
J StermdBwchem Molec B:ol Vol 43, No 5, pp 419--422, 1992 0960-0760/92 $500+000 
Printed m Great Bntam All nghts reserved Copyright © 1992 Pergamon Press Ltd 

SERTOLI--GERM CELLS INTERACTIONS IN THE 
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Snmmary--In previous hlstolmmunochenucal stuches we reported that transfernn (TF) and 
msuhn-hke growth factor I (IGF-I) are present m the cytoplasm of the Sertoh cells of the adult 
human tesUs Receptors for TF were found mmnly m adlurmnal germ cells and type I receptors 
for IGF-I both m Sertoh and germ cells Using electron rmeroseopy, ewdence of transfer of 
both TF and IGF-I from the Sertoh to the germ cells through a receptor-medmted endocytosls 
mechamsm was also found In this paper we report the results of the hlstolmmunochemlcal 
locahzaUon of ~ mhlbm m the human fetal, prepubertal and adult tesUs In 8- to 14-week-old 
fetal testes a posmve ~mmunostammg was found mainly an the mtersUtml cells, whereas no 
staining was found m the germ cords In the prepubertal testis the lmmunostammg was present 
m the Sertoh cells but not m the mterstmal cells In the adult human tesUs the lmmunostammg 
was present not only m the Sertoh cells but also in the spermatocytes and m several Ley&g 
cells Using electron microscopy and lmmunogold labehng the presence of ~ mhlbln lmmuno- 
reactwlty was found m the rough endoplasrmc reUculum and m the Golgl clsternae of both 
Sertoh and Leyd,g cells Moreover we found ewdence of transfer of • mhlbm from the Sertoh 
to the germ cells through receptor-medmted endoeytosls 

INTRODUCTION 

Several experimental data suggest that, to 
provide an appropna te  nuheu to the developing 
germ cells, the Sertoh cells secrete many proteins 
with &fferent actions, such as transport  pro- 
terns, growth factors, enzymes and basement 
membrane components [1] Most  of  the exper- 
imental data concerning Sertoh cell proteins and 
their relationships with germ cells have been 
obtained m experimental anamals, whereas very 
few studies are available an man for obwous 
ethacal reasons and because of  the dltticulUes 
assocmted with the asolatlon of  pure cell 
populaUons from human tesUcular tissue 
To overcome these dafficultles we used hlsto- 
lmmunochemacal techmques to study, in baoptic 
specimens of  patients with obstructwe azoosper- 
rma and normal spermatogenesis, some Sertoh 
cell proteins both wath light and electron nu- 
croscopy The results of  our prevaous studies 
suggested that (1) transfernn (TF) and msuhn- 
lake growth factor I ( IGF-I)  are mainly loeahzed 
an the cytoplasm of  Sertoh cells [2, 3], (2) TF  
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receptors are present mainly in adlummal germ 
cells [2], (3) type I IGF- I  receptors are present 
both m Sertoh and germ cells [3], (4) TF  and 
IGF- I  are lnternahzed into the basal compart-  
ment of  the Sertoh cells through a receptor- 
mediated endocytosis mechamsm [4], and (5) TF  
and IGF- I  are transferred from the Sertoh cells 
into the germ cells through a receptor-mediated 
endocytosis mechanism [5] 

In this paper we report the results of  the 
hlstolmmunochemlcal locahzaUon of the ~ sub- 
umt of  mhibm m the human testis Inhibm, 
a glycoprotem hormone that suppresses pitu- 
atary FSH, Is a hetero&mer of  two partmlly 
homologous subumts (u-~A or ~-]~B) Imma-  
ture and adult rat Sertoh cells m culture 
produce mhlbm [5] and the mRNAs  for ~ and p 
mhabm subumts have been recently demon- 
strated in these cells [6, 7] Recently the secreUon 
of  lmmunoreactwe and bioactwe mhabm was 
demonstrated by purified rat Ley&g cells 
m culture and the m R N A  for the ~ mhabm 
subumt was also shown In these cells [8] The 
possabihty that Ley&g cells have the capacity 
to secrete mhlbm is also suggested by the m- 
creased levels o f  lmmunoreactwe mhabm ob- 
served after L H  or hCG admmastraUon both m 
humans [9] and rats [10] So it seems likely that 
both Sertoh and Ley&g cells are mvolved m 
mhibm secreUon 
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Fig I Immunostammg of the ~ mhtbm subumt m the normal adult human testis The lmmunoreacuvtty 
Is present both m Sertoh cells (large arrows) and m spermatocytes (small arrows) Magnlficataon 385 x 

EXPERIMENTAL 

The hlstolmmunochemical locahzatlon of  
mhlbm in the human testis was performed with 
an antiserum serum against the (1-26)-Gly-Tyr 
sequence of  porcine ~ subunlt (which was a kind 
gift of  Dr  W Vale) and with an antiserum 
against the 1-32-N terminal sequence of the 
human ~ subumt (which was provided by Dr 
A Negro-Vilar) The second antlsera were 
peroxldase conjugates for light microscopy 
studies and coated with colloidal gold particles 
(15nM dia) for electron microscopy studies 
Histoimmunochemistry was performed (1) in 
human fetal testtcular tissue obtained from 
fetuses of  different gestational ages (8-14 
weeks and 36-40 weeks), (2) in testicular 
biopUc specimens obtained from 2 prepubertal 

boys who died from road accidents, and (3) 
in testlcular bloptic specimens obtained from 
adult males undergoing testicular biopsy 
for suspected abstructive azoospermia in 
whom a normal testlcular morphology was 
found 

RESULTS 

Light microscopy 

In the 8- to 14-week-old fetal testis a posmve 
lmmunostalnlng was found mainly in the lnter- 
stmal cells whereas nearly no staining could be 
observed in the germ cords In preterm fetuses 
(38 weeks of gestation) the lmmunostalning was 
present mainly in Sertoh cells and only in a few 
lnterstmal cells [11] 

Fig 2 Immunogold locahzaUon of • lnlubm m the rough endoplasmlc retmulum of 3 Sertoh cells (SC) 
Bar = l 3 #m 



Immunoreactlve ~t lnMbm m the human testis 421 

Fig 3 Immunogold labehng of ,t mMbm m the rough cndoplasmlc retmulum (rER) and m the Golgl 
apparatus (G) of a I_~y&g cell Bar = 0 75/zm Taken from Ref [I 1] with permission 

In  the prepuber ta l  testis the lmmunos t a lnmg  

was present  m the Sertoh cells bu t  could not  be 
found  m the lnters tmal  cells [11] 

In  the adul t  h u m a n  testis the l m m u n o s t a m m g  
was present no t  only m Sertolt cells, bu t  also m 
spermatocytes (Fig l) and  in some Ley&g cells 

Fig 4 (A) Immunogold labehng of ~t ml~bm m a coated pit of a spermatocyte (SP) (B) Immtmogold 
labehng of ct mhlbm m a coated vesicle of a spermatocyte (SP) SC = Sertoh cell, SP = spermatocyte 

Bar=0 18/~m 
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E l e c t r o n  m w r o s c o p y  

In the adu l t  h u m a n  testis go ld  label ing was 
found  m a m l y  in the cy top la sm o f  the Ser toh 
cells bo th  in the rough  endop lasmlc  re t lculum 
(Ftg  2) and  m the Golg l  casternae A s imilar  
pa t t e rn  o f  gold  labehng  was also found  in some 
Leydlg  cells (F tg  3). In  some spermatocy tes  
gold  labehng  was found  in coa ted  pits  and  
vesicles (F ig  4) 

D ~ C U ~ I O N  

The presence o f  a posl t tve ct lnh tbm lmmuno-  
s tmmng m the Interst i t ial  fetal  cells o f  8- to 
14-week-old fetuses suggests the poss lb lh ty  that ,  
in this pe r iod  o f  fetal hfe, the tnterst l t lal  cells not  
only  secrete tes tosterone,  bu t  also p roduce  
a n d / o r  store ~t lnh lbm The reduced  lmmuno-  
reac t lwty  found  in ln te r s tmal  cells In p re te rm 
fetuses and  the lack  o f  l m m u n o r e a c t w l t y  found  
in p repuber t a l  ln te r s tmal  cells shows tha t  this 
p h e n o m e n o n  is comctden t  with the per iods  o f  
reduced  funct ional  s teroldogenet tc  act ivi ty  o f  
these cells 

The  lmmunoh l s tochemlca l  results we ob-  
t inned m the h u m a n  adu l t  test~s suggest tha t  
bo th  Ser toh and  Leydlg  cells can p roduce  
~t m M b m  molecules  and  are  m agreement  with 
the results o f  a s lmdar  h l s to lmmunochemlca l  
s tudy pubhshed  recently[12] The  posi t ive 
~mmunos tammg for g m h l b m  we found  in 
some spermatocy tes  had  not  been p rewous ly  
repor ted ,  but  was conf i rmed by the electron 
rmcroscopy  evtdence o f  r ecep to r -med ia ted  m- 
t e rnahza t lon  o f  g m h l b m  in these cells This  
f inding suggests tha t  mhtb ln  can act  on germ 
cells by  a p a r a c n n e  mechan i sm as can o ther  

Ser toh cell p ro t ems  [4] 
However  the concept  tha t  germ cells are the 

preferentml  ta rge t  o f  Ser toh cell p ro te ins  has 
p r o b a b l y  to  be recons idered  for  ins tance m the 
case o f  T F ,  a p ro te in  which we suggested was 
t ransfer red  f rom the Ser toh  to the germ cells by  
a r ecep to r -medmted  endocytos ls  mechan i sm [4], 
we recent ly observed,  using an  m st tu  hybr id iz-  
a t ion  t echmque  with  a e D N A  probe  for  h u m a n  
T F  m R N A ,  tha t  the ana tomica l  s~te o f  T F  
express ion m the adu l t  h u m a n  testis is no t  only  
the cy top l a sm o f  Ser toh cells, as recently re- 

po r t ed  in the ra t  [13], bu t  also the cy top la sm o f  
developing  germ cells 

Acknowledgement--Tbas paper was supported by a grant 
from the University of Florence 

REFERENCES 

1 Griswold M D Protein secretions of Sertoh cells Int 
Rev Cytol 110 (1988)133-156 

2 Vannelh G B, Orlando C, Barm T,  Natah A,  Seno 
M and Balbom G Immunostammg of transfernn and 
transfemn receptor in human semlnlferous tubules 
Fert Sterd 45 (1986) 536-541 

3 Vannelh G B, Barm T,  Orlando C, Natah A,  Seno 
M and Balbom G Insuhn-hke growth factor-I (IGF-I) 
and IGF-I receptor m human testis an mmmunoMsto- 
chemical study Fert Sterd 49 (1988) 666-669 

4 Fortl G ,  Banal T,  Vannelh G B, Balbom G C, 
Orlando C and Seno M Sertoh cell proteins in the 
human senumferous tubule J Steroid Blochem 32 
(1989) 133-144 

5 Gonzales G F,  Rlsbndger G P and de Kretser D M 
In vitro synthesis and release of mtubm m response to 
FSH sUmulaUon by isolated segments of senumferous 
tubules from normal adult male rats Molec Cell 
Endocr 59 (1988) 179-185 

6 Meumer H,  Rmer C, Evans R M and Vale W 
Gonadal and extragonadal expression of mhibm a, flA 
and ~B subumts In various tissues predicts diverse 
functions Proc Natn Acad Scl U S A  85 (1988) 
247-251 

7 Toebosch A M W, Robertson D M, Trapman J ,  
Klaassen P,  de Paus R A,  de Jong F H and Groote- 
goed J A Effects of FSH and IGF-I on immature 
Sertoh cells lnhibln ~ and ,6 subumt mRNA levels and 
mhlbm secretion Molec Cell Endoer 55 (1988) 
101-105 

8 Rlsbndger G P, Clements J,  Robertson D M, Drum- 
mond A E, Muir J ,  Burger H G and de Kretser 
D M Immuno and bloactwe mtubm and mMbm 
subumt expression in rat Leydtg cell cultures Molec 
Cell Endocr 66 (1989)119-122 

9 McLachlan R I ,  Matsumoto A M, Burger H G,  de 
Kretser D M and Bremner W J The relative role of 
folhcle stimulating hormone and lutemmng hormone m 
the control ofmhibm secretion J Chn Invest 82 (1988) 
880-884 

10 Drummond A E, Rlsbndger G P and de Kretser 
D M The involvement of Ley&g ceils m the regulation 
of mhlbm secretion by the testis Endocrinology 125 
(1989) 510-515 

11 VannelhG B,Ba lbomG C , B a r m T , O r l a n d o C ,  
Seno M and Fortt G ImmunoMstochemlcal locahz- 
atlon of mhibm a subumt in the fetal, prepubertal and 
adult human testis In Molecular and Cellular Biology o f  
Reprodueuon (Edited by G Spera, L Gnessl, A Fab- 
bnm and C W Bardm) Raven Press, New York (1992) 
In press 

12 Bergh A and Ca lander S Immunohistochemtcal local- 
lzation of mhibm-~t in the testes of normal men and m 
men with testicular disorders Int J Androl 13 (1990) 
463-469 

13 Morales C, Hugly S and Griswold M D Stage 
dependent levels of specific mRNA transcripts in Sertoh 
cells Blol Reprod 36 (1987) 1035-1046 


