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ORIGINAL PAPER

The majority of occurrences of azoospermia are due to
irreversible testicular illnesses that affect spermatogene-
sis. These conditions are frequently related to inflamma-
tory, genetic, and endocrine issues. If no obvious causes
are found, NOA will be considered idiopathic. The affect-
ed testes are tiny and swollen (4, 5). 
Male infertility can be brought on by a number of chro-
mosomal or genetic disorders, including Klinefelter syn-
drome, 47(XXY) syndrome, XX male syndrome, and Y-
chromosome microdeletions (6).
The foundation for spermatogenesis and male fertility in
males is provided by spermatogonial stem cells (SSCs).
Throughout the male reproductive life, SSCs can main-
tain the self-renewal process, differentiate into spermato-
zoa, and pass on genetic material to the following gener-
ation (7). 
Stem cell transplantation is one method of treatment for
male infertility related to a problem with spermatogene-
sis. The reason for this is that stem cells are unspecialized
cells being capable of self-renewal, regeneration, and cell
differentiation. When existing spermatogonial cells are
lost or injured, spermatogenesis can be restored by sper-
matogonial cells (SSCs). Therefore, stem cell transplanta-
tion represents an effective method for restoring sper-
matogenesis in individuals with cancer and other sper-
matogenic disorders (8).
The Mesenchymal Stem Cells (MSC) multi-linear differentia-
tion capacity, moderate immunogenicity, and active
involvement in tissue repair and regeneration following
migration to injured locations account for their widespread
use. For clinical usage in cell-based therapeutics, MSCs gen-
erally have an advantage over other types of stem cells (9).
One of the primary sources of MSCs is the bone marrow,
and although aspirating the bone marrow is the most
painful way to isolate MSCs, it is also the most used
method for cell therapy (10).
The differentiation of MSCs into the male or female germ
cell epithelium can be induced using a specific combina-
tion of growth factors, chemicals and genetic modifica-
tions. Distinct methods of differentiation induction have
been devised to differentiate distinct types of MSCs into
male germ cells. Retinoic acid, growth factors, minerals,
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INTRODUCTION
About 1% of males and up to 10-15% of infertile men
have azoospermia, which is defined as the absence of
sperm in the ejaculate upon evaluation of the centrifuged
semen. In two thirds of instances, severe spermatogenic
dysfunction, also known as non-obstructive azoospermia
(NOA), is the primary cause (1). Azoospermia can be cat-
egorized as either obstructive (OA) or NOA (2). 
Many medications like antihypertensive medications and
antidepressants might cause NOA; all of them have the
potential to disrupt spermatogenesis and even cause non-
obstructive azoospermia (3).
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co-culture, conditioned medium, magnetic fields, and
gene over-expression are a few examples of these (11).
Mild symptoms such as transitory fever, insomnia, nau-
sea, vomiting, or mild changes at the administration site
may occur as a side effect of MSCs treatment, necessitat-
ing medical supervision and follow-up (12).
As evidenced by improved expression of germ cell mark-
ers, a decrease in apoptosis-induced sterility, a reduction
in oxidative stress, and an increase in testosterone pro-
duction, MSCs transplanted into the testes of NOA
demonstrated both activation of spermatogenesis and dif-
ferentiation into germ cells. The inhibition of antisperm
antibodies (ASA) may also be a function of MSCs (13).
The implanted MSCs produce a variety of growth factors,
including the male germ cell potential factors transform-
ing growth factor beta (TGF-) and bone morphogenetic pro-
teins (BMPs), which stimulate and restore the recipient's
cellular function (14).
The grey area about the effect of MSCs local intratesticu-
lar injection to induce spermatogenesis has motivated the
authors to conduct this study

SUBJECTS AND METHODS

Study design
The current study was conducted following the ethical
perspectives of Helsinki Declaration where ethical
approval was obtained from the ethical and research com-
mittees of both Benha and Al Azhar Universities. The cur-
rent study was conducted at the Urology Department,
Benha University and Andrology outpatient clinic of
International Islamic Institute for Population Studies and
Research, Al-Azhar University. The study was conducted
throughout the period from January.2020 till January
2022. The study included 87 subjects with primary infer-
tility, with non-obstructive azoospermia for at least 2
years durations. All cases were volunteers and informed
by explaining complete details of the procedure (expect-
ed benefits and possible complications). A written con-
sent was obtained from each patient.
Clinical trial registry at: clinicaltrials.gov/study/NCT02025270
Every patient underwent a thorough history-taking
process, paying particular attention to the marital history
(including age of the couple, length of marriage, and pre-
vious marriage
Clinical examination, paid particular attention to gigan-
tism, dwarfism, myxedema, Klinefelter syndrome, mon-
golism... etc. Local examination was performed to check
testicular volume, consistency, varicocele, cord anom-
alies, and vas alterations in order to rule out obstruction
or scrotal enlargements, absence as well as congenital
malformations of the testis.
Following a 2-7-day period of abstinence, the semen
analysis was performed three times in a row in accor-
dance with WHO guidelines to confirm azoospermia.
Follicle stimulating hormone (FSH), luteinizing hormone
(LH), and testosterone measurements and testicular biop-
sy were used to estimate hormonal profiles and to dis-
cover histological patterns underlying azoospermia (such
as SCOS and phases of spermatogenic arrest). 
Karyotyping was done to display chromosomal abnormal-

ities, such as the XX male syndrome and the Klinefelter
syndrome 47XXY. Assessing Y-chromosome microdele-
tions (AZF) was done to identify the loci of spermatogen-
esis that were affected (A, B, or C). 

Instrumentation
• Laminar Air flow Cabinet (Biological Safety Cabinet)

Class 11 type A/B3.
• Octomax: for magnetic cell selection (Miltenyi Biotec,
Germany) MACS Multistand.

• Inverted phase – Contrast microscope: for cell exami-
nation and counting.

• Light Microscope: for cell counting (Leitz).
• Water bath: for sampling preparations and manipula-

tion.
• Humidified CO2 Incubator with air Jacket: for Cell

Stem Cell cultivation, Model MJPX- C 50. 
• Refrigerator to keep the media.
• Centrifuge (Eppendorf): to centrifuge the sampling for

separation, sedimentation.
• Sterile Pasteur pipettes.
• Automatic pipettes (10-200 UL, Scororex).
• Sterile tissue culture tubes & dishes.
• Hemocytometer: Improved Neuber.
• Vortex Mixer: for sample mix & resuspending. 

Media 
• MACS Buffer; Auto MACS Rinsing Solution (EDTA,
Phosphate Buffered Saline).

• Dulbecco’s Phosphate Buffers Saline (Phenol red,
Calcium and Magnesium).

• HiSep LSM 1077: Phicoll for cell separation (buffy coat
layer).

• Alcohol 70% for sterilization. 

METHODS
Under complete aseptic condition, about 60 ml of bone
marrow blood were aspirated from iliac bones. This vol-
ume is diluted with phosphate buffer saline (PBS). The dilut-
ed blood sample was gently layered to Ficoll hypaque 
Centrifugation was done to separate the buffy coat layer
and aspirate this layer that present at the interphase
between the plasma and Ficoll carefully. This separated
layer is also subjected to magnetic labeling and separation
by CD105 microbeads and FCR blocking antibodies by
OctaMACS apparatus to get finally pure Mesenchaymal Stem
Cells (MSC). These cells are finally re-suspended in 1 ml of
PBS. A 30 micr. of this volume are subjected to viability
testing using trypan blue and counting by improved
Neuber hemocytometer. Cell counting for cases ranged
(3.7-5.2 mil/cm), viability around 98.4-99.2%. The extract-
ed cells were injected into cortex of both testes of patients
under local anesthesia. The patents were followed after 4
months from injection, by semen analysis, hormonal pro-
file (FSH, LH and testosterone) and testicular volume. The
follow up was every 2 months for at least one year. 

RESULTS
This current study included 87 infertile male patients
with a mean age of 35.87 ± 4.22 years in whom the
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repeated spermiogram revealed azoospermia. After MSCs
injection, 69 (79.3%) patients did not show sperm in
their semen while the remaining 18 (20.7%) patients
showed different numbers of sperm in their semen.
The mean age of the non-responding group 36.9 ± 7.35
years. Other clinical data and testicular biopsy results
were illustrated in Table 1.
In the successful group, the surprising finding is the rate of
responders with Sertoli Cell only Syndrome (SCOS) (61.1%).
The most prominent parameters among responding cases
is normal karyotyping and absence of chromosome Y AZF
micro deletion (Table 1). 
Table 1 demonstrated that there was a statistically signifi-
cant decrease in the FSH and LH hormone levels as well
as significant increase in the testosterone level after MSCs
therapy in the responding group more than the non-
responding group.
Karyotyping was the only variable showing statistically sig-

nificant differences between successful and non-respond-
ing patients with SCOS (Table 2).
Regarding patients with SCOS, FSH level after treatment
showed significant differences between responding and
non-responding. Also FSH percentage of level changes
after treatment showed statistically significant differ-
ences between both responding and non-responding
patients. On the other hand, LH levels showed signifi-
cant differences between SCOS responders and non-
responders either before or after treatment. Also, the
hormonal level change percentage was significantly dif-
ferent. Moreover, testosterone showed significant differ-
ences between both groups regarding level before, after
as well as change`s percentage. All successful cases of
SCOS have normal karyotyping and absence of AZF
microdeletions (Table 2).
Table 3 Showed that FSH level and percentage of changes
after treatment showed significant differences between
successful vs. failed cases. There was no statistically sig-
nificant differences among successful vs. failed cases with
different levels of spermatogenic arrest as regards the
Testesterone and LH hormones although significant dif-
ference was noticed within each group before and after
MSC injection. 

Table 1. 
Comparison between successful vs. non responding 
cases (clinical, testicular biopsy before, genetic background
and hormonal level before and after MSCs therapy).

Failed Success P value
No of patients, n (%) 69 (79.3%) 1 (20.7%)
Age (Mean ± SD) 36.9 ± 7.35 34.83 ± 5.85 0.269
Testicular Size before MSCs therapy 0.227

Normal, n (%) 35 12
Small, n (%)              34 6

Testicular Examination before MSCs therapy 0.231
Normal, n (%) 61 17
Varicocele, n (%) 7 0
Cryptorchidism, n (%) 1 1

Testicular biopsy before MSCs therapy 0.084
Primary spermatocyte, n (%) 9 2
Secondary spermatocyte, n (%) 3 4
Spermatid, n (%) 2 1
SCOS, n (%) 55 11

Karyotyping before MSCs therapy 0.070
Normal 58 18
Klinefelter 11 0

Microdeletion before MSCs therapy 0.779
Normal 65 18
AZF a 1 0
AZF b 2 0
AZF c 1

F S H (Mean ± SD)
Before MSCs therapy 24.70 ± 10.2 22.07 ± 5.5 0.301
After MSCs therapy 19.68 ± 8.617 11.96 ± 2.97 < 0.001*  

P = 0.016 P < 0.001* 
% of changes 20.32 45.81 < 0.001* 
LH (Mean ± SD)

Before MSCs therapy 10.18 ± 4.75 7.03 ± 2.07 0.008*
After MSCs therapy 8.27 ± 3.679 5.143 ± 1.014 < 0.001* 

P = 0.023* P < 0.001* 
% of changes 18.76 26.84 0.01*  
Testosterone (Mean ± SD)

Before MSCs therapy 2.367 ± 1.041 3.44 ± 0.66 < 0.001*
After MSCs therapy 3.52 ±  1.30 5.29 ± 0.77 < 0.001*

P = 0.041 P < 0.001*

% of changes 32.76 34.97 0.01*  

Table 2. 
Comparison between successful vs. non responding cases 
of SCOS (clinical & genetic background) and hormonal levels.

Failed Success P value
No of patients, n (%) 55 11
Age (Mean ± SD) 36.93 ± 7.45 35.09 ± 7.012 0.752
Testicular Size before MSCs therapy 0.579

Normal, n (%) 30 7
Small, n (%)              25 4

Testicular Examination before MSCs therapy 0.245
Normal, n (%) 48 10
Varicocele, n (%) 6 0
Cryptorchidism, n (%) 1 1

Karyotyping before MSCs therapy < 0.001*
Normal 44 11
Klinefelter 11 0

Microdeletion before MSCs therapy 0.214
Normal 52 11
AZF a 0 0
AZF b 2 0
AZF c 1 0

F S H (Mean ± SD)
Before MSCs therapy 19.67 ± 8.5 22.2 ± 5.87 0.093
After MSCs therapy 15.2 ± 13.3 12.29 ± 2.25 < 0.007*  

P = 0.012* P < 0.001* 
% of changes 22.7 44.6 < 0.001* 
LH (Mean ± SD)

Before MSCs therapy 10.18 ± 4.7 6.7 ± 1.6 0.008*
After MSCs therapy 8.28 ± 3.65 4.96 ± 0.96 < 0.001* 

P = 0.003* P < 0.001* 
% of changes 18.6 26.11 < 0.001*  
Testosterone (Mean ± SD)

Before MSCs therapy 2.35 ± 1.045 3.4 ± 0.818 < 0.003*  
After MSCs therapy 3.5 ± 1.30 5.13 ± 0.8 < 0.001*
P = 0.041 P = 0.04* 0.001*

% of changes 32.9 33.7 < 0.004*  
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DISCUSSION
Aside from the extremely rare occurrences of patients with
hypogonadotropic hypogonadism, Caroppo E. & Colpi G.
(15) came to the conclusion that azoospermia caused by
spermatogenic malfunction is an incurable illness. 
MSCs, also referred to as fibroblast precursor cells, are
non-hematopoietic cells found in the bone marrow.
According to standard criteria established by the
International Society for Cellular Therapy (ISCT), MSCs
must be plastic adhering and capable of differentiating
into the osteoblast, adipocyte, and chondroblast lineages.
Frequently, they have low immunogenicity (16). MSCs
use paracrine and immunomodulatory pathways to pro-
vide their beneficial effects (17, 18).
In their meta-analysis investigation, Wang et al. (12)
found no direct evidence that MSC injection had the
potential to cause tumours. Additionally, no major safety
incidents were noted. Some research (19) have demon-
strated that MSCs can trans-differentiate into spermato-
genetic cells in the right milieu. BM (Bone Marrow)-MSC-
transplanted mice produced germ cells in vivo, according
to several research (20, 21).
BM-MSCs have the ability to fuse with the local cells in
the damaged area or to differentiate or trans-differentiate
into multi-lineage cells, produce paracrine substances to
entice the local stem cells to take part in tissue regenera-
tion (22).
Pittenger et al. 2019 (23) concluded that MSC infusion
treatments had a very good safety profile during the previ-
ous 25 years, which was backed up by more than 950 reg-
istered MSC clinical trials that were filed with the FDA.
In the present study, a single intratesticular injection of
pure MSCs was used to treat patients. Out of 87 patients,
18 (or 20.7%) showed sperm in their semen at various
times. In contrast to the successful case report of Cassim
& Mohamed (24), using local injection with three sessions
of intravenous MSC infusion, our investigation used a
single intratesticular injection. 
Treatment with MSCs had a favourable impact on hor-

mone levels, decreasing FSH and LH levels and raising
blood testosterone levels. Improvements in sexual func-
tion and libido were reported alongside elevated testos-
terone levels in the treated subjects from the patient his-
tory. On the other hand, there were notable hormone
level disparities between responding and non-responder
patients, particularly following treatment. Based on the
observation of successful cases when the FSH level was
double or more than the usual level, the baseline FSH
level appeared to be of little use as a predictor of success.
All the successful cases had normal karyotyping and no
chromosomal abnormalities in the AZF region. This might
be seen as a reliable indicator of a successful outcome.
All SCOS cases that are successful have normal karyotyp-
ing and no AZF microdeletions, which was true for all
cases that were successful despite having differing testic-
ular biopsy results.
The success rate for cases of SCOS was comparable to
other non-obstructive azoospermic cases. This is also a
strong indicator of MSCs' capacity for homing and trans-
differentiation. To summarize, the complete lack of sper-
matogonia is not a contraindication to MSC therapy.
Although the hormonal profile significantly improved in
the case of the classic Klinefelter syndrome, no sperm
were found in the seminal fluid despite decreased FSH,
LH, and higher testosterone levels. This study's findings
align with those of Baghae et al. (25).
No problems were noted during aspiration from the BM or
during intra testicular injection in any of the instances that
were monitored both during and after the MSCs injection.  
Based on Neri's (26) findings, we avoided using in vitro
numerous replications in this study because they could
raise the danger of accumulating genetic and epigenetic
modifications and having a negative impact on the cell
biology and therapeutic characteristics, safety, and efficacy.
According to an experimental investigation in the ram by
Fedder et al. (27), pathological testicular abnormalities
such scar tissue and micro-calcifications were discovered
regardless of the sperm retrieval method used.
Additionally, blood supply impairment was linked to it.  
Furthermore, Eliveld et al. (28) concluded that transient
hypogonadism, which can persist up to 26 months, is
demonstrated by testosterone levels that are below nor-
mal. He also noted that some patients' testicular volume
had decreased, but only a small number of patients had
erectile dysfunction (ED). Because melancholy and anxiety
may be the root of ED rather than hypogonadism, it was
particularly prevalent in the group of men who had neg-
ative sperm retrieval results.

CONCLUSIONS
Regardless of baseline hormonal levels, local intratesticu-
lar injection therapy using human MSCs may offer some
hope for patients with refractory NOA.
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Table 3. 
Comparing hormonal levels among successful vs. failed cases
with different levels of spermatogenic arrest.

Failed Success P value
No of patients, n (%) 14 7
Age (Mean ± SD) 36.9 ± 7.12 34.43 ± 3.2 0.3946
F S H (Mean ± SD)

Before MSCs therapy 19.45 ± 6.5 21.87 ± 4.94 0.403
After MSCs therapy 16.1 ± 4.98 11.37 ± 2.06 0.30 

P = 0.007* P < 0.001* 
% of changes 17.2 48 < 0.001* 
LH (Mean ± SD)

Before MSCs therapy 7.53 ± 2.86 7.57 ± 2.6 0.098
After MSCs therapy 6.1 ± 1.96 5.5 ± 1.02 0.46 

P = 0.082 P < 0.073 
% of changes 19 31.3 0.0085*  
Testosterone (Mean ± SD)

Before MSCs therapy 3.19  ± 1.13 3.51 ± 0.272 0.38  
After MSCs therapy 4.34 ± 1.18 5.26 ± 0.75 0.078

P = 0.041 P = 0.002* 0.001*
% of changes 36.1 49.8 0.755  



Archivio Italiano di Urologia e Andrologia 2024; 96(1):12285

5

Mesenchymal stem cells in the treatment of azoospermia

REFERENCES
1. Caroppo E and Colpi GM. Update on the Management of Non-
Obstructive Azoospermia: Current Evidence and Unmet Needs. J
Clin Med. 2021; 11:62.

2. Wosnitzer M, Goldstein M and Hardy MP. Review of
Azoospermia. Spermatogenesis. 2014; 4:e28218.

3. Boivin J, Bunting L, Collins JA, Nygren KG. International estimates
of infertility prevalence and treatment-seeking: potential need and
demand for infertility medical care. Hum Reprod. 2007; 22:1506-12. 

4. Oud MS, Ramos L, O'Bryan MK, et al. Validation and application
of a novel integrated genetic screening method to a cohort of 1,112
men with idiopathic azoospermia or severe oligozoospermia. Hum
Mutat. 2017; 38:1592-1605. 

5. Kanatsu-Shinohara M, Toyokuni S, Morimoto T, et al. Functional
assessment of self-renewal activity of male germline stem cells fol-
lowing cytotoxic damage and serial transplantation. Biol Reprod.
2003; 68:1801-7.

6. Ferlin A, Raicu F, Gatta V, et al. Male infertility: role of genetic
background. Reprod Biomed Online. 2007; 14:734-45. 

7. Caroppo E, Colpi EM, Gazzano G, et al. The seminiferous tubule
caliber pattern as evaluated at high magnification during microdis-
section testicular sperm extraction predicts sperm retrieval in
patients with non-obstructive azoospermia. Andrology. 2019; 7:8-14. 

8. Valli H, Gassei K, Orwig KE. Stem cell therapies for male infertili-
ty: where are we now and where are we going? In DT Carrell, PN
Schlegel, C Racowsky, & L Gianaroli (Eds.), Biennial Review of
Infertility 2015 (Vol. 4). Switzerland: Springer International
Publishing, pp. 17-39.

9. Kim HJ, Park JS. Usage of Human Mesenchymal Stem Cells in
Cell-based Therapy: Advantages and Disadvantages. Dev Reprod.
2017; 21:1-10. 

10. Chikhovskaya JV, Jonker MJ, Meissner A, et al. Human testis-
derived embryonic stem cell-like cells are not pluripotent, but possess
potential of mesenchymal progenitors. Hum Reprod. 2012; 27:210-21.

11. Wei Y, Fang J, Cai S, et al. Primordial germ cell-like cells derived
from canine adipose mesenchymal stem cells. Cell Prolif. 2016;
49:503-11. 

12. Wang Y, Yi H, Song Y. The safety of MSC therapy over the past
15 years: a meta-analysis. Stem Cell Res Ther. 2021; 12:545.

13. Ghasemzadeh-Hasankolaei M, Batavani R, Eslaminejad MB,
Sayahpour F. Transplantation of Autologous Bone Marrow
Mesenchymal Stem Cells into the Testes of Infertile Male Rats and
New Germ Cell Formation. Int J Stem Cells. 2016; 9:250-263. 

14. Wang F, Liu C, Zhang S, et al. Transplantation of goat bone
marrow mesenchymal stem cells (MScs) help restore spermatogene-
sis in endogenous germ cells-depleted mouse models. J Integr Agric
2013; 12:483-494.

15. Caroppo E, Colpi GM. Hormonal treatment of men with non-
obstructive azoospermia: What does the evidence suggest? J Clin Med
2021; 10:387. 

16. Chen C. From mesenchymal stem cell therapy to discovery of
drug therapy for systemic sclerosis. University of Southern
California, ProQuest Dissertations Publishing, 2014; 3628-36.

17. Liu F, Qiu H, Xue M, Zhang S, Zhang X, Xu J, Chen J, Yang Y,
Xie J. MSC-secreted TGF-b regulates lipopolysaccharide-stimulated
macrophage M2-like polarization via the Akt/FoxO1 pathway. Stem
Cell Res Ther. 2019; 10:345. 

18. Zhang S, Teo KYW, Chuah SJ, et al. MSC exosomes alleviate
temporomandibular joint osteoarthritis by attenuating inflammation
and restoring matrix homeostasis. Biomaterials. 2019; 200:35-47.

19. Cakici C, Buyrukcu B, Duruksu G, et al. Recovery of fertility in
azoospermia rats after injection of adipose-tissue-derived mesenchymal
stem cells: the sperm generation. Biomed Res Int. 2013; 2013:529589. 

20. Lue Y, Erkkila K, Liu PY, et al. Fate of bone marrow stem cells
transplanted into the testis: potential implication for men with testic-
ular failure. Am J Pathol. 2007; 170:899-908.

21. Yang S, Bo J, Hu H, et al. Derivation of male germ cells from
induced pluripotent stem cells in vitro and in reconstituted seminifer-
ous tubules. Cell Prolif. 2012; 45:91-100. 

22. Zhang D, Liu X, Peng J, et al. Potential spermatogenesis recovery
with bone marrow mesenchymal stem cells in an azoospermic rat
model. Int J Mol Sci. 2014; 15:13151-65.

23. Pittenger MF, Discher DE, Péault BM, et al. Mesenchymal stem
cell perspective: cell biology to clinical progress. NPJ Regen Med.
2019; 4:22. 

24. Cassim MI, Mohamed T. Novel Therapy for the Treatment of
Male factor Infertility Due to Non-obstructive Azoospermia: A Case
Report. Crescent Journal of Medical and Biological Sciences. 2019;
6:129-131.

25. Baghaei K, Hashemi SM, Tokhanbigli S, et al. Isolation, differen-
tiation, and characterization of mesenchymal stem cells from human
bone marrow. Gastroenterol Hepatol Bed Bench. 2017; 10:208-213.

26. Neri S. Genetic Stability of Mesenchymal Stromal Cells for
Regenerative Medicine Applications: A Fundamental Biosafety
Aspect. Int J Mol Sci. 2019; 20:2406. 

27. Fedder J, Marcussen N, Fedder MDK, Engvad B. Testicular
Damage following Testicular Sperm Retrieval: A Ram Model Study.
Biomed Res Int. 2017; 2017:2472805. 

28. Eliveld J, van Wely M, Meißner A, et al. The risk of TESE-
induced hypogonadism: a systematic review and meta-analysis. Hum
Reprod Update. 2018; 24:442-454.

Correspondence
Mohamed Abdelrahman Alhefnawy, MD - dr.mohamedalhefnawy@gmail.com  
Assistant Professor of Urology, Benha University - 
Fareed Nada Street 13518, Banha, Egypt

Gamal Elmorsy, MD - gamalz7070@gmail.com
Assistant Professor of Clinical Pathology, Faculty of Medicine, 
Al-Azhar University, Cairo, Egypt

Sayed Bakry, MD - sbakry@azhar.edu.eg
Professor of Genetic Engineering, Faculty of Science for Boys in Cairo, 
Al-Azhar University, Cairo, Egypt

Hesham El-amrosy, MD - egypttala889@gmail.com
Consultant of Clinical Pathology, Egypt Ministry of Health and Population,
Cairo, Egypt 

Ibrahim Mearaj, MD - mearaj@hotmail.com
Taymour Khalifa, MD - Taymour.khalifa@gmail.com
Professor of Dermatology and Andrology, Al-Azhar University Faculty 
of Medicine, Cairo, Egypt 

Ebrahim Sabra, MD - ebrahim.sabra@gebri.usc.edu.eg
Osama Badr, MD - osama.badr@gebri.usc.edu.eg
Assistant Professor of Animal cell and tissue culture, genetic engineering 
and Biotechnology Institute, Sadat University, Sadat City, Egypt

Dalia Ibraheem, MD - daliaibraheem23@gmail.com
Department of Tissue engineering, Faculty of Science, Al-Azhar University,
Cairo, Egypt 

Conflict of interest: The authors declare no potential conflict of interest.


