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Infertility
The inability to conceive following unprotected and 

regular sexual intercourse 
– 1 year (age < 35) or 6 months (age >35) 
– Affects 15% of reproductive couples

3Fertil Steril. 2017 Sep; 108(3):393-406



Classification

• Primary infertility
– a couple that has never conceived

• Secondary infertility
– infertility that occurs after previous pregnancy 

regardless of outcome
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Sperm disorders

It is due to disorders in the sperm, whether they 
affect their morphology, motility or count.
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7JBRA Assisted Reproduction 2020;24(1):82-86 

Semen Analysis Test - Normal Values
Parameter Reference Range
Semen Volume >= 1.5 mL

Sperm Count >= 15 million per mL

Total Sperm Number >= 39 million

Sperm Motility Total motility >= 40% motile sperms within 60 
minutes of ejaculation. Progressive motility >= 32%

Sperm Viability Or Vitality >= 58%

Sperm Morphology >= 4%

White Blood Cells < 1 million per mL

Semen pH >= 7.2
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Absence of spermatozoa in the ejaculate both in a neat 
semen sample and in a centrifuges suspended semen 
sample.

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

Obstructive
Non obstructive                                      

Pre testicular
Testicular

Post testicular 
Research in Medicine 2017, 41(1): 1-9
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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

11Research in Medicine 2017, 41(1): 1-9
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Obstructive azoospermia

• Sites of Obstruction
– Epididymis
– Vas deferens
– Ampulla of the vas 
– Ejaculatory duct 

Can be congenital or acquired
– CBAVD 
– Vasectomy 
– Infections
- Incomplete patency of the vas deferens
- Slow maturation of spermatozoa in the 
epididymis
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Non obstructive Azoospermia

Primary Testicular Failure or 
Hypergonadotropic hypogonadism

– defect 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

14American Journal of Men’s Health, 2020:1–16.



15Journal of Occupational Health and 
Epidemiology 2016, 5(1):53-62



16Spermatogenesis. 2014; 4: e28218.



Clinical management in NOA
For men faced with nonobstructive azoospermia (NOA),
the most severe form of male infertility, have limited options for 
reproduction.
The only treatment option for conceiving genetically their own 
children is TESE with intracytoplasmic sperm injection (ICSI).
However, TESE–ICSI has a limited success rate in men with NOA, 
as the sperm retrieval rate per TESE cycle is 56% , and during the 
first TESE cycle, sperm is found about 50% of cases, and the 
subsequent live birth rate of ICSI is 41%, resulting in a 23% chance 
to father a child.
If sperm cannot be retrieved by testicular sperm extraction, there are 
no current options to maintain the reproductive potential of these 
individuals. 

17Journal of Clinical Medicine. 2021-12-23
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There are currently multiple avenues of research 
involving at least four types of stem cells for use 
in male fertility preservation.
Strategies that have been extensively investigated 
involve (i) spermatogonial stem cells; (ii) 
embryonic stem cells; (iii) induced pluripotent 
stem cells; (iv) adult stem cells. 

Andrology 2020;8(4):862-878. 22



• 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. 
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SCs MSCs
Stem cell from 
extraembryonic 
tissues

iPSCs 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

—

These cells are not immune 
privileged

These cells have 
immunomodulatory 
characteristics

— These cells are not immune 
privileged

These cells are not immune 
privileged
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Potential advantages and disadvantages of stem cells in regenerative medicine

Stem cells Advantages Disadvantages

ESCs Pluripotent; high telomerase activity
Ethical concerns; malignant potential; difficult to 
control; may require many steps to differentiate 

into desired cell type; immune rejection

MSCs No ethical or moral concerns; low malignant 
potential; avoiding allogeneic immune rejection

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

Stem cell from extraembryonic 
tissues

No ethical or moral concerns; reducing risk of 
tumorigenicity Limited flexibility; multipotent

iPSCs No ethical or moral concerns; patient-specific 
cells

Use of viral vectors to introduce genes; 
malignant potential

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

BioMed Research International;2014:507234. 25
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Cells 2021, 10(7), 1779; https://doi.org/10.3390/cells10071779
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30Dev Reprod. 2017 ; 21(1): 1–10.

Cell type Advantage Disadvantage

MSC Availability
Easy to isolate and expand
Multilineal differentiation
Immunosuppressive
Both of the autograft and allograft 
are possible
Free from ethical issues
Limited replicative lifespan
(safe from malignant formation)

Limited replicative lifespan
(alteration of various functions 
including multipotency)

ESC Pluripotent (can differentiate into 
almost all types of cells)

Ethical / political issues
Risk of teratoma formation after 
transplantation

iPSC Pluripotent as ESCs
Can be derived from somatic cells

Risk of teratoma formation after 
transplantation
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Mechanisms underlying the effects of MSC-based therapy
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• 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. 

39
Stem Cell  Res Ther 2021; 6;12(1):229. 

In vitro studies on MSC and spermatogenesis
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MSC therapy in animal model of 
azoospermia

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

42.Stem Cell  Res Ther 2021; 6;12(1):229. 
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Cells 2021, 10, 2460.
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MSC therapy of azoospermia patients

• 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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 Possible mechanisms of testicular function 
restoration following MSC therapy

MSCs can 
differentiate 
into target 

cells

MSCs can 
reduce 

oxidative 
stress

MSCs can 
stimulate 

testosterone 
production  with 
differentiation 

into Laydig cells

MSCs reverse the 
glycolysis and 
glycogenesis 

imbalance in sperm 
by regulating 
Akt/glycogen 

synthase kinase 3 
(GSK3) axis

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

genes

MSCs connect 
with endogenous 

cells, restoring the 
function of 

damaged cells

MSCs can 
reduce factors 

that lead to 
infertility 
through 

reduction of 
apoptosis 

MSCs may be 
involved in the 
suppression of 

antisperm
antibodies 

(ASA)

The transplanted cells secrete 
growth factors such as bone 

morphogenetic proteins 
(BMPs) and transforming 

growth factor beta (TGF-β), 
which are male germ cell 

inducing factors with ability 
to stimulate restoration of the 
recipient’s cellular function
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