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Male infertility occurs due to the disruption of the balance of proliferation and apoptosis in the testicular tissue. It is important to
show the effect of increased body mass index, which is one of the factors that disrupts this balance of apoptosis and proliferation,
not only at the blood hormone level but also at the tissue level. For this reason, the present study is aimed at demonstrating the
relation between body mass index and cell turnover in the testis using immunohistochemical methods. In the present study,
patients were grouped as normal, overweight and obese, and as m-TESE positive and negative. The sperm retrieval rate with
microsurgical testicular sperm extraction (m-TESE) was 41.67%. Histological diagnosis of testicular tissues was made with
hematoxylin and eosin and Masson’s trichrome staining. Apoptosis and proliferation in the testicular tissue were demonstrated
by TUNEL and PCNA immunohistochemical methods, respectively. It was concluded that BMI had no significant effect on
reproductive hormone profile (FSH, LH, and testosterone), m-TESE success, apoptosis, and proliferation in testicular tissue in
nonobstructive azoospermic men. In addition TUNEL positivity and proliferative index was found to be significantly correlated
with testicular histology and m-TESE outcome.

1. Introduction

Infertility is defined as the absence of spontaneous preg-
nancy despite regular unprotected sexual intercourse for
one year [1]. Infertility is caused by 20-30% male, 20-35%
female, and 30-40% both female and male factors. The rate
of unexplained infertility is 10-20% [2]. Although 30-40%
of male infertility is idiopathic, many factors play role in
its etiology. Causes of primary spermatogenic or testicular
failure are congenital factors (anorchia and testicular dys-
genesis), trauma, torsion, tumor, infection, drugs, and tem-
perature [3, 4]. This leads to nonobstructive azoospermia
(NOA), and patients usually have hypergonadotropic hypo-
gonadism. In hypergonadotropic hypogonadism, which is
more common, testosterone levels are low, while FSH and
LH levels are high. Secondary hypogonadism occurs as a
result of congenital and acquired disorders of the hypothal-
amus and pituitary gland. Causes of acquired secondary
hypogonadism are diabetes, morbid obesity, liver cirrhosis,
and idiopathic hypogonadotropic hypogonadism. In sec-

ondary hypogonadism, FSH, LH, and testosterone levels
are low [3].

Infertile male patient is evaluated by history, physical
examination, hormone analysis, semen analysis, and nec-
essary genetic analysis [5, 6]. In the treatment of male
infertility, fertility-related lifestyle changes should be rec-
ommended. Environmental factors that impair sperm pro-
duction and function should be avoided. Making lifestyle
changes such as proper nutrition, avoiding adverse envi-
ronmental conditions, and exercising contributes positively
to the treatment process by eliminating environmental fac-
tors that cause infertility [7]. Azoospermia, absence of
spermatozoa in a semen sample, is seen in 1% of the gen-
eral population and 10-15% in infertile men [8]. Azoosper-
mia is classified as obstructive azoospermia (OA) or
nonobstructive azoospermia (NOA). NOA occurs as a result
of impaired spermatogenesis. In NOA patients, m-TESE is
performed for therapeutic purposes, and in vitro fertilization
(IVF) with intracytoplasmic sperm injection (ICSI) is per-
formed in case mature sperm cells are found in the testicular

Hindawi
Andrologia
Volume 2023, Article ID 4720387, 10 pages
https://doi.org/10.1155/2023/4720387

https://orcid.org/0000-0002-1330-9221
https://orcid.org/0000-0002-5767-4837
https://orcid.org/0000-0001-7683-4587
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/4720387


tissue. m-TESE was first described in 1999 [9]. The rate of
sperm finding as a result of m-TESE in NOA patients is
50% [4, 10, 11]. While the sperm retrieval rate can reach
85% in hypospermatogenesis cases, this rate decreases to
6-25% in cases such as germinal aplasia [12]. In NOA,
the probability of finding sperm in the testis is predicted
according to age, body mass index, smoking, testicular vol-
ume, hormone (FSH, LH, testosterone, and prolactin)
level, genetics, and testicular histopathology [13–16]. No
factor has yet been proven to predict sperm retrieval from
azoospermic patients by surgical methods, and studies are
still ongoing on this subject [17].

Obesity is a medical condition in which white adipose
tissue accumulates above normal in the body and affects
organs and systems in a way that impairs their function. It
is a multifactorial disease in which a predisposing genotype
is associated with environmental factors such as sedentary
lifestyle and excess calorie intake. A body mass index
(BMI) of 25-30 kg/m2 is defined as overweight, and over
30 kg/m2 is defined as obesity [18]. In recent years, when
obesity has increased rapidly, the decrease in semen quality
and reproductive functions and the increase in infertility
rates have attracted attention [19, 20]. In recent years, stud-
ies have focused on the issue that there may be a relationship
between decreased fertility and increased obesity. Studies are
ongoing to elucidate the underlying mechanisms. It is
emphasized that obesity affects semen parameters by dis-
rupting the hormone profile (low FSH, LH, testosterone,
inhibin B, and high estrogen) causing an increase in scrotal
temperature due to scrotal adiposity and increasing oxidative
stress and inflammation in the male reproductive system
[21]. In addition to low testosterone, low FSH and LH and
hypogonadotropic hyperestrogenic hypoandrogenemia are
observed in obese men [22]. Low testosterone and high estro-
gen impair normal testicular function and spermatogenesis.

Imbalance of testicular proliferation and apoptosis
results in male infertility. Increased body mass index is one
of the factors that disrupts this balance. The aim of this
study was to associate apoptosis and proliferation on the tes-
ticular level by comparing m-TESE positive and m-TESE
negative NOA patients with regards to subgroups assigned
according to BMI. m-TESE outcome has been addressed
before but mainly with the focus of endocrine changes, and
the topic is still debated controversially. This study is aimed
at analyzing the cellular turnover in testicular level with the
help of PCNA and TUNEL methods.

2. Materials and Methods

2.1. Subject Selection, Data Collection, and Tissue Sampling.
Approval was obtained from Marmara University Clinical
Research Ethics Committee (09.2019.365). Twelve azoosper-
mic patients who applied to Istanbul University, Istanbul
Medical Faculty, Department of Andrology were included
in the study. Written consent has been obtained from each
patient after full explanation of the purpose and nature of
all procedures used. Height and weight of patients were mea-
sured, and body mass indexes were calculated according to
WHO and recorded [23]. Most recent hormone levels

(FSH, LH, and testosterone) and spermiogram values, which
were analyzed by the andrology laboratory according to
WHO guidelines [24], were obtained from patients’ files.
20-25 kg/m2 was defined as normal weight, 25-30 kg/m2 as
overweight, and over 30 kg/m2 as obese. Patients without
chromosomal anomaly or Y chromosome microdeletion
were included in the study.

2.2. Histological Examination. Half of the testicular tissue
sample obtained intraoperative from each patient was placed
in Bouin’s solution for histochemical methods and the other
half in 10% neutral-buffered formalin solution for immuno-
histochemical methods and fixed for 24 hours. After fixa-
tion, the tissues were passed through the increasing ethanol
series and cleared in xylene. Sections of 4μm thickness were
obtained. Hematoxylin and eosin stain was used for general
morphological evaluation of the sections and Masson’s tri-
chrome stain to show interstitial and peritubular fibrosis
[25]. Histological classification of testicular biopsy was made
as normal spermatogenesis, hypospermatogenesis, matura-
tion arrest, germ cell aplasia (Sertoli cell-only), and seminif-
erous tubule hyalinization [26]. The degree of fibrosis was
evaluated semiquantitatively and ranged from 0 to 3 (0,
< 5%; 1, 6–25%; 2, 26–50%; and 3, > 50%) [27]. The sections
were examined and photographed by an Olympus DP72
camera-attached Olympus BX51 light microscope under
×200 and ×400 magnifications.

2.3. Immunohistochemistry

2.3.1. PCNA Immunohistochemistry. Sections of 4μm thick-
ness were deparaffinized and hydrated. Sections kept in 3%
hydrogen peroxide solution prepared with methanol for
endogenous peroxidase blockade were exposed to micro-
wave in heated citrate buffer for antigen retrieval. They were
then incubated in primary rabbit anti-PCNA antibody (dilu-
tion 1 : 100) (ab15497, Abcam, Cambridge, UK) overnight.
Sections were incubated in antipolyvalent biotinylated sec-
ondary antibody (SHP125, ScyTek Laboratories, Inc., USA),
streptavidin-peroxidase conjugate, and then in 3,3′-diami-
nobenzidine (DAB) substrate solution (DAB Chromogen/
Substrate Bulk Pack, ACK125, ScyTek Laboratories, Inc.,
USA) by observing the reaction formation under the micro-
scope. Counterstaining was done with Mayer’s hematoxylin.

Proliferative index (PI) was calculated by counting the
positive cells in 10 randomly selected seminiferous tubules
from a section of each sample at 400x magnification under
the microscope and dividing them by the total number of
cells (PI: PCNApositive cell count/total cell count × 100%)
[28]. The sections were examined and photographed with
an Olympus DP72 camera-attached Olympus BX51 light
microscope under ×40 objective.

2.3.2. TUNEL Method. For the detection of apoptosis, in situ
DNA end labeling technique was used (ApopTag Plus Per-
oxidase In Situ Apoptosis Kit S7101, Merck KGaA, Darm-
stadt, Germany). Deparaffinized and hydrated sections
were treated with proteinase K (IHC Select Proteinase K,
21627, Merck KGaA, Darmstadt, Germany). The sections
were kept in 3% hydrogen peroxidase solution for endogenous
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peroxidase blockade. After the buffer solutions applied
according to the manufacturer’s guideline, the sections
were stained with 3,3′-diaminobenzidine (DAB) chromo-
gen solution until a color reaction was observed under
the microscope. Counterstaining was done with Mayer’s
hematoxylin. Cells with the same morphology and staining
characteristics as the positive control in the sections were
considered TUNEL positive. For the negative control, a
tissue section was incubated only with reaction buffer in
the TdT enzyme step. The sections were examined and photo-
graphed by an Olympus DP72 camera-attached Olympus
BX51 light microscope under ×40 objective.

2.4. Statistical Analysis. GraphPad Prism 7 and ImageJ pro-
grams were used for statistical analysis. Data were ana-
lyzed by using one-way ANOVA for BMI subgroups and
unpaired t-test for m-TESE subgroups. p < 0:05 was con-
sidered significant.

3. Results

3.1. BMI, Reproductive Hormone, and m-TESE Findings.
BMIs of the patients were grouped as normal (n = 3), over-
weight (n = 6), and obese (n = 3) (Figure 1(a)). When the
three groups were compared with each other, it was deter-
mined that there was no significant difference between BMIs
and serum FSH and LH levels. Serum FSH and LH levels
showed a tendency to increase in obese group (Figures 1(b)
and 1(c)). The testosterone level was significantly lower in
the group with overweight BMI than the normal group.
Although the testosterone level is also lower in the obese
group compared to the normal group, there is no significant

difference. This result is likely to be due to the small number
of samples (Figure 1(d)).

The success rate of m-TESE was found to be 41.67%.
When the patients were grouped as successful (n = 5)
and unsuccessful (n = 7) m-TESE, the mean (±SEM) ages
between the two groups were 37 ± 1:9 and 35:57 ± 2:6,
respectively. Serum FSH levels of m-TESE positive and
m-TESE negative groups were 13:54 ± 3:45 and 19:21 ±
4:12mIU/ml (Figure 2(a)); serum LH levels were 10:09 ±
2:20 and 8:40 ± 1:90mIU/ml (Figure 2(b)), and serum
testosterone levels were 4:47 ± 0:60 and 4 ± 0:75ng/ml
(Figure 2(c)), respectively. Serum reproductive hormone
levels showed no significance comparing to m-TESE success.

3.2. Light Microscopic Findings. Testicular biopsies of 12
azoospermic patients included in the present study were
evaluated light microscopically by staining with hematoxylin
and eosin and Masson’s trichrome. One patient was diag-
nosed with hypospermatogenesis. In the case of hyposper-
matogenesis, all steps of spermatogenesis were present in
the seminiferous tubules, but decreased spermatogenesis
was observed (Figure 3(a)). Tissue samples of 33.3% of the
patients (n = 4) were defined as maturation arrest. In these
cases, tubules with arrested spermatogenesis and tubules
with germ cell aplasia coexisted (Figure 3(b)). Fifty percent
of the patients (n = 6) were diagnosed with germ cell aplasia
(Sertoli cell-only syndrome). In these cases, tubules only
lined with Sertoli cells, atrophic and hyalinized tubules, or
focal and/or diffuse Leydig cell hyplerplasia in interstitial
areas were observed (Figures 3(c) and 3(d)). Peritubular
and interstitial fibrosis shown with Masson’s trichrome stain
were not observed in a case of hypospermatogenesis
(Figure 3(e)). Peritubular and interstitial fibrosis were not
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Figure 1: BMI groups (a) and their FSH (b), LH (c), and testosterone (d) levels.
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observed in maturation arrest cases, and an increase in fibro-
sis was noted only around the tubules where spermatogene-
sis was not observed (Figures 3(f) and 3(g)). In germ cell
aplasia, both peritubular and interstitial fibrosis were present
(Figure 3(h)). In one patient, there was no seminiferous
tubule structure in the testicular tissue, and completely,
fibrotic tissue was observed. In three patients with normal
BMI, the biopsy of one patient showed hypospermatogen-
esis, and the other two showed germ cell aplasia. In the
BMI overweight group, the biopsies of two patients showed
maturation arrest, three showed germ cell aplasia, and one
showed fibrosis. In the BMI obese group, two patients had
maturation arrest, and one patient had germ cell aplasia.
Of the five patients with positive m-TESE, one had hypos-
permatogenesis, and four had maturation arrest. Six of the
seven patients with negative m-TESE had germ cell aplasia,
and one had fibrotic tissue.

Fibrosis was graded semiquantitatively. According to
m-TESE success, the degree of fibrosis was significantly
higher in the negative group than in the positive group

(Figure 4(a)). The degree of fibrosis did not differ signifi-
cantly according to body mass index (Figure 4(b)).

3.3. PCNA Findings. When the cases were separated as m-
TESE positive and m-TESE negative, the PIs (mean ± SEM
) of the two groups were calculated as 0:32 ± 0:09 and 0:04
± 0:01, respectively, and a statistically significant difference
was found between the groups (p < 0:01) (Figure 4(c)). It
was evaluated that there was a statistically significant rela-
tionship between the histological type and PI (p < 0:01)
(Table 1). When the cases were divided into three groups
as normal, overweight, and obese according to their BMIs,
the PIs of the groups were calculated as 0:27 ± 0:22, 0:10 ±
0:04, and 0:17 ± 0:07, respectively, and no significant rela-
tionship was found between BMI and PI (Figure 4(d)).
While the highest proliferative index was in hypospermato-
genesis (Figure 5(a)), PI showed a decrease in maturation
arrest (Figure 5(b)), germ cell aplasia, and fibrosis.

3.4. TUNEL Findings. TUNEL positive cells were detected in
33.3% of the patients (n = 4). Diagnoses of these cases were
hypospermatogenesis (Figure 5(c)) and maturation arrest
(Figure 5(d)). Of the cases without TUNEL positive cells,
one had maturation arrest, six had germ cell aplasia, and
one had fibrotic tissue. There was a significant correlation
between the diagnosis and the presence of TUNEL positive
cells (p < 0:01) (Table 2). In addition, TUNEL positive cells
were detected in four of the five m-TESE successful cases,
while TUNEL positive cells were not detected in any of the
unsuccessful cases. The relationship between TUNEL posi-
tivity and the presence of sperm in m-TESE was found to
be statistically significant (p < 0:01) (Table 3). When the
cases were divided as normal, overweight, and obese accord-
ing to their BMIs, there was no significant difference
between the groups.

4. Discussion

The importance and purpose of apoptosis in testis are to
eliminate genetically defective cells that may occur as a
result of mitosis and meiosis and thus to ensure that germ
cells are of the required number and quality [29]. Disrup-
tion of the balance between proliferation and apoptosis
leads to impaired spermatogenesis and results in infertility.
Increased apoptosis in the case of abnormal spermatogen-
esis resulting in male infertility has been demonstrated in
human studies [30]. However, the underlying causes and
molecular mechanisms continue to be elucidated.

In studies on male infertility scanned in the literature, it
was stated that positivity in Sertoli cells is mostly not
detected as a result of the TUNEL method [31]. This sug-
gests that Sertoli cells are resistant to apoptosis. Studies have
shown that Sertoli cells are rich in proapoptotic factors com-
pared to germ cells; therefore, they are resistant [32]. In the
present study, in accordance with the literature, Sertoli cells
were found to be resistant to apoptosis. Germ cell aplasia
was diagnosed by routine staining techniques in half of the
patients. The absence of TUNEL positive cells in specimens
with germ cell aplasia reveals the resistance of Sertoli cells to
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 3: (a) Hypospermatogenesis. (b) Heterogeneous maturation arrest. Tubule containing maturation arrest in the spermatid stage
(arrowhead) and tubule containing only Sertoli cells in which hyalinization has started (arrow) are observed together. (c) Germ cell
aplasia. Leydig cell hyperplasia with round nuclei with eosinophilic cytoplasm in interstitial tissue (arrowhead) and hyalinized tubule
(arrow). (d) Germ cell aplasia with interstitial fibrosis (asterisk). (e) Grade 0 fibrosis (hypospermatogenesis). (f) Grade 1 fibrosis
(maturation arrest). (g) Grade 2 fibrosis (seminiferous tubule with maturation arrest and germ cell aplasia together). (h) Grade 3
peritubular and interstitial fibrosis in a case of germ cell aplasia. (a–d) Hematoxylin and eosin staining. (e–h) Masson’s trichrome
staining. Bars: 20 μm.
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apoptosis. Apoptotic TUNEL positive cells were observed in
cases of maturation arrest and hypospermatogenesis. These
cells were thought to belong to the spermatogenic series
according to their location in the seminiferous tubule epithe-
lium. In our study, significant results were obtained between
the success of sperm retrieval with m-TESE and TUNEL
positivity. It is noteworthy that sperms were obtained by
m-TESE in all cases containing TUNEL positive cells. This
suggests that TUNEL positivity may be a proof of the pres-
ence of spermatogenesis in the testis tissue. TUNEL positiv-
ity was detected in neither of the unsuccessful m-TESE cases,
and the fact that most of these cases were patients with a
diagnosis of germ cell aplasia makes this result consistent.

In addition to germ cell apoptosis in the testis, prolifera-
tion is also one of the mechanisms evaluated in many studies
on infertility and related factors [33]. One of the markers
used for this purpose is PCNA. PCNA expression in human
testicular tissue has been shown to be in the nuclei of pale
type A, type B spermatogonia, and primary spermatocytes
[34]. In a study examining spermatogonial proliferation in
azoospermia, the tubules in the mixed atrophic group were
defined as normal, spermatocytic arrest, and spermatogonial
arrest and were scored separately; decreased PCNA expres-
sion was observed in the same order [35]. In the study

performed in idiopathic hypospermatogenesis cases, the bal-
ance between cell proliferation and cell death was examined
by PCNA immunohistochemistry and in situ TUNEL
methods. It was suggested that the underlying mechanism
was increased apoptosis rather than a deterioration in prolif-
eration [36]. In the present study, the PI results obtained by
PCNA immunohistochemistry were the highest in hypos-
permatogenesis samples, and a significant decrease in matu-
ration arrest, germ cell aplasia, and fibrotic tissue samples,
respectively, was found in accordance with the literature.
In addition, the fact that the PI was found to be significantly
higher in the m-TESE positive group compared to the nega-
tive group indicates that the PI might be a numerical data
that can support testicular histology in sperm retrieval from
the testis in azoospermic patients.

Obesity is also one of the factors that increase testicular
apoptosis. Studies on the effect of obesity on the testis tissue
at the cellular and molecular levels have been demonstrated
by animal studies [37–39]. Animals that were genetically
obese or that were obese by being fed with a high-fat diet
were used in these studies. In a study comparing both
models, the apoptotic index was found to be higher in both
groups compared to the controls. The degree of obesity
was shown to be important in its effect on fertility, hormone
and semen parameters, and spermatogenesis in both animal
and human studies. Both genetic mutations and environ-
mental factors are involved in the effect of obesity on fertility
in humans. It has been concluded that it can be treated with
lifestyle changes and that this may also have reversible effects
on fertility [38].

In our study, obesity, that is, BMI, was shown to have no
significant effect on TUNEL positivity and PI. In the litera-
ture, data on this subject are based on animal studies. To

⁎

3

2

1

0
TESE (+) TESE (–)

Fi
br

os
is 

gr
ad

e

(a)

3

2

1

0
Normal Overweight Obese

Fi
br

os
is 

gr
ad

e

(b)

⁎⁎0.5

0.4

0.3

0.2

0.1

0.0
TESE (+) TESE (–)

Pr
ol

ife
ra

tiv
e i

nd
ex

(c)

0.6

0.4

0.2

0.0
Normal Overweight Obese

Pr
ol

ife
ra

tiv
e i

nd
ex

(d)

Figure 4: Fibrosis grade according to m-TESE positivity (a) and BMI (b). Proliferative index according to m-TESE positivity (c) and BMI (d).

Table 1: Relationship between the histologic type and PI.

Histologic type PI (± SD)
Hypospermatogenesis 0:70 ± 0
Maturation arrest 0:23 ± 0:01
Germ cell aplasia 0:05 ± 0:06
Fibrosis 0 ± 0

6 Andrologia



our knowledge, there is no human study in the literature
examining the relationship between obesity and apoptosis
and PI. Studies in humans mostly focus on the effects of obe-

sity on reproductive hormones and semen parameters
[40–43]. Most studies are examining the link between BMI
and male infertility in terms of serum hormone levels [44].

(a) (b)

(c) (d)

(e)

Figure 5: PCNA immunohistochemistry: (a) PCNA positive cells (arrows) in a case of hypospermatogenesis and (b) PCNA positive
cells (arrows) in a case of maturation arrest. TUNEL immunohistochemistry: (c) TUNEL positive cells (arrows) in a case of
hypospermatogenesis, (d) TUNEL positive cell (arrow) in a case of maturation arrest, and (e) negative control for TUNEL staining.
Bars: 20μm.

Table 2: Distribution of TUNEL positivity according to the
histological type.

Histological type
Number of TUNEL

positive cases
Number of TUNEL

negative cases

Hypospermatogenesis 1 0

Maturation arrest 3 1

Germ cell aplasia 0 6

Fibrosis 0 1

Table 3: Distribution of TUNEL positivity according to m-TESE
success.

Number of m-TESE
positive cases

Number of m-TESE
negative cases

Number of TUNEL
positive cases

4 0

Number of TUNEL
negative cases

1 7
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There are many studies showing a negative relationship
between BMI and total and free testosterone levels [45].
Decreased testosterone levels in humans have been associ-
ated with infertility, and obesity is one of the causes [46,
47]. Except for a few number of studies that showed
decreased serum levels of gonadotropins, FSH, and LH
released from the pituitary gland, most of the studies showed
no significant change [48–50]. This was thought to be due to
the opposing effects of rising estrogen levels and falling tes-
tosterone levels, resulting in no change in gonadotropin
levels. In our study, it was concluded that BMI did not have
a significant effect on serum FSH, LH, and testosterone
values in NOA patients, in accordance with the literature.

The probability of factors being predictive in sperm
retrieval by surgical methods in nonobstructive azoospermic
patients, such as FSH, LH, testosterone, prolactin, age, BMI,
testicular volume, and testicular morphology, has been eval-
uated in many studies [12, 14–16]. In a study in which TESE
was applied, the sperm retrieval rate was 50%, and none of
these factors was predictive [13]. In a study evaluating TESA
results, it was concluded that BMI had no effect on sperm
retrieval, and BMI was negatively correlated with testoster-
one and not correlated with FSH and LH [51]. In an m-
TESE study, the sperm finding rate was 41.1%, and there
was a significant correlation between the sperm finding rate
and FSH, LH, and mean testicular volume, but no signifi-
cance was found with BMI [52]. In a study examining the
effect of obesity on the sperm availability rate in NOA
patients who underwent TESA/ICSI, it was found that the
testosterone levels of obese NOA patients were significantly
lower, but there was no significant difference between FSH,
LH levels, and sperm availability. In another study, it was
concluded that there was no significant effect of FSH and
BMI on TESE success in azoospermic men [53]. In a clinical
retrospective study examining the data of NOA patients, no
significant difference was found in the sperm retrieval rate
by m-TESE between normal BMI, overweight, and obese
groups [54]. In our study, FSH and LH levels were found
to be higher than normal, and testosterone levels were found
to be between normal ranges in both groups with successful
and unsuccessful m-TESE, and no difference was found
between the two groups in terms of reproductive hormones,
age, and BMI.

As a result, we concluded that FSH, LH, testosterone,
and BMI did not have a significant effect on the success of
m-TESE in NOA patients. The fact that statistically signifi-
cant results were not obtained may be due to the small size
of the samples, so it would be appropriate to compare these
values with a larger number of samples in our future study.
The fact that the TUNEL and PCNA methods correlated
with the success of m-TESE in a way that supports testicular
histology suggests that these two methods are promising to
give an idea about the probability of finding sperm with
m-TESE, especially if the first procedure is unsuccessful,
and a second procedure is planned. The effect of BMI on
apoptosis and proliferation in testicular tissue has been dem-
onstrated by animal studies. To our knowledge, our study is
the first on this subject in human tissue. It has limitations as
it is a preliminary study. Our study was prospective and

interrupted by the pandemic period. The sample size was
limited due to the postponement of m-TESE, which is an
elective operation. However, we aim to conduct more exten-
sive further studies on this subject in the future.

Data Availability

The authors confirm that the data supporting the findings
of this study are available within the article. Raw data are
available from the corresponding author upon reasonable
request.

Ethical Approval

Approval was obtained from Marmara University Clinical
Research Ethics Committee (09.2019.365).

Consent

Written consent has been obtained from each patient after
full explanation of the purpose and nature of all procedures
used.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

EK, SŞ, and AK are responsible for the design of the work
and interpretation of the data. EK performed histological
experiments, and AK performed m-TESE procedures. EK
wrote the paper. SŞ was involved in drafting the work and
critically revising the manuscript. EK, SŞ, and AK have
approved the final version of the manuscript and agree to
be accountable for all aspects of the work.

Acknowledgments

This study was supported by the Marmara University
Research Fund with the project number SAG-C-TUP-
100719-0255.

References

[1] WHO, “Infertility definitions and terminology,” 2019, https://
www.who.int/reproductivehealth/topics/infertility/definitions/
en/.

[2] ESHRE, “ART fact sheet,” 2014, https://web.archive.org/web/
20160304060954/https://www.eshre.eu/Guidelines-and-Legal/
ART-fact-sheet.aspx.

[3] S. Basaria, “Male hypogonadism,” The Lancet, vol. 383,
no. 9924, pp. 1250–1263, 2014.

[4] A. Jungwirth, T. Diemer, G. R. Dohle, Z. Kopa, C. Krausz, and
H. Tournaye, “EAU Guidelines on Male Infertility,” 2016,
https://uroweb.org/guideline/male-infertility/#1.

[5] A. Khatun, M. S. Rahman, and M. G. Pang, “Clinical assess-
ment of the male fertility,” Obstetrics & Gynecology Science,
vol. 61, no. 2, pp. 179–191, 2018.

8 Andrologia

https://www.who.int/reproductivehealth/topics/infertility/definitions/en/
https://www.who.int/reproductivehealth/topics/infertility/definitions/en/
https://www.who.int/reproductivehealth/topics/infertility/definitions/en/
https://web.archive.org/web/20160304060954/https://www.eshre.eu/Guidelines-and-Legal/ART-fact-sheet.aspx
https://web.archive.org/web/20160304060954/https://www.eshre.eu/Guidelines-and-Legal/ART-fact-sheet.aspx
https://web.archive.org/web/20160304060954/https://www.eshre.eu/Guidelines-and-Legal/ART-fact-sheet.aspx
https://uroweb.org/guideline/male-infertility/#1


[6] M.M. Pan, M. S. Hockenberry, E.W. Kirby, and L. I. Lipshultz,
“Male infertility diagnosis and treatment in the era of in vitro
fertilization and intracytoplasmic sperm injection,” The Medi-
cal Clinics of North America, vol. 102, no. 2, pp. 337–347, 2018.

[7] Mayo Clinic, “Infertility,” 2019, https://www.mayoclinic.org/
diseases-conditions/infertility/symptoms-causes/syc-20354317.

[8] J. P. Jarow, M. A. Espeland, and L. I. Lipshultz, “Evaluation of
the azoospermic patient,” The Journal of Urology, vol. 142,
no. 1, pp. 62–65, 1989.

[9] P. N. Schlegel, “Testicular sperm extraction: microdissection
improves sperm yield with minimal tissue excision,” Human
Reproduction, vol. 14, no. 1, pp. 131–135, 1999.

[10] R. K. Flannigan and P. N. Schlegel, “Microdissection testicular
sperm extraction: preoperative patient optimization, surgical
technique, and tissue processing,” Fertility and Sterility,
vol. 111, no. 3, pp. 420–426, 2019.

[11] R. Ramasamy, J. E. Reifsnyder, J. Husseini, P. A. Eid,
C. Bryson, and P. N. Schlegel, “Localization of sperm during
microdissection testicular sperm extraction in men with non-
obstructive azoospermia,” The Journal of Urology, vol. 189,
no. 2, pp. 643–646, 2013.

[12] J. T. Seo and W. J. Ko, “Predictive factors of successful testicu-
lar sperm recovery in non-obstructive azoospermia patients,”
International Journal of Andrology, vol. 24, no. 5, pp. 306–
310, 2001.

[13] D. Pavan-Jukic, D. Stubljar, T. Jukic, and A. Starc, “Predictive
factors for sperm retrieval from males with azoospermia who
are eligible for testicular sperm extraction (TESE),” Systems
Biology in Reproductive Medicine, vol. 66, no. 1, pp. 70–75,
2020.

[14] C. A. Souza, J. S. Cunha Filho, D. Santos, A. Gratao, F. M. Frei-
tas, and E. P. Passos, “Predictive factors for motile sperm
recovery using testicular biopsy in nonobstructive azoosper-
mic patients,” International Urology and Nephrology, vol. 35,
no. 1, pp. 53–57, 2003.

[15] H. Tournaye, G. Verheyen, P. Nagy et al., “Are there any pre-
dictive factors for successful testicular sperm recovery in
azoospermic patients?,” Human Reproduction, vol. 12, no. 1,
pp. 80–86, 1997.

[16] C. Yucel, S. Budak, M. Z. Keskin, E. Kisa, and Z. Kozacioglu,
“Predictive factors of successful salvage microdissection testic-
ular sperm extraction (mTESE) after failed mTESE in patients
with non-obstructive azoospermia: long-term experience at a
single institute,” Archivio Italiano di Urologia, Andrologia,
vol. 90, no. 2, pp. 136–140, 2018.

[17] T. Wang, H. Li, L.-P. Chen et al., “Predictive value of FSH, tes-
ticular volume, and histopathological findings for the sperm
retrieval rate of microdissection TESE in nonobstructive azoo-
spermia: a meta-analysis,” Asian Journal of Andrology, vol. 20,
no. 1, pp. 30–36, 2018.

[18] K. J. Teerds, D. G. de Rooij, and J. Keijer, “Functional relation-
ship between obesity and male reproduction: from humans to
animal models,” Human Reproduction Update, vol. 17, no. 5,
pp. 667–683, 2011.

[19] E. Carlsen, A. Giwercman, N. Keiding, and N. E. Skakkebaek,
“Evidence for decreasing quality of semen during past 50
years,” BMJ, vol. 305, no. 6854, pp. 609–613, 1992.

[20] P. Sengupta, U. Nwagha, S. Dutta, E. Krajewska-Kulak, and
E. Izuka, “Evidence for decreasing sperm count in African
population from 1965 to 2015,” African Health Sciences,
vol. 17, no. 2, pp. 418–427, 2017.

[21] S. S. Du Plessis, S. Cabler, D. A. McAlister, E. Sabanegh, and
A. Agarwal, “The effect of obesity on sperm disorders andmale
infertility,” Nature Reviews. Urology, vol. 7, no. 3, pp. 153–161,
2010.

[22] C. J. Fernandez, E. C. Chacko, and J. M. Pappachan, “Male
obesity-related secondary hypogonadism - pathophysiology,
clinical implications and management,” European Endocrinol-
ogy, vol. 15, no. 2, pp. 83–90, 2019.

[23] WHO, “Obesity and overweight,” 2018, https://www.who.int/
en/news-room/fact-sheets/detail/obesity-and-overweight.

[24] WHO, WHO Laboratory Manual for the Examination and
Processing of Human Semen, World Health Organization,
Geneva, Switzerland, 5th edition, 2010.

[25] R. I. McLachlan, E. Rajpert-De Meyts, C. E. Hoei-Hansen,
D. M. de Kretser, and N. E. Skakkebaek, “Histological evalua-
tion of the human testis–approaches to optimizing the clinical
value of the assessment: mini review,” Human Reproduction,
vol. 22, no. 1, pp. 2–16, 2007.

[26] L. A. Cerilli, W. Kuang, and D. Rogers, “A practical approach
to testicular biopsy interpretation for male infertility,”Archives
of Pathology & Laboratory Medicine, vol. 134, no. 8, pp. 1197–
1204, 2010.

[27] A. Suskind, A. Hayner-Buchan, P. J. Feustel, and B. A. Kogan,
“Fibrosis correlates with detailed histological analysis of
human undescended testes,” BJU International, vol. 101,
no. 11, pp. 1441–1445, 2008.

[28] F. B. Karakaya, M. Yavuz, and S. Sirvanci, “Histological analy-
sis of the effects of thymoquinone on testicular damage in
pentylenetetrazole-induced temporal lobe epilepsy model,”
Andrologia, vol. 53, no. 10, article e14130, 2021.

[29] K. K. Shukla, A. A. Mahdi, and S. Rajender, “Apoptosis, sper-
matogenesis and male infertility,” Frontiers in Bioscience (Elite
Edition), vol. E4, no. 1, pp. 746–754, 2012.

[30] D. S. Martincic, I. Virant Klun, B. Zorn, and H. M. Vrtovec,
“Germ cell apoptosis in the human testis,” Pflügers Archiv,
vol. 442, no. 7, pp. R159–R160, 2001.

[31] A. Bozec, S. Amara, B. Guarmit et al., “Status of the execu-
tioner step of apoptosis in human with normal spermatogene-
sis and azoospermia,” Fertility and Sterility, vol. 90, no. 5,
pp. 1723–1731, 2008.

[32] W. Yan, M. Samson, B. Jegou, and J. Toppari, “Bcl-w forms
complexes with Bax and Bak, and elevated ratios of Bax/Bcl-
w and Bak/Bcl-w correspond to spermatogonial and sper-
matocyte apoptosis in the testis,” Molecular Endocrinology,
vol. 14, no. 5, pp. 682–699, 2000.

[33] L. Zeng, X. T. Kong, J. W. Su, T. L. Xia, Y. Q. Na, and Y. L. Guo,
“Evaluation of germ-cell kinetics in infertile patients with pro-
liferating cell nuclear antigen proliferating index,” Asian Jour-
nal of Andrology, vol. 3, no. 1, pp. 63–66, 2001.

[34] S. Schlatt and G. F. Weinbauer, “Immunohistochemical local-
ization of proliferating cell nuclear antigen as a tool to study
cell proliferation in rodent and primate testes,” International
Journal of Andrology, vol. 17, no. 4, pp. 214–222, 1994.

[35] B. Bar-Shira Maymon, L. Yogev, H. Yavetz et al., “Spermatogo-
nial proliferation patterns in men with azoospermia of differ-
ent etiologies,” Fertility and Sterility, vol. 80, no. 5, pp. 1175–
1180, 2003.

[36] S. Takagi, N. Itoh, M. Kimura, T. Sasao, and T. Tsukamoto,
“Spermatogonial proliferation and apoptosis in hyposperma-
togenesis associated with nonobstructive azoospermia,” Fertil-
ity and Sterility, vol. 76, no. 5, pp. 901–907, 2001.

9Andrologia

https://www.mayoclinic.org/diseases-conditions/infertility/symptoms-causes/syc-20354317
https://www.mayoclinic.org/diseases-conditions/infertility/symptoms-causes/syc-20354317
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight


[37] T. Demirci and E. Sahin, “The effect of chronic stress and obe-
sity on sperm quality and testis histology in male rats; a mor-
phometric and immunohistochemical study,” Histology and
Histopathology, vol. 34, no. 3, pp. 287–302, 2019.

[38] S. S. Deshpande, H. Nemani, S. Pothani et al., “Genetically
inherited obesity and high-fat diet-induced obesity differen-
tially alter spermatogenesis in adult male rats,” Endocrinology,
vol. 160, no. 1, pp. 220–234, 2019.

[39] Y. F. Jia, Q. Feng, Z. Y. Ge et al., “Obesity impairs male fertility
through long-term effects on spermatogenesis,” BMC Urology,
vol. 18, no. 1, p. 42, 2018.

[40] J. M. Bieniek, J. A. Kashanian, C. M. Deibert et al., “Influence
of increasing body mass index on semen and reproductive hor-
monal parameters in a multi-institutional cohort of subfertile
men,” Fertility and Sterility, vol. 106, no. 5, pp. 1070–1075,
2016.

[41] J. E. Chavarro, T. L. Toth, D. L. Wright, J. D. Meeker, and
R. Hauser, “Body mass index in relation to semen quality,
sperm DNA integrity, and serum reproductive hormone levels
among men attending an infertility clinic,” Fertility and Steril-
ity, vol. 93, no. 7, pp. 2222–2231, 2010.

[42] E. R. Hofny, M. E. Ali, H. Z. Abdel-Hafez et al., “Semen param-
eters and hormonal profile in obese fertile and infertile males,”
Fertility and Sterility, vol. 94, no. 2, pp. 581–584, 2010.

[43] A. A. MacDonald, G. P. Herbison, M. Showell, and C. M.
Farquhar, “The impact of body mass index on semen
parameters and reproductive hormones in human males: a
systematic review with meta-analysis,” Human Reproduction
Update, vol. 16, no. 3, pp. 293–311, 2010.

[44] B. M. Al-Ali, T. Gutschi, K. Pummer et al., “Body mass index
has no impact on sperm quality but on reproductive hormones
levels,” Andrologia, vol. 46, no. 2, pp. 106–111, 2014.

[45] A. A. Macdonald, A. W. Stewart, and C. M. Farquhar, “Body
mass index in relation to semen quality and reproductive hor-
mones in New Zealand men: a cross-sectional study in fertility
clinics,” Human Reproduction, vol. 28, no. 12, pp. 3178–3187,
2013.

[46] C. P. Pavlovich, P. King, M. Goldstein, and P. N. Schlegel, “Evi-
dence of a treatable endocrinopathy in infertile men,” The
Journal of Urology, vol. 165, no. 3, pp. 837–841, 2001.

[47] S. M. Stephens and A. J. Polotsky, “Big enough for an aroma-
tase inhibitor? How adiposity affects male fertility,” Seminars
in Reproductive Medicine, vol. 31, no. 4, pp. 251–257, 2013.

[48] I. Fejes, S. Koloszar, Z. Zavaczki, J. Daru, J. Szollosi, and A. Pal,
“Effect of body weight on testosterone/estradiol ratio in oligo-
zoospermic patients,” Archives of Andrology, vol. 52, no. 2,
pp. 97–102, 2006.

[49] T. K. Jensen, A. M. Andersson, N. Jorgensen et al., “Body mass
index in relation to semen quality and reproductive hormone-
samong 1,558 Danish men,” Fertility and Sterility, vol. 82,
no. 4, pp. 863–870, 2004.

[50] C. H. Ramlau-Hansen, M. Hansen, C. R. Jensen, J. Olsen, J. P.
Bonde, and A. M. Thulstrup, “Semen quality and reproductive
hormones according to birthweight and body mass index in
childhood and adult life: two decades of follow-up,” Fertility
and Sterility, vol. 94, no. 2, pp. 610–618, 2010.

[51] F. Li, Q. Yang, H. Shi, H. Xin, X. Luo, and Y. Sun, “Effects of
obesity on sperm retrieval, early embryo quality and clinical
outcomes in men with nonobstructive azoospermia undergo-
ing testicular sperm aspiration-intracytoplasmic sperm injec-
tion cycles,” Andrologia, vol. 51, no. 6, article e13265, 2019.

[52] S. Karamazak, F. Kizilay, T. Bahceci, and B. Semerci, “Do body
mass index, hormone profile and testicular volume effect
sperm retrieval rates of microsurgical sperm extraction in the
patients with nonobstructive azoospermia?,” Turkish Journal
of Urology, vol. 44, no. 3, pp. 202–207, 2018.

[53] G. Shrem, Y. Brudner, Y. Atzmon, M. Michaeli, A. Ellenbogen,
and E. Shalom-Paz, “The influence of obesity, smoking, and
serum follicular stimulating hormone in azoospermic patients
on testicular sperm extraction-intra cytoplasmic sperm injec-
tion outcomes: a retrospective cohort study,” Medicine (Balti-
more), vol. 98, no. 4, article e14048, 2019.

[54] R. Ramasamy, C. Bryson, J. E. Reifsnyder, Q. Neri, G. D.
Palermo, and P. N. Schlegel, “Overweight men with nonob-
structive azoospermia have worse pregnancy outcomes after
microdissection testicular sperm extraction,” Fertility and Ste-
rility, vol. 99, no. 2, pp. 372–376, 2013.

10 Andrologia


	Testicular Apoptosis and Proliferation in Relation to Body Mass Index and m-TESE Success in Nonobstructive Azoospermic Men
	1. Introduction
	2. Materials and Methods
	2.1. Subject Selection, Data Collection, and Tissue Sampling
	2.2. Histological Examination
	2.3. Immunohistochemistry
	2.3.1. PCNA Immunohistochemistry
	2.3.2. TUNEL Method

	2.4. Statistical Analysis

	3. Results
	3.1. BMI, Reproductive Hormone, and m-TESE Findings
	3.2. Light Microscopic Findings
	3.3. PCNA Findings
	3.4. TUNEL Findings

	4. Discussion
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



