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Abstract

Background: Men with non-obstructive azoospermia constitute a challenging subgroup of male infertility patients
in whom a genetic cause of defective spermatogenesis may be a contributing factor. The aim of this prospective
observational cohort study was to determine whether assessment of meiotic nuclear division 1 (MND1) and glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) gene expression (MND1/GAPDH) in testicular tissue could be a
prognostic indicator for sperm retrieval and ICSI outcome in patients with non-obstructive azoospermia. The study
participants underwent clinical evaluation, conventional semen analysis, serum follicular stimulating hormone (FSH),
testosterone assay, scrotal ultrasound examination, microsurgical testicular sperm extraction (mTESE), and assess-
ment of MND1/GAPDH gene expression levels in testicular tissue via quantitative polymerase chain reaction (QPCR)
techniques.

Results: The MND1/GAPDH level was associated with the likelihood of identifying sperm in testicular biopsies (odds
ratio (OR) 1.25, 95% confidence intervals (Cl) 1.14 to 1.34, p < 0.0001), which was confirmed by the pairwise compari-
son of high vs. low levels of MND1/GAPDH (OR 5.34, 95% Cl 1.97 to 13.16, p = 0.0006). The level of FSH was inversely
associated with a lower chance of finding sperm (OR 0.37,95% C1 0.20 to 0.65, p = 0.001). Compared with small
testicular volume, normal volume was inversely associated with the chance of sperm presence (OR 0.16, 95% Cl 0.06

multicenter observational study.
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t0 0.47, p = 0.0002). However, there was no correlation between MND1/GAPDH levels and ICSI outcome.

Conclusion: Gene expression analysis to predict the likelihood of sperm retrieval following mTESE in patients with
non-obstructive azoospermia provides a new avenue for future research, diagnosis and treatment of male factor
infertility. Before its wider clinical application, however, this proof-of-concept should be tested in a large multinational,

Introduction

Male factor infertility is an ongoing dilemma that has
been partially addressed by assisted reproduction. How-
ever, azoospermia, which affects around 10% of infertile
males, remains a challenge and requires further under-
standing to support treatment optimization (World
Health Organization). For example, identifying genetic
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or epigenetic factors linked to azoospermia could lead to
better patient care [1], allowing researchers to investigate
whether specific gene expression patterns are linked to
sperm presence and concentration in testicular tissue [2,
3], or the outcome of intracytoplasmic sperm injection
(ICSI).

Testicular tissue is composed of many cell types, pro-
viding a supportive environment for male germ cell
development [4-6]. It follows, then, that a testicular
biopsy with a simple histological score for spermato-
genesis can only provide limited prognostic information
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in certain patients, such as those with non-obstructive
azoospermia who constitute a heterogeneous group
with wide range of spermatogenic defects [7, 8]. Despite
advances in diagnostic tools and the use of advanced
surgical sperm retrieval techniques such as microsur-
gical testicular sperm extraction (mTESE), there is not
yet a marker for quantitative and qualitative prediction
of the presence of sperm, nor of ICSI outcome up to the
delivery of healthy baby. Therefore, it could be of value to
study the correlation between spermatogenesis and fer-
tility outcomes with gene expression patterns.

Attempts to identify changes in gene expression asso-
ciated with male factor infertility have previously been
undertaken [9-12], with multiple gene clusters likely
related to defects in spermatogenesis being identi-
fied [10]. Of these genes, 47 were differently expressed
in mice, while 19 genes involved in DNA repair, sper-
matogenesis, and other crucial biological processes, had
abnormal expression patterns in the human [13]. Genes
related to human spermatogenesis include meiotic
nuclear division 1 (MNDI), spermatogenesis associated
22 (SPATA22), glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) and acrosin (ACR) [5]. MNDI is expressed
before meiotic division and its corresponding proteins
are involved in meiotic progression during spermatogen-
esis, while GAPDH is highly expressed in haploid sperm
and can affect sperm function [5]. Therefore, investiga-
tion of the expression patterns of MNDI and its house-
keeping gene GAPDH in patients undergoing TESE could
provide prognostic information related to the likelihood
of sperm retrieval and on the embryological and clinical
outcomes with ICSI in patients with sperm retrieved.

Materials and methods

Study design

This prospective cohort study was conducted at the
IbnSina IVF Centre, Sohag, Egypt, in collaboration with
the Zoology Department, Faculty of Science, Assiut Uni-
versity, and the Dermatology & Andrology Department,
Faculty of Medicine, Assiut University. The study was
prospectively approved by the Ethics Review Board of
Assiut University (no. 17100808; 18 August 2019). Eligi-
ble participants gave written informed consent for par-
ticipation after receiving detailed explanations on the
study. The study had no interventions or assignment to
any study arms.

Study participants

Men with non-obstructive azoospermia were eligible if
they were aged between 25 and 55 and were undergoing a
mTESE procedure. They were invited to participate in the
study if they had a clinical diagnosis of non-obstructive
azoospermia. The exclusion criteria were presence of a
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varicocele, exposure to reproductive toxicants, or hav-
ing a systemic disease known to affect spermatogenesis.
When sperm were identified in the testicular tissues, they
were retrieved for use in an ICSI cycle. Women were eli-
gible provided they were 18 to 40 years of age and were
undergoing an ICSI attempt. Causes of infertility were
male factor only or combined with female factor. Surgi-
cally retrieved sperm, either fresh or frozen-thawed, were
suitable for the study. Patients who refused to take part
in the study were deemed ineligible. Women with thin
endometrium (< 7 mm), uterine anomalies, untreated
hydrosalpinx or a severe medical condition were
accounted for during the study.

Initial evaluation of male patients

A clinical history was taken for all eligible men. A geni-
tal and scrotal ultrasound examination was performed
to measure testicular size and rule out any pathologies.
Men were diagnosed as being azoospermic if no sperma-
tozoa were found in three conventional semen analyses
that included centrifugation and examination of the pel-
let according to the WHO protocol (WHO 2010). Each
man’s serum levels of follicular stimulating hormone
(FSH) and testosterone were determined by automated
immunoassay assay (MINI VIDAS®, Biomerieux, France).

mTESE procedure

All trials for sperm extraction were performed under
surgical microscopy by microsurgical testicular sperm
extraction (mTESE) as described earlier [14]. Briefly,
under surgical microscopy (MS-1600, Medical Micro-
surgery, Medical sources Limited Co.) and local anesthe-
sia, we began with the testis that had the larger volume,
otherwise the right testis. The testis was visualized via
a scrotal midline incision, followed by transverse inci-
sion of the tunica vaginalis. Using a magnification power
of x 20-50, the thicker and more opaque seminiferous
tubules were identified and biopsied for determination of
sperm presence.

In a 30-mm Petri dish (Falcon, BD, USA), testicular tis-
sues were washed in 3 mL Global Total HEPES medium
(LifeGlobal, CooperSurgical, USA), then transferred to a
clean dish containing 3 mL Global Total HEPES medium
and dissected with small scissors, followed by vigorous
mechanical milking and mincing of the tissue with two
needles of insulin syringes. The dish contents were then
examined under an inverted microscope (x 40, Olympus
IX 71, Japan) at room temperature. The surgical proce-
dure was halted as soon as sperm were detected. If sperm
were not detected, further biopsies from a different area
of the testis, and from the other testis underwent the
same preparation and examination procedures.
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The sperm-positive biopsies were minced, and the
sperm suspension was separated from the tissue rem-
nants using a glass Pasteur pipette. The sperm suspen-
sion was then diluted with Sperm CryoProtec medium
(Nidacon, Mélndal, Sweden) in a 2:1 ratio before being
cryopreserved in cryovials according to the manufactur-
er’s protocol. A small fraction of the cryopreserved pro-
cessed testicular tissue from each biopsy was retained for
later gene expression analysis [15], while the rest of the
sperm remained frozen until they were thawed for use in
an ICSI cycle.

Part of the testicular tissue was fixed in Bouin’s solution
for histopathological examination in all patients.

Testicular gene expression analysis

To isolate the RNA, all tissue samples from each patient
were treated with Qiazol lysis reagent with RNase inhibi-
tor (Qiagen, Germany). The redissolved RNA in RNase
free water was then cleaned using a miRNeasy Mini kit
(Qiagen, Germany) to remove all contaminants, inhibi-
tors, and residuals before processing. This step was fol-
lowed by cDNA synthesis for each extracted sample by
high-capacity cDNA reverse Transcription with RNase
inhibitor kit (Applied Biosystems, UK)

Expression level of the MNDI target gene was meas-
ured using SYBR Green-based real-time PCR, and con-
sequent relative quantification analysis with the aid of
GAPDH as a housekeeping gene on the Step-One real
time PCR system (Applied Biosystems, UK). The 20 pL
PCR reaction mixture for the target gene and the corre-
sponding housekeeping gene for each sample included 15
pL master mix with 9 pL PCR-grade water, 1 pL forward
primer for each parameter and the housekeeping gene
(20 pmol/puL), 1 uL reverse primer for each parameter
and the housekeeping gene (20 pmol/uL), 4 pL ready to
use SYBR Green universal master mix (Applied Biosys-
tems, UK), and 50 ng cDNA. The thermal profile was as
follows: initial denaturation at 95 °C for 10 min, followed
by 45 cycles of amplification, starting with denaturation
at 95 °C for 10 s, annealing at 66 °C for 20 s and extension
at 72 °C for 25 s. Following amplification, an extra cycle
of melting curve analysis was done for product character-
ization by heating the reaction mixture from 65 °C to 95
°C at a rate of 0.2 °C/s. The Step-One real time PCR sys-
tem software automatically calculated the gene expres-
sion values by relative quantitative analysis.

ICSI protocol

Stimulation cycles were controlled with either GnRH
agonist (Decapeptyl 0.1 mg, Ferring) started on day 21
of the preceding cycle, or GnRH antagonist (Cetrot-
ide® 0.25 mg, Merck Serono) started on stimulation
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cycle day 6. For ovarian stimulation, patients received
150-300 IU rFSH (Gonal-F, Merck Serono) and
hMG (Menogon, Ferring) in a 2:1 ratio, with the dose
adjusted according to the response. Oocyte retrieval
took place 37 h after the GnRh agonist (Decapeptyl 0.1
mg, Ferring) or hCG (500 g, Ovitrelle, Merck Serono)
maturation trigger was given. Follicles were aspirated
into 14 ml tubes containing 1 ml Global HEPES Total
medium (LifeGlobal, USA), held in a 37 °C tube warmer
(IVFtech, Denmark).

Oocytes were denuded 39 h after the hCG trigger,
in Global Total HEPES medium (LifeGlobal) contain-
ing 40 IU hyaluronidase (Irvine, USA), using a 170-pm
denuding pipette (Cook, USA). Oocyte denudation was
performed at 37 °C. All MII oocytes underwent ICSI
in Global Total HEPES (LifeGlobal) immediately post
denudation.

All cryopreserved testicular samples were thawed as
per our standard protocol [16]. Briefly, samples were
removed from cryostorage and incubated in a 37 °C
water bath for 20 min, followed by centrifugation and
washing twice in PureSperm Wash media (Nidacon,
Molndal, Sweden) at room temperature. The washed
pellet was suspended in 0.5 mL PureSperm Wash sup-
plemented with 2 mg/mL pentoxifylline 15 min before
use. Sperm were then washed to remove the pentoxifyl-
line (Sigma) before use in ICSI. Search dishes for sperm
contained 5 x 20 ul droplets surrounding 2 x 2 pl PVP
droplets. We chose motile sperm (if available) with
normal morphology, or as close to normal morphol-
ogy as possible, for ICSI using an inverted microscope
(40X lens, IX 71, Olympus, Japan). As per our standard
protocol, using a Sunlight injection pipette (Sunlight,
USA), we deposited each immobilized spermatozoon
into the cytoplasm after mechanical piercing of the
zona pellucida and cytoplasmic membrane [17].

From days 0 to 5 or 6 after injection, all injected
oocytes were cultured in Global Total medium (Life-
Global) in a microdroplet dish (Vitrolife), three per
20 pl droplet, overlaid with 5 ml oil (NidOil, Nidacon,
Molndal, Sweden), without medium renewal. A fertili-
zation check and embryo grading were performed on
days 1, 3, and 5 of culture as per the Istanbul Consensus
[18]. Oocyte and embryo culture was performed at 37
4 0.1 °C in a Minc-1000 incubator (Cook, USA) sup-
plied with premixed gas (7.5% CO,, 5% O, and 87.5%
N,) to achieve pH 7.25 £ 0.02. One to two blastocysts
were transferred to each woman under ultrasound
guidance using a Sydney IVF embryo transfer catheter
(Cook, USA). All women received intramuscular pro-
gesterone (100 mg, Prontogest, IBSA) started from the
day after oocyte retrieval until the 12th week of gesta-
tion or a negative pregnancy test.
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Outcomes

The non-obstructive azoospermia is defined as the
absence of spermatozoa in the ejaculate due to lack of
production of mature spermatozoa. The primary end-
point of this study was presence or absence of sperm
after the mTESE procedure, defined as the detection of
at least one spermatozoon using an inverted microscope
(x 40 lens, IX 71, Olympus, Japan). Secondary endpoints
for cases with sperm retrieved and used in a subsequent
ICSI cycle included the rates of fertilization (oocytes with
two pronuclei as a function of the number of MII oocytes
injected), blastocyst formation (the proportion of oocytes
with two pronuclei that had formed a blastocyst by days
5/6), and ongoing pregnancy (fetal heartbeat at > 12
weeks of gestation per oocyte retrieval).

Statistical analysis

Baseline characteristics were summarized as mean and
standard deviations (SDs), median and interquartile
range, and number with percentages, where appropri-
ate. We performed all comparisons using the cluster
bootstrap regression model. For the ICSI cycles, we ana-
lyzed the embryo development at the per woman and
per oocyte level. We performed a backward compari-
son of the regression model to identify the confounders
to be included. We found the model analyzing embryo
development and clinical pregnancy should be adjusted

Table 1 Patient demographics in the study groups
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for maternal age as covariate. The model comparing the
presence or absence of sperm in testicular biopsies was
adjusted for the paternal age as covariate after standardi-
zation. At the per woman level, fertilization and embryo
development were compared using Poisson regression
analysis, summarizing the effect size as relative risk (RR)
with 95% confidence intervals (Cls). At the oocyte level,
fertilization and embryo development were compared
using logistic regression, summarizing the effect size as
odds ratio (OR) with 95% confidence intervals (CIs). We
used the R Statistical Package [19] for all analyses.

Results
Between 25 August 2019 and 5 November 2019, a total of
217 azoospermic men received detailed information on
the study and were screened for non-obstructive azoo-
spermia. Of these men, 193 were eligible for inclusion in
the study, with 106 undergoing mTESE and completing
the study. Sperm were recovered from 59 participants.
Male age, female age, testosterone level, and normal
testicular volume were comparable between the sperm-
positive and negative groups (Table 1). In contrast, the
level of gene expression—either numerical (mean differ-
ence [MD] 10209, 95% CI 6705 to 13712) or categorical
including the high (70% vs 30%) and moderate (72% vs
28%) subgroups—and the proportion of small for testicu-
lar size (81% vs 19%) were higher in patients from whom

Positive for sperm

N =159

Mean (SD and SEM)
Male age (years) 387

(8.86 and 1.15)
Female age (years) 31.1

(6.63 and 0.86)
FSH (1U/L) 12.3

(7.8 and 1.02)
Testosterone (nmolL/L) 334

(1.32and 0.17)
Expressed gene level 10249

(12101 and 1575)

N

(%)
Average testicular volume (mL) 29

(42)
Small testicular volume (< 10 mL) 30

81)
Cases with high gene expression 34

(70)
Cases with moderate gene expression 13

(72)
Cases with low gene expression 12

€

Negative for sperm Mean difference (95% Cl)

N =47

Mean (SD and SEM)

36.0 2.7

(794 and 1.16) (-06106.01)
29.1 201

(594 and 0.87) (-0.5t04.5)
2030 -8

11.3and 1.65) (-11.7t0-43)
2.71 063

(1.96 and 0.29) (- 0.007 to 1.26)
396 10209

(103 and 15.1) (6705 t0 13,712)
N Rate difference
(%) (95% Cl)

40 -16

(58) (-32100.5)

7 62

(19) (44 to 80)

15 39

(30) (200 57)

5 44

(28) (15t0 73)

27 -38

(69) (-59to-18)
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sperm were recovered. Patients who had sperm with
mTESE had significantly lower FSH levels (MD - 8, 95%
CI-11.7 to — 4.3).

The level of gene expression had a strong asymmetri-
cal distribution, needing logarithmic transformation
before being entered as predictor into a cluster-bootstrap
logistic regression. The log transformed level of gene
expression was a strong predictor for finding sperm in
a testicular biopsy (odds ratio [OR] 1.25, 95% CI 1.14 to
1.34, p < 0.0001: Table 2). When transformed into a cat-
egorical variable, the pairwise comparison showed that
sperm retrieval was higher in patients with high and
moderate levels of gene expression (OR 5.34, 95% CI 1.97
to 13.16, p = 0.0006 and OR 7.04, 95% CI 1.47 to 24.36,
p = 0.005) compared to those with a low level of gene
expression. However, there was no difference between
high versus moderate gene expression level in predicting
the likelihood of retrieving sperm from a testicular biopsy
(p = 0.82). Normal testicular size and high FSH level
were negative predictors for testicular sperm retrieval
in patients with non-obstructive azoospermia (OR 0.16,
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95% CI 0.06 to 0.47, p = 0.0002 and OR 0.37, 95% CI 0.20
to 0.65, p = 0.001), while testosterone level and male age
were not correlated with sperm retrieval (both p = 0.12).
For the positive sperm group, the level of log transformed
gene expression and the pairwise comparison of its cat-
egorical conversion did not show any relationship with
testicular volume or sperm concentration (all p > 0.05;
Table 2). Similarly, there was no correlation between gene
expression levels and male age, FSH, or testosterone lev-
els (all p > 0.05; Table 2).

Likely due to the pilot sample size, there was no corre-
lation of gene expression level with the rates of fertiliza-
tion, blastocyst utilization, good concentration of sperm,
or ongoing pregnancy (all p > 0.05; Table 3).

Discussion

The lack of a predictive method for the prognosis of
azoospermic men is a compelling problem. In this
study, we found a positive correlation between the
expression levels of MND1/GAPDH and the pres-
ence of sperm in the testicular tissue of patients with

Table 2 Predictors of sperm in the testicular biopsy and relative effects of gene expression

Predictors of sperm in the testicular biopsy for non-obstructive azoospermia

Trend effect of expressed gene on presence of sperm
High vs low gene expression®
Moderate vs low gene expression?

High vs moderate gene expression®

Low vs moderate gene expression®
Average vs small testicular volume?
Male age
FSH
Testosterone
Different effectors on cases with positive sperm in testicular biopsy
Effect of gene expression level on normal testicular volume
Effect of high vs low gene expression on testicular volume?
a

Effect of moderate vs low gene expression on testicular volume
Effect of gene expression on TESE sperm concentration

Male age effect on gene expression
FSH effect on gene expression level

Testosterone effect on gene expression level

0Odds ratio (OR) (95% Cl) Rate difference P value
(95% CI)
1.25(1.14t0 134) 26 (2110 32) < 0.0001
534 (19710 13.16) 39(17t0 57) 0.0006
7.04 (147 to 24.36) 41 (1210 65) 0.005
0.74 3(-25t025) 0.82
(0.22 t0 3.20)
0.14 (0.04 t0 0.65) -41(-65t0-11) 0.0051
0.16 (0.06 t0 0.47) -39(-55t0-21) 0.0002
1.39(0.92t0 2.17) 7.7 (=2t017) 0.12
0.37 (0.20 t0 0.65) -18(-23t0-10) 0.001
1.60 (0.90 t0 2.82) 12(-3t022) 0.12
152 (0.88t0 2.71) -10(-21to03) 0.15
0.29 (0.07 t0 1.96) -22(-53t014) 0.19
0.31(0.05t03.11) -21(-85t021) 0.31
0.79 -6 0.36
(04210 1.41) (-17t08)
OR (95% Cl): pairwise comparison Mean ratio (95% Cl):
trend detection
1.00 (0.56 to 1.71) 0.91 0.892
(0.21t03.9)
1.07 (061 to 1.81) 0.77 0.73
(0.18t03.31)
0.73 (042 to 1.24) 2.31 0.25
(0.54t0 9.65)

Data comparisons were by generalized mixed models with bootstrap: logistic regression at oocyte level and Poisson regression at woman level. All analyses were

adjusted for age as covariate after standardization

2 Pairwise comparisons

The effect sizes are summarized as odds ratio and rate difference, with 95% confidence intervals
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Table 3 Effect of gene expression level on ICSI outcome in patients positive for testicular sperm

High vs low

OR (95% ClI; p)

Medium vs low OR (95% Cl; p) log (expressed gene)

OR ((95% CI; p)

Ongoing pregnancy: 21/59 (36%)

Good sperm concentration: 37/59 (62%)

Oocyte level analysis

Fertilization rate per injected oocyte: 337/561 (60%)
Utilized embryos per fertilized oocyte: 214/ 561 (38%)

1.89(0.31t0 7;0.83)
1.12(0.18 t0 7.35; 0.98)

0.86 (042 10 1.63;0.97)
0.71 (042 to0 1.33;0.25) 0.75

0.34(0.1t0 9;0.78)
2.21(0.151t0 18.92;0.97)

1.04 (0.94 to 1.15; 0.49)
1.00 (0.58 t0 1.72;0.99)
0.72(0.28 to 1.72; 0.80) 0.99 (0.94 to 1.04; 0.99)

0.97 (093 t0 1.01;0.15)
(0.37 t0 1.60; 0.49)

Data comparisons were by generalized mixed model with bootstrap: logistic regression was done at oocyte level or patient level, as appropriate. All analyses were
adjusted for age as covariate after standardization. The upper set in the table represents a patient-level analysis, while the lower set represents an oocyte-level

analysis. The effect sizes are summarized as odds ratio, with 95% confidence intervals

non-obstructive azoospermia. This could have the
potential of transforming the traditional testicular
biopsy by introducing a new test to better understand
the genes contributing to azoospermia. Despite this
promising result, our study did not identify any prog-
nostic value on clinical outcomes following the use of
these sperm, likely due to the sample size and broad
endpoints.

MNDI1 and GAPDH were chosen for our study
because of the theoretical difference in their expression
in azoospermic men. The results of the present study
supported this concept, with different levels of MND1/
GAPDH found in testicular biopsies. This could poten-
tially offer a diagnostic alternative to inaccurate clinical
and laboratory hormonal predictors of spermatogene-
sis. The two genes in our study were investigated previ-
ously in a small retrospective study of gene expression
and IVF outcomes [5], although MNDI was included
in a panel and not assessed individually. Our study was
more focussed and evaluated the MNDI gene expres-
sion level on testicular function.

We categorized the level of gene expression as high,
moderate, or low, and found that high and moderate
levels of expression predicted the successful retrieval
of sperm from testicular biopsies, compared to samples
with low expression levels. This provided further vali-
dation for the concept of gene expression analysis as a
predictor of sperm retrieval.

Despite previous reports linking positive testicular
biopsy results to normal testicular size [20], in our study
average testicular volume was negatively correlated with
the presence of sperm while small testicular volume was
positively correlated (Table 1). This suggests that in non-
obstructive azoospermia, we cannot predict testicular
function by measuring testicular volume. Non-obstruc-
tive azoospermia is likely to have deeper underlying
causes, with gene expression being one of them. More
mechanistic research is needed to figure out why testicu-
lar volume does not correlate with function.

FSH level was another predictor of locating sperm in
testicular biopsies (Table 1). Together, we found that a
combination of high FSH, a low level of gene expression,
and normal testicular volume in men with non-obstruc-
tive azoospermia indicates a poor prognosis for sperm
recovery, although we cannot rule out the possibility of
finding sperm in further testicular biopsies after medi-
cal or hormonal therapies or with future gene therapy
[21-23].

Our study accounted partially for the small sample size
by using the bootstrap approach with 5000 iterations to
augment confidence in our findings. Although we were
unable to establish any correlation between gene expres-
sion levels and pregnancy outcome, we cannot rule out
that this was due to the small sample size. The post hoc
power analysis for the ongoing pregnancy in our study
was 12% at the 5% significance level, which is very low.
This is in agreement with the very low power for the
previous study that included these two genes along with
another three [5]. This would suggest the need for a study
with sample size of ~ 550 to be able to draw solid con-
clusions on likely clinical outcomes after ICSI. The same
concept holds true for detecting differences in embryo
development patterns.

Our study carried no extra risks for participants as they
were already scheduled to undergo a micro-TESE proce-
dure, irrespective of whether they were participating in
the study. They chose to participate in this prospective
observational study in the hope of gaining a better under-
standing of their own cases as well as of contributing to
their peers.

This study has some limitations. It included only two
genes, based on the results from a previous pilot study
[5]; however, we have proved the concept to support
further research. Although next generation sequenc-
ing is currently the superior method for specific
gene expression or whole exome sequencing, qPCR
is a rapid, effective, less costly method with reason-
able accuracy for testing the selected genes. Given the



Emad et al. Middle East Fertil Soc J (2021) 26:43

possibility of different gene expression across different
populations, and as this study included only Egyptians,
the generalizability of our findings needs to be investi-
gated through a larger, multinational study.

This study also has some strengths, establishing a
new, more advanced diagnostic and prognostic tool for
non-obstructive azoospermia. The protocol used for
surgical sperm retrieval along with the tissue handling
across the study period was stringent. All samples were
examined for the level of gene expression at the same
time and in one laboratory with a high standard of pro-
fessionalism, which is likely to have been reflected in
the validity of the results obtained. Although the sam-
ples were identified as having been positive or negative
for sperm, they were coded before being sent to the
laboratory for gene expression, which would further
increase the validity of the results.

The implication of this study is the justification of
germ cell-specific gene expression analysis in testicular
samples to improve the prediction of positive testicu-
lar biopsy outcome in non-obstructive azoospermia.
Non-obstructive azoospermia is a complex pathophysi-
ological state with altered gene expression in the testes.
Understanding this process could ultimately lead to the
identification of molecular markers of spermatogenesis.

In summary, the results of our study show that
evaluation of the level of gene expression in patients
with non-obstructive azoospermia can predict the
chance of sperm retrieval during testicular sperm
extraction. There was no increase in the incidence of
adverse events in patients undergoing the gene expres-
sion analysis. Overall, our data support the addition
of gene expression analysis to the current standard of
care in patients with non-obstructive azoospermia.
Our study may provide initial evidence to create a bet-
ter understanding of the underlying genetic defects in
non-obstructive azoospermia, and to support further
mechanistic studies, which may in turn lead to the new
treatment methods for patients with this type of male
factor infertility.
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