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Abstract
Introduction. There is evidence that disturbed spermatogenesis is associated with impaired Leydig cell function 
and that it may be the result of testicular dysgenesis during fetal/infant development. Sertoli cell-only syndrome 
(SCOS) is defined by complete lack of germ cells in the seminiferous epithelium. The pathogenesis of SCOS 
is still not well understood. The aim of the study is to evaluate testes with SCOS focusing on morphometric 
signs of testicular dysgenesis and markers of Leydig cell (LC) function in relation to hormonal status of studied 
infertile men.
Materials and methods. Forty-nine testicular biopsies of patients with SCOS and 15 controls with normal sper-
matogenesis (NOR) were studied. In each biopsy the seminiferous tubule diameter (STD), thickness of tubular 
membrane (TM), area fraction of intertubular space (AFIS) were measured and semi-quantitative assessment of 
the LC number was performed (LC-score). The results of histological examination were correlated with serum 
levels of FSH, LH, testosterone (T) and T/LH ratio.
Results. In SCOS group testicular volume (median [M]: 16.0 vs. 29.5; p < 0.001) and STD (M: 141.7 vs. 190.2;  
p < 0.001) were lower, while TM (M: 9.8 vs. 6.4; p < 0.001) and AFIS (M: 47.6 vs. 27.6; p < 0.001) were signif-
icantly higher in comparison to NOR group. LC-score was higher in SCOS than in NOR group (M: 2.2 vs. 1.1;  
p < 0.001). Abnormal AFIS and STD were present in 43% of SCOS biopsies and among them in 81% the increased 
LC-score was found. In SCOS group, the subjects had significantly higher levels of both gonadotropins (FSH, 
M: 19.9 vs. 3.4; p < 0.001; LH, M: 7.1 vs. 4.2; p < 0.001). Total serum testosterone level did not differ between 
studied groups; however, T/LH ratio was significantly lower in SCOS group (M: 2.3 vs. 3.8; p < 0.001). Negative 
correlation between LC-score and STD was observed in SCOS group (r = –0.48; p < 0.001). AFIS correlated 
positively with serum FSH level in NOR (r = 0.53; p < 0.05) and SCOS (r = 0.41; p < 0.05) group, while with 
LH, and negatively with T/LH ratio, only in SCOS (LH, r = 0.37; p < 0.05; T/LH, r = –0.36; p < 0.05) group. 
Conclusions. We have shown that substantial number of testes from subjects with SCOS presented abnormal 
morphometric features, which are recognized as the signs of testicular dysgenesis. Additionally, an increased 
number of Leydig cells simultaneously with abnormal T/LH ratio were found, which suggests an impaired function 
of these cells. Increased serum levels of LH and also FSH, may reflect dysfunction of Leydig cells. It seems that 
reproductive hormones levels reflect also the condition of testicular structure, and that FSH may be related to 
the changes in intertubular space area independently of impaired Leydig cell function. (Folia Histochemica et 
Cytobiologica 2020, Vol. 58, No. 2, 73–82)
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Introduction

Infertility is a problem that affects approximately 15% 
of couples trying to conceive after at least one year of 
regular, unprotected intercourses. The male factor is 
believed to contribute alone or in combination with 
female factor to difficulties in achieving pregnancy 
in 50% of cases [1]. Male infertility can be caused by 
wide range of conditions identified at pre-testicular, 
testicular and post-testicular level. It can results from 
anatomical or genetic abnormalities, endocrine, sys-
tematic or neurological diseases, infections, trauma, 
iatrogenic injury or gonadotoxins [2]. Also other 
factors such as excessive oxidative stress, improper 
lifestyle habits and sperm DNA fragmentation have 
been recently extensively studied as one of the mech-
anisms of male infertility [3–5]. 

The most severe form of human male infertility 
is Sertoli cell-only syndrome (SCOS), sometimes 
called germinal aplasia, a condition that is defined by 
a complete lack of germ cells, but preserved Sertoli 
cells in the seminiferous tubules [6]. It is estimated 
that about 5–10% of infertile men may have SCOS; 
however, its incidence may reach 39% in patients with 
non-obstructive azoospermia (NOA) [7] 

The pathogenesis of the syndrome is still not well 
understood. Presumably, in congenital germ cell 
aplasia, primordial germ cells do not migrate from 
the yolk sac into embryonic gonad [8, 9]. The SCOS 
may also result from factors damaging spermato-
genic epithelium such as toxic exposure, including 
chemotherapy, irradiation or hormonal factors. 
Cryptorchidism or viral orchitis have also been asso-
ciated with the appearance of SCOS [6, 10]. Among 
genetic factors the most frequent are chromosomal 
abnormalities (e.g. Klinefelter syndrome) as well as 
deletions in AZF (azoospermia factor) region of the 
Y chromosome [11]. 

It is well recognized that significant proportion 
of patients with SCOS had elevated levels of follicle 
stimulating hormone (FSH) [7, 12]. However, in some 
cases FSH concentrations are within normal range 
what may indicate selective malfunction of seminifer-
ous tubules [13]. Usually, the patients present normal 
levels of luteinizing hormone (LH) and testosterone 
(T), but some of them may present a decreased T/LH  
ratio resulting from slightly increased LH level and 
low-normal or decreased T level [7, 12, 14]. As hor-
mone levels do not always distinguish normal testic-
ular function from impaired spermatogenesis, the 
final diagnosis can be made only by testicular biopsy. 

In cases of primary SCOS seminiferous tubules 
may have only slightly reduced diameter and normal 
tubular wall thickness. Contrary, in cases of secondary 

(acquired) SCOS, the tubular wall may be thickened, 
the seminiferous tubules diameter reduced and Sertoli 
cells may show signs of degeneration [6]. Not uncom-
mon histological feature of SCOS is increased number 
of Leydig cells, which together with reduced T/LH is 
recognized as a marker of impaired Leydig cells func-
tion [7, 12, 15]. It was shown that the T/LH ratio might 
be lower in men with disturbed spermatogenesis when 
compared to men with normal spermatogenesis [12, 
14, 16]. Additionally, the cut-off value at 2 for T/LH  
ratio was recently established based on data from  
a cohort of 127 subjects with normal spermatogene-
sis [16]. This Leydig cell dysfunction may reflect the 
lack of paracrine signals from the disturbed tubular 
compartment or may be a consequence of testicular 
dysgenesis during fetal/infant development [14, 15, 
17, 18]. Additionally, apart from increased number of 
Leydig cells, the morphometric features such as de-
creased seminiferous diameter, increased tubular wall 
thickness and wide intertubular space may account 
for the signs of disturbed testicular organogenesis 
(dysgenesis) [19, 20].

Although testicular biopsy is the key tool in diag-
nostic work-up of azoospermic men, very often the 
process of evaluation of testicular tissue is focused 
primarily on the spermatogenic compartment with 
poor description of intertubular space and morpho-
metric features of testicular tubule.

The aim of this study is to evaluate testes of pa-
tients with SCOS focusing on morphometric features 
of testicular dysgenesis and markers of Leydig cell 
function in relation to hormonal status of studied 
infertile men.

Materials and methods

The study protocol was approved by the Bioethics Com-
mittee of the Medical University of Lodz, Poland (No. 
RNN/14/15/EC). 

Subjects and clinical data. To this retrospective study we 
included 49 men (age 19.6–43.8, median 31 years) with his-
tological diagnosis of SCOS and 15 subjects (age 23.4–38.2, 
median 29.5 years) with normal spermatogenesis (NOR) ob-
served in histological analysis as controls. All subjects were 
diagnosed because of azoospermia in semen analysis during 
the period 2005–2010. The most frequent andrological 
finding among SCOS subjects was history of cryptorchidism 
(18%; 9/49). Other alterations such as atrophy of contralat-
eral testis, testicular microlithiasis found on ultrasonography 
or germ cell tumor in the contralateral testis were observed 
in 14% of the subjects (7 out of 49). 

The paraffin embedded testicular biopsies as well as the 
subjects’ medical history were available in the Department of 
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Andrology and Reproductive Endocrinology of the Medical 
University of Lodz. Testicular biopsies were taken in the  
II Department of Urology, Medical University of Lodz.

The bilateral biopsy was taken only in 5 cases. The histo-
logical pattern was consistent on both sides, thus the mean 
value was calculated from data obtained from histological 
and morphometric assessment of both testes. 

Before testicular biopsy the subjects underwent physical 
examination and the testes volume was measured by ultra-
sonography. Hormonal measurements were performed in 
55 subjects (SCOS = 40 and NOR = 15) as a part of their 
diagnostic workup. Serum concentrations of FSH, LH, total 
testosterone (T) were determined using enhanced chemi-
luminescence method for VITROS ECi Immunodiagnostic 
System with MicroWell technology utilizing commercially 
available VITROS Reagent Packs for the hormones accord-
ing to manufacturer instruction (Ortho-Clinical Diagnostics 
Johnson and Johnson, UK). Hormonal determinations 
were performed in the laboratory of the Clinical Hospital 
of Medical University of Lodz. Additionally, ratio T/LH 
was calculated. 

None of the subjects had hypogonadotropic hypog-
onadism, any chronic disease, Klinefelter syndrome or his-
tory of hormonal treatment. However, the patients did not 
have genetic analysis of AZF deletions. Although currently 
AZF deletions are examined routinely, 10 years earlier they 
were not tested in every patient. 

Tissue preparation and histological analysis. All testicular 
biopsies were handled at the histological laboratory of the 
Department of Andrology and Reproductive Endocrinology, 
Medical University of Lodz. The subjects tissue samples 
were fixed in Bouin’s solution, embedded in paraffin, cut at 
5 μm-thick serial sections and transferred onto microscopic 
slides. After dewaxing and rehydration, the sections were 
stained with hematoxylin and eosin. 

Histological analysis of spermatogenesis included  
a qualitative and quantitative evaluation of seminiferous 
epithelium in 50 tubules and calculation of the modified 
Johnsen Score (JS) was performed to confirm the histolog-
ical pattern of complete SCOS and NOR in the biopsies. 

Morphometric analysis. Morphometric measurements of 
seminiferous tubules diameter (STD), the thickness of tubular 
membrane (TM) as well as the areal fraction of the biopsy 
occupied by intertubular space (AFIS) were performed with 
utilization of an image analysis system. The system consists of an 
Eclipse E600 light microscope with a connected camera Nikon 
DS-Fi1c and software NIS-Elements AR Ver. 3.2 for image 
analysis (Nikon, Tokyo, Japan). Slides were viewed and docu-
mented at 100× and 200× total magnification (objective 10×).

The measurements of STD and TM were performed in 
tubules with a circular shape. For each tubule the length of 
two diameters was measured. Measurements were taken 

from 25 tubules for each testis, at 200× magnification, and 
then the mean value was calculated.

To measure AFIS, the microscopic image of the biopsy 
was visualized on a computer screen where, with the use of 
an image analysis software, a standardized frame of a known 
size was placed. The size of the frame was 870 × 652 μm  
which corresponds to an area of 567 240 μm2 covered in the 
microscopic image of the biopsy at a 100× magnification. 
For each testicular biopsy an area of every single seminifer-
ous tubule or its part present inside the frame was manually 
delineated (Fig. 1). The total area of intertubular space (IS) 
was then calculated by subtraction of the total area of seminif-
erous tubules from the frame area. In each case the data were 
collected from 10 images per each slide which corresponds to 
analyzed area of 5.7 mm2. Finally, the AFIS was calculated 
as a percentage of the analyzed biopsy area occupied by IS.

The normal values of STD, TM and AFIS were defined 
upon the data of previous studies [19, 21, 22]. The following 
values were recognized as parameters of testicular dysgen-
esis: STD < 150 μm, TM (> 10 μm) and AFIS (> 40%). 

Assessment of Leydig cells. Semi-quantitative assessment of 
Leydig cells number was performed by scoring created by 
Guminska et al. (2007) according to which a specific point 
value was assigned to number of Leydig cells observed in  
a particular IS as follow:
— 0 Leydig cells — 0 points;
— 1–5 Leydig cells — 1 point;
— 6–10 Leydig cells — 2 points;
— 11–30 Leydig cells — 3 points;
— > 30 Leydig cells (nodules of Leydig cells) — 4 points.

Figure 1. Seminiferous tubule delineation in a testis biopsy 
from the control group. The image shows seminiferous tu-
bules cross-sections outlined in yellow using NIS-Elements 
AR ver. 3.2 software (Nikon). The frame used to cover the 
specific area of testis cross-section is marked in red and corre-
sponds to 567240 μm2 of the microscopic image. Magnification 
100×, scale bar — 100 μm.
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Leydig cells, arranged both as isolated cells or clusters, 
were recognized by their morphological features and location 
in the interstitial tissue. The morphological features included: 
1) eccentric, regular round or oval nucleus, usually with one 
or two prominent nucleoli, 2) the nucleus surrounded by 
abundant eosinophilic cytoplasm. The cells are usually located 
adjacent to the seminiferous tubules or near blood vessels. 

In each biopsy specimen 100 triangular IS were evaluated 
and a mean number of points was calculated. Leydig cells score 
(LC-score) > 2 points was considered as abnormal [21, 23].

Statistical analysis. The Statistica 13.1 software (StatSoft, 
Kraków, Poland) licensed by Medical University of Lodz was 
used for statistical analysis. To test the normality of obtained 
data the Shapiro-Wilk test was used. Due to a non-normal 
distribution of the majority of variables, non-parametric 
statistics were used. Medians and percentiles (2.5–97.5) 
were used for descriptive data. Between group differences 
were tested by Mann-Whitney U test. Nonparametric Spear-
man’s rank correlation coefficient (rs) was used to evaluate 
statistical relationship between continuous variables. The 
value of rs was interpreted as follows: < 0.2 — lack of linear 
dependence, 0.2–0.4 — weak dependence, > 0.4–0.7 — 
moderate dependence, > 0.7–0.9 — strong dependence,  
> 0.9 — very strong dependence. A p value below 0.05 was 
considered statistically significant.

Results

Histological and morphometric analysis 
The evaluation of spermatogenesis confirmed the 
histological pattern of complete SCOS (JS ≤ 2) and 
NOR (JS ≥ 8) in our subjects biopsies. Representative 
microphotographs of testicular tissue from SCOS and 
NOR subjects are shown in Figure 2.

The data concerning subjects’ age, both testicles 
volume, morphometric analysis and LC-score are 
presented in Table 1. There was no difference in age 
between the subjects from the studied groups. In 
SCOS group the testes volume as well as STD were 
significantly lower when compared to NOR group  
(p < 0.001; p < 0.001, respectively). On the contrary, 
other morphometric features, i.e. TM and AFIS, were 
significantly higher (p < 0.001; p < 0.001, respective-
ly). We found that abnormal morphometric features, 
which are recognized as parameters of testicular 
dysgenesis (STD < 15 μm, TM > 10 μm, AFIS > 
40%), were present in biopsies of 12/49 SCO subjects 
(25%), whereas only 3/49 biopsies in this group (6%) 
presented normal values. In the remaining 69% of 
biopsies with SCOS we found two (15/49; 30%) or 
one (19/49; 39%) abnormal morphometric features. 
The most frequent was STD (31/49; 64%), then AFIS 
(30/49; 61%), and the least frequent — TM (23/49; 

47%). In the NOR group all biopsy presented normal 
value for all the studied morphometric parameters.

The Leydig cell score was significantly higher in 
SCOS group (p < 0.001) when compared to NOR 
group. The LC-score above 2, which is consider ab-
normal, was present in 26/49 (53%) of SCOS biopsies, 
and in none biopsy in NOR group. Moreover, larger 
cluster of LC (LC-score between 3 and 4 points) was 
observed in 18/49 of SCOS biopsies (36%).

Hormonal levels
The hormone levels and ratios are presented in  
Table 2. In SCOS group the subjects had significantly 
higher levels of gonadotropins in comparison to the 
control group (FSH, p < 0.001; LH, p < 0.001). The 
total serum T concentration did not differ between 
the studied groups; however, the T/LH ratio was 
significantly decreased in SCOS group (p < 0.001). 
Considering the cut-off value for T/LH ratio, which 
was established by Lardone et al. [16], 13/40 (35%) 
subjects from SCOS group had T/LH < 2, and the 
remaining 27/40 (65%) had T/LH ≥ 2. All NOR sub-
jects had T/LH ≥ 2. 

Increased areal fraction of intertubular space 
(AFIS) and decreed seminiferous tubule diameter 
(STD) with concomitant appearance of increased 
Leydig cell score in SCOS patients
To answer the question if increased Leydig cell num-
ber appears concomitantly with increased AFIS and 
decreased tubule diameter we checked the incidence 
of concomitant appearance of all three features in 
the analyzed biopsies. We found that abnormal AFIS  
(> 40%) and STD (< 150 μm) values were present 
in 43% of biopsies with SCOS (21/49) and among 
them in 81% (17/21) we found an increased LC-score  
(> 2). On the other hand, we found that normal values 
for both AFIS (≤ 40%) and STD (≥ 150 μm) were 
present in 16% (8/49) of SCOS biopsies and almost in 
all cases, except one, the LC-score was normal (≤ 2) 
(88%; 7/8). In cases where AFIS value was abnormal 
and STD normal (20%; 10/49) we found that in only 
three biopsies (30%; 3/10) the LC-score was abnor-
mal. Similar results were found in biopsies where 
AFIS value was normal and STD abnormal (20%; 
10/49). In biopsies of those patients the abnormal 
LC-score was also present in 30% of biopsies (3/10). 

Relationshisps between morphometric parameters 
and serum hormone concentrations
Relationships between morphometric features of 
testicular dysgenesis and serum levels of FSH, LH, 
T, as well as the parameters of Leydig cells function  
(T/LH ratio and LC-score) are shown in Table 3. 
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Considering collectively all the normal subjects 
and patients FSH and LH levels correlated nega-
tively with STD (p < 0.001) and positively with TM  
(p < 0.001), AFIS (p < 0.001) and LC-score  
(p < 0.001). In SCOS group FSH and LH levels cor-
related positively with AFIS (p < 0.05) and LC-score  
(p < 0.05) while in NOR group the only observed  
correlation was between FSH levels and AFIS  
(p < 0.05). 

The T/LH ratio correlated positively with STD  
(p < 0.05) and negatively with TM p < 0.001), AFIS 
(p < 0.001) and LC-score (p < 0.01) when considered 
all the subjects. Those correlations were not observed 
in the NOR group while in SCOS group T/LH ratio 
correlated negatively only with AFIS (p < 0.05). In all 
the subjects, LC-score correlated negatively with STD 
(p < 0.001) and positively with AFIS (p < 0.001) but 
not with TM. There were no statistically significant 

Figure 2. Histological structure of testicular biopsies from the control and SCOS group. A. Normal spermatogenesis: over-
view of well-developed seminiferous tubules (ST) that show a clear lumen, all stages of germ cell maturation and normal 
intertubular space (ITS). B. Enlargement of A: visible Leydig cells (LC) clusters of normal size; tubular basement membrane 
of normal thickness (arrow). C. Sertoli cell-only syndrome: overview of underdeveloped STs with small diameters; tubules 
contain only mature Sertoli cells, ITS is wide. D. Enlargement of C: in ITS visible LC cluster of normal size; thickness of 
tubular basement membrane is increased (arrow). E. Sertoli cell-only syndrome: overview of underdeveloped ST with small 
diameter; tubules contain only mature Sertoli cells, ITS is slightly wider than in (A). F. Enlargement of C: in ITS visible 
large LC cluster (aggregation) (LCA); thickness of basement membrane is increased (arrow). Magnifications and scale bars:  
A, C, E — 100×, bar — 100 μm; B, D, F — 200×, bar — 50 μm.
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correlations between LC-score and morphometric 
features in control group, while in SCOS LC-score 
negatively correlated with STD (p < 0.001) but not 
with AFIS or TM; however, the correlation between 

AFIS and LC-score was close to statistical significance 
(p < 0.056) (Table 3). Additionally, STD correlated 
negatively with AFIS (r = –0.61, p < 0.001) in the 
whole group and this association was also noticed in 

Table 1. Comparison of age, both testes volume and histolo-
gical morphometric features between SCOS and NOR groups

SCOS
n = 49

NOR (control)
n = 15

Median (2.5–97.5 percentile)

Age 31 (19.6–43.8) 29.5 (23.4–38.2)

Both testes volume [mL] 16.0 (5.7–30.0)a 30.0 (22.8–40.6)

Morphometry

STD [μm] 141.7 (93.4–187.8)a 190.2 (178.0–224.1)

TM [μm] 9.8 (5.7–17.5)a 6.4 (4.6–9.8)

AFIS (%) 47.6 (25.3–79.6)a 27.6 (20.3–39.6)

LC-score (points) 2.2 (1.0–4.0)a 1.1 (1.0–1.8)

SCOS — Sertoli cell-only syndrome; NOR — normal spermatogenesis; 
STD — seminiferous tubule diameter; TM — tubular membrane thick-
ness; AFIS — areal fraction of intertubular spaces; LC — Leydig cells; 
ap < 0.001; SCOS vs. NOR (Mann-Whitney U test)

Table 2. Comparison of serum hormonal profile between 
SCOS and NOR groups

SCOS 
n = 40

NOR (control)
n = 15

Median (2.5–97.5 percentile)

FSH [mIU/mL] 19.9 (7.1–34.4)a 3.4 (1.8–6.4)

LH [mIU/mL] 7.1 (2.2–26.3)a 4.2 (2.4–6.4)

Testosterone (T) nmol/L 14.6 (7.8–27.4) 13.2 (8.5–25.7)

T/LH ratio 2.3 (0.3–5.3)a 3.8 (2.3–6.6)

SCOS — Sertoli cell-only syndrome; NOR — normal spermatogenesis; 
ap — < 0.001 — SCOS vs. NOR (Mann-Whitney U test)

Table 3. Spearman’s rank correlations (rs) between morphometric features, hormone values and parameters of Leydig cell 
dysfunction in all subjects, SCOS and NOR groups 

Total

n = 55 STD [µm] TM [µm] AFIS (%) LC-score

FSH [mIU/mL] –0.61c 0.53c 0.53c 0.50c

LH [mIU/mL] –0.30c 0.37c 0.46c 0.47c

Testosterone (T) [nmol/L] –0.01 –0.10 –0.01 0.19

T/LH ratio 0.22a –0.34c –0.42c –0.26b

LC-score –058c 0.21 0.40c –

NOR (control)

n = 15 STD [µm] TM [µm] AFIS (%) LC-score

FSH [mIU/mL] 0.17 –0.06 0.53a –0.33

LH [mIU/mL] –0.51 0.05 0.21 0.15

Testosterone (T) [nmol/L] –0.16 –0.39 0.26 0.02

T/LH ratio 0.33 –0.34 0.30 0.09

LC-score –0.40 0.01 –0.04 –

SCOS

n = 40 STD [µm] TM [µm] AFIS (%) LC-score

FSH [mIU/mL] –0.19 0.17 0.41a 0.40a

LH [mIU/mL] –0.12 0.31 0.37a 0.40a

Testosterone (T) [nmol/L] –0.015 –0.04 –0.05 0.17

T/LH ratio 0.02 –0.25 –0.36a –0.19

LC-score –0.48c 0.06 0.28 –

SCOS — Sertoli cells only syndrome; NOR — normal spermatogenesis; STD — seminiferous tubule diameter; TM — tubular membrane thickness; AFIS 
— areal fraction of intertubular space; LC — Leydig cells; ap < 0.05; bp < 0.01; cp < 0.001
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SCOS group (r = –0.43, p < 0.002), but not in the 
NOR group. 

Discussion

In the present study we performed histological eval-
uation of testicular tissue with the pattern of SCOS 
and normal spermatogenesis focusing on detailed 
assessment of morphometric features of seminiferous 
tubules and intertubular space, as well as Leydig cell 
function. Moreover, we looked for associations be-
tween analyzed histological parameters and hormonal 
profile of the subjects. 

As expected, the majority of our SCOS subjects 
had evident signs of testicular impairment presented 
by increased FSH and LH serum levels. We did not 
observed any abnormal levels of T when compared 
with men presenting normal spermatogenesis. Some 
earlier studies reported decreased serum levels of T in 
men with infertility; however, in most of those studies 
the patients were recruited by their seminal param-
eters or fertility status [14, 24, 25]. Similarly to our 
results, the decrease in T levels was not found in some 
other studies, where the subjects were selected and 
grouped according to histological pattern of testicu-
lar biopsy [7, 12, 16, 26]. The observed discrepancies 
may be explained by the fact that there is an extensive 
overlap between fertile and infertile men hormones’ 
levels which may mask, to some extent, the differenc-
es between studied groups depending on selection 
criteria. Moreover, it appears that in some cases  
a type of control group may also be the reason for 
the discrepancies (seminal normozoospermia vs ob-
structive azoospermia with normal spermatogenesis in 
histological evaluation) [12]. We cannot also exclude 
that our group of patients, similarly to those in other 
histological studies mentioned above, is too small to 
reveal some minor differences between groups, which 
have been shown in larger populations [14]. 

However, despite the lack of differences in T levels 
between groups in the present study, we observed 
prominent decrease in T/LH ratio in SCOS group. 
This finding is in line with previous observations 
that impaired spermatogenesis is associated with de-
creased T/LH ratio, which is believed to be a result of 
Leydig cell dysfunction manifested by increased LH 
level and low-normal or decreased T level [7, 14–16, 
24, 26–28]. 

It is well documented, that in the testes with dis-
turbed spermatogenesis the increase in Leydig cell 
number may be observed [7, 12, 15]. There is evidence 
from animal models that increased number and im-
paired function of Leydig cells present in adulthood 
are the result of disturbed testicular organogenesis 

due to exposure to endocrine disruptors during fetal 
life [29, 30]. Thus, it has been suggested that in some 
of the infertile men the impaired function of Leydig 
cells as well as their hyperplasia may be symptoms of 
testicular dysgenesis [14, 15].

Apart from the increased number of Leydig cells 
and the hormonal symptoms of their functional im-
pairment, features of disturbed testicular organogen-
esis may be also observed [19, 31, 32]. In the present 
study we have shown that morphometric features of 
testicular dysgenesis were present in 25% of testes 
with SCOS. The incidence of decreased STD or in-
creased AFIS were the most frequent and constituted 
more than 60% of all cases and in 43% they appeared 
concomitantly. 

It was shown previously that the degree of spermat-
ogenic impairment correlates with the prevalence of 
dysgenetic features such as decreased STD, increased 
TM, AFIS and increased number of Leydig cells [19]. 
We observed that the increased TM was seen in almost 
half of the testes with SCOS. The results are in line 
with previous studies reporting that impaired spermat-
ogenesis is associated with alterations of TM thickness 
due to increased accumulation of extracellular matrix 
and that the degree of the pathology correlates well 
with disturbances of spermatogenesis [33–36]. There 
are reports that thickening of the lamina propria is not 
secondary to germ cell loss and it seems to be always 
associated with the maturation of Sertoli cells, like in 
human cryptorchid testes or in Klinefelter syndrome 
[37, 38]. In dysgenetic testes preserved until adulthood 
the thickness of TM increases with the advancing age, 
while STD remains at the pre-pubertal level [19]. In 
cryptorchid testes the thickening of TM was observed 
already in 1–3-year-old boys, and it was associated 
with the inhibited maturation and disturbed functional 
relationships between Sertoli, Leydig and peritubular 
cells [39, 40]. The thickening of TM was also report-
ed in patients suffering from seminoma, varicocele, 
orchitis or cancer of the prostate [35, 38, 41]. 

We also found increased point value of LC-score 
in SCOS in comparison with NOR group. Moreover, 
LC-score correlated positively with LH serum levels 
and negatively with T/LH ratio (when considered all 
subjects), what suggests a possible impairment of Ley-
dig cell function, in line with previous reports [7, 12, 
15]. It was suggested that impairment of spermatogen-
esis and Leydig cell function might reflect disturbed 
paracrine communication between the seminiferous 
epithelium and the Leydig cells, triggered by distorted 
function of the seminiferous epithelium, specifically 
Sertoli cells. However, it cannot be excluded that the 
parallel impairment of spermatogenesis and Leydig 
cells may reflect a congenital dysfunction of both 
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compartments caused by testicular dysgenesis during 
fetal/infant development [14]. It is hypothesized that 
the increased number of Leydig cells per clusters in 
biopsies with impaired spermatogenesis may be the 
result of smaller STD and thus ‘shrinkage’ of tubular 
compartment resulting in regrouping of Leydig cell to 
form larger cluster [15]. In such situation we should 
expect that concomitantly with decreased STD due 
to the impairment of spermatogenesis an increased 
AFIS might be seen with increased Leydig cell num-
ber. In fact, in majority of our SCOS biopsies (81%) 
presenting decreased STD and increased AFIS, we 
found an abnormal LC-score, which may support 
this hypothesis. However, there is still 19% of the 
SCOS biopsies where despite of decreased STD and 
increased AFIS the LC-score was normal. However, 
there is another possible explanation of increased 
Leydig cell number per cluster present in testes with 
impaired spermatogenesis. One can assume that it 
may be the result of prolonged proliferation of these 
cells during development caused probably by a lack of 
paracrine communication between impaired seminif-
erous epithelium and Leydig cells, with the secondary 
LH increase causing hyperstimulation of LCs [15]. 
Indeed, we observed that there are still some biopsies 
(40%) where despite increased LC-score only one 
from the morphometric parameters (AFIS or STD) 
was abnormal, suggesting that in these cases the for-
mation of larger cluster of Leydig cells might not be 
connected with ‘shrinkage’ of tubular compartment. 
Moreover, we found that in all cases the LC-score 
negatively correlated with STD and, consequently, 
positively with AFIS. However, in SCOS group only 
the correlation between STD and LC-score was 
consistently observed. It may suggest that in some of 
the SCOS biopsies the presence of wide intertubular 
space may be an independent feature of disturbed 
testicular organogenesis. In addition, the presence 
of higher AFIS correlated positively with FSH levels 
in both study groups, while the positive correlation 
with LH and negative with T/LH was observed only 
in SCOS group.

In conclusion, we have shown that substantial num-
ber of testes from subjects with SCOS presented ab-
normal morphometric features which are recognized 
as the signs of testicular dysgenesis. Additionally, the 
finding of increased number of Leydig cells simulta-
neously with abnormal T/LH ratio suggests impaired 
function of these cells. Increased serum levels of LH, 
and also FSH, may reflect Leydig cells dysfunction. It 
seems that reproductive hormones levels reflect also 
the condition of testicular structure, and that FSH 
may be related to the changes in intertubular space 
area independently of impaired Leydig cell function.
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