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Abstract 

 

Over the past decade, we have seen a significant advancement in the treatment of metastatic 

castrate-resistant prostate cancer (PC). Cancer immunotherapy is now a reality, but the 

information on tumour infiltrating lymphocytes (TILs) in human prostate tissues is still 

limited.  This project aims to evaluate and compare T cell characteristics in blood and tissues 

from patients with benign and malignant prostate conditions using flow-cytometry. Patients 

with benign prostatic hyperplasia (BPH) and normal prostate (NP) were used as controls and 

compared with patients with PC.  We also examined the effects of androgen deprivation 

therapy (ADT) on systemic immune responses and immune regulation in patients with 

advanced/metastatic PC. The T cell characteristics evaluated were: (1) The proportion of 

regulatory T cell (Treg) and CD8/Treg ratio; (2) The percentage of activated cytotoxic 

lymphocytes (CTLs); and (3) The T cell maturation status.  

 

We found that the proportion of Treg in PC tissue was 5.6%, consistent with other studies. We 

did not find any differences in the proportion of Treg or CD8/Treg ratio in tissues for the three 

patient groups.  

 

When evaluating PC involved vs PC non-involved tissues, as an internal control comparison, 

PC involved tissues were found to have a higher percentage of Treg (6.89% vs 4.15%, p-value 

of 0.045) and a lower CD8+/Treg ratio (54 vs 119, p-value of 0.0032) than PC non-involved 

tissues. Despite a small number of 6 cases, the differences were statistically significant. These 

findings support the hypothesis of local immunosuppression in PC-involved tissues, and that 

such immunosuppression might be compartmentalised even to the level of specific lobes of 

the prostate. In this compartmentalised environment, PC cells can evade and survive the 

immune system’s defences.  

 

This study did not find any correlation between Gleason scores and the percentage of Treg in 

the CD4+ T cell subset or the CD8/Treg ratio either in PBMC or PC tissue.  
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In the PC group, the same percentages of CD8+ T cells were found in both tissues and 

peripheral blood for majority of the patients. This showed that CD8+ T cells were not 

expelled or excluded from the tumour micro-environments, therefore the PC tissues were of 

the T-inflamed phenotype. 

 

When comparing tissue with PBMC, the levels of Treg are two times higher in tissues (both 

benign and malignant) than in peripheral blood. This could be a phenomenon across all tissue 

types and not exclusive to the prostate. Their role presumably is to maintain peripheral 

tolerance. We also found that the percentage of activated CD8+ T cells was ~20 times higher 

in tissues than in blood, regardless of the tissue type. Again, it is possible that this is not 

exclusive to the prostate. Profiling the immune infiltrates of other tissue types will help to 

clarify this.  

 

Using PCR, we have assessed the cytokine profiles in benign and malignant prostate tissues, 

and there were no significant differences in the levels of IFNγ, TNFα, TGFβ and IL-10 

expressions. Our assays did not detect IL-4, IL-5 and IL-13 in any sample.  

 

To assess the impact of ADT on T cells, we evaluated the T cell characteristics in peripheral 

blood of 15 patients before ADT, at 3 months and then at 9-12 months after ADT. There was 

a significant reduction in the percentage of Treg by 15% after 3 months of ADT. This 

suggested there was an initial reduction in immune suppression during the first year of ADT. 

There was a significant decreased in the proportion of naïve T after 9-12 months of ADT. 

This suggested naïve T cells might have developed into other more mature T cell subsets after 

ADT 

  



	 v	

Declaration 

 
This is to certify that: 

 

1. The thesis comprises only my original work towards the degree of Doctor of Medical 

Science  

2. Due acknowledgement has been made in the text to all other material used 

3. The thesis is fewer than 100,000 words in length, exclusive of tables, maps, 

bibliographies and appendices.  

 

Signature 

 

 

 

 

 

Dr. Teck Sing Woon 

MBBS 

FRACS 

  



	 vi	

  

Dedication 

	
 

To my wonderful wife Shera, 
 

Thank you for your love, patience and support.   
 

 To Ana and Mina my daughters, 
 

You are the reason I never give up. 
	

  



	 vii	

Acknowledgments 

 
	

I would like to thank my supervisors, Professor Ian Davis and Professor Damien Bolton. Ian 

for his patience, wisdom and guidance. Damien for his mentoring, support and trust in me.  

 

I would like to thank the many members of staff at the Ludwig Institute for their support both 

in the laboratory and at administration. In particular, Genevieve Whitty and Rebecca 

Nightingale for your tireless effort in taking me through the laboratory techniques required for 

this project. Dr. Pavel Sluka and Dr. Manvendra Saxena for their input in my experimental 

methods and advice on my project.  

 

Dr. Nieroshan Rajarubendra for sharing his experience in his previous research on profiling 

tumour infiltrating lymphocytes in prostate cancer, which served as the foundation for this 

research project. Dr. Philip Tan for his help in the laboratory and his support during our 

urology training.  

 

Other urologists at Austin Health, in particular, A.Prof. David Webb, A.Prof. Nathan 

Lawrentschuk, A. Prof. Shomik Sengupta and Dr. Joseph Ischia for their constant support and 

encouragement.  

 

Dr. Olivia Herdiman, Dr. Elena Galiabovitch and Dr. Athina Pirpiris for proofreading.  

 

Last but not least, my wife Dr. Sheravika Leonny  

  



	 viii	

Research Funding 

	
 
Royal Australasian College of Surgeon, Raelene Boyle Scholarship for surgical research  
 
University of Melbourne, Faculty of Medicine, Dentistry and Health Sciences Scholarships: 

• The Ronald John Gleghorn Scholarship 
• RG & Au Meade Scholarship  

 
Australasian Urological Foundation Travel Awards  
 
USANZ Travel Grants to AUA, New Orleans 2015, USA. 
 
ANZUP/Novartis Travel Grants  
  
USANZ Travel Grants to AUA, Washington D.C 2011, USA. 
 
Ludwig Institute for Cancer Research 
	  



	 ix	

Abbreviations 

3D	C-XRT	 	 Three	dimensional	conformal	radiation	therapy		

ADT		 	 	 Androgen	deprivation	therapy		

AR	 	 	 Androgen	receptor	

ARE		 	 	 Androgen-response	element	

AS	 	 	 Active	surveillance		

BCL		 	 	 B-cell	lymphoma	

BCR	 	 	 Biochemical	recurrence	

BID	 	 	 Twice	a	day	(bis	in	die)	

BPH		 	 	 Benign	prostatic	hyperplasia	

CAP	 	 	 Chronic	abacterial	prostatitis		

CCR7		 	 	 CC-	chemokine	receptor	7	

CombAT	 	 Combination	of	Avodart	and	Tamsulosin	

CTL	 	 	 Cytotoxic	T	lymphocyte	

CTLA-4	 	 Cytotoxic	T	lymphocyte-	associated	antigen	4	

COX	 	 	 Cyclo-oxygenase		

DC	 	 	 Dendritic	cell	

DMSO	 	 	 Dimethyl	sulfoxide		

DNA	 	 	 Deoxyribonucliec	acid	

DRE	 	 	 Digital	rectal	examination		

ER	 	 	 Oestrogen	receptor		

EBRT	 	 	 External	beam	radiotherapy	

FCS	 	 	 Fetal	calf	serum	

FSH	 	 	 Follicle-stimulating	hormone	

FoxP3	 	 	 Forkhead-winged	helix	transcription	factor	

FSC	 	 	 Forward	scatter	

GITR	 	 	 Glucocorticoid-induced	tumour	necrosis	factor	family-	 	

	 	 	 related	gene	

Gr	 	 	 Granzymes	

GM-CSF	 	 Granulocyte-macrophage	colony-stimulating	factor	

Gy	 	 	 Gray	



	 x	

HDR	 	 	 High	dose	rate	

HLA	 	 	 Human	leukocyte	antigen	

HIV	 	 	 Human	immunodeficiency	virus	

IFN	 	 	 Interferon		

IL	 	 	 Interleukin	

IMRT	 	 	 Intensity	modulated	radiation	therapy		

LBD	 	 	 Ligand-binding	domain	

LH	 	 	 Luteinizing	hormone	

LHRH	 	 	 Luteinizing	hormone-releasing	hormone	

MCH	 	 	 Major-histocompatibility	complex	

mCRPC  Metastatic castrate resistant prostate cancer 	

mRNA		 	 Messenger	ribonucleic	acid	

mTEC	 	 	 Medullary	thymic	epithelial	cells.		

MTOP	 	 	 Medical	therapy	of	prostatic	symptoms		

NK	 	 	 Natural	killer	cell	

NKT	 	 	 Natural	killer	T		

NO	 	 	 Nitric	Oxide		

OS	 	 	 Overall	survival		

PBMC			 	 Peripheral	blood	mononuclear	cell	

PBS	 	 	 Phosphate-buffered	saline	

PC	 	 	 Prostate	cancer		

PD1	 	 	 Programmed	death	–	1	

PFS	 	 	 Progression	free	survival		

PLND	 	 	 Pelvic	lymph	node	dissection		

PMA	 	 	 Phorbol	myristate	acetate	

PSA	 	 	 Prostate	specific	antigen	

RP	 	 	 Radical	prostatectomy		

RPM		 	 	 Revolutions	per	minute	

RRP	 	 	 Radical	retropubic	prostatectomy	

RPMI	 	 	 Roswell	Park	Memorial	Institute	

SRE	 	 	 Skeletal	related	event	



	 xi	

SSC		 	 	 Side	scatter	

TCM	 	 	 Central	memory	T	cell	

TCR		 	 	 T	cell	receptor	

TEM	 	 	 Effector	memory	T	cell	

TLR	 	 	 Toll	like	receptor	

TDLN	 	 	 Tumour	draining	lymph	node	

TGF		 	 	 Transforming	growth	factor		

Th1	 	 	 Type	1	T	helper	cell	 	

TIL	 	 	 Tumour	infiltrating	lymphocyte	

TN	 	 	 Naïve	T	cell	

TNF	 	 	 Tumour	necrosis	factor	

TRAIL			 	 Tumour	necrosis	factor-related	apoptosis	inducing	ligand	

Treg	 	 	 Regulatory	T	cell	

TRUS		 	 	 Transrectal	ultrasound		

TSA	 	 	 Tissue	specific	antigen	

TTE	 	 	 Terminal	effector	T	cell	

TURP	 	 	 Transurethral	resection	of	prostate	

U.S.	F.D.A.	 	 United	States	Food	and	Drug	Administration		

UTI	 	 	 Urinary	tract	infection		

VEGF	 	 	 Vascular	endothelial	growth	factor	(VEGF)	

	 	



	 xii	

Table of Contents 

Abstract .................................................................................................................................... iii 
Declaration ................................................................................................................................ v 
Dedication ................................................................................................................................ vi 
Acknowledgments ................................................................................................................... vii 
Research Funding .................................................................................................................. viii 
Abbreviations ........................................................................................................................... ix 
Table of Contents ................................................................................................................... xii 
Chapter 1 Literature Review ............................................................................................... 1 

1.1 Benign prostatic hyperplasia .................................................................................................. 1 
1.2 Chronic abacterial prostatitis (CAP) ..................................................................................... 3 
1.3 Prostate cancer ........................................................................................................................ 5 

1.3.1 Background ........................................................................................................................ 5 
1.3.2 Presentation of patients with prostate cancer ..................................................................... 5 
1.3.3 Screening and diagnosis of patients with prostate cancer .................................................. 5 
1.3.4 Pathological finding: stage ................................................................................................. 6 
1.3.5 Pathological finding: grade ................................................................................................ 7 
1.3.6 Risk stratification for localised prostate cancer ................................................................. 9 
1.3.7 Management for localised prostate cancer ....................................................................... 10 

1.3.7.1 Watchful waiting ...................................................................................................................... 10 
1.3.7.2 Active surveillance ................................................................................................................... 10 
1.3.7.3 Surgery ..................................................................................................................................... 10 
1.3.7.4 Radiotherapy ............................................................................................................................ 11 

1.3.8 Management for advanced prostate cancer ...................................................................... 12 
1.3.8.1 Castrate sensitive prostate cancer ............................................................................................. 12 
1.3.8.2 Castrate resistant prostate cancer (CRPC) ............................................................................... 14 

1.3.9 Role of androgen receptor and androgens ........................................................................ 17 
1.3.9.1 Alternative sources of androgen ............................................................................................... 17 

1.3.10 Role of other sex steroids and receptors ........................................................................ 17 
1.4 The Immune system .............................................................................................................. 19 

1.4.1 The Innate immune system .............................................................................................. 19 
1.4.1.1 Physical barriers ....................................................................................................................... 20 
1.4.1.2 Chemical defence ..................................................................................................................... 20 
1.4.1.3 Cellular defence ........................................................................................................................ 21 

1.4.2 The adaptive immune system ........................................................................................... 24 
1.4.2.1 Humoral immune response ....................................................................................................... 24 
1.4.2.2 Cell mediated immune response .............................................................................................. 25 
1.4.2.3 Antigen presenting cell and antigen presentation .................................................................... 27 
1.4.2.4 T cell activation ........................................................................................................................ 29 
1.4.2.5 Tolerance mechanisms ............................................................................................................. 32 
1.4.2.6 CD8+ T lymphocytes ............................................................................................................... 36 
1.4.2.7 CD4+ T cells ............................................................................................................................ 41 
1.4.2.8 Cytokines .................................................................................................................................. 50 

1.5 Tumour immunology ............................................................................................................ 54 
1.5.1 Elimination ....................................................................................................................... 55 
1.5.2 Equilibrium ....................................................................................................................... 56 
1.5.3 Escape ............................................................................................................................... 56 

1.5.3.1 Defective antigen presentation ................................................................................................. 56 
1.5.3.2 Expression of immunosuppressive factors ............................................................................... 57 



	 xiii	

1.5.3.3 T cell receptor dysfunction ....................................................................................................... 58 
1.5.3.4 Active immune down-regulation .............................................................................................. 58 

1.6 Prostate cancer immunology ................................................................................................ 59 
1.6.1 History of immunotherapy ............................................................................................... 59 
1.6.2 Current prostate cancer immunotherapy .......................................................................... 60 

1.6.2.1 Viral and cell-based vaccines ................................................................................................... 60 
1.6.2.2 Dendritic cell based approach .................................................................................................. 61 
1.6.2.3 Immune checkpoint blockade ................................................................................................... 63 

1.7 Tissue infiltrating lymphocytes ............................................................................................ 64 
1.8 Effect of sex steroids on immune system ............................................................................. 66 
1.9 Justification for this research project .................................................................................. 67 

Immunity, sex steroid and prostate cancer .................................................................................... 67 
1.9.1 Hypotheses ....................................................................................................................... 67 
1.9.2 Aims ................................................................................................................................. 68 

1.9.2.1 Project 1: Characterisation of tumour-infiltrating lymphocytes in benign and malignant 
Prostate Tissues ........................................................................................................................................ 68 
1.9.2.2 Project 2: The effects of androgen deprivation therapy on T cell characteristics .................... 68 

Chapter 2 Methods ............................................................................................................. 69 
2.1 Ethics approval ...................................................................................................................... 69 
2.2 Patient recruitment ............................................................................................................... 69 

2.2.1 Project 1: Characterisation of tumour-infiltrating lymphocytes in benign and malignant 
prostate tissues .............................................................................................................................. 69 

2.2.1.1 Inclusion criteria: ...................................................................................................................... 69 
2.2.1.2 Exclusion criteria: .................................................................................................................... 70 

2.2.2 Project 2: The effects of androgen deprivation therapy on T cell characteristics ............ 70 
2.2.2.1 Inclusion criteria: ...................................................................................................................... 70 
2.2.2.2 Exclusion criteria: .................................................................................................................... 71 

2.3 Samples collection and processing ....................................................................................... 71 
2.3.1 Collection of peripheral blood: ........................................................................................ 71 
2.3.2 Ficoll separation ............................................................................................................... 71 
2.3.3 Collection of tissue ........................................................................................................... 72 

2.3.3.1 Collection of prostate cancer tissue: ......................................................................................... 72 
2.3.3.2 Collection of BPH tissue: ......................................................................................................... 72 
2.3.3.3 Collection of normal prostate tissue: ........................................................................................ 72 

2.3.4 Selection of patients based on TRUS biopsy result: ........................................................ 73 
2.3.5 Sampling of PC tissue by pathologists based on TRUS biopsy results and clinical 
examination of specimens. ............................................................................................................ 74 
2.3.6 Quality control of tissues .................................................................................................. 76 
2.3.7 Prostate tissue digestion protocol ..................................................................................... 78 
2.3.8 Isolation of epithelial and fibroblast ................................................................................. 79 

2.4 Surface marker staining for flow-cytometry: ..................................................................... 80 
2.4.1 Surface marker staining: Method A ................................................................................. 80 

2.4.1.1 Staining cells for intracellular FoxP3 ....................................................................................... 84 
2.4.2 Limitations of staining method A ..................................................................................... 85 
2.4.3 Staining method B ............................................................................................................ 85 

2.4.3.1 Staining for intracellular FoxP3 (staining method B) .............................................................. 87 
2.5 Flow-cytometry analysis ....................................................................................................... 87 

2.5.1 Gating strategy for the method A ..................................................................................... 87 
2.5.1.2 Maturation status of T cells ...................................................................................................... 90 

2.5.2 Gating strategies for staining method B ........................................................................... 91 
2.5.2.1 Gating for Treg ......................................................................................................................... 92 
2.5.2.2 Gating for activated CD8+ T cells ........................................................................................... 96 
2.5.2.3 Maturation status of T cells: PBMCs ....................................................................................... 99 

2.5.3 Statistical analysis .......................................................................................................... 102 



	 xiv	

2.5.4 Polymerase chain reaction techniques ............................................................................ 102 
2.5.4.1 Designing of oligonucleotides: ............................................................................................... 102 
2.5.4.2 RNA Extraction ...................................................................................................................... 103 
2.5.4.3 Reverse-Transcription PCR .................................................................................................... 104 
2.5.4.4 Quantitative real time PCR .................................................................................................... 105 

Chapter 3 Characterisation of Tumour Infiltrating Lymphocytes in Benign and 
Malignant Prostate Tissues. ................................................................................................ 107 

3.1 Introduction ......................................................................................................................... 107 
3.2 Patients and samples recruited .......................................................................................... 109 
3.3 Histopathology results of patients recruited ..................................................................... 110 
3.4 Quality control outcome ..................................................................................................... 111 
3.5 Effects of trypsin on CD4 expression in tissue samples ................................................... 113 
3.6 Flow-cytometry analysis ..................................................................................................... 117 

3.6.1 Proportion of regulatory T cells in PBMC and prostate tissue ...................................... 117 
3.6.1.1 Results for samples processed with method A ....................................................................... 117 
3.6.1.2 Discussion .............................................................................................................................. 119 
3.6.1.3 Results for samples processed using the staining method B and new gating strategy. .......... 120 
3.6.1.4 Discussion .............................................................................................................................. 132 

3.6.2 Activation status of CD8+ T cells in PBMCs and prostate tissue .................................. 135 
3.6.2.1 Percentage of CD8+ T cell in CD45+ subset in PBMCs ....................................................... 136 
3.6.2.2 Percentage of CD8+ T cell in CD45+ subset in tissue ........................................................... 136 
3.6.2.3 Percentage of CD8+ T cell Tissue/PBMCs ratio ................................................................... 136 
3.6.2.4 Percentage of activated CD8+ T cells in PBMCs .................................................................. 136 
3.6.2.5 Activated CD8+ T cells Tissue/PBMCs ratio ........................................................................ 137 
3.6.2.6 Percentage of activated CD8+ T cells: PC involved vs PC non-involved tissue ................... 138 
3.6.2.7 Discussion .............................................................................................................................. 140 

3.6.3 Maturation status of CD8+ T cells in PBMCs and prostate tissues ............................... 142 
3.6.3.1 Discussion .............................................................................................................................. 145 

3.6.4 Conclusion ...................................................................................................................... 146 
3.7 Evaluation of cytokine profile in benign and malignant prostate tissues with PCR ..... 149 

3.7.1 Samples selected for PCR .............................................................................................. 150 
3.7.2 Results ............................................................................................................................ 150 
3.7.3 Discussion ...................................................................................................................... 155 

Chapter 4 The effects of androgen deprivation therapy on T cell characteristics. .... 156 
4.1 Introduction ......................................................................................................................... 156 
4.2 Methods ................................................................................................................................ 158 
4.3 Results: ................................................................................................................................. 158 

4.3.1 Patients recruited ............................................................................................................ 159 
4.3.2 The effects of ADT on T cell characteristics ................................................................. 160 

4.3.2.1 Proportion of Treg in the CD4+ T cell subset pre and post ADT .......................................... 160 
4.3.2.2 Activation status of CD8+ T cells pre and post ADT ............................................................ 162 
4.3.2.3 CD8+ T cell/Treg ratio pre and post ADT ............................................................................. 162 
4.3.2.4 Maturation status of CD8+ T cells pre and post ADT ........................................................... 163 

4.4 Discussion ............................................................................................................................. 169 
Chapter 5 Conclusion and Future directions ................................................................. 173 

5.1 Conclusion ............................................................................................................................ 173 
5.2 Future directions ................................................................................................................. 177 

 
  



	 xv	

Table of Figures 
Figure	1-1	The	Gleason	grades	based	on	histologic	architecture	appearance	of	cancer	cells.	................................	8	
Figure	1-2:	NK	cell	functions	depend	on	the	net	result	of	the	inhibitory	and	activation	signals.		..........................	22	
Figure	1-3:	T	cell	receptor	......................................................................................................................................	26	
Figure	1-4:		MHC	complex	.....................................................................................................................................	27	
Figure	1-5:	Dendritic	cell	and	antigen	presentation	..............................................................................................	29	
Figure	1-6:	T	cell	and	APC	interaction	and	T	cell	activation		..................................................................................	30	
Figure	1-7:	Activation	of	CD4+	and	CD8+	T	cells	and	signal	3	...............................................................................	32	
Figure	1-8:	Central	tolerance,	positive	and	negative	selection	in	thymus	.............................................................	33	
Figure	1-9:	CD8+	T	cell	differentiation	...................................................................................................................	39	
Figure	1-10:	The	generation	of	Th1	and	Th2	cells	.................................................................................................	44	
Figure	1-11:		The	generation	of	Th17	and	Treg	.....................................................................................................	45	
Figure	1-12:	The	three	phases	of	cancer	immuno-editing:	....................................................................................	55	
Figure	1-13	Sipuleucel-T	therapy	...........................................................................................................................	62	
Figure	2-1:	Radical	prostatectomy	specimen	........................................................................................................	74	
Figure	2-2:	Collection	of	prostate	tissue	from	pathological	specimens	.................................................................	75	
Figure	2-3:	RF10	Solution	......................................................................................................................................	76	
Figure	2-4:	Sampled	specimen	of	prostate	tissue.	.................................................................................................	77	
Figure	2-5:	Immunohistochemistry	staining	of	prostate	cancer	tissue.	.................................................................	77	
Figure	2-6:	Punch	biopsy	needle	sampled	normal	prostate	tissue	........................................................................	77	
Figure	2-7:	Punch	biopsy	needle	“nearly	missed”	prostate	cancer	........................................................................	78	
Figure	2-8:	Materials	needed	for	prostate	tissue	digestion	...................................................................................	79	
Figure	2-9:	96-well	plates	set	up	for	the	activation	status	experiments	(Staining	method	A).	..............................	83	
Figure	2-10:	Gating	strategy	for	Treg	in	PBMCs.	(Staining	method	A).	.................................................................	88	
Figure	2-11:	Gating	strategy	for	Treg	in	tissue	(Staining	method	A)	.....................................................................	89	
Figure	2-12:	Gating	strategy	for	activated	T	cells	in	tissue.	(Staining	method	A)	..................................................	90	
Figure	2-13:	Treg	in	PBMCs.	Step	1:	Gating	of	live	cells	(Staining	method	B)	........................................................	92	
Figure	2-14:	Treg	in	PBMCs.	Step	2:	Gating	of	CD45+	cells.	(Staining	method	B)	..................................................	93	
Figure	2-15	Treg	in	PBMCs.	Sep	3:	Gating	of	CD3+	cells.	(Staining	method	B)	......................................................	93	
Figure	2-16:	Treg	in	PBMCs.	Step	4:	Gating	of	CD4+	cells.	(Staining	method	B)	....................................................	94	
Figure	2-17:	Treg	in	PBMCs.	Step	5:	Gating	of	CD25+	cells.	(Staining	method	B)	..................................................	94	
Figure	2-18:	Treg	in	PBMCs.	Step	6:	Gating	of	Treg	(Staining	method	B)	..............................................................	95	
Figure	2-19:	Gating	strategy	for	activated	CD8+	T	cells	in	PBMCs.	Step	1:	Gating	of	live	cells.	(Staining	method	B)
	...............................................................................................................................................................................	96	
Figure	2-20:	Gating	strategy	for	activated	CD8+	T	cells	in	PBMC.	Step	2:	Gating	of	CD45+	cells.	(Staining	method	
B)	...........................................................................................................................................................................	97	
Figure	2-21:	Gating	strategy	for	activated	CD8+	T	cells	in	PBMC.	Step	3:	Gating	of	CD8+	T	cells.	(Staining	method	
B)	...........................................................................................................................................................................	97	
Figure	2-22:	Gating	strategy	for	activated	CD8+	T	cells	in	PBMCs.	Step	4:	Gating	activated	CD8+	T	cells	(Staining	
method	B)	..............................................................................................................................................................	98	
Figure	2-23:	Gating	strategy	for	the	maturation	status	of	T	cells	in	PBMCs.	Step	1:	Gating	of	CD8+	T,	and	
CD45RO+	cells.	(Staining	method	B)	......................................................................................................................	99	
Figure	2-24:	Gating	strategy	for	the	maturation	status	of	T	cells	in	PBMCs	.	Step	2:	Gating	of	CD45RA+	cells.	
(Staining	method	B)	.............................................................................................................................................	100	
Figure	2-25:	Gating	strategy	for	the	maturation	status	of	T	cells	in	PBMCs,	Step	3:	Gating	of	naïve,	and	terminal	
effector	T	cells.	(Staining	method	B)	....................................................................................................................	100	
Figure	2-26:	Gating	strategy	for	the	maturation	status	of	T	cells	in	PBMCs.	Step	4:	Gating	of	central	memory	and	
effector	memory	T	cells.	(Staining	method	B)	.....................................................................................................	101	
Figure	2-27:	Protocol	for	reverse	transcription	PCR	............................................................................................	104	
Figure	3-1:	A	total	of	47	patients	were	required,	14	patient	samples	analysed	with	staining	method	A	and	33	
with	the	staining	method	B.	Five	patients	were	not	included	due	to	technical	experimental	failures.	...............	110	
Figure	3-2	Gating	CD3+CD4+	T	cells	from	CD3+CD4-	T	cells	in	prostate	tissue	sample.	......................................	115	
Figure	3-3:	Gating	CD3+CD4+	T	cells	from	CD3+CD4-	T	cells	in	PBMC	sample	....................................................	115	



	 xvi	

Figure	3-4:	Gating	CD3+CD4+	T	cells	using	Alexa	700,	FITC,	PE,	PECy5	and	V450	dyes	in	PBMC.	.......................	115	
Figure	3-5:	Gating	CD3+CD4+	T	cells	using	Alexa	700,	FITC,	PE,	PECy5	and	V450	dyes	in	tissue	........................	116	
Figure	3-6:	Percentage	of	Treg	in	the	CD4+T	cell	subset	in	PBMCs.	....................................................................	121	
Figure	3-7:	Percentage	of	Treg	in	the	CD4+	T	cell	subset	in	tissue.	.....................................................................	121	
Figure	3-8:	Percentage	of	Treg	in	CD4+T	cells	in	tissue	for	each	individual	patient	............................................	123	
Figure	3-9:	Treg	Tissue/PBMCs	ratio	...................................................................................................................	124	
Figure	3-10:	CD8+	T	cell	/Treg	ratio	in	PBMCs.	Results	for	28	patients:	BPH	(n=4),	NP	(n=5),	and	PC	(n=19)	.....	125	
Figure	3-11:	CD8+	T	cell/Treg	ratio	in	tissue.	Results	for	28	patients:	BPH	(n=4),	NP	(n=5),	and	PC	(n=19)	........	125	
Figure	3-12:		Percentage	of	Treg	in	the	CD4+	T	cell	subset:	PC	involved	vs	PC	non-involved	tissue.	Results	for	
individual	patients.	..............................................................................................................................................	126	
Figure	3-13:	Mean	percentage	of	Treg	in	the	CD4+	T	cell	subset:	PC	involved	vs	PC	non-involved	tissues.	........	127	
Figure	3-14:	CD8+	T	cells/Treg	ratio	for	PC	involved	vs	PC	non-involved	tissue.	Results	for	individual	patients.	128	
Figure	3-15:	Mean	CD8+	T	cell/Treg	ratio	for	PC	involved	vs	PC	non-involved	tissues.	.......................................	128	
Figure	3-16:	Percentage	of	Treg:	QC	positive	biopsy	vs	QC	negative	biopsy	.......................................................	129	
Figure	3-17:	CD8+	T	cell/Treg	ratio:	QC	positive	biopsy	vs	QC	negative	biopsy	...................................................	130	
Figure	3-18:		Percentage	of	Treg	in	PBMC:	comparison	based	on	Gleason	score	...............................................	131	
Figure	3-19:	Percentage	of	Treg	in	tissue	:	comparison	based	on	Gleason	score	................................................	131	
Figure	3-20:	CD8+	T	cell/Treg	ratio	in	PBMC:	comparison	based	on	Gleason	score	............................................	132	
Figure	3-21:	CD8+	T	cells	:	Treg	ratio	in	tissue:	comparison	based	on	Gleason	score	.........................................	132	
Figure	3-22:	Mean	percentage	of	activated	CD8+	T	cells	in	PBMCs	....................................................................	137	
Figure	3-23:	Activated	CD8+	T	cells	in	Tissue	/	PBMCs	ratio	................................................................................	138	
Figure	3-24:	Percentage	of	activated	CD8+	T	cells:	PC	involved	vs	PC	non-involved	tissue	.................................	139	
Figure	3-25:	IFNγ	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	and	PC	involved	(n=7)	tissues	......................	151	
Figure	3-26:		TNFα	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	and	PC	involved	(n=7)	tissues	...................	151	
Figure	3-27:	TGFβ	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	and	PC	involved	(n=7)	tissues	....................	152	
	Figure	3-28:	IL-4	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	and	PC	involved	(n=7)	tissues	was	too	low	for	
quantitation	.........................................................................................................................................................	152	
	Figure	3-29:	IL-5	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	and	PC	involved	(n=7)	tissues	was	too	low	for	
quantitation	.........................................................................................................................................................	153	
Figure	3-30:	IL-10	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	and	PC	involved	(n=7)	tissues	was	too	low	for	
quantitation	.........................................................................................................................................................	153	
Figure	3-31:	IL-13	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	and	PC	involved	(n=7)	tissues	was	too	low	for	
quantitation.	........................................................................................................................................................	154	
Figure	4-1:	PSA	response	after	9-12	months	of	ADT	for	the	15	patients	recruited	..............................................	160	
Figure	4-2:	Percentage	of	Treg	in	CD4+	T	cells	pre	and	post	ADT	........................................................................	161	
Figure	4-3:	Percentage	of	activated	CD8+	T	cells	pre	and	post	ADT	....................................................................	162	
Figure	4-4:	CD8+	T	cells/Treg	ratio	pre	and	post	ADT	.........................................................................................	163	
Figure	4-5:	Percentage	of	terminal	effector	T	cells	pre	and	post	ADT	.................................................................	164	
Figure	4-6:	Percentage	of	effector	memory	T	cells	pre	and	post	ADT	.................................................................	165	
Figure	4-7:	Percentage	of	naive	T	cells	pre	and	post	ADT	...................................................................................	166	
Figure	4-8:	Percentage	of	central	memory	T	cells	pre	and	post	ADT	for	each	patient.	.......................................	167	
 

	 	



	 xvii	

Table of Tables 
Table	1-1:	Categories	of	prostatitis	based	on	the	National	institutes	of	Health	(NIH)	classification	.......................	3	
Table	1-2:	The	7th	edition	of	the	American	Joint	Committee	on	Cancer’s	TNM	stating	system	of	prostate	cancer	.	7	
Table	1-3:	Reporting	of	Gleason	score	Prognostic	Grade	group	introduced	by	the	ISUP	........................................	9	
Table	1-4:	Prostate	cancer	pre-treatment	risk	groups	............................................................................................	9	
Table	1-5:	Characteristics	of	CD8+	T	cell	subsets	...................................................................................................	38	
Table	1-6:	List	of	cytokines,	their	primary	cell	sources,	primary	target	cell,	and	biological	activity.	.....................	42	
Table	2-1:	Surface	markers	used	to	identify	the	T	cell	maturation	status	.............................................................	81	
Table	2-2:		Conjugated	antibodies	and	isotype	control	IgG	used	in	flow-cytometry	experiments.	(Staining	
method	A)	..............................................................................................................................................................	82	
Table	2-3:	Antibodies	and	dilution	used	in	flow-cytometry	experiments	(Staining	method	A)	.............................	83	
Table	2-4:	Conjugated	antibodies	and	reagents	needed	for	intracellular	staining	of	FoxP3.	(Staining	method	A)
	...............................................................................................................................................................................	84	
Table	2-5:	Conjugated	antibodies	and	matching	isotype	control	IgG	used	in	flow-cytometry	experiments.	
(Staining	method	B)	...............................................................................................................................................	86	
Table	2-6:	Oligonucleotides	for	quantitative	real	time	PCR	.................................................................................	102	
Table	2-7:	Dilutions	table	for	T	cell	+	PMA	(T+P)	cDNA	for	the	qRT-PCR	reaction	standard	................................	105	
Table	2-8:	Materials	needed	and	the	dilution	table	for	master	mi	......................................................................	106	
Table	3-1:	Histology	of	patients	recruited	for	experiments	using	the	new	staining	methods.	............................	111	
Table	3-2	:	Quality	control	results	of	prostate	tissues	sampled	for	experiment	..................................................	112	
Table	3-3:	Percentage	of	Treg	in	the	CD4+	T	cell	subset	in	PBMC	and	prostate	cancer	tissue.	...........................	119	
Table	3-4:	Maturation	status:	Cell	surface	markers	for	CD8+	T	cell	subsets	.......................................................	143	
Table	3-5:		Mean	percentages	of	terminal	effector,	effector	memory	T	cells	in	the	CD8+	T	cells	subset	in	PBMCs	
and	tissue.	...........................................................................................................................................................	144	
Table	3-6:	Mean	Tissue/PBMC	ratios	for	terminal	effector,	effector	memory	T	cells	in	the	CD8+	T	cells	subset	in	
PBMCs	and	tissue.	...............................................................................................................................................	144	
Table	4-1:	Demographics	and	disease	status	of	patients	receiving	ADT	.............................................................	159	
Table	4-2:	Data	summary	for	the	percentages	of	terminal	effector,	effector	memory,	naive	and	central	memory	
T	cells	pre	and	post	ADT	......................................................................................................................................	167	



	 1	

Chapter 1 Literature Review 

Background  

Prostate cancer (PC) is common, and each year more than 3000 Australians die of this 

condition.1 Currently, there are effective treatments available for localised PC, but once it 

becomes metastatic, the treatment is palliative. It has been an exciting time for the treatments 

of metastatic PC during the period of this research project, as multiple novel therapies have 

shown overall survival (OS) benefits, including an immune-based therapy. However, we still 

do not fully understand how the immune system interacts with PC cells and other prostate 

conditions such as benign prostatic hyperplasia (BPH) and chronic abacterial prostatitis 

(CAP). This study evaluates the characteristics of T lymphocytes in patients with these 

disorders, with the aim to understand how the immune system interacts with benign and 

malignant prostate conditions.  

 

1.1 Benign prostatic hyperplasia  

Benign prostatic hyperplasia (BPH) is a benign condition, not associated with an increased 

risk of PC. It is a very common condition and its incidence increases with age. About 50% of 

men have BPH when they are in their fifth decade of life.2 In this condition, hyperplasia of 

the prostate epithelial and stromal tissues results in enlargement of the prostate gland and 

narrowing of the urethra. Typically, patients with BPH present with lower urinary tract 

symptoms such as poor stream, hesitancy and incomplete bladder emptying. Some of the 

complications of BPH include acute urinary retention, urinary tract infection, bladder stone 

formation, and renal impairment.  

 

There are many proposed aetiologies of prostate enlargement, such as hormonal influence. 

Androgen stimulation is required for normal prostate growth and development, 3 which is 

why patients with genetic conditions such as Kleinfelter syndrome, 5α reductase deficiency 

(an enzyme that converts testosterone to dihydrotestosterone (DHT) which has a much higher 

affinity for the androgen receptor than testosterone), or pre-pubertal castration, often do not 
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develop BPH.4 The incidence of BPH is not increased in men with late onset hypogonadism 

treated with androgen replacement therapy. 5,6 However, in these patients, the aim of 

androgen replacement therapy is to reach physiological levels of testosterone, there is limited 

information on the effect of “supraphysiological” levels of testosterone on BPH. In fact, there 

is only one study involving only one athlete who routinely used anabolic steroids, 

exogeneous andogenic-anabolic steroids did increase prostatic volume and resulted in poorer 

urine flow rate.7 Therefore, androgens are considered to play only a permissive role in the 

pathogenesis of BPH. In other words, androgen is necessary but not sufficient for the 

development of BPH in men. New evidence suggests that the androgen:oestrogen ratio 

probably plays a more important role in the development of BPH. In animal studies, 

manipulation of oestradiol levels can cause BPH.8 In human, the testosterone to oestradiol 

ratio steadily drops in ageing men.9 There are two types of oestrogen receptors (ER), ERα 

and ERβ. Activation of ERα will lead to proliferation and prostate growth, while activation 

of ERβ is associated with a reduction in prostate growth. 10,11 

 

Most patients with symptomatic BPH are usually treated with medical therapy first. The two 

most commonly used classes of drugs are α-blockers and 5α-reductase inhibitors. α-blockers 

(e.g. tamsulosin) reduce bladder neck and prostatic stromal smooth muscle tone. By doing so, 

it reduces the degree of bladder outlet obstruction. 5α-reductase inhibitors (e.g. dutasteride) 

inhibit the conversion of testosterone to DHT in the prostate and result in prostate volume 

reduction by up to 25%12,13 This reduction in prostate volume has been shown to improve 

patients’ voiding symptoms.14 

 

More recently, evidence from the Medical Therapy of Prostatic Symptoms (MTOPS) and 

Combination of Avodart and Tamsulosin (CombAT) trials have also confirmed that 

combination therapy using both α-blockers and 5α-reductase inhibitors is more effective in 

reducing the risk of urinary retention and surgical intervention. 15,16 When medical therapies 

fail to improve a patient’s symptoms or if complications such as retention of urine, bladder 

stone formation, recurrent urinary track infection (UTI) occur, surgery is usually offered. 

Though there are many minimally invasive surgical options for BPH, transurethral resection 

of prostate (TURP) is still the gold-standard therapy for severe BPH. 17,18. With TURP, 
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prostate tissue around the urethra is removed with electrocautery endoscopically through the 

urethra. Occasionally, when a prostate is too large to be removed with conventional TURP 

(e.g. >100cc), an open simple prostatectomy may be performed. This is a more invasive 

procedure and therefore is no longer frequently performed.19 

 

1.2 Chronic abacterial prostatitis (CAP)  

Chronic abacterial prostatitis (CAP) is a disabling inflammatory condition and also known as 

chronic pelvic pain syndrome (CPPS). The common presenting complaints include urinary 

symptoms, sexual dysfunction and pelvic pain without the presence of UTI. However, the 

predominant symptom in these patients is pain, which was most commonly localised to the 

perineum, penis, suprapubic and groin areas. Pain during or after ejaculation, which is 

bothersome, is also common.21,22 It is a common condition that causes significant 

morbidity.23  

 

Prostatitis is divided into four categories in the National Institutes of Health (NIH) 

classification of prostatitis24. CAP is defined as chronic pelvic pain symptoms and possibly 

voiding symptoms in the absence of UTI. This classification helps separate patients with 

CAP from the other three subtypes.  

 
Category Description 

Category I: Acute bacterial 
prostatitis  

Associated with severe prostatitis symptoms, systemic 
infection and acute bacterial UTI. 

Category II: Chronic bacterial 
prostatitis  

Caused by chronic bacterial infection of the prostate 
with or without prostatitis symptoms and usually with 
recurrent UTIs caused by the same bacterial strain. 

Category III: Chronic 
prostatitis/chronic pelvic pain 
syndrome 

Characterized by chronic pelvic pain symptoms and 
possibly voiding symptoms in the absence of UTI. 

Category IV: Asymptomatic 
inflammatory prostatitis (AIP) 

Characterized by prostate inflammation in the absence 
of genitourinary tract symptoms. 

Table 1-1: Categories of prostatitis based on the National institutes of Health (NIH) 
classification 

 
There is no one universally accepted aetiology for CAP. Some of the hypotheses/causes are 

listed here: 
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- Dysfunctional voiding and intra-prostatic ductal reflux of urine causing 

inflammation.25,26 

- Chemically (e.g. urine) induced inflammation.27 

- Hormonal imbalance (as oestrogens administrated to mice increases the incidence and 

severity of prostatitis.28)  

- Pelvic floor muscle abnormalities29 and pudendal nerve entrapment.30 

- Psychological Factors such as major depression. 31  

- Immunologic alterations 

o In CAP, inflammation may be secondary to immunologically mediated 

inflammation due to some unknown antigen or may even be a result of an 

autoimmune process. These patients are found to have elevated IgA and IgM 

antibodies that are not micro-organism specific32-34. A T-cell immune response 

to PSA in patients with chronic prostatitis has been reported.35 The 

pathophysiology behind this is not fully understood. It has been suggested that 

when prostate injury occurs (e.g. infection, exposure to carcinogen, hormonal 

imbalance), the damaged prostate epithelial cells may release antigens that 

result in a break in tolerance to the prostate. The prostate gland undergoes 

growth and development during puberty, and many prostate antigens are not 

expressed until during or after puberty. However, the process of T cell 

immune tolerance is completed before puberty. Therefore, when these 

antigens are released during prostate injury, they can set off an immune 

response resulting in prostatitis, as a result of a lack of physiological immune 

tolerance to these antigens.  

 

Some data suggest that inflammatory conditions such as CAP may predispose towards the 

development of prostate cancer (PC).36  The nature of the immune response is not known but 

is likely to involve both adaptive and innate immunity as well as immunosuppressive factors 

such as regulatory T cells (Treg). It is possible that immuno-editing of epithelial cells early in 

the oncogenic process may predispose to malignant transformation PC.37,38  
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1.3 Prostate cancer 

1.3.1 Background 

PC is the most commonly diagnosed non-cutaneous malignancy in Australia, with an 

estimated 18,138 new cases in 2016. Furthermore, each year > 3000 Australians die from 

PC.1 In 2012, the age-standardised incidence rate was 163 cases per 100,000 males. When PC 

is localised to the prostate, it is potentially curable with radical prostatectomy and/or 

radiotherapy. However, locally advanced PC can lead to local recurrence and metastatic 

disease, and unfortunately metastatic disease is not curable. Currently, we have very effective 

palliative therapies, however, newer treatment modalities are needed to improve patient 

outcomes, especially patients with advanced disease. Hence, a better understanding of PC 

oncogenesis, its interaction with immunity and sex steroids is of utmost importance. It may 

allow us to be able to detect PC earlier and perhaps at a curable stage, or to identify high-risk 

patients who may potentially benefit most from screening programs. 

 

1.3.2 Presentation of patients with prostate cancer  

Early or localised PC is generally asymptomatic. Symptoms such as slowing of the urinary 

stream, nocturia, and urinary frequency are common symptoms associated with aging and 

BPH but often are unrelated to the presence of PC.39 

 

1.3.3 Screening and diagnosis of patients with prostate cancer 

Men can be screened for PC using the combination of serum prostate specific antigen (PSA) 

level and digital rectal examination (DRE).39,40 PSA is a protein produced by cells within the 

prostate, and in men PSA can be measured in the blood. While higher blood PSA levels are 

often noted in men with PC. PSA elevation is not specific for PC. A DRE is a clinical 

examination performed by a physician using a gloved finger placed into the rectum to palpate 

the surface of the prostate. The region of the prostate adjacent to the rectal wall is where 

tumours commonly develop. Irregular or hard areas may suggest the presence of PC. If PC is 
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suspected after serum PSA test and DRE, a trans-rectal ultrasound guided biopsy (TRUS) of 

the prostate gland is performed to confirm the diagnosis of PC.39,40 

 

Population screening for PC using PSA remains a highly controversial topic. This is due to 

the conflicting results from the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer 

Screening Trail41 and the European Randomised Study of Screening for Prostate Cancer 

(ERSPC)42. Based on the results from these studies, in 2012 the United States Preventive 

Services Task Force (USPSTF) assigned a grade D recommendation (i.e. recommended 

against) for the use of PSA screening in all men, as there was limited evidence in reducing 

prostate cancer-specific mortality and there were harms related to subsequent treatments.43 

Recently, the USPSTF has reassigned the recommendation to grade C (i.e. potential benefits 

and harms of PSA screening should be discussed with men aged 55-69).44 

 

1.3.4 Pathological finding: stage 

PC that only involves a small portion of the prostate gland is more likely to be cured than 

those that involve the entire gland. Likewise, PC that is localised to the gland is more likely 

to be treated successfully than those that have spread beyond the confines of the gland. 

Metastatic disease to lymph nodes or bones carries the poorest prognosis. To define the 

degree of loco-regional tumour spread in patients with PC, the American Joint Committee on 

Cancer’s TNM staging system is usually used45 (Table	1-2). 
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Table 1-2: The 7th edition of the American Joint Committee on Cancer’s TNM stating 
system of prostate cancer45 

 

1.3.5 Pathological finding: grade 

Acinar adenocarcinoma is the most common type of prostate cancer, accounting for 95% of 

PC. Other types of PC include ductal adenocarcinoma, urothelial, squamous cell and small 

cell PC. Carcinoid tumours and sarcomas can develop in the prostate but they are very rare.  

 

Clinical  
Tx Primary tumour cannot be assessed 
T0 No evidence of primary tumour 
T1 Clinically inapparent tumour neither palpable nor visible by imaging 
T1a Tumour incidental histologic finding in <5% of tissue resected 
T1b Tumour incidental histologic finding in >5% of tissue resected 
T2 Tumour confined within prostate  
T2a Tumour involves <one-half of one lobe but not both lobes 
T2b Tumour involves >one-half of one lobe but not both lobes 
T2c Tumour involves both lobes 
T3  Tumour extends through the prostate capsule  
T3a Extracapsular extension (unilateral or bilateral) 
T3b Tumour invades seminal vesicle(s) 
T4 Tumour is fixed or invades adjacent structures other than seminal vesicles 

such as external sphincter, rectum, bladder, levator muscles, and/or pelvic 
wall 

Pathological  
pT2 Organ confined  
pT2a Unilateral, <one-half of one side 
pT2b Unilateral, >one-half of one side but not both sides 
pT2c Bilateral disease 
pT3  Extraprostatic extension  
pT3a Extracapsular extension or microscopic invasion of bladder neck 
pT3b Seminal vesicle invasion 
pT4 Invasion of rectum, levator muscles, and/or pelvic wall 

Clinical   
NX Regional lymph nodes were not assessed 
N0 No regional lymph node metastasis 
N1 Metastases in regional lymph node(s) 

Pathologic  
pNX Regional nodes not sampled 
pN0 No positive regional nodes 
pN1 Metastases in regional node(s) 

M staging (usually clinical, based on imaging) 
M0 No distant metastasis 
M1 Distant metastasis 
M1a Nonregional lymph node(s) 
M1b Bone(s) 
M1c Other site(s) with or without bone disease  



	 8	

Gleason grading is the most commonly used grading system in PC. The Gleason grading 

system was devised by Dr. Donald Gleason and members of the Veterans Administration 

Cooperative Urological Research Group in the 1960s and 1970s 46. It is based on the 

histological pattern of arrangement of carcinoma cells, from 1 to 5 (Figure 1-1). Gleason 

grade has been linked to clinical endpoints such as clinical stage, progression to metastatic 

disease and survival. It was found that well-differentiated prostate cancers (Gleason pattern 

3) progressed slowly and were associated with good prognosis, while poorly differentiated 

cancers (Gleason pattern 5) progressed rapidly with a poorer prognosis. Gleason grade is 

often incorporated into nomograms used to predict the risk of progression and survival. 47 

PC is often multifocal, and within a prostate or even within a single core biopsy PC with 

different Gleason grades are commonly seen. The Gleason score or Gleason sum was 

introduced to account for this. It is obtained by assigning a primary and a secondary grade. 

The most predominant grade present is the primary grade and the second most predominant 

grade is the secondary grade. Since the individual Gleason grade ranges from 1 to 5, the 

Gleason scores (the added Gleason grades) can range from 2 to 10. Gleason scores of 6, 7 and 

8-10 are considered low, intermediate and high-grade cancers respectively.48 

 
Figure 1-1 The Gleason grades based on histologic 
architecture appearance of cancer cells46. 

tration Cooperative Urological Research Group
(VACURG).5–10 From 1960 to 1975 the VACURG
enrolled roughly 5000 prostate cancer patients in
prospective randomized clinical trials. One of the
outstanding strengths of the Gleason grading system
is that it was tested in this large patient population,
with long-term follow-up that included use of
survival as an end point.

The Gleason grading system is based entirely on
the histologic pattern of arrangement of carcinoma
cells in H&E-stained prostatic tissue sections.
Specifically, the method is one of categorization of
histologic patterns ‘at relatively low magnification
(! 10–40) by the extent of glandular differentiation
and the pattern of growth of the tumor in the
prostatic stroma’.10 Nine growth patterns were
consolidated into five grades and these were
illustrated in a drawing by Dr Gleason (Figure 1).

The five basic grade patterns are used to generate a
histologic score, which can range from 2 to 10, by
adding the primary grade pattern and the secondary
grade pattern. The primary pattern is the one that is
predominant in area, by simple visual inspection.
The secondary pattern is the second most common
pattern. If only one grade is in the tissue sample,
that grade is multiplied by two to give the score.
According to the Gleason approach of 1977, if the

second grade is less than 3% of the total tumor, it is
ignored, and the primary grade is again doubled to
give the Gleason score.8 Gleason sum, Gleason
grade, combined Gleason grade, and category score
have been used as synonyms for Gleason score, but
‘histological pattern score’ was the initial 1974
designation for the sum of the two patterns6 and
‘histologic score’ has endured in usage in the
writings of Gleason.7–10

The assignment of a Gleason score, which is the
addition of the two most common patterns, essen-
tially averages the primary and secondary grades.
This procedure appears to be unique in grading of
human cancers, where, for other malignancies, it is
the worst grade that determines patient outcome.
Peculiarly, for prostatic carcinoma, when there are
two different Gleason grade patterns, the cancer death
rates are intermediate between the rates for patients
with only the pure form of each of those two grades.8–10

The Gleason grading system allows for two
separate grade patterns in an individual tissue
sample, but the histomorphological appearance of
prostatic carcinoma is more heterogeneous than
this. Indeed, in one study,13 an average of 2.7
Gleason grade patterns (range 1–5) was found in
carcinomas in whole prostate glands. Two addi-
tional papers reported that 14–18% of patients had
more than two grades in sections of their prostatic
carcinoma.14,15 In one of these reports,15 3% of cases
had four different Gleason patterns. The number of
grades assigned depends on tumor sample size and
size of the tumor in the whole gland. So, more than
two grades is more often observed in TURP chips
(28% of cases) compared to needle biopsies (4% of
cases),14 and tumors greater than 1–2 cm3 in size
tended to have more than two grades.13,15

There are limited data on how to grade carcino-
mas with more than two grades. Gleason wrote that
the VACURG was unable to acquire enough three-
grade tumors to evaluate their behavior,10 and
proposed an algorithm to provide a Gleason score
in cases with more than two grades.10 Recent data on
radical prostatectomy specimens indicate that a
high-grade Gleason pattern 4 or 5 that is a tertiary
component occupying less than 5% of the tumor
influences pathological stage and progression
rates.16 Therefore, any tertiary high-grade pattern
should be mentioned in surgical pathology reports.
In needle biopsies, Gleason has recommended that
the two highest grades be recorded.10 Another
recommendation for needle biopsy cases in which
more than two patterns are present and the worst
grade is neither the predominant nor the secondary
grade, the predominant and the highest grade
should be chosen to arrive at a score.17 More data
and analyses are needed to establish a definitive
approach to scoring when more than two patterns
are present.

‘Lumping’ or ‘grade compression’ by combining
Gleason scores in attempts to translate to other
grading systems should be avoided. Such groupingFigure 1 Gleason grades: standard drawing.

Gleason grading and prognostic factors
PA Humphrey

293

Modern Pathology (2004) 17, 292–306
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In 2005, the International Society of Urological Pathology (ISUP) introduced the grade group 

classification with the aim to improve the correlation between biopsy and radical 

prostatectomy Gleason sum and better stratify patients to predict clinical outcomes (Table 

1-3). This new grading system has been shown to accurately classified patients by 

pathological findings and biochemical outcomes. It has been proposed to be reported in 

conjunction with the conventional Gleason score49.  

Gleason Sum Prognostic Grade Group 

Gleason score ≤ 6 1 

Gleason score = 3 +4 2 

Gleason score = 4+3 3 

Gleason score 8 4 

Gleason score 9-10 5 

Table 1-3: Reporting of Gleason score Prognostic Grade 
group introduced by the ISUP 

1.3.6 Risk stratification for localised prostate cancer 

Pre-treatment PSA, TRUS biopsy Gleason score, and tumour stage have been used to predict 

cancer outcomes.50,51 With these parameters, patients with PC can be risk stratified into low, 

intermediate and high risk groups. Low-risk patients are defined as having a PSA of 

<10ng/mL, a biopsy Gleason score of 6 or less, or clinical T1c or T2a disease. Intermediate-

risk patients have a PSA of >10 but <20ng/mL, a biopsy Gleason score of 7, or a clinical T2b 

disease. High-risk patients have a PSA >20ng/mL, a biopsy Gleason score of 8 to 10, or a 

clinical T2c disease. (Table	1-4)  
 

Risk PSA level 
(ng/mL) 

Gleason 
Score 

Clinical 
Stage 

Low ≤10 ≤6 T1c and T2a 

Intermediate  >10 7 T2b 

High >20 8-10 T2c 

Table 1-4: Prostate cancer pre-treatment risk groups50 
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1.3.7 Management for localised prostate cancer 

1.3.7.1 Watchful waiting 

Localised PC has a high incidence but a relatively low mortality rate. In other words, the 

majority of men diagnosed with PC, ultimately die as a result of other conditions. Therefore, 

there are patients, especially older men with significant comorbidities, who will not benefit 

from initial definitive treatment. For these men, watchful waiting will be an appropriate 

management. With watchful waiting, no definitive treatment is provided. Instead, palliative 

treatment is provided for local or metastatic progression when they occur. For example, 

transurethral resection of the prostate (TURP) and insertion of ureteric stents for urinary tract 

obstruction, and androgen deprivation therapy (ADT) or radiotherapy can be used to control 

metastatic lesions.52,53 

 

1.3.7.2 Active surveillance 

With active surveillance (AS), men are observed with serial PSA, DRE and repeat biopsies 

(and other tests), and at the first sign of disease progression, definitive treatment is provided 

with the intention to cure. Men with lower risk disease (low PSA level, Gleason 6, and 

clinical stage) are best candidates for this treatment strategy. This is based on the fact that 

studies have shown that patients with localised PC have a lower risk for clinical progression. 

Therefore with AS, overtreatment with its associated costs and harm can be reduced54-56 The 

Prostate cancer research international: active surveillance (PRIAS) study, the largest 

international prospective AS cohort study for patents with low-risk PC has shown that AS 

can reduce overtreatment without compromising the opportunity to cure.57  

 

1.3.7.3 Surgery 

Radical prostatectomy (RP) can be performed as open, laparoscopic or robot-assisted 

procedures. It involves complete resection of the prostate gland, the seminal vesicles and the 

ampulla of the vas deferens. For truly localised disease, this is the best treatment option to 

cure PC.58 However, if a tumour has spread outside of the prostate gland or not completely 
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excised, the patient is at risk of recurrence. Pelvic lymphadenectomy (PLND) is only 

performed in selected patients (i.e. >5% based on pre-operative nomograms59) during RP to 

obtain information for nodal staging and prognosis, as it has not been shown to improve any 

oncological outcome60.  

 

1.3.7.4 Radiotherapy 

External beam radiotherapy (EBRT) and brachytherapy are the two main types of 

radiotherapy used for PC. Ionising radiation delivered to the prostate gland eradicates PC 

cells by breaking the double-stranded Deoxyribonucleic acid (DNA). Despite having 

damaged DNA, malignant cells continue to undergo cell division,eventually ending in cell 

death. The surrounding normal cells can also be affected by the radiation and result in side 

effects such as cystitis and proctitis. 

 

EBRT such as the three-dimensional conformal radiation therapy (3D C-XRT) uses advanced 

technology to conform radiation to the prostate gland to reduce radiation to the surrounding 

normal organs such as the rectum and bladder. With 3D C-XRT a higher dose of radiation, up 

to 80 Gy, can be delivered to the prostate gland after careful mapping of the prostate gland’s 

contour using the three-dimensional (3D) treatment planning system.61 More recently, 

intensity modulated radiation therapy (IMRT) was introduced. IMRT allows for the radiation 

dose to conform more precisely to the 3D shape of the prostate gland by controlling the 

intensity of the radiation beam in multiple small volumes.62  

 

For patients with high-risk locally advanced PC, it is now a standard of practice to combine 

radiotherapy with ADT (usually started shortly before radiotherapy and continue for 2-3 

years). Multiple trials have shown that combination therapy with 2-3 years of ADT 

significantly increased 10-year disease-specific survival and OS.63-66 In intermediate-risk PC 

patients, a combination with short-term ADT (4-6 months) was recommended.  

 

Brachytherapy is another main form of radiotherapy for PC. In low dose rate brachytherapy, 

radioactive seeds (iodine-125 or palladium-103) are directly implanted into the prostate gland 
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through the perineum. It is suitable for low-risk disease, but some clinicians will offer this 

treatment option for low and intermediate-risk patients.67  

 

In high dose rate  (HDR) brachytherapy, percutaneous cannulas are inserted through the 

perineum and into the prostate. Radiation is then delivered using Iridium 192 via these 

temporary cannulas. HDR brachytherapy can be used alone or in combination with EBRT.68 

 

1.3.8 Management for advanced prostate cancer 

1.3.8.1 Castrate sensitive prostate cancer 

It has been known for more than 150 years that castration leads to prostate epithelial 

atrophy.69 In 1941, Huggins was the first who reported and described the benefits of 

androgen ablation in the form of surgical castration or oestrogen administration for the 

treatment of PC. In his 1941 publication, eighteen of 21 of the patients who underwent 

surgical castration had clinical improvement.70 His work eventually won him the Nobel Prize 

in 1966.  

 

Androgen stimulates PC cell growth. The testes are the main source of testosterone and DHT, 

but the adrenal glands also contribute 5-10% of the circulating androgen. Currently, for most 

castrate sensitive advanced PC, androgen deprivation therapy (ADT) is still the first line 

treatment. All modern ADT, by definition, works by lowering the levels of circulating 

androgens. Administrating anti-androgens that bind to androgen receptors can also block the 

effects of androgen. These two methods are sometimes combined to achieve what is known 

as complete androgen blockade.  

 

(1) Example of androgen deprivation therapies: 

a. Bilateral orchidectomy (surgical castration):  

• By removing the testicles, the major source of systemic androgens is ablated. It 

has been reported that by 24 hours after surgery the serum level of testosterone 

is reduced by more than 90 percent.71  



	 13	

b. Luteinising hormone-releasing hormone (LHRH) agonist:  

• LHRH agonists that are commonly used include Goserelin (Zoladex)  

Leuprolide (Lupron), and Triptorelin (Diphereline). LHRH agonists bind to the 

LHRH receptors in the pituitary. After chronic exposure to LHRH agonists, 

these receptors are desensitised and stop producing LH, ultimately ceasing 

testosterone production by the testis.72  Overall survival of patients on LHRH 

agonists has been found to be as good as surgical castration.73  

c. Luteinising hormone-releasing hormone (LHRH) antagonists: 

• Degarelix (Firmagon) is the only marketed LHRH antagonist. LHRH 

antagonists bind to LHRH receptors and result in a rapid drop in LH, follicle-

stimulating	hormone (FSH) and testosterone levels. Unlike LHRH agonists, 

LHRH antagonists do not cause the “flare-up” phenomenon.74 (see below) 

 

(2) Examples of anti-androgens: 

a. Steroidal anti-androgens: 

• Steroidal anti-androgens such as cyproterone acetate are synthetic derivatives of 

hydroxyprogesterone.  

b. Non-steroidal anti-androgens: 

• Non-steroidal anti-androgens do not suppress the secretion of testosterone and 

therefore less sexual side effects such as low libido and erectile dysfunction. 

Side effects differ between agents, in general, bicalutamide is better tolerated 

compared to flutamide and nilutamide.75 These anti-androgens competitively 

inhibit the binding of androgens to androgen receptors. They are sometimes 

prescribed to patients who are starting LHRH agonists to prevent “androgen 

flare-up” caused by the initial administration of LHRH agonists, which can 

cause a surge in serum testosterone before castrate levels are achieved.76  

• Enzalutamide and apalutamide are newer non-steroidal anti-androgens. There 

are only used in patients with metastatic castrate resistant prostate cancer 

(mCRPC), see chapter 1.3.8.2.3. 
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1.3.8.2 Castrate resistant prostate cancer (CRPC) 

“Despite regressions of great magnitude, it is obvious that there are many failures of 

endocrine therapy to control the disease”  

Charles Brenton Huggins 

Nobel lectures: physiology or medicine 1963-1970 

 

Unfortunately, all ADT will eventually fail, and further manipulation of hormones will have 

no effect on PC progression. Some called this state “androgen independent”. However, it is 

an inaccurate term, as the majority of these patients will experience symptomatic tumour 

flare when exogenous androgen is given.77 In fact, the androgen receptor axis continues to 

play an important role in the progression of cancer. Therefore, the term “castrate resistant 

PC” (CRPC) is more accurate as it implies failure of the treatment rather than the biology of 

the androgen receptors (AR). By definition, a patient has CRPC when his castrate serum 

testosterone is <50ng/dL or 1.7nmol/L plus either: (1) Showing biochemical progression with 

three consecutive rises in PSA 1 week apart resulting in two 50% increases over nadir, and a 

PSA >2ng/mL, or (2) Radiological progression of disease.  

 

The mechanisms that lead to CRPC are still not fully understood. It can be broadly divided 

into two groups, which are AR-independent and AR-dependent.  

For AR-dependent mechanisms, by definition AR remains an important factor in the 

process78.  These mechanisms include:   

1. AR amplification, increase in the sensitivity of AR79,  

2. AR mutations leading to promiscuity, whereby other ligands/steroids can active it.  

3. Change in the ratio of co-activators and co-repressors increasing AR activity78 

4. Ligand-independent activation of AR through ligand-independent modification 

e.g. phosphorylation of AR leading to increase in nuclear translocation  

5. Tissue and tumour cells producing their own steroids contribute to the synthesis of 

testosterone and DHT, leading to high tissue levels of androgen despite castrate 

serum levels. 

AR-independent mechanisms may be associated with the deregulation of apoptosis through 

the deregulation of oncogenes.80 B-cell lymphoma 2 (bcl-2), is considered an important anti-

apoptotic protein. The high Bcl-2 expression is seen with greater frequency as PC progresses. 
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Patients with high expression of Bcl-2 and p53 genes in their prostatectomy specimens have 

been shown to have a more aggressive clinical course.81,82 

 

1.3.8.2.1 Docetaxel 

For many years, docetaxel-based chemotherapy was the only agent that had shown an 

improvement in OS in patients with mCRPC. When docetaxel plus prednisone was compared 

to mitoxantrone plus prednisolone it improved median OS by 2.4 months83.  

 

Fortunately, significant progress has been achieved in the treatment of CRPC in recent years. 

From 2010 to 2013, there were 5 new agents that have shown an improvement in OS. These 

new agents are: (1) Abiraterone acetate; 2. Enzalutamide; (3) Sipuleucel-T; (4) Cabazitaxel; 

and (5) Radium-223 dichloride. 

1.3.8.2.2 Abiraterone acetate 

Abiraterone acetate is an inhibitor of the enzyme CYP17 that is crucial in the biosynthesis of 

androgen. In patients with mCRPC, who are progressing on after docetaxel-based 

chemotherapy, 1000mg per day of Abiraterone acetate plus prednisone 5mg twice a day 

(BID) has been shown to prolonged OS by 4 months (14.8 vs 10.9) compared to placebo in 

the COU-AA 301 trial.84 In chemo-naïve patients, 1000mg per day of Abiraterone acetate 

plus prednisone 5mg BID has been shown to prolong OS by 4.4 months compared with 

prednisolone alone in the COU-AA 302 trial.85 

1.3.8.2.3 Enzalutamide  

Enzalutamide is a potent inhibitor of androgen receptors. It also prevents the translocation of 

AR into the cell nucleus and the binding of AR to DNA.86 The AFFIRM trial demonstrated 

an improvement in OS by 4.8 months (18.4 vs 13.6 when enzalutamide was compared with 

placebo for patients with mCRPC who are progressing on after docetaxel-based 

chemotherapy.87 In the PREVAIL trial enzalutamide has been shown to improve OS by 4 

months (35.3 vs 31.3 months) compared with placebo in chemo-naïve patients with mCRPC. 
88 
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1.3.8.2.4 Cabazitaxel  

Cabazitaxel is currently recommended as a chemotherapy option for mCRPC patients who 

are progressing on following docetaxel. Cabazitaxel plus prednisone 10mg per day has been 

shown to have an OS advantage of 2.4 months compared with mitoxantrone plus prednisone 

10mg per day.89 

	

1.3.8.2.5 Sipuleucel-T  

Sipuleucel-T is an autologous dendritic cell vaccine pulsed with a prostatic acid 

phosphatase/granulocyte-macrophage colony-stimulating factor (GM-CSF) fusion protein. 

Two double-blind randomised phase III clinical trials have shown that Sipuleucel-T improved 

OS in patients with mCRPC.  The first study, the D9901 trial enrolled 127 patients with 

asymptomatic mCRPC, the median survival time for patients treated with Sipuleucel-T was 

25.9 months comparing to 21.4 months for the placebo arm.90 However, this trial had 

progression free survival (PFS) as primary and OS as secondary aim. Subsequently, the 

IMPACT trial was carried out; and in this phase III trial, 512 patients with mCRPC were 

treated with Sipuleucel-T (n=341) or placebo (n=171). The median survival was 4.1 months 

longer for the Sipuleucel-T group (p=0.01).91 More detailed discussion about this agent can 

be found in chapter 1.6.2.2.1.  

 

1.3.8.2.6 Radium-223 dichloride  

Radium-223 dichloride is an alpha-emitting radiopharmaceutical agent administrated 

intravenously that mimics calcium therefore targeting bone metastases preferentially. In a 

phase 3 randomized placebo-control trial, it was shown to improve OS by 3.6 months and 

delayed skeletal related events (SRE) by 5.8 months92. 
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1.3.9 Role of androgen receptor and androgens  

The AR gene on Xq11-12 encodes for the AR receptor and it has four distinct functional 

domains: (1) The amino-terminal domain, (2) DNA-binding domain, (3) Hinge region, and 

(4) Ligand-binding domain (LBD).93-95 The cytoplasmic receptor is in an inactive state when 

it is bound by heat-shock proteins, known as the HSP90 chaperone complex. When 

testosterone or DHT binds to the LBD, it leads to a conformational change which results in 

the dissociation of the HSP 90 complex, dimerisation and translocation of the receptor into 

the nucleus and binding to androgen-response elements (AREs) in the promoter region of 

androgen-regulated genes.94,96   

 

PC growth depends on androgens, which is the major ligands for AR. The primary circulating 

androgen is testosterone.  90% of circulating testosterone is produced by Leydig cells in the 

testis, and 10% is from the adrenal cortex. Testosterone exists in the circulation as free 

testosterone (3%) or bound to albumin or sex-hormone binding globulin. Free testosterone 

diffuses into cell and is converted to DHT by 5α-reductase, which has a 5-fold affinity for the 

LBD of AR.78,97,98 

 

1.3.9.1 Alternative sources of androgen  

Adrenal testosterone contributes 5-10% of androgen in the circulation, and is unaffected by 

ADT, therefore, this may be a reason for persistent ligand-dependent AR activity in 

CRPC.99,100 In ADT patients, it has been found that there is persistent levels of intra-tumoral 

DHT101-104, this suggest that a different steroidogenesis pathway has been activated.103 

Therefore, intra-tumoral de novo androgen synthesis may also be a source of persisting 

ligand-dependent AR activity in CRPC.100  

 

1.3.10 Role of other sex steroids and receptors 

Oestrogen is known to affect the growth and development of the prostate gland. The direct 
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effects of oestrogen are mediated by ERα and ERβ, which are found primarily in prostate 

stroma cells and prostate epithelium respectively.105,106 When oestrogens are administered to 

mice they increase the incidence and severity of prostatitis.28 This suggests that oestrogen 

could be an important etiologic factor for prostatitis. When mice are exposed to high doses of 

oestrogen during the neonatal period, it permanently imprints the growth and function of the 

prostate gland and predisposes the prostate gland to hyperplasia and severe dysplasia later in 

life.28 These effects are mediated through ERα107. When adult mice are treated with 

prolonged oestrogen and androgen it leads to epithelial metaplasia, prostatic intraepithelial 

neoplasia (PIN)-like lesions and even adenocarcinoma of prostate. This suggests oestrogens 

play a role in PC carcinogenesis.106 In mice study, prostates from ERβ-knockout mice 

underwent histological carcinogenesis similar to wild-type mice but ERα-knockout mice 

remain cancer free.  
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1.4 The Immune system 

As organisms, we live in a hostile environment filled with various potentially harmful 

pathogens. To survive, we have developed and acquired complex immune defense 

mechanisms. These defense mechanisms help us fight against the invading pathogens and be 

free from many diseases. The immune system was initially defined as the collection of 

tissues, cells and molecules that provide resistance to infections. We now know that the 

immune system plays a much broader role. Many disorders in urology are the results of 

“immune dysfunctions”. For example, infection of the urinary tracts, urologic cancers, failure 

of organ transplantation, and male infertility are all results of “immune dysfunctions”.  

 

The immune system is broadly divided into two groups, the innate and the adaptive immune 

systems. The innate immune system is a natural immune response, and the extent of the 

responses does not change no matter how many times the pathogen is encountered. On the 

other hand, the adaptive immune system has the ability to improve its responses each time, 

when the same pathogen is encountered again and again. Although the innate and adaptive 

immune systems have distinct functions, there is a constant interplay between the two 

systems.  

 

Lymphoid organs are the organs of the immune system. Primary lymphoid organs are the 

thymus and bone marrow. Secondary lymphoid organs are the lymph nodes, tonsils, 

adenoids, spleen, and Payer’s patches of the gastrointestinal tract.  

 

1.4.1 The Innate immune system  

The innate immune system is the first line of defense against pathogens. It	is	an	ancient	

form	of	host	defense	against	infection,	developed earlier in evolution than adaptive 

responses. It provides resistance through physical (e.g. epithelium, mucous membranes and 

mucus), chemical (e.g. defensins, opsonins, and compliments) and cellular (granulocytes, 

monocytes, macrophages, natural killer cells) approaches. These defense mechanisms are 
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constitutively present and therefore ready to be mobilised upon the encounter of pathogens. It 

is not antigen specific, and does not demonstrate immunological memory.  

 

1.4.1.1 Physical barriers  

Skin, gastrointestinal and respiratory tract mucous membranes, and body hair provide 

physical barriers against invading pathogens. Secretions such as mucous, gastric acid, saliva 

and sweat create an environment unfavorable to pathogens.   

 

1.4.1.2 Chemical defence 

Soluble factors such as complement, acute phase proteins, and cytokines are frequently 

involved in innate immune responses. The complement system consists of a set of proteins 

that circulate in the blood. The complement cascade, can be triggered by one of three 

pathways: (1) The classic pathway (antigen-antibody complexes); (2) The alternative 

pathway (microbial-cell walls); (3) The lectin pathway (interaction of microbial 

carbohydrates with mannose-binding protein in plasma).108 When activated, a cascade of 

responses are “switched on”, which then result in an enhanced immune response 

complimenting both innate and adaptive immune responses. These responses include: (1) 

Opsonisation, (2) Chemotaxis, (3) Cell lysis, and (4) Agglutination. 

 

Cytokines are soluble factors that act as messengers in the immune system. Cytokines play a 

crucial role in regulating the complex integrated immune network.109 Specific cytokine 

receptors are found on cells, which allow the communication to occur when cytokines are 

present. Some cytokines, such as interferons (IFN), also have a direct role in defence against 

pathogens. Cytokines are also being used as therapeutic agents, for example IFNα has been 

used as a treatment for chronic hepatitis C110, metastatic renal cell carcinoma111 and 

melanoma112.  
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1.4.1.3 Cellular defence  

Leukocytes of the innate immune system are found in the entire body. These leukocytes can 

be further divided into: (1) Circulating (eosinophils, basophils, mast cells, neutrophils, 

monocytes and natural killer (NK) cells; or (2) Local tissue residing cells such as 

macrophages and dendritic cells (DC).  

 

Natural killer cells (NK) 

NK cells are a type of cytotoxic lymphocyte that is important in controlling infection, 

preventing tumour development and progression (see chapter 1.5 on immune surveillance). 

Their main role is to destroy infected host or tumour cells, similar to that of cytotoxic T cells 

in the adaptive immune response.113 They express surface antigens CD16 and CD56. They do 

not express T cell receptors (TCR). NK cells possess receptors capable of inducing either 

activation or inhibitory signals. The final response of a NK cell to another cell it encounters 

depends on the net result of these inhibitory and activation signals (Figure 1-2).114 NK cells 

are unique as they can destroy infected or malignant cells without prior. This is possible 

because they can (1) recognise stress ligands overexpressed by tumour cells, (2) detect 

tumour cells that down-regulate MHC Class 1 molecules as “missing self” cells, (3) 

recognise antibodies that bind to antigens with their CD16 receptors and initiate cell lysis or 

apoptosis.  
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Figure 1-2: NK cell functions depend on the net result of the inhibitory and activation signals. 114  
 
(a) A balance of signals delivered by activating inhibitory receptors regulates the recognition of healthy 
cells by NK cells. (b) Tumour cells that downregulate major MHC class 1 molecules are detected as 
“missing self” and are lysed by NK cells. (c) Tumour cells can overexpress induced stress ligands 
recognised by activating NK cell receptors, which override the inhibitory signals and elicit target cell 
lysis. (d) tumour antigen-specific antibodies bind to CD16 and elicit antibody-dependent NK cell 
mediated cytotoxicity. 
 

 
NK cells are considered part of the innate immune system but they also possess some 

characteristics previously thought to be unique to the adaptive immune cells such as 

immunological memory.115 In both animal and human, low NK cells activity has been 

associated with increased cancer risk.116  

 

Natural killer T cells 

NKT cells are considered a subset of T cells and are different to NK cells phenotypically. 

NKT cells are known to differentiate and mature in the thymus and express antigen-specific 

TCR.117 They can produce cytokines very rapidly upon activation. When cancer cells are 

encountered, human type 1 NKT cells produce IFNγ to activate NK and CD8+ T cells by 

activating dendritic cells (DC) to produce IL-12. Type 2 NKT cells on the other hand, inhibit 

anti-tumour activity.118  
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Macrophages 

Macrophages are phagocytic cells and have receptors for antibodies and complements. When 

pathogens/foreign molecules are coated with antibodies and/or complements, they will 

enhance phagocytosis by macrophages.119 When pathogens/foreign molecules or host dead 

tissues are engulfed by macrophages, they are exposed to and digested by toxic materials 

such as hydroxyl radicals, hypochlorous acid and nitric oxide, antimicrobial cationic proteins 

and lysozymes.119-121 It can also recruit other immune cells to an area where invading 

pathogens were encountered by releasing chemokines such as CCL5. Chemokines enhance 

cellular migration of phagocytes from the circulation to the area of infection or tissue 

damage. Cytokines such as tumour necrosis factor (TNF) and interleukins (IL) are also 

released, resulting in increased vascular permeability, blood flow and transition of cells from 

blood to the tissue.  

 

Dendritic cells  

DCs are found in tissues such as skin (Langerhans cells), mucosal lining of oral cavity, 

respiratory, and gastrointestinal tracts. They are specialised antigen presenting cells (APC), 

that constantly survey the surrounding environment for pathogens. They become activated 

when pattern-recognition receptors on them “recognise” the antigen on the pathogen.122 By 

way of antigen presentation (see chapter Error! Reference source not found.), DCs relay 

information to the rest of the immune system. Therefore DCs serve as one of the links 

between innate and the adaptive immune system. Innate immunity is also responsible for 

many inflammatory responses. These inflammatory responses are mediated by macrophages, 

polymorphonuclear neutrophils, and mast cells via pattern recognition receptors such as the 

Toll-like receptors. Toll-like receptors are germline-encoded, and evolved to recognise a 

wide variety of conserved products of metabolism by pathogens (from viruses to parasites) 

but not by the host.123. When Toll-like receptors are activated by pathogen products, it 

triggers the signaling pathways that result in the production of inflammatory cytokines such 

as TNF and IL. These cytokines increase vascular permeability, blood flow and the transition 

of cells from blood to tissue. Clinically this manifests as swelling, redness, heat, and pain. 

Inflammatory responses are crucial in fighting infection and in wound healing. Activated 

Toll-like receptors can also induce DCs activation and maturation. These lead to the 

induction of co-stimulatory molecules and improved antigen-presenting capacity. Therefore, 
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via Toll-like receptors, innate immunity helps to direct adaptive immune responses to the 

invading pathogens. 124 

 

As the first line of defence, the innate system works to prevent pathogens from starting an 

active infection. When the innate system fails to do so, it works with the adaptive immune 

system to contain invading pathogens.  

 

1.4.2 The adaptive immune system 

The adaptive or acquired immune system is more sophisticated compared to the innate 

immune system. It has the ability to improve its effectiveness on repeated contact with the 

same pathogen. It is antigen-specific and therefore can target the pathogen that induced the 

response. Adaptive immunity is characterised by the development of immunological 

memory, which enables the adaptive immune cells to react more rapidly upon subsequent 

exposure to the same pathogen. It is the basis of vaccination.  

 

The adaptive immune system relies on T cells and B cells for its function. Both T and B cells 

are lymphocytes, which are a subset of leukocytes. There are about 2 trillion lymphocytes in 

a human body and it makes up for 20-40% of white blood cells (WBC). Most lymphocytes 

are found in the tissues and lymphatics. Only about 2 percent of lymphocytes are in the 

peripheral blood stream. 

 

1.4.2.1 Humoral immune response  

The B-lymphocytes are responsible for the humoral immune response. When a B cell is 

exposed to an antigen, the B cell differentiates into a plasma cell where its primary role is to 

produce antibodies against the antigen. The secreted immunoglobulins are antigen-specific 

antibodies capable of eliminating extracellular micro-organisms. The details of humoral 

immune response is beyond the scope of this thesis.  
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1.4.2.2 Cell mediated immune response  

Adaptive cellular immunity (or cell-mediated immune response) is mediated through T-

lymphocytes. T-lymphocytes originate in the bone marrow and migrate to the thymus for 

further development125. Hence they are called T cells. During T cell development, TCR gene 

rearrangement occurs. This process of rearrangement allows for a large binding diversity. To 

prevent self-reacting TCRs from releasing into the circulation, T cells undergo thymic 

education, a process that involves positive and negative selection, the thymus126,127 (see 

chapter 1.4.2.5 on central tolerance).  

 

1.4.2.2.1 T cell receptors  

The TCR is a molecule found on the surface of T-lymphocytes. There are two types of TCRs. 

TCR1 are only found in 5% of circulating T-lymphocytes and consists of γδ heterodimer.  

TCR2 are found in 95% of the circulating T-lymphocytes and consists of αβ heterodimer. 

The αβ heterodimer is an antigen-binding molecule made up of two transmembrane 

molecules (Figure	1-3) 128,129 It is responsible for the first step of the activation of T cells 

(see chapter 1.4.2.4 on T cell activation). TCR is also non-covalently linked to the CD3 

(γ,δ,ε) protein and TCR ζ chains, together they form the TCR complex. CD3 is also known as 

the pan-T cell marker as it is present on all T cells. It is a transmembrane complex that plays 

a role in transmitting signals to the cell interior after T cell activation.  
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Figure 1-3: T cell receptor130 
The TCR has two main glycoproteins, the alpha and the beta chains (the αβ 
TCR), which are linked to the CD3 proteins (γ,δ,ε) and the ζ chain non-
covalently. The carboxyl end of each chain is inserted into the plasma 
membrane. The extracellular domains, with variable amino acid sequence from 
one TCR to another, form the site of recognition of MHC-peptide complex. 
The CD3 and ζ chains have intra-cytoplasmic ends called immune-receptor 
tyrosine-based activation motifs (ITAMs). When TCR interacts antigen, the 
ITAMs is activated and intracellular signaling is induced.  
 

1.4.2.2.2 MHC (major histocompatibility complex) 

The major histocompatibility complex (MHC) is a cluster of genes on chromosome 6 in 

humans. These genes encode for cell surface proteins (Figure 1-4), which act as identity 

marker on cells interacting with T-lymphocytes. In humans, these surface proteins or markers 

are also known as human leukocyte antigens (HLA). The immune system uses the HLA 

surface markers in conjunction with peptide to differentiate self from non-self tissues.131 

These surface proteins play a role in the rejection of tissue of another species or individuals. 

HLA is responsible for organ transplant rejection, and plays an important role in other 

diseases such as autoimmune diseases and cancer.  

 

There are two major forms, MHC class I and class II molecules. In humans, there are three 

main types of class 1 molecules, HLA-A, HLA-B and HLA-C; and three main types of class 

II molecules, HLA-DP, HLA-DQ, and HLA-DR. MHC class I molecules are expressed by 
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receptors of B cells can recognize a wide variety of macromole-
cules, such as proteins, polysaccharides, lipids, and nucleic acids. 
This broad specificity of B cells gives antibodies a wide net to 
recognize microbes and toxins in their native form. However, very 
large proteins are not able to bind B-cell receptors, and a full B-cell 
response requires help from CD4+ T cells. B cells can ingest protein 
antigens, which are processed and displayed as peptides with MHC 
molecules for recognition by helper T cells.

LYMPHOCYTE ACTIVATION
Presentation of Antigen
An essential requirement of immunity is that the system cannot 
be continuously triggered by self-antigens. As described previ-
ously, an early process of selection of T cells during maturation in 
the thymus deletes many offending clones, and selects those for 
future antigen response by utilizing MHC restriction. The TCR2 
T cells bearing αβ receptors only respond when the 
antigen-presenting cells express the same MHC molecules 
as the host from which the T cells were derived (the MHC 
molecules that first primed the T cell). The types of responses 
are also controlled by the specificity of the MHC antigens on the 
APCs themselves. Those T cells bearing CD8 that are pro-
grammed to be cytotoxic require APCs to present antigen 
in the context of MHC class I molecules, while those 
helper T cells expressing CD4 require antigen to be  

acids and a constant β chain called β-2 microglobulin, which is 
the same in all class I molecules and does not insert into the cell 
membrane (Bjorkman, 1987). The class II molecules have two 
domains for each chain, and both chains insert into the cell mem-
brane. The alpha-1 and -2 domains of class I molecules 
and the alpha-1 and beta-1 domains of the class II mol-
ecules form a unique antigen peptide–binding cleft that 
cradles the antigen and is essential for antigen presenta-
tion. Analysis of peptides eluted from the binding groove of MHC 
class I molecules revealed that a maximum of 8 to 10 amino acids 
will fit, while the groove for the MHC class II molecule is larger 
and allows a peptide of 12 to 28 amino acids in length. The β-2 
microglobulin domain of the class I and the alpha-2 and beta-2 
domains of the class II molecules are fairly invariant, so the diver-
sity of the different HLA antigen molecules resides in the domains 
that define the peptide-binding groove.

T-Cell Receptor
The TCR is that cell surface structure responsible for the 
initial steps in T-cell activation upon encounter with 
antigen. The TCR comprises at least seven receptor subunits 
whose production is encoded by six separate genes that are pre-
cisely assembled (Davis and Bjorkman, 1988). The TCR is com-
posed of the clonotypic α and β chains that are responsible for 
antigen binding and are noncovalently associated with the invari-
ant CD3-γ, -δ, -ε, and TCR ζ chains. The cytoplasmic tails of the 
CD3 and TCR ζ chains contain a critical amino acid sequence 
known as the immunoreceptor tyrosine–based activation motif 
(ITAM) that includes two tyrosine residues. The CD3 chains 
contain one ITAM, while the TCR ζ chain contains three ITAM 
sequences (Fig. 17–5). CD3 is commonly called the pan–T-
cell marker, present on all T cells. There are generally 
two types of TCRs named TCR1 and TCR2. The TCR1 
consists of a γδ heterodimer, appears first in ontogeny, 
and represents about 5% of circulating T cells in an 
adult. The TCR2, representing 95% of peripheral blood 
T cells, has an αβ heterodimer. Each of the two polypep-
tides comprising each receptor has a constant and a 
variable region (similar to immunoglobulin). Antigen 
recognition takes place at the variable αβ heterodimer, 
resembling an antibody Fab antigen–binding fragment. 
The relatively invariant transmembrane CD3 complex transmits 
the signal to the cell interior. Reminiscent of the diversity of anti-
body molecules produced by rearrangements of variability, diver-
sity, and joining genes, the TCRs can likewise identify a large 
number of antigenic specificities, estimated to be 1010 to 1012 epi-
topes (Davis et al, 1998). The affinity of TCR binding to APCs is 
rather weak, which is why additional adhesion molecules are 
required to strengthen the interaction.

B-Cell Receptor
The functional B-cell receptors are the IgD and IgM immunoglobu-
lin molecules on the surface of B cells. These antibodies are 
anchored to the B-cell plasma membrane by the C-terminal ends 
of their heavy chains. The surface antibodies provide antigen 
specificity through the variable regions of both heavy and light 
chains, which face outward from the cell surface. The variable 
regions usually have three hypervariable or complementarity-
determining regions (CDRs) that make direct contact with anti-
gens. The CDRs form a loop structure that is complementary  
to the three-dimensional structure of the antigen. The antigen 

Figure 17–5. Schematic diagram of the T-cell receptor (TCR). The 
receptor is a complex of two main glycoprotein alpha and beta 
chains (defining an αβ TCR) noncovalently linked to the CD3 
proteins (γ, δ, ε) and the ζ chain. As in other Ig superfamily 
products disulfide bonds form domains and the carboxyl terminus 
of each chain is inserted into the plasma membrane. The amino 
terminus extracellular domains are variable in amino acid 
sequence, and form the site of recognition of MHC-peptide 
complexes. The CD3 and ζ chains have intracytoplasmic ends (!) 
with signaling functions termed immunoreceptor tyrosine based 
activation motifs (ITAMs). The phosphorylation of the tyrosines in 
ITAMs represent the initial intracellular signaling events induced 
by TCR interaction with antigen. (Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography ©  
2009-2011. All Rights Reserved.) 
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almost all nucleated cells, but MHC class II molecules are primarily expressed by antigen 

presenting cells (including DCs, B cells, monocytes and macrophages).  

 

Both MHC class I and class II molecules are cell surface glycoprotein dimers (Figure 1-4). 

Class I molecules have an alpha chain with three domains and an invariant beta chain with a 

solitary domain. Class II molecules have two alpha and two beta domains. At the tip of the 

extra-cellular part of the molecule, there is a cleft in which small peptides can bind. When a 

peptide binds to the cleft, signal 1 to the receptor of a naïve T cell is provided and T cell 

activation is started. The invariant domains of MHC molecules provide binding sites for the 

CD4 and CD8 molecules. MHC class I molecules present antigens to the co-receptors on 

CD8+ T cells; and MHC class II molecules present MHC-peptide complexes to the co-

receptors on CD4+ T cells and stabilise the bonds (Figure 1-4)  

 

 

Figure 1-4:  MHC complex130 
MHC class I and class II molecules  

 

1.4.2.3 Antigen presenting cell and antigen presentation  

An antigen presenting cell (APC) is an immune cell that is capable of processing antigens and 

presenting antigens to T cells. It is specialised in taking up antigens (e.g. by phagocytosis), 
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MOLECULES OF THE ADAPTIVE 
IMMUNE SYSTEM
Major Histocompatibility Complex
The MHC describes a region of genes, located on chromo-
some 6 in man, that encodes proteins responsible for the 
rejection of tissue between different species or members 
of the same species. More importantly, these cell surface pro-
teins serve as identity markers on cells interacting with T lympho-
cytes carrying out specific immune functions. The cell surface 
MHC markers are called human leukocyte antigens (HLA), because 
they were first identified on white blood cells. There are two major 
types of HLA antigens termed class I and class II. Interestingly, a 
heterogeneous group of protein products that track with the MHC 
termed class III have immune-related functions and include some 
complement proteins and tumor necrosis factors. Virtually all 
nucleated cells express HLA class I antigens, while class II 
antigens are primarily found on B cells, monocytes, mac-
rophages, and antigen-presenting cells. Many other cells 
can express class II antigen once activated, such as renal tubular 
epithelium during kidney allograft rejection. Interferon is a cyto-
kine that can upregulate different cells to express class II antigens 
during activation. Each individual inherits two class I and 
one class II antigen(s) from each parent, so six HLA anti-
gens constitute an individual’s tissue type (three from 
each parent). The HLA molecules are polymorphic, based on 
multiple alleles (alternative genes at each locus) with over 150 
now serologically defined. Therefore it is very unusual if two unre-
lated individuals have the same tissue type of six HLA antigens.

Both class I and II molecules are dimers with an α and a β chain 
(Fig. 17–4). The class I alpha chain has three domains of amino 

majority of cortical thymocytes are killed during the selection 
process, thus preventing the development of autoimmune T cells. 
During positive selection CD4+CD8+ TCR+ thymocytes recog-
nize self-peptide–MHC complexes on thymic epithelial cells with 
low avidity. This saves them from programmed cell death. The 
resulting T-cell populations are self-MHC restricted and 
tolerant to self-antigens, but are capable of reacting to 
foreign antigens. Cells leaving the thymus migrate to the 
peripheral lymphoid organs and seed the T-dependent regions of 
lymph nodes, spleen, and lymphoid follicles (Przylepa et al, 1998).

B lymphocytes are responsible for the production of immuno-
globulin or antibody. They are so named because they mature in 
hindgut lymphoid tissue called the bursa of Fabricius in birds. In 
mammals the bone marrow serves as their point of origin and 
maturation. Immature B cells express immunoglobulin in their 
cytoplasm, and mature B cells express immunoglobulin on their 
cell surface. Cell surface immunoglobulin, both IgD and 
IgM, serves as the antigen receptor on B cells. Each B cell 
has about 105 identical antibody molecules on its surface. 
Once activated by antigen bound to its surface antibody, 
B cells mature to become plasma cells, which secrete the 
specific antibody. That is, a single B cell produces only 
one antibody specificity that recognizes only one anti-
genic determinant (epitope). B cells also express receptors for 
the Fc portion of antibody (FcR), which serves to concentrate 
antigen-antibody complexes on their cell surface. In addition, B 
cells also express receptors for the third component of comple-
ment (C3R). Plasma cells develop from B cells and are large, ellip-
soid in shape with an eccentric nucleus, and about 15 to 20 
microns in diameter. They are factories for antibody production, 
although they do not express surface antibody, complement recep-
tors, or CD19 and CD20.

Trafficking of Naive T Cells
Rather than remain passively in the lymphoid tissues, naive or 
antigen inexperienced T cells circulate through the secondary 
lymphoid tissues using the lymphatic and blood vessels (Picker 
and Butcher, 1992). From the blood vessels, T cells enter secondary 
lymphoid tissues using specialized carbohydrate binding proteins 
termed selectins. Naive T cells express high levels of L-selectin 
(CD62L) that mediates binding to its ligand, peripheral lymph 
node vascular addressin (PNAd). PNAd is expressed by specialized 
postcapillary venules, called high endothelial venules (HEV), 
draining the lymphoid node. CD62L-PNAd engagement ceases the 
circulation of the T cells, allowing the T cells to traverse the HEV 
barrier and enter the cortical areas of the lymph node. The cortical 
areas of lymphoid tissues are rich in professional antigen-
presenting cells such as macrophages and dendritic cells (see Fig. 
17–3). As the naive T cells percolate through this area the T-cell 
receptors on each cell can survey the surface of these APCs for 
recognition of the specific peptide-MHC ligand, leading to cellular 
activation. This restricted circulation of naive T cells optimizes the 
chance of T-cell encounters with dendritic cells presenting the 
specific ligand, and is critical for efficient immune surveillance in 
light of the low number of T cells specific for any particular 
antigen-MHC complex (approximately 1 in every 105 to 106 cells). 
Unless the T cell encounters the appropriate activating complex 
presented by an antigen-presenting cell, the naive T cells exit the 
lymph node through the efferent lymphatics and are eventually 
carried into the thoracic duct. The thoracic duct drains into the 
blood vessels, and the pattern of naive T-cell circulation through 
the secondary lymphoid tissues continues.

Figure 17–4. Schematic diagram of major histocompatibility 
complex (MHC) class I and class II molecules. Both are cell surface 
glycoprotein dimers with the carboxyl terminus directed towards 
the plasma membrane. Class I molecules (left) have an alpha chain 
with three domains and an invariant beta chain with a solitary 
domain. Class II molecules (right) have two alpha- and two 
beta-chain domains. Both molecules have polymorphic Ig-like 
regions that extend off the cell surface and form a cleft in which 
small peptides can bind. A peptide residing in an MHC molecule 
cleft provides signal 1 to the receptor of a naive T cell during 
activation. The nonpolymorphic Ig-like domains of MHC molecules 
contain binding sites for the T-cell molecules CD4 and CD8. 
(Reprinted with permission, Cleveland Clinic Center for Medical 
Art & Photography ©  2009-2011. All Rights Reserved.) 
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“digesting” the antigens into smaller fragments, packaging and then presenting them on its 

cell surface in the form of MHC class I and II complexes, where it may interact with T cell 

receptors.132 

 

DCs are the most important professional APCs; other APCs include macrophages, 

monocytes, and B cells. DCs are present in the epithelial layer of exposed surfaces, such as 

skin, respiratory tract, and gastrointestinal tract; and deeper layers such as dermis and 

stromal. They are also found throughout most solid organs. 

 

DCs in the peripheral tissues are usually in an immature state, constantly surveying the 

surrounding environment for pathogens. Some of this surveillance is performed through 

pattern recognition receptors such as the toll-like receptors (TLRs). When TLRs are engaged, 

DCs are signaled to engulf the antigen/pathogen. Once the antigens are captured, DCs are 

activated into mature DCs which then start migrating to the regional lymphoid tissue. During 

DC maturation, the engulfed “foreign” materials are digested by enzymes into smaller 

peptides able to fit into the grooves on the outer domains of the class I and class II MHC 

molecules. 133 The peptides together with the MHC form peptide-MHC complexes and are 

presented on the DC surface, while surface co-stimulatory molecules CD80 (B7.1) or CD86 

(B7.2) are up-regulated.134 The antigens are then presented to naïve T cells in regional 

lymphoid tissues (Figure 1-5).132,121  

 

During antigen presentation, a mature DC with releases chemokines that attract naïve T cells 

to survey the DC’s surface. When a T cell expressing TCRs with specificity for the peptide 

presented, it is activated and stimulated to develop into an effector T cell. A CD4+ T cell will 

interact with class II MHC molecules and differentiate into a helper T-lymphocyte (Th), and 

a CD8+ T cell will interact with class I MHC molecules and differentiate into a cytotoxic T 

lymphocytes (CTLs).135 



	 29	

 

Figure 1-5: Dendritic cell and antigen presentation121 
The DC in the tissue is activated by endogenous activators or via pattern 
recognition receptor such as the TLR. It then migrates to the regional lymph 
node and presents the processed antigens121.  

 

1.4.2.4 T cell activation 

T cell activation is a complex process and detail discussion is beyond the scope of this thesis. 

The overview of the three signals required for T cell activation is presented here.  

 

Signal 1: 
When a TCR recognises a peptide bound to the MHC complex of an APC, signal 1 is initiated. 
During this process, only a T cell with a TCR specific to that peptide is activated. However, the 
engagement of a TCR and a peptide-MHC complex is of low affinity. This interaction is stabilised 
by a CD4 during antigen presentation by MHC class II molecules and by a CD8 for presentation 
by MHC class I molecules ( 
 

Figure 1-6). 
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 If the killer-activating receptors are engaged,
a “kill” instruction is issued to the natural killer cell,
but this signal is normally overridden by an inhibi-
tory signal sent by the killer-inhibitory receptor on
recognition of MHC class I molecules (Fig. 2).

Although all nucleated cells normally express MHC
class I molecules on their surface, they can some-
times lose this ability. This loss may occur as a result
of either microbial interference with the expression

mechanism — for example, after herpesvirus infec-
tion — or malignant transformation. Therefore, cells
that lack MHC class I surface molecules are in some
way abnormal. This lack of MHC class I molecules
means that there is no inhibitory signal from the killer-
inhibitory receptor, and the natural killer cell kills
the abnormal target cell by inserting the pore-form-
ing molecule perforin into the membrane of the target
cell and then injecting it with cytotoxic granzymes.

 

Figure 1.

 

 Function of Interdigitating Dendritic Cells.
Pathogen-associated molecular patterns (PAMPs) allow the pattern-recognition receptors on the dendritic cells and macrophages
of the innate immune response to differentiate between potentially harmful foreign microorganisms and self constituents. These
cells are also stimulated by endogenous activators such as interferon-

 

a

 

, heat-shock proteins, and tumor necrosis factor 

 

a

 

 that are
released as a result of infection. The activated antigen-presenting cells then present a cell-surface complex of a major-histocom-
patibility-complex (MHC) molecule and peptide, derived by intracellular processing of the foreign antigen, to the T-cell receptors
on the highly specific CD28-bearing naive T cells, which become activated in the acquired immune response. Activation also causes
dendritic cells to enhance their expression of B7 costimulatory molecules.
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Signal 2: 

The second signal, the co-stimulatory signal, is delivered when: (1) CD80 or CD86 on APC 

binds to the T cell ligands CD28; or (2) CD40 on APC binds to the T cell ligands CD40L 

(Figure 1-6).136 This signal activates naïve T cells and the production of IL-2. Without it the 

T cell becomes anergic, where it becomes unresponsive to antigens and more difficult to be 

activated in the future.  

 

However, the co-stimulatory signals are more complex than that. This is because the protein 

CD80/CD86 on the APC is the ligand for both the stimulatory (CD28) and inhibitory 

(cytotoxic T-lymphocyte-associated antigen 4, CTLA-4) receptors. An inhibitory signal will 

result in a reduction of T cell proliferation and survival. 137-139. The CD80/86(B7)-CD28 co-

stimulatory pathway/interaction is therefore essential for the development and homeostasis of 

the regulatory T cells that control self-tolerance and T-cell activation (see chapter 1.4.2.5.2 

on peripheral tolerance).140,141 

 
 

Figure 1-6: T cell and APC interaction and T cell activation 130 
Signal 1 of T cell activation provided by MHC-peptide complex and TCR 
interaction. This bond is stabilised by a T cell CD4 or CD8 molecule. Signal 2 
may be delivered by (a) CD80/86 interaction with CD28 (for positive signal) or 
with CTLA-4 (for negative signal); or (b) CD40 with CD40 ligand (CD154).  
 

Signal 3: 

The last signal is delivered by secreted cytokines, including IL-2 or IL-15. IL-2 (for CD4+ T 

cells) and IL-15 (for CD8+ T cells) act as growth factors, when IL-2 or IL-15 receptors are 
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LFA-1 engaging ICAM. These molecules engage the T-cell surface 
glycoprotein CD28, and when combined with signal 1, leads to 
activation of calcium-calcineurin phosphatase, mitogen-activated 
protein (MAP) kinase, and protein kinase C pathways, which  
in turn initiate transcription (Dustin, 2005) (see Signal Trans-
duction). Completion of activation requires the delivery 
of growth factors (interleukin [IL]-2 and -15), using 
phosphoinositide-3-kinase (PI-3K) and the target of 
rapamycin (mTOR) pathways, referred to as signal 3, 
thus initiating the cell cycle.

Recognition of Alloantigen
The MHC was originally defined by its ability to provoke and 
sustain the rejection of organs and tissues between members of 
the same species (the allograft response). This response can be 
very rapid and intense, because individuals have a very high fre-
quency of potentially alloreactive T cells. As previously 
described, only a small fraction of T cells are specific for 
a single peptide, yet more than 10% of the T-cell popula-
tion can react with alloantigens. Why is this so? Alloan-
tigens create a unique potential for T-cell activation, 
because they serve both as immunogens as well as par-
ticipants in the activation of the immune response in 
the host. When an allograft kidney, heart, or liver is transplanted 
into a recipient, it brings an array of tissue-bound cell-surface class 
I and II MHC antigens that are foreign to the host. In addition, 

associated with MHC class II molecules on the APC for 
activation (Micelli and Parnes, 1993).

An additional layer of control is also imbedded in this system. 
Antigen must be processed into smaller pieces, linear 8 to 20 
amino acid sequences, so it can fit precisely into a groove created 
by the outermost domains of the class I and class II MHC mole-
cules (Germain, 1994). The result is that the T cell must recognize 
both MHC and peptide in a particular arrangement for antigen-
specific activation to take place (Madden, 1995). Antigen pro-
cessing necessitates the conversion of native proteins to 
peptide-MHC complexes. This involves uptake by the cell, 
proteolysis, and additional mechanisms for the repack-
aging and transport of the MHC-peptide complex to the 
cell surface. In general, peptides associated with MHC class I are 
derived from proteins synthesized within the cell on cytosolic 
ribosomes, such as viral and oncogenic products, whereas those 
peptides associated with MHC class II molecules often originate 
from extracellular fluids, such as bacterial products and toxins, 
and are taken up by receptor-mediated endocytosis.

Antigen-Presenting Cells
An antigen-presenting cell (APC) is a cell that can process 
a protein antigen, breaking it into peptides and then 
presenting it in conjunction with MHC molecules on the 
cell surface, where it may interact with appropriate 
T-cell receptors. Macrophages, monocytes, some B cells, Lang-
erhans cells of the skin, dendritic reticulum cells, and vascular 
endothelium can process and present antigen. The most effi-
cient are the dendritic cells, which have a characteristic 
starfish shape and line the epithelial layer of exposed 
surfaces. Once mature, they travel to the periphery to pick up 
antigen, then process and present it to naive T cells in the lym-
phoid tissues. These cells ingest proteins and split them into small 
peptides in endosomes. The peptides are then transported to the 
cell surface and assembled in the peptide-binding groove on the 
MHC molecules for presentation (Trombetta and Melman, 2005). 
The peptides presented by APCs must be assembled with 
self-MHC molecules, forming the basis of MHC restric-
tion in the immune response. CD4+ T cells will recognize 
antigens only in the context of self-MHC class II molecules on the 
surface of the APCs. Again, cells that can initiate an immune 
response, such as dendritic cells, macrophages and some B cells, 
are often referred to as “professional APCs.”

Three Signals
T cells become activated when the TCR engages an 
antigen for which it is specific; however, the TCR must 
“see” the antigen peptide presented in the groove of an 
MHC molecule on an APC. The interaction of one TCR and a 
peptide-MHC is of surprisingly low affinity and must be stabilized 
by an appropriate coreceptor–CD4 for MHC class II and CD8 for 
MHC class I molecules (Fig. 17–6). This initial step is called 
signal 1. Although triggering by signal 1 is necessary, it is not 
sufficient for T-cell activation alone. In fact, stimulation by signal 
1 alone leads to a state of anergy, whereby the T cell becomes 
unresponsive to antigen. Activation requires costimulation 
by proteins on the APC that engage specific receptors on 
the T-cell surface, referred to as signal 2. The major APC 
molecules providing signal 2 are B7.1 (CD80) and B7.2 (CD86), 
but a number of other accessory molecules may support or 
enhance costimulation, such as CD2 engaging LFA-3 (CD58) and 

Figure 17–6. The immune synapse: T-cell activation requires 
three signals. Activation is initiated at the cell surface between an 
antigen-presenting cell (APC) and a T cell bearing a T-cell receptor 
(TCR). Signal 1 is delivered by an APC by a major 
histocompatibility complex (MHC) molecule with bound peptide 
to a tight-fitting TCR. This interaction is stabilized by a T-cell CD4 
during presentation by MHC class II molecules, and stabilized by 
CD8 for presentation by MHC class I molecules. Activation will 
not proceed without the delivery of a second signal, which is 
required for further intracellular signal transduction. The second 
signal may be delivered by one of several glycoproteins, such as 
B7 (CD 80/86) and CD40, to their T-cell ligands CD28 and CD40 
ligand (CD 154), respectively. The necessary signal 3 is delivered 
by interleukin-2 (IL-2) and other cytokines (IL-15) to their 
respective receptors. This leads to activation of various cyclins 
and the target of rapamycin, resulting in T-cell proliferation. 
(Reprinted with permission, Cleveland Clinic Center for Medical 
Art & Photography ©  2009-2011. All Rights Reserved.) 
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activated T-cell proliferation is initiated. Most naïve T cells constitutively express β and γ 

chains of the IL-2 receptor. However, this β and γ chain receptor complex only has low 

affinity for IL-2. After the initiation of the first and second signal mentioned above, CD4+ T 

cells induce the expression of the α chain of the IL-2 receptor. Together, the α, β and γ 

chains form the IL-2 binding receptor with a high affinity for IL-2. The α chain is also known 

as CD25. After the first and second signal, CD4+ T cells are also stimulated to produce IL-2, 

the binding of the secreted IL-2 to the newly formed high affinity IL-2 receptor complex 

(autocrine) lead to the activation of clonal expansion of the CD4+ T cells (Figure 1-7).142   

 

As for naive CD8+ T cells, IL-15 has been shown to be a critical cytokine for their 

proliferation in vivo. However, during CD8+ T cell priming, IL-15 is not produced by T cells 

but is produced by non-lymphoid tissue such as DCs and stromal cells. 143 With the presence 

of IL2 or IL15, T cells activation lead to clonal expansion and differentiation of T 

lymphocytes. CD4+ T cells differentiate into T helper (Th) cells and CD8+ differentiate into 

cytotoxic lymphocytes (CTLs). One point worth mentioning is that the activation of either 

population of T cells is not an independent process. The activation of CD8+ T cells may 

largely be influenced by CD4+ T cells and vice versa.  

 

In summary, T-cell activation is a result of antigen binding to TCR with subsequent delivery 

of signals through a variety of co-stimulatory molecules on APC and T cells. The final 

outcome of the activation (stimulatory or inhibitory) depends on the nature of the TCR 

stimulation and the type of co-stimulatory signals.  
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Figure 1-7: Activation of CD4+ and CD8+ T cells and signal 3130 
After signal 1 and 2, growth factor receptors on T cells are up-regulated. 
CD4+ T cells produce IL-2, which is used in an autocrine fashion to drive 
clonal expansion of the activated CD4+ T cell. On the other hand, 
activated CD8+ T cells up regulate and increase its affinity of IL-15 
receptors. However, IL-15 is produced by DCs and stromal cells and not 
CD8+ T cells.  

1.4.2.5 Tolerance mechanisms 

Immune tolerance is “a state of indifference or non-reactivity towards a substance that would 

normally be expected to excite an immunological response”, as defined by Peter Medawar 

and Frank MacFarlane Burnet in their Nobel lecture in 1960. When lymphocytes are 

produced, through TCR gene rearrangement, a remarkably broad repertoire of TCRs with 

random specificity is produced. Some of these TCRs will have reactivity to self-antigens. If 

lymphocytes carrying self-reacting TCRs are allowed to mature in the peripheral tissues, they 

will react to host self-tissues resulting in autoimmune diseases. Examples include rheumatoid 

arthritis, systemic lupus erythematosus, and IPEX syndrome (see chapter 1.4.2.7.5.3). The 

process of immune tolerance is further divided into central or peripheral tolerance, depending 

on where the initial process of tolerance occurred. 

 

1.4.2.5.1 Central tolerance  

Central tolerance is a process where self-reactive T and B cells are removed or inactivated 

during their developments. This process occurs in the thymus for T cells and bone marrow 

for B cells. In the thymic cortex, T cells with low or moderate affinity to MHC-self-peptide 
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receptor α chain (called CD25) on the T cells. In combina-
tion, the α, β, and γ chains constitute the high-affinity 
IL-2 binding receptor. TCR engagement plus costimulation also 
stimulates the CD4+ T cells to produce IL-2, which binds to the 
high-affinity IL-2 receptor and stimulates clonal proliferation of 
the CD4+ T cells in an autocrine manner (Fig. 17–9). This series of 
events results in rapid expansion of the reactive CD4+ T-cell pool. 
In many immune responses, activation of naive CD8+ T cells does 
not induce expression of the IL-2 receptor α chain. Although 
CD8+ T-cell expansion can be promoted in vitro during 
culture with IL-2, a different growth factor, IL-15, 
appears to be critical for naive CD8+ T-cell proliferation 
during antigen priming in vivo (Kennedy et al, 2000). For 
expansion of reactive CD8+ T cells, TCR engagement of 
peptide–class I MHC complexes stimulates the upregu-
lated expression of the α chain of the IL-15 receptor. 
Rather than T cells, IL-15 is produced by a number of nonlymphoid 
cells, including fibroblasts, epithelial cells, and dendritic cells.

It is also important to note that maintenance of spe-
cific numbers of T cells occurs through homeostatic 
mechanisms that control the levels of the proliferative 
cytokine IL-7. This cytokine maintains the viability of naive, 
unstimulated T cells in the secondary lymphoid organs (the 
spleen, lymph nodes, and Peyer patches). The introduction of 
naive T cells into a lymphopenic environment results in the rapid 
proliferation of T cells (homeostatic proliferation), and their dif-
ferentiation into effector and memory T cells. Homeostatic prolif-
eration requires TCR engagement of MHC molecules and IL-7, or 
other proliferative cytokines. Because homeostatic proliferation 

are required for IFN-γ/β  signaling, whereas IFN-γ is dependent on 
Jak1 and Jak2. On the other hand, cytokines whose receptors share 
γc (IL-2, IL-4, IL-7, IL-9, and IL-15) use Jak1 and Jak3, except IL-13, 
which uses Jak1, Jak2, and Tyk2. Cytokines whose receptors share 
β c (IL-3, IL-5, and granulocyte-macrophage colony-stimulating 
factor [GM-CSF]) use 2. Ligand binding causes dimerization of 
receptor chains, leading to activation of the Jaks and phosphoryla-
tion of the receptors that provide docking sites for the STAT pro-
teins. The recruited STATs are phosphorylated by the Jaks and then 
translocate to the nucleus, where they initiate transcription. Seven 
different STAT proteins have been identified. Differences in the 
SH2 domains of the different STAT proteins determine their selec-
tivity to various cytokine receptors.

The biologic importance of different Jaks and STATs has been 
revealed by deficiencies in these proteins in both humans and 
animal models (Imada and Leonard, 2000). Mutations in Jak3 
have resulted in patients having severe combined immu-
nodeficiency (SCID), which is similar to X-linked SCID, 
which occurs because of a mutation in the common cyto-
kine receptor γ chain. Jak3 activation is necessary for 
normal development and survival of T and B cells but 
not for dendritic cells (DCs) (Yamaoka et al, 2005; Ross et al, 
2007). Most mice deficient in Jak1 die perinatally and have defects 
in lymphoid development, except that Jak1 is not necessary for 
late stages of thymocyte maturation (Roberts et al, 2004; Ross 
et al, 2007). On the other hand, Jak2-deficient mice result in 
embryonic lethality due to loss of erythropoiesis, but Jak2 is not 
required for survival and function of lymphoid progenitors. Mice 
deficient in Tyk2 demonstrated only a reduced response to IFN-α/β  
and IL12. STAT1-deficient mice demonstrate a significant defect in 
IFN-dependent antiviral and antimicrobial immune responses. 
Although STAT2 KO mice develop normally, they are susceptible 
to viral infections. STAT4-deficient mice confirm that STAT4 is 
only activated by IL-12, because T cells from these mice were 
unresponsive to IL-12 and were defective in Th1 development. As 
expected, the STAT4-deficient mice showed an increase in IL-1/
IL-10–producing Th2 cells. It has also been noted that STAT6-
deficient mice are impaired in the development of a Th2 immune 
response as predicted, because IL-4 and IL-13 activate STAT6. 
Although there are no apparent immune deficits in either 
STAT5a− /−  or STAT5b− /−  mice, double KO mice exhibited severe 
impairment in T-cell function (Moriggl et al, 1999).

T-CELL MATURATION TO  
EFFECTOR FUNCTION
Clonal Expansion of Specific T Cells
Because the frequency of naive T cells for a particular peptide–self-
MHC complex is very low (e.g., 1 in 105 to 106 T cells), the pool of 
reactive T cells needs to be expanded during priming in order to 
mount an effective immune response. Most naive or quiescent 
T cells constitutively express the common cytokine recep-
tor γ chain that is a component of the receptor for many 
cytokines, including IL-2, IL-4, IL-7, IL-9, and IL-15 
(Leonard, 1996). The common γ chain is the target defect in 
X-linked severe combined immunodeficiency. In addition to the 
common γ chain, most naive T cells constitutively express the IL-2 
receptor β  chain. The combination of the β  and γ chains form a 
receptor complex with low affinity for IL-2. TCR engagement of 
a specific ligand, with delivery of costimulation during 
CD4+ T-cell priming, induces the expression of the IL-2 

Figure 17–9. Activation of naive CD4+ and/or CD8+ T cells by 
dendritic cells results in proliferation of the reactive T-cell clones. 
Following emigration from the peripheral tissues to lymphoid 
tissues, dendritic cells presenting foreign peptides in the context 
of class I and/or class II major histocompatibility complex (MHC) 
molecules activate CD8+ and CD4+ T cells bearing receptors with 
specificity for the peptide-MHC complex. This activation includes 
the upregulation of growth factor receptor components that 
increase the affinity of the growth factor receptor. In addition to 
the expression of CD25 and high-affinity interleukin-2 (IL) 
receptors, activated CD4+ T cells produce IL-2, which is used in an 
autocrine manner to drive clonal proliferation of the activated 
CD4+ T cell. During activation, CD8+ T cells are stimulated to 
express the α chain of the IL-15 receptor that forms the high-
affinity receptor for this growth factor. In contrast to IL-2–
mediated expansion of CD4+ T cells, IL-15 is not produced by the 
CD8+ T cell but is produced by the dendritic cell and stromal cells 
in the lymphoid tissue. (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography ©  2009-2011. All 
Rights Reserved.) 
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complexes are signaled to survive and are positively selected and migrate to the peripheral 

lymphoid tissues to form the peripheral T cell repertoire. However, T cells with high affinity 

for MHC-self-peptide complexes will be selected negatively, and will receive signals to 

undergo apoptosis, a process known as clonal deletion. Negative selection occurs mainly in 

the thymic medulla. Medullary thymic epithelial cells (mTECs) express a set of peripheral 

tissue-specific antigens (TSAs), which are responsible for the deletion of these T cells with 

receptors specific to the TSA.144,145 DCs are also involved in the negative selection of T cells 

in thymic medulla. 145(see Figure 1-8). An important player in this process is a nuclear 

regulator protein expressed by mTECs called autoimmune regulator (AIRE).144 Mutation of 

the AIRE gene causes autoimmune polyendocrinopathy-candidiasis ectodermal dystrophy 

(APECED), a polyglandular autoimmune disease.146 Through positive and negative selection, 

T cells with high likelihood of reacting to self-antigens are removed from the T cell 

repertoire. Clonal deletion can also occurs in the periphery in lymph nodes through stromal 

cells that express AIRE, similar to the process in the thymus.  

 

In the bone marrow, B cell precursors with surface immunoglobulin receptors with high 

affinity to MHC-self-peptide complex are removed during maturation in a similar way to T 

cells in the thymus.147  

 

Figure 1-8: Central tolerance, positive and negative selection in thymus145 
 

and an inner region known as the medulla,
which contains SP thymocytes (Fig. 2). Positive
selection of thymocytes occurs in the cortex.
However, whether or not clonal deletion occurs
in the cortex has been controversial. For exam-
ple, superantigen studies have suggested that
deletion occurs at the SP stage (Kappler et al.
1987) (in the thymic medulla), whereas exam-
ination of TCR transgenics and endogenous
self-antigens had suggested that deletion occurs
at the transition from DN to DP (Kisielow et al.
1988; Sha et al. 1988) (in the thymic cortex).
This apparent discrepancy can be partially rec-

tified by the observation that superantigens are
primarily expressed in the medulla, which is the
site where SP thymocytes reside. Likewise, tis-
sue-specific antigens are often expressed exclu-
sively in the medulla (see below for further dis-
cussion). In contrast, in TCR transgenic models
where the TCR is specific for ubiquitous self-
antigens, deletion occurs at the DN-to-DP tran-
sition. However, in transgenic models, thymo-
cytes express both TCRb and TCRa chains early
at the DN stage and undergo negative selection
prematurely (Baldwin et al. 2005; Egawa et al.
2008). What is clear is that the nature of TCR
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Figure 2. Cell types in central tolerance. (Top) T cells are positively selected in the thymic cortex. Negative
selection via clonal deletion can also occur in the cortex, but occurs frequently in the medulla. The thymic
medulla is also the site for Treg differentiation. (Bottom) Cortical thymic epithelial cells (cTECs) express several
unique genes that relate to proteolysis (cathepsin L, Ctsl; thymus-specific serine protease, TSSP; and b-5t
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arrow). RANKL, CD40L, and lymphotoxin (LT) expressed by SP thymocytes interact with their receptors on
mTEC to promote the development of mTEC.
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1.4.2.5.2 Peripheral tolerance  

Not all self-reactive T or B cells are eliminated during the central tolerance negative selection 

process. This is because not all self-antigens are presented with MHC molecules by APC in 

the thymus. Therefore, other mechanisms are needed in the peripheral tissues to mediate 

tolerance of self-reactive lymphocytes.  

 

1.4.2.5.2.1 Clonal exhaustion 

T cell clonal exhaustion was first described in 1993, it was found that some strains of 

lymphocytic choriomeningitis virus (LCMV) tend to persist after acute infection of adult 

mice. It was believed that the virus does so by inducing most if not all of the specific antiviral 

CD8+ cytotoxic T cells to the point that they all disappear within a few days, and hence 

completely exhaust the specific T cell immune response (rapid proliferation of the reactive T 

cells is quickly followed by apoptosis). This allows the virus to persist in an immune-

competent host.148 It is likely that clonal exhaustion serves as a backup mechanism to remove 

self-reactive T cells that escape central tolerance negative selection. Clonal exhaustion can 

affect both CD8+ and CD4+ T cells. 149-152 It most commonly occurs during chronic 

infection, such as lymphocytic choriomeningitis, hepatitis B, C, and HIV infection148,149,152-

154, and in patients with malignancies as well.155 

 

It was found that, in all cases of clonal exhaustion, T cells do initially respond to the 

pathogens, but progressive loss of functions starts to occur. Firstly, IL-2 production ceases, 

followed by the production of TNF. In severe exhaustion, the ability to produce IFN gamma 

may also be lost.  

 

Despite the loss of functions, exhausted T cells still express high levels of CD43, CD69 (see 

chapter 3.6.2) and inhibitory receptors such as the program death 1 (PD-1) but low levels of 

CD62L and CD127, which are the hallmarks associated with effector T cells149 156-159. 
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1.4.2.5.2.2 Program Death 1(PD-1) 

Programmed cell death protein 1 (PD-1) is a cell surface receptor expressed on T cells. It is a 

member of the CD28/B7 family of co-stimulatory receptors. PD-1 binds to two ligands, PD-

L1 and PD-L2. It down regulates the immune system by inhibiting the activation and 

proliferation of T cells, and the production of IFNγ and IL-2. It induces apoptosis in antigen 

specific T cells and simultaneously reducing apoptosis in Treg.160  

 

PD-1 expression is a characteristic of exhausted T cells that have experienced high levels of 

stimulation161, which occurs during chronic infection and in cancer. These exhausted T cells 

are dysfunctional and ineffective in controlling infections and cancer.  In recent years, PD-1 

and PD-L inhibitors have shown clinical responses and OS improvements in many cancers 

(see chapter 1.6.2.3.2) 

 

1.4.2.5.2.3 Clonal Anergy  

When T cells are induced by TCR engagement of MHC-antigen complex without co-

stimulatory signals, the result is clonal anergy. T cells rendered anergic are unable to produce 

IL-2 in response to future encounters with the same MHC-antigen ligand and fail to clonally 

expand and differentiate into effector cells. 162 However, it has also been shown that the 

induction of T cell anergy that results in peripheral tolerance requires the engagement of 

CTLA-4.163  

 

1.4.2.5.2.4 Cytotoxic T-Lymphocyte-associated antigen 4 (CTLA4)  

CTLA-4 is a protein belonging to the immunoglobulin superfamily. It plays a crucial role in 

regulating T cells activation. Its structure is similar to the T cell co-stimulatory protein CD28. 

When engaged, CTLA-4 sets off an inhibitory signal that decreases cytokine production and 

T cell proliferation.164 This inhibitory effect maintains immune homeostasis, and prevents 

excessive inflammation and autoimmunity.165 CTLA-4 deficient mice develop severe 

lymphoproliferative disease with multi-organ immune infiltration and destruction, and they 
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usually do not survive more than 4 weeks. 166,167,168 By contrast, CTLA-4 blockage in normal 

mice results in chronic organ-specific autoimmune disease.169 

 

1.4.2.5.2.5 Regulatory T cells  

Regulatory T cells (Tregs) are a subset of CD4+ cells that express CD25 and FoxP3. CD4+ T 

cells develop into Treg during T cell priming when IL-2 and TGF-β are present without IL-6. 

(see Figure 1-11). Treg numbers and proportions regulate immune suppression and are 

involved in the maintenance of tolerance to normal tissues.170 Therefore, they are crucial in 

maintaining peripheral tolerance 171 (see chapter 1.4.2.7.5: for more details regarding 

naturally-occurring and inducible Tregs and their functions.)  

	

1.4.2.6 CD8+ T lymphocytes  

CD8+ T lymphocytes are also known as cytotoxic lymphocytes (CTL). Activation of CTLs 

results not only in their proliferation but also in their differentiation. Circulating CD8+ T 

cells can be subdivided into four major groups: (1) naïve, (2) terminal effector (or effector), 

(3) effector memory, and (4) central memory (or memory) cells. They are in different stages 

of T-cell activation and have different functions and phenotypic characteristics (Table 1-5).  

 

1.4.2.6.1 Naïve T cells  

Naïve T cells are mature T cells that circulate between the peripheral blood and lymphatic 

tissues. They can respond to a new antigen of a pathogen presented by APCs. Naïve T cells 

are CD45RA+CD28+CD27+CCR7+, but are CD25- and CD69- and lack IFN-γ, granzymes 

(Gr), and perforin.  

 

1.4.2.6.2 Memory T cells 

Memory T cells are also known as antigen-experienced T cells. They have the ability to 

recognise pathogens that they have previously encountered. Memory T cells are produced 
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following exposure to antigens, for example through infections, vaccinations, or recognition 

of antigens in the context of inflammatory signals such as in cancer.  When memory T cells 

re-encounter the same antigen, they have the ability to mount a more rapid, vigorous, specific 

and effective immune response against the pathogen. 172 In comparison to TN, memory T cells 

are present in greater numbers and have an increased ability in surveying peripheral sites for 

the presence of pathogen. 173 There are two main subsets of memory T cells; the central and 

effector memory cells.  

 

1.4.2.6.3 Central memory T cells  

Central memory T cells have a high proliferative capacity. Central memory T cells have a 

greater expansion potential and renewal capacity than effector memory T cells. They may fail 

to kill target cells but can proliferate and produce cytokines in response to antigen 

stimulation.172 They are CD45RO+CD28+CD27+CCR7+; IFN-γ+, Gr+, but do not express 

perforin. (Table 1-5) 

 

1.4.2.6.4 Effector memory  

Effector memory T cells are closer in differentiation towards CTL effector functions than 

central memory T cells. They strongly express genes that are important for CTL effector 

function. They express CXCR3, which allows them to gain access to inflamed peripheral 

tissues. 172 They are CD27- CD28- CD45RA-.  

 

1.4.2.6.5 Terminal Effector CD8+ T cells  

As naïve CD8+ T cells differentiate into terminal effector CD8+ T cells, they down-regulate 

the expression of CD28 and CD27 and therefore lose the ability to proliferate. However, 

during the differentiation, TTE cells significantly up-regulates the production of chemicals 

such as perforin/granzymes/IFNγ/TNFα and gain the ability to kill target cells.174 They are 

CD45RA+CD27-CCR7-; Gr++, perforin++.  



	 38	

 

1.4.2.6.6 CD8+ T cell differentiation 

A few models of human CD8+ T cell differentiation have been proposed in the past. One of 

them is described here. Upon activation, a rapid proliferation of CD8+ T cell is induced. At 

the same time, CD45 isotype switching of naïve T cells also occurs, in which naïve T cells 

lose CD45RA and gain CD45RO expressions. The CD45RO+ T cells form the “memory” 

pool and this population is maintained by homeostatic proliferation or self-re-newer. From 

this “memory” population, some of the lymphocytes differentiate into effector cells. During 

the differentiation, these lymphocytes down-regulate CD28 expression (and later CD27 

expression) and lose their ability to proliferate but increase their cytotoxic activity. 174 (Figure 

1-9) 

 
CD8+T cell subsets 

 Naïve Memory Effector 
Surface markers 
CD45RA + - + 
CD45RO - + - 
CD27 + + - 
CD28 + + - 
CCR7 - + - 
CD95 - + + 

Cytokines 
IL-2 + ++ - 
IL-4 - + - 
IFN-γ - ++ ++ 
TNF-α - ++ ++ 

Mediators of cytotoxicity 
CD95 Ligand - -/+ ++ 
Perforin - -/+ ++ 
Granzyme B - -/+ ++ 

Function 
Cytotoxicity  - -/+ ++ 
Antigen induced 
proliferation 

+ +++ - 

Table 1-5: Characteristics of CD8+ T cell subsets 
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Figure 1-9: CD8+ T cell differentiation174 
After CD8+ T cells are activated, they either differentiate into 
effector memory cells and eliminate pathogens or become memory 
T cells awaiting future antigen challenge. This model shows 
effector cells proliferate from a pool of memory cells. When CT8+ 
T cells are activated, at the same time, CD45 isotype switching 
occurs. During this process, unprimed CD8+ T cells 
(CD45RA+CD27CD28+) lose CD45RA and gain CD45RO 
expressions. The now CD45RA-CD27+CD28+ cells form the 
“memory pool”. The population memory cells are maintained by 
homeostatic proliferation. Effector cells will differentiate from this 
memory pool. CD27 and CD28 are down-regulated when memory 
cells become effector cells, the effector cells gain cytotoxic ability 
but lose the ability to proliferate 

 

1.4.2.6.7 T cell markers 

CD45RA is one of the two CD45 isoforms and can be used as a marker of naïve CD8+ T 

cells. However, CD45RA cannot be used alone to identify naïve CD8+ T cells, as terminal 

effector CD8+ T cells can also transiently express CD45RA. 175 CD8+ CD45RA+ T cells 

express a high level of perforin but have a limited ability to produce cytokines. 

CD8+CD45RA- T cells express a medium level of perforin and are thought to be 

intermediate between memory and effector T cells (i.e. effector memory T cells).  

 

CCR7 (C-C chemokine receptor type 7) is a member of the G protein-coupled receptor 

family, and is encoded by the human CCR7 gene. It is a chemokine receptor and is also 

known as CD197. CCR7 is expressed on B cells, T cells and DCs, and it is a homing receptor 

this process, the cells gradually lose their cycling potential. Because

the loss of CD45RA isoform expression appears to be a consequence

of TCR-induced proliferation8, fully differentiated effectors, which no

longer proliferate when stimulated via their antigen receptor3,9, are

likely to re-acquire CD45RA expression. Recently, a new technique

has been introduced that allows the direct visualization of virus-spe-

cific CTLs using soluble tetrameric MHC class I–peptide complexes10.

One general observation using this method has been that the massive

expansion of CD81 T cells during acute viral infections is indeed

caused by antigen-specific T cells and cannot simply be explained by

bystander activation11–14. One advantage of the technique is that it

makes it possible to study the phenotype of antigen-specific cells di-

rectly. The results obtained hitherto fit well with our data. Callan et al.

have shown that during primary EBV infection in humans most anti-

gen-specific T cells are CD45RA2 (Ref. 14). At the same time, CD28

expression of these cells was highly variable, suggesting that part of

the reactive cells lost CD28 during their differentiation towards com-

petent CTL effectors. After acute infection, the frequency of virus-

specific T cells was still high and approximately one third of these

cells expressed CD45RA; a similar percentage was found to be

CD282, indicating that effector CTLs indeed reverted to CD45RA ex-

pression. A more detailed phenotypic analysis of human antigen-

specific CD81 T cells throughout the course of viral infection is needed

to evaluate the above-described model of CD81 T-cell differentiation.

Terminal differentiation
Recently, considerable attention has been paid to the low clonogenic

capacity of effector-type CD81CD282 T cells, which increase in num-

bers during HIV infection. These cells have a low capacity to prolif-

erate in response to most stimuli in vitro15–17 and it has been sug-

gested that the observed lower TRF length of this population,

compared with CD81CD281 cells, might cause this apparent state of

senescence16–18. However, this hypothesis is not supported by recent

data. We have shown previously that CD81CD45RA1CD272 effector

cells share a number of phenotypic and functional characteristics

with the CD81CD282 population, including high expression of
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Fig. 1. Model of human CD81 T-cell differentiation. After viral infection,

CD81 cells become activated and either differentiate into effector cells,

which eliminate virus-infected cells, or convert to memory-type cells, await-

ing re-challenge with antigen. We here propose a model in which effector

cells differentiate from a proliferating ‘memory’ pool. Antigen-specific T-cell

receptor triggering in combination with costimulatory signals will induce

proliferation and, simultaneously, CD45 isotype switching (loss of

CD45RA and gain of CD45RO expression) of unprimed

CD45RA1CD271CD281 cells. The resulting CD45RA2CD271CD281

cells will constitute the ‘memory’ pool, which is maintained by prolifer-

ation. Effector cells will differentiate from this ‘memory’ population. Dur-

ing the process of downregulation of CD28, and then CD27 expression,  the

cells will lose their proliferative potential but increase their cytotoxic activ-

ity. Because the expression of CD45 isoforms seems to be linked with the ac-

tivation state of a cell, CD45RA2CD272CD282 cells, which do not prolif-

erate upon triggering with antigen, will re-express the CD45RA antigen. A

similar reconversion might take place for cells from the proliferating

CD45RA2CD271CD281 ‘memory’ pool once the antigen disappeared.

After re-expression of CD45RA, these cells would be phenotypically and

possibly also functionally indistinguishable from ‘true’ unprimed cells.

Table 1. Properties of CD81 T-cell subsetsa

Naive Memory Effector

Surface markers

CD45RA 1 2 1

CD27 1 1 2

CD28 1 1 2

CD11a 2/1 1 11

CD11b 2 2 11

CD49d 2 1 11

CD57 2 2 11

CD95 2 11 1

Cytokines

IL-2 1 11 2

IL-4 2 1 2

IFN-g 2 11 11

TNF-a 2 11 11

Mediators of cytotoxicity

CD95 ligand 2 2/1 11

Perforin 2 2/1 11

Granzyme B 2 2/1 11

Functions 
Cytoxicity 2 2/1 11

Ag-induced proliferation 1 111 2

Abbreviations: IFN-g, interferon g; IL-2, interleukin 2; TNF-a, tumour necrosis
factor a.
aAdapted from Ref. 2.
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to lymphoid tissue (i.e. guiding lymphocytes and DCs into secondary lymphoid organs and 

their homing to T and B cells zones).176 CCR7 signaling has also been reported to be 

involved in lymph node metastasis of cancer.177 It is a useful marker for discriminating naïve 

and memory CD8+ T cells from effector memory and effector CD8+ T cells. It is expressed 

on naïve CD8+ T cells and the central memory T cells (Table 1-5). 175,178 

 

1.4.2.6.8 Killing of Target cells 

CTLs kill target cells in three ways: 

 

(a) Release of perforin and granzymes by CTLs.  

Granzymes and perforin are preformed cytotoxins stored in specialised lysosomes found in 

CTLs.  The release of granzymes and perforin are tightly controlled and focused at the site of 

contact with the target pathogen. These mechanisms prevent themselves and surrounding 

normal cells from being harmed accidentally. Granzymes and perforin are stored in an active 

form, but the general condition in these specialised lysosomes prevents them from 

functioning until they are released. Upon release, perforin inserts itself into the target cell’s 

membrane and polymerises to form a transmembrane pore in the target cell membrane. 

Granzymes are serine proteases and once in the cytoplasm of a target cell they induce 

apoptosis by cleaving and activating caspases, leading to DNA degradation and initiation of 

apoptosis.179 

 

(b) Indirect killing of target cells mediated by cytokines (IFNγ /TNFα) 

CTLs release IFNγ. INFγ bind to IFN receptors in target cells and activate the transcriptional 

signaling pathway of MHC class 1 antigen presentation and up-regulate Fas receptors. These 

results in enhance presentation of MHC-peptide class 1 complex and Fas-mediated target cell 

apoptosis. At the same time, CTLs also release TNFα that engages receptors on target cells 

and triggers apoptosis by activating the caspase cascade. 180 
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(c) Fas ligand-receptor initiated apoptosis.  

CTLs kill target cells when Fas ligand on the surface of CTLs binds to the Fas receptor 

(CD95) on the target cells. This initiates the classical caspase cascade that leads to apoptosis 

of target cells. 180 

 

1.4.2.7 CD4+ T cells 

Priming and activation of CD4+ T cells lead to the development of at least five helper T cell 

subpopulations. Here, we will focus on Th0 , Th1, Th2, Th17 and Treg cells.  

 

1.4.2.7.1 Th0 cells  

These are mature CD4+ T cells, which upon activation can secrete IL-2, IL3, IL4, IL5, IFNγ 

and GM-CSF (see Table 1-6). They have the potential to develop into Th1 cells or Th2 cells 

depending on the cytokines present. With the presence of IL12, differentiation is biased 

towards Th1; and with the presence of IL-4, differentiation is biased towards Th2. (See 

Figure 1-10) 
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Cytokine Primary Cell Source Primary Target Cell Biological Activity 
GM-CSF T cells, macrophage, 

endothelial, mast cells 
fibroblasts 

Bone marrow progenitor, 
NKT cells, DCs, 
macrophages,  

Promotes antigen presentation, T cell 
homeostasis, hematopoietic cell 
growth factor 

IL-1 Monocytes, macrophages, 
fibroblasts, epithelial cells, 
endothelial cells 

B cells, endothelial cells, 
hypothalamus, liver 

Co-stimulation, cell activation, 
inflammation, fever, acute phase 
reactant 

IL-2 T cells, NK cells T cells, NK cells, B cells, 
monocytes 

Cell growth/ activation 

IL-3 T cells Bone marrow progenitor 
cells 

Cell growth and differentiation 

IL-4 T cells T cells, B cells Th2 differentiation/growth/activation, 
IgE isotype switching 

IL-5 T cells B cells, eosinophils Cell growth/ activation 
IL-6 T cells, macrophages, 

fibroblasts 
T cells, B cells, Liver Co-stimulation, Cell growth/ 

activation, Acute phase reactant 
IL-7 Fibroblasts, bone marrow 

stromal cells 
Immature lymphoid 
progenitors 

T cell survival, proliferation, 
homeostasis, B cell development 

IL-8 Macrophages, epithelial 
cells,  

Neutrophils Activation, chemotaxis 

IL-10 Th2 T cells Macrophages, T cells Inhibits APC & cytokine production 
IL-12 Macrophages, NK  T cells Th1 differentiation 
IL-15 Monocytes T cells, NK cells Cell growth/ activation, NK cell 

development, blocks apoptosis 
IL-17 CD4+ T cells Neutrophils Promote inflammatory responses may 

trigger autoimmunity 
IL-18 Macrophages T cells, NK cells, B cells Cell growth/ activation, Inflammation 
IL-21 CD4+ T cells, NKT cells NK cells, T cells, B cells Cell growth/ activation, control of 

allergic, responses and viral 
infections 

IL-23 APC T cells, NK cells, DCs Chronic inflammation, Promotes 
Th17  

IFNα DC, NK, T, B cells, 
macrophages, fibroblasts, 
endothelial cells 

Macrophages, NK cells Anti-viral, enhances MHC expression 

IFNγ T, NK, and NKT cells Monocytes, macrophages, 
endothelial cells 

Cell growth/ activation, enhances 
MHC expression 

TGFβ T cells, macrophages T cells Inhibits cell growth/activation 
TNFα Macrophages, T cells T, B, Endothelial cells,  Co-stimulation, cell activation, 

inflammation, fever, Acute phase 
reactant 

TNFβ T cells  Vascular endothelial cells Enhances T cells recruitment  
TRAIL NK cells Tumour cells Induces tumour cell apoptosis 

Table 1-6: List of cytokines, their primary cell sources, primary target cell, and biological activity. 130,181  
TRAIL: Tumor necrosis factor-related apoptosis-inducing ligand182 
*This list summarised the sources and functions of the cytokines mentioned in this thesis, it serves as a quick 
reference for this thesis. 

1.4.2.7.2 Th1 cells  

Th1 cells secrete IL-2, IFNγ and TNFβ (also known as lymphotoxin). They promote cell-

mediated immune responses that are important against viruses and intracellular organisms 

(e.g. tuberculosis).  Successful control of tuberculosis infection is dependent upon an 
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adequate Th1 response. IFNγ from Th1 cells activate macrophages to reduce bacterial load 

and to release TNFβ, which stimulates macrophages to form giant cells and leads to 

granuloma production. It has also been shown to be important in the fight against tumour 

cells183. Type 1 cytokines also act upon B cells, biasing antibody responses towards those 

with greater ability to fix complement and facilitate cell-mediated immune responses such as 

opsonisation that is critical for the protection against intracellular pathogens.184  

 

1.4.2.7.3 Th2 cells  

Th2 helper cells secrete Th2 cytokines (IL-4, IL-5, IL-6, IL-10, and IL-13). Th2 cells 

promote allergic and immune responses to extracellular parasites, e.g. helminths. Th2 cells 

produce IL-5 that stimulates the growth of eosinophils, and this results in histamine release.  

Th2 helper cells also produce IL-4 that stimulates B-cells proliferation. This up-regulates 

antibody production (i.e. promotes humoral immune response). IL-4 and IL13 also trigger the 

Ig class switching to IgE. 184IL-6 activates lymphocytes and macrophages and promotes the 

production of acute phase proteins.  

 

DCs appear to play the main role in driving the differentiation of Th0 towards Th1 or Th2 

phenotype. The cytokine environment in which these cells develop may influence their final 

phenotype. For example, IL-12 produced by APCs will stimulate the secretion of IFNγ from 

natural killer cells, and both these cytokines will drive differentiation of Th0 cells to Th1. On 

the other hand, when Th0 are activated in the presence of IL-4, they develop into Th2 cells. 

 

Furthermore, cytokines secreted from Th1 or Th2 cells can inhibit the production and/or 

activity of cytokines produced by the other subset.183,185 IFNγ will inhibit the proliferation of 

Th2 cells by inhibiting IL-4 production and the development of CD4+ T cells to the type 2 or 

Th17 cytokine producing phenotypes. Vice versa, IL-4 inhibits the development of CD4+ T 

cells to IFNγ cytokine-producing cells. (See Figure 1-10) 
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Figure 1-10: The generation of Th1 and Th2 cells184 
After the activation of CT4+ cells, depending on which cytokines are 
present, Th0 cells can differentiate into Th1 or Th2 cells. When an 
immune response is triggered by intracellular pathogens, with the 
presence of IL-12, Th1 cells are produced, resulting in cell-mediated 
immunity. When IL-4 is present (produced by NK cells), as a result of 
extracellular parasite invasions, Th2 cells are produced, resulting in 
humoral immunity. Cytokines produced by Th1 can have inhibitory 
effect on Th2 and vice versa. Broken red arrows: inhibitory. Thp (T-
helper precursor).  
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and as antigen is cleared, so the receptor numbers de-
cline and, with that, the responsiveness to IL-2.

The T-cell blasts also produce an impressive array of
other cytokines and the proliferative effect of IL-2 is re-
inforced by the action of IL-4 and IL-15 which react
with corresponding receptors on the dividing T-cells.
We must not lose sight of the importance of control
mechanisms such as TGFb, which blocks IL-2-induced
proliferation (figure 8.3b) and the cytokines IFNg, IL-4
and IL-12, which mediate the mutual antagonism of
Th1 and Th2 subsets. Should the T-cells be repeatedly
activated, IL-2 will be responsible for activation-
induced cell death of the T-cells, thereby further con-
trolling the extent of the immune response.
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Figure 8.4 The generation of Th1 and Th2 CD4 subsets. Following
initial stimulation of T-cells, a range of cells producing a spectrum of
cytokine patterns emerges. Under different conditions, the resulting
population can be biased towards two extremes. Interleukin-12 
(IL-12), possibly produced through an “innate” type effect of an in-
tracellular infection on macrophages, encourages the development
of Th1 cells which produce the cytokines characteristic of cell-
mediated immunity. In contrast IL-4, possibly produced by interac-
tion of infectious agents with natural killer (NK) cells, skews the de-
velopment to production of Th2 cells whose cytokines assist the
progression of B-cells to antibody secretion and the provision of 
humoral immunity. Cytokines produced by polarized Th1 and 
Th2 subpopulations are mutually inhibitory. LT, lymphotoxin; Th0,
early helper cell producing a spectrum of cytokines; Thp, T-helper
precursor; other abbreviations as in table 8.1.

CYTOKINES
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Figure 8.5 Activated T-blasts expressing surface receptors for in-
terleukin-2 (IL-2) proliferate in response to IL-2 produced by itself
or by another T-cell subset. The expanded population secretes a
wide variety of biologically active cytokines of which IL-4 also en-
hances T-cell proliferation. GM-CSF, granulocyte-macrophage
colony-stimulating factor; IFNg, interferon g; LT, lymphotoxin; Th, 
T-helper cell; TNF, tumor necrosis factor.
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1.4.2.7.4 Th17 cells 

Th17 cells secrete IL-17 and IL-21. Th17 cells recruit innate immune cells, in particular 

neutrophils, and enhance inflammation. However, the development of CD4+ T cells to Th17 

cells during antigen priming will only occur in the presence of TGF-β and IL-6 (mediated by 

DCs)142. IL-17 has also been found to play important roles in autoimmune disease (Figure 

1-11). 

 

Figure 1-11:  The generation of Th17 and Treg130 
When both TGF-β and IL-6 are present, Th0 cells develop into Th17 cells. Th17 cells 
secrete IL-17 and IL-21 that mediate acute inflammation by recruiting and activating 
neutrophils. Th17 cells also play important roles in autoimmune responses. When only 
TGF-β is present, CD4+ T cells develop into Treg and inhibit immune responses. 
Secretion of TGF-β and IL-6 is mediated by DCs.  
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requires MHC stimulation of T cells, the importance of homeo-
static proliferation arises in expansion of donor-reactive T cells in 
cases of intentional lymphodepletion for bone marrow or solid 
organ transplantation. Such conditioning can be achieved clini-
cally with monoclonal or polyclonal anti–T-cell antibodies such 
as muromonab-CD3, alemtuzumab, or thymoglobulin.

Following initial priming and expansion of the peptide-MHC–
reactive T-cell pool, T cells develop into cells with effector func-
tion. Effector T cells mediate and regulate immune 
responses through two activities: cytokine production 
and expression of cytolytic function. These effector func-
tions are then expressed by antigen-primed T cells following inter-
action with target cells expressing the specific peptide-MHC ligand 
in peripheral tissues during elicitation of the immune response.

Cytokine-Producing T-Cell Phenotypes
During antigen priming CD4+ T cells develop into: (1) 
cells producing type 1 cytokines (e.g., Th1 cells), (2) cells 
producing type 2 cytokines (e.g., Th2 cells), (3) cells pro-
ducing IL-17 and IL-21 (Th17 cells), or (4) cells that 
express regulatory function (O’Garra, 1998; Korn et al, 2009). 
Type 1 cytokines include IFN-γ and TNF-β  (also called 
lymphotoxin) and are critical components of cell-
mediated immune responses, particularly responses to 
intracellular parasites and tuberculin delayed-type 
hypersensitivity (see Table 17–2). The prototypic type 1 cyto-
kine IFN-γ induces a number of proinflammatory events, includ-
ing stimulating increased class I and class II MHC expression, 
stimulating production of intracellular molecules required for 
antigen processing and presentation, and stimulating macrophage 
proinflammatory activities such as superoxide and nitric oxide 
(NO) production, which render macrophages engulfing bacteria 
competent to kill the bacteria. These inflammatory functions are 
also important components of many organ-specific autoimmune 
diseases. Type 2 cytokines include IL-4, IL-5, IL-6, IL-9, and 
IL-10 and are critical components of allergic responses 
and immune responses to extracellular parasites such as 
helminths. These activities include the stimulation of eosinophil 
and mast cell growth and function, including the release of hista-
mine and other molecules involved in allergic responses. IL-4 is 
also an important stimulus of B-cell growth. IL-17 and IL-21 are 
important cytokines amplifying inflammation by induc-
ing the recruitment and activation of innate immune 
cells, particularly neutrophils. Recent studies have also 
documented the critical role of IL-17 in the elicitation 
of autoimmune disease.

The type 1 and type 2 cytokines also influence the 
isotype of antibody produced by B cells during an 
immune response. In general, the type 1 cytokines direct anti-
body responses to those fixing complement and participating in 
cell-mediated immune responses, such as opsonization, that are 
critical for protection against intracellular pathogens. In contrast, 
type 2 cytokines stimulate IgE production and other antibodies 
involved in allergic reactions. Obviously, the phenotype of T-cell 
cytokine production will have an important impact on the course 
of immune responses to infectious agents, as well as the sequelae 
of the response.

The most important factor influencing the develop-
ment of CD4+ T cells to a particular functional pheno-
type is the cytokine environment present during priming 
by the antigen-presenting cell (Fig. 17–10). This polarization 
can occur within 48 hours of initial priming by dendritic cells. 

Figure 17–10. The cytokine environment during peptide–class II 
major histocompatibility complex (MHC) priming influences 
skewing of CD4+ T-cell development to Th1, Th2, Th17 or Treg 
cells. Following emigration from the peripheral tissues to 
lymphoid tissues, dendritic cells presenting foreign peptide in the 
context of class II MHC molecules activate specific CD4+ T cells 
to develop into immune effector T cells. A, The production of 
interleukin-12 (IL-12) by the dendritic cell or the presence of IL-12 
during CD4+ T-cell priming skews the CD4+ T cells to develop 
into Th1 cells. Upon encounter with the specific peptide–class II 
MHC complex in the periphery, the Th1 cells are activated to 
produce type 1 cytokines, such as interferon-γ (IFN-γ) or tumor 
necrosis factor-β  (TNF-β ), during the elicitation of the immune 
response. The presence of IL-4 in the priming environment skews 
the CD4+ T cells to develop into Th2 cells. Upon encounter with 
the specific peptide–class II MHC complex in the periphery,  
the Th2 cells are activated to produce type 2 cytokines, such as 
IL-4, IL-5, or IL-13, that promote allergic-type immune responses. 
B, Similarly, the presence of both transforming growth factor-β  
(TGF-β ) and IL-6 in the priming environment skews antigen-
reactive CD4+ T cells to develop into Th17 cells, and upon 
encounter with the antigen in the periphery these T cells are 
activated to produce IL-17A and IL-21, cytokines that mediate 
inflammation by recruiting and activating neutrophils, as well as 
playing key roles in the elicitation of responses in autoimmune 
disease. When TGF-β  is present in the absence of IL-6 in the 
priming environment, CD4 T cells develop into T-regulatory cells. 
Many different effector mechanisms have been ascribed to the 
functions of Tregs to mediate regulation of immune responses. 
(Reprinted with permission, Cleveland Clinic Center for Medical 
Art & Photography ©  2009-2011. All Rights Reserved.) 

A

B

Production of the cytokine IL-12 by antigen-presenting 
dendritic cells is a critical factor in guiding CD4+ T-cell 
development to the type 1 cytokine-producing pheno-
type (Gately et al, 1998). IL-12 is a 75-kD disulfide-linked dimer 
of p35 and p40 subunits. Many cells constitutively produce the 
p35 subunit, whereas production of the p40 subunit is restricted 
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1.4.2.7.5  Regulatory T cells (Treg)  

Tregs can be divided into two main subgroups: (1) naturally-occurring (nTregs) which are 

generated and matured in the thymus; and (2) inducible (iTregs) which are converted from 

naive CD4+ T cells in the peripheral lymphoid tissues.186 

 

nTregs cells are generated in the thymus during foetal and neonatal T-cell development. It is 

a subpopulation of CD4+, CD25+ and FoxP3+ T-cells. Activation of Treg is mediated by 

both cells contact-dependent and contact-independent processes187. When activated, these 

cells suppress proliferation of CD4+ CD25- T-cells in part by inhibiting the secretion of IL-2 

which is needed for T-cell growth and proliferation.188 nTreg cells also inhibit the 

proliferation of activated CD8+ T-cells and their production of IL-2 and IFN-gamma.189 It 

has also been found that nTreg cells can suppress cytotoxic NK cells and down-regulate their 

expression of NKG2D activating receptors.190 

 

Inducible regulatory T cells (iTreg) are generated from mature T cells in the periphery. iTregs 

can be divided into two main populations (1) Type 1 regulatory cells (Tr1) and; (2) Th3 cells. 

Tr1 cells are induced after chronic exposure to antigens and with the presence of IL-10. They 

are antigen-specific and secrete high levels of IL-10 and TGFβ, in the absence of IL-4, and 

suppress T cells immune responses via a cytokine-dependent mechanism. 191 Th3 cells are 

important for maintaining mucosal immune homeostasis. Th3 cells rely on TGFβ, IL-4 and 

IL-10 for their survival and not IL-2 like nTregs.192 

 

nTreg express four functionally important molecules: (1)CD25, (2)forkhead box P3 (FOXp3), 

(3) Glucocorticoid-induced tumour necrosis factor related protein (GITR) and (4) Cytotoxic 

T-lymphocyte-associated antigen 4 (CTLA-4, see chapter 1.4.2.5.2.4)193 It is important to 

note that the expression of CD25 and FOXp3 is not exclusive to Treg. Other T cells can also 

express FOXp3 transiently during activation.194   
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1.4.2.7.5.1 CD25 

CD25 is the alpha chain of the trimeric IL-2 receptor expressed by T cells. About 10% of 

peripheral CD4+ cells and less than 1% of CD8+ cells in normal mice express CD25 at rest. 

When CD4+ T cells from mice lymph nodes and spleens were depleted of CD25+ cells and 

then transferred into athymic mice, all recipients developed autoimmune diseases such as 

gastritis, adrenalitis, glomerulonephritis, polyarthritis, thyroiditis and oophoritis. 195 The 

patterns of autoimmunity seen in these mice were similar to those seen in humans both 

histologically and serologically. Most interestingly, when CD25+CD4+ cells were transferred 

back to mice depleted of CD25+CD4+ (during the first few days after depletion), 

autoimmunity was prevented.  

 

These findings imply that CD25+CD4+ cells play an important role in maintaining self-

tolerance. Abnormalities and defects in this T cell-mediated mechanism of peripheral 

tolerance can lead to various autoimmune and inflammatory diseases in both humans and 

animals196. For example, CD25 gene deficient mice develop massive peripheral lymphoid 

organs enlargement and autoimmune disorders such as inflammatory bowel disease. In 

humans, patients with inflammatory bowel disease have been shown to have a lower level of 

CD25+CD4+ T cells during episodes of flares197. Most importantly, the mechanisms 

mediated by CD25+CD4+ cells can also be exploited to prevent and treat autoimmune 

disease, allergy, cancer and chronic infections. 198 

 

Activated non-Treg T cells also express CD25, therefore CD25 alone is not a specific marker 

for Treg.199 

 

1.4.2.7.5.2 CD25 elimination and its effects on cancer 

CD25+CD4+ cells can be removed by antibodies such as the CD25 cell-depleting antibody 

PC61. Removal of CD25+CD4+ cells could “kick start” an initially unresponsive immune 

system to attack syngeneic tumour cells both in vivo and in vitro in mice. In the majority of 

mice, the tumours (leukaemia) regressed within a month.200 Depleting CD25+ regulatory T 

cells has also been shown to be beneficial in controlling PC. In mice, anti-CD25 antibody 
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treatment reduced tumour growth in a transgenic mouse model of prostate dysplasia. This 

suggests that PC progression is associated with immune suppression.201   

	

1.4.2.7.5.3 FOXP3 

FoxP3 is the transcription factor “Forkhead box P3”. It is the most reliable marker of Treg, 

although it too is imperfect. It is also known as scurfin and is encoded by the FOXP3 gene. 

Scurfin is essential for normal immune homeostasis. Mice with a frame-shift mutation in the 

FOXP3 gene, also known as scurfy mice, usually die within two to three weeks after birth. 

These mice typically show over-proliferation of CD4+CD8- T cells, and severe infiltration of 

organs. This is most likely the result of an un-modulated CD4+CD8- T cells response.202 It 

has been found that only CD25+CD4+ T cells (not CD25-CD4+ T cells) from normal mice 

express FOXP3. Scurfy mice with CD25+CD4+ T cells but defected FOXP3 gene are not 

able to suppress T cells proliferation. Transgenic mice that overexpress FOXP3 have been 

found to have a higher level of suppression of T cells than normal mice.  

 

In 2003, Fontenot reported that Foxp3 is specifically expressed in CD25+CD4+ T cells and is 

required for their development. When FOXP3+CD25+CD4+ T cells are transferred into 

neonatal FOXP3 deficient mice, these Treg expand and prevent autoimmune disease 

development. 203 Therefore, FOXP3 is regarded as the master regulator of CD25+CD4+ T 

cells’ development and function.  

 

In humans, a mutation in the FOXP3 gene leads to IPEX (immune dysregulation 

polyendocrinopathy, enteropathy, and X-linked syndrome) 204-206. It is a rare condition where 

affected male infants develop neonatal diabetes mellitus, dermatitis, autoimmune 

endocrinopathies, enteropathy, recurrent bacterial and viral infections.204,207,208. These 

patients still get infections despite a heightened immunity due to low Treg, because the 

condition is also associated with autoimmune neutropenia.  
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1.4.2.7.5.4 Glucocorticoid-induced tumour necrosis factor related protein (GITR) 

GITR is a cell surface receptor that belongs to the TNF receptor superfamily (also known as 

TNFRSF18). It is predominantly expressed on CD25+CD4+ T cells. However, it is not a 

specific marker for Treg. In fact, GITR is expressed on any activated T cells in humans, it is 

sometimes considered as a marker of T cells activation. It has been shown to be involved in 

inhibiting the suppressive activity of Treg and regulating effector T cells proliferation and 

survival.209 In animal study, eliminating GITR-expressing T cells by administrating 

monoclonal antibody to GITR, resulted in organ specific autoimmune disease in mice.209 In 

mice with severe combined immune-deficiency (SCID), colitis caused by CD4+GITR low T 

cells can be prevented by the co-transfer of CD4+GITR+ T cells.210 

 

GITR and Cancer 

Using an antibody against GITR such as DTA-1, T cells can be stimulated and anti-tumour 

immunity is enhanced. Two studies have shown that DTA-1 can induce tumour regression in 

mice. The tumours from treated mice also show significant CD4+ and CD8+ 

infiltration.211,212 In another animal study, tumour infiltrating lymphocytes’ anti-tumour 

immune response was enhanced when tumour-associated GITR ligand (GITRL tumour 

vaccine) were injected into/next to the tumour in mice.213 
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1.4.2.8 Cytokines  

The types of cytokines produced by a host or tumour cells at the tumour site can influence the 

immune responses towards tumour elimination or tolerance. T helper cells type 1 (Th1) and T 

helper cells type 2 (Th2) cytokines have been shown to have a different role in tumour 

immunity. In general, Th1 cytokines (IFNγ and TNFα) primarily induce cell-mediated 

immunity and result in tumour rejection. On the other hand, Th2 cytokines (IL-4, IL-5, IL-6, 

IL10, and IL13) promote humoral immune responses which can result in tumour tolerance.214 

In this section, we will discuss the cytokines relevant to our study in chapter 3.7. 

 

IFNγ  

Interferon gamma (IFNγ) is a soluble cytokine and a main product of Th1 cells. NK, NKT 

cells and macrophages can produce IFNγ as well. It skews the immune response toward a 

Th1 pathway by influencing naïve T cells differentiation. IFNγ causes the increase in class I 

MHC and class II MHC molecules expressions on normal cells and antigen presenting cells 

respectively.215 It increases macrophages antigen presentation and lysosome activities.216 

Numerous studies have confirmed the important role of IFNγ in promoting tumor cell 

recognition, control, and elimination.217,218.219,215It also suppresses Th2 cells activity by 

inhibiting IL-4 secretion.220 

Multiple mechanisms for how IFNγ prevents tumour growth have been identified. IFNγ has 

the ability to prevent tumour growth directly, for example, it activates signal transducers and 

activators of transcription 1(STAT1) protein that induces apoptosis of tumour cells. 221,222 It 

can prevent angiogenesis required for tumour growth.223,224It activates macrophages and NK 

cells that in turn eliminate tumour cells.225 IFNγ activates CTLs, which in turn kill tumour 

cells by producing perforin and granzyme, and during the process more IFNγ is released.  

 

TNFα  

Tumour necrosis factor alpha (TNFα) is an important Th1 cytokine involved in immunity, 

inflammation and cellular organisation. The main source of TNFα is from macrophages but 
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CD4+ T cells, NK cells, neutrophils, and tumour cells can produce it as well. It has 

paradoxical roles in tumour immunology. It is capable of inducing tumour apoptosis and 

destroying tumour angiogenesis. However, it has also been known as a tumour promoting 

factor 226. It can provide survival signals for cancel cells, promote angiogenesis, and inhibit 

DNA repair. As a result, it may contribute to tumour growth and metastasis214,227,228.  

 

TGFβ 

Transforming growth factor beta (TGFβ) is a multifunctional cytokine and it has been 

associated with the growth of many types of tumours229. It is produced by T cells, NK cells, 

macrophages, epithelial cells and stromal cells. TGFβ has the ability in suppressing the 

activities of DCs and NK cells, Th1, and CTLs190,230-233. It also drives the shift in the Th1/Th2 

balance towards Th2 by inducing a high level of IL-10 production234. TGFβ can also increase 

the number of Treg and result in further immune suppression192. In mice studies, binding 

TGFβ with monoclonal antibodies has been shown to improve anti-tumour immunity235.  

 

In PC patients, higher levels of expression of TGFβ were found in patients with higher 

Gleason scores236. A high level of TGFβ in blood and tissue has also been associated with 

poor prognosis in patients with PC.237,238 

 
IL-4 

Interleukin 4 (IL-4) induces the differentiation of naïve T helper cells (Th0) to Th2 cells.184 It 

is a multifunctional cytokine that is important in the regulation of immune responses. It is 

produced by NK cells, mast cells, basophils, Th2 and tumour cells184,239. It also stimulates B-

cells proliferation, IgE class switching, and regulates antibody production (i.e. promotes 

humoral immune response). IL-4 has a complex and at times paradoxical role in cancer 

immunology. In mouse studies, it was found to have an anti-tumour effect240,241, in particular, 

at high concentrations, it was found to suppress the growth of breast and colorectal cancer 

cell lines242. However, it has also been found to have a stimulatory effect on prostate and 

pancreatic cancer cell lines243,244. IL-4 appears to enhance the survival of tumour cells by 
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increasing the ability of tumour cells to resist apoptosis245. IL-4 also polarises CD8+ T-cells 

to a Th2 phenotype and therefore compromises anti-tumour responses246. In a study by 

Goldstein’s group, patients with CRPC were found to have a significantly higher serum level 

of IL-4 when compared with patients with organ confined or treatable disease.239 This 

suggests that IL-4 may play a role in the progression and development of CRPC.  

 

It is very likely that the effects of IL-4 on tumours depend on the concentration of IL-4 within 

the tumour microenvironment. At high concentrations, it suppresses or eliminates tumour 

cells. But at low concentrations, it promotes tumour growth and progression.239 

  

IL-5 

IL-5 is produced by T cells and innate immune cells such as mast cells. It causes B cells to 

produce more antibodies and increase the number of eosinophils247. It is involved in immune 

responses against helminth infection and allergy. Eosinophils have been shown to have 

antitumour activities. Innate immune cells that produce IL-5 have been found to increase in 

numbers in response to lung tumour invasion and their regulation of eosinophils is thought to 

be important in suppressing tumour metastasis248. However, in PC patients with cachexia, IL-

5 levels in peripheral blood have been found to be significantly elevated, suggesting it may 

contribute to the advancement of PC.249 

 

IL-10	

IL-10 is also known as human cytokine synthesis inhibitory factor (CSIF). It is an 

immunosuppressive cytokine and acts as a negative regulator for both innate and adaptive 

immune cells. It is produced by many cell types including DCs, macrophages, NK, NKT, 

Th1, Th2, Th17, Treg and B cells.250,251 Even effector CD8+ T cells have been found to 

produce IL-10.252,253 It has been shown that the IL-10 produced by effector cells during acute 

inflammation play an important role in controlling excessive inflammation and in reducing 

immune response related damages to surrounding tissues.252,253 It down-regulates the 

expressions of Th1 cytokines and MHC class II molecules. The role of IL-10 in the 
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development of cancer is still controversial. It is believed that it may initially stimulate NK 

cells and CTLs to eliminate cancer cells, but if the cancer cells survive they may manipulate 

the immune -suppressive effect of IL-10 and promote cancer growth.251 

 

IL-13 

IL-13 is a cytokine closely related to IL-4. It has similar functions as IL-4 such as down-

regulation of inflammatory cytokines, suppression of apoptosis, inducing IgE class switching 

in B cells. 254,255. IL-13 shares its receptor component with the IL-4 receptors. Both IL-4 and 

IL-13 activate the STAT6 pathway that induces resistance to apoptosis. It is produced by T, 

B, mast cells, basophils and oesinophils. IL-13 has been found to play a central role in the 

immune-regulatory pathway in which NKT cells suppress tumour immune-surveillance. 

Studies by Terabe has found that IL-13 produced by NKT cells can inhibit anti-tumour 

immune responses and promote tumour growth.255  
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1.5 Tumour immunology 

In the 1950s, Nobel laureate Sir Macfarlane Burnet, who worked at the Walter and Eliza 

Institute of medical research in Melbourne, postulated the concept of immune surveillance 

whereby the immune system constantly scans for and eliminates nascent transformed cells in 

a host.256 However, his idea of cancer immune surveillance was not widely accepted at that 

time.  

 

About half a century later, Robert Schreiber’s team proposed the concept of cancer immuno-

editing. This concept gained significant support after a series of experiments using gene 

knockout mice conducted in the 1970-2000s. These experiments showed that by eliminating 

NK cells, lymphocytes and secreted cytokines (IFN and perforin), the protective mechanism 

of the immune surveillance became defective and resulted in increased rate of tumour 

formation in these mice. 215,218,219,257-262. For example, knockout mice with depleted NK, NKT 

and γδ T cells were more prone to develop tumours compared to wild-type mice225,261,262; and 

mice lacking the ligand-binding subunit for the IFN-gamma receptor were found to be 10-20 

times more likely to develop tumours than wild type mice when they were exposed to 

carcinogen (methylcholanthrene).218 

 

There are three phases in this new concept, now commonly known as the three Es in cancer 

immuno-editing. The phases are: (1) Elimination, (2) Equilibrium and (3) Escape263-265. (See 

Figure 1-12) 
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Figure 1-12: The three phases of cancer immuno-editing:  
(1) Elimantion: the process of identifying and elimination of tumour cells; (2) Equilibrium: 
homeostatis stage of tumour cells proliferation and destruction; (3) Escape: tumour growth 
outweighs its elimination266 

1.5.1 Elimination  

During the elimination phase, tumours are completely eradicated by the host immune system. 

The process of cancer elimination involved both the innate and adaptive immune systems. In 

response to the growth of tumour cells, macrophages and stromal cells around the tumour 

release inflammatory cytokines that activate NK, NKT and γδ T cells. The recruited immune 

cells release other pro-inflammatory cytokines such as IL-12 and IFN-γ. The recruited 

tumour-infiltrating NK cells destroy tumour cells using perforin, FasL or TRAIL (tumour 

necrosis factor-related apoptosis inducing ligand) mediated mechanisms267,268. As tumour 

cells die, more tumour antigens are released which in turn lead to the activation of the 

adaptive immune responses. During this process, NK cells stimulate the maturation of 

dendritic cells and their migration to tumour draining lymph nodes (TDLN). 269 In the TDLN, 
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DCs present tumour antigens to CD4+ and CD8+ T cells. This activates the T cell and lead to 

the clonal expansion of tumour specific CD4+ helper and CTLs. Activated CD4+ T helper 

cells and CTLs then travel to the primary tumour site and destroy the remaining tumour cells.  

 

1.5.2 Equilibrium  

In this phase, tumour cells that survive the elimination phase manage to evade the immune 

system and reach a stage of equilibrium. There may be ongoing destruction of these tumour 

cells but this process in turn constantly “sculpt” tumour cells and lead to the selection of 

tumour cells with reduced immunogenicity. They become resistant to immune effector cells 

and are more capable of surviving in an immune-competent host. The phase is likely the 

longest of the three phases and may occur over a period of many years.263 

 

1.5.3 Escape  

Overtime, the tumour cells evolve and gain mechanisms to escape immune control. The 

transformed tumour cells are able to proliferate and disseminate uncontrollably. They gained 

the ability to evade immune surveillance by way of genetic or epigenetic transformation. The 

mechanisms of escape include: (1) defective antigen presentation; (2) expression of 

immunosuppressive soluble factors; (3) TCR dysfunction and (4) active immune down-

regulation.  

 

1.5.3.1 Defective antigen presentation  

If this process of antigen presentation becomes defective, tumour cells will escape 

surveillance and eradication. The mechanisms that lead to defective antigen presentation 

include: down-regulation or loss of HLA class I antigen expression. HLA class 1 antigen 

expression is often reduced in PC cells.270  



	 57	

DCs have also been found to appear in lower number and to have reduced activity in PC 

cancer compared to normal prostate tissue271. In contrast, DCs found in the peripheral blood 

are fully functional.  

 

1.5.3.2 Expression of immunosuppressive factors 

Many tumours derived soluble factors capable of exerting local and regional 

immunosuppressive effect have been identified over the years. These include vascular 

endothelial growth factor (VEGF), IL-6, IL-10, TGF-β, prostaglandin E2 just to name a few 
265,271,272. These factors originate from tumours, but its immunosuppressive effects can extend 

into local lymph nodes and the spleen, as a result, promoting local invasion and metastasis. 

 

In PC, patients with high IL-6 levels have been found to have a poorer prognosis.272 Higher 

level of IL-6 is also associated with worse T cell dysfunction and tumour growth. IL-6 

receptors are also found in the prostate epithelium and stromal cells. Therefore, it is 

reasonable to postulate that cytokines may regulate PC growth in an autocrine and paracrine 

manner.273  

 

Cyclo-oxygenase-2 (COX-2) is an inducible enzyme important in inflammation and plays a 

role in tumour angiogenesis. Neovascularisation is needed to provide nutrients and oxygen 

for solid tumours to continue to grow beyond 3mm.274 Elevated COX-2 expression in PC 

tissue is associated with high Gleason score. A higher microvessel density was found in the 

area of PC tissue with higher COX-2 expression, suggesting that COX-2 increases 

angiogenesis in PC. 274,275 High expression of COX-2 is also more common in metastatic 

primary PC compared to non-metastatic PC and is associated with death from PC276. 

 

Vascular endothelial growth factor (VEGF) is a peptide that plays an important role in 

angiogenesis, hematopoietic stem cell development, extracellular matrix remodeling, and the 

production of inflammatory cytokines. VEGF also involves in recruiting immature myeloid 
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cells from the bone marrow to enrich the microenvironment as tumour-associated immature 

DCs and macrophages. Accumulation of tumour associated DCs and macrophages may cause 

roving DCs and T cells to become suppressed.277,278 265 

 

1.5.3.3 T cell receptor dysfunction  

Defective TCRs can affect the activation of T cells and it has been implicated in many cancer 

types. Changes in the expression of classical HLA class I antigens in tumours which may 

provide malignant cells with mechanisms to escape T cell recognition and destruction have 

been reported in some studies279,280. Engagement of co-inhibitory receptors such as CTLA-4 

and PD-1 can inhibit TCR activation, T cell proliferation and cytokine production, result in 

reduced anti-tumour immune response.281-283 

 

1.5.3.4 Active immune down-regulation 

Treg cells are able to suppress a wide range of anti-tumour immune responses. The 

mechanisms include induction of IL-10, and TGF-β. IL-10 can suppress APC and T cell 

function. TGF-β can suppress NK cell and T cell functions. In PC, a high number of intra-

tumoural Tregs was found to associate with more advanced tumour stage and decreased PSA 

recurrence-free survival.284  

 

Myeloid-derived suppressor cells (MDSC) originate from bone marrow stem cells. MDSCs 

expands and acquire suppressive activity under chronic inflammatory conditions such as 

cancer and infection.285 They interact with and regulate the activity of T cells, DCs, 

macrophages and NK cells by secreting soluble factors such as NO, IL-10 and TGF-β.286 
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1.6 Prostate cancer immunology 

1.6.1 History of immunotherapy  

In the1890s, William B. Coley, a New York surgeon, came across a patient with metastatic 

sarcoma who had a complete tumour regression after a streptococcal infection near the 

tumour. From this, Coley recognised the potential role of the immune system in cancer 

treatment. In his first attempt, he injected live streptococci into an unresectable sarcoma in a 

patient with very advanced disease. The patient almost died from the infection. However, his 

patient survived and the tumour completely regressed. Later, instead of live bacteria, Coley 

started treating patients with sarcoma using killed bacteria (this is now known as “Coley’s 

Toxins”). For the next few decades, Coley treated almost 1000 patients with advanced 

disease, and achieved an amazing response rate of more than 40%.287-289	Coley’s toxins have 

since been recognised as the first immunotherapy for cancer.290  

 

The most important lesson from Coley’s experience was that the immune system can be 

activated to fight cancer, and sustained remissions in at least some humans could be 

achieved. After his death, there was not much progress in this form of immunotherapy for 

many decades. 

 

Fast-forward 120-years, we now have a much better understanding of the effects of the 

immune system on cancer biology. In urology, bladder cancer is the cancer in which 

immunotherapy has been studied extensively and proven to be of benefit. Intravesical BCG 

(bacillus Calmette Guérin) therapy is probably one of the most successful stories of cancer 

immunotherapy. It has been shown to be effective against superficial bladder transitional cell 

carcinoma, with 76% of patients achieving complete remissions, and the effect is durable for 

50% of patients.291 It has been used for 40 years292. However, the mechanism of actions of 

BCG is still not fully understood. Potentially it is related to non-specific inflammatory 

responses, activation of macrophages, sensitisation of T cells and the release of cytokines that 

lead to the killing of tumour cell as “bystanders”. Furthermore, overall survival in bladder 

cancer is not affected by intravesical BCG administration.293 This suggests that immune 
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responses induced by topical BCG are restricted to local tissues and are insufficient to control 

metastatic disease.  

 

Over the last two years, PD-1 and PD-L1 inhibitors have shown promising results in patients 

with advanced bladder cancer. In a phase 3 trial, pembrolizumab (a PD-1 inhibitor) has 

shown an OS benefit of 3 months compared with second-line chemotherapy in patients with 

advanced bladder cancer 294.  

 

In single-arm phase 2 trails, nivolumab (a PD-1 inhibitor) and atezolizumab (a PD-L1 

inhibitor) have shown to have a sustained clinical response rate of 20% and 15% respectively 

(compared with 10% historical response rate with single agent second-line chemotherapy); 

and with a median OS of 8.7 months and 11.4 months respectively (compared with median 

OS of 7 months with single agent second-line chemotherapy) in patients with metastatic or 

advanced urothelial cancer who had progressed after platinum-based chemotherapy. 295,296 

 

1.6.2 Current prostate cancer immunotherapy 

Many immunotherapeutic strategies at different phases of developments have been tested in 

clinical trials.297 These strategies can be divided into the following groups: 1. Viral and cell-

based vaccines, 2. Dendritic cell-based approach 3. Immune checkpoint inhibition 

 

1.6.2.1 Viral and cell-based vaccines 

1.6.2.1.1 PROSTVAC-VF vaccine 

The PROSTVAC-VF vaccine consists of fowlpox virus vectors engineered to express PSA 

and three co-stimulatory molecules (lymphocyte function-associated antigen 3, intercellular 

adhesion molecule 1 and B7-1). It is administrated as a sub-dermal injection. It initiates 

immune responses in a few difference ways. First, the viral vector itself is immunogenic. 

Second, the “infected cells” undergo necrosis and release PSA that is than taken up by 
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immature DCs, and subsequently present the antigen to Th and induces anti-tumour response. 

It has shown to improve median survival by 8.5 months in a phase II trial consist of 125 

patients.298 Currently, a pivotal phase III trial is underway. 

 

1.6.2.1.2 GVAX vaccine 

The GVAX vaccine consists of cells from two prostate carcinoma cell lines; LNCAP and PC-

3. It is genetically modified to express the GM-CSF gene, and by doing so, it increases the 

antigen-presenting capabilities of dendritic cells to T cells. This in turn activates CD4+ and 

CD8+ T cells and triggers an immune response against the cancer. It was found to be safe in 

two phase II trials in men with CRPC, and showed an improvement in the median OS. 

However, the subsequent phase III trial, VITAL-1 and VITAL-2 found no OS difference 

between GVAX and docetaxel/prednisone. In fact, during the VITAL-2 trial, it was found 

that there was a higher death rate in the GVAX arm, and the trails were terminated.299  

 

1.6.2.2 Dendritic cell based approach  

1.6.2.2.1 Sipuleucel-T 

Sipuleucel-T (Provenge, Dendreon) is an autologous dendritic cell vaccine pulsed with a 

prostatic acid phosphatase/GM-CSF fusion protein300. First, patients’ peripheral blood is 

collected and by leukapheresis peripheral blood mononuclear cells (PBMC) are collected and 

enriched for APCs using density-gradient centrifugation. The cells are cultured with a fusion 

protein linking PAP and GM-CSF. 301 PAP has been shown to be able to drive T cell-

mediated immune responses in both animals and humans.302 GM-CSF is presumed to be able 

to enhance DC maturation. After two days of culture, antigen loaded APCs and the other 

immune cells in the culture are activated and are then transferred back to patients. (See 

Figure 1-13),   

 

Two double-blind randomised phase III clinical trials have shown that Sipuleucel-T improved 

overall survival in patients with mCRPC (see chapter 1.3.8.2.5). However, both studies did 
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not show PFS benefit, which is the opposite of almost every other treatment for cancer. 

Therefore, the exact mechanism of how this immune-based therapy work is still to be worked 

out.  

 
Figure 1-13 Sipuleucel-T therapy303 
PBMCs are first harvested from a patient with PC. The PBMCs are then pulsed with 
a recombinant fusion protein made of prostatic acid phosphatase and granulocyte-
macrophage colony stimulating factor (GM-CSF). The cultured cells are then infused 
into the patient, where the PAP-GM-CSF-loaded APCs induce proliferation of T cells 
that has the ability to recognise and attack PC cells.   
 

  



	 63	

1.6.2.3 Immune checkpoint blockade 

1.6.2.3.1 CTLA4 

CTLA-4 and Cancer treatment 

Immune checkpoints such as CTLA4 exist to suppress immune responses by inhibiting T cell 

activation to prevent autoimmunity. CTLA4 receptors are found on activated T cells, upon its 

activation, further T cell activation is stopped. By inhibiting these checkpoint receptors, T 

cell activations are maintained and therefore potentiate the anti-tumour response. Ipilimumab 

(Yervoy®, Bristol Myers Squibb) is a monoclonal antibody that targets CTLA4, randomised 

phase III trial in melanoma has shown that it improves survival by 4 months. 304. It is 

approved by the U.S. FDA and Australia for the treatment of metastatic melanoma in 2011. 

Trials in CRPC with CTLA4 blockade alone305 or in combination with other therapies (GM-

CSF, PROSTVAC-VF, GVAX) have shown reductions in PSA level and/or tumour 

size306,307,308. In a phase 3 randomised control trail of chemo-naïve mCRPC patients, 

ipilimumab showed a modest improvement in PFS of 1.6 months compared with placebo but 

failed to show OS advantage309. Adverse events are common with up to 60% of patients 

experiencing autoimmune related toxicities, e.g. arteritis, dermatitis, gastroenteritis, 

pneumonitis, hypothyroidism. 

1.6.2.3.2 PD-1  

In a pre-clinical study, it was found that PD-L1 is highly expressed in patients with 

enzalutamide resistant PC. 310 A phase II study of pembrolizumab (a PD-1 inhibitor) in 

patients with mCRPC progressing on the androgen receptor antagonist enzalutamide has 

found that 20% (4/20) of the subjects in the treatment arm achieved a PSA reduction >50% 

with a median follow up of 18 weeks.  The is the first evidence of significant clinical activity 

of PD-1 inhibitors in mCRPC.311 

 

These studies show that immunotherapy have clinical responses against  mCRPC patients. In 

order to optimise these outcomes it is important to understand the nature of the interactions of 

the immune system with the target tissue.   
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1.7 Tissue infiltrating lymphocytes 

	
Prostate glands with BPH and PC have often noted to have a variable inflammatory infiltrate 

on routine histological examination. This was thought to be secondary to chronic infection in 

the prostate tissue. 312 However, the presence of inflammatory infiltrate in many malignant 

tumours have been observed and it has been said to represent a host immune response to the 

tumours.  TILs are mononuclear immune cells (T cells, B cells, NK cells and macrophages) 

that have left the peripheral blood stream and migrated into a tumour. They are located either 

in the stroma or within a tumour. 

 

Effective anti-tumour responses rely on the presence of effector CD8+ TILs in a tumour. In 

patients with ovarian, breast, colorectal, lung, and brain cancers, the presence of CD8+ TILs 

has been shown to correlate with positive survival outcomes313-320  

 

As for CD4+ T cells, the functions of its subsets are more complex (see chapter 1.4.2.7 for 

more details). In short, Th1 has a crucial role in activating CTLs by producing interferon- γ 

and TNFα. Th2 stimulates humoral immunity and activate eosinophils. (Th2 is much less 

effective than Th1 in terms of anti-tumour immune response321). Th2 cells produce IL4, IL5 

and IL13 (see Table 1-6 for individual cytokines functions). Treg suppresses effector T 

lymphocytes, and thereby hindering anti-tumour responses.321 322. Treg produces TGF β and 

suppresses T-cell responses. High levels of Treg were found in the tumours of many types of 

cancers such as breast, gastric, colon, melanoma, lung and hepatocellular. 323 In ovarian 

cancer, a high proportion of Treg in the CD4+ T cell subsets in TILs is associated with poorer 

prognosis, especially when it is associated with a decrease in CD8+/ Treg ratio .322,320,324. 

Similar findings in lung cancer, melanoma, lymphoma and other cancers have also been 

reported.325,326,327 

 

In advanced melanoma, patients without a baseline CD8+ T cell infiltration within the 

tumour microenvironment is less likely to response to ipilimumab. 328 It was found that these 

tumours can evade immune surveillance by keeping TILs out of its tumour micro-
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environment (immune exclusion).329 These tumours do so by activating the oncological 

pathways Wnt/β-catenin. Exome sequencing analysis of human metastatic melanoma 

samples has confirmed that the activation of the Wnt/β-catenin pathway can exclude T cells 

from a tumour microenvironment. 328 
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1.8 Effect of sex steroids on immune system 

In animal studies, castration of elderly male mice has been shown to reverse thymic 

atrophy330,331, and increase thymic-derived T cells. 331,332 In young mice, castration has been 

shown to increase the levels of T cells in peripheral lymphoid tissues; and T cells from these 

mice transiently proliferated more vigorously upon antigen-specific activation.333 In the same 

study, it was also found that ADT speeded up the recovery of host T and B cell levels after 

chemotherapy-induced lymphocyte depletion. Administration of oestradiol, in mice, induces 

inflammation in the mice prostates28,334 (see chapter 1.3.10.). This suggests castration not 

only reconstituted the thymus, it also induces immune cells infiltration of certain tissues such 

as the prostate  

 

In humans, 4 months after LHRH agonist administration, a significant increase in total 

lymphocytes, T cells and NK cells number is found in the peripheral blood. In particular, 

there is a significant increase in the number of naïve CD4+ T cells, naïve and memory CD8+ 

T cells.332 Induction of T cells infiltration of the prostate has been shown in men with PC 

treated with ADT. The T cell infiltration is apparent 1-4 weeks after ADT and is comprised 

mainly CD4+ T cells and a relatively fewer numbers of CD8+ T cells.335  

 

These studies suggest that ADT does affect the immune system by reconstituting thymus. 

The use of ADT may enhance immune responses to immunotherapy and chemotherapy. It 

may also accelerate the recovery of host immune system after chemotherapy.  

 

Conversely, the sex steroid milieu may also have direct effects on T and B cells and 

macrophages. The expression of androgen receptors has been found in many immune cells 

including (but not limited to) neutrophils, macrophages, B cells and T cells.336,337. In animal 

models, androgen has been shown to reduce T cell activation and inhibit Th1 differentiation. 

In response to sepsis, androgen stimulates neutrophil production and the release of pro-

inflammatory cytokines. In wound healing, androgen augments pro-inflammatory cytokine 

production by macrophages.338  
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1.9 Justification for this research project 

Immunity, sex steroid and prostate cancer 

Most cancer vaccine trials in which immune responses are assessed use measurement of 

antigen-specific T cells in peripheral blood as an endpoint. Peripheral blood is easy to 

sample, process and analyse but may not reflect what is happening within the tumour tissue. 

An effective anti-tumour immune response may be associated with the disappearance of 

tumour-specific T cells from the blood as they target bulk deposits of a tumour.339 A very 

different profile of T cell specificity in blood compared with tumour tissue has also been 

shown.340 This suggests that examination of tumour tissue may provide more relevant 

information.341  

 

ADT induces an immune response that plays an active role in castration-induced tumour 

regression, and that this response may alter in different states of hormone sensitivity and 

treatment. ADT has been used for many decades. However, our knowledge of how hormonal 

manipulation affects immunity is still poor 

1.9.1 Hypotheses 

Our hypotheses are as follow: 

(1) An immunosuppressive pattern with relatively high numbers of Treg and low numbers of 

activated CD8+ T cells would tend to be present in the prostatic tissues of patients with PC.   

(2) An autoimmune pattern with relatively low Treg and high numbers of activated CD8+ T 

cells would tend to be present in the prostatic tissues of patients with CAP.  

(3) A neutral pattern comparable to peripheral blood ratios would tend to be present in the 

prostatic tissues of in patients with BPH and normal prostate.  

(4) The change in the levels of androgen will affect immune responses against PC, whereby 

there will be a down-regulation of immune suppression (lower levels of Treg), and an up-

regulation of activation and maturation status of CTLs. 
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1.9.2 Aims 

1.9.2.1 Project 1: Characterisation of tumour-infiltrating lymphocytes in benign and 

malignant Prostate Tissues 

 

This project aims to evaluate and compare T cell characteristics in blood and tissues from 

patients with benign prostate conditions (BPH and CAP), normal prostate and PC. The 

specific T cell characteristics we aim to assess are: 

 

1. The proportion of Treg in prostate tissues and PBMC 

2. The proportion of activated CTLs (activation status) in prostate tissue and PBMC.  

3. The T cell maturation status (the “immune awareness” of T cells ) in prostate tissues 

and PBMC. This is achieved by identifying and quantifying the subpopulation of 

naive, central memory, effector memory and terminal effectors cells in prostate tissue 

and matching PBMC.  

 

1.9.2.2 Project 2: The effects of androgen deprivation therapy on T cell characteristics 

This project aims to examine the effects of ADT on systemic immune responses and immune 

regulation in patients with advanced/metastatic PC.  



	
 

	
 

Chapter 2 Methods 

2.1 Ethics approval  

This research project was approved by the Austin Health Human Research Ethics 

Committee. Project numbers:  

1. H2001/01256 (Immunological Characterisation of Patients with Cancer) and  

2. H2001/02629 (Characterisation of immunological responses in Chronic Abacterial 

Prostatitis) 

 

2.2 Patient recruitment 

2.2.1 Project 1: Characterisation of tumour-infiltrating lymphocytes 

in benign and malignant prostate tissues 

	
The aim of this project was to evaluate tissue-infiltrating lymphocytes (TIL) in benign 

prostatic hyperplasia (BPH), chronic abacterial prostatitis (CAP), normal prostate 

(NP), and prostate cancer (PC) tissues. All patients were recruited from the Urology 

outpatient clinics, Austin Health, Heidelberg, Victoria, Australia. Patients’ tissue 

samples and peripheral blood samples were collected on the day of surgery.  

2.2.1.1 Inclusion criteria: 

All patients who were scheduled to have an operation where fresh prostate tissue 

could be obtained were recruited. These operations included radical prostatectomy for 

PC, simple prostatectomy for BPH, and cysto-prostatectomy for bladder cancer, and 

TRUS biopsy of prostate tissue for patients with CAP.  



	
 

	
 

2.2.1.2 Exclusion criteria: 

Patients with medical conditions that could potentially affect their systemic immune 

system were excluded. These included haematological malignancies, HIV infections, 

and active autoimmune diseases. Immunosuppressed patients were also excluded, 

including those who were on chemotherapy or immunosuppressant.  

 

For the purpose of this study only fresh prostate tissue was used in experiments. 

Tissues from TURP chips were discarded due to a high proportion of cauterised 

tissues and non-viable cells 

 

2.2.2 Project 2: The effects of androgen deprivation therapy on T cell 

characteristics 

The aims of this study were to examine the effects of androgen deprivation therapy 

(ADT) on systemic immune responses and immune regulation in patients with 

advanced or metastatic PC. Patients were recruited from private urologists’ consulting 

rooms and the Urology outpatient clinics, Austin Health, Heidelberg, Victoria, 

Australia. For this part of the project, only peripheral blood was collected from 

patients. Peripheral blood samples from patients were collected before ADT 

commencement, at three months and at 9-12 months post ADT 

 

2.2.2.1 Inclusion criteria: 

All patients who were diagnosed with PC, scheduled to start ADT and able to remain 

on ADT for the required 1 year period were recruited. Recruited patients needed to be 

available for peripheral blood collection before the start of ADT, at 3 months and at 9-

12 months post ADT 



	
 

	
 

2.2.2.2 Exclusion criteria: 

Same exclusion criteria as project 1 (chapter 2.2.1.2.). Patient who receive ADT for 

less than a year and patients who recently (within one week) received blood 

transfusion were excluded as well.  

 

2.3 Samples collection and processing 

2.3.1 Collection of peripheral blood: 

Peripheral blood was collected from forearm veins or radial arterial lines. 20-25 ml of 

peripheral blood was collected. The blood collected was transferred to a 50 ml Falcon 

tube containing 200 microgram of heparin. The peripheral blood collected was then 

processed immediately to isolate the peripheral blood mononuclear cells (PBMCs) 

(see chapter 2.3.2). The aim of collecting peripheral blood was to study patients’ 

systemic immune function. Lymphoid cells are mainly found in lymphoid tissues such 

as lymph nodes, spleen, marrow, gut and liver. We sample peripheral blood for our 

project, as it is the most accessible and convenient source. We acknowledge that 

peripheral blood may not be the most relevant compartment to sample. 

 

2.3.2 Ficoll separation 

First, 20mL of peripheral blood was diluted with phosphate buffer saline (PBS) to 

45ml in a 50mL Falcon tube. Two 50mL Falcon tubes were then filled individually 

with 18ml of Ficoll-Paque solution. 25mL of diluted blood was then slowly pipetted 

into each of the two Falcon tubes. The tubes were then centrifuged for 25 minutes at 

2300rpm. The tubes were centrifuged with slow acceleration and deceleration without 

brake. PBMCs were extracted using a 3mL transfer pipette and transferred into a 

separate 50mL Falcon tube and diluted to 50mL with PBS. The tube was then 

centrifuged at 1800rpm for 5 minutes. The pellet was then resuspended in 50mL of 

PBS, centrifuged to pellet cells and washed again for a further two times. The final 



	
 

	
 

pellet containing PBMCs was then resuspended in 2.5ml of fetal calf serum. An equal 

volume of 2x concentrated Freeze mix (80% FCS and 20% DMSO) was then added. 

1mL of PBMCs was then aliquoted into 2ml storage vials and cryopreserved  

 

2.3.3 Collection of tissue 

2.3.3.1 Collection of prostate cancer tissue:  

PC tissue was collected from patients with localised PC (clinical stage T1c to T3) 

receiving radical prostatectomy. Before the operation, all patients had TRUS biopsy 

and PSA blood test.  

 

2.3.3.2 Collection of BPH tissue: 

BPH tissues were collected from patients with significant prostate enlargement 

undergoing simple prostatectomy. All patients diagnosed with BPH had base line PSA 

and digital rectal examination to exclude obvious prostate cancer. As part of our 

routine quality control, BPH samples were examined by pathologists to exclude 

malignancy. 

 

2.3.3.3 Collection of normal prostate tissue: 

Normal prostate tissue is difficult to obtain, as it is unlikely that any young healthy 

man will consent for a TRUS biopsy of prostate without clinical indication. Even if we 

manage to obtain tissue sample from these patients, we can never be sure that all the 

tissues sampled are normal. Ethically, all the tissues obtained from these patients 

should be assessed to exclude the possibility of PC.  

 



	
 

	
 

One way of obtaining normal prostate tissue is from cadaver tissue donors. We have 

ethics approval for this but have been unable to collect any viable tissue samples at 

autopsy.  

Another way of obtaining normal prostate tissue is from male patients who are 

undergoing cystoprostatectomy for bladder cancer. However, some literatures 

documented that there is an18-28% chance of incidental PC in these patients342,343. In 

this project, we recruited a total of six patients with bladder cancers undergoing cysto-

prostatectomy. If any cancer were found in the specimen, the prostate tissue collected 

would be excluded from this project.  

Unlike many other cancers, such as melanoma or colorectal cancer, PC is often 

difficult to visualise macroscopically and is not always palpable. Therefore, one of the 

biggest challenges in the research of PC involving PC tissue sampling is ensuring only 

malignant tissue is sampled. To ensure we sampled PC tissue, the following guideline 

was followed: 

2.3.4 Selection of patients based on TRUS biopsy result: 

1. All patients included in this study were required to have a documented positive 

TRUS biopsy results so the location of the tumour could be documented before 

radical prostatectomy.  

2. Typically, at Austin Health, systematic 12-core prostate TRUS biopsies344 are 

performed for patients with suspected PC. The systematic 12-core prostate 

TRUS biopsies have shown to have a high sensitivity with a low post-biopsy 

morbidity.344 

3. We excluded patients with tumours involving less than three sextants, as these 

patients most likely had small tumours, therefore the chance of obtaining 

prostate tumour cells for our experiments would be low. Furthermore, it was 

likely to receive an adequate volume of malignant tissue for our experiments. 

Sampling a small volume tumour for research might also interfere with the 

histopathology assessment of the specimen by pathologists.  



	
 

	
 

4. Patients with three positive sextants were only included if the cores were all on 

the same side of the prostate gland and adjacent to each other. For example, 

when positive cores were found in the left apex, left mid, and left base of the 

prostate gland.  

5. We did not recruit patients with only 3 positive sextants where the three 

positive sextants were not adjacent to each other, for example, positive cores at 

the left apex, right mid and left base of the prostate gland.  

6. We accepted all patients with 4, 5 and 6 positive sextants regardless of the 

location.  

2.3.5 Sampling of PC tissue by pathologists based on TRUS biopsy 

results and clinical examination of specimens. 

Immediately after radical prostatectomy, specimens were sent fresh and not in formalin to our 

pathologists (Figure	2-1).  

 
Figure 2-1: Radical prostatectomy specimen 
Fresh radical prostatectomy specimen after it was incised 
posterior-anteriorly. In this patient, the TRUS biopsy had 
confirmed adenocarcinoma involving the apex, mid zone 
and base of the left side of the prostate gland 
(macroscopically visible in this case), and the right side 
contained benign prostatic tissue only. 

 



	
 

	
 

A pathologist at Austin Health would then sample the PC using a 6mm punch biopsy 

needle (Figure 2-2). The sample was kept in RF10 (Figure 2-31) solution before the 

tissue digestion process (chapter 0). The location the sample was taken from was 

based on the combination of the TRUS biopsy findings and clinical assessment of the 

specimen. Clinically palpable PC or macroscopically obvious lesions generally make 

the sampling process easier and provide greater confidence that the specimen contains 

a high proportion of malignant cells. If the PC was not palpable or not 

macroscopically obvious, the location of the sample was guided by the TRUS biopsy 

results alone. From Jan 2011, we also initiated sampling prostate tissue that was away 

from the PC involved area (Figure 2-2). This allowed us to study tissue from “PC 

involved” and “PC non-involved” area from the same patient. The term “PC non-

involved” tissue was used instead of “normal tissue” in order to differentiate it from 

truly normal prostate tissue where the patients’ prostate gland was completely benign. 

Generally, these were patients with 3 positive cores and involved only one side of the 

prostate gland (i.e. T2a and T2b).  

 
Figure 2-2: Collection of prostate tissue from pathological 
specimens 
A 6mm punch biopsy was used to sample area containing 
prostate cancer (in this case, the tumour was macroscopically 
visible and palpable). In this patient, a sample was taken from 
the contralateral side containing benign prostate tissue (PC non-
involved tissue) as well. 

 

  



	
 

	
 

 

RF 10 was constituted using the following 
components and was stored at 4oC: 

o 500ml RPMI,  
o 50mL of FCS,  
o 5ml penicillin/streptomycin,  
o 5mL Glutamine,  
o 250µL 2Me,  
o 12.5 mL of HEPES 

Figure 2-3: RF10 Solution 
 

2.3.6 Quality control of tissues  

Some research institutes use laser-capture micro-dissection to obtain prostate tumour 

cells. However, this is only suitable for research that requires only small amount of 

prostate tissue and the viability of cells is not crucial. It is not suitable for our project, 

as we require a reasonable volume of viable cells for flow-cytometric analysis of TIL. 

Therefore, to ensure sampling area containing PC we had followed the following steps: 

1. Before a sample of the prostate tissue was given to our laboratory, a small 

section of the sampled tissue was removed for immunohistochemistry (IHC) 

staining (Figure 2-2) 

2. IHC of samples was performed by tissue bank staff member Dr. Lewis Lee. 

Based on the immunohistochemistry staining findings, Dr. Lewis Lee would 

inform us if the sample had (1) sampled tissue containing PC cells and the 

estimated percentage of PC cells in the sample (Figure 2-5) or (2) failed to 

sample any PC cells (Figure 2-6) or (3) nearly missed sampling PC tissue (i.e. 

the sample contained malignant cells but it had sampled the periphery of the 

tumour. Figure 2-7). 

3. In the circumstance whereby IHC was not performed, we would review the 

histological sections of the prostate gland, the final histopathology reports, and 

the schematic diagrams from the pathologists to determine if the biopsy site 

was within the area containing PC cells. 



	
 

	
 

 
Figure 2-4: Sampled specimen of prostate 
tissue.  
A small section of the sampled tissue (in the 
middle of the container) was removed for 
immunohistochemistry.  

 

 
Figure 2-5: Immunohistochemistry staining of 
prostate cancer tissue.  
This slide shows a positive punch biopsy going 
through a Gleason pattern 3 adenocarcinoma of 
prostate gland. The margin of the tumour is marked 
with red marker.  

 

 
Figure 2-6: Punch biopsy needle sampled normal 
prostate tissue 

 



	
 

	
 

	
Figure 2-7: Punch biopsy needle “nearly missed” 
prostate cancer 
In this case, the punch biopsy needle had sampled 
malignant cells, Gleason pattern 3 adenocarcinoma 
cells, situated at the periphery of the tumour.  

 

2.3.7 Prostate tissue digestion protocol 

The materials needed for tissue digestion is listed in Figure 2-8. Prostate tissue 

collected was first washed with 5ml of PBS containing gentamicin (100µg/ml). 

Washed tissue was then cut into 1-2mm3 pieces using scalpel blades and transferred to 

a 15ml tube with 10ml PBS containing gentamicin (100 µg/ml). Tissue pieces moved 

to the bottome of the tube and the supernatant was discarded. The tissue was then 

washed with 10ml of PBS containing gentamicin again. It was then centrifuged at 

500g for 3 minutes and the supernatant was discarded. The pellet was re-suspended in 

5ml of digestion medium. Using a MACS mix rotor the sample was incubated on a 

continuous and slow rotating mode overnight (~16 hours) at 37oC. These samples 

were termed “Post-digest” prostate samples.  

	  



	
 

	
 

• PBS + 100 µg/mL Gentamicin (prepare 50ml per sample) 

• Wash medium (prepare 50ml, store at 4oC) 

o RPMI (Roswell Park Memorial Institute) medium 43mL 

o Penicillin Streptomycin (Pen-Strep) (500 µL),  

o 100 µg/ml Gentamicin (100 µL) 

o 25mM HEPES (1.25mL), 1 

o 0% FCS (5mL) 

• Digestion medium (5ml for up to 200mg of tissue) 

o 225 U/mL Collagenase (4.89mg of 276 U/mg solid stock – Sigma 
#C0130) 

o 125 U/mL Hyaluronidase (1.04mg of 719 U/mg solid stock – Sigma 
#H2126) 

 CELLection: epithelial enrich Dynabeads-ThermoFisher scientific #16203 

• Buffer 1: PBS/0.1% BSA (or FCS) 

• Buffer 2: PBS/0.1% BSA with 2nM EDTA (or 0.6% sodium citrate) 

• Buffer 3: RPMI/1% FCS and 5mM MgCl2  

• MACSmix tube rotator or Miltenyl Biotec (#130-090-753) 

Figure 2-8: Materials needed for prostate tissue digestion 

2.3.8 Isolation of epithelial and fibroblast 

Post digest prostate cells were disrupted by repeat pipetting, and centrifuged at 300g 

for 5 mins, and the supernatant was then discarded. Cells were then washed in 5mL of 

wash medium and centrifuged at 500g for 7 mins, and the supernatant was discarded; 

this step was repeated twice. The cells were then filtered through a 70µm filter, the 

filtrate was collected and the clumps were collected for trypsinisation. The clumps 

were resuspended in 1ml of Trypsin/EDTA, transferred to a 12 well dish, and 

incubated at 37oC for 30mins. After adding 1ml of wash medium, the tissue was 

further disrupted by passing it through 18G and 23G needles attached to a 3mL 

syringe 10 times each. The sample was then centrifuged at 500g for 7 mins. The pellet 

was then resuspended in 5mL PBS containing gentamicin. The cells were then filtered 

through a 70µm filter, the filtrate was collected and the clumps were discarded. The 

filtrate was then centrifuged at 500g for 7mins, and the cell pellet was resuspended in 

Dynabead buffer. Cell counting was then performed. Epithelial cells were then 

isolated according to cell number and bead number following the method outlined in 



	
 

	
 

the ThermoFisher scientific Dynabead sheet. The epithelial cells isolated were termed 

“Beaded Prostate Epithelial” cells. The remaining cells containing all non-epithelial 

cells were termed “non-bead” prostate samples. As the Dynabead method could only 

isolate a fraction of all the prostate epithelial cells,  “non-bead” prostate samples 

would still contain prostate epithelial cells. For our flow-cytometric analysis, “non-

bead” prostate samples were used unless specified otherwise.  

 

2.4 Surface marker staining for flow-cytometry: 

At the start of this project, some basic staining methods for flow-cytometry had been 

established (termed method A. Gating of cell populations in tissue samples was 

inaccurate using method A due to non-specific staining of digestion particles. Over 

time, the experimental methods were modified to improve the quality and accuracy of 

our results. This new staining methods (termed method B) accounted for non-specific 

binding and we was able to produce better differentiation of cellular subsets. 

2.4.1 Surface marker staining: Method A 

Three 96-well U shaped bottom plates were prepared for the three experiments: (1) 

Activation status of T cells, (2) Maturation status of T cells, and (3) the proportion of 

regulatory T cells. An example of the arrangement of samples in a 96-well plate is 

demonstrated in Figure 2-9. 50µL of PBMCs were pipetted into each compensation 

and unstained control wells, 200µL of cells were pipetted to each sample well. The 

plates were centrifuged at 1800 rpm for 5mins and excess media was discarded. Each 

individual conjugated antibody/stain was added to the correspondent compensation 

well. 25µL of 0.05% BSA was added to all compensation and unstained wells to a 

final volume of 50µL. Conjugated antibodies cocktails and dilution used are shown in 

(Table 2-2). For isotype control wells, the following conjugated antibodies and iso-

type control IgG cocktails were prepared: 

• T cell activation status experiment: 

o CD45-APC H7, CD4-FITC, CD8-AmCyan and PE-mouse IgG1 κ 



	
 

	
 

• T cell maturation status experiment: 

o CD3-PE Cy7, CD4-FITC, CD8-AmCyan, CD45 RA-PE Cy5, CD45 RO-

APC, and rat IgG2a 

• Proportion of regulatory T cells: 

o CD45-APC H7, CD3-PE Cy7, CD4-FITC, CD8-AmCyan, CD25-PE, IgG 

was added after cell fixation and permeabilisation  

25µL of antibody cocktail was added to the corresponding sample wells and re-

suspended by repeat pipetting. The cells were then incubated at 4oC in the dark for 20 

minutes. 150µl of buffer was added to wash cells. The plates were centrifuged at 1800 

rpm for 5mins and excess media was discarded, this step was repeated twice. From 

here, the “proportion of regulatory T cells” plate underwent intracellular FoxP3 

staining (chapter 2.4.1.1). 200µl of PBS was added to all wells in the activation and 

maturation status plates and the cells were re-suspended. The cells were transferred to 

microtubes and analysed using the FACS CANTO II instrument. For T cell maturation 

status, the markers for naïve (TN), central memory (TCM), effector memory (TEM), and 

terminal effectors (TE) T cells are shown in Table 2-1.  

 

T cell Maturation 

status 

CD45RA CD45RO CCR7 

Naïve + - + 

Central memory - + + 

Effector memory - + - 

Terminal effector + - - 

Table 2-1: Surface markers used to identify the T cell maturation status 
	  



	
 

	
 

 
 

Experiment Conjugated Antibody Isotype control 

Activation status of 

T cells 

CD45 - APC H7 Nil 

CD4 - FITC Nil 

CD8 - AmCyan Nil 

CD69 - PE PE mouse IgG1 κ 

Maturation of 

status T cells 

CD3 - PE Cy7 Nil 

CD4 - FITC Nil 

CD8 - AmCyan Nil 

CD45 RA - PE Cy5 Nil 

CD45 RO - APC Nil 

CCR7-APC-eFluor780 Rat IgG2a 

Proportion of 

regulatory T cells 

CD45 - APC H7 Nil 

CD3 - PE Cy7 Nil 

CD4 - FITC Nil 

CD25 - PE Nil 

CD8 - AmCyan Nil 

Anti-FoxP3 - APC IgG 

Table 2-2:  Conjugated antibodies and isotype control IgG used in flow-
cytometry experiments. (Staining method A) 

  



	
 

	
 

Experiment Conjugated 

Antibody 

Dilution Isotype control Dilution 

Activation 

status of T 

cells 

CD45 - APC H7 1/50 Nil  

CD4 - FITC 1/20 Nil  

CD8 - AmCyan 1/50 Nil  

CD69 - PE 1/50 PE mouse IgG1 κ 1/50 

Maturation 

status of T 

cells 

CD3 - PE Cy7 1/100 Nil  

CD4 - FITC 1/20 Nil  

CD8 - AmCyan 1/50 Nil  

CD45 RA - PE Cy5 1/50 Nil  

CD45 RO - APC 1/50 Nil  

CCR7-APC-

eFluor780 

1/50 Rat IgG2a 1/50 

Proportion 

of 

regulatory 

of T cells 

CD45 - APC H7 1/100 Nil  

CD3 - PE Cy7 1/100 Nil  

CD4 - FITC 1/20 Nil  

CD25 - PE 1/20 Nil  

CD8 - AmCyan 1/50 Nil  

Anti-FoxP3 - APC 1/6 IgG 1/6 

Table 2-3: Antibodies and dilution used in flow-cytometry experiments (Staining 
method A)  

 

 
Figure 2-9: 96-well plates set up for the activation status experiments (Staining method A).  
Here patients A, B and C’s PBMC and tissue samples were being tested. Row A was for 
compensation controls. Row C:samples and row E:isotype control 
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2.4.1.1 Staining cells for intracellular FoxP3   

Further steps involving cells fixation and cell membrane permeabilisation were 

needed to stain the intracellular transcription factor FoxP3. The conjugated antibodies 

and reagents used are listed in Table 2-4. Cells that had been stained for the surface 

antigens CD45, CD3, CD4, and CD25 for 20 mins were then removed from the 

refrigerator and washed twice with PBS. 200µl of fixative was added to each well and 

cell pellets were resuspended by pipetting. The plate was then incubated for 40mins at 

4oC. It was then taken out and centrifuged for 5mins and the supernatant was removed. 

200µl permeabilisation buffer was used to wash the cells. The plate was centrifuged 

again for 5mins. The supernatants were discarded and the pellet was re-suspended in 

15µl of blocking buffer. 25µl of anti-FoxP3 antibody cocktail and isotype IgG cocktail 

(based on the concentration shown in Table 2-4) were added into the corresponding 

wells and resuspended. The plate was then incubated for 30 minutes at 4oC. 

Product Final dilution 
Anti FoxP3-APC (236A/E7) 1/6 

Control mouse IgG1-APC 1/10 

*FoxP3 Buffer Set (Fixation buffer): 
• 1 part solution A (4x Fix/perm Concentrate) 
• 3 parts solution B (Fix/perm diluent) 

 

**Permeabilisation buffer: 
• Dilute solution C (10x permeabilisation buffer) 

1/10 with MilliQ water  
• Make 50 ml at a time  
• Can be stored at 40 C after making up 

 

FoxP3 Blocking buffer: 
• 4% normal mouse serum 
• 1x permeabilisation buffer 
• Made up with the FoxP3 stain (1/6 final) 

 

Table 2-4: Conjugated antibodies and reagents needed for intracellular 
staining of FoxP3. (Staining method A) 
	  



	
 

	
 

2.4.2 Limitations of staining method A 

Dead cells and debris had caused a significant degree of auto-fluorescence during data 

analysis. For PBMC samples, the gating process allowed each cell population to be 

identified clearly. However, good differential staining of the cell populations of tissue 

samples was a challenge. A clear population of cells was rarely seen. This was due to 

non-specific staining of digestion particles and cell debris. As a result, the flow-

cytometry results were difficult to interpret. The use of only one isotype control for 

multi-colour flow-cytometry analysis was not adequate. We were not able to gate each 

T cell subgroup confidently. PBMCs were used in all compensation wells, the process 

of compensation during analysis worked well for PBMC samples, but could not be 

successfully applied to tissue samples. Presumably, due to different in cell types, 

applying compensation setting derived from PBMC samples on cells from tissues 

samples was not appropriate. Therefore compensation based on PBMCs should not be 

applied to tissue samples.  

 

2.4.3 Staining method B 

In the new staining method B, for every stain used, a corresponding isotype control 

was added (Table 2-5). To identify leucocytes, CD45 – APC conjugated antibody was 

added to all samples. Since the first three stains in the maturation and activation status 

of T cells experiments were the same, these two experiments were combined and 

prepared in one 96-well plate. This reduced the number of cells wasted. Instead of one, 

two sets of compensation wells were set up, one contained PBMC and the other 

contained tissue samples. 10ul SYTOXBlue dead cell stain for flow-cytometry 

(Thermofisher scientific #S34857),as live-dead markers at 1/10 dilution, was added 

into each sample well 30 seconds before flow-cytometry assessments.  

  



	
 

	
 

Experiment Conjugated Antibody Dilution Isotype Dilution 

Activation 
status of T 

cells 
CD45 - APC  1/100 APC – mouse IgG1 

κ Isotype control 1/100 

  
CD8-AmCyan  1/25 

CD8-AmCyan 
IgG1 Isotype 

control  
1/25 

and  

  CD69-PE (anti-human 
CD69) 1/20 PE mouse IgG1 κ 

Isotype control 1/20 

Maturation 
status of T 

cells 
CD45RA- PE-Cy5  1/50 

PE-Cy5 Mouse 
IgG1 κ, Isotype 

control 
1/50 

  CD45RO-APC  1/50     

  

CCR7-APC-eFluor780  1/50 

APC-eFluor780 
conjugated rat 
IgG2a Isotype 

control 

1/50 

 SYTOXBlue (dead cell 
marker) 1/20     

Proportion of 
regulatory T 

cells 

CD45 – APC 1/100 APC – mouse IgG1 
κ Isotype control 1/100 

CD4 - FITC 
(Monoclonal mouse, 
Anti-Human, Clone 

MT310) 

1/15 FITC - IgG1 1/15 

CD3-PECy7  1/100 
PE-Cy7 mouse 
IgG1 k Isotype 

control  
1/100 

CD25-PE  1/25 PE mouse IgG1 k 
Isotype control  1/25 

Anti-Human FoxP3 
eFluor 450  1/40 Mouse IgG1 k Iso 

control eFluor 450 1/40 

Component aqua 
Fluorescent re-active 

dye (live-dead marker) 
1/20   

Table 2-5: Conjugated antibodies and matching isotype control IgG used in flow-cytometry 
experiments. (Staining method B) 
	  



	
 

	
 

2.4.3.1 Staining for intracellular FoxP3 (staining method B) 

The staining method for intracellular FoxP3 is the same as in method A (chapter 

2.4.1.1). However, instead of anti FoxP3-APC (236A/E7) and mouse IgG1-APC, anti-

human FoxP3 eFluor-450 (1/10 dilution) and mouse IgG1k Iso control eFluor-450 

(1/40 dilution) were used.  

2.5 Flow-cytometry analysis  

All flow-cytometric experiments conducted in this projected were completed using the 

FACS CANTO II instrument. BD FACSDiva software version 6.1.1 was used for the 

compensation of all data in this project. The Macintosh based program FlowJo was 

not used as it was not able to the gate population of cells of interest when multiple 

isotype controls were used.  

2.5.1 Gating strategy for the method A  

The gating strategies for Treg in PBMCs are explained in Figure 2-10 and it is 

compared with tissue in Figure 2-11. 



	
 

	
 

 

Step 1: FSC vs SSC density plot (left upper):  

• In most methods, to identify T cells, only lymphocytes are gated on the FSC vs SSC plot 

(usually situated from 50 to 150 on the x-axis and 10-50 on the y-axis).  

• In this project, all cells were gated. This approach aimed to capture all T cells, including T 

cells that might have bound to other cells and form doublet cells and therefore “sit” outside 

the normal lymphocyte gate. 

Step 2: CD45 APC-H7 vs PE-Cy5 (dump channel) density plot (right upper): 

• CD45+ cells were gated (P2 on the plot) 

Step 3: CD4 FITC vs CD3 PE-Cy7 density plot (left lower):  

• CD45+ cells that were CD3+ and also CD4+ were gated (P3) 

Step 4: FoxP3 APC vs CD25 PE density plot (right lower): 

• CD45+, CD3+, CD4+ cells that were CD25+ and FoxP3+ were gated (P4). 

• Treg usually form a very small percentage of T cells (in this case only 0.4% of CD4+ cells), 

and hence a clear population of cells was not always observed. 

Figure 2-10: Gating strategy for Treg in PBMCs. (Staining method A). 

P1: All cells excluding cell debris    P3: CD45+CD3+CD4+ T cells   
P2: CD45+ cells     P4: CD45+CD3+CD4+CD25+FoxP3+ cells (Treg)  



	
 

	
 

 

Tissue samples were much more complex compared with PBMCs, cell populations were difficult to 

identify, and a large number of cell debris and dead cells would have been included in the first gate. 

Cell debris and dead cells were the likely cause of autofluorescence in the subsequent plots. As a 

result, gating Treg in tissue was inaccurate with the old staining methods. 

Figure 2-11: Gating strategy for Treg in tissue (Staining method A) 

2.5.1.1.1 Calculation for the percentage of Treg in CD4+ T cells and the 

percentage of Treg Tissue/PBMCs: Staining method A. 

The formula for the percentage of Treg in CD4+ T cells and the percentage of Treg 

Tissue/PBMCs for experiments completed using the old staining methods are shown 

below: 

 

 

Percentage of Treg in CD4+T cells = P4/P3 x 100 

	

Percentage of Treg in Tissue/Percentage of Treg in PBMCs=[P4/P3 (Tissue)] / [P4/P3 

(PBMCs)] 

P1: All cells excluding cell debris    P3: CD45+CD3+CD4+ T cells   
P2: CD45+ cells     P4: CD45+CD3+CD4+CD25+FoxP3+ cells (Treg)  



	
 

	
 

Similar challenges were encountered when we attempted to identify activated T cells. 

The gating strategies and the associated issues are described in Figure 2-12 

 
Step 1:  FSC vs SSC density plot (left upper):  

• Similar gating issues with gating Treg 

Step 2:  CD45 APC-H7 vs PE-Cy5 (dump channel) density plot (right upper): 

• Similar gating issues with gating Treg 

Step 3: CD8 vs PE-Cy7 (dump channel) density plot (left lower): 

• Relatively easy in this case to gate CD8+ T cells 

Step 4:  CD8 vs CD69 density plot (right lower): 

• Unable to accurately gate CD69+ CD8+ T cells (Q2) due to dense signals in the middle of 

the plot, most likely secondary to autofluorescence.  

Figure 2-12: Gating strategy for activated T cells in tissue. (Staining method A) 

2.5.1.2 Maturation status of T cells  

We were unable to conduct the analysis for this experiment with the old staining methods, as we were 

not able to isolate CD45+, and CD 8+ T cells.  

  



	
 

	
 

2.5.2 Gating strategies for staining method B  

In order to minimize non-specific signals caused by the cellular contaminants 

described above and to produce more accurate and consistent experimental results, we 

had employed the following strategies: 

• Excluded debris by not gating particle with low FSC and SCC.   

• Added a dead cell dead marker so dead cells could be excluded by gating. 

• Added CD45+ stains to all 3 experiments, so cells of haemopoeitic origin 

could be gated. In theory, by doing so, connective tissues and cells such as 

fibroblasts with elastin or collagen were gated out.  

• For every stain used, a matching isotype control immunoglobulin was 

added, this allowed us to accurately gate cells that were truly positive for 

that each stain. 

  



	
 

	
 

2.5.2.1 Gating for Treg  

The	stepwise	gating	strategy	for	Treg	in	PBMCs	is	described	from	Figure	2-13	to	 

 
Step 6: Gating of CD25+Fox3+ cells 

• Tube 5 contained mouse IgG1 k isotype control eFluor 450 (negative control for 

FoxP3+). Based on the results from tube 5, FoxP3+ cells in tube 6 (containing Anti-

Human FoxP3 eFluor 450 conjugated antibody) were confidently gated, as shown 

in the plot 

Figure 2-18.  

	
Step 1: Eliminating dead cells and debris (Tube 1) 

• Tube 1 of this experiment SYTOXBlue dead cell marker, therefore it allowed us 

to gate only live cells, as shown in the plot on the right.  

Figure 2-13: Treg in PBMCs. Step 1: Gating of live cells (Staining method B) 
 



	
 

	
 

 
Step 2: Gating of CD45+ cells  

• Tube 1 also contained APC – mouse IgG1 κ Isotype control, this was our 

negative control for CD45+ cells. Based on the results from tube 1, CD45+ cells 

in tube 2 and subsequent tubes (containing CD45-APC conjugated antibody) 

were confidently gated, as shown above on the right. 

Figure 2-14: Treg in PBMCs. Step 2: Gating of CD45+ cells. (Staining method B) 
 
 
 

 
Step 3: Gating CD3+ cells  

• Tube 2 contained PE-Cy7 mouse IgG1 k Isotype control (negative control for 

CD3+ cells). Based on the results from tube 2, CD3+ cells in tube 3 and 

subsequent tubes (containing CD3-PECy7 conjugated antibody) were 

confidently gated, as shown in the plot on the right. 

Figure 2-15 Treg in PBMCs. Sep 3: Gating of CD3+ cells. (Staining method B) 
 



	
 

	
 

 
Step 4: Gating of CD4+ cells  

• Tube 3 contained FITC - IgG1 Isotype control (negative control for CD4+). 

Based on the results from tube 3, CD4+ cells in tube 4 and subsequent tubes 

(containing CD4 - FITC conjugated antibody) were confidently gated, as shown 

in the plot on the right  
Figure 2-16: Treg in PBMCs. Step 4: Gating of CD4+ cells. (Staining method B) 
 

 
Step 5: Gating of CD25+ cells  

• Tube 4 contained PE mouse IgG1 k Isotype control (negative control for CD25+). 

Based on the results from tube 4, CD25+ cells in tube 5 and subsequent tubes 

(containing CD25-PE conjugated antibody) were confidently gated, as shown in 

the plot on the right.  
Figure 2-17: Treg in PBMCs. Step 5: Gating of CD25+ cells. (Staining method B) 
 



	
 

	
 

 
Step 6: Gating of CD25+Fox3+ cells 

• Tube 5 contained mouse IgG1 k isotype control eFluor 450 (negative control for 

FoxP3+). Based on the results from tube 5, FoxP3+ cells in tube 6 (containing Anti-

Human FoxP3 eFluor 450 conjugated antibody) were confidently gated, as shown 

in the plot 

Figure 2-18: Treg in PBMCs. Step 6: Gating of Treg (Staining method B) 
 
  



	
 

	
 

2.5.2.1.1 Calculation for the percentage of Treg and Treg Tissue/PBMCs ratio 

The formulas to work out the percentage of Treg and Treg Tissue/PBMCs ratio are 

shown below: 

 

 

*BACKGROUND was calculated as the percentage of CD25+FoxP3+ T cells in Tube 

5 (despite the use of isotype immunoglobulin as a negative control for FoxP3, there 

was always a small percentage of background signal present).  

 

2.5.2.2 Gating for activated CD8+ T cells  

The stepwise gating strategy for activated CD8+ T cells in tissue is described from 

Figure 2-19 to Figure 2-22.  

 

Step 1: Eliminating dead cells and debris 

• In this experiment, SYTOXBlue dead cell marker was used to identify dead 

cells. As shown in above, live cells (green) were gated  

Figure 2-19: Gating strategy for activated CD8+ T cells in PBMCs. Step 1: Gating of 
live cells. (Staining method B) 
 
 

Percentage of Treg in CD4+T cells = [FoxP3/CD4+] x 100 – BACKGROUND* 

	

Treg in Tissue/PBMCs ratio = [Treg (Tissue)] / [Treg (PBMCs)] 

 

FACSDiva Version 6.1.1

standard 6-col template Printed on: Fri Aug 12, 2011 12:27:21 EST



	
 

	
 

 
Step 2: Gating of CD45+ cells  

• Tube 1 contained APC – mouse IgG1 κ Isotype control, this was our negative 

control for CD45+ cells. Based on the results from tube 1, CD45+ cells in tube 

2 and subsequent tubes (containing CD45-APC conjugated antibody) were 

gated with confidence. 

Figure 2-20: Gating strategy for activated CD8+ T cells in PBMC. Step 2: Gating of 
CD45+ cells. (Staining method B) 
 

 
Step 3: Gating of CD8+ T cells 

• Tube 2 contained CD8-AmCyan IgG1 Isotype. Based on the results from tube 

2, CD8+ T cells in tube 3 and subsequent tubes (containing CD8-AmCyan 

conjugated antibody) were gated 

Figure 2-21: Gating strategy for activated CD8+ T cells in PBMC. Step 3: Gating of 
CD8+ T cells. (Staining method B) 
 
 



	
 

	
 

 
Step 4: Gating activated CD8+ T cells 

• Tube 3 contained PE mouse IgG1 κ Isotype control (negative control for 

CD69+ cells). Based on the results from tube 3, CD69+ cells in tube 4 

(containing anti-human CD69-PE anti-human conjugated antibody) were gated. 

Figure 2-22: Gating strategy for activated CD8+ T cells in PBMCs. Step 4: Gating 
activated CD8+ T cells (Staining method B)



 

 

2.5.2.2.1 Calculation for the percentage of activated T cells 

The formula for the percentage of activated CD8 + T cells with the new staining 

methods is shown below:  

*BACKGROUND was calculated as the percentage of activated CD8+ T cells in 

Tube 3 (despite the use of isotype immunoglobulin as a negative control, there was 

always a small percentage of background signal present) 

2.5.2.3 Maturation status of T cells: PBMCs  

In the new staining methods, T cells activation and maturation status experiments 

were combined. Therefore, the strategy for gating CD8+ cells was the same as in the 

T cells activation experiment. Once CD8+ cells were gated, the following gates were 

to identify TN, TCM, TTE, and TEM cells. The stepwise gating strategy for the 

maturation status of T cells in PBMCs is described from Figure 2-23 to Figure 2-26.  

 
Step 1: Gating CD45RO+ cells (Q1 and Q2 on the CD45RA vs CD45RO plot) 

• Tube 5 contained SYTOXBlue dead cell marker, CD8-AmCyan stain, and CD45RO-

APC stain and PE-Cy5 Mouse IgG1 κ, Isotype control (negative control for 

CD45RA). As CD45RO+ and CD45RO- cells always show distinct populations, no 

isotype control was needed for CD45RO.  

Figure 2-23: Gating strategy for the maturation status of T cells in PBMCs. Step 1: 
Gating of CD8+ T, and CD45RO+ cells. (Staining method B) 

Percentage of activated CD8+ T cells = [CD8+CD69+]/[Total CD8+] x 100 – BACKGROUND* 
	



 

 

 
Step 2: Gating of CD45RA+ cells (Q1 and Q2 on the CD45RA vs CD45RO plot) 

• Tube 5 contained PE-Cy5 Mouse IgG1 κ, Isotype control (negative control for 

CD45RA). Based on the results from tube 5, CD45RA+ cells in tube 6 and 

subsequent tubes (containing CD45RA PE-Cy5 conjugated antibody) were gated. 

Figure 2-24: Gating strategy for the maturation status of T cells in PBMCs . Step 2: Gating 
of CD45RA+ cells. (Staining method B) 
 

 

 
Step 3: Gating naïve (CD45RA+ and CCR7+) and terminal effector 

(CD45RA+ and CCR7-) T cells.  

• Tube 6 contained APC-eFluor780 conjugated rat IgG2a Isotype control 

(negative control for CCR7) Based on the results from tube 6, Naïve and 

terminal effector cells were gated in tube 7. (Tube 7 contained APC-

eFluor780 (CCR7) stain) 

Figure 2-25: Gating strategy for the maturation status of T cells in PBMCs, Step 3: 
Gating of naïve, and terminal effector T cells. (Staining method B) 

 



 

 

 

Step 4: Gating central memory (CD45RO+ and CCR7+) and effector memory 

(CD45RO+ and CCR7-) T cells. 

• Tube 6 contained APC-eFluor780 conjugated rat IgG2a Isotype control (negative 

control for CCR7). Based on the results from tube 6, central memory and effector 

memory cells were gated in tube 7. (Tube 7 contained APC-eFluor780 (CCR7) stain) 

Figure 2-26: Gating strategy for the maturation status of T cells in PBMCs. Step 4: Gating 
of central memory and effector memory T cells. (Staining method B) 
 

2.5.2.3.1 Calculation for the percentage of terminal effector, effector memory, 

naïve and central memory T cells 

The formula for the percentage of terminal effector, effector memory, naïve and central memory T cells 

with the new staining methods is shown below  
 

 

 

  
 

  

 

  

 

 

 

 

 

 

*BACKGROUND was calculated as the percentage of CD45RA+ or CD45RO+ cell stained 

positive for CCR7 in Tube 6 where isotype control antibody for CCR7 was used  

 

Percentage of Effector Memory T cells in CD8+ T cells = [Effector Memory T 
cells]/Total CD8+ T cells x 100	

Percentage of Central Memory T cells in CD8+ T cells = [Central Memory T 
cells] / Total CD8+ T cells x 100 – BACKGROUND	

Percentage of Terminal Effector T cells in CD8+ T cells = [Terminal Effector T 
cells] / Total CD8+ T cells] x 100	

Percentage of Naïve T cells in CD8+ T cells = [Naïve T cells] / Total CD8+ T cells 
x 100 – BACKGROUND	



 

 

2.5.3 Statistical analysis 

Student T test was used for statistical analysis. GraphPad Prism 5 was used for data 

analysis and scientific graphs plotting 

2.5.4 Polymerase chain reaction techniques 

Our research assistant Rebecca Nightingale assisted this part of the project.  

2.5.4.1 Designing of oligonucleotides: 

The oligonucleotides used for PCR experiments in this project are detailed in Table 

2.10. The oligonucleotides were designed using the online program “Roche universal 

probe library Assay design centre”, (www.roche-applied-

science.com/sis/rtpcr/upl/index.jsp?id=uplct_030000). 

 

Gene of 

interest 

Primer Length Position  Sequence Probe number and 

cat. No. 

TNF-α Left  

Right 

21 

20 

274-294 

377-396 

cagcctcttctccttcctgat 

gccagagggctgattagaga 

#29 (cat. no. 

04687612001) 

TGF-β1 Left 

Right 

20 

22 

1366 - 

1385 

1438 - 

1459 

cacgtggagctgtaccagaa 

aagataaccactctggcgagtc 

#66 (cat. no. 

04688651001) 

IFN-γ Left 

Right 

22 

21 

288 - 309 

379 - 399 

ggcattttgaagaattggaaag 

tttggatgctctggtcatctt 

#21 (cat. no. 

04686942001) 

18s rRNA Left  

Right 

25 

20 

73 - 97 

144 - 163 

tggctcattaaatcagttatggtt

ccttcggcatgcattagctct 

#55 (cat. no. 

04688520001) 

IL4 Left 

Right 

20 

20 

370 - 389 

433 - 452 

agctgatccgattcctgaaa 

gttggcttccttcacaggac 

#57 (cat. no. 

04688546001) 

IL5 Left 

Right 

26 

20 

199 - 224 

275 - 294 

ttcctgttcctgtacataaaaatc

accagtacccccttgcacagtt 

#47 (cat. no. 

04688074001) 

IL10 Left 

Right 

20 

21 

197 - 216 

279 - 299 

tgccttcagcagagtgaaga 

gcaacccaggtaacccttaaa 

#67 (cat. no. 

04688660001) 

IL13 Left 

Right 

19 

19 

126 - 144 

201 - 219 

cctccctctacagccctca 

tccataccatgctgccatt 

#17 (cat. no. 

04686900001) 

Table 2-6: Oligonucleotides for quantitative real time PCR 
  



 

 

2.5.4.2 RNA Extraction  

RNA extraction was performed using the Qiagen RNeasy mini kit (cat#74126) 

according to the supplier’s instruction. Tissue samples or cells were removed from -

80oC freezer and cut into fine pieces using scalpel blade. The tissue or cells were then 

disrupted by adding 350 µL of Buffer RLT (1ml RLT + 10µL beta-mercaptoethanol) 

to each sample (for  <5x106 cells). The cells were vortexed to mix. 1 volume of 70% 

ethanol was added to the sample. 700 µL of the sample, including any precipitate 

formed was transferred to an RNeasy spin column placed in a 2ml collection tube. 

The lid was gently closed and the collection tube was centrifuged for 15 seconds at 

9x103g. The flow-through was discarded. 350 µL of buffer RW1 was added to the 

RNeasy spin column. The lid was gently closed and the spin column was centrifuged 

to wash the spin column membrane. The flow-through was discarded. 80 µL of 

DNAse I mix (70 µL buffer RDD + 10 µL DNase I per sample) was added to the spin 

column membrane and incubated at room temp for 15 minutes. The collection tube 

was centrifuged and the flow-through was discarded.  500 µL of buffer RPE was 

added to the RNeasy spin column. The tube was centrifuge for 2 minute at 9x103g to 

wash the spin column. The RNeasy spin column was then placed in a new 1.5ml 

collection tube. 30 µL. RNase-free water was added directly to the spin column 

membrane. The tube was centrifuged for 1 minute at 9x103g to elute the RNA. Using 

a Nanodrop spectrophotometer instrument, the quantity and purity of RNA was 

measured. If the quality and purity of the RNA, as measured by 260/230 and 260/280 

ratios, was appropriate for RT-PCR, the samples were stored at -80oC.   



 

 

2.5.4.3 Reverse-Transcription PCR 

Reverse transcription PCR (RT-PCR) was performed using the Invitrogen SuperScript 

III First-Strand Synthesis Supermix (cat#18080400) according to the supplier’s 

instruction as outlined in Figure 2-27. 

1. Prepare master mix (MM) by combining the components below with the specified amount in 

thin-walled PCR tubes 

Component Amount 

50 nanograms RNA x microL (volume dependent on RNA 

concentration) 

20 microM oligo (dT) primer 1 µL (per sample) 

200 microM random hexamers 1 µL (per sample) 

Annealing buffer 1 µL (per sample) 

Nuclease free Water to 8 µL 

   

2. Prepare the reaction mix by combining the components below with the specified amount. 

Component Amount 

2x First-Strand reaction mix 10 µL (per sample) 

SuperScript III/RNaseOut enzyme mix 2 µL(per sample) 

 

3. Master mix was added into RNA 

4. RNA/primer mix were incubated at 650C for 5 min then placed on ice for 1 minute and 

centrifuged briefly.  

5. Reaction mix was then added to all samples except controls. 

6. Mixed and centrifuged briefly 

7. Samples were incubated using Thermo Px2 Thermocycler. Programmed to cycle at:  

a. 5 min at 250C  
b. 50 min at 500C 
c. 5 mins at 850C 
d. Samples were chilled on ice and stored at -80oC. 

Figure 2-27: Protocol for reverse transcription PCR 
	  



 

 

2.5.4.4 Quantitative real time PCR 

Quantitative real time qRT-PCR was performed to analyse the expression of IFN γ, TNFα, 
TGFβ, IL4, IL5, IL10 and IL13 relative to18s rRNA in prostate samples. The standards 
for the q-RT-PCR reaction were prepared with T cell+ phorbol myristate acetate (PMA) 
cDNA at dilutions 1/20 to 1/200,000 for plates 1 and 2, and to 1/ 2x106 for plates 3 and 4 
(Table 2-7). Nuclease free water (3.85µL) was used as negative control for cDNA. One 
randomly selected sample at the dilution of 1/10 was used as the “no reverse transcriptase 
(NoRT) negative control, containing no cDNA as a control for genomic DNA 
contamination. Preparation of master mix was performed following the materials and 
dilution listed in 

 
 

Table 2-8. After aliquoting 6.15µL of the appropriate master mix for each gene to be 

amplified into the wells of a 96 well qRT-PCR plate, 3.85µL cDNA was added to 

sample of dilution A,B,C,D, E or F for standards or 3.85 µL of sample to be tested. 

The plate was then sealed wells using Optical Adhesive Film and briefly centrifuged. 

q-RT- PCRs was performed on Applied Biosystems 7500 fast RT-PCR system using 

10µL reaction volumes. Thermal cycling was performed with the following 

conditions: 

• No holding stage 

• PCR cycling at 45 cycles of 15 sec./95°C 30 sec/60°C,  

• Melt curve: continuous 15 sec./95°C 60 sec./60°C stepping at 1.6°C/sec., 
15 sec./95°C stepping at 0.05°C/sec. 

 
Solution Dilution Methods of dilution 

A 1:20 5 µL of cDNA into 95 µL DNase free water 

B 1:200 10 µL of  A into 90 µL DNase free water 

C 1:2 000 10 µL of B into 90 µL DNase free water 

D 1:20 000 10 µL of C into 90 µL DNase free water 

E 1:200 000 10 µL of D into 90 µL DNase free water 

F 1:200 0000 10 µL of E into 90 µL DNase free water 

Table 2-7: Dilutions table for T cell + PMA (T+P) cDNA for the qRT-PCR 
reaction standard 
	  



 

 

 
 

 

 

 

 

 
 
 
 

Table 2-8: Materials needed and the dilution table for master mi

Materials Amount (x1) MM for all (×50) 

Strategene Brilliant II SYBR Green 

QPCR Master Mix  

5 µL 250 µL 

1:500 Diluted ROX Reference Dye 0.15 µL 7.5 µL 

6µM Forward Primer (as above) 0.5 µL 25 µL 

6µM Reverse Primer (as above)  0.5 µL 25 µL 

+ Sample (3.85 µL) (3.85µL of cDNA) 
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Chapter 3 Characterisation of Tumour Infiltrating 

Lymphocytes in Benign and Malignant 

Prostate Tissues. 

3.1 Introduction  

Each T cell subset has a different function in the tumour microenvironment. 

Activated CD8+ T cells, also known as cytotoxic lymphocytes (CTLs), are 

responsible for anti-tumour responses; whereas, regulatory T cells (Treg) 

suppress T lymphocytes and thereby hinder anti-tumour responses.321,322 It has 

been shown that at the tumour microenvironmental level, Treg play a role in 

immune escape and cancer progression.345,346 The presence of CD8+ tumour 

infiltrating lymphocytes (TIL) in patients with ovarian, breast, colorectal, lung, 

and brain cancer has been shown to correlate with positive survival outcomes.313-

320 A high number of Treg has been found in tumour tissues of cancers such as 

breast, gastric, colon, melanoma, lung and hepatocellular carcinoma. 323 In 

ovarian cancer, a high proportion of Treg in the tumour-infiltrating CD4+ T cell 

subset is associated with poorer prognosis, especially when it is associated with a 

decrease in CD8+/ Treg ratio .322,320,324. Similar findings in lung cancer, 

melanoma, lymphoma and other cancers have also been reported.325,326,327 

 

A systematic review of studies looking at the prognostic influence of TILs in 

cancers (ovarian, colorectal, lung, hepatocellular, renal cell and other) has found 

that TILs do influence prognosis. CD3+ and CD8+ TILs were found to have a 

positive impact on prognosis with Hazard ratios (HR) of 0.58 (95% CI 0.43-

0.78). 347 CD4+ TILs were associated with better overall survival (HR 0.82, 95% 

CI 0.69-0.98) but when analysed separately, the Treg subset was not significantly 

associated. CD8/Treg ratio was found to have a larger HR of 0.48 (95% CI 0.34 

– 0.68), but only a few studies employed the use of this ratio. 347 This suggests 

that CD8+ and Treg TILs should be assessed together and their net effect should 

be examined with CD8+/Treg ratio.  
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T-cell biology in prostate tissues is complex and still not well investigated. There 

are only a limited number of studies examining TIL characteristics in human 

prostate tissues.348 Evaluating the characteristics of TILs found in prostate tissue 

will provide valuable information regarding the role of immune function in 

benign and malignant prostate glands. 

 

There are multiple challenges in evaluating prostate TILs. Firstly, prostate 

tumours are relatively small. Therefore only small volumes of tissue could be 

sampled for research purposes. PC is usually not macroscopically obvious when 

cutting the fresh specimen, making the sampling of malignant tissue difficult. 

Furthermore, tissue samples contain multiple different tissue types such as 

normal epithelial cells, malignant prostate epithelial cells, stromal cells and blood 

vessels endothelial cells. Therefore, a robust tissue processing and digestion 

protocol are needed to produce single cell suspension for flow-cytometric 

analysis. Due to the complexity of these tissues, autofluorescence is a common 

phenomenon during flow-cytometric analysis, making the gating process 

difficult. TILs in the prostate, Treg in particular, also are present in low numbers, 

so a significant volume of prostate tissue is required for experiments.  

 

As described in Chapter 2, strict criteria for patient selection, tissue collection 

and specimen handling are required to provide the most reliable results. To 

overcome some of the challenges in flow-cytometric assessment of tissue 

samples described above, we modified and improved the staining methods used 

in our laboratory.  

 

In this study, we collected prostate tissue and matching peripheral blood 

mononuclear blood cells (PBMCs) samples to evaluate the characteristics of T 

cells of patients with benign prostatic hyperplasia (BPH), normal prostate (NP) 

or prostate cancer (PC). The T cell characteristics evaluated include: (1) the 

proportion of Treg in CD4+ T cells subset, and CD8/Treg ratio, (2) the activation 

status of CD8+ T cells, and (3) the maturation status of the CD8+ T cells.  
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Findings in prostatic tissue were correlated with those of autologous peripheral 

blood using the Tissue/PBMCs ratio. A ratio of more than one means there is a 

higher proportion of the T cell subset in the tissue. This suggests that: (1) the T 

cell subset has been trafficked to the tissue microenvironment or (2) there is an 

expansion or other selection of this subset locally or (3) transformation of 

another T cell subset to the one tested at the tissue level. For example, the Treg 

Tissue/PBMCs compares the proportion of Treg at local tissue environment 

versus the peripheral blood. 

 

3.2 Patients and samples recruited 

A total of 47 patients were recruited for project 1 (Figure 3-1). The prostate 

tissues and matching PBMCs for all 47 patients were collected following the 

methods described in chapter 2.3.  

 

The samples of the first 14 patients recruited, all with PC, were analysed using 

method A described in chapter 2.4.1. Subsequently, we recruited another 33 

patients whose samples were analysed using the new staining method, method B 

(see chapter 2.4.3). Five of these 33 patients were not included in the study due 

to technical failures or unsuccessful experiments, including lack of tissue for 

repeat experiments. These patients are not included in the analysis. Of the 

remaining 28 samples, four were BPH from simple prostatectomies, five were 

NP tissue from cystoprostatectomies, and 19 were PC from radical 

prostatectomies. For six of the 19 patients with PC, we also successfully sampled 

non-cancer involved prostate tissues (termed PC non-involved) in the opposite 

lobe. These non-cancer involved tissues were used as internal controls for direct 

comparison. No CAP patients were recruited. Quality control of specimen is 

described in chapter 3.4. 
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Figure 3-1: A total of 47 patients were required, 14 patient samples analysed with staining 
method A and 33 with the staining method B. Five patients were not included due to 
technical experimental failures.  
	

3.3 Histopathology results of patients recruited 

Summaries of the histopathology results for patients recruited are shown in Table 

3-1. All four BPH specimens were shown to contain benign tissue only. 

However, specimens from patient BPH2 and BPH4 showed acute or chronic 

tissue inflammation, and this might have implications for the results of our 

experiments, which will be discussed in chapter 3.6.1.4. 

 

As for prostate specimens from patients who had cystoprostatectomies; the 

histopathology results for patient NP1, NP2, NP4 and NP5 were completely 

benign. However, specimen from patient NP3, though benign, was found to have 

chronic inflammation and squamous metaplasia changes. All 19 patients who had 

radical prostatectomies were confirmed to have adenocarcinoma (Table 3-1). 

	  

Total number of 
patients recruited 

N = 47 

Experiment 
completed using 

staining method A 
N=14 

Experiment completed 
using staining method B 

N=33 

Patients 
included in 

final 
analysis 
N=28 

Patients not included 
in analysis due to 

unsuccessful 
experiments: 

N=5 

NP 
N=5 

PC 
N=19 

BPH 
N=4 
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Patient Final Histology result Comments 
BPH1 BPH only  
BPH2 BPH with chronic inflammation Inflammation in these benign tissues is 

likely to influence the experiment 
outcomes 

BPH3 BPH  
BPH4 BPH with acute and chronic 

inflammation 
Inflammation in these benign tissues is 

likely to influence the experiment 
outcomes 

NP1 Normal prostate tissue  
NP2 Normal prostate tissue  
NP3 Benign prostate tissue with chronic 

inflammation and squamous 
metaplasia 

Inflammation in these benign tissues is 
likely to influence the experiment 

outcomes 
NP4 Normal prostate tissue  
NP5 Normal prostate tissue  
PC1 Adenocarcinoma Gleason 3+4 = 7 ; Grade group 2 
PC2 Adenocarcinoma Gleason 4+5 = 9 ; Grade group 5 
PC3 Adenocarcinoma Gleason 4+5 = 9 ; Grade group 5 
PC4 Adenocarcinoma Gleason 4+5 = 9 ; Grade group 5 
PC5 Adenocarcinoma Gleason 3+4 = 7 ; Grade group 3 
PC6 Adenocarcinoma Gleason 3+4 = 7 ; Grade group 2 
PC7 Adenocarcinoma Gleason 4+3 = 7 ; Grade group 3 
PC8 Adenocarcinoma Gleason 4+4 = 8 ; Grade group 4 
PC9 Adenocarcinoma Gleason 4+3 = 7 ; Grade group 3 

PC11 Adenocarcinoma Gleason 4+5 = 9 ; Grade group 5 
PC12 Adenocarcinoma Gleason 4+4 = 8 ; Grade group 4 
PC13 Adenocarcinoma Gleason 4+4 = 8 ; Grade group 4 
PC14 Adenocarcinoma Gleason 4+5 = 9 ; Grade group 5 
PC16 Adenocarcinoma Gleason 3+4 = 7 ; Grade group 2 
PC17 Adenocarcinoma Gleason 4+5 = 9 ; Grade group 5 
PC18 Adenocarcinoma Gleason 4+3= 7 ; Grade group 3 
PC19 Adenocarcinoma Gleason 4+3 = 7 ; Grade group 3 
PC21 Adenocarcinoma Gleason 3+4 = 7 ; Grade group 2 
PC24 Adenocarcinoma Gleason 4+5 = 9 ; Grade group 5 

Table 3-1: Histology of patients recruited for experiments using the new 
staining methods. 
	

3.4 Quality control outcome  

The process of prostate tissue sampling and quality control has been described in 

chapter 2. Table 3-2 shows the results of the quality control process we followed. 

These are the results of the 19 patients with PC, whose prostate tissues were 

sampled successfully and analysed using the new staining methods.  

As discussed in chapter 2, before a sample of a prostate tissue was given to our 

laboratory, a small section of the tissue was removed for immunohistochemistry 

staining to confirm if the sample contained cancer cells. In 17 out of the 19 

samples, we were able to collect a small section for immunohistochemistry 

staining for the quality control process. This process was not performed for two 
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patients, PC6 and PC13, as the required resources in the anatomical pathology 

laboratory were not available on the days when these two patients had their 

surgery. From the immunohistochemistry staining, we found that 13 out of the 17 

patients (76.5%) contained cancer. Therefore, with the quality control process we 

employed, at least 75% of the time the presumed cancer involved tissue we 

sampled contained tumour cells. There were seven patients for whom we were 

able to sample the PC involved and PC non-involved tissue. These specimens 

were used as a direct comparison and internal controls (i.e. T cells characteristics 

in PC involved vs PC non-involved tissues). However, one patient, PC13, had to 

be excluded from this direct comparison process, as the presumed non-involved 

tissue was found to contain cancer.  

	
Patient PC found in tissue? 

PC 1 Involved Tissue Negative 
PC 1 Non –involved Tissue Normal 
PC 2 Involved Tissue Positive 
PC 3 Involved Tissue Positive 
PC 3 Non –involved Tissue Normal 
PC 4 Involved Tissue Positive 
PC 5 Involved Tissue Negative 
PC 6 Involved Tissue Unknown 
PC 7 Involved Tissue Positive 
PC 7 Non –involved Tissue Normal 
PC 8 Involved Tissue Positive 
PC 9 Involved Tissue Negative 
PC 9 Non –involved Tissue Normal 
PC 11 Involved Tissue Near miss 
PC 12 Involved Tissue Negative 
PC 13 Involved Tissue Unknown 
PC 13 Non –involved Tissue Positive 
PC 14 Involved Tissue Positive 
PC 16 Involved Tissue Positive 
PC 16 Non –involved Tissue Normal 
PC 17 Involved Tissue Positive 
PC 17 Non –involved Tissue Normal 
PC 18 Involved Tissue Positive 
PC 19 Involved Tissue Positive 
PC 21 Involved Tissue Positive 
PC 24 Involved Tissue Positive 

Table 3-2 : Quality control results of prostate tissues sampled for 
experiment 
Definition: Positive= specimen contained cancer cells; Negative= no cancer 
cells detected; Normal= no cancer cells detected in non-involved tissue; Near 
miss= specimen contained cancer cells, but at the periphery of the tumour; 
these samples were considered positive samples. 
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3.5 Effects of trypsin on CD4 expression in tissue 

samples  

When flow-cytometry results of prostate tissues were analysed, it was found that 

CD3+CD4+ T cell population was difficult to be separated/gated from 

CD3+CD4- T cell population (Figure 3-2.). However, in PBMC, a clear 

separation of CD4+ and CD4-T cell population can be seen easily (Figure 3-3). 

This phenomenon observed in prostate tissues was initially thought to relate to 

the choice of fluorescent dye used. Therefore, the same experiment was repeated 

using other different dyes (V450, PECy5, PE, FITC, and Alexa 700). However, 

they all yielded the same findings. There was always a clear distinction between 

CD4+ and CD4- T cell populations in PBMC but not in tissue (Figure 3-4 and 

Figure 

3-5). As described in chapter 2, after prostate tissue was collected, to produce 

single cell suspension for flow-cytometry analysis, the tissue was minced, 

processed and digested overnight in a solution containing trypsin. We postulated 

that the tissue digestion process with trypsin might have affected some of the T 

cell receptors. Similar findings have been reported in tissue samples of mice 

spleen349. In humans, one study had found that when PBMC were incubated with 

collagenase, the intensity of expression of CD3, CD4, CD8, alpha beta and γδT 

cell receptors was decreased by 25-40%.350 With the use of negative control and 

the gating strategy we employed, we believe the CD4+ T cell population we 
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Figure 3-5: Gating CD3+CD4+ T cells using Alexa 700, FITC, PE, PECy5 and V450 dyes in 
tissue 
In tissue samples, CD4+ and CD4- T cell populations were situated close to each other, with 
Alexa 700, FITC and PE dyes. With PECy5 and V450 dyes, in this case, very low numbers (if 
any) CD4+ T cells were gated. 
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gated is still valid and accurate. However, we need to be mindful that CD4 

expression was reduced in tissue samples due to trypsin digestion.  
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Figure 3-2 Gating CD3+CD4+ T cells from CD3+CD4- T cells in prostate tissue 
sample. 
As the two cell populations did not have a distinct separation, an.isotype negative 
control (plot on the left) had to be used to gate CD3+CD4+ T cells (plot on the 
right, light blue population). This helps us to gate CD3+CD4+ cells confidently 
	

	
	
Figure 3-3: Gating CD3+CD4+ T cells from CD3+CD4- T cells in PBMC sample  
As seen her, with isotype control, two distinct populations of T cells could be gated 
easily 
	

	
Figure 3-4: Gating CD3+CD4+ T cells using Alexa 700, FITC, PE, PECy5 and 
V450 dyes in PBMC. 
In PBMC, a clear distinction of CD4+ and CD4- T cells populations could 
always be found regardless of the dye used. 
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Figure 3-4: Gating CD3+CD4+ T cells using Alexa 700, FITC, PE, PECy5 and V450 dyes in 
PBMC. 
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dye used. 
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Figure 3-5: Gating CD3+CD4+ T cells using Alexa 700, FITC, PE, PECy5 and 
V450 dyes in tissue 
In tissue samples, CD4+ and CD4- T cell populations were situated close to each other, 
with Alexa 700, FITC and PE dyes. With PECy5 and V450 dyes, in this case, very low 
numbers (if any) CD4+ T cells were gated. 
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Figure 3-5: Gating CD3+CD4+ T cells using Alexa 700, FITC, PE, PECy5 and V450 dyes in 
tissue 
In tissue samples, CD4+ and CD4- T cell populations were situated close to each other, with 
Alexa 700, FITC and PE dyes. With PECy5 and V450 dyes, in this case, very low numbers (if 
any) CD4+ T cells were gated. 
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3.6 Flow-cytometry analysis 

In this section, the results of the flow-cytometric analysis of PBMCs and prostate 

tissues for patients with BPH, NP and PC are reviewed. First, the results of 

samples analysed using the former staining methods are reviewed. These were 

samples of the first 14 patients recruited as discussed earlier in this chapter. The 

only results available for these samples are the experiments indicating the 

proportion of Treg. The activation status and maturation status experiments were 

unsuccessful, as we were not able to gate and isolate CD45+ and CD8+ cells due 

to significant autofluorescence (see chapter 2). Therefore no results were 

collected. This was due to the limitations and deficiencies of the former staining 

methods. These issues were addressed in subsequent modifications of the method 

as described in chapter 2. 

	

3.6.1 Proportion of regulatory T cells in PBMC and prostate 

tissue 

3.6.1.1 Results for samples processed with method A 

Using the formula discussed in chapter 2.5.1.1.1 the percentages of Treg in 

PBMC and PC tissue were calculated for the first 14 patients. As mentioned, all 

these patients had PC and the experiments were carried out using staining 

method A. Table 3-3 shows the percentage of Treg in PBMC and PC tissue for 

these 14 patients. Due to a small number of samples, individual results are shown 

here instead of mean. The percentages of Treg found in CD4+ T cells in PBMCs 

and prostate tissue are shown in the second and the fourth columns respectively. 

The third and the fifth columns show the event count for Treg (i.e. the total 

number of Treg identified in PBMCs and prostate tissue). The last column shows 

the percentage of Treg in tissue compared with the percentage of Treg in 

PBMCs. The percentage of Treg in CD4+ T cells in PBMCs ranged from 1.48 to 

4.85, with a median of 3.21. As for PC tissues, the percentage of Treg in CD4+ T 

cells ranged from 1.1 to 34 with a median of 6.7. The Treg event count was low 

for tissue, and therefore quality control was critical due to low numbers of 
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events. The Treg Tissue/PBMCs ratio ranged from 0.25 to 10.63 with a median 

of 3.6. This suggests that in most patients, a higher percentage of Treg were 

found in PC tissue compared with blood, and this might have contributed to local 

immune suppression. We had reassessed this with our newer staining methods, 

method B, and with a larger sample size and the results are shown in chapter 

3.6.1.3.The event count for Treg in tissue for five patients was very low 

(highlighted in blue in Table 3-3, event count <20). These five patients had a 

percentage of Treg that ranged from 1.1 to 7.4. This extremely low event count is 

likely to cause inaccurate results when working out the percentage of Treg in 

CD4+ T cells, as a small change in the event count can lead to a large change in 

percentage. The low Treg event count could also be the result of a late of 

infiltrating lymphocytes, which might imply a different mechanism of local 

immunosuppression (see chapter 1.7, and discussion in chapter 3.6.1.2). Four of 

these five patients had lower percentage of Treg in tissue compared to PBMCs 

(0.25 to 0.7)  

 

When we excluded these five patients with low event count from our analysis, 

we found that of the remaining nine patients, only one patient had Treg 

Tissue/PBMCs ratio of <1 (i.e. a lower percentage of Treg in tissue compared to 

PBMCs). The remaining eight patients had a ratio of at least 2.4. In fact, most of 

the patients with an event count of at least 40, highlighted yellow in Table 3-3, 

were found to have a percentage of Treg in tissues 3 to 5 times higher than in 

PBMCs.  
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Table 3-3: Percentage of Treg in the CD4+ T cell subset in PBMC 
and prostate cancer tissue. 
Highlighted blue: patients with event count <20. Highlighted yellow: 
most of the patients with an event count of at least 40 had a percentage of 
Treg Tissue/PBMCs ratio range from 3 to 5.  
 

3.6.1.2 Discussion  

Of nine PC patients with detectable infiltrating lymphocytes, eight showed an 

increased percentage of Treg in PC tissue relative to PBMCs, and two thirds of 

them had a level 3 to 5 times higher. Some patients (5/14) showed very low event 

counts in tissue and this could be the result of a low or even absent lymphocyte 

infiltration, assuming our staining and gating methods were reliable. The basis 

for this variance is uncertain. Potentially the mechanism of immunosuppression 

may be different. The tumour cells may have mechanisms of keeping infiltrating 

lymphocytes out of its tumour microenvironment, such as the activation of the 

the Wnt/β-catenin pathway, thus evading immune surveillance.  

 

The mechanisms by which tumour intrinsic activation of the β-catenin signaling 

pathway excludes T-cells from the tumour microenvironment has been showed in 

mouse models351. Using inducible autochthonous mouse models (genetically 

engineered mice), driven by conditional active BRAF with or without conditional 

PTEN deletion and expression of active β-catenin, it has been shown that 

tumour-intrinsic β-catenin activation completely exclude T-cell infiltration into 

melanoma tumour microenvironment.  
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Absence of early T-cell priming was found in these tumour-bearing mice. This 

suggests that a defect in antigen presenting cell compartment may be the reason 

for T cell exclusion by tumour.328 Activation of the β-catenin pathway was also 

shown to significantly reduce the number of DCs in tumours.351 The presence of 

certain chemokines that can prevent immune cell infiltration. For example, 

tumours that produce CXCL12, a chemokine that has been associated with 

tumour growth and spread, have been shown to repel antigen specific T cell 

infiltration at high concentrations.352  

 

These preliminary data, although collected from a sub-optimal flow-cytometry 

strategy, may suggest that high levels of Treg in PC may lead to local 

immunosuppression in some patients, whereas in other patients local 

immunosuppression might be due to exclusion of TIL from the tissue.  

 

3.6.1.3 Results for samples processed using the staining method B and new 

gating strategy.  

As discussed in chapter 2.4.2, there were many limitations and deficiencies 

associated with the staining method A. With the new improved staining method 

B, we were able to produce much more accurate and reliable results. PBMC and 

tissue samples from 28 patients (4 BPH, 5 NP and 19 PC) were processed using 

staining method B.  

 

3.6.1.3.1 Percentage of Treg in the CD4+ T cell subset 

The mean percentages of Treg in CD4+ T cell subset in PBMCs of patients with 

BPH, NP or PC are shown in Figure 3-6. The mean percentages of Treg for BPH, 

NP and PC groups were 3.36 (95% CI 3.36 to 3.75), 2.98 (95% CI 2.16 to 3.80), 

and 2.34 (95% CI 2.06 to 2.62) respectively. The absolute percentage difference 

for Treg was 1.02% higher in BPH group compared with PC group. Using the 

Student T test (unpaired, two tails) this difference was statistically significant 
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with a p-value of 0.0044. Treg level was 0.38% higher in NP compared with PC, 

but this was not statistically significant (p-value 0.07) 

 
Figure 3-6: Percentage of Treg in the CD4+T cell subset in PBMCs.  
Results for 28 patients: BPH (n=4), NP (n=5), and PC (n=19) 
*Buffy coat was only used for the optimisation of experimental assays, It was 
collected and stored differently to PBMC and the data collected were not for 
comparison. 
The differences were not statistically significant 
The mean percentages of Treg in tissue for BPH, NP and PC groups were 6.78 

(95% CI 2.58 to10.97), 8.25 (95% CI 4.18 to 12.32) and 5.60 (95% CI 4.27 to 

6.93) respectively (Figure 3-7). The differences were not statistically significant.  

 

Figure 3-7: Percentage of Treg in the CD4+ T cell subset in tissue.  
Results for 23 patients: BPH (n=4), NP (n=5), and PC (n=19). 
The differences were not statistically significant 
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The results for individual patients were analysed (Figure 3-8). Patients BPH1 and 

BPH3 only had BPH, while patients BPH2 and BPH4 had BPH associated with 

chronic inflammation. Patient NP1, 2, 4, 5 had normal prostate tissues, but NP3 

showed benign prostate tissue with chronic inflammation and squamous 

metaplasia. Interestingly, NP3’s percentage of Treg was only 1.43%, 

significantly lower than the other four patients with NP, and correlating with the 

presence of prostatitis. It has previously been shown in our institute that 

prostatitis, like other autoimmune conditions, is associated with low Treg levels 

in tissue353. However, patient BPH2 and BPH4 (5.72%) who were also found to 

have prostatic inflammation in their tissues, had high percentages of Treg, 11.6% 

and 5.72% relatively. In BPH1’s sample, with no signs of inflammation, a low 

percentage of Treg was found (BPH1, 1.66%). It is hard to draw any conclusions 

based on such a small sample. A larger sample size is needed to further assess 

this. 
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Figure 3-8: Percentage of Treg in CD4+T cells in tissue for each individual patient   
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3.6.1.3.2 Treg Tissue/PBMCs ratio 

The Treg Tissue/PBMCs ratio for the three patient groups are shown in Figure 

3-9. The mean Treg Tissue/PBMCs ratio for BPH, NP and PC groups were 1.97 

(95% CI 0.81 to 3.13), 2.58 (95% CI 1.55 to 3.62) and 2.54 (95% CI 1.93 to 

3.14) respectively. The differences were not statistically significant. 

	
	
Figure 3-9: Treg Tissue/PBMCs ratio 
The mean Treg Tissue/PBMCs ratio for BPH, NP and PC 
groups were 1.97 (95% CI 0.81 to 3.13), 2.58 (95% CI 
1.55 to 3.62) and 2.54 (95% CI 1.93 to 3.14) respectively. 
The differences were not statistically significant 
 

In conclusion, the Treg Tissue/PBMCs ratio of NP and PC group were slightly 

higher than BPH group, but the differences were not statistically significant. All 

three tissue groups were found to have at least twice the level of Treg in tissue 

than in PBMC.  

3.6.1.3.3 CD8+ T cell/Treg ratio 

The ratio of these cytotoxic CD8+ T cells and Treg assists with predicting the net 

effect of immune cells in the local and peripheral environments. The calculation 

of CD8+ T cell/Treg ratio was performed using the formula below: 

CD8+ T cell/Treg ratio = [%CD3+ cells – %CD4+ T cells] / %Treg 

*Assuming all CD3+CD4- cells are CD8+ T cells (*and a small 
proportion of NK cells): 
 
The mean CD8+ T cell/Treg ratios in PBMCs for BPH, NP and PC groups were 

24.83 (95% CI 10.18 to 39.48), 23.99 (95% CI to 4.22 to 40.98) and 21.22 (95% 
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CI 16.35 to 26.09) respectively (Figure 3-10). The differences were not 

statistically significant.  

	
Figure 3-10: CD8+ T cell /Treg ratio in 
PBMCs. Results for 28 patients: BPH (n=4), 
NP (n=5), and PC (n=19). The differences 
were not statistically significant.   

 
The mean CD8+ T cell/Treg ratio in tissues for BPH, NP and PC groups were 

175.59 (95% CI -37.4 to 388.6), 299.82 (95% CI -254.40 to 753.80) and 106.33 

(95% CI 69.92 to 142.71) respectively (Figure 3-11). The differences were not 

statistically significant.   

	
Figure 3-11: CD8+ T cell/Treg ratio in tissue. 
Results for 28 patients: BPH (n=4), NP (n=5), 
and PC (n=19). The differences were not 
statistically significant.   

 
From Figure 3-11, one can see that NP group’s CD8+ T cell/Treg ratio is higher 

than the other two groups. However, it is also associated with a large standard 

error of mean (SEM). Of note, patient NP3’s CD8+ T cell/Treg ratio was 

unusually high (1202). As mentioned, NP3’s histopathology was found to have 
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benign prostate tissue with chronic inflammation and squamous metaplasia. It 

may be the reason for the outlier high CD8+ T cell/Treg ratio. By excluding NP3, 

the new mean CD8+ T cell/Treg ratio for BPH (n=4), NP (n=4) and PC (n=19) 

were 175.59, 74.27, and 106.33 respectively. However, the differences were still 

not statistically significant.  

3.6.1.3.4 Percentage of Treg in the CD4+ T cell subset of PC involved vs PC 

non-involved tissue 

For six of the 19 patients with PC, we were able to sample non-cancer involved 

prostate tissues. These non-cancer involved tissues were used as internal controls 

for direct comparison with the cancer-involved tissues. Figure 3-12 shows the 

percentage of Treg in CD4+ T cells for PC involved and PC non-involved tissues 

for each of the six patients recruited. The percentage of Treg was higher in PC-

involved tissues for all six patients.  

	
Figure 3-12:  Percentage of Treg in the CD4+ T cell subset: PC involved vs 
PC non-involved tissue. Results for individual patients. 

 

Based on our quality control results; samples collected from cancer-involved 

areas were confirmed to contain malignant cells for patient PC3, PC7, PC16, and 

PC17. No malignant cells were confidently identified in the samples collected for 

PC1 and PC9. Even though no malignant cells were identified, the sampled 

tissues would have been very close to cancer tissues or at its periphery. The mean 
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percentages of Treg in the CD4+ T cell subset was 6.89% (95% CI 4.65 to 9.13) 

for PC involved tissues, and 4.15% (95% CI 2.95 to 5.34) for PC non-involved 

tissues (Figure 3-13). The difference was statistically significant, with a p-value 

of 0.045, using the paired Student’s T-test.  

	
Figure 3-13: Mean percentage of Treg in the CD4+ T cell 
subset: PC involved vs PC non-involved tissues: 6.89% vs 
4.15%, p-value of 0.045. 
	

3.6.1.3.5 CD8+ T cell/Treg ratio of PC involved vs PC non-involved tissue 

CD8+ T cell/Treg ratios for each individual patient can be found in Figure 3-14. 

The mean CD8+ T cell/Treg ratios for PC involved and PC non-involved tissue 

are shown in Figure 3-15. The mean CD8+ T cell/Treg ratio was 53.96 (95% CI 

9.50 to 98.42) for PC involved tissue, and 119.30 (95% CI 63.15 to 175.46) for 

PC non-involved tissue. It has been found to be statistically significant, with a p-

value of 0.0032, using the paired Student’s T-test.  
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Figure 3-14: CD8+ T cells/Treg ratio for PC involved vs PC non-
involved tissue. Results for individual patients. 
	
	

	
Figure 3-15: Mean CD8+ T cell/Treg ratio for PC 
involved vs PC non-involved tissues. 
The mean CD8+ T cell/Treg ratio was 53.96 for PC 
involved tissue, and 119.30 for PC non-involved tissue, p-
value=0.0032. 
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These patients most likely had small tumours, therefore reducing the likelihood 

of obtaining prostate cancer cells for our experiments. Patients with three 

positive sextants were only included if they were all on the same side of the 

prostate gland or adjacent to each other (i.e. tumour in opposite lobes would be 

accepted if there are adjacent to each other). 

As discussed above, even with our stringent quality control process, only 76.5% 

of samples (QC positive biopsy) we collected were confirmed to contain 

malignant tissues. We presume that the remaining 23.5% (QC negative biopsy) 

of biopsies were most likely close to or at the periphery of cancer cells, even 

though we missed the tumour. Immunosuppressive effects may still affect nearby 

tissues. 

To determine if our results were in anyway affected by the quality of the 

biopsies, we compared the results of QC positive (n=12) with QC negative (n=4) 

biopsy group. It should be mentioned that, we only include 16 of the 19 patients 

with PC as we excluded two patients (PC6 and PC13) who did not go through 

our usual quality control protocol and one patient who had a “near missed” 

biopsy (see section 3.4).  

We found that there was no statistical significant difference in the percentage of 

Treg and CD8/Treg ratio when comparing QC biopsy positive and QC biopsy 

negative tissues (Figure 3-16 and Figure 3-17). 

	

	
Figure 3-16: Percentage of Treg: QC positive biopsy vs QC 
negative biopsy. There was no statistical significant difference. 
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Figure 3-17: CD8+ T cell/Treg ratio: QC positive biopsy vs QC 
negative biopsy. 
There was no statistical significant difference. 

3.6.1.3.7 Comparison based on Gleason score  

To evaluate if Gleason scores affect the percentage of Treg in the CD4+ T cell 

subset and CD8+ T cell/Treg ratio in PBMCs and tissues, the patients were 

stratified into 4 groups: (1) Gleason 3+4, (2) Gleason 4+3, (3) Gleason 4+4, and 

(4) Gleason 4+5. The results for PBMCs are shown in Figure 3-18 and Figure 

3-20. There was no significant difference in the percentage of Treg in the CD4+ 

T cell subset and CD8+ T cell/Treg ratio in PBMCs amongst the four groups of 

patients.   

The results for tissues are shown in Figure 3-19 and Figure 3-21, no significant 

difference or obvious pattern was found. PC with a higher Gleason score have 

more mutational load and neo-antigens 354 and conceptually should be more 

immunogenic than PC with a lower Gleason score. Therefore, for a high Gleason 

score PC to escape immune surveillance, one would expect a more 

immunosuppressive local environment (with high percentage of Treg, or low 

CD8/Treg ratio), or a lack of TIL (as a result of intrinsic activation of the β-

catenin signaling pathway). But these were not found in our study. Other possible 

explanations of immune escape include T cells anergy/exhaustion, the presence 

of cytokines that suppress cancer immunity and promote cancer growth such as 

IL-4, IL-5, IL-10 249 and TGFβ (see discussion in chapter 3.7 and 3.7.3). Higher 
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levels of TGFβ expression have been found in patients with higher Gleason 

scores236.  

 

Figure 3-18:  Percentage of Treg in PBMC: Comparison based on 
Gleason score. 
There was no statistical significant difference. 
	

	
Figure 3-19: Percentage of Treg in tissue : comparison based on 
Gleason score 
There was no statistical significant difference 
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Figure 3-20: CD8+ T cell/Treg ratio in PBMC: comparison based on 
Gleason score 
There was no statistical significant difference 
	
	

	
Figure 3-21: CD8+ T cells : Treg ratio in tissue: comparison based 
on Gleason score 
There was no statistical significant difference 
 

In summary, Gleason scores have no correlation with the percentage of Treg in 

the CD4+ T cell subset or the CD8+ T cell/Treg ratio either in PBMCs or PC 

tissue. A larger sample size is needed to further evaluate this.  

	

3.6.1.4 Discussion  

In this study, we did not find any differences in the proportion of Treg, CD8/Treg 

ratio in tissues for the three patient groups. The major deficiency in this study is 

the small number of BPH and NP patients recruited. As a result, the power to 
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detect statistically significant differences was low, making it difficult to draw 

conclusions. The proportion of Treg in PC tissue was 5.6% in this study. This is 

consistent with other studies that found Treg in the CD4+ T cell subset to be 

between 4.5 to 11% in PC tissues.348,355 

 

However, we did find that the proportion of Treg in the CD4+ T cell subset in 

PBMCs of patients with BPH is 1.02% higher than patients with PC. (p=0.0044). 

This is unexpected, and in contrary to the results from a previous study by 

Miller’s group348. In Miller’s study, the CD4+CD25highT cells in PBMCs were 

found to be higher in PC patients (early stage) compared with healthy donors. 

However, the Treg percentage in the healthy donors were relatively lower (0.5 

+/- 1%) than the levels in healthy donors in other studies (1-3%). 356 As a result, 

relatively higher levels of Tregs were found in the PC group in his study. 

Miller’s study defines Tregs as CD4+ CD25high T cells, whereas Tregs are 

defined as CD4+CD25+FoxP3+ T cells in our study; this may also explain the 

conflicting results. Another study by Yokokawa’s group found that Treg in the 

PBMCs of patients with PC were not significantly higher than healthy donors, 

but Treg cells in patients with PC have increased functionality.356 These studies 

compared their results with “healthy donors”, whereas in this study, our patients 

had BPH or other comorbidities.  

 

Furthermore, two patients were taking 5 alpha reductase inhibitors for BPH and 

two patients were found to have chronic prostate inflammation in their prostate 

tissues. It is unclear whether these factors had any direct impact on the result, but 

it highlights the fact that, the men we recruited were a heterogeneous group of 

patients and cannot be considered as “healthy donors”. Perhaps, it is more 

meaningful to use the CD8/Treg ratio to describe the stage of immune-

modulation in patients. In this study, the CD8/Treg ratio in PBMCs was the same 

for all three patient groups.  

 

It has been reported in ovarian cancer that tumour cells and local macrophages 

can produce the chemokine CCL22 that direct Treg to tumour sites. These Tregs 
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have been found to suppress T cell immunity and play a role in tumour 

growth.322 Another chemokine, CXCL12, has been shown to play an important 

role in mobilising Treg reside in bone marrow into the periphery. 357 In 

lymphoma, the trafficking of Treg to tumour sites was shown to be dependent on 

CXCL12 358. Chemokine receptors such as CCR4 and CCR8 found on Treg cells 

have also been shown to respond to CCL1, CCL17, CCL22 and vMIP-1. Local 

expansion of Treg can also occur when there is an increase in the production of 

IL10 and TGFβ from tumour or other Treg cells. Local CD4+ T cells can also be 

transformed into Treg in the absence co-stimulatory signaling during T cell 

activation and when immature dendritic cells (DC) are present. 186,359   

 

In our study, when comparing tissue with PBMCs, the levels of Treg are two 

times higher in tissues (both benign and malignant) than in blood. This suggests 

the possibility of Treg cells being trafficked to both benign and malignant 

tissues, or a local expansion in the population of Treg. However, the 

functionality of these Tregs at the tissue microenvironment might be very 

different amongst the three patient groups, and further functional analyses will be 

needed to evaluate it. The other possibility is that there is simply always higher 

percentage of Treg in tissues than blood, to maintain peripheral tolerance. 

 

When evaluating PC involved vs PC non-involved tissues, as an internal control 

comparison, PC involved tissues were found to have a higher percentage of Treg 

and a lower CD8+/Treg ratio than PC non-involved tissues. Despite a small 

number of cases, the differences were statistically significant. These findings 

support the hypothesis of local immunosuppression in PC-involved tissues, and 

that such immunosuppression might be compartmentalised even to the level of 

specific lobes of the prostate. In this compartmentalised environment, PC cells 

can evade and survive the immune system’s defences. The activation and 

maturation status of cytotoxic T cells will be assessed in section chapter 3.6.2 

and 3.6.3. However, due to the small sample size, one needs to bear in mind that 

these findings may still occur due to chance. 
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Currently, the most commonly used grading system for PC aggressiveness is still 

the Gleason score. One would expect a more severe local immune-suppression in 

higher Gleason score disease. We did not find any statistically significant 

differences in the proportion of Treg or CD8/Treg ratio amongst the four Gleason 

score groups (3+4, 4+3, 4+4, 4+5).  

 
Based on the CD8/Treg ratio results from this study, we know that CTLs are 

present within the tumour environment. However, for these CTLs to exert its 

immune prowess against pathogens, they have to be activated and in their mature 

forms. In the chapter 3.6.2 and 3.6.3, the activation and maturation status of these 

CTLs will be reviewed.  

 

3.6.2 Activation status of CD8+ T cells in PBMCs and prostate 

tissue 

In order for CTLs to exert cytotoxic effects they must first be activated. There is 

limited information on CD8+ T cells and their activation status in benign and 

malignant prostate tissues335. As far as we know, no study has been conducted to 

compare the activation status of CD8+ T cells in benign and malignant prostate 

tissues. In this chapter, we will first look at the proportion of CD8+ T cells in the 

CD45+ cell subsets in PBMCs and in benign and malignant prostate tissues (i.e. 

CD8 + TILs), then their activation status. We will also compare the levels in 

tissues to PBMC.  

The activation status of CD8+ T cells was assessed using the CD69 cell surface 

marker. CD69 is one of the earliest activation markers expressed on T cells, B 

cells, NK cells and macrophages.360 Expression of CD69 is seen within an hour 

of T cell stimulation, but it is not expressed on resting cells.360, Flow-cytometric 

assessment of CD69 has been shown to be an accurate method for screening 

lymphocytes responsiveness to antigens.361-363 Therefore, it is an excellent 

marker for T cell activation.  
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3.6.2.1 Percentage of CD8+ T cell in CD45+ subset in PBMCs 

The mean percentages of CD8+ T cell in the CD45+ subset in PBMCs for 

patients with BPH (n=4), NP (n=5), and PC (n=19) were 25.38 (95% CI 12.04-

38.72), 21.56 (95% CI 14.15-28.97) and 22.71 (95% CI 19.85-25.57) 

respectively. The differences were not statistically significant. [BPH vs PC: p-

value = 0.53, NP vs PC: p-value 0.73]  

 

3.6.2.2 Percentage of CD8+ T cell in CD45+ subset in tissue 

The mean percentages of CD8+ T cell in the CD45+ subset in tissues for patients 

with BPH (n=4), NP (n=5), and PC (n=19) were 27.18 (95% CI 9.62-44.72), 

35.38 (95% CI 24.91-45.85) and 24.67 (95% CI 19.09-30.25) respectively. The 

differences were not statistically significant. [BPH vs PC; p-value = 0.73, NP vs 

PC: p-value = 0.09]  

3.6.2.3 Percentage of CD8+ T cell Tissue/PBMCs ratio 

The mean percentages of CD8+ T cells tissue/PBMCs ratio for patients with 

BPH (n=4), NP (n=5), and PC (n=19) were 1.82 (95% CI -0.49-4.12), 1.96 (95% 

CI  0.66-3.27) and 1.08 (95% CI 0.86-1.29) respectively. The ratio was 

significantly lower in the PC group when compared with the NP group, 

specifically 44.90% lower, with a p-value of 0.029. The difference between BPH 

and PC were not significant, p-value = 0.18. A larger BPH cohort will help to 

confirm if the difference is statistically significance.  

3.6.2.4 Percentage of activated CD8+ T cells in PBMCs  

The mean percentage of activated CD8+ T cells (i.e. the proportion of CD8+ T 

cells that expressed CD69) in PBMCs for patients with BPH (n=4), NP (n=5), 

and PC (n=19) were 5.10% (95% CI 2.58-7.61), 6.16% (95% CI 2.80-12.89) and 

3.65% (95% CI  2.93–4.37) respectively (Figure 3-22). The differences were not 

statistically significant. [BPH vs PC: p-value 0.15. NP vs PC, p-value 0.17 

(unpaired T test, two tailed)]. 
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Figure 3-22: Mean percentage of activated CD8+ T cells in 
PBMCs 
*Buffy coat was only used for the setting up of experimental 
assays, it was collected and stored differently to PBMC, it was not 
used for comparison. 
The differences were not statistically significant 
 

The mean percentage of activated CD8+ T cells in tissues for patients with BPH 

(n=4), NP (n=5), and PC (n=19) were 79.14%, 75.40% (95% CI 66.58-84.22), 

and 68.75 (95% CI 60.44-77.06) respectively. The differences were not 

statistically significance BPH vs PC (p-value = 0.29), NP vs PC (p-value 0.44).  

 

3.6.2.5 Activated CD8+ T cells Tissue/PBMCs ratio 

Activated CD8+ T cells Tissue/PBMCs ratio compares the percentage of 

activated CD8+ T cells in prostate tissue with PBMCs. The mean activated 

CD8+ T cells Tissue/PBMCs ratio for BPH (n=4), NP (n=5), and PC (n=19) 

groups were 18.02 (95% CI 10.42-25.62), 23.59 (95% CI 19.39-27.79) and 22.35 

(95% CI 16.90-27.80) respectively. The differences were not statistically 

significant. BPH vs PC (p-value 0.50); NP vs PC (p-value =0.84), Figure 3-23. 

However, we found that the percentage of activated CD8+ T cells was 

approximately 20 times higher in tissue, regardless of tissue type, compared with 

PBMCs. This is an unexpected result and it will be discussed further in chapter 

3.6.2.7.  
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Figure 3-23: Activated CD8+ T cells in Tissue / PBMCs ratio 
The differences were not statistically significant. but the 
percentage of activated CD8+ T cells was approximately 20 
times higher in tissue, regardless of tissue type, compared with 
PBMCs 

3.6.2.6 Percentage of activated CD8+ T cells: PC involved vs PC non-

involved tissue 

The mean percentages of activated CD8+ T cells in PC involved and PC non-

involved tissue were 70.47% (95% CI 61.63-79.30) and 69.33% (95% CI  53.97-

84.69) respectively, These percentages are almost identical (

Figure 3-24). 
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Figure 3-24: Percentage of activated CD8+ T cells: PC 
involved vs PC non-involved tissue 
The mean percentages of activated CD8+ T cells in PC involved 
and PC non-involved tissue were 70.47% and 69.33%  
respectively.  
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3.6.2.7 Discussion 

In this study, we did not find any difference in the percentage of activated CD8+ 

T cells, both in PBMCs and in tissues, in the three patient groups. There was also 

no difference when PC involved tissues were compared with PC non-involved 

tissues. The major deficiency in this study was the small number of BPH and NP 

patients recruited. A larger study will be needed to confirm if there is truly no 

difference.  

 

When we compared the percentage of CD8+ T cells in prostate tissues to blood; 

in the NP group, the ratio was close to 2. This suggested, in relative terms, that 

there may be twice as many CD8+ T cells in NP tissue. This was much higher 

than expected. Comparing this to the PC group, with a ratio of 1, it was 

statistically significant with a p-value of 0.029. Two patients (NP3 and NP5) had 

intravesical BCG about one year before cysto-prostatectomy and. Patient NP3 

was also found to have prostatitis and squamous metaplasia, although it is not 

known if these factors are significant.  

 

In the BPH group, the ratio was also almost twice as high at the tissue level but 

the difference was not statistically significantly difference was found when 

compared with the PC group. If there was a real difference, there are a few 

possible explanations. Firstly, two patients (BPH2 and BPH4) were found to 

have prostatitis in their final histopathology results. Two patients (BPH3 and 

BPH4) were taking 5α reductase inhibitors up until the day of surgery. DHT has 

been shown to have an anti-inflammatory effect on human prostatic stromal cells. 

Patients with BPH treated with 5α reductase inhibitor, finasteride, have been 

found to have higher levels of CD8+ T cell infiltration, suggesting that androgen 

receptor signaling is important in maintaining immune homeostasis.364 

 

In the PC group, the ratio was 1, meaning the percentage of CD8+ T cells was 

the same in both tissues and PBMC. This indicated that there were equal 

proportions of CD8+ T cells trafficked to PC tissues for most of the patients. In 
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other words, CD8+ T cells were not expelled or excluded from the tumour micro-

environment in the majority of the patients. Therefore, most of the PC tissues 

were of the T inflamed phenotype. 

 

We also found that the percentage of activated CD8+ T cells was ~20 times 

higher in tissues, regardless of tissue type, compared with PBMC. This meant 

that CD8+ T cells in prostate tissues have an activated phenotype compared to 

peripheral blood, regardless of the type of prostate tissue (or any tissue types) 

These results raise further questions. How do PC cells escape elimination by 

activated CD8+ T cells? Are these activated CD8+ T cells defective in cytolytic 

function? Another possibility is the presence of immune-suppressive cytokines 

such as TGFβ and IL-10 at the local tumour environment. These cytokines at 

local tissue environment will be examined in the next section. 

 

As for the BPH and NP groups, such high levels of activated CD8+ T cells at 

tissue level was unexpected as we presume these tissues were “benign” therefore 

it should be immunologically “innate”. What are the factors that lead to the 

trafficking and activation of CD8+ T cells in these tissues? It is also possible that 

the same findings may be found in any tissue whether normal or malignant.  
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3.6.3 Maturation status of CD8+ T cells in PBMCs and prostate 

tissues  

The presence of CD8+ TILs in patients with ovarian, breast, colorectal, lung, and 

brain cancer has been shown to correlate with positive survival outcomes313-320. 

However, CD8+ T cells can be at different maturation status, and it is subdivided 

into naïve, terminal effector, central memory and effector memory cells. 

Evaluation of the CD8+ T cell population without further assessment of its 

subsets can be misleading and oversimplify the complex dynamics of their 

overall influence. The relative proportions of these subsets with respect to each 

other is also very important in understanding their overall influence in both 

benign and malignant prostate tissue. If there is a skew towards a particular 

subset, the picture can differ from looking like an effective to a tolerant process. 

As far as we know, no study has been performed to assess these T cell subsets 

and comparing them to benign and malignant prostate tissues.  

 

Naïve CD8+ T cells (TN) differentiate into effector T cells upon successful T cell 

activation. Terminally differentiated effector T (TTE) cells are highly cytotoxic 

and produce high levels of IFNγ, TNFα, perforin and granzymes365. In well-

controlled tumours, terminal effector T cells likely represent the majority of the 

TIL population.366 After the completion of an immune response against a 

pathogen, a small subset of antigen-experienced CD8+ T cells remains as 

memory T cells367. These memory T cells are subdivided into central memory 

(TCM) and effector memory T (TEM) cells. TEM cells are phenotypically more 

similar to that of effector T cells. They are capable of differentiating into 

terminal effector cells rapidly and produce high levels of IFNγ.368 TCM cells on 

the other hand, are less differentiated and therefore are slow in acquiring effector 

functions. However, they have better self-renewal ability and greater 

proliferative capability by producing IL-2.369 Both TCM and TEM cells can 

differentiate into TTE cells when the same antigen is encountered again. 

 

As described in chapter 2, PBMCs and prostate tissue samples were collected 

from patients with PC, BPH and NP. The CD8+ T cells maturation status was 
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evaluated using flow-cytometry staining for CD8, CD45RA, CD45RO and 

CCR7 cell surface antigens expression (Table 3-4). 

 

In tissues, we expect to see a higher proportion of TTE, and TEM cells if the host 

immune system is activated and competent. 

CD8+ T cell subtype CD45RA CD45RO CCR7 

Terminal effector (TTE) + _ _ 

Effector memory (TEM) _ + _ 

naïve (TN) + _ + 

Central Memory (TCM) _ + + 

Table 3-4: Maturation status: Cell surface markers for CD8+ T cell subsets 
 
 
However, a number of issues were encountered when evaluating the maturation 

status of T cells. Firstly, we performed the Treg and activational status 

experiments first, resulting in insufficient cells for the maturation status 

experiments for prostate tissue in four patients (BPH4, NP4, PC3 and PC9). 

Therefore no result was available for these four patients. Secondly, due to the 

problems associated with CCR7 iso-type control discussed earlier, calculated 

negative percentages of naïve or central memory T cells were obtained in some 

patients. This result was nonsense and was due to the false positive staining in 

the negative controls. This occurred more frequently in tissue samples than in 

PBMCs as auto-fluorescence was much more profound in tissue samples. 

Essentially, it was due to the failure of negative control, which affected all 

patients, but in some patients negative results were obtained. As a result, very 

limited meaningful data was collected for TN and TCM, and their findings are not 

shown here, but it can be found in the appendix. The results for TTE, TEM are 

summarised and shown in Table 3-5 and Table 3-6. None of the differences was 

statistically significant. 
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  PBMCs Tissue 

 BPH 
(n=3) 

NP 
(n=4) 

PC 
(n=17) 

BPH 
(n=3) 

NP 
(n=4) 

PC 
(n=17) 

Terminal Effector 
Mean 29.50%  32.20% 38.66% 12.37% 18.53% 15.61% 

*P- value 0.22 0.37  0.47 0.51  
Effector Memory 

Mean 40.07% 38.70% 32.25% 50.37% 24.40% 46.96% 

*P- value 0.32 0.38  0.84 0.11  
Table 3-5:  Mean percentages of terminal effector, effector memory T cells in the 
CD8+ T cells subset in PBMCs and tissue.  
* p-value, when compared with PC 
 
 

Terminal Effector Tissue/PBMCs ratio 
 BPH (n=3) NP (n=4) PC (n=17) 
Terminal Effector 

Mean 0.43 0.95 0.44 

*P- value 0.93 0.10  
Effector Memory 

Mean 
1.73 0.54 1.57 

*P- value 0.81 0.0504  
Table 3-6: Mean Tissue/PBMC ratios for terminal effector, effector memory T cells in 
the CD8+ T cells subset in PBMCs and tissue. 
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3.6.3.1 Discussion 

In this section of the project, the results were affected by our staining methodology. 

When assessing TTE and TEM T cells, we had to exclude 4 patients (two BPH, one NP 

and two PC patients) in the final analysis. Based on the results from these remaining 

patients, we did not find any differences in the proportion of TTE or TEM in benign and 

malignant tissues or their matching PBMCs. The TTE cells Tissue/PBMCs ratio were 

0.43 and 0.44 for BPH and PC groups respectively. This meant the TTE levels found in 

BPH and PC tissue were less than half of that in PBMCs. As for NP, the ratio was 

almost 1. It was a surprise to see a much lower level of TTE in PC tissues compared to 

PBMCs. One would expect a higher level of TTE in PC tissues than in PBMCs, as 

their role is to eliminate pathogens or malignant cells, in peripheral tissues. This 

finding could be false, as the result of our imperfect staining or it could have occurred 

by chance. A repeat experiment with better iso-type control and a much larger number 

of patients will help to confirm these findings. However, if it is real, it may be the 

result of other immune escape mechanisms such as clonal anergy162 (anergic CD8+ T 

cells are CD45RA-) when T cells are prevented from differentiating into TTE; or 

clonal exhaustion (exhausted CD8+ T cells are CD45RO+) when chronic exposure to 

tumour antigens drives CD8+ T cells to an exhausted fate resulting in low IL-2 and 

IFNγ production, reduced cytotoxic activity and proliferation, and eventual deletion. 
366 These are highly speculative and provocative suggestions and will need further 

functional studies to assess types of cytokines produced by these T cells. 

 

As for TEM, the Tissue/PBMCs ratios were higher in BPH and PC, 1.73 and 1.57 

respectively. High TEM at colon cancer tissue has been reported and it was found to be 

associated with better survival315,370. In the case of BPH, a high TEM at the tissue level 

(in these three patients) could be the result of chronic prostate inflammation of 

unknown pathogens or other pro-inflammatory substances (i.e. TEM cells were 

recruited to prostate upon subsequent challenge by the same antigen). However, there 

were only 3 patients with BPH, it was likely to have occurred by chance. A larger 

sample group will be needed to confirm this finding.   
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In the experiments to assess naïve and central memory T cells, negative percentages 

of these T cell subsets were found in some patients. When the results were analysed in 

more detail, we found that this phenomenon occurred more frequently in tissue 

samples (most likely secondary to autofluorescence. This was due to the failure of our 

CCR7 negative controls.  

 

3.6.4 Conclusion 

In this study, it was found that the proportion of Treg in PC tissue was 5.6%, it is 

consistent with other studies.348,355 We did not find any differences in the proportion 

of Treg or CD8/Treg ratio in tissues for the three patient groups. When comparing 

prostate tissue with PBMCs, the percentage of Treg was two times higher in tissues 

(both benign and malignant) than in blood. This could be the case with other tissue 

type as well. In other words, a higher percentage of Treg is always the case regardless 

of the tissue type and their role presumably is to maintain peripheral tolerance, which 

would make biological sense.  

 

 A higher percentage of Treg and a lower CD8+/Treg ratio are found in PC involved 

tissue when compared with than PC non-involved tissues. These findings are 

statistically significant and do support the hypothesis of local immunosuppression in 

PC-involved tissues, but the sample size is small.  

 

This study did not find any correlation between Gleason scores and the percentage of 

Treg in the CD4+ T cell subset or the CD8+ T cell/Treg ratio either in PBMCs or PC 

tissue.  

 

There were no statistically significant differences in the CD8/Treg ratio, mean 

percentages of CD8+ or activated CD8+ T cell in the CD45+ subset in both PBMCs 

and tissues for patients with BPH, NP, and PC. 
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In PC, the same percentages of CD8+ T cell were found in both tissues and PBMC for 

most patients. This showed that CD8+ T cells were not expelled or excluded from the 

tumour microenvironments, and therefore the PC tissues were of the T inflamed 

phenotype, with a baseline percentage of CD8+ TIL that is same as blood.  

 

We found that the percentage of activated CD8+ T cells was ~20 times higher in 

tissues, regardless of tissue type, compared with PBMC. This meant that CD8+ T 

cells in prostate tissues have an activated phenotype compared to peripheral blood, 

regardless of the type of prostate tissue.  

 

It is also possible that other tissue types may have a high percentage of activated 

CD8+ T cells as well. Profiling the immune infiltrates of other tissue type, e.g. skin, 

colon or muscle will help to clarify this.  

 

We were unable to evaluate T cell maturation status due to the limitation of our 

experimental methods. This will need to be reassessed using a better assay. 

 

The major deficiency in this study was the small number of BPH and NP patients 

recruited. There were also multiple technical challenges in evaluating prostate TILs. 

Firstly, we were only provided with a very small volume (often a few milligrams) of 

prostate tissue for our experiments. As a result, we did not have enough tissue to 

assess T cell maturation status for some patients; and it was not possible to repeat 

experiments that had failed. Secondly, despite our strict quality control process, 

approximately 25% of the time, our PC specimen may not contain any cancer cell. 

Thirdly, we were unable to evaluate T cell maturation status due to the failure of our 

negative controls.  

 

In many studies, BPH tissues are used as a benchmark for comparison with PC as it is 

believed that the lymphocytes are in immune homeostasis371,372. At the beginning of 

this project, we presumed that the BPH and NP group patients had “benign” prostatic 
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tissues. From an oncological point of view, it is probably conceptually correct, as 

these tissues did not contain any cancerous cells. From an immunological point of 

view, there are many other factors that can evoke immune responses that we did not 

take into account previously. These unexpected factors may include the use of 5 alpha 

reductase inhibitors for BPH and intravesical BCG in the NP group. 

 

There were also many confounding factors that we were unable to control, such as the 

heterogeneity of the PC patient group with different comorbidities, different 

medications they were taking, and the different grades and stages of prostate cancer.  
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3.7 Evaluation of cytokine profile in benign and malignant 

prostate tissues with PCR 

	
The types of cytokines produced by a host or tumour cells at the tumour site can 

influence the immune responses towards tumour elimination or tolerance. T helper 

cells type 1 (Th1) and T helper cells type 2 (Th2) cytokines have been shown to have 

a different role in tumour immunity. In general, Th1 cytokines (IFNγ and TNFα) 

primarily induce cell-mediated immunity and result in tumour rejection. On the other 

hand, Th2 cytokines (IL-4, IL-5, IL-6, IL10, and IL13) promote humoral immune 

responses which can result in tumour tolerance.214 The types of cytokines found in 

benign and malignant tissues have also been shown to be distinctly different. For 

example, Th2 cytokines (IL-4, IL-5, IL-10) mRNAs are strongly expressed in basal 

cell carcinoma (BCC) of skin. However, Th1 cytokines (IL-2, IFNγ and TNFα) 

mRNAs are strongly expressed in seborrheic keratosis, a benign skin lesion.373  

 

Dendritic cells appear to play the main role in driving the differentiation of Th0 

towards Th1 or Th2 phenotype. The cytokine environment in which these cells 

develop may influence their final phenotype. For example, IL-12 produced by APCs 

will stimulate the secretion of IFNγ from NK cells, and both these cytokines drive the 

differentiation of Th0 cells to Th1. 

 

On the other hand, when Th0 are activated, in the absence of IL-12, and with presence 

of IL-4, they develop into Th2 cells.374 Th1 and Th2 cytokines are mutually 

inhibitory. 183,185 IFNγ inhibits the proliferation of Th2 cells by inhibiting IL-4 

production and the development of CD4+ T cells to the Th2 cells. Vice versa, IL-4 

inhibits the development of CD4+ T cells to IFNγ cytokine producing cells. 

 

In the previous section, it was found that the percentage of activated CD8+ T cells 

was ~20 times higher in tissues, regardless of tissue types, compared with PBMC. 

Still, the functionality of these activated CD8+ T cells remained unknown. To assess 
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that, we performed a pilot study to evaluate the cytokine profiles in benign and 

malignant prostate tissue, by measuring the levels of cytokine mRNA produced in 

tissue using polymerase chain reaction (PCR). Cytokines IFNγ, TNFα, TGFβ, IL-4, 

IL-5, IL-10, and IL-13 were tested and their characteristics are explained in the 

chapter 1.4.2.8. 

 

3.7.1 Samples selected for PCR  

At this point of the project, we had limited tissue samples for our PCR analysis. We 

had three samples from our BPH group (BPH1, BPH3, BPH5) and three from the PC 

group (PC3, PC16, PC17). To increase the number of subjects for our PCR analysis 

we added four patients from another research team (PC94, PC95, PC100, PC102). All 

the patients with PC had samples collected from PC involved and PC non-involved 

areas for direct comparison. The mRNA expression of seven cytokines (IFNγ, TNFα, 

TGFβ, IL-4, IL-5, IL-10 and IL-13) in prostate tissues were analysed following the 

methods described in chapter 2.  

 

We hypothesized that a Th1 cytokine profile would be found in benign tissue and a 

Th2 cytokine profile would be found in malignant tissue.  

3.7.2 Results 

PCR analysis of IFNγ, TNFα, TGFβ, IL-4, IL-5, IL-10 and IL-13 mRNAs produced 

by BPH (n=3), PC involved (n=7) and PC non-involved (n=7) tissues were 

performed. When comparing these three tissue groups, there was no statistically 

significant difference found for IFNγ, TNFα, TGFβ and IL-10. As for IL-4, IL-5 and 

IL-13, the copy numbers were too low for quantitation.  
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Figure 3-25: IFNγ  expression in BPH (n=3), PC non-involved (n=7), and 
PC involved (n=7) tissues 

The differences were not statistically significant	
	

 

Figure 3-26:  TNFα  expression in BPH (n=3), PC non-involved 
(n=7), and PC involved (n=7) tissues 
The differences were not statistically significant 
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Figure	3-27:	TGFβ	expression	in	BPH	(n=3),	PC	non-involved	(n=7),	
and	PC	involved	(n=7)	tissues	

The differences were not statistically significant 
	

 Figure 3-28: IL-4 expression in BPH (n=3), PC non-involved (n=7), and PC involved 
(n=7) tissues was too low for quantitation 
All values are below level of quantitation, therefore no comparison was made 
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Figure 3-29: IL-5 expression in BPH (n=3), PC non-involved (n=7), and PC 
involved (n=7) tissues was too low for quantitation 
All values are below level of quantitation, therefore no comparison was made 
	

		

Figure 3-30: IL-10 expression in BPH (n=3), PC non-involved (n=7), and PC 
involved (n=7) tissues was too low for quantitation 
There was no statistical significant differences. 
	

IL-5

sample

C
o

p
y
 n

u
m

b
e

r 
re

la
tiv

e
 t
o

 1
8

s

7
8

 B
P

H
 T

is
s
u

e

8
0

 B
P

H
 T

is
s
u

e

8
9

 C
y
s
te

c
to

m
y
 T

is
s
u

e

9
7

 B
P

H
 T

is
s
u

e

9
8

 B
P

H
 T

is
s
u

e

9
1

 N
 p

o
s
t 

d
ig

e
s
t

9
1

 P
C

a
 p

o
s
t 

d
ig

e
s
t

9
2

 N
 p

o
s
t 

d
ig

e
s
t

9
2

 P
C

a
 p

o
s
t 

d
ig

e
s
t

9
3

 N
 p

o
s
t 

d
ig

e
s
t

9
3

 P
C

a
 p

o
s
t 

d
ig

e
s
t

9
4

 N
 p

o
s
t 

d
ig

e
s
t

9
4

 P
C

a
 p

o
s
t 

d
ig

e
s
t

9
5

 N
 p

o
s
t 

d
ig

e
s
t

9
5

 P
C

a
 p

o
s
t 

d
ig

e
s
t0.00000

0.00001

0.00002

0.00003

0.00004 Values below the line are below the 
level of quantitation

BPH post 
diges

t 

PC N
on in

vo
lve

d 

PC in
vo

lve
d  

0.0000

0.0001

0.0002

0.0003

0.0004

0.0005

IL10 BPH vs PC non involved vs PC involved

C
op

y 
nu

m
be

r r
el

at
iv

e 
to

 1
8s



 

	 154	

 

Figure 3-31: IL-13 expression in BPH (n=3), PC non-involved (n=7), and PC involved (n=7) 
tissues was too low for quantitation. 

All values are below level of quantitation, therefore no comparison was made 
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3.7.3 Discussion 

Previously, Tazaki’s group evaluated the serum cytokines profiles (IL-1β, IL-2, IL-4, 

IL-5, IL-6, IL-8, IL-10, IL-12, IFNγ and TNFα) in healthy men and in patients with 

PC at different stages of disease: (1) organ confined PC, (2) advanced PC with 

cachexia, and (3) advanced PC without cachexia. Comparing healthy men to each of 

these groups, organ-confined disease patients had only two cytokines (IL-1β, and 

IL12) that were significantly higher. Advanced PC without cachexia patients had six 

cytokines (IL-1β, IL-2, IL-8, IL-12, IFNγ and TNFα) that were significantly higher 

while all of the cytokines tested were found to be significantly higher in patients with 

advanced PC and cachexia.  

 

These findings suggest that there is a distinct serum cytokine profile for PC at 

different disease stages. At more advanced stages, more Th2 cytokines are produced 

and at higher levels.249 In particular, IL-4, IL-5, IL-10 were found to be significantly 

higher in the cachexia group, confirming its role in suppressing cancer immunity and 

promoting cancer progression249. Assessment of cytokine levels in the serum by 

Tezaki has provided information regarding cytokine patterns in the serum. More 

importantly, we need to understand the cytokine pattern at the tumour/tissue level.  

 

This pilot study aimed to assess the specific patterns of cytokines produced by benign 

and malignant prostate tissues. Using PCR, we attempted to determine the patterns of 

expressions of seven cytokines. Only IFNγ, TNFα, TGFβ and IL-10 produced enough 

copies of mRNA for quantitation. There was no statistically significant difference in 

the levels of these four cytokines when benign tissues were compared to malignant. 

IL-4, IL-5 and IL-13 were not expressed in any sample. In summary, there were some 

levels of IFNγ, TNFα (Th1 cytokines) produced by all tissue groups. The only Th2 

cytokine with measureable levels of mRNA was IL-10. Once again, the major 

limitation of this study is the low number of samples and the insensitivity of the 

assays. It is hard to draw any conclusions based on these findings. A larger study with 

newer more sensitive assays will be needed
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Chapter 4 The effects of androgen deprivation therapy on 

T cell characteristics. 

4.1 Introduction  

Castration slows the clinical progression and palliates symptoms of metastatic disease 

in men with advanced PC.73 Castration has been the standard palliative treatment for 

patients with advance PC. Before the recent discovery of novel agents such as 

abiraterone375 and docetaxel376, castration was the only therapy available for patients 

with hormone naïve metastatic prostate cancer.  

 

However, castration also affects other biological systems and results in side effects, 

such as diabetes mellitus, osteoporosis, gynecomastia and sexual dysfunction from 

affecting the endocrine system. Perhaps, the less well-known effects of ADT are on 

the immune system, for example, thymic regeneration can occur. The thymus plays a 

crucial role in maintaining the peripheral T cell pool. It does so by exporting a 

precisely controlled number and proportion of naïve CD4+ and CD8+ T cells. This 

ensures a diverse peripheral TCR repertoire capable of effective immune response 

against a broad range of invading pathogens. This also ensures the T cell population 

consists of a broad range of naïve and memory T cells. 377 ADT has been used for 

many decades, however, our knowledge of how hormonal manipulation affects 

immunity is still poor.  

 

At puberty, with an increase in sex steroids production, the thymus gland starts to 

involute resulting in its functional decline, which continues with ageing. 378 The 

decline in thymic function results in a reduction of naïve T cells entering the 

periphery, which consequently causes the expansion of the pre-existing memory cells 

in the periphery. This results in a decreased in responsiveness to new and previously 

encountered antigens predisposing an individual to impaired T cell immunity, 

increasing the risks of certain infections, cancers, and autoimmunity379,380. It has been 
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postulated that if thymic regeneration could be induced, it may be an approach to 

rejuvenate a depleted peripheral T cell pool, and in theory, improve immune 

responses.379 In animal studies, castration of elderly male mice has been shown to 

reverse thymic atrophy330,331, and increase thymic-derived T cells. 331,332 (see chapter 

1.8)  

 

ADT has been shown to alter the immune environment in PC.381 For example, 

neoadjuvant ADT of PC patients results in increased numbers of infiltrating CD4+ T 

cells, CD8+ T cells, natural killer cells, and macrophages in prostate tissues 335,382. In 

mouse models, ADT has been shown to (1) increase the number of T cells in 

peripheral lymphoid tissues and prostate glands, (2) enhance T-cell proliferation to 

antigen, (3) promote recovery of T- and B-cell populations following chemotherapy 
333, and (4) reduce tolerance of prostate-specific CD4+ T cells383. Furthermore, 

following ADT, thymic regeneration in adult mice (with age related thymic atrophy) 

and restoration of thymic T-cell output in both mice and PC patients have been 

reported.332 These results indicate that ADT can improve vaccine responses, renew 

lymphopoiesis in the thymus, support B cells and affect tolerance to immune targets 

on PC antigens.381,384  

 

This project is a pilot study conducted to evaluate the T cell characteristics of men 

with PC undergoing ADT. The T cell characteristics such as their activation status, 

maturation status and the proportion of Treg are assessed.  
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4.2 Methods 

Patients were recruited from the uro-oncology outpatient clinics at the Austin Health, 

Heidelberg, Victoria, Australia and also from surgeons’ private consultation rooms.  

 

All patients about to commence ADT for PC were eligible for enrolment into the 

study. Patients with medical conditions that affected their systemic immune system 

and those who were immunosuppressed due to chemotherapy or medication were 

excluded. These medical conditions included haematological malignancies, HIV 

infection, and active autoimmune diseases.  

 

Peripheral blood was collected from patients before the commencement of ADT, at 3 

months, and at 9-12 months after ADT. PBMCs were collected using Ficoll separation 

technique. Using the staining methods described in chapter 2, the PBMCs were 

analysed using multi-colour flow-cytometry. The percentage of Treg in the CD4+ T 

cell subsets, the percentage of activated CD8+ T cells, and T cells maturation status 

were evaluated.  

 

4.3 Results: 

A total of 15 patients were recruited for this study. The patients were at varying 

disease stages, ranging from having biochemical recurrence (BRC) post radical 

retropubic prostatectomy (RP), locally advanced PC to metastatic disease. Some 

patients were receiving ADT prior to the commencement of radiotherapy; others were 

receiving ADT as a single therapy only. Details of the patients’ characteristics can be 

found in Table 4-1. 
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4.3.1 Patients recruited 

Patient Age Gleason score Clinical status of 
disease 

Treatment/s 

1 51.8 4+5 = 9 BCR post RRP ADT only 
2 74.4 4+4 = 8 Locally advanced EBRT + ADT 
3 74.6 4+4 = 8 Locally advanced EBRT + ADT 
4 74.1 >8 Locally advanced EBRT + ADT 
5 60.3 4+3 = 7 BCR post RRP EBRT + ADT 
6 65.1 4+5 = 9 BCR post RRP EBRT + ADT 
7 62.2 7 BCR post RRP ADT only 
8 70.7 3+4 = 7 BCR post RRP ADT only 
9 68.9 4+5 = 9 Locally advanced EBRT + ADT 

10 60.3 4+5 = 9 Metastatic disease EBRT + ADT 
11 74.2 4+5 = 9 Locally advanced EBRT + ADT 
12 74.2 4+3 = 7 Locally advanced EBRT + ADT 
13 48.6 4+5 = 9 BCR post RRP EBRT + ADT 
14 71.8 4+3 = 7 Localised disease EBRT + ADT 
15 77 4+3 = 7 BCR post RRP EBRT + ADT 

Table 4-1: Demographics and disease status of patients receiving ADT 
	
The median age of the patients was 67.2 at the time of recruitment. Seven patients had 

organ-confined disease and were receiving ADT as part of their external beam 

radiotherapy (EBRT) regimens for cure385. Seven patients had biochemical recurrence 

(BCR) after radical retropubic prostatectomy (RP). Of these, 5 patients had adjuvant 

or salvage radiotherapy plus ADT, 2 patients had ADT only. One patient had 

metastatic PC and ADT was started as a palliative treatment. All men received a four-

week course of oral anti-androgen, and a three monthly LHRH agonist injection 

(LHRH agonist was administrated after two weeks of oral anti-androgen).  

 

As part of the treatment regimen, these patients had their PSA checked at regular 

intervals. All 15 patients had a good PSA response. The PSA levels for patients before 

and after ADT are shown in Figure 4-1. 
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Figure 4-1: PSA response after 9-12 months of ADT for the 15 patients recruited 
	

4.3.2 The effects of ADT on T cell characteristics 

4.3.2.1 Proportion of Treg in the CD4+ T cell subset pre and post ADT 

First, we evaluated the percentage of Treg in the CD4+ T cell subset. The percentages 

of Treg before ADT commencement, then at 3 months and at 9-12 months were 

assessed. The results are shown in Figure 4-2. 
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Figure 4-2: Percentage of Treg in CD4+ T cells pre and post ADT 
The mean percentages of Treg before ADT was 2.61%, at 3 months the 
percentage of Treg was 2.22 % , a decrease of approximately15%, with a 
statistically significant p-value of 0.0098. After 9-12 months of ADT, the 
percentage of Treg continued to decrease to 2.07% but with a p-value of 
0.14. 

 

The mean percentages of Treg before ADT was 2.61% (95% CI 2.04 to 3.17), at 3 

months the percentage of Treg was 2.22 % (95% CI 1.76 to 2.68), a decrease of 

approximately15%, with a statistically significant p-value of 0.0098. After 9-12 

months of ADT, the percentage of Treg continued to decrease to 2.07% (95% CI 1.56 

to 2.58) but with a p-value of 0.14. This further decrease in Treg was not statistically 

significant was because at 3 months, there were 12 patients with lower percentages of 

Treg; but at 9-12 months there were only nine patients. In other words, the mean 

percentage of Treg (the magnitude) was lower at 9-12 months, but the number of 

patients with lower proportion of Treg was less.  

  

% Treg pre and post ADT

Pre
 A

DT

3 m
onth

s p
ost

 A
DT

9-
12

 m
onth

s p
ost

 A
DT

0

1

2

3

4
%

 o
f T

re
g 

in
 C

D
4+

 T
 c

el
ls

Time interval

Pre ADT
3 months post ADT
9-12 months post ADT



 

	 162	

 

4.3.2.2 Activation status of CD8+ T cells pre and post ADT 

		
Figure 4-3: Percentage of activated CD8+ T cells pre and post ADT 
There was an increase in the mean percentage of activated CD8+ T cells 
after ADT but the changes were not statistically significant. 
	

The mean percentage of activated CD8+ T cells before ADT was 7.74 (95% CI 5.37 

to 10.12). At 3 months, it increased slightly to 7.90 (95% CI 4.83 to 10.98), with a p-

value of 0.81. By 9-12 months it increased to10.12% (relative increase by 31%, p-

value 0.19). However, these changes were not statistically significant.  

The percentage of activated CD8+ T cells appeared to rise after ADT and within our 

period of observation, it seemed the longer the duration of ADT, the higher the 

percentage of activated CD8+ T cells. However, the increase was not statistically 

significant, a larger sample population and an even longer duration of follow up may 

help to confirm these findings.  

  

4.3.2.3 CD8+ T cell/Treg ratio pre and post ADT 

Figure 4-4 shows the mean CD8+ /Treg ratio pre and post ADT. The mean CD8+/ 

Treg ratio before ADT was 24.6 (95% CI 13.33 to 35.87), and this increased to 41.35 

(95% CI 14.61 to 68.09; an increase of 68%) at 3 months; with a p-value of 0.266). At 

9-12 months, the ratio continued to rise to 42.66 (95% CI 23.30 to 62.02; increased by 
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73%); the p-value was 0.052. A larger sample population is needed to confirm this 

finding.  

		
Figure 4-4: CD8+ T cells/Treg ratio pre and post ADT 
At 3 months after ADT, the CD8+ /Treg ratio rose to 41.35, p-value 0.277. 
At 9-12 months, the CD8/Treg ratio rose to 42.66 with a p-value of 0.052.  
	 	 	

4.3.2.4  Maturation status of CD8+ T cells pre and post ADT 

	

In this section, we present the percentages of the four subsets of CD8+ T cells: (1) 

terminal effector, (2) effector memory, (3) naïve and (4) central memory T cells in 

PBMC pre and post ADT.  

 

4.3.2.4.1 Terminal effector T cells  

Before the start of ADT, the mean percentage of TTE cells in CD8+ T cells was 

34.73% (95% CI 28.76 to 44.70). After 3 months of ADT, the percentage of terminal 

effector T cells increased slightly to 41.09% (95% CI 33.70 to 48.48; p-value 0.143). 

However, at 9-12 months, compared with pre-ADT, the percentage of terminal 

effector T cells dropped to 30.3% (95% CI 22.85 to 37.75; p-value 0.089. No 

significant differences at any time point were found, Figure 4-5. 
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Figure 4-5: Percentage of terminal effector T cells pre and post ADT 
The differences were not statistically significant 

4.3.2.4.2 Effector Memory T cells 

As for the percentage of TEM cells in CD8+ T cells, very minimal changes were noted. 

Pre ADT, it was 34.73% (95% CI 27.59 to 41.87) and it increased to 35.04% (95% CI 

27.71 to 42.37; p-value 0.817) after 3 months. At 9-12 months it increased to 38.26% 

(95% CI 31.98 to 44.54; p-value 0.205), Figure 4-6. Therefore, no statistically 

significant change at any time. 

% Terminal Effector T cells pre and post ADT

Time interval

%
 T

er
m

in
al

 E
ffe

ct
or

 T
ce

lls
 in

 
C

D
8+

 T
 c

el
ls

Pre
 A

DT

3 m
onth

s p
ost

 A
DT

9-1
2 m

onth
s p

ost 
ADT

0

20

40

60
Pre ADT
3 months post ADT
9-12 months post ADT



 

	 165	

		
Figure 4-6: Percentage of effector memory T cells pre and post ADT 
The differences were not statistically significant 

4.3.2.4.3 Naïve T cells 

The mean percentage of TN in CD8+ T cells has shown a significant reduction after 9-

12 months of ADT, Figure 4-7. Pre ADT, it was 6.73% (95% CI 1.70 to 11.76), it 

decreased slightly to 5.61% (95% CI 1.78 to 9.45; p-value 0.33) at 3 months. At 9-12 

months, it was 2.25% (95% CI 0.83 to 3.66; p-value 0.0306), a reduction of 66.6%. 

This difference was statistically significant.  
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Figure 4-7: Percentage of naive T cells pre and post ADT 
At 3months, the percentage of native T decreased slightly to 5.61%, p-value of 
0.33. At 9-12 months, it decreased to 2.25%, p-value 0.0306, a reduction of 
66.6%.  
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4.3.2.4.4 Central Memory T cells 

When analysing data to work out the percentage of TCM cells, 2 of the 15 patients 

were found to have negative values, see Figure 4-8. The reason for this was explained 

in detail in chapter 2. It was due to the failure of negative control, which affected all 

patients. As a result, all data on central memory T cells was unable to be interpreted.  

 

Figure 4-8: Percentage of central memory T cells pre and post ADT for each patient. 
Two patients had negative results due to problem with negative control. As a result, all data 
on central memory T cells was uninterpretable.   
	

	
 

 

 

 

 

 

 

 

	

	

Table 4-2: Data summary for the percentages of terminal effector, effector 
memory, naive and central memory T cells pre and post ADT 
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Table 4-2 shows the data summary for the percentages of TTE, TEM, TN and TCM cells 

pre and post ADT. In summary, there were no statistically significant differences in 

the percentage of terminal effector and effector memory T cells before and after ADT. 

Data on TCM cells was un-interpretable due to failure with negative control.  

 

The TN cells population was found to have a statistically significant reduction by 

66.6%. This could be a true decrease, an apparent difference due to chance (even 

though the p- value is <0.05) or a false positive due to technical issues with the 

experiments. A repeat experiment with a larger sample size is needed to further 

confirm this finding.  
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4.4 Discussion 

This study set out to evaluate if ADT will have any impact on patients’ T cell 

characteristics. The two findings that were statistically significant were: (1) the 

percentage of Treg after 3 months of ADT and; (2) The percentage of TN cells after 9-

12 months of ADT.  

 

Percentage of Treg in CD4+T cell subset  

From our assessment, we found that after 3 months of ADT, the percentage of Treg 

decreased by ~15% with a statistically significant p-value of 0.0098. Twelve out of 

the fifteen patients showed a reduction in the percentage of Treg in the CD4+ T cell 

subsets. This change could be due to a decrease in Treg or an increase in the total 

number of CD4+ T cells. An increase in CD4+T cells number would be consistent 

with the findings from Sutherland et.al.’s group332. This suggests that after three 

months of ADT, the thymus may have regenerated and is exporting CD4+ T cells into 

the periphery.  

 

Sampling tissues at metastatic sites and from prostate glands before and after ADT 

may provide more information regarding the effect of this relative change in Treg at a 

tissue level. It will help to confirm if this relative reduction in Treg in peripheral 

blood will increase the number of activated T cells in tissue thus asserting an anti-

tumour effect.   

 

After 9-12 months of ADT, the percentage of Treg continued to decrease but the 

decrease was not statistically significant (p-value of 0.14). As mentioned earlier, at 3 

months, 12 patients had lower levels of Treg, but at 9-12 months, only 9 patients 

showed the same. A bigger sample size is needed to reassess this change. Potential 

explanations for the lack of significant difference in the percentage of Treg cells after 

9-12 months of ADT are: (1) The effects of ADT on T cells were short-lived. (2) The 

immune system reached a new equilibrium where the percentage of Treg in CD4+ T 

cells returned to pre-ADT level. 
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Percentage of naïve T cells in CD8+ T cell subsets  

The percentage of TN cells in CD8+ T cell subsets decreased by 66.6% after 9-12 

months of ADT (p-value 0.0306). This is the opposite of what Sutherland’s group 

found at 4 months. One possible explanation for this is that there was an initial 

increase in the number of TN cells as a result of thymic regeneration. Over time, 

patients’ immune systems start to reconstitute in response to ADT, resulting in a 

lower percentage of TN cells in CD8+ T cells. In other words, the TN cells may have 

“matured” into other CD8+ T cell subsets after ADT.  The other possibilities for these 

finding are: (1) The observed difference happened by chance, even though the p-value 

was 0.03. (2) It was a false positive result due to technical issues with the experiment.  

 

From our experiments, there was no difference seen in the percentage of activated T 

cells, CD8+ T cell/Treg ratio and other subsets of CD8 + T cells.  

 

To have a more reliable and accurate assessment of the effect of ADT, a few 

improvements are needed. Firstly, our sample population was small, and consisted of 

a heterogeneous group of men. A larger number of subjects will help increase the 

power of the study. The age of the patients ranged from 48 to 77. As we know, 

immunity tends to decline with age, therefore, the immune responses may be less 

intense, delayed or they may not change in older patients. A larger population will 

allow us to categorize patients into different age groups and be analyzed separately.  

 

Further notable differences in the patients were that they had different primary 

treatment modalities and were at various stages of the disease. They were started on 

ADT for different circumstances and reasons. Seven undergone radical prostatectomy. 

They were started on ADT with or without salvage radiotherapy, for biochemical 

recurrent disease. Seven had external beam radiotherapy (EBRT) as their primary 

treatments for localised or locally advanced disease. ADT is part of the treatment 

protocol that had been shown to have better cure rate than EBRT alone385. One patient 

had radiologically confirmed metastatic disease, and ADT was a palliative treatment. 

These patients have different volume of tumour burden, patients with metastatic 
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disease would have the highest tumour bulk. Patients who received EBRT, with their 

prostate glands still in situ would have a higher volume of tumour compared to the 

post RP group. All these factors may influence the effects on the immune responses. 

Ideally, with a larger patient group, one can divide them into three groups: (1) Post 

RP patients with biochemical recurrence; (2) EBRT patients receiving ADT; (3) 

hormone naïve metastatic prostate cancer patients.   

 

In this study, after ADT, we collected blood at 3 months then 9-12 months later. 

Ideally, patients should have their blood analysed more regularly, and for a longer 

duration until they develop CRPC. Assessing T cell characteristics in patients with 

CRPC will also help us evaluate the impact of castrate resistance on immunity.  

 

All the patients recruited in this study had good PSA response at 9-12 months. We 

assumed a significant PSA decline as an indirect indicator of effective castration. 

Measuring plasma testosterone level would be a more objective way to confirm 

castration has been effective. Data on testosterone level were not collected in the 

recruited patients in this study due to clinician choice not check these levels as part of 

their treatment of the patients. This was because the decision on checking testosterone 

level was decided by clinicians looking after the patients. There was no consensus on 

the timing of checking testosterone level, especially when the PSA had responded. 

Checking testosterone level at 6 months is probably appropriate386,387. In the past, 

most studies suggested that a castrate level of testosterone is considered achieved 

when testosterone level is less than 50ng/dL388,389. A more recent study found that a 

lower testosterone level of <20ng/dL achieved within the first year, correlates better 

with improved cancer specific survival. 390 Some studies had found that at least 13% 

and up to 42% of patients did not reach castrate level of testosterone of less than 

50ng/dL386,387,391,392. This emphasizes the importance of checking testosterone levels 

to ensure castrate level of testosterone has been achieved, and therefore should be 

included in any future study.  

In summary, in this pilot study, we found a temporary decrease in the percentage of 

Treg in the CD4+ T cell subsets at 3 months, and a lower proportion of naïve T cells 

in CD8+ T cell subsets after 9-12 months of ADT. These are preliminary findings; a 
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repeat study with a larger population is needed to confirm the findings. From this 

study, we have developed a new and very reliable flow-cytometric assessment of T 

cell characteristics. The lessons learnt from this study will enable us to establish better 

studies in the future.  

  



 

	 173	

Chapter 5 Conclusion and Future directions 

5.1 Conclusion 

 

Over the past decade, we have seen a significant advancement in the treatment of 

mCRPC. New therapeutic agents such as sipuleucel-T, abiraterone, enzalutamide, 

cabazitaxel, and Radium-223 have all shown OS benefits in these patients. Over the 

same period, we have also seen a rapid expansion in cancer immunotherapy approvals 

by the U.S. FDA393 for many cancers. As of 2017, five immune-checkpoint inhibitors 

have been FDA-approved for metastatic bladder cancer as first or second line 

therapy294,295,394,395. However, sipuleucel-T remains the only immunotherapy with 

proven OS benefit in the management of mCRPC. A better understanding of how the 

immune system interacts with PC is needed.  

 

This project set out to evaluate T cell characteristics in benign and malignant prostate 

tissues by studying the proportions of Treg, T cell activation and maturation status in 

prostate tissues using flow-cytometry. These T cell characteristics were then 

compared with those in peripheral blood. Patients with PC were compared with those 

with benign prostate tissues.  

 

Multiple challenges were encountered during this study. Firstly, the process of 

sampling adequate volume of tissues containing PC cells remained a challenge. 

Despite our strict quality control processes, approximately 25% of the time, our PC 

specimens did not contain cancer cells. Methodologically, assessing TILs in prostate 

tissues were not easy. We successfully developed staining methods that produced an 

accurate result for the assessment of Treg and T cell activation status but failed to 

evaluate T cell maturation status in tissue samples. Incidentally, we discovered that 

when tissue was incubated with trypsin or collagenase, the intensity of the expression 

of CD4 was reduced. 
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In our first study, we found that the proportion of Treg in PC tissue is consistent with 

other studies.348,355 There were no differences in the proportion of Treg or CD8/Treg 

ratio in tissues for the three patient groups. In a small cohort of 6 patients, we found a 

higher percentage of Treg and a lower CD8+/Treg ratio in PC involved tissue than PC 

non-involved tissues, which support the hypothesis of local immunosuppression in 

PC-involved tissues, and in this compartmentalised micro-environment, PC cells can 

evade and survive the immune system’s defences. The same phenomenon may be 

found in metastatic sites as well, which warrant future study. If the actions of Tregs 

can be modulated, such as with chemotherapy or monoclonal antibodies targeting 

Tregs, in theory immune-surveillance and the effects of other immunotherapeutic 

agents can potentially be enhanced396. 

 

In the PC group, the same percentages of CD8+ T cells were found in both tissues and 

PBMC for majority of the patients. This showed that CD8+ T cells were not expelled 

or excluded from the tumour micro environments. Therefore the PC tissues were of 

the T inflamed phenotype, with a baseline percentage of CD8+ TIL that is the same as 

in blood. In NP the percentage of CD8+ T cells in tissue is statistically significantly 

higher then PBMC, we believed this could be secondary to prostatic inflammation as 

a result of previous history of intra-vesical BCG or chronic prostatitis. In BPH the 

percentage of CD8+ T cells is also higher, though not statistically significant, this 

could be the result chronic prostatitis which was found in 50% of the patients. These 

findings are in line with our hypothesis, i.e. a higher percentage of CD8+ TIL is 

expected in patients with prostatitis.  

 

The percentage of Treg was two times higher in tissues than in blood for all three 

patient groups. This could be a phenomenon across all tissue types and not exclusive 

to the prostate. 

 

We also found that the percentage of activated CD8+ T cells (CD69+CD8+ T cells) 

was ~20 times higher in tissues than in blood, regardless of the tissue type. This 

meant that CD8+ T cells in both benign and malignant prostate tissues have an 
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activated phenotype compared to those in peripheral blood. However, if highly 

activated CD8+ TILs are found in PC tissues why are PC failed to be eliminated? 

Other immunosuppressive mechanisms such as T cells exhaustion may be the reasons 

behind this. As mentioned in section 1.4.2.5.2.1, despite the loss of functions, 

exhausted T cells still express high levels of CD69 and inhibitory receptors such as 

the PD-1.  

 

Putting it all together, in our study, we found that prostate cancer tissue is of the T 

inflamed phenotype and exhibiting patterns suggesting of T cells clonal exhaustion. 

This suggests PD-1/PD-L1 immune-check point inhibitor +/- CTLA4 inhibitors might 

be a promising immunotherapeutic option for patients with advanced PC.  

 

We did not find any correlation between Gleason scores and the T cell characteristics 

evaluated in this study. 

 

Using PCR, we have assessed the cytokine profiles in benign and malignant prostate 

tissues and there were no significant differences in the levels of IFNγ, TNFα, TGFβ 

and IL-10 expressions. Our assays did not detect IL-4, IL-5 and IL-13 in any sample.  

 

In our second study, we assessed the impact of ADT on patients’ peripheral blood T 

cell characteristics. The percentage of Treg in CD4+ T cell decreased initially by 

15%, which suggested that after three months of ADT, the thymus in these patients 

might have regenerated thus exporting CD4+ T cells into the periphery during this 

period. After about a year of ADT, there was no statistically significant decrease in 

the percentage of Treg. This was most likely because the effects of ADT on T cells 

were short-lived; or that the immune system might have reached a new equilibrium at 

one year, whereby the percentages of Treg in CD4+ T cells returned to pre-ADT 

levels. The percentage of naïve T cells after approximately one year of ADT was 

significantly lower. One possible explanation is that the naïve T cells may have 

“matured” into other CD8+ T cell subsets after ADT.  
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The findings of a lower percentage of Treg in CD4+ T cells during the immediate 

period after ADT do support our hypothesis whereby ADT down-regulate immune 

suppression. This suggests that ADT may also rely on an indirect and additive effect 

on the cellular immune response in achieving cancer control. Perhaps the short-lived 

down regulation of immune suppression is part of the reason why all patients who are 

on ADT eventually fail. 

 

	  



 

	 177	

5.2 Future directions  

	
To overcome the deficiencies in this study, we need to recruit more patients with 

benign prostate conditions to detect statistically significant differences. A larger 

cohort of patients with PC involving only one lobe of their prostates will also help us 

to validate the results we have found when comparing PC involved versus non-

involved tissues. 

 

Profiling T cell characteristics of other tissue types using the same methods will help 

to confirm if the Treg and activated CD8+ T cells are also higher in other tissues 

when compared with blood.  

 

Methodologically, a better isotype control is needed to assess T cell maturation status 

and a better assay for our PCR experiment. 

 

To assess the impact of ADT on T cells in more detail, patients’ blood should be 

collected and analysed more regularly. The duration of study should also be extended 

until patients become castrate resistant, before and after mCRPC treatments. 

Assessing T cell characteristics in patients with CRPC will help us to evaluate the 

impact of castrate resistance on immunity. Sampling the prostate tissues and tissues at 

metastatic sites from these patients will also provide valuable information with 

regards to the influence of ADT on TILs.  

 

In summary, some of our results confirmed our hypothesis of local 

immunosuppression. Many sections require more patients to confirm findings. In 

patients treated with ADT, there is an initial short period of immune down regulation. 
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From this study, we have developed a new and very reliable flow-cytometric 

assessment of T cell characteristics. The lessons learnt from this study will enable us 

to establish better studies in the future.  
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