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The present invention relates to methods for increasing the
accuracy of sample classification characterized by the detec-
tion of the protein YKL-40 and the protein MASP2 in the
samples and methods for determining the efficacy of a drug in
treating a cancer in an individual, as well as reagent kits for
the same uses.
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METHODS AND REAGENT KITS FOR
IMPROVING ACCURACY OF SAMPLE
CLASSIFICATION

CROSS REFERENCE

[0001] This is a continuation-in-part of and claims priority
to U.S. application Ser. No. 12/992,363, filed on Nov. 12,
2010, which is a national phase application of and claims the
benefits to PCT/CN2008/001767 under 35 U.S.C. §371,
which in turns claims the benefit of Chinese Patent Applica-
tionNo. 200810108528.5, filed on May 21, 2008, all of which
are incorporated herein by reference in their entireties.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention pertains to the technical field
of biomedicine. Specifically, the present invention relates to a
method to improve the accuracy of sample classification and
a reagent kit used to detect YKL-40 and MASP2 proteins in
the samples.

BACKGROUND OF THE INVENTION

[0003] Hepatocarcinoma (HCC) is a frequently-encoun-
tered and lethal malignant tumor. According to statistics, the
number of HCC patients increases by about 500,000 annually
and about 500,000 patients die of this disease annually (see,
e.g., D. M. Parkin, F. Bray, J. Ferlay, and P. Pisani, (2001)
Estimating the World Cancer Burden, Globocan 2000 /nt. J.
Cancer, 94, 153-156). The current approaches for the diag-
nosis of HCC include ultrasonic detection and alpha-fetopro-
tein (AFP) detection, which are usually used together (see,
e.g., Spangenberg, H. C., Thimme, R., and Blum, H. E.,
Serum markers of hepatocellular carcinoma, Semin. Liver
Dis., 2006, 26,385-390). When AFP is used as the biomarker
for HCC diagnosis through the receiver operator characteris-
tic (ROC) curve which reflects the selectivity and specificity
of the diagnosis, the positive threshold of detection is usually
20 ng/mL (see, e.g., J. Chen and P. Fan, Preparation of an
immunochromatographic strip for quick AFP detection, Jour-
nal of Analytical Science, 2002 (4), 273-276). The sensitivity
and specificity of ultrasonic-AFP joint detection are respec-
tively 50~85% and 70~90%. But its false positive and false
negative rate is as high as 40% (see, e.g., D. G. Tu, S. T. Wang,
T. T. Chang, N. T. Chiu, and W. J. Yao, The value of serum
tissue polypeptide specific antigen in the diagnosis of hepa-
tocellular carcinoma, Cancer, 1999, 85, 1039-1043; Bus-
carini, L., Sbolli, G., Cavanna, L., Civardi, G., Di Stasi, M.,
Buscarini, E., and Fomari, F., Clinical and diagnostic features
of 67 cases of hepatocellular carcinoma, Oncology, 1987, 44,
93-97). Therefore, there is an urgent need for developing an
HCC diagnosis approach which provides easier detection,
higher sensitivity and specificity, and higher accuracy.

[0004] YKL-40 is an abbreviation of human cartilage gly-
coprotein 39 (HcGP.39) or chitinase 3-like 1 (which is abbre-
viated as CHI3L1). Research has revealed that the level of
YKL-40 in serum is related to many disease conditions such
as osteoarthritis, primary colorectal carcinoma, breast carci-
noma, and recurrent oophoroma and can be used for the
diagnosis, prognosis evaluation, and monitoring of treatment
effect and disease progression of some diseases. For example,
it can be used for the diagnosis and prognosis of oophoroma
(see, e.g., M. Cheng et al., Application of serum YKIL-40 in
the diagnosis and prognosis of oophoroma patients, Guang-
dong Medical Journal, 2008, 29(2): 255-256). In an essay
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published in the New England Journal of Medicine on Nov.
15, 2007, researchers of Yale School of Medicine stated that
results of clinical experiments indicated that this molecule
may play an important role in the determination of the physi-
ological reactions to severe asthma. Compared with normal
people, asthma patients have more YKIL-40-circulating
serum, which is also related to the severity of asthma (see,
http://wwvw.ebiotrade.com/newst/2007.11/
200711 16165039 htm). Johansen et al. of the University of
California at San Diego stated that YKI.-40 is a biomarker
independent of carcinoembryonic antigen (CEA) and lactin
dehydrogenase (LDH), normal people having high levels of
YKL-40 are exposed to 2.7 times as much risk of gastrointes-
tinal tumor as others and usually have poor prognosis after
being diagnosed as having gastrointestinal tumor (see, e.g.,
http://www.cmt.corn.cn/article/080221/a080221b0301.
htm). It has also been discovered that the level of serum
YKL-40 can be used as an indicator of hepatic fibrosis (see,
e.g.,J. S. Johansen, P. Christoffersen, S. Moiler, P. A. Price, I.
H. Henriksen, C. Garbarsch, and F. Bendtsen, Serum YKI.-40
is increased in patients with hepatic fibrosis, Journal of Hepa-
tology, 2000, 32, 911-920). However, there have not been
reports about the application of YKL-40 detection in HCC
diagnosis.
[0005] MASP2 is the abbreviation of mannan-binding lec-
tin associated serine protease-2. It is related to human immu-
nodeficiency diseases and plays an important role in the
innate immune defense of the organism (see, e.g., Xuemin
Cai et al., Prokaryotic expression of mannan-binding lectin
associated serine protease-2 in N-end segments, Journal of
Immunology, 2007, 3, 235-238). But there have not been
reports its application in HCC diagnosis.
[0006] Research by the inventor has revealed that MASP2
gene is specifically expressed in the liver. The inventor unex-
pectedly found that both proteins (YKL-40 and MASP2) are
related to HCC. Specifically, the blood serum of HCC patients
has significantly higher level or concentration of YKI.-40
than normal samples while the expression of MASP2 is lower
in HCC patients than in normal samples. Therefore the inven-
tor proposed that by combining a protein having high expres-
sion in carcinoma (this protein may not be specific to a certain
carcinoma and may be highly expressed in different types of
carcinoma) with a protein having low expression in a specific
tissue or organ (down-regulation of the specific protein
executing specific functions of the tissue or organ due to the
carcinoma), one can obtain a joint biomarker for cancer diag-
nosis. This joint marker will improve the sensitivity and
specificity of cancer detection. The inventor has taken the
YKL-40 and MASP2 proteins as examples to check if they
canbe used as a biomarker for the clinical application to HCC
and if their joint detection can improve the accuracy of diag-
nosis and prognosis of the disease and the results have vali-
dated the inventor’s proposal.

BRIEF DESCRIPTION OF THE INVENTION

[0007] The present invention is based on the unexpected
findings described above.

[0008] Insome aspect, the present invention provides meth-
ods for improving the accuracy of sample classification
through joint-detection of the YKIL.-40 and MASP2 proteins
in the samples. The joint detection comprises: (1) detection of
the YKL-40 and MASP2 contents in sample; (2) algorithmic
analysis of the measured YKIL.-40 and MASP2 contents, and
(3) classification of the test sample according to the algorith-
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mic analysis results. These methods can be used in the diag-
nosis, prognosis evaluation, and monitoring of treatment
effect and disease course of various cancers such as hepato-
carcinoma.

[0009] Insomeembodiments of these methods, the concen-
trations of YKL.-40 and MASP?2 are measured separately. In
some other embodiments, the algorithmic analysis is to draw
ROC curves that reflects sensitivity and specificity of the
measurements, wherein the concentrations if YKIL-40, the
concentrations of MASP2, and the ratios of the YKL-40 and
MASP?2 concentrations are used as variables to draw ROC
curves, and the area under curve (AUC) is calculated; then the
samples are classified according to the desired sensitivity and
specificity according to different threshold values. In still
some other embodiments, the concentration of at least one of
YKL-40 and MASP2 is measured by ELISA, the Lowery
assay, the Bradford assay, the BCA assay, UV absorbance, or
any modification based thereon.

[0010] Thesamples that are suitable for the methods of this
invention can be selected from the group consisting of whole
blood, blood plasma, blood serum, urine, cerebrospinal fluid,
saliva, and tear.

[0011] In another aspect, the invention provides reagent
kits for the detection of YKL-40 and MASP?2 proteins in a
sample. Each of such reagent kits comprises: (1) antibodies
capable of binding YKI.-40 and MASP2, and (2) antibodies
capable of binding YKI.-40 and MASP2 when YKI.-40 and/
or MASP2 are bound by antibodies stated in (1). In some
embodiments, the reagent kits may further include: (3) stan-
dard samples composed of solutions containing known con-
centrations of YKL-40 and MASP2, and (4) antibody markers
for detection, which can bind antibodies to form conjugates.
In some embodiments, the antibodies in (1) or (2) are capable
of binding virus such as hepatitis virus.

[0012] In yet another aspect, the invention provide reagent
kits each including (1) antibodies capable of binding hepatitis
virus, YKL-40, and MASP2, and (2) antibodies capable of
binding hepatitis virus and/or YKL-40 and MASP2, when
hepatitis virus and/or YKL-40 and/or MASP2 are bound by
the binding antibodies stated in (1).

[0013] Still another aspect of this invention further pro-
vides methods for improving the sensitivity of sample analy-
sis through joint-detection of a carcinoma (or cancer) high
expression protein and a tissue or organ specific expression
protein in the sample. Each method comprises the steps of: (1)
measurement of the content of carcinoma high expression
protein in the sample of the individual; (2) measurement of
the content of specifically expressed protein in a certain tissue
or organ in the sample of the individual; (3) algorithmic
analysis of the measured carcinoma high expression protein
and tissue or organic specific expression protein, and (4)
classification of the individual as having cancer or being
healthy according to the algorithmic analysis results. In some
embodiments, the protein of high-level expression is YKL-
40. In some other embodiments, the protein of low-level
expression is MASP2. In still some other embodiments, the
protein of high-level expression is YKT.-40 and the protein of
low-level expression is MASP2.

[0014] Yet still a further aspect of the present invention
provides a reagent kit used for the detection of a carcinoma
high expression protein and a tissue or organ specific expres-
sion protein in the sample. Each reagent kit comprises: (1)
antibodies capable of binding carcinomahigh expression pro-
tein and tissue or organ specific expression protein, and (2)
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marking antibodies capable of binding the carcinoma high
expression protein and tissue or organ specific expression
protein when the carcinoma high expression protein and/or
tissue or organ specific expression protein are bound by the
antibodies stated in (1).

[0015] By using the method and reagent kit of the present
invention for the joint detection of the proteins YKL-40 pro-
tein and MASP2 in the samples of the individual, one can
effectively increase the sensitivity, specificity, and accuracy
of diagnosis, prognosis evaluation, evaluation of treatment
effect. and monitoring of disease course of many diseases
such as cancer (e.g., hepatocarcinoma).

[0016] Accordingly, the invention further provides meth-
ods for detecting the occurrence of a cancer in an individual,
each including: taking a test sample of the individual to be
detected and a control sample of another individual free of the
cancer, and measuring the concentrations of a first set of
disease specific and a second set of tissue or organ specific
proteins in the test sample and comparing their concentra-
tions to those in the control sample, wherein the higher con-
centrations of the first set of disease specific protein and the
lower concentrations of the second set of tissue or organ
specific proteins in the test sample than the concentrations of
the same proteins in the control sample are an indication of
the occurrence of the cancer.

[0017] In some embodiments, the cancer is hepatocarci-
noma.
[0018] In some other embodiments, the first set of disease

specific proteins are cancer over expression proteins. This
first set of proteins may include YKL-40.

[0019] In some other embodiments, the second set of pro-
teins includes a set of tissue or organ specific or enriched
expression proteins. This second set of proteins may include
MASP2. Examples of such tissue or organ include, but are not
limited to, liver, breast, ovary, lung, prostate, bladder, mouth,
nose, kidney, stomach, throat, pancreas, heart, ovary, colon,
brain, skin, and bone.

[0020] In some specific embodiments, the first set of pro-
teins contains YKL-40 and the second set of proteins contains
MASP2.

[0021] Instill some other embodiments, the test sample and
control sample are whole blood, blood plasma, blood serum,
urine, cerebrospinal fluid, saliva, or tear.

[0022] Also within the scope of this invention are methods
for determining the efficacy ofa drug in treating a cancer in an
individual, which include measuring the concentrations of a
first set of disease specific proteins and a second set of tissue
or organ specific proteins in the samples of the subject at
different times of the treatment, wherein: (a) the presence of
the cancer is indicated by the higher expression of the first set
of disease specific proteins and lower expression of the sec-
ond set of tissue or organ specific proteins than those in an
individual free of the cancer, and (b) the decrease of the
concentrations of the first set of disease specific proteins and
the increase of concentrations of the second set of tissue or
organ specific proteins in the samples of the cancerous subject
during the treatment indicates that the severity of the cancer
has decreased.

[0023] In some embodiments, the cancer is hepatocarci-
noma. In some other embodiments, the samples are whole
blood, blood plasma, blood serum, urine, cerebrospinal fluid,
saliva, or tear.
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[0024] In still some other embodiments, the first set of
proteins contains YKL-40. In other embodiments, the second
set of proteins contains MASP2.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG.1 is the ROC curve of the detection of YKL-40
in the serum samples of HCC patients.

[0026] FIG. 2isthe ROC curve of the detection of MASP2
in the serum samples of HCC patients.

[0027] FIG. 3 is the ROC curve of the ratio of YKL-40 to
MASP2 in the serum samples of HCC patients.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention will be further described with
detailed embodiments and attached drawings. It is to be
expressly understood that the following embodiments are set
forth as examples and not by way of limitations on the inven-
tion as ultimately defined in the claims.

[0029] TItis known to all that when an individual is afflicted
by cancer or is in the clinical stage of cancer, cancer associ-
ated virus or cancer associated genes will be highly
expressed. Such highly expressed proteins, such as YKL-40,
can be used as biological markers of cancer. On the other
hand, functions of related tissues or organs of the individual
will decline, resulting in reduced levels of proteins which are
specifically expressed in such tissues or organs, such as
MASP2 which is specifically expressed in the liver. Therefore
the low expression levels of proteins specifically expressed in
tissues or organs also have the potential to serve as biological
markers of cancer. It is well known by those having ordinary
skill in the art that tests with a single biological marker often
results in high false positive or false negative rates and thus
reduce the accuracy or utility of a clinical test. Therefore, both
the contents of carcinoma high expression proteins in the
sample of theindividual, such as YKL-40, and the low expres-
sion levels of proteins specifically expressed in certain tissues
or organs, such as MASP2 which is specifically expressed in
the liver, are measured at the same time. In other words, new
markers are added on the basis of original pairing markers in
order to improve the sensitivity of the detection. This method
will increase the sensitivity of cancer tests and will be verified
in the following embodiments.

[0030] Itis beyond doubt that the methods and correspond-
ing reagent kits provided by the present invention for improv-
ing the sensitivity of cancer detection of individuals can be
used in the diagnosis, prognosis evaluation, evaluation of
treatment effect, and monitoring of disease course of all kinds
of cancer and pathogenic changes in the organs.

[0031] Take joint detection of blood samples for example.
The application of the present invention to the cancer or
disease of a specific tissue or organ comprises the following
steps: assay of high-level expression proteins or genes of
cancer or disease in the blood sample of the individual; assay
of low-level expression of tissue-specific or organ-specific
proteins or genes in blood; algorithmic analysis of the mea-
sured protein content or gene expression results; and classi-
fication of the measured sample of the individual according to
the algorithmic analysis results in order to obtain diagnosis
result of the cancer or disease. The result may be: healthy,
early-stage cancer or disease, mid-term cancer or disease, or
terminal cancer or disease.

[0032] It should be understood that the term “joint detec-
tion” used herein not only comprises the measurement of the
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contents of specific combinations of proteins in the sample,
but also comprises the algorithmic analysis of the measured
protein contents. It further comprises the classification of the
test sample according to the results of algorithmic analysis.
[0033] ELISA

[0034] The ELISA technology is used in the present inven-
tion for the detection of carcinoma high expression proteins,
such as YKL-40, and tissue or organ specific expression pro-
teins, such as MASP2, in the sample of the individual.
[0035] ELISA (enzyme linked immunosorbent assay) is a
commonly-used protein content analysis method in molecu-
lar biology. It can be used to measure both antigens and
antibodies. Many other types of assay can be adopted in the
present invention according to the source of reagent, charac-
ters of the sample, and the detection conditions, such as:
Double antibody sandwich method, two-site one-step
method, and indirect method for the assay of antibodies,
competition method and capture method for the assay of IlgM
antibody, and ELISA with the use of avidin and biotin.
[0036] Other Assays

[0037] Other methods that can be used to measure the level
or concentration of the proteins include the Lowery assay, the
Bradford assay, the BCA assay, UV absorbance, or any modi-
fication based thereon. For adescription about these methods,
see, e.g.. Bradley J. S. C. Olson and John Markwell (Contr.),
Current Protocols in Biological Science, 3.4.1-3.4.29, John
Wiley & Sons, Inc. (2007), which is incorporated herein by
reference in its entirety.

[0038] Reagent Kit

[0039] A reagent kit is preferred for the ELISA of the
present invention as it can realize quick operation and avoid
the complicated and troublesome routine experimental detec-
tion. The ELISA kit of the present invention comprises a
YKL-40 immunoenzymatic standard kit, a MASP2 immu-
noenzymatic standard kit, and YKI.-40 and MASP2 detection
kits. YKL-40 and MASP2 detection kits are preferred in order
to improve the sensitivity, specificity, and accuracy of disease
diagnosis. They can be used respectively or simultaneous to
measure two groups of detection results in order to provide
quick effects.

[0040] The YKL-40 and MASP2 detection kits of the
present invent shall at least comprise (1) antibodies capable of
binding YKIL-40 and MASP2, and (2) antibodies capable of
binding YKI.-40 and MASP2 when YKL-40 and/or MASP2
are bound by the antibodies stated in (1). The antibodies of (1)
and (2) can also be referred to as binding antibodies and
marked antibodies or marking antibodies.

[0041] Thereagent kits mentioned above may further com-
prise (3) standard samples composed of solutions containing
known amounts of YKL-40 and MASP2, which may come
from the bacterial expression of gene engineering, animals, or
human body fluid, and (4) antibody markers, such as enzyme
labels like horse radish peroxidase or fluorescent marks in the
reported methods, which can bind antibodies to form conju-
gates for detection.

[0042] A more preferred kit may further comprise at least
one of the following components: (5) a carrying tool, whose
space is divided into compartments to hold one or several
vessels, 96-well plates, or strips, wherein the vessels may be
vials, test tubes, and similar articles and each vessel contains
an independent component used in the method of the present
invention; (6) auxiliary reagents, such as color development
reagent, enzyme inhibitor, buffer solutions, stabilizing agent,
diluting agent, rinsing reagent, and similar reagents; (7)
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instructions of use which may be written on vials, test tubes,
and similar articles, or on a separate piece of paper, or outside
or inside the vessels, or in the form of multimedia such as CD,
computer compact disc, or video.

[0043] Preferred antibodies can be fixed on solid-state car-
riers to form capture antibodies.

[0044] The antibodies may be any antibody segments
capable of binding YKI.-40 and MASP2 and may be recom-
binants, chimeric antibodies, humanized antibodies, and
murine antibodies or antibodies from other animal species
(e.g., rabbit, sheep, horse, or camel). Such antibodies may be
monoclonal antibodies or polyclonal antibodies, although
monoclonal antibodies are preferred.

[0045] The preferred antibody conjugate can be put to pho-
tometry with ELISA readers such as ELTASA.

[0046] Samples

[0047] Samples used by the present invention can include
multiple forms, such as whole blood, blood plasma, blood
serum, urine, cerebrospinal fluid, saliva, or tear. Blood serum
is preferred.

[0048] Samples can be prepared by normal methods such as
centrifugation, e.g., as described in the following references:
Young, D. S. & Bermes, E. W., “Specimen collection and
processing” in Tietz Textbook of Clinical Chemistry, 2nd
Edition, Eds. Burtis, C. A. & Ashwood, E. R., Saunders
(1994); Methods in Enzymology, H. Van Vunakis and J. J.
Langone (Eds), 1981, 72(B); Practice and Theory of Enzyme
Immunoassays, P. Tijssen, Laboratory Techniques in Bio-
chemistry and Molecular Biology, R. J. Burden and P. H. Van
Knippenberg (Eds.), Elsevier, 1985; Introduction to Radio-
immunoassay and Related Techniques, T. Chard, ibid, 3rd
Edition, 1987; Methods in Enzymology, H. Van Vunakis and
J. J. Langone (Eds), 1981, 74(C).

[0049] ROC Curve

[0050] After measuring, e.g., by ELISA, the concentrations
of carcinoma high expression proteins, such as YKIL.-40, and
tissue or organ specific expression proteins, such as MASP2,
in the samples, we use algorithmic analysis or other statistic
analysis for the measured concentrations of carcinoma high
expression proteins, such as YKL-40, and tissue or organ
specific expression proteins, such as MASP2 in the samples,
to derive a classification standard having significance for
sample classification. This algorithmic method is preferably
done with a computer. For example, the data can be used to
draw an ROC curve and then to classify the samples of indi-
viduals.

[0051] The full name of ROC curve is receiver operator
characteristic curve, also known as receiver operation char-
acteristic curve. It is mainly used for clinical biochemical
diagnostic tests. ROC curve is a comprehensive indicator that
reflects the continuous variables of true positive rate (sensi-
tivity) and false positive rate (1-specificity). It reveals the
relationship between sensitivity and specificity with the
image composition method. A series of different cut-off val-
ues (thresholds or critical values, boundary values between
normal and abnormal results of diagnostic test) are set as
continuous variables to calculate a series of sensitivity and
specificity values. Then sensitivity is used as the vertical
coordinate and specificity is used as the horizontal coordinate
to draw a curve. The higher the area under the curve (AUC) is,
the higher is the accuracy of diagnosis. On the ROC curve, the
point closest to the far upper left of the coordinate diagram is
a critical point having both high sensitivity and high speci-
ficity values. The AUC value of the ROC curve is between 1.0
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and 0.5. When AUC>0.5, the diagnostic result gets better and
better as AUC approaches 1. When AUC is between 0.5 and
0.7, the accuracy is low. When AUC is between 0.7 and 0.9,
the accuracy is moderate. When AUC is higher than 0.9, the
accuracy is quite high.

[0052] The ROC curve evaluation method is different from
the traditional evaluation methods in that intermediate states
are allowed in accordance with the actual situation. The test
results can be divided into several ordered classes such as
normal, basically normal, suspicious, basically abnormal,
and abnormal.

[0053] When it comes to the diagnosis of diseases, the
ordered classes mentioned above can be divided into nega-
tive, uncertain, and positive. When it comes to the diagnosis
of diseases, the ordered classes mentioned above can be fur-
ther divided into cancer and healthy.

[0054] Therefore according to the example of the detection
of YKL-40 and MASP?2 proteins in the samples, the method
of the present invention to improve the accuracy of sample
classification may comprise the following steps: (1) respec-
tively determine the YKL-40 and MASP2 concentrations in
the samples; (2) draw an ROC curve with the ratio between
YKL-40 content and MASP2 content as the variable accord-
ing to the sensitivity and specificity values of different thresh-
olds to the diagnosis of cancer, and then calculate the area
under the curve (AUC), and (3) classify the test sample
according to the expected sensitivity and specificity (cancer
or healthy).

[0055] Existing software or systems in the art may be used
for the drawing of the ROC curve, such as: MedCalc 9.2.0.1
medical statistical software, SPSS 9.0, ROCPOWER.SAS,
DESIGNROC.FOR, MULTIREADER POWER.SAS, CRE-
ATE—ROC.SAS, GB STAT V10.0 (Dynamic Microsystems,
Inc. Silver Spring, Md., USA), etc.

[0056] Diagnosis, Prognosis Evaluation, and Monitoring of
Treatment Effect or Disease Course of HCC

[0057] The present invention—including both the methods
and reagent kits described above—can be used in the diag-
nosis, prognosis evaluation, and monitoring of treatment
effect of various diseases and their states, such as cancer (e.g,,
HCC). Tt is known to all that the disease course of hepatitis is
closely related to the conversion to HCC. The typical disease
course could be: Hepatitis (e.g. hepatitis B or hepatitis
C)->cirrhosis->HCC or Hepatitis->HCC. Research by the
inventor has already revealed that the expression of hepatitis
virus can also be used as a biological marker for HCC detec-
tion and that combining the expressions of YKI.-40 and
MASP?2 for joint detection can significantly improve the suc-
cess ratio of HCC diagnosis. For this sake, the present inven-
tion further provides a method for the diagnosis, prognosis
evaluation, and monitoring of treatment effect or disease
course of hepatocarcinoma, comprising: detection of the
expression of hepatitis virus in the blood sample of the indi-
vidual; detection of the expression of YKL-40 and MASP2 in
the blood sample of the individual; algorithmic analysis of the
measured expression levels of hepatitis virus and YKL-40 and
MASP2; and classification of the measured blood sample
according to the algorithmic analysis results in order to obtain
the judgment result of HCC. The result may be: early-stage
HCC, mid-term HCC, or terminal HCC.

[0058] The expression of hepatitis virus can be done with
the standard methods in the art, such as standard blood sample
test paper method, blood sample reagent kit method, and
routine blood sample test method, etc.
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[0059] Ttis obvious that integrating the expression of hepa-
titis virus, YKL-40 and MASP2 of blood sample into the same
reagent kit will make HCC detection more convenient, time-
efficient, and economical. For this sake, the present invention
further provides a joint-test kit for the diagnosis, prognosis
evaluation, and monitoring of treatment effect or disease
course of HCC, which at least comprises: (1) binding anti-
bodies—antibodies capable of binding hepatitis virus, YKL-
40 and MASP2, and (2) marked or marking antibodies—
antibodies capable of binding hepatitis virus and/or YKL-40
and MASP2 YKI.-40 when hepatitis virus and/or YKI.-40
and/or MASP2 are bound by antibodies stated in (1). The
preferred reagent kit may further comprise: (3) standard
samples composed of solutions containing known amounts of
hepatitis virus, YKL-40 and MASP2, which may come from
the bacterial expression of gene engineering, animals, or
human body fluid, and (4) antibody markers, such as enzyme
labels like horse radish peroxidase or fluorescent marks in the
reported methods, which can bind antibodies to form conju-
gates for detection.

[0060] The present invention will be further described in
detain with the example of the HCC diagnosis of individual
blood serum as the sample.

Example 1
Sample Collection

[0061] 1 mL blood serum was taken from each of the 25
cases of HCC patients aged between 50 and 60 as the positive
control. 1 mI normal blood serum was taken from each of the
15 cases of healthy volunteers aged between 50 and 60 for
YKL-40 and MASP2 concentration test.

Measurement of YKL-40 Concentration

[0062] A YKL-40 kit produced by Quidel Company (San
Diego, Calif., USA) and a Bio-Rad 680 ELIASA (US) were
used for ELISA operation in accordance with the manufac-
turers’ instructions. The operation included the steps of:

[0063] 1. Allowing pouch of Coated Strips to equilibrate
to 18-28° C. before opening; removing Stripwell Frame
and the required number of Coated Strips from the
pouch; ensuring that the pouch containing unused strips
was completely resealed and contains desiccant; the
total number of specimens to be tested and the number of
specimens for quality control were calculated; and each
specimen needed one antigen-coated well and three rep-
licates were performed for each sample.

[0064] 2. Placing desired number of Coated Strips in
Stripwell Frame.

[0065] 3. Adding 20 ul. Standard, Control, or sample to
each well of the Coated Strips, which was completed
within 30 minutes.

[0066] 4. Adding 100 uL of Capture Solution to each
well; dispensing Capture Solution with sufficient force
to ensure adequate mixing; and tapping Stripwell Frame
several times.

[0067] 5. Incubating for 60+5 minutes at 18-28° C.

[0068] 6. Manually inverting/emptying strips. Adding at
least 250 uL. of 1x wash buffer to each well and manually
inverting/emptying strips. Repeating three more times
for a total of four washes. Vigorously blotting the strips
dry on paper towels after the last wash.
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[0069] 7. Adding 100 pL of reconstituted Enzyme Con-
Jugate to each well; discarding remaining reconstituted
Enzyme Conjugate after use.

[0070] 8. Incubating for 60+5 minutes at 18-28° C.
[0071] 9. Repeating wash as indicated in step 6.
[0072] 10.Adding 100 uL of Working Substrate Solution

to each well.

[0073] 11. Incubating for 60+5 minutes at 18-28° C.

[0074] 12. Adding 100 pL of Stop Solution to each well.
Adding Stop Solution in the same pattern and time inter-
vals as the Working Substrate Solution addition.

[0075] 13. Reading the optical density at 405 nm. Assur-
ing that no large bubbles are present in wells and that the
bottom of the strips are clean. Strips should be read
within 15 minutes of Stop Solution addition.

[0076] 14.using alinear calibration curve “Y=mx+b” to
analyze the result of YKL-40 or MASP2;

[0077] 15. using the standard curve to read the concen-
trations of YKL-40 or MASP2 in the blood serum
sample or control solution.

[0078] Results:
[0079] Table 1 below shows the detection results obtained
through the steps described above.
TABLE 1
Protein concentration YKL-
Diagnosis in serum (ng/ml) 40/MASP-2
Sample No.  result YKL-40 MASP-2 ratio
1 HCC 782.2 1359.9 57.52
2 HCC 76.8 250.2 30.7
3 HCC 705 195.7 360.25
4 HCC 1444.6 90.3 1599.78
5 HCC 165.3 281.75 58.67
6 HCC 98.7 2484 39.73
7 HCC 317.2 585 54222
8 HCC 354.1 81.6 433.95
9 HCC 211.7 167.2 126.61
10 HCC 87.8 339 259
11 HCC 734.4 292.9 250.73
12 HCC 184.4 935.9 19.7
13 HCC 94.6 206.4 45.83
14 HCC 313 208.3 150.26
15 HCC 137.3 124.7 110.1
16 HCC 4753 241.6 196.73
17 HCC 66.5 282.7 23.52
18 HCC 177.62 244.54 72.63
19 HCC 59.96 426.67 14.05
20 HCC 44.96 80.29 56
21 HCC 99.9 630.05 15.86
22 HCC 115.68 215.56 53.66
23 HCC 183.47 339.71 54.01
24 HCC 440.81 106.86 41251
25 HCC 36.09 244.06 14.79
26 Healthy 344 185 18.59
27 Healthy 215 171 12.57
28 Healthy 573 724 791
29 Healthy 54 4439 12.16
30 Healthy 62.9 356.2 17.66
31 Healthy 47.5 330.7 14.36
32 Healthy 25.8 699.9 3.69
33 Healthy 43.8 837.7 5.23
34 Healthy 48.5 470.5 10.31
35 Healthy 16.7 384.2 435
36 Healthy 14.8 7394 2
37 Healthy 39.6 469.4 8.44
38 Healthy 11 363.2 3.03
39 Healthy 10.4 330.1 3.15
40 Healthy 265.8 530.1 50.14
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[0080] Thedatain Table 1 indicate that the concentration of
YKL-40 was closely correlated to HCC. In other words, the
level of YKI-40 protein in the blood serum of HCC patients
was significantly higher than the level of YKL-40 protein in
the blood serum of healthy volunteers.

Drawing ROC Curve

[0081] A GB STAT V10.0 system (Dynamic Microsys-
tems, Inc., Silver Spring, Md., USA) was used to draw the
ROC curve with the level of YKL-40 protein as the variable
according to the sensitivity and specificity values of different
thresholds to the diagnosis of cancer, and then the area under
the curve (AUC) was calculated. The ROC curve and calcu-
lation of AUC are shown in FIG. 1.

[0082] FIG.1 shows that the AUC of the ROC curve is 0.98.
When the threshold value of the concentration of YKI.-40 is
0.87 (ng/mL), the sensitivity of HCC diagnosis is 0.92 (i.e.
92%), the specificity is 0.87 (i.e. 87%), and the success ratio
of HCC diagnosis is 0.9 (i.e. 90%).

Example 2
Measurement of MASP2 Concentrations

[0083] Similar steps to those of Example 1 were used. The
differences included: the concentration of MASP2 protein in
blood serum sample was measured with a MASP2 kit pro-
duced by Dutch Hycult Biotechnology Company (Uden, Hol-
land) in accordance to the ELISA operation instructions pro-
vided by the manufacturer.

[0084] Thetest results areincluded in Table 1 and show that
the concentrations of MASP2 were also closely correlated to
HCC. Inother words, the concentrations of MASP2 protein in
the blood serum of HCC patients were significantly higher
than the content of MASP2 protein in the blood serum of
healthy volunteers.

Drawing ROC Curve

[0085] A GB STAT V10.0 system is used to draw an ROC
curve with the content of MASP2 protein as the variable
according to the sensitivity and specificity values of different
thresholds to the diagnosis of cancer, and then to calculate the
area under the curve (AUC), as shown in FIG. 2.

[0086] FIG. 2 shows that when the threshold value of the
concentration of MASP2 is 292.9 (ng/mL), the sensitivity of
HCC diagnosis is 0.87, the specificity is 0.77 (i.e. 87%), and
the actual success ratio of HCC diagnosis is 0.8.

Example 3

[0087] YKL-40 and MASP2 were combined. In other
words, the GB STAT V10.0 system was used to draw an ROC
curve with the ratio between the concentration of YKI.-40
protein and the concentration of MASP2 protein as the vari-
able according to the sensitivity and specificity values of
different thresholds to the diagnosis of cancer, and then to
calculate the area under the curve (AUC), as shown in FIG. 3.
[0088] FIG. 3 shows that when the threshold value is 12.57
(ratio), the sensitivity of HCC diagnosis is 100% and the
actual success ratio of HCC diagnosis is 90%. The success
ratio is far greater than that (usually 70%) of AFP detection
which is being commonly used today.

[0089] In addition, by comparing FIG. 3, FIG. 1, and FIG.
2, we can see that when the threshold is 12.57, the sensitivity
of HCC diagnosis under joint detection of YKL-40 and
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MASP?2 is higher than that of any single marker (the sensi-
tivity under joint detection is 1, and the sensitivity values of
single YKL-40 and MASP2 are respectively 0.92 and 0.87)
and the actual success ratio of HCC diagnosis is 0.9.

[0090] The technical solution of the present invention has
been explained with the example of HCC diagnosis above,
wherein an independent YKI.-40 or MASP?2 kit is used for
ELISA operation and the ROC curve of joint detection of
YKL-40 and MASP2 is drawn. However, in accordance with
the disclosure of the present invention, the method of this
invent can absolutely be extended to the diagnosis, prognosis
evaluation, and monitoring of treatment effect and develop-
ment of some other diseases, which is obvious to those having
ordinary skill in the art. Therefore, alterations and modifica-
tions may be made by those having ordinary skill in the art
without departing from the spirit and scope of the invention,
and such alterations and modifications are also defined to be
within the scope of the invention.

Example 4

[0091] The method of this invention for determining the
efficacy of a drug in treating a cancer in an individual can be
performed by measuring the concentrations of marker pro-
teins in samples of the human tissue of organ that carries the
cancer. Specifically, samples (e.g., of whole blood, blood
plasma, blood serum, urine, cerebrospinal fluid, saliva, or
tear) of the diseased organ or tissue in an individual are first
collected, and the concentrations of a first set of disease
specific proteins (i.e., marker proteins, e.g., YKL-40) and
those of a second set of disease specific proteins (i.e., marker
protein, e.g., MASP2) in the samples are measured. Then the
drug is administered to the individual with the disease at
different times, and samples of the same individual are col-
lected at different times of the drug administration course.
The concentrations of the same two sets of the marker pro-
teins are also measured in all the collected samples. The
concurrent change in concentration of these two sets of
marker proteins indicates the change in the seriousness or
state of the disease, thus indicating the efficacy of the drug. If
the cancer is hepatocarcinoma (HCC), then decrease in the
concentration of YKI.-40 and increase in the concentration of
MASP?2, at the same time, would indicate that this drug may
be effective in treating HCC.

[0092] Many specific marker proteins for various cancers
other than HCC have been described in the literature. See,
e.g., U.S. Pat. No. 5,773,215; N. Seppa, Science News, 2010;
177: 11,15 (breast cancer patients typically have higher blood
concentration of EGFR, or epidermal growth factor receptor,
a cell-surface receptor protein that can trigger pro-growth
behavior in a cell, such as proliferation, survival and migra-
tion. These known marker proteins may also be used as tools
for this method.

[0093] The contents of all publications cited are incorpo-
rated herein by reference in their entireties.

What is claimed is:

1. A method for increasing the accuracy of sample classi-
fication, characterized by the detection of the protein YKI.-40
and the protein MASP2 in the samples.

2. The method according to claim 1, characterized in that
the detection comprises:

(1) measuring the concentrations of YKL-40 and MASP2

in the samples;

(2) algorithmic analysis of the concentrations of YKI.-40

and MASP2, and
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(3) classification of the samples according to the results of
the algorithmic analysis.

3. The method according to claim 2, characterized in that
the concentrations of YKL-40 and MASP2 are measured
separately.

4. The method according to claim 2, characterized in that
the algorithmic analysis is to draw ROC curves that reflects
sensitivity and specificity of the measurements, wherein the
ratios of the YKL-40 and MASP2 concentrations are used as
variables to draw ROC curves, the area under curve is calcu-
lated; then the samples are classified according to the desired
sensitivity and specificity according to different threshold
values.

5. The method according to claim 2, characterized in that
the concentration of at least one of YKL-40 and MASP?2 is
measured by ELISA.

6. The method according to claim 2, characterized in that
the concentration of at least one of YKL-40 and MASP?2 is
measured by the Lowery assay, the Bradford assay, the BCA
assay, UV absorbance, or any modification based thereon.

7. The method according to claim 2, characterized in that
the samples are selected from a group consisting of whole
blood, blood plasma, blood serum, urine, cerebrospinal fluid,
saliva, and tear.

8. The method according to claim 1, characterized in that
the method is used for the diagnosis, prognosis evaluation,
and monitoring of treatment effect and disease course of
cancer.

9. The method according to claim 8, characterized in that
the cancer is hepatocarcinoma.

10. A reagent kit comprising:

(1) binding antibodies capable of binding YKIL-40 and

MASP2, and

(2) marking antibodies capable of binding YKL-40 and
MASP2 when YKI-40 and/or MASP2 is bound by the
binding antibodies stated in (1).

11. The reagent kit according to claim 10, characterized in

that it further comprises:

(3) standard samples composed of solutions containing
known concentrations of YKL-40 and MASP2, and

(4) antibody markers for detection, which can bind anti-
bodies to form conjugates.

12. The reagent kit according to claim 10, wherein the

antibodies in (1) or (2) are capable of binding hepatitis virus.

13. A method for the diagnosis, prognosis evaluation, and
monitoring of treatment effect or disease state of a cancer or
disease of a specific tissue or organ of an individual, compris-
ing:

(1) assay of high-level expression of one or more than one
proteins or genes of the cancer or disease in the individu-
al’s blood sample;

(2) assay of low-level expression of one or more than one
tissue-specific or organ-specific proteins or genes in the
blood sample;

(3) algorithmic analysis of the measured protein content or
gene expression results, and

(4) classification of the measured sample of the individual
according to the algorithmic analysis results in order to
obtain diagnosis results of the cancer or disease.

14. The method of claim 13, wherein the protein of high-

level expression is YKL-40.

15. The method of claim 13, wherein the protein of low-
level expression is MASP2.
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16. The method of claim 13, wherein the protein of high-
level expression is YKL-40 and the protein of low-level
expression is MASP2.

17. A method for the diagnosis, prognosis evaluation, and
monitoring of treatment effect or disease course of hepato-
carcinoma in an individual, comprising:

(1) detection of the expression of hepatitis virus in the

blood sample of the individual,

(2) detection of the expression of YKL.-40 and MASP2 in

the blood sample of the individual,

(3) algorithmic analysis of the measured expression levels

of hepatitis virus, YKL-40, and MASP2, and

(4) classification of the measured blood sample according

to the algorithmic analysis results and making judgment
related to hepatocarcinoma.

18. A method for detecting the occurrence of a cancer in an
individual, comprising:

taking a test sample of the individual to be detected and a

control sample of another individual free of the cancer,
and

measuring the concentrations of a first set of disease spe-

cific and a second set of tissue or organ specific proteins
in the test sample and comparing their concentrations to
those in the control sample,
wherein the higher concentrations of the first set of disease
specific protein and the lower concentrations of the second set
of tissue or organ specific proteins in the test sample than the
concentrations of the same proteins in the control sample are
an indication of the occurrence of the cancer.

19. The method of claim 18, wherein the cancer is hepato-
carcinoma.

20. The method of claim 18, wherein the first set of disease
specific proteins are cancer over expression proteins.

21. The method of claim 20, wherein the first set of proteins
contains YKL-40.

22. The method of claim 18, wherein the second set of
proteins is a set of tissue or organ specific or enriched expres-
sion proteins.

23. The method of claim 22, wherein the second set of
proteins contains MASP2.

24. The method of claim 18, wherein the tissue or organ is
liver, breast, ovary, lung, prostate, bladder, mouth, nose, kid-
ney, stomach, throat, pancreas, heart, ovary, colon, brain,
skin, or bone,

25. The method of claim 18, wherein the test sample and
control sample are whole blood, blood plasma, blood serum,
urine, cerebrospinal fluid, saliva, or tear.

26. The method of claim 18, wherein the presence of the
cancer results in higher expression of the first set of disease
specific proteins and the lower expression of the second set of
tissue or organ specific proteins.

27. The method of claim 26, wherein the cancer is hepato-
carcinoma.

28. The method of claim 25, wherein the test sample and
control sample are whole blood, blood plasma, blood serum,
urine, cerebrospinal fluid, saliva, or tear.

29. The method of claim 26, wherein the first set of proteins
contains YKL-40.

30. The method of claim 26, wherein the second set of
proteins contains MASP2.

31. The method of claim 26, wherein the first set of proteins
contains YKL-40 and the second set of proteins contains
MASP2.
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32. The method of claim 26, wherein the cancer is hepato-
carcinoma, and the test sample and control sample are whole
blood, blood plasma, blood serum, urine, cerebrospinal fluid,
saliva, or tear.

33. A method for determining the efficacy of a drug in
treating a cancer in an individual, comprising measuring the
concentrations of a first set of disease specific proteins and a
second set of tissue or organ specific proteins in the samples
of the subject at different times of the treatment, wherein

the presence of the cancer is indicated by the higher expres-

sion of the first set of disease specific proteins and lower
expression of the second set of tissue or organ specific
proteins than those in an individual free of the cancer,
and

the decrease of the concentrations of the first set of disease

specific proteins and the increase of concentrations of
the second set of tissue or organ specific proteins in the
samples of the cancerous subject during the treatment
indicates that the severity of the cancer has decreased.
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34. The method of claim 33, wherein the cancer is hepato-
carcinoma.

35. The method of claim 33, wherein the samples are whole
blood, blood plasma, blood serum, urine, cerebrospinal fluid,
saliva, or tear.

36. The method of claim 33, wherein the first set of proteins
contains YKL-40.

37. The method of ¢claim 33, wherein the second set of
proteins contains MASP2.

38. The method of claim 33, wherein the first set of proteins
comprise YKL-40 and the second set of proteins comprise
MASP2.

39. The method of claim 38, wherein the cancer is hepato-
carcinoma, and the samples are whole blood, blood plasma,
blood serum, urine, cerebrospinal fluid, saliva, or tear of the
subject.
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