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Summary
The study aimed to compare the histological features of Leydig cells and macrophages 
in the testicular interstitium of obstructive versus nonobstructive azoospermia. Thirty- 
nine azoospermic men undergoing testicular sperm extraction during intracytoplasmic 
sperm injection were allocated into obstructive azoospermia group (GI) and nonob-
structive azoospermia group (GII) which was subdivided into Sertoli cell- only syn-
drome (GIIA), germ cell arrest (GIIB) and hypospermatogenesis (GIIC) subgroups. 
Serum LH, FSH and testosterone levels were measured. Ultrastructural changes and 
the mean number of CD68- positive cells were estimated in the different groups. In 
GIIA, Leydig cells’ processes came in contact with macrophages and showed smooth 
endoplasmic reticulum dilatation. In GIIB, Leydig cells showed apoptotic changes. 
Macrophages were commonly encountered in their vicinity demonstrating large num-
ber of lysosomes. In GIIC, Leydig cells showed euchromatic nuclei. Macrophages 
showed expulsion of their lysosomal contents in the interstitium surrounded by apop-
totic bodies. The mean count of total CD68- positive macrophages was higher in cases 
of obstructive azoospermia with nonsignificant differences compared to nonobstruc-
tive azoospermia groups. Significant increase in FSH level was detected in GIIA com-
pared to GI. It is concluded that structural interactions might take place between 
Leydig cells and macrophages in the interstitial tissue of azoospermic men.
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1  | INTRODUCTION

Testicular interstitial compartment is formed of highly vascularised 
loose connective tissue containing Leydig cells, macrophages and other 
connective tissue cells (Weinbauer, Luetjens, Simoni, & Nieschlag, 
2010). Leydig cells secrete testosterone under the effect of LH, which 
subsequently accumulates in the interstitium and the seminiferous 
tubules at relatively high concentrations (Hikim, Swerdloff, & Wang, 
2005). Testosterone influences spermatogenesis and provides feedback 
to the hypophysis, which regulates the secretory activity of Leydig cells.

Testicular macrophages form intimate associations with Leydig 
cells (Hutson, 2006). Macrophages provide essential growth and dif-
ferentiation factors for Leydig cells. In contrast, when macrophages 

are activated and elaborate inflammatory mediators, Leydig cells’ ste-
roidogenesis is inhibited (Hales, 2002). The aim of our study was to 
compare histological features of Leydig cells correlated with macro-
phages in testicular interstitial tissue of obstructive azoospermia (OA) 
versus nonobstructive azoospermia (NOA) patients.

2  | PATIENTS AND METHODS

2.1 | Patients

The research protocol was approved by the Ethics Committee of the 
Faculty of Medicine, Assiut University, Egypt. Thirty- nine azoospermic 
men undergoing testicular sperm extraction during intracytoplasmic 
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sperm injection were consecutively recruited after signed consent 
from the Andrology Outpatient Clinic in Assiut University Hospital, 
Egypt. Their ages ranged from 25 to 35.

The patients were subjected to the following:

1. Detailed history taking.
2. General and genital examination.
3. Semen analysis: semen was examined according to World Health 

Organization guidelines (WHO, 2010).
4. Hormonal evaluation: serum samples were analysed for FSH, LH 

and testosterone. Their normal levels ranged from (2.0–10.0 mIU/
ml), (0.7–7.4 mIU/ml) and (3.0–10.0 ng/ml) respectively (Dobashi 
et al., 2003). They were determined using enzyme-linked immuno-
sorbent assay ELISA kits (Diagnostics Systems Laboratories, 
Webster, TX, USA) according to manufacturer’s structure.

5. Testicular tissue specimens were collected during testicular sperm 
extraction for intracytoplasmic sperm injection. Specimens with 
haemorrhage were avoided. The specimen was divided into two 
parts. One part was immersed into Bouin’s fixative solution for 2 hr, 
prepared for immunohistochemical staining (Bancroft & Gamble, 
2008). The other part was immersed into 5% cold glutaraldehyde 
for 24 hr and prepared for electron microscopic examination.

Patients were divided into two groups according to their histopatho-
logic picture as follows:

Group I (GI): patients with obstructive azoospermia (OA) (N = 9).

Group II (GII): patients with nonobstructive azoospermia (NOA) who 
were subclassified according to Johnsen score (McLachlan et al.; 
2007) into as follows: 

GIIA: Sertoli cell-only syndrome (SCO) (N = 9)
GIIB: Germ cell arrest (N = 10)
GIIC: Hypospermatogenesis (N = 11).

2.2 | Methods

2.2.1 | Immunohistochemical analysis

Histological sections were stained immunohistochemically accord-
ing to the manufacturer’s instructions. The primary antibody (CD68 
[Ab- 3 Clone KP1]) is a mouse monoclonal antibody (Thermo Scientific, 
Waltham, MA, USA) used for detection of macrophages. The antibody 
detection system is Ultra Vision Detection System Anti–Polyvalent, 
HRP/AEC kit (Thermo scientific, USA, Catalogue number Tp- 015- HA). 
Some sections were incubated with PBS instead of the primary anti-
body for negative control staining. A section of control tonsil was im-
munostained for CD68- positive cells for positive tissue control.

2.2.2 | Electron microscopic examination

Immediately after fixation, specimens were processed for obtaining 
semi- thin sections (0.5- 1 μm thick) (Gupta, 1983). The sections were 

F IGURE  1 Photomicrographs showing 
immune expression of macrophage marker 
(CD68) in the interstitium (↑). Note that in 
GIIC, there is a positive cell attached to the 
seminiferous tubule basement membrane 
(▲). (CD68 X1000)
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stained with toluidine blue to demonstrate the fine histological struc-
ture of testicular interstitium. Ultrathin sections (80–90 nm) were cut, 
stained and examined by a JEOL transmission E.M. (100CX, Japan) at 
80 kv (Reynolds, 1963).

2.2.3 | Morphometric analysis

In sections stained immunohistochemically with CD68 antibodies, the 
mean number of CD68- positive cells was estimated by counting cells 
in 10 nonoverlapping fields using the touch count method at a mag-
nification of ×40 objective lens. Only the cells with visible nuclei and 
brown cytoplasmic deposits were counted. The data were measured 
using image- analysing system software (Leica Q 500 MCO, Germany) 
at the Histology Department, Faculty of Medicine, Assiut University.

2.3 | Statistical analysis

The results were analysed by SPSS version 20 (SPSS Inc.,Chicago, 
IL, USA). Significant differences between the means were evaluated 
using ANOVA followed by LSD and Bonferroni post hoc test. p < .05 
was considered statistically significant.

3  | RESULTS

3.1 | Immunohistochemical results

The lysosome marker CD68 identified macrophages in all studied 
groups, where their location and number were evaluated. In GI, GIIA 
and GIIB, they were mainly localised in the interstitium. In GIIC, strong 
immunoreactive cells were observed in the tubular wall beside the in-
terstitium (Figure 1).

3.2 | Electron microscopic results

3.2.1 | Group I (obstructive azoospermia)

Aggregated Leydig cells were observed in compact clusters. Their nuclei 
had indentation in the nuclear envelope with finely dispersed chromatin 
and minimally aggregated clumps of heterochromatin. In the cytoplasm 

F IGURE  2  (a) TEM of interstitium of GI showing Leydig cells 
in close contact with each other. They have euchromatic nuclei 
with indentation in their nuclear envelope. The cytoplasm contains 
numerous smooth endoplasmic reticulum (Ser), rounded and 
elongated mitochondria (m), Reinke’s crystalloids (R) and lysosomes 
(Ly). (X 2900) (b) GIIA showing clusters of Leydig cells with ill- defined 
boundaries. Intercellular process (▲) appears between neighbouring 
cells. Euchromatic nuclei with prominent nucleoli (N) are surrounded 
by smooth endoplasmic reticulum cisternae (Ser). Lipid droplets (L) 
and lysosomes (Ly) filling the cytoplasm. (X 2900) (c) GIIA showing 
part of a Leydig cell (Lc) and many cellular processes (↑) which are 
separated by thick bands of collagen fibres (C). A macrophage (MP) 
with heterochromatic nucleus is in close contact with the Leydig cell. 
(X 3600)
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of these cells, mitochondria were the most conspicuous organelles. 
They were generally round or oval in shape. The smooth endoplasmic 
reticulum was well developed. Reinke’s crystalloids were remarkable. 
Dense bodies and lysosomes were also found in some cells (Figure 2a)

3.2.2 | Group IIA (SCO)

The Leydig cells were present as aggregates with no or ill- defined in-
tercellular boundaries. They showed complicated interdigitations of 
their plasma membranes. Their nuclei were euchromatic with plenty 
of euchromatin and prominent nucleoli. The cytoplasm of these cells 
showed dilated cisternae of smooth endoplasmic reticulum assum-
ing vesicular form. It also showed small mitochondria, lipid droplets 
of different sizes and densities, heterogenous lysosomes and minimal 
stacks of rough endoplasmic reticulum (Figure 2b).Collagen- rich inter-
stitial tissue bore flattened electron- dense nucleus and thin elongated 
processes of fibroblasts. Small macrophage exhibited extensions 
which came in contact with Leydig cell processes (Figure 2c).

3.2.3 | Group IIB (Germ cell arrest)

In most examined ultrathin sections, Leydig cells showed features 
of apoptosis. Their cell membrane was indistinct. The nuclei exhib-
ited condensed marginated chromatin. Furthermore, the cytoplasm 
contained lots of vacuoles, destructed mitochondria and electron- 
dense bodies (Figure 3a). Apoptotic bodies were commonly observed 
(Figure 3b). On the other hand, some Leydig cells preserved their 
integrity. The nucleus showed indentations in the nuclear envelope 
and a considerable large- sized nucleolus. The cytoplasm was electron- 
dense and rich in organelles especially vesicular smooth endoplasmic 
reticulum and rounded mitochondria. Macrophages were commonly 
encountered in the vicinity of Leydig cells. They demonstrated a large 
number of lysosomes (Figure 3c).

3.2.4 | Group IIC (Hypospermatogenesis)

Leydig cells of this group showed a pronounced morphological heter-
ogeneity. Their euchromatic nuclei were of variable sizes, and hetero-
chromatin patches were hardly identified against nuclear envelope. 
Numerous electron- dense mitochondria and lysosomes were ob-
served. No Reinke’s crystalloids were recorded. Leydig cells showed 
cytoplasmic processes. Macrophages near Leydig cells showed ex-
pulsion of their lysosomal contents in the interstitium (Figure 4a). 

FIGURE  3  (a) TEM of GIIB showing a Leydig cell with ill- defined 
cell membrane and small- sized nucleus with peripheral margination of 
heterochromatin. The cytoplasm shows abundant smooth endoplasmic 
reticulum (Ser), numerous vacuoles (V), destructed mitochondria (M) 
and numerous lysosomes (Ly). (X4800) (b) GIIB showing disorganised 
interstitial tissue containing multiple apoptotic bodies (↑). (X 4800) 
(c) GIIB showing a Leydig cell (Lc) with large indented nucleus and 
prominent nucleolus. Notice no separation boundaries between the 
Leydig cell and an adjacent macrophage (MP). (X4800)
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Apoptotic bodies were commonly seen containing fragments of nuclei 
or cytoplasmic organelles adjacent to large macrophage (Figure 4b).

3.3 | Morphometric and statistical results

The mean count of total positive CD68 macrophages was higher in 
cases of OA (GI) with nonsignificant differences compared to other 

groups of NOA. In GIIA, it showed a nonsignificant increase compared 
to GIIB or GIIC. (Table 1)

3.4 | Hormonal results

Testosterone serum levels were within the normal range in the OA and 
NOA groups of patients. Mean serum level of testosterone was higher 
in GIIB compared to GI with nonsignificant difference. It showed the 
lowest value in GIIC with nonsignificant difference compared to other 
groups. Concerning FSH level, significant increase was detected in 
GIIA compared to GI and significant decrease in GIIC compared to 
GIIA. No statistically significant difference was present in comparison 
between all studied groups concerning LH level (Table 2).

4  | DISCUSSION

Leydig cells of GI were present in clusters. They were characterised by 
large round nucleus with a prominent nucleolus. The cytoplasm was rich 
in organelles such as mitochondria and smooth endoplasmic reticulum 
cisternae which assumed either vesicular or short tubular aspects. In ad-
dition, free ribosomes and Reinke’s crystalloids were observed. A number 
of studies considered these crystals as by- products of steroid produc-
tion and testosterone metabolism in human testis. Studies pointed at a 
positive correlation between the impairment of spermatogenesis and 
the occurrence of crystals (Kaya & Türkyilmaz, 1985). Moreover, their 
number increased in patients with cryptorchidism (Kozina et al., 2011). 
This hypothesis was not established in our study, as these crystals were 
observed frequently in GI and scarcely observed in NOA except in GIIB.

Macrophages provide important growth and differentiation fac-
tors for Leydig cells (Hales, 2002). In the present study, macrophages 
were found within the interstitial space containing lots of primary and 
secondary lysosomes and lipofuscin pigments. These macrophages—
observed in cases of OA—were recently classified as presumptive 
macrophages (Goluža et al., 2014). This group of patients had normal 
serum levels of testosterone and gonadotropins. The presence of mac-
rophages in patients with normal spermatogenesis coupled with nor-
mal testosterone levels suggested that the number and quality of the 
interstitial macrophages in these patients were sufficient to maintain 
the normal development and function of the Leydig cells (Hales, 2002).

F IGURE  4  (a) TEM of GIIC showing macrophage (MP) with 
characteristic lysosomal compositions expulsed into the interstitium 
(↑). A neighbouring Leydig cell (Lc) shows an electron- dense 
cytoplasm with multiple dense mitochondria (m) and lysosomes 
(Ly). Notice cellular processes (▲) extending from the Leydig cell. 
(X 3600) (b) GIIC showing that the interstitium exhibiting apoptotic 
bodies (Ab). Notice the close proximity of macrophage (MP). (X 4800)

TABLE  1 CD68 in different groups

CD68 (Average cells)

p. valueRange Mean ± SD

GI 0.488–1 0.744 ± 0.362 A = .482 
B = .367 
C = .308 
D = .857 
E = .12 
F = .866

GII A 0.25–0.795 0.523 ± 0.385

GII B 0.28–0.633 0.457 ± 0.25

GII C 0.179–1 0.477 ± 0.276

A, Comparison between GI & GIIA; B, Comparison between GI & GIIB; C, 
Comparison between GI & GIIC; D, Comparison between GIIA & GIIB; E, 
Comparison between GIIA & GIIC; F, Comparison between GIIB & GIIC.
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The immunohistochemical and morphometric analysis in our 
study denoted that the mean count of total positive CD68 macro-
phages was nonsignificantly higher in patients with OA (GI) compared 
to other subgroups of NOA. These data contradict previous studies 
that reported significantly lower number of CD68- positive expression 
within the interstitium of OA patients compared to NOA patients 
(Goluža et al., 2014). Previous researches assumed that in spite of 
normal morphology of the interstitial tissue in OA, yet, after a longer 
period of obstruction, macrophages could increasingly infiltrate within 
the seminiferous epithelium due to their crossing of the tubular wall 
(Holstein, 1978). In fact, the exact duration and etiology of obstruc-
tion in the present study might play a fundamental role in the increase 
in CD68 macrophages recorded. Infection, iatrogenic injury or con-
genital causes might exist, all of which could stimulate macrophage 
recruitment.

In the present study, patients with SCO (GIIA) revealed aggre-
gations of Leydig cells with no or ill- defined intercellular boundaries 
and significant higher FSH levels compared to GI. Previous studies 
reported apparent hyperplasia of Leydig cells within the interstitial tis-
sue in patients with SCO (Farghaly, Mohamed, & Mostafa, 2012). Our 
results revealed that the mean count of CD68- immunoreactive inter-
stitial macrophages showed nonsignificant decrease in GIIA compared 
to GI, while it showed a nonsignificant increase compared to other 
groups of NOA (GIIB or GIIC). Other studies reported that the num-
ber of total testicular macrophages was doubled in germ cell arrest 
and SCO compared with normal biopsies (Frungieri et al., 2002). This 
increase might be due to the enhanced mitosis of the resident macro-
phages or the increased recruitment of new ones (Schlatt, de Kretser, 
& Hedger, 1999). It is to be noted that the previous studies recorded 
macrophages in the tubular wall and in the tubular lumen of the human 
testis. Neither macrophage in the tubular wall nor in the tubular lumen 
was counted in our study which might account for the discrepancies 
between our results and previous authors’ results.

In patients with GIIA, small macrophages exhibited extensions 
which came in contact with cytoplasmic processes possibly extending 
from Leydig cells. The close physical association between Leydig cells 
and interstitial testicular macrophages suggested that these cells are 
functionally related (Hales, 2002). Cytoplasmic processes of Leydig 
cells extended to membrane invaginations of adjacent macrophages 
(Miller, Bowman, & Rowland, 1983). Frungieri et al. (2002) deter-
mined that CD68- immunoreactive cells express the genes for specific 
macrophage markers including IL- 1α, IL- 1β and TNF. Several reports 
indicated a modulatory effect of IL- 1 and TNF on steroidogenesis 
(Kmicikiewicz, Wojtusiak, & Bilinska, 1999). Therefore, we assume that 
strong expression of TNF- α according to our results could be related 
to the active healthy looking appearance of Leydig cells in this group 
in spite of nonsignificant decrease in testosterone serum level and 
nonsignificant increase in LH of patients with GIIA compared to GI. 
Our assumption was in accordance with Hales (2002) who stated that 
inflammatory mediators produced by testicular macrophages shut off 
testosterone production resulting in decreased plasma levels without 
compensatory increase in LH secretion, suggesting that immune acti-
vation results in secondary inhibition of the hypothalamus–pituitary 
testicular axis.

Apoptotic changes in Leydig cells were the most conspicuous in 
GIIB. On the other hand, some Leydig cells preserved their integrity. It 
is believed that a certain degree of apoptosis could play a pivotal role 
in getting rid of injured and abnormal cells, thereby maintaining sta-
ble quantity and function of the Leydig cell population (Luo, Yang, Liu, 
Yang, & Dong, 2011). Our findings were supported by the hypothesis of 
Boujrad, Guillaumin, Bardos, Hochereau de Reviers, and Drosdowsky 
(1992) who stated that sufficient numbers of normal Leydig cells were 
needed to achieve normal testosterone levels. That is to say apoptosis 
of Leydig cells might be a physiological event. Previous studies con-
firmed our suggestions; they showed that apoptotic Leydig cells were 
rapidly phagocytosed by testicular macrophages. However, when the 

Testosterone (Ng/ml) FSH (IU/L) LH (mIU/ml)

Range Mean ± SD Range Mean ± SD Range Mean ± SD

GI 1.5–6.9 3.77 ± 1.96 2.6–9.2 4.87 ± 2.18 0.9–3.8 2.32 ± 0.9

GII A 0.6–4.4 3.26 ± 1.37 4.3–38.5 16.34 ± 12.1 0.6–5.1 2.84 ± 1.87

GII B 1.3–12 4.19 ± 3.17 2.1–27.3 10.93 ± 8.19 0.6–4 2.09 ± 1.23

GII C 0.5–5.9 2.89 ± 2.05 0.2–20.1 7.76 ± 7.12 0.1–5 2.19 ± 1.45

p. value A = .651 A = .006** A = .451

B = .688 B = .108 B = .718

C = .398 C = .426 C = .835

D = .396 D = .163 D = .265

E = .728 E = .027* E = .324

F = .200 F = .371 F = .869

A, Comparison between GI and GIIA; B, Comparison between GI and GIIB; C, Comparison between GI 
and GIIC; D, Comparison between GIIA and GIIB; E, Comparison between GIIA and GIIC; F, Comparison 
between GIIB and GIIC.
*Statistically significant difference (p < .05).
**Statistically significant difference (p < .01).

TABLE  2 Hormonal profile of different 
groups
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number of testicular macrophages is highly reduced as in long- term 
hypophysectomised rats, the elimination of apoptotic Leydig cells is 
delayed and dead cells remain in the testicular interstitium for several 
days (Gaytan et al., 1994). Our results strongly support this assump-
tion as the mean number of CD68- positive macrophages in GIIB was 
lower compared to GI. Moreover, apoptotic bodies were seen adjacent 
to large macrophage in patients with hypospermatogenesis (GIIC). 
Increased apoptosis in hypospermatogenesis might be due to distur-
bance of the delicate balance between germ and Sertoli cells (Tesarik 
et al., 2004). Thickened tubular wall would impair the exchange of nu-
trients and oxygen between the germ cells and the fluids in the inter-
stitium resulting in their apoptosis (Guarch, Pesce, Puras, & Lazaro, 
1992). Another mechanism of increased apoptosis in hypospermato-
genesis is the reduced expression of Aven gene which is an apoptosis 
inhibitor that acts by inhibiting caspase activation (Laurentino et al., 
2011). Low expression of this gene in testes of men with NOA leads 
to an increase in apoptosis, which in turn leads to impaired spermato-
genesis. In addition, other investigators reported a significant increase 
in caspase- 3 in the cytoplasm of germ cells and Leydig cells in all cases 
of NOA compared with the OA (Kim, Yoon, Park, Seo, & Kim, 2007).

Finally, this study concluded the following:

In abnormal spermatogenesis, Leydig cells may display normal histo-
logical structure or apoptosis.

In nonobstructive azoospermia, Leydig cells may show physical con-
tact or lie in close proximity to testicular macrophages .This could ex-
plain the complex cellular interaction causing interstitial tissue injury.
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