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Prostate specific antigen was, until recently, thought to be a highly specific biochemical
marker of prostatic epithelial cells. Using highly sensitive techniques, we have recently
found that PSA is present in 30-40% of breast tumors and at a lower percentage in other tu-
mors including lung, colon, ovary, liver, kidney, adrenal and parotid tumors. Others have
found PSA in skin and salivary gland tumors and in normal endometrium. We found PSA
in normal breast, milk of lactating women and in amniotic fluid. The physiological role of
PSA in these tissues and tumors is currently unknown. It appears that PSA is either a
growth factor or a growth factor regulator and that it may play a role in fetal development.
A substrate for PSA in these tissues has not as yet been identified.
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Prostate specific antigen (PSA) was first dis-
covered in seminal plasma by Hara et al. in
1971 [1]. In 1979, PSA was isolated from
prostatic tissue [2] and in 1980 it was found
that it is elevated in the serum of prostate can-
cer patients [3]. Biochemically, PSA is a sin-
gle chain glycoprotein with a molecular
weight of ~33 KDa. The PSA gene has been
cloned and sequenced and found to have ex-
tensive homology with the genes encoding
proteases of the kallikrein family [4,5]. Kal-
likreins are serine proteases which are crucial
to the processing of various polypeptide pre-
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cursors to their bioactive forms. Other mem-
bers of this family include tonin which
cleaves angiotensinogen to angiotensin II in
the rat , y-renin and the growth factor process-
ing enzymes Yy-nerve growth factor and epi-
dermal growth factor binding protein in the
mouse [6].

PSA is a kallikrein-like serine protease that
is thought to be exclusively produced by the
epithelial cells lining the acini and ducts of
the prostate gland. PSA is present in semen at
concentrations around 106 pg/L [7]. In the
seminal fluid PSA is involved directly in the
liquefaction of the seminal coagulum that is
formed at ejaculation by cleaving a seminal
vescicle protein [8]. PSA has chymotrypsin-
like and trypsin-like enzymatic activity [7].
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MOLECULAR FORMS OF PSA

PSA is present in normal, benign hyperplas-
tic, malignant prostatic tissue and in metas-
tatic prostatic carcinoma. In the serum of
normal men PSA levels are usually below 4
ng/L. The serum PSA is present in two mo-
lecular forms: (a) as free PSA with a molecu-
lar weight of ~33 KDa (b) as PSA bound to
proteinase inhibitors, predominantly ol-an-
tichymotrypsin (ACT) with a molecular
weight of ~100 KDa and a2-macroglobulin
(A2M) with a molecular weight of ~800 KDa
(9,10]. Current commercial PSA immunoas-
says can measure only the free PSA and the
PSA-ACT complex; the PSA-A2M complex
is not recognized by anti-PSA antibodies. In
serum, the ratio of PSA:PSA-ACT is about
1:4. The molecular forms of PSA in serum
can be detected after separation on gel filtra-
tion columns. An example is given in Figure
1 [11]. The A2M-PSA complex and probably
other complexes of PSA are not efficiently
detected with the immunoassay techniques
and do not appear as major peaks in Figure 1.

TISSUE SPECIFICITY OF PSA

PSA is one of the most useful tumor markers
because of its tissue specificity. It is thus
widely used for screening, diagnosis and
monitoring of patients with prostate cancer.
The last few years a number of reports have
challenged the absolute tissue specificity of
PSA. Papotti et al. reported in 1989 that some
apocrine sweat gland carcinomas and some
rare apocrine breast carcinomas stained posi-
tive for PSA when polyclonal antibodies were
used in immunohistochemistry. However,
none of these tumors stained positive when
monoclonal PSA antibodies were used and
the authors concluded that the positive stain-
ing was due to cross-reactivity of the poly-
clonal antibodies. Importantly, none of the

most common invasive breast ductal carcino-
mas was found positive by either antibody
[12]. More recently, McLachlin and Srigley
reported two cases of mature cystic teratomas
of the ovary in females which contained pro-
static tissue which stained positive for PSA
[13]. Pummer et al. [14] reported increased
levels of immunoreactive PSA in the sera of
women with renal cell carcinoma but these
findings were explained as artifacts of the
polyclonal antibody-based immunoassay used
since a more specific monoclonal antibody-
based assay was free of such interference.
More recently, Van Krieken presented evi-
dence that PSA is rarely produced by salivary
gland neoplasms [15].

A number of other groups have demon-
strated PSA presence in the periurethral and
perianal glands [16-18]. All these data collec-
tively considered, suggest that certain tumors
or tissues other than the prostate can produce
PSA but this event is extremely rare.

PSA IN FEMALE SERUM

As women have not prostate, it was assumed
for many years that women do not produce
PSA in any tissue and that PSA is not present
in the female blood circulation. However,
PSA was immunohistochemically localized to
the female periurethral glands. This finding
has led Wernert et al. to propose that the ’fe-
male prostate’ are the periurethral glands
since 67% of them stained positive for PSA
and had histological appearance similar to
that of the prostate gland before puberty [19].
With newly developed, highly sensitive as-
says for PSA, it was identified that some fe-
males have measurable serum levels of PSA.
However, the tissue origin of this PSA is still
not known. We currently believe that the fe-
male serum PSA is coming from the breast
(see below). In a study of 1 061 female sera
from healthy and hospitalized women we
have shown that 1.5% of them had serum
PSA 20.10 ug/L [20]. We have identified for
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the first time that these PSA-positive sera
were associated with women over the age of
fifty. It is reasonable to propose that steroid
hormones (e.g. androgens, progestins or glu-
cocorticoids) stimulate the target organ (fe-
male breast, periurethral glands or an
unknown organ) for PSA production and re-
lease into the circulation.

PSA in non-prostatic tissue

The isolated reports which challenged the ab-
solute tissue specificity of PSA did not attract
much interest because of their extreme rarity.
However, using newly developed ultrasensi-
tive immunological assays for PSA, we have
recently reported that PSA is very frequently
present in female breast tumor cytosolic ex-
tracts [21,22]. At the cutoff level of 0.015ng
of PSA per mg of total protein, which is eas-
ily measurable by these ultrasensitive PSA as-
says, 50% of the breast tumors are positive
for PSA [22]. At the cutoff level of 0.030
ug/g, the positivity rate is 30%. Some female
breast tumors contained PSA levels >50 pg/g
(Fig. 2). The molecular weight of PSA in the
female breast tumors was identical to the mo-
lecular weight of seminal PSA and free serum
PSA (~33 KDa). This form of PSA is presum-
ably enzymatically active but such activity
was not tested in breast tumor extracts. Mo-
lecular characterization of breast tumor PSA
mRNA with reverse transcription-polymerase
chain reaction and nucleic acid sequencing
techniques has shown that this mRNA is iden-
tical in sequence with PSA mRNA from pro-
static tissue [23]. Association analysis
between PSA levels and levels of progester-
one and estrogen receptors in female breast
cancer for 1 275 tumors has clearly shown
that PSA was associated with the presence of
the progesterone receptor but not the estrogen
receptor (Table 1). Premenopausal women
and women with early stage cancer are more
frequently PSA-positive than postmenopausal
women or women with late stage disease.
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Fig. 1. Immunoreactivity measured in HPLC frac-
tions with the PSA the PSA-ACT assay. Top: serum
sample with PSA (87ug/L) separated by HPLC. Frac-
tions analyzed by PSA and PSA-ACT assays. The
first peak is recognized by both the PSA and PSA-
ACT assays. The second peak represents free PSA.
Middle: seminal plasma PSA solution in BSA ana-
lysed as above. The one peak corresponds to free
PSA. Bottom: Detail of the chromatogram of serum
fractions 35-52. Two (1,3) and possibly a third peak
(2) eluting at 700-800 kDa (1), 400 kDa (2) and 250
kDa (3). Peak 3 is also recognized by the PSA-ACT
assay. For more details see text. A-E are molecular
mass markers (kDa): 670 (A), 158 (B), 44(C),
17(D)). The y axis represents PSA-ACT.
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Survival analysis has demonstrated that pa-
tients with breast tumors producing PSA live
longer and relapse less frequently than pa-
tients with tumors which do not produce PSA
[24,25]. Thus, PSA is a new favourable prog-
nostic indicator in female breast cancer (Fig.
3). A tissue culture system that was devel-
oped with female breast cancer cell lines has
shown that PSA production in these cell lines
was mediated through the action of the pro-
gesterone (PR), androgen (AR), mineralocor-
ticoid (MR) and glucocorticoid (GR) receptor
but not the estrogen receptor (ER) [26]. These
data are in accordance with the mechanism of
gene regulation by steroid hormone receptors;
PR, AR, MR and GR bind to the same hor-
mone response element on DNA which is dif-
ferent from the hormone response element of
the ER [27].

Subsequent to our studies on breast cancer,
Clements and Mukhtar recently reported that
PSA is present in normal endometrial tissue
[28]. The authors have speculated that PSA
may play a role as a local regulator of uterine
function but a substrate for this enzyme is
currently unknown. Further studies by our
group have shown that PSA is a very ubiqui-
tous enzyme and that breast cancer and en-
dometrial cells are not the only tissues that
can produce it. For example, we have found
that normal female breast can produce large
amounts of PSA in subjects who receive pro-
gestin containing oral contraceptives [29].
Moreover, post-pregnancy, the normal breast
produces PSA and secretes it in large amounts
into the milk of lactating women [30]. Some
milks contain more than 300 ug/L of PSA
while others contain only traces. PSA was
also found by us in breast cystic fluid and in
amniotic fluid [31]. In amniotic fluid, as well
as in pregnant women’s serum, PSA concen-
tration increases with gestation from week 11
to 21 and levels-off or drops slowly after-
wards [31]. Cases of fetuses with various con-
genital  abnormalities  associated  with
abnormal PSA levels in amniotic fluid have

been recently identified by our group [31 and
unpublished data].

A more recent survey of various tumors has
revealed that at least some ovarian, liver, kid-
ney, adrenal, colon, parotid and lung tumors
produce PSA [32,33]. As many of these tis-
sues are known to contain steroid hormone re-
ceptors, these findings have led us to
speculate that any tissue which contains ster-
oid hormone receptors has the ability to pro-
duce PSA provided that the cognate
stimulating steroid hormones are also avail-
able. The stimulating hormones could be exo-
genously administered or endogenously
released by the adrenals or the ovaries. As al-
ready mentioned, the AR, GR, MR and PR
have the ability to regulate PSA gene expres-
sion through the same hormone response ele-
ment present in DNA [26,27] (Fig. 4).

PHYSIOLOGICAL ROLE OF PSA IN
NON-PROSTATIC TISSUE

What is the physiological role and importance
the presence of PSA in many normal, benign
or tumorigenic tissues and pregnancy-related
fluids? At present, only proposals can be
made. PSA is a serine protease and in all tis-
sues and fluids examined, the predominant
form is the non-complexed, 33 kDa free PSA
monomer which is the enzymatically active
form of this enzyme; complexes with protei-
nase inhibitors also exist but at much lower
concentration. It would be reasonable to pro-
pose that PSA enzymatically acts upon one or
more substrate(s) and modify their action in a
fashion similar to the function of the other
proteinases of the kallikrein family. Such sub-
strates remain to be identified. Recent data on
prostatic tissue could be extrapolated to sup-
port the view that PSA may be involved in
growth regulation of mammary and other tis-
sues. The sequence of PSA shows extensive
homology with y-nerve growth factor (56%),
epidermal growth factor binding protein
(53%) and o-nerve growth factor (51%) [34].
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Fig. 2. Frequency distribution of 1,275 breast tumors in terms of PSA content. The threshold for IR-PSA positiv-

ity is 0.03 pug/g protein, shown by an arrow.

In addition, PSA can enzymatically digest in-
sulin growth factor binding protein III
(IGFBP-3). This activity is thought to regu-
late insulin growth factor-1 (IGF-1) concen-
tration because digestion of IGFBP-3 by PSA
releases biologically active IGF-1 [35]. Find-
ings by other groups further support the hy-
pothesis that PSA is a regulator of IGFBP-2
and IGFBP-3 in patients with prostate cancer
[36]. Killian et al. have recently found that
PSA has mitogenic activity, presumably due
to activation by PSA of latent transforming

growth factor b (TGF-b) and through modula-
tion of cell adhesion [37]. Others have shown
that PSA binds and inactivates protein C in-
hibitor [38]. Our findings of PSA presence in
breast, colon, ovarian, parotid, kidney, lung
and liver tumors, stimulated normal breast,
amniotic fluid and breast milk and data pre-
sented by others for normal endometrium
suggest that PSA can no longer be regarded
as a specific prostatic marker and as a physi-
ological molecule associated only with semen
liquefaction. Instead, PSA should be regarded

TABLE 1. Relationship between PSA immunoreactivity and Estrogen and Progesterone Rreceptors. Cut-off

level for both receptors was 5 pmol/g

Receptor status Number of patients  IR-PSA (+) Odds Ratio p Value
Samples (%) (95% Conf interval

ER(-), PR(-) 226 32(14) 1.00

ER(+), PR(-) 139 28 (20) 1.53 (0.88-2.67) 0.13

ER(-), PR(+) 58 24 (41) 4.28 (2.25-8.14) <0.001

ER(+), PR(+) 852 302 (35) 3.33(2.23-4.96) <0.001
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Fig. 3.Kaplan-Meier survival curves. Upper panel:
overall survival: Lower panel: disease-free survival.

as a molecule which could be produced by
cells bearing steroid hormone receptors under
conditions of steroid hormone stimulation.
Given the new evidence that PSA may be a
candidate growth factor or a cytokine or
growth factor regulator, the biological role of
PSA in normal tissues, tumors and during
pregnancy may be much more complex than
thought and raises numerous questions which
will only be answered by further investiga-
tion.
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Fig. 4. Steroid hormone-regulated PSA gene expression mediated by steroid hormone receptors. AR, PR, GR,
MR, UR, ER are androgen, progestin, glucocorticoid, mineralocorticoid, unknown, and estrogen receptors, re-
spectively. The ER does not mediate PSA gene regulation; it may block the regulation mediated by other recep-
tors [26]. PSA is secreted outside of the cell.
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