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Polyclonal antibodies against semenogelin (SG) isolated from human seminal vesicle se-
cretion and acid phosphatase (PAP), B-microseminoprotein (B-MSP), and Prostate-Specific
Antigen (PSA) derived from human prostatic fluid, as well as a monoclonal antibody
against B-MSP were used for immunocytochemical detection of the respective antigens in
different organs from different species. SG immunoreactivity was detected in the epithelium
of the pubertal and adult human and in monkey seminal vesicle, ampulla of the vas
deferens, and ejaculatory duct. PAP, 3-MSP, and PSA immunoreactivities were detected
in the pubertal and adult human prostate and the cranial and caudal monkey prostate. With
the exception of a weak PSA immunoreactivity in the proximal portions of the ejaculatory
duct, none of the latter antisera reacted with seminal vesicle, ampullary, and ejaculatory
duct epithelium. Among the non-primate species studied (dog, bull, rat, guinea pig) only
the canine prostatic epithelium displayed a definite immunoreactivity with the PAP anti-
body and a moderate reaction with the PSA antibody. No immunoreaction was seen in bull
and rat seminal vesicle and canine ampulla of the vas deferens with the SG antibody. The
same was true for the (ventral) prostate of rat, bull, and dog for 8-MSP. The epithelium of
the rat dorsal prostate showed a slight cross-reactivity with the monoclonal antibody against
B-MSP and one polyclonal antibody against PSA. The findings indicate a rather strict
species-dependent expression of human seminal proteins which show some similarities in
primates, but only marginal relationship to species with different physiology of seminal
fluid.
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INTRODUCTION

Human seminal fluid is known to contain a great variety of secretory proteins
which exert different biochemical functions such as semen coagulation and liquefac-
tion and regulation of calcium fluxes and immunological mechanisms (for review, see
[1]). The search in forensic medicine for specific markers of human semen left during
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sexual assault has revealed a variety of different proteins [2,3], one of which even-
tually turned out to be the essential gel-forming substance delivered from seminal
vesicles into semen (semenogelin: see [4]; MHS-5: see [5]). Although quite a number
of secretory proteins are known in the human prostate, only three [6] have gained
major importance as diagnostic tools [7], namely acid phosphatase (‘‘PAP’’), pros-
tate-specific antigen (“*PSA’’, [8]), and B-microseminoprotein (*‘B-MSP’’, [9,10]).
In different mammalian species, the male accessory sex glands vary considerably
with respect to their morphology and function, obviously depending on the species-
specific requirements of their functions secondary to differences in the environments
and sexual habits.

We have used monospecific antisera against the four human seminal proteins
mentioned (PAP, PSA, B-MSP, SG) i) to monitor their expression during postnatal
development in the respective human glands, ii) to compare the immunological re-
lationship of these proteins in glands from different species, and iii) to scrutinize the
comparability of immunohistochemical results achieved with different antisera prep-
arations.

Immunoreactivity of the proteins was detected in the respective glands only
after onset of puberty and there was a close relationship in the immunoreactivities of
the human and monkey prostate and seminal vesicle, respectively. Depending on the
antiserum preparation used, there was a cross-reaction with human prostate secretory
proteins in canine and rat prostate. The results indicate a relatively high level of
species specificity of the proteins and their respective secretion sites.

MATERIALS AND METHODS
Tissue

Paraffin blocks of Bouin-fixed tissues were retrieved from files of the Depart-
ment of Anatomy. They included infantile (5 years), pubertal (15 years), and adult
(19 years) human seminal vesicle and prostate, monkey (Macaca mulatta) prostate
and seminal vesicle, bull, rat, and guinea pig prostate and seminal vesicle as well as
canine prostate and ampulla of the vas deferens. The tissues had been used in previous
studies [11-14]. In addition, the following human autopsy specimens (Bouin-fixed,
paraffin-embedded) were used: brain, tongue, pituitary, lung, kidney, liver, stomach,
epididymis, and testis. Sections were cut at 5 pm thickness from these blocks and
were stained with hematoxylin and eosin for morphological examination. A sequence
of six sections was used for immunoreactions. The unlabeled antibody-enzyme
method was applied to detect the immunoreaction [15] in the case of polyclonal
primary antibodies. With monoclonal primary antibodies, the indirect immunoper-
oxidase method was applied. Controls included omission of the primary (specific)
antibody to establish the specificity of the staining. In addition to paraffin sections of
human prostate, Epon-embedded material fixed in 0.1% glutaraldehyde in 0.1 M
sodium cacodylate buffer pH 7.3 was used. Semithin sections were serially cut at |
pwm thickness and used for serial staining. Immunoreaction was detected by the
indirect immunofluorescence method. To check the influence of fixation and embed-
ding, cryostat sections of human prostate were processed for immunofluorescence.
No differences in the immunoreactivity of cryostat and paraffin section were ob-
served.



Species-Specificity of Human Seminal Proteins 33

Antisera

A highly specific polyclonal antiserum against type 2a acid phosphatase from
human seminal fluid, earlier described [12], was used. Affinity-purified antibodies
against PSA I (10.3 mg/ml) and B-MSP [11 mg/ml] have been earlier described [6].
A monoclonal antibody against B-MSP was prepared according to [16]. The poly-
clonal antibody against the basic semenogelin fragment (6.2 mg/ml) has already been
described [17]. A polyclonal antibody against a highly purified preparation of PSA
was raised in rabbits by injecting the 33 kD band of SDS-PAGE at this preparation
into the back skin of a rabbit. Booster injections were repeated 4 and 6 weeks later.
As with the antibodies mentioned, also this antibody (PSA II) was characterized by
Western blotting and stained only a single band of seminal proteins. It was used at a
dilution of 1:100.

RESULTS
Antibody Specificity

A survey of the immunoreactions in the male accessory sex glands achieved
with the different antibodies used is given in Table I. Since the monoclonal antibody
against 3-MSP and the polyclonal antibody against PSA (II) had to be characterized
in more detail, their organ specificity was monitored. With the exception of a slight
non-specific background staining of the squamous epithelium of tongue in the case of
the B-MSP-mab, no immunoreaction was observed with both antibodies in all organs
tested other than prostate.

SG Immunoreactivity

A positive immunoreaction was seen in the epithelium of the ampulla of the vas
deferens, the seminal vesicle (Fig. 1), and the adluminal portions of the ejaculatory
duct (Fig. 2). It was absent from the immature seminal vesicle epithelium of 5
year-old child (Fig. 3). While in bovine, rat, and guinea pig seminal vesicle and the
ampulla of the canine vas deferens (Fig. 6) no immunoreaction was seen, it was
strong in the monkey seminal vesicle (Fig. 4) and even more pronounced in the
ejaculatory duct epithelium (Fig. 5) of the monkey.

PSA Immunoreactivity

Serial semithin sections sequentially stained for PAP (Fig. 8), PSA-I (Fig. 7),
and B-MSP (Fig. 9) showed the coincidence of the immunoreactions. It was slightly
more generalized in the case of PSA (Fig. 7) compared to the very differential
reactions of PAP and 3-MSP. In the juvenile prostate of a 15 year-old boy (Fig. 10)
the immunoreaction was clearly polarized with a very pronounced apical immuno-
reaction seen at higher magnification (Fig. 11). With PSA-antibody I, a generalized
moderate immunoreaction was observed even in the prostatic epithelium of the 5
year-old boy (Fig. 12). When PSA-antibody II was used, no immunoreaction was
observed.

PSA-antibodies I and I reacted positively with the monkey prostatic epithelium
(cranial portions, Fig. 15), but only PSA-antibody I showed a positive reaction with
canine prostatic epithelium (Figs. 13, 14). Squamous metaplastic cells present in the
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TABLE 1. Immunohistochemical Results*

Antibodies
Acid
Semen-  phos- Prostate- Prostate-
ogelin  phatase  specific specific B-microsemino- B-microsemino-
(8G) (PAP)  antigen | antigen 11 protein | protein II
poly- poly- (PSA) (PSA) (B-MSP) (B-MSP)
clonal, clonal, polyclonal, polyclonal. polyclonal, monoclonal,
Organs rabbit rabbit rabbit rabbit rabbit mouse
Human prostate
Infantile 0 0 (+) 0 0 0
Pubertal 0 + + + 00—+ +
Adult 0 +-+ + +-++ + (+)»r++ ++
Seminal vesicle
Infantile 0 0 0—(+) 0 0 0
Pubertal (+) 0 0 0 0 0
Adult +-++ 0 0 0 0 0
Ampulla duct. +-+ + 0 0 0 0 0
deferentis
Ejaculatory duct (+)»+  O0-(+) 0-(+) 0 0 0
Monkey prostate
Cranial 0 + (+) (+) (+)-+ + +
Caudal 0 + 0 0 + (+)
Seminal vesicle + 0 0 0 0 0
Ejaculatory duct + + 0 0 0 0 0
Dog prostate 0 + (+)+ 0 0 0
Ampulla ductus 0 0 0 0 0 0
deferentis
Bull prostate 0 0 0 0 0 0
Seminal vesicle 0 0 0 0 0 0
Rat, guinea pig 0 0 0 0 0 0
prostate (ventral) Rat dorsal Rat dorsal
prostate + prostate +
Seminal vesicle 0 0 0 0 0 0

*Symbols (intensity of immunoreaction): O negative: (+) weak; + positive; + + strong.

canine prostate shown in Figure 14 were due to hormonal treatment (see [13], group
IV); they were not immunorcactive.

B-MSP Immunoreactivity

The immunoreactivities achiecved with both B-MSP antibodies were essentially
identical with a slightly stronger reaction in the case of the monoclonal antibody. The
epithelium of the adult prostate (Fig. 16) showed a moderate to strong immunoreac-
tion and the infantile prostatic epithelium (Fig. 17) was clearly unstained. A very
interesting staining pattern was observed in the monkey prostate, where (preferen-
tially in the cranial lobe, Fig. 18) individual cells were most intensely labeled while
others were in the background range. A similar staining pattern was seen with the
PAP antibody (not shown). Neither the canine and bovine nor the rodent (ventral)
prostate epithelium reacted with 3-MSP antibodies. Interestingly, the rat dorsal pros-
tate showed a distinct immunoreaction with PSA-antibody II and the monoclonal
antibody against 3-MSP.
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Fig. . Human seminal vesicle epithelium shows a moderate or strong immunoreaction for semenogelin.
The deeper glandular portions are usually more immunoreactive than the adluminal portions. x40.

Fig. 2. Ejaculatory duct from a 17 year-old boy. Single adluminal epithelial cells display semenogelin
immunoreactivity. The deeper gland-like structures are usually non-reactive. X 40.

Fig. 3. Seminal vesicle of the newborn. No immunoreactivity for semenogelin is present. X 40.

Fig. 4. The seminal vesicle epithelium in the monkey shows a moderate cross-immunoreactivity with
an antibody directed against human semenogelin. X 40.

Fig. 5. Ampulla of the vas deferens in the rhesus monkey. The epithelium shows a strong semenogelin
immunoreactivity. X40.

Fig. 6. Ampulla of the canine vas deferens. There is only a non-specific background reaction with the
semenogelin antibody. X 100.
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Fig. 7. PSA immunofluorescence on a semithin section of human prostate. X 150.

Fig. 8. Prostatic acid phosphatase immunoreaction in a section subsequent to Figure 7. Immunoreac-
tivity is less generalized and pronounced in the intracellular secretion granules. x 150.

Fig. 9. B-MSP immunofluorescence in a section cut adjacent to that in Figure 8. Comparable intensity
and distribution of immunofluorescence are seen in both sections. x 150.

Fig. 10. PSA immunoreactivity in the prostate of a 15 year-old boy. Moderate reaction of the apical
portion of the cells. x40.

Fig. 11. At higher magnification, the prevalent staining of the apical portion of the epithelium is easily
noticed. % 75.

Fig. 12. Positive generalized immunoreaction of prostatic epithelium of a 5 year-old boy with a PSA-
antibody. X 75.
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Fig. 13. PSA (antibody I) immunoreactivity in the prostate of a 12 year-old dog. Acini are dilated and
immunoreactive epithelium is low. X 75.

Fig. 14. Prostate from a castrated dog treated for 6 months with androstanediol, estradiol, and tamoxifen
(for details see [13]). Strong immunoreaction of most epithelial cells. X 75.

Fig. 15. PSA immunoreactivity in the cranial lobe of the monkey prostate. Homogeneous reaction of the
epithelium. Xx40.

Fig. 16. Immunoreactivity of B-MSP in the prostate of a 19 year-old man is moderate X 75.

Fig. 17. Ina S year-old boy prostatic epithelium shows no immunoreaction with the 3-MSP antibody.
X75.

Fig. 18. A very heterogeneous immunoreactivity is seen in the cranial lobe of a monkey prostate with
the B-MSP antibody. Cclis displaying a positive immunoreaction arc intersperscd between non-reactive
cells. x40.
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DISCUSSION

The present immunohistochemical comparison of male accessory sex glands in
six different mammalian species shows a very high degree of species-specificity in the
seminal-vesicle-derived protein semenogelin, while prostatic proteins were less spe-
cies-specific. Semenogelin immunoreactivity was present in the seminal vesicle ep-
ithelium of the human and the monkey and in the ampulla of the vas deferens and the
ejaculatory ducts of both species. It was difficult to decide in the distal human
ejaculatory duct whether the immunoreactivity was due to secretion granules or to
reabsorbed material. The former assumption appears more likely, as no side differences
were observed. These, however, were seen with acid phosphatase immunoreactivity
in the ejaculatory duct observed on one case. Interestingly, lipofuscin granules abun-
dant in ejaculatory duct epithelium often reveal a weak PSA immunoreactivity. This
would indicate some backflow of prostatic secretion into the proximal ejaculatory duct.

In monkey and human, seminal vesicles, ampulla of the vas deferens, and
ejaculatory duct obviously form one functional entity, as has been already previously
suggested [18,19]). No immunoreactive semenogelin was observed in the ampulla of
the canine vas deferens (the seminal vesicles being absent in this species) or in the
seminal vesicles of the other species studied. This means that the semenogelin-PSA
system described in human [20,21] seems to be specific for primates.

Contrary to seminal vesicle proteins, various degrees of cross-reactivities in
different species were observed in the case of prostatic secretory proteins indicating
a less specialized situation in this urethral gland. All the human prostatic secretory
proteins were present in the cranial lobe of the monkey prostate (the caudal lobe
displaying only acid phosphatase immunoreactivity). The intensity and distribution of
the immunoreaction were dependent on the antibody preparation. As previously re-
ported [13] there was also a strong cross-reactivity of the human acid phosphatase
antibody with the canine prostatic epithelium. The same was true for one of the PSA
antibodies. No immunoreaction was achieved with the 3-MSP antibody in canine
prostatic epithelium. There is obviously a dissociation in canine prostate of functions
present in human prostatic epithelium.

Interestingly, the dorsal rat prostate showed a cross-reaction with antiserum
against PSA and B-MSP. This is contrary to the previous view [22] that the rat ventral
prostate is equivalent to the human prostate.

Another aspect of the present study is the clear-cut age dependence in the
expression of immunoreactive secretory material in both human seminal vesicles and
prostate. There was no immunoreaction of the human seminal vesicle epithelium of
a newborn and a 5 year-old boy with the semenogelin antibody. In the infantile
prostate, a diffuse immunoreaction of the epithelium was observed only with one
PSA-antibody (I). This confirms reports of Wernert and Dhom [23] who observed
PSA immunoreactivity in prostatic epithelium of a newborn. Since only one of both
PSA antibodies reacted with immature prostatic epithelium, this may be due to the
epitope-specificity of the antiserum. In a previous study [12], we used antibodies
against secretory (ac P2, [24]) and tissue-type (ac P4) prostatic acid phosphatase and
found a positive immunoreaction of prepubertal prostatic epithelium only with the
latter. We therefore presume a certain molecular heterogeneity of PSA resulting in
different antisera (compare [25]) which recognize either the mature secretory protein
or a related non-secretory precursor. It is likely that one of the antisera (PSA antibody
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II) may recognize only PSA, whereas the other antibody (PSA antibody I) may
recognize both PSA and the translation product. Another explanation would be that
postnatally elevated testosterone levels would intermittingly stimulate some immature
prostatic cells to produce secretory proteins. A comparable situation is known from
the female prostate [26,27]. During puberty the expression of semenogelin immu-
noreactivity in the seminal vesicles and of PSA, acid phosphatase, and 3-MSP im-
munoreactivities in the prostate develops rather simultaneously. In the prostate, no
clear-cut progress in developing immunoreactivity from proximal (close to the ure-
thra) to distal (underneath the capsule) is observed; rather, the diameter of the de-
veloping acini appears to be relevant for the onset of functional maturation.

Taking together our findings, they indicate an androgen-dependent pattern of
functional (i.e., secretory) maturation of the epithelia of the human male accessory
sex glands and a coordinated temporal appearance of secretion. The qualitative dif-
ferences of the secretory proteins between various species are very pronounced in the
case of the seminal vesicle; they appear a little less decisive in the case of the prostate.
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