the present
invention, it is preferred that said test sample is preferred to be
a liquid sample taken from test subject. As liquid sample,
urine, saliva or blood can be exemplified.

[0017] Analytical method can be for example immuno-
chromatography, enzyme linked immuno sorbent assay
(ELISA), radio immunoassay, reverse passive hem aggluti-
nation (RPHA) and immunosensor etc.

[0018] Ttispreferred for the diagnostic device of the present
invention that analytical method is immunochromatography
method, it comprises a first pad and a second pad, in said first
pad, said first probe-detection marker conjugate is provided
as being applied in advance or just prior to the use such that
said labeled conjugate can migrate by mobile phase, in said
second pad, said second probes are immobilized in spatially
separate positions from each other(s), thereby to form the
detect zone. At this time, the device can further comprise a
sample application pad and a sample absorbent pad.

[0019] The diagnostic device according to the present
invention using immunochromatographic method is charac-
terized in that

a) upon loading of said test sample onto said first pad, similar
structural proteins including ones being the detect subject,
competitively bind to said first probe-detection marker con-
jugate in accordance with relative amount (i.e. ratio) thereof
in the test sample, thereafter

b) on reaching said second pad, said similar structural pro-
teins being the detect subject, specifically bind to respective
specific second probe, yielding a signal derived from the
detection marker at the predetermined site of said second
probe, thereby enabling the ratio of the similar structural
proteins being the detect subject, to be read.

[0020] In addition, it is preferred for the diagnostic device
of the present invention that analytical method is ELISA, and
it comprises respective wells where the second probes are
respectively immobilized, and a container containing the first
probe-detection marker conjugate. The diagnostic device
using ELISA method according to the present invention is
characterized in that

a) on injecting a test sample into the container including said
first probe-detection marker conjugate, the similar structural
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proteins being the detect subject, become competitively
bound to said first probe-detection marker conjugate in accot-
dance with the relative amount thereof'in the sample, thereby
forms a complex, and then,

b) on applying of said complex to each well where said each
specific second probes is immobilized respectively, each of
said similar structural proteins being the detect subject,
become respectively bound to specific second probe to be
immobilized in each well, developing a detection market-
derived signal, thereby enabling the relative ratio of the simi-
lar structural proteins immobilized in each well to be read.

[0021] In the diagnostic device of the present invention, as
disease that can be diagnosed based on the ratio of similar
structural proteins, first, polycystic ovary syndrome can be
enumerated, and in this case, similar structural proteins are
luteinizing hormone and follicle stimulating hormone.
[0022] In the diagnostic device for polycystic ovary syn-
drome according to the present invention, the first probe is
anti-luteinizing hormone monoclonal or polyclonal antibody
or anti-follicle stimulating hormone monoclonal or poly-
clonal antibody which recognize the same site on luteinizing
hormone and follicle stimulating hormone; the second probes
could be anti-luteinizing hormone monoclonal antibody and
anti-follicle stimulating hormone monoclonal antibody
which respectively recognize specific site on each of lutein-
izing hormone and follicle stimulating hormone. In the diag-
nostic device of the present invention, as disease which can be
diagnosed based on the ratio of similar structural proteins,
secondly, abnormal pregnancy, ectopic pregnancy or abortion
can be enumerated, and in this case, similar structural pro-
teins are intact hCG and modified hCG.

[0023] Said modified hCG is preferred to be human placen-
tal hCG-related protein with a molecular weight of about 26
kDa.

[0024] In the diagnostic device for abnormal pregnancy,
ectopic pregnancy or abortion according to the present inven-
tion, the first probe is anti-f-hCG monoclonal or polyclonal
antibody which recognizes the same site on 3 subunit ofintact
hCG and modified hCG; the second probes could be anti-
intact hCG monoclonal antibody and anti-modified hCG
monoclonal antibody which respectively recognize specific
site on each of intact hCG and modified hCG.

[0025] In the diagnostic device of the present invention, as
disease that can be diagnosed by the ratio of similar structural
proteins, thirdly, prostatic carcinoma or prostatomegaly can
be enumerated, and in this case, similar structural proteins are
free PSA and PSA-ACT.

[0026] Insaid diagnostic device for prostatic carcinoma or
prostatomegaly according to the present invention, the first
probe is anti-PSA monoclonal or polyclonal antibody which
recognizes the same site on free PSA and PSA-ACT; the
second probes could be anti free PSA monoclonal antibody
and anti PSA-ACT monoclonal antibody which respectively
recognize specific site on each of free PSA and PSA-ACT.

[0027] In addition, the present invention relates to a diag-
nostic method using the device as described above for disease
that can be diagnosed based on the ratio of similar structural
proteins. As example of such disease which can be diagnosed
by the ratio of similar structural proteins, 1) polycystic ovary
syndrome (the similar structural proteins are luteinizing hor-
mone and follicle stimulating hormone), i1) abnormal preg-
nancy, ectopic pregrancy or abortion (the similar structural
proteins are intact hCG and modified hCG), and iii) prostatic
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carcinoma or prostatomegaly (the similar structural proteins
are free PSA and PSA-ACT) can be mentioned.

[0028] Basic principle of the present invention is analytical
method using a sandwich-type reaction among immunologi-
cal assays, and as the nature of antibody used for such ana-
lytical method influences sensitivity and specificity of sample
to be analyzed, suitable selection of antibody very important.
For a sandwich assay, mostly two kinds of antibodies are
used, and only when the binding sites of these two antibodies
specific for antigen are present in spatially discrete position,
sensitivity can be maintained. If the binding sites on the
antibodies for antigen are too close or similar, sensitivity is
lowered due to steric hindrance.

[0029] In further detail, the present invention is character-
ized in employing antibody having identical binding site for
two or more similar structural proteins, and monoclonal anti-
body specifically binding to each of two or more similar
proteins respectively; said antibody recognizing the identical
site of the similar structural proteins is conjugated with a
detection marker, and said monoclonal antibodies specifi-
cally binding to each of similar structural proteins are immo-
bilized in suitable reaction site. That is, the present invention
relates to diagnostic device for measuring the ratio of similar
structural proteins in test sample, where upon application ofa
test sample containing similar structural proteins, said anti-
body recognizing identical site of said proteins becomes
bound with the proteins according to the ratio of them, and
monoclonal antibody specific to similar structural protein
becomes then bound thereto following the ratio of similar
structural proteins, thereby to form a sandwich type complex.
Said labeled antibody which recognizes identical binding site
of the similar structural proteins is monoclonal antibody or
polyclonal antibody which recognizes every similar struc-
tural protein, and as specimen, fluid sample taken from test
subject such as urine and blood is used.

[0030] In the present invention, as said detection marker,
anyone selected from a group consisting of radioisotope,
enzyme, dye, magnetic bead, colloidal gold, selenium and
latex bead, can be used, and assays can be performed using
immunochromatography, ELISA, radio immunoassay,
reverse passive hemagglutination (RPHA) or immunosensor.
[0031] By using said diagnostic device of the present inven-
tion, polycystic ovary syndrome, abnormal pregnancy or pro-
static carcinoma etc. can be early diagnosed by measuring the
ratio of follicle stimulating hormone (FSH) and luteinizing
hormone (LH)1in case of polycystic ovary syndrome; the ratio
of intact hCG and modified hCG in case of abnormal preg-
nancy; or the ratio of total prostate-specific protein and free
prostate-specific protein in case of prostatic carcinoma.
[0032] One embodiment of the present invention is a
method of using monoclonal antibody recognizing identical
epitope on similar structural proteins and monoclonal anti-
body recognizing specific epitope on each of similar struc-
tural proteins, wherein said antibodies form a set. It is char-
acterized in that said monoclonal antibody recognizing the
same epitope is conjugated with signal-generating material
such as colored particles or enzyme, and said monoclonal
antibody recognizing specific epitope is immobilized on solid
surface. As colored particles that can be used for the present
invention, a variety of particles such as polystyrene particles,
colloidal gold can be enumerated, and among them, colloidal
gold is preferred, more preferably, colloidal gold in a range of
20-60 nm. Upon application of a test sample to said diagnos-
tic device of the present invention, each of the similar struc-
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tural proteins present in the test sample become bound to
monoclonal antibody according to their respective ratio, and
thus formed colored particles-monoclonal antibody-bound
with each similar structural protein become then bound to the
monoclonal antibody which recognizes different specific
epitope on each of the similar structural proteins and is immo-
bilized on solid surface, in accordance with the ratio within
the sample. As such, the similar structural proteins bound to
specific monoclonal antibody is detected according to their
concentration, enabling the determination of the ratio of the
similar structural proteins contained in the sample.

[0033] Such diagnostic device of the present invention is
characterized in that at least three kinds of monoclonal anti-
bodies are used, that is, one kind of monoclonal antibody
recognizing same epitope on the similar structural proteins,
and two kinds of different monoclonal antibodies recognizing
specific epitope on each of the similar structural proteins.
[0034] Similar structural proteins present in the test sample
of the present invention is characterized by containing at least
one identical epitope, and different epitopes specific for each
of the two or more proteins. As such similar structural pro-
teins, intact hCG and modified hCG, luteinizing hormone and
follicle stimulating hormone, PSA-ACT and free PSA can be
enumerated.

[0035] The diagnostic device of the present invention is
useful for determination of the ratio between similar antigens
having similar structure, i.e. epitope which recognizes two or
more antibodies. For example, it can be used for determina-
tion of the ratio of luteinizing hormone and follicle stimulat-
ing hormone in case of diagnosis of polycystic ovary syn-
drome, determination of the ratio of intact hCG and modified
hCG in case of abnormal pregnancy diagnosis, and determi-
nation of the ratio of PSA-ACT and free PSA in diagnosis of
prostatic carcinoma. Yet example of diagnosis using the ana-
lytical method of the present invention is not limited thereby.
The diagnostic device of the present invention is based on
understanding that similar hormones become bound to the
detection marker-conjugated antibody which recognizes the
same site of the similar hormones in accordance with the ratio
in sample, thereby to form a detection marker-antibody-simi-
lar hormone complex, and this complex then become respec-
tively bound to monoclonal antibody which has specificity
toward each of the similar hormones and immobilized in
detection zone, enabling instant detection of the level of simi-
lar hormones contained in the test sample, and as result of
continuous research thereon, it was confirmed that said
device is useful as a method by which polycystic ovary syn-
drome can be early screened by analyzing ratio of luteinizing
hormone and follicle stimulating hormone, abnormal preg-
nancy such as ectopic pregnancy can be early screened by
determining the ratio of intact hCG and modified hCG, and
prostatic carcinoma and prostatomegaly can be differentiated
in diagnosis of prostatic carcinoma based on the ratio of
PSA-ACT and free PSA, leading to reduction of unnecessary
biopsy causing serious adverse effects, thereby to complete
the present invention.

[0036] In the present invention, the ratio of the similar
structural proteins can be determined, since one kind of anti-
body recognizing identical binding site of similar structural
proteins, is used, and each of the similar structural proteins
present in the test sample spontaneously react therewith
according to their respective ratio. That is, the amount of
complex differs depending on the ratio between intact hCG
and modified hCG, resulting in an instant determination of the
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ratio of similar structural proteins. In addition, in case of
using the diagnostic device made as in the present invention
for diagnosis of prostatic carcinoma, the ratio of PSA-ACT
and free PSA can be analyzed by one-step manipulation, and
based on this, benign disease can be screened from prostatic
carcinoma, thereby to reduce unnecessary biopsy.

[0037] Method for determining the ratio of said similar
hormones via use of the diagnostic device of the present
invention is as follows. Example of the present diagnostic
device is not restricted thereto, and this is explanation just for
easy understanding of the present invention.

[0038] Construction and operation principle of the diag-
nostic device of the present invention is instantiated with
FIGS. 1 to 10. FIG. 1 relates to testing method for the ratio of
the similar structural proteins, and depicts steps of detection
of the similar structural proteins, FIG. 2¢ shows immuno-
chromatographic test device, one embodiment of the present
invention. This device contains one or more detection zone,
and the detection zone comprises specific antibodies recog-
nizing different binding site on similar structural proteins.
[0039] Among the diagnostic devices of the present inven-
tion, one embodiment using immunochromatographic
method is as shown in FIG. 2a and a test strip which can
perform a test is placed within a suitable plastic housing (I).
The plastic housing contains a sample application aperture
(2), a test result observation window (3), and test result lines
(4),(5) and test end line (6). The test strip inserted into the
plastic housing is prepared by fixing a nitrocellulose mem-
brane on a suitable plastic plate and by immobilizing two
kinds of monoclonal antibodies (11 and 12) having specificity
to each of the similar proteins and test end line (13) showing
extent of the test. Also an antibody-marker pad (9) containing
antibody-marker conjugate is attached, which binds simulta-
neously with two or more similar structural proteins via bind-
ing to the same site on the similar structural proteins. When a
test sample including similar structural proteins is applied to
the sample application aperture (2) in FIG. 2a, each of the
similar structural proteins becomes bound to detection
marker-conjugated to antibody, respectively, to form a com-
plex, and this complex become then bound to antibodies (11)
and (12) immobilized on the nitrocellulose membrane
according to the ratio of similar structural proteins in the
sample, developing a color signal in accordance with the
amount bound. If there is no protein in the sample of detect
subject, no color signal appears at the test result line, and if
similar protein presents in the sample, a color signal accord-
ing to theratio (2, 3, 4) will be developed at the test result line,
enabling the ratio to be instantly read. Therefore in case of the
diagnostic device for polycystic ovary syndrome in the
present invention when the ratio of LH/FSH is 2.0 or more, it
can be diagnosed as polycystic ovary syndrome, so it is
designed that reaction sensitivity toward FSH was raised
twice compared to that toward LH, so that equivalent color-
generating rates might be produced at LH/FSH ratio of 2.0.
Accordingly the cases (2) and (3) in FIG. 2¢ are read as
LH/FSH ratio of 2.0 or more, being diagnosed as polycystic
ovary syndrome, while case (4) in FIG. 2¢ is read as LH/FSH
ratio of less than 2, being diagnosed as normal.

[0040] In addition, in case of diagnostic device for abnor-
mal pregnancy as another embodiment of the present Inven-
tion, monoclonal antibody-marker conjugate was prepared
by binding monoclonal antibody which recognizes the same
epitope on both intact hCG and modified hCG with a marker
such as colored particles and enzyme. This monoclonal anti-
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body-marker conjugate becomes bound to both of two or
more similar hormones, intact hCG and modified hCG, via
recognizing the same epitope on them. In immunochromato-
graphic method, a monoclonal antibody specific for intact
hCG and a monoclonal antibody specific for modified hCG
are respectively immobilized on the surface of membrane
pad. Upon application of a test sample to thus prepared diag-
nostic device, according to the ratio of intact hCG and modi-
fied hCG in the sample, the similar hormones respectively
bind to said monoclonal antibody-marker conjugate. Thus
formed marker-monoclonal  antibody-hCG  complex
migrates, becomes bound respectively to intact hCG-specific
monoclonal antibody and modified hCG-specific monoclonal
antibody immobilized on the membrane. As result, the ratio
of similar structural proteins can be determined by one step
based on the concentration of bound complex. In case of
another embodiment, diagnostic device for prostatic carci-
noma, for detection of free PSA and PSA-ACT, polyclonal
antibody which can bind both of free PSA and PSA-ACT was
conjugated with a marker. At test result line 1, monoclonal
antibody having specificity to free PSA was immobilized and
at test result line 2, monoclonal antibody specific for PSA-
ACT was immobilized. Thus prepared test device can be used
for determining the ratio of free PSA and PSA-ACT in a test
sample.

[0041] As antibody used in the diagnostic device of the
present invention, as shown in the following Table 1, for a
device for polycystic ovary syndrome, as marker-conjugated
antibody, one kind selected from anti c.-luteinizing hormone
antibody and anti a.-follicle stimulating hormone antibody is
used, which antibody can bind to the same site of luteinizing
hormone and follicle stimulating hormone; as antibody
immobilized on the detection zone, anti intact-luteinizing
hormone monoclonal antibody and anti-intact-follicle stimu-
lating hormone monoclonal antibody should be used respec-
tively. Further in the diagnostic device for measuring the ratio
of intact hCG and modified hCG, antif-hCG antibody recog-
nizing the same site on intact hCG and modified hCG is used
for binding with a marker; as antibody immobilized on the
detection zone, monoclonal antibodies respectively specific
for each of anti-intact hCG and anti-modified-hCG are used.

[0042] Inthe diagnosis of prostatic carcinoma, as detection
marker-conjugated antibody, anti-PSA monoclonal antibody
is used, and as antibody immobilized on the detection zone,
anti-free PSA antibody and anti-PSA-ACT antibody are used.
By using a set of antibodies as described above, polycystic
ovary syndrome, abnormal pregnancy (ectopic pregnancy),
prostatic carcinoma can be early screened.

TABLE 1

Antibody used for diagnostic device for measuring
the ratio of similar structural proteins

Immobilized Immobilized
Detection marker- Antibody in Antibody in

Diagnosis conjugated Antibody  detect zone 1 detect zone 2
Polycystic  anti a-FSH anti intact- anti-intact-
ovary antibody or anti LH antibody FSH antibody
syndrome a-LH antibody
Abnormal anti p-hCG anti-intact- anti-modified-
pregnancy  antibody hCG antibody hCG antibody
Prostatic anti PSA monoclonal  anti free anti PSA-ACT
carcinoma  antibody PSA antibody antibody
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[0043] Tt will be apparent to those skilled in the art that the
diagnostic device of the present invention can be applied for
all immunoassays for measuring the ratio of similar structural
proteins.

[0044] In further detail, the object of the present invention
is to provide a diagnostic device in which a kind of antibody
which binds with the similar structural proteins at an equal
rate is used for binding with the similar structural proteins
according to their individual ratio, and monoclonal antibody
very specific to each of similar proteins is used for detecting
the ratio of similar structural proteins specifically.

[0045] Also according to the present invention, the ratio of
follicle stimulating hormone and luteinizing hormone having
similar structure can be determined in polycystic ovary syn-
drome patient’s fluid, the ratio of intact hCG and modified
hCG can be instantly assayed in case of abnormal pregnancy.
Moreover, in case of prostatic carcinoma, analysis of the ratio
of PSA-ACT and free PSA enables diagnosis of prostatic
cancer and differentiation between prostatic cancer and pros-
tatomegaly at the same time.

BRIEF DESCRIPTION OF DRAWINGS

[0046] FIG. 1 relates to diagnostic method for the ratio of
similar structural proteins according to the present invention,
and depicts detection steps for the similar structural proteins.
No. 1 means a test sample containing two or more similar
structural proteins; 2 and 3 respectively represents the forma-
tion of complex which is formed by binding of the similar
structural proteins with detection marker-conjugated anti-
body according to their respective ratio; 4 and 5 respectively
represents formation of a sandwich type complex which is
formed by binding of immobilized antibody specific for each
protein with said complex (2 and 3); and 6 represents a sup-
port part of detection zone.

[0047] FIG. 2a shows an immunochromatographic test
device prepared according to the diagnostic method of the
present invention. No. 1 represents a plastic housing, 2 rep-
resents a sample application aperture, 3 represents test result
observation window, and 4, 5 and 6 represent respectively test
result line 1, test result line 2 and test end line (C).

[0048] FIG. 26 shows a test strip inserted in said plastic
housing of FIG. 2a. No. 7 is an adhesive support plate, 8 is a
sample dripping pad, 9is a pad containing antibody-detection
marker conjugate, 10 is a sample absorbent pad, 11 and 12 are
respectively test result line 1, test result line 2, and 13 is a test
end line.

[0049] FIG. 2¢ shows an example of diagnosis by using the
immunochromatographic device of FIG. 2a.

[0050] FIG. 3 is a result of western blot analysis on intact
hCG and modified hCG in urine of pregnant woman, in case
of diagnosis of abnormal pregnancy. M indicates molecular
weight marker; antibodies 1 and 2, respectively represents
modified hCG-binding antibody 1 and 2; antibodies 3 and 4,
respectively represents intact hCG-binding antibody 1 and 2.
Also SI means intact hCG standard, S2 means beta hCG
standard, 1 to 4 respectively means urine specimen of preg-
nant woman.

[0051] FIG. 4 shows a standard curve for test result of
indirected ELISA in diagnosis of polycystic ovary syndrome,
where labeled antibody and specific monoclonal antibody
immobilized on detection zone were used for measuring the
ratio of luteinizing hormone and follicle stimulating hor-
mone.
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[0052] FIG. 5 shows test result of indirected ELISA carried
out for test samples which were prepared to contain various
ratios of luteinizing hormone and follicle stimulating hor-
mone, intact hCG and modified hCG.

[0053] FIG. 6 represents distribution result of intact hCG
and modified hCG in normal and abnormal pregnancy speci-
men, which was obtained from indirected ELISA using intact
hCG-binding antibody set and modified hCG-binding anti-
body set in diagnosing abnormal pregnancy.

[0054] FIG. 7 shows distribution of the ratio of modified
hCG and intact hCG in urine and blood sample of normal
pregnancy and ectopic pregnancy case.

[0055] FIG. 8 represents ROC curve indicating sensitivity
and specificity of ratio test on modified hCG and intact hCG
in normal pregnancy and ectopic pregnancy cases.

[0056] FIGS. 9 and 10 represent respectively test result and
graph thereof, which test was performed on test samples
containing various ratios of luteinizing hormone and follicle
stimulating hormone by using PCOS test device according to
the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0057] The present invention is to be explained in more
detail with examples. These examples just specifically
describe the present invention, and it will be apparent to those
skilled in the art that the scope of the present invention is not
limited thereby.

Example 1
Preparation of Monoclonal Antibody

[0058] Monoclonal antibody used for the present invention
can be directly prepared in the present invention or purchased
among commercially available ones. Immunization and cell
fusion was performed according to known cell fusion method
(Galfre, G et al. 1981, Methods Enzymol. 73:3-46). First,
Balb/C mouse (8 weeks) was provided and FSH, LH, intact
hCG, modified hCG, free PSA and PSA-ACT (respectively
20 pg/100 pl) were completely emulsified with Freund’s com-
plete adjuvant 100 pl and were given by first intraperitoneal
injection, and by the same method, after 3 weeks, second
intraperitoneal injection was given by emulsifying with Fre-
und’s incomplete adjuvant 100 ul. After 1 week, blood sample
was taken from the mouse, and whether antibody is formed or
not was identified by immunochromatographic method, then
said proteins (20 nug) were respectively given by intravenous
injection. After 3 days, spleen cell of the mouse was taken and
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fused with pre-incubated Sp2/0 cell by using PEG. Thus
fused cell was added to HAT culture solution and cell which
secretes suitable antibody was screened while incubating in
96 well. Large scale-culture solution was centrifuged, pre-
cipitate was removed, supernatant was collected and allowed
to pass through protein A-sepharose FF, washed in phosphate
buffer, and eluted with 0.1M glycine buffer. Eluate was sub-
jected to dialysis against phosphate buffer, adjusted to an
appropriate concentration and used for preparation of diag-
nostic device.

Example 2
Characteristic Assay of Monoclonal Antibody

[0059] A. Characteristic assay by Indirected ELISA
[0060] In order to explain reaction features of respective
antibodies used in the present invention, indirected ELISA
was used. In microtiter 96 well plate, each of the similar
hormones was diluted with phosphate buffered saline (1
pg/well) and added (100 pl) to coating buffer (0.1 M carbonate
buffer, pH 9.5) and reacted at 37° C. for 2 hrs. When the
reaction was completed, the reaction solution was treated
with immuno washer and washed with washing solution
(phosphate buffered saline, 0.05% Tween 20, 0.1% sodium
azide) three times, 300 pl of blocking solution (0.2% casein/
PBS) was added and subjected to a reaction for 3 hrs at room
temperature. After the reaction was finished, the resultant
things were washed 3 times with washing solution. 100 ul of
monoclonal antibody-HRP (horse radish peroxide) conjugate
of the present invention, was added to each well to 1 pg/well
and 2 pg/well concentration, respectively. After a reaction at
4° C. for two hours, added HRP-conjugate solution was dis-
carded and washed 3 times with washing solution. Color
reagent of HRP-substrate kit (Bio-Rad, USA) was added (100
ug/well) and reacted for 10 min. After finishing of reaction,
100 pl/well of stop solution (3% oxalic acid) was added, and
A 50 was measured with automatic ELISA reader (BIO-Rad,
USA).

[0061] Table 2 discloses features of monoclonal antibody
prepared in the present invention, yet the features of the
antibody described in the Table 2 does not restrict the scope of
the present invention. In addition, in preparing diagnostic
device using the monoclonal antibody of the present inven-
tion, application position of each antibody can be changed,
that is, immobilized antibodies at detection zone 1 and 2
except the detection marker-conjugated antibody can be
exchanged with each other, having no influence to perfor-
mance of the diagnostic device.

TABLE 2

Comparison of reaction characteristics of antibody set by indirected ELISA

Diagnosis

Polyeystic
ovary
syndrome

Abnormal
pregnancy

Marker- Immobilized Ab Immebilized Ab
Classification  conjugated Ab in detection zone 1 in detection zone 2
Antibody Anti-oFSH or-a  Anti-intact- Anti-intact-
LH antibody LH antibody FSH antibody
Response (%)  a-FSH (100%) FSH (100%) FSH (<1%)
a-LH (100%) LH (<1%) LH 100%)
B-FSH (<1%) TSH («1%) TSH (<1%)
B-LH (<1%)
TSH (<1%)
Antibody anti-phCG anti intact-hCG anti modified-
antibody antibody hCG antibody
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TABLE 2-continued
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Comparison of reaction characteristics of antibody set by indirected ELISA

Marker- Immobilized Ab Immobilized Ab
Diagnosis Classification  conjugated Ab in detection zone 1 in detection zone 2
Response (%)  [-hCG (100%), i-hCG (100%), -hCG (<1%),
modified modified modified
hCG (100%), hCG (<10%) hCG (100%)
LH (<1%), LH (<1%), LH (<1%),
TSH (<1%), TSH (<0.1%) TSH (<0.1%)
FSH (<1%) FSH (<1%) FSH (<1%)
Prostatic  Antibody anti-PSA anti-freePSA anti PSA-ACT
carcinoma antibody antibody antibody
Response (%)  free PSA (100%) free free PSA (<1%)
PSA- PSA (100%) PSA-
ACT (100%) PSA- ACT(100%)

ACT (<1%)

B. Characteristic Assay by Western Blot Analysis

[0062] Whether the antibodies applied for the abnormal
pregnancy-testing device can detect intact hCG and modified
hCG in pregnant woman’s fluid, was confirmed through the
ratio test of intact hCG and modified hCG according to the
present invention, and for this, intact hCG standard (S1), beta
hCG standard (S2) and urine samples of normal pregnancy
women (1,2,3,4) were subjected to SDS-gel electrophoresis,
transferred to nitrocellulose membrane, and then allowed to
bind respectively to monoclonal antibodies (antibodies 1,2,
3,4) which were used for measuring the ratio of intact hCG
and modified hCG. Then second antibody (goat anti-mouse
1gG-HRP) was allowed to bind, color reagent was used to
detect the band of protein-monoclonal antibody complex.
[0063] As shown in FIG. 3, in case of antibody 1 and
antibody 2 i.e. the antibody set reacting with modified hCG
respectively, only modified hCG was detected; while in case
of antibody 3 and antibody 4, i.e., intact hCG-binding anti-
body, intact hCG reacted with both of the two antibodies,
thereby revealing that each of the monoclonal antibodies
specifically binds modified hCG or intact hCG. Furthermore,
it was found that when as modified hCG, hCG-related protein
of about 26 kDa taken from pregnant woman’s urine was
used, abnormal pregnancy could be more clearly diagnosed.
This means that in case of using about 26 kDa of hCG-related
protein for diagnosis of abnormal pregnancy, its reactivity is
larger than that of other molecular weight protein, producing
more obvious result by a singletest, thereby indicating theuse
of specific monoclonal antibody thereto is of utility industri-
ally.

Example 3
Characteristic Assay by ELISA Diagnostic Device

A. Verification of the Ratio of Similar Structural Proteins by
Using ELISA Device

[0064] InELISA device for determining the ratio of similar
proteins, monoclonal antibodies which specifically recognize
each of the proteins with similar hormone to be assayed were
immobilized in two reaction wells (sample well 1, sample
well 2).

[0065] Antibody which recognizes identical site on the two
similar structure hormones, that is, anti-o-FSH/LH mono-
clonal antibody for diagnosis of polycystic ovary syndrome,
anti-p-hCG monoclonal antibody for diagnosis of abnormal

pregnancy, and anti-PSA monoclonal antibody for diagnosis
of prostatic carcinoma, were respectively bound with HRP
(horse radish peroxide) to prepare monoclonal antibody-de-
tection marker conjugate.

[0066] Inthe sample wells 1 and 2, anti-f-FSH monoclonal
antibody and anti-p-LH monoclonal antibody for diagnosis
of polycystic ovary syndrome; anti intact-hCG monoclonal
antibody and anti modified-hCG monoclonal antibody for
diagnosis of abnormal pregnancy; and anti-free PSA mono-
clonal antibody and anti-P SA-ACT monoclonal antibody for
diagnosis of prostatic carcinoma, were respectively used.
Said monoclonal antibodies were diluted to 10 pg/ml, 20
ug/ml, and added (100 pl) respectively to coating buffer
(0.1M carbonate buffer, pH 9.5) and reacted at 37° C. for 2
hrs, washed 3 times with washing solution (phosphate buff-
ered saline, 0.05% Tween 20, 0.1% sodium azide), 300 pl of
blocking solution (0.2% casein/PBS) was added and reacted
at room temperature for 3 hrs. After the reaction, the reaction
solution was washed 3 times with washing solution and, dried
to prepare ELISA kit for measuring the ratio of similar struc-
tural proteins.

[0067] Among thus prepared indirected ELISA diagnostic
devices, in case of that for polycystic ovary syndrome, as
result of performing the test on luteinizing hormone and
follicle stimulating hormone of various concentrations by
respectively using a set of anti-a-FSH/LH antibody and anti
intact-LH antibody, a set of anti-o-FSH/LH antibody and
anti-intact-FSH antibody, anti LH antibody set detected only
LH, anti FSH antibody set detected only FSH, as shown in
FIG. 4. As can be seen in FIG. 5, even in specimen prepared
to contain various ratios between similar proteins, i.e. ratio of
LH/FSH and ratio of modified hCG/intact hCG, the antibody
set applied for testing devices for polycystic ovary syndrome
and abnormal pregnancy, without failure, detected accurate
ratio of the corresponding similar structural proteins.

B. Verification of the Ratio of Modified hCG in Diagnosis of
Abnormal Pregnancy

[0068] To determine distribution of the concentration of
modified hCG for screening abnormal pregnancy in pregnant
women and to confirm its clinical efficiency, sandwich
ELISA method using intact hCG-binding antibody set and
modified hCG-binding antibody set was carried out. In speci-
men of normal pregnancy and ectopic pregnancy cases, 40
cases of normal pregnancy were selected among the patients
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whose intrauterine gestational sac were confirmed on ultra-
sonography in infertility clinic ot prenatal clinic, and whose
cyematocardia was later confirmed by a follow-up, and the
cases of missed abortion, incomplete or complete abortion
during a follow-up were excluded from the test group. 25
cases of ectopic pregnancy were selected among the patients
who were transferred from other hospital under suspected
ectopic pregnancy or were confirmed not to have gestational
sac by a follow-up from infertility clinic or prenatal clinic,
and later diagnosed as ectopic pregnancy on biopsy after
laparoscopic surgery.

[0069] In case of normal pregnancy group, urine specimen
was taken at the time of first confirming intrauterine gesta-
tional sac on ultrasonography. in case of ectopic pregnancy
group, urine and blood sample (50 cc and 3 cc, respectively)
were collected from patients at the time of confirming ectopic
pregnancy by eye on abdominoscopy,

and stored under freezing at -20° C. before use, and then
measurement of the level of intact hCG and modified hCG in
the urine and blood sample was conducted.

[0070] As shown in FIG. 6, in the urine sample for normal
pregnancy, the level of intact hCG and modified hCG were
486+19.9 ng/ml, 149+10.2 ng/ml, respectively, and that of the
blood sample were 1,018+50.3 ng/ml, 468+51.6 ng/ml,
respectively. In addition, in the urine sample for ectopic preg-
nancy, the level of intact hCG and modified hCG were 160+
27.4 ng/ml, 14.1+6.6 ng/ml, respectively, and that of blood
sample were 350+17.5 ng/ml, 35.9+17.5 ng/ml, respectively.
According to said result, it was demonstrated that level of
modified hCG in ectopic pregnancy was significantly
decreased in comparison with that of normal pregnancy.
[0071] FIG. 7 illustrates a secretion ratio of modified hCG
and intact hCG in urine and blood samples of normal preg-
nancy and ectopic pregnancy cases, wherein the respective
ratio in each sample showed a significant difference, reveal-
ing that normal encyesis group and ectopic pregnancy group
canbe effectively differentiated. The following Table 3 shows
a comprehensive result on the concentration distribution and
secretion ratio of modified hCG and intact hCG in clinical test

group.

TABLE 3

Comparison of concentration distribution of modified hCG and intact
hCG in diagnosis of abnormal pregnancy (ectopic Pregnancy)

Encyesis Ectopic pregnancy
Classification (case 0. = 40) (case no. =25) p value
Age(years) 29.5 £043 298075 NS(0.68)
Days after last 302 +1.23 48.6 £ 1.65 NS(0.49)
menses
Blood intact 1,018 £50.3 350 £59.4 <0.001
hCG(ng/ml)
Blood modified 468 £51.6 3592175 <0.001
hCG (ng/ml)
Blood modified 42242 95140 <0.001
hCG/intact hCG (%)
Urine intact 486 £ 19.9 160 2274 <0.001
hCG(ng/ml)
Urine modified 149 £10.2 14166 <0.001
hCG(ng/ml)
Urine modified 29719 4619 <0.001

hCG/intact hCG (%)

Abbreviation: NS, no significance

[0072] FIG. 8 is ROC curve representing sensitivity and
specificity in diagnosing abnormal pregnancy (ectopic preg-
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nancy) which was derived from various secretion ratios of
modified hCG and intact hCG. According to said result, when
criterion having a power of discrimination in urine and blood
samples is considered to be 16.2% and 9%, the sensitivity and
specificity in urine were 92% and 90% respectively, and in
case of blood samples, 80% and 85% respectively. It could be
confirmed when the ratio of modified hCG and intact hCG
according to the present invention is employed as criterion, a
very high diagnosis rate can be obtained.

Example 5

Preparation of the Diagnostic Device of the Present
Invention Using Immunochromatography

A. Preparation of Colloidal Gold (Colored Particles)

[0073] Colored particles used in the present invention was
prepared with colloidal gold in a range of 20-60 nm. For the
preparation, secondary distilled water (220 ml) was added to
a 500 ml of round flask. The flask was placed on a hot plate
(Corning, USA) and a reflux apparatus was installed to pre-
vent evaporation of steam. On the hot plate, the reaction flask
was heated to 100° C. while suspending. When the tempera-
ture of distilled water reached 100° C. or more, 1.0 ml 0f2%
gold chloride (Sigma, USA), was added thereto, completely
mixed, then vigorously mixed with addition of 2.0 ml of 1%
sodium citrate (Sigma, USA). By further heating for 30 min,
the formation of colloidal gold was induced. Thus prepared
colloidal gold was filtered through 0.45 um filter paper to
remove impurities and coagulated substance, and used for
preparing the diagnostic device of the present invention.

B. Preparation of Immunochromatographic Diagnostic
Device

[0074] To prepare monoclonal antibody conjugated with
colored particles, as colored particles, 50 ml of colloidal gold
was added to respective beaker. While stirring, anti-p-hCG
monoclonal antibody or anti-o.-FSH monoclonal antibody or
anti-PSA monoclonal antibody was added to 1~15 pg per
colored particles 1 ml, and subjected to a further reaction for
20 to 30 min. After the reaction, 1% to 10% bovine serum
albumin or sodium casein-containing blocking solution was
added to each beaker to a final concentration of 0.1~1% and
reacted for 20~30 min. Said reaction solution was placed in
50 ml of centrifuge tube (Corning, USA) and centrifuged
(Backman, USA) at 10,000 rpm for 10~20 min. After the
centrifugation, supernatant was discarded, pellet was col-
lected and suspended in stabilizing solution [0.5-2% bovine
serum albumin, 1-5% sucrose, 50~10 OmM Tris buffer (pH
7.5-9.0)]. Said suspension was adjusted to an appropriate
concentration, immersed in a colored particles pad and dried.
To prepare an antibody-immobilized membrane, at the site of
test result line 1, an appropriate amount of anti-intact hCG
monoclonal antibody or anti-f-FSH monoclonal antibody or
anti-free PSA monoclonal antibody, was applied and immo-
bilized. At the site of test result line 2, an appropriate amount
of, anti modified hCG monoclonal antibody or anti-f-LH
monoclonal antibody or anti-PSA-ACT monoclonal antibody
was respectively applied and immobilized. At the test end
line, anti-mouse immunoglobulin G polyclonal antibody was
immobilized. A sample application pad (glass fiber, Millipore
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Corp., USA) or cellulose paper (Whatman, USA) was used,
and as a sample absorbent pad, cellulose paper (Whatman,
USA) was used. Thus prepared monoclonal antibody-colored
particles pad, antibody-immobilized membrane, sample
application pad and sample absorbent pad are arranged on a
polyester supporting plate such that said antibody-colored
particles conjugate pad is partially superimposed with anti-
body immobilized pad, said sample application pad is par-
tially superimposed in length of 1-10 mm with the labeled
antibody-containing pad, and said sample absorbent pad is
partially superimposed in length of I-5 mm with immobilized
antibody-pad, thereby to construct the test strip for measuring
the ratio of similar structural proteins. The test strip prepared
as described above was placed into a suitable plastic housing
and constructed, thereby to complete diagnostic device for
polycystic ovary syndrome, abnormal pregnancy and pros-
tatic carcinoma according to the present invention, respec-
tively. In immunochromatographic diagnostic device for
measuring the ratio of similar structural proteins in the
present invention, in case of the one for polycystic ovary
syndrome, the device was prepared such that the LH/FSH
ratio of 1.5-2.3 or more is diagnosed as positive (polycystic
ovary syndrome), less than 1.5-2.3, is diagnosed as negative
(normal), and in case of the test device for abnormal preg-
nancy, it was prepared such that the ratio of modified hCG/
intact hCG in a range of less than 0.1-0.5 is diagnosed as
positive (abnormal pregnancy), the ratio between 0.1-0.5 or
more is diagnosed as negative (normal pregnancy). Addition-
ally, in case of the test device for prostatic carcinoma and
prostatomegaly, it was prepared such that the ratio of less than
0.1-0.25 is diagnosed as positive (prostatic carcinoma), the
ratio of 0.1-0.25 or more is diagnosed as negative (pros-
tatomegaly).

[0075] FIG. 9 represents diagnosis result of the immuno-
chromatographic test device for polycystic ovary syndrome.
In relation with the ratio of LH/FSH, at a ratio of 2.3 or more,
color intensity developed at LH-detecting line is stronger than
that of FSH line, thereby to be diagnosed as positive, while at
a ratio of 1.0 or less, the color intensity of LH line is weaker
than that of FSH line, thereby to be diagnosed as negative.
Said result can be proposed as actual example showing that
immunochromatographic test device, one embodiment of the
present invention, performs accurate determination of the
ratio of similar structural proteins, thus can be utilized for
diagnosis of disease.

[0076] The ratio of luteinizing hormone and follicle stimu-
lating hormone was determined for test samples having more
various concentration ratios by using the immunochromato-
graphic test device of the present invention, and the result is as
shown in Table 4 and FIG. 10. Test solutions were respec-
tively prepared to have the ratio of luteinizing hormone and
follicle stimulating hormone in a range 0of 0.1-3.1, and were
tested by the immunochromatographic device. As result, at
concentrations where the ratio is 2.1 or more, it could be
diagnosed as positive, and at concentrations where the ratio is
1.5 or less, diagnosed as negative. That is, when the ratio
between luteinizing hormone and follicle stimulating hor-
moneis 2.1 ormore, an identical result with the secretion ratio
of hormones in polycystic ovary syndrome, could be
obtained, indicating that secretion ratio in normal women is
1.5 or less.
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TABLE 4

Luteinizing hormone and follicle stimulating hormone
Concentration ratio of LH/FSH (mIU/mL/mIU/mL)

2.5/0.8 2.51.0 2512 2.5/1.7 25025 25/5 2525

5.0/1.7 5.02.0 5024 5.0/3.3 5.0/50 5.0/10 5.0/50

10/3.3 10/4.0  10/48 10/6.7 10/10  10/20  10/100
15/5.0 15/6.0  15/7.1 15/10 15/15  15/30  15/150
20/6.7 20/8.0 20095 20/13.3 20/20 20/40  20/200
30/10 30/12 30/14.3 30/20 30/30 30/60  30/300
40/13.3 40/16 40/19 40/26.7  40/40  40/80  40/400

50/16.7 50/20 50/23.8 50/33.3 50/50  50/100  50/500
100/33.3  100/40  100/47.6  100/66.7 100/100 100/200 —
500/166.7 500/200 500/238.1 500/333.3 500/500 — —

ratioof  ratio of  ratic of ratioof  ratio of ratio of ratio of

3.1 2.5 2.1 1.5 1.0 0.5 0.1
disease  disease  disease disease  disease disease disease
positive  positive  positive  negative negative negative negative
INDUSTRIAL APPLICABILITY
[0077] The diagnostic device of the present invention is

effective in that the ratio of the similar structural proteins in a
test sample can be instantly determined. This test device can
be utilized for early diagnosis and large scale screening of
abnormal pregnancy, polycystic ovary syndrome and pros-
tatic carcinoma ete. by determining the ratio of follicle stimu-
lating hormone and luteinizing hormone in case of polycystic
ovary syndrome, the ratio of intact hCG and modified hCG in
case of abnormal pregnancy and the ratio of total PSA and
free PSA in case of prostatic carcinoma.

1. A diagnostic device for diseases that can be diagnosed
based on the ratio of similar structural proteins, which is
characterized in that it comprises

a) a first probe-detection marker conjugate which is formed

between a kind of probe having identical recognition site
for two or more similar structural proteins and a detec-
tion marker, and

b) two or more kinds of second probe, wherein each second

probes recognize specifically each of the similar struc-
tural proteins,

thereby forming a set of a) and b),

each of said second probes being immobilized in spatially

separate positions from each other(s), thereby to form a
detect zone as a whole,

said first probe-detection marker conjugate being provided

either by being contained in a separate container or by
being applied on a membrane pad such that it is free to
migrate with aid of mobile phase, and

the ratio of said similar structural proteins being able to be

instantly read by simultaneous analysis for the reaction
result of said similar structural proteins with said first
and second probes, needless to conduct respective deter-
mination of the levels of each similar structural proteins
in a test sample.

2. The diagnostic device according to claim 1, wherein said
first and second probe are selected from a group consisting of
monoclonal antibody, polyclonal antibody and lectin.

3. The diagnostic device according to claim 1, wherein said
detection marker is selected from a group consisting of radio-
isotope, enzyme, dye, magnetic bead, colloidal gold, sele-
nium and latex bead.

4. The diagnostic device according to claim 1, wherein said
test sample is a liquid sample taken from test subject.
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5. The diagnostic device according to claim 4, wherein said
liquid sample is urine, saliva or blood.

6. The diagnostic device according to claim 1, wherein said
analytical method is immunochromatography, enzyme linked
immuno sorbent assay (ELISA), radio immunoassay, reverse
passive hemagglutination (RPHA) or immunosensor.

7. The diagnostic device according to claim 6, wherein said
analytical method is immunochromatography method and,

the device comprises a first pad and a second pad,

wherein in said first pad, said first probe-detection marker
conjugate is provided as being applied in advance or just
prior to the use such that said probe-detection marker
conjugate can migrate by mobile phase, and in said
second pad, each of said second probes are immobilized
in spatially separate positions from each other(s),
thereby to form the detect zone.

8. The diagnostic device according to claim 7, wherein it
further comprises a sample application pad and a sample
absorbent pad.

9. The diagnostic device according to claim 7, which is
characterized in that

a) upon loading of said test sample onto said first pad,
similar structural proteins including ones being the
detect subject, competitively bind to said first probe-
detection marker conjugate in accordance with relative
amount (i.e. ratio) thereof in the test sample, thereafter

b) on reaching said second pad, said similar structural
proteins being the detect subject, specifically bind to
respective specific second probe, yielding a signal
derived from the detection marker at the predetermined
site of said second probe, thereby enabling the ratio of
the similar structural proteins being the detect subject, to
be read.

10. The diagnostic device according to claim 6, wherein
said analytical method is ELISA, and it comprises respective
wells where said second probes are respectively separately
immobilized, and a container containing said first probe-
detection detection marker conjugate.

11. The diagnostic device according to claim 10, charac-
terized in that

a) on injecting a test sample into the container including
said first probe-detection marker conjugate, the similar
structural proteins being the detect subject, become
competitively bound to said first probe-detection marker
conjugate in accordance with the relative amount thereof
in the sample, thereby forms a complex, and then,

b) on applying of said complex to each well where said
each specific second probes is immobilized respectively,
each of said similar structural proteins being the detect
subject, become respectively bound to specific second
probe to be immobilized in each well, developing a
detection marker-derived signal, thereby enabling the
relative ratio of the similar structural proteins immobi-
lized in each well to be read.

12. The diagnostic device according to claim 1, wherein
said disease that can be diagnosed based on the ratio of similar
structural proteins is polycystic ovary syndrome, and

said similar structural proteins are luteinizing hormone and
follicle stimulating hormone.
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13. The diagnostic device according to claim 12, wherein
said first probe is anti-luteinizing hormone monoclonal or
polyclonal antibody or anti-follicle stimulating hormone
monoclonal or polyclonal antibody which recognizes the
same site on luteinizing hormone and follicle stimulating
hormone, and

said second probes are anti-luteinizing hormone mono-

clonal antibody and anti-follicle stimulating hormone
monoclonal antibody which respectively recognize spe-
cific site on each of luteinizing hormone and follicle
stimulating hormone.

14. The diagnostic device according to claim 1, wherein
said disease which can be diagnosed based on the ratio of
similar structural proteins is abnormal pregnancy, ectopic
pregnancy or abortion, and

said similar structural proteins are intact hCG and modified

hCG.

15. The diagnostic device according to claim 14, wherein
said modified hCG is human placental hCG-related protein
with a molecular weight of about 26 kDa.

16. The diagnostic device according to claim 14, wherein
said first probe is anti-f-hCG monoclonal or polyclonal anti-
body which recognizes the same site on [ subunit of intact
hCG and modified hCG, and

said second probes are anti-intact hCG monoclonal anti-

body and anti-modified hCG monoclonal antibody
which respectively recognize specific site on each of
intact hCG and modified hCG.

17. The diagnostic device according to claim 1, wherein
said disease that can be diagnosed by the ratio of similar
structural proteins is prostatic carcinoma or prostatomegaly,
and

said similar structural proteins are free PSA and PSA-ACT.

18. The diagnostic device according to claim 17, wherein
said first probe is anti-PSA monoclonal or polyclonal anti-
body which recognizes the same site on free PSA and PSA-
ACT, and

said second probes are anti free PSA monoclonal antibody

and anti PSA-ACT monoclonal antibody which respec-
tively recognize specific site on each of free PSA and
PSA-ACT.

19. A diagnostic method for disease that can be diagnosed
based on the ratio of similar structural proteins, wherein the
device as described in claim 1 is employed.

20. The diagnostic method according to claim 19, wherein
said disease which can be diagnosed by the ratio of similar
structural proteins is polycystic ovary syndrome, and said
similar structural proteins are luteinizing hormone and fol-
licle stimulating hormone.

21. The diagnostic method according to claim 19, wherein
said disease which can be diagnosed by the ratio of similar
structural proteins is abnormal pregnancy, ectopic pregnancy
or abortion, and said similar structural proteins are intact hCG
and modified hCG.

22. The diagnostic method according to claim 19, wherein
said disease which can be diagnosed by the ratio of similar
structural proteins is prostatic carcinoma or prostatomegaly,
and said similar structural proteins are free PSA and
PSA-ACT.



[ i (S RIR) A ()

RE(TFR)AGE)

HERB(ERR)AGE)

FRIRAA

RBA

IPCH %S
CPCH %S

L5

ATNEEAHCEHNEARLENUIRE

bl

US20090208983A1 K (2E)R

US11/920582 RiEHR

[E

MO HYOJUNG

LEE WONJIN

&JUHYUN

EHEUIKEUN

CHA JUNGHAK

EERKX

LIM EUNJEONG
®

MO HYOJUNG

LEE WONJIN

#JUHYUN

EHEUIKEUN

CHA JUNGHAK

BEE2RX

LIM EUNJEONG

AR

MO HYOJUNG
LEE WONJIN
&JUHYUN
EEHEUIKEUN
CHA JUNGHAK
BEeRX

LIM EUNJEONG

NAM JUNGHYUN
MO HYOJUNG
LEE WONJIN
HAN JUHYUN
KANG HEUIKEUN
CHA JUNGHAK
CHANG JINDONG
LIM EUNJEONG

NAM, JUNGHYUN
MO, HYOJUNG
LEE, WONJIN
HAN, JUHYUN
KANG, HEUIKEUN
CHA, JUNGHAK
CHANG, JINDONG
LIM, EUNJEONG

GO01N33/53 B01J19/00 C12M1/00 GO1N33/68
GO1N33/76 GO1N33/54306

1020050043394 2005-05-24 KR

2009-08-20

2006-05-23

patsnap


https://share-analytics.zhihuiya.com/view/e91394d6-9c6e-418f-ab96-228a6ee21342

H T 30 ER US8101369

SNEReE Espacenet USPTO

BEGF)
AERABR—FATUEEE L EX KRG LH @2 RN EB R
FHRUSHEARNLEANZHEE, EFAlt  BRERZANNLE
BEFRIMHRESHALEHERD LNHEENKBRNIRE - ik
FKEVWARANKX , EhHEBERERROEE SRR SRR
EQR , HpfmdiaEm—4E  2R\SR—HATEH LS R
BEE1E  REEE , SiJIBRESNHUMEE  EETESRINEERS
ERER THEIVARBENEREHENLLS , FRRERNCCR
AR EEH] , BAR BT BIBRE PRI FIBR S RAEIUR ( PSA ) B9ELAI,

2 4
step | step 2 / \ step 3 step 4
~ i i / z simiarly- similarly-
/*Aa | struct'ured struct‘ured
Aﬁ(’: r prten A: protei B

1]



https://worldwide.espacenet.com/patent/search/family/037452203/publication/US2009208983A1?q=US2009208983A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090208983%22.PGNR.&OS=DN/20090208983&RS=DN/20090208983

