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Summary. Testes from five male-to-female trans- 
sexuals removed during sex-reversal surgery after 
administration of estrogens were studied histologi- 
cally and with immunoperoxidase procedures to 
locate estrogen receptors (ER) and related anti- 
gens. Atrophy of the seminiferous tubules was ob- 
served in all cases; its degree, and a marked de- 
crease in Leydig cells, correlated with low plasma 
gonadotropin levels (rather than with the duration 
of treatment). In all cases, the rete testis appeared 
hyperplastic and the other components (efferent 
ductules, epididymus) well preserved. The efferent 
ductules proved to be the only structure where ER 
can be located by the ER-ICA procedure, whereas 
staining for the p 29 ER-associated antigen is 
strongly positive both here and in the rete testis. 
The immunocytochemical data, in parallel with the 
observed biological effects, indicate that the rete 
testis and the efferent ductules and, to a minor 
degree, the epididymus and Leydig cells are the 
main direct targets of  estrogens in the human testis. 
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Introduction 

The role of estrogens in the physiological and path- 
ological modulation of growth and function of the 
different tissue components of the human testis is 
poorly understood. Estrogen treatment has been 
shown to induce testicular atrophy in elderly pa- 
tients with carcinoma of the prostate (Oshima et al. 
1974). Furthermore, estrogen receptors have been 
detected by Murphy et al. (1980) in the epididymus 
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but not in the testis proper by means of biochemi- 
cal assay; their immunocytochemical location has 
not yet been described, however. 

New information on the hormone targets and 
related changes can be obtained by studying the 
morphology and function of the testis of  male-to- 
female transsexuals subjected for variable months 
or years to a heavy regimen of estrogen administra- 
tion prior to plastic surgery. 

In this paper, we report a histological and im- 
munohistochemical comparison of male-to-female 
transsexuals and normal testes. Specific monoclon- 
al antibodies and an immunoperoxidase procedure 
were used to detect estrogen receptors (ER) and 
related antigens. These techniques provide the in- 
formation on target cells and tissues needed for 
interpretation of the effects of  estrogen on the tes- 
tis. 

Material and methods 

The testes (didymus and epididymus) of 5 transsexuals aged 25 
59 removed during sex-reversal were examined. 

All patients had received 4~50 mg/week of polyestradiol 
phosphate, for varying periods (see Table I). The patients were 
asked to withdraw the treatment 10 days before surgery. 

Both gonads were put on ice and immediately brought 
to the laboratory. After careful dissection, they were measured. 
Selected blocks were then a)frozen in liquid N2 for cryostat 
sectioning or b)fixed in methacarn (Puchtler et al. 1970) for 
histology and immunohistochemistry (see below). 

The following normal testes served as controls : 
1. from 2 patients aged 67 76 who underwent orchiectomy for 
prostatic carcinoma not preceded by estrogen management 
2. from 2 subjects aged 56-62 autopsied 24 h after road accP 
dents. 

Histology and immunohistochemistry. Methacarn-fixed, paraffin 
embedded tissue sections were stained with haematoxylin-eosin. 
Other sections were immunostained with the D5 monoclonal 
antibody (kindly supplied by Dr. Roger King, Imperial Cancer 
Research Found of London, UK) recognizing a 29 kd phospho- 



410 

Table 1. Clinical and pathological data 
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Case Age Estrogen treatment Testis dimensions 
(mouths) (mm) 

Plasma hormone levels 

FSH mU/ml  LH mU/ml  E pg/ml T ng/ml 

1 25 60 25 x 20 x 15 
2 59 6 30 x 25 x 15 
3 28 96 30 x 25 x 15 
4 29 18 30 x 25 x 15 
5 22 24 30 x 20 x 16 

1.2 5.2 376.3 0.34 
53.9 42.9 8.6 2.8 
47 66.1 13.2 8.12 

1.6 3.5 101.9 0.89 
20.6 27.3 31.8 4.2 

Normal  testis dimensions : 42 x 38 x 25 mm 
FSH: Follicle Stimulating Hormone,  normal value 4.5-20 mU/ml  
LH: Luteinizing Hormone, normal value 4.5-20 rnU/ml 
E: Estradiol, normal value 10-57 pg/ml 
T : Testosterone, normal value 3-11 ng/ml 

protein (p 29) associated with estrogen receptor (ER) (King 
et al. 1985). They were brought  through graded alcohols to 
phosphate-buffered saline (PBS) and were treated with 3% hy- 
drogen peroxide in PBS to remove endogenous peroxidase ac- 
tivity, treated with non- immune goat serum diluted 1:50 in 
PBS, and then with D5 monoclonal antibody 1 : 50 in PBS over- 
night at room temperature. Parallel control sections were 
treated with normal mouse serum diluted 1:50. The test and 
the control sections were treated with horse anti-mouse biotiny- 
lated antibody diluted 1:500 in PBS (Vector, CA, USA) and 
then with the ABC (avidin-biotin peroxidase complex) reagent 
(Hsu et al. 1981). The reaction was developed with diaminoben- 
zidine; the nuclei were counterstained with haemalum and the 
slides were mounted in balsam. 

A human breast carcinoma strongly reactive with the D5 
antibody and with a high ER level as detected by the dextran- 
charcoal method (see Pietribiasi et al. 1986) was stained in par- 
allel, as a positive control. 

The ER-ICA procedure (King and Green 1984) was em- 
ployed to locate ER with the specific monoclonal antibodies 
produced by Abbot t  Laboratories (Wiesbaden, FRG).  Fresh 
sections were collected on slides and immediately fixed in 3.7% 
phosphate-formaldehyde for 10-15 rain and then in methanol 
and acetone at - 2 0  ° C (5 min and 5 s, respectively), according 
to the manifacturer 's  instructions. The binding of the rat anti- 
body was revealed by peroxidase conjugated anti-rat immuno- 
globulin antiserum. After DAB-H202 development, the nuclei 
were counterstained with methyl green. 

Smears of an estrogen-dependent mammary carcinoma cell 
line (MCF-7) were used as control. 

Results 

All the transsexual testes were atrophic and smaller 
than normal. No relationship was found between 
the degree of  atrophy (gross and microscopic - 
see below) and the duration of  estrogen treatment, 
however. A correlation was established between 
extent of  atrophy and the plasma levels of  gonado- 
tropins (FSH and LH), estradiol and testosterone 
(tested at the time of  operation) (see Table 1). 

The seminiferous epithelium shows similar al- 
terations in all subjects, irrespective of  serum hot- 

mone values or duration of  treatment: the germ 
cell maturation is blocked at spermatogonium 
stage; the Sertoli cells appear hyperplastic and the 
only type detectable in some areas. Hyalinosis and 
thickening of the basal membrane of the tubules 
appears more prominent in cases 1 and 4, which 
are also devoid of  Leydig cells (Fig. 1). In the other 
patients, and especially in case n. 5 (Fig. 2) a mod- 
erate degree of  tubular sclerosis correlates with the 
presence of  Leydig cells arranged in relatively large 
groups. Their structure is preserved with distinct 
Reinke crystalloids, but focal cytoplasmic vacuola- 
tion. Their gonadotropin levels were slightly in- 
creased, whereas their testosterone and estrogen 
values were normal. 

In all patients, the fete testis and the efferent 
ductules of  the epididymus appear not only pre- 
served, but display various degrees of  hyperplasia. 
The epithelium of the fete testis is thickened and 
the cells are cuboid or columnar, not flattened as 
in controls (Figs. 3 and 4). Pluristratification and 
inter-anastomosing cristae are observed in the epi- 
thelium. 

The epididymal ciliated cells are well preserved 
and similar to those of  the controls; in case 5, the 
basal cells are prominent and the epithelium is of  
increased thickness. 

The two monoclonal antibodies, one directed 
against estrogen receptors and one (D5) against 
the 29 kd estrogen receptor associated phospho- 
protein, give a different staining distribution; the 
results obtained in various testicular tissues are re- 
ported in Table 2. D5 monoclonal is reactive on 
fixed and embedded tissue sections and even on 
autopsy material, whereas the ER-ICA method 
can only be used on fresh-frozen tissues. A similar 
distribution is obtained in the control and transsex- 
ual testis. D5 gives a uniform cytoplasmic staining 
of  the smooth muscular components of  the blood 
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Fig. 1. Testis of a subject treated for 60 months with estrogens. Disappearance of the Leydig cells and marked atrophy of the 
seminiferous tubules ; a few spermatogonia are still present. (H and E, x 198) 

Fig. 2. Case 5. Moderate degree of tubular sclerosis and relative hyperplasia of the interstitial Leydig cells. (H and E, x 198) 

Figs. 3 and 4. The rete testis more prominent in estrogen-treated subjects (Fig. 3) as opposed to controls (Fig. 4). In the former, 
the cells are columnar and the epithelium pluristratified and with inter-anastomosing cristae. (H and E, x 198) 
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Figs. 5 and 6. Testis of a transsexual subject. 
Immunocytochemical staining with the D5 antibody 
detecting the p 29 ER-associated antigen is strongly 
positive on the cytoplasm of cells of the rete testis 
(Fig. 5) and of the efferent tubules (Fig. 6). Nuclei 

~ counterstained with Haemalum ( x 198) 

Fig. 7. Case 5. Estrogen receptors, located by the ER- 
ICA procedure, are only detectable in the nuclei of the 
columnar cells of the efferent ductules. ( x 220; 
inset: x 331) 
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Table 2. Immunocytochemical  staining of  estrogen receptor-re- 
lated-antigens in testicular tissues 

D5 E R - IC A  

Seminiferous tubules - 
Interstitial vessels + - 
Interstitial cells + - - 
Rete testis + + - 
Efferent ductules + + + 
Epididymus (*) - 

(*) Weak staining of  the basal cells 

vessels and of the epididymus, a rather weak reac- 
tion on the Leydig cells (visible in controls and 
in cases 2, 4 and 5) and in the basal cells of  the 
epididymus; a strong reaction, instead, is observed 
in the rete testis cells and in the efferent ductules 
(Figs. 5 and 6). D5 is completely negative in the 
seminiferous tubules. A positive reaction with the 
anti-estrogen receptor antibody (ER-ICA proce- 
dure) is only found in the nuclei of  the columnar 
cells of  the efferent ductules (Fig. 7). 

Discussion 

Tubular atrophy (inhibition of spermatogenesis 
and marked thickening of the basement mem- 
brane) and disappearance of the Leydig cells is 
commonly described in the literature dealing with 
the testicular alterations in estrogen-treated pa- 
tients (Oshima et al. 1974). 

In all our transsexuals, the epithelium of the 
seminiferous tubules was formed mainly of Sertoli 
cells and only a few spermatogonia were still recog- 
nizable. Marked hyalinization, stromal sclerosis 
and disappearance of Leydig cells was only found 
in cases 1 and 4 irrespective of the reported dura- 
tion of estrogen treatment. The effect of  estrogen 
on the testis may, however, be direct or mediated 
through induced changes in gonadotropin levels. 
The Leydig cells of our patients with increased 
gonadotropin levels (nos 2, 3, 5) showed features 
interpretable as hyperplasia, similar to those de- 
scribed by Hatakeyama (1965). A direct influence 
of estrogens on Leydig cells may, never the less, 
be suggested in the light of  experimental studies 
in mice on the presence of ER (Tarakawa et al. 
1982) and on the uptake of 3H-estradiol by these 
cells (Stumpf 1969), as well as by our immunocyto- 
chemical observation of their positive staining with 
the D5 antibody. This is known to reveal an ER- 
related protein (King et al. 1985; Cano et al. 1986). 
Individual differences in the type of LH response 
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to estrogen administration in heterosexual, homo- 
sexual and transsexual males have been reported 
by Gooren (1986). 

We cannot explain the discrepancies observed 
in the effects of  reportedly similar estrogen treat- 
ments in our cases of transsexuals, irrespective the 
duration of treatment. Congenital or acquired dif- 
ferences in reaction to estrogen seem the only ex- 
planation. 

The present study indicates that the main target 
of  estrogen stimulation in the testis is the epididy- 
mus and rete testis. Biochemical studies had al- 
ready shown that ERs are located in the epididy- 
mus (Murphy et al. 1980): our immunocytochemi- 
cal investigation with an anti-ER monoclonal anti- 
body (ER-ICA procedure; King and Green 1984) 
has indicated that the ductuli efferentes are the 
only positive area in the testes of both controls 
and estrogen-treated subjects. Staining with D5 an- 
tibody gave a less restricted location since the rete 
testis and epididymus were also strongly positive. 
The smooth muscle component is also known to 
stain positively with this monoclonal (King et al. 
1985). 

The exact significance of the p 29 protein is un- 
known (Coffer et al. 1985). In our opinion, its loca- 
tion points to a topographic distribution of  estro- 
gen-dependent areas in the testis more in keeping 
with the observed biological effects than that pro- 
vided by biochemical analysis or ER-ICA staining. 

A common finding in our transsexuals was cel- 
lular hypertrophy and hyperplasia of the rete testis 
and, to a minor degree, of the ductuli efferentes 
and of epididymal ductal epithelium. In the only 
previous investigation of histology of the testis in 
transsexuals (Rodriguez-Rigau et al. 1977) and in 
studies on elderly estrogen-treated patients with 
prostatic carcinoma (Oshima et al. 1974), no men- 
tion was made of the structure of the fete testis 
and of epididymus. Our suggestion that the fete 
testis is an estrogen-dependent area seems to fit 
in with Newbold et al.'s observations (1985) of a 
high frequency of rete testis hyperplasia and even 
adenocarcinoma-like lesions in mice exposed to 
diethylstilbestrol prenatally. The embryology of 
the rete testis is still controversial (Carlon and 
Stahl 1973); Byskow (1978) suggests a meson- 
ephric tubular origin for the system, which agrees 
with the estrogen-dependence observed. The possi- 
ble estrogen dependency of the rare adenocarcino- 
mas of the rete testis (Schoen and Rush 1959; Yos- 
hitomi and Morii 1984) and of testicular tumors 
occurring in subjects exposed in utero to diethyl- 
stilbestrol (Depue et al. 1983) requires investiga- 
tion in this connection. 
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