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7) ABSTRACT

A method for the early diagnosing of selected adenocarci-
nomas in a human comprising the steps of removing a bodily
sample from the human, and assaying the bodily sample for
elevated expression of a specific gene. The gene being
assayed for in the bodily sample is the TGFB-4 gene
(hereinafter referred to as the endometrial bleeding associ-
ated factor (ebaf) gene. The bodily sample can be tissue from
a specific organ in the body, or a blood sample. Increased
levels of ebaf in the sample relative to basal levels may be
indicative of a mucinous adenocarcinoma of the colon or
ovaries, or an adenocarcinoma of the testis.
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METHOD FOR DIAGNOSING SELECTED
ADENOCARCINOMAS

CROSS REFERENCE

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 60/025,800, entitled “Method for
the Early diagnosis of Colon Cancer, Abnormal Uterine
Bleeding, or Pregnancy”, filed Aug. 27, 1996.

GOVERNMENT SUPPORT

[0002] This invention was made with Government support
under Grant Number CA46866 awarded by the National
Institutes of Health (NIH). The Government has certain
rights in the invention.

FIELD OF INVENTION

[0003] A method for diagnosis of human bodily condi-
tions, and more particularly, a method for diagnosing
selected mucinous adenocarcinoma of the colon, or ovaries,
or an adenocarcinoma of the testis.

BACKGROUND OF INVENTION

[0004] Early diagnosis of particular pathological condi-
tions of the human body can provide patients with adequate
time to make well informed decisions regarding the treat-
ment of their pathological condition, as well as prepare for
the potential incapacitation of the patient. One such patho-
logical condition is colon cancer. The American Chemical
Society has reported that colon cancer is the second most
common cause of cancer in the United States (Fleischer, D.
et al. Detection and Survival of Colorectal Cancer (1989)
JAM 261 (4) :580. It has been estimated that approximately
145,000 new cases of colon cancer are reported yearly in the
United States, and the overall mortality rate of this patho-
logical condition is almost 60%. Moreover, a diagnosis of
colon cancer has been estimated to shorten that patient’s life
by six to seven years (Id). Consequently, early detection of
this pathological condition offers a patient the best hope of
survival.

[0005] Approximately three principal screening tests for
the early detection of colon cancer or precancerous polyps
are presently available to physicians. One such test is the
Fecal Occult Blood Test (FOBT). Basically, this test is
designed to test whether blood is present in the fecal material
of the patient. Hence, this effectiveness of this test is
dependent upon the assumptions that blood in the fecal
material is indicative of the presence of colonic neoplasms,
and that these neoplasms will bleed in sufficient quantity in
order to cause a positive FOBT result.

[0006] However, it is because of these necessary assump-
tions that applicants believe the FOBT contains significant
shortcomings as a screening tool for colon cancer. For
instance, it has been shown that not all colonic neoplasms
bleed sufficiently into the colon. As a result, this test is
readily capable of giving false negative results.

[0007] In addition, there are other factors which could
result in a false positive result for this test. For example, it
has been found that aspirin and other non-inflammatory
analgesics have been known to cause irritation in the stom-
ach and increased gastro-intestinal tract blood loss, thereby
producing in a false positive result. The patient’s ingestion
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of rare beef and fruits and vegetables which contain cata-
lases and peroxidases within 24 hours of administering the
test may also cause a false positive result.

[0008] Another screening test that is available is the
Carcinoembryonic Antigen (CEA) test. CEA is a glycopro-
tein that may be produced by cancerous lesions in the colon.
This test is designed to measure the concentration of CEA in
the patient’s blood to determine if it is elevated relative to
normal levels. It is believed that an elevated level is due
directly to the presence of colon cancer in the patient. Hence
it was hoped CEA would act as a genetic marker for colon
cancer. Immunological techniques are usually used to mea-
sure CEA levels in the blood.

[0009] However, soon after this test became available to
health professionals, it was observed that this test was
simply too insensitive to recognize numerous types of colon
cancers. As a result, the CEA test was relegated to the
detection of a recurrence of colon cancer after surgery is
performed to remove cancerous lesions from the colon.
Even in this role though, it has met with only limited
success. In 1993, a study on the effectiveness of CEA testing
in 1017 patients was published in the Journal of the Ameri-
can Medical Association. The study showed that 417
patients out of the original group developed recurrent colon
cancer, and 247 of these had elevated CEA levels prior to
diagnosis of recurrence. However, of the remaining 600
patients, 98 also had elevated CEA levels. Hence the rate of
false negatives for the test was 41%, and the rate of
false-positive results was 16%. (Moertel, C., et al. An
Evaluation of the Carcinoembryonic Antigen (CEA) Test for
monitoring Patients with resected Colon Cancer. JAMA270
(8) :954 (1993).

[0010] In concluding their study, the authors questioned
the efficacy of the CEA Test. In support of this conclusion,
they explained that, based on their data, the maximum
anticipated gain from CEA monitoring would probably be a
small number of lives saved (less than 1% of patients
monitored) after resection and hepatic metastasis. In addi-
tion, the authors specifically stated, “Since the most defen-
sible objective of CEA monitoring is detection of potentially
resectable hepatic metastasis, it would also seem appropriate
to consider alternative strategies that might fulfill this objec-
tive in a more sensitive, specific, and cost-effective manner.”

(d)

[0011] Another method used to screen for colon cancer is
to have the patient undergo a periodic sigmoidoscopic
examination. The use of this screening test in a particular
patient is dependent upon the age of the patient and whether
he or she is a member of a high-risk population. Research on
this screening technique has concluded this method to be the
best known screening method for colon cancer presently
available (see Selby, J. Sigmoidoscopy in the Periodic
Health Examination of Asymptomatic Adults JAMA (1989)
261(4) :595)

[0012] However, researchers have also acknowledged that
this screening method contains inherent limitations. For
example, the high cost for the specialized instruments
required to perform this screening test, and the special
training required in the operation of the instruments in order
to perform the procedure safely are acknowledged. More-
over, general patient discomfort while undergoing this
screening is believed to be one of the obstacles in providing
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mass screening for the general population. Finally, health
professionals acknowledge that there is a very slight risk of
perforating a patient’s colon while undergoing the proce-
dure. Consequently, applicants believe a simple, cost effec-
tive screening test for colon cancer is needed.

[0013] Another type of pathological condition, present
exclusively in women, is ovarian cancer. Ovarian cancer
comes from cells of the ovary that grow and divide uncon-
trollably. Applicants believe that statistical information on
ovarian cancer indicates that approximately one woman out
of every fifty-five (approximately 1.8%) will develop ova-
rian cancer some time in her lifetime, and it was believed
that in 1996, approximately 26,000 women would be diag-
nosed with ovarian cancer and approximately 14,500
women would die of the disease. Moreover, 85 to 90% of
women diagnosed with the condition before it spreads from
the ovary are cured. However, there is only a 20 to 25%
chance of living after diagnosis, if the diagnosis is made
after the disease has spread beyond the ovary.

[0014] Presently, there are methods available to diagnose
ovarian cancer, but such methods have inherent limitations.
One such method is assaying the patient’s blood for elevated
levels of Cancer Antigen 125 (CA 125). It has been deter-
mined that eight out of ten women with advanced ovarian
cancer, and in one out of two women with cancer localized
in the ovary will have such elevated levels. However,
endometriosis, pelvic inflammatory disease of the tubes and
ovaries, uterine fibroids, and pregnancy can also elevate
levels of CA 125 in the blood, resulting in false positives.

[0015] Another method involves screening the ovaries for
a growth, surgically removing the growth, and then perform-
ing a biopsy on the growth. Screening can occur with a
pelvic examination, during which the physician feels for
growths on the ovary, or with special types of x-rays. If such
a growth is discovered, it must be surgically removed, so
that a biopsy can be performed. Another such screening
method is ultrasound examination of the ovaries. However,
like the pelvic examination, this method provides no defini-
tive answer regarding the presence of cancer in the ovaries.

[0016] Another pathological condition for which early
diagnosis would benefit the patient is testicular cancer. With
this type of cancer the patient develops a growth within the
body of the testicle. The physician must then determine
whether the growth is cancerous using presently available
diagnostic procedures.

[0017] One such procedure is to perform a biopsy on the
growth through the scrotum. However, such a procedure
presents a problem to the patient in that it could contaminate
the scrotum, which could then be a site for the development
of cancer. Moreover such a biopsy could disturb the pattern
of nodal metastases, and make points for subsequent surgery
difficult to predict.

[0018] Another such procedure is inguinal orechiectomy,
which is done through an incision made above the inguinal
ligament. The testicle is then brought up through the
inguinal canal and examined visually. However this proce-
dure has limitations in that it is done surgically, like the
biopsy, and is a qualitative inspection of the testes. Conse-
quently, a false positive or false negative can result from this
procedure.

[0019] Another method available for diagnosing testicular
cancer is assaying the patient’s blood for elevated levels of
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Human Chorionic Gonadotrophin, beta subunit (Beta HCG).
However, this method contains inherent limitations in that it
has been determined that low testosterone states, and mari-
juana use by the patient can produce false positives.

SUMMARY OF THE INVENTION

[0020] There is provided, in accordance with the present
invention, a method for the early diagnosing of selected
adenocarcinomas in a human. Applicants believe that this
method is accurate, dependable, inexpensive, and does not
possess the shortcomings of the prior art as explained above,
in particular, the present invention describes a method for
diagnosing an adenocarcinoma in a human comprising the
steps of removing a bodily sample from the human, and
assaying the bodily sample for elevated expression of a
specific gene. The bodily sample can be either tissue from a
particular organ, such as the colon or the ovary, or a sample
of blood. For purposes of this application, “expression”
means either the transcription of the specific gene into at
least one mRNA transcript, or the translation of at least one
mRNA into a protein.

[0021] The specific gene referred to above is the TGFB-4
gene (hereinafter referred to as the endometrial bleeding
associated factor (ebaf) gene). Applicants recently discov-
ered this gene in humans (please see Ravi Kothapalli,
Ibrahim Buyuksal, Shi-Oi Wu, Nasser Chegini, Siamak
Tabibzadeh: Detection of ebaf, a novel human gene of the
TGF-? superfamily; association of gene expression with
endometrial bleeding J. Clin. Invest. 1997, 99:2342-2350,
which is hereby incorporated by reference herein). The
cDNA sequence of the ebaf gene is set forth in SEQ. ID NO.
1.

[0022] Applicants have also discovered that, due to alter-
native splicing during the transcription of the gene into
mRNA, three different mRNA transcripts can result from the
transcription of the ebaf gene. One of the transcripts is 1.5
kb in size, one is 2.1 kb, and the remaining is 2.5 kb.
Consequently, such processing will produce three isoforms
upon translation of the transcripts. Regardless, elevated
expression of the ebaf gene can be determined from elevated
levels of any transcript or any isoform. Hence, one object of
the present invention is to provide an accurate, reliable
method for the diagnosis and detection of an adenocarci-
noma of the testis, or a mucinous adenocarcinoma of the
colon in a human male.

[0023] Another object of the present invention is to pro-
vide an accurate, reliable method for the diagnosis and
detection of mucinous adenocarcinoma of the ovaries, or a
mucinous adenocarcinoma of the colon in a human female.

[0024] Yet another object of the present invention is to
provide a method of diagnosing and detecting a mucinous
adenocarcinoma of the ovaries or colon in a female human,
or a mucinous adenocarcinoma of the colon or an adeno-
carcinoma of the testis in a human male that is selective for
such adenocarcinomas. While the ebaf gene disclosed in the
present is expressed in the adenocarcinomas mentioned
above, it is not expressed in other types of adenocarcinomas,
such as Squamous Cell Carcinoma (SCC), lymphoma or
adenocarcinoma. Consequently, the present invention is
very selective for the type of adenocarcinomas it is designed
to detect. Moreover, in normal tissues, the ebaf gene is
expressed only the ovary, pancreas, rectum, endometrium
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immediately prior to and during the menstrual cycle, and
weakly in the colon and the kidney. Consequently, the
number of false positive resulting from the use of the present
invention is limited.

[0025] Yet still another object of the present invention is to
provide a blood test for adenocarcinomas of the testis, and
mucinous adenocarcinomas of the colon and ovaries. As
stated above, only 6 organs are presently known to express
the ebaf gene constitutively. Applicants believe this consti-
tutive expression results in a basal level of expression of the
ebaf gene in the blood. However, if increased levels of
expression of the ebaf gene are detected in the blood of a
human relative to the basal level, they indicate the presence
of an adenocarcinoma of the testis, or a mucinous adeno-
carcinoma of the colon or ovary. For example, if increased
levels of expression of the ebaf gene are detected in a blood
sample from a human male, such levels are indicative of an
adenocarcinoma of the testis or a muconous adenocarcinoma
of the colon. If increased levels of expression of the ebaf
gene are detected in a sample of blood taken from a female
after her period, then such increased levels may be indicative
of the presence of a mucinous adenocarcinoma in the colon
or ovaries, provided the female does not suffer from abnor-
mal uterine bleeding.

DESCRIPTION OF FIGURES

[0026] FIG. 1 is a Northern blot analysis of ebaf mRNA
in normal tissues;

[0027] FIG. 2 is a Northern blot analysis of ebaf mRNA
in colonic adenocarcinomas, and

[0028] FIG. 3 is a Northern blot analysis of ebaf mRNA
in testicular cancers.

DESCRIPTION OF EXAMPLES OF THE
INVENTION

[0029] In the description of examples of the invention,
applicants principally used the Northern Blot method to
determine the expression of the ebaf gene in a particular
bodily samples made up of tissues from different organs.
However, as stated above, any known method capable of
detecting whether levels of expression of the ebaf gene in a
bodily sample are elevated relative to levels observed in a
normal bodily sample of the same type is an acceptable
method of practicing the invention. Such assays include, but
are not limited to:

[0030] collecting proteins from a bodily sample and
performing an immunoassay on the proteins using
monoclonal or polyclonal antibodies raised against
the isoforms produced from the expression of the
ebaf gene;

[0031] collecting DNA from a bodily sample and
performing a southern blot on the DNA using a probe
that is complimentary to all or a portion of the ebaf
cDNA;

[0032] collecting RNA from a bodily sample, reverse
transcribing the RNA into DNA (RT), amplifying the
DNA (via PCR), and then performing a southern blot
on the DNA using a probe that is complimentary to
all or a portion of the ebaf cDNA.

[0033] I. Northern Blotting
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[0034] The RNA was extracted from samples by using
acid guanidinium thiocyanate-phenol-chloroform extraction
method as described in Chomczynski, P. and N. Sacchi.
Single-step method of RNA isolation by acid guanidinium
thiocyanate-phenol-chloroform extraction. Anal. Biochem.
1987, 162:156-159 which is hereby incorporated by refer-
ence herein. The tissues samples were homogenized in
“RNA STAT-60” reagent. Each 50-100 mg of tissue was
homogenized in 1 ml of “RNA STAT-60” reagent in a glass
or Teflon Dounce homogenizer. Each homogenate was
stored for 5 minutes at room temperature to permit the
complete dissociation of nucleoprotein complexes. Then,
0.2 ml of chloroform was added for each ml of “RNA
STAT-60” reagent used. Each sample was covered and
shaken vigorously for 15 seconds and allowed to stand at
room temperature for 2-3 minutes. Following centrifugation
at 12,000 xg for 15 minutes at 4° C., each homogenate was
separated into a lower phenol/chloroform phase and an
upper aqueous phase. RNA in the upper aqueous phase was
transferred to fresh tubes and mixed with isopropoanol to
precipitate the total RNA. After centrifugation and drying,
the precipitated RNA was dissolved in diethylpyrocarbonate
(DEPC) -treated water by, invigorous pipetting and by a
gentle heating at 55-60° C. The amount of RNA in each
sample was determined spectro-photometrically and its
quality was evaluated by the integrity of ribosomal RNA by
electrophoresis of 20 mg of total RNA in 1% formaldehyde-
agarose gel in the presence of ethidium bromide. Northern
blotting was then performed. Briefly, 20 mg of total RNA of
each sample was denatured at 65° C. in an RNA loading
buffer, electrophoresed in 1% agarose containing 2.2 M
formaldehyde gel, and blotted onto a “HYBOND” nylon
membrane using a positive pressure transfer apparatus
(Posiblot, Stratagene, La Jolla, Calif.). The RNA was fixed
to the membrane by UV cross-linking. Using a “PRIME-A-
GENE” kit, cDNA was labeled with [**P] to a high specific
activity, and purified by Nick columns. Membranes were
prehybridized in 50% formamide, 10xDenhardt’s solution,
4% saline sodium citrate (SSC), 0.05 M sodium pyrophos-
phate and 0.1 mg/ml of denatured Hering sperm DNA at 42°
C. for 2-4 hr and hybridized for 16 hours at 42° C. with 10°
cpm/ml of heat-denatured probe in the same buffer contain-
ing 10% dextran sulfate. Then, membranes were sequen-
tially washed three times in 4xSSC, one time in 0.5xSSC
and then one time in 0.1xSSC. All washes contained 0.1%
sodium dodecyl sulfate (SDS), and were done at 65° C. for
20 minutes each. The membranes were subjected to auto-
radiography at =70° C. with intensifying screens. The same
blot was stripped and reprobed for GAPDH. To reprobe a
blot, the probe was stripped from the membrane in 75%
formamide, 0.1xsaline sodium phosphate ETDA (SSPE),
and 0.2% SDS at 50° C. for one hour.

[0035] FIG. 1 shows the Northern Blot of ebaf mRNA in
normal tissues. In FIG. 1, 20 mg total RNA from each tissue
(lane 1: normal menstrual endometrium serving as the
positive control and normal tissues (lane 2: spleen, lane 3:
lymph node, lanes 4 and 5: stomach, lane 6: lung, lane 8:
liver, lane 9 and 10: ovary, lane 11: rectum, lane 12: testis,
lane 13: pancreas) was subjected to the Northern blot
analysis using the entire ebaf cDNA (SEQ. ID NO. 1) as the
probe. As shown, a band of ebaf mRNA in the size of 2.5
kilobase (kb) is detected in the endometrium. A weak 2.1 kb
ebaf mRNA is detected in the ovary, rectum, and testis. In
the pancreas, both the 2.1 and 2.5 kb ebaf mRNA is detected.
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The ebaf gene was not expressed in the breast, stomach,
small bowel, colon, kidney, lung, fallopian tube, spleen and
lymph node. Table 1 displays these results in tabular form:

TABLE 1

Expression of ebaf mRNA in Normal Tissues

Number of Northern blot
Tissue tissues examined finding
Breast 5 —
Stomach 3 —
Small Bowel 1 —
Colon* 11 2.1 kb (weak)
Rectum 2 21kb
Liver 6 —
Pancreas 2 2.1 and 2.5 kb
Kidney 1 2.5 (weak)
Lung 1 —
Fallopian Tube 1 —
Ovary 7 *
Ovary 1 21kb
Testis 2 21kb
Spleen 1 —
Lymph node 1 —

— signal not detected
*of eleven samples tested, only one showed a strong signal. The remain-
ing were not apparent.

[0036] The expression of the ebaf gene was then examined
in cancers derived from cells of different lineages. In eleven
adenocarcinomas of colon, adjacent normal colonic tissues,
non-involved by the tumor were available for the study. The
RNAs from the neoplastic and surrounding normal tissues
were both subjected to the Northern blot analysis for the
detection of the ebaf mRNA.

[0037] Applicants also examined a host of other types of
cancer for the expression of the ebaf gene. Using the same
Northern Blot procedure stated in each of the previous
examples, applicants collected the following data regarding
the expression of the ebaf gene in non-mucinous adenocar-
cinomas:

TABLE 2

Expression of ebaf mRNA in the Non-Mucinous Adenocarcinomas

Number of Northern
Tumor Type tumors examined blot finding
Serous Cystadenocarcinoma of ovary 2 2.1
Serous Cystadenocarcinoma of ovary 2 5
Serous Cystadenocarcinoma of ovary 5
Adenocarcinoma of the colon metastatic 1 —
to ovary
Endometrioid adenocarcinoma of ovary 1 —
Non-mucinous adenocarcinoma of colon 7 —
Non-mucinous adenocarcinoma of 1 —
uterine cervix
Non-mucinous adenocarcinoma of the 3 —
stomach
Hepatocellular carcinoma 3 —
Renal Cell Carcinoma 3 —
Liver metastasis; Consistent with 6 —
colonic primary*
Adenocarcinoma of lung 7 —
Adenocarcinoma of breast* 5 —

*Normal tissues around the tumors were available for the Northern blot
analysis and did not exhibit ebaf mRNA
—: Signal not detected
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[0038] Squamous cell carcinomas and non-epithelial
tumors for the expression were also examined for expression
of the ebaf gene The same Northern Blot protocol as
explained above was also used for these tumors. The results
of these tests are shown in Tables 3 and 4, respectively.

TABLE 3

Expression of ebaf mRNA in Squamous Cell Carcinomas

Number of

Tumor Type tumors examined  Northern blot finding

SCC of the Larynx 1 —
SCC of the Lung 4 —
SCC of the Uterine cervix 1 —

—: Signal not detected

[0039]

TABLE 4

Expression of ebaf mRNA in Non-epithelial Tumors

Northern
blot finding

Number of

Tumor Type tumors examined

Leiomyosarcoma, gastric
Leiomyosarcoma, colon
Leiomyosarcoma, pelvic
Chondrosarcoma, thoracic wall
Osteosarcoma, metastatic to the lung
Liposarcoma, retroperitoneum
Synovial sarcoma, metastatic to the
chest wall

Synovial sarcoma, parotid

Synovial sarcoma, Leg —
Angiosarcoma, mediastinal
Lymphoma

Lymphoma, B cell type

Lymphoma, B cell, spleen
Lymphoma, T cell, groin
Lymphoma, T cell, angiocentric, hip
Hodgkin’s Disease, mixed cell type,
lymph node

Melanoma 5 —

— [ L7 I = S =G

e = =

—: signal not detected

EXAMPLE 1

Detection of Mucinous Adenocarcinomas of the
Colon

[0040] In FIG. 2, 20 mg total RNA from a normal late
secretory endometrium which served as the positive control
(lane 1) as well as mucinous adenocarcinomas of colon
(lanes 2, 4, 6) non-mucinous adenocarcinomas of colon
(lanes 3, 10, and 12) and adjacent normal colon (lanes 3, 7,
9, 11 and 13) was subjected to the Northern blot analysis
using the entire placental-derived ebaf cDNA as the probe
(upper panel). Here, the expression of a 2.1 kb ebaf mRNA
was detected in seven of the eleven cases of adenocarcino-
mas of the colon. The histological evaluation of the positive
cases revealed them to have a mucinous differentiation.

EXAMPLE 2

Detection of adenocarcinomas of the Testis

[0041] FIG. 3 is a Northern blot displaying the results of
an examination of five cases of testicular cancer for the
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expression of ebaf gene. 20 mg total RNA from a normal
menstrual endometrium which served as the positive control
(lane 1) and each tumor tissue (lane 2: teratoma-embryonal
cell carcinoma, lane 3: mixed germ cell tumor containing
embryonal carcinoma, lanes 4-6; seminoma) were subjected
to the Northern blot analysis using the entire placental-
derived ebaf CDNA as the probe (upper panel). The blot was
exposed for long duration to detect ebaf mRNA in the
neoplastic tissues. This resulted in the overexposure of the
ebaf mRNAs detected in the endometrium.

[0042] The results shown in FIG. 3 indicate that a 2.5 kb
ebaf mRNA is detected in the tumors containing embryonal
carcinoma. The 2.1 kb mRNA is also detected in two out of
three cases of seminoma. The integrity of RNA and equal
loading was verified by staining the 18S and 28S ribosomal
RNAs (not shown) and hybridization of the blots with a
cDNA probe to GAPDH (lower panel).

[0043] II. RT-PCR of RNA in the Sample Followed
by Southern Blotting

[0044] Cells in the bodily sample should be lysed in 0.8 ml
of “TRIREAGENT” solution, (MRC Inc, Cincinnati, Ohio)
in the presence of glycoaen carrier. Supernatant containing
RNA should be combined with 0.2 ml of chloroform,
precipitated with isopropanol and washed with 70% ethanol.
The RNA pellet should then be dissolved in RNAse-free
water and incubated at 37° C. with 40 U DNAse I (Gibco-
BRL Life Technologies) for 30 minutes. The reaction would
be terminated by the addition of EDTA (20 mM) and
incubation for 10 min at 65° C. Total RNA should then be
precipitated overnight at =80° C. by the addition of three
volumes of absolute ethanol-sodium chloride mixture. The
quantity of the RNA would then be determined spectropho-
tometrically.

[0045] The total RNA would then be reverse transcribed in
a 20 ml volume containing 2 mg RNA; 0.2 mg oligo(dT),
1.25 mM of each of dATP, dCTP, dGTP, dTTP; 5 U AMV
reverse transcriptase; 10 mM MeHgOH, 88 mM f-mercap-
toethanol; 10 U RNAsin; 100 mM Tris-HCI (pH 8.3); 40
mM KCl and 10 mM MgCI2. After 60 minutes of incubation
at 42° C., the reaction mixture would be heated to 95° C. for
3 minutes. Following addition of 5 U of AMYV, the reverse
transcription would be carried out for an additional 60
minutes. After a final incubation at 95° C. for 3 minutes,
reverse transcription would be terminated by placing the
reaction mixture at 0° C.

[0046] 1 mg of reverse transcribed RNA would then be
amplified with 0.5-1 mM of each of the 5' and 3' primers
specific for [IL-101n a 50 ml reaction volume containing 1.25
U AmpliTaq DNA polymerase, 1.25 mM MgCL,, 20 mM of
each of dATP, dCTSP dGTP, dTTP, 10 mM Tris-HCl (pH
8.3), 50 mM KCl, and sterile distilled water. Negative
control tubes would receive non-reverse transcribed RNA to
verify absence of contaminating DNA. Positive control
tubes would receive all the reagents in the reaction mixture,
however, the primers used would be specific for p-actin. The
reaction mixture would be overlayered with 50 ml of min-
eral oil and the tubes would be heated for 5 minutes at 95°
C. After initiation of temperature cycling with a Dual-Block
Thermal Cycler (Ericomp, San Diego, Calif.), samples
would be amplified for 35 cycles. The denaturation tem-
perature would be 95° C. for 1 minute, annealing tempera-
ture would be 55° C. for 1 minute and the extension
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temperature would be 72° C. for 2.5 minutes. Temperature
cycling would be concluded with a final extension at 72° C.
for 10 minutes and the reaction products would be main-
tained at 4° C. Amplified products will be resolved in a 2%
agarose gel and the bands would be visualized by ethidium
bromide staining. The £X174 Hae III RF DNA fragments
and the 123 basepair DNA ladder will be used as molecular
weight markers.

[0047]

[0048] Once antibodies have been raised against the ebaf
isoforms, immunoassays can be used to determine whether
a bodily sample exhibits increased levels of expression of
the ebaf gene. Either polyclonal or monoclonal antibodies
can be used in these assays. The level of expression of the
ebaf gene observed from any of these assays should be
compared with the basal level of expression the ebaf
believed to be in present in healthy samples. If the level of
expression is increased relative to this basal level, it is
indicative to an adenocarcinoma of the testis, or a mucinous
adenocarcinoma of the colon or ovaries.

[0049]

[0050] Initially, proteins in the bodily sample are solubi-
lized by adding to the bodily sample an equal volume of
2xSDS lysis buffer (6% SDS, 0.14 M Tris, pH 6.8, 22.4%
glycerol) and the chromosomal DNA would be sheared by
repeatedly passing the sample through a 20-gauge needle
and then through a 25-gauge needle. The sample would then
be spun at 10,000 xg for 10 minutes and the amount of
protein in the supernatants would be determined using the
BCA assay kit (Pierce, Rockford, I11.). Then, mercaptoetha-
nol (5%) and bromophenol blue (0.5%) would be added and
the sample will be boiled for 5 minutes

[0051] Tissue lysates would then be subjected to SDS-
PAGE and separated proteins would be transferred to a
nitrocellulose or nylon membrane. The membrane would be
preblocked by incubation in TBST (10 mm Tris, pH 8.0; 150
mM NaCl; 0.05% Tween-20) containing 3% bovine serum
albumin (BSA) at 25° C. for two hours. After washings in
TBST (x4), the membrane would be stained by avidin-
biotin-peroxidase complex (ABC) procedure (Hsu et al,
1981). This would be done by sequential incubation of the
blot, with TBST containing 1% BSA and primary antibody
(2-12 hours), and then with secondary antibody (2 hours),
and finally ABC (2 hours). Each incubation would be carried
at 37° C. and will be followed by two washes in TBST. The
immunoreactive band(s) would be revealed by incubation of
the blot with a mixture of 3,3' diaminobenzidine tetrahydro-
chloride (DAB)—H,0,. As controls, primary antibody, sec-
ondary antibody or ABC would be omitted from the staining
reaction. Primary antibody would be substituted with iso-
type specific antibody or pre-immune serum at the same
protein concentration.

[0052]

[0053] Frozen sections will be fixed in 10% buffered
formalin for 5 minutes and then washed in 0.1 M PBS. If
paraffin sections are used, these will be deparaffinized in
xylene and descending series of ethyl alcohol and finally
washed in 0.1 M PBS.

[0054] Immunostaining would be performed according to
the ABC procedure as described in the Western Blot. When

III. Immunoassay

A. Western Blotting

B. Immunohistochemical Staining
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paraffin sections are used, if no signal can be detected,
sections would be treated prior to immunostaining with
pepsin or trypsin as described (Shah et al, 1987a,b). Sections
to be viewed at the light microscopic level will be evaluated
with and without counterstain.

[0055] C.Enzyme Linked Immunosorbent Assay (ELISA)

[0056] ELISA s based on antigen-antibody reaction and a
subsequent enzyme-mediated color development. The
ELISA plates would be made in this laboratory as described
in Harlow, E. and Lane, D. Anfibodies: A Laboratory
Manual. Cold Spring Harbor Laboratory, Cold Spring Har-
bor, N.Y. (1988). If only a monoclonal antibody is available,
the antibody capture assay should be used. When both
polyclonal and monoclonal antibodies are available the
sandwich ELISA for detecting and quantifying the antigen
should be used.

[0057] Initially, polyclonal antiserum would be raised in
rabbits immunized with a bacterially produced chimeric
fusion protein or a synthesized peptide of at least one of the
isoforms of produced from ebaf gene expression. If required,
a second peptide would be used to raise a second polyclonal
antiserum or monoclonal antibody specific to a different
protein domain. Monoclonal antibodies would be synthe-
sized by a commercial vendor (bioWorld, Dublin, Ohio).
The positive clones would be identified by ELISA and then
expanded. The specificity of the monoclonal antibodies
would be tested against the in vitro expressed proteins.

[0058] In the antibody capture assay, known amounts of
purified antigen and the bodily sample with an unknown
amount of antigen would be bound to the individual wells of
a PVC microtitre plate. PVC will bind approximately 100
ng/well (300 ng/cm?2). The plate would be incubated at room
temperature for two hours. The plate would then be washed
in PBS and remaining sites on the PVC plate would be
saturated overnight in a humid atmosphere at room tem-
perature with a blocking buffer (3% BSA/PBS) containing
0.2% sodium azide. After washing the plate twice with PBS,
50 ml of alkaline phosphatase-labeled antibody solution
prepared in the same buffer would be added to each well and
incubated for two hours at room temperature in a humid
atmosphere. The unbound antibody would he removed by
washing the plates four times in PBS.

[0059] To ensure that the assay is accurate, the amount of
alkaline phosphatase-labeled antibody will be used in
excess. The level of secondary antibody needed will be
determined by titrating the alkaline phosphatase-labeled
antibody. Once standards are prepared for the detection of
known quantities of purified protein, the amount of protein
in the samples will be determined using the kit. The amount
of unknown protein will be extrapolated from a standard
curve based on the known amounts of protein.

[0060] In the sandwich ELISA, the plates would be coated
with the primary monoclonal antibody (20 mg/ml in PBS).
After washing the wells with PBS, 50 ml of known amounts
of purified antigen and various dilutions of lysate from the
bodily sample would be added to the various wells of the
plate. After washing, the alkaline phosphatase-labeled anti-
body to the antigen would be added and the plates re-
washed. Each incubation would be for two hours at room
temperature. A chemiluminescent detection system (Tropic,
Bedfor, Mass.) would be used for detection. This system
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includes incubation of the plates with an antibody, followed
by activation of a substrate (CSPD) that emits light. The
amount of light emitted would be directly related to the level
of expression of the ebaf gene in the sample lysate, and the
level would be quantitated by luminometry.

[0061] Applicants believe that, any method, either known
now or subsequently discovered, which is capable of deter-
mining whether the ebaf gene is being expressed in a
particular bodily tissue, is an acceptable method to practice
the present invention. Hence, many other variations and
modifications of the invention will be apparent to those
skilled in the art without departing from the spirit and scope
of the invention. The above-described embodiments are,
therefore, intended to be merely exemplary, and all such
variations and modifications are intended to be included
within the scope of the invention.

What is claimed is:

1. A method for diagnosing an adenocarcinoma in a
human comprising the steps of:

removing a bodily sample from the human; and

assaying the bodily sample for elevated expression of a
specific gene.

2. The method for diagnosing an adenocarcinoma as set
forth in claim 1, wherein the specific gene is the ebaf gene.

3. The method for diagnosing an adenocarcinoma as set
forth in claim 2, wherein the bodily sample is blood.

4. A method for diagnosing an adenocarcinoma in a
human female not suffering from abnormal uterine bleeding,
comprising the steps of:

removing a bodily sample from the human female after
the completion human female’s period; and

assaying the bodily sample for elevated expression of a

specific gene.

5. The method for diagnosing an adenocarcinoma in a
human female as set forth in claim 4, wherein, in the
assaying step, the specific gene is the ebaf gene.

6. The method for diagnosing an adenocarcinoma in a
human female as set forth in claim 5, wherein the adeno-
carcinoma is a mucinous colon adenocarcinoma.

7. The method for diagnosing an adenocarcinoma in a
human female as set forth in claim 6, wherein the bodily
sample is colon tissue.

8. The method for diagnosing an adenocarcinoma in a
human female as set forth in claim 5, wherein the adeno-
carcinoma is a mucinous ovarian adenocarcinoma.

9. The method for diagnosing an adenocarcinoma in a
human female as set forth in claim 8, wherein the bodily
sample is colon tissue.

10. The method for diagnosing an adenocarcinoma as set
forth in claims 6 or 8, wherein the bodily sample is blood.

11. A method for diagnosing an adenocarcinoma in a
human male comprising the steps of:

removing a bodily sample from the human male; and

assaying the bodily sample for elevated expression of a
specific gene.
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12. The method for diagnosing an adenocarcinoma in a
human male as set forth in claim 11, wherein, in the assaying
step the specific gene is the ebaf gene.

13. The method for diagnosing an adenocarcinoma in a
human male as set forth in claim 12, wherein the adenocar-
cinoma is a mucinous colon adenocarcinoma.

14. The method for diagnosing an adenocarcinoma in a
human male as set forth in claim 13, wherein the bodily
sample is colon tissue.
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15. The method for diagnosing an adenocarcinoma in a
human male as set forth in claim 12, wherein the adenocar-
cinoma is testicular adenocarcinoma.

16. The method for diagnosing an adenocarcinoma in a
human male as set forth in claim 15, wherein the bodily
sample is testis tissue.

17. The method for diagnosing an adenocarcinoma as set
forth in claims 13 or 15, wherein the bodily sample is blood.
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