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(57) ABSTRACT

The present invention concerns compositions and methods
for evaluating fertility in humans and animals. The invention
may also be used to identify reproductive cancers such as
testicular cancer. In various embodiments of the invention, an
Sptrx-3 enzyme is used as a fertility marker. Sptrx-3 may be
detected in accordance with the invention in vitro or in vivo.



US 2010/0317013 A1

Dec. 16,2010 Sheet 1 of 10

Patent Application Publication

LXHIY

¢-x1dgs
g-xapdgus
eXH1dsu

X1
¢-xaidgu
e-xndsuw

eXHLdsY

3Ly
e-xadst

e-xndguw -

X LdsH

(cr:oNa@das) - QY

(Z1:oON @ Oas) €-x4dsy
(11 :ON a1 03s) €-xndsw
(01 :ON A 03S) £XHL1dM

[ "DId

mb>>am,o<.auqu
7 5 d3JANA ‘




US 2010/0317013 A1

Dec. 16,2010 Sheet 2 of 10

Patent Application Publication

d-V<7 SDIA

2o
| E-XH1dS

_ ‘ - _ iyw
CBA A LA | e-xaLdS
. Odbdy W

390

>
£-X1dS

L 2d
£-XMLdS
L 1g

VYLV L OdDoM 9y
n_mo . " VAW_.FD...WVW

XYL

£9 £-XH1dS
2q £-X4.LdS
L9 £-X¥1dS

2P £-Xd1dS
L0 £-XY1dS
SJayJep



Patent Application Publication  Dec. 16,2010 Sheet 3 of 10 US 2010/0317013 A1

FIGS 3A-C

TEd
{esoonw ou) uojo? -
auNSa)u| Jlews
Kieao

s)1s9)
aeysoud % %
snwiiy)
uasjds

8y

. 3
S

seasnued ¥
Kauppy

ajosnu |ejajays
48|

Bun)

ejuaoeld
(ajoym) ureiq N
Heay

9

7

4

2
0.24



Patent Application Publication

Human IHC

Dec. 16,2010 Sheet 4 of 10

US 2010/0317013 A1
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FIG. 5
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METHODS AND COMPOSITIONS FOR
DETECTING SPERMATOZOA OR SEMEN IN
A SAMPLE

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 60/562,526 filed Apr. 15, 2004,
the entire disclosure of which is specifically incorporated
herein by reference. The government may own rights in the
present invention pursuant to grant numbers 2002-02069
from the USDA.

BACKGROUND OF THE INVENTION

[0002] A. Field of the Invention

[0003] Thepresentinvention relates generally to the field of
biology. More particularly, it concerns fertility assays and
associated compositions.

[0004] B. Description of Related Art

[0005] An estimated 20-25% of couples currently seeking
infertility treatment are diagnosed with idiopathic or unex-
plained infertility, where approximately half of those cases
are due to male infertility. While many diagnostic options
have been developed to evaluate female infertility, male infer-
tility lacks a truly objective semen assay capable of detecting
awide array of both visible and cryptic sperm abnormalities.
Consequently, there is a great demand for an accurate and
objective means of semen analysis (Amann, 1989) that would
be superior to the useful, yet somewhat limited subjective
techniques based on strict morphology standards (Kruger et
al., 1987; WHO, 1987, 1992, 1999).

[0006] Theevaluation of sperm motility and morphology as
an indicator of infertility has significant limitations (Eliasson,
2003). Automated semen analyses such as CASA and TVOS
(Douglas-Hamilton, 1995; Krause, 1995) have been devel-
oped for clinical use based on measurements of sperm motil-
ity and morphology. Motility is, however, a variable sperm
characteristic that declines rapidly after sample donation and
depends largely on the length of time between collection and
evaluation (typically up to 2 hours post collection; Drobnis,
1992, Eliason, 1981, Jorgensen et al., 1997). While there is a
significant overlap between semen parameters of fertile and
infertile men, sperm morphology is thought to be a stronger
infertility predictor than sperm motility (Guzick et al., 2001).

[0007] Other techniques also have significant limitations
for evaluation of male fertility. Membrane permeant nuclear
stains (Garner and Thomas, 1999) and vital mitochondrial
dyes (Evenson etal., 1982; Garner and Thomas, 1999) may be
used to discriminate between live and dead spermatozoa.
Terminal deoxynucleotidyl transferase-mediated, dUTP
nick-end labeling (TUNEL), ELISA or Comet assays are
suggestive of the apoptotic or necrotic process in spermato-
zoa and can be used to screen for DNA strand breaks in some
defective spermatozoa (Baccetti et al., 1996; Hughes et al.,
1999; Sun et al., 1997; van der Schans et al., 2000). DNA-
specific dyes applied to intact (Ferrari et al., 1998) or dena-
tured (SCSA; Ballachey et al., 1987) bull sperm correlate
with fertility, but may not correlate well with the results of
microscopic semen analysis (Evenson et al., 1999). Chroma-
tin-based assays provide useful information about sperm
quality, though they may not cover the whole spectrum of
sperm head and tail abnormalities found in both fertile and
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subfertile semen samples (Sutovsky et al., 2001b; 2002).
Thus, a need exists for the creation of an accurate and objec-
tive means of semen analysis.

SUMMARY OF THE INVENTION

[0008] The invention overcomes the limitations of the prior
art by providing novel methods and compositions for the
detection of infertility. As described above, there is a need for
improved methods of evaluating fertility and diagnosing
infertility. The invention therefore provides methods of ascer-
taining fertility of a sample of spermatozoa, as well as a
subject, by detecting the presence and/or activity of the novel
fertility marker Sptrx-3, or the presence of antibodies against
it in the blood serum of infertile patients. The inventors have
demonstrated that an elevation of Sptrx-3 presence and/or
activity in association with a sample of spermatozoa is cor-
related with decreased fertility. Additionally, elevation of
Sptrx-3 presence and/or activity in association with a sample
of spermatozoa is also correlated with other pathologies
including early stages of testicular cancer and autoimmune
infertility. Such levels may be evaluated as “elevated” or
“increased” by comparison to control samples to establish
and average or baseline for the population of subjects. A
greater presence of Sptrx-3 relative to an average subject
within a population, including a concentration that is in at
least about the 607, 70™, 80™, 90™ 95 and 99" percentile of
concentration relative to fertile male subjects in the species
being examined may be used to assess fertility. In one
embodiment, identification of changes in spermatozoa
expression and/or function of Sptrx-3 may be used to identify
male infertility.

[0009] An aspect of the present invention involves an iso-
lated Sptrx-3 polypeptide comprising at least 90% sequence
identity to the amino acid sequence of SEQ ID NO:10. In
certain embodiments, the polypeptide may comprise the
amino acid sequence of SEQ ID NO:10. Some embodiments
involve an immunogenic fragment of the isolated Sptrx-3
polypeptide. Certain embodiments involve an antibody or
fragment thereof that binds immunologically to said isolated
Sptrx-3 polypeptide. Certain embodiments or the present
invention involve an isolated nucleic acid sequence selected
from the group consisting of: (a) a nucleic acid encoding the
polypeptide of claim 1; (b) a nucleic acid that hybridizes to
SEQ ID NO:9 under conditions of about 0.1 M NaCl and
about 50° C.; (¢) a nucleic acid having at least 90% sequence
identity to SEQ ID NO:9; and (d) a complement of a nucleic
acidof(a), (b), or (c). Certain embodiments involve a probe or
primer comprising at least 20 contiguous base pairs of the
isolated nucleic acid sequence. Some embodiments of the
present invention involve an isolated nucleic acid sequence
that hybridizes to SEQ ID NO:9 or a complement thereof
under high stringency conditions.

[0010] Another aspect of the present invention relates to
methods for evaluating the fertility of a subject. Some
embodiments involve a method of evaluating the fertility or
semen quality of a sample of spermatozoa comprising detect-
ing the content and/or activity of Sptrx-3 in the sample,
wherein an increased content and/or activity of Sptrx-3 rela-
tive to a control sample is associated with decreased fertility.
The method may comprise detecting the presence of antibod-
ies that immunologically bind Sptrx-3, wherein an increased
content and/or activity of antibodies that immunologically
bind Sptrx-3 relative to a control sample is associated with
decreased fertility. Detecting may be done by Western blot



US 2010/0317013 Al

analysis, immunocytochemistry, or electron microscopy uti-
lizing colloidal gold particles. The sample of spermatozoa
may be from a head of cattle, pig, goat, sheep, horse, mouse,
rat, guinea pig, rabbit, dog or cat. In a preferred embodiment,
the sample of spermatozoa is from a human. Detecting may
comprise immunologic detection, and immunologic detec-
tion may comprise detection with polyclonal antisera,
autoimnune sera, or a monoclonal antibody preparation.
ELISA, RIA and Western blot techniques may also be used
for immunologic detection. Said ELISA may be a sandwich
ELISA comprising binding of Sptrx-3 to a first antibody
preparation fixed to a substrate and a second antibody prepa-
ration labeled with an enzyme. Said enzyme may be alkaline
phosphatase or horseradish peroxidase. Detection may com-
prise detection of mRNA. In some embodiments, detecting
may comprise detecting a product and/or substrate of Sptrx-3.

[0011] The present invention also provides methods of
evaluating fertility of a subject, wherein the sample of sper-
matozoa is obtained from the subject, and wherein the results
ofthe detecting are used to evaluate the fertility of the subject.
This method may comprise detecting the content and/or activ-
ity of Sptrx-3 in at least two samples of spermatozoa from the
subject. In some embodiments, the methods of evaluating
fertility may comprise evaluating fertility of a plurality of
samples of spermatozoa comprising detecting the content
and/or activity of Sptrx-3 in the samples; in some embodi-
ments it may be desirable to select at least one sample of
spermatozoa from the plurality of samples based on the
results of said detecting for use in artificial insemination or in
vitro fertilization.

[0012] Another aspect of the present invention relates to a
method of in vitro fertilization and/or artificial insemination
comprising screening at least one sample of spermatozoa for
Sptrx-3 content and/or activity and selecting a sample of
spermatozoa for in vitro fertilization and/or artificial insemi-
nation based on said screening, wherein increased Sptrx-3
content and/or activity relative to a control subject is associ-
ated with decreased fertility.

[0013] Incertain embodiments, identification of alterations
in the expression and/or function of Sptrx-3 in spermatozoa
may be used to identify an early stage of cancer. The present
invention provides a method of identifying a pre-invasive
stage of cancer comprising detecting the content and/or activ-
ity of Sptrx-3 in a sample comprising semen or spermatozoa,
wherein an increased content and/or activity of Sptrx-3 rela-
tive to a control sample is associated with decreased fertility.
The sample, in a preferred embodiment, is from a human. In
certain embodiments, the pre-invasive stage of cancer is CIS
or gonadoblastoma.

[0014] Another aspect of the present invention relates to a
kit comprising: a first antibody preparation that binds immu-
nologically to Sptrx-3, and a suitable container means
thereof. The first antibody may be a monoclonal antibody or
a polyclonal antibody. The antibody preparation may be
attached to a support, such as a polystyrene plate, test tube or
dipstick. In certain embodiments, the kit further comprises at
least a second antibody preparation. The second antibody
preparation may comprise a detectable label, such as a a
fluorescent tag, a chemiluminescent tag and an enzyme. In
certain embodiments, the enzyme is alkaline phosphatase or
horseradish peroxidase. The kit may further comprise a sub-
strate for said enzyme. The kit may further comprising a
buffer or diluent and a suitable container means therefor.
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[0015] The use of the word “a” or *“an” when used in con-
junction with the term “comprising” in the claims and/or the
specification may mean “one,” but it is also consistent with
the meaning of “one ormore,” “at least one,” and “one or more
than one.”

[0016] Other objects, features and advantages of the
present invention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while indi-
cating specific embodiments of the invention, are given by
way of illustration only, since various changes and modifica-
tions within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific embodi-
ments presented herein.

[0018] FIG. 1: Alignment of the predicted amino acid
sequences of human Trx-1 (WTRX-1; SEQ ID NO:13), human
Sptrx-3 (hASPTRX-3; SEQ ID NO:10), mouse Sptrx-3 (mSp-
trx-3; SEQ ID NO:11), and rat Sptrx-3 (rSptrx-3; SEQ ID
NO:12) proteins. The alignment was performed using the
W-CLUSTAL program included in the DNAStar package
(Thompson etal., 1994). Identical residues are shadowed and
the thioredoxin active site is boxed. Cysteine residues are
marked with a star and the arrow point out the arginine residue
in the human Sptrx-3 thioredoxin active site. Conserved
amino acids (referred to as Trx-1, (Eklund et al., 1991))
essential for correct folding or function, apart of the active
site, are marked with a circle. Sequences of the peptides used
for rabbit immunizations are underlined.

[0019] FIGS. 2A-B: Human Sptrx-3 isoforms. FIG. 24,
Comparative exon organization between human Trx-1 and
the five different human Sptrx-3 isoforms identified. The
exon organization is identical for the first four exons preced-
ing Sptrx-3 exon V, which is not present in Trx1 sequence.
The coding sequence in the sixth Sptrx-3 exon still shows
high identity with fifth Trx-1 exon. The main difference
between the two isoforms of exon VI is the length of the
3'-UTR regions. FIG. 2B, PCR amplification of the different
human Sptrx-3 ORF isoforms identified.

[0020] FIGS. 3A-C: Expression pattern of Sptrx-3 mRNA.
FIG. 3A, Human Multiple Tissue Northern blot. Human
Sptrx-3 probe hybridized with one mRNA species at 0.9 kb
only in testis. 3-actin was used as control. FIG. 3B, In dipped
sections of adult mouse testis strongest signal (epipolariza-
tion signal seen as white grains) can be identified in the
middle part of the seminiferous epithelium while rest of the
tubule and labeling of the interstitial Leydig cells (Lc) did not
exceed background. Bar, 50 um. FIG. 3C Inssitu hybridization
in mouse testis sections studied at different ages shows the
presence of Sptrx-3 mRNA in testis from 3 weeks of age to
adult but not in pre-pubertal testis (2 weeks) or liver used as
negative control tissue.

[0021] FIGS. 4A-D: Expression pattern of Sptrx-3 protein.
FIG. 4A, THC (Human Immunochistochemistry). FIG. 4B, Rat
seminiferous tubules in stages II and VII of the cycle immu-
noperoxidase-stained with anti-Sptrx-3 antibody. In Stage 11
the Golgi apparatus (GA) of step 2 round spermatids (RS) is
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immuno-reactive and is in a juxta-nuclear (N) position asso-
ciated with the formation of the acrosome. Elongated sper-
matids (ES) show no immuno-reactivity. In stage VII the
immuno-reactive Golgi apparatus of a step 7 round spermatid
has dissociated from the newly assembled acrosome (see
GA-RS in white font). Further below, larger immuno-reactive
Golgi Apparatus (GA) of pachytene (P) spermatocytes can be
seen. The residual bodies (RB), appear dark as they absorb the
methylene blue counterstain—they are not immuno-reactive.
Bar, 10 um. FIG. 4C, Rat seminiferous tubules in stage XII.
The Golgi apparatus (white arrows) of late pachytene sper-
matocytes (P) is immuno-reactive to anti-Sptrx-3 antibody.
The Golgi apparatus of step 12 elongated spermatids (ES)
does not appear to be immuno-reactive. Bar, 10 pm. FIG. 4D,
Mouse isolated secondary spermatocytes express Sptrx-3 in
association with the acrosomal granule.

[0022] FIG. 5: Electron micrograph of a step 3 and 6 rat
spermatid immunogold labeled with anti-Sptrx-3 antibody.
Labeling is specific to the Golgi apparatus (GA) and forming
acrosome of the round spermatid. AG, acrosomal granule; AV,
acrosomal vesicle; AC, acrosomal cap; N, nucleus of sperma-
tid. Bar, 0.2 pm. Note that the Golgi apparatus (GA) of the
round spermatid (RS) and of the pachytene spermatocyte (P)
specifically immunogold label with anti-Sptrx-3 antibody.
[0023] FIGS. 6A-B: FIG. 6A, Western-blot analysis of dif-
ferent human protein extracts. Note that “sperm B” sample
shows a complete different pattern after a freezing step and
that the signal is exclusively detected in sperm samples. FI1G.
6B, Same sperm samples used before are compared with
testis protein extracts from bovine, mouse, rat and human.
The specific amount of protein loaded in each lane is indi-
cated above.

[0024] FIG. 7: Human Sptrx-3 was over-expressed in HEK
293 cells bi-directionally with GFP protein as an internal
control of transfection/expression (left panel). Five ug of
protein extracts from each transfection plate were analyzed
by western-blot with anti-TRX-1 or anti-Sptrx-3 antibodies
to check TRX-1 and Sptrx-3 over-expression respectively
(right upper panel). Finally, 5 pg of each protein extract were
used in the thioredoxin enzymatic assay (lower right panel).
NADPH and thioredoxin reductase were used as electron
donors. The reaction was initiated by adding 1 pg of calf
thymus thioredoxin reductase (50 A,,, units) and stopped
after 20 min by the addition of 6M guanidine HCl, 1 mM
5,5'-dithiobis (nitrobenzoic acid). Bar charts show A, , of
each protein extract. Values are the average of four different
experiments performed in triplicate.

[0025] FIGS. 8A-E: Sptrx-3 is over-expressed in the sper-
matozoa of infertile, teratospermic men. FIG. 8A, Dual flow
cytometric analysis of Sptrx-3 and sperm quality marker
ubiquitin in a semen sample from fertile donor (left column),
and an infertile, teratospermic patient (center). Blank, nega-
tive control sample (right column) was generated using
semen sample from the same fertile donor as shown in left
column. Top row shows histograms and median values of
relative fluorescence in samples processed with anti-Sptrx-3
serum and an appropriate fluorescently conjugated secondary
antibody; middle row shows histograms and medians of the
same subjects’ sperm samples processed with anti-ubiquitin
antibodies. An empty curve in the ‘patient’ and “blank” histo-
grams represent the histogram of fertile donor. Bottom row
shows scatter diagrams of visible light, illustrating the pre-
vailing cell size in normal and infertile sample. Increased
number of spots (each spot is one cell) in the upper right
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corner of the histogram of patient’s sample (arrows, center) is
indicative of a large number of morphologically abnormal,
large spermatozoa, including those with superfluous cyto-
plasm. Epifluorescence microscopy was used to visualize
Sptrx-3 (FIG. 8B, FIG. 8C) and ubiquitin (FIG. 8D, FIG. 8E)
in sperm samples of a fertile donor (FIG. 8B, FIG. 8D)and a
teratospermic patient (FIG. 8C, FIG. 8E; same subjects as
shown in FIG. 8A). Corresponding differential interference
contrast (DIC) images are shown in panels FIG. 8B, F1G. 8C,
FIG. 8D, and FIG. 8E.

[0026] FIGS. 9A-F: Two dimensional (2-D) western blots
of rat sperm proteins stained with anti-SPTRX-3 serum or
post vasectomy rat sera. The arrows and arrowheads denote
comparable points in each of the three blots. FIG. 9A, Anti-
serum raised against SPTRX-3 peptides bound two main
constellations of proteins, at 24-29kDa, p14.7-7.2, and 17-22
kDa, pI 5.8-7.5. The post vasectomy serum shown in panel C
bound trains of protein spots at 24-29 and 17-22 kDa that
migrated in a very similar pattern to that for SPTRX-3 (FIG.
9A). The second post vasectomy serum (FIG. 9E) showed a
different pattern; although it did not react with the entire
constellation of protein spots, it did stain spots that co-mi-
grated with those at the acidic end of the 20-25 kDa train
(short arrow) and at the basic end of the 17-22 kDa train
(arrowhead). Blots stained with the corresponding pre-im-
mune or pre-vasectomy sera (FIG. 9B, FIG. 9D, and FIG. 9F)
showed no reaction or very faint staining; although two spots
at17-18 kDa, pl ~7.0-7.3, were lightly stained in panel F, their
staining with the corresponding post vasectomy serum was
much increased (FIG. 9E).

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0027] The invention overcomes the limitations of the prior
art by providing novel methods and compositions for the
detection of infertility. As described above, there is a need for
improved methods of evaluating fertility and diagnosing
infertility. The invention therefore provides methods of ascer-
taining fertility of a sample of spermatozoa, as well as a
subject, by detecting the presence and/or activity of the novel
fertility marker Sptrx-3, or in the cases of autoimmune infer-
tility, the presence of anti-Sptrx3 antibodies in subject’s blood
serum. The inventors have demonstrated that an elevation of
Sptrx-3 presence and/or activity in association with a sample
of spermatozoa is correlated with decreased fertility. Such
levels may be evaluated as “elevated” or “increased” by com-
parison to control samples to establish and average or base-
line for the population of subjects. A greater presence of
Sptrx-3 relative to an average subject within a population,
including a concentration that is in at least about the 60”70,
80, 90" 957 and 99” percentile of concentration relative to
fertile male subjects in the species being examined may be
used to assess fertility. Similarly, the inventors have demon-
strated the presence of anti-Sptrx3 antibodies in sera of vasec-
tomized rats, an established model for inducing autoimmune
infertility due to self-production of anti-sperm antibodies.

[0028] Inaccordance with the results of such aspects, vari-
ous interventions for treatment of infertility may be taken, as
1s known in the art. In the case of livestock and animal breed-
ing programs, male animals may be selected for entry into the
breeding program based on such evaluations. Individual
semen samples may also be evaluated for use in artificial
insemination or in vitro fertilization and the like based on
assays in accordance with the invention. Finally, human and
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animal sperm samples may be evaluated for their sperm-
SPTRX3 levels in toxicologic studies for the purpose of drug
development and/or compound testing, environmental qual-
ity monitoring, and monitoring of toxic workplace exposure.
[0029] As the expression of Sptrx-3 in mammals is highly
conserved, the invention may find use with a number of spe-
cies. The current invention may therefore find use with poten-
tially any mammal including, but not limited to, for example,
beef and dairy cattle, pigs, horses, cats, dogs, rodents, pri-
mates and, in a preferred embodiment, humans. Sptrx-3
enzymes, the nucleic acid and amino acid sequences of which
having been identified by the inventors, as well as anti-Sptrx3
antibodies, may be detected in accordance with the invention
using standard methodology for the detection of proteins,
antibodies, and nucleic acids.

1. THIOREDOXINS

[0030] The thioredoxin (Trx) family of proteins comprises
a group of proteins sharing a highly conserved active site with
the sequence Cys-Gly-Pro-Cys (CGPC) implicated in cata-
lyzing redox reactions through the reversible oxidation of the
cysteine residues in their active site from a dithiol to a disul-
phide form. Thioredoxins are maintained in their reduced
active form by the selenoprotein thioredoxin reductase
(TrxR) which transfers electrons from NADPH. Together,
thioredoxins and their reductases constitute the so-called
thioredoxin system (Amer and Holmgren, 2000). All organ-
isms from lower prokaryotes to humans are equipped with
distinct thioredoxin systems that participate in diverse cellu-
lar processes, including among others modulation of tran-
scription factor-DNA binding activity, DNA synthesis, anti-
oxidant defense, regulation of apoptosis or immune response.
Moreover, abnormal expression of some thioredoxin and/or
thioredoxin reductase genes has been correlated with a num-
ber of pathologies such as cancer, Alzheimer’s and Parkin-
son’s diseases, AIDS, etc. (Gromer et al., 2004; Hirota et al.,
2002; Holmgren, 2000; Powis and Montfort, 2001). Most, if
not all of the functions assigned to thioredoxin are dependent
on their ability to behave as general protein disulfide reduc-
tases.

[0031] Eukaryotic organisms have two complete thiore-
doxin systems, one in cytoplasm and the other in mitochon-
dria (Hirota et al., 2002). Furthermore, a large number of
different thioredoxins with novel properties such as organelle
specific localization in endoplasmic reticulum or mitochon-
dria (Cunnea et al., 2003; Hosoda et al., 2003; Miranda-
Vizuete et al., 2000), tissue-specific distribution, and the
microtubule-binding properties (Sadek et al., 2003), have
recently been reported in mammals. This complexity is par-
alleled by the increasing number of thioredoxin reductase
variants.

[0032] Basedon protein domain organization, thioredoxins
can be separated into two different groups: Group 1 encom-
passes those proteins consisting of one thioredoxin domain,
while Group II includes those comprising thioredoxin
domains plus additional non-thioredoxin domains. In
humans, members of Group I are TRX-1 (Wollman et al.,
1988) and TRX-2 (Spyrou et al., 1997) while Group 1I
includes thioredoxin-like 1 (TXL-1), a thioredoxin-related
proteinof 32 kDa (TRP32) (Leeetal., 1998; Miranda-Vizuete
et al., 1998), endoplasmic reticulum dj5 (ERdj5)/J-domain-
containing protein disulfide isomerase-like protein (JPDI)
(Cunnea et al., 2003; Hosoda et al., 2003), the spermatid-
specific thioredoxin-1 (SPTRX-1) (Jimenez et al., 2002;
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Miranda-Vizuete etal., 2001), SPTRX-2 (Miranda-Vizuete et
al., 2003; Sadek et al., 2001), and TXL-2 (Sadek et al., 2003).
[0033] Thus, an alternative classification of thioredoxins,
based on the above expression patterns, can be proposed
wherein all the ubiquitously expressed thioredoxins (TRX-1,
TRX-2, TXL-1, ERDJS) can be sorted out in one group,
although some of them are found in different subcellular
compartments. The other group would then incorporate all
those thioredoxins with a tissue specific expression such as
SPTRX-1, SPTRX-2 and TXL-2, the first two specifically
expressed in male germ cells and the third one in tissues
harboring cilia and flagella such as spermatozoa or lung air-
way epithelia featuring microtubule-based motile structures.
The abundance of tissue-specific thioredoxins in male germ
cells reflects a key role of this family of proteins in spermato-
genesis, further supported by the recent finding of a novel
testis-specific splicing variant of cytosolic thioredoxin reduc-
tase and the Trx and GSSG reductase (TGR), a fusion protein
of glutaredoxin and thioredoxin reductase domains with high
expression in testis (Sun et al., 2001).

[0034] The major role of the fertilizing spermatozoon is to
contribute the male pronucleus for the zygote. For this pur-
pose, the round spermatid undergoes a dramatic morphologi-
cal and biochemical adaptation that results in the highly
polarized spermatozoon, in a process known as spermiogen-
esis (Oko, 1998). Morphologically, mature spermatozoon is
composed of a head and a tail, and both structures are
equipped with unique accessory structures, that are necessary
for the spermatozoon to fulfill its function. Thus, apart from
the nucleus where DNA is linked to protamines to facilitate a
high condensation and stability, the sperm head contains the
acrosome, an enzyme-filled membrane-enclosed vesicle that
1s required for the sperm-egg binding and the penetration of
egg vestments during fertilization (Eddy and O’Brien, 1994).
The sperm tail is responsible of energy production and mobil-
ity of the sperm cell which is achieved by the acquisition of
additional cytoskeletal structures, namely the outer dense
fibers and fibrous sheath, surrounding the sperm axoneme
(Curry and Watson, 1995; Eddy and O’Brien, 1994).

[0035] The association of thioredoxin proteins to the male
germ cell lineage appears to be a key event in spermatogen-
esis. In addition to mammals, it is also found in lower eukary-
otes, such as sea urchin (Ogawa et al., 1996) or Drosophila
melanogaster (Svensson et al., 2003).

[0036] The present invention discloses the characterization
of a novel thioredoxin, named Sptrx-3, exclusively expressed
in testis and possibly required for the biogenesis of the
acrosome. Additionally, Sptrx-3 expression is altered in sev-
eral pathologies associated with male reproductive physiol-
ogy. Thus, Sptrx-3 arises as a specific marker for defective
spermatozoa from infertile males as well as a novel sperm
post-obstruction autoantigen.

[1. DIAGNOSTIC ASSAYS

[0037] In accordance with one aspect of the invention,
methods are provided for assaying fertility by detecting for
the presence of a Sptrx-3 enzyme and/or activity thereof in
association with spermatozoa samples. As is known to those
of skill in the art, the detection of the presence of a given
enzyme such as Sptrx-3 need notbe carried out on the enzyme
itself, and may be carried out, for example, on one or more
product catalyzed by the enzyme. Thus when detection of
Sptrx-3 is referred to herein, this includes indirect detection
of precursors and/or products of Sptrx-3, and the detection of
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anti-Sptrx3 antibodies a in subjects’ blood sera. Examples of
such compounds that may be detected to show the presence of
Sptrx-3 include products which are catalyzed by Sptrx-3.
Sptrx-3 substrates may include: 5,5'-dithiobis(2-nitrobenzoic
acid) (DTNB), 5-thiobis(2-nitrobenzoic acid) (TNB), GSSG
(oxidized glutathione), lipoic acid, protein disulfides,
alloxan, vitamin k, NK-lysin, L-cystine, protein disulfide
isomerase, and peroxiredoxins. Certain assays for determin-
ing thioredoxin activity are well known in the art (e.g.,
Holmgren, A, 1984) and may be used with the present inven-
tion to determine Sptrx-3 activity.

[0038] Many assay formats for detecting the presence and/
or activity of enzymes are well known to those of skill in the
art and may be used in accordance with the invention for
detection of Sptrx-3. Such assays may be qualitative or quan-
titative. Examples of some of these are described below for
illustrative purposes.

[0039] A. Immunologic Detection of Sptrx-3

[0040] One aspect of the present invention entails the use of
antibodies in the immunologic detection of Sptrx-3. Various
useful immunodetection methods have been described in the
scientific literature, such as, e.g., Nakamura et al. (1987,
incorporated herein by reference). Immunoassays, in their
most simple and direct sense, are binding assays. Certain
preferred immunoassays are the various types of enzyme
linked immunosorbent assays (ELISAs), Western blotting,
and radioimmunoassays (RIA). Immunohistochemical
detection using tissue sections and immunocytochemical
detection using isolated cells also is particularly useful. How-
ever, it will be readily appreciated that detection is not limited
to such techniques, and one and two-dimensional PAGE,
Western blotting, dot blotting, FACS analyses, and the like
also may be used in connection with the present invention.
[0041] Ingeneral immunobinding methods include obtain-
ing a sample suspected of containing a protein, peptide or
antibody, and contacting the sample with an antibody or pro-
tein or peptide in accordance with the present invention, as the
case may be, under conditions effective to allow the forma-
tion of immunocomplexes. Such a sample will generally con-
tain spermatozoa of a subject being analyzed, for example,
semen.

[0042] Contacting the chosen biological sample with the
protein, peptide or antibody under conditions effective and
for a period of time sufficient to allow the formation of
immune complexes (primary immune complexes) is gener-
ally a matter of simply adding the composition to the sample
and incubating the mixture for a period of time long enough
for the antibodies to form immune complexes with Sptrx-3.
After this time, the Sptrx-3-antibody mixture will be washed
to remove any non-specifically bound antibody species,
allowing only those antibodies specifically bound within the
primary immune complexes to be detected.

[0043] Ingeneral, the detection of immunocomplex forma-
tion is well known in the art and may be achieved through the
application of numerous approaches. These methods are gen-
erally based upon the detection of a label or marker, such as
any radioactive, fluorescent, biological or enzymatic tags or
labels of standard use in the art. U.S. patents concerning the
use of such labels include U.S. Pat. Nos. 3,817,837, 3,850,
752; 3,939,350, 3,996,345; 4,277,437, 4,275,149 and 4,366,
241, each incorporated herein by reference. Of course, one
may find additional advantages through the use of a second-
ary binding ligand such as a second antibody or a biotin/
avidin ligand binding arrangement, as is known in the art.
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[0044] Usually, the primary immune complexes may be
detected by means of a second binding ligand that has binding
affinity for the Sptrx-3 or the Sptrx-3-specific first antibody.
In these cases, the second binding ligand may be linked to a
detectable label. The second binding ligand is itself often an
antibody, which may thus be termed a “secondary” antibody.
The primary immune complexes are contacted with the
labeled, secondary binding ligand, or antibody, under condi-
tions effective and for a period of time sufficient to allow the
formation of secondary immune complexes. The secondary
immune complexes are then generally washed to remove any
non-specifically bound labeled secondary antibodies or
ligands, and the remaining label in the secondary immune
complexes s then detected.

[0045] Further methods include the detection of primary
immune complexes by a two step approach. A second binding
ligand, such as an antibody, that has binding affinity for the
Sptrx-3 or anti-Sptrx-3 antibody is used to form secondary
immune complexes, as described above. The second binding
ligand contains an enzyme capable of processing a substrate
to a detectable product and, hence, amplifying signal over
time. After washing, the secondary immune complexes are
contacted with substrate, permitting detection.

[0046] B.ELISA

[0047] As apart of the practice of the present invention, the
principles of an enzyme-linked immunoassay (ELISA) may
beused. ELISA was first introduced by Engvall and Perlmann
(1971) and has become a powerful analytical tool using a
variety of protocols (Engvall, 1980; Engvall, 1976; Engvall,
1977, Gripenberg et al., 1978; Makler et al., 1981; Sarn-
gadharan et al., 1984). ELISA allows for substances to be
passively adsorbed to solid supports such as plastic to enable
facile handling under laboratory conditions. For a compre-
hensive treatise on ELISA the skilled artisan is referred to
“BLISA; Theory and Practise” (Crowther, 1995 incorporated
herein by reference).

[0048] The sensitivity of ELISA methods is dependent on
the turnover of the enzyme used and the ease of detection of
the product of the enzyme reaction. Enhancement of the
sensitivity of these assay systems can be achieved by the use
of fluorescent and radioactive substrates for the enzymes.
Immunoassays encompassed by the present invention
include, but are not limited to those described in U.S. Pat. No.
4,367,110 (double monoclonal antibody sandwich assay) and
U.S. Pat. No. 4,452,901 (western blot). Other assays include
immunoprecipitation of labeled ligands and immunocy-
tochemistry, both in vitro and in vivo.

[0049] 1Inone embodiment, the invention provides a “sand-
wich” ELISA, where anti-Sptrx-3 antibodies are immobi-
lized onto a selected surface, such as a well in a polystyrene
microtiter plate or a dipstick. Then, a test composition sus-
pected of containing Sptrx-3, e.g., a clinical sample, is con-
tacted with the surface. After binding and washing to remove
non-specifically bound immunocomplexes, the bound anti-
gen may be detected by a second antibody to the Sptrx-3. In
addition to antibodies raised against purified or recombinant
Sptrx3, sera from subjects with autoimmune infertility could
be used as the primary anti-Sptrx3 antibody in such assay, to
diagnose subjects with anti-sperm antibodies.

[0050] Inanotherexemplary ELISA, polypeptides from the
sample are immobilized onto a surface and then contacted
with the anti-Sptrx-3 antibodies. After binding and washing
to remove non-specifically bound immune complexes. the
bound antibody is detected. Where the initial antibodies are
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linked to a detectable label, the primary immune complexes
may be detected directly. Alternatively, the immune com-
plexes may be detected using a second antibody that has
binding affinity for the first antibody, with the second anti-
body being linked to a detectable label.

[0051] Another ELISA in which the Sptrx-3 antibodies are
immobilized involves the use of antibody competition in the
detection. In this ELISA, labeled antibodies are added to the
wells, allowed to bind to the Sptrx-3, and detected by means
of their label. The amount of Sptrx-3 in a sample is deter-
mined by mixing the sample with the labeled antibodies
before or during incubation with coated wells. The presence
of Sptrx-3 in the sample acts to reduce the amount of antibody
available for binding to the well, and thus reduces the ultimate
signal,

[0052] Irrespective of the format employed, ELISAs have
certain features in common, such as coating, incubating or
binding, washing to remove non-specifically bound species,
and detecting the bound immune complexes. In coating a
plate with either antigen or antibody, one will generally incu-
bate the wells of the plate with a solution of the antigen or
antibody, either overnight or for a specified period of hours.
The wells of the plate will then be washed to remove incom-
pletely adsorbed material. Any remaining available surfaces
of the wells are then “coated” with a nonspecific protein that
is antigenically neutral with regard to the test antisera. These
include bovine serum albumin (BSA), casein and solutions of
milk powder. The coating allows for blocking of nonspecific
adsorption sites on the immobilizing surface and thus reduces
the background caused by nonspecific binding of antisera
onto the surface.

[0053] In ELISAs, it is probably more customary to use a
secondary or tertiary detection means rather than a direct
procedure. Thus, after binding of a protein or antibody to the
well, coating with a non-reactive material to reduce back-
ground, and washing to remove unbound material. the immo-
bilizing surface is contacted with the control human cancer
and/or clinical or biological sample to be tested under condi-
tions effective to allow immune complex (antigen/antibody)
formation. Detection of the immune complex then requires a
labeled secondary binding ligand or antibody, or a secondary
binding ligand or antibody in conjunction with a labeled
tertiary antibody or third binding ligand.

[0054] “Under conditions effective to allow immune com-
plex (antigen/antibody ) formation” means that the conditions
preferably include diluting the antigens and antibodies with
solutions such as BSA, bovine gamma globulin (BGG),
evaporated or powdered milk, and phosphate buffered saline
(PBS)/Tween. These added agents also tend to assist in the
reduction of nonspecific background.

[0055] The “suitable” conditions also mean that the incu-
bation is at a temperature and for a period of time sufficient to
allow effective binding. Incubation steps are typically from
about 1 hto 2 hto 4 h, at temperatures preferably on the order
0f 25° C. to 27° C., or may be overnight at about 4° C. or so.
[0056] To provide a detecting means, the second or third
antibody will have an associated label to allow detection.
Commonly, this will be an enzyme that will generate color
development upon incubating with an appropriate chromoge-
nic substrate. Thus, for example, one will desire to contact
and incubate the first or second immune complex with a
urease, glucose oxidase, alkaline phosphatase or hydrogen
peroxidase-conjugated antibody for a period of time and
under conditions that favor the development of further immu-
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nocomplex formation (e.g., incubation for 2 h at room tem-
perature in a PBS-containing solution such as PBS-Tween).

[0057] After incubation with the labeled antibody, and sub-
sequent to washing to remove unbound material, the amount
of label is quantified, e.g., by incubation with a chromogenic
substrate such as urea and bromocresol purple or 2,2'-azido-
di-(3-ethyl-benzthiazoline-6-sulfonic acid [ABTS] and
H,0,, in the case of peroxidase as the enzyme label. Quanti-
fication is then achieved by measuring the degree of color
generation, e.g., using a visible spectra spectrophotometer.

[0058] A variant of ELISA is the enzyme-linked coagula-
tion assay, or ELCA (U.S. Pat. No. 4,668,621), which uses the
coagulation cascade combined with the labeling enzyme
RVV-XA as a universal detection system. The advantage of
this system for the current invention, is that the coagulation
reactions can be performed at physiological pH in the pres-
ence of a wide variety of buffers. It is therefore possible to
retain the integrity of complex analytes.

[0059] C. Immunohistochemistry

[0060] While primarily useful in research contexts, immu-
nohistochemistry may be useful according to the present
invention in identifying Sptrx-3. This involves testing of both
fresh-frozen and formalin-fixed, paraffin-embedded tissue
blocks prepared from study by immunohistochemistry (IHC).
For example, each tissue block consists of 50 mg of residual
“pulverized” placental tissue. The method of preparing tissue
blocks from these particulate specimens has been success-
fully used in previous THC studies of various prognostic fac-
tors, e.g., in breast, and is well known to those of skill in the
art (Brown etal., 1990; Abbondanzo et al., 1990; Allred et al.,
1990).

[0061] Briefly, frozen-sections may be prepared by rehy-
drating 50 ng of frozen “pulverized” placental tissue at room
temperature in phosphate buffered saline (PBS) in small plas-
tic capsules; pelleting the particles by centrifugation; resus-
pending them in a viscous embedding medium (OCT); invert-
ing the capsule and pelleting again by centrifugation; snap-
freezing in —70° C. isopentane; cutting the plastic capsule and
removing the frozen cylinder of tissue; securing the tissue
cylinder on a cryostat microtome chuck; and cutting 25-50
serial sections containing an average of about 500 remarkably
intact placental cells.

[0062] Permanent-sections may be prepared by a similar
method involving rehydration of the 50 mg sample in aplastic
microfuge tube; pelleting; resuspending in 10% formalin for
4 h fixation; washing/pelleting; resuspending in warm 2.5%
agar; pelleting; cooling in ice water to harden the agar;
removing the tissue/agar block from the tube; infiltrating and
embedding the block in paraffin; and cutting up to 50 serial
permanent sections.

[0063] D. Immunodetection Kits

[0064] In further embodiments, the invention provides
immunological kits for use in detecting Sptrx-3 in biological
samples. Such kits will generally comprise one or more
Sptrx-3 or Sptrx-3-binding proteins that have immunospeci-
ficity for various Sptrx-3 and for antibodies. More specifi-
cally, the immunodetection kits will thus comprise, in suit-
able container means, one or more antibodies that bind to
Sptrx-3, and antibodies that bind to other antibodies via Fc
portions.

[0065] Incertain embodiments, the Sptrx-3 or primary anti-
Sptrx-3 antibody may be provided bound to a solid support,
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such as a column matrix or well of a microtitre plate. Alter-
natively, the support may be provided as a separate element of
the kit.

[0066] The immunodetection reagents of the kit may
include detectable labels that are associated with, or linked to,
the given antibody or Sptrx-3 itself. Detectable labels that are
associated with or attached to a secondary binding ligand are
also contemplated. Such detectable labels include chemilu-
minescent or fluorescent molecules (thodamine, fluorescein,
green fluorescent protein, luciferase), radioabels (°H, *’S,
32p, 4C, *1]) or enzymes (alkaline phosphatase, horseradish
peroxidase).

[0067] The kits may further comprise suitable standards of
predetermined amounts, including both antibodies and Sptrx-
3. These may be used to prepare a standard curve for a detec-
tion assay.

[0068] The kits of the invention, regardless of type, will
generally comprise one or more containers into which the
biological agents are placed and, preferably, suitable ali-
quoted. The components of the kits may be packaged either in
aqueous media or in lyophilized form.

[0069] The container means of the kits will generally
include atleast one vial, test tube, flask, bottle, or evensyringe
or other container means, into which the antibody or antigen
may be placed, and preferably, suitably aliquoted. Where a
second or third binding ligand or additional component is
provided, the kit will also generally contain a second, third or
other additional container into which this ligand or compo-
nent may be placed.

[0070] The kits of the present invention will also typically
include a means for containing the antibody, Sptrx-3 and any
other reagent containers in close confinement for commercial
sale. Such containers may include injection or blow-molded
plastic containers into which the desired vials are retained.

III. GENERATING ANTIBODIES REACTIVE
WITH SPTRX-3

[0071] In another aspect, the present invention contem-
plates an antibody that binds immunologically with a Sptrx-3
molecule, or any portion thereof. An antibody can be a poly-
clonal or a monoclonal antibody composition. Means for
preparing and characterizing antibodies are well known in the
art (see, e.g., Harlow and Lane, 1988).

[0072] A polyclonal antibody is generally prepared by
immunizing an animal with an immunogen comprising a
peptide or polypeptide of the present invention and collecting
antisera from that immunized animal. A wide range of animal
species can be used for the production of antisera. Typically
an animal used for production of anti-antisera is a non-human
animal including rabbits, mice, rats, hamsters, pigs or horses.
Because of the relatively large blood volume of rabbits, a
rabbit is a preferred choice for production of polyclonal anti-
bodies.

[0073] Antibodies, both polyclonal and monoclonal, spe-
cific for isoforms of antigen may be prepared using conven-
tional immunization techniques, as will be generally known
to those of skill in the art. A composition containing antigenic
epitopes of Sptrx-3 can be used to immunize one or more
experimental animals, such as a rabbit or mouse, which will
then proceed to produce specific antibodies against the com-
pounds of the present invention. Polyclonal antisera may be
obtained, after allowing time for antibody generation, simply
by bleeding the animal and preparing serum samples from the
whole blood.
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[0074] Monoclonal antibodies may find use with the inven-
tion in standard immunochemical procedures, such as ELISA
and Western blot methods and in immunohistochemical pro-
cedures such as tissue staining, as well as in other procedures
which may utilize antibodies specific to Sptrx-3-related anti-
gen epitopes. Additionally, it is proposed that monoclonal
antibodies specific to the particular Sptrx-3 of different spe-
cies may be utilized in other useful applications.

[0075] In general, both polyclonal and monoclonal anti-
bodies against Sptrx-3 may be used in a variety of embodi-
ments. For example, they may be employed in diagnostic as
well as therapeutic applications. They may also be used in
inhibition studies to analyze the effects of Sptrx-3 related
peptides in cells or animals. Anti-Sptrx-3 antibodies will also
be useful in immunolocalization studies to analyze the distri-
bution of Sptrx-3 polypeptides, for example, during matura-
tion o spermatozoa. The operation of all such immunological
techniques will be known to those of skill in the art in light of
the present disclosure.

[0076] Means for preparing and characterizing antibodies
are well known in the art (see, e.g., Harlow and Lane, 1988;
incorporated herein by reference). More specific examples of
monoclonal antibody preparation are given in the examples
below.

[0077] Asiswellknownin theart, a given composition may
vary in its immunogenicity. It is often necessary therefore to
boost the host immune system, as may be achieved by cou-
pling a peptide or polypeptide immunogen to a carrier. Exem-
plary and preferred carriers are keyhole limpet hemocyanin
(KLH) and bovine serum albumin (BSA). Other albumins
such as ovalbumin, mouse serum albumin or rabbit serum
albumin can also be used as carriers. Means for conjugating a
polypeptide to a carrier protein are well known in the art and
include glutaraldehyde, m-maleimidobencoyl-N-hydrox-
ysuccinimide ester, carbodiimide and bis-biazotized benzi-
dine.

[0078] As alsois well knownin the art, the immunogenicity
of a particular immunogen composition can be enhanced by
the use of non-specific stimulators of the immune response,
known as adjuvants. Exemplary and preferred adjuvants
include complete Freund’s adjuvant (a non-specific stimula-
tor of the immune response containing killed Mycobacterium
tuberculosis), incomplete Freund’s adjuvants and aluminum
hydroxide adjuvant.

[0079] The amount of immunogen composition used in the
production of polyclonal antibodies varies upon the nature of
the immunogen as well as the animal used for immunization.
A variety of routes can be used to administer the immunogen
(subcutaneous, intramuscular, intradermal, intravenous and
intraperitoneal). The production of polyclonal antibodies
may be monitored by sampling blood of the immunized ani-
mal at various points following immunization. A second,
booster, injection may also be given. The process of boosting
and titering is repeated until a suitable titer is achieved. When
a desired level of immunogenicity is obtained, the immunized
animal can be bled and the serum isolated and stored, and/or
the animal can be used to generate mAbs.

[0080] MAbs may be readily prepared through use of well-
known techniques, such as those exemplified in U.S. Pat. No.
4,196,265, incorporated herein by reference. Typically, this
technique involves immunizing a suitable animal with a
selected immunogen composition, e.g., a purified or partially
purified Sptrx-3. The immunizing composition is adminis-
tered in a manner effective to stimulate antibody producing
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cells. Rodents such as mice and rats are preferred animals;
however, the use of rabbit, sheep or frog cells is also possible.
The use of rats may provide certain advantages (Goding,
1986), but mice are preferred, with the BALB/c mouse being
most preferred as this is most routinely used and generally
gives a higher percentage of stable fusions.

[0081] Following immunization, somatic cells with the
potential for producing antibodies, specifically B-lympho-
cytes (B-cells), are selected for use in the mAb generating
protocol. These cells may be obtained from biopsied spleens,
tonsils or lymph nodes, or from a peripheral blood sample.
Spleen cells and peripheral blood cells are preferred, the
former because they are a rich source of antibody-producing
cells that are in the dividing plasmablast stage, and the latter
because peripheral blood is easily accessible. Often, a panel
of animals will have been immunized and the spleen of ani-
mal with the highest antibody titer will be removed and the
spleen lymphocytes obtained by homogenizing the spleen
with a syringe. Typically, a spleen from an immunized mouse
contains approximately 5x107 to 2x10® lymphocytes.

[0082] The antibody-producing B lymphocytes from the
immunized animal are then fused with cells of an immortal
myeloma cell, generally one of the same species as the animal
that was immunized. Myeloma cell lines suited for use in
hybridoma-producing fusion procedures preferably are non-
antibody-producing, have high fusion efficiency, and enzyme
deficiencies that render then incapable of growing in certain
selective media which support the growth of only the desired
fused cells (hybridomas).

[0083] Methods for generating hybrids of antibody-pro-
ducing spleen or lymph node cells and myeloma cells usually
comprise mixing somatic cells with myeloma cells in a 2:1
ratio, though the ratio may vary from about 20:1 to about 1:1,
respectively, in the presence of an agent or agents (chemical
or electrical) that promote the fusion of cell membranes.
Fusion methods using Sendai virus have been described
(Kohler and Milstein, 1975; 1976), and those using polyeth-
ylene glycol (PEG), such as 37% (v/v) PEG, by Gefter et al.,
(1977). The use of electrically induced fusion methods is also
appropriate (Goding, 1986).

[0084] Fusion procedures usually produce viable hybrids at
low frequencies, around 1x107° to 1x107%, However, this
does not pose a problem, as the viable, fused hybrids are
differentiated from the parental, unfused cells (particularly
the unfused myeloma cells that would normally continue to
divide indefinitely) by culturing in a selective medium. The
selective medium is generally one that contains an agent that
blocks the de novo synthesis of nucleotides in the tissue
culture media. Exemplary and preferred agents are aminop-
terin, methotrexate, and azaserine. Aminopterin and methotr-
exate block de novo synthesis of both purines and pyrim-
idines, whereas azaserine blocks only purine synthesis.
Where aminopterin or methotrexate is used, the media is
supplemented with hypoxanthine and thymidine as a source
of nucleotides (HAT medium). Where azaserine is used, the
media is supplemented with hypoxanthine.

[0085] The preferred selection medium is HAT. Only cells
capable of operating nucleotide salvage pathways are able to
survive in HAT medium. The myeloma cells are defective in
key enzymes of the salvage pathway, e.g., hypoxanthine
phosphoribosyl transferase (HPRT), and they cannot survive.
The B-cells can operate this pathway, but they have a limited
life span in culture and generally die within about two weeks.
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Therefore, the only cells that can survive in the selective
media are those hybrids formed from myeloma and B-cells.
[0086] This culturing provides a population of hybridomas
from which specific hybridomas are selected. Typically,
selection of hybridomas is performed by culturing the cells by
single-clone dilution in microtiter plates, followed by testing
the individual clonal supernatants (after about two to three
weeks) for the desired reactivity. The assay should be sensi-
tive, simple and rapid, such as radioimmunoassays, enzyme
immunoassays, cytotoxicity assays, plaque assays, dot
immunobinding assays, and the like.

[0087] The selected hybridomas would then be serially
diluted and cloned into individual antibody-producing cell
lines, which clones can then be propagated indefinitely to
provide mAbs. The cell lines may be exploited for mAb
production in two basic ways. A sample of the hybridoma can
be injected (often into the peritoneal cavity) into a histocom-
patible animal of the type that was used to provide the somatic
and myeloma cells for the original fusion. The injected ani-
mal develops tumors secreting the specific monoclonal anti-
body produced by the fused cell hybrid. The body fluids of the
animal, such as serum or ascites fluid, can then be tapped to
provide mAbs in high concentration. The individual cell lines
could also be cultured in vitro, where the mAbs are naturally
secreted into the culture medium from which they can be
readily obtained in high concentrations. mAbs produced by
either means may be further purified, if desired, using filtra-
tion, centrifugation and various chromatographic methods
such as HPLC or affinity chromatography.

1V. PURIFICATION AND DETECTION OF
SPTRX-3 OR ACTIVITY THEREOF

[0088] In certain aspects of the invention, techniques may
be used for the isolation or removal of Sptrx-3 or antigens
thereof from a sample. For example, Sptrx-3 may be isolated
for further use as well as for generation of one or more
diagnostic reagents. One or more purification techniques may
also find use in accordance with the invention for the
improvement of semen sample quality by way of reduction of
Sptrx-3 content.

[0089] Protein purification techniques are well known to
those of skill in the art. These techniques involve, at one level,
the crude fractionation of the cellular milieu to polypeptide
and non-polypeptide fractions. Having separated the
polypeptide from other proteins, the polypeptide of interest
may be further purified using chromatographic and electro-
phoretic techniques to achieve partial or complete purifica-
tion (or purification to homogeneity). Analytical methods
particularly suited to the preparation of a pure peptide are
ion-exchange chromatography, exclusion chromatography;
polyacrylamide gel electrophoresis; isoelectric focusing. A
particularly efficient method of purifying peptides is fast pro-
tein liquid chromatography or even HPLC.

[0090] Certain aspects of the present invention concern the
purification, and in particular embodiments, the substantial
purification of a protein or peptide. The term “purified protein
or peptide” as used herein, is intended to refer to a composi-
tion, isolatable from other components, wherein the protein
or peptide is purified to any degree relative to its naturally-
obtainable state. A purified protein or peptide therefore also
refers to a protein or peptide, free from the environment in
which it may naturally occur.

[0091] Generally, “purified” will refer to a protein or pep-
tide composition that has been subjected to fractionation to
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remove various other components, and which composition
substantially retains its expressed biological activity. Where
the term “substantially purified” is used, this designation will
refer to a composition in which the protein or peptide forms
the major component of the composition, such as constituting
about 50%, about 60%, about 70%, about 80%, about 90%,
about 95% or more of the proteins in the composition.

[0092] Various methods for quantifying the degree of puri-
fication of the protein or peptide will be known to those of
skill in the art in light of the present disclosure. These include,
for example, determining the specific activity of Sptrx-3, or
assessing the amount of Sptrx-3 polypeptides within a frac-
tion by SDS/PAGE analysis. A preferred method for assess-
ing the purity of a fraction is to calculate the specific activity
of the fraction, to compare it to the specific activity of the
initial extract, and to thus calculate the degree of purity,
herein assessed by a “-fold purification number” (i.e., 2-fold,
5-fold, 10-fold, 50-fold, 100-fold, 1000-fold, etc.). The actual
units used to represent the amount of activity will, of course,
be dependent upon the particular assay technique chosen to
follow the purification and whether or not the expressed pro-
tein or peptide exhibits a detectable activity.

[0093] It is known that the migration of a polypeptide can
vary, sometimes significantly, with different conditions of
SDS/PAGE and according to how extensively it is glycosy-
lated (Capaldi et al., 1977). It will therefore be appreciated
that under differing electrophoresis conditions, the apparent
molecular weights of purified or partially purified expression
products may vary.

[0094] High Performance Liquid Chromatography
(HPLC) is characterized by a very rapid separation with
extraordinary resolution of peaks. This is achieved by the use
of very fine particles and high pressure to maintain an
adequate flow rate. Separation can be accomplished in a mat-
ter of min, or at most an hour. Moreover, only a very small
volume of the sample is needed because the particles are so
small and close-packed that the void volume is a very small
fraction of the bed volume. Also, the concentration of the
sample need not be very great because the bands are so narrow
that there is very little dilution of the sample.

[0095] Gel chromatography, or molecular sieve chroma-
tography, is a special type of partition chromatography that is
based on molecular size. The theory behind gel chromatog-
raphy is that the column, which is prepared with tiny particles
of an inert substance that contain small pores, separates larger
molecules from smaller molecules as they pass through or
around the pores, depending on their size. As long as the
material of which the particles are made does not adsorb the
molecules, the sole factor determining rate of flow is the size.
Hence, molecules are eluted from the column in decreasing
size, so long as the shape is relatively constant. Gel chroma-
tography is unsurpassed for separating molecules of different
size because separation is independent of all other factors
such as pH, ionic strength, temperature, etc. There also is
virtually no adsorption, less zone spreading and the elution
volume is related to molecular weight.

[0096] Affinity Chromatography is a chromatographic pro-
cedure that relies on the specific affinity between a substance
to be isolated and a molecule that it can specifically bind to.
This is a receptor-ligand type interaction. The column mate-
rial is synthesized by covalently coupling one of the binding
partners to an insoluble matrix. The column material is then
able to specifically adsorb the substance from the solution.
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Elution occurs by changing the conditions to those in which
binding will not occur (alter pH. ionic strength, temperature,
etc.).

[0097] In some embodiments of the present invention, it
may be desirable to use recombinant expression to express
Sptrx-3. Multiple systems for recombinant expression are
well known in the art. Preferred non-limiting embodiments of
systems for recombinant expression include the use of
expression in bacterial, yeast, insect, and/or mammalian cell
systems. Nonlimiting examples of bacterial systems that can
be used for recombinant expression include histag, GST-
fusion, and MBP systems (e.g., Uchiki et al., 2002; Zhan et
al., Routzhan et al., 2002). Nonlimiting examples of yeast
systems that can be used for recombinant expression include
the Pichia pastoris system (e.g., Invernizzi et al., 2004). Other
U S. patents which provide examples of recombinant expres-
sion systems include U.S. Pat. Nos. 6,558,924, 6,521,424,
6,194,176, 5,876,969, and 5,670,360.

V. DETECTION OF NUCLEIC ACIDS
ENCODING SPTRX-3

[0098] Inaddition totheir use in directing the expression of
Sptrx-3 protein (SEQ ID NO:10), polypeptides and/or pep-
tides, the nucleic acid sequences disclosed herein have a
variety of other uses. For example, they have utility as probes
or primers for embodiments involving nucleic acid hybrid-
ization.

[0099] A. Hybridization

[0100] In certain embodiments of the present invention,
probes or primers may be used to hybridize with nucleotides
encoding Sptrx-3 (SEQ ID NO:9). The use of a probe or
primer of between 13 and 100 nucleotides, preferably
between 17 and 100 nucleotides in length, or in some aspects
of the invention up to 1-2 kilobases or more in length, allows
the formation of a duplex molecule that is both stable and
selective. Molecules having complementary sequences over
contiguous stretches greater than 20 bases in length are gen-
erally preferred, to increase stability and/or selectivity of the
hybrid molecules obtained. One will generally prefer to
design nucleic acid molecules for hybridization having one or
more complementary sequences of 20 to 30 nucleotides, or
even longer where desired. Such fragments may be readily
prepared, for example, by directly synthesizing the fragment
by chemical means or by introducing selected sequences into
recombinant vectors for recombinant production.

[0101] Accordingly, the nucleotide sequences of the inven-
tion may be used for their ability to selectively form duplex
molecules with complementary stretches of DNAs and/or
RNAs orto provide primers for amplification of DNA or RNA
from samples. Depending on the application envisioned, one
would desire to employ varying conditions of hybridization to
achieve varying degrees of selectivity of the probe or primers
for the target sequence.

[0102] For applications requiring high selectivity, one will
typically desire to employ relatively high stringency condi-
tions to form the hybrids. For example, relatively low salt
and/or high temperature conditions, such as provided by
about 0.02 M to about 0.10 M NaCl at temperatures of about
50° C. to about 70° C. Such “high stringency conditions”
tolerate little, if any, mismatch between the probe or primers
and the template or target strand and would be particularly
suitable for isolating specific genes or for detecting specific
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mRNA transcripts. It is generally appreciated that conditions
can be rendered more stringent by the addition of increasing
amounts of formamide.

[0103] For certain applications, for example, site-directed
mutagenesis, it is appreciated that lower stringency condi-
tions are preferred. Under these conditions, hybridization
may occur even though the sequences of the hybridizing
strands are not perfectly complementary, but are mismatched
at one or more positions. Conditions may be rendered less
stringent by increasing salt concentration and/or decreasing
temperature. For example, a medium stringency condition
could be provided by about 0.1 to 0.25 M NaCl at tempera-
tures of about 37° C. to about 55° C., while a low stringency
condition could be provided by about 0.15 M to about 0.9 M
salt, at temperatures ranging from about 20° C. to about 55°
C. Hybridization conditions can be readily manipulated
depending on the desired results.

[0104] In other embodiments, hybridization may be
achieved under conditions of, for example, 50 mM Tris-HCl
(pHR.3), 75 mM KCl, 3 mM MgCl,, 1.0 mM dithiothreitol, at
temperatures between approximately 20° C. to about 37° C.
Other hybridization conditions utilized could include
approximately 10 mM Tris-HCI1 (pH 8.3), 50 mM KCl, 1.5
mM MgCl,, at temperatures ranging from approximately 40°
C. to about 72° C.

[0105] In certain embodiments, it will be advantageous to
employ nucleic acids of defined sequences of the present
invention in combination with an appropriate means, such as
a label, for determining hybridization. A wide variety of
appropriate indicator means are known in the art, including
fluorescent, radioactive, enzymatic or other ligands, such as
avidin/biotin, which are capable of being detected. In pre-
ferred embodiments, one may desire to employ a fluorescent
label or an enzyme tag such as urease, alkaline phosphatase or
peroxidase, instead of radioactive or other environmentally
undesirable reagents. In the case of enzyme tags, colorimetric
indicator substrates are known that can be employed to pro-
vide a detection means that is visibly or spectrophotometri-
cally detectable, to identify specific hybridization with
complementary nucleic acid containing samples.

[0106] Ingeneral, itis envisioned that the probes or primers
described herein will be useful as reagents in solution hybrid-
ization, as in PCR™, for detection of expression of corre-
sponding genes, as well as in embodiments employing a solid
phase. In embodiments involving a solid phase, the test DNA
(or RNA)1s adsorbed or otherwise affixed to a selected matrix
or surface. This fixed, single-stranded nucleic acid is then
subjected to hybridization with selected probes under desired
conditions. The conditions selected will depend on the par-
ticular circumstances (depending, for example, on the G+C
content, type of target nucleic acid, source of nucleic acid,
size of hybridization probe, etc.). Optimization of hybridiza-
tion conditions for the particular application of interest is well
known to those of skill in the art. After washing of the hybrid-
ized molecules to remove non-specifically bound probe mol-
ecules, hybridization is detected, and/or quantified, by deter-
mining the amount of bound label. Representative solid phase
hybridization methods are disclosed in U.S. Pat. Nos. 5,843,
663, 5,900,481 and 5,919,626. Other methods of hybridiza-
tion that may be used in the practice of the present invention
are disclosed in U.S. Pat. Nos. 5,849,481, 5,849,486 and
5,851,772. The relevant portions of these and other references
identified in this section of the Specification are incorporated
herein by reference.
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[0107] B. Amplification of Nucleic Acids

[0108] Nucleic acids used as a template for amplification
may be isolated from cells, tissues or other samples according
to standard methodologies (Sambrook et al., 2001). In certain
embodiments, analysis is performed on whole cell or tissue
homogenates or biological fluid samples without substantial
purification of the template nucleic acid. The nucleic acid
may be genomic DNA or fractionated or whole cell RNA.
Where RNA is used, it may be desired to first convert the RNA
to a complementary DNA.

[0109] The term “primer,” as used herein, is meant to
encompass any nucleic acid that is capable of priming the
synthesis of a nascent nucleic acid in a template-dependent
process. Typically, primers are oligonucleotides from ten to
twenty and/or thirty base pairs in length, but longer sequences
can be employed. Primers may be provided in double-
stranded and/or single-stranded form, although the single-
stranded form is preferred.

[0110] Pairs of primers designed to selectively hybridize to
nucleic acids corresponding to SEQ ID NO:9 are contacted
with the template nucleic acid under conditions that permit
selective hybridization. Depending upon the desired applica-
tion, high stringency hybridization conditions may be
selected that will only allow hybridization to sequences that
are completely complementary to the primers. In other
embodiments, hybridization may occur under reduced strin-
gency to allow for amplification of nucleic acids that contain
one or more mismatches with the primer sequences. Once
hybridized, the template-primer complex is contacted with
one or more enzymes that facilitate template-dependent
nucleic acid synthesis. Multiple rounds of amplification, also
referredto as “cycles,” are conducted until a sufficient amount
of amplification product is produced.

[0111] The amplification product may be detected or quan-
tified. In certain applications, the detection may be performed
by visual means. Alternatively, the detection may involve
indirect identification of the product via chemiluminescence,
radioactive scintigraphy of incorporated radiolabel or fluo-
rescent label or even via a system using electrical and/or
thermal impulse signals (Affymax technology; Bellus, 1994).

[0112] A number of template dependent processes are
available to amplify the oligonucleotide sequences present in
a given template sample. One of the best known amplification
methods is the polymerase chain reaction (referred to as
PCR™) which is described in detail in U.S. Pat. Nos. 4,683,
195, 4,683,202 and 4,800,159, and in Innis et al., 1988, each
of which is incorporated herein by reference in their entirety.

[0113] A reverse transcriptase PCR™ amplification proce-
dure may be performed to quantify the amount of mRNA
amplified. Methods of reverse transcribing RNA into cDNA
are well known (see Sambrook et al., 2001). Alternative meth-
ods for reverse transcription utilize thermostable DNA poly-
merases. These methods are described in WO 90/07641.
Polymerase chain reaction methodologies are well known in
the art. Representative methods of RT-PCR are described in
U.S. Pat. No. 5,882,864.

[0114] Another method for amplification is ligase chain
reaction (“LCR”), disclosed in European Application No. 320
308, incorporated herein by reference in its entirety. U.S. Pat.
No. 4,883,750 describes a method similar to LCR for binding
probe pairs to a target sequence. A method based on PCR™
and oligonucleotide ligase assy (OLA), disclosed in U.S. Pat.
No. 5,912.148, may also be used.
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[0115] Alternative methods for amplification of target
nucleic acid sequences that may be used in the practice of the
present invention are disclosed in U.S. Pat. Nos. 5,843,650,
5,846,709, 5,846,783, 5,849,546, 5,849,497, 5,849,547,
5,858,652, 5,866,366, 5,916,776, 5,922,574, 5,928,905,
5,928,906, 5,932,451, 5,935,825, 5,939,291 and 5,942,391,
GB Application No. 2 202 328, and in PCT Application No.
PCT/US89/01025, each of which is incorporated herein by
reference in its entirety.

[0116] Qbeta Replicase, described in PCT Application No.
PCT/US87/00880, may also be used as an amplification
method in the present invention. In this method, a replicative
sequence of RNA that has a region complementary to that of
a target is added to a sample in the presence of an RNA
polymerase. The polymerase will copy the replicative
sequence which may then be detected.

[0117] An isothermal amplification method, in which
restriction endonucleases and ligases are used to achieve the
amplification of target molecules that contain nucleotide 5'-
[alpha-thio]-triphosphates in one strand of a restriction site
may also be useful in the amplification of nucleic acids in the
present invention (Walker et al., 1992). Strand Displacement
Amplification (SDA), disclosed in U.S. Pat. No. 5,916,779, is
another method of carrying out isothermal amplification of
nucleic acids which involves multiple rounds of strand dis-
placement and synthesis, i.e., nick translation.

[0118] Other nucleic acid amplification procedures include
transcription-based amplification systems (TAS), including
nucleic acid sequence based amplification (NASBA) and 3SR
(Kwoh et al., 1989; Gingeras et al., PCT Application WO
88/10315, incorporated herein by reference in their entirety).
European Application No. 329 822 disclose a nucleic acid
amplification process involving cyclically synthesizing
single-stranded RNA (“ssRNA™), ssDNA, and double-
stranded DNA (dsDNA), which may be used in accordance
with the present invention.

[0119] PCT Application WO 89/06700 (incorporated
herein by reference in its entirety) disclose a nucleic acid
sequence amplification scheme based on the hybridization of
apromoter region/primer sequence to a target single-stranded
DNA (“ssDNA”) followed by transcription of many RNA
copies of the sequence. This scheme is not cyclic, i.e., new
templates are not produced from the resultant RNA tran-
scripts. Other amplification methods include “race” and
“one-sided PCR” (Frohman, 1990; Ohara et al., 1989).

[0120] C. Detection of Nucleic Acids

[0121] Following any amplification, it may be desirable to
separate the amplification product from the template and/or
the excess primer. [n one embodiment, amplification products
are separated by agarose, agarose-acrylamide or polyacryla-
mide gel electrophoresis using standard methods (Sambrook
etal., 2001). Separated amplification products may be cut out
and eluted from the gel for further manipulation. Using low
melting point agarose gels, the separated band may be
removed by heating the gel, followed by extraction of the
nucleic acid.

[0122] Separation of nucleic acids may also be effected by
chromatographic techniques known in art. There are many
kinds of chromatography which may be used in the practice of
the present invention, including adsorption, partition, ion-
exchange, hydroxylapatite, molecular sieve, reverse-phase,
column, paper, thin-layer, and gas chromatography as well as
HPLC.
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[0123] Incertain embodiments, the amplification products
are visualized. A typical visualization method involves stain-
ing of a gel with ethidium bromide and visualization of bands
under UV light. Alternatively, if the amplification products
are integrally labeled with radio- or fluorometrically-labeled
nucleotides, the separated amplification products can be
exposed to x-ray film or visualized under the appropriate
excitatory spectra.

[0124] 1In one embodiment, following separation of ampli-
fication products, a labeled nucleic acid probe is brought into
contact with the amplified marker sequence. The probe pref-
erably is conjugated to a chromophore but may be radiola-
beled. In another embodiment, the probe is conjugated to a
binding partner, such as an antibody or biotin, or another
binding partner carrying a detectable moiety.

[0125] Inparticular embodiments, detection is by Southern
blotting and hybridization with a labeled probe. The tech-
niques involved in Southern blotting are well known to those
of skill in the art (see Sambrook et al., 2001). One example of
the foregoing is described in U.S. Pat. No. 5,279,721, incor-
porated by reference herein, which discloses an apparatus and
method for the automated electrophoresis and transfer of
nucleic acids.

[0126] The apparatus permits electrophoresis and blotting
without external manipulation of the gel and is ideally suited
to carrying out methods according to the present invention.

[0127] Other methods of nucleic acid detection that may be
used in the practice of the instant invention are disclosed in
U.S. Pat. Nos. 5,840,873, 5,843,640, 5,843,651, 5,846,708,
5,846,717, 5,846,726, 5,846,729, 5,849,487, 5,853,990,
5,853,992, 5,853,993, 5,856,092, 5,861,244, 5,863,732,
5,863,753, 5,866,331, 5,905,024, 5,910,407, 5,912,124,
5,912,145, 5,919,630, 5,925,517, 5,928,862, 5,928,869,
5,929,227, 5,932,413 and 5,935,791, each of which is incor-
porated herein by reference.

[0128] D. Other Assays

[0129] Other methods for genetic screening may be used
within the scope of the present invention, for example, to
detect mutations in genomic DNA, ¢cDNA and/or RNA
samples. Methods used to detect point mutations include
denaturing gradient gel electrophoresis (“DGGE”), restric-
tion fragment length polymorphism analysis (“RFLP”),
chemical or enzymatic cleavage methods, direct sequencing
of target regions amplified by PCR™ (see above), single-
strand conformation polymorphism analysis (“SSCP”) and
other methods well known in the art.

[0130] One method of screening for point mutations is
based on RNase cleavage of base pair mismatches in RNA/
DNA or RNA/RNA heteroduplexes. As used herein, the term
“mismatch” is defined as a region of one or more unpaired or
mispaired nucleotides in a double-stranded RNA/RNA,
RNA/DNA or DNA/DNA molecule. This definition thus
includes mismatches due to insertion/deletion mutations, as
well as single or multiple base point mutations.

[0131] U.S. Pat. No. 4,946,773 describes an RNase A mis-
match cleavage assay that involves annealing single-stranded
DNA or RNA test samples to an RNA probe, and subsequent
treatment of the nucleic acid duplexes with RNase A. For the
detection of mismatches, the single-stranded products of the
RNase A treatment, electrophoretically separated according
to size, are compared to similarly treated control duplexes.
Samples containing smaller fragments (cleavage products)
not seen in the control duplex are scored as positive.
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[0132] Other investigators have described the use of RNase
I in mismatch assays. The use of RNase [ for mismatch
detection is described in literature from Promega Biotech.
Promega markets a kit containing RNase I that is reported to
cleave three out of four known mismatches. Others have
described using the MutS protein or other DNA-repair
enzymes for detection of single-base mismatches.

[0133] Alternative methods for detection of deletion, inser-
tion or substitution mutations that may be used in the practice
of the present invention are disclosed in U.S. Pat. Nos. 5,849,
483, 5,851,770, 5,866,337, 5,925,525 and 5,928,870, each of
which is incorporated herein by reference in its entirety.
[0134] E.Kits for Detecting Sptrx-3

[0135] All the essential materials and/or reagents required
for detecting SEQ ID NO:9 in a sample may be assembled
together in a kit. This generally will comprise a probe or
primers designed to hybridize specifically to individual
nucleic acids of interest in the practice of the present inven-
tion, including SEQ ID NO:9. Also included may be enzymes
suitable for amplifying nucleic acids, including various poly-
merases (reverse transcriptase, Taq, etc.), deoxynucleotides
and buffers to provide the necessary reaction mixture for
amplification. Such kits may also include enzymes and other
reagents suitable for detection of specific nucleic acids or
amplification products. Such kits generally will comprise, in
suitable means, distinct containers for each individual reagent
or enzyme as well as for each probe or primer pair.

VI. EXAMPLES

[0136] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventors to function well in the practice of
the invention, and thus can be considered to constitute pre-
ferred modes for its practice. However, those of skill in the art
should, inlight of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result without
departing from the spirit and scope of the invention.

Example 1
Materials and Methods

[0137] cDNA Cloning of Human, Mouse and Rat Sptrx-3
Genes: The Basic Local Alignment Search Tool (BLAST)
(Altschul and Koonin, 1998) was used to perform a survey of
different databases at the National Center for Biotechnology
Information (www.ncbi.nlm.nih.gov) to identify new entries
encoding potential novel members of the thioredoxin family.
Using the sequence of human TRX-1 as bait, the inventors
found one sequence supported by the expressed sequence tag
(EST) entry AI188241 to encode a novel human putative
thioredoxin-like protein. Based on this sequence, the nested
forward primers F1 (5'-GAGGCCTGGTGTAATCATGGTA-
CAG-3'; SEQ ID NO:1) and F2 (5-CAACAGGG-
GATTTTCATCAGCACTTC-3"; SEQ ID NO:2) were used
for 3'-rapid amplification of cDNA ends (RACE) on a human
testis cDNA library (Clontech, Palo Alto, Calif., USA). Based
on the sequence obtained, the nested forward primers R1
(5-CGAGTTTGTGTCCGGCAGCTGTC-3" SEQIDNO:3)
and R2 (5-CTGTACCATGATTACACCAGGCCTC-3'; SEQ
ID NO:4) were used for 5'-RACE in the same library. The
resulting sequences were used to amplify by PCR the full-
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length o and p forms as well as A3Sptrx-3f, A3-5Sptrx-3f
and A3Sptrx-300 ¢cDNA of human Sptrx-3 from the same
library. The amplification products were cloned in the pGEM-
Teasy vector (Promega, Madison, Wis., USA) and sequenced
in both directions.

[0138] Forthe mouse andrat orthologues. the same strategy
was followed using human Sptrx-3 sequence and blasted
against the mouse and rat EST databases (www.ncbi.nlm.nih.
gov). By these means several mouse and rat sequences were
obtained (Mouse EST BY714796 and Rat EST Al764117.1)
and used to design specific primers at the putative translation
initiation and stop codons and to amplify by PCR the mouse
and rat Sptrx-3 open reading frames (ORFs) from a mouse or
rat testis cDNA library respectively (Clontech).

[0139] Northern Blot Analysis: Human Multiple Tissue
Northern (MTN) blots and human Multiple Tissue Expres-
sion (MTE) arrays with poly(A)* RNA from different tissues
were purchased from Clontech. The human Sptrx-3 ORF was
labeled with [a-**P] dCTP (Rediprime random primer label-
ing kit; Amersham Pharmacia-Biotech, Uppsala, Sweden)
and hybridized at 65° C. overnight in ExpressHyb Solution
following the protocol provided by Clontech. The blots were
also hybridized with human f-Actin ORF as control. The
blots were scanned and quantified with the Gel Pro Analyzer
program (Media Cybernetics, Silver Spring, Md., USA).

[0140] Antibody Production: Peptide sequences for immu-
nizing rabbits were derived from the human Sptrx-3 protein
sequence to raise specific antibodies against human Sptrx-3,
but with the ability to cross-react with mouse and rat Sptrx-3.
With that aim two different peptides named exon I: (NH,—)
MVQIIKDTNEFKTFC (—COOH) (SEQ ID NO:5) and
exon Tse: (Ac-) VILFSRIKRIIC (—COOH) (SEQID NO:6)
were synthesized and used to immunize rabbits (Agrisera,
Vannas, Sweden). After four immunizations serum was col-
lected and polyclonal antibodies were purified by affinity
chromatography using 4 mg of an exon I/exon V peptide mix
conjugated to Ultral.ink matrix from Pierce (Rockford, 11l.,
USA). Specificity of the antibodies was confirmed by ELISA
against the peptides and by western-blot analysis.

[0141] Enzymatic Activity Assays: Two different enzy-
matic assays were used to determine the capability of human
Sptrx-3 to reduce insulin in vitro in crude cellular extracts. In
the so-called DTT assay, DTT (dithiothreitol; Sigma) was
used as reducing agent, and the assay was carried out as
previously described (Wollman et al., 1988). The second
assay used thioredoxin reductase and NADPH (Sigma-Ald-
rich, St. Louis, Mo., USA) as electron donors for thioredoxin
and was performed essentially as described elsewhere (Spy-
rou et al., 1997). In both cases, human Trx 1 was used as
control.

[0142] Preparation of Spermatozoa and Extraction of
Sperm Proteins: Human Semen samples wete collected from
healthy donors who signed appropriate consent forms.
Samples were allowed to liquefy at room temperature and
were separated from seminal plasma by centrifugation
(1000xg) for 10 min at room temperature. After two washes in
PBS, the pelleted spermatozoa were frozen at -20° C. until
use. The sperm pellet was solubilized in a lysis buffer con-
taining 0.1 M Tris-HCI, pH 8.0, 0.15 M NaCl, protease inhibi-
tor mixture (Roche Molecular Biochemicals), and phos-
phatase inhibitor mixture (Sigma-Aldrich) at the
concentration recommended by the manufacturers. Samples
were then subjected to three cycles of freezing/thawing in dry
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ice/ethanol, incubated for 30 min on ice, and centrifuged at
14,000 rpm for 30 min. The soluble fraction was used for
further analysis.

[0143] In Situ Hybridization: Human testes were obtained
with patients” informed consent from orchiectomies per-
formed due to prostate cancers. In situ hybridization was
carried out as described previously (Kononen and Pelto-Hi-
ukko, 1997 (tto.trends.com)). The samples were frozen ondry
ice, sectioned with a Microm HM 500 cryostat at 14 pm, and
thaw-mounted onto poly-L-lysine glass slides. The sections
were stored at -20° C. until use. Four oligonucleotide probes
(ATGGTACAGATTATTAAAGAC SEQ ID NO:14,
GACAGCTGCCGGACACAAACTCG SEQ ID NO:15,
GTGGATGTGAACAATTCTCCGG SEQ ID NO:l6,
GAAGTGGATTCATGAGCAACCTG SEQ ID NO:17 of
human Sptrx-3 ¢cDNA) were used. All probes produced simi-
lar results when used separately and were usually used simul-
taneously to intensify the signal.

[0144] Several control probes with the same length and
similar GC content and specific activity were used to deter-
mine the specificity of the hybridization.

[0145] Immunohistochemistry: Paraffin sections contain-
ing multiple human tissues (T1065; lot 9994A) were pur-
chased from Dako (Copenhagen, Denmark). In addition, par-
affin ~ sections of human testis were used.
Immunohistochemistry was performed as described previ-
ously (Rybnikova et al., 2000) either by the ABC method or
by the indirect immunofluorescence method using goat anti-
rabbit fluorescein isothiocyanate (1:100, 30 min; Roche
Molecular Biochemicals) as a secondary antibody. The pro-
cessed tissue sections were embedded in PBS-glycerol mix-
ture containing 0.1% p-phenylenediamine. The sections were
examined with a Nikon Microphot-FXA microscope
equipped with proper fluorescent filters.

[0146] Immunoelectron Microscopy: Procedures for elec-
tron microscopy immunocytochemistry were described pre-
viously (Oko, 1998; Shao et al., 1997). Affinity-purified anti-
Sptrx-3 antibodies were used at a 1:20 dilution, and colloidal
gold-conjugated goat anti-rabbit IgG at a 1:20 dilution was
the secondary antibody.

[0147] Green Fluorescent Protein Analysis: The pBI-EGFP
vector (Clontech) was used to express human Sptrx-3 and
GFP proteins bidirectionally. The following mutagenic prim-
ers were used: 5'-GAGGACGCGTGCCACCATGGTACA-
GATTATTAAAG-3' (SEQ ID NO:7) as forward primer and
5'-CTTGGCTAGCTTATTACATTAATTCTTGAG-3' (SEQ
ID NO:8) as reverse primer to amplify human Sptrx-3 from
pGEM-Te/Sptrx-3. The forward primer introduces an M/ul
site followed by a Kozac sequence (Kozak 1996) and the
reverse primer introduces a Nhel site. The amplified DNA
was cloned into the Mlul-Nhel sites of pBI-EGFP expression
vector and E. coli TOP-10 F' strain was transformed with the
recombinant plasmid pBI-EGFP/Sptrx-3. The plasmid was
purified using the midi-prep kit (Qiagen, Chatsworth, Calif.,
USA) and sequenced. An identical strategy was used with
TRX-1 in order to use it as a control in all of experiments.
[0148] Transfection studies were performed with 1 mg of
DNA diluted in 10 ml of H,O and 0.5 ml of 0.1M PEI
(polyethylenimine, Sigma-Aldrich). The mixture was mixed
thoroughly, incubated at room temperature for 10 min and
subsequently added to the medium and applied on to HEK293
cells. The GFP images were acquired with a Leica laser
scanning confocal microscope using the 488 nm line of an
ArKrlaser, and emitted light was collected at the 500-540 nm
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wavelength range. 7-AAD was excited with the 568 nm line
and emitted light was collected at 640-680 nm wavelength.
[0149] Sperm Samples from Infertile Men: Infertile, ter-
atospermic samples originated from patients diagnosed with
male factor infertility at the infertility clinic of CEGyR, Bue-
nos Aires Argentina. All 19 patients were clear cases of severe
male infertility with abnormally low sperm counts and sperm
motility by WHO criteria and abnormally low % normal
sperm morphology by Krueger’s strict criteria. All 19 patients
and their spouses underwent IVF or ICSI treatment, with only
two couples achieving pregnancies, neither of which was
carried to term. Control samples from 5 fertile donors with
excellent sperm count motility and morphology by WHO
criteria were purchased from Fairfax Cryobank, Fairfax,
Wash., USA. All sperm samples were collected from
informed, consenting donors and handled in accordance with
the protocols approved by Internal Review Boards of the
University of Missouri-Columbia and CEGyR, Buenos Aires,
Argentina.

[0150] Flow Cytometry and Epifluorescence Microscopy:
Procedures were described in detail by Sutovsky et al.,
(2001). Briefly, sperm samples were thawed, washed by cen-
trifugation through TL.-Hepes medium and fixed for 40 min-
utes in 2% formaldehyde. Sperm suspensions were perme-
abilized with 0.1% Triton X-100 and blocked in 5% normal
goat serum (NGS), collected by centrifugation and split into
two equal sperm pellets. One pellet from each donor was
incubated for 40 min with the anti-Sptrx-3 serum (described
above; dil. 1/100), followed by goat anti-rabbit-FITC (Zymed
Labs, S. San Francisco, Calif; dil. 1/80). The other half was
incubated with monoclonal antibody KM 691 (Kamiya Bio-
medical Company, Seattle, Wash.; dil. 1/100) against recom-
binant human ubiquitin, an established sperm abnormality
marker (Sutovsky et al., 2001; Rawe et al.,, 2002), and
detected with FITC-conjugated goat anti-mouse IgM
(Zymed; dil. 1/80). Blank, negative control samples were
prepared by omitting the primary antibody.

[0151] Flow cytometry was performed using FACS Scan
Analyzer (Becton Dickinson), set at 488 nm wavelength.
Relative levels of Sptrx-3- or ubiquitin-induced fluorescence
in 10,000 individual cells/sample were recorded. Scatter dia-
grams visible light and histograms of antibody-induced fluo-
rescence were generated for each sample. The median values
of antibody-induced fluorescence (Sptrx-3-medians or Ubi-
medians) were compared between infertility patients and fer-
tile donors using statistical tools (ANOVA and Person’s cor-
relation) in MS Excel and SAS version 8.2. Each sample was
also screened by epifluorescence microscopy. Ten microliters
of each sperm pellet processed for flow cytometry were
mounted under a coverslip on a conventional microcopy slide
and photographed using Nikon Eclipse 800 microscope with
high numerical aperture objectives, and a Cool Snap HQCCD
camera (Roper Scientific, Tucson, Ariz.), operated by Meta-
Morph imaging software (Universal Imaging Corp., Down-
ington, Pa.). Images were archived on recordable CDs and
printed on an Epson Stylus Photo 1280 printer using Adobe
Photoshop 6.0 software (Adobe Systems, Mountain View,
Calif)).

[0152] Western Blot Analysis of Sperm Autoantibodies:
Adult male Lewis rats (225-275 g), purchased from Charles
River Laboratories (Wilmington, Mass., USA), received
bilateral vasectomy as previously described (Flickingeretal.,
1999). Sera were collected prior to vasectomy and 3 months
after the surgery. All procedures were conducted with the
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approval of the Animal Research Committee of the University
of Virginia-School of Medicine and in accordance with the
Guide for the Care and Use of Laboratory Animals and other
relevant publications.

[0153] Sperm samples were isolated from the cauda epid-
idymidis of Lewis rats by back-flushing fiuid through the vas
deferens (Flickinger et al., 1999). One (1-D) and two-dimen-
sional (2-D) gel electrophoresis and western-blot was per-
formed as described previously (Miranda-Vizuete et al.,
2003)

Example 2

cDNA Cloning, Sequence Analysis, Genomic Orga-
nization and Chromosomal Localization of Human,
Mouse and Rat Sptrx-3 Gene

[0154] By sequence comparison with human TRX-1 gene,
the inventors found that GenBank expressed sequence tag
AT188241 (from human testis) encoded a putative novel
thioredoxin sequence containing the matching CGPC thiore-
doxin consensus motif. Based on this sequence primers were
designed to perform 5' and 3'-RACE analysis using a human
testis cDNA library to clone the full-length cDNA of this
novel protein. The complete cDNA sequence consists of a
384 by ORF, a 97 by 5-UTR and a 376 by 3'-UTR with one
canonical poly-(A)" sequence (Human Sptrx-3 DNA
SEQUENCE; SEQ ID NO:9). The inventors also cloned the
rat and mouse orthologues of human Sptrx-3 cDNA aided by
homology searches using the human ORF as bait (www.ncbi.
nlm.nih.gov/BLAST/). Both mouse and rat Sptrx-3 ORFs
encode aprotein highly similar to that of human Sptrx-3 (FIG.
1).

[0155] Human 3'-RACE analysis rendered four additional
products, which were also cloned. Two of them corresponded
to different splicing variants of the full-length cDNA
described above while the other two arose from alternative
splicing of the last exon which translation would result in a
shorter protein differing at its C-terminus (FIG. 2).

[0156] A sequence comparison in the Human Genome
Sequence Data Base (www.ncbi.nlm.nih.gov/genome/guide/
human/) mapped the Sptrx-3 genomic region at human chro-
mosome 9q32 (entry NT_008470) just downstream to
TRX-1 gene, between the markers D9S1828 and D9S1835
(based on the deCODE-high resolution recombination map of
human genome; (Kong et al., 2002)). Using the Genomatix
Software (www.genomatix.de/) the inventors determined that
human Sptrx-3 gene spans 35 kb and is organized into six
exons and five introns, all according to the GT/AG rule.
Similar to the human Sptrx-3 gene, the mouse and rat
genomic regions were determined to be located at chromo-
somes 4B3 and 5922, both synthenic to that of the human
gene and also organized into 6 exons and five introns.
[0157] Intriguingly, Sptrx-3 genomic organization is iden-
tical to that of TRX-1 (including exon-intron splicing sites)
except for Sptrx-3 exon V and such resemblance strongly
suggests a genomic duplication event as the explanation for
Sptrx-3 origination. This is confirmed by a phylogenetic
analysis of all human thioredoxin proteins that place TRX-1
and Sptrx-3 in the same, independent branch. As previously
mentioned, two different forms of the last exon can be found
within Sptrx-3 sequence, designed Vla for the shorter and
VI for the longer exon, respectively (FIG. 2). Interestingly,
exon VIo is located immediately upstream of exon VIf
within the genomic sequence, in a similar fashion to that
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described for glutaredoxin-1 (GRX-1), a related member of
the thioredoxin family (Spyrou et al., 2001). The remaining
variants of Sptrx-3 originate from splicing of exon 11l alone or
together with exon V (see FIG. 2 for nomenclature of these
variants). The inventors chose the Sptrx-3 1 form for further
work because the vast majority of EST entries in the human,
mouse and rat databases correspond to this isoform (which is
subsequently referred to as Sptrx-3).

[0158] Human Sptrx-3 ORF encodes for a protein of 127
amino acids (FIG. 1), which corresponds to a unique thiore-
doxin domain, with an estimated molecular weight of 14.6
kDa. A search for predicted sorting signal to specific subcel-
lular locations at the PSORT 1I server (psort.nibb.ac.jp/)
failed to identify display any localization or retention signal
in Sptrx-3 sequence.

[0159] Human, mouse and rat Sptrx-3 proteins show a high
degree of homology (FIG. 1) and most of the amino acids
known to be essential for catalysis, maintenance of three-
dimensional structure, or protein-protein interactions in pre-
viously characterized thioredoxins (Eklund et al., 1991) are
conserved in the three orthologues or replaced by others with
similar properties. Interestingly, human Sptrx-3, but not
murid Sptrx-3, is the first thioredoxin whose CGPC active site
is preceded by an arginine residue instead of a tryptophan.
The significance of this substitution remains unclear although
it suggests specific properties for the human protein. With
regard to structural cysteine residues (those not located at the
active site), Sptrx-3 lacks Cys-62 and Cys-73, present in
human TRX-1 while Cys-69 (all numbers referred to human
TRX-1 residues) is conserved. Two additional cysteines at
positions 97 and 98 are present in the three Sptrx-3 ortho-
logues and one more cysteine exists at position 112 in human
Sptrx-3. Interestingly, these three additional cysteines are
located in exon V, the only one missing in human TRX-1
(FIG. 1).

[0160] Compared with other thioredoxins, the biochemical
properties of human Sptrx-3, as well as mouse and rat Sptrx-
3, differ substantially. Its isoelectric point is basic and the net
charge is positive (9.47 and 10.23 respectively), contrasting
with most previously described thioredoxins which have
negative net charges and acidic isoelectric points.

[0161] Thioredoxins may regulate spermatogenesis by
maintaining the appropriate redox environment for germ cell
differentiation. Human Sptrx-3 and Trx-1 genes appear to
have almost identical genomic organization, with the only
difference of Sptrx-3 having an extra exon (exon V). Further-
more, both genes map at a narrow chromosomal region at
9931-q32 and their protein sequence show approximately
50% identity. All these features strongly support the probable
origin of Sptrx-3 as a genomic duplication of a Trx-1 gene
ancestor. Through evolution, Sptrx-3 might have acquired
some additional sequence corresponding to exon V (testis-
specific) and, in turn, some additional function in spermato-
genesis with the ancestor retaining its original function in a
process called neofunctionalization (Lynch and Conery,
2000). This duplication event can be traced down at least
before the hominid/rodent radiation as both genes can be
found in mouse and rat.

Example 3

Sptrx-3 mRNA Expression is Restricted to the Male
Germ-Line

[0162] Multiple Tissue Northern (MTN; Clontech) blots
were used to determine the size and tissue distribution of
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human Sptrx-3 mRNAs using the ORF as the probe. Human
Sptrx-3 mRNA was detected after 48 hours of exposure only
in human testis as a single band of ~0.9 kb in good agreement
with the size of the cloned cDNA (FIG. 3A). No signal was
obtained inany other tissue after longer exposure. To evaluate
the possibility that Sptrx-3 mRNA could be expressed in
other tissues not present in these blots, the inventors also
screened a Multiple Tissue Expression (MTE; Clontech)
Array containing poly(A)” RNAs from 50 different human
tissues. Among the tissues examined, hybridization signal
was observed only in testis mRNA. In situ hybridization on
mouse testis demonstrated Sptrx-3 mRNA expression is
restricted to spermatocytes and round spermatids, and no
signal was detected in the other testicular cell types (FIG. 3B).
Regarding the expression of Sptrx-3 mRNA during mouse
testis development, results show that Sptrx-3 mRNA appears
during the third week post-partum and increases in the fourth
week and up to adult stage (FIG. 3C). These expression
patterns are further shown in Jimenez et al. (2004).

Example 4

Cellular and Subcellular Expression of Sptrx-3 Pro-
tein in Testis

[0163] To address the expression pattern of Sptrx-3, affinity
purified antibodies raised against two different peptides from
human Sptrx-3 exon I and exon V were used (FIG. 1). Immu-
nohistochemistry was first performed in human testicular
sections, which revealed that Sptrx-3 expression was
restricted to spermiogenesis and most prominently expressed
in spermatocytes and round spermatids (FIG. 4A). However,
the temporal sequence of expression was difficult to deter-
mine at the histological level because of the intermingling of
stages within the human seminiferous tubules. Hence, the
expression of Sptrx-3 was analyzed in detail in rat and mouse
testicular sections, in which the stages of the seminiferous
epithelium are clearly delineated. As shown in FIG. 4B and
FIG. 4C, Sptrx-3 immunostaining was readily detected in
close association to the Golgi of late spermatocytes and round
spermatids in rat testicular sections. Such Sptrx-3 localiza-
tion strongly suggests a role during acrosome biogenesis, as it
is first identified in the Golgi located in a juxta-nuclear posi-
tion in early round spermatids and later dissociated from the
acrosome in the Golgi of late round spermatids (FIG. 4B and
FIG. 4C). The Golgi of elongating spermatids does not appear
to be labeled. Isolated mouse secondary spermatocytes also
show labeling of the acrosomal granule (FIG. 4D). Rat testis
showed a similar distribution pattern of Sptrx-3 labeling. No
signal was detected in the presence of preimmune serum or
immuno-absorbed antibody preparation using a mix of both
peptides thus confirming the specificity of the antibodies and
their immuno-reactivity in rodent samples.

[0164] Expression of Sptrx-3 was evaluated in human sper-
matozoa and in mouse spermatids and spermatozoa using
immunohistochemistry. In human semen, Sptrx-3 is invari-
ably found in the nuclear vacuoles and in the superfluous
cytoplasm of morphologically abnormal spermatozoa. Simi-
larly, mouse round spermatids express Sptrx-3 mainly in dis-
tinet cytoplasmic foci (probably Golgi), with increased
expression in presumably apoptotic spermatids, expressing
the pro-apoptotic cell surface protein Fas. Sptrx-3 expression
in mature mouse spermatozoa is restricted to cytoplasmic
droplets. Increased expression has not been observed in
defective mouse spermatozoa.
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[0165] To confirm that Sptrx-3 might be involved in the
acrosome biogenesis, immunogold electron microscopy was
performed on rat samples, and a clear association of Sptrx-3
with the forming acrosome in pachytene spermatocytes and
round spermatids was found, agreeing with previous light
microscopy results (FIG. 5)

[0166] To further corroborate the cell-type restricted
expression of Sptrx-3, the inventors performed Western blot
analysis in elutriated germ cells from rat testis. Using western
blots, Sptrx-3 was detected as a discrete band of 24 kDa in
spermatocytes and spermatids while it was absent in other
testicular cells such as Leydig, Sertoli or spermatogonia.
However, signal is also obtained in mature spermatozoa,
which is the result of Sptrx-3 accumulation in the cytoplasmic
droplet. Interestingly, the molecular weight of 24 kDa of the
protein recognized by the Sptrx-3 antibodies in elutriated rat
cells is bigger than the theoretical one predicted on the basis
of its amino acid composition. Western blots on bovine testis
extracts also showed a major band around 24 kDa, whereas
weaker ones appear at 40 kDa and at 15 kDa, the last one
being most probably the band corresponding to the calculated
size (FIG. 6A). The inventors ruled out the possibility that the
upper bands might be a consequence of no-specific cross-
reactivity of the antibodies with proteins other than Sptrx-3 as
no labeling was obtained when using human liver and heart
extracts as negative controls in western blots (FIG. 6B). Thus,
the appearance of more than one band suggested either post-
translational modification or aggregation of Sptrx-3 protein.
Sptrx-3 localization in close association with Golgi suggested
that glycosilation might be the most likely posttranslational
modification of Sptrx-3. However, pretreatment of testis and
sperm extracts with both N- and O-glycosidases did not
modify the banding pattern. Surprisingly, support for the
aggregation hypothesis came from the use of freshly obtained
spermatozoa where a major band of 15 kDa was obtained
whereas the same sample subjected to freezing/thawing treat-
ment resulted in the appearance of bands of 24 and 40 kDa
coinciding with the disappearance of the original band of 15
kDa (FIG. 6).

Example 5

Expression of Recombinant Sptrx-3 and Enzymatic
Activity Assays

[0167] Thioredoxins are considered as general protein dis-
ulfide reductases and their enzymatic activity can be easily
determined spectrophotometrically as a function of the
capacity of thioredoxin to reduce the disulfide bonds of insu-
lin using NADPH and thioredoxin reductase (Bjornstedt et
al., 1995). To evaluate whether human Sptrx-3 is able to act as
reducing agent in vitro, the inventors attempted the expres-
sion of recombinant Sptrx-3 in bacteria, using three different
tags: Histidine, GST (Glutathione S-transferase), and MBP
(maltose binding protein). Each of the three approaches ren-
dered enough soluble protein to carry out enzymatic assays.
In contrast, the expression of recombinant Sptrx-3 without
any tag also resulted in very low yielding, mostly insoluble.
Human Sptrx-3 was then expressed in HEK 293 cells using a
bidirectional promoter that simultaneously produces green
fluorescent protein as a transfection efficiency control. As
shown in FIG. 7, cell extracts of Sptrx-3 overproducing cells
did not result in increased activity over the corresponding
control extracts transfected with the empty vector (only
expresses the green fluorescent protein) or untransfected
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cells, respectively. However, a positive control overexpress-
ing human TRX-1 resulted in a two-fold increase in enzy-
matic activity.

Example 6

Sptrx-3 is Over-Expressed in Spermatozoa of Infer-
tile, Teratospermic Men

[0168] After characterization of Sptrx-3 expression and
localization under physiological conditions throughout sper-
matogenesis, the possibility that Sptrx-3 expression might be
impaired under pathological conditions was investigated.
With that purpose Sptrx-3 expression was first investigated in
infertile men.

[0169] Relative levels of Sptrx-3 in semen of 19 infertile,
teratospermic men (further ‘patients’) and 5 fertile donors
(further ‘donors”) were compared by flow cytometry in the
same trial with the co-detection of ubiquitin, an established
marker of sperm abnormalities (Rawe et al., 2002; Sutovsky
et al., 2001). The average median value of Sptrx-3 induced
fluorescence (FIG. 8), a relative measure of positive immune
reaction in samples, was 55.328.7 for fertile donors, while it
was three times higher (168.7+20.0) in infertility patients.
Such high Sptrx-3 levels in teratospermic samples were
reflected by increased sperm ubiquitin-immunoreactivity:
average ubiquitin median values were 139.2+11.7 in patients
and 64.1x13.1 infertile donors. As results of co-expression of
ubiquitin and Sptrx-3, there was a strong positive correlation
between their respective flow cytometric medians (r=0.85;
p<0.0001). These differences in the sperm content of Sptrx-3
(FIG. 8B, FIG. 8C) and ubiquitin (FIG. 8D, F1G. 8E) between
patients and fertile donors were readily identified when the
samples of some donors (FIG. 8B, FIG. 8D) and patients
(FIG. 8C, FIG. 8E), processed for flow cytometric analysis,
were pre-screened using epifluorescence microscopy. In gen-
eral, the samples in the above cohort of 19 infertile donors
were characterized as teratosperniic, with <8% normal sper-
matozoa in ejaculated by strict criteria. Some of the samples
displayed defined anomalies such as nucleomalasia, round
head sperm syndrome (globozoospermia), acrosomal hypo-
plasia and flagellar pathology (fibrous sheath hypoplasia/
stomp tail syndrome). However, basal levels of Sptrx-3
expression were also detected in samples of 5 fertile donors
with >40% normal spermatozoa, suggesting that Sptrx-3 lev-
els in human semen increase gradually with the increased
content of defective spermatozoa.

Example 7
Sptrx-3 is a Post-Obstruction Sperm Autoantigen

[0170] Similar to teratospermy (poor sperm quality), the
development of autoimmune antibodies to spermatozoa is a
major concern in reproductive medicine, as it may result in
male infertility. Components of the sperm accessory struc-
tures are detected frequently as autoantigens in screens of
sperm proteins with post-obstruction sera in post-obstructive
azoospermia due to vasectomy or heritable defects (Flick-
inger et al., 2001). Since Sptrx-3 is localized in the sperm
acrosome and rat Sptrx-2 was recently found to be a sperm
autoantigen (Miranda-Vizuete et al., 2003), the inventors
asked whether Sptrx-3 was also recognized by antibodies in
post-obstruction sera generated by performing vasectomies
in rats. On 2-D western blots of rat sperm extracts, the region
between 16 and 25 kDa (where Sptrx-3 is expected to migrate
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based on the western analysis described above) was strongly
stained both by anti-Sptrx-3 serum and by post-vasectomy
sera. Co-migration of protein spots stained by anti-Sptrx-3
and by post-vasectomy sera supports the hypothesis that
Sptrx-3 was an auto- and/or iso-antigen in rats. F1G. 9 shows
two dimensional (2-D) western blots of rat sperm proteins
stained with anti-SPTRX-3 serum or post vasectomy rat sera.

Example 8

Sptrx-3 is Expressed at Pre-Invasive Stages of Tes-
ticular Tumors

[0171] Sptrx-3 expressionis seen in CIS (carcinoma in situ)
cells, intratubular seminoma cells and microinvasive semi-
noma cells, but not in invasive seminoma (apart from a few
positive cells, less than 1%, in some seminomas). Interest-
ingly there is no positive reaction in intratubular non-semi-
noma (which shows the histology of embryonic carcinoma)
and all other histologies of germ cell tumors (volk sac, ter-
atoma, choriocarcinoma). All these results from Sptrx-3
staining were also verified using double staining for Sptrx-3
and Plap, which stains pre-invasive germ cell tumor cells such
as CIS and gonadoblastoma. The interpretation of these
results indicates that Sptrx-3 is expressed in early stages of
testicular tumor development. This expression disappears or
1s down-regulated in more invasive and differentiated testicu-
lar tumors.

[0172] Acquisition of a novel function for Sptrx-3 must be
dependent on testis-specific cofactors or thioredoxin reduc-
tases other than cytosolic TrxR1: similar to experience with
SPTRX-2 (Miranda-Vizuete et al., 2003; Sadek et al., 2001),
no activity in the thioredoxin activity assay was observed
when using crude extracts of Sptrx-3 over-expressing cells. In
this regard, two different TrxRs might fulfill this function:
TGR, the fusion protein of glutaredoxin-like and thioredoxin
reductase domains (Sun et al., 2001) or a novel testis-specific
splicing variant of TrxR1 which adds an extra N-terminal
glutaredoxin domain.

[0173] Acrosomal biogenesis starts during initial steps of
spermiogenesis, when the acrosomal vesicle 1s formed from
the Golgi-derived proacrosomal granules (Abou-Haila and
Tulsiani, 2000). Here the inventors show that Sptrx-3 expres-
sion inrat starts in pachytene spermatocytes and is associated
with the Golgi apparatus and proacrosomal granules. In
humans and mice, pachytene spermatocyte stage marks the
beginning for the synthesis of many acrosome-specific pro-
teins (Ramalho-Santos et al., 2002), most of them following
the classical exocytotic pathway. Proteins aimed to follow
this pathway usually have a hydrophobic stretch of residues at
the N-terminus which can act as a signal motif (Blobel, 2000).
However, despite Sptrx-3 expression pattern being coinci-
dental with other acrosome-specific proteins, it lacks a clear
signal sequence to follow the ER/Golgi pathway. A leaderless
pathway independent of ER/Golgi has been proposed for
other proteins including Trx-1 (Nickel, 2003; Rubartelli etal.,
1992) but Sptrx-3 is not expected to follow that pathway
because Sptrx-3 localizes in the Golgi apparatus. Interest-
ingly, it has been shown recently that the acylation with fatty
acids at two Cys residues is responsible for the Golgi local-
ization of GCP16 protein (Ohta et al., 2003). As shown above,
additional cysteines are present in the testis-specific exon V of
Sptrx-3. Taken together, the Cys-acylation may serve as the
signal for Sptrx-3 translocation into the Golgi apparatus.
Nevertheless, a translational modification such as acylacion
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does not explain the apparent gel-shifting of Sptrx-3 in west-
ern-blot experiments. Moreover, such behavior is only noted
after a freeze-thawing treatment, so detection of ahigher band
is more likely due to the aggregation of the protein.

[0174] Apart from sperm-specific thioredoxins, other
redox proteins including peroxiredoxin 1, peroxiredoxin 4
and peroxiredoxin 6 were found to be highly expressed during
spermatogenesis (Fujii et al., 2001; Sasagawa et al., 2001).
Peroxiredoxin 4 has been proposed to be involved in
acrosome biogenesis (Sasagawa et al., 2001) following an
expression pattern resembling that of Sptrx-3. Thus, it seems
reasonable to hypothesize that Sptrx-3 could also participate
in the biogenesis of the acrosome, but further experiments
such as genomic knock out will be important to determine the
exact role of Sptrx-3 in spermiogenesis.

[0175] The above findings regarding normal spermatogen-
esis show that Sptrx-3 is exclusively expressed during a short
period of spermiogenesis. In mature epididymal spermato-
zoa, Sptrx-3 is found at the cytoplasmic droplet, where the
remnants of the cytoplasm and organelles are discarded from
the sperm cell after completion of its function. However, in
some teratospermic patients Spirx-3 expression pattern
becomes altered as Sptrx-3 is over-expressed and can be
easily detected at high levels in the nuclear vacuoles and in the
superfluous cytoplasm of morphologically abnormal sperma-
tozoa. Thus, over-expression or retention of Sptrx-3 inmature
spermatozoa represents a novel phenotype marker of male
infertility as well as a potential target for developing diagnos-
tic assays and drugs.

Example 8
STIX Fertility Test Kit

[0176] In this Example, a fertility test kit (“STIX Fertility
Test Kit”) was produced that allows for the testing of male
fertility based upon the evaluation of expression of Sptrx-3.
Variations to the fertility testkits provided in this Example are
possible and will be recognized by one of skill in the art.
[0177] The fertility test kit can detect defective sperm cells.
Sperm cells are produced in the testis from sperm precursor
cells, spermatids. Like other cells, sperm precursor cells are
composed of a nucleus containing chromosomes/DNA, and
cytoplasm with supporting structures & molecules. Normal
(healthy) sperm can shed their cytoplasm and retain their
DNA/chromosomes; however defective sperm fail to shed
their cytoplasm. The assay provided in the fertility test kit
detects the Sptrx-3 protein in the redundant, retained cyto-
plasm of defective sperm. A working kit was produced and
has been tested on human sperm samples.

[0178] The procedure for using the kit is very simple and
takes approximately 70 minutes. The STIX Fertility Test Kit
may contain: solution #1 (a fixative solution), solution #2
(containing a first antibody), solution # 3 (containing a second
antibody), 5 microscopy slides, 5 coverslips, and a tube of
mounting medium.

[0179] The procedure for using the above kit is as follows:
[0180] STEP 1: Add SOLUTION #1 (a fixative solution) to
sperm. Allow to sit for 10 min.

[0181] STEP 2: Spread 50 microliters of sperm+SOLU-
TION #1 on a microscopy slide. Allow to dry for 5 min
[0182] STEP 3: Add SOLUTION #2 (containing a first
antibody) to dry sperm on slide. Allow to sit for 30 min. Dip
in water
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[0183] STEP 4: Add SOLUTION #3 (containing a second
antibody) to sperm. Allow to sit for 30 min. Dip in water.
[0184] STEP 5: Cover the slide with a microscopy cover-
slip.

[0185] STEP 6—Observe and score+/-signal in 100 cells.
[0186] The STIX Fertility Test Kit has several significant
advantages. Currently, physicians often pay approximately
$150 or more and wait for several weeks to have one sample
from one patient tested by a SCSI reference laboratory. How-
ever, using the STIX Fertility Test Kit, it is possible to test 10
patients in the physician’s own office or andrology laboratory
for the same amount of money and get an immediate, more
accurate diagnosis of male infertility. Thus, the STIX Fertility
Test Kit is accurate, cheap, and may be performed in a doc-
tor’s office. This assay (using the STIX Fertility Test Kit)
recognizes DNA/chromatin abnormalities but also other
sperm abnormalities not related to DNA damage. It has also
been estimated that the STIX Fertility Test Kit is very afford-
able (~$15/assay if a Ten Assay Kit is used; $150/Ten Assay
Kir).

[0187] All of the compositions and/or methods disclosed
and claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be appar-
ent to those of skill in the art that variations may be applied to
the compositions and/or methods and in the steps or in the
sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention.
More specifically, it will be apparent that certain agents that
are both chemically and physiologically related may be sub-
stituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes
and modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of the
invention as defined by the appended claims.
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SEQUENCE LISTING

«<160> NUMBER OF SEQ ID NOS: 17

<210> SEQ ID NO 1
<211> LENGTH: 25
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-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 1

gaggcetggt gtaatcatgg tacag

<210> SEQ ID NO 2

<21ll> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 2

caacagggga ttttcatcag cacttc

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 3

cgagtttgty tceggeaget gte

<210> SEQ ID NO 4

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 4

ctgtaccatyg attacaccag gccte

<210> SEQ ID NO 5

<211l> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 5

25

26

23

25

Met Val Gln Ile Ile Lys Asp Thr Asn Glu Phe Lys Thr Phe Cys

1 5 10

<210> SEQ ID NO &

<21ll> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 6

15

Val Thr Leu Phe Ser Arg Ile Lys Arg Ile Ile Cys

1 5 10

<210> SEQ ID NO 7

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 7
gaggacgcgt gccaccatgg tacagattat taaag 35
<210> SEQ ID NO 8
<211l> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 8
cttggectage ttattacatt aattcttgag 30
<210> SEQ ID NO 9
<211> LENGTH: 857
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
atgtatteca gygcaggatac tgtaataaat aggagacage tacagtgate caactaaace 60
aacaggggat tttcatcage acttccctgg tgtaatcatg gtacagatta ttaaagacac 120
gaatgaattt aaaacatttt tgacagctge cggacacaaa ctegcagtgg ttcaatttte 180
ttcgaaacgg tgtggtcect gcaaaaggat gtttcctgtt ttccatgceta tgtctgtgaa 240
ataccaaaat gtattttttg ctaatgtgga tgtgaacaat tctccggage tggctgaaac 300
ttgtcacatc aaaacaatac ccacatttca gatgttcaag aaaagccaga aggtaaccct 360
attctcaaga atcaaaagaa taatttgctg ttatagaagt ggattcatga gcaacctgat 420
ttttgagttt tgtggagecyg atgctaaaaa attggaagec aagactcaag aattaatgta 480
agctgatete caaggcaaaa tacacttgtg acatttgaaa aggcaagagce aaatgtgttt 540
gtgctttcat ttccagcaaa tactgtagtg tteccactggt ctectctecta atgetttyget 600
ggttgaatac cataatgcaa tctcactgca caattgctaa aaactgttgce aatatgagag 660
attgcatcat tteccattete caacttggge ttcccacttyg cteotgagecac actecttggyg 720
cagtgttttt atgaccttca caagagaggt cctgcacage taagtattac caggtcatca 780
agattttcca gagattageca aagatccaat tettcccagt ggtcaaggaa caaataaatg 840
tcttagtgce ctegtge 857
<210> SEQ ID NO 10
<211> LENGTH: 127
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10
Met Val Gln Ile Ile Lys Asp Thr Asn Glu Phe Lys Thr Phe Leu Thr
1 5 10 15
Ala Ala Gly His Lys Leu Ala Val Val Gln Phe Ser Ser Lys Arg Cys

20 25 30
Gly Pro Cys Lys Arg Met Phe Pro Val Phe His Ala Met Ser Val Lys

35 40

Tyr Gln Asn Val Phe Phe Ala 2Zsn Val Asp Val
50 55

45

Asn Asn Ser
60

Pro Glu
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Leu
65
Lys

Cys

Gly

Ala Glu Thr

Lys Ser Gln

Cys Tyr Arg
100

Ala Asp Ala
115

«210> SEQ ID NO
<211> LENGTH: 127
«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met

1

Asp

Gly

Tyr

Leu

65

Lys

Cys

Gly

Val Lys Arg
Ala Gly Asn
20

Pro Cys Lys
35

Gln Asn Val
50

Ala Glu His

Tyr Thr Gln

Cys Leu Arg
100

Ala Asp Ala
115

Cys
Lys
85

Ser

Lys

11

Mus
11

Ile

5

Lys

Thr

Thr

Cys

Lys

85

Ser

Lys

<210> SEQ ID NO 12

<211> LENGTH:

«212> TYPE: PRT
<213> ORGANISM: Rattus rattus

<400> SEQUENCE:

Met

1

Ala

Gly

Tyr

Leu

65

Lys

Cys

Gly

Val Gln Lys
Ala Gly Asn
20

Pro Cys Lys
35

Arg Asn Val
50

Thr Glu His

His Ser Arg

Cys Phe Arg
100

Ala Asp Ile
115

127

12

Ile

Arg

Met

Met

Cys

Lys

85

Ser

Glu

His
70
Val

Gly

Lys

Ile

Thr

Phe

Leu

Lys

Leu

Met

Glu
120

musculus

Lys

Leu

Ile

Phe

Asp

70

Val

Gly

Gln

Lys

Leu

Ile

Phe

Ser

70

Val

Gly

Lys

Asn

Val

Ala

Ala

55

Ile

Thr

Pro

Leu

Ser

Val

Ala

Ala

55

Ile

Thr

Pro

Leu

Met

Val

Pro

40

Gln

Thr

Pro

Lys

Glu
120

Met

Val

Pro

40

Gln

Gln

Pro

Gly

Glu
120

Thr

Phe

Ser

105

Ala

Ser

Val

25

Val

Val

Met

Phe

Ser

105

Lys

Arg

Val

25

Ala

Val

Val

Phe

Ser

105

Glu

Ile
Ser
20

Asn

Lys

Glu

10

Glu

Phe

Asp

Leu

Ser

920

Lys

Lys

Glu

10

Glu

Phe

Asp

Val

Ser

90

Lys

Lys

Pro
75
Arg

Leu

Thr

Leu

Phe

Gln

Val

Pro

75

Arg

Met

Ile

Phe

Phe

Gln

Val

Pro

75

Arg

Lys

Ile

Thr

Ile

Ile

Gln

Lys

Ser

Ala

Asp

60

Thr

Leu

Ile

Gln

Lys

Ser

Ala

Asp

60

Thr

Leu

Ile

Gln

Phe

Lys

Phe

Glu
125

Glu

Ala

Met

45

Ser

Phe

Lys

Phe

Glu
125

Glu

Ala

Met

45

Ser

Phe

Lys

Phe

Glu
125

Gln

Arg

Glu

110

Leu

Leu

Lys

30

Ser

Ser

Gln

Arg

Glu

110

Leu

Leu

Gln

30

Ser

Ser

Gln

Arg

Glu

110

Leu

Met
Ile
95

Phe

Met

Phe
15
Trp

Leu

Met
Val

95

Met

Leu

15

Trp

Leu

Gln

Met

Ile

95

Phe

Met

Phe
80
Ile

Cys

Ser

Cys

Lys

Glu

Phe

80

Leu

His

Gly

Cys

Gln

Glu

Phe

80

Leu

Gln
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<210> SEQ ID NO 13

<211> LENGTH: 105

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Met Val Lys Gln Ile Glu Ser Lys Thr Ala Phe Gln Glu Ala Leu Asp
1 5 10 15

Ala Ala Gly Asp Lys Leu Val Val Val Asp Phe Ser Ala Thr Trp Cys
20 25 30

Gly Pro Cys Lys Met Ile Lys Pro Phe Phe His Ser Leu Ser Glu Lys
35 40 45

Tyr Ser Asn Val Ile Phe Leu Glu Val Asp Val Asp Asp Cys Gln Asp
50 55 60

Val Ala Ser Glu Cys Glu Val Lys Cys Thr Pro Thr Phe Gln Phe Phe
65 70 75 80

Lys Lys Gly Gln Lys Val Gly Glu Phe Ser Gly Ala Asn Lys Glu Lys
85 90 95

Leu Glu Ala Thr Ile Asn Glu Leu Val
100 105

«210> SEQ ID NO 14

<21l> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

«<400> SEQUENCE: 14

atggtacaga ttattaaaga ¢ 21

<210> SEQ ID NO 15

<211> LENGTH: 23

«212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 15

gacagctgece ggacacaaac tcg 23

<210> SEQ ID NO 16

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 16
gtggatgtga acaattctcc gg 22
<210> SEQ ID NO 17

<211> LENGTH: 23
<212> TYPE: DNA
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<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 17

gaagtggatt catgagcaac ctg

23

What is claimed is:

1. An isolated Sptrx-3 polypeptide comprising at least 90%
sequence identity to the amino acid sequence of SEQ ID
NO:10.

2. The polypeptide of claim 1, wherein the polypeptide
comprises the amino acid sequence of SEQ ID NO:10.

3. Animmunogenic fragment of the polypeptide of claim 1.

4. An antibody or fragment thereof that binds immunologi-
cally to the polypeptide of claim 1.

5. An isolated nucleic acid sequence selected from the
group consisting of:

() a nucleic acid encoding the polypeptide of claim 1;

(b) a nucleic acid that hybridizes to SEQ ID NO:9 under

conditions of about 0.1 M NaCl and about 50° C.;
(c) anucleic acid having at least 90% sequence identity to
SEQ ID NO:9; and

(d) a complement of a nucleic acid of (a), (b), or (c).

6. A probe or primer comprising at least 20 contiguous base
pairs of the nucleic acid sequence of claim 5.

7. A method of evaluating the fertility or semen quality of
a sample of spermatozoa comprising detecting the content
and/or activity of Sptrx-3 in the sample, wherein an increased
content and/or activity of Sptrx-3 relative to a control sample
is associated with decreased fertility.

8. The method of claim 7, wherein the method further
comprises detecting the presence of antibodies that immuno-
logically bind Sptrx-3, wherein an increased content and/or
activity of antibodies that immunologically bind Sptrx-3 rela-
tive to a control sample is associated with decreased fertility.

9. The method of claim 7, wherein detecting is by immu-
nologic detection, detection of mRNA, Western blot analysis,
immunocytochemistry, or electron microscopy utilizing col-
loidal gold particles.

10. The method of claim 7, wherein the sample of sperma-
tozoa is from a head of cattle, pig, goat, sheep, horse, mouse,
rat, guinea pig, rabbit, dog or cat.

11. The method of claim 7, wherein the sample of sperma-
tozoa is from a human.

12. The method of claim 9, wherein said immunologic
detection comprises detection with polyclonal antisera,
autoimniune sera, or a monoclonal antibody preparation.

13. The method of claim 9, wherein said immunologic
detection comprises a method selected from the group con-
sisting of ELISA, RIA and Western blot.

14. The method of claim 13, wherein said ELISA is a
sandwich ELISA comprising binding of Sptrx-3 to a first
antibody preparation fixed to a substrate and a second anti-
body preparation labeled with an enzyme.

15. The method of claim 14, wherein said enzyme is alka-
line phosphatase or horseradish peroxidase.

16. The method of claim 7, further defined as a method of
evaluating fertility of a subject, wherein the sample of sper-

matozoa is obtained from the subject, and wherein the results
of the detecting are used to evaluate the fertility of the subject.

17. The method of claim 16, further comprising detecting
the content and/or activity of Sptrx-3 in at least two samples
of spermatozoa from the subject.

18. The method of claim 7, further defined as comprising
evaluating fertility of a plurality of samples of spermatozoa
comprising detecting the content and/or activity of Sptrx-3 in
the samples.

19. The method of claim 18, still further comprising select-
ing at least one sample of spermatozoa from the plurality of
samples based on the results of said detecting for use in
artificial insemination or in vitro fertilization.

20. A method of identifying a pre-invasive stage of cancer
comprising detecting the content and/or activity of Sptrx-3 in
a sample comprising semen or spermatozoa, wherein an
increased content and/or activity of Sptrx-3 relative to a con-
trol sample is associated with decreased fertility.

21. The method of claim 20, wherein the sample is from a
human.

22. The method of claim 21, wherein the pre-invasive stage
of cancer is CIS.

23. The method of claim 21, wherein the pre-invasive stage
of cancer is gonadoblastoma.

24. A kit comprising:

(a) a first antibody preparation that binds immunologically

to Sptrx-3; and

(b) a suitable container means thereof.

25. The kit of claim 24, wherein said first antibody is a
monoclonal antibody.

26. The kit of claim 24, wherein said first antibody is a
polyclonal antibody.

27. The kit of claim 24, wherein said antibody preparation
is attached to a support.

28. The kit of claim 27, wherein said support is a polysty-
rene plate, test tube or dipstick.

29. The kit of claim 24, further comprising at least a second
antibody preparation.

30. The kit of claim 29, wherein said second antibody
preparation comprises a detectable label.

31. The kit of claim 30, wherein said detectable label is
selected from the group consisting of a fluorescent tag, a
chemiluminescent tag and an enzyme.

32. The kit of claim 31, wherein said enzyme is alkaline
phosphatase or horseradish peroxidase.

33. The kit of claim 31, further comprising a substrate for
said enzyme.

34. The kit of claim 24, further comprising a buffer or
diluent and a suitable container means therefor.
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