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Causes of human infertility.

Etiology of human infertility
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Causes of female infertility
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Causes of male infertility

HYPOTHALAMIC-PITUITARY DISORDERS
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Semen Analysis Test - Normal Values

Parameter Reference Range

Semen Volume >=1.5mL
Sperm Count >=15 million per mL

Total Sperm Number >= 39 million

Total motility >= 40% motile sperms within 60

Sperm Motility minutes of ejaculation. Progressive motility >= 32%

'l Sperm Viability Or Vitality >= 58%
Sperm Morphol ogy >= 4%
White Blood Cells < 1 million per mL
Semen pH >=7.2




Semen parameter WHO 1980  WHO0 1987 WHO 1992 WHO 1999 WHO0 2010

Volume (mL) ND 1.5
Sperm count (10°/mL) 20-200 20 15
40 39
250 40
>25 (grade a) >25% (grade a) 32 (grade a+b)
275 275 58
230 14 4
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Total sperm count (10°) ND
Total motility (% motility) 260
Progressive motility (%) 22

Vitality (% alive) ND
Morphology (% normal forms) 80.5
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WHO: World Health Organization; ND: not defined.
Adapted from the article of Esteves et al (Urology 2012:79:16-22) [28] with original copyrig nermission.




Sperm concentration (millions/mil)

91.48 millions,/ml
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61.75 millions,/ml
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15 millions/ml
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DEF[N[T[oﬂ ﬁg?emmpl e and in a centrifuges suspended semen

1-3% of male population
10 % infertile male associated with infertility

Obstructive Pre testicular
Non obstructive Testicular

Post testicular







Pre-testicular

Testicular d;{ .
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Pituitary disease:

- Pituitary insufficiency
» Hyperprolactinemia

* Exogenous hormones

- Growth hormone deficiency )

q-lypothalamic disease: N ((':hromosomalz R (()ther causes: N

- Gonadotropin deficiency * Klinefelter syndrome » Congenital blockage of the
(Kallmann syndrome) + XX male ductal system

- Isolated LH deficiency (sex reversal syndrome) » Cystic fibrosis
(“fertile eunuch”) - XYY male - Acquired blockage of the

- Isolated FSH deficiency - Others ductal system

+ Congenital hypogonadotropic | | Non-chromosomal: - Antisperm antibodies
syndromes - Varicocele - Ejaculatory duct obstruction

+ Cryptorchidism

- Sertoli-cellonly syndrome
+ Chemol/radiotherapy

« Others
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Feedback regulation f the hypothalamiic-pituitary -testicular
axis iNn males. Stimulatory effects are shown by € anmnd mnegative
feaedbacks imhibitory effects Sare shownmn By . SR,
gonadotropin-releasing hormone: LH. luteinizing hormone: §SH.

follicle-stimulating hormone.




Gonadotropin, Testosterone, and Testis Volume Changes

Etiology

Obstructive
Azoospermia

with OA and NOA

Subtype FSH | LH Testosterone Testis
Volume

- & & e

Non-obstructive Primary Testicular ' t ‘ "'
Failure

Azoospermia

vl 28 2R TR .










Spermatogenesis
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spermatogonial stem cells;
embryonic stem cells, Induced pluripotent

stem cdlls; adult stem cdlls.







Stem cell from

extraembryonic
tissues

Spermatogonial stem
cells

Derived from inner cell mass of
the blastocyst

Derived from bone marrow,
adipose tissues, bone, Wharton's
jelly, umbilical cord blood, and
peripheral blood

Derived from amnion, chorion,
placenta, and umbilical cord

Derived from somatic cells

Derived from testicul ar tissues

Pluripotent

Multipotent

Multipotent

Pluripotent

Pluripotent

These cells can differentiate into
cell types of al three germ
layers

These cells can differentiate into
mesoderm-derived tissues
(adipose tissues, bon, cartilage,
and muscle)

These cells can differentiate into
adipocytes, endothelial cells,
hepatocytes, osteocytes,
myocytes, and neurons

These cells can differentiate into
cell types of al three germ
layers

These cells can differentiate into
cell types of al three germ
layers

Prolonged proliferation

Degree of proliferation depends
on the tissue from which these
cells were isolated

Degree of proliferation depends
on the tissue from which these
cells were isolated

Prolonged proliferation

Difficult to be maintained in
cultures

Indefinite self-renewal potential

Limited self-renewal

Limited self-renewad

Indefinite self-renewal potential

Self-renewal ability to go
through numerous cell divisions
while maintaining the
undifferentiated state

High telomerase activity

Low telomerase activity

Low telomerase activity

High telomerase activity

High telomerase activity

Immortal; cell lines remain intact
for long periods of time and
produce endless numbers of cells

Production of limited number of
cells

Production of limited number of
cells

Immortal; cell lines remain intact
for long periods of time and
produce endless numbers of cells

These cells are not immune
privileged

These cells have
immunomodul atory
characteristics

These cells are not immune
privileged

These cells are not immune
privileged




Stem cells

ESCs

MSCs

Stem cell from extraembryonic
tissues

iPSCs

Spermatogonial stem cells

Advantages

Pluripotent; high telomerase activity
No ethical or moral concerns; low malignant
potential; avoiding allogeneic immune rejection

No ethical or moral concerns; reducing risk of
tumorigenicity

No ethical or moral concerns; patient-specific
cells

No ethical or moral concerns

Disadvantages

Ethical concerns; malignant potential; difficult to
control; may require many steps to differentiate
into desired cell type; immune rejection

Limited flexibility; multipotent; difficulty to be
maintained in cell culture for long periods

Limited flexibility; multipotent

Use of viral vectorsto introduce genes;
malignant potential

Relatively small numbersin testis; difficulty to
be maintained in cultures; immune rejection




Embryonic
stem cells

[ ECTODERM | | MESODERM | ENDODERM |

Fertilization
These cells will

. . Development
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Fertilized egg

Egg (zygote) These cells will

Embryonic stem cells
become the embryo




Sperm
Production

Testis | Chemotherapy
Biopsy _ ! or Irradiation
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Spermatogonial
stem cell
(SSC)

Sertoli cells

Self-renewal

B —

SSCs expansion/ gene
correction

In vitro spermatogenesis

(A)

Transplantation

N
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(B)

Intracytoplasmic sperm
injection
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Cell type

Advantage

MSC

Availability

Easy to isolate and expand
Multilineal differentiation

| mmunosuppressive

Both of the autograft and allograft
are possible

Free from ethical issues

Limited replicative lifespan

(safe from malignant formation)

ESC

iPSC

Pluripotent (can differentiate into
amost al types of cells)

Pluripotent as ESCs
Can be derived from somatic cells

Disadvantage

Limited replicative lifespan
(alteration of various functions
including multipotency)

Ethical / political issues
Risk of teratoma formation after
transplantation

Risk of teratoma formation after
transplantation
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Muttiple sources

Hair
follicles

Liver

Adipose
tissue

Synovia

Umbilical
cord

Placenta

Blood

Bone
marrow

Muscle

Amniotic
fluid

Large-scale production

MSCs

Plastic
adherence

Fast growth

Rapidly
expanded

Do express CD73, CDI0 and CD105

Do not express CD45, CD34, CD14 or
CD11b, CD79a or CD19 and HLA-DR

7 Multilineage differentiation

Pleiotropic effects Clinical application
MSC
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- MN iDC Treg Tcell Bcell NK

Adipocyte [nmmunomodulatory

.
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Anti-inflammatory

)

Chondrocyte

TGFp, VEGF, IGF1, P
bFGF, GN-CSF, HGF, (@ )¢ {4k
TRAIL, STC1, SFRP2

Anti-apoptotic Cardiac ischemia

KGF, bFGF,
T, TIMP,
HGF, MMP

Anti-fibrotic

VEGF, TGFB, bFGF,
IL6, IGF1, MCP1,
EPO, CXCL12, MIP

Angiogenic

Diabetes

Myocyte Skin problem ‘
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I Cell-basad therapy

I Secrelome-based therapy
B0 Exosome-based therapy




SC secretome and tissue regeneration

A) Direct cell-to-cell contact B) Secretome Free soluble factors
SCF
IL-1  po
FGF spr-1 'v7
MSC " D oy IGF-1 VEGF TGF-
s e stream , W/ PDGF IL-6 P
: iINOS PGE2

TPO

Endothelial membrane
-8

Exosomes

Extracellular vesicles

“The multipotency of “MSCs are powerful site-regulated
MSCs is not the key DRUG STORES that may serve as
aspect for their current modulatory or curative agents for a

therapeutic use” variety of human maladies” ss



MSC secretome contains extracellular vesicles (EVs)
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EXOSOMES MICROVESICLES (OR ECTOSOMES)
Size (nm) 40— 150 150 — 600
Multivesicular bodies (MVBs) fusion Outward budding of cell membrane
36

Biogenesis with cell membrane







Secretome can replace MSC regenerative therapy

Secretome

Ability to adapt and respond to Safer (non-living, lower immunogenicity, no vascular clotting)
the microenvironment Nanoscale (enhanced permeability and retention effect)
Physiological mediators of tissue regeneration
Effectively cross biological membrane
Scalable production process

MSC-secretome shows fewer limitations than its parental cells







MSC source i Inducer

Adipose tissue EMP4

Adipose tissue CDEL overaxprassion

Adipose tissue BOULE cverexpression
DAFL overexpression
STRAS owerexpression

Adipose tissue Retinoic acid

Adipose tissue EMP4

Retinoic acid

Adipose tissue Sertoli cells co-culture
Retinoic acid
Testosterone

Adipose tissue Testicular cell conditioned medium
Retinoic acid

Amniotic membrane Retinoic acid

Amniotic membrane EhiP
Retinoic acid

Bone marrow BRIP4
Retinoic acid

Bone marrow Retinoic acid
Sertoli cell-conditioned medium

Bone marrow Retinoic acid

Bone marrow BRIP4

Bone marrow BhriP&
Adipose tissue Retinoic acid

Bone marrow Ehip4
Retinoic acid

Bone marrow Retinoic acid

Bone marrow Sertoli cell-condition medium

Bone marrow Static magnetic field
ErPL

Bone marrow Retinoic acid
Testicular cell co-culture

Bone marrow bFGF
LIF
Retinoic acid

Bone marrow Retinoic acid

Bone marrow Sertoli cell co-culture




Bone marrow Adult Sheep Irorganic zinc (sulfate)
Organic zinc (acetate)

Retinoic acid
Bone marrow Adult Shesp Retinoic acid
TGF-B1
Bone marrow Adult Shesp Retinoic acid
Bone marrow Adult Shesp TGFb1
BhP4
BMPEb
Bone marrow Feta Human Retinoic acid

Testicular extracts

Lung Feta Hurman Retinoic acid
Urnbilical cord Feta Hurnar BRPL
Retinoic acid
Umbilical cord Feta Human BMP4
Urnbilical cord Feta Hurnar pCDe1-CAGG-TRIP-pur (oCDe1) plasmid
Umbilical cord Feta Hurnan Testicular cell co-culture
Wharton's jelly Feta Hurnan BhPL
Testicular cell-conditioned medium
Placental cell-conditioned medium
Retinoic acid
Wharton's jelly Feta Human BRAPL
Placenta cell co-culture
Retinoic acid
Wharton's jelly Feta Human Retinoic acid
Testasterons

Testicular cell-conditioned medium

Wharion's jelly Feta Human Retinoic acid

Wharton's jelly Feta Hurman Sertoli cell co-cultura







Approximate normalization of
testosterone level

Testicles histological features
improvement

Increasing in size and volume
of testicles

Spermatogenesis and fertility
restoration

Transplantation in to
azoospermic mice or other
related types of infertility

Treated
X Mate

Efferent duct

Viable offspring and donor
gene transmission




L abeling with GFP

./ Radiation,

- chemotherapy
or testis torsion

 -Restorated testicular

! fiche

- Improved $

: spermatogenesis e
<Increased testesterone -

¢ - Increased sperm count -

| -Decreased FSHand LH ©

i - Decreased abnormal

| sperm

i -Decreased apoptosis




Recent in vivo studies of MSCs application for male infertility

MSC Source Number of Used Disease model Period of MSCs  Results
cells animals Treatment
Rat ADMSC 1x10° cells Rat Busulfan induced 12 weeks GFP'Vasa' and GFPYSCPI' cells were determined.
azoospermia Full spermatogenesis recovery and proliferation
Rat BMMSCs 1x10° cells Rat Lead (Pb) induced 21, 30 and 60 BMMSCs can differentiate into germ cells and Leydig cells.
gonado-toxicity days BMMSCs modulated testosterone levels and DNA apoptosis
Human UCMSC 2.5x10° Busulfan induced 3.9.18 and 20 HUCMSCs differentiated into germ cells and restored tubules
cells Mice infertility days
Induced BM-MSCs by co- I x10° Rat Busulfan induced 8 weeks BMMSCs can transdifferentiate into spermatogenic cells but after 8
culture with testicular cell cells 4z00spermia weeks meiosis was not determined
conditioned medium
Rat BMMSCs 2.5x10° Rat Busulfan induced 4. 6and 8 BMMSCs migrated to the germinal epithelium and expressed
cells infertility weeks spermatogonia markers so these cells differentiated into
spermatogonia
Human UCMSCs I x10° BALB/c  Busulfan induced 12 weeks After transplantation of UCMSCs, increased expressions of meiosis-
cells mice azoospermia associated genes. UCMSCs (CD34-) restored testicular injury and
decrease FSH and LH levels.
Rat BMMSCs 5x10° cells Rat Cadmium-induced 2 weeks BMMSCs can prevent mitochondrial apoptosis and repair testis
testis mjury mjury
Rat BMMSCs 1x10° cells Rat Doxorubicin-induced 8 weeks BMMSCs reduced rate of abnormal sperm and testicular oxidative
testicular toxicity stress
Human orbital fat tissues 3x10* cells Rat 3 hours 720° torsion 7 days OFSCs can prevent intrinsic apoptosis and oxidative stress
(OFSC) and detorsion 45



Source Transplantation Donor species Therapeutics Recipient species Modeling
Adipose tissue Allotransplant Hamster Cell Hamster Busulfan
Adipose tissue Allotransplant Mouse Cell Mouse Busulfan
Exosome
Adipose tissue Allotransplant Rat Cell Rat Busulfan
Adipose tissue Allotransplant Rat Cell Rat Cisplatin
Adipose tissue Xenotransplant Human Cell Rat Torsion
Amnion Allotransplant Mouse Cell Mouse Busulfan
Bone marrow Allotransplant Guinea pig Cell Guinea pig Busulfan
Bone marrow Allotransplant Hamster Cell Hamster Busulfan
Bone marrow Allotransplant Mouse Cell Mouse Busulfan
Bone marrow Allotransplant Mouse Cell Mouse Busulfan
Exosome
Bone marrow Allotransplant Mouse Cell Mouse Cisplatin
Bone marrow Allotransplant Rat Cell Rat Busulfan
Bone marrow Allotransplant Rat Cell Rat Doxorubicin
Bone marrow Allotransplant Rat Cell Rat Lead nitrate
Bone marrow Allotransplant Rat Cell Rat Torsion
Bone marrow Xenotransplant Goat Cell Mouse Busulfan
Umbilical cord Xenotransplant Human Cel Mouse Busulfan
Urine Allotransplant Mouse Cell Mouse Busulfan
Exosome

46



Model of Disease

Therapeutic
Intervention/Route of
Administration

Core Findings

Busulfan-induced NOA
mice model

Busulfan-induced NOA rats
model

Cyclophosphamide-
induced testicular
spermatogenic dysfunction

Electromagnetic
field-induced oxidative
stress in mouse
spermatogonial stem cells
(in vitro)
Testicular
ischemia-reperfusion injury
in rats

Urine-derived stem cells
-derived EVs/Intratesticular

Amniotic fluid-derived
EVs/Intratesticular

Bone marrow mesenchymal
stem cell-derived
EVs/intravenous

Bone marrow mesenchymal
stem cell-derived
EVs/Intratesticular

spermatogenic genes (Pou5f1, Prm1, SYCP3, and
DAZL) and the spermatogenic protein UCHL1
were significantly increased after 36 days of
injection

DAZL and VASA were increased significantly.
Sperm parameters and spermatogenesis index
were significantly improved.
OCT-3/4+ cells were increased in NOA rats after
AF-Exos injection, showing the restoration of
spermatogenesis.

e o e o m o e e e s S e S s e e s S G e e e G e e e e e e e G e e e e G e e e M s s e e e e e e e e e e e e o

Increased spermatogonia cell proliferation and
reduced apoptosis. Phosphorylated levels of ERK,
AKT, and p38MAPK proteins were reduced

down-regulation of the apoptotic gene (Caspase-3),
and oxidative stress.
Up-regulation of SSCs specific gene (GFRal).

Reduced HMGBI, caspase-3, and cleaved

caspase-3 47
Calls 2021, 10, 2460
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ALTTOLOWZOLTS MSC THEBAPY FOR AZOOSPERMIA: A PILOT
LTI AL

H CGabr, WA Elkheir

Clindcal Pathology, Cziro Universiny, Cairo, Egype

Inferdlity affeces 10—15% of the couples, male factors accountdng for about
50% of causes. Arzoospermia has been observed in 10—15% of male infertility
and 1% of general population, and non-obstoructve azcospermia been diag-
nosed in 60% of azoospermic men.

For male infertlity with a normal genedc background, svem cell therapy o
grnerate male gametes may represent a poomising reatment strabegy.

Experimental animal studies have proven the face that resumpton of normal
spermamgenesis can be achieved in a tesdcular atrophy mouse model afrer stem
cell injection.
Subjects and Methods: This clinical tral  (elinical  ial  ddentfier
MNCTO2025270paill recruic 60 azoospermia patents with normal karyotrpe.
Patients received 20million autcologous, bone marmow  derived MS5Us intra-
testicular. Follow up was done for one year wsing hormonal profile, semen
analysis and eestcular biopsy.
Results and Conclusions: Preliminary results of the clinical trial initiated for
MSC for treamment of azoospermia showed thar 60% of padents showed
increase in testoualar size, elevadon of estosterone level and reducdon of
FSH level. 3 padents(3%) showed appearance of sperms in the ejaculare, 12
patents (20%) showed sperm in needle aspiratdon, B {(13.49%) padents showed
spernms in estcular biopsy, and 15(25%) patdents showed round/elongared
spermatids in ejaculare, while 22 (36.6%) patients showed no sperms or
spermatids. 49



Case Report

Crescent Journal of Medical and Biological Sciences

Vol. 6, No. 1, January 2019, 129-131

elSSN 2148-9696

A Novel Therapy for the Treatment of Malefactor Infertility
Due to Non-obstructive Azoospermia: A Case Report

Mohammed Igbal Cassim’, Tasneem Mohamed"

Abstract

A case report on a novel treatment protocol using autologous stem cells, derived from adipose tissue, for the treatment
of non-obstructive azoospermia. In this case report, the male partner after undergoing such treatment had restored
spermiogenesis and the couple underwent in vitro fertilization (IVF) therapy. Fertilization was successful and good quality

embryos were produced.

Keywords: Non-obstructive azoospermia, Infertility, Stem cell therapy

Introduction

The advent of assisted reproductive technology has
afforded many previously “infertile” couples the gift
to produce offspring. Through various techniques like
ovulation induction, artificial insemination, in vitro
fertilization (IVF) and intra-cytoplasmic sperm injection
(ICSI), many pathologies responsible for infertility
have been overcome. However, male factor infertility
due to primary non-obstructive azoospermia remains

TEN= kL ) ] OLITHE, Wil d L) e ditenginy

azoospermia, confirmed on multiple semen analysis and
at least two testicular biopsies, both with histological
Johnsen score of 5 (1). Notably, the second testes biopsy
was preceded by a course of gonadotrophin therapy with
no change in the Johnsen score. His most recent serum
FSH and LH levels were 7.7 U/L and 8.9 U/L respectively
and his free testosterone level was 298.1 pmol/L.
Chromosomal analysis revealed a normal male karyotype,
and investigations for cystic fibrosis and bilharzia were
* W {1l =
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Clinical trials related stem cell therapy performed or underway for improvement of infertility.

Est. # of

Trial Identifier Subjects Status Site Conditions Interventions Outcome of Trial
= = . Human Amniotic
Not yet Nanjing Medical Diminished Ovarian
NCTO4706312 12 & i Mesench Stem Cells No results
recruiting University Response (H. ) Trans phmnu;cn posted
. Indonesia Thin End Amnion Bilayer and Stem Cell
NCTOM676269 40 Recruiting University " h-‘etﬂltl’at:tnl& C thuuon'n oY No results posted
= Chongging Medsi Premature Ovarian uman Amniotic X
NCT03207412 20 Unknown University, China Eailure Epithelial Cells No results posted
Report of 2 cases revealed
a sagnificant improvement
Undversity of Primary Ovarian in clinical features related
NCTU2696889 3 Active TinGEs at :.yl Insufficiency, Low Autologous Stem Cell Therapy to POL There was an
5o Ovarian Reserve increase in size as well as
estrogen production in the
MSC engrafted ovary [174]
Human Embryonic
. The University of Stem-Cell-Derived
NCT02713854 240 Recruiting Hong Kong Subfertility Trophobl No results posted
(Bap-Eb) as a Predictive Tool
Procedure: Collagen Scaffold
E ing by Nanjing Drum Infertile Women with Loaded with
NCTO3592849 50 invihms TDWC"I: ﬂmplul. 1c"hh: ﬂduuarchium or Un:?dlkalf]urd;%::ed No results posted
Cells Therapy
NCT03166189 % Completed DG OttResearch - Infertility of Ulerine  Marrow-Derived Msc and Hzt Neo Results Posted
G «nlog; Replacement Therapy
P Ry o Plnseihuim:hlduu;
tr: lantation of clinical
Nanjing Drum Infertility with 5 : grade human UC MSC
NCT02313415 2 Completed Tower Hospital, Intrauterine e o could improve the
China Adhesions ’ proliferative and
differentiation effi of
endometrium [175]
Al Azhar University, 3 s Bone-Marrow-Derived
CTO2025270 100 Unknown Egypt Azoospermic Patients Adsgonel 1 Stemn Cells No results posted
Stem Cells of ) . . .
NCT2641769 50 Recruiting Arabia, Amman, N::'“b’w“:' of Autol : ::S o Colls No results posted
Man Clinic for
o Andrology and Klinefelter Synd: M ch I Stem E .
. - Comp male infertilit, Azoospermia Cell Ir{irmm No Results Posted
Cairo, Egypt
Al-Azhar
& Premature Ovarian Biological: Stem Cell
NCT02062931 60 Unk ) . 3 No results
hospitals, Egypt Failure Preparation and Injection ponead
Intraovarian engra of
fao Intraovarian Injection of ADSCs were found to
NCT02603744 9 Unknown Royan Institute ! e Adipose-Derived Stromal safe and feasible and
Cells (Adscs) linked to reduction in FSH
level [176]
Btcaatert ColhsTuSaﬂold Loaded with
Unknown  Nanjing U ity Aot Marrow Stem Cells No results posted
Riiedicl School Endosstial Testicular Injection of
Dysplasia Autologous
Human Bone Marrow
Hesham Saced
Unknown Elshaer, El-Rayadh Azoospermia Derived Stem Cells No results posted
Fertility Cg‘lh!'
NCT021518%0 10 Completed ”“c’:“‘;"‘é’:;“""" R O acien Biological: Stem Cell No results posid
NCT02372474 12 Gowpleted) ATk Uhiwaegity, | Psrasuse Ovactan Biological: Stem Cell No results posted




Site Conditions Outcome of Trial
Ovarian Failure Combination Product: SEGOVA
) . Procedure Includes Stem Cell
DI Prema;:ﬂreuzv arian Therapy, Growth Factor, and Al
Platelet Plasma Rich Therapy
Intracavernous injection of
Odense University ~ Erectile Dysfunction Adipose-Derived Stem Cells %DMSC: : Sa{:ed :
Hospital After Prostatectomy D e s Tl
improvement of erectile
function [178]
Man Clinic for
Andrology, Male Erectile Dysfunction Adipose Tissue Stem Cell
Infertlity,and ~ Peyronie’ Disease B
Sexual Dysfunction
Man Clinic for
Andrology, Male 1 Intratesticular Artery Injection
Infertility, and R of Bone Marrow Stem Cell L

Sexual Dysfunction




Home Approved trials

Protocol summary

General information
Secondary Ids

Ethics committees

Health conditions studied
Primary outcomes
Secondary outcomes
Intervention groups
Recruitment centers
Spensors / Funding sources
Person responsible for general inquiries

Person responsible for scientific
inquiries

Person responsible for updating data

Sharing plan

Expected recruitment start date

Expected recruitment end date
Actual recruitment start date
Actual recruitment end date

Trial completion date

Intra-testicular Injection of Autologous Adipose Derived Mesenchymal Stem Cell
(ADMSC) in Non-obstructive Azoospermia Patients: Clinical Trial, Phase |, Non-

Randomized

More options =

Protocol summary

Study aim

Design

Settings and conduct

Participants/Inclusion and
exclusion criteria

Aim 1 (Primary End Point include): Safety and Tolerability: [Time Frame: &
months] Incidence and severity of Adverse events and Severe Adverse Events
Vital signs Physical examination Clinical chemistries, hematology, and
urinalysis Safety and tolerability assessments will be done 2 weeks, 1,2,3,45
and 6 months after the cell injection. Aim 2: (Secondary End Point include):
Efficacy [Time Frame: 6 months] Sperm retrieval rate (SRR} [Time Frame: 6
months] By Semen analysis every month until any sperm is found in the
semen. If no sperm is found at the end of the 3rd month, testicular sperm
extraction (TESE/TESA) will be performed and the tissue will be used for
histelogical assessment. Sperm density Sperm motility Tetal serum
Testosterone level (TH) Number spermatogonia Number of spermatocytes
Total serum estradiol level Total serum fellicle stimulating harmaone level
(FSH) Total serum luteinizing harmone level (LH) Inhibin B hormone Prolactin
Improvement in sexual function will be assessed using a questionnaire

non randomized non blinded phase | clinical trial

Field: Cell therapy Place: JSC Astana Medical University, Astana, Kazakhstan
Method: Autologous intratesticular MSC transplantation

Inclusion criteria: 20-50 years infertile males seeking fertility treatment with
confirmed diagnosis of Non-obstructive azoospermia (NOA) and all items

2019-12-22, 1398/10/01

2021-12-22, 1400/10/01

2019-12-22, 1398/10/01

2021-12-22, 1400/10/01
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MSCs can
differentiate
into target
cells

MSCs can
reduce
oxidative
stress

MSC:s reverse the
glycolysis and
glycogenesis
imbalance in sperm
by regulating
Akt/glycogen
synthase kinase 3
(GSK3) axis

MSCs can
reduce factors
that lead to
infertility
through
reduction of
apoptosis

MSCs connect
with endogenous
cells, restoring the
function of
damaged cells

MSCs can
stimulate
testosterone
production with
differentiation
into Laydig cells

The transplanted cells secrete
growth factors such as bone
morphogenetic proteins
(BMPs) and transforming
growth factor beta (TGF-f),
which are male germ cell
inducing factors with ability
to stimulate restoration of the
recipient’s cellular function







