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Causes of infertility

I Female infertiliy
I Vale infertility
* Mixed infertility causes

I Unexplained infertity
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*  Primary infertility
— acouple that has never conceived

« Secondary infertility

— Infertility that occurs after previous pregnancy
regardless of outcome



Causes of human infertility.

Etiology of human infertility

MALE
FEMALE
BOTH
UNKNOWN

Causes of female infertility

ANOVULATION

TUBAL FACTOR AND/OR. ENDOMETRIOSIS
UNKNOWN

UNUSUAL PATHOLOGY

Causes of male infertility

HYPOTHALAMIC-PITUITARY DISORDERS
PRIMARY GONADAL DISORDERS
DISORDERS OF SPERM TRANSPORT
UNEXPLAINED MALE FACTOR INFERTILITY




Pre-testicular

Testicular

Fost-testicular ?? 1

nypnthalamir. disease:

- (Gonadotropin deficiency
(Kallmann syndrome)

- Isolated LH deficiency
("fertile eunuch”)

- Isolated FSH deficiency

+ Congenital hypogonadotropic
syndromes

Pituitary disease:

+ Pituitary insufficiency

* Hyperprolactinemia

+ Exogenous hormones

- Growth hormone deficien
\ eensy )

N

Fr'i'.'.thru:.umn:.ur.l:nmal:

« Klinefelter syndrome

« XX male

(sex reversal syndrome)

- XYY male

- Others
Non-chromosomal:

» Varicocele

+ Cryptorchidism

« Sertoli-celkonly syndrome
* Chemo/radiotherapy

« Others

fﬂther causes: E

+ Congenital blockage of the
ductal system

+ Cystic fibrosis

+ Acquired blockage of the
ductal system

- Antisperm antibodies

- Ejaculatory duct obstruction
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It is due to disorders in the sperm, whether they affect
- their morphology, vitality, or count.

Sperm Count Sperm Morphology Sperm Motility

@ @

Normal sperm count Normal sperm Normal forward progression




oW sperm count
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ABNORMAL SPERM NORMAL SPERM
MOTILITY MOTILITY

(Asthenospermia) (Normospermia)

SPERM MOTILITY GRADING

GRADE A GRADE B GRADE C

These sperms have progressive motility. These sperms with non-progressive These sperms either move
They are the strongest and swim motility tends to travel in a their tail or are
fast in a straight line. curved or crooked motion. immotile.

medicoverfertility.com




Oligozoospermia Asthenozoospermia Oligoasthenozoospermia

+ >

Poor Poor motility
motility & low count










Azoospermia Normal




Oligozoospermia: Asthenospermia: Teratozoospermia:
Low concentration Poor motility Poor morphology







Aspermia

Retrograde Ejaculation
Normal flow of semen

Blockages in the path
of the semen
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SEMEN ANALYSIS TEST - NORMAL VALUES

Semen Volume Total amount of fluid ejaculated >=15mL
Sperm Count The total number of sperm in the measured volume of ejaculate >= 15 million per mL
Total Sperm Number Total number of sperm in the ejaculate >= 39 million

Sperm Motility Number of motile sperm compared to non-motile sperms percentage Total motility >= 40% motile sperms within 60 minutes of ejaculation.

Progressive motility >= 32%
- The number of sperms in the sample that are alive as a percentage
Sperm Viability of the total number of sperms >n80%
Sperm Morphology Number of ideally shaped sperms as compared to imperfectly shaped >= 4%

sperms and reported as percentage of the total number of sperms.

Large number of WBC can be a sign of infection in

White Blood Cells the reproductive tract.

< 1 million per mL

Measured to test if the semen is acidic or alkaline.

>=72

Semen pH




\ Y Absence of spermatozoa in the ejaculate both in a neat
, Definition semen sample and in a centrifuged resuspended semen
sample.

10% infertile male
_ 10
: pfpﬁ’|§{i£?,a'e associated with

' infertility

By
\Prevalence
y 7 1\ %

. Pretesticular
Obstructive

Type Testicular

Non obstructive _
Post testicular




( What exactly is Azoospermia?

-~ No sperm seen in semen sample —> centrifuged

~ the semen sample at 3000g for 15 minutes —> the

- pellet formed must be examined for presence of any
sperm

« If any sperm is found in the pellet =)
Cryptozoospermia

» If no sperm is found even after centrifugation =)
repeat analysis must be done after 2-4 weeks



Bladder

Vas deferens : vesicles
Prostate

Epididymis
Scrotum

Testis
eminiferous tubules
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( Non obstructive Azoospermia.

s Primary Testicular Failure or
Hypergonadotropic hypogonadism

efect in production of sperm by testes themselves

Secondary Testicular Failure or
Hypogonadotropic hypogonadism (pre-
testicular)

— due to defect at the level of pituitary gland or the
hypothalamus




Behavoriaal

effects

Hypothalamus

S T

B
SnRH

¥

Anterior
Pituitary

— Tes=stis
Leydig cell @ }

T estosterone

WVirnhzing effects Spermatogenesis

hypothalamic-pituitary -testicular
axis iNn Mmales. Stimulatory effects are shown by €& anmnd megative

feedbacks imnhibitory effects are shownmn | =V . GnmRH,
onadotropin-releasing hormone: LH, luteinizing hormone: l—_ﬁl—l.

<3
follicle-stimulating hormone.

Feedback regulation of the




Gonadotropin, Testosterone, and Testis Volume Changes
with OA and NOA

Obstructive
Azoospermia

Non-obstructive Primary Testicular
Azoospermia Failure

Hypogonadotropic
Hypogonadism




( Clinical management in NOA

- For men faced with nonobstructive azoospermia (NOA),
the most severe form of male infertility, the only treatment
option for conceiving genetically their own children is
with intracytoplasmic sperm injection ( ).

However, TESE-ICSI has a limited success rate in men with
NOA, as the sperm retrieval rate per TESE cycle is 56% and
the subsequent live birth rate of ICSI is 41%, resulting in a 23%

chance to father a child.






Spermatogenesis

Spermatocytogenesis

Spermatidogenesis

Spermiogenesis

testis

epididymis

Sertoli cell

seminiferous
tubules
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« The two main non-manipulated stem
cell classes are embryonic (ESCs) and
adult stem cells (ASCs).

* Induced pluripotent stem cells (iPSCs)
which are genetically manipulated
somatic cells.




Characteristics of stem cells used in stem cell-based therapy of infertility.

ESCs

MSCs

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 testicular tissues

Pluripotent

Multipotent

Multipotent

Pluripotent

Pluripotent

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

These cells can differentiate into cell
types of all 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-renewal

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




Stem cells

Advantages

Disadvantages

Ethical concerns; malignant potential; difficult to control; may require many steps to

ESCs Pluripotent; high telomerase activit _ o _ _ o
P : ) differentiate into desired cell type; immune rejection
VISC No ethical or moral concerns; low malignant potential; Limited flexibility; multipotent; difficulty to be maintained in cell culture for long
avoiding allogeneic immune rejection periods
Stem cell from No ethical or moral concerns; reducing risk of

extraembryonic tissues

tumorigenicity

Limited flexibility; multipotent

iPSCs No ethical or moral concerns; patient-specific cells Use of viral vectors to introduce genes; malignant potential

Spermatogonial stem , Relatively small numbers in testis; difficulty to be maintained in cultures; immune
No ethical or moral concerns o

cells rejection




Cell type Advantage Disadvantage

Awvailability
Easy to 1solate and expand
Multilineal differentiation

, Limited replicative lifespan
Immunosuppressive

lteration of various functions includs
Both of the autograft and allograft are possible (8 r.a 1O OF VATIOHS THREHbnS Eeme
o multipotency)
Free from ethical issues
Limited replicative lifespan

(safe from malignant formation)

Ethical / political 1ssues
Pluripotent (can differentiate into almost all types of cells) Risk of teratoma formation after trans-

plantation

Pluripotent as ESCs Risk of teratoma formation after trans-

Can be derived from somatic cells plantation

1IPSC

MSC: mesenchymal stem cell; ESC: embryonic stem cell; 1PSC: induced pluripotent stem cell.




S
vitro conditions.

Application of these cell types has some
limitations:

L



ol \\

Spermatogonial
stem cell
(SSC)

(A)

Self-renewal Isolation of SSC Culture

Transplantation

(8)

SSCs expansion/ gene  In vitro spermatogenesis  Intracytoplasmic sperm
correction injection
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<> =, Fibroblasts —>
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Person specific iPSCs

Germ line
. i : differentiation
Human Primordial germ cell like cells (—l

Induction with specific cytokines, growth factors

v

Ooacyte like cells Spermatid like cells

Genetically related offspring 34



Therapeutic Imminence Index

0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
(4]
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Multiple sources

Hair
follicles

Liver

Adipose
tissue

Large-scale production

MSCs

Plastic
adherence

Blood

Bone

Fast growth
marrow

Muscle

Synovia

Umbilical
cord

Placenta

Rapidly
expanded

Do express CD73, CD90 and CD105

Do not express CD45, CD34, CD14 or

CD11b, CD79a or CD19 and HLA-DR

Multilineage differentiation

Chondrocyte

x

Osteocyte

~

Neuron

Pleiotropic effects
MSC

& >

MN |6C Treg Tcell Bceell NK

Inmmunomodulatory

Anti-inflammatory

TGFB, VEGF, IGF1,
bFGF, GM-CSF, HGF,

o >+ &
TRAIL, STC1, SFRP2 :

Anti-apoptotic

T KGF, bFGF,
A7 TF, TIMP,
- HGF, MMP

Anti-fibrotic

£

Angiogenic

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

Clinical application

(L O A% AN A/
5 i g ) -
5. el
RO T

Neurological damage

Cardiac ischemia
Diabetes

T MRl X
Skin problem




.
{ - InVitro studies on MSC and
__ spermatogenesis

A certain combination of growth factors, chemical
components, genetic manipulations, and/or co-culture
with other cells can be used to induce the
differentiation of MSCs into the germ cell epithelium.

The results of in vitro studies have been published
demonstrating that NOA can be restored through MSC
transplantation.



MSC source

Amnictic membrane

& MarTy

Human

Human

Human

ed madium

medium




Bone marrow

Bone marrow

Bone marrow

GONe mMarrcew

ne marrow Human

Lung Hurman

Umbilical Human

Umbilical Human BrP4
Umbilical Human piCDel-CAGG-TRIP-pur
Umbilical S Human acticular cell co-culture

Wharton's jelly Human

Wharton's jelly & Hurman

Wharton's jelly e Human
ioned medium

Wharton's jelly e Human

Wharton's jelly Human Sertoli cell co-culture




azoospermia

« MSCs transplanted into the testes of
NOA animal models showed both
Induction of spermatogenesis and/or
differentiation of MSCs into germ cells.



T e Transplantation in to

Approximate normalization of azoospermic mige or qqm
testosterone level related types of infertility

Testicles histological features

; 3-5 Month
improvement

e—_

Treated
X Mate

of testicles

Spermatogenesis and fertility

restoration
Efferent duct

|

|

|

|

|

o |
Increasing in size and volume |
!

|

|

i

!

i

s i et e e e e st e

Rete testis

Viable offspring and donor
gene transmission




Labeling with GFP,
MSCs Brdu, PKH26, CM-Dil,

isolation tC. -

e

: Radiation,
" "= chemotherapy

, or testis torsion
: -Restorated testicular

! niche

: - Improved

' spermatogenesis
-Increased testesterone

. - Increased sperm count
: -Decreased FSH and LH

. - Decreased abnormal

| sperm

i -Decreased apoptosis




Recent in vivo studies of MSCs application for male infertility

MSC Source

Number of
cells

Used
animals

Disease model

“Rat ADMSC

Rat BMMSCs

Human UCMSC

Induced BM-MSCs by co-
culture with testicular cell

conditioned medium
Rat BMMSCs

Human UCMSCs

Rat BMMSCs
Rat BMMSCs

Human orbital fat tissues
(OFSC)

1x10° cells
1x10° cells

2.5x10°
cells

1 x10°
cells

2.5x10°
cells

1 x10°
cells

5x10° cells
1x10° cells

3x10* cells

Rat

Rat

Mice

Rat

Period of MSCs
Treatment

Results

Busulfan induced
azoospermia

Lead (Pb) induced
gonado-toxicity
Busulfan induced
nfernlity

Busulfan induced
Azoospermia

Busulfan induced
mfertility
Busulfan induced
azoospermia

Cadmium-induced
testis injury

Doxorubicin-induced

testicular toxicity
3 hours 720° torsion
and detorsion

12 weeks

21. 30 and 60
days

3.9.18 and 20
days

8 weeks
4.6and 8

weeks

12 weeks

2 weeks
8 weeks

7 days

GFPYVasa' and GFPYSCPI' cells were determined,

Full spermatogenesis recovery and proliferation

BMMSCs can differentiate into germ cells and Leydig cells.
BMMSCs modulated testosterone levels and DNA apoptosis
HUCMSCs differentiated into germ cells and restored tubules

BMMSCs can transdifferentiate into spermatogenic cells but after 8
weeks meiosis was not determined

BMMSCs migrated to the germinal epithelium and expressed
spermatogonia markers so these cells differentiated into
spermatogonia

After transplantation of UCMSCs, increased expressions of meiosis-
associated genes. UCMSCs (CD34-) restored testicular injury and
decrease FSH and LH levels.

BMMSCs can prevent mitochondrial apoptosis and repair testis
njury

BMMSCs reduced rate of abnormal sperm and testicular oxidative
stress

OFSCs can prevent intrinsic apoptosis and oxidative stress




Transplantation Donor species
Allotransplant Hamster

Allotransplant

Allotransplant
Allotransplant
notransplant Human
Amnion Allo 3 b
INE MEarrow Alle Guinea pig
Bone marrow Hamster
Bone marrow

Bone marrow Allotransplant

Bone marrow Allotransplant = Cisplatin

Bone marrow Allotrans % ulfan
Bone marrow :: rubicin
Bone marrow Allotrans % Lead nitrate
INE Marrow Allotransplant
INE Marrow Xenotransplant
Urnbilicz notransplant

Urine Allotransplant




» Various clinical trials for the treatment of infertility in
reproductive diseases in both women and men have been recorded
or completed.
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AUTOLOGOUS MSC THEBRAPY FOR AZODSPERMIA: A PILOT
CLIMNICAL

H Gabr, WA Elkheir

Clinteal Pathology, Cziro Univerity, Cairo, Egype

Infertility affects 10—13% of the couples, male factors accounting for about
0% of causes. Azoospermia has been observed in 10—15% of male infertlity
and 1% of general population, and non-obstructive azoospenmia been diag-
nosed in 60% of azoospermic men.

For male infertility with a normal genetic background, stem cell therapy to
generate male gameres may represent a proonising reatment strategy.

Experimental animal studies have proven the fact thatr resumption of normal
spermatn genesis can be achieved in a tesdeular atrophy mouse model afeer stem
cell injection.
Subjects and Methods: This clinical tial (clinical trial  idendher
BNCTT02025270pwill recroir 60 szoospermia patients with normal karyotype.
Patients received 20million autclogous, bone marrow derved MSCs intra-
testicular. Follow up was done for one year wsing hormonal profile, semen
analysis and testicular biopsy.
Results and Conelusions: Preliminary results of the clinieal mrial initiared for
MSC for treatment of azoospermia showed that 60% of patients showed
increase in testicular size, elevation of estosterone level and reduction of
F5H level. 3 patents(3%) showed appearance of sperms in the ejaculate, 12
patients (20%) showed sperm in needle aspiration, 8 (13.4%) patients showed

sperms in testcular biopsy, and 15(25%) patents showed round/elongated

spermatids in ejaculare, while 22 {36.6%) patients showed no sperms or

spermatids.




Trial Identifier

NCTO4706312

NCTM676260

NCTO3207412

NCTO2713854

NCTO2025270

NCTI2641760

NCTO2603744

Clinical trials related stem cell therapy performed or underway for improvement of infertility.

Est. # of Chatus
Subjects Status

12 Mot vet

Infertile Patients
Prematune Ovarian

Subfertility

rtile Women with
Thin Endometrium or

Klinefelter Syndrome
Azoospermia
Cairo, Egypt e
Al-Azhar

. Prematune Ovarian
University

Failure

Prematune Ovarian
Failure

Intrauterine
Adl

Prematune Ovarian
Failure
Prematune Ovarian

Interventions

Procedure: U Cord
Mesenchymal Stem Cells

Intratesticular Transplani

of Autologous Stem

Mesenchymal Stem
Cell Injection

Hurman Bone Marrow

Derived Stem Cells

Outcame of Trial

No results posted

No results posted

No results posted

No results posted

No results posted

No Results Posted

endometrium [1
No results posted

No results posted

No results posted
an engrafting of
ADSCs were found to be
d Feasible and

No results posted

No results posted

No results posted

No results posted




Trial Identifier

NCT04009473

NCT02240823

NCT02414308

NCT02008799

Est. # of

Subjects Status

Enrolling by

invitation Multicenter

QOdense University
Hospital

Man Clinic for
Andrology, Male
Infertility, and
Sexual Dysfunction
Man Clinic for
Andrology, Male
Infertility, and
Sexual Dysfunction

Conditions

Ovarian Failure

Premature Ovarian
Failure

Erectile Dysfunction
After Prostatectomy

Erectile Dysfunction
Peyronie’ Disease

Azoospermia

Interventions

Combination Product: SEGOVA
Procedure Includes Stem Cell
Therapy, Growth Factor, and
Platelet Plasma Rich Therapy

Adipose-Derived Stem Cells
(ADMSC)

Adipose Tissue Stem Cell
Injection

Intratesticular Artery Injection
of Bone Marrow Stem Cell

Outcome of Trial

No results posted

Intracavernous injection of
ADMSC is a safe
procedure and resulted in
improvement of erectile
function [178]

No results posted

No result posted




Subjects/Cases

Azoospermic
Patients

Mon-cbstructive
Azoospermia
Klinefelter
Syndrome
Azoospermia
MNon-obstructive
Azoospermia
MNon-obstructive
Azmspu:rmia

Azoospermia and
oligozoospermia

Intervention

Bone Marrow Derived
Mesenchymal Stem Cells
Bone marrow derived
CD34+, CD133+, and
mesenchymal stem cells
Bone marrow
Mesenchymal stem cell
injection
Bone Marrow Derived
Stem Cells
Bone Marrow Derived
Stem Cells
Adipose-Derived Adult
Stromal Vascular Cells

Qutcome

Mo results
posted

Mo results
posted

Mo results
posted
Mo results
posted
Mo results
posted

Mo results
posted

Geographic
Location

Cairo, Egypt

Amman, Jordan

Cairo, Egypt

Giza, Egypt

Cairo, Egypt

Samara, Russian
Federation

Status

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Enrolling by
invitation

Trial Identifier

NCT02025270

NCTD2641769

NCT02414295

NCT02041910

NCTO2008799

NCT03762967




Home Approved trials

Protocol summary

General information
Secondary Ids

Ethics committees

Health conditions studied
Primary outcomes
Secondary outcomes
Intervention groups
Recruitment centers
Sponsors / 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

Muore 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: 6
months] Incidence and severity of Adverse events and Severe Adverse Events
Wital signs Physical examination Clinical chemistries, hematology, and
urinalysis Safety and tolerability assessments will be done 2 weeks, 1,2,3,4,5
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
histological assessment. Sperm density Sperm motility Total serum
Testosterone level (TH) Number spermatogonia Number of spermatocytes
Total serum estradiol level Total serum follicle stimulating hormone level
(FSH) Total serum luteinizing hormone 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

2019-12-22, 1398/10/01

2021-12-22, 1400/10/01

2019-12-22, 1398/10/01

2021-12-22, 1400/10/01

2022-02-20, 1400/12/01




ssible mechanisms of testicular function
toration following therapy

MSCs can

MSCs can stimulate
e reduce factors te;tosterone .
S can that lead to production wit
MSCS = reduce infertility differentiation
differentiate o through into Laydig cells
into target Oxidative reduction of MSCs connect
cells stress apoptosis with endogenous

cells, restoring the
function of
damaged cells

MSCs may be
involved in the
suppression of
antisperm
antibodies
(ASA)

MSCs can alter
expression of some
spermatogenesis-
related miRNAs
and their target
genes

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

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







