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Summary. Lactoferrin levels have been deter- 
mined by radialimmunodiffusion in homogenates 
of both human benign prostatic hypertrophy ob- 
tained at open surgery from patients, some of 
whom had been treated with oestrogens or anti- 
androgens, and also in prostatic adenocarcinorna 
tissue removed by transurethral resection. Re- 
sults show that in untreated benign prostatic 
hyperplasia there is a statistically lower lactofer- 
rin level in the median compared with the lateral 
lobes. In patients with benign prostatic hyper- 
trophy treated before prostatectomy with oestro- 
gens or antiandrogens the lactoferrin concentra- 
tion is decreased. In neoplastic tissue removed 
by open surgery, the lactoferrin level is very 
low. Homogenates of tissue resected from pros- 
tatic cancer patients show similarly low levels. 
The concentration of lactoferrin in human pros- 
tate is hormone dependent. The role of the protein 
is considered to be bacteriostatic. 
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INTRODUCTION 

The red protein lactoferrin (Lf), first detected 
in milk (I 7), is a glycoprotein present in external 
secretions, neutrophilic leucocytes and some tis- 
sues of mammals. Lf resembles transferrin (Tf) 
in its ability to bind reversibly two atoms of Fe 3+ 
with the incorporation of two molecules of bicar- 
bonate. Both proteins have a single-chain struc- 
ture of molecular weight ~ 76000, and are clearly 
related to one another. However, Lf and Tf differ 
in several ways. They show no immunological 
cross-reaction unless denaturated. Further, the 
affinity of Lf is largely retained at pH values be- 

low 4.0, whereas Tf completely releases its iron 
under such conditions. Receptors for Lf and Tf 
reside on different cells, since Tf combines with 
reticulocyte membranes and Lf combines with 
the membranes of macrophages and lyrnphocytes 
(1). 

Lf has been shown to be present in the pros- 
tate gland by Loisillier et al. (6) using a double 
immunodiffusion technique but quantitative analy- 
sis was not carried out. 

The aim of the present study was to quantita- 
tively determine the levels of Lf in several loca- 
tions in benign prostatic hypertrophy (BPH) fol- 
lowing pre-operative oestrogen/anti- androgenic 
treatment, and in adenocarcinomas obtained by 
open surgery and transurethral resection (TUR). 

MATERIAL AND METHODS 

Ninety prostate samples were examined. Twenty- 
seven right, 25 left and ii median lobes were 
obtained by open surgery from patients with un- 
treated BPH. Eight of these patients provided 
all 3 lobes. Six BPH patients received oestrogens 
or anti-androgens prior to surgery as medication 
for their prostatism. Two untreated BPH-pa- 
tients underwent a TUR 2 years before open pros- 
tatectomy. 

We had only 3 cases from whom carcinoma- 
tous tissue was removed by open surgery as it is 
our practice not to perform open prostatectomy 
when there is clinical and biochemical evidence 
suggesting the presence of an adenocareinorna. 
In Ii other patients with prostatic cancer a TUR 
was done. 

Normal prostates were not available. Autopsy 
material is unsuitable for the study of proteins, 
due to the proteolytic activity of prostatic tis- 
sue (19). 
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T h e  s a m p l e s  w e r e  t r a n s p o r t e d  to  t he  l a b o r a -  
t o r y  in  l i q u i d  n i t r o g e n  and t r e a t e d  i m m e d i a t e l y  
o r  s t o r e d  at  - 7 6 ° C .  H o m o g e n a t e s  w e r e  m a d e  f o l -  
l o w i n g  Van  C a m p ' s  t e c h n i q u e  (18). T h e  t o t a l  
p r o t e i n  c o n c e n t r a t i o n  of  t he  h o m o g e n a t e s  was  
m e a s u r e d  by  the  b i u r e t  m e t h o d  (3). T h e  m e a n  
p r o t e i n  c o n c e n t r a t i o n  i s  4 . 7 6  g% f o r  t he  B P H ' s  
and 2 . 2 3  g% f o r  TUR.  

L a c t o f e r r i n  was  d e t e r m i n e d  by  m e a n s  of  
r a d i a l  i m m u n o d i f f u s i o n  (7). T h e  l i p o p r o t e i n s  
w e r e  p r e - p r e c i p a t e d  wi th  d e x t r a n  s u l p h a t e  (10 ~1 
of  a 5% d e x t r a n  s u l p h a t e  s o l u t i o n  a d d e d  to 1 m l  of  
t he  s a m p l e s ) .  A f t e r  c e n t r i f u g a t i o n ,  5 r a in  at  
6000 g, t he  s u p e r n a t a n t  was  d i l u t e d  4 t i m e s  with  
i s o t o n i c  s a l i n e  and 10 ~1 a p p l i e d  in  t he  w e l l s  of  
an a g a r - g e l  l a y e r  c o n t a i n i n g  r a b b i t  a n t i s e r u m  
a g a i n s t  h u m a n  l a c t o f e r r i n .  A h u m a n  l a c t o f e r r i n  
s t a n d a r d  (3 .9  m g / d l )  and two a d e q u a t e  d i l u t i o n s  
w e r e  a p p l i e d  in  t he  f i r s t  t h r e e  w e l l s  of t w e l v e .  
We u s e d  a c o m m e r c i a l l y  a v a i l a b l e  k i t  ( L C -  
P a r t i g e n  L a c t o f e r r i n ,  B e h r i n g w e r k e ,  M a r b u r g ,  
F e d e r a l  R e p u b l i c  of  G e r m a n y ) .  A f t e r  2 d a y s  of  
d i f f u s i o n  a t  r o o m  t e m p e r a t u r e ,  t he  d i a m e t e r s  
of  t he  p r e c i p i t a t e s  w e r e  r e a d  with  a m a g n i f y i n g  
g l a s s .  T h e  s q u a r e s  of  the  d i a m e t e r s  of  the  p r e -  
c i p i t a t e  r i n g s  w e r e  p r o p o r t i o n a l  to  t he  p r o t e i n  
c o n c e n t r a t i o n .  

R e s u l t s  a r e  e x p r e s s e d  in  m g  l a c t o f e r r i n / g  
p r o t e i n .  

T h e s e  m e a s u r e m e n t s  of  l a c t o f e r r i n  in  B P H  
and p r o s t a t i c  c a r c i n o m a  a r e  n e w  o b s e r v a t i o n s  
and c o m p a r i s o n  wi th  o t h e r  w o r k  on the  l a c t o f e r -  
r i n  c o n t e n t  of  n o r m a l  p r o s t a t i c  t i s s u e  i s  n o t  p o s -  
s i b l e .  

RESULTS 

The results obtained for 63 homogenates of tis- 
sues of untreated BPH are represented in Table I. 

Statistical analysis (Student ~-test) shows that 
there is no significant difference between the val- 
ues found for the right and left lobes (0.95 <P < 
0. 975). However, using the same statistical test, 
the mean value of the 52 lateral lobes (8.28 mg/g 
protein, SEM 0.84) is significantly different from 

T a b l e  1. L a c t o f e r r i n  c o n t e n t  in  63 h o m o g e n a t e s  
of  u n t r e a t e d  B P H  

n L f  S E M  

R i g h t  l o b e  27 8 . 3 8  1 . 2 7  
L e f t  l o b e  25 8 . 1 8  1 . 1 9  
M e d i a n  l o b e  11 4 . 0 5  0 . 6 5  

R e s u l t s  in  m g / g  p r o t e i n  
n = n u m b e r  of  c a s e s  L f  = L a c t o f e r r i n  
S E M  = s t a n d a r d  e r r o r  of  the  m e a n  

the mean value of the median lobes (0.02 ~ P < 
O. 025).  

A s i m i l a r  r e s u l t  i s  o b t a i n e d  by  m e a n s  of  t he  
W i l c o x o n  t e s t  f o r  c o u p l e d  d i f f e r e n c e s  in  8 p a t i e n t s  
w h e r e  we had  the  r i g h t ,  l e f t  and m e d i u m  l o b e  at  
o u r  d i s p o s a l .  T h e  m e a n  v a l u e  of the  l a t e r a l  l o b e s  
was  1 0 . 1 8  m g / g  p r o t e i n .  T h e  m e a n  v a l u e  of  t he  
m e d i a n  l o b e s  w a s  4 . 4 8  m g / g  p r o t e i n .  W i l c o x o n ' s  
t e s t :  2 ~ _ < 0 . 0 5 .  

T h e  m e a n  v a l u e  f o r  t he  L f  c o n t e n t  in  t i s s u e s  
f r o m  B P H - p a t i e n t s ,  t r e a t e d  with  o e s t r o g e n s  o r  
a n t i - a n d r o g e n s  b e f o r e  p r o s t a t e c t o m y  i s  4 . 6 5  m g / g  
p r o t e i n .  O e s t r o g e n  and a n t i - a n d r o g e n  t r e a t m e n t  
a p p e a r  to g ive  s i m i l a r  v a l u e s .  A v e r l y  l o w  c o n -  
c e n t r a t i o n  w a s  found  in a p a t i e n t  who had  t h r e e  
r e s e c t i o n s  b e f o r e  open  p r o s t a t e c t o m y  and t r e a t -  
m e n t  wi th  m e d r o x y p r o g e s t e r o n e .  

Two  B P H  p a t i e n t s  had  h a d  a T U R  two y e a r s  
b e f o r e  open  p r o s t a t e c t o m y .  T h e  m e a n  v a l u e  of 
t he  L f  c o n t e n t  was  3 . 9 0  m g / g  p r o t e i n .  

T h e r e  w e r e  o n l y  3 a d e n o c a r c i n o m a s  o b t a i n e d  
b y  open  s u r g e r y .  T h e  m e a n  v a l u e  of t he  L f  c o n -  
t e n t  was  2 . 4 2  m g / g  p r o t e i n .  

In a p r e v i o u s  p u b l i c a t i o n  (19) we s h o w e d t h a t  
T U R  m a t e r i a l  i s  s u i t a b l e  f o r  c h e m i c a l  a n a l y s i s .  
In e l e v e n  c a s e s  wi th  c a r c i n o m a  f r o m  w h o m  t i s s u e  
was  r e m o v e d  b y  T U R  a m e a n  v a l u e  f o r  L f  of  
2 . 8 5  m g / g  p r o t e i n  was  found.  

DISC USSION 

Only Loisillier et al. (6) mention the presence 
of Lf in a homogenate of prostatic cancer. By 
means of a double immunodiffusion technique in 
agarose, these authors estimated the Lf concen- 
tration to be 1/600 of the total protein conten~ of 
the homogenate. Studying other tissues (breast, 
stomach, etc. ) they estimated that the Lf con- 
centration was about 5 times higher in cancerous 
tissue than in normal. These results are in con- 
tradiction with ours for human prostate. 

Lf is in the first instance the iron-binding 
protein of secretions. It is found in milk, saliva, 
tears, nasal secretions, gastric fluid, hepatic 
bile, pancreatic fluid, ascites fluid, seminal fluid, 
cervical mucus and in urine (9). Also Haupt and 
Baudner (4) observed the concentrations of Lf in 
secretions and noted a rather high content in 
human colostrum (400 mg/dl); these authors also 
found Lf in bronchial secretions. 

More recently Lf has been found not only to 
be a universal component of mucosal and ex- 
ternal s e c r e t i o n s  but  s e v e r a l  a p p a r e n t l y  u n r e -  
l a t e d  c e l l  t y p e s  a r e  a b l e  to  s y n t h e s i s e  t h i s  p r o -  
t e i n .  T h e s e  i n c l u d e  n e u t r o p h i l i c  l e u k o c y t e s ,  
a c i n a r  c e l l s  and k i d n e y  c e l l s  (8, 13). It h a s  a l s o  
b e e n  d e t e c t e d  in t he  s p l e e n  (14). F r o m  the  p h y s i o -  
p a t h o l o g i c a l  p o i n t  of  v i e w ,  t he  f a c t  t h a t  L f  i s  
p r e s e n t  in  n e u t r o p h i l s  i s  i m p o r t a n t .  
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The role of Lf may be two-fold: 
i. Lf secreted by mucosal and exocrine glands 
may protect the cellular membranes against 
multivalent heavy metal-cations (2). 

2. It has bacteriostatic properties (ii, 15). 

Lysozyme, a well known bacteriolytic agent 
has a histological distribution quite similar to Lf. 
The activity of lysozyme is clearly increased in 
the presence of a chelating agent and it is note- 
worthy that Lf is one of the most powerful biolog- 
ical chelating agents. Masson and Heremans (9) 
showed that iron-poor Lfhas a clear bacteriostatic 
effect on Staphylococcus albus, Staphylococcus 
aureus and Pseudomonas aeruginosa. The effect 
is abolished by the addition of ionized iron. In 
view of the high concentration of Lf in most epi- 
thelial secretions, particularly those of the 
respiratory and the genital tract, it is suggested 
that one of the functions of the protein may be to 
protect the mucosa from bacterial'invasion. It 
has been shown that Lf inhibits the growth of bac- 
teria by removing iron from the medium (i0). 
Bluard-De Coninck et al. (i) found that Lf com- 
bines with the membrane of macrophages and 
lymphocytes. 

In the female genital tract, Lf is present in 
the endometrial glands and also in cervical 
biopsies. Its biological purpose may again be 
bacteriostatic (12). 

In human semen, Lf exists in relatively high 
concentration, originating from the seminal 
vesicles. It occurs both free in the seminal 
plasma and bound to the spermatozoal surface 
(5, 16). 

In conclusion, the present study demonstrates 
the presence of the iron-binding protein Lf in 
human prostate. The concentration is significant- 
ly higher in the lateral lobes than in the median. 
In adenocarcinornatous tissue the level of Lf is 
decreased. Treatment with oestrogens and anti- 
androgens has an influence on the prostatic Lf 
content. 

The role of Lf in the human prostate may be 
bacteriostatic. 
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