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ABSTRACT

Azoospermia is a male infertility worldwide concern due to incomplete
spermatogenesis process. Recreating spermatogenesis outside of its original
environment (in vitro) is a scientific curiosity in andrology world. However, it
remains challenging due to the limitation of culture system. Testicular biopsy cells
from non-obstructive azoospermia (NOA) (complete absence of spermatozoa) and
obstructive azoospermia (OA) (obstruction in the male ducts results in absence of
spermatozoa in semen) patients were obtained to develop in vitro spermatogenesis.
Modified human embryonic stem cells (HESC) media using knockout DMEM and
knockout serum replacement were used to determine growth factors (basic fibroblast
growth factor (BFGF) and leukemia inhibitory factor (LIF)) that were suitable for the
development of spermatogenic cells. In the early phase of study, NOA sample was
selected to see the potential development of spermatogonial stem cells (SSCs). The
sample was cultured in HESC medium with BFGF. Protein markers; ITGA6, ITGBI,
GFRAG6 and CD9 were done using immunofluorescent staining on Day 1, 7, 14 and 21
but non of the markers were present, only unknown cells has been detected. Cultures
were then extended until Day 49 using both NOA and OA samples. Each sample
divided into two groups; HESC with BFGF and HESC with LIF. OCT4, ITGAS®,
ITGB1, GFRA6 and CD9 markers were positive in immunofluorescent staining and
quantitative reverse transcriptase polymerase chain reaction (QRT-PCR) indicated the
SSC-like cells development in both NOA and OA samples. Both of the culture
samples were extended until 90 days and most of the azoospermia samples had
successfully developed post-meiotic cell specified spermatid-like cells except NOA
sample cultured with HESC and BFGF that shown unknown cells detected. This
revealed that late spermatogenesis could be established in vitro using HESC or in vitro
fertilization (IVF) media with the addition of reproductive hormones (follicle
stimulating hormone (FSH) and testosterone). SCP3, H2B and TP1 markers were
positive indicating that meiotic division has occurred in the culture. This study
managed to show some evidence of in vitro spermatogenesis. It opens of possibilities
to create spermatozoa in the future, thus giving hope to azoospermic especially NOA
patients to have biological children.
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CHAPTER ONE

INTRODUCTION

Infertility is defined as the inability to conceive within one year of marriage without
the use of contraception. It has affects approximately 15% of couples worldwide and
40 to 60% cases are due to male factors (Schlegel, 2009). A survey conducted by the
National Population and Family Development Board (LPPKN) showed that total
fertility rate in Malaysia has reduced from 3.4 in 1994 to 2.8 in 2004. In 2009, it was
recorded that 300,000 couples in Malaysia aged between 20 to 40 faced infertility
problem. Since then, the number of infertility cases increasing every year. Stress and
hectic urban lifestyle are common reasons contributing to infertility cases
(Nurfarahain and Geetha, 2014).

Male infertility contributes a major issue in infertility cases nowadays.
Parameters contributing to male infertility include reduced number of sperm as well as
reduced percentage of motility and morphology according to World Health
Organization (WHO) guidelines 2010. Factors that contribute to male infertility
include psychological stress, exposure to radiation, urban lifestyle and chromosomal
abnormality. Azoospermia is a common cause of male infertility cases. Azoospermia
cases are increasing every year worldwide. It is defined as an absence of spermatozoa
in the semen. Azoospermia is related to impaired spermatogenesis where male germ
cells are unable to proliferate and differentiate into spermatozoa.

In normal men, spermatogenesis starts with cell division of spermatogonial
stem cells (SSCs) to form other spermatogenic cells continuously. The structures

produced are in the following sequence; SSCs, spermatocytes and round spermatids.



This is followed by spermiogenesis where the spermatid is differentiates into complete
spermatozoa (Huleihel et al., 2007; Ogawa, 2001). Spermatogenesis requires specific
niches and microenvironment that enhances the regulation of different stages in
spermatogenic cells development (Caires et al., 2010).

Recently, various knowledge on azoospermia have been obtained involving
physiology, biochemistry and molecular biology. Genetic, hormonal control,
microsurgical and medical therapy, assisted reproduction techniques, and innovative
stem cell researches has been carried out to create artificial gametes (Esteves and
Agarwal, 2013a). Studies on the mechanisms of spermatogenesis are very limited. In
addition, maintaining the culture condition with growth factors for potential
development of spermatozoa from azoospermic patients are quite challenging.
Brinster (2002) indicated that SSCs have the ability to undergo self-renewal and
differentiate germ cells into spermatozoa.

In recent years, most andrology studies involving the development of SSCs are
using optimal culture conditions. Growth factor alone or in combination such as basic
fibroblast growth factor (BFGF), epidermal growth factor (EGF), glial cell line-
derived neutrophic factor (GDNF) and leukemia inhibitory factor (LIF) are needed in
culture conditions to stabilise SSCs development (Ebata et al., 2011; Kanatsu-
Shinohara et al., 2005; Kubota et al., 2004). The use of knockout Dulbecco Modified
Eagle Medium (DMEM) and knockout serum replacement (KOSR) in human
embryonic stem cell (HESC) media have been shown colonies of SSCs (Kosack et al.,
2013; Sato et al., 2011a). Combination of growth factors and hormones such as
recombinant follicular stimulation hormone (rFSH) and testosterone in this medium
has improved the developmet of SSCs to further stage spermatogenesis (Lim et al.,

2010; Dong et al., 2006).



Studies involving molecular characteristics in spermatogenesis are limited. G
protein-coupled receptor 125 (GPR125), Octamer-binding transcription factor-4
(OCT#4), integrin beta 1 (ITGB1), integrin alpha 6 (ITGA®6), cluster of differentiation
9 (CD9), GDNF family receptor alpha 1 (GFRA1) and alkaline phosphatase are stated
as SSCs markers (Kossack et al., 2009; Zuping et al., 2009; Dong et al., 2006). In
differentiating spermatogenesis, C-KIT is a marker for differentiating spermatogonia
cells whereas synaptonemal complex protein 3 (SCP3), human testis specific histone
(TH2B) and transition protein 1 (TP1) are meiotic spermatocytes and spermatids (Lim
et al., 2010). Even though these markers had been proven to be spermatogenic cell
markers yet their mechanisms are still poorly understood.

Azoospermia has been a major concern in male infertility worldwide. In non-
obstructive azoospermia (NOA), patients are unable to produce their own
spermatozoa. To date, there is lack of study that reports the production of successful
spermatozoa from these patients. Most of the spermatogenesis studies have been done
using animal samples. Only limited studies have been performed using human
samples. Derivating and culturing SSCs in azoospermic patients in vitro are
challenging and it is difficult to determine the specific spermatogenic cell stages.
Overseas azoospermia patients may opt to have children using spermatozoa from a
donor. In Islam, it is forbidden for couple to use donor gametes to have children.
Malaysia is a Muslim country whereby most of the citizens practice Islam. Therefore,
the purpose of this study is to initiate spermatogenesis in vitro using testicular cells
from both the obstructive azoospermia (OA) and non-obstructive azoospermia (NOA)
patients in modified HESC media with specific growth factors and hormones. This
study is carried out to determine the molecular markers involved in the proliferation

and differentiation of spermatogenic cells from the beginning until the end of culture.





