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Abstract

Purpose: Prostate specific antigen (PSA) and human
glandular kallikrein (hK2) are mainly produced by the
prostate and their genes are regulated by androgens
through the androgen receptor. We determine whether
PSA and hK2 change significantly in plasma and
urine after antiandrogen treatment in male-to-female
transsexuals.

Materials and Methods: Plasma and urine PSA and
hK?2 were measured with highly sensitive
immunofluorometric procedures capable of detecting
within 1 or 6 ng./l. PSA or hK2, respectively. Study
groups consisted of 10 men treated with cyproterone
acetate only (group 1), 15 transdermal estradiol plus
cyproterone acetate (group 2) and 31 ethinyl estradiol
plus cyproterone acetate (group 3). Plasma and urine
samples were collected before initiation of treatment
as well as after 4 months of hormonal therapy. For a
subset of group 3 patients blood and urine samples
were also obtained after 12 months of treatment.

Results: Cyproterone acetate, a steroidal
antiandrogen, alone or with estradiol was able to
suppress greater than 90% of plasma and urinary PSA
and hK2 concentration after 4 or 12 months of
therapy.

Conclusions: Cyproterone acetate therapy causes
dramatic suppression of plasma and urinary PSA and

hK2 in men without prostate cancer. Since
cyproterone acetate is used for prostate cancer
treatment, suppression of PSA after hormonal therapy
may not accurately reflect therapy success in reducing
tumor burden.

Prostate specific antigen (PSA) and human glandular
kallikrein (hK2) are closely related serine proteases
which are readily detectable in male serum or plasma
and urine with sensitive immunofluorometric
procedures. In males the primary source of PSA and
hK2 in blood are the epithelial cells of the prostate
gland whereas in urine most PSA has been shown to
originate from the periurethral glands.'* However,
PSA and hK2 expression is not limited to the male
urogenital system. Both kallikreins are expressed in
female tissues, such as the epithelial cells of the
normal breast, and exist at relatively high levels in
female nipple aspirate fluid, breast cyst fluid and milk
of lactating women.*

Androgen and estrogen receptors are central to
hormonal regulation of the prostate.” Previous studies
have demonstrated that PSA and hK2 are primarily up
regulated by androgens and progestins.® While
estrogens and androgens exert their effect
independently, a close relationship exists between
them, as determined in tissue culture studies when
maximal prostate cell stimulation occurred in the
presence of estrogen and androgen. There is some



indication that estrogens have the ability to exert their
effect by modulating the sensitivity of the prostate to
androgens.’

The mechanism of activation of the androgen receptor
has partially been elucidated. With androgenic
stimulation the C terminal portion of the androgen
receptor forms a complex with its ligand, and the
complex is then translocated to the nucleus where it
can transactivate PSA, hK2 and other genes.’
Transactivation occurs through the interaction of the
N terminal portion of the androgen receptor with the
PSA promoter and enhancer which contain 3 distinct
androgen response elements.* "' A similar process is
thought to occur in extraprostatic tissues.*'? In
LNCaP prostatic carcinoma cells prolonged
androgenic stimulation resulted in self-limited
transactivation of androgen sensitive promoters due to
the existing negative feedback of the androgen
receptor on its own production.

While androgens stimulate, antiandrogens have the
ability to block up regulation of androgen regulated
genes. One such antiandrogen is cyproterone acetate,
which has antiandrogenic and progestational
properties.'* This synthetic steroid can also affect
growth hormone, free cortisol and pituitary
luteinizing hormone (LH) levels."* Cyproterone
acetate acts as a classic antiandrogen by counteracting
transcription from the androgen receptor gene in
LNCaP cells. In vitro it has been shown that
cyproterone acetate acts as an androgen agonist on
kallikrein gene transcription, that is it fails to
antagonize androgenic induction."” However, this
finding may have been due to an insufficient amount
of antiandrogen, since cyproterone acetate has a
relatively low affinity for the androgen receptor, thus
requiring several hundred-fold excess in addition to
the amount of androgen needed to block androgenic
action effectively.'® In vivo cyproterone acetate has a
more potent effect with coadministration of estrogen'*
because the latter negatively regulates LH pulse, thus
affecting androgenic stimulation.'” In effect with this
combination estrogen has a protective action on
cyproterone acetate via hypothalamus pituitary axial
hormone regulation.'’

Advanced prostatic carcinomas are androgen
dependent. Treatment strategies involve the
administration of antiandrogens to starve tumor cells,
thus inducing growth arrest or apoptosis.'®'* Because
of its antiandrogenic nature and suppressant effect on
LH release and, thus, on testosterone, cyproterone

acetate is used to treat prostatic carcinoma.”*?'

However, prolonged androgenic suppression may
result in cessation of androgen induced differentiation
of tumorigenic cells which, in turn, may lead to
selection for androgen independent tumor cells.'® For
this reason androgen withdrawal therapy with
treatment interruptions has been suggested as a better
alternative for tumors, such as Shionogi carcinoma, to
prevent loss of androgen dependence.

Successful treatment of prostatic adenocarcinoma
relies heavily on PSA as the monitoring tumor
marker. The clinical value of PSA is somewhat
limited by the fact that it is also elevated in patients
with benign prostatic hyperplasia and by the
realization that PSA may change during hormonal
manipulations without necessarily reflecting tumor
volume. We evaluated the effect of administration of
antiandrogens on plasma and urine PSA and hK2 in
56 male-to-female transsexuals who were undergoing
long-term antiandrogen therapy. Our study may give
insight as to how much these biomarkers change
during long-term therapy in patients who do not have
cancer and how effective this antiandrogen is in
blocking androgen dependent gene expression in the
normal prostate gland.

Materials and Methods

Drug treatment and sample collection. Treatment
consisted of 100 pg. oral ethinyl estradiol daily with
100 mg. cyproterone acetate daily for 12 months in 31
transsexual males with a median age of 30 years
(range 18 to 43, group 1) transdermal 17-[beta]-
estradiol administered twice weekly with 100 mg.
daily cyproterone acetate for 12 months in 15
transsexual males with a median age of 31 years
(range 20 to 44, group 2) and 100 mg. daily
cyproterone acetate alone for 12 months in 10 males
with a median age of 34 years (range 19 to 50, group
3). Venous blood samples were collected between 9
and 11 a.m. after an overnight fast at baseline and
after 4 months of hormonal administration for all
patients, and also after 12 months of hormonal
administration for groups 1 and 2. Fasting 2-hour
morning urine samples were collected at baseline and
after 4 months of hormonal treatment for all patients,
and also after 12 months of hormonal treatment for
groups 1 and 2. Blood samples were separated within
1 hour of sample collection, and plasma, serum and
urine samples were stored at -20C until
immunological analyses were performed.



Immunological assays. PSA was measured in
undiluted plasma and urine initially diluted 1:100 in a
60 gm./l. bovine serum albumin solution, pH 7.40,
using a 1-step time resolved immunofluorometric
assay performed as described elsewhere.** For urine
samples with results below the detection limit, that is
less than 1 ng./l., measurement was repeated without
prior sample dilution. hK2 was measured in undiluted
plasma and urine diluted 1:5 as described previously
for PSA using a 2-step time resolved
immunofluorometric assay developed by us, which
was performed as described elsewhere.”> When assay
results of the diluted urine samples were below the
detection limit, that is less than 6 ng./l., assays were
rerun without sample dilutions. PSA and hK2 results
were reported in ng./l. after adjustments were made
for dilutions when applicable. Commercially
available immunoassay kits were used to determine
other parameters in serum and urine, including serum
free thyroxine, serum testosterone (nmol./l.), serum
5[alpha]-dihydrostestosterone after oxidation and
extraction, serum 17-[beta]-estradiol, serum
androstenedione after extraction, serum
dehydroepiandrosterone sulfate, serum thyrotropin
and 24-hour urinary free-cortisol after extraction.
Chemiluminescence immunoassays were used to
assess serum LH and follicle-stimulating hormone
(FSH). In addition, commercially available
immunoradiometric assays were used to measure
serum sex hormone-binding globulin, prolactin,
insulin and growth hormone.

Statistical analysis. Because the distributions of all
measured variables were nonGaussian, statistical

analysis was performed using nonparametric tests. If
values were below the lower limit of detection, the
value of that limit was used for statistical analysis
(LH 0.3 TU/I. and FSH 0.5 IU/L.). Wilcoxon’s signed
ranks test was used to analyze the effects of hormonal
administration at baseline versus 4-month values and,
when applicable, versus 12-month values. Association
of PSA and hK2 in plasma and urine with other
measured parameters was examined before treatment,
4 months after treatment and, when applicable, 12
months after treatment using Spearman’s correlation
coefficients.

Results

Plasma and urine PSA and hK2 before, and after 4
and 12 months of steroidal antiandrogen treatment are
shown in tables 1 and 2. In general there was a
dramatic suppression of plasma and urinary PSA and
hK?2 with all 3 drug regimens. After 4 months of
treatment the most effective suppression of PSA and
hK2 in plasma was seen with ethinyl estradiol plus
cyproterone acetate treatment while in urine treatment
with ethinyl estradiol or transdermal estradiol was
more effective than cyproterone acetate alone.
Although the differences between pretreatment and
posttreatment PSA or hK2 in plasma or urine were
highly significant (Wilcoxon’s signed ranks test p
<0.001), those among the various treatments were not
statistically significant. For urine and plasma PSA
continuation of treatment beyond 4 months resulted in
further suppression, while for hK2 this effect was not
observed (tables 1 and 2).

TaBLE 1. Plasma and urinary PSA before and after treatment of male-to-female transsexuals
Median Plasma PSA (ng/l.) Median Urine PSA (ng./1.)

Treatment No. Pts.

Pretreatment 4 Mos. Pretreatment 4 Mos.
Cyproterone acetate 10 333 35 10,064 1124
Estradiol patch + cyproterone acetate 15 272 41 19,885 92
Ethinyl estradiol + cyproterone acetate 31 296 25 30,138 438

At 12 months median plasma PSA was 10 ng./l. and urine PSA was 251 ng/l. in 17 samples available for analysis from group 3.

Table 1. Plasma and urinary PSA before and after treatment of male-to-female transsexualsAt 12 months median plasma
PSA was 10 ng./l. and urine PSA was 251 ng./l. in 17 samples available for analysis from group 3.

TABLE 2. Plasma and urinary hK2 before and after treatment of male-to-female transsexuals
Median Plasma hK2 (ng./1.) Median Urine hK2 (ng./1.)

Treatment No. Pts.

Pretreatment 4 Mos. Pretreatment 4 Mos.
Cyproterone acetate 10 216 28 1258 104
Bstradiol patch + cyproterone acetate 15 201 16 1016 39
Ethinyl estradiol + cyproterone acetate 31 193 6.3 1180 43

At 12 months median plasma hK2 was 9.0 ng./l. and urine hK2 was 46 ng./l. in 17 samples available for analysis from group 3.

Table 2. Plasma and urinary hK2 before and after treatment of male-to-female transsexualsAt 12 months median plasma
hK2 was 9.0 ng./l. and urine hK2 was 46 ng./l. in 17 samples available for analysis from group 3.
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Fig. 1. Plasma PSA of male patients undergoing ethinyl estradiol
plus cyproterone acetate therapy at baseline (0), and after 4 and
12 months of treatment. Solid horizontal lines indicate mean PSA
before treatment (327 ng./1.), and after 4 (58 ng./.) and 12 (15
ng./l.) months of treatment. Differences between PSA before
treatment and after 4 and 12 months of treatment were
statistically significant (Wilcoxon’s signed ranks test p <0.001).

Plasma PSA and hK2 before, and after 4 and 12
months of treatment for patients receiving ethinyl
estradiol plus cyproterone acetate are shown in
figures 1 and 2. We found a statistically significant
correlation between plasma PSA and plasma hK2 (56
patients, pretreatment r = 0.53 and p = 0.002 and 4-
month treatment period r = 0.60 and p <0.0001). In
addition, good correlation was noted between plasma
hK2 and body mass index after 12 months of
treatment in 17 patients (r = 0.635, p = 0.006). There
were no other significant correlations between PSA or
hK?2 and the other biochemical parameters measured
(data not shown).

Discussion

Androgen blocking therapy is a common treatment
for androgen dependent prostatic carcinomas which
leads to histological changes of the prostate as well as
dramatic changes in PSA.'®*"** Cyproterone acetate
with or without estradiol was given to male
transsexuals to aid in the assumption of secondary
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Fig. 2. Plasma hK2 of male patients undergoing ethinyl estradiol
plus cyproterone acetate therapy at baseline (0), and after 4 and
12 months of treatment. Solid horizontal lines indicate mean hK2
before treatment (208 ng./1.), and after 4 (14 ng./l.) and 12 (16
ng./l.) months of treatment. Differences between pretreatment
levels and those after 4 as well as 12 months after treatment were
statistically significant (Wilcoxon’s signed ranks test p <0.001).

female sexual characteristics. Because transsexuals
are free of any extra, circulatory sex steroids and
estrogen feedback on LH does not differ from
nontranssexual controls, any observed changes in
PSA and hK2 due to antiandrogen treatment should
be expected to be similar for nontranssexual males
with a similar drug regimen.” There was extensive
down regulation of PSA and hK2 in plasma and urine
with all 3 treatments. Although this finding will not
alter the interpretation of our data hK2 levels were
generally about 10-fold higher in our study than those
measured by other methods. This difference is likely
due to differences in standardization as also indicated
by others.”® Albeit slightly less effective than the
other 2 treatment modes, therapy based solely on
cyproterone acetate resulted in significant PSA and
hK2 down regulation in vivo, as estimated by the
corresponding median or mean values in plasma and
urine. This finding attests to the fact that cyproterone
acetate can successfully outperform testosterone in
vivo, although it only has 10% of the affinity of
testosterone for the androgen receptor.”” Therefore it
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clear that during prostatic adenocarcinoma

treatment, when cyproterone acetate is used to
suppress tumor growth for extended periods, a
decrease in plasma PSA or hK2 may not be an
accurate indicator of tumor volume reduction.
Instead, it may reflect cyproterone acetate induced
PSA and hK2 suppression in normal as well as
cancerous prostatic tissue.

Cc

onclusions

Cyproterone acetate alone or with ethinyl estradiol

W

as able to suppress plasma and urinary PSA and

hK?2 dramatically in male-to-female transsexuals. Our
study suggests that for prostate cancer patients treated

\%%

ith cyproterone acetate PSA or hK2 suppression on

cyproterone acetate therapy may not accurately reflect
treatment success. Instead, it may be a marker of
down regulation of PSA and hK2 genes in normal and
likely in cancerous prostatic tissue.
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