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Background: The genes that encode prostate-specific
antigen (PSA) and human glandular kallikrein (hK2) are
up-regulated by androgens and progestins in cultured
cells, but no published studies have described the effect
of androgen administration in women on serum and
urinary PSA or hK2.
Methods: We measured serum and urinary PSA and
hK2 before, and 4 and 12 months post testosterone
treatment by immunofluorometric methods in 32 fe-
male-to-male transsexuals.
Results: Mean serum PSA increased from 1.1 ng/L to
11.1 ng/L and then to 22 ng/L by 4 and 12 months post
treatment, respectively; the corresponding mean values
in urine were 17, 1420, and 18 130 ng/L, respectively.
Serum hK2, another kallikrein closely related to PSA,
remained undetectable at the three time points. How-
ever, urinary hK2 concentration rose from below the
detection limit (<6 ng/L) before treatment to 18 and 179
ng/L by the 4th and the 12th month of treatment,
respectively. All changes were statistically significant (P
<0.001) at 4 months.

Conclusions: Testosterone administration increases se-
rum and urinary PSA and urinary hK2 in women. These
measurements may be useful as indicators of andro-
genic stimulation in women.
© 2000 American Association for Clinical Chemistry

Prostate-specific antigen (PSA)4 is a 33-kDa serine pro-
tease produced not only by prostatic epithelial cells (1, 2),
but also by healthy and malignant female breast tissue
and by several other tissues (3–6). Serum PSA is increased
in women with hyperandrogenic syndromes (7, 8). In
addition, PSA is also present in female urine, possibly
originating from the Skene gland, which has a common
embryological origin with the male prostate (9–11). A
closely related protease, human glandular kallikrein
(hK2), is expressed in the prostate (12 ) as well as in female
breast cancer (13 ), the breast carcinoma cell line T-47D
(14 ), and elsewhere (15 ). PSA and hK2 increase in breast
cancer cells cultured in androgens or progestins (14, 16),
presumably by receptor-mediated transactivation (17, 18).

Androgens down-regulate androgen receptor gene ex-
pression in vitro (17, 19). Long-term administration of
androgens in vivo produces self-limited androgen receptor-
dependent transactivation, without significant changes in
androgen receptor concentrations. This most probably
reflects posttranslational control of androgen receptor
activity (18 ).

Testosterone is present in females, although at only
5–10% of the concentrations found in males (20 ). In
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women, androgens affect sexual as well as cognitive
function, mood, and general well-being (21 ), and they are
used for female-to-male transsexuals to help the assump-
tion of male secondary sexual characteristics.

In this study, we monitored PSA responses in urine
and serum, as well as hK2 response in urine, obtained
from female-to-male transsexuals undergoing long-term
androgenizing treatment with testosterone. We also at-
tempted to correlate PSA and hK2 concentrations to those
of testosterone and other hormones and biomarkers di-
rectly or indirectly affected by the administered andro-
gen.

Materials and Methods
drug treatment and sample collection
Thirty-two female-to-male transsexuals (mean age, 25
years; range, 18–43 years) were treated intramuscularly
with 250 mg of testosterone esters (SustamonR; Organon
Oss) every 2 weeks. Venous blood samples were collected
between 0900 and 1100, after an overnight fast, at baseline
and after 4 and 12 months of hormonal administration.
Urine samples (24-h) were collected at the same times.
Serum and urine samples were stored at 220 °C until
analyzed.

immunological assays
PSA was measured in undiluted serum and in urine
initially diluted 1:10 in a 60 g/L bovine serum albumin
solution, pH 7.40, using a one-step time-resolved fluoro-
metric immunoassay (22 ). Urine samples with results
below the detection limit (1 ng/L) were reanalyzed with-
out prior dilution.

hK2 was measured in undiluted serum and urine using

a two-step time-resolved immunofluorometric assay with
a detection limit of 6 ng/L (23 ).

A competitive chemiluminescence immunoassay was
used to determine serum free thyroxine (in pmol/L;
ACS:180 System; Chiron Diagnostics). RIAs were used to
measure serum testosterone (Coat-A-Count; DPC), serum
5a-dihydrotestosterone (DHT, in nmol/L) after oxidation
and extraction (Intertech), and serum thyrotropin (in
mIU/L; ACS:180). Immunochemiluminogenic assays
were used to assess serum luteinizing hormone (LH) and
serum follicle-stimulating hormone (FSH), both in IU/L
(Amerlite; Amersham). IRMAs were used to assess serum
sex hormone-binding globulin (in nmol/L; Orion Diag-
nostica), and serum growth hormone (GH, in mg/L; GH
color; Sorin Biomedica).

statistical analysis
Because the distribution of all measured variables was
nongaussian (Z-score), statistical analyses were per-
formed using nonparametric tests. Associations were ex-
amined at pretreatment, 4 month post treatment, and
where applicable, at 12 months post treatment using
Spearman correlation and Wilcoxon signed-ranks test.

Results
Testosterone increased PSA in serum and urine, and hK2
in urine. As seen in Fig. 1A, mean PSA in serum increased
from almost undetectable concentrations to 11 ng/L by
the 4th month of steroidal treatment (P ,0.001) and to 22
ng/L by the 12th month of treatment. Similarly, urinary
PSA increased dramatically in response to testosterone
treatment, from 17 ng/L to 1420 ng/L by the end of the
4th month of therapy, and to 18 130 ng/L by the end of

Fig. 1. Concentrations of serum PSA (A), urinary PSA (B), and urinary hK2 (C) in females undergoing testosterone therapy at 0 months
(pretreatment) and at 4 and 12 months after treatment.
Solid horizontal lines indicate mean values. (A), mean PSA concentrations: 1.1 ng/L before treatment, 11.1 ng/L at 4 months of treatment, and 22 ng/L at 12 months
of treatment. The differences between the PSA concentrations were determined by Wilcoxon signed-ranks test (P ,0.001 between 0 and 4 months; nonsignificant
difference between 4 and 12 months). (B), mean PSA concentrations: 17 ng/L before treatment, 1420 ng/L at 4 months of treatment, and 18 130 ng/L at 12 months
of treatment. The differences between the PSA concentrations at 0 and 4 months as well as 4 and 12 months were determined by Wilcoxon signed-ranks test (P ,0.001
in both cases). (C), mean hK2 concentrations: ,6 ng/L before treatment, 18 ng/L at 4 months of treatment, and 179 ng/L at 12 months of treatment. The differences
between the hK2 concentrations were determined by Wilcoxon signed-ranks test (P ,0.001 between 0 and 4 months; P 5 0.035 between 4 and 12 months).
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the treatment period (P ,0.001; Fig. 1B). hK2 could not be
detected in female serum but was readily detectable in
urine. Urinary hK2 increased from a mean of ,6 ng/L
prior to treatment to 18 ng/L at 4 months of treatment (P
,0.001) and 179 ng/L at 12 months (P ,0.001; Fig. 1C).
Mean serum DHT increased from 0.7 nmol/L to 2.3
nmol/L at 4 months, and to 3.5 nmol/L at 12 months.

Before treatment, no correlation of FSH and/or LH
with either PSA or hK2 was apparent. At 4 months of
treatment, however, urinary PSA correlated weakly with
LH and FSH. FSH correlated with LH (r 5 0.639; P
,0.0001) at 4 months of treatment, as well as at 12 months
post treatment (r 5 0.858; P 5 0.001). After 4 months of
testosterone therapy, serum PSA was found to correlate
negatively with serum testosterone and positively with
insulin, whereas urinary PSA correlated with urinary hK2
(Table 1). By the 12th month of treatment, serum PSA had
no noteworthy correlations with any of the variables
tested. However, at 12 months of treatment, the correla-
tion between urinary hK2 and PSA was better (r 5 0.723;
P 5 0.003) compared with the correlation at 4 months post
treatment for the same set of subjects (Table 1). Other
associations relevant to our study included the expected
correlation between testosterone and DHT at 4 months
(r 5 0.719; P 5 0.004) and at 12 months of treatment (r 5
0.802; P 5 0.001). As expected, testosterone and DHT
significantly increased after testosterone administration;
LH, FSH, sex hormone-binding globulin, and thyroxine
decreased, whereas GH and thyrotropin showed no sig-
nificant change (data not shown). We also noted a nega-
tive correlation of urinary hK2 with body mass index (r 5
20.692; P 5 0.006) and with serum insulin (r 5 20.681;
P 5 0.007).

Discussion
Although in vitro and in vivo studies have provided
evidence of androgenic regulation of PSA (16 ), previous
efforts could not confirm either the presence or the
up-regulation of PSA in serum from healthy females after
testosterone administration (9 ). The present study dem-
onstrates a 20-fold increase of PSA in serum in response to
testosterone therapy and confirms the previously de-

scribed increase of PSA in urine in response to testoster-
one treatment (9 ).

Increased urinary PSA could not have originated by
clearance from plasma alone, based on calculations of
fractional clearances (data not shown). Thus, the source of
PSA in urine may be different from that of PSA in serum.
Interestingly, in a previous case study of a woman with
carcinoma of the Skene gland, serum PSA was 5900 ng/L
before surgery; after surgery, serum PSA became unde-
tectable (24 ). This case report points out that under
normal circumstances, the Skene gland does not contrib-
ute significantly to serum PSA concentrations as was also
confirmed in males (25 ). Relying on our previous studies
of PSA and hK2 in breast tumor tissues and nipple
aspirate fluid (3, 4, 26, 27), we suggest that the source of
PSA in serum may be the female breast. We propose that
PSA production is under androgenic control in breast
tissue as well as in the Skene gland. The latter is the most
likely source of both PSA and hK2 in urine.

The increased urinary hK2 in response testosterone
administration suggests that hK2 is under androgenic
control. The good correlation between urinary PSA and
hK2 supports the notion that hK2 arises from the same
source as PSA. Furthermore, the fact that PSA itself is
known to be activated by hK2 provides a physiological
rationale for their coexpression (12, 13).

Serum LH concentrations are known to be lower in
testosterone-treated female-to-male transsexuals than in
controls (28 ). According to our data, LH and FSH de-
creased, and this decrease can be accounted for by testos-
terone-induced negative feedback at the hypothalamo-
pituitary level (29, 30). Interestingly, hK2 in urine
correlated negatively with body mass index and with
serum insulin. The expected increase in DHT concentra-
tion was also appreciable, considering the fact that male
serum DHT values usually are ;2 nmol/L. Testosterone
also had a good correlation with GH, which may be
explained by the fact that, at least in males, androgen
affects GH release into the circulation (20 ).

It should be noted that androgen is not the sole
physiological up-regulator of the PSA and hK2 genes. In
vitro studies (14, 16) and in vivo data (6, 31, 32) clearly
demonstrate up-regulation of these genes by progestins.
Our study demonstrates, for the first time in vivo, that
testosterone can up-regulate quite significantly the PSA
and hK2 genes in target tissues and mediate serum and
urinary PSA increases post treatment. This finding gives
credence to previous reports of increased serum PSA in
patients with hyperandrogenic syndromes (7, 8). The tar-
get tissues have not yet been identified. Likely, both
urinary PSA and hK2 are produced by the periurethral
and paraurethral glands and then secreted into the urine.
It will be worthwhile to examine whether urinary PSA
and hK2 have any value as biochemical indicators of
hyperandrogenism in women. This possibility is now
under investigation.

Table 1. Spearman correlation values for variables
measured in serum 4 months post treatment with serum

and urinary PSA, and with urinary hK2.a

Serum PSA Urinary PSA

Testosterone 20.411 (P 5 0.02) NSb

LH NS 0.356 (P 5 0.04)
FSH NS 0.379 (P 5 0.03)
Urine hK2 NS 0.477 (P 5 0.006)
Insulin 0.662 (P 5 0.01) NS

a n 5 32 in all cases except with insulin, where n 5 14. Only statistically
significant correlations are presented.

b NS, not significant.
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