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Summary. The concentrations of  three secretory proteins 
of  the human prostate, including prostatic secretory 
protein of  94 amino acid residues (PSP94), prostate- 
specific antigen (PSA) and prostatic acid phosphatase 
(PAP), were measured by enzyme-linked immunosorbent  
assay (ELISA) in semen from a collective of  patients 
suffering f rom various inf lammatory diseases of  the 
genital tract. In addition, levels of the conventional 
markers citrate, glucosidase and fructose were deter- 
mined. As compared with semen from men exhibiting no 
inf lammatory condition, only levels of  glucosidase in 
cases of  epididymitis and concentrations of PSP94 in the 
collective suffering f rom prostatitis showed significant 
reductions. The changes in the secretion of PSA, PAP, 
fructose and citrate in the semen of patients with inflam- 
mation of genital tract tissue were not significant at the 
95 % range of confidence. 
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The assessment of  a range of biochemical markers in 
human semen is recommended to reveal disturbances of 
genital tract organs [7]. Among prostatic markers,  the 
concentration of citrate and the activity of acid phospha- 
tase are frequently used, as a good correlation exists with 
their concentrations in semen and since immunoassayable 
PAP also correlates well with its enzyme activity [27]. As 
demonstrated by Lilja and Abrahamsson [13], three 
predominant  proteins are secreted by the human prostate 
gland: prostatic acid phosphatase (PAP) [16], prostate- 
specific antigen (PSA) [12, 22] and a 10.7-kDa protein 
termed the prostatic secretory protein of  94 amino acids 
(PSP94). The amino acid sequence of PSA has been 
reported by Watt et al. [23] and Schaller et al. [19]. The 
amino acid sequence of PSP94 was independently deter- 
mined by Johansson et al. [8], Seidah et al. [20], and 
Akiyama et al. [2]. Recently, the cDNAs specific for these 
predominant ly prostate-derived proteins were character- 

ized and sequenced: PAP-specific cDNA [21], PSA- 
specific cDNA [14] and PSP94-specific cDNA [15]. The 
immunohistochemical  distribution of the secretory pro- 
teins of  the prostate in the parenchyma of prostate glands 
has been investigated by Abrahamsson et al. [1]. The 
localization of  PSP94 in epithelial cells of  the prostate has 
been demonstrated by in situ hybridization using PSP94- 
specific cDNA as well as by immunohistochemistry [3]. 
The present study compares the prostatic secretion of 
these proteins with that of citrate, an established marker  
of prostatic function; fructuse, an indicator of  seminal 
vesicle secretion; and glucosidase, a marker  of epididymal 
function [7]. 

Patients and methods 

Sem en 

Semen was obtained by masturbation from men attending the 
Outpatient Department for Prostatitis and Urological Andrology, 
Giessen. Symptomatic patients selected for the study exhibited acute 
epididymitis (collective E), chronic prostatitis (collective P) or signs 
suggesting male accessory-gland infection (collective A) without a 
defined localization of the infectious focus. 

Acute epididymitis. Men with acute epididymitis suffered from a 
swollen and tender epididymis during palpation, with an acute 
infiltration of the organ being the main symptom [28]. All patients 
underwent a standardized examination procedure, including gram 
staining and light microscopy of a urethral swab; the same specimen 
was used for subsequent culture for Neisseria gonorrhoeae and 
Chlamydia trachomatis. Then, initial and midstream urine samples 
were obtained and examined microscopically as well as by a routine 
bacteriological procedure [9]. Patients were initially treated with 100 
nag doxycycline twice a day for at least 2 weeks and were reexamined 
by the same procedure after 3 days. At this reevaluation date, semen 
was obtained for further analysis. The microbiological classification 
of acute epididymitis was not a subject of the present study and was 
not further considered. 

Chronic prostatitis. Patients with chronic prostatitis had shown a 
medical history of symptomatic prostatitis for at least 1 year. For 
diagnosis, all men underwent a standardized investigation program 
based on the "four-specimen-technique", including quantitative 
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Table 1. Matrix of correlation coefficients of various parameters for 32 samples of normal semen 

PSP94 PAP PSA Glucosidase Fructose Citrate 

PSP94 (mg/ejaculate) 1 0.686 a 0.696 a 0.225 0.048 0.823 a 
PAP (mg/ejaculate) 0.686 a 1 0.447 0 0.049 0.853 a 
PSA (rag/ejaculate) 0.696 a 0,447 1 0.259 0.352 0.642 a 
Glucosidase (mIU/ejaculate) 0.225 0 0.259 1 0.408 0.214 
Fructose (gmol/ejaculate) 0.048 0,049 0.352 0.408 1 0.084 
Citrate (gmol/ejaculate) 0.823 a 0.853 ~ 0.642 a 0.214 0.048 1 

a Correlation coefficients of >--0.6 

determination of common bacteria [17]. Material obtained on 
urethral swabs after prostatic massage was cultivated for 
C. trachomatis [4]. Leucocyte analysis of prostatic secretions was 
performed in a fresh smear of expressed prostatic secretions (EPS, 
1,000X as well as in 3 ml cytocentrifuged urine specimens obtained 
before and after prostatic massage [24]. Numbers of leucocytes were 
considered to be significant when > 10 X 103 leucocytes in a smear of 
EPS and/or >-4X 103 granulocytes in the sediment of centrifuged 
urine after prostatic massage (UB 3) were detected in specimens of 
leucocyte-free midstream urine [11, 17, 26]. A classification of 
prostatitis was based on duplicate investigation; the hallmark of this 
diagnosis was evidence of increased numbers of leucocytes in 
prostatic secretions. In case of leucocyte-free prostatic secretions, 
patients exhibiting symptoms of prostatitis were classified as having 
prostatodynia and were excluded from analysis. Subjects suffering 
from prostatitis who displayed increased numbers of leucocytes were 
diagnosed as having chronic bacterial prostatitis when a typical 
pattern of gram-negative bacteria or enterococci, was observed, i.e. 
< 103 colony-forming units (cfu)/ml in first-voided urine (VB 1) and 
bladder urine (UB2), > 104 cfu/ml in EPS and > 10 3 cfu/ml in UB3, 
but at least a 10-fold increase in the number of microorganisms in 
UB3 as compared with VB1 [17]. Evidence of high numbers of 
ureaplasmas (ureaplasma-associated) or positive urethral findings 
of C. trachomatis were not considered in this study. For ejaculate 
analysis, semen specimens were obtained from all patients within <7 
days after the last prostatic massage (including the above-mentioned 
analysis), i.e., all men were instructed to abstain from sex for at least 
3 days and for a maximum of 6 days. 

Accessory-gland infection. Patients were classified as having access- 
ory-gland infection without a proven infectious focus according to a 
suggestion published by Comhaire et al. [5]. The hallmark of 
classification was evidence of > 106 peroxidase-positive leucocytes in 
the ejaculate [29]. Clinically, acute epididymitis and acute or chronic 
urethritis (discharge or increased leucocyte numbers, in the initial 
urine) were excluded. Urethral swabbing for C. trachomatis and 
N. gonorrhoeae was negative in every case [25]. The four-specimen 
technique did not give any hint of bacterial infection; furthermore, 
increased numbers of leucocytes could not be demonstrated in 
prostatic secretions, thus excluding a diagnosis of prostatitis at the 
time of examination [11, 17]. Nevertheless, all of these men reported 
a typical medical history of recurrent urogenital infections and a 
history of prostatitis without a defined localization of infection. 

Control group 

Semen samples from asymptomatic men who had recently the clinic 
because of a barren marriage served as controls (collective N). This 
group comprised normozoospermic samples (>20 X 106 spermato- 
zoa/ml semen) from patients whose partners were women with tubal 
sterility who were attending a gynecology clinic. These men showed 
no obvious signs of inflammation, i.e. <106 peroxidase-positive 
leucocytes/ml, no increase in the number of leucocytes in prostatic 
secretions, no clinical signs of urethritis or epididymitis and negative 
urethral swabbing for C. trachomatis as well as N. gonorrhoeae. After 

liquefaction, semen was centrifuged at 2,000g for 10 min and then 
frozen at --70~ for 3-4 years. Samples were thawed and mixed well 
between assays. 

Assays 

Concentrations of PSA and PAP were measured by commercial 
ELISA (Hybritech, CIS) and levels of citrate, fructose and ct- 
glucosidase (total enzymic activity at neutral pH) were determined 
by spectrophotometric methods described elsewhere [6, 7]. PSP94 
was determined by a recently described ELISA [10]. All determina- 
tions for PAP, PSA and PSP94 were carried out in duplicate. The 
intra-assay variation in ELISA measurements was <8%. The 
output of each marker per organ was obtained by multiplying its 
concentration in semen times its volume. 

Statistical analysis 

Because the data obtained from the respective semen collectives did 
not follow a standard distribution, statistically significant differen- 
ces between groups were detected by calculating the median value at 
different confidence levels [18]. Confidence ranges of median values 
for disease groups that did not overlap with those of the normal 
collective were considered to be significantly different. Calculations 
were performed using the program StatView on a Macintosh Plus 
computer. 

Results 

Using the experimental  data  measured in the no rma l  non-  
in f l ammato ry  semen samples (group N) as a reference, a 
correlat ion of the parameters  was at tempted.  The results 
depicted in Table 1 clearly indicate a significantly positive 
correlat ion a mong  the pro te in  markers  PAP, PSA and  
PSP94 as well as between these markers  and  citrate; 
i n f l ammat ion  of genital tract tissue did no t  affect this 
correlat ion.  No correla t ion with fructose or glucosidase 
was detected. 

In  a first a t tempt  to il lustrate differences among  the 
parameter  values of the semen collectives, the percentile 
plots of the data  were inspected (Fig. 1). A clear-cut 
picture was derived from a compar i son  of the percentile 
plots of the fructose and  PSA levels measured  in groups N, 
A, E and  P; the median  value as well as the 90th percentile 
d is t r ibut ion  of values apparent ly  showed no significant 
difference. In  the percentile plot,  glucosidase appeared to 
be un ique ly  related to an in f l ammatory  condi t ion  of the 
epididymis: a lmost  75 % of all glucosidase values ob ta ined  
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Fig. 1. Schematic representation of percentiles of semen parameters. 
Abbreviation of semen collectives: N, normozoospermic, non- 
inflammatory; A, adnexitis; E, acute epididymitis; P, chronic prosta- 
titis. The lines of individual boxes represent, from top to botton, the 
90th, 75th, 50th, 25th and 10th percentiles 

for group E were found to be lower than the 25th 
percentile of  the normal  values. In contrast, the distri- 
bution of glucosidase values for groups A and P were 
similar to those of the normal collective. 

A perplexing property of  PAP secretion by individuals 
suffering from inf lammatory processes was indicated by 
the percentile plots for groups A, E and P. The median 
values for these groups were apparently elevated as 
compared with those obtained for the normal  group. 
However,  the distribution of values between the 25th and 
the 75th percentile was rather broad and overlapped with 
that observed for group N. 

A close inspection of the distribution of citrate values 
for group P in the percentile plot disclosed that > 2 5 %  of 
these values were lower than the lowest citrate levels 
measured in group N. On the other hand, the median 
levels of citrate found in all groups did not differ 
significantly. 

The percentile plot of  PSP 94 concentrations illustrates 
differences in the values found for groups A and P relative 

to the normal collective. In the case of group A, 75 % of all 
values were below the median normal  value, and the 
distribution of values between the 25th and the 75th 
percentile was narrow. Moreover,  in group P the median 
level was well below the 25th percentile of the values for 
group N. 

To evaluate the statistical significance of the differen- 
ces displayed in the percentile plot, we calculated confi- 
dence ranges for the median levels of  all parameters in the 
different groups. The surprising result (see Table 2) was 
that the citrate values found for group P as compared with 
group N were statistically insignificant, even at the lower 
confidence range of 95 %. However,  at both the 95 % and 
the 99 % confidence range, the parameters glucosidase and 
PSP94 appeared to be significantly correlated with epidi- 
dymitis and prostatitis, respectively. Various ratios of  
marker  concentration were calculated to determine 
whether better discrimination among the groups with 
different inf lammatory diseases could be achieved, but 
improved differentiation was not obtained. 

Discussion 

Measurement of a range of markers in semen as indices of 
accessory-gland function provides additional data that 
can help to confirm a clinical diagnosis [7]. The inflamma- 
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Table 2. Amounts of fructose, citrate, glucosidase and prostatic secretory proteins in seminal plasma in various inflammatory conditions 

Parameter Diagnosis n Range Median 

(95% confidence range) (99 % confidence range) 

Fructose N 32 2 -273 40 -< 59.7 -< 98 38.5 < 59.7 -<111.6 
(laml/ejaculate) A 39 6 -184 39.6 -< 56.1 -< 76.4 39 -< 56.1 -< 79.75 

E 25 11 -122 39.6 -< 70.8 -< 80.4 33.6 -< 70.8 -< 87.6 
P 62 4 -241 55.2 -< 64 -< 72.3 46.2 < 64 -< 73 

Citrate N 32 69 -476.7 98 < 133.8 < 178.5 93 < 133.8 <206 
(gmol/ejaculate) A 38 32 -371 76.8 -< 110.6 -< 146.4 72.5 < 110.6 -< 151.2 

E 23 32.4 -244.2 86.4 < 106 -< 144 69.6 -< 106 -< 183 
P 62 11.4-360 69.6 <102.05 -<125.5 64.2 -<102.05 <131.6 

Glucosidase N 32 42 -299.5 126.6 < 138.75 < 166.2 115.5 -< 138.75 < 171 
(mIU/ejaculate) A 42 5.8 -308.4 91.8 < 114.05 < 147.4 88.5 -< 114.05 -< 158.5 

E 26 11.7-333.6 42 < 84 _<113.4 a 41 < 84 _<116.8 a 
P 43 11.4 -374.I 101.75 -< 124.2 -<146 86.5 < 124.2 -<165.6 

PAP N 31 0.28-27.49 2.948-< 4.58 < 6.465 1.998-< 4.58 -< 7.08 
(mg/ejaculate) A 40 0.32-16.05 5.16 -< 6.525-< 8.25 5.06 < 6.525-< 8.42 

E 22 0.44-13.0 4.2 < 9,295< 10.12 2.94 < 9.295-< 10.32 
P 62 0.44-21.51 4.86 < 7.2 < 8.55 4.47 < 7.2 < 8.82 

PSA N 32 0.16-10.98 3.35 -< 4.175-< 5.76 3.12 -< 4.175-< 6.45 
(mg/ejaculate) A 39 0.66- 16.6 3 < 4.1 -< 5.28 2.75 -< 4.1 -< 5.88 

E 23 1.26- 16.88 3.32 < 4.05 -< 7 2.68 < 4.05 -< 8.72 
P 61 0.28- 20.25 2.59 -< 3.875< 5.43 2.34 -< 3.875___ 6.04 

PSP94 N 32 1.16-20.3 4.12 < 6.07 ___ 9 3.63 -< 6.07 < 9.18 
(rag/ejaculate) A 41 0.54- 16.2 2.648< 3.452-< 4.475 2.252-< 3.452-< 4.794 

E 24 0.44- 13.38 2.62 < 3.998--< 6.81 1.892-< 3.998-< 6.99 
P 61 0.32- 17.57 1.864-< 2.574_< 3.064 a 1.832-< 2.574-< 3.108 a 

a Confidence ranges of median values that show only insignificant, if any, overlap with those of the normal group 

to ry  condi t ions  descr ibed  herein d id  not  a p p e a r  to influ- 
ence the  seminal  vesicles, since f ructose  secre t ion  in the  
disease groups  d id  no t  differ  f rom tha t  in the controls .  As 
expected,  to ta l  g lucos idase  act ivi ty  was s ignif icant ly lower  
in pa t ien ts  with ep id idymi t i s  t han  in the con t ro l  group.  
A l t h o u g h  the secret ion of  the accepted  p ros ta t i c  m a r k e r  
c i t ra te  was appa ren t l y  r educed  no t  only  in pat ients  with 
pros ta t i t i s  as c o m p a r e d  with controls ,  as an t ic ipa ted ,  bu t  
also in those  with ep id idymi t i s  or  adnexi t is ,  as p rev ious ly  
d e m o n s t r a t e d  [7], the differences d id  no t  reach s tat is t ical  
significance. 

Of  the new marke r s  examined  in the present  s tudy,  
only  PSP94 exhibi ted  a reduced  secret ion in cases o f  
pros ta t i t i s .  Of  interest  is the obse rva t ion  tha t  the secret ion 
of  PSA was no t  inf luenced by  the i n f l a m m a t o r y  condi t ion .  
Clearly,  different  mechan i sms  for  the synthesis  and  se- 
cret ion of  the p ros ta t i c  p ro te ins  are evident.  

The oppos ing  t rends  in the secret ion o f  PAP and  ci t rate  
as c o m p a r e d  with those  in the n o r m a l  g roup  requires  
comment .  Usual ly ,  this enzyme act ivi ty  is well co r re la ted  
with the e jaculate  con ten t  o f  c i t ra te  [27]. In  the present  
s tudy,  c i t ra te  secre t ion  was reduced  and  PAP secret ion 
was increased relat ive to the values found  for  the con t ro l  
group.  I f  co r re spond ing  ind iv idua l  da t a  pai rs  are com-  
pa red ,  the k n o w n  cor re la t ion  be tween the secret ion o f  
ci t rate  and  tha t  of  PAP remains  val id  for  the semen 
samples  f rom pat ients  exhibi t ing  i n f l ammat ion  of  the 

geni tal  t ract .  As  PSP94 secre t ion  was also decreased  in 
pa t ien ts  with adnexi t i s  and  ep id idymi t i s ,  the  secret ion o f  
this p ro te in  would  appea r  to be more  sensit ive than  c i t ra te  
to in f l ammat ion .  We therefore  advoca te  measu remen t  of  
PSP94 levels in h u m a n  semen as a useful  m a r k e r  of  
p ros ta t i c  funct ion.  

Acknowledgements. We thank Prof. E. Nieschlag for his support and 
encouragement. The motivated technical assistance of Ms. P. Koell- 
ner is gratefully acknowledged. 

References 

1. Abrahamsson PA, Lilja H, Falkmer S, Wadstr6m LB (1988) 
Immunohistochemical distribution of the three predominant 
secretory proteins in the parenchyma of hyperplastic and 
neoplastic prostate glands. Prostate 12:39 

2. Akiyama K, Yoshioka Y, Schmid K, Offner GD, Troxter RF, 
Tsuda R, Hara M (1985) The amino acid sequence of human t3- 
microseminoprotein. Biochim Biophys Acta 829:288 

3. Brar A, Mbikay M, Sirois F, Fournier S, Seidah NG, Chretien M 
(1988) Localization of the human prostatic secretory protein 
PSP94 and its mRNA in the epithelial cells of the prostate. J 
Androl 9:253 

4. Brunner H, Weidner W, Schiefer HG (1983) Studies on the role 
of ureaplasma urealyticum and Mycoplasma hominis in prostati- 
tis. J Infect Dis 147:87 



347 

5. Comhaire F, Verschraegen G, Vermeulen L (1980) Diagnosis of 
accessory gland infection and its possible role in male infertility. 
Int J Androl 3:32 

6. Cooper TG, Yeung CH, Nashan D, Nieschlag E (1988) Epidi- 
dymal markers in human infertility. J Androl 9:91 

7. Cooper TG, Weidner W, Nieschlag E (1990) The influence of 
inflammation of the human genital tract on the secretion of the 
seminal markers c~-glucosidase, glycephosphocholine, carnitine, 
fructose and citric acid. J Androl 13(5):329 

8. Johansson J, Sheth A, Cederlund E, J6rnvall H (1984) Analysis 
of an inhibin preparation reveals apparent identity between a 
peptide with inhibin-like activity and a sperm-coating antigen. 
FEBS Lett 176:21 

9. Hawkins DA, Taylor-Robinson D, Thomas B J, Harris JRW 
(1986) Microbiological survey of an acute epididymitis. Genitou- 
rin Med 62:342 

10. Kammer H von der, Krauhs E, Aumt~ller G, Scheit KH (1990) 
Characterization of a monoclonal antibody specific for prostatic 
secretory protein of 94 amino acids (PSP94) and development of 
a two-site binding enzyme immunoassay for PSP94. Clin Chim 
Acta 187:207 

11. Krieger JN (1984) Prostatitis syndromes: pathophysiology, 
differential diagnosis, and treatment. Sex Transm Dis 11 : 100 

12. Lilja H (1985) A kallikrein-like serine protease in prostatic fluid 
cleaves the predominant seminal vesicle protein. Clin Invest 
76:1899 

13. Lilja H, Abrahamsson PA (1988) Three predominant proteins 
secreted by the human prostate gland. Prostate 12:29 

14. Lundwall A, Lilja H (1987) Molecular cloning of human prostate 
specific antigen cDNA. FEBS Lett 214:317 

15. Mbikay M, Nolet S, Fournier S, Benjannet S, Chapdelaine P, 
Paraids G, Dub~ JY, Tremblay R, Lazure C, Seidah NG, 
Chretien M (1987) Molecular cloning and sequence of the cDNA 
for a 94-amino acid seminal plasma protein secreted by the 
human prostate. DNA 6: 23 

16. McCarthy RC, Jakubowski HV, Markowitz H (1983) Human 
prostatic acid phosphatase: purification, characterizatin and 
optimization conditions for radioimmunoassay. Clin Chim Acta 
132:287 

17. Meares EM (1980) Prostatitis syndromes: new perspectives 
about old woes. J Urol 123:141 

18. Sachs L (1988) Statistische Methoden: Planung und Auswertung. 
Heidelberg New York, p 60 

19. Schaller J, Akiyama K, Tsuda R, Marti T, Rickli EE (1987) 
Isolation, characterization and amino-acid sequence of gamma- 

seminoprotein, a glycoprotein from human seminal plasma. Eur 
J Biochem 170:111 

20. Seidah NG, Arbatti N J, Rochemont J, Sheth A, Chretien M 
(1984) Complete amino acid sequence of human seminal plasma 
]3-inhibin. FEBS Lett 75 : 349 

21. Vihko P, Virkkunnen P, Henttu P, Roiko K, Solin T, Huhtala 
ML (1988) Molecular cloning and sequence analysis of cDNA 
encoding human prostatic acid phosphatase. FEBS Lett 236:275 

22. Wang MC, Valenzuela LA, Murphy GP, Chu TM (1979) 
Purification of a human prostate specific antigen. Invest Urol 
17:159 

23. Watt KWK, Lee PJL, M'Timkulu TM, Chan WP, Loor R (1986) 
Human prostate-specific antigen: structural and functional 
similarity with serine proteases. Proc Natl Acad Sci USA 
83:3166 

24. Weidner W, Ebner H (1985) Cytological analysis of urine after 
prostatic massage (VB 3) - a new technique for a discriminating 
diagnosis ofprostatitis. In: Brunner H, Krause W, Rothauge CF, 
Weidner W (eds) Chronic prostatitis. Schattauer, Stuttgart, 
pp 141-151 

25. Weidner W, Schiefer HG, Ebner H, Brunner H (1986) Non- 
gonococcal urethritis: leucocyte counts in urethral secretions 
correlated to chlamydial and ureaplasma infections. Eur J Sex 
Transm Dis 3:207 

26. Weidner W, Schiefer HG, Krauss H (1988) Role of Chlamydia 
trachornatis and Mycoplasma in chronic prostatitis. A review. 
Urol Int 43:167 

27. Wetterauer U (1986) Recommended biochemical parameters for 
routine semen analysis. Urol Res 14:241 

28. WHO (1981) WHO Scientific Group: non-gonococcal urethritis 
and other selected sexually transmitted diseases. Technical 
report series. WHO, Geneva, pp 67-128 

29. WHO (1987) Laboratory manual for the examination of human 
semen and semen-cervical mucus interaction. Cambridge Uni- 
versity Press, Cambridge New York 

Prof. Dr. K. H. Scheit 
MPI ffir Biophysikalische Chemie 
Abteilung Molekulare Biologie 
Am Fassberg 
W-3400 G6ttingen 
Federal Republic of Germany 


