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H U M A N  SERTOLI CELLS IN VITRO: MORPHOLOGICAL 
FEATURES A N D  ANDROGEN-BINDING PROTEIN 

SECRETION 
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G GARUFI, T GALONI and A FABBRINI 

IstItuto dl Chmca Medtca V, "La Saplenza" UniversRy of Rome, Italy 

Snmmary--Sertoh cells play a pivotal role in the regulaUon of spermatogenem as they prowde 
the anatormcal basis of the blood-tesUs barrier In the present paper we report some results 
of our studies on the ultrastructural features, the responsweness to FSH, and the abdRy to 
secrete androgen-binding protein (ABP) of human Sertoh cells m wtro The nucleus showed 
the charactensUc foldmgs of the nuclear membrane, scattered chromatm, and a fibrlllar 
nucleolus In the cytoplasm Charcot-Boettcber crystals were present and actwe phagocytic 
actwlty was documented by the presence of vacuoles contalmng hplds and cellular debris 
Human Sertoh cells m culture responded to FSH w~th a maximal rise m cAMP that was 
approx 3-fold This response to FSH Is comparable to that reported for the adult rat but lower 
than that of the ~mmature rat, and suggests that human as well as rat Sertoh cells could have 
a reduced response to FSH since sexual maturation was achieved As no ewdence has been 
reported on ABP secretion by human Sertoh cells m culture we evaluated the concentrauon 
of th~s protein m the Sertoh cell spent medm Human Sertoh cells m culture produced ABP 
and the response to FSH was dose-related The Kd value of human ABP (hABP) was approx 
7 5 nM, being shghtly higher than that of the rat ABP and an order of magmtude different 
from that of sex hormone-binding globuhn (SHBG) present m human plasma We also 
measured the association and d~ssoclat~on rates of d~hydrotestosterone-hABP complexes and 
the Ka/Ka ratio was very close to the value of Kd of the Scatchard analysis The dtfferences 
between hABP and SHBG may open the way to the selectwe measurement of ABP m many 
condmons of male lnfertlhty 

INTRODUCTION 

Sertoh cells play a pwotal  role in the regulation 
of  spermatogenesls They prowde the anatom- 
ical basis of  the blood-testis barrier which segre- 
gates meloUc and postmelotlc germ cells Thus 
the mtcroenvlronment that makes it possible for 
the meiosis and spermlogenes~s to take place is 
deeply condmoned by Sertoh cells [1, 2] 

In v t t ro  ammal  models have been especmlly 
helpful m the mvestlgaUon of  Sertoh cell func- 
tion, but not much is known about  human 
Sertoh cells [3-5] even though more reformation 
is badly needed for the understanding of  the 
wide area of  male mfertlhty due to altered 
spermatogenesls, whose causes are stdl obscure 
In the present paper  we report some results of  
our studies on the ultrastructural features, the 
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responsiveness to FSH, and the ablhty to secrete 
androgen-binding protein (ABP) of  human 
Sertoh cells m w t r o  ABP differs from sex 
hormone-binding globuhn (SHBG) m its affimty 
for androgens and binding kinetics 

MORPHOLOGICAL FEATURES OF HUMAN 
SERTOLI CELLS IN VITRO 

The Sertoh cells spread mto a continuous 
monolayer 24-36 h after seeding. At the electron 
rmcroscope the nucleus showed an ovoidal 
shape wRh the typical enfoldment of  the nuclear 
membrane and the chromatme was finely 
scattered (Fig 1) The nucleolus was composed 
of  a fibnllar and compact  portion, and only 
occaslonaUy showed the complex tnpartRe 
structure wRh two canosomcs typical of  rodent 
Sertoh cells [6] 

The cytoplasm contained Charcot-Boet tcher  
crystals, found only m human Sertoll cells, and 
mlcrofibres and intermediate fibres which are 
constituted by vlmentm in the rat [7] and have 
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Fig 1 Ultrastructural features of human Sertoh cells m culture The ovoid nucleus shows foldmgs of the 
nuclear membrane (arrows) N nucleolus which displays a fibnllar aspect Charcot-Boettcher crystals 

(asterisk) 

an xmportant role in the structural changes 
of the cytoskeleton and thus of the Sertoh cell 
shape The Golgl complex, and the endoplasmlc 
retlculum, both rough and smooth, were usually 
well developed Sometimes the smooth endo- 
plasmlc reuculum was orgamzed m concentric 
"lamellae" surrounding hpld droplets and dls- 
playmg pores ("annulatae lamellae")[8] The 
tmtochondna had a double morphological 

pattern more frequently they were elongated 
and &splayed tubular crlstae, sometimes had a 
roundish shape 

Vacuoles containing hplds (Fig 2), cellular 
debris and sometimes whole germ cells were 
frequently encountered suggesting that cultured 
Sertoh cells retained, or even enhanced, their 
phagocytic actwlty Thns actmty was also docu- 
mented indirectly by the hlstochemlcal posmv- 

Fig 2 Ultrastructural aspects of phagocytnc activity of human Sertoh cells in culture Membrane-bound 
hpld material (astensk), and several vacuoles containing amorphous material are present (arrows) 
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Ftg 3 Marked hlstochemlcal posmvlty for acid phosphatase acuwty of human Sertoh cells m mtro 

lty for acid phosphatase (Fig 3), as this enzyme 
is prevalently located m the lysosomes 

In rat Sertoh cells both the number of the 
lysosomes and acid phosphatase acuwty are at 
their highest point at stage VII and VIII [9], 
dunng which spermmtlon and detachment of 
the "residual bodies" take place Phagocytosls 
of the residual bodies by Sertoh cells appears 
to be an autonomous actwlty not influenced 
by any hormonal sumulus [10], and has been 
proposed as a mechamsm of local regulauon of 
the spermatogenesls 

cAMP RESPONSE TO FSH OF HUMAN 
SERTOLI CELLS I N  V I T R O  

As many mvesugatlons, mainly on rodent 
Sertoh cells, have documented[l, 11], FSH 
sUmulates many actlwt~es of these cells, mclud- 
mg cellular duphcaUon, changes m the cyto- 
skeleton, and energy metabohsm [12] 

In the rat, the pattern of cAMP response to 
FSH ~s age-dependent the response progress- 
lvely increases up to 18 days after birth, when 
it is maximal, and then abruptly decreases to 
remain blunted m adult ammals [13, 14] 

In our investigations adult human Sertoh 
cells m culture responded to FSH with a rise 
in cAMP, confirming that human, like other 
mammahan, Sertoh cells are responsive to FSH 
(Fig 4) The max]mal response consisted of an 
approx 300% mcrease m cAMP, with an order 
of magnitude comparable to that reported for 
the adult rat, and defimtely lower than that of 
the ~mmature rat 

Experimental evidence on the pattern of 
cAMP response to FSH with age in man is not 
avadable, but our data suggest that human as 
well as rat Sertoh cells could have a reduced 
response to FSH smce sexual maturation was 
achieved 

The cause of th~s phenomenon is not yet 
completely elucidated It has been suggested 
that m the adult rat the blunting of the response 
~s modulated by the appearance of germ cells 
more mature than spermatogoma, e g sperma- 
tocytes and spermauds[15] Many funcUons 
of Sertoh cells, mcludlng the binding of FSH 
and ABP secretion, change along the stages of 
spermatogenesls [16] Also the cAMP response 
to FSH changes m a cychc fashion and is 
maximal at stages I-VI 

At the present Ume it cannot be excluded, 
but remains to be proven, that the reduced 
responsweness to FSH rmght be due to, 
or have partmlly common mechamsms with, 
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Fig 4 Dose-related cAMP response to FSH of human 
Sertoh cells m culture 
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desensitization, In which reduced adenylate 
cyclase activity and the acttvaUon of  a phospho- 
&esterase with high affimty for cAMP were 
involved [17, 18] 

ABP SECRETION BY HUMAN SERTOLI CELLS 
I N  VITRO 

ABP was first detected m the rat epi- 
dldymls [19] and subsequently It was shown to 
be produced by Sertoh cells [20, 21] and con- 
sldered a parameter of  test~cular function 

The rat ABP consists of  two subumts (41,000 
and 45,000 Da on SDS-PAGE [22]) designated 
as rABP L and H [23] The two components are 
not present In a 1 1 ratio but rABP H and L 
occur in the ratio of  3 1 suggesting that the 
native rABP is not a simple hetero&mer, but is 
a mixed hybrid system including the combi- 
nations of  45-45, 45-41 and 41-41 kDa &mers, 
m whtch the first two kinds of  &mer predomi- 
nate [23, 24] 

The human ABP (hABP) in extracts of  
human testes is composed of  two molecular 
species, based on eoneanavalin A (ConA)- 
Sepharose chromatography Form I hABP does 
not interact with ConA while Form II hABP 
binds to ConA [25] 

The H and L protomers of Form I hABP were 
reported to have an apparent Mw of  55,000 and 
52,000, and to usually be present in a 4 5 ratio 
(H L) The two components of  Form II hABP 
have an apparent Mw of 53,000 and 48,000, 
respectively, and exist in a ratto of  approx 
20 1125] 

SHBG, which is similar to Form II hABP 
with respect to ConA binding, has &screte H 
and L protomers in a 10 1 ratio Form I hABP 
differs from SHBG in ConA binding, carbo- 
hydrate structure, and perhaps in amlnoacId 
sequence, as suggested by the different proteo- 
lytlc patterns [25] 

Comparison of the amlnoacId sequences of 
rat ABP and hSHBG have shown that the two 
proteins each contain 373 residues and share 
68% homology [26] This high degree of  simi- 
larity existing between proteins from two &ffer- 
ent species suggests that they may be encoded 
by a single gene In addition, a comparison of  
the organization of the hSHBG and rat ABP 
genes in&cates that they are well conserved and 
differ essentially only with respect to the s~zes 
and sequences of mtrons between exons 5, 6, 7 
and 8 [27] In conclusion, at the present Ume a 
largely shared opinion is that the &fference in 
physicochemlcal properties between SHBG and 

ABP may be attributed to heterogeneity in 
carbohydrate composition 

ABP is secreted bldlrectaonaUy into the seml- 
mferous tubules down to the epididymls [28, 29] 
and, at least from days 15 to 40 of postnatal 
life m the rat, into the blood [30, 31] Testlcular 
production m the rat is increased by FSH and 
testosterone [32] The rat ABP eDNA has been 
used to assess the influence of testosterone, 
FSH, and a combination of  both hormones, on 
the relatwe amount  of  ABP mRNA in the testis 
of  hypophysectonuzed ammals m v w o  [33], as 
well as m Sertoh cells grown m v i t r o  [26] FSH 
increased the abundance of  ABP mRNA, but 
testosterone increased ABP mRNA levels and 
augmented the effect of  FSH only in the intact 
testis The mablhty of  testosterone to induce 
ABP mRNA levels m cultured Sertoh cells 
supports the proposal that androgens may 
influence Sertoh cells indirectly by inducing a 
pentubular cell protein (PMod-S) that modu- 
lates Sertoli cell function [34] 

As no evidence has been reported on ABP 
secreUon by human Sertoh cells m culture, we 
evaluated the presence of  ABP m the human 
SertolI cell spent media by a specific binding 
assay on DEAE-BIogel In addmon the effect of  
FSH on hABP secreUon was assessed m cultures 
grown in chemically defined medium 

Our data, elaborated according to the 
Scatchard plot analysis, documented that 
human Sertoh cells in culture produce ABP 
(28 4 + 6 3 fmol//z g DNA/day) and that the re- 
sponse to FSH is dose-dependent, with a maxi- 
mal production of  ABP of  106 4 + 20 8 fmol/#g 
DNA/day (Fig 5) 
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stimulated m a dose-related fashion by FSH 
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All values gave an equdlbnum dlssocmtmn 
constant (Kd) approx 7 5 nM (Fig 6), corre- 
sponding to a hlgh-affimty complex whose 
K. = 1 4 x l0 s M -~ The admmlstratmn of  
FSH did not change the aflimty of hABP for 
[aH]dlhydrotestosterone (DHT) 

The assocmtmn and d~ssoclatmn rates of  
[3H]DHT-hABP complexes were also evaluated 
For  the measurement of the rate of  assocmtlon, 
100 #1 of  medm were incubated with [3H]DHT 
for 3-180 nun and the binding was evaluated by 
the Bin-Gel assay F]gure 7(a) shows that the 
hnear plot was consistent w~th a second-order 
reactmn and that the slope corresponded to the 
assocmUon rate Ka = 1 15 x 104 M -  t S-  

The measurement of  the d~ssocmtmn rate of  
h A B P - D H T  complexes was performed after 

Table I Some physacochmmeal and bmchngfeaturvsofhABP, rABP 
and SHBG 

hABP rABP SHBG 

K d 75nM 4nM 07nM 
tl/2 of complex (nun) 100-140 Y6 70 
Heat senslUwty Sensitive Stable Sensmve 

at 50°C at 50°C at 50°C 
Opttmal pH for binding 8 (6-9) 8 (6 5-9) 
Smhc aead content + - 

exposmon to a large excess of  radmmert D H T  
for 3-360 nun Figure 7(b) shows the reaction 
was of  first-order and the dissociation rate 
constant was Ka = 8 4 x 10 -s S -~ The half- 
hfe (tv2) of  the h A B P - D H T  complexes was 
137 5 + 22 8 nun The ratio of  both dlssocmtlon 
and assocmtmn rate constants (Kd/K.) was 
7 304, very close to the value of  Ka obtained by 
Scatchard analys~s 

Our results show that the Ka value of  hABP is 
shghtly higher than that of  the rat ABP [35, 36], 
an order of  magmtude different from that [37] of  
SHBG present m human plasma 

In Table 1 some differences among hABP, rat 
ABP and TeBG, based on the present and other 
reports, are hsted Of particular interest are the 
differences between hABP and SHBG that may 
open the way to the selectwe measurement of  
hABP, as a marker of Sertoh cell function, m 
many condmons of male mfertd~ty 
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