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Prostate-specific antigen (PSA) is a valuable tu-
mor marker for the diagnosis and management of
prostate cancer. The name was intended to under-
score the tissue specificity of this protein because
it was believed to be produced exclusively by the
epithelial cells of the prostate gland. This knowl-
edge was established on the basis of initial studies
in which PSA immunoreactivity detected by im-
munohistochemistry or immunoassay was found
only in normal or malignant prostatic tissue.”* Be-
cause of the clinical significance of PSA, however,
the study of this molecule has increased substan-
tially in the last 10 years. It is now clear that PSA
is not tissue specific. In this review, we focus on
the most recent findings of PSA in nonprostatic
tissues, and we discuss the possible physiologic
role of PSA and its potential for clinical applica-
tions in diseases other than those of the prostate.

BRIEF OVERVIEW OF PSA IN
PROSTATIC TISSUE

History

PSA was discovered in seminal plasma and was
named vy-seminoprotein by a group of Japanese in-
vestigators who were searching for a semen
marker in the late 1960s.* A few years later an-
other group isolated a similar protein from semen
and called it protein E; based on its electrophoretic
mobility.*" In 1978, Sensabaugh® characterized this
protein biochemically with the use of an immuno-
electrophoretic method and named it p30 based on
its molecular weight. Because of its in vitro stabil-
ity, immunogenicity, and tissue specificity, p30

was considered a useful semen marker for identi-
fying rape victims or for other criminal and foren-
sic investigations.?

PSA was found in the prostate by Wang et al in
19777 and later was isolated from this tissue by
the same group.” Because the protein was identi-
fied only in prostatic tissue at that time, it was
named prostate-specific antigen. Wang et al also
showed that PSA was present in seminal plasma
and that it was similar to the PSA found in the
prostate.”” Although it has not been accepted uni-
versally that PSA is the only protein under discus-
sion, consensus has been reached that y-semino-
protein, protein E;, p30, and PSA represent the
same protein.” PSA later was identified in male
serum by the same group who found PSA in the
prostate.” Shortly after the finding of PSA in se-
rum, the relationship between serum PSA levels
and prostatic disease was investigated. Results
from clinical studies indicated possible increases
in serum PSA in patients with prostate cancer and
possible changes in serum PSA in association with
the cancer metastasis or recurrence as well as with
patient’s response to treatment and survival.'® % 5
These preliminary observations triggered enor-
mous interest in the utility of serum PSA in diag-
nosis and management of prostate cancer. Cur-
rently, PSA is one of the most valuable and widely
used tumor markers.

PSA Protein and Gene

The molecular and biochemical features of PSA
have been addressed in several recently published
reviews.” 2 * Briefly, PSA is a monomeric mole-
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cule with a single polypeptide chain that has 237
amino acids and several disulphide bonds. PSA is
a 33 kd glycoprotein and is composed of 93%
amino acids and 7% carbohydrates. The sugar
components in the protein vary slightly and the
variation results in different isoelectric points.

The PSA gene is located on the long arm of
chromosome 19 and spans 6 kd in length, includ-
ing 5 exons, 4 introns, 2 promoter sites, and an
untranslated 3’ end. One of the promoter sites
contains an androgen-response element, and the
transcription of the PSA gene is up-regulated by
androgen through the androgen receptor.® 7 In
vitro experiments also indicate that some growth
factors may be involved in the transcription of the
PSA gene.” Several different PSA gene transcripts
(mRNAs) have been seen, but only one is consid-
ered useful for protein translation. The rest are
thought to be products of alternative splicing dur-
ing gene transcription.”

The PSA gene (now known as KLK3) has 80%
homology with the human glandular kallikrein 1
gene (now known as KLK2) and 68% homology
with the tissue (renal/pancreatic) kallikrein gene
(now known as KLK1).* %% Owing to the extensive
homology between the PSA and the KLK2 genes,
the product of KLK2 has been speculated to be
able to cross-react with PSA antibodies,* > which
may give rise to false-positive results for the serum
PSA test. The KLK2 protein, however, has not been
isolated from natural sources, although it is known
to be present in seminal plasma. Recent experi-
ments, using recombinant KLK2 protein, suggest
that some PSA antibodies cross-react with the
KLK2 protein, but others are specific for PSA.* No
KLK2 protein-specific antibodies have been found,
however. Preliminary assays for KLK2 suggest
that this protein is present at very low levels in se-
rum.

Protein Function

PSA is a serine protease with chymotrypsin-like
enzymatic activity.*” Two seminal vesicle proteins
and fibronectin are believed to be the substrates of
PSA in semen, and cleavage of these proteins
by PSA results in semen clot liquefaction. Other
studies suggests that PSA is able to digest one
of the insulin-like growth factor-binding proteins
(IGFBP-3),"” which in turn indirectly regulates the
function of IGFs." It is known that IGFs have
mitogenic effect for normal and cancer cells and
are involved in cell transformation.> * It also has
been speculated that PSA may inactivate the func-
tion of protein C inhibitor in semen when binding
to it.* As a serine protease, PSA has certain se-
quence homology with other serine proteases, in-
cluding 56% homology with y-nerve growth factor
and 53% homology with epidermal growth factor—
binding protein,* but it is unknown if PSA has
functions similar to these molecules. Recently, oth-
ers have speculated that PSA may activate trans-

forming growth factor-8,' may cleave parathyroid
hormone-related peptide,'> or may release vaso-
active peptides from a precursor protein.?’

Molecular Forms of PSA

PSA in semen has two major molecular forms,
one of which is the intact polypeptide chain called
native form. The other, called nicked form, has a
cleavage at amino acids Lys 145 and Lys 146.% A
small amount of PSA in semen also binds to pro-
tein C inhibitor. Several molecular forms of PSA
exist in serum, including free PSA, a;-antichymo-
trypsin-bound PSA (PSA-ACT complex), and a-
macroglobulin-bound PSA.>* The PSA-ACT com-
plex is the major molecular form of PSA in serum.
All these forms are believed to be enzymatically
inactive. Most current PSA assays can detect free
PSA and PSA-ACT.*® PSA assays that detect only
free PSA have been developed, and the ratio of
free to total PSA appears to provide a slightly
better sensitivity and specificity for diagnosis of
prostate cancer.>®

PSA IN NONPROSTATIC TISSUES
Periurethral Glands

The periurethral gland is the first female tissue
that was suggested to be able to produce PSA.
PSA production by this gland is based on the
findings of immunohistochemical studies that
show positive stainings for PSA in male and fe-
male periurethral glands® > % ¢ and of PSA in
urine of male prostate cancer patients who have
had their prostate removed.*® Further histologic
studies indicate that the tissue structure of the
female periurethral gland is similar to that of the
male prostate before puberty, but the gland re-
mains underdeveloped throughout the whole life
because of the lack of androgenic stimulation.”
Therefore, the female periurethral gland can be
considered the “female prostate.”"> An interesting
animal experiment suggests that endoderm-de-
rived urethral epithelium from newborn female
mice would develop into a prostate-like tissue pro-
ducing a PSA-like protein if the cells were allowed
to grow in the body of male mice.*

Breast

Breast Cancer Tissue

In 1993, PSA immunoreactivity in breast cancer
cytosolic extracts, prepared for measurement of
steroid hormone receptors, was discovered acci-
dentally in our laboratory while we were evaluat-
ing the analytical specificity of a new ultrasensitive
PSA assay developed for monitoring prostate can-
cer patients after radical prostatectomy. PSA im-
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munoreactivity in nonprostatic tissues uisually was
thought to be due to the cross-reaction of poly-
clonal antibodies to non-PSA proteins. This possi-
bility was excluded, however, because similar im-
munoreactivity was seen with double-monoclonal
PSA assays." Moreover, the possible existence of
PSA in breast cancer was suggested by the molecu-
lar weight of PSA immunoreactive species in the
cytosols. The molecular weight determined by gel
electrophoresis and gel filtration was identical to
that of PSA in seminal plasma or to the free form
of PSA in male serum. Finally, PSA mRNA was
detected in breast cancer tissues that were positive
for PSA protein measured by immunoassay.” In
contrast, tissues negative for PSA protein were
negative for PSA mRNA.

Because PSA concentrations in breast cancer cy-
tosols are relatively low compared with the levels
in male prostate, the number of samples that have
detectable PSA may vary depending on the sensi-
tivity of the PSA assay used. Using a PSA assay
that has a detection limit of 0.01 pg/L, we found
PSA levels at or higher than 0.03 ng/mg of total
protein in about 30% of breast cancer cytosol sam-
ples.

Breast Cancer Cells

Several breast cancer cell lines are able to pro-
duce PSA after the cells are incubated with andro-
gens, progestins, glucocorticoids, and mineralocor-
ticoids.* The stimulation of PSA production by
these steroid hormones is time- and dose-depen-
dent. The molecular weight of PSA produced by
these breast cancer cells is identical to seminal PSA
or to PSA from the prostate cancer cell line LNCaP.
PSA mRNA is readily identified in these cells lines
after the stimulation by steroids.” Estrogens do
not have the ability to stimulate the cells to pro-
duce PSA but can impair the stimulating effect of
androgens.®> The production of PSA is observed
only in breast cancer cell lines that have steroid
hormone receptors (MCF-7 or T47-D), but for the
cells that do not possess the receptors (BT-20) no
PSA is produced after similar stimulation.® For as-
yet-unknown reasons, however, many cell lines
that are positive for receptors are not able to pro-
duce PSA after steroid hormone stimulation.

Other Breast Tissues

PSA also has been found in normal breast tis-
sues (specimens from cosmetic breast-reduction
surgery) and breast tissues from benign breast dis-
ease. The percentage of women who have detect-
able levels of PSA in their breast tissues is signifi-
cantly higher in patients with benign breast
disease (60%) than in normal women (30%), but
the positivity rates are not different between breast
cancer patients and normal women.” The molecu-
lar weight of PSA in these specimens is similar to
the one found in seminal plasma (33 kd).

Breast Fluids

PSA is detectable in all tested breast fluids, in-
cluding milk,* cyst fluid,”” and nipple aspirate
fluid.* PSA concentrations in these fluids vary
widely from undetectable to 5000.0 pg/L. PSA
levels in milk decrease with postdelivery time but
are not affected by the mother’s age or the baby’s
gender. Free PSA is the major molecular form of
PSA in milk. PSA-ACT complex also is present in
milk, but accounts for less than 25%.% In cyst fluid,
PSA levels vary between less than 0.01 and 82 g/
L, and free PSA and PSA-ACT complex are present
in roughly equal proportions.”” Even wider varia-
tions of PSA concentrations are seen in nipple
aspirate fluid (0-5000 wg/L); the molecular forms
of PSA in this fluid are free PSA and PSA-ACT, in
roughly equal proportions.

PSA Regulation and Function in
Breast Tissue

Based on the results of cell culture experiments,
we concluded that the PSA gene expression in
breast cancer cells is up-regulated by androgens,
glucocorticoids, and progestins. The regulation re-
quires androgen, glucocorticoid, and progesterone
receptors, respectively (unpublished data). Estro-
gen not only does not up-regulate but also can
interfere with the effect of androgen. The exact
mechanism is unknown. Because all these observa-
tions are based on in vitro experiments using
breast cancer cell lines, it remains unknown which
steroid hormones are involved in the PSA gene
expression and PSA protein production in normal
breast cells and during pregnancy. There is indi-
rect evidence, however, for PSA production in nor-
mal breast tissue induced by progesterone. We
have analyzed normal breast tissues from 11
healthy women who underwent cosmetic breast
reduction surgery for PSA. Of these women, only
one had very high levels of PSA in the tissue; that
woman was also the only one who was on oral
contraceptives that contained high levels of pro-
gestin.* Clinical studies have shown that the pres-
ence of PSA in breast cancer cytosols is associated
with the presence of estrogen and progesterone
receptors. Although we did not examine the rela-
tionship between androgen receptors and PSA sta-
tus in the clinical study, it is known that androgen
receptors are present in breast cancer cytosols®®
and are positively correlated with estrogen and
progesterone receptors.’

Interestingly, PSA is associated only with estro-
gen receptor (ER) or progesterone receptor (PR) by
their dichotomous status, that is, the presence or
absence of these proteins. No correlation could be
seen between the levels of PSA and ER or PR. This
phenomenon may suggest that the associations be-
tween PSA and ER or PR are indirect, and the
key linkage between PSA and the receptors is the
ligands that bind to the receptors and activate
PSA gene transcription. Therefore, the amounts of
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receptors present in the cells at and above certain
levels are not the key factors for PSA gene tran-
scription. ER and PR positivity in breast cancer
increase with age of the patients, but PSA positi-
vity decreases slowly with age.®' The opposite di-
rection of correlation between age and PSA or
receptors may indicate that PSA and the receptors
are associated with the steroid hormones released
from the ovary because the production of ovarian
hormones is an age-dependent phenomenon.

The enzymatic activity and physiologic role of
PSA in breast tissue remains undetermined. In
seminal plasma, PSA is able to proteolyze IGFBP-
3. An inverse correlation between PSA and
IGFBP-3 also is seen in the serum of prostate can-
cer patients.” Based on this information, we have
examined PSA levels in breast cancer cytosols in
association with IGFBP-3. No correlation or associ-
ation, however, was seen between PSA and IGFBP-
3 in our preliminary study.®” The relationships be-
tween PSA and other members of the IGF family,
IGF-I, IGF-II, and IGFBP-1, also was analyzed, but
no association was found.

The fact that PSA is present in milk and amniotic
fluid and that PSA levels in amniotic fluid change
with gestational age suggests that PSA may play
a role in fetal and newborn development.

The relationship between PSA and IGFBP-3 indi-
cates a possible regulatory pathway for IGFs. In
an in vitro study, it was found that IGF-I could
activate androgen receptors, resulting in androgen
receptor-mediated gene transcription.’® The PSA
gene is one of those genes up-regulated by andro-
gen via androgen receptors.”” Taken together, these
data suggest that it may be likely that there is a
regulatory loop on IGF-I through PSA and IGF
binding proteins. IGF-I increases the production of
PSA through androgen receptors, and PSA de-
grades IGFBP-3, causing release of IGF-I from its
binding protein. It is believed that IGF binding
proteins control the bioavailability of IGFs through
regulation of their transportation and binding to
IGF receptors. Whether the regulation results in
enhanced or suppressed action of IGF depends on
the type of tissues involved.” Because of this tis-
sue-specific regulation, it is difficult to speculate
whether the loop is up- or down-regulating the
action of IGFs.

Other interesting findings about IGF include
estrogen-regulated expression of IGFs and their
binding proteins in breast tissue*” and involvement
of the IGF family in cell transformation and
apoptosis.® 7

Clinical Applications

The presence of PSA in breast cancer cells and
its association with steroid hormone receptors in-
dicated potential clinical utilities of this protein
in breast cancer. Preliminary clinical studies did
suggest the possibility of PSA being a favorable
indicator of prognosis. It was found that PSA pres-
ence was associated with early stage of the disease

and small size of the tumor, and that patients
with PSA-positive breast cancer could have longer
survival than those with PSA-negative cancer. Fur-
thermore, the reduced risk for relapse by PSA was
sustained after other major clinical and pathologic
factors were controlled in the analysis.* Survival
analysis in subgroups of patients indicated that
PSA status may help to identify further patients
with favorable prognosis among those who were
node positive or estrogen-receptor negative.

One recent study on breast-nipple aspirate fluid
found that PSA levels in this fluid were signifi-
cantly lower in women with high risk of breast
cancer than in women with low risk of the dis-
ease.® All these observations, however, are based
on a small number of patients. Large-scale, well-
designed studies are needed to confirm these find-
ings.

It still is not clear through what biologic mecha-
nism PSA is a good prognostic indicator for breast
cancer. One possible interpretation is that PSA can
be produced only by well-differentiated cancer
cells. Being a product of androgen regulation
through their receptors, the presence of PSA indi-
cates the presence of the regulatory system, which
is a sign of good differentiation of cancer cells.
Moreover, PSA in breast cancer cells indicates not
only the existence but also the functional status of
the system. Based on the observation of 30% ER-
positive patients who do not respond to endocrine
treatment,’ it is thought that these receptors are
mutant products that are not functional.” There-
fore, the physical existence of these receptors does
not necessarily indicate their functional status.
From this point of view, PSA could be a more
direct and useful marker for this system, because
it is placed downstream from the function of the
ER and PR.

The other possibility is the regulatory balance
between androgens and estrogens in the target
cell. Because PSA is an androgen up-regulated
protein in the prostate, the impact of androgen on
breast cancer needs to be considered. The andro-
gen receptor is present in breast cancer and is
correlated with ER and PR. Cell-culture experi-
ments show that androgen could inhibit the prolif-
eration of breast cancer cells” and counteract the
effect of estrogen. In addition, androgen has been
used effectively in the treatment of some breast
cancer patients.®® Our cell-culture study demon-
strates that PSA production in breast cancer cells
can be induced by androgens.®* Based on this evi-
dence, the presence of PSA in breast cells may
suggest an androgenic suppression of estrogen
effect that is believed to play an essential role in
the development and progression of breast can-
Cer.ZS, 26, 31

Amniotic Fluid

In addition to milk and other breast fluids, am-
niotic fluid is a female fluid containing detectable
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levels of PSA.” Free PSA and PSA-ACT complex
are found in the fluid, but the former is the major
component. The median concentration of PSA in
amniotic fluid increases between gestational weeks
14 and 21 and then seems to level off or decrease
until parturition. The presence and change of PSA
concentration in amniotic fluid seem to have an
impact on serum PSA in pregnant women. Serum
PSA is significantly higher in pregnant women
than in nonpregnant women, and changes in se-
rum PSA of pregnant women match well the
changes of PSA in amniotic fluid.*® Extremely low
or high levels of PSA in amniotic fluid at a specific
gestational age may be linked to fetal abnormali-
ties.®® The source and physiologic role of PSA in
amniotic fluid remain unknown, but the levels are
not related to fetal gender. The relationship be-
tween PSA and IGFBP-3 or other members of IGF
family in amniotic fluid has not been examined.

Female Serum

Using conventional PSA assays with a detection
limit of 0.1 pg/L or higher, it is possible to find
detectable levels of PSA in less than 10% of female
serum.? 34 63.69. 70 Because of a lack of interest, the
real identity of PSA immunoreactivity in female
serum has never been studied. It was assumed
that this immunoreactivity was an artifact that was
caused by cross-reaction of polyclonal anti-PSA
antibodies to nonspecific proteins or by the pres-
ence of heterophilic antibodies or anti-PSA anti-
bodies.

Based on our studies, the percentage of female
serum which is positive for PSA increased when
we use an increasingly sensitive PSA method (de-
tection limits between 0.01 and 0.001 pg/L). This
suggests that trace amounts of PSA are present in
the majority of female serum.” The molecular form
of PSA in normal female serum as determined by
gel chromatography is similar to the one in male
serum, that is, mainly PSA-ACT complex.”

The close relationship between PSA and steroid
hormone regulation prompted us to study changes
in serum level of PSA in association with the phase
of the menstrual cycle. Sera from four apparently
healthy women were collected every 3 to 5 days
during the cycle. Except for one woman who had
unmeasurable serum PSA, PSA levels in the other
three women changed consistently with menstrual
cycle. The level of PSA was low during days 10 to
23 and then increased steadily to reach peak at the
end of the cycle or the beginning of the next.
This change was interpreted as PSA stimulation
by progesterone, because we already know from
tissue culture experiments that this steroid stimu-
lates PSA production (unpublished data).

In the prostate, androgen up-regulates the ex-
pression of PSA, and the regulation of PSA pro-
duction by androgen also is observed in the cul-
tured breast cancer cells. Based on this, it is
interesting to know if PSA is elevated in the serum
of women who have high levels of androgen. Our

recent study shows that serum PSA is increased
significantly in hirsute women and that PSA levels
are correlated positively with the levels of testos-
terone and 3a-androstanediol glucuronide (unpub-
lished data). A potential clinical utility of serum
PSA in hirsutism is suggested.

The source of PSA in female serum remains
undetermined, but several possibilities exist based
on preliminary observations. Serum PSA in preg-
nant women could come from amniotic fluid, be-
cause PSA levels increase during pregnancy and
change with gestational age of the fetus. Amniotic
fluid has a 20 to 40 times higher PSA level than
serum of pregnant women. Obviously, this source
should be taken into account only if women are
pregnant. It is reasonable to speculate that breast
tissue is an important source of serum PSA in
women. When we measured PSA in matched pre-
and postsurgical sera of breast cancer patients,
however, we found no change in serum PSA after
surgery and no correlation in PSA levels between
breast tissue and serum.? These observations,
however, may have several limitations. First, the
PSA assay we used in the study was not sensitive
enough to detect minute changes of PSA in female
serum. Second, serum PSA can come from normal
and cancerous breast tissues. Thus, the presence
and removal of the tumor tissue may not affect
the levels of PSA in serum. Our most recent (un-
published) data, however, do suggest that removal
of breast cancer could result in decrease of serum
PSA levels if a more sensitive PSA assay is used.

It is possible that PSA in female serum arises
from other sources such as the ovaries, endome-
trium, or lungs, but the frequency of these tissues
having detectable PSA is relatively low. Although
PSA also is produced by the female periurethral
gland, the amount that enters blood circulation is
thought to be minimal. Thus, PSA from this gland
is not thought to be a major source of PSA in
female serum.

Recently, we observed changes in the molecular
form of PSA in female serum in association with
disease status. For healthy women and postopera-
tive patients with breast cancer, the major molecu-
lar form of PSA in serum is PSA-ACT complex,
whereas for preoperative women with breast can-
cer, the major form is free PSA.# This observation
is preliminary, however. The explanation for this
phenomenon and its potential clinical utility re-
main unknown.

Ovary, Endometrium, and Other Tissues

PSA is detectable in some ovarian cancer cyto-
sols, but the frequency of detection in primary
ovarian cancer is much lower (3%) than the fre-
quency of detection in breast cancer (30%).%* Ovar-
ian cancer metastatic from breast origin also has
detectable PSA, provided that the primary tumor
produces it. We have measured such specimens
from three women, and two of them had detect-
able PSA. Of the three patients, clinical informa-
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tion was available for one PSA-negative patient
and one PSA-positive patient. Interestingly, the
patient with PSA-positive cancer, which was nega-
tive for steroid hormone receptors, responded well
to the endocrine treatment and survived many
years after distant metastasis. The patient with
PSA-negative cancer, however, was positive for
the receptors, and she died shortly after the re-
lapse.®> Although this observation is based on only
two patients, it is consistent with our finding of
PSA being a favorable prognostic indicator in pri-
mary breast cancer.®

Clements and Mukhtar” reported that PSA
mRNA is detectable in endometrial tissues, along
with two other members of the kallikrein gene
family. Other tissues that have been reported to
have PSA immunoreactivity by immunohisto-
chemistry include kidney tissue, pituitary tissue®
normal axillary and perennial apocrine sweat
glands, and some apocrine foci in fibrocystic breast
tissues.” Most of the immunohistochemical find-
ings, however, are believed to be due to the cross-
reaction of polyclonal antibody to nonspecific anti-
gens, because the results were not reproducible if
a monoclonal antibody was used.*

Other Cancers

Some primary lung cancer tissues from men and
women contain low but detectable amounts of
PSA > % Other cancer tissues that are found to
have trace amounts of detectable PSA in our study
include kidney, adrenal, and colon.* It also has
been reported that serum PSA levels were in-
creased in a woman with renal cell carcinoma.®
Van Krieken®® found PSA in salivary gland carci-
nomas, and Papotti et al* reported carcinomas in
sweat glands and breast apocrine glands having
false-positive staining for PSA.

SUMMARY

The name prostate-specific antigen has been given
to a protein that now is known not to be prostate-
specific; however, prostatic tissue does produces
extremely high levels of PSA and secrets it into the
seminal plasma. Seminal plasma contains about 1
million pg/L of PSA and is the richest source of
PSA reported. The biologic fluid with the second
highest PSA concentration, however, is nipple as-
pirate fluid from the female breast (up to about
5000 pg/L), and the third is milk from lactating
women (up to 300 ng/L). Male serum PSA is
usually less than 4 ug/L. In nonprostatic tissues,
PSA exists mainly in its free molecular form, but
PSA-ACT complex is also present in most of the
fluids that contain PSA, such as breast secretions
and amniotic fluid. The gene expression and pro-
tein production of PSA in nonprostatic tissues are
under the regulation of steroid hormones via their
receptors. Androgens, glucocorticoids, and proges-
tins up-regulate the PSA gene expression, resulting
in an increase of protein production. Estrogen by

itself seems to have no effect on PSA regulation,
but it can impair PSA production induced by an-
drogen. It remains unknown whether PSA is enzy-
matically active and what is the physiologic role
of PSA in nonprostatic tissues. It is speculated that
PSA may be involved in the regulation of growth
factors. Measuring PSA in breast cancer cytosol,
breast-nipple aspirate fluid, and female serum may
have potential clinical utilities, including breast
cancer prognosis, breast cancer risk assessment,
and evaluation of androgen excess. Further studies
are needed to identify the exact function and regu-
lation of PSA in nonprostatic tissues and to explore
the clinical application of this protein.
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