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(57) ABSTRACT 

The present invention relates to Screening methods for 
diagnosis, prognosis, or Susceptibility to cancer in a subject 
by means of detecting the presence of serum autoantibodies 
to specific annexin protein antigens in Sera from Subjects. 
The present invention also provides screening methods for 
diagnosis and prognosis of cancer in a subject by means of 
detecting increased expression levels of annexin proteins in 
biological samples of the subject. The method of the inven 
tion can also be used to identify subjects at risk for devel 
oping cancer. The method of the invention involves the use 
of subject derived biological samples to determine the 
occurrence and level of express on of annexin proteins or 
expression of annexin derived peptides or antigens, and/or 
the occurrence and level of circulating autoantibodies to 
specific annexin protein antigens. The present invention 
further provides for kits for carrying out the above described 
screening methods. Such kits can be used to screen subjects 
for increased levels of annexin proteins, or for the detection 
of autoantibodies to annexin proteins, as a diagnostic, pre 
dictive or prognostic indicator of cancer. 
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ANNEXIN PROTEINS AND AUTOANTIBODESAS 
SERUMIMARKERS FOR CANCER 

INTRODUCTION 

0001. The present invention relates to screening methods 
for diagnosis, prognosis, or Susceptibility to cancer in a 
Subject by means of detecting the presence of serum autoan 
tibodies to specific annexin protein antigens in Sera from 
Subjects. The present invention also provides screening 
methods for diagnosis and prognosis of cancer in a subject 
by means of detecting increased expression levels of 
annexin proteins in biological samples of the Subject. The 
method of the invention can also be used to identify subjects 
at risk for developing cancer. The method of the invention 
involves the use of subject derived biological samples to 
determine the occurrence and level of expression of annexin 
proteins or expression of annexin derived peptides or anti 
gens, and/or the occurrence and level of circulating autoan 
tibodies to specific annexin protein antigens. The present 
invention further provides for kits for carrying out the above 
described screening methods. Such kits can be used to 
screen subjects for increased levels of annexin proteins, or 
for the detection of autoantibodies to annexin proteins, as a 
diagnostic, predictive or prognostic indicator of cancer. The 
invention is demonstrated by way of examples in which 
elevated levels of annexin proteins, and elevated levels of 
circulating autoantibodies reactive against annexin proteins, 
have been observed in the sera of cancer subjects. 

BACKGROUND OF THE INVENTION 

0002. A number of cellular proteins have been demon 
strated to occur at increased levels in body fluids of subjects 
with different types of cancer. The increased levels of such 
proteins in cancer Subjects provide diagnostic and prognos 
tic assays for the presence of cancer. For example, elevated 
serum levels of prostate specific antigen (PSA) is frequently 
used as an indicator of the presence of prostate cancer in 
C. 

0003) Autoantibodies to normal or modified cellular pro 
teins are known to be produced by patients in certain 
diseases such as autoimmune diseases and cardiovascular 
related disorders, in Some cases even before the disease has 
produced overt symptoms. There is also increasing evidence 
for a humoral immune response to cancer in humans, as 
demonstrated by the identification of antibodies against a 
number of intracellular and Surface antigens in patients with 
various tumors (Gourevitch et al., 1995, Br. J. Cancer 
72:934-938; Yamamoto et al., 1996, Int. J. Cancer, 69:283 
289; Stockert et al., 1998, J. Exp Med. 187: 1349-1354: Gure 
et al., 1998, Cancer Res. 58:1034-1041). For example, 
Somatic alterations in the p53 gene elicit a humoral response 
in 30-40% affected patients (Souss., 1996, Immunol. Today 
17:354-356). In some instances, the detection of anti-p53 
antibodies can predate the diagnosis of cancer (Lubin et al., 
1995, Nat. Med. 7:701-702; Cawley et al., 1998, Gastroen 
terology 115:19-27). U.S. Pat. No. 5,405,749 discloses a 
method of screening for cancer-associated retinopathy 
autoantigen and testing a patient’s serum for autoantibody to 
the autoantigen. In addition, increases in relative rates of 
synthesis of major cytoskeletal proteins have been observed 
on the Surface of leukemic cells and of lymphocytes trans 
formed by mitogens and Epstein-Barr Virus (Bachvaroff, R. 
J. et al., 1980, Proc. Natl Acad. Sci. 77: 4979-4983). 
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0004 The majority of tumor derived antigens that have 
been identified and that elicit a humoral response are not the 
products of mutated genes. They include differer tiation 
antigens and other gene products that are overexpressed in 
tumors (Old and Chen, 1998, J. Exp. Med. 187: 1163-1167). 
It is not clear why only a Subset of patients with a tumor type 
develop a humoral response to a particular antigen. Factors 
that influence the immune response may include variability 
among individuals in major histocompatibility complex 
molecules. It is also possible that proteins may become 
immunogenic after undergoing a post-translational modifi 
cation, a process which may be variable among tumors of a 
similar type. 
0005) Lung cancer is the most common cancer in the 
United States and accounts for over one fourth (28%) of 
cancer deaths in the US (Travis et al., 1996, Cancer 77:2464 
2470). A number of molecular alterations including c-myc 
amplification, Ki-ras or p53 mutations have been identified 
that may affect tumor behavior (Mao et al., 1994, Cancer 
Res 54:1634-1637, Mills et al., 1995, J. Natl. Cancer Inst 
87: 1056-1060, Gao et al., 1997, Carcinogenesis 18:473 
478). Serum autoantibodies against the product oncogenes 
and tumor Suppressor genes, such as c-myc (Ben-Mahrez et 
al., 1990, Int. J. Cancer 46:35-58), c-myb (Sorokine et al., 
1991, Int. J. Cancer 47:665-669), c-erbB-2 (Pupa et al., 
1993, (Cancer Res 53:5864-5866), ras (Takahashi et al., 
1995, Clin. Cancer 1:107) and p53 (Peyrat et al., 1995, 
Lancet 345:621-622; Iizasa et al., 1998, Cancer Immunol. 
Immunother. 46:345-349), have been reported in patients 
with various malignant diseases. Autoantibodies against 
L-myc oncogene products have been reported in 10% of sera 
from patients with lung cancer (Yamamoto et al., 1996, Int. 
J. Cancer 69-283-289). Serum autoantibodies against p53 
have also been detected in Sera of non-Small-cell lung cancer 
patients (NSCLC) (Iizasa et al., 1998, Cancer Immunol. 
Immunother. 46:345-349). Elevated serum titers of anti-p53 
autoantibodies were present in approximately 20% of the 
cases of (NSCLC), and the occurrence of these autoantibod 
ies reflect the presence of p53 mulations and p53 over 
expression (Yamamoto et al., 1996, Int. J. Cancer 69:283 
289). 
0006 The detection of autoantibodies to cellular antigens 
and the identification of proteins that have elicited autoan 
tibodies has been accomplished using a variety of 
approaches. For example, Proliferating Cell Nuclear Anti 
gen (PCNA) was first described as a nuclear antigen which 
bound antibodies from Some patients with lupus erythema 
tosus (Miyachi, K., Fritzler, M.J., and Tan, E.M., 1978, J. 
Immunol 121:2228-2234). It was subsequently observed 
that resting lymphocytes did not react with the antibody, in 
contrast to mitogen stimulated lymphocytes which displayed 
nuclear staining. This ultimately led to the identification of 
the protein, designated PCNA which is recognized by this 
autoantibody in lupus (Tan, E.M., Ogata, K., and Takasaki, 
Y., 1987, J. Rheumatol., 13:89-96). In some other cases, 
candidate proteins are singled out and investigated with 
respect to their ability to induce antibodies in patients, as 
was investigated for p53 (Crawford, L.V., Firm, D.C., Bul 
brook, R.D., 1984, Int J Cancer 30:403-408). In addition, a 
technique called SEREX relies on serological analysis of 
recombinant cDNA expression libraries to identify tumor 
antigens (Old, L., elal. 1998, J. Exp. Med. 187:1163-1167). 
Thus, many approaches have been followed to search for 
proteins against which autoantibodies may be produced. 
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0007 Annexins are a family of calcium-dependent phos 
pholipid-binding proteins that are expressed ubiquitously in 
different tissues and cell types of higher and lower eukary 
otes (Benz, J. and Hofinarm, A., 1997, Biol. Chem378:177 
183). At least twelve annexin proteins have been identified. 
Among the many roles suggested for the annexin family of 
proteins, those implicating the proteins in regulated exocy 
tosis remain the most convincing (Donnelly, SR and Moss 
SE, Cell., 1997, Mol. Life Sci. 53:533-538). A typical 
annexin protein is characterized by two distinct features, (i) 
Ca"-dependent binding to phospholipids; and (ii) the pres 
ence of a conserved sequence element of about 70 amino 
acids which is repeated four or eight times in a given 
member of the family. Immunocytochemical studies of 
annexins have shown that they reside Subadjacent to plasma: 
membranes, near calcium-sequestering intracellular 
organelles (Gerke, V and Moss, SE, 1997, Biochimica et 
Biophysica Acta 1357: 129-154). Physical properties associ 
ated with annexins include inhibition of phospholipase A, 
anticoagulant activity, binding to cytoskeletal proteins, 
aggregation of membranes and vesicles and calcium-selec 
tive channel activity. Increased levels of annexin have been 
found to be associated with a number of diseases including 
multiple Sclerosis and experimental neuritis. 

SUMMARY OF THE INVENTION 

0008. It is an object of the present invention to provide 
screening methods for the diagnostic and prognostic evalu 
ation of cancer, for the identification of subjects possessing 
a predisposition to cancer, and for monitoring patients 
undergoing treatment of cancer, based on the detection of 
elevated levels of annexin autoantibodies in biological 
samples of Subjects. The invention also provides methods 
for detecting overproduction of annexin proteins and/or 
overproduction of groups of annexin proteins as a diagnostic 
or prognostic indicator of cancer. 
0009. The present invention relates to diagnostic evalu 
ation and prognosis of cancer by detecting autoantibodies to 
annexin protein antigens in the serum of Subjects with 
cancer or with precancerous lesions. The detection of 
increased serum levels of autoantibodies to annexin proteins 
constitutes a novel strategy for screening, diagnosis and 
prognosis of cancer. 
0010. The present invention provides for the use of the 
annexin protein antigens in immunoassays designed to 
detect the presence of serum autoantibodies to the annexin 
protein antigens. Such immunoassays can be utilized for 
diagnosis and prognosis of cancer. In accordance with the 
invention, measurement of annexin autoantibody levels in a 
Subjects serum can be used for the early diagnosis of cancer. 
Moreover, the monitoring of serum autoantibody levels can 
be used prognostically to stage progression of the disease. 
0011. The invention futher relates to assays developed to 
detect the level of annexin proteins in a Subjects sample. 
Such assays include immunoassays wherein the annexin 
proteins are detected by their interaction with anti-annexin 
specific antibodies. For example, annexin antibodies or 
fragments of antibodies maybe used to quantitatively detect 
the presence and amount of annexin proteins in a subjects 
sample. 

0012. The invention also relates to the use of annexin 
proteins as antigens to immunize patients Suffering from 
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diseases characterized by increased expression levels of the 
annexin protein antigens. Stimulation of an immunological 
response to Such antigens, is intended to elicit a more 
effective attack on tumor cells; Such as inter alia inhibiting 
tumor cell growth or facilitating the killing of tumor cells. 
The identification of autoantibodies to annexin protein anti 
gens associated with particular cancers provides a basis for 
immunotherapy of the disease. 
0013 The invention further provides for pre-packaged 
diagnostic kits which can be conveniently used in clinical 
settings to diagnose patients having cancer or a predisposi 
tion to developing cancer. The kits can also be utilized to 
monitor the efficiency of agents used for treatment of cancer. 
In one embodiment of the invention, the kit comprises 
components for detecting and/or measuring the levels of 
autoantibodies directed toward annexin antigens in a 
sample. In a second embodiment, the kit of the invention 
comprises components which detect and/or measure annexin 
antigens in the biological sample. 
0014. The present invention is based on the discovery 
that expression levels of Annexin I and II are increased in 
tumor tissue samples derived from Subjects with pulmonary 
adenocarcinoma or squamous cell lung cancer. Additionally, 
increased levels of autoantibodies against Annexin I and II 
were detected in the serum of the subjects with lung adeno 
carcinoma and squamous cell carcinoma. The finding that 
levels of annexin proteins and annexin autoantibodies are 
increased in Samples derived from cancer Subjects provides 
a basis for development of diagnostic and prognostic meth 
ods as well as a means for monitoring the efficacy of various 
therapeutic treatments for cancer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1. Two-dimensional gel electrophoresis of 
A549 cell lysates. The gel was stained with silver to visu 
alize the proteins. 
0016 FIG. 2. Western blot of a two-dimensional gel 
separation of a A549 cell lysate treated with serum from a 
lung cancer patient. Reactivity was observed in a group of 
contiguous protein spots designated A1 with a pl of between 
6.3 and 6.8 and a molecular weight of 37 kDa. 
0017 FIG. 3. IgM immmunoreactivity against lung can 
cer proteins. Westen blot of a two-dimensional gel separa 
tion of A549 lysates treated with serum from lung cancer 
patients. Membranes were subsequently incubated with a 
horseradish peroxidase-conjugated sheep anti-human IgM 
antibody. 
0018 FIG. 4. IgG subtype immunoreactivity against 
lung cancer patient sera. Western blot of a two-dimensional 
gel separation of A549 lysates with serum from lung cancer 
patients. Membranes were subsequently hybridized with 
horseradish peroxidase-conjugated mouse anti-human IgG1. 
IgG2, IgG3 or IgG4 antibody. 
0.019 FIG. 5. Specificity of A1 and A2IgG antibodies to 
lung cancer patient Sera. Membranes containing A549 
lysates were hybridized with sera from patients with mela 
noma, breast cancer, liver cancer or esophagal cancer. None 
of the sera exhibited IgG based immunoreactivity against 
A2, A1 proteins were observed with sera from patients with 
esophagal cancer (5/8), breast cancer (1/11), but were absent 
with sera from patients with melanoma, (0/7) and liver 
cancer (0/11). 
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0020 FIG. 6. Anti-Annexin I, and anti-Annexin II anti 
bodies are immunoreactive against proteins in the A1 and A2 
spots respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021. The present invention achieves a highly desirable 
objective, namely providing methods for the diagnostic and 
prognostic evaluation of Subjects with cancer and the iden 
tification of Subjects exhibiting a predisposition to develop 
ing cancer. The assays of the invention comprise methods 
designed to detect increased levels of annexin protein pro 
duction, or the presence of annexin autoantibodies, in serum 
or other biological samples from a Subject. For purposes of 
the present invention, annexin proteins are characterized by 
a canonical motif in which a stretch of approximately 70 
amino acids is repeated at least four times (Wallner, B. P. et 
al., 1986, Nature 320:77-80; Weber, K. and Johnson, N., 
1986, FEBS Lett, 203: 95-98; Saris, C. J. M. et al., 1986, 
Cell 46:201-212: Huang K. S. et al., 1986, Cell 46:191-199). 
0022 Specifically, the invention encompasses a method 
for diagnosis and prognosis of cancer in a subject compris 
ing: 

0023 (a) quantitatively detecting annexin protein in a 
biological sample derived from a subject; and 

0024 (b) comparing the level of protein detected in the 
subject’s sample to the level of protein detected in a 
control sample, 

wherein an increase in the level of annexin protein 
detected in the Subjects sample as compared to control 
samples is an indicator of a Subject with cancer or at 
increased risk for cancer. In addition to detecting 
annexin protein, annexin derived peptides, antigens or 
differentially modified annexin proteins may be 
detected for diagnosis and/or prognosis of cancer. 

0025. A wide variety of protein mixtures that may contain 
annexin proteins can be prepared or assayed for the level of 
protein expression. In a preferred embodiment tumor tissue 
samples, including but not limited to lung tissue samples, 
derived from Subjects Suspected of, or predisposed to cancer 
can be used to screen for increased levels of annexin protein 
production. 
0026. The present invention encompasses a method for 
diagnosis and prognosis of a subject with cancer, compris 
ing: 

0027 (a) contacting an antibody-containing biological 
sample derived from a Subject, with a sample contain 
ing annexin protein antigens under conditions such that 
an immunospecific antigen-antibody binding reaction 
can occur, and 

0028 (b) detecting the presence of immunospecific 
binding of autoantibodies present in the subject’s bio 
logical sample to the annexin protein, 

wherein the presence of immunospecific binding of 
autoantibodies indicates the presence of cancer in the 
Subject. 

0029. In a specific embodiment of invention, annexin 
proteins, including but not limited to Annexin I and II and 
peptides derived therefrom, are purified and utilized to 
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screen a Subject's serum for the presence of circulating 
autoantibodies to such protein antigens, by means of sensi 
tive and rapid immunoadsorbent assays or by other proce 
dures. 

0030 The present invention also provides for kits for 
carrying out the above-described methods. The methods can 
be performed, for example, by utilizing pre-packaged diag 
nostic kits comprising at least a reagent for detecting 
annexin protein Such as an anti-annexin antibody. Alterna 
tively, the diagnostic kits comprise an annexin protein or 
antigenic protein fragment for detection of annexin autoan 
tibodies in a subject derived sample. 
0031. The present invention is based on the discovery 
that levels of Annexin I and II proteins are increased in 
adenocarcinoma and squamous cell lung tumors derived 
from subjects with cancer. Additionally, increased levels of 
circulating autoantibodies reactive against annexin proteins 
have been detected in the serum of Subjects having adeno 
carcinoma and squamous cell lung tumors. 
5.1 Assays for Detection of Annexin Production 
0032. In accordance with the invention, measurement of 
levels of annexin proteins in samples derived from a subject 
can be used for the early diagnosis of diseases such as 
cancer. Moreover, the monitoring and quantitation of 
annexin protein levels can be used prognostically to stage 
the progression of the disease and to evaluate the efficacy of 
agents used to treat a cancer Subject. 
0033. The detection of annexin proteins in a sample-from 
a subject can be accomplished by any of a number of 
methods. Preferred diagnostic methods for the detection of 
annexin proteins in the biological sample of a Subject can 
involve, for example, immunoassays wherein annexin pro 
teins are detected by their interaction with annexin specific 
antibody. Antibodies useful in the present invention can be 
used to quantitatively or qualitatively detect the presence of 
annexins or antigenic fragments thereof. In addition, 
reagents other than antibodies, such as, for example, 
polypeptides that bind specifically to annexin proteins can 
be used in assays to detect the level of annexin protein 
expression. Alternatively, detection of annexin proteins may 
be accomplished by detection and measurement of levels of 
biological properties associated with annexin proteins. Such 
as for example, phopholipase A, and anticoagulant activity. 
0034) Immunoassays useful in the practice of the inven 
tion include but are not limited to assay systems using 
techniques such as Western blots, radioimmunoassays, 
ELISA (enzyme linked immunosorbent assay), “sandwich' 
immunoassays, immunoprecipitation assays, precipitin reac 
tions, gel diffusion precipitin reactions, immunodiffusion 
assays, agglutination assays, complement fixation assays, 
immunoradiometric assays, fluorescent immunoassays, pro 
tein A imniunoassays, to name but a few. 
0035) A biological sample which may contain annexin 
proteins, such as lung tissue or other biological tissue, is 
obtained from a subject Suspected of having a particular 
cancer or risk for cancer. Aliquots of whole tissues, or cells, 
are solubilized using any one of a variety of solubilization 
cocktails known to those skilled in the art. For example, 
tissue can be solubilized by addition of lysis buffer com 
prising (per liter) 8 Murea, 20 ml of Nonidet P-40 surfac 
tant, 20 ml of ampholytes (pH 3.5-10) 20 ml of 2-mecap 
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toethanol, and 0.2 mM of phenylmethylsulfonyl fluoride 
(PMSF) in distilled deionized water. 
0.036 Immunoassays for detecting expression of annexin 
protein typically comprise contacting the biological sample, 
Such as a tissue sample derived from a Subject, with an 
anti-annexin antibody under conditions such that an immu 
nospecific antigen antibody binding reaction can occur, and 
detecting or measuring the amount of any immunospecific 
binding by the antibody. In a specific aspect. Such binding of 
antibody, for example, can be used to detect the presence and 
increased production of annexin proteins wherein the detec 
tion of increased production of annexin proteins is an 
indication of a diseased condition. The levels of annexin 
protein in a biological sample are compared to norms 
established for age and gender-matched normal individuals 
and for Subjects with a variety of non-cancerous or pre 
cancerous disease states. 

0037. In an embodiment of the invention, the biological 
sample, such as a tissue extract is brought in contact with a 
Solid phase Support or carrier, Such as nitrocellulose, for the 
purpose of immobilizing any proteins present in the sample. 
The support is then washed with suitable buffers followed by 
treatment with detectably labeled annexin specific antibody. 
The solid phase support is then washed with the buffer a 
second time to remove unbound antibody. The amount of 
bound antibody on the solid support is then determined 
according to well known methods. Those skilled in the art 
will be able to determine optional assay conditions for each 
determination by employing routine experimentation: 
0038. One of the ways in which annexin antibodies can 
be detectably labeled is by linking the antibody to an 
enzyme. Such as for use in an enzyme immunoassay (EIA) 
(Voller A., “The Enzyme Linked Immunosorbent Assay 
(ELISA). 1978, Diagnostic Horizons 2:1-7, Microbiologi 
cal Associates Quarterly Publication, Walkersville, Md., 
Voller, A., et al., 1978, J. Clin. Pathol. 31:507-520; Butler, 
J. E., 1981, Meth. Enzymol. 73:482- 523). The enzyme 
which is bound to the antibody will react with an appropriate 
Substrate, preferably a chromogenic Substrate, in Such a 
manner as to produce a chemical moiety hat can be detected, 
for example, by spectrophotometric, fluorimetric, or by 
visual means. Enzymes that can be used to detectable label 
the antibody include, but are not limited to, horseradish 
peroxidase and alkaline phosphatase. Detection can also be 
accomplished by colorimetric methods that employ a chroi 
nogenic Substrate for the enzyme. 
0039) Detection of annexin antibodies may also be 
accomplished using a variety of other methods. For 
example, by radioactively labeling the antibodies or anti 
body fragments, it is possible to detect annexin protein 
expression through the use of a radioimmunoassay (RIA) 
(see, for example, Weintraub, B., Principles of Radioimmu 
noassays, Seventh Training Course on Radioligand Assay 
Techniques. The Endocrine Society, March 1986). The 
radioactive isotope can be detected by Such means as the use 
of a gamma counter or a scintillation counter or by autora 
diography. 

0040. The antibody may also be labeled with a fluores 
cent compound. Among the most commonly used fluores 
cent labeling compounds are fluorescein isothiocyanate, 
rhodamine, phycoerythrin and fluorescamine. Likewise, a 
bioluminescent compound may be used to label the annexin 
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antibody. The presence of a bioluminescence protein is 
determined by detecting the presence of luminescence. 
Important bioluminescence compounds for purposes of 
labeling are luciferin, luciferase and aequorin. 
0041. In a specific embodiment of the invention, the 
levels of annexin proteins in biological samples can be 
analyzed by two-dimensional gel electrophoresis. Methods 
of two-dimensional electrophoresis are known to those 
skilled in the art. Biological samples. Such as tissue samples, 
are loaded onto electrophoretic gels for isoelectric focusing: 
separation in the first dimension which separates proteins 
based on charge. A number of first-dimension gel prepara 
tions may be utilized including tube gels for carrier 
ampholytes-based separations or gels strips for immobilized 
gradients based separations. After fit-dimension separation, 
proteins are transferred onto the second dimension gel. 
following an equilibration procedure and separated using 
SDS PAGE which separates the proteins based on molecular 
weight. When comparing biological samples derived from 
different subjects, multiple gels are prepared from individual 
biological samples (including samples from normal con 
trols). 
0042 Following separation, the proteins are transferred 
from the two-dimensional gels onto membranes commonly 
used for Western blotting. The techniques of Western blot 
ting and Subsequent visualization of proteins are also well 
known in the art (Sambrook et al., “Molecular Cloning. A 
Laboratory Manual. 2" Edition, Volume 3, 1989, Cold 
Spring Harbor). The standard procedures may be used, or the 
procedures may be modified as known in the art for iden 
tification of proteins of particular types. Such as highly basic 
or acidic, or lipid soluble, etc. (See for example, Ausubel, et 
al., 1999, Curren: Protocols in Molecular Biology, Wiley & 
Sons, Inc., N.Y.). Antibodies that bind to the annexin pro 
teins are utilized in an incubation step, as in the procedure 
of Western blot analysis. A second antibody specific for the 
first antibody is utilized in the procedure of Western blot 
analysis to visualize proteins that reacted with the first 
antibody. 
0043. The detection of annexin protein levels in biologi 
cal samples can also be used to monitor the efficacy of 
potential anti-cancer agents during treatment. For example, 
the level of annexin protein production can be determined 
before and during treatment. The efficacy of the agent can be 
followed by comparing annexin expression throughout the 
treatment. Agents exhibiting efficacy are those which 
decrease the level of annexin protein production as treatment 
with the agent progresses. 
0044) The present invention is demonstrated by way of 
example wherein elevated levels of annexin proteins have 
been detected in tissue samples derived from patients with 
lung adenocarcinoma and squamous cell lung carcinoma. In 
particular, increased levels of Annexin I and II were detected 
in Samples derived from lung cancer patients. The detection 
and/or quantitative measurement of annexin proteins in 
biological samples can be used in Screening of Subjects who 
are at risk for developing certain types of cancers or other 
proliferative disorders in which the annexin proteins are 
overexpressed. In addition, qualitative differences in the 
pattern of occurrence in serum or biological fluids of dif 
ferent members of the annexin family of proteins can be 
used as a screening, diagnostic or prognostic indicator of 
cancer or cancer risk 
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5.2. Assays for Detection of Anti-Annexin Autoantibodies 
0045. The present invention provides diagnostic and 
prognostic methods for diseases Such as cancer based on 
detection of circulating annexin autoantibodies in a subject. 
The method is validated by the use of a biological sample 
from a Subject with cancer and from age and gender matched 
controls, without cancer. A biological sample which may 
contain autoantibodies, such as serum, is obtained from a 
Subject Suspected of having a particular cancer or Suspected 
of being predisposed to developing cancer. A similar body 
fluid is obtained from a control subject that does not have 
CaCC. 

0046. In accordance with the invention, measurement of 
autoantibodies reactive against the annexin protein antigens 
can be used for the early diagnosis of diseases such as 
cancer. Moreover, the monitoring of autoantibody levels can 
be used prognostically to stage the progression of the 
disease. The detection of autoantibodies in a serum sample 
from a patient can be accomplished by any of a number of 
methods. Such methods include immunoassays which 
include, but are not limited to, assay systems using tech 
niques such as Western blots, radioimmunoassays, ELISA 
(enzyme linked immunosorbent assay), 'sandwich’ immu 
noassays, immunoprecipitation assays, precipitin reactions, 
gel diffusion precipitin reactions, immunodiffusion assays, 
agglutination assays, complement fixation assays, immuno 
radiometric assays, fluorescent immunoassays, protein A 
immunoassays, to name but a few. 

0047 Such an immunoassay is carried out by a method 
comprising contacting a serum sample derived from a Sub 
ject with a sample containing the annexin protein antigen; 
under conditions such that an immunospecific antigen-anti 
body binding reaction can occur, and detecting or measuring 
the amount of any immunospecific binding by the autoant 
body. In a specific aspect, Such binding of autoantibody by 
tissue sections, for example, can be used to detect the 
presence of autoantibody wherein the detection of autoan 
tibody is an indication of a diseased condition. The levels of 
autoantibodies in a serum sample are compared to the levels 
present in an analogous serum sample from a Subject not 
having the disorder. 
0.048. The immunoassays can be conducted in a variety of 
ways. For example, one method to conduct Such assays 
involves anchoring of annexin protein onto a solid Support 
and detecting anti-annexin antibodies specifically bound 
thereto. The annexin proteins to be utilized in the assays of 
the invention can be prepared via recombinant DNA tech 
niques well known in the art. For example, a DNA molecule 
encoding an annexin a protein or an antigenic fragment 
thereof can be genetically engineered into an appropriate 
expression vector for large scale preparation of annexin 
protein. It may be advantageous to engineer fusion proteins 
that can facilitate labeling, immobilization or detection of 
the annexin protein. See, for example, the techniques 
described in Sambrook et al., 1989, Molecular Cloning: A 
laboratory Manual, Cold Spring Harbor Press, Cold Spring 
Harbor, N.Y. Alternatively, the annexin protein may be 
purified from natural Sources, e.g. purified from cells, using 
protein separation techniques well known in the art. Such 
purification techniques may include, but are not limited to 
molecular sieve chromatography and/or ion exchange chro 
matography. In practice, microtitre plates are conveniently 
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utilized as the solid support for the annexin proteins. The 
Surfaces may be prepared in advance and stored. 
0049. The present invention is demonstrated by way of 
example wherein elevated levels of circulating autoantibod 
ies reactive against several annexin protein antigens have 
been detected in the sera of cancer patients. The detection 
and/or quantitative measurement of circulating anti-annexin 
autoantibodies in serum can be used in screening of Subjects 
who are at risk for cancer or other proliferative disorders in 
which annexin protein levels arm increased. 
5.3 Immunotherapy 

0050. The invention also relates to the use of annexin 
proteins as antigens to immunize patients suffering from 
diseases characterized by the production of the annexin 
protein antigens. Stimulation of an immunological response 
to Such antigens, is intended to elicit a more effective attack 
on tumor cells; such as interalia inhibiting tumor cell growth 
or facilitating the killing of tumor cells. The identification of 
autoantibodies to annexin protein antigens associated with 
particular cancers provides a basis for immunotherapy of the 
disease. 

0051. The patient may be immunized with the annexin 
protein antigens to elicit an immune response which facili 
tates killing of tumor cells or inhibiting tumor cell growth. 
The annexin protein antigens can be prepared using the 
methods described above for purification of proteins. 

0052. In an embodiment of the invention an immunogen 
comprising a purified annexin protein antigen to which a 
patient with cancer has developed autoantibodies, is used to 
elicit an immune response. For administration, the annexin 
protein antigen should be formulated with a suitable adju 
vant in order to enhance the immunological response to the 
protein antigen. Suitable adjuvants include, but are not 
limited to mineral gels, e.g. aluminum hydroxide, Surface 
active Substances Such as lysolecithin, pluronic polyols, 
polyanions, peptides, oil emulsions, and potentially useful 
human adjuvants such as BCG (bacilli Calmett-Guerin) and 
(Corynebacterium parvum). Many methods may be used to 
introduce the formulations derived above; including but not 
limited to oral, intradermnal, intramuscular, intraperitoneal, 
intravenous, and Subcutaneous. 
5.4 Kits 

0053. The present invention farther provides for kits for 
carrying out the above-described assays. The assays 
described herein can be performed, for example, by utilizing 
pre-packaged diagnostic kits, comprising at least an annexin 
peptide (for detection of Annexin autoantibodies) or an 
annexin antibody reagent (for detection of annexin protein), 
which can be conveniently used, e.g., in clinical settings to 
diagnose disorders such as cancer. 
0054. In a first series of nonlimiting embodiments, a kit 
according to the invention comprises components for detect 
ing and/or measuring human IgG antibodies directed toward 
annexin antigen. As one example, where the antibodies are 
detected and/or measured by enzyme linked immunoabsor 
bent assay (ELISA). Such components may comprise target 
antigen, in the form of at least one and preferably a plurality 
of different annexin antigens or epitopes thereof, linked to a 
Solid phase, and a means for detecting a human antibody 
bound to target antigen. Such means for detection may be, 
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for example, an antibody directed toward the constant region 
of human IgG (e.g., rabbit anti-human IgG antibody), which 
may itself be detectably labeled (e.g., with a radioactive, 
fluorescent, colorimetric or enzyme label), or which may be 
detected by a labeled secondary antibody (e.g., goat anti 
rabbit antibody). 

0055. In a second series of nonlimiting embodiments, a 
kit according to the invention may comprise components 
which detect and/or measure annexin antigens in the bio 
logical sample of a subject. For example, where annexin 
proteins are detected and/or measured by enzyme linked 
immunoabsorbent assay (ELISA), such components may 
comprise an antibody directed to epitopes of the annexin 
proteins which can be used to detect and/or quantitate the 
level of annexin expression in the biological sample. The 
antibody itself may be detectably labeled with a radioactive, 
flourescent, colorimetric or enzyme label. Alternatively, the 
kit may contain a labeled secondary antibody. 

EXAMPLE 

6. Detection of Autoantibodies Specific for Annexin Proteins 
and Increased Levels of Annexin Protein Expression. In 
Cancer Patient Derived Samples 

0056. Using the methods of the present invention, sera 
obtained from subjects with cancer were screened for reac 
tivity against annexin proteins. The Sera samples from 
cancer subjects were found to be reactive against annexin 
proteins. In addition, increased levels of annexin protein 
production were observed in tissue samples derived from 
Subjects with cancer. 
6.1. Materials and Methods 

6.1.1. Reagents 

0057 All cell culture reagents, including Dulbecco's 
modified Eagle's medium (DMEM, containing L-glutamine, 
sodium pyruvate and pyridoxine hydrochloride), Dulbecco's 
phosphate buffered saline (PBS), fetal calf serum and peni 
cillin/streptomycin were obtained from GIBCO-BRL 
(Grand Island, N.Y.). Mouse monoclonal anti-Annexin I and 
II antibodies were obtained from ICN (Costa Mesa, Calif.). 
Mouse monoclonal anti-human IgM antibody was pur 
chased from Sigma Chemical Company (St. Louis, Mo.). 
Horseradish peroxidase-conjugated mice anti-human IgG1. 
IgG2, IgG3 and IgG4 antibodies were purchased from 
Zymed Company (San Francisco, Calif.). Horseradish per 
oxidase-conjugated sheep anti-human IgG and the anti 
mouse IgG monoclonal antibodies, the ECL (Enhanced 
Chemiluminescence) kit and the Hyperfilm MP were 
obtained from Amersharn (Arlington Heights, Ill.). Immo 
bilon-PPVDF (polyvinylidene fluoride) membranes were 
purchased from Millipore Corp. (Bedford, Mass.). The acry 
lamide used in the first dimension electrophoresis, urea, 
ammonium persulfate and PDA (piperazine diacrylamide) 
were all purchased from Bio-Rad (Rockville Center, N.Y.). 
The acrylamide used in the second dimension electrophore 
sis was purchased from Serva (Crescent Chemical, Haup 
pauge, N.Y.) and the carrier ampholytes (pH 4 to 8) and 
NP-40 were both purchased from Gallard/Schlessinger 
(Carle Place, N.Y.). All other reagents and chemicals were 
obtained from either Fisher or Sigma and were of the highest 
purity available. 
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6.1.2. Cell Culture and Preparation of Extracts 

0058 A549 human adenocarcinoma cell lines were cul 
tured at 37° C. in a 6% CO-humidified incubator in DMEM 
supplemented with 10% fetal calf serum, 100 U/ml penicil 
lin and 100 U/ml streptomycin. The cells were passaged 
weekly after they had reached 70-80% confluence. 

0059 Fresh tumor tissue was obtained at the time of 
diagnosis (i.e., biopsy tissue) from patients with lung cancer. 
The experimental protocol was approved by the University 
of Michigan Institutional Review Board for Approved 
Research Involving Human Subjects. Informed consent was 
obtained from the patients (or their families) prior to the 
study. Following excision, the tumor tissue was immediately 
frozen at -80°C., after which small amounts of tumor tissue 
were solublized in solubilization buffer and stored at -80° C. 
until use. Cultured cells were lysed by addition of 200 ul of 
solubilization buffer comprising of 8 Murea, 2% NP-40, 2% 
carrier ampholytes (pH 4 to 8), 2% 3-mecaptoethanol and 10 
mM PMSF, and harvested using a cell scraper. After an 
additional 100 ul of solubilization buffer was added, the 
Solution containing the cell extracts was transferred into 
microfuge tubes and stored at -80° C. until use. 
6.1.3. 2-D Page and Western Blotting 

0060 Proteins derived from the extracts of both cultured 
cells or Solid tumors were separated in dimensions as 
previously described (Strahler et al., 1989. Two-dimensional 
polyacrylamide gel electrophoresis of proteins. In "Protein 
Structure: A Practical Approach” T.E. Creighton (ed.) IRL 
Press, Oxford, U.K., pp.65–92), with some modifications. 
Briefly, subsequent to cellular lysis in solubilization buffer, 
35ul aliquots of solubulized tumor tissue or cultured cells 
derived from approximately 2.5x10 cells were applied onto 
isofocusing gels. Isoelectric focusing was conducted using 
pH 4 to 8 carrier ampholytes at 700 V for 16 h, followed by 
1000 V for an additional 2 h. The first-dimension tube gel 
was loaded onto a cassette containing the second dimension 
gel, after equilibration in second-dimension sample buffer 
(125 mM Tris (pH 6.8), containing 10% glycerol, 2% SDS, 
1% dithiothreitol and bromophenol blue). For the second 
dimension separation, an acrylamide gradient of 11% to 
14% was used, and the samples were electrophoresed until 
the dye front reached the opposite end of the gel. The 
separated proteins were transferred to an Immobilon-P 
PVDF membrane. Protein patterns in some gels were visu 
alized by silver staining, and on Some Immobilon-P mem 
branes by coomassie blue-staining of the membranes. 
Unstained membranes prepared for hybridization were incu 
bated with blocking buffer (comprising Tris buffered saline 
(TBS) containing 1.8% nonfat dry milk and 0.1% Tween 
20) for 2 h, then washed and incubated with serum obtained 
either from patients, or with normal control serum (300 ul of 
serum, at a 1:100 dilution) for 1 h at room temp. Following 
three washes with blocking buffer, the membranes were 
incubated with a horseradish peroxidase-conjugated sheep 
anti-human IgG antibody (at a 1:1000 dilution) for 30 min 
at room temp. The membranes were washed 5 times with 
TBS containing 0.1% Tween 20, once in TBS, briefly 
incubated in ECL and exposed to hyperfilmTM MP for 10-30 
min. Patterns visualized after hybridization with patients 
sera were compared directly to both the coomassie blue 
stained blots from the same sample to determine correlation 
with proteins, as well as to patterns obtained from hybrid 
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ization of blots derived from the same sample with sera from 
patients with other solid tumors or control sera to determine 
the specificity of autoantigens. Alternatively membranes 
were incubated with a horseradish peroxidase-conjugated 
sheep anti-human IgM antibody and processed as for incu 
bations with anti human IgG antibody. 
0061 Protein spots in both tumor and lysates of lung 
adenocarcinoma cell lines that were visualized with patient 
sera, but not with control sera, were characterized further. 
A549 cell lysates were subjected to 2-D PAGE, after which 
the separated proteins were transferred to Immobilon-P 
membranes and Subsequently stained with coomassie blue. 
Protein spots of interest were excised from the membrane 
and Subjected to N-terminal amino acid sequencing and 
mass spectrometric analysis. The resultant sequences and 
peptide masses were utilized for database searches for 
protein identification. 
6.1.4. Annexin I and II Detection by Immunoblotting 
0062 Two anti-Annexin I and II monoclonal antibodies 
were utilized. These primary antibodies were used at a 
1:5000 dilution in immunoblotting assays and processed as 
for incubations with patient Sera. 
6.2. Results 

6.2.1 Reactivity of Sera From Lung Cancer Patients with a 
Lung Cancer Protein Detected by Western Blot Analysis 
0063 A549 cell proteins were separated by 2-D PAGE 
and transferred onto Immobilon-PPVDF membranes. For 
Western blot analysis, each membrane was treated with one 
serum sample. The samples included Sera obtained at the 
time of diagnosis from 18 patients with lung adenocarci 
noma, 11 patients with squamous cell lung carcinoma, 4 
with Small cell lung carcinoma, 2 with large cell lung 
carcinoma, 19 with unclassified lung cancer; 37 patients 
with other cancers (11 breast, 7 melanoma, 11 liver, and 8 
esophageal cancer, and from 15 healthy Subjects without a 
prior history of cancer or autoimmune disease. 
0064. An example of a 2-D gel of A549 cells stained with 
silver is shown in FIG. 1. Hybridization of membranes 
using patient Sera as the primary antibody and sheep anti 
human IgG as secondary antibody revealed variable patterns 
of reactivity among patient Sera with lung cancer. Duplicate 
hybridizations resulted in similar patterns. In general, sev 
eral reactive spots were observed with most sera. Some of 
the reactive spots were observed with control sera and thus 
were considered to represent non-specific reactivity. Others 
were restricted to patient Sera with lung cancer. Most notice 
able among the latter was intense reactivity in a group of 
contiguous protein spots designated A1, with a p between 
6.3 and 6.8 M.W. of 37 kDa (FIG. 2), which was observed 
with sera of 8 of 18 lung adenocarcinoma patients, 4 of 11 
squamous cell lung carcinoma patients, 1 of 4 Small cell lung 
carcinoma, and 2 of 19 unclassified lung cancer patients and 
which was absent in A549 membranes hybridized with sera 
from normal individuals. A second group of contiguous 
protein spots designated A2 (FIG. 3), with a pi between 7.2 
and 7.8 and MW of approximately 36 kDa was observed 
with sera of 7 of 18 lung adenocarcinoma patients, 3 of 11 
squamous cell lung carcinoma patients, 2 of 4 Small cell lung 
carcinoma patients, and 6 of 19 unclassified lung cancer 
patients but absent in Sera from normal individuals. In total, 
11 of 18 Sera from patients with lung adenocarcinoma and 

Dec. 7, 2006 

6 of 11 Sera from patients with squamous cell lung carci 
noma and 3 of 4 with small cell lung carcinoma exhibited 
reactivity for A1 and/or A2. 
6.2.2. IgM Immunoreactivity Against Lung Cancer Proteins 

0065. To determine whether sera that exhibited IgG based 
immunoreactivity against A1 and/or A2 proteins also exhib 
ited IgM based immunoreactivity, serum from three patients 
with lung adenocarcinoma that exhibited IgG based immu 
noreactivity against A1 and/or A2 and from two negative 
controls were included in this analysis. Membranes contain 
ing A549 lysates were hybridized with patient and control 
sera and Subsequently incubated with a horseradish peroxi 
dase-conjugated sheep anti-human IgM antibody. Only the 
patient serum that exhibited IgG based reactivity against Al 
and A2 exhibited IgM based reactivity against these two 
contiguous set proteins (FIG. 3). 
6.2.3. IgG Subtypes Immunoreactivity Against Lung Cancer 
Proteins 

0066. To determine sera IgG subtype that exhibited IgG 
based immunoreactivity against Al 1 and/or A2 proteins, 
serum from three patients with lung adenocarcinoma that 
exhibited IgG immunoreactivity against A1 and/or A2 pro 
teins and from two negative controls were included in this 
analysis. Membranes containing A549 lysates were hybrid 
ized with patient and control Sera and Subsequently incu 
bated with a horseradish peroxidase-conjugated mouse anti 
human IgG1, IgG2, IgG3 or IgG4 antibody. Only the patient 
sera that exhibited IgG based reactivity against A1 and/or A2 
exhibited IgG1 based reactivity against these two contiguous 
sets of proteins (FIG. 4). 
6.2.4. Specificity Of A1 and A2 IgG Antibodies to Lung 
Cancer 

0067 Membranes containing A549 lysates were hybrid 
ized with Sera from patients with melanoma, breast cancer, 
liver cancer or esophageal cancer. None of the sera exhibited 
IgG based immunoreactivity against A2, and the A1 pro 
teins with Sera from patients with esophagal cancer (5/8) 
(FIG. 5), with sera from patients with breast cancer (1/11), 
but absent in sera from patients with melanoma (0/7) and 
liver cancer (0/11). 
6.2.5. Reactivity or Lung Cancer Patient Sera With Annexin 
I AND II Isoforms 

0068 To determine the identity of the A1 and A2 pro 
teins, additional membranes were prepared from A549 lung 
adenocarcinoma cell lysates and the proteins were visualized 
by Coomasie blue staining. The A1 and A2 spots were 
excised from the membranes, eluted and Subjected to trypsin 
digestion. Peptide fragments were analyzed by Mass Spec 
trometry. Four contiguous sections, designated Ala, A1 b 
(just to the left of Ala, i.e. more acidic), A1c (just to the left 
of A1b, i.e. more acidic) and Ald just to the left of Alc, i.e. 
more acidic) were excised from the blots. These four areas 
comprised, in total, the entire A1 region which was immu 
noreactive. Mass Spectrometric analysis of peptides derived 
from these sections revealed that Annexin I and Annexin II 
variants were the predominant Annexin I isoforms present 
except section A1a which produced no result. For A2 
proteins, two contiguous sections, designated A2a and A2b 
(just to the left of A1b, i.e. more acidic) were excised from 
the blots. Mass Spectrometric analysis of peptides derived 
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from these sections revealed that Annexin II variant (A2a) 
and Annexin II variant (A2b) were the predominant Annexin 
II isoforms present Additionally, A1 and A2 spots excised 
from the membranes and subjected to direct N-terminal 
sequencing. Since annexins are N-terminally blocked by 
acetylation, no results were obtained. 
6.2.6. Further Confirmation of the Annexin I and IIIsoforms 

0069. To confirm that spots A1 and A2 consisted of a 
mixture of Annexin I and Annexin II respectively, mem 
branes prepared from both the A549 adenocarcinoma cell 
line were hybridized with either a commercially available 
mouse monoclonal antibody that reacts with Annexin I, or 
the mouse monoclonal Annexin II antibody. The immunore 
activity patterns obtained were compared to both coomassie 
blue-stained blots of the same cell lysate type as well as to 
the patterns of immunoreactivity observed with sera from 
patients with lung cancer. Anti-Annexin I, and anti-Annexin 
II antibodies immunoreacted with proteins in the A1 and A2 
spots respectively visualized with lung cancer patient sera 
(FIG. 6). Strikingly, several additional low molecular 
weight immunoreactive spots were observed resulting from 
the hybridization of both monoclonal anti-Annexin I and II 
antibodies utilized. These spots have not shown immunore 
activity with any patient Sera tested. 
0070 The present invention is not to be limited in scope 
by the embodiments disclosed in the examples which are 
intended as an illustration of one aspect of the invention, and 
any compositions or methods which are functionally equiva 
lent are within the scope of this invention. Indeed, various 
modifications of the invention in addition to those shown 
and described herein will become apparent to those skilled 
in the art from the foregoing description. Such modifications 
are intended to fall within the scope of the claims 

1. A method for diagnosis and prognosis of cancer in a 
Subject comprising: 

(a) quantitatively detecting annexin protein in a biological 
sample derived from a subject; and 

(b) comparing the level of protein detected in the subjects 
sample to the level of protein detected in a control 
sample, wherein an increase in the level of annexin 
protein detected in the Subject's sample as compared to 
a control sample is an indicator of a Subject with cancer. 

2. The method of claim 1 wherein the annexin protein is 
detected using an immunoassay. 

3. The method of claim 2 wherein the immunoassay is an 
immunoprecipitation assay. 

4. The method of claim 1 wherein the sample is a lung 
tissue sample. 

5. The method of claim 1 wherein the cancer is lung 
CaCC. 

6. A method for diagnosis of a Subject with cancer 
comprising: 
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(a) contacting an antibody containing biological sample 
derived from a Subject with a sample containing 
annexin protein antigens under conditions such that an 
immunospecific antigen-antibody binding reaction can 
occur, and 

(b) detecting immunospecific binding of the autoantibod 
ies to the annexin protein in the Subject's biological 
Sample, 

wherein the presence of autoantibodies indicates the pres 
ence of cancer in the Subject. 

7. The method of claim 6 wherein the step of detecting the 
autoantibodies in the Subject’s biological sample comprises 
the use of a signal-generating component bound to an 
antibody that is specific for antibodies in the subjects 
biological sample. 

8. The method of claim 7 wherein the presence of 
autoantibodies in the biological sample is measured by an 
immunoassay comprising: 

(a) immobilizing one or more annexin protein onto a 
membrane or Substrate; 

(b) contacting the membrane or substrate with a subjects 
biological sample; and 

(c) detecting the presence, of autoantibodies specific for 
the annexin protein in the Subject’s biological sample, 

wherein the presence of autoantibodies indicates the pres 
ence of cancer. 

9. The method of claim 6 wherein the cancer is lung 
CaCC. 

10. Akit for diagnosis and prognosis of cancer in a subject 
comprising a component for detecting the presence of 
annexin protein in a biological sample. 

11. The kit of claim 10 wherein the component for 
detecting annexin proteins an anti-annexin antibody. 

12. The kit of claim 11 wherein the anti-annexin antibody 
is labeled. 

13. The kit of claim 12 wherein the label is radioactive, 
fluorescent, colorimeter or enzyme label. 

14. The kit of claim 11 further comprising a labeled 
second antibody that immunospecifically binds to the anti 
annexin antibody. 

15. Akit for diagnosis and prognosis of cancer in a subject 
comprising a component for detecting the presence of 
annexin autoantibodies in a sample. 

16. The kit of claim 15 wherein the component is an 
annexin antigen. 

17. The kit of claim 16 wherein the annexin antigen is 
labeled. 

18. The kit of claim 16 wherein the annexin antigen is 
linked to a solid phase. 

19. The kit of claim 15 further comprising a component 
for detection of the annexin autoantibody. 
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