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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, ITGB1, 
GFRA6 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, ITGA6, 
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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	خلاصة البحث
 
 
 
 
مرض فقد النطاف ھو أحد أنواعالعقم الذكري المثیر للقلق عالمیا،والذي سببھ عملیةّ 
تكوین الحیوانات المنویة الغیر مكتمل.إن عملیةإعادةتكوین الحیوانات المنویة خارج 
بیئتھا الأصلیة سببّفضولاعلمیافي مجال أمراض الرجال التناسلیة.ومع ذلك فإنھ لا 

ظمة الاستزراع.تم إجراة عملیة اختزاع الخلایا یزال صعبابسبب محدودیة أن
(الانعدام التام للنطف) ومن NOAالخصویة من مرضى فقد النطاف الغیر انسدادي 
OAمرضى فقد النطاف الانسدادي (انسداد في الأنابیب الذكریة والمسبب لانعدام  

كوین النطف أو الحیوانات المنویة في المني) للحصول على عینات للقیام بعملیة ت
الحیوانات المنویة خارج الجسم.تم استخدام وسائط استزراع الخلایا الجذعیة الجنینیةّ 
) و مصل الدم الاستبدالي KnockOut™ DMEM) باستخدام (HESCالمعدلة(
)KnockOut™ Serum Replacement لتحدید عوامل (

الأساسیة النموالمناسبةلنموالخلایا المنویة البشریة، وھي عوامل النمو اللیفیة 
)bFGF) وعوامل تثبیط سرطان الدم (LIF ،في المراحل الأولى من ھذه الدراسة .(
NOAتم اختیار عینات  للتعرف على قابلیة نمو الخلایا الجذعیة النطفیة. تم  
HESCالاستزراع في وسیط  و   bFGF تم قیاسالمؤشرات البروتینیة.ITGA6 و ،
ITGB6 و ،GFRA6 و ،CD9 ، 14، و7، و1لتألقي في الأیام بالتلوین المناعي ا

، ولكن بدون ظھور أي من المؤشرات ماعدا بعض الخلایا الغیر معروفة.ثم تم 21و
باستخدام كل من عینات  49تمدید زراعة الخلایا حتى یوم  NOA و   OA تم تمدید .

یوما مما حقق ذلك نموا ناجحا لخلایا في الطور  90كل من مستزرعات العینات حتى 
نتصافي المخصصة للخلایا المشابھة للنطفة البدئیة، ما عدا عینات ما بعد الا NOA 

HESCالمستنبتة في  و   bFGF التي أظھرت بعض الخلایا الغیر معروفة. أظھر  
ھذا الاكتشاف أنھ من الممكن القیامبعملیة تكوین النطف المتأخرة خارج الجسم 
HESCباستخدام وسیط  أو في وسائط التلقیح خارج الجسم (  IVF مع إضافة (

الھرمونات التناسلیة (ھرمونات تنبیھ الجریب والتستسترون).كانت مؤشرات 
SCP3 و ،H2B و ،TP1 إیجابیة وذلك یدل على أن الانفصال الانتصافي قد حصل  
في المستزرعات. أظھرت ھذه الدراسة بعض أدلة قابلیة تكوین الحیوانات المنویة 

ة استحداث النطف مستقبلا، معطیا بذلك بعض خارج الجسم، مما یفتح الباب لإمكانی
الأمل لمرضى فقد النطاف في الحصول على أطفال، خاصة مرضى فقد النطاف 
 الغیر انسدادي.



	iv 

APPROVAL PAGE 

 
 
 

 
The dissertation of Azantee Yazmie binti Abdul Wahab has been approved by the 
following: 

 
 

_________________________________ 
Assist. Prof. Dr Muhammad Lokman Md Isa 

Supervisor 
 
 
 

__________________________________ 
Assoc. Prof. Dr Suzanah Abdul Rahman 

Supervisory Committee 
 
 
 

__________________________________ 
Assoc. Prof. Dr Roszaman Ramli 

Co-supervisor 
 
 
 

_______________________________ 
Assoc. Prof. Dr Solachuddin Jauhari Arief Ichwan 

Internal Examiner 
 
 
 

_______________________________ 
Assoc. Prof. Dr Nor Ashikin Mohamed Noor Khan 

External Examiner 
 
 
 

_______________________________ 
Dr Shamsul Azlin Ahmad Shamsuddin 

External Examiner 
 
 
 

_______________________________ 
Assoc. Prof. Dr Siti Aesah @ Naznin Muhammad 

Chairman 



	v 

DECLARATION 
 
 
 
 
I hereby declare that this thesis is the result of my own investigations, except where 

otherwise stated. I also declare that it has not been previously or concurrently 

submitted as a whole for any other degrees at IIUM or other institutions. 

 

Azantee Yazmie binti Abdul Wahab 

 

Signature …………………………….  Date ………………………. 

 

 

 

 

 

 

 

 

 

 

 

 
 



	vi 

 
INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA 

 
 

DECLARATION OF COPYRIGHT AND AFFIRMATION OF 
FAIR USE OF UNPUBLISHED RESEARCH 

 
 

FUNDAMENTAL STUDY OF SPERMATOGENESIS IN VITRO 
FROM TWO TYPES OF AZOOSPERMIC TESTICULAR BIOPSY 

 
 

I declare that the copyright holder of this thesis/dissertation is 
International Islamic University Malaysia 

 
Copyright © 2017 International Islamic University Malaysia. All rights reserved. 

 
 

No part of this unpublished research may be reproduced, stored in a retrieval system, 
or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
recording or otherwise without prior written permission of the copyright holder except 
as provided below: 
 

1. Any material contained in or derived from this unpublished research may 
only be used by others in their writing with due acknowledgement.  

 
2. IIUM or its library will have the right to make and transmit copies (print 

or electronic) for institutional and academic purposes.  
 

3. The IIUM library will have the right to make, store in a retrieval system 
and supply copies of this unpublished research if requested by other 
universities and research libraries. 

 
By signing this form, I acknowledged that I have read and understand the IIUM 
Intellectual Property Right and Commercialization policy.   
 
 
 
 
Affirmed by Azantee Yazmie binti Abdul Wahab. 
 
 
 
 
 
 
 ………………………..          ………………….. 
         Signature                        Date  
 
 



	vii 

 
INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA 

 
 

DECLARATION OF COPYRIGHT AND AFFIRMATION OF 
FAIR USE OF UNPUBLISHED RESEARCH 

 
 

FUNDAMENTAL STUDY OF SPERMATOGENESIS IN VITRO 
FROM TWO TYPES OF AZOOSPERMIC TESTICULAR BIOPSY 

 
 

I declare that the copyright holder of this thesis/dissertation is 
Azantee Yazmie binti Abdul Wahab 

 
Copyright © 2017 Azantee Yazmie binti Abdul Wahab. All rights reserved. 

 
 

No part of this unpublished research may be reproduced, stored in a retrieval system, 
or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
recording or otherwise without prior written permission of the copyright holder except 
as provided below: 
 

1. Any material contained in or derived from this unpublished research may 
only be used by others in their writing with due acknowledgement.  

 
2. IIUM or its library will have the right to make and transmit copies (print 

or electronic) for institutional and academic purposes.  
 

3. The IIUM library will have the right to make, store in a retrieval system 
and supply copies of this unpublished research if requested by other 
universities and research libraries. 

 
By signing this form, I acknowledged that I have read and understand the IIUM 
Intellectual Property Right and Commercialization policy.   
 
 
 
 
Affirmed by Azantee Yazmie binti Abdul Wahab. 
 
 
 
 
 
 ………………………..          ………………….. 
         Signature                        Date  
 
 



	viii 

ACKNOWLEDGEMENT  
 
 
 
 
I would like to express my sincere gratitude to my supervisor Assist. Prof. Dr 
Muhammad Lokman Md Isa for giving me the opportunity to carry out this research, 
for his motivation, continuous support and enthusiasm. His supervision and guidance 
helped me in all the times during the research and writing of the thesis. I thank him for 
helping to shape the thesis by critically reviewing it and giving careful and instructive 
comments.  
 

I would like to thank to Assoc. Prof. Dr Suzanah Abdul Rahman for her 
encouragement and constructive feedback. I am grateful for her thoughtful comments.  
 

I would also like to express my special appreciation to the Head Unit of IIUM 
Fertility Centre and my co-supervisor Assoc. Prof. Dr Roszaman Ramli for 
coordinating the supply of human adult testicular tissues from IIUM Fertility Centre 
as well as his encouragement and valuable ideas during the completion of the project.  
 

My sincerely thanks to staffs from IIUM Fertility Centre, Integrated Centre for 
Research Care & Animal Use (ICRACU), Kulliyyah of Nursing, Kulliyyah of Allied 
Health Science and lab colleagues for their help and support.  
 

Lastly, my special thanks to my parents and my brothers for their support in 
whatever I am doing. To all my friends all around thank you.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	ix 

TABLE OF CONTENTS 
 
 
 
 
Abstract ………………………………………………………………………….......ii	
Abstract in Arabic …………………………………………………………………...iii	
Approval Page …………………………………………………………………….....iv	
Declaration Page ……………………………………………………………….........v	
Copyright Page IIUM ………………………………………………………….........vi	
Copyright Page Student ……………………………………………………………..vii	
Acknowledgements ……………………………………………………………........viii	
Table of content ……………………………………………………………………..xi	
List of Tables ………………………………………………………………………..xiii	
List of Figures ……………………………………………………………….............xiv	
List of Symbols ……………………………………………………………………...xviii	
List of Abbreviations ………………………………………………………………..xix	
List of Appendices …………………………………………………………………..xxi	
 
CHAPTER ONE: INTRODUCTION …………………………………………..…1 
 
CHAPTER TWO: LITERATURE REVIEW ………………………………….....6 

2.1 Azoospermia ……………………………………………………………...6 
2.1.1 Overview …………………………………………………………..6 
2.1.2 Evaluation of azoospermia ………………………………………...7 

 2.2 Spermatogenesis ………………………………………………………….10 
2.2.1 Introduction ……………………………………………………......10 
2.2.2 In vivo spermatogenesis studies …………………………………...15 
2.2.3 In vitro spermatogenesis studies ………………………………......18 
2.2.4 Other stem cells differentiation to male germ cells ……………......21 
2.2.5 Gene identification of spermatogenesis  …………………………...23 

CHAPTER THREE: MATERIALS AND METHODS ……………………….....25 
3.1 Materials …………………………………………………………………25 

3.1.1 Disposable items ……………….……………………………….....25 
3.1.2 Instruments and apparatus ……….………………………………...25 
3.1.3 Chemicals and reagents …….……………………………………...26 

 3.2 General study design …………………………………………………......27 
 3.3 Methodology …………………………………………………………......29 

3.3.1 Sample collection and preparation for culture ….………….……....29 
3.3.2 Media preparation for cell culture …………………….…….……...30 

3.3.2.1 HESC medium with BFGF ………………………………...30 
3.3.2.2 HESC medium with BFGF and LIF ……………………….30 
 3.3.2.3 HESC medium with BFGF and reproductive hormones …..31 
 3.3.2.4 HESC medium with BFGF, LIF and reproductive  

    hormones ...………………………………………………....31 
3.3.3 Cell culture …….…………………………………………………..32 
3.3.4 Conventional reverse transcription polymerase chain reaction  

    (RT- PCR) ………………………………………………………....32 



	x 

3.3.4.1 RNA extraction ……………..………….…….……………..32 
3.3.4.2 First strand cDNA synthesis …..……..……………………..35 
3.3.4.3 RT-PCR …………….………...………………………….....36 
3.3.4.4 Optimization ………………………………………………..37 
3.3.4.5 Gel electrophoresis …………………………………………38 

3.3.4.5.1 Preparing the Agarose Gel ………………………......38 
3.3.4.5.2 Running the Gel …………………………………......38 
3.3.4.5.3 Gel Analysis …………………………………………38 

3.3.5 Identification of gene expression using quantitative reverse         
transcriptase polymerase chain reaction (qRT-PCR) ...…………...39 
3.3.5.1 RNA extraction ……………..………….....………………..39 
3.3.5.2 cDNA synthesis ….………….…..………………...…….....41 

        3.3.5.3 Quantitative reverse transcriptasepolymerase chain reaction  
     (qRT-PCR)……………..………………………………………41 

3.3.6 Identification of protein marker by immunofluorescence (IF)  
staining …………………………………………………………......42 
3.3.6.1 Cells Fixation ….……………………………………………42 
3.3.6.2 Cells Permeabilization ……………………………………...42 
3.3.6.3 Primary Antibody …………………………………………..43 
3.3.6.4 Secondary Antibody ………………………………………..43 
3.3.6.5 Nuclear Staining - 4’6’-Diamidino-2 phenylindole 

(DAPI) ……………………………………………………...43 
3.3.7 Statistical analysis …………………………………………………44 

CHAPTER FOUR: SHORT-TERM CULTURE USING TESTICULAR  
CELLS BIOPSY SAMPLE FROM NON-OBSTRUCTIVE  
AZOOSPERMIA (NOA) PATIENT ……………………………………………....45 

4.0 Introduction ………………………………………………………………45 
4.1 Literature review …………………………………………………………46 

4.1.1 Early male germ cells identification ………………………………46 
4.1.2 HESC culture media .…….………………………..……………….49 
4.1.3 Spermatogonial stem cells (SSCs) surface protein markers ………50 
4.1.4 VASA gene in spermatogenesis ……………………………………51 

4.2 Objective  …………………………………………………………………53 
4.2.1 General objective  ………….………………………………………53 
4.2.2 Specific objective …………….……………………………………53 

4.3 Materials & Methods ……………………………………………….……53 
4.3.1 Design of study …………………………………………………....53 
4.3.2 Sample collection and cell culture ………………………………...54 
4.3.3 Immunofluorescent (IF) staining for SSCs surface markers..……...55 
4.3.4 RT-PCR for VASA gene expression ……………………………….56 

4.3.4.1 RNA Extraction …………………………………………….56 
4.3.4.2 First Strand cDNA Synthesis.………………………………57 
4.3.4.3 RT-PCR …………………………………………………….58 
4.3.4.4 Gel Analysis ………………………………………………..58 

4.4 Results ……………………………………………………………………58 
4.4.1 Cell culture on Days 1, 7, 14 and 21 …..…………………………...58 
4.4.2 GFRA1, ITGA6, ITGB1 and CD9 as SSCs protein markers ..……..59 
4.4.3 VASA gene expression ……………..……………………………….61 



	xi 

4.5 Discussion ………………….……………………………………………..62 

CHAPTER FIVE:  IDENTIFICATION OF SPERMATOGONIAL STEM 
CELLS (SSCs) IN PROLONGED CULTURE FROM NON-OBSTRUCTIVE 
AZOOSPERMIA (NOA) AND OBSTRUCTIVE AZOOSPERMIA (OA) 
PATIENT SAMPLES ………………………………………………………………64 

5.0 Introduction ………………………………………………………………64 
5.1 Literature review ………………………………………………………….65 

5.1.1 Spermatogonial stem cells (SSCs) characteristics ....………………65 
5.1.2 Growth factors in spermatogenesis ……….…………………….….68 
5.1.3 SSCs gene expressions ………….……………………………….…69 
5.1.4 qRT-PCR ….………………….…………………………………….69 

5.2 Objective  …………………………………………………………………71 
 5.2.1 General objective ..…...………………………………………….…71 
5.2.2 Specific objectives ….……….……………………………………..71 

5.3 Materials & Methods ……………………………………………….……71 
5.3.1 Design of study ……………………………………………………71 
5.3.2 Sample collection and cell culture ….……………………………..72 
5.3.3 IF staining for cell surface protein marker ……..………………….73 
5.3.4 Gene expression using qRT-PCR ……....…………………………74 

5.3.4.1 RNA extraction ……………………………………………74 
5.3.4.2 cDNA synthesis …………...……………………………….75 
5.3.4.3 Primer gene target for pro-long culture .…...………………75 

5.4 Results ……………………………………………………………….…..77 
5.4.1 Cell culture on Day 49 …………………….……………………….77 
5.4.2 Expression of SSCs protein markers including GFRA1, ITGA6,  
         ITGB1 and CD9 using IF staining …...……………………………78 
5.4.3 Identification of OCT4, ITGB1 and GPR125 gene markers using  

      qRT-PCR ………………...………………………………………..87 
5.5 Discussion …………………………………………………………….….89 

CHAPTER SIX: DEVELOPMENT OF LATE SPERMATOGENESIS WITH 
REPRODUCTIVE HORMONES …………………………………………………93 

6.0 Introduction ………………………………………………………………93 
6.1 Literature review …………………………………………………………94 

6.1.1 Meiotic phase in spermatogenesis ……………….…………….…..94 
6.1.2 Reproductive hormones functions in spermatogenesis  

regulation …………………………………………………………..97 
6.1.3 Gene expression during meiosis and post-meiotic phase …….……98 
6.1.4 In vitro fertilization (IVF) media ……….…...……………………100 

6.2 Objective  ………………………………………………………………..101 
6.2.1 General objective.…….…………………………………………..101 
6.2.2 Specific objectives ……….………………………………………101 

6.3 Materials & Methods …………………………………………………...102 
6.3.1 Design of study ……………….………………………………….102 
6.3.2 Cell culture …………………….…………………………………104 
6.3.3 IF staining for determination of cell surface protein marker  

expression……………………….………………………………...105 
6.3.4 Gene identification using qRT-PCR ……………………………..106 



	xii 

6.3.4.1 RNA extraction …………………………………………...106 
6.3.4.2 cDNA synthesis ……...…………………………………...106 
6.3.4.3 Primer gene target for long-term culture ……...………….106 

6.4 Results …………………………………………………………………..109 
6.4.1 Cell culture on Day 90 …………………………………………...109 
6.4.2 SCP3 and TP1 as SSCs differentiation protein markers using  

       IF staining ……………………………………...………………...110 
6.4.3 Identification of ITGB1, TP1, SCP3 and H2B gene markers using  

qRT-PCR …………………………………………………………115 
6.5 Discussion ………………………………………………………………117 

CHAPTER SEVEN:  DISCUSSION AND CONCLUSION ……………………121 

BIBLIOGRAPHY …………………………………………………………………130 

APPENDICES ……………………………………………………………………..150 
Appendix 1 ………………………………………………………………………….150 
Appendix 2 ………………………………………………………………………….151 
Appendix 3 ………………………………………………………………………….154 
Appendix 4 ………………………………………………………………………….156 
Appendix 5 ………………………………………………………………………….157 
Appendix 6 ………………………………………………………………………….158 
Appendix 7 ………………………………………………………………………….159 
Appendix 8 ………………………………………………………………………….160 
Appendix 9 ………………………………………………………………………….161 
Appendix 10 ………………………………………………………………………...162 
Appendix 11 ………………………………………………………………………...163 
Appendix 12 ………………………………………………………………………...164 
Appendix 13 ………………………………………………………………………...169 
Appendix 14 ………………………………………………………………………...174 
Appendix 15 ………………………………………………………………………...183 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



	xiii 

LIST OF TABLES  
 
 
 
 
Table 2.1    Overview in vitro spermatogenesis between human and animals             21 

Table 2.2    Comparison of gene markers between ESCs, iPC and SSCs           24                      

Table 3.1    List of disposable items                  25                      

Table 3.2    List of instruments and apparatus               25 

Table 3.3    List of chemicals and reagents                      26 

Table 3.4    List of reagents of PureLink® RNA Mini Kit             33 

Table 3.5    List of disposable items of Nucleospin RNA XS kit             33 

Table 3.6    The RNA/primer reaction composition for cDNA synthesis           35 

Table 3.7    The cDNA synthesis mixture composition              35 

Table 3.8    Mastermix by using TopTaqDNA polymerase             36 

Table 3.9    RT-PCR cycling protocol                37 

Table 3.10  List of reagents of Nucleospin RNA XS kit                       39 

Table 3.11  List of disposable items of Nucleospin RNA XS kit                       39 

Table 4.1    The antibodies used in IF detection               56 

Table 4.2    Primer Sequence used for measuring VASA expression            57 

Table 5.1    The antibodies used in IF detection for Day 49             74 

Table 6.1    The antibodies used in IF detection for Day 90           105 

 

 

 

 

 



	xiv 

LIST OF FIGURES  
 
 
 
 
Figure 1.1  The overall study plan in vitro spermatogenesis process     

from azoospermia patients       5 

Figure 2.1 Spermatogenic cells in spermatogenesis process             13 

Figure 2.2 Spermiogenesis process                14 

Figure 3.1 The study plan in vitro spermatogenesis process from azoospermia  
patients                  28 

 
Figure 3.2 Testicular sample preparation for cell culture             29 

Figure 4.1 Early male germ cells between mice and human             48 

Figure 4.2 VASA gene expression in male and female germ cells            52 

Figure 4.3 The design of study for short-term culture of NOA patient           54 

Figure 4.4 Design of 24 well plate for NOA testicular cell culture for    
Days 1, 7, 14 and 21                  55 

Figure 4.5  Design 24-well plate for cell surface protein markers on    
Days 7, 14 and 21                  56 

Figure 4.6 Propagation activity of cells in vitro culture condition            59 

Figure 4.7 Testicular cell culture colonies from NOA patient using  
DAPI staining                  60 
 

Figure 4.8 Representative gels of RT-PCR amplification products of VASA   
gene (228 bp) for each sample of testis biopsy culture             61 

Figure 5.1 Spermatogonial stem cell renewal and differentiation process in   
rodents and humans                  67 

Figure 5.2 The design of study for pro-long culture of NOA and OA  
patient samples                  72 

 
Figure 5.3 Design of 24 well plate for NOA/OA testicular cell culture for  

Day 49                  73 
 
Figure 5.4 Design 24-well plate for cellsurface protein markers on Day 49 

of culture                             74 
 



	xv 

LIST OF FIGURES  
 
 
 
 
Figure 5.5 qRT-PCR 96-well plate design for positive control for all  

gene interests                  75 
 

Figure 5.6 qRT-PCR 96-well plate design for gene interest on Day 49 of   
culture for NOA and OA patient samples               76 

Figure 5.7 Propagation activity of SSCs in vitro culture condition in NOA   
patient sample                  77 

Figure 5.8 Propagation activity of SSCs in vitro culture condition in OA   
patient sample                  78 

Figure 5.9 Cell surface protein markers for SSCs using IF staining from NOA   
sample cultured with HESC and BFGF medium at Day 49  
(ITGB1, GFRA1)                  79 

 
Figure 5.10 Cell surface protein markers for SSCs using IF staining from NOA   

sample cultured with HESC and BFGF medium at Day 49  
(ITGA6, CD9)                  80 

 
Figure 5.11 Cell surface protein markers for SSCs using IF staining from NOA   

sample cultured with HESC, BFGF and LIF medium at Day 49 
(ITGB1, GFRA1)                 81 

 
Figure 5.12 Cell surface protein markers for SSCs using IF staining from NOA   

sample cultured with HESC, BFGF and LIF medium at Day 49  
(ITGA6, CD9)                  82 

 
Figure 5.13 Cell surface protein markers for SSCs using IF staining from OA  
  sample cultured with HESC and BFGF medium at Day 49  

(ITGB1, CD9)                  83 
 

Figure 5.14 Cell surface protein markers for SSCs using IF staining from OA  
  sample cultured with HESC and BFGF medium at Day 49  

(ITGA6, GFRA1)                  84 
 

Figure 5.15 Cell surface protein markers for SSCs using IF staining from NOA   
sample cultured with HESC, BFGF and LIF medium at Day 49 
(ITGA6, GFRA1)                  85 

 
Figure 5.16 Cell surface protein markers for SSCs using IF staining from NOA   

sample cultured with HESC, BFGF and LIF medium at Day 49  
(ITGB1, CD9)                  86 

 



	xvi 

LIST OF FIGURES  
 
 
 
 
Figure 5.17 Graph Cq value of reference and target genes using qRT-PCR in   

NOA patient cultured with different HESC media at Day 49 of  
culture                   87 

 
Figure 5.18 Graph Cq value of reference and target genes using qRT-PCR in   

OA patient cultured with different HESC media at Day 49 of  
culture                           88 
 

Figure 6.1 Meiosis I and meiosis II cell division in spermatogenesis process        96 

Figure 6.2 The design of study for long-term culture of NOA and OA patient  
samples                 103 

 
Figure 6.3 Design of 24 well plate for NOA testicular cell culture for 90 days   104 

Figure 6.4 Design 24-well plate for cellsurface protein markers on Day 90         105 

Figure 6.5 qRT-PCR 96-well plate design for positive control for all gene  
interests                107 
 

Figure 6.6 qRT-PCR 96-well plate design for gene interest at Day 90 of culture  
for NOA and OA patient samples              107 

Figure 6.7 Propagation activity of SSCs in vitro culture condition in NOA  
patient sample at Day 90              109 

Figure 6.8 Propagation activity of SSCs in vitro culture condition in OA   
patient sample at Day 90               110 

Figure 6.9 Cell surface protein markers for SSCs using IF staining from NOA   
sample cultured with HESC and BFGF medium at Day 90         111 

Figure 6.10 Cell surface protein marker for SSCs using IF staining from NOA               
sample cultured with HESC, BFGF, LIF, FSH and testosterone  
hormone medium at Day 90 (SCP3)             112 

 
Figure 6.11 Cell surface protein marker for SSCs using IF staining from NOA               

sample cultured with HESC, BFGF, LIF, FSH and testosterone  
hormone medium at Day 90 (TP1)              112 

Figure 6.12 Cell surface protein markers for SSCs using IF staining from OA  
sample cultured with IVF, FSH and testosterone hormone medium  
at Day 90 (SCP3)                113 

 



	xvii 

LIST OF FIGURES  
 
 
 
 
Figure 6.13 Cell surface protein markers for SSCs using IF staining from OA  

sample cultured with IVF, FSH and testosterone hormone medium  
at Day 90 (TP1)                113 

 
Figure 6.14 Cell surface protein markers for SSCs using IF staining from OA  

sample cultured with HESC, BFGF, LIF, FSH and testosterone 
hormone medium at Day 90 (SCP3)             114 
 

Figure 6.15 Cell surface protein markers for SSCs using IF staining from OA  
sample cultured with HESC, BFGF, LIF, FSH and testosterone  
hormone medium at Day 90 (TP1)              114 

 
Figure 6.16 Graph Cq value of reference and target genes using qRT-PCR in   

NOA patient cultured with different HESC media at Day 90 of  
culture                 115 
 

Figure 6.17 Graph Cq value of reference and target genes using qRT-PCR in  
OA patient cultured with different HESC media at Day 90 of  
culture                 116 
 

Figure 7.1 Recent approach of deriving pluripotent stem cells to differentiate  
male germ cells                122 
 

Figure 7.2 Gene and protein expressions in NOA sample           129 

Figure 7.3 Gene and protein expressions in OA sample           129 

 

 
 

 
 

 

 

 

 

 



	xviii 

LIST OF SYMBOLS 
 
 
 
 
oC  degree celcius 
%  percentage 
-  minus 
Aal  A aligned spermatogonia 
Adark  A dark spermatogonia 
Apr  A paired spermatogonia 
Apale  A pale spermatogonia 
As  A single spermatogonia 
bp  base pair 
C  haploid amount of DNA in a cell 
E  embryonic days 
g  gram 
H2O  water 
In  intermediate 
L  ladder marker 
MgCl2  magnesium chloride 
mg  microgram 
mM  milimolar 
mL  mililiter 
N  haploid number of chromosome 
nm  nanometer 
oligodT short sequence of deoxy-thymine nucleotides 
P  postnatal days 
rpm  revolutions per minute 
Ta  annealing temperature 
Tm  melting temperature 
µL  microliter 
µm  micrometer 
µM  micromolar 
V  voltage 
x  time	 	



	xix 

LIST OF ABBREVIATIONS 
 
 
 
 
3D   three-dimensional 
ART   assisted reproductive technique 
AZFa,b,c  azoospermia factor region deletion in Yq chromosome  
BA   beta-actin 
BFGF   basic fibroblast growth factor    
BLIMP1  B-lymphocyte-induced maturation protein 1 
CBAVD  congenital bilateral absence of vas deferens 
CD9   cluster of differentiation 9 
CD24   cluster of differentiation 24 
CD90   cluster of differentiation 90 
cDNA   complementary DNA 
CFTR   cystic fibrosis transmembrane regulator gene 
C-KIT   tyrosine kinase protein 
DAPI   4’, 6’-diamidino-2-phenylindole 
Dazl   deleted in azoospermia-like 
DCM1   DNA cytosine-5 methyltransferase 1 
DEPC   diethylpyrocarbonate 
DMEM  dulbecco’s modified eagle medium 
DMSO   dimethysulfoxide 
dNTP   deoxynucleotide 
DNA   deoxyribonucleic acid 
EGF   epidermal growth factor 
ESCs   embryonic stem cells 
EtBr   ethidium bromide 
FBS   fetal bovine serum 
FCS   fetal calf serum 
FISH   fluorescent in situ hybridization 
FITC   fluorescein isothiocyanate 
FSH   follicle stimulating hormone 
GAPDH  glyceraldehyde-3-phosphatedehydrogenase 
GDNF   glial cell line-derived neurotrophic factor 
GFRA1  GDNF family receptor alpha 1 
GnRH   gonadotrophin-releasing hormone 
GPR125  G protein-coupled receptor 125 
H2A   histone 2A 
HESC   human embryonic stem cell 
HGH   hypogonadotrophinhypogonadism 
ICSI   intracytoplasmic sperm injection  
IF   immunofluorescence 
IgG2b   immunoglobulin G 2b 
IREC   IIUM Research Committee 
iPSC   induced pluripotent stem cells 
ITGA6  integrin alpha-6 
ITGB1   integrin beta-1 



	xx 

LIST OF ABBREVIATIONS 
 
 
 
 
IVF   in vitro fertilization 
KLF4   Krupell-like factor 4 
KOSR   knockout serum replacement 
LH   lutenizinghormone 
LIF   leukemia inhibitory factor 
LPPKN  National Population and Family Development Board 
MDB   membrane desalting buffer 
MIQE Minimum Information for Publication of Quantitative Real-Time  

PCR 
MLH1   mutL homolog 1 
mRNAs  messenger ribonucleic acids 
NANOG   homeoboxprotein 
NEAA   non-essential amino acids 
NOA   non-obstructive azoospermia 
NTC   no template control 
OA   obstructive azoospermia 
OCT4   octamer-binding transcription factor-4 
PBS   phosphate buffered saline 
PCR   polymerase chain reaction 
PFA   paraformaldehyde 
PGCs   primordial germ cells 
PIWILL2  Piwi-Like RNA-Mediated Gene Silencing 2 
Prm1   protamine 1 
qRT-PCR  quantitative reverse transcription polymerase chain reaction 
rFSH   recombinant follicle stimulating hormone 
RBCs   red blood cells 
RT   reverse transcription 
RT-PCR  reverse transcription polymerase chain reaction 
SCP3   synaptonemal complex protein 3 
SOX2   sex determinating region Y-box 2 
SR   serum replacement 
SSCs   spermatogonial stem cells 
SSEA3  stage-specific embryonic antigen 3 
SSEA4  stage-specific embryonic antigen 4 
TBE   Tris/Borate/EDTA 
TCEP   tris (2-carboxyethyl) phosphine 
TESE   testicular sperm extraction 
TH2B   human testis specific histone 2B 
TP1   transition protein 1 
TP2   transition protein 2 
Ubely  ubiquitin-activating enzyme E1 homologous genes on the mouse   

Y chromosome 
UV  ultraviolet 

 



	xxi 

LIST OF APPENDICES 
 
 
 
 
Appendix 1 IREC 125                150
    
Appendix 2 AGREEMENT CONSENT FORPESA/TESA/TESE  

PROCEDURE               151 
 
Appendix 3 TESA/TESE SAMPLE RESEARCH CONSENT FORM:  
  Testicular Samples Donation for Research            154 
 
Appendix 4 Quality control data for Qiagen product: GAPDH           156 
 
Appendix 5 Quality control data for Qiagen product: BA           157 
 
Appendix 6 Quality control data for Qiagen product: OCT4 (POU5F1)         158 

Appendix 7 Quality control data for Qiagen product: ITGB1           159 

Appendix 8  Quality control data for Qiagen product: GPR125           160 

Appendix 9 Quality control data for Qiagen product: SCP3           161 

Appendix 10 Quality control data for Qiagen product: H2B           162 

Appendix 11 Quality control data for Qiagen product: TP1           163 

Appendix 12 Journal Publication 1:        
The future of azoopsermia patients: In vitro spermatogenesis            164 

Appendix 13 Journal Publication 2:       
  Identification of spermatogonial stem cells-like cell differentiation  

in vitro from azoospermia patient using modified human embryonic  
stem cell (HESC) media               169 

 
Appendix 14 Journal Publication 3:         

Spermatogonial stem cell protein identification in in vitro culture  
from non-obstructive azoospermia patient             174 
 

Appendix 15 Abstract for oral presentation:       
In vitro human spermatogenesis from azoospermia patients         183



	 1 

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. 
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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). 
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Studies involving molecular characteristics in spermatogenesis are limited. G 

protein-coupled receptor 125 (GPR125), Octamer-binding transcription factor-4 

(OCT4), integrin beta 1 (ITGB1), integrin alpha 6 (ITGA6), 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. 




