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Isolation and proliferation of human spermatogonia stem cells (hSSCs) in vitro will
allow powerful new approaches in treatment of selected causes of male infertility.
Leukaemia inhibitory factor (LIF) has been considered an essential component for long-
term culture of primordial germ cell and its combination with basic fibroblast growth
factor (bFGF) has been expected to elicit a much higher effect. The objective of the
present study was to develop an in vitro culture system for cellular proliferation of
spermatogonia stem cells (SSCs) from the human testes by adding different

concentrations of LIF and bFGF and co-culture germ cells on Sertoli cells.

Human testis biopsies were routinely obtained from patients diagnosed with maturation

arrest of spermatogenesis through the clinical practice of Imam Khomeini Hospital
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(Tehran, Iran) patients (n=25, average 35.6+£0.5 years). Then hSSCs and Sertoli cells
were isolated by two- step enzymatic digestion method, plated and grown on DSA-
Lectin coated dishes in Dulbecco's modified Eagle's medium (DMEM) supplemented

with 10% fetal calf serum (FCS) at 37°C in 5% CO, for 5 weeks.

The culture groups include (1) SSCs cultured without Sertoli cells, (2) SSCs co-cultured
with Sertoli cells (as control group), and (3) SSCs co-cultured with Sertoli cells and
adding different concentration of bFGF (0.1, 1, 10 ng/mL) and LIF (1000, 1200, 1500
unit/mL) as experimental groups. Spermatogonial-cell-derived colonies were evaluated
based on the number and the diameter of colonies after 10 days of culture and continued

every 10 days during 5 weeks culture using an inverted microscope (Zeiss, Germany).

Cultured cells were evaluated by RT-PCR using mRNA of Dazl, Oct-4, Nanog, a6-
Integrin, pI-Integrin, Piwil2, Stra8, Vasa, Bax and Dmclgenes and examined by
immunocytochemistry using anti-Vimentin, anti-CDH1 and anti-Oct-4 to confirm Sertoli
cells and spermatogonia stem cells. Effects of cryopreservation on cell viability and
proliferation of SSCs in vitro was also evaluated in different stages of culture. The
presence of functional spermatogonia stem cells in the culture system was evaluated by
xenotransplantation of different concentration of cultured cells in immunodeficient mice
testis. The number of colonized seminiferous tubules after transplantation was detected

by BrdU fluorescence and Hoechst staining during eight weeks after transplantation.

Results showed that spermatogonial-cell-derived colonies were formed in the culture
system after one week. In the first group, the average number and diameter of the

colonies were significantly lower than in the two other groups (P<0.05). The largest
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number of colonies was observed in the control group (32.29+ 9.15) in day 30. The
largest diameter of colonies was formed in combinated doses of 1ng/mL bFGF
+1500unit/mL LIF (302.93+37.68). Isolated SSCs were positive for spermatogonial cell
markers such as Oct4, Dazl, Stra8, Piwil2, Vasa and a6-Integrin, but negative about
Nanog and pI-Integrin Genes. Expression of an apoptotic gene (Bax) was observed
approximately 35 days after culture but Dmc1 that is a meiotic gene was not observed in
the culture system. Assessment of proliferation ability of SSCs after cryopreservation
showed that the number and the diameter of colonies in the co-culture of frozen-thawed
SSCs on fresh Sertoli cells was more than co-culture of fresh SSCs on fresh Sertoli cells
(19.60+ 2.80 and 17.33+2.20 for the number and 269.70+£52.10, 204.34+ 24.10 for the
diameter, respectively). It indicated that cryopreservation of SSCs before culture will
increase purified SSCs and they formed many big size colonies in comparison of the

control group.

Transplantation of hSSCs to infertile mice model testis indicated that these cells have
good efficiency for colonization of seminiferous tubules after proliferation in the culture

system, however meiotic divisions were not observed eight weeks after transplantation.

An ultrastructure study of cultured germ cells showed that many various types of
spermatogonia were identified in culture system but were not observed remarkably

difference between spermatogonial cells in culture system and testis tissue.



Taken together, SSCs and Sertoli cells derived from adult human testes were maintained
and proliferated in the in vitro culture condition, but did not differentiate to meiotic

cells. Also proliferation did not change their structure morphologically.
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Pengasingan dan pengembangbiakan sel stem spermatogonia manusia (human
spermatogonia stem cells, (hSSC) in vitro membolehkan pendekatan-pendekatan baru
yang berkeupayaan tinggi di bidang rawatan beberapa penyebab kemandulan lelaki.
Faktor penyekat leukaemia (LIF) telah dianggap sebagai suatu komponen terpenting
untuk kultur jangka-panjang sel germa primordium dan gabungannya dengan faktor
pertumbuhan fibroblast asas (basic fibroblast growth factor, bFGF) telah dijangka akan
memberi kesan yang lebih tinggi. Obijektif kajian ini ialah untuk membangunkan suatu
sistem kultur in vitro untuk pembiakan sel-sel dasar spermatogonia dari testes manusia
secara menambahkan pelbagai kepekatan LIF dan bFGF dan kultur-bersama sel-sel

germa ke atas sel-sel Sertoli.

Biopsi testis manusia telah didapatkan secara rutin dari pesakit yang telah

didiagnosiskan dengan penyekatan kematangan spermatogenesis melalui amalan klinikal
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Imam Khomeini Hospital (Tehran, Iran) ke atas pesakit (n=25, purata berumur 35.6+£0.5
tahun). Kemudian sel hSSC dan Sertoli diasingkan melalui kaedah penghadaman enzim
dua-peringkat, diplatkan dan dibiakkan di piring yang disaluti dengan DSA-Lecitin di
dalam bahantara Dulbecco’s modified Eagle’s (DMEM) dan ditambahkan dengan 10%

FCS di suhu 37°C di 5% CO, selama 5 minggu.

Kumpulan-kumpulan kultur termasuklah (1) SSC yang dikultur tanpa sel Sertoli, (2)
SSC yang dikultur bersama sel Sertoli (sebagai kumpulan kawalan), dan (3) SSC yang
dikultur bersama dengan sel Sertoli dengan tambahan pelbagai kekuatan bFGF (0.1, 1,
10 ng/mL) dan LIF (1000, 1200, 1500 unit/mL) sebagai kumpulan uji kaji. Koloni
terbitan sel spermatogonia dinilai berasaskan jumlah dan diameter koloni selepas 10 hari
dikultur dan diteruskan setiap 10 hari selama 5 minggu kultur tersebut, menggunakan

mikroskop songsang (Zeiss, Germany).

Sel yang dikultur dinilai dengan RT-PCR menggunakan mRNA gen-gen Dazl, Oct-4,
Nanog, a6-Integrin, [1-Integrin, Piwil2, Stra8, Vasa, Bax dan Dmcl dan diperiksa
secara immunositokimia menggunakan anti-Vimentin, anti-CDH1 dan anti-Oct-4 untuk
mengesahkan sel Sertoli dan juga sel dasar spermatogonia. Kesan pengawetan krio ke
atas daya hidup dan pengembangbiakan SSC di dalam kujltur in vitro juga dinilai di
pelbagai peringkat kultur. Kewujudan sel dasar spermatogonia berfungsi di dalam
sistem kultur tersebut dinilai secara pemindahan asing pelbagai kepekatan sel kultur ke
dalam testis tikus yang berkurangan keimunan. Jumlah tubul semen yang berkoloni
selepas pemindahan dikesan menggunakan pendarfluor BrdU dan pewarnaan Hoechst

selama lapan minggu selepas pemindahan.

viil



Hasil menunjukkan bahawa koloni terbitan-sel-spermatogonia dibentuk di dalam sistem
kultur tersebut selepas satu minggu. Di dalam kumpulan pertama, purata jumlah dan
diameter koloni adalah nyata lebih rendah berbanding dengan dua kumpulan yang lain
itu (P<0.05). Jumlah koloni yang terbesar telah diperhatikan di dalam kumpulan
kawalan (32.29+ 9.15). Diameter koloni yang terbesar didapati di dalam dos
berkombinasi 1ng/mL bFGF +1500unit/mL LIF (302.93+37.68). SSC yang diasingkan
adalah positif untuk penanda sel spermatogonia seperti Oct4, Dazl, Stra8, Piwil2, Vasa
dan ao6-Integrin tetapi negatif berkenaan dengan gen-gen Nanog dan pI-Integrin.
Penjelmaan suatu gen apoptosis (Bax) diperhatikan lebihkurang 35 hari selepas kultur
tetapi Dmcl yang merupakan suatu gen meiosis tidak diperhatikan di dalam sel sistem

kultur tersebut.

Penilaian kebolehan pengembangbiakan SSC selepas pengawetan krio menunjukkan
bahawa jumlah dan diameter koloni di dalam kultur-bersama SSC yang dicairkan dari
beku ke atas sel Sertoli adalah lebih dari kultur-bersama SSC ke atas sel Sertoli yang
segar di penghujung kultur (masing-masing19.60+ 2.80 dan 17.33+22 untuk jumlah dan
269.70£52.10, 204.34+ 24.10 untuk diameter). Ini menunjukkan bahawa pengawetan
krio SSC sebelum kultur akan meningkatkan SSC yang ditulenkan dan mereka

membentuk banyak koloni yang besar berbanding dengan kumpulan kawalan.

Pemindahan sel dasar spermatogonia kepada model testis tikus mandul menunjukkan
bahawa sel ini adalah tinggi efisiennya untuk penkolonian tubul semen selepas
pengembangbiakan di dalam sistem kultur tersebut, tetapi pembahagian meiosis tidak

dilihat lapan minggu selepas pemindahan.
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Suatu kajian ultrastruktur sel germa dikultur menunjukkan bahawa sel walaupun banyak
pelbagai jenis spermatogonia dikenalpasti dalam sistem budaya, tapi Kira-kira tidak
diamati sangat perbezaan antara sel spermatogonium dalam sistem kultur dan rangkaian

testis.

Jika dipertimbangkan semuanya sekali, SSC dan sel Sertoli terbitan testes manusia
dewasa diperkekalkan dan mengembangbiak di dalam keadaan kultur in vitro ini tetapi
tidak membeza menjadi sel meiosis. Juga, pengembangbiakan tidak mengubah struktur

mereka dari segi morphologi.



ACKNOWLEDGEMENTS

| thank Allah the Almighty to have bestowed such as consciousness and chance to

continue this endeavour.

First, 1 would like to send my cordial regards and gratefulness to Professor Dr. Tengku
Azmi bin Tengku Ibrahim for his assistance, supervision and never-ending support
during my PhD degree. He motivated me to cope with all the challenges ahead in my

PhD studies and he helped me in stepping up the advanced level of learning experience.

| would like to thank Dr Mansoureh Movahedin for creating a dynamic research
environment and attracting a thoughtful group of young scientists who contributed to my
training. She consistently supported my interest to propose research questions and
challenged me to answer them. She had full access to all data | collected during my

studies and he has approved all the data integrity and accuracy in its analysis.

| would like to express my special appreciation and very sincere gratitude to the member
of my supervisory committee: Assoc. Prof Dr Abd Wahid Haron, Assoc. Prof Dr
Fauziah Othman and Prof Dr Siti Shapor Siraj for scientific and financial support
(studentship) through most of the duration of my PhD program. They gave me the time,
effort, encouragement and valuable suggestions. All the people who supported me in my
PhD thesis are brilliant teacher, mentors and researchers and without their help and

guidance it was not possible for me to complete this research work successfully.

xi



| wish to express many thanks to Dr Mohammad Reza Nowroozi for Medical Research

and preparation of patients samples from Infertility Centres.

| would like to thank Dr. Morteza Koruji and Dr. Zohreh Makulati for participation in

clinical trial and transplantation.

| would like to express my deep gratitude to my husband, Tooraj Sohrabi Langaroudi
and also my husband‘s family for all their encouragements and support in letting me

pursue my dreams.

Especially, 1 wish to thank my precious baby daughter, Mahtab for opening up an
exiting world and bringing us joy and peace during the stages of my pursuing this PhD

degree.

| acknowledge the financial support of my work that was supported in part by a
fellowship from Universiti Putra Malaysia (accepted in Jun 2007-Malaysia) and by
grants from Centre for International Scientific Cooperation of Ministry of Science,
Research and Technology (ICRP, Tehran, Iran-2008) and finally by grant from Fund to

Support the Proposed Association of Researches (INSF, Tehran, Iran).

xii



| certify that a Thesis Examination Committee has met on 27 April 2011 to conduct the
final examination of Tooba Mirzapour on her thesis entitled “Isolation, Purification and
Cryopreservation of Spermatogonial Stem Cells from Testis of Azoospermia Patients” in
accordance with the Universities and University College Act 1971and the Constitution
of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The Committee
recommends that the student be awarded the Doctor of Philosophy.

Members of the Thesis Examination committee were as follow:

Rasedee@Mat bin Abdollah, PhD
Professor

Faculty of Veterinary Medicine
Universiti Putra Malaysia
(Chairman)

Mohd Hair bin Bejo, PhD
Professor

Faculty of Veterinary Medicine
Universiti Putra Malaysia
(Internal Examiner)

Norshariza binti Nordin, PhD

Senior Lecturer

Faculty of Medicine and Health Sciences
Universiti Putra Malaysia

(Internal Examiner)

Safaa Al-Hasani, PhD
Professor

University of Luebeck
Germany

(External Examiner)

) "\ 'L 7‘0 —

r A — -

NORITAN OMAR . 'BD

xiil



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfillment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follow:

Tengku Azmi bin Tengku Ibrahim, PhD
Professor

Faculty of Veterinary Medicine

Universiti Putra Malaysia

(Chairman)

Abd Wahid Haron, PhD
Associate Professor

Faculty of Veterinary Medicine
Universiti Putra Malaysia
(Member)

Mansoureh Movahedin, PhD

Associate Professor

Faculty of Medicine

Tarbiat Modarres University, Teheran, Iran
(Member)

Fauziah Othman, PhD

Professor

Faculty of Medicine and Health Science
Universiti Putra Malaysia

(Member)

HASANAH MOHD GHAZALI, PhD
Professor and Dean

School of Graduate Studies

Universiti Putra Malaysia

Date:

xiv



DECLARATION

| declare that the thesis is my original work except for quotations and citations which
have been duly acknowledged. | also declare that it has not been previously, and is not
concurrently, submitted for any other degree at Universiti Putra Malaysia or at any other

institution.

TOOBA MIRZAPOUR

Date: 27April 2011

XV



TABLE OF CONTENTS

ABSTRACT i
ABSTRAKT Vii
ACKNOWLEDGEMENTS Xi
APROVAL xiii
DECLARATION XV
LIST OF TABLES XiX
LIST OF FIGUERS XX
LIST OF ABBREVIATION XXii
CHAPTER
1 INTRODUCTION 1
1.1 Problem statement 4
1.2 Significance study 4
1.3 Research hypothesis 5
1.4 Objectives 5
1.4.1 Principal objective 5
1.4.2 Specific objectives 5
2 LITERATURE REVIEW 7
2.1 Germ cell biology 7
2.1.1 Microenvironment of spermatogonial stem cells 9
2.1.2 Isolation of spermatogonial stem cells 13
2.1.3 In vitro cultures of spermatogonial stem cells 16
2.2 Improve of culture condition for enhancement of survival and 22
proliferation of SSCs by feeder cells
2.2.1 Addition of serum to culture media 24
2.2.2 Apoptosis during spermatogenesis 25
2.2.3 Molecular specific markers of SSC 26
2.3 Cryopreservation of spermatogonial stem cells 28
2.4 Functional assay of SSCs by transplantation technique 31
2.4.1 Spermatogenesis controlling factors in recipient testis 33
2.4.2 Successful spermatogonial transplantation 33
2.4.3 Requirements for successful spermatogonial transplantation 34

immune rejection
3 EFFECTS OF BASIC FIBROBLAST GROWTH FACTOR AND
LEUKEMIA INHIBITORY FACTOR ON PROLIFERATION AND
SHORT-TERM CULTURE OF HUMAN SPERMATOGONIAL STEM CELLS

3.1 Introduction 39
3.2 Materials and Methods 42
321 Sample collection 42
3.2.2 Cell isolation 43

xvi



3.2.3 Isolation of Sertoli cells and spermatogonial cells

3.24 Co-culture of spermatogonial cells
3.25 Confirmation of Sertoli and spermatogonial cells
3.2.6 Statistical analysis
3.3 Results
3.3.1 Colony’s number assay
3.3.2 Colony's diameter assay

3.3.3 RT-PCR analysis
3.34 Comparison of spermatogonial genes expression in different
groups of culture by quantitative Real Time PCR
3.4 Discussion

34.1 Effect of LIF and bFGF on colony formation
3.4.2 Effect of LIF and bFGF on gene expresion
35 Conclusion
4 EFFECTS OF CRYOPRESERVATION ON VIABILITY,
PROLIFERATION AND COLONY FORMATION OF
SPERMATOGONIAL STEM CELLS IN VITRO CULTURE
4.1 Introduction
4.2 Materials and Methods

4.2.1 Cryopreservation and thawing procedure of  human
spermatogonial stem cells

4.2.2 Co-culture of frozen-thawed spermatogonial cells on Sertoli cells

4.2.3 Colony assay

4.2.4 Immunohistochemistry  for confirmation of Sertoli and

spermatogonial stem cells
4.2.5 Statistical analysis

4.3 Results
4.3.1 Characterization of spermatogonial stem cells and Sertoli cells
after cryopreservation
4.3.2 Effect of cryopreservation on percentage of viable cells in
different time of culture
4.3.3 Assessment of colonies in co-culture of frozen-thawed

spermatogonial cells on frozen- thawed or fresh Sertoli cells

4.4 Discussion

4.5 Conclusion
5 XENOTRANSPLANTATION ASSESSMENT: MORPHOMETRIC
STUDY OF HUMAN SPERMATOGONIAL STEM CELLS IN RECIPIENT
MOUSE TESTES

51 Introduction

5.2 Materials and Methods

52.1 Cell isolation and human spermatogonial cells transplantation

XVvil

44
45
47
54
54
58
62
65
66

69

74
77
79
81

81
83
83

84
85
85

87
87
87

91

92

94

98
99

99
101
101



522 Immunohistochemical detection of incorporated 5-bromo-2- 104
deoxyuridine (BrdU) in proliferating spermatogonial cells after
transplantation

523 Statistical analysis 105
5.3 Results 105
531 Analysis of recipient testes 105
532 Effects of donor cells density on colonization of recipient testis 110
54 Discussion 112
55 Conclusion 115

6 MORPHOLOGICAL AND ULTRASTRUCTURAL STUDIES OF 117
HUMAN SPERMATOGONIAL STEM CELLS FROM PATIENTS WITH
MATURATION ARREST

6.1 Introduction 117
6.2 Materials and Methods 119
6.2.1 Light microscopy 119
6.2.2 Electron microscopy 120
6.2.3 RNA extraction and Real-Time PCR 121
6.3 Results 123
6.3.1 Seminiferous tubules 123
6.3.2 Cell colony and Sertoli cells 124
6.3.3 Ultrastructures of spermatogonial stem cell and Sertoli cells 129
6.3.4 Assessment of gene expression in Spermatogonial stem cell’s 140
colonies
6.4 Discussion 141
6.5 Conclusion 147

7 SUMMARRY, GENERAL CONCLUSION AND RECOMENDATION 148
FOR FUTURE REASERCH

REFERENCES 154
APPENDIX 172
BIODATA OF STUDENT 191

LIST OF PUBLICATIONS 192

XViii



	ISOLATION, PURIFICATION AND CRYOPRESERVATION OFSPERMATOGONIAL STEM CELLS FROM TESTIS OFAZOOSPERMIA PATIENTS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



