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(7) ABSTRACT

This invention provides methods and compositions for diag-
nosis and treatment of ciliated hepatic foregut cysts (CHFC).
In particular, the methods utilize one or more cancer-testis
(CT) antigens as a marker for CHFC. The methods can
involve the following steps: (a) obtaining a biological
sample from a subject; (b) measuring the level of a CT
antigen (or the level of the CT antigen nucleic acid such as
mRNA or DNA) in the sample, and comparing the sample
CT antigen level (or the level of the CT antigen nucleic acid
such as mRNA or DNA) to the level in normal healthy
subjects. A sample CT antigen (or its mRNA or DNA) level
in excess of the level in normal healthy subjects indicates
CHEC.
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DIAGNOSIS AND TREATMENT OF
CILIATED HEPATIC FOREGUT CYSTS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 61/968,445 filed on Mar. 21, 2014, which is
incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to methods and com-
positions for the diagnosis and treatment of ciliated hepatic
foregut cysts (CHFC) and other conditions. In particular, the
present invention relates to detecting specific antigens to
diagnose CHFC.

BACKGROUND OF THE INVENTION

[0003] Ciliated hepatic foregut cysts (CHFCs) are rare,
typically benign liver lesions of congenital origin. CHFCs
are lined by a layer of ciliated columnar cells and containing
mucoid material and debris [1, 2]. Originally described by
Nikolaus Friedreich in 1857 [3], these lesions were termed
CHFCs by Wheeler and Edmondson in 1984 [4] to describe
solitary unilocular cysts of the liver with features distinct
from biliary cystadenoma, and histologically similar to
previously described ciliated bronchial and esophageal
cysts. Histologically, CHFCs consist of four layers: ciliated
pseudostratified columnar epithelium with interspersed gob-
let cells, loose sub-epithelial connective tissue, 1 to 3
smooth muscle layers, and an outer fibrous capsule [5].
[0004] CHFCs are generally found incidentally on radio-
logical imaging [6, 7] or during surgical exploration [8].
They occur more frequently in men and are found most
commonly in the medial segment of the left hepatic lobe,
unlike most other solitary cysts that show a female predomi-
nance and greater occurrence in the right hepatic lobe. There
has been an increase in the reported number of CHFC during
the past 15 years [2]. This may reflect improved techniques,
use and availability of even more sophisticated radiological
imaging. Since 1988 there was an increase in the number of
CHFCs recognized and described in the Japanese popula-
tion, but the significance of this finding is still unclear [9,
10].

[0005] CHFCs are thought to develop either from a
detached out-pouching of the hepatic foregut diverticulum
or from abnormal bronchiolar budding [11]. Although
CHEFCs are retained benign lesions, a case of squamous cell
metaplasia [12] and three cases of squamous cell carcinoma
arising from a CHFC have been described [13-15].

[0006] The potential of malignant transformation, with its
possibility of poor prognosis, makes necessary the identifi-
cation of new biomarkers for more accurate diagnosis and
treatment of CHFC.

SUMMARY

[0007] The present invention provides for a method for
diagnosing ciliated hepatic foregut cysts (CHFC) in a sub-
ject comprising the steps of: (a) obtaining a sample from the
subject; (b) detecting in the sample the presence or absence
of a cancer-testis (CT) antigen, its mRNA or its antibodies;
and (d) diagnosing CHFC if the presence of a CT antigen or
its mRNA (or antibodies) is detected.
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[0008] The present invention also provides for a method
for diagnosing ciliated hepatic foregut cysts (CHFC) in a
subject comprising the steps of: (a) obtaining a sample from
the subject; (b) measuring the level of a CT antigen, or the
level of a CT antigen mRNA or its antibodies, in the sample;
(c) comparing the CT antigen level in the sample, or the
level of the CT antigen mRNA or its antibodies in the
sample, to the level in a control sample; and (d) diagnosing
CHEC if the CT antigen level in the sample, or the level of
the CT antigen mRNA or its antibodies in the sample, is at
least 120%, at least 150%, at least 200%, at least 250%, at
least 300%, at least 350%, at least 400%, at least 450%, at
least 500% of the level in the control sample. The control
sample may contain one or more samples from normal
healthy subjects.

[0009] Also encompassed by the present invention is a
method for diagnosing and treating ciliated hepatic foregut
cysts (CHFC) in a subject comprising the steps of: (a)
obtaining a sample from the subject; (b) detecting in the
sample the presence or absence of a CT antigen, its mRNA
or its antibodies; and (c) treating CHFC in the subject if the
CT antigen, or its mRNA or its antibodies, is detected.
[0010] Also provided is a method for treating ciliated
hepatic foregut cysts (CHFC) in a subject comprising the
steps of: (a) requesting a test providing the results of an
analysis to determine whether the subject expresses a CT
antigen in a sample, or the CT antigen level in the sample (or
the level of the CT antigen mRNA or its antibodies in the
sample), compared to the level in a control sample; and (b)
treating CHFC in the subject if the CT antigen is expressed
in the sample, or if the CT antigen level (or its mRNA or its
antibodies level) is significantly higher than that in a control
sample.

[0011] In step (b) of the methods described herein, an
antibody or a fragment thereof specific to a CT antigen may
be applied to the sample to detect the presence or absence of
a CT antigen, or to measure the level of a CT antigen. The
detection of the antibody-CT antigen complex, or the sig-
nificantly higher level of the antibody-CT antigen complex,
may indicate CHFC. The antibody or a fragment thereof
may be used in an immunohistochemistry or immunofluo-
rescence assay.

[0012] The present invention additionally provides for a
method for diagnosing ciliated hepatic foregut cysts (CHFC)
in a subject comprising the steps of: (a) obtaining a sample
from the subject; (b) applying to the sample an antibody or
a fragment thereof specific for a cancer-testis (CT) antigen,
wherein presence of the CT antigen creates an antibody-CT
antigen complex; (c) detecting the antibody-CT antigen
complex; and (d) diagnosing CHFC where the antibody-CT
antigen complex is detected.

[0013] In one embodiment, the CT antigen is Sperm
protein 17 (Sp17), AKAP-associated sperm protein (ASP),
or a combination thereof. In another embodiment, the CT
antigen is SP17, ASP, NY-ESO-1, CABYR, TSP50, BORIS,
RQCDI1, BAGE, SSX, SCP-1, Piwil2, LAGE-1, SS8X,
AKAP, SCP-1, or combinations thereof.

[0014] The sample may be a tissue, cells, a body fluid such
as blood, serum, plasma etc.

[0015] When CHFC is diagnosed in the subject, it may be
treated. Treatment may involve removing the cyst(s) by
surgery (e.g., laparoscopic excision) or administering to the
subject an agent that attenuates the CT antigen’s level or
activity. In one embodiment, the agent is an antibody or a
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fragment thereof, an siRNA, an shRNA, an antisense mol-
ecule, or a ribozyme. The agent may be administered sys-
temically, or injected into a cyst(s).

[0016] The subject may be additionally or preliminarily
diagnosed by ultrasound, computed-tomography (CT), mag-
netic resonance imaging (MRI), fine needle aspiration cytol-
ogy (FNAC), immunohistochemistry, surgery, or a combi-
nation thereof.

[0017] Also encompassed by the present invention is a
method for diagnosing ciliated hepatic foregut cysts (CHFC)
in a subject comprising the steps of: (a) obtaining a sample
from the subject; (b) detecting in the sample the presence or
absence of Sperm protein 17 (Sp17) and/or AKAP-associ-
ated sperm protein (ASP); and (c) diagnosing CHFC if SP17
and/or ASP are detected. In one embodiment, SP17 and ASP
are detected by antibodies specific to SP17 and ASP, respec-
tively.

BRIEF DESCRIPTION OF THE FIGURES

[0018] FIG. 1. Western blots of spermatozoa obtained
from healthy, fertile donors’ lysates, which demonstrate the
specificity of the antibodies against Sperm protein 17 (Sp17)
and AKAP-associated sperm protein (ASP), respectively on
the labeled histological sections. p-actin shows an immu-
noreactive band of 42 kDa. The reference molecular weights
are indicated at left.

[0019] FIG. 2. Spl17 (A) and ASP (B) were localized
within the cytoplasm of ciliated cells lining the cysts, and in
their cilia. No immunoreactivity was recognized at the level
of sub-epithelial connective tissue, smooth muscle layer, or
of the outer fibrous capsule. Objective magnification 20x.
Inset of FIG. 2B, objective magnification 40x.

[0020] FIG. 3. Confocal microscopy demonstrates that
both Sp17 and ASP overlap in the same region of the cell.
No immunoreactivity was recognized at the level of sub-
epithelial connective tissue, smooth muscle layer, or of the
outer fibrous capsule, confirming the immunohistochemistry
analysis. Panel A, objective magnification, 20x; Panel B,
objective magnification, 40x.

DETAILED DESCRIPTION

[0021] This invention provides methods and compositions
for diagnosis and treatment of CHFC. In particular, the
methods utilize one or more cancer-testis (CT) antigens as a
marker for CHFC. The methods may involve the following
steps: obtaining a biological sample from a subject; mea-
suring the level of a CT antigen (or the level of the CT
antigen nucleic acid such as mRNA or DNA) in the sample,
and comparing the sample CT antigen level (or the level of
the CT antigen nucleic acid such as mRNA or DNA) to the
level in a control (e.g., from one or more normal healthy
subjects). A sample CT antigen (or its mRNA or DNA) level
in excess of the level in the control indicates CHFC.

Cancer-Testis (CT) Antigens

[0022] Cancer-testis (CT) antigens are proteins expressed
in normal gametogenic tissues and in different types of
tumors (Scanlan et al., 2002, Immunol Rev. 188:22-32.
Scanlan et al., 2004, Cancer Immun. 4:1. Zendman et al.,
2003, J Cell Physiol. 194(3):272-88. Simpson et al., 2005,
Nat Rev Cancer. 5(8):615-25. Bodey, 2002, Expert Opin
Biol Ther. 2(6):577-84). In testis, CT antigens are expressed
exclusively in cells of the germ cell lineage. although there
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is a marked variation in the protein expression pattern during
different stages of sperm development. Likewise, a hetero-
geneous expression is also observed in tumors. It has been
proposed that the aberrant expression of CT antigens in
tumors recapitulates portions of the germline gene expres-
sion program and is related to some characteristics of the
neoplastic phenotype such as immortality, invasiveness,
immune evasion and metastatic capacity. Chiriva-Internati et
al., Cancer Testis Antigens: A Novel Target in Lung Cancer,
International Reviews of Immunology, 31:321-343, 2012.
Pandey et al., Cancer Testes Antigens in Breast Cancer:
Biological Role, Regulation, and Therapeutic Applicability,
International Reviews of Immunology, 31:302-320, 2012.
Mirandola et al., Cancer Testis Antigens: Novel Biomarkers
and Targetable Proteins for Ovarian Cancer, International
Reviews of Immunology, 30:127-137, 2011. Simpson et al.,
2005, Nat Rev Cancer. 5(8):615-25. Old, L 1., 2001, Cancer
Immun. 1:1. U.S. Pat. No. 8,207,300.

[0023] Non-limiting examples of CT antigens include
SP17, ASP, NY-ESO (NY-ESO-1, etc.) CABYR, TSP50,
BORIS, RQCDI, BAGE, SSX, SCP-1, Piwil2, OY-TES-1,
LAGE-1, AKAP, SCP-1/HOM-TES-14, MAGE (MAGE-A,
MAGE-B, MAGE-C, etc.), GAGE (GAGE-A, GAGE-B,
etc.), PAGE, XAGE, CAGE, HOM-TES-85, SAGE, BAGE,
CT9/3BRDT, HAGE, SPOI11, and SPAG9.

[0024] SP17 has prominent expression in cancers of vari-
ous histological-type, such as melanoma, myeloma, ovarian,
esophageal and lung cancer. In 2011, Chiriva et al. discov-
ered expression of SP17, along with other CT antigens such
as AKAP-4 and PTTG in NSCLC. Chiriva et al. Identifica-
tion of new cancer/testis antigens in non-small cell lung
cancer. ] Immunol. 2011; 165:16. The SP17 N-terminus
shares 45% similar identity with the human type II regula-
tory subunit of protein kinase A (RII alpha), while SP17
C-terminus is 43% identical to the calmodulin-binding site
of neuromodulin. Chiriva-Internati M. Sperm protein 17:
clinical relevance of a cancer/testis antigen, from contracep-
tion to cancer immunotherapy, and beyond. Int. Rev. Immu-
nol. 2011; 30(2-3):138-149. Kong et al., Sequence and
localization of the mouse sperm auto antigenic protein,
Spl7. Biol. Reprod. 1995; 53(3):579-590. SP17 is crucial
for spermatogenesis and its C-terminus functions as calmo-
dulin, once it is truncated by proteases during the acrosome
reaction. In addition, the N-terminus of SP17 participates in
cAMP-dependent protein kinases including protein kinase
A. SP17 also serves as an interacting molecule for A-kinase
anchoring proteins (AKAP), a scaffold protein that delegates
and localizes the PKA in different compartments within the
cell. Lea et al., Association of sperm protein 17 with
A-kinase anchoring protein 3 in flagella. Reprod. Biol.
Endocrinol. 2004; 2(1):57. Recent studies have demon-
strated that SP17 not only increases resistance to chemo-
therapy as seen in ovarian cancer and esophageal cancer but
it also increases metastasis and results in poor prognosis.
Chiriva-Internati et al., Tumor vaccine for ovarian carci-
noma targeting sperm protein 17. Cancer 2002; 94(9):2447-
2453. Chiriva-Internati et al. A NOD/SCID tumor model for
human ovarian cancer that allows tracking of tumor pro-
gression through the biomarker Sp17. J. Immunol. Methods.
2007;321(1-2):86-93. Kausar T. Sperm protein 17 is a novel
marker for predicting cisplatin response in esophageal
squamous cancer cell lines. Int. J. Cancer. 2010; 126(6):
1494,
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[0025] New York esophageal squamous cell carcinoma-1
(NY-ESO-1) is also known as CTAG1B or LAGE2b. Lee et
al. studied NY-ESO-1 in cultured lung cancers and demon-
strated that HLA-restricted cytotoxic T lymphocyte recog-
nized NY-ESO-1 expression. Lee et al. NY-ESO-1 may be a
potential target for lung cancer immunotherapy. Cancer .
Sci. Am. 1999; 5(1):20-25. Moreover, NY-ESO-1 is
expressed in various cancers including lung, melanoma,
myeloma, sarcoma, bladder, breast, and ovarian cancer.
Juretic et al. Expression and possible prognostic role of
MAGE-A4, NYESO-1, and HER-2 antigens in women with
relapsing invasive ductal breast cancer: retrospective immu-
nohistochemical study. Croat Med J. 2006; 47(1):32-41. Cho
et al. Physical interaction of two cancer-testis antigens,
MAGE-C1 (CT7) and NY-ESO-1 (CT6). Cancer Immun.
2006; 6:12. Sugita et al. NY-ESO-1 expression and immu-
nogenicity in malignant and benign breast tumors. Cancer
Res. 2004; 64(6):2199-2204.Theurillat et al. NY-ESO-1
protein expression in primary breast carcinoma and metas-
tases—correlation with CD8+ T-cell and CD79a+ plasma-
cytic/B-cell infiltration. Int. J. Cancer. 2007; 120(11):2411-
2417.

[0026] CABYR was historically seen in testis-specific
tissue, but recently CABYR was observed to be expressed in
brain tumors. Moreover, Lou et al. discovered expression of
CABYR in cultured lung cancer cells that consisted of
adenocarcinomas and squamous cell carcinomas. Luo et al.,
CABYR is a novel cancer-testis antigen in lung cancer. Clin.
Cancer Res. 2007; 13(4):1288-1297. The same group con-
cluded from the same study that CABYR also stimulates
immunogenic responses, and therefore would be an excel-
lent target for immunotherapy. The role of CABYR is
suggested to be in sperm capacitation where it has observ-
able calcium-binding capacity and may participate in cal-
cium-signaling pathways that regulate sperm motility.
Naaby-Hansen et al. CABYR, a novel calcium-binding
tyrosine phosphorylation-regulated fibrous sheath protein
Involved in capacitation. Dev Biol. 2002; 242(2):236-254.
There are different isoforms of CABYR including CR-A and
CR-B of which the calcium binding occurs only with CR-A.
Almeida et al. CT database: a knowledge-base of high-
throughput and curated data on cancer-testis antigens.
Nucleic Acids Res. 2009: 37(Suppl. 1):D816-D819. Similar
to SP17, the N-terminus of CABYR contains an RII
dimerization domain, which allows binding of CABYR to
AKAP3 and ropporin. Liet al. CABYR binds to AKAP3 and
ropporin in the human sperm fibrous sheath. Asian J Androl.
2011; 13(2):266-274. Fibrous sheath CABYR-binding pro-
tein (FSCB), a novel protein kinase A-phosphorylated cal-
cium-binding protein, is a binding partner of CABYR.
FSCB is also a substrate for PKA phosphorylation, serine/
threonine phosphorylation, cAMP, and c¢GMP-dependent
protein kinase phosphorylation. Li et al. FSCB, a novel
protein kinase A-phosphorylated calcium-binding protein, is
a CABYR-binding partner involved in late steps of fibrous
sheath biogenesis. J. Biol. Chem. 2007; 282(47):34104-
34119.

[0027] Testes-specific protease (TSP50) represents a type
of threonine protease and may have a crucial role in mam-
malian spermatogenesis. In 2011, TSP50’s function was
discovered to be associated with the nuclear factor kB
(NF-kB) signaling pathway. Song et al. Testes-specific pro-
tease 50 (TSP50) promotes cell proliferation through the
activation of the nuclear factor kB (NF-xB) signaling path-
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way. Biochem. J. 2011; 436(2):457-467. TSP50 has potent
influence of the NF-kB pathway because it inhibits the
inhibitor of NF-kB, also known as the IkBa complex. With
this control over the NF-kB pathway, TSP50 can regulate
tumor necrosis factor oo (TNFa), the PMA-induced NF-xB
(nuclear factor kB)-responsive reporter activity, and the p65
nuclear translocation. TSP50 is highly implicated in breast
cancers due to its presence at both the mRNA level (28%)
and protein level (92%). Shan et al. TSP50, a possible
protease in human testes, is activated in breast cancer of
epithelial cells. Cancer Res. 2002; 62(1):290-294. Melano-
cytic lesions and testicular cancers also show an increased
TSP50 mRNA expression.

[0028] The Brother of the Regulator of Imprinted Sites
(BORIS) gene is located at 20q13.31 and it functions as a
significant transcriptional regulator by directing epigenetic
reprogramming at CTCF sites in normal cells and tumor
development. D’Arcy et al. BORIS, a paralogue of the
transcription factor, CTCEF, is aberrantly expressed in breast
tumours. Br I Cancer. 2008; 98:571-579. It regulates the
expression of MAGE-Al, NY-ESO-1, TSP50, and SPANX.
Hong et al. Reciprocal binding of CTCF and BORIS to the
NY-ESO-1 promoter coincides with de-repression of this
cancer-testis gene in lung cancer cells. Cancer Res. 2005;
65:7763-7774. Vatolin et al. Conditional expression of the
CTCF-paralogous transcriptional factor BORIS in normal
cells results in demethylation and de-repression of MAGE-
A1 and reactivation of other cancer-testis genes. Cancer Res.
2005; 65:7751-7762. Dougherty et al. established the fun-
damental role that BORIS plays in longevity of cancer cells
when they demonstrated increased apoptosis in MDA-MB-
231 breast cancer cells upon silencing of the BORIS gene.
Dougherty et al. Selective apoptosis of breast cancer cells by
siRNA targeting of BORIS. Biochem Res Commun. 2008;
370(1):109-112. BORIS’s expression has been reported at
the mRNA level in breast, gynecological, and melanocytic
cancers and at the protein level in breast cancer.

[0029] RQCDI, located on 2q35, has been suggested to be
involved in breast cancer development. It has been identified
in a CCR4-NOT transcription complex that participates in
mRNA transcription and degradation. Chen et al. Purifica-
tion and characterization of the 1.0 MDa CCR4-NOT com-
plex identifies two novel components of the complex. I.
Mol. Biol. 2001; 14(4):683-694. In 2009, it was discovered
that RQCD1 also interacts with the Grb10 interacting pro-
teins 1 (GIGYF1) and 2 that play instrumental roles in
aberrantly activating the Akt pathway in breast cancer cells.
Ajiro et al. Involvement of RQCDI overexpression, a novel
cancer-testis antigen, in the Akt pathway in breast cancer
cells. Int. I. Cancer. 2009; 35(4):673-681. Therefore,
RQCD1 may have oncogenic activity because it promotes
tumor growth by uncontrolled activation of the Akt pathway
in breast cancer cells.

[0030] The BAGE gene, found on 21pll.1, has been
found to be present in many cancers at the mRNA level;
however, there is no information regarding its function.
[0031] Synovial Sarcoma X (SSX) was discovered in
synovial sarcoma tissues and cell lines, as the fusion gene
product SS18-SSX from the chromosomal translocation of
t(X;18(p11.2;q11.2). Scanlan et al., The cancer/testis genes:
Review, standardization, and commentary. Cancer Immun.
2004 Jan. 23; 4:1. Clark et al. Identification of novel genes,
SYT and SSX, involved in the t(X;18)(p11.2;q11.2) trans-
location found in human synovial sarcoma. Nat. Genet.
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1994; 7:502-508. These fusion gene products also encode
for nuclear proteins that differ in transcriptional activities.
While SS18 promotes transcription, SSX represses tran-
scription and together they down-regulate COM1, a regula-
tor of gene cell proliferation. SSX has been found to have
immunogenic properties in melanoma, breast, colon, and
ovarian cancer. So far, nine SSX genes have been identified
and all are on chromosome X. Gure et al. The SSX gene
family: Characterization of 9 complete genes. Int. J. Cancer
2002 Oct. 10; 101:448-453. Of this family, SSX-1, SSX-2,
SSX-4, and SSX-5 are expressed at varying frequencies,
whereas they are all expressed in the testis. The PCR
analysis on OC patients and cell lines showed no correlation
between the expression of SSX genes and clinic pathologic
characteristics such as histological type, grade, recurrence,
and survival. Valmori et al. Expression of synovial sarcoma
X (8SX) antigens in epithelial ovarian cancer and identifi-
cation of SSX-4 epitopes recognized by CD4+ T cells. Clin.
Cancer Res. 2006 Jan. 15; 12:398-404. Furthermore, there is
evidence of a correlation between a positive prognosis and
the presence of spontaneous antibodies against SSX-2 and
SSX-4, especially CD4+ T cells against specific epitopes of
SSX-4.

[0032] HOM-TES-14 (SCP-1) is a synaptonemal complex
protein involved in chromosomal reduction during meiosis
(Tammela et al. SCP-1 cancer/testis antigen is a prognostic
indicator and a candidate target for immunotherapy in epi-
thelial ovarian cancer. Cancer Immun. 2004 Oct. 18; 4:10),
and its expression was confirmed in different types of
tumors. Meuwissen et al. A coiled-coil related protein spe-
cific for synapsed regions of meiotic prophase chromo-
somes. EMBO J 1992; 11:5091-5100. The analysis of the
expression rate of this antigen was performed on different
ovarian cell samples, tumoral OC (ovarian cancer) cell lines,
normal ovary cell lines, and a panel of normal tissues. None
of the ovarian cell lines, tumoral or normal, expressed
SCP-1, while 15% of the specimens expressed it. Cannistra
S A. Cancer of the ovary. N. Engl. J. Med. 2004 Dec. 9;
351:2519-2529. No expression of the gene was detectable
either by immunohistochemical analysis or by ELISA for
immunogenicity. However, data collected during the analy-
sis about this antigen suggest a relationship between SCP-1
expression and survival in EOC (epithelial ovarian carci-
noma). The median survival time of women SCP-1+ was
significantly shorter than SCP-1- patients (25 months versus
97 months, p=0.004), which showed evidence of the pos-
sible fundamental role of this antigen in disease progression.
Cannistra SA. Cancer of the ovary. N Engl T Med 2004 Dec.
9;351:2519-2529. Expression of SCP-1 is seen in numerous
cell lines including malignant gliomas, breast, renal cell, and
epithelial ovarian cancer. In epithelial ovarian cancers,
SCP-1 has been correlated with poor prognosis and survival.
Cheng et al., Cancer/testis (CT) antigens, carcinogenesis and
spermatogenesis. Spermatogenesis. 2011; 1(3):209-220.

[0033] OY-TES-1 is the human homologue of proacrosin
binding protein sp32 precursor, identified in other mammal
species, such as the pig and mouse. Baba et al., Sperm from
mice carrying a targeted mutation of the acrosin gene can
penetrate the oocyte zona pellucida and effect fertilization. J.
Biol. Chem. 1994; 269:31845-31849.The expression of this
CTA was studied and determined by reverse-transcription
polymerase chain reaction (RT-PCR) in 100 EOC (epithelial
ovarian carcinoma) samples, 5 EOC cell lines, and a panel
of normal tissues. The same EOC tissues were analyzed by
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immunohystochemistry (IHC), and a sub-group of patients’
sera was tested for antibodies against OY-TES-1. Although
antibodies against this CT target were identified by ELISA
in only 10% of the sera samples, the results of the RT-PCR
and THC confirmed the over-expression of this antigen in
69% of the tumor samples. Tammela et al, OY-TES-1
expression and serum immunoreactivity in epithelial ovarian
cancer. Int. J. Oncol. 2006; 29:903-910. However, recent
evidences show that OY-TES-1 is correlated with OC cell
proliferation and accounts for paclitaxel resistance. White-
hurst et al., Tumor antigen acrosin binding protein normal-
izes mitotic spindle function to promote cancer cell prolif-
eration. Cancer Res. 2010; 70:7652-7661.

[0034] Piwi genes are known to be the first gene class
required for stem cell self-renewal in a large number of
organisms. Cox et al. A novel class of evolutionarily con-
served genes defined by piwi are essential for stem cell
self-renewal. Genes Dev. 1998 Dec. 1; 12:3715-3727.
Because of their importance in the self-renewal pathway of
stem cells, gametogenesis and RNA interference (RNAi),
these genes are highly conserved during evolution, and in
mammals, these genes play a key role in spermatogenesis.
Deng et al., a murine homolog of piwi, encodes a cytoplas-
mic protein essential for spermatogenesis. Dev. Cell 2002,
2:819-830. Kuramochi-Miyagawa et al. Mili, a mammalian
member of piwi family gene, is essential for spermatogen-
esis. Development 2004; 131:839-849. RT-PCR analysis
demonstrated the expression of Piwil2 gene only in the
testis and its total absence in other normal tissues, both in
mouse and human samples. Analysis of the expression of
this gene by immunostaining using anti-Piwil2-antibody
confirmed the presence of the protein only in the sper-
matogonia and spermatocytes in mouse and human samples.
Kuramochi-Miyagawa et al. Two mouse piwi-related genes:
Miwi andmili. Mech. Dev. 2001; 108:121-133. Lee et al.
Stem-cell protein Piwil2 is widely expressed in tumors and
inhibits apoptosis through activation of Stat3/Bel -XL path-
way. Hum. Mol. Genet. 2006 Jan. 15; 15:201-211. Sasaki et
al. Identification of eight members of the Argonaute family
in the human genome small star, filled. Genomics 2003;
82:323-330. Piwil2 activates the expression of Bel-XL, a
member of bel-2 gene family. The bel-2 gene family is
involved in the regulation of cell death. Ke et al. Putative
tumor suppressor Lats2 induces apoptosis through down-
regulation of Bel-2 and Belx(L). Exp. Cell Res. 2004 Aug.
15;298:329-338. Reed J C. Bel-2 family proteins. Oncogene
1998 Dec. 24; 17:3225-3236. ZamzamiN et al. Subcellular
and submitochondrialmode of action of Bcl-2-like oncopro-
teins. Oncogene 1998 Apr. 30; 16:2265-2282. This suggests
that inhibiting this gene could decrease the uncontrolled
expansion of malignant cells. Results have recently been
obtained showing that Piwil2 modulates chromatin modi-
fications and enhances cisplatin resistance. Accordingly,
Piwi12 knockdown in OC cell lines restore drug sensitivity.
Wang et al., Stem cell protein Piwil2 modulates chromatin
modifications upon cisplatin treatment. Mutat. Res. 2011;
14:14.

[0035] LAGE-1 gene encodes for a protein of 180 amino
acid residues. Lethe et al. LAGE-1, a new gene with tumor
specificity. Int. J. Cancer 1998 Jun. 10; 76:903-908. OC
specimens were investigated by RT-PCR in order to evaluate
LAGE-1 expression. It was found that LAGE-1 expression
was detectable in 21% of the tumor specimens. In particular,
the expression of LAGE-1 was analyzed in relation with
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NY-ESO-1 because of their high grade of homology, and
considering both of the genes’ expressions, about 50% of the
specimens are positive for at least one of them. Odunsi et al.
NY-ESO-1 and LAGE-1 cancer-testis antigens are potential
targets for immunotherapy in epithelial ovarian cancer.
Cancer Res 2003 Sep. 15; 63:6076-6083. There is a corre-
lation between the expression of LAGE-1 and the later
stages of disease, but there were no significant differences in
the distribution of LAGE-1 expression and histological
grade, disease-free survival and overall survival [43]. Analy-
sis of patients’ sera was performed in order to evaluate the
presence of LAGE-1 antibodies. Because of the high homol-
ogy with NY-ESO-1, it was impossible to separate the two
specific antibodies so the data were correlated with the
RT-PCR in order to correlate gene expression, stage, and
histological characteristics. All of the positive patients
(25%) had tumors of serous histology (except one with
transitional cell carcinoma) and advanced stage. Odunsi et
al. NY-ESO-1 and LAGE-1 cancer-testis antigens are poten-
tial targets for immunotherapy in epithelial ovarian cancer.
Cancer Res 2003 Sep. 15; 63:6076-6083.

[0036] A-kinase anchoring proteins (AKAP) are a group
of heterogeneous proteins that bind the regulatory subunit of
protein kinase A (PKA) and enable PKA to be exposed to
cAMP efficiently. Michel et al. AKAP mediated signal
transduction. Annu Rev. Pharmacol. Toxicol. 2002; 42:235-
257. Chemotherapy based on paclitaxel, which shows dam-
age to microtubules, activates PKA and induces hyper-
phosphorylation of Bcl-2 causing growth arrest and
apoptosis, is common in OC treatment after surgery. Sriv-
astava et al. Involvement of microtubules in the regulation
of Bel2 phosphorylation and apoptosis through cyclic AMP-
dependent protein kinase. Mol. Cell. Biol. 1998; 18:3509-
3517. Tortora et al. Synergistic inhibition of growth and
induction of apoptosis by 8-chloro-cAMP and paclitaxel or
cisplatin in human cancer cells. Cancer Res 1997 Nov. 15;
57:5107-5111. Covens et al. Systematic review of first-line
chemotherapy for newly diagnosed post-operative patients
with stage 11, 1L, or IV epithelial ovarian cancer. Gynecol.
Oncol. 2002 April; 85:71-80. Young et al,, Paclitaxel: A
pharmacoeconomic review of its use in the treatment of
ovarian cancer. Pharmacoeconomics 2001; 19:1227-1259.
The gene product of AKAP-3 is also involved in the regu-
lation of human spermatozoa motility (Luconi et al., Cell
Mol. Biol. (Noisy-le-grand) 2003; 49:357-369) and has been
demonstrated to belong to sperm protein. Its mRNA expres-
sion has been observed only in the testis and normal human
tissues (Vijayaraghavan et al. Isolation and molecular char-
acterization of AKAP 110, a novel, sperm-specific protein
kinase A-anchoring protein. Mol. Endocrinol. 1999; 13:705-
717). AKAP-3 expression in OC and its relation with disease
stage was confirmed in different studies. Hasegawa et al.
A-kinase anchoring protein 3 messenger RNA expression in
ovarian cancer and its implication on prognosis. Int. .
Cancer 2004 Jan. 1; 108:86-90. Sharma et al. A-kinase
anchoring protein 3 messenger RNA expression correlates
with poor prognosis in epithelial ovarian cancer. Gynecol
Oncol 2005 October; 99:183-188. The presence of this
antigen seems to be strictly correlated with a poor prognosis
and with a low survival rate for the OC patients expressing
AKAP-3. Tureci et al. Identification of ameiosis-specific
protein as a member of the class of cancer/testis antigens.
Proc. Natl. Acad. Sci. USA 1998 Apr. 28; 95:5211-5216.
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Diagnosis

[0037] Diagnostic methods of the invention can involve
determining the aberrant expression of one or more of the
CT antigen described herein, or the aberrant level of the
corresponding nucleic acid molecules (e.g., CT antigen’s
mRNA, DNA that encode the CT antigen, etc.). The diag-
nostic methods of the invention can be used to detect the
presence of a disorder (e.g., CHFC) associated with aberrant
expression of a CT antigen (e.g., onset of the disorder), as
well as to assess the progression and/or regression of the
disorder, such as in response to a treatment.

[0038] In one embodiment, the present invention provides
amethod of diagnosing CHFC in a subject. The method may
have the following steps: (a) obtaining a biological sample
from the subject; (b) measuring the level of a CT antigen (or
the level of mRNA or DNA of a CT antigen) in the sample
and comparing the level to the CT antigen level (or the level
of mRNA or DNA of a CT antigen) in a control (e.g., from
a normal healthy subject(s)), where a statistically significant
difference in CT antigen levels (or the level of mRNA or
DNA of a CT antigen) indicates the presence of CHFC. The
control may also be the level of the CT antigen in a
disease-free control group or background levels measured in
the same subject.

[0039] The diagnosis can be confirmed by correlation of
the assay results with other clinical signs of disease known
to those skilled in the clinical arts, such as the diagnostic
modalities including, but not limited to, ultrasound, com-
puted-tomography (CT), magnetic resonance imaging
(MRI), fine needle aspiration cytology (FNAC), immuno-
histochemistry and surgery. Alternatively, the subject may
have at least a preliminary diagnosis of CHFC based on the
diagnostic modalities described herein.

[0040] The diagnosis indicated by the CT antigen level (or
the level of mRNA or DNA of a CT antigen) measurements
made according to the methods of the present invention can
be independently confirmed with reference to clinical mani-
festations of disease known to practitioners of ordinary skill
in the clinical arts.

[0041] The method for diagnosing a disorder (e.g., CHFC)
characterized by aberrant expression of a CT antigen may
involve: detecting expression of a CT antigen (or its mRNA)
in a biological sample obtained from a subject, wherein
aberrant level of a CT antigen or its mRNA (e.g., differential
level of the CT antigen or its mnRNA compared to a control)
indicates that the subject has a disorder characterized by
aberrant level of a CT antigen or its mRNA, such as CHFC.
[0042] As used herein, “aberrant” level of a CT antigen or
its mRNA refers to any level that is significantly different
from the expected (e.g., normal or baseline) level. For
example, the level of a CT antigen (i.e., CT antigen poly-
peptides or the corresponding nucleic acid molecules such as
DNA that encodes the CT antigen, or its mRNA) in a tissue
or body fluid that is not expected to express the CT antigen
would be included in the definition of aberrant level. Like-
wise, level of the CT antigen (or its mRNA or DNA) that is
at a significantly higher or lower level than expected (e.g.,
in a control) is also included. Therefore, a determination of
the level of one or more of the CT antigen and/or the CT
antigen nucleic acid (e.g., mRNA, DNA etc.) is diagnostic of
CHEFC if the level is above or below a baseline level in a
control sample(s) determined for that tissue type. The base-
line level can be determined using standard methods known
to those of skill in the art.
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[0043] As used herein, the term “control” means prede-
termined values, and also means samples of materials tested
in parallel with the experimental materials. Control samples
include samples from control populations, biopsy samples
taken from tissue adjacent to a biopsy sample suspected of
CHEFC, or control samples generated through manufacture to
be tested in parallel with the experimental samples. Control
samples may also mean a number of histologically normal
tissue samples from subjects that are clinically normal (e.g.,
do not have clinical signs of CHFC) and determining the
mean level of expression for the samples. Control samples
may include positive and negative controls which may be a
predetermined value that can take a variety of forms. The
control(s) can be a single cut-off value, such as a median,
mean or average. In one embodiment, the control is based on
apparently healthy individuals that may be in an age bracket.

[0044] The level or amount of a CT antigen or its corre-
sponding nucleic acid (DNA or mRNA, etc.) in a patient
sample can be compared to a reference level or amount in a
control sample. The control sample may be from a patient or
patients with CHFC or a healthy subject or subjects. In other
embodiments, a control sample is taken from a patient prior
to treatment with a therapeutic intervention or a sample
taken from an untreated patient. Reference levels can be
determined by determining the level of a CT antigen or its
corresponding nucleic acid (DNA or mRNA, etc.) in a
sufficiently large number of samples obtained from normal,
healthy control subjects to obtain a pre-determined reference
or threshold value. A reference level can also be determined
by determining the level of a CT antigen or its corresponding
nucleic acid (DNA or mRNA, etc.) in a sample from a
patient prior to treatment with the therapeutic intervention.

[0045] The level of a CT antigen or the CT antigen nucleic
acid (mRNA, DNA, etc.) in a sample can indicate CHFC
when the level is significantly higher or lower in the sample
than in a control. In certain embodiments, a level in the
sample that is at least about 105%, at least about 110%, at
least about 120%, at least about 130%, at least about 140%,
at least about 150%, at least about 160%, at least about
170%, at least about 180%, at least about 190%, at least
about 200%, at least about 250%, at least about 300%, at
least about 350%, at least about 400%, at least about 450%,
at least about 500%, about 105%, about 110%, about 120%,
about 130%, about 140%, about 150%, about 160%, about
170%, about 180%, about 190%, about 200%, about 250%,
about 300%, about 350%, about 400%, about 450%, or
about 500%, of the level in the control indicates CHFC.

[0046] In some embodiments, the steps of obtaining a
biological sample and determining the level of a CT antigen
or its corresponding nucleic acids in the sample may be
repeated once or more times.

[0047] The invention also involves diagnosing or moni-
toring CHFC in a subject by determining the presence of an
immune response to one or more CT antigens. This deter-
mination may be performed by assaying a tissue, cells or a
body fluid from the subject for the level of antibodies against
one or more CT antigens described herein. The presence of
the antibodies against at least one CT antigen is indicative of
the subject having CHFC.

[0048] In some embodiments, the step of determining the
presence of the antibody includes contacting the biological
sample with one or more CT antigen, and determining the
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binding of the antibody to the CT antigen. In one embodi-
ment, the polypeptide is produced recombinantly and/or is
bound to a substrate.

Monitoring Disease Progression or Evaluation of Treatment
Efficacy

[0049] The CT antigens can also be used to evaluate
treatment efficacy (e.g. amelioration of one or more symp-
toms of a pathology). Where the amelioration of a disease
(such as CHFC) can be related to reduction in levels of a CT
antigen, the CT antigen levels in a biological assay sample
taken from the patient can be measured before (for back-
ground), during and/or after (e.g., at a designated time,
periodically or randomly) the course of treatment. The assay
may be performed at regular intervals before and after each
treatment.

[0050] The level of the CT antigen or its corresponding
nucleic acid molecules, or the immune response against one
of the CT antigens may be measured over time by sequential
determinations. This permits monitoring of the disease and/
or the effects of a course of treatment. For example, a first
sample may be obtained from a subject, tested for level of
a CT antigen or its corresponding DNA or mRNA, or an
immune response to a CT antigen. At a second, subsequent
time, a second sample may be obtained from the subject and
similarly tested. The results of the first and second (or
subsequent) tests can be compared as a measure of the onset,
regression or progression of CHFC. If CHFC treatment was
undertaken during the interval between obtaining the
samples, the effectiveness of the treatment may be evaluated
by comparing the results of the two tests. In certain embodi-
ments, an increase in expression in the second sample
compared to the first sample is indicative of onset or
progression of CHFC, and a decrease in the expression in the
second sample compared to the first sample is indicative of
regression of CHFC.

[0051] In another embodiment, a method of monitoring
effectiveness of CHFC treatment in a subject may have the
following steps: (a) obtaining a first biological sample from
a CHFC patient; (b) measuring the level of a CT antigen or
its corresponding DNA or mRNA, or an immune response to
a CT antigen, (c) providing one or more treatments of the
CHEFC; (d) obtaining a second biological sample from the
CHFC patient during or after the one or more treatments;
and (e) measuring a level of the CT antigen in the second
biological sample and comparing the level of the CT antigen
in the second sample to the level of the CT antigen in the first
sample, wherein a lower level of the CT antigen in the
second sample as compared to the CT antigen level in the
first sample indicates efficacy of the treatment(s).

Assays

[0052] Incertain embodiments, the step of determining the
level of the CT antigen or its nucleic acid molecules
(mRNA, DNA, etc.) includes contacting the biological
sample with an agent that selectively binds to the CT antigen
or the nucleic acid. U.S. Pat. No. 7,670,599.

Protein-Based Assays

[0053] The level of a CT antigen protein can be detected
and/or quantified by any of a number of methods well known
to those of skill in the art. The methods may include various
immunoassays such as immunohistochemistry, enzyme-
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linked immunosorbent assay (ELISA), antibody sandwich
capture assay, immunofluorescent assay, Western blot,
enzyme-linked immunospot assay (EliSpot assay), precipi-
tation reactions (in a fluid or gel), immunodiffusion, immu-
noelectrophoresis, radioimmunoassay (RIA), and the like.
Also included are analytic biochemical methods such as
electrophoresis, capillary electrophoresis, high performance
liquid chromatography (HPLC), thin layer chromatography
(TLC), hyperdiffusion chromatography, and the like. U.S.
Pat. Nos. 4,366,241, 4,376,110; 4.517,288; and 4,837,168.
Methods in Cell Biology Volume 37: Antibodies in Cell
Biology, Asai, ed. Academic Press, Inc. New York (1993);
Basic and Clinical Immunology 7th Edition, Stites & Terr,
eds. (1991).

[0054] The level of a CT antigen may be detected by using
molecules (e.g., polypeptides, etc.) that bind to the CT
antigen. For example, the binding polypeptide may be an
antibody or antibody fragment, such as an Fab, F(ab),,
F(ab’),, Fd, or Fv fragment of an antibody. Any of the
various types of antibodies can be used for this purpose,
including, but not limited to, polyclonal antibodies, mono-
clonal antibodies, humanized antibodies, human antibodies
(e.g., generated using transgenic mice, etc.), single chain
antibodies (e.g., single chain Fv (scFv) antibodies), heavy
chain antibodies and chimeric antibodies. The antibodies
can be from various species, such as rabbits, mice, rats,
goats, chickens, guinea pigs, hamsters, horses, sheep, llamas
etc.

[0055] The antibodies can be prepared by any suitable
methods, including administering a protein, fragments of a
protein, cells expressing the protein or fragments thereof and
the like to an animal to induce polyclonal antibodies. The
present invention also provides methods of producing mono-
clonal antibodies to the CT antigens described herein. The
production of monoclonal antibodies is performed according
to techniques known in the art.

[0056] In one embodiment, immunohistochemical meth-
ods are used to assay the CT antigen level. In one embodi-
ment, antibodies that specifically bind to a CT antigen are
contacted with a tissue sample (e.g., a histological sample).
Those antibodies that specifically bind to the sample are
visualized, or otherwise detected, and provide an indication
of the location, presence, absence or quantity of the CT
antigen in the sample. The antibodies are typically detected
by detection of a label either affixed to the antibody or
subsequently added after the tissue contacting step.

[0057] In another embodiment, Western blot (immunob-
lot) is used to detect and quantify a CT antigen in a sample.
The technique may comprise separating sample proteins by
gel electrophoresis, transferring the separated proteins to a
suitable solid support, and incubating the sample with the
antibodies that specifically bind the CT antigen.

[0058] The invention further includes protein microarrays
(including antibody arrays) for the analysis of expression of
CT antigens. Protein microarray technology, which is also
known as protein chip technology and solid-phase protein
array technology, is well known to those of ordinary skill in
the art. Protein microarray may be based on, but not limited
to, obtaining an array of identified peptides or proteins on a
fixed substrate, binding target molecules or biological con-
stituents to the peptides, and evaluating such binding. See,
e.g., MacBeath et al., Printing Proteins as Microarrays for
High-Throughput Function Determination, Science 289
(5485):1760-1763, 2000. The tissue may be obtained from a
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subject or may be grown in culture (e.g., from a cell line).
In some embodiments of the invention, one or more control
peptide or protein molecules are attached to the substrate.

[0059] The polypeptides that may be used to assay the
level of a CT antigen may be derived also from sources other
than antibody technology. For example, such binding agents
can be provided by degenerate peptide libraries which can
be readily prepared in solution, in immobilized form or as
phage display libraries. Combinatorial libraries also can be
synthesized of peptides containing one or more amino acids.
Libraries further can be synthesized of peptides and non-
peptide synthetic moieties. The CT antigens can be used to
screen peptide libraries, including phage display libraries, to
identify and select peptide binding partners of the CT
antigens. Yeast two-hybrid screening methods also may be
used to identify polypeptides that bind to the CT antigens.

Nucleic Acid-Based Assays

[0060] The present methods may also assay the presence
of or quantity the CT antigen gene or gene product. Gene
products include nucleic acids (e.g. mRNAs) derived from
the gene.

[0061] The level of the DNA or RNA (e.g., mRNA)
molecules may be determined using routine methods known
to those of ordinary skill in the art. The measurement result
may be an absolute value or may be relative (e.g., relative to
a reference oligonucleotide, relative to a reference mRNA,
etc.). The level of the nucleic acid molecule may be deter-
mined by nucleic acid hybridization using a nucleic acid
probe, or by nucleic acid amplification using one or more
nucleic acid primers.

[0062] Nucleic acid hybridization can be performed using
Southern blots, Northern blots, nucleic acid microarrays, etc.
[0063] For example, the DNA encoding a CT antigen in a
sample may be evaluated by a Southern blot. Similarly, a
Northern blot may be used to detect a CT antigen mRNA. In
one embodiment, mRNA is isolated from a given cell
sample, and then electrophoresed to separate the mRNA
species. The mRNA is transferred from the gel to a solid
support. Labeled probes are used to identify or quantity CT
antigen nucleic acids.

[0064] In certain embodiments, labeled nucleic acids are
used to detect hybridization. Complementary nucleic acids
may be labeled by any one of several methods typically used
to detect the presence of hybridized polynucleotides. One
method of detection is the use of autoradiography. Other
labels include ligands that bind to labeled antibodies, fluo-
rophores, chemiluminescent agents, enzymes, and antibod-
ies which can serve as specific binding pair members for a
labeled ligand.

[0065] Nucleic acid microarray technology, which is also
known as DNA chip technology, gene chip technology, and
solid-phase nucleic acid array technology, may be based on,
but not limited to, obtaining an array of identified nucleic
acid probes on a fixed substrate, labeling target molecules
with reporter molecules (e.g., radioactive, chemilumines-
cent, or fluorescent tags such as fluorescein, Cye3-dUTP, or
CyeS5-dUTP, etc.), hybridizing target nucleic acids to the
probes, and evaluating target-probe hybridization. Jackson
et al. (1996) Nature Biotechnology, 14: 1685-1691. Chee et
al. (1995) Science, 274: 610-613.

[0066] The level of a CT antigen nucleic acid (e.g., RNA,
DNA) may be assayed by in situ hybridization. Angerer et
al. (1987) Methods Enzymol., 152: 649-660. In one embodi-



US 2017/0122949 Al

ment, tissues or cells are denatured. The tissues or cells are
then contacted with a hybridization solution at a moderate
temperature to permit annealing of labeled probes specific to
the CT antigen nucleic acids. The probes may be labeled
with molecules as discussed herein.

[0067] The sensitivity of the hybridization assays may be
enhanced through use of a nucleic acid amplification system
that multiplies the target nucleic acid being detected.

[0068] Nucleic acid amplification assays include, but are
not limited to, the polymerase chain reaction (PCR), reverse
transcription polymerase chain reaction (RT-PCR), real-time
RT-PCR, quantitative RT-PCR, etc.

[0069] Measuring or detecting the amount or level of
mRNA in a sample can be performed in any manner known
to one skilled in the art and such techniques for measuring
or detecting the level of an mRNA are well known and can
be readily employed. A variety of methods for detecting
mRNAs have been described and may include, Northern
blotting, microarrays, real-time PCR, RT-PCR, targeted RT-
PCR, in situ hybridization, deep-sequencing, single-mol-
ecule direct RNA sequencing (RNAseq), bioluminescent
methods, bioluminescent protein reassembly, BRET (biolu-
minescence resonance energy transfer)-based methods, fluo-
rescence correlation spectroscopy and surface-enhanced
Raman spectroscopy (Cissell, K. A. and Deo, S. K. (2009)
Anal. Bioanal. Chem., 394:1109-1116).

[0070] The methods of the present invention may include
the step of reverse transcribing RNA when assaying the level
or amount of an mRNA.

[0071] These assays of determining the presence and/or
level of the molecules of the invention in cells and tissues
may include use of labels to monitor the presence of the
molecules of the invention. The labels can be any material
having a detectable physical or chemical property. Thus, a
label is any composition detectable by spectroscopic, pho-
tochemical, biochemical, immunochemical, electrical, opti-
cal or chemical means. Such labels may include, but are not
limited to, a fluorescent label, a radiolabel, a chemilumines-
cent label, an enzyme, a metallic label, a bioluminescent
label, a chromophore, biotin etc. For example, a fluores-
cently labeled or radiolabeled antibody that selectively binds
to a polypeptide of the invention may be contacted with a
tissue or cell to visualize the polypeptide. In some aspects of
the invention, a label may be a combination of the foregoing
molecule types.

Samples

[0072] As used herein, a sample includes, but is not
limited to: tissue, cells, and/or body fluid (e.g., blood,
plasma, serum, lymph node fluid, synovial fluid, cerebro-
spinal fluid, bronchial lavage, ascites fluid, bone marrow
aspirate, pleural effusion, urine, etc.). The fluid sample may
include cells and/or fluid. The tissue and cells may be
obtained from a subject or may be grown in culture (e.g.,
from a cell line). Typically, a biological sample may be
obtained by collecting a biopsy sample or a blood sample
from a subject. In certain embodiments, a sample is taken
from the tissue of interest.

Kits

[0073] Also encompassed by the present invention are Kits
for use in the diagnostic applications described herein.
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[0074] One example of the kits can be used for assaying
the level of one or more CT antigens. The kits may include
one or more of the following: assay reagents, buffers, CT
antigen binding molecules (e.g. antibodies or fragments
thereof, or other CT antigen binding molecules), and/or a
suitable assay device.

[0075] The invention also includes kits for detection of a
CT antigen nucleic acid (DNA or mRNA), including one or
more of the following: assay reagents, buffers, probes and/or
primers that can hybridize to the CT antigen nucleic acid
(DNA or mRNA), a reverse transcriptase, and/or a suitable
assay device.

[0076] Additional materials may be included in any or all
kits of the invention, and such materials may include, but are
not limited to buffers, water, enzymes, tubes, control mol-
ecules, etc. In addition, the kits may include instructional
materials containing directions (i.e., protocols) for the prac-
tice of the methods of this invention. While the instructional
materials typically comprise written or printed materials
they are not limited to such. Any medium capable of storing
such instructions and communicating them to an end user is
contemplated by this invention. Such media may include
addresses to internet sites that provide such instructional
materials.

Therapeutic Application

[0077] The present invention provides for methods of
treating CHFC in a patient. These methods may involve the
following steps: (a) obtaining a biological sample from a
subject (the subject may or may not have a preliminary
diagnosis of CHFC); (b) measuring a level of a CT antigen
or CT antigen nucleic acid (DNA or mRNA) in the sample,
and comparing the CT antigen level (or CT antigen nucleic
acid level) in the sample to the CT antigen level (or CT
antigen nucleic acid level) in a control (e.g., a sample(s)
from normal healthy subjects), where a sample CT antigen
level (or CT antigen nucleic acid level) in excess of CT
antigen level (or CT antigen nucleic acid level) in a control
indicates CHFC; and (c) treating the subject with CHFC.
[0078] Treatments for CHFC may include, but are not
limited to: surgery, systemic therapies etc. The surgery may
be performed to remove a cyst(s), through, e.g., laparoscopic
excision. In one embodiment, treatment may include admin-
istering binding polypeptides such as antibodies or frag-
ments thereof that specifically bind to one or more CT
antigen. In another embodiment, the subject is treated with
a molecule which attenuates the activity of at least one CT
antigen. In a third embodiment, the treatment includes
down-regulating CT antigen expression by RNA interfer-
ence or RNAI (such as siRNAs, shRNAs, miRNAs, etc.),
antisense molecules or ribozymes targeting CT antigen
DNA or mRNA.

[0079] Administration may be by any enteral or parenteral
route in dosages that will be varied by the skilled clinician
depending on the patient’s presenting condition. The admin-
istration may, for example, be oral, intravenous, intratu-
moral, intraperitoneal, intramuscular, intracavity, subcuta-
neous, or transdermal,

[0080] As will be clear to those skilled in the art, in some
cases, the prognostic methods provided in the invention may
be used in combination with other biomarkers of the disease.
Accordingly, the methods described herein may be used, for
example, in conjunction with other CHFC markers, diag-
nostic modalities including, but not limited to, ultrasound,
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computed-tomography (CT), MRI, fine needle aspiration
cytology (FNAC), immunohistochemistry and surgery.
[0081] According to a further aspect of the invention,
compositions containing the nucleic acid molecules, pro-
teins, and/or binding polypeptides (e.g., antibodies or frag-
ments thereof) of the invention are provided. The compo-
sition may also contain a pharmaceutically acceptable
carrier. Pharmaceutically acceptable carriers include
diluents, fillers, salts, buffers, stabilizers, solubilizers, and
other materials which are well known in the art.

Subjects

[0082] As used herein, a subject is preferably a human,
non-human primate, cow, horse, pig, sheep, goat, dog, cat or
rodent. In all embodiments, human subjects are preferred. In
some embodiments, the subject is suspected of having
CHEFC or has been preliminarily diagnosed with CHFC.
[0083] The subjects may include humans or non-human
mammals and therefore the methods encompass veterinary
and/or livestock applications.

[0084] The following examples of specific aspects for
carrying out the present invention are offered for illustrative
purposes only, and are not intended to limit the scope of the
present invention in any way.

EXAMPLES
Example 1

Sperm Protein 17 (SP17) and AKAP-Associated
Sperm Protein (ASP) are Expressed in Ciliated
Hepatic Foregut Cysts

[0085] CHFCs have been described as benign and solitary
cysts consisting of ciliated columnar epithelium [1], and
containing mucoid material and debris. These cysts are
usually unilocular and located on the anterior surface of the
liver near the falciform ligament.

[0086] To date, only over 100 cases have been reported in
the English and non-English literature [1]. CHFCs are
typically found incidentally on radiological imaging or
during surgical exploration. Despite its low incidence, an
increase in the number of reports of CHFCs during the past
15 years has been noted, and is mainly associated to the
availability of more accurate and sensitive radiological
imaging modalities, including ultrasound and computed-
tomography (CT) [1, 6, 7].

[0087] It has been shown that hepatic simple cysts are
delimited by either columnar epithelium or mesothelial
lining. Echinoccocal cysts lack lining epithelial cells and
contain calicific debris, portions of hydatid cysts, or sco-
lices. Epidermoid and endometrial cysts would contain
squamous and endometrial epithelia, respectively [18]. The
above features suggest that the lined ciliated epithelium is
taken as the discriminating histological structure which
distinguishes CHFCs from other hepatic cysts.

[0088] Additionally, the employment of different histo-
chemical and immunohistochemical stains have shown that
CHFCs produce mucin, stain positively for various cytok-
eratins and various other epithelial markers. Presence of
smooth muscle has been identified in histology sections
through pentachrome and smooth muscle actin stains [8,19].
[0089] CHFCs have generally been considered benign
non-neoplastic lesions of developmental origin. However,
Vick et al. in 1999 reported a squamous-cell carcinoma

May 4, 2017

arising in a CHFC [15]. Since this first finding, other case
reports have appeared with squamous-cell carcinomas aris-
ing in CHFCs, communicating with the gallbladder, involv-
ing the hepatic vein, causing portal hypertension in an
adolescent, or presenting as solid masses on imaging studies.
[10, 13-15, 20-22].

[0090] We investigated the immunohistochemical expres-
sion of Sperm protein 17 (Sp17) in four surgically resected
CHFCs. Spl7, has been labeled as a cancer-testis (CT)
antigen in multiple myeloma (mRNA encoding Sp17 has
been found in 17% of patients) and in primary ovarian
carcinoma (mRNA encoding Spl7 has been found in pri-
mary tumor cells from 70% of patients with primary ovarian
carcinoma) [23-25]. It has also been found, at the protein
level, in human germinal cells of the testis (except in the
case of spermatogonia) [17], and in the ciliated epithelia of
the respiratory airways and in both the male and female
reproductive systems [26]. Spl7 has also been recognized in
the synoviocytes of females affected by rheumatoid arthritis
[27] and the melanophages of cutaneous melanocytic lesions
[28], as well as in a proportion of primary nervous system
tumors [29] and as a subset of esthesioneuroblastomas [30].
[0091] We also investigated the immunohistochemical
expression of AKAP-associated sperm protein (ASP) which
has a shared N-terminal sequence with Sp17 [34].

MATERIALS AND METHODS

Tissue Specimens

[0092] CHFC specimens were taken from four patients:
two patients who went to the Medical College of Wisconsin,
Milwaukee, USA and two patients who went to the Fun-
dacion Jiménez Diaz, Madrid, Spain. The two U.S. patients
include a male, 63 years-old, who was admitted to the
hospital because of a mass in his left kidney, and a liver mass
suspicious for metastatic disease. This liver mass was cystic
and upon further analysis showed ciliated epithelial lining
The second patient was a 45-year-old male, who was found
to have a suspicious liver mass on an outside CT scan. At
that time the presenting symptoms were right upper quadrant
and flank pain. He was taken to the operating room for
excision of this cystic liver mass. Intra-operatively, an
ultrasound was made, and enucleation of a segment 4A 2 cm
cystic mass was performed. Additionally, he was found to
have an intra-hepatic gallbladder. Upon further analysis this
liver mass showed ciliated epithelial lining.

Histochemistry

[0093] Two-micrometer thick sections were stained with a
freshly made hematoxylin & eosin solution (Diapath, Ber-
gamo, Italy), and analyzed under a light microscope (Leica
DM6000B, Milan, Italy) by the same hepatopathologist.

Western Blotting

[0094] In order to investigate the immune-specificity of
the antibodies employed in the present study, spermatozoa
taken from fertile human donors were collected [17], washed
with PBS and subsequently incubated in a freshly made
lyses buffer (Tris-HC1 500 mM pH7.4, NaCl 150 mM, Triton
100x 0.1%) at 4° C. for 15 minutes. The protein concentra-
tion was estimated with DC Protein Assay kit (Bio-Rad,
Milan, Italy). Cell lysates (40 pg) were electrophoresed on
a 12% polyacrylamide gel (Bio-Rad) and transferred onto
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nitrocellulose membranes (Bio-Rad). After being blocked
with PBS containing 5% skim milk and 0.1% Tween 20 for
30 min, membranes were incubated with the primary mouse
anti-human Sp17 monoclonal antibody (BD Biosciences,
NI, USA), or rabbit anti-human ASP polyclonal antibody
(Imgenex, San Diego, USA), and secondary antibodies
(anti-mouse IgG or anti-rabbit IgG, Sigma, Milan, Italy) at
room temperature for 2 hours and 1 hour, respectively. The
bands were visualized with Opti-4CN Substrate kit (Bio-
Rad). p-actin was used as the control protein.

Immunohistochemistry

[0095] Two-micrometer thick sections were processed for
immunohistochemistry. After deparaffination and rehydra-
tion, the sections were placed in a bath for antigen retrieval
for 30 minutes at 98° C. in a EDTA 1 mM solution,
incubated with 3% H,O, for 15 min to quench endogenous
peroxidase activity, and then either treated for 2 hours at
room temperature with primary antibodies raised against
Sp17 (mouse anti-human Spl7 monoclonal antibody, BD
Biosciences) or for 1 hour with primary antibodies against
ASP (rabbit anti-human ASP polyclonal antibody, Imgenex).
Mouse IgG1 or rabbit Ig fraction (Dako, Milan, Italy) were
used as negative controls. This was followed by 30 min
incubation with the DAKO Envision system (Dako). 3,3'-
diaminobenzidine tetrahydrochloride (Dako) was used as a
chromogen to yield brown reaction products. The nuclei
were lightly counterstained with hematoxylin solution (Dia-
path). Slides were analyzed under a light microscope (Leica
DM6000B, Milan, Italy).

Immunofluorescence

[0096] Two-micrometer thick sections were processed for
dual immunofluorescence. After deparaflination and rehy-
dration, the sections were placed in a bath for antigen
retrieval for 30 min at 98° C. in a 1 mM EDTA solution,
followed by cooling for 30 min at room temperature. Then
slides were treated with primary antibodies raised against
ASP (rabbit anti-human ASP polyclonal antibody, Imgenex)
at room temperature for 1 hour. After washing, slides were
incubated with FITC goat-anti rabbit IgG Conjugate (Sigma)
for 30 min. This was followed by 1 hour incubation with the
antibodies raised against Spl7 (mouse anti-human Spl17
monoclonal antibody, BD Biosciences) washing and then
the slides were incubated for 30 min with Cy-5 rabbit-anti
mouse IgG Conjugate (Zymed Laboratories). Slides were
subsequently counterstained for 5 minutes with DAPI (Invit-
rogen, Fugene, USA), washed and cover slipped with Gel
Mount Aqueous (Sigma). All antibodies were diluted with
PBS Ix supplemented with 0.1% BSA. Washings were
performed with PBS1x.

[0097] Slides were observed with a Leica TCS SP5 con-
focal microscope and processed by Leica software (Leica,
Milan, Italy). To avoid overlapping between fluorochrome
spectra, images were acquired by sequential scanning

RESULTS

[0098] FIG. 1 shows Western blots of spermatozoa
obtained from healthy, fertile donors’ lysates, which dem-
onstrate the specificity of the antibodies Sp17 and ASP on
the labeled histological sections. f-actin shows an immu-
noreactive band of 42 kDa.
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[0099] The immunohistochemistry experiments found that
CHFCs immunopositive for Spl7 and ASP (FIG. 2). Both
proteins were localized to the cytoplasm of ciliated cells
lining the cysts, and in their cilia. No immunoreactivity was
recognized at the level of subepithelial connective tissue,
smooth muscle layer, or of the outer fibrous capsule.
[0100] To verify whether Spl7 and ASP were co-ex-
pressed and co-localized within ciliated cells a dual immu-
nofluoscence analysis was performed. Confocal microscopy
demonstrates that both Sp17 and ASP overlap in the same
region of the cell (FIG. 3). No immunoreactivity was
recognized at the level of sub-epithelial connective tissue,
smooth muscle layer, or of the outer fibrous capsule, con-
firming the immunohistochemistry.

[0101] The results obtained from all four CHFC speci-
mens were identical. They were found immunopositive for
Sp17 and ASP. Both proteins were localized to the cyto-
plasm of ciliated cells lining the cysts, and in their cilia.
Confocal microscopy demonstrates that both Sp17 and ASP
overlap in the same region of the cell.

DISCUSSION

[0102] Sp17 and ASP cancer-testis antigens were found in
ciliated cells of four CHFCs. Further characterization of
Sp17 and ASP in CHFCs may provide significant clues for
understanding the molecular mechanisms underlying their
predisposition to develop squamous cell carcinomas. Grizzi
et al., Sperm protein 17 and AK AP-associated sperm protein
cancer-testis antigens are expressed in ciliated hepatic
foregut cysts, Histopathology. 2015 Jan. 19. doi: 10.1111/
his.12654.

[0103] The present study demonstrates the expression of
Sp17 and ASP in ciliate cells lining the CHFCs, and their
localization at the level of the cytoplasm and cilia (FIG. 2).
Additionally, confocal microscopy has revealed the co-
expression and co-localization of Sp17 and ASP in CHFCs
ciliated epithelium (FIG. 3).

[0104] The expression of Spl17 and ASP in CHFCs suggest
an important role of these two proteins in the development
of these cysts.

[0105] Although CHFCs are retained benign lesions, one
case of squamous cell metaplasia [12] and three cases of
squamous cell carcinoma arising from CHFCs have been
reported [13-15]. Interestingly, Sp17 has been detected in
oral [43] and esophageal squamous cell carcinomas [44],
and as a potential factor in the malignant transformation and
metastatic tumor progression of murine squamous cell car-
cinoma [45]. It has been claimed that the identification of
novel differentially expressed genes in these tumors adds to
the repertoire of genes associated with murine and human
squamous cell carcinogenesis and provides candidate poten-
tial biological targets for diagnosis and/or therapy [43, 44].
[0106] One of the most used tumor markers in biological
fluids associated with cancer is the carbohydrate antigen
19-9 (CA 19-9). Several Authors have proposed CA 19-9 for
detecting and discriminating benign from malignant CHFCs
[1, 15, 43, 44]. However, all these studies concluded that
although a raised level of this biomarker was detected, it was
not useful because high levels have been also observed in
benign CHFCs. As a consequence, aspiration cytology is
today considered a primary technique in making a prelimi-
nary diagnosis of CHFCs, although it has been reported that
this technique may miss malignant transformation through
sampling error [1, 15, 46]. Sp17 and ASP expression in
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biological fluids may be tested in patients with a suspicion
of CHFCs. Serum anti-Sp17 antibodies have been demon-
strated at high levels in cancer patients. Gupta et al. have
shown that circulating levels of anti-Sp17 antibodies, deter-
mined by ELISA, were significantly elevated in esophageal
squamous cell carcinomas patients when compared with
normal subjects [45]. Additionally, the development of a
specific radioimmunoassay for Sp17 may be a valid tool for
assessing its native distribution and aberrant expression.

[0107] Although the function of Sp17 is still unknown, the
high degree of sequence conservation throughout its N-ter-
minal half, and the presence of an A-kinase anchoring
protein (AKAP)-binding motif within this region, suggests
that it may play a regulatory role in a protein kinase A
(PKA)-independent AKAP complex in both germinal and
somatic cells [34-36].

[0108] The scope of the present invention is not limited by
what has been specifically shown and described herein-
above. Those skilled in the art will recognize that there are
suitable alternatives to the depicted examples of materials,
configurations, constructions and dimensions. Numerous
references, including patents and various publications, are
cited and discussed in the description of this invention. The
citation and discussion of such references is provided merely
to clarify the description of the present invention and is not
an admission that any reference is prior art to the invention
described herein. All references cited and discussed in this
specification are incorporated herein by reference in their
entirety. Variations, modifications and other implementa-
tions of what is described herein will occur to those of
ordinary skill in the art without departing from the spirit and
scope of the invention. While certain embodiments of the
present invention have been shown and described, it will be
obvious to those skilled in the art that changes and modifi-
cations may be made without departing from the spirit and
scope of the invention. The matter set forth in the foregoing
description and accompanying drawings is offered by way of
illustration only and not as a limitation.
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What is claimed is:

1. A method for diagnosing ciliated hepatic foregut cysts
(CHFC) in a subject comprising the steps of:

(a) obtaining a sample from the subject;

(b) detecting in the sample the presence or absence of a

cancer-testis (CT) antigen or its mRNA; and

(d) diagnosing CHFC if the presence of a CT antigen or
its mRNA is detected.

2. The method of claim 1, wherein in step (b) an antibody
or a fragment thereof specific for a CT antigen is applied to
the sample to detect the presence or absence of a CT antigen,
and wherein the detection of the antibody-CT antigen com-
plex indicates CHFC.

3. The method of claim 1, wherein the CT antigen is
Sperm protein 17 (Sp17), AKAP-associated sperm protein
(ASP), or a combination thereof.

4. The method of claim 1, wherein the CT antigen is SP17,
ASP, NY-ESO-1, CABYR, TSP50, BORIS, RQCDI,
BAGE, SSX, SCP-1, Piwil2, LAGE-1, SSX, AKAP, SCP-1,
or combinations thereof.

5. The method of claim 1, wherein the sample is a tissue
sample.

6. The method of claim 2, wherein immunohistochemistry
or immunofluorescence is employed in step (b).

7. The method of claim 1, wherein after step (d), CHFC
in the subject is treated if the CT antigen or its mRNA is
detected.

8. The method of claim 7. wherein the treatment com-
prises removing the cyst(s) by surgery or administering to
the subject an agent that attenuates the CT antigen’s level or
activity.

9. The method of claim 8, wherein the surgery is laparo-
scopic excision.

10. The method of claim 8, wherein the agent is an
antibody or a fragment thereof, an siRNA, an shRNA, an
antisense molecule, or a ribozyme.

11. The method of claim 10, wherein the agent is admin-
istered systemically.

12. The method of claim 10, wherein the agent is injected
into a cyst.

13. The method of claim 1, wherein the subject is addi-
tionally diagnosed by ultrasound, computed-tomography
(CT), magnetic resonance imaging (MRI), fine needle aspi-
ration cytology (FNAC), immunohistochemistry, surgery, or
a combination thereof.

14. A method for diagnosing ciliated hepatic foregut cysts
(CHFC) in a subject comprising the steps of:

(a) obtaining a sample from the subject;

(b) detecting in the sample the presence or absence of
Sperm protein 17 (Sp17) and AK AP-associated sperm
protein (ASP); and

(c) diagnosing CHFC if SP17 and ASP are detected.

15. The method of claim 14, wherein the subject is
additionally diagnosed by ultrasound, CT, MRI, fine needle
aspiration cytology (FNAC), immunohistochemistry, sur-
gery, or a combination thereof.
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16. The method of claim 14, wherein SP17 and ASP are
detected by antibodies specific to SP17 and ASP, respec-
tively.

17. The method of claim 14, wherein the sample is a tissue
sample.

18. The method of claim 16, wherein immunohistochem-
istry or immunofluorescence is employed in step (b).

19. A method for diagnosing ciliated hepatic foregut cysts
(CHFC) in a subject comprising the steps of:

(a) obtaining a sample from the subject;

(b) measuring the level of a CT antigen, or the level of a

CT antigen mRNA, in the sample;

(c) comparing the CT antigen level in the sample, or the
level of the CT antigen mRNA in the sample, to the
level in a control sample; and

(d) diagnosing CHFC if the CT antigen level in the
sample, or the level of the CT antigen mRNA in the
sample, is at least 120% of the level in the control
sample.

20. The method of claim 19, wherein the CT antigen is

detected by an antibody or a fragment thereof specific to the
CT antigen.
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21. The method of claim 19, wherein the control sample
comprises one or more samples from normal healthy sub-
jects.

22. The method of claim 19, wherein in step (d) CHFC is
diagnosed, if the CT antigen level or the level of the CT
antigen mRNA in the sample is at least 150% of the level in
the control sample.

23. The method of claim 19, wherein the CT antigen is
Sperm protein 17 (Sp17), AKAP-associated sperm protein
(ASP), or a combination thereof.

24. The method of claim 19, wherein the CT antigen is
SP17, ASP, NY-ESO-1, CABYR, TSP50, BORIS, RQCD1,
BAGE, SSX, SCP-1, Piwi12, LAGE-1, SSX, AKAP, SCP-1,
or combinations thereof.

25. The method of claim 19, wherein the sample is a tissue
sample.

26. The method of claim 20, wherein immunohistochem-
istry or immunofluorescence is employed in step (b).

27. The method of claim 19, wherein the subject is
additionally diagnosed by ultrasound, CT, MRI, fine needle
aspiration cytology (FNAC), immunohistochemistry, sur-
gery, or a combination thereof.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH ¥ 5
LR
NS

BEG®)

patsnap
SFERFRILEM VIS B FATT

US20170122949A1 NI (»&E)B 2017-05-04

US15/330444 RiEH 2015-03-23

EZKRRARTELT

KIROMIC , LLC

KIROMIC , LLC

CHIRIVA INTI MAURIZIO
DAHLBECK SCOTT

CHIRIVA-INTERNATI, MAURIZIO
DAHLBECK, SCOTT

GO01N33/574 A61B17/32 A61B10/02 C12Q1/68
GO01N33/57438 C12Q1/6886 C12Q2600/158 A61B10/0283 A61B17/320016 GO1N33/574
61/968445 2014-03-21 US

Espacenet  USPTO

Fig. 1

AERRET AT OWMAATAEEFHEN (CHFC ) WA ENAS

Yo HalH , ZHEEFA—MBESTEE - A (CT ) MRERNCHFC KDa

WHRiEY. ZAETUNGEUATER : (a) NBHRERBEYER;

(b) MEHREPCTRERNKFE ( RCTHIEZLER IMMIMRNASDNAK 7K 54 wm
F) , AEBERNCTREKTE ( RCTHREZKEBHKTF , limRNA ) =

DNA ) X EEREZRENKT, BIEEREZXEKFENHERCT 37 mm
R ( EMRNASDNA ) /K FEERBFACHFC,

M Sp17 ASP p-actin


https://share-analytics.zhihuiya.com/view/d6464d15-82ec-4dfe-bd8d-418e9d20236f
https://worldwide.espacenet.com/patent/search/family/054145429/publication/US2017122949A1?q=US2017122949A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170122949%22.PGNR.&OS=DN/20170122949&RS=DN/20170122949

