
Univ
eri

sty
 of

 C
ap

e T
ow

n 

THE ROLE OF SEMINAL PLASMA IN THE REGULATION OF INFLAMMATION 

AND INFLAMMATORY PATHWAYS IN THE CERVIX: POTENTIAL FOR 

CERVICAL CANCER PROGRESSION AND HIV TRANSMISSION IN  

SOUTH AFRICAN WOMEN 

 

 

ANTHONIO OLADELE ADEFUYE MBCHB, MSc. 

 

 

MRC/UCT Receptor Biology Research Unit, Institute of Infectious Disease and Molecular 

Medicine and Division of Medical Biochemistry, University of Cape Town, Faculty of 

Health Sciences, Observatory, 7925, South Africa. 

 

Thesis presented for the Degree of 

DOCTOR OF PHILOSOPHY 

In the Division of Medical Biochemistry 

UNIVERSITY OF CAPE TOWN 

November, 2014.



 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



 

i 
 

TABLE OF CONTENTS 

Declaration...................................................................................................................................XII 

Acknowledgements.....................................................................................................................XIII 

Publication and Conference Proceedings...................................................................................XIV 

List of Abbreviations....................................................................................................................XV 

List of Figures.............................................................................................................................XIX 

List of Tables............................................................................................................................XXIII 

Synopsis……….......................................................................................................................XXIV 

 

CHAPTER 1 - GENERAL INRODUCTION  

1.1 Introduction  ..............................................................................................................................1 

1.2 Etiology and risk factors............................................................................................................2 

1.2.1 HIV; a co-factor in cervical cancer............................................................................3 

1.3 Classifications............................................................................................................................4 

1.3.1 Squamous cell carcinoma of the cervix......................................................................4 

1.3.2 Adenocarcinoma of the cervix....................................................................................4 

1.3.3 Other uncommon subtypes………………………………………………………….5 

1.3.3.1 Verrucous carcinoma of the cervix………………………………………..5 



 

ii 
 

1.3.3.2 Adenosquamous carcinoma of the cervix…………………………………5 

1.3.3.3 Neuroendocrine (small-cell) carcinoma of the cervix…………………….5 

1.3.3.4 Adenoma mallignum of the cervix…………………………………………6 

1.3.3.5 Adenoid cystic carcinoma of the cervix…………………………………...6 

1.3.3.6 Metastatic tumors………………………………………………………….6 

1.4 Clinical presentation…………………………………………………………………………..7 

1.5 Diagnosis………………………………………………………………………………………7 

1.6 Clinical staging………………………………………………………………………………10 

1.7 Molecular Pathogenesis……………………………………………………………………...13 

1.7.1 Papillomaviruses…………………………………………………………………...13 

1.7.2 Transmission and immune evasion………………………………………………...16 

1.7.3 Genome Integration and Oncogene expression……………………………………19 

1.7.4 HPV oncogenes and cervical tumorigenesis……………………………………….20 

1.8 The role of inflammation and inflammatory pathways in tumorigenesis……………………24 

1.8.1 Inflammatory cell component of tumors…………………………………………...26 

1.8.1.1 Polymorphonuclear leukocytes (PMN’s or neutrophils)………………...26 

1.8.1.2 Macrophages……………………………………………………………..26 

1.8.1.3 Dendritic cells (DC)……………………………………………………...27 

1.8.1.4 Lymphocytes……………………………………………………………..27 

1.9 Pro-inflammatory cytokines………………………………………………………………….28 



 

iii 
 

1.9.1 Tumor necrosis factor (TNF)………………………………………………………28 

1.9.2 Interleukin 1 (IL-1)………………………………………………………………...29 

1.9.3 Interleukin 6 (IL-6)………………………………………………………………..29 

1.9.4 Chemokines………………………………………………………………………...29 

2.1 Molecular role of inflammatory cytokines/chemokines in tumorigenesis…………………...30 

2.1.1 Induction of angiogenesis………………………………………………………….30 

2.1.2 Acting as growth factors…………………………………………………………...31 

2.1.3 DNA damage………………………………………………………………………32 

2.1.4 Enhancing cell metastasis and invasion…………………………………………....32 

3.1 Inflammatory pathways……………………………………………………………………...33 

3.1.1 Cyclooxygenase-Prostaglandin (COX-PG) pathway………………………………33 

3.1.1.1 PGE2 regulation………………………………………………………….35 

3.1.1.2 PGE2 receptors…………………………………………………………..35 

3.1.1.3 PGE2-EP signaling and cancer progression……………………………..36 

3.1.1.3.1 PGE2-EP signaling in tumor growth/proliferation…………….36 

3.1.1.3.2 PGE2-EP signaling in tumor angiogenesis…………………….36 

3.1.1.3.3 PGE2-EP signaling in tumor invasion/metastasis……………..37 

3.1.1.3.4 PGE2-EP signaling in tumor immune suppression…………….37 

3.1.2 Epidermal growth factor receptor (EGFR) pathway……………………………….38 

3.1.2.1 Receptor activation and signaling………………………………………..38 

3.1.2.2 EGFR and cancer progression…………………………………………...39 

3.1.2.2.1 EGFR signaling in tumor proliferation………………………..39 



 

iv 
 

3.1.2.2.2 EGFR signaling in tumor invasion/motility……………………40 

3.1.3 Phosphatidylinositol 3 kinase-AKT (PI3K-AKT) pathway………………………..40 

3.1.3.1 Class I kinases……………………………………………………………40 

3.1.3.2 Class II Kinases…………………………………………………………..41 

3.1.3.3 Class III kinases…………………………………………………………41  

3.1.3.4 Protein kinase B (AKT)………………………………………………….42 

3.1.3.5 PI3k-AKT Pathway activation and signaling……………………………43 

3.1.3.6 PI3K-AKT signaling and cancer progression……………………………44 

3.1.3.6.1 PI3K-AKT signaling in tumor angiogenesis…………………...44 

3.1.3.6.2 PI3K-AKT signaling in tumor cell proliferation……………….45 

3.1.3.6.3 PI3K-AKT signaling in tumor cell survival (inhibition of 

apoptosis)………………………………………………………………...45 

3.1.3.6.4 PI3K-AKT signaling in tumor cell metastasis…………………46 

4.1 Regulation of cervical inflammation, inflammatory pathways, and tumorigenesis by HPV 

oncogenes…………………………………………………………………………………….......46 

5.1 HIV, cervical cancer and inflammation……………………………………………………...48 

5.1.1 The interplay between HIV and HPV and their role in cervical cancer…………...49 

5.1.2 The role of HIV in regulating inflammation and its potential contribution to 

cervical cancer…………………………………………………………………………...50 

6.1 Seminal plasma, cervical cancer, HIV and inflammation……………………………………52 

6.1.1 Role of seminal plasma in regulating cervical inflammation and its potential 

contribution to cervical cancer…………………………………………………………..53 



 

v 
 

6.1.2 Role of seminal plasma in regulating HIV infection and its potential contribution to 

cervical cancer…………………………………………………………………………...54 

6.1.3 Seminal plasma prostaglandins: potent pro-inflammatory factor………………….56 

7.1 Statement of the problem…………………………………………………………………….58 

8.1 Hypothesis……………………………………………………………………………………59 

9.1 Aim…………………………………………………………………………………………..59 

10.1 Specific objectives………………………………………………………………………….59 

 

CHAPTER 2 - GENERAL MATERIALS AND METHODS 

2.1 Ethics statement……………………………………………………………………………...60 

2.2 Chemicals and Reagents……………………………………………………………………..60 

2.3 Semen donors and preparation……………………………………………………………….61 

2.4 Cervical specimen……………………………………………………………………………62 

2.4.1 Cytobrush Sample………………………………………………………………….62 

2.4.2 Cervical Tissue Explant……………………………………………………………63 

2.5 Cell Line……………………………………………………………………………………...64 

2.5.1 HeLa S3……………………………………………………………………………64 

2.6 Cell Culture…………………………………………………………………………………..64 



 

vi 
 

2.7 Cellular Investigations……………………………………………………………………….65 

2.7.1 Cell treatment with seminal plasma………………………………………………..65 

2.7.2 Treatment with chemical inhibitors...……………………………………………...66 

2.8 RNA extraction………………………………………………………………………………68 

2.9 Reverse transcription (cDNA synthesis)……………………………………………………..69 

2.10 Quantitative real time polymerase chain reaction (RT-PCR)………………………………70 

2.10.1 Primer design……………………………………………………………………..71 

2.10.2 Real-time RT-PCR detection Chemistries………………………………………..71 

2.10.3 SYBR Green Real-Time RT-PCR reaction………………………………………73 

2.10.4 TaqMan Real-Time RT-PCR reaction……………………………………………75 

2.10.5 Calculation of relative mRNA expression using the comparative Ct method……76 

2.11 Protein extraction from cells………………………………………………………………..78 

2.12 Protein quantification……………………………………………………………………….79 

2.13 SDS-PAGE gel……………………………………………………………………………..80 

2.14 Western Blot………………………………………………………………………………..82 

2.15 Enzyme Linked Immunosorbent Assay (ELISA)…………………………………………..83 

2.16 Immunohistochemistry..……………………………………………………………………84 

2.17 Quantification of immunohistochemical stains…………………………………………….85 

2.18 Statistics…………………………………………………………………………………….85 



 

vii 
 

CHAPTER 3 - REGULATION OF INFLAMMATORY PATHWAYS IN NEOPLASTIC 

CERVICAL EPITHELIAL CELLS BY SEMINAL PLASMA 

3.1 Introduction…………………………………………………………………………………..86 

3.2 Aim of the study……………………………………………………………………………...87 

3.3 Materials and Method………………………………………………………………………..88 

3.3.1Cell culture, treatment with seminal plasma and RNA extraction………………….88 

3.3.2 Real–time RT-PCR and Taqman array analysis…………………………………...88 

3.3.3 Bioinformatics analysis of genes regulated by seminal plasma……………………89 

3.3.4 Verification of the TaqMan Array Data……………………………………………89 

3.3.4.1 Treatment of Cells with Seminal plasma………………………………...89 

3.3.4.2 Real-Time RT-PCR Analysis……………………………………………90 

3.3.5 Statistical Analysis…………………………………………………………………90 

 3.4 RESULT…………………………………………………………………………………….91 

3.4.1 Seminal plasma regulates the expression of inflammatory pathways in cervical 

cancer cell.……………………………………………………………………………….91 

3.4.2 Ontologies of genes regulated by seminal plasma.………………………………...97 

3.4.3 Real-Time PCR Validation of IL-1α, IL-8, IL-12A, PTGIR, PTGFR, and CXCR4 

gene expression in response to SP in HeLa S3 Cells………………………….................99 

3.5 Discussion..…………………………………………………………………………………102 



 

viii 
 

CHAPTER 4 - SEMINAL PLASMA INDUCES THE EXPRESSION OF IL-1α IN 

NORMAL AND NEOPLASTIC CERVICAL CELLS VIA EP2/EGFR/PI3K/AKT 

PATHWAYS 

4.1 Introduction…………………………………………………………………………………123 

4.2 Aim of the study…………………………………………………………………………….124 

4.3 Materials and method……………………………………………………………………….125 

4.3.1 Cervical tissue collection and processing………………………………………...125 

4.3.2 Cell culture, treatment with SP, RNA extraction and cDNA synthesis…………..125 

4.3.3 Real-Time RT-PCR reaction……………………………………………………...126 

4.3.4 Enzyme linked immunosorbent assay…………………………………………….127 

4.3.5 SDS-PAGE and Western blot analysis…………………………………………...127 

4.3.6 Immunohistochemistry…………………………………………………………...128 

4.3.7 Statistical Analysis………………………………………………………………..129 

4.4 Results………………………………………………………………………………………130 

4.4.1 SP induces expression of IL-1α in HeLa neoplastic cervical epithelial cells…….130 

4.4.2 SP regulation of IL-1α expression in HeLa cells is dependent on individual semen 

donor……………………………………………………………………………………131  

4.4.3 SP mediated IL-1α induction in HeLa neoplastic cervical epithelial cells via EP2 

receptor, EGFR and PI3 kinase pathways………………………………………………132 

4.4.4 PGE2 and EGF induces IL-1α expression in HeLa neoplastic cervical epithelial 

cells……………………………………………………………………………………..135 



 

ix 
 

4.4.5 Activation of EP2 and EGF receptors induces IL-1α expression in HeLa neoplastic 

cervical epithelial cells………………………………………………………………….137 

4.4.6 EP2 receptor antagonist, EGFR and PI3 kinase inhibitors inhibit PGE2 and EGF 

mediated induction of IL-1α in HeLa neoplastic cervical epithelial cells……………...139 

4.4.7 Seminal plasma phosphorylates AKT via EP2/EGFR/PI3 kinase signaling to induce 

IL-1α expression in HeLa neoplastic cervical epithelial cells………………………….141 

4.4.8 IL-1α is up-regulated in cervical cancer………………………………………….143 

4.4.9 IL-1RI is up-regulated in cervical cancer………………………………………...146 

4.4.10 SP induces the expression of IL-1α in the cervix via EP2/EGFR/PI3 kinase 

activation………………………………………………………………………………..147 

4.5 Discussion…………………………………………………………………………………..149 

 

CHAPTER 5 - C-C CHEMOKINE RECEPTOR 5   IS UP-REGULATED IN CERVICAL 

CANCER AND IS REGULATED BY SEMINAL PLASMA: POTENTIAL ROLE IN 

INCREASED RISK OF HIV TRANSMISSION IN CERVICAL CANCER 

5.1 Introduction…………………………………………………………………………………158 

5.2 Aim of the study…………………………………………………………………………….159 

5.3 Materials and Methods……………………………………………………………………...160 

5.3.1 Cervical cytobrush sample………………………………………………………..160 

5.3.2 Cervical tissue collection…………………………………………………………160 

5.3.3 Construction of HeLa Tet-off cells……………………………………………….161 



 

x 
 

5.3.4 Cell culture and treatment with SP……………………………………………….161 

5.3.5 Real-Time RT-PCR reaction……………………………………………………...162 

5.3.6 SDS-PAGE and Western blot analysis…………………………………………...163 

5.3.7 Immunohistochemistry…………………………………………………………...164 

5.3.8 Statistical Analysis………………………………………………………………..165 

5.4 Results………………………………………………………………………………………166 

5.4.1 CD4 and CCR5 expression is elevated in cervical cancer tissue…………………166 

5.4.2 SP regulates expression of CD4 and CCR5 in the cervix………………………...169 

5.4.3 SP regulates the expression of HIV chemokine co-receptors in HeLa neoplastic 

cervical epithelial cells………………………………………………………………….171 

5.4.4 SP regulation of CD4 and CCR5 expression in the cervix is dependent on individual 

semen donor…………………………………………………………………………….173 

5.4.5 SP induces CCR5 protein expression of in HeLa cells…………………………...175 

5.4.6 Seminal plasma regulates CCR5 expression in HeLa cells via the EGFR and COX-1 

pathways………………………………………………………………………………..177 

5.4.7 EGF and PGE2 induced the expression of CCR5 in HeLa cells…………………179 

5.4.8 Expression of CCR5 in HeLa cells can be regulated by an inducible COX-1 

enzyme………………………………………………………………………………….181 

5.5 Discussion…………………………………………………………………………………..183 

 

 



 

xi 
 

CHAPTER 6 - GENERAL DISCUSSION AND CONCLUSION 

6.1 General discussion………………………………………………………………………….187 

6.2 Conclusion………………………………………………………………………………….193 

REFERENCES………………………………………………………………………………...194 

APPENDIX I…………………………………………………………………………………..264 

APPENDIX II………………………………………………………………………………….272 

APPENDIX III………………………………………………………………………………...277 

 

 

 

 

 

 

 

 

 

 



 

xii 
 

DECLARATION 

I herewith declare that except where due acknowledgements is made by reference, the studies 

undertaken herein are the unaided work of the author. No portion of this work has been 

previously accepted for, or is currently being submitted in candidature for another degree. 

 

 

 

 

 

Anthonio O. Adefuye 

November, 2014 

 

 

 

 

 

 

 



 

xiii 
 

ACKNOWLEDGEMENTS 

With gratitude to God for the grace to complete this study, I wish to thank my supervisors, Dr. 

Kurt J. Sales and Professor Arieh A. Katz for their supervision, encouragement and guidance 

throughout the duration of the project. 

I would also like to acknowledge the academic guidance and support of Aron, Mushi, Ross, 

Claire and other members of the MRC/UCT Receptor Biology Research Unit University of Cape 

Town. Special thanks to the Medical Research Council of South Africa (MRC), Poliomyelitis 

Research Foundation of South Africa (PRF), Cancer Association of South Africa (CANSA), 

National Research Foundation of South Africa (NRF) and the University of Cape Town 

Research Committee (URC) for funding.  

To my darling wife Janet Ogheneochuko, who has stuck by me from the start of this journey, my 

little Mary Adeola and John Jesulayomi, I say thank you for your unending care, support, 

patience and prayers, indeed your presence in my life has been a great blessing. To my caring 

mum, brother and sisters, thank you so much for the encouragement and support.  

Lastly, special mention goes out to my late dad Michael Adeyinka Adefuye, miss you dearly dad. 

 

 

 

 

 



 

xiv 
 

PUBLICATIONS 

Anthonio Adefuye and Kurt Sales. (2012). Regulation of Inflammatory Pathways in Cancer and 

Infectious Diseases of the Cervix. Scientifica. Volume 2012 (2012), Article ID 54815 

Anthonio Adefuye, Kurt Sales, and Arieh katz. Seminal Plasma induces the expression of IL-1α 

in neoplastic cervical epithelial cells via EP2/EGFR/PI3Kinase Pathways. (2014). Journal of 

Molecular Signaling 2014 9:8  

Anthonio Adefuye, Arieh Katz, and Kurt Sales. The Regulation of Inflammatory Pathways and 

Infectious Disease of the Cervix by Seminal Fluid (2014). Pathology Research International. 

Volume 2014, Article ID 748740 

Kurt Sales, Anthonio Adefuye, Lauren Nicholson and Arieh Katz. C-C chemokine receptor type 

5 is up-regulated in cervical cancer and can be regulated by seminal plasma in the cervix (2014). 

Molecular Human Reproduction 2014; doi: 10.1093/molehr/gau063. 

 

CONFERENCE PROCEEDINGS 

Anthonio O. Adefuye, Kurt J. Sales, and Arieh A. Katz. Seminal plasma induces the expression 

of IL-1α in normal and neoplastic cervical cells via EP2/EGFR/PI3K/AKT pathways. SASBMB 

Conference, 6-9 July 2014. 

Anthonio O. Adefuye, Lauren Nicholson, Arieh A. Katz and Kurt J. Sales. C-C chemokine 

receptor type 5 expression is elevated in cervical cancer and is up-regulated by seminal plasma. 

SASBMB Conference, 6-9 July 2014 



 

xv 
 

LIST OF ABBREVIATIONS 

AA   arachidonic acid 

ANOVA   analysis of variance 

AP1   activator protein-1 

BCP   1-bromo-3-chloropropane 

bFGF   basic fibroblast growth factor 

bp   base pairs 

BSA   bovine serum albumin 

CAM   cell-surface adhesion molecule 

cAMP   adenosine 3’,5’-cyclic monophospate 

cDNA     complementary DNA 

CIN   cervical intraepithelial neoplasia 

COX   cyclooxygenase 

DAB   3’3-diaminobenzidine 

DC-SIGN   dendritic cell-specific intercellular adhesion molecule 3-grabbing nonintegrin 

DEPC   diethylpyrocarbonate 

dH20 distilled water 

DMEM   Dulbecco’s modified eagle medium 

DMSO   Dimethylsulphoxide  

DNA   deoxyribonucleic acid 

dNTP   deoxyribonucleotide triphosphates 

ECM   extracellular matrix 

Ect-1   ectocervical cell line 

EDTA   ethylenediamine tetraacetic acid 

EGF   epidermal growth factor 

EGFR   epidermal growth factor receptor 

ERK   extracellular signal-regulated kinase 

FCS   fetal calf serum 

FGF   fibroblast growth factor 

FIGO   international federation of obstetricians and gynaecologists  



 

xvi 
 

GPCR   G protein-coupled receptor 

H&E   haemotoxylin and eosin 

HSIL   high grade squamous intra-epithelial lesions 

HIV-1  human immunodeficiency virus-1 

HNSCC   head and neck squamous cell carcinoma 

HPV   human papilloma virus 

Hr   hour 

HRP   horse –radish peroxidise 

HT-29   colorectal carcinoma cell line 

HUVECs   human umbilical vein endothelial cells 

IGF-I   insulin growth factor I 

IgG   immunoglobulin G 

IHC   immunohistochemistry 

IL   interleukin 

IP3 inositol (1,4,5)-triphosphate 

Kb   base pairs 

kDa   kilodalton 

LPS   lipopolysaccharides 

LSIL  low-grade squamous intraepithelial lesion 

Mg   milligram 

µg   microgram 

Ml   millilitre 

µl   microlitre 

MAPK   mitogen-activated protein kinase 

MEK mitogen-activated protein kinase 

Mins   minutes 

MMP   matrixmetalloproteinases 

mPGES-1   membrane-bound prostaglandin E synthase-1 

mPGES-2   membrane-bound prostaglandin E synthase-2 

mRNA   messenger ribonucleic acid 

NF-ĸB   nuclear factor-kappa B 



 

xvii 
 

Nm   nanometers 

NSAID   non-steroidal anti-inflammatory drug 

Os   opening of the cervix 

PAGE   polyacrylamide gel electrophoresis 

PBS   phosphate buffered saline 

PCR   polymerase chain reaction 

PDGF   platelet derived growth factor 

PG   prostaglandins 

PGD2   prostaglandin D2 

PGDS   prostaglandin D synthase 

PGE2  prostaglandin E2 

PGES   prostaglandin E synthase 

PGF2α   prostaglandin F2α 

PGFS   prostaglandin F synthase 

PGG2  prostaglandin G2 

PGH2 hydroxy cyclic endoperoxide 

PGI2 prostacyclin 

PGIS   prostacyclin I synthase 

PGT   prostaglandin transporter 

PI3K   phosphatidylinositol 3-kinase 

PLA2  phospholipase A2 

PPAR   peroxisome proliferators-activated 

PTGER1   prostanoid receptor EP1 

PTGER2   prostanoid receptor EP2 

PTGER3   prostanoid receptor EP3 

PTGER4   prostanoid receptor EP4 

PTGS   prostaglandin endoperoxide synthase 

PTGS-1   prostaglandin endoperoxide synthase-1 

PTGS-2   prostaglandin endoperoxide synthase-2 

PTGS-3   prostaglandin endoperoxide synthase-3 

PVDF   polyvinylidene difluoride 



 

xviii 
 

qRT-PCR   quantitative real-time polymerase chain reaction 

ROS   reactive oxygen species 

RT   reverse transcriptase 

RTK   receptor tyrosine kinase 

SDS   sodium dodecyl sulphate  

SEM   standard error of the mean 

SIL   squamous intra-epithelial lesions 

SP   seminal plasma 

STAT3   signal transducers and activators of transcription 

Taq   thermus aquaticus 

TBS   tris-buffered saline 

TGF   transforming growth factor 

TGF-β   transforming growth factor-β 

TNF   tumor necrosis factor 

TNF-α   tumor necrosis factor-α  

Tris   tris (hydroxymethyl) amino methane  

TSP-1   thrombospondin 

TXA2  thromboxane A2 

TXS   thromboxane synthase 

UTR   untranslated region  

VEGF   vascular endothelial growth factor 

WHO   world health organisation 

WT   wild type 

 

 

 

 

 



 

xix 
 

LIST OF FIGURES 

Fig. 1.1: Cervical cancer estimated incidence and mortality Worldwide in 2012 ……..................1 

Fig. 1.2: Schematic presentation of the infectious cycle of HPV showing strong E6 and E7 

expression in differentiated epithelial cell.....................................................................................18 

Fig. 1.3: Genome organization of high risk HPV 16…………….................................................22 

Fig. 1.4: Diagram showing overview of prostaglandins (PG) synthesis........................................34 

Fig. 2.1: Comparison of SYBR® Green dye and TaqMan® Real-time RT-PCR detection 

chemistries.....................................................................................................................................72 

Fig. 2.2: Typical melt curve analysis following SYBR green real time RT-PCR reaction showing 

two distinct peaks of GAPDH (Green) and IL-1α (blue)………….............................................  72 

Fig. 3.1: Relative mRNA expression of IL-1α (SYBR Green reporter and TaqMan reporter), IL-

8, IL-12α, PTGIR, PTGFR, and CXCR4 in HeLa cells treated with PBS (control) or SP 1:50 

dilution……………………...………………………………………………………………......101 

Fig. 3.2: Schematic diagram showing the regulation of eicosanoid biosynthesis pathway by SP in 

neoplastic cervical epithelial cell as means of mediating cervical cancer progression…...........104 

Fig. 3.3: Schematic diagram showing the regulation of Kallikrien-Kinin-Bradykinin and TLR2 

signaling by SP in neoplastic cervical epithelial cells....….........................................................110 

Fig. 3.4: Schematic diagram showing the regulation of chemokine signaling by SP in neoplastic 

cervical epithelial cells……………………………………….....................................................116 



 

xx 
 

Fig. 3.5: Schematic diagram showing the regulation of cytokine signaling by SP in neoplastic 

cervical epithelial cells………….................................................................................................119 

Fig. 4.1: Relative expression of IL-1α mRNA and IL-1α protein in HeLa cells treated with SP 

(1:50 dilution) relative to PBS (control)…………………..........................................................131 

Fig. 4.2: Relative expression of IL-1α mRNA in HeLa cells treated with SP1-SP5, SP6spr, 

SP7spr, and SP8pv-SP10pv (1:50) relative to PBS (control)…………………………………..132 

Fig. 4.3: IL-1α mRNA and protein expression is regulated by seminal plasma via the EP2 

receptor, EGFR and PI3K pathways............................................................................................134 

Fig. 4.4: Induction of IL-1α mRNA in HeLa cells by PGE2, EGF, and PGE2 and EGF as 

determined qPCR.........................................................................................................................136 

Fig. 4.5: Activation of EP2 receptor, EGF receptor and co-activation of EGF and EP2 receptors 

(C) induces the expression of IL-1α mRNA in HeLa cells as determined by qPCR...................138 

Fig. 4.6: EP2 antagonist, EGFR and PI3 kinase inhibitors inhibit PGE2, PGE2 and EGF, and 

EGF mediated induction of IL-1α in HeLa cells as determined by qPCR..................................140 

Fig. 4.7: Akt phosphorylation in HeLa cells by SP.....................................................................142 

Fig. 4.8: Relative mRNA expression and immunostaining of IL-1α in epithelial cells of 

squamous cell carcinoma and columnar and glandular epithelium of adenocarcinoma tissue 

explant ………………………………………………………………………………………….145 

Fig. 4.9: Relative mRNA expression of IL-1RI in cervical squamous cell carcinoma and normal 

cervix............................................................................................................................................147 



 

xxi 
 

Fig. 4.10: SP induces the expression of IL-1α in neoplastic and normal cervical tissue via the 

activation of EP2/EGFR/PI3 kinase inflammatory pathways as determined by qPCR...............148 

Fig. 4.11: Schematic summary highlighting the role of SP and its constituents (PGE2 and EGF) 

in the regulation of signaling pathway mediating IL-1α (IL-1 alpha) expression in cervical 

epithelial cells..............................................................................................................................154 

Fig. 5.1: Expression and localization of CD4 and CCR5 in cervical tissues as determined by 

quantitative real time PCR analysis and immunohistochemistry................................................168 

Fig. 5.2: Seminal plasma induces expression of CD4 and CCR5 in the cervix...........................170 

Fig. 5.3: Seminal plasma induces expression of HIV chemokine co-receptors CD4, CCR5, 

CCR2b, CXCR4, CXCR6 and GPR1 mRNA expression in HeLa cells as determined by real-

time RT-PCR analysis…………………………………………………………………………..172 

Fig. 5.4: Relative expression of CD4 and CCR5 mRNA in HeLa cells treated with SP1-SP5, 

SP6spr, SP7spr, and SP8pv-SP10pv (1:50 dilution) relative to PBS (control)………………...174 

Fig. 5.5: Seminal plasma induces expression of CCR5 protein in HeLa cells............................176 

Fig. 5.6: SP induces expression of CCR5 mRNA and protein in HeLa cells via the activation of 

EGFR and COX-1 pathways as determined by real-time RT-PCR and Western blot analysis 

respectively..................................................................................................................................178 

Fig. 5.7: Regulation of CCR5 mRNA expression by EGF and PGE2 in HeLa cells..................180 

Fig. 5.8: CCR5 expression is regulated by COX-1 in HeLa COX-1 Tet-off system..................182 



 

xxii 
 

Fig. 6.1: Schematic diagram showing the role of seminal plasma in the regulation of IL-1α and 

CCR5 in neoplastic cervical epithelial cells and their role in cervical cancer progression…….192 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xxiii 
 

LIST OF TABLES 

Table 1.1: The Bethesda and CIN Classification System for cervical squamous cell dysplasia ....9 

Table 1.2: Cervical cancer staging according to FIGO staging system …………………............11 

Table 1.3: HPV types and disease association...............................................................................15 

Table 1.4: High risk HPV ORFs and their role in tumorigenesis………………………..............23 

Table 1.5: Association between specific cancers and infectious agent/inflammatory stimulus....25 

Table 2.1: Inhibitors, the pathway inhibited and concentration used............................................67 

Table 2.2: Reverse transcription reaction mix; components and concentrations...........................70 

Table 2.3: Real time RT-PCR reaction mix (SYBR Green); components and concentrations.....74 

Table 2.4: Real-time RT-PCR reaction mix (TaqMan); components and concentrations.............75 

Table 2.5: Primers and probes used for Real Time RT-PCR………………………………….....77 

Table 2.6: Components of protein extraction buffer ………………………………….................79 

Table 2.7: SDS protein sample buffer (reagents and concentration)…………………………….80 

Table 2.8: SDS-PAGE (reagents, concentration, and volume pipetted)…………………………81 

Table 3.1: List of inflammatory genes regulated by seminal plasma in HeLa cells …………….92 

 

 



 

xxiv 
 

SYNOPSIS 

Cervical cancer is a chronic inflammatory disease of multifactorial etiology accounting for an 

annual estimated 266,000 deaths worldwide and usually present in sexually active women. In 

sub-Saharan Africa, cervical cancer is the most common cancer among women and the leading 

cause of cancer related deaths in this region. The obvious association of HIV infection and 

cervical cancer has long been established. High incidence and prevalence rate of HIV infection 

has been recorded in many areas with high incidence of cervical cancer suggesting that cervical 

cancer and premalignant cervical lesions may increase transmission and acquisition of HIV 

infection. Seminal plasma (SP) has been shown to initiate inflammatory response within the 

female genital tract. Exposure of neoplastic cervical epithelial cells to SP has been shown to 

promote the growth of cancer cells in vitro and tumors in vivo by activating several pro-

inflammatory pathways. In addition to the regulation of tumor growth, SP-mediated 

inflammatory responses within the female genital tract have been suggested to contribute to the 

transmission of HIV and other sexually transmitted infections (STIs).  

The initial aim of this study was to determine the role of SP in the regulation of pro-

inflammatory pathways in neoplastic cervical epithelial cells. TaqMan 96-well array revealed 

that SP regulates the activation of eicosanoid, toll-like receptor-NFκB, kallikrien-bradykinin-

bradykinin receptor, cytokine, and chemokine signaling pathways to mediate the expression of 

inflammatory mediators in cervical cancer cells. These data highlight the potential of SP to 

exacerbate inflammatory processes within the local cervical cancer microenvironment creating 

conditions favorable for cervical tumor progression. 
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IL-1α is a pleotropic pro-inflammatory cytokine found to be robustly regulated by SP in the 

array. IL-1α expression is up-regulated in several human cancers and has been associated with 

virulent tumor phenotype and poorer prognosis. Hence, I investigated the role of SP in the 

regulation of IL-1α in neoplastic cervical epithelial cells HeLa, neoplastic and normal cervical 

tissue and the molecular mechanism underlying this regulation.  

Quantitative real-time PCR and ELISA confirmed the role of SP in the induction of IL-α 

expression in neoplastic cervical epithelial cells. Using selected receptor antagonists and agonists 

and small molecule chemical inhibitors known to inhibit specific biological pathways, I 

established that SP regulated IL-1α mRNA and protein expression via the activation of 

EP2/EGFR/PI3 kinase-Akt signaling in a HeLa (adenocarcinoma) cell line model system. PGE2 

and EGF were identified as possible ligands responsible for SP-mediated induction of IL-1α in 

these neoplastic cells.  

Furthermore, qRT-PCR confirmed overt expression of IL-1α mRNA in cervical squamous cell 

carcinoma and adenocarcinoma tissue explants, compared with normal cervix. Using 

immunohistochemistry, IL-1α was localized to the neoplastically transformed squamous, 

columnar and glandular epithelium in all cases of squamous cell carcinoma and adenocarcinomas 

explants studied. In addition, SP was found to induce IL-1α expression in normal and cancerous 

cervical tissue explants via similar pathways as obtained in HeLa cells. The SP-mediated 

induction of a pleotropic pro-inflammatory cytokine IL-1α in normal and neoplastic cervical 

epithelial cells suggests that SP may promote cervical inflammation as well as progression of 

cervical cancer in sexually active women. 
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To elucidate the relationship between cervical cancer and HIV, I initially investigated the 

expression of HIV receptor and chemokine co-receptor CD4 and CCR5 in in both normal and 

neoplastic cervical tissues explants by real-time RT-PCR analysis and immunohistochemistry. 

CD4 and CCR5 expression was elevated in cervical cancer tissue compared with normal cervix. 

Ex vivo studies conducted on cervical (normal and neoplastic) tissues and HeLa cells, showed 

that SP significantly increases expression of CD4 and CCR5. Using a panel of chemical 

inhibitors of intracellular signaling and a cyclooxygenase (COX)-1 doxycycline-inducible 

expression system, I found that regulation of CCR5 expression by SP occurred via the epidermal 

growth factor receptor and COX-1-prostaglandin E2 pathway. These data provide a link between 

activation of inflammatory pathways and regulation of HIV receptor expression in cervical 

cancer cells and suggests that repeated exposure of cervical epithelium and neoplastic cervical 

epithelial cells to seminal plasma can impact on HIV susceptibility in women. 

In conclusion, this study reports that repeated exposure of neoplastic cervical epithelium to 

seminal plasma in sexually active women with cervical cancer could exacerbate cervical cancer 

development and result in poorer patient outlook as well as increase susceptibility to HIV 

infection in the cervical cancer milieu. 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1 Introduction 

Cervical cancer; cancer of the cervix uteri is the fourth most common cancer in women and the 

seventh overall, with an estimated 528,000 new cases and 266,000 deaths worldwide in 2012  

[1]. As with liver cancer, a large majority (around 80-85%) of the global burden occurs in the 

less developed regions (Figure 1), where it accounts for almost 12% of all female cancers  [1,2].  

 

Figure 1.1: Cervical cancer estimated incidence and mortality Worldwide in 2012 [2]. 
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In sub-Saharan Africa, cervical cancer is the most common cancer among women, accounting 

for 22.2% of all cancer cases and also the leading cause of cancer related deaths in this region 

[3]. The occurrence of the disease is gradually having a decline trend in the developed countries 

as a result of increased awareness, routine screening and early detection/intervention, while in 

many countries in sub-Saharan Africa incidence rate is on the rise as 60-75% of women affected 

reside in the rural areas [4] where there is poor access to health facilities; malnutrition and co-

morbid conditions e.g. HIV infection [5,6]; poor awareness; late presentation with disease [7]; 

limited facilities for treatment; high rate of loss to follow-up [8]; and failure to complete 

treatment.  

 

1.2 Etiology and risk factors 

The etiology of the disease is multifactorial. However, the single most common risk factor 

attributed to cervical cancer is infection with high risk human papillomavirus (HPV) (type 16 

and 18). HPV DNA is found in 90-99.7% of cervical cancer cases [1] and many of the factors 

that could increase HPV acquisition and promote its oncogenic effect are wide spread in sub-

Saharan Africa. Such factors include; high parity, early marriage, and polygamous marriages 

[9,10]. It has been estimated that the life-time risk of contracting HPV is 80% [11] and 

averagely, it takes about 12-15 years before a persistent HPV infection in the phase of 

premalignant lesion (CIN) leads to cervical cancer [12,13]. Although infection with HPV is 

highly prevalent among sexually active women, only a few of these infected women will develop 

cervical cancer thus suggesting that other co-factors are necessary for the development of 

neoplasia [14]. 



 

3 
 

Other risk factors include low socio-economic status; immunosuppression from co-morbidities 

such as TB, HIV, and herpes simplex virus (type 2) [15]; non-HPV sexually transmitted infection 

(STI) such as; Neisseria gonorrhea [16,17], Chlamydia trachomatis [18,19], and bacterial 

vaginosis [20]. The presence of these STIs in the cervix elicit chronic inflammatory responses 

leading to the release of  free radical and subsequent activation of various inflammatory 

pathways which have been found to play a vital role in disease progression. Similarly, cigarette 

smoking has also been identified as an independent risk factor for the development of cervical 

cancer [21-23] as tobacco-specific carcinogens and polycyclic aromatic hydrocarbons have been 

detected in the cervical epithelium or mucus of smokers [24,25]. These compounds can cause 

malignant transformation by binding and damaging cellular DNA, hence enhancing the effect of 

HPV [1].  

 

1.2.1 HIV; a co-factor in cervical cancer 

In January, 1993, the surveillance case definition of AIDS was expanded to include cervical 

cancer in women infected with human immunodeficiency virus, thus classifying it, Kaposi 

Sarcoma, and Non-Hodgkin Lymphoma as an AIDS-defining disease [26]. This makes HIV an 

important risk factor/co-factor in the development of cervical neoplasia. The role of HIV in the 

development of cervical cancer has been largely attributed to immunosuppression, but recent 

findings suggests a molecular interaction between HIV and HPV playing a vital role in disease 

occurrence and progression [3,27].  
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1.3 Classifications 

Cervical cancer can be classified into three major histological categories as recognized by WHO 

(World health organization) [28] these include; squamous cell carcinoma, adenocarcinoma, and 

other undifferentiated carcinomas.  

 

1.3.1 Squamous cell carcinoma of the cervix 

This is the most common histological type of cervical cancer accounting for approximately 70 - 

80% of all cases [1]. Cervical squamous cell carcinomas have been further classified into; large 

cell keratinizing, large cell non-keratinizing, and small cell carcinomas according to the 

predominant cell type. Large cell non-keratinizing squamous cell carcinomas account for the 

majority of tumors. 

 

1.3.2 Adenocarcinoma of the cervix 

Adenocarcinoma of the cervix represents the second most common histological type accounting 

for approximately 20-25% of tumors [1]. It is derived from the glandular cells of the cervix. Over 

the past decade, there has been an increase in the incidence of adenocarcinoma especially in 

women younger than 35 years of age, attributed to an increase in prevalence of HPV infection 

[29,30]. 
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1.3.3 Other uncommon subtypes: 

1.3.3.1 Verrucous carcinoma of the cervix  

Verrucous carcinoma is a rare subtype of well differentiated squamous cell carcinoma and it has 

been associated with HPV 6. Histological features comprises of well differentiated squamous 

cells with fond-like papillae and minimal stromal invasion. It is a slow growing locally invasive 

tumor [31]. 

 

1.3.3.2 Adenosquamous carcinoma of the cervix  

Adenosquamous carcinoma of the cervix contains an admixture of glandular and malignant 

squamous cells. It accounts for approximately 1-2% of cases [1]. 

 

1.3.3.3 Neuroendocrine (small-cell) carcinoma of the cervix  

Neuroendocrine carcinoma of the cervix is a rare malignancy, representing less than 5% of all 

cases of cervical cancer. It is characterized by frequent and early nodal and distant metastases, 

resulting in a relatively poor prognosis [32].  
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1.3.3.4 Adenoma mallignum of the cervix  

Adenoma mallignum of the cervix is a well differentiated adenocarcinoma that is difficult to 

recognize as malignant condition. It is associated with peutz-jeghers syndrome and account for 

1% of adenocarcinomas [33]. 

 

1.3.3.5 Adenoid cystic carcinoma of the cervix  

Adenoid cystic carcinoma of the cervix is an uncommon variant of adenocarcinoma and occurs 

more commonly in postmenopausal women and multiparous black women in sixth and seventh 

decades of life. However, it is known to develop before age 40 in certain women [34]. 

 

1.3.3.6 Metastatic tumors  

Metastatic tumors within the cervix are uncommon if one excludes endometrial carcinoma, 

which involves the cervix by direct spread. A variety of other neoplasms rarely metastasize to the 

cervix [35]. These include tumor occurring as direct extension from the bladder, and rectum and 

lymphatic or vascular metastasis from distant organs such as ovaries, breast, colon, and kidneys 

[35]. 
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1.4 Clinical presentation 

Abnormal vaginal bleeding is the most common symptom of invasive cancer of the cervix and it 

could present as a blood stained discharge, scant spotting, or frank bleeding [36]. Abnormal 

vaginal discharge is usually purulent, odorous and non-puritic. A positive history of post-coital 

bleeding may occur. Patients can also complain of pelvic pain which is often unilateral and 

radiating to the hip or thigh in advanced cases. Symptoms of systemic illness such as generalized 

weakness, weight loss and anemia can also be present [37]. 

Signs and symptoms of local metastasis may include loss of urine and faeces per-vagina 

indicating fistula formation with the bladder and rectum respectively [1]. 

 

1.5 Diagnosis 

The natural history of cervical cancer as a continuous single disease progressing steadily from 

mild cervical intraepithelial neoplasia (CIN1) to more severe degrees of neoplasia and 

microinvasive lesions (CIN 2 or CIN 3) and finally to invasive carcinoma has been the basis for 

diagnosis [38]. The median age of cervical cancer diagnosis is 47 years [1]. However, disease 

occurrence can begin as early as third decade of life [1] and during pregnancy in predisposed 

women [39]. The primary method for the detection of high-risk HPV is the Papanicolaou-stained 

(Pap) smear [40], which is a screening tool that detects changes in cells of the transformation 

zone of the cervix often caused by HPV. Invasive carcinoma of the cervix may be suspected on 

the analysis of Pap smear or on visualizing a lesion on the cervix. Pap smear reporting 

classification has evolved and been refined over time. The current reporting system is the 

Bethesda System (Table 1) [40,41].  
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Pap smear may in some cases be falsely negative or non-diagnostic, hence any suspected lesion 

on the cervix must be biopsied and examined histologically for neoplastic/dysplastic epithelial 

cells [1]. If biopsy reveals cells suggestive of carcinoma in situ/or micro-invasion, or in the 

setting of a negative colposcopy with significantly abnormal cervical cytology smear cone 

biopsy (conization) should be done to diagnose the presence or absence of invasion. However, 

greater than 90% of early onset diagnosis can be cured. 
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Table 1.1: The Bethesda and CIN Classification System for cervical squamous cell dysplasia[40] 

Bethesda System  CIN System Interpretation 

 

Negative for intraepithelial 

lesions or malignancy 

 

Normal 

 

No abnormal cells 

 

ASC 

ASC-US (atypical squamous 

cells of undetermined 

significance) 

  

Squamous cells with 

abnormalities greater than those 

attributed to reactive changes 

but that do not meet the criteria 

for a squamous intraepithelial 

lesion. 

ASC-H (atypical squamous 

cells, cannot exclude HSIL) 

  

 

LSIL (low-grade squamous 

intraepithelial lesion) 

 

CIN 1 

 

Mildly abnormal cells; changes 

are almost always due to HPV 

 

HSIL (high-grade squamous 

intraepithelial lesion) with 

features suspicious for 

invasion (if invasion is 

suspected) 

 

CIN2/3 

 

Moderately to severely 

abnormal squamous cells. 

 

Carcinoma 

 

Invasive squamous cell 

carcinoma 

Invasive glandular cell 

carcinoma (adenocarcinoma) 

 

The possibility of cancer is high 

enough to warrant immediate 

evaluation but does not mean 

that the patient definitely has 

cancer. 
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1.6 Clinical staging 

Once tissue diagnosis of invasive carcinoma has been made, it is important to estimate the extent 

of the disease for both prognostic purposes and treatment planning. The most widely used 

staging system is that of FIGO (International Federation of Gynecology and Obstetrics) staging 

of cervical cancer (Table 2).  Staging is done at the time of primary diagnosis and is determined 

clinically using the size of the cervical tumor and/or its extent of spread to the pelvis [1].   
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Table 1.2: Cervical cancer staging according to FIGO staging system [1]. 

Stage Description 

Stage 0 Carcinoma-in-situ, intraepithelial carcinoma 

Stage I Invasive carcinoma strictly confined to the cervix 

Stage IA Invasive carcinoma identified microscopically 

Stage IA1 Measured invasion of stroma 3 mm or less in 

depth and no wider than 7 mm 

Stage IA2 Measured invasion of stroma more than 3 mm but 

no greater than 5 mm in depth and no wider than 

7 mm 

Stage IB Preclinical lesions greater than stage IA or 

clinical lesion confined to the cervix.  

Stage IB1 Clinical lesions 4 cm or less in size 

Stage IB2 Clinical lesions more than 4 cm in size 

 

Stage II 

 

Carcinoma extending beyond the cervix but not to 

the pelvic sidewall; carcinoma involves vagina 

but not its lower third 

Stage IIA Involvement of upper two-third of the vagina, no 

parametrial involvement 

Stage IIB Obvious parametrial involvement 
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Stage III  

Carcinoma extending onto the pelvic wall; no 

cancer free space between the tumor and pelvic 

sidewall (on rectal examination). Involvement of 

the lower third of the vagina. 

Stage IIIA Involvement of lower third of the vagina; no 

extension to pelvic sidewall  

Stage IIIB Extension to pelvic sidewall and/or 

hydronephrosis or nonfunctioning kidney 

Stage IV  

Carcinoma extends beyond true pelvis or 

clinically involves mucosa of bladder or rectum.  

Stage IVA Spread of tumor to adjacent organs 

Stage IVB Spread of tumor to distant organs 
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1.7 Molecular Pathogenesis 

1.7.1 Papillomaviruses 

The papillomaviruses belong to the family Papovaviridae. A mature virion is about 52-55 nm in 

diameter with a supercoiled circular double stranded DNA (8kb in length) enclosed by an 

icosahedral structure composed of 72 capsomers [42,43]. All the reading frames are on one 

strand of the DNA. The virus infects squamous epithelia (or cells with potential for squamous 

maturation) [43], inducing chronic infections that have no obvious systemic sequellae and rarely 

cause mortality in the infected host, but periodically shed large amounts of infectious virus that 

can be transmitted to naïve individuals [44].  Infection can also give rise to the induction of 

proliferative lesions e.g. skin warts and occasionally neoplasia [43]. They are exclusively species 

specific hence they could be grouped/classified using the host specie i.e. human papilloma virus 

(HPV) infecting only human. Papillomaviruses are also tissue-tropic having tendency to infect 

cutaneous and /or internal squamous mucosal surfaces in their host [43]. 

Papillomaviruses are classified by the host species infected and the degree of DNA sequence 

homology (genotype) within specific viral genes. To date, about 200 HPV types have been 

identified and cloned based on sequencing gene encoding the capsid protein L1 [40,45], of these 

types 16, 18, 31, 35, 39, 45, 51, 52, 56, 58, 66, and 70 have been implicated in most cases of 

cervical cancer [1,40] (Table 3). Furthermore, based on their oncogenic potential and frequency 

of occurrence in neoplastic lesions, they have been classified into; low risk types such as HPV 

6b, 11, 40, 42, 43, and 44 associated with low grade lesions such as cervical intraepithelial 

neoplasia 1 (CIN 1) and cervical condylomas; intermediate (or high in some literatures) risk 

types such as HPV 33, 31, 35, 45, 51, 52, 56, 58, and 59 found infrequently in all grades of CIN 

[46-48]; high risk types HPV 16 and 18 found in 90% of cervical cancer and about 50-80% of 
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CIN 2 and CIN 3 [49-51] (Table 3). HPV 16 is the most prevalent type in squamous cell 

carcinoma while type 18 the most prevalent in adenocarcinoma. The mere presence of HPVs 

alone doesn’t confer neoplasia as the virus can be found in about 3-30% of asymptomatic 

patients [50], thus indicating that other events such as viral persistence and/or altered viral gene 

expression are required to initiate neoplastic process.  

HPV types have different effects on the transition from CIN to cancer and the approximate 

measure of the risk of transition from intraepithelial neoplasia to invasive cancer can be 

calculated using the cancer:CIN prevalence ratio [42].  Studies have shown that HPV 18 is 

associated with a higher cancer:CIN ratio than HPV 16, suggesting that it confers a more 

aggressive neoplastic phenotype than type 16 [52,53].  
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Table 1.3: HPV types and disease association [54,55] 

Disease HPV type 

Plantar warts  1, 2, 4, 63 

Common warts  2, 1, 7, 4, 26, 27, 29, 41, 57, 65, 77, 1, 3, 4, 10, 28 

Flat warts  3, 10, 26, 27, 28, 38, 41, 49, 75, 76 

Other cutaneous lesions (e.g., epidermoid 

cysts, laryngeal carcinoma)  

6, 11, 16, 30, 33, 36, 37, 38, 41, 48, 60, 72, 73 

Epidermodysplasia verruciformis  2, 3, 10, 5, 8, 9, 12, 14, 15, 17, 19, 20, 21, 22, 23, 

24, 25, 36, 37, 38, 47, 50 

Recurrent respiratory papillomatosis  6, 11 

Focal epithelial hyperplasia of Heck  13, 32 

Conjunctival papillomas/carcinomas  6, 11, 16 

Condyloma acuminata (genital warts)  6, 11, 30, 42, 43, 45, 51, 54, 55, 70 

 

Cervical intraepithelial neoplasia 

 

Unspecified  30, 34, 39, 40, 53, 57, 59, 61, 62, 64, 66, 67, 68, 

69 

Low risk  6, 11, 16, 18, 31, 33, 35, 42, 43, 44, 45, 51, 52, 74 

High risk  16, 18, 6, 11, 31, 34, 33, 35, 39, 42, 44, 45, 51, 

52, 56, 58, 66 

Cervical carcinoma  16, 18, 31, 45, 33, 35, 39, 51, 52, 56, 58, 66, 68, 

70 
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1.7.2 Transmission and immune evasion 

 HPV infectious cycle begins when the cervical epithelium is exposed to virus present in the 

saliva, seminal fluid or skin of infected partner during coitus. The virus enters the body through 

mild abrasion or micro-trauma to the cervico-vaginal epithelium by  first binding to the heparin 

sulfate proteoglycans (HSPGs) on the basal membrane exposed after tissue disruption/abrasion 

[56] and proceed to infect primitive basal keratinocytes (Figure 2) [57], with high level 

expression of viral proteins and viral assembling confined to the upper layers of the stratum 

spinosum and granulosum of the epithelia [58] (Figure 2).  

Post transmission the virus remains confined to the epithelia mucosa where it does not come in 

contact with the bloodstream hence evading the innate immune system. The ability of the virus to 

evade immune detection and immune-invasion has been considered to play a vital role in viral 

persistence [43]. For the most part of its infectious cycle, there is no local release of pro-

inflammatory cytokines that are important for dendritic cell (DC) activation and migration, and 

the essential signals required to activate immune response is also absent in the infected epithelia. 

Even though there is no viraemia, viral-induced cytolysis, or cell death, infected keratinocytes 

are expected to activate the antiviral defense system, the type 1 interferons (IFNs). The type 1 

INFs (IFNα and IFNβ) possess anti-proliferative, anti-angiogenic, antiviral and immune-

stimulatory properties acting as a bridge between innate and adaptive immunity activating 

immature DCs [59]. The virus is capable of actively inducing mechanism that de-regulate the 

interferon pathway via down regulation of pattern recognition receptors such as Toll-like 

receptor 9 (TLR-9), hence enabling infection to proceed undetected [43]. Since these receptors 

augment innate and adaptive responses to pathogens by activating the antigen presenting cells 

and phagocytes [60,61].  
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Similarly, the high risk HPV (16 and 18) viral oncoprotein E6 and E7 also directly interact with 

components of the IFN signaling pathway [62]. Type 16 E7 inhibit IFNα-mediated signal 

transduction by binding to IFN regulatory factor (P48/IRF-9), this prevents translocation to the 

nucleus, thus inhibiting the formation of the IFN-stimulated gene factor 3 (ISGF-3) transcription 

complex that binds IFN-specific response element (ISRE) in the nucleus [63]. It also impedes 

intermediate IFN-mediated signaling by forming a complex with IRF-1, inhibiting IRF-1 

mediated activation of IFNβ promoter and recruiting histone deacetylase to the promoter, in so 

doing preventing transcription [64]. Type 18 E7 oncoprotein on the other hand reduces the 

expression of IRF-1 target gene e.g. monocyte chemotactic protein 1 (MCP-1), transporter 

associated with antigen processing 1 (TAP1) and IFNβ by inhibiting the transactivation of IRF-1 

[65]. E6 can bind to IRF-3, inhibiting its transactivating function, thereby preventing IFNα 

mRNA transcription [66], it can also inhibit phosphorylation of Tyk2, STAT (signal transducer 

and activator of transcription) 1 and 2, impairing JAK (Janus kinase)/STAT activation, and 

therefore inhibiting specific IFNα-mediated signal transduction  [67].  

In addition, studies have shown that HPV type 16 generally alters the expression of three groups 

of gene which are; cell-cycle signaling genes, IFN-response genes and NF-κB (nuclear factor 

kappa B) - stimulated genes [68-70]. It is therefore evident that the viral oncoprotein E6 and E7 

play a fundamental role in host resistance to infection and immune function by direct alteration 

of various genes and pathway complexes required for immune detection and invasion. 
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Figure 1.2: Schematic presentation of the infectious cycle of HPV showing strong E6 and E7 expression 

in differentiated epithelial cells. Infectious cycle begins when the virus present in the saliva, seminal fluid 

or skin of infected partner during coitus. The virus enters the body through mild abrasion or microtauma 

to the cervico-vaginal epithelium and proceeds to infect primitive basal keratinocytes, targeting stem 

cells. Daughter cells of epithelial stem cells divide along the basement membrane and then mature 

vertically through the epithelium without further division (right side). After the introduction of HPV into 

the stem cells in the basal layer of the epithelium, expression of viral non-structural proteins occurs. 

Under the regulation of these proteins, the dividing-cell population expands vertically and epithelial cell 

differentiation is delayed and is less complete. Viral proteins are expressed sequentially with 

differentiation, as shown and mature virions are produced only in the most superficial layers of the 

epithelium. Intraepithelial antigen-presenting cells (APCs) are depleted in the HPV-infected epithelium 

[57]. 
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1.7.3 Genome Integration and Oncogene expression 

Within the primitive basal cells, the viral oncogenes are incorporated into the host’s DNA, where 

they utilize the host’s DNA replication machinery to bring about viral DNA replication. This 

round of DNA replication process is independent of the cell cycle and help to amplify the viral 

copy to about 50-100copies/cell [43]. This is then followed by a phase of plasmid maintenance 

during which there is minimal viral gene expression. At this stage the, expression of the viral 

oncogene (especially E6 and E7) is also under strict control with their transcript barely detectable 

[43].    

However, as the infected cells mature and enter the differentiation stage, there is massive rapid 

viral DNA replication with associated up-regulation of viral gene expression. This brings the 

number of viral copy to about 1000 copies/cell with abundant expression of the early genes (E6 

and E7) and expression of the late genes from the late promoter [71]. As these cells mature they 

migrate vertically towards the epidermal layer. On getting to the superficial epidermal layers, 

they then undergo programmed cell death (apoptosis) which results in the release of viral 

particles. The whole replication cycle is said to take about 3weeks which coincide with the time 

taken by keratinocyte to mature, differentiate and desquamate [43]. There exist no blood-borne 

phase of infection as infectivity is completely intra-epithelial, however, some of the replicating 

virus may be exposed to the immune system [43]. On detection, the immune (innate and 

adaptive) systems initiate inflammatory responses against the virus, thus eradicating it in 

majority of infected cases [20,72]. However, in about 15-20% of cases this inflammatory 

response fails to clear the virus [73,74], hence leading to persistent infection, which together 

with inadequate resolution or exacerbation of activation of inflammatory pathways can promote 

malignant progression [43,75]. 
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1.7.4 HPV oncogenes and cervical tumorigenesis 

The viral genome is made up of 3 domains; a non-coding upstream regulatory region (URR) of 

about 1kb, an early region containing open reading frames (ORFs) E6, E7, E1, E2, E4,  and E5 

and a late region encoding the major and minor caspid proteins (L1 and L2) (Figure 3) [43]. 

Once infection ensue, the E6 and E7 early genes are actively transcribed to express the E6 and 

E7 oncoproteins, both of which are highly implicated in neoplastic transformation [71]. Although 

E6 and E7 oncogenes appears to be the major HPV oncogenes involved in neoplastic change, 

recent studies have demonstrated a role for the E5 oncogene in tumorigenesis and immune cell 

modulation [76] and regulation of late viral functions together with E4 oncogene. E1 and E2 

oncogenes encode replication factors and are thought to play a role in HPV resistance by 

allowing episomal copies of the virus to be maintained in the nucleus and partitioned into 

daughter cells during mitosis [77]. Many of the observations of the roles of HPV oncogenes have 

been derived using in vitro model systems of HPV-containing cell lines where specific 

oncogenes have been ablated by RNA interference, or HPV negative cells that have been 

transfected with cDNA constructs containing specific oncogenes. These studies have shown that 

both oncoproteins target different molecular pathways in the cell to promote neoplastic state. E6 

oncoprotein binds to P53  protein and targets it for ubiquitin-dependent degradation, while the 

E7 binds to the family members of the retinoblastoma protein (Rb) and disrupts the complex 

between Rb and the E2F transcription factor family (Table 4) [78].  

These effects on P53 and Rb tend to cause an alteration in the cell cycle as both proteins are 

negative growth regulators that control transit from G0/G1 to S phase [42].  
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Similarly, P53 is also involved in DNA response to damage, by inducing either growth arrest or 

cell death by apoptosis. Hence, HPV mediated loss of Rb and P53 function facilitates 

immortalization of the cells and triggers the early steps in malignant transformation by disrupting 

cell cycle control [43,78]. Resulting into uncontrolled replication and a build-up of damaged 

DNA - ideal conditions for cancer development. 

Animal studies using transgenic mouse models of cervical cancer have highlighted more 

specifically the contribution of individual oncogenes to tumorigenesis and have shown that the 

E7 proteins induces high-grade cervical  dysplasia and invasive tumors, whereas the E6 proteins 

induces low-grade cervical dysplasia. Furthermore, they have highlighted that both oncogenes 

work in synergy to promote cervical cancer progression, since co-expression of E6 and E7 

proteins produce larger and more extensive tumor compared to E7 alone [79].  
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Figure 1.3: Genome organization of high risk HPV 16 [43].  
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Table 1.4: High risk HPV ORFs and their role in tumorigenesis [43]. 

ORF Role in tumorigenesis 

 

E6 

 

Binds to P53  protein and targets it for ubiquitin-dependent degradation 

 

E7 

 

Binds to the family members of the retinoblastoma protein (Rb) and disrupts the complex 

between Rb and the E2F transcription factor family 

 

E1 

 

ATP binding protein essential for viral DNA replication 

 

E2 

 

Viral transcription factor; binds to E1 to facilitate initiation of vital DNA replication 

important in genome encapsidation.  

 

E5 

 

Possess weak transforming activity, but contributes to up-regulation of growth factor 

receptor 

 

E4 

 

Interacts with cytoskeletal proteins, allows viral assembly. 
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1.8 The role of inflammation and inflammatory pathways in tumorigenesis 

Inflammation is a complex process involving a coordinate effort by the body to maintain 

homeostasis in the face of insult by disease pathogens (e.g. bacterial, viral or fungi) or by injury. 

It involves a host of resident and recruited immune cell types working together to promote the 

removal of the insult or injury and initiate tissue repair [80]. When successful, these results in the 

restoration of tissue homeostasis, a process termed resolution [81-83].  

Rudolf Virchow in 1863 demonstrated the presence of leukocytes in neoplastic tissues and made 

a link between inflammation and cancer (Table 5). Virchow proposed that the origin of cancer at 

sites of chronic inflammation is reflected by the lymphoreticular infiltrate at such site [72]. Over 

the past decades, our knowledge of the inflammatory microenvironment of malignant tissues has 

evolved to support Virchow’s hypothesis. Hence, the alliance between cancer and inflammation 

is beginning to have an impact on mode of treatment and cancer prevention. Approximately 15-

20% of the global cancer burden is attributable to infectious agents [84] and inflammation is an 

essential element of these chronic infections. 

Similarly, chronic inflammatory responses mediated by certain chemicals and autoimmune 

diseases have also been associated with increased risk of neoplastic changes and ultimately 

invasive malignancy [85,86]. 
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Table 1.5: Association between specific cancers and infectious agent/inflammatory stimulus [72] 

Malignancy Infectious agent/inflammatory stimulus 

 

Cancer of the bladder 

 

Schistosomia hematobium (Schistosomiasis) 

 

Bronchial cancer 

 

Silica (silicosis), asbestos (asbestosis), 

cigarette smoke. 

 

Cervical cancer 

 

Papillomavirus (Human papilloma virus) 

 

Colorectal cancer 

 

Inflammatory bowel disease 

 

Esophageal cancer 

 

Barrett’s metaplasia 

 

Gastric cancer 

 

Helicobacter pylori  (gastritis) 

 

Hepatocellular cancer 

 

Hepatitis virus (B and C) 

 

Kaposi’s sarcoma 

 

Human herpes virus type 8 

 

MALT lymphoma 

 

Helicobacter pylori 

 

Mesothelioma 

 

Asbestos 

 

Ovarian cancer 

 

Pelvic inflammatory disease, talc, tissue 

remodeling. 
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1.8.1 Inflammatory cell component of tumors  

The inflammatory microenvironment of tumors (including cancer of the cervix) is characterized 

by the presence of vast population of different host immune cells in the stroma and tumor areas 

at any given time – each capable of synthesizing cytokines or other factors which can alter the 

fate of the immune populations within the tumor. Leukocytes are recruited into the tissue in 

response to cytokines and chemokines released by tumor cells and are resident both in the stroma 

and in the tumor itself [87].  

 

1.8.1.1 Polymorphonuclear leukocytes (PMN’s or neutrophils) 

Polymorphonuclear leukocytes (PMN’s or neutrophils) are the first immune cell types to be 

recruited to sites of inflammation, followed by monocytes which are derived from haemopoietic 

progenitor cells [88]. When in the tissue, monocytes then differentiate into either macrophages or 

dendritic cells (called Langerhans cells in the epidermis). Langerhans cells generally constitute 

the first defense against pathogens. Recently tumor associated neutrophils have been described 

that are capable of polarizing the phenotype of other immune cells and altering the cellular 

composition of the tumor microenvironment [89]. Here PMN’s are thought to exist in either an 

N1state, capable of killing tumor cells by producing and releasing cytotoxic compounds, or an 

N2 state capable of promoting tumor growth by modulating the cytokine/chemokine 

environment in the tumor [89].  

 

1.8.1.2 Macrophages 

A significant proportion of the immune infiltrate in tumors is comprised of tumor-associated 

macrophages (TAMs). These are derived from circulating monocyte precursors via the release of 
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monocyte chemotactic protein (MCP) chemokines [75]. Although TAMs are a heterogeneous 

cell population, early stage tumors generally have type 1 macrophages (M1). These produce pro-

inflammatory cytokines and chemokines, such as CXCL10 and CXCL19 to recruit Th1, Th17 

and natural killer (NK) cells [90]. In more advanced tumors, TAMs polarize towards a type 2 

(M2) state to encourage Th2 differentiation and the production of potent angiogenic factors such 

as VEGF to facilitate tissue remodeling  which is thought to promote tumorigenesis [91].  

 

1.8.1.3 Dendritic cells (DC) 

DCs play a crucial role in the activation of antigenic-specific immunity and the maintenance of 

tolerance, thus helping to provide a link between innate and adaptive immune systems. However, 

tumor-associated dendritic cells (TADCs) typically have an immature phenotype with defective 

ability to stimulate T cells [92], making them poor inducers of effective response to tumor 

antigens.   

 

1.8.1.4 Lymphocytes 

Natural killer cells (NK) are quite rare to find in the tumor microenvironment [87]. The 

predominant T-cell populations possess a “memory” phenotype. In cervical cancer these cells 

have been discovered to produce interleukins (IL) 4 and 5 [93] which are associated with the T-

helper type 2 (Th2) cells. Polarized Th2 responses are generally ineffective against tumors and 

viruses. Similarly, T-cell receptor signaling has also been found to be defective in tumor-

infiltrating T cells (TIL) [94]. 
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1.9 Pro-inflammatory cytokines 

The cytokine and chemoattractive cytokine (chemokine) networks vary in many tumor tissues, 

compared with normal tissue [95,96]. It has been discovered that the cytokine complex of many 

tumors is loaded with pro-inflammatory cytokines, chemokines and growth factors but 

commonly lacks specific cytokines required for immune sustaining responses [95]. These 

inflammatory cytokines and chemokines that can be produced by the neoplastic cells themselves 

and/or tumor-associated leukocytes, and platelets have been found to contribute immensely to 

tumorigenesis and malignant progression. The high level of hypoxia found in the tumor cells 

have been discovered to be responsible for the induction of many of these cytokines and 

chemokines [97]. A good example of some of the most important cytokine found in tumor 

microenvironment are; tumor necrosis factor (TNF), interleukin 1 (IL-1), interleukin 6 (IL-6) and 

chemokines.  

 

1.9.1 Tumor necrosis factor (TNF) 

Tumor necrosis factor (TNF) is a major cytokine involved in inflammation and tissue 

remodeling. It stimulates fibroblast growth and angiogenesis as well as the production of MCP-1 

(monocyte chemotactic protein 1), which  regulates the infiltration of macrophages and 

lymphocytes [75]. It has been found to play an essential role in several cancer models, and a 

critical mediator of inflammation in autoimmune disease in both humans and mice, acting 

primarily via the induction of NF-κB [98,99]. Similarly, the direct evidence to demonstrate the 

role of TNF in malignancy comes from the observation that mice lacking the TNF gene do not 

develop skin carcinogenesis [100]. 
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1.9.2 Interleukin 1 (IL-1)  

IL-1 represent a term used for two polypeptides (IL-1α and IL-1β) that possess a wide range of 

inflammatory properties [101]. It has been found to stimulate tumor growth, development and 

metastases. IL-1 also plays a role in leukocyte adherence to the vascular endothelium to promote 

extravasation of the vasculature and tumor infiltration [75]. In addition, IL-1 can activate NF-κB 

in a manner similar to TNF [102]. 

 

1.9.3 Interleukin 6 (IL-6) 

IL-6 is a key cytokine that promotes cancer cell proliferation while also inhibiting their apoptosis 

via the activation of signal transducer and activator of transcription 3 (STAT 3) [103,104]. IL-6 

acts as an angiogenic factor and has also been implicated in the same processes as TNF [102]. 

Additionally, IL-6 promotes the activation of the coagulation cascade, differentiation of B cells 

and T cell activation [105].  

 

1.9.4 Chemokines  

 Inflammatory cytokines are also major inducers of chemokines in many resident and recruited 

cell types. Chemokines represent a group of small chemotactic protein (approximately 8-11 kDa 

in size) [106], which are grouped on the basis of the arrangement of the two N-terminal cysteine 

residues and are designated as CXC, CC, C, and CX3C depending on whether the first two 

cysteine residues have one or more amino acid between them (CX..C) or are adjacent to one 

another (CC) [106]. The CXC and CC families are the most numerous of all known chemokines. 
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They interact with cell-surface G protein coupled receptors [106] and to date, of the 50 

chemokines discovered only about 18 chemokine receptors have been described [107].  

Chemokines are renowned for their ability to stimulate directional movement of virtually all 

classes of leukocytes and in addition stimulate the affinity of integrins on leukocytes for 

endothelial receptors such as intracellular adhesion molecule 1 and 2 and vascular adhesion 

molecule -1 (VCAM-1) to facilitate diapedesis into the inflamed/cancerous tissue [108]. CXC 

chemokines are generally active on neutrophils and lymphocytes, whereas CC chemokines act on 

monocytes, dendritic cells, lymphocytes and natural killer (NK) cells, but not neutrophils [72]. 

Similarly, the receptors for these chemokines can be found mainly on the infiltrating leukocytes 

and the tumor cells [72]. 

 

2.1 Molecular role of inflammatory cytokines/chemokines in tumorigenesis 

Inflammatory cytokines and chemokines augment tumorigenesis by influencing growth and 

development, proliferation, mutation, and movement of both the neoplastic and stroma cells [72] 

via a variety of complex molecular mechanism such as: induction of angiogenesis, DNA 

damage, acting as growth factors, and enhancing cell metastasis. 

 

2.1.1 Induction of angiogenesis 

Prolonged and excessive pathological angiogenesis is an important feature of cancer and 

inflammatory diseases that may predispose to cancer [72,109]. Once established tumor cells may 

acquire further characteristic which stimulate new vessel formation and it has been established 

that various signals such as; metabolic stress (e.g. low pH, hypoxia, and hypoglycaemia), 

mechanical stress (e.g. pressure from proliferating cells), genetic mutations (e.g. deletion of 
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tumor-suppressor gene controlling production of angiogenic regulators), and 

immune/inflammatory response [110,111] can trigger neovascularization. Tumor vessels 

development involves various mechanism including; sprouting or intussusceptions from pre-

existing vessels, mobilization of endothelial precursors from the bone marrow [112,113], and by 

growth of tumor cells around existing vessels to form perivascular cuff [114]. It is known that 

there are various molecular players involved in these different mechanisms, and among these are 

vascular endothelial growth factor (VEGF) and angiopoietin (Ang) [114].  

Infiltrating immune cells (such as monocytes, macrophages, mast cells and platelets) secrete an 

array of angiogenic factors such as VEGF, TGF-β1, bFGF, Ang 1, insulin like growth factor 1 

(IGF-1) etc. some of which contribute to tumor angiogenesis [115,116]. Cytokines (e.g. TNF, IL-

1, and IL-6) can stimulate the production of angiogenic factors such as VEGF. Chemokines also 

augment angiogenesis in tumor microenvironment. The N terminus of some CXC chemokines 

contains three amino acid residues [Glu-Leu-Arg (ELR motif)] preceding the first cysteine amino 

acid residue of the primary structure of these cytokines [117,118]. Chemokines containing the 

ELR motif (ELR+) are angiogenic factors and members of this angiogenic CXC chemokines 

include, CXCL1, CXCL 2, CXCL 3, CXCL 5, CXCL 6, CXCL 7 and CXCL 8 [117]. These 

chemokines act directly as chemotactic factor to endothelial cells and can also stimulate 

angiogenesis in vivo [117,119]. Furthermore, CXCL 12 an ELR- CXC chemokine has also been 

discovered to promote angiogenesis by increasing the expression of VEGF.  

 

2.1.2 Acting as growth factors 

Cytokines and chemokines found in tumor microenvironment do not only attract infiltrating cells 

into tumor site but also have the potential to stimulate tumor cell growth, proliferation and 
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survival by acting as autocrine growth factors for neoplastic cells. The best described 

chemokines in this group are the growth-related (GRO) family chemokines (e.g. CXCL 1, CXCL 

2, and CXCL 3) and CXCL 8 [120-122]. Similarly, cytokines (IL-1 and IL-6) have also been 

found to act as growth factors for various tumors such as hematological and gastric malignancies 

[123,124].  

 

2.1.3 DNA damage 

DNA damage is a hallmark of cancers. Inflammatory cytokines (e.g. TNF) induces nitric oxide 

synthase (NO synthase) to produce reactive oxygen in the form of nitric oxide (NO) [125]. This 

NO can then directly oxidise DNA to cause mutagenic changes and damage to some DNA repair 

proteins [125]. Cytokines may also disrupt genome integrity by inhibiting cytochrome p450 or 

glutathione S-transferase isoenzymes [72]. 

Furthermore, inflammatory cytokines can induce DNA damage by causing functional 

inactivation of the tumor-suppressor protein p53.  

 

2.1.4 Enhancing cell metastasis and invasion 

Inflammatory cytokines and chemokines influence various stages in the process of metastasis. 

Cytokines and CC chemokines promote tumor cell invasion and metastasis by inducing the 

production of proteases which are required for cell metastasis [72]. IL-1 and TNF have been 

shown to augment the expression of adhesion molecules on endothelial cell [86,126]. Recent 

findings have suggested that the chemokine receptor CCR7 and ligand CCL21 involved in the 

emigration of activated DC to lymph nodes are likely involved in nodal metastasis [106]. 

Similarly, activation of the chemokine receptor CXCR4 by its ligands CXCL12 enhances 
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metastatic properties by rapidly increasing the affinity of the β1 integrin on B16 cells for 

VCAM-1 [127]. Furthermore, the chemokine complex CXCR4/CXCL12 activates several 

migratory, proliferative, and survival signaling pathways, including the mitogen-activated 

protein kinase pathway, phosphatidylinositol-3 kinase (PI-3K)-Akt pathway and possibly certain 

Janus tyrosine kinases 2 and 3 [128].  

 

3.1 Inflammatory pathways 

3.1.1 Cyclooxygenase-Prostaglandin (COX-PG) pathway 

The inflammatory cyclooxygenase (COX)-prostaglandin (PG) axis is a central pathway 

regulating inflammation and cancer [129,130]. There are two COX enzyme isoforms in humans, 

namely COX-1 and COX-2 [131]. COX-1 is found to be constitutively expressed in health in a 

wide range of cells and tissues where it mediate various physiological functions [132], while 

COX-2 is normally absent in healthy tissues but is rapidly induced in response to inflammatory 

cytokines, oncogenes, hormones and tumor promoters [133]. However, studies have shown that 

both COX enzymes and/or their products may function in promoting and maintaining neoplastic 

conditions [28]. Initially thought to be induced by HPV E6 and E7 oncogenes, following 

infection by high risk HPV [134], the mechanisms by which COX enzymes promote cervical 

tumorigenesis are complex. The enzymes act via a cell-autonomous pattern to promote 

conversion of premalignant cells to malignancy. COX enzymes can augment malignant cell 

progression by inducing genome instability via reactive oxygen (ROS) and lipid peroxidase 

induced DNA mutations [129]. Furthermore, COX enzymes have also been shown to initiate 

oncogenic signaling networks and transcription factors leading to deregulation of oncoproteins or 

tumor suppressor genes [135,136]. 
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 COX enzymes catalyze the enzymatic conversion of arachidonic acid (AA) after its release from 

the membrane glycerophospholipids by the enzymes phospholipase A2 (PLA2) to PGG2, which is 

subsequently reduced to an unstable endoperoxide intermediate prostaglandin H2 (PGH2) (Figure 

4). PGH2 is then metabolized by specific PG synthases to produce five structurally related 

bioactive lipid molecules including PGE2, PGI2, PGD2, PGF2α and TxA2 [137-139] (Figure 4). 

COX derived PGE2 is the major prostaglandin produced in most human solid tumors including 

cancer of the cervix [28] and recent findings have indicated that COX derived PGE2 and its 

signaling pathways is a key mediator of inflammatory responses, tumor growth and metastasis 

[28,140]. Similarly, PGF2α have also been discovered to play a vital role in tumorigenesis. Sales 

et al. (2008) revealed that PGF2α acting through its receptor (FP receptor) promotes adhesion and 

migration of endometrial cancer cells while TxA2 has been reported to promote angiogenesis 

[141,142]. 

    

 

 

 

 

 

 

 

Figure 1.4: Diagram showing overview of prostaglandins (PG) synthesis. COX-1 and COX-2 
both catalyzes the oxygenation and reduction of arachidonic acid (AA) after its release from 
glycerophospholipids to the intermediate form prostaglandin H2 (PGH2) which is then converted 
by prostaglandin or thromboxane synthase (PG or Tx synthase) to respective PG metabolites 
[140]. 
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PGH2 

PGI2 PGD2 PGE2 TXA2 PGF2α 

COX-1 COX-2 
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3.1.1.1 PGE2 regulation 

Cellular level of PGE2 is relatively dependent on the COX/PGE synthase biosynthesis and 15-

hydroxyprostaglandin dehydrogenase (15-PGDH) degradation [140]. The two cytosolic 

(GSTM2-2 and GSTM3-3) and microsomal (mPGES1 and mPGES2) PGE2 synthases can also 

catalyze the conversion of PGH2 to PGE2 [143-145]. The prostaglandin degrading enzyme 15-

PGDH catalyzes the oxidation of the 15 (S)-hydroxyl group of PGE2 converting it to a 

biologically inactive 15-keto PGE2 form [146]. Hence the loss of 15-PGDH expression is 

suggested to contribute to tumor progression [140]. 

 

3.1.1.2 PGE2 receptors 

PGE2 initiate its tumorigenic effects by binding to its cognate receptors. Four major subtypes of 

PGE2 receptors have been described and identified (EP1, EP2, EP3, EP4) [147]. These receptors 

are G-protein-coupled seven-transmembrane-domain receptors which belong to the rhodopsin 

superfamily of serpentine receptors [148]. EP1 receptor couples to Gq to stimulate phospholipase 

C activation, calcium mobilization, and subsequent protein kinase C activation [149]. EP2 and 

EP4 subtypes couples to Gs which in turn activates adenylcyclase, thus stimulating intracellular 

cAMP production [149], while EP3 receptor couples to Gi which lowers intracellular cAMP via 

the inhibition of adenylcyclase [149]. However, there are splice variants of EP3 that can couple 

to Gq, Gs or G12 [149].  

The biological role of PGE2 and its cognate receptor mediated signaling in tumorigenesis has 

been further substantiated by studies showing the impairment of tumor growth, angiogenesis, 

invasion, and metastasis in EP receptor knockout animals [150-152].  
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3.1.1.3 PGE2-EP signaling and cancer progression 

Profound evidence has shown that PGE2 promotes tumor progression by stimulating EP receptor 

signaling. This subsequently enhances cellular growth and proliferation, angiogenesis, invasion 

and metastasis, and suppression of immune response [140].  

 

3.1.1.3.1 PGE2-EP signaling in tumor growth/proliferation 

PGE2 mediates tumor growth/proliferation by a complex circuit of signaling pathways that are 

found to be cell-type and cell content-dependent [129]. Activation of the EP2 and EP4 receptors 

subsequently leads to the downstream activation of Ras/Raf-1/ERK pathway which play an 

important regulatory role in the proliferative response of several tumor cells to PGE2 [153-155]. 

Binding of PGE2 to EP2 transactivates epidermal growth factor receptor (EGFR) resulting in 

ERK activation and subsequent stimulation of cellular growth [156]. In addition, PGE2 has been 

found to also activate ERK via EP1-dependent activation of protein kinase C (PKC) [157]. 

 

3.1.1.3.2 PGE2-EP signaling in tumor angiogenesis 

Studies have shown that COX enzymes significantly influence tumor angiogenesis by inducing 

the release of VEGF and PGE2 [158,159]. PGE2 can stimulate angiogenesis directly by 

influencing endothelial cell response or indirectly by the induction of growth factor release 

[160,161]. Binding of PGE2 to endothelial EP2 and EP4 receptors leads to the activation of NF-

κB and AKT while its interaction with tumor cell surface EP2/EP4 receptors induces the 
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production of VEGF and plasminogen activator receptor (uPAR); both signaling events leading 

to tumor  angiogenesis [162]. 

 

3.1.1.3.3 PGE2-EP signaling in tumor invasion/metastasis 

The AKT/PI3-kinase pathways have been discovered to play a central role in the transmission of 

PGE2 pro-migratory signal to neoplastic cells [129].  PGE2-AKT activation transactivates EGFR 

in a manner dependent on p60src [163]. In addition to its metastatic properties, PGE2 signaling 

also augments tumor cell invasion by inducing extracellular matrix degradation, adhesion of 

tumor cells to extracellular matrix, and adhesion of cells to the vascular bed. These events are 

mediated by EP4 receptor ligation leading to the up-regulation of CD44 expression and increased 

metalloprotease -2 (MMP-2) activity [157,164-166]. 

 

3.1.1.3.4 PGE2-EP signaling in tumor immune suppression 

PGE2 mediates its immunosuppressive effects via various mechanisms such as suppression of T 

cell function, stimulation of T regulatory cell function, inhibition of dendritic cell activation, and 

polarization of activated macrophages [167-169]. PGE2 has been shown to down-regulate Th1 

cytokines such as TNFα, IFNγ, and IL-2 [170] and up-regulate Th2 cytokines such as IL-4, IL-6, 

and IL-10 (immunosuppressive cytokines) [171,172]. Furthermore, recent findings have also 

shown that PGE2-EP2 dependent signaling can stimulate accumulation of myeloid-derived 

suppressor cells in tumor microenvironment [173]. However, the downstream signaling events 

that mediate these PGE2 immunosuppressive effects are poorly understood.  
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3.1.2 Epidermal growth factor receptor (EGFR) pathway 

Several groups of growth factor receptors have been discovered to play a vital role in 

pathogenesis and progression of different carcinoma types and among these is the Epidermal 

growth factor receptor (EGFR) [174,175]. EGFR; a receptor tyrosine kinase (RTK) belongs to 

the ErbB family of receptors [176] that encompasses four related receptors namely; EGFR 

(ErbB1/HER1), ErbB2 (HER2), ErbB3 (HER3), and ErbB4 (HER4) [177-179]. These receptors 

possess an extracellular ligand binding domain, a single hydrophobic transmembrane segment 

and an intracellular protein tyrosine kinase containing a regulatory carboxyl terminal segment. 

Activation of the receptor leads to recruitment and phosphorylation of several downstream 

intracellular substrates, hence leading to cellular signaling and other tumor promoting cellular 

activities [176].    

 

3.1.2.1 Receptor activation and signaling 

The ErbB receptor ligands, EGF-related growth factors are a family of small polypeptide ligands 

which are homologous to their specific ErbB receptor. They have been classified in to three 

major groups [179,180] which include; group 1[EGF, transforming growth factor α (TGF-α) and 

amphiregulin (AR)] which bind specifically to EGFR; group 2 [beta cellulin (BTC), heparin-

binding growth factor (HB-EGF) and epiregulin (EPR)] which possess dual specificity by 

binding to both EGFR and ErbB4; group 3 [neuregulins (NRGs)] which is subdivided into NRG-

1 and NRG-2 (binds to ErbB3 and ErbB4) and NRG-3 and NRG-4 (binds to ErbB4 only) [181-

184]. 

However, none of the EGF family peptides have been found to bind to ErbB2. These peptides 

(EGF) can be found freely in the serum where they are being synthesized as inactive membrane 
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anchored precursors that must be cleaved and released by the metalloproteinases to give rise to 

the matured and active form of growth factor [185].  

Upon binding of its cognate ligands to the extracellular domain, EGFR stimulate the formation 

of receptor homo or hetero dimers leading to the activation of the intrinsic receptor tyrosine 

kinase and autophosphorylation of specific tyrosine residues within its cytoplasmic domain 

[176,186]. These phosphotyrosine residues, then serves as a nucleation sites for proteins 

containing Src homology 2 (SH2) and phosphotyrosine binding (PTB) domains, the recruitment 

of which leads to activation of various intracellular signaling pathways [187]. 

 

3.1.2.2 EGFR and cancer progression. 

The roles of EGFR and EGF-family of peptide growth factor-driven signaling in human 

tumorigenesis have long been established [187]. This receptor and its associated ligand-binding 

peptides are often over-expressed in human carcinomas thus giving rise to a more clinically 

aggressive tumor variant [176,187] and several in vivo and in vitro studies have also 

demonstrated that these proteins can initiate cellular transformation [188-190]. Furthermore, the 

role of EGFR in autonomous proliferation of various carcinoma cells have also been formally 

demonstrated and blockade of EGFR significantly inhibits the in vitro and in vivo growth of 

several human derived cancer cell lines of various histological type [180].   

 

3.1.2.2.1 EGFR signaling in tumor proliferation 

One of the major downstream signaling routes for EGFR is via the Ras/Raf/MEK/MAP kinase 

pathway [191]. EGFR activate the Ras/Raf/MEK/MAP kinase via the growth factor receptor 

bound protein-2 (Grb2) or SH2-containing collagen-related proteins (Shc) [192,193]. Ras 
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activation leads to a multistep phosphorylation cascade that causes the activation of MAKs, 

ERK1, and ERK2 [194]. These (ERK1 and ERK2) then regulate the transcription of molecules 

that are linked to cell proliferation, survival and transformation [194]. 

 

3.1.2.2.2 EGFR signaling in tumor invasion/motility 

Another important downstream signaling target for EGFR is the PI3K/AKT pathway [195,196]. 

AKT phosphorylation tranduces signals that activate a cascade of responses which include cell 

growth and proliferation, survival and motility [195]. Furthermore, EGFR can also signal via the 

stress-activated protein kinase pathway, involving protein kinase C (PKC) and JAK/STAT. 

Activation of these pathways translate in the nucleus to initiate cellular responses such as cell 

division, motility, invasion, adhesion, and cellular repair [179]. 

 

3.1.3 Phosphatidylinositol 3 kinase-AKT (PI3K-AKT) pathway 

The phosphatidylinositol 3 kinases (PI3Ks) belongs to a family of lipid kinase that is 

distinguished by their ability to phoshorylate the inositol ring 3’-OH group of membrane inositol 

phospholipids to generate the second messenger phosphatidylinositol-3,4,5-trisphosphate (PI-

3,4,5-P3) [197]. They have been grouped into three classical subfamilies according to their 

structure and substrate specificity [198] and these include:  

 

3.1.3.1 Class I kinases  

Members of class I are activated by cell surface receptors and have been divided into two 

subclasses (Ia and Ib) based on their mechanism of activation and associated adaptors [197,199]. 

The primary lipid generated in vivo by the members of class I kinases is phosphatidylinositol 
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(PtdIns)-3,4,5-trisphosphate (PI-3,4,5-P3) and phosphatidylinositol-3,4-bisphosphate (PI-3,4-P2), 

using phosphatidylinositol-4,5-bisphospahte (PI-4,5-P2) as a substrate [200,201]. Class Ia PI3Ks 

consist of heterodimers of a p110 catalytic and a p85 regulatory/adaptor subunits [198,202] and 

they are activated by receptors with protein tyrosine kinase activity (RTK) while the class Ib are 

made up of heterodimers of a p110γ catalytic and p101 regulatory subunits and are activated by 

G-protein coupled receptors. The class I kinases (especially class Ia) are the most extensively 

investigated class of all the PI3Ks. 

 

3.1.3.2 Class II Kinases  

This class is made up of three distinct isoforms that are ubiquitously expressed. They are 

characterized into PIK3C2α, PIK3C2β, and PIK3C2γ (liver specific) on the basis of the presence 

of a C2 domain on the extreme C-terminus [203]. They are devoid of adaptor/regulatory subunits 

and use PtdIns(4)P and PtdIns as their principal substrates. In contrast to the class I which in the 

resting state are cytoplasmic, the class II PI3Ks are predominantly membrane-bound  [199] 

where they play a suggestive role in membrane trafficking and receptor internalization [198]. 

Members of this class can also be activated by RTKs, integrins and cytokine receptors however, 

their effector response to these activators are poorly understood [204].  

 

3.1.3.3 Class III kinases  

Members of this class are heterodimeric enzymes with catalytic (Vps34) and regulatory (p150) 

subunits. They utilize PtdIns as their primary substrate and are implicated in the regulation of 

mammalian target of rapamycin (mTOR) activity, protein trafficking through the lysosomes, and 
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the regulation of autophagy response to cellular stress, thus indicating their importance in 

controlling cellular growth and survival [198]. 

 

3.1.3.4 Protein kinase B (AKT) 

The downstream signaling of the PI3Ks is mediated most importantly via the serine/threonine 

kinase AKT (protein kinase B or PKB). AKT was initially characterized as the human 

homologue to v-akt (a viral oncogene known to cause a type of leukaemia in mice) from 

transforming retrovirus AKT8 [205,206]. Three isoforms of the human PKB/AKT family have 

been identified, they are named PKBα (AKT 1), PKBβ (AKT 2), and PKBγ (AKT 3) [207]. 

Although these isoforms are products of different genes, they are highly homologous to each 

other at the amino acid level [208,209]. Genes encoding these isoforms are differentially 

distributed in the tissues, with PKBα (AKT 1) and PKBβ (AKT 2) having a wider distribution 

than the PKBγ (AKT 3) isoform. Each isoform is composed of a pleckstrin homology (PH) 

domain (with approximately 100 amino acids at the N-terminal), a central kinase domain 

analogous to those of PKA and PKC [210,211], and a hydrophobic C-terminus containing a 

second regulatory site. The kinase domain and the C-terminus of the PKBα (AKT 1) contain 

threonine (Thr308) and serine (Ser473) residues respectively. The interaction of the PH domain 

with PI-3,4,5-P3 initiate conformational changes resulting in the exposure of these sites (Thr308 

and Ser473) for phosphorylation, an action essential for maximal AKT activation [212].  

The PI3K/AKT pathway is known to play a fundamental role in the regulation of various cellular 

functions such as cell growth, survival and movement [208,213]. However, recent findings have 

shown that this pathway play a major role in tumorigenesis, as well as the tumor’s potential 

response to cancer treatment [197].   
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3.1.3.5 PI3k-AKT Pathway activation and signaling 

Activation of RTKs (e.g. EGFR, VEGFR, interleukin receptors, integrin receptors) by growth 

factors causes the activated receptor to interact with one or two SH2 domains in the 

phosphotyrosine adaptor unit, and localize PI3K to the plasma membrane. Similarly, intracellular 

proteins such as protein kinase C (PKC), SHP1, Rac, Rho, and Src can also activate PI3K in the 

cell [200]. Activated PI3K phosphorylates PI-4,5-P2 to produce PI-3,4,5-P3, and the lipid 

phosphatase PTEN (phosphatase and tensin homolog deleted on chromosome 10) directly 

opposes the activity of PI3K by dephosphorylating PIP3 into PIP2, thus acting as the central 

negative regulator of PI3K [214]. PI-3,4,5-P3 mediates its cellular effect by binding to a subset of 

proteins containing pleckstrin homology (PH), FYVE, Phox (PX), C1, and C2 domains, thus 

activating these downstream targets [203]. Proteins containing PH domains include Tec family 

tyrosine kinase; guanine nucleotide exchange factors (GEF) for Rac; adenosine diphosphate 

(ADP)-ribosylating factor 6 (ARF6); GTPase –activating proteins (GAPs); and AKT (PKB) 

which represent principal mediators for PI3K class Ia-induced signaling [200-202]. 

Association of the PH domain of AKT with PI-3,4,5-P3 leads to its recruitment to the plasma 

membrane where it is been phosphorylated at the kinase domain (Thr 308 in Akt 1) by 

phosphoinositide-dependent kinase 1(PKD 1) [201,215]. Additional phosphorylation by PDK2 at 

the C-terminal domain (Ser 473 in Akt 1) is essential for full activation of AKT [200,216]. Post 

activation, AKT reverts to the cytoplasm and the nucleus where it phosphorylates a number of 

downstream targets involved in various cellular functions.  
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3.1.3.6 PI3K-AKT signaling and cancer progression 

Carcinogenesis is a complex process arising as a result of imbalance between cell division/ 

growth and programmed cell death (apoptosis). In this context, various signaling pathways 

involved in the regulation of cellular processes such as cell growth, differentiation, and 

development undergo oncogenic changes more than any other molecule. Studies have shown that 

components of the PI3K-AKT signaling pathways are frequently altered in human cancers [197] 

with amplification and over expression of the gene encoding PI3K (PIK3C) being described in 

ovarian, cervical, gastric, and breast cancers [217,218]. Similarly, various studies have also 

demonstrated akt amplification in human cancers [219,220]. This deregulation/amplification of 

components of the PI3K-AKT signaling pathway exerts a key role in tumor growth, survival, 

metastasis, and angiongenesis. Inhibition of signaling molecules in this pathway has been shown 

to strongly reduce tumor growth and angiogenesis in animal model experiment [203].  

 

3.1.3.6.1 PI3K-AKT signaling in tumor angiogenesis 

Angiogenesis is an essential process in tumorigenesis that can be triggered by growth factors, 

genetic alterations, and mutation of tumor suppressor gene such as p53. The angiogenic process 

in tumors can occur via sprouting of new vessels from preexisting blood vessels or via protrusion 

of interstitial tissue columns into vascular lumen [109]. 

PI3K-AKT signaling has been found to augment tumor angiogenesis by regulating the 

expression of VEGF and hypoxia–inducible factor 1 (HIF-1) via the activation of p70S6K1 and 

HDM2. In addition, this pathway can also promote tumor angiogenesis through the activation of 

reactive oxygen species (e.g. eNOS) [221,222]. 
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3.1.3.6.2 PI3K-AKT signaling in tumor cell proliferation 

PI3K-AKT signaling augment tumor cell proliferation by modulating the functions of numerous 

cellular substrates involved in the regulation of cell proliferation. A good example of these 

substrates include glycogen synthase kinase-3 (GSK-3) [223,224], membrane translocation of 

glucose transporter-4 (GLUT4) [223], cyclin-dependent kinase inhibitors, p21/Waf1/Cip1and 

p27/Kip2 [216,225-228], mammalian target of rapamycin (mTOR) [229,230] and tuberous 

sclerosis complex 2(TSC2) [231]. 

PI3K-AKT inhibits GSK 3 activity by direct phosphorylation of the serine residue in the N-

terminal regulatory domain of insulin-activated PI3K [232]. GSK 3 inhibition prevents the 

phosphorylation of β-catenin, thus impeding its degradation and facilitating its translocation into 

the nucleus. In the nucleus, β-catenin combines with various transcription factors such as 

TCF/LEF-1 to induce the expression of Cyclin D1 which induces cell cycle progression by 

regulating Rb hyperphosphorylation and inactivation. Furthermore, PI3K-AKT signaling also 

phosphorylate of p21/Waf1/Cip1 and p27/Kip2, inhibiting their anti-proliferative effects by 

reducing their ability to activate Cyclin D1/Cdk4 complex [233]. 

By increasing the phosphorylation of mTOR, PI3K-AKT signaling enhances protein synthesis an 

essential process required for cell proliferation [234]. In addition this signaling pathway also 

phosphorylate TSC2 complex to inhibit its growth suppressor function.  

 

3.1.3.6.3 PI3K-AKT signaling in tumor cell survival (inhibition of apoptosis)  

PI3K-AKT pathway regulates tumor cell survival by phosphorylating downstream substrates that 

directly or indirectly control the apoptotic machinery. The pathway inactivates the pro-apoptotic 

factors Bad and pro-caspase 9; activates the transcription of NF-κB regulated anti-apoptotic 
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genes via the activation of Ikappa B kinase (IKK); inactivates Forkhead family transcription 

factors (AFX, FKHR, and FKHRL1) thereby inhibiting the expression of pro-apoptotic gene 

such Fas lingand (FasL), Bim, and IGFBP-1 [197,208,235].  

 

3.1.3.6.4 PI3K-AKT signaling in tumor cell metastasis 

The PI3k-AKT signaling contributes to tumor invasiveness and metastasis by inhibiting anoikis 

and stimulating MMPs secretion. 

 

4.1 Regulation of cervical inflammation, inflammatory pathways, and tumorigenesis by 

HPV oncogenes 

Inflammation involves extensive tissue remodeling events which are orchestrated by complex 

networks of cytokines, chemokines and bioactive lipids. These work across multiple cellular 

compartments to elicit their function. The classic hallmarks of inflammation are the recruitment 

of immune cells into the tissue and alteration of vascular function to allow for immune cell 

extravasation. This alteration in permeability causes edema and the redness generally associated 

with tissue inflammation. Several reports have correlated inflammatory cell infiltrate with HPV-

induced high grade lesions. Infiltrating lymphocytes are thought to contribute to tumor growth 

and spread as well as immunosuppression, generally associated with malignant diseases [72]. 

Although the precise mechanism whereby HPV oncogenes regulate tissue remodeling events is 

unclear, HPV infections have been shown to promote the release of inflammatory mediators and 

cytokines from keratinocytes to alter the immune response and promote the infiltration of 

macrophages, lymphocytes and NK cells [236]. Changes in the vasculature to facilitate immune 

extravasation and angiogenesis require tissue remodeling of the extracellular matrix, a process 
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facilitated by MMP’s [237]. Several studies have correlated HPV E6 and E7 transcription with 

MMP transcription [238,239] and genes in cervical epithelial cells involved in tissue 

differentiation and remodeling [240]. In addition, transfection studies have shown that E7 

oncoprotein forms a complex with and down-regulates leukocyte elastase inhibitor [241]. This 

would facilitate the activation of neutrophils and promote neutrophil influx into the tissue. 

Furthermore, transgenic mouse models where the early region genes from HPV16 are expressed 

under the control of the human keratin 14 promoter have shown that macrophage recruitment to 

HPV-associated lesions occurs via the release of the chemokine CCL2 and interaction with its 

receptor CCR2 present on macrophages [242].   

Once resident in the tissue, inflammatory cells are known to produce vast amounts of reactive 

oxygen species and nitric oxide which have been shown to induce DNA damage [243] and to 

contribute towards the progression of the disease in high grade cervical lesions [243]. 

Furthermore nitric oxide has been shown to induce transcription of E6 and E7 oncogenes in 

cervical epithelial cells [244], which can further enhance inflammation via an auto-amplifying 

positive feedback loop via activation of COX-2 and other parallel inflammatory pathways. 

Similarly,  studies by Subbaramaiah and Dannenberg and Oh and colleagues have now emerged 

to show that in neoplastic cervical epithelial cells, HPV 16 E5, E6 and E7 oncogenes can induce 

the inflammatory COX-PG axis, by elevating expression of the immediate early oncogene COX-

2 and the E-series prostaglandin receptors, EP2 and EP4 [76,245,246]. And several studies have 

also emerged from in vitro and in vivo model systems employing cell lines and rodents to 

demonstrate that prostaglandins, produced as a consequence of elevated COX enzyme 

expression, can promote extensive tissue remodeling within tumors by evoking all the classical 

hallmarks of cancer, namely: cellular proliferation, angiogenesis, inhibition of apoptosis and 
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alteration in vascular permeability to allow immune cell extravasation from the vasculature 

[80,247] as discussed above.  

 

5.1 HIV, cervical cancer and inflammation 

The human immunodeficiency virus (HIV); the only etiological factor attributed to the Acquired 

Immunodeficiency Syndrome (AIDS) belongs to the genus Lentivirus within the family 

Retroviridae [248]. About 33 million people harbor this virus worldwide [249] with high 

epidemic rates in sub-Saharan Africa.  Mature HIV virion is spherical (approximate diameter of 

100-120nm), with a genome of two copies of identical (9.2kb) single-stranded positive sense 

RNA molecule encoding the characteristic retrovirus proteins; Gag, pol, and Env [250]. HIV is 

divided into two main sub types HIV-1 and HIV-2. HIV-1 is further subtyped into phylo-

genetically related clades; types A-K [251].  

Transmission is via unprotected sexual intercourse, intravenous drug use, blood transfusion or 

infection with blood-derived products. To initiate infection, virus attaches to cellular surfaces via 

an interaction between the gp120 viral envelope protein and a receptor complex present on the 

host cell consisting of the CD4 receptor and G protein-coupled receptor (GPCR) co-receptor, 

usually CCR5 or CXCR4 [250]. Most primary HIV-1 variants are restricted to the use of CCR5 

and CXCR4 [252,253], however they have been shown to use alternative receptors in vitro. HIV-

2 variants are capable of infecting a wider range of cells expressing different co-receptors such 

as GPR15 and CXCR6 in addition to CCR5 and CXCR4 [254]. This leads to fusion between the 

viral and cellular membranes and ultimate release of the viral core into the cell cytoplasm [250]. 

Once inside the host cell the virus is reversed transcribed to full length double stranded DNA by 
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the reverse transcriptase enzyme and is integrated into the host genome [255]. The hallmark of 

infection is characterized by progressive depletion of CD4+ and CD8+ helper T-cells leading to 

an immunodeficiency state, paving the way for opportunistic infection and ultimately mortality 

[256].  

 

5.1.1 The interplay between HIV and HPV and their role in cervical cancer 

The interplay between HPV and HIV is complex; however their synergistic role in exacerbating 

pathology of the cervix has been well documented. For example, epidemiological studies have 

shown that women that are co-infected by HPV and HIV have an estimated 41 fold increase in 

the risk of developing neoplastic cervical lesions [257] and HIV infected immune-compromised 

women have been shown to have a higher prevalence of HPV-induced lesions [258]. 

Furthermore, studies in sub-Saharan women, where 67% of the population are living with 

HIV/AIDS have shown that women with HIV develop cervical cancer at an earlier age than 

women who are HIV negative [5,259,260].  

Although the precise mechanisms predisposing women infected with HPV to HIV infection are 

unclear, there is compounding evidence that clearance of HPV infection from the female genital 

tract elicits an enormous cell-mediated immune response characterized by gross infiltration of 

lymphocytes and macrophages into the epithelium [261], which can enhance the risk of HIV 

infecting immune cells in the cervix in these women after unprotected sexual contact.  

Central to the role of HIV in cervical cancer is its ability to ablate the systemic immune response 

to infection, including HPV infection. This can facilitate inadequate clearance of HPV in 

infected individuals, enhancing HPV persistence or re-infection, and increases the likelihood that 
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precancerous lesions will develop into cancer. To this end, HIV may modify HPV related 

carcinogenesis by altering the expression of inflammatory components (cytokines) in the cervix 

and diminution of local cervical cellular immunity, thus altering HPV regulation [249]. For 

example, HIV tat gene  has been shown to increase the expression of HPV E1 and L1 genes, 

hence causing up-regulation of the HPV replication [262,263].  Furthermore, HIV-1 tat protein is 

capable of transactivating HPV16 transcription [264].  

 

5.1.2 The role of HIV in regulating inflammation and its potential contribution to cervical 

cancer. 

Systemic expression of several pro-inflammatory cytokines has been reported to be a major 

feature in HIV infection. The virus causes immune dysregulation leading to increase in the 

production of pro-inflammatory cytokines such as; TNFα, IL-1, and IL-6 which are detected in 

the plasma and lymph node of infected patient [265]. This link between HIV and production of 

pro-inflammatory cytokine was suggested by the observation that the virus and/or its surface 

glycoprotein gp120 can induce in vitro secretion of TNF, IL-1 and IL-6 by monocytes isolated 

from uninfected individuals [266-268].  Other studies also detected high levels of IL-1α, IL-1β, 

IL-6, and TNF in the serum and cerebrospinal fluid of sero-positive individuals [269,270]. Often 

associated with the production of these cytokines is the elevated secretion of CC-chemokines 

such as macrophage inflammatory protein (MIP)-1α, MIP-1β, and RANTES [271,272]. These 

pro-inflammatory cytokines expressed as soluble factors or membrane binding molecules and are 

directly or indirectly involved in HIV entry and T cell apoptosis [256]. These cytokines have 

been found to be abundant in microenvironment of several tumors including cervical cancer (as 
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discussed above) where they are secreted by the tumor cells, endothelial cells and/or infiltrating 

activated immune cells where they act as endogenous tumor promoter by stimulating the 

production of transcription factors (e.g. NF-кB, AP-1), proliferative and angiogenic proteins (e.g. 

VEGF, MMPs) and adhesion molecules (e.g. E-selectin, VCAM), thus enhancing tumor growth 

and mediating tumor metastasis [273]. TNF, a major mediator of inflammation, can be detected 

in various human neoplasias where it is implicated in the induction of MCP-1 which can 

modulate the infiltration of immune cells in to the tumor microenvironment. 

In addition to regulation of immune cell infiltrate, alteration in the expression profile of HIV 

receptors on cells within the cervico-vaginal region could impact on HIV acquisition and 

cervical cancer progression. The epithelial surface of the female reproductive tract expresses all 

the receptors necessary for HIV infection including CD4, CCR5 and CXCR4 [274]. Maher and 

colleagues have recently shown that HIV virions can bind the external surface of cervical 

epithelium and penetrate beneath the epithelial surface [275]. Thus, it is plausible that epithelial 

cells lining the cervico-vaginal interface could be the first cells to come into contact with HIV 

and might play a role in the replication of the virus and transmission to leukocytes present in the 

submucosa.  

Expression of some of the HIV receptors on uterine epithelial cells display a temporal variation 

in expression during the menstrual cycle, indicating that they are hormonally regulated [274]. 

This could alter susceptibility to infection depending on the phase of the menstrual cycle. 

Chemokine receptors such as CXCR4 are elevated in cervical cancer and play a role in lymph 

node metastasis during advanced stage disease [276]. These receptors can also be hijacked by 

HIV for entry in such women. CXCR4 expression can be regulated by HPV oncogenes [277] and 

prostaglandins [278] in the female genital tract. These observations suggest that HPV infection 
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and inflammation can drive expression of HIV co-receptors on epithelial cells. It is unknown 

whether the inflammatory milieu of cervical cancer can also alter expression of HIV receptors on 

immune cells in the tumor periphery. It is plausible that in women with HPV infection or 

localized cervico-vaginal inflammation, alterations in HIV receptor expression could allow more 

virus to bind the epithelium and elevate the amount of virus present locally in the genital tract 

following intercourse. In women with cervical cancers or inflammatory cell infiltrate into the 

cervix, this could enhance susceptibility to infection.  

 

6.1 Seminal plasma, cervical cancer, HIV and inflammation 

Seminal plasma (SP) is the major constituent of the male ejaculate. It is  a complex organic fluid 

comprising of secretions of the cowper’s and littre glands (5%), prostate (15-30%), and the 

seminal vesicles (65-70%) [279]. Secretions from each of these reproductive organs are 

biochemically distinct, and on mixing as occurs at ejaculation, gives rise to the complex 

biochemical nature of the SP. Also called “Seminal Fluid”, this endogenous fluid has been 

conventionally viewed as a nutritive, protective and transport medium for the mammalian 

spermatozoa [280]. However, recent studies both in rodents and humans have shown that SP 

contains signaling molecules which can bind to cognate epithelial receptors in the female 

reproductive tract to trigger inflammatory gene expression, thus causing modifications in cellular 

structure and composition in a sequence that resembles inflammatory response [280].  
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6.1.1 Role of seminal plasma in regulating cervical inflammation and its potential 

contribution to cervical cancer. 

In mammals, the most evident physiological effects of insemination is a prompt and dramatic 

influx of inflammatory cells into the site of semen deposition [280]. These cellular changes, 

studied in detail in mice [281-283] was discovered to be mediated by SP as opposed to sperm 

[283] and is initiated when endogenous molecules present in SP interact with cervical and uterine 

epithelial cells to induce a surge in cytokines and chemokines synthesis [283]. These pro-

inflammatory mediators stimulate the extravasation and infiltration of cervical sub-epithelial 

stroma by immune cells. Similarly, in humans coitus elicits immune cell (neutrophils, 

macrophages, dendritic cells, and lymphocytes) recruitment into the superficial epithelial and 

deep stroma tissues of the female reproductive tract [284]. In sexually active women, the degree 

at which SP normally activates the secretion of these pro-inflammatory components in any 

compartment of the female reproductive tract is poorly understood. However, exposure of the 

cervix to SP during coitus has been shown to elicit substantial changes in the leukocyte 

populations within the cervix, initiating a reaction reminiscent of inflammatory response with 

effects that penetrate through the stratified epithelial layer and deep into the stroma of the 

ectocervix [285]. The role of SP in mediating leukocyte influx in the cervix was supported when 

no inflammatory response was seen in the absence of coitus or with condom-protected coitus 

[285]. SP regulated the cervical leukocyte influx via the activation of pro-inflammatory 

cytokines and chemokines [286]. Similarly, in vitro studies have shown that SP induce the 

expression of inflammatory enzyme (COX-1 and COX-2), interleukin (IL) 6, 11 and chemokines 

CXCL1 and CXCL8 in cervical adenocarcinoma cells [287].  
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The influx of immune cells expands inducible regulatory T cell population, hence promoting 

immune tolerance there by preparing the reproductive tract for conception [285,288,289]. More 

broadly, the inflammatory response initiated by SP would be expected to impact on all 

physiological and pathophysiological events regulated by cervical leukocytes.  

 

6.1.2 Role of seminal plasma in regulating HIV infection and its potential contribution to 

cervical cancer 

 In 1993, cervical cancer was classified as one of the AIDS-defining diseases in women infected 

with HIV [26]. This highlighted HIV as an important risk factor/co-factor in the development of 

invasive cervical neoplasia and highlighted cervical cancer as an infectious disease [27].  

Since the beginning of the AIDS pandemic, greater than 35 million deaths have been reported in 

both adults and children worldwide [290]. It has been well documented that unprotected hetero 

or homo sexual intercourse is the major route of HIV infection with infected seminal plasma 

being the major transmission vector [291-293]. Post deposition of HIV on the recipient mucosa, 

infectious virus must cross the mucosal epithelium to interact with CD4+ T lymphocytes, 

macrophages, and dendritic cells (DCs). These immune cells express the receptor CD4 and co-

receptors CXCR4 or CCR5 which are required for HIV infection [292-295]. The exact molecular 

mechanisms through which HIV traverse the mucosal barriers and establish infection are poorly 

defined. The virions may transcytose through the genital epithelium [292,295] or pass through 

exposed genital lesions [296-298]. In addition, post coital epithelial microabrasions found in the 

vagina of most healthy women after consensual intercourse is suggested to constitute a frequent 

scenario for sexual transmission [299].  
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Beyond its role as a carrier for delivery of HIV during receptive vaginal or anal intercourse, SP 

has been suggested to play a more major role in HIV transmission. This is supported by studies 

which provided insight into the SP-mediated effects on both the virus and the mucosal HIV entry 

sites. A novel mechanism by which SP could enhance sexual transmission of HIV was 

demonstrated by Munch et al. (2007) [300]. To identify natural agents that might play a role in 

sexual transmission of HIV, Munch and colleagues screened a complex peptide/protein library 

derived from human SP for novel inhibitors and enhancers of HIV infection. They found that 

naturally occurring fragments of the prostatic acidic phosphatase (PAP) drastically enhance HIV 

infection [300].  

Functional and structural analyses shows that PAP forms amyloid fibrils termed semen-derived 

enhancer of virus infection (SEVI) which markedly increased HIV infection. SEVI capture HIV 

and strongly heighten the number of productively infected cells by promoting the attachment and 

fusion of the virus to the cell surface. SEVI was shown to increase the infection by R5-, X4- and 

dual tropic HIV-1 clones in peripheral blood mononuclear cells (PBMCs), DCs and macrophages 

in vitro. In an in vivo experiment to demonstrate the enhancing effect mediated by SEVI, using 

hCD4/hCCR5-transgenic rats challenged with HIV-1 or SEVI-treated HIV-1 by tail vein 

injection. Munch and colleagues discovered that pre-treatment of HIV with SEVI resulted in a 5-

fold increase in the number of HIV cDNA copies found in the splenocyte extracts from infected 

rats [300]. Taken together, the increase in HIV infectivity when treated with SEVI in vitro, 

suggests that it might favor sexual transmission of HIV. This however, has been shown to be 

highly dependent on the individual semen donor and correlates with the level of SEVI [301]. 
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In addition, it has been suggested that SP-mediated inflammatory responses within the female 

genital tracts may contribute to the transmission of HIV and other STIs (sexually transmitted 

infections) through two major mechanisms; a) by disrupting the epithelial barrier, and b) by 

inducing the local recruitment of CD4+ target cells favoring the dissemination of HIV infection 

[284,302,303].  

Other proposed mechanisms of SP-mediated HIV transmission include; the role of spermatozoa 

in efficient transmission of HIV to dendritic cells [304], neutralization of the acidic pH of the 

vaginal fluid [305], and SP-mediated immunomodulation and suppression of both innate and 

adaptive immune response against HIV [306]. However, the detailed cellular and molecular 

mechanism by which SP can influence inflammatory pathways to regulate inflammation and 

HIV transmission in cervical cancer, which may play a major role in tumor progression, is yet to 

be studied.   

 

6.1.3 Seminal plasma prostaglandins: potent pro-inflammatory factor 

Seminal plasma is known to contain an enormous diversity of  antigenically  distinct molecules  

that  include  cytokines,  angiogenic  factors,  prostaglandins,  proteases,  signal transduction  

molecules,  protein  kinases,  transporter  proteins,  structural  molecules and immune response 

proteins [307]. However, it is the highly expressed levels of prostaglandins found in human SP 

[308]  that have attracted much interest of late. 

Prostaglandins (PGs) are lipid autacoids that mediate both homeostatic functions and pathogenic 

mechanisms, including inflammatory response within the human body [309]. These potent pro-

inflammatory lipids are generated from arachidonate by the action of cyclooxygenase enzymes, 



 

57 
 

and their biosynthesis is blocked by non-steroidal anti-inflammatory drugs. Of the PGs present in 

SP, PGE2 has been identified as one of the predominant types detected [310,311]. 

Over the years, studies have shown that overt expression of PGE2 and its signaling is found in 

numerous disorders including cervical cancer [28,312] and women infected with HIV and HPV 

[134,313]. It has been shown that PGE2 potentiates the chronic inflammatory response seen in 

these diseases, leading to greater tumorigenesis (cervical cancer) [28] and enhanced viral 

replication (HIV infection) [314]. 

Similarly, recent study by Joseph et al. (2012) identified PGE2 present abundantly in SP as the 

main constituent responsible for SP-mediated inflammatory effects in vaginal cells [315]. It is 

therefore very likely that SP-PGE2 can influence inflammatory pathways to regulate 

inflammation and HIV transmission in cervical cancer. This is more evident as studies have 

shown that cervical cancer has up-regulated expression of PG receptors [28]. 
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7.1 Statement of the problem 

Presently there are more than 273,000 deaths occurring worldwide each year from cervical 

cancer thus accounting for 9% of total cancer deaths in women [316]. 

Mortality from cervical cancer is high in sub-Saharan Africa with a mortality rate of 35/100,000 

women in East Africa, 23/100,000 in Southern Africa, and 24/100,000 in Western Africa as 

opposed to 2/100,000 in North America and 4/100,000 in Western Europe [317,318].  

As previously mentioned infection with HPV (especially type 16) account for 50% of cases [10] 

and inflammation plays a major role in the pathogenesis of this disease. Seminal plasma has been 

shown to regulate the expression of inflammatory genes and initiate inflammatory processes and 

components in both normal and neoplastic human cervical epithelium in sexually active women 

[285,287]. 

Hence a complete and detailed understanding of the role and molecular mechanism by which 

seminal plasma regulates the expression of arrays of inflammatory genes to augment cervical 

tumorigenesis, alter susceptibility of women with cervical neoplasms to HIV infection and 

increase the development of AIDS related cervical cancer in sexually active women will serve as 

lead in developing new modalities for clinical intervention and treatment. 
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8.1 Hypothesis 

We hypothesize that in sexually active women, repeated exposure of cervical epithelial cells to 

seminal plasma can regulate inflammatory pathways. In women with neoplastic cervical lesions, 

hyperactivation of inflammatory pathways could potentially enhance tumorigenesis and regulate 

pathways involved in HIV infection and AIDS-related cancer progression. 

 

9.1 Aim 

This study investigates the inflammatory and tumorigenic pathways regulated by SP in cervical 

epithelial cells and the molecular pathways underlying this regulation.  

 

10.1 Specific objectives  

1. To investigate the role of seminal plasma (SP) in regulating the expression of 

inflammatory genes in cervical adenocarcinoma cell in vitro. 

2. To elucidate the various inflammatory pathways involved in SP induction of a pleotropic 

pro-inflammatory cytokine IL-1α and the molecular mechanisms underlying their action.  

3. To investigate the inflammatory pathways and role of SP in HIV susceptibility in women 

and the mechanisms underlying this. 
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CHAPTER 2 

 

GENERAL MATERIALS AND METHODS 

 

2.1 Ethics statement 

Ethics approval for this study was obtained from the University of Cape Town Human Research 

Ethics Committee (HREC/REF: 067/2011). Written informed consent was obtained from all 

subjects before sample collection. 

 

2.2 Chemicals and Reagents 

All chemicals used for this study were of molecular biology grade, and were purchased from 

Merck Chemicals (PTY) Limited (Gauteng, South Africa) or Sigma Chemical Company (Cape 

Town, South Africa). Cell culture media, penicillin-streptomycin, and fetal-calf serum were 

purchased from Highveld Biological (PTY) Limited (Cape Town, South Africa). Bovine serum 

albumin (BSA), phosphate buffered saline (PBS), and Trizol® were all   purchased from Sigma 

Chemical Company (Cape Town, South Africa). The chemical inhibitors: AG1478, epidermal 

growth factor receptor (EGFR) kinase inhibitor; LY294002, phosphoinositide-3-kinase (PI3K) 

inhibitor; SC560, cyclooxygenae-1 (COX-1) inhibitor; NS398, cyclooxygenase-2 (COX-2) 

inhibitor; SN50, nuclear factor kappa B (NFκB) inhibitor; and PD98059, extracellular signal-

regulated kinases 1/2 kinase (ERK1/2) inhibitor were purchased from Calbiochem (Merck, 

Darmstadt, Germany). Prostaglandin E2, Butaprost, PGE2 receptor antagonist (AH6809), and 

human recombinant epidermal growth factor (EGF) were purchased from Sigma Chemical 
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Company (Cape Town, South Africa). Quantikine® Human IL-1α ELISA kit was purchased from 

R&D Systems, Minneapolis, USA.  Polyclonal goat anti-IL-1α (sc-1253), β-actin (sc-1616), 

CCR5 (CKR5; sc-6128), CD4 (sc-19641), COX-1 (sc-1752), and biotin conjugated secondary 

donkey anti-goat IgG antibody (sc-2042) were purchased from Santa Cruz Biotechnology. 

Streptavidin-biotin peroxidase complex and 3.3’-diaminobenzidine were all purchased from 

Dako North America Incorporation, USA. Total PKB (AKT) (9272s) and phosphorylated PKB 

(S473) antibodies were purchased from Cell Signaling Technology. Pierce® BCA Protein Assay 

Kit and SuperSignal® West Pico Chemiluminescent Substrates were purchased from 

ThermoScientific, Rockford, USA and PVDF membrane was purchased from GE Healthcare, 

Amersham, United Kingdom.   

 

2.3 Semen donors and preparation 

Semen was collected from healthy male volunteers attending the Andrology Laboratory of the 

Reproductive Medicine unit at Groote Schuur Hospital, Cape Town, South Africa. All donors 

had at least 72 hours of total sexual abstinence (self-reported) prior to ejaculation. Ejaculates 

were collected in sterile specimen jars following a voluntary self-masturbation. Parameters such 

as sample volume, sperm number, sperm concentration, peroxidase-positive leukocytes, pH and 

viscosity were noted and compared with the 2010 WHO (World Health Organization) reference 

values for human semen characteristics [319]. Samples with below average parameters were 

excluded from the study. All samples were processed within 30 minutes of collection. The 

individual ejaculates were transported to the laboratory. Seminal plasma (SP; the cell free 

supernatant of the ejaculate) was isolated from ejaculate by centrifugation at 15000 g for 20 
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minutes. Ejaculates from 10 individual volunteers were pooled and then aliquoted (200μL) and 

stored at -80 0C until required. Individual ejaculates were analyzed for their ability to regulate 

expression of target genes before being pooled to minimize experimental variability. Prior to use 

seminal plasma was thawed on ice and diluted in sterile filtered serum free medium to use at a 

concentration of 1:50. SP has been shown to exert no toxic effect on HeLa cell viability up to 

and including concentration used in this study [287,320]. 

 

2.4 Cervical specimen  

2.4.1 Cytobrush Sample 

Cervical specimens were collected from women attending the Gynecology (Colposcopy) 

outpatient Clinic at Groote Schuur Hospital, Cape Town, South Africa. Specimens were obtained 

by cytobrush as described by Musey and colleagues [321]. Briefly, the cytobrush was inserted 

within the cervical os and gently rotated one 360 degree turn. The cytobrush was smeared onto a 

microscope slide for diagnosis and then placed into a 15ml collection tube containing serum free 

Dulbecco’s modified Eagle’s medium nutrient mixture F-12 (DMEM) (Highveld Biological 

(PTY) Limited, Cape Town, RSA) with Glutamax-1and 1% penicillin-streptomycin. The tubes 

were immediately placed on ice and transported to the laboratory. The cells were dislodged from 

the cytobrushes by gentle agitation and each sample divided into two aliquots and was treated 

with vehicle (PBS) or 1:50 dilution of seminal plasma in serum free DMEM for 24 hours. After 

which, cells were pelleted by centrifugation at 1500 rpm and RNA extracted using Trizol 

(Sigma) following the manufacture’s guidelines and reverse transcribed. 
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2.4.2 Cervical Tissue Explant 

Cervical cancer tissue specimens were obtained at the time of surgery or biopsy from patients 

attending the Gynecologic Oncology Clinic at Groote Schuur Hospital (Cape Town) and who 

had previously been diagnosed with pre or invasive carcinoma of the cervix. Diagnostic cytology 

report was defined according to the Bethesda System for reporting cervical cytology [322] while 

pathological staging was defined according to the revised International Federation of 

Gynecology and Obstetrics (FIGO) staging for carcinoma of the cervix [323] upon physical 

examination. Punch biopsies were taken from the lesion by an experienced gynecologist with a 

special interest in gynecology oncology. Samples were immediately transported in PBS on ice to 

the laboratory where they were divided into experiment and control and then serum starved 

overnight prior to stimulation with seminal plasma. Histologically normal cervical tissues were 

collected from women undergoing Wertheim’s hysterectomy for benign gynecological 

malignancies at Groote Schuur Hospital (Cape Town). Cervical (approximately 3 X 4mm) tissue 

samples collected at the time of surgery were immediately transported in PBS on ice to the 

laboratory where they were chopped into smaller pieces and divided into experiment and control 

before being serum starved overnight prior to SP stimulation.  
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2.5 Cell Line 

2.5.1 HeLa S3 

HeLa-S3 (HeLa) authenticated and verified as cervical adenocarcinoma cells positive for HPV-

18 sequence with normal levels of pRB (retinoblastoma) and low levels of p53 tumor suppressor, 

were purchased from BioWhittaker (Berkshire, UK). 

 

2.6 Cell Culture 

Cells were routinely maintained in DMEM nutrient mixture F-12 with Glutamax-1 and 

pyroxidine supplemented with 10% fetal bovine serum (FBS) (Highveld Biological (PTY) 

Limited, Cape Town, RSA)  and 1% penicillin-streptomycin (500 IU/ml penicillin and 500 

μg/ml streptomycin) at 37 0C and 5% CO2. The medium was stored at 4 0C, and was warmed to 

37 0C before use. Monolayer cultures of HeLa cells were grown in 125 cm2 tissue culture (TC) 

flasks and kept in a humidified incubator (37 0C , 95% relative humidity and 5% CO2). Cellular-

growth was monitored every 48 hours using an inverted fluorescent microscope and cells were 

passaged when confluent. To passage, cells were removed from the incubator and the media 

aspirated using sterilized Pasteur pipette attached to a pump. The cells were then washed twice in 

pre heated (37 0C) phosphate buffered saline (PBS) and dissociated from the TC flask with 5ml 

1x trypsin-EDTA, and the flask placed back in the incubator for 5 min at 37°C. TC flask was 

then removed from the incubator and viewed under an inverted fluorescent microscope to 

confirm cell detachment after which excess trypsin-EDTA was aspirated and complete media 

added. The cells were then transferred into a new culture flask with complete medium at a ratio 

of 1 in 10 with a new passage number being recorded on each flask or seeded onto culture dishes 
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for experimentation or frozen down for later use. Early passage cells were frozen down for later 

use by re-suspending the trypsinized cells (~1×106 cells/ml) in FBS containing 5-10% DMSO 

and transferred into small sterile cryogenic vials. The vials containing cell aliquots (1ml each) 

were placed upright in a -80 0C freezer and later transferred to liquid nitrogen for long term 

storage. 

 

2.7 Cellular Investigations 

2.7.1 Cell treatment with seminal plasma 

HeLa S3 cells were seeded in complete medium at density of 2x105 cells in 3 cm diameter tissue 

culture dishes and allowed to attach and grow overnight. The following day, the complete 

medium was aspirated and cells were serum starved by incubating in serum free medium 

(Dulbecco’s modified Eagle’s medium nutrient mixture F-12 (DMEM) with Glutamax-1 

enriched with 1% penicillin-streptomycin (500 IU/ml penicillin and 500 μg/ml streptomycin) 

without FBS) for 24 hours. Cells were then treated with serum free media containing SP at a 

final dilution of 1:50 or serum free media with PBS as control for 4, 8, 16 and 24 hours. SP at 

this concentration has been shown to not affect cell viability [324]. The cells were then harvested 

after 4, 8, 16 and 24 hours using 1ml Trizol® (Sigma). In parallel, untreated wild type HeLa cell 

(positive control) was lysed in 1 ml of Trizol® (Sigma) and used as a reference control in each 

Real Time quantitative RT-PCR reaction. Samples were stored at -80°C until further use.  
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2.7.2 Treatment with chemical inhibitors  

HeLa S3 cells at a density of 2x105 were seeded in 6 well tissue culture plates and allowed to 

attach and grow overnight in a humidified incubator  (at 37°C  and 5% CO2(v/v)). The next day, 

the complete medium was aspirated and the cells washed twice with PBS. The cells were then 

serum starved for 24 hours. After 24 hours, the serum free medium was then aspirated and cells 

pre-incubated with aforementioned chemical inhibitors (CalBiochem, Merck) at 37°C (Table 2.1) 

for 1 hour. The medium containing inhibitors was then aspirated and replaced with fresh serum 

free medium containing the inhibitors or vehicle (H2O or DMSO) in the presence or absence of 

SP (1:50 dilution). The samples were incubated for 4, 8 or 16 hours. Post incubation the medium 

was  aspirated and cells harvested with 1ml Trizol® (Sigma) and RNA extracted following the 

manufacture’s guidelines and reverse transcribed as described previously [312]. The 

concentrations of the chemical inhibitors were determined empirically by titration as described 

[325-327]. 
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Table 2.1:  Inhibitors, the enzyme or molecule inhibited and concentration used [326,328,329] 

 

Compound Enzyme/molecule Inhibited Concentration used 

 

EGTA 

 

Ca2+ chelator 

 

1.5mM 

 

NS-398 

 

COX-2 

 

8-10µM 

 

SC-560 

 

COX-1 

 

10-15µM 

 

PD-98089 

 

ERK 

 

50µM 

 

AG-1478 

 

EGFR 

 

100-200nM 

 

SN50 

 

NFκB 

 

100µg/mL 

 

LY-294002 

 

PI3K 

 

25µM 

 

 

2.8 RNA extraction 

Throughout the RNA extraction,  a ribonuclease (RNase) free environment was maintained by 

wiping all the surfaces with RNase-ZAP® (Sigma) and  by  using double distilled deionized 

water that was pretreated with  0.01%  diethylpyrocarbonate (DEPC; Sigma). RNA was 
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extracted from cell samples using Trizol® (Sigma) following the manufacturer’s protocol. 

Briefly, lysed cells in 1 ml of Trizol® (Sigma) were retrieved from -80 0C and thawed on ice after 

which 100µL  BCP (1 bromo-2 chloropropane)  (Merck) was added to each sample. The mixture 

was shaken vigorously for 15 seconds and incubated at room temperature for 10 minutes. 

Samples were then centrifuged for 15 minutes at 15,000 rpm at 4°C. The top colorless aqueous 

phase containing RNA was carefully transferred into a clean tube. The RNA was pelleted by the 

addition of 0.5mL of isopropanol (Merck) per 1ml of Trizol®, mixed thoroughly and allowed to 

stand for 10 minutes at room temperature. The samples were centrifuged at 15000 rpm for 10 

minutes at 4°C. The isopropanol was then discarded and the resultant RNA pellet was washed 

with 75% (v/v) ethanol by centrifugation at 15000 rpm for 5 minutes at 4°C. The supernatant 

was then discarded and the pellet was air dried for 30 minutes. The pellet was re-suspended in 

nuclease free or 0.01% DEPC (Sigma Aldrich, UK) treated water and heated to 55°C for 2 

minutes to remove any tertiary RNA structure. RNA quality and concentration was determined 

by Thermo Scientific NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, 

Wilmington, USA). The RNA was diluted using nuclease free or DEPC treated water to a final 

concentration of 200ng/µL and was stored at -80°C until future use. 

 

2.9 Reverse transcription (cDNA synthesis) 

The diluted RNA samples were thawed on ice and  reverse transcribed to cDNA using reverse 

transcription reagent mix (Table 2.2) containing; MgCl2  (5.5.mmol/L),  (Applied Biosystems), 

10x Reverse transcription buffer (1mmol/L), (Applied Biosystems), deoxynucleoside 

triphosphate (dNTP) mix (0.5mmol/L), (Applied Biosystems),  RNase inhibitor (0.4 IU/μL) 

(Applied Biosystems), Random Primers  (1.5μmol/L), (Invitrogen), oligo-dT (1.25 μmol/L), 



 

69 
 

(Applied Biosystems), and  MultiScribe™ Reverse Transcriptase enzyme  (1.25 IU/μL) (Applied 

Biosystems). The mix was aliquoted into individual polymerase chain reaction (PCR) tubes 

(9μL/tube) and template RNA was added (1 μL/tube of 200ng/μL RNA). A reaction mix devoid 

of the reverse transcriptase enzyme was included as control for any genomic DNA 

contamination. The reverse transcription reaction was performed on a GeneAmp® 2700 

(Applied Biosytems) PCR machine under the following cycling conditions:  10 min annealing at 

25°C, 45 min reverse transcription at 48°C and then denaturation at 95°C for 5min. Thereafter 

cDNA samples were stored at 4° C. 

 

 
 

Table 2.2: Reverse transcription reaction mix; components and concentrations 
 
Component                                   Stock concentration Final reaction concentration 

MgCl2 25mM 5.5mmol/L 

RT-PCR Reaction Buffer 10× 1mmol/L (1×) 

dNTP 10mM 0.5mmol/L 

RNase inhibitor 20IU/μL 0.4 IU/μL 

Random Primers 3μg/μL 1.5μmol/L 

Oligo-dT 50μM 1.25 μmol/L 

Reverse Transcriptase enzyme 50U/μL 1.25 IU/μL 

RNA 200ng/μL 200ng 
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2.10 Quantitative real time Polymerase Chain Reaction (RT-PCR) 

The advent of quantitative real-time PCR (qRT-PCR) has dramatically changed the field of 

measuring gene expression [330]. qRT-PCR is the technique of collecting data throughout the 

PCR process as it occurs, thus combining amplification and detection into a single step. This is 

achieved using a variety of different fluorescent chemistries that correlate PCR product 

concentration to fluorescence intensity [331]. qRT-PCR reactions are characterized by the point 

in time (or PCR cycle) where the target amplification is first detected. This value is usually 

referred to as cycle threshold (Ct), the time at which fluorescence intensity is greater than 

background fluorescence [332]. 

 

 

2.10.1 Primer design 

All primer pairs used in this study for target genes excluding were designed using PRIMER 

express program (Perkin Elmer, PE Biosystems, Warrington UK) or Primer3 

(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) or ApE- A Plasmid Editor v1.17 software 

(Wayne Davis, University of Utah, USA) and synthesized at the Molecular and Cellular Biology 

synthetic DNA laboratory (University of Cape Town, RSA). At least one primer of each pair 

spanned an exon-exon junction to prevent amplification of genomic DNA during the PCR 

reaction.  The specificity of the designed primers was checked by blasting the sequence using a 

BLAST program (http://www.ncbi.nlm.nih.gov/BLAST/).  
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2.10.2 Quantitative real-time PCR detection Chemistries 

In this study, SYBR® Green dye was mainly used to detect PCR products while the TaqMan® 

was used at the beginning of the study to validate SYBR® Green dye experiments. Both reactions 

were carried out on Sequence Detection Systems (SDS) instruments. SYBR Green dye chemistry 

uses the SYBR Green dye to detect polymerase chain reaction (PCR) products by binding to 

double-stranded DNA formed during PCR (Figure 2.1). As the double-stranded PCR product 

accumulates during cycling, more dye can bind and emit fluorescence. Thus, the fluorescence 

intensity is directly proportional to synthesized dsDNA concentration [333]. TaqMan® 

chemistry, also known as 5′ nuclease assay, uses fluorogenic probes to detect PCR product 

accumulation during PCR (Figure 2.1). The sequence-specific probe is labeled with a reporter 

dye on the 5′ end and a quencher dye on the 3′ end [334], which allows the quencher to reduce 

the reporter fluorescence intensity by fluorescence resonance energy transfer (FRET) when the 

probe is intact [335]. FRET reduces fluorescence intensity in hydrolysis probes and increases 

intensity in hybridization probes. When annealed to the target sequence, the bound and quenched 

probe will be degraded by the DNA polymerase’s 5′ nuclease ability during the extension step of 

the PCR. Probe degradation allows for separation of the reporter from the quencher dye, 

resulting in increased fluorescence emission [332,334] (Figure 2.1). 
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Figure 2.1: Comparison of SYBR® Green dye and TaqMan® qRT-PCR detection chemistries 

(http://www.lifetechnologies.com). 
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2.10.3 SYBR Green quantitative real-time PCR reaction 

Quantitative real-time PCR was performed on the samples using a SYBR Green 2x SensiMixTM 

SYBR No-ROX One Step Kit (Bioline, UK). Briefly, a master mix (Table 2.3) containing 1x 

SensiMixTM SYBR No-ROX, 250nM Forward Primer, 250nM Reverse primer and distilled H20 

was prepared, after which 1μL of cDNA and 9uL of master mix (10μL total reaction volume) 

were aliquoted in duplicate in each well of the PCR plate (48 wells (Illumina) or 96 wells 

WHT/WHT Hard Shell® (Biorad). An RT negative, no template control (containing water) and 

the reference positive control were also added in duplicate. To normalize the gene of interest, a 

reaction mix containing glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or human 

cyclophilin A (HCYPA) primers and corresponding cDNA samples was included in the 

experiment to serve as an internal reference control. These genes (GAPDH and HCYPA) were 

the two most stable genes of all five reference genes (Eukaryotic translation elongation factor 1 

alpha 1 (EEF1A1), actin, β-actin, GAPDH and HCYPA) analyzed for HeLa S3 and cervical 

tissue when their average expression stability value M was calculated using geNorm in qbase+ 

2.5.1 software (Biogazelle, Belgium). The wells were sealed using plate covers and the qRT-

PCR was performed using the following parameters; a holding step of 15 minutes at 95°C 

followed by 40 cycles  polymerase activation  at 95°C for 15  seconds and 60°C extension  for 

60minutes using the Eco™ Real time PCR system (Illumina™) or CFX96™ qRT-PCR detection 

system (BioRad, South Africa). A melt curve was also performed at 95°C for 15 seconds, 55°C 

for15 seconds and 95°C for 15 seconds to confirm the purity of the PCR products (Figure 2.2).  
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Figure 2.2: Typical melt curve analysis following SYBR green real time qRT-PCR reaction 

showing two distinct peaks of GAPDH (Green) and IL-1α (blue). 

 
 
 
 

Table 2.3: Real time RT-PCR reaction mix (SYBR Green); components and concentrations 
 
 

Reagents Stock concentration Final reaction concentration 

Syber Green 2x SensiMixTM 2× 1× 

Forward Primer 25μM 250nM 

Reverse primer 25μM 250nM 
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2.10.4 TaqMan quantitative real-time PCR reaction 

To validate the results obtained from the SYBR Green qRT-PCR, a Taqman qRT-PCR was also 

performed for IL-1α, using TaqMan® 2x universal PCR master mix (Applied Biosystems) (Table 

2.4). Briefly, a master mix containing 1x TaqMan® 2x universal PCR master mix, 300nM 

Forward primer, 300nM Reverse primer, 200nM  probe  (Primer design, UK), and 18.75nM 

ribosomal18s primers (Primer design, UK) was made. The final reaction mix (9ul of master mix 

and 1ul of cDNA) was aliquoted in duplicate into 96 well plates (Biorad). The wells were sealed 

using plate covers and the qRT-PCR was performed using the following parameters; a holding 

step of 15 minutes at 95°C followed by 40 cycles  polymerase activation  at 95°C for 15 seconds 

and 60°C extension for 60minutes using CFX96™ RT-PCR detection system (BioRad,UK). 

PCR primers and probe for IL-1α was designed using PRIMER express program (Perkin Elmer, 

PE Biosystems, Warrington UK). The probe had a fluorescent reporter dye, Carboxyfluorescein 

(FAM™) dye  attached to the 5’ end and was used to measure the fluorescence of the samples 

and an internal control 18s (VIC™) dye was included in the wells.  Each of the reporters was 

quenched by tetramethylrhodamine (TAMRA™) dye at the 3´end.  

 
Table 2.4: Real-time RT-PCR reaction mix (TaqMan); components and concentrations 

 

Reagents Stock concentration Final reaction concentration 

2× TaqMan mix 2× 1× 

Forward Primer 25μM 300nM 

Reverse primer 25μM 300nM 

Ribosomal 18s primers 1.25μM 18.75nM 

Target gene probe 5μM 200nM 
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2.10.5 Calculation of relative mRNA expression using the comparative Ct method 

The comparative Ct method is a mathematical model that calculates changes in gene expression 

as a relative fold difference between an experimental and calibrator sample [330]. In this study, 

the ΔΔCt method, also known as the Livak method [336] was used to determine relative mRNA 

expression of genes assayed. This method normalizes the expression of the target genes relative 

to a single reference gene and expressed relative to the reference sample [336]. Calculations 

adapted from Livak et al. (2001) are summarized below; 

ΔCt = Average Ct (target assay) - Average Ct (Reference assay) 

ΔΔCt = ΔCt (Test sample) - ΔCt (Reference sample) 

Relative quantification (RQ) = 2-ΔΔCt 
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Table 2.5: Primers and probes used for qRT-PCR 

Target gene  Sequence ( 5'-3') 

 

HCYP-A 

 

Forward primers 

 
 
CCCACCGTGTTCTTCGACAT 
 

 Reverse primers CCAGTGCTCAGAGCACGAAA 

GAPDH Forward primers AATGATTCATAGGGCTTCAG 

 Reverse primers ACAGTCAGCCGCATCTTC 

18s Forward primers CGGCTACCACATCCAAGGAA 

 Reverse primers GCTGGAATTACCGCGGCT 

 Probe (VIC) TGCTGGCACCAGACTTGCCCTC 

IL-1α Forward primers TGTATGTGACTGCCCAAGATGAA 

 Reverse primers CTACCTGTGATGGTTTTGGGTATC 

 Probe (FAM) CAGGCATCTCCTTCAGCAAGCACTGGTTG 

IL-1RI Forward primers TGGTGACTCCCTCCTGAGAAG 

 Reverse primers CAGCCTCCAGAGAAGAAATCAG 

IL-8 Forward primers CTGGCCGTGGCTCTCTTG 

 Reverse primers TTAGCACTCCTTGGCAAAACTG 

IL-12α Forward primers CGGTCATCTGCCGCAAA 
 

 Reverse primers TGCCCATTCGCTCCAAGA 
 

COX-1  Forward primers TGTTCGGTGTCCAGTTCCAATA 
 

 Reverse primers ACCTTGAAGGAGTCAGGCATGAG 

PTGFR Forward primers GCAGCTGCGCTTCTTTCAA 

 Reverse primers CACTGTCATGAAGATTACTGAAAAAAATAC 
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PTGIR 

 

Forward primers 

 
 
GCCCTCCCCCTCTACCAA 

 Reverse primers TTTTCCAATAACTGTGGTTTTTGT G 

CXCR4  Forward primers CAGTGGCCGACCTCCTCTT 
 

 Reverse primers CAGTTTGCCACGGCATCA 

CD4  Forward primers CTAAGCTCCAGATGGGCAAG 
 

 Reverse primers CACCACCAGGTTCACTTCCT 

CCR5  Forward primers AGCTATGCAGGTGACAGAGACTCTT 
 

 Reverse primers TCCCCGACAAAGGCATAGAT 

CCR2b  Forward primers TGCCTGACTCACACTCAAGG 
 

 Reverse primers GGCTTCTCAGCAACTGAACC 

CXCR6  Forward primers GGTTCTTCTTGCCACTGCTC 
 

 Reverse primers CATGAGGTTGAAGGGCATCT 

GPR1  Forward primers TTCTGCCCCTGTACATCTCC 
 

 Reverse primers AGAAGCCAAAAGCCAGATGA 

 

 

2.11 Protein extraction from cells 

For protein experiment, total protein was extracted from HeLa cells. Briefly, HeLa cells were 

seeded at a density of 5×105 cells in a 3cm TC dishes and cultured in complete media (2mL) 

overnight. The cells were lysed on ice by an addition of lysis buffer  (Table 2.6) (150mM NaCl, 

1% Triton X-100 (Sigma), 10mM Tris-HCL pH 7.4,  1mM  EDTA, 0.1% sodium diodecyl 

sulfphate (SDS), and containing cOmplete™, EDTA free protease inhibitor cocktail tablet 
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(chymotrypsin, thermolysin, papain, pronase,  pancreatic extract and trypsin  inhibitors)  

(Roche)) and cells scraped off with cell scraper (Griener Bio-One, Germany). The insoluble 

material was pelleted by centrifugation at 14000 rpm for 15 minutes at 4°C and the clarified 

lysate was transferred to a new tube and kept at -20 0C for further protein quantification.   

 
Table 2.6: Components of protein extraction buffer 

 

Reagents Concentration 

NaCl 150mM 

Triton X-100 1% 

Tris-HCl pH 7.4 10mM 

EDTA 1mM 

SDS 0.1% 

 

 

2.12 Protein quantification 

Protein concentrations were determined by using the Pierce® BCA Protein Assay Kit (Thermo 

scientific, Rockford, USA) as  directed by the manufacturer’s instructions. Bovine serum 

albumin (BSA) was used as a protein standard and diluted from 2000μg/mL to 0μg/mL in 100μL 

of distilled water in tubes. Aliquots of 25μL of standards or samples were loaded into a 96-well 

plate (in triplicate) followed by the addition of 200μL of working reagent (WR) (50 parts of 

BCA™ Reagent A with 1 part of BCATM Reagent B [50:1, Reagent A:B]) and plate was mixed 

thoroughly on a plate shaker for 30 seconds.  Thereafter, plate was covered and incubated at 37 

0C for 30 minutes followed by cooling at RT for 15 seconds. Absorbance was then measured at 
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wavelength of 595nm on Anthos Microplate Reader (Columbia Bioscience Inc, USA). A 

standard curve was plotted using the program Graphpad Prism® 5.0 and the unknown protein 

concentrations were determined from the standard curve. 

2.13 SDS-PAGE gel 

Protein samples were re-suspended in 1× SDS protein sample loading buffer (Table 2.7), loaded 

in 6% stacking (SDS-PAGE) gel and separated on a 15% sodium diodecylsulfphate poly 

acrylamide (SDS-PAGE) gel (Table 2.8). The gel is formed by the polymerization of two 

compounds, acrylamide and N,N-methylenebis-acrylamide (Bis) (BioRad). Briefly, a total of 20-

30μg of protein was re-suspended in SDS (1×) protein sample loading buffer (Table 2.7), heated 

at 95°C for 5 minutes to denature the protein and resolved on the 15% SDS–PAGE gel (Table 

2.8) at 100V. The relative sizes of the proteins were determined by a Spectra protein marker 

(Invitrogen). 

Table 2.7: SDS protein sample buffer (reagents and concentration) 

Reagents Concentration 

Glycerol 10% 

Tris-HCl pH 6.8 60mM 

SDS 2% 

Bromophenol blue  0.01% 

Beta-mercaptoethanol 1.25% 
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Table 2.8: SDS-PAGE (reagents, concentration, and volume pipetted) 

Reagents Concentration volume 

 

Separating gel (15%) 

  

Acrylamide (Biorad) 30% 12.5mL 

H2O - 3.65mL 

Tris pH 8.8 1.25M 8.3mL 

SDS 10% 0.25mL 

Ammonium persulfate (APS)  10% 0.3mL 

Tetramethylethylenediamine 
(TEMED) (Thermo Scientific) 
 

- 25μL 

Stacking gel (6%)   

Acrylamide (Biorad) 30%  

H2O - 5.075mL 

Tris pH 6.8 0.375M 4mL 

SDS 10% 0.125mL 

Ammonium persulfate (APS)  10% 0.3mL 

Tetramethylethylenediamine 
(TEMED) (Thermo Scientific) 
 

- 20μL 
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2.14 Western Blot 

The proteins were transferred onto a polyvinylidene difluoride (PVDF) membrane (GE Health 

Care, Amersham, UK) using a Novex® Semi-Dry Blotter (Invitrogen™). Three layers of 

chromatography paper (Lasec, Cape Town, RSA) were soaked briefly in transfer buffer (25mM 

Tris, 192mM glycine, 10% methanol) and stacked onto the anode plate of the Semi Dry blotter. 

The PVDF membrane cut to the dimension of the gel was activated in methanol for 1 minute, 

washed in water and equilibrated in transfer buffer before being stacked onto the 

chromatography paper. The SDS-PAGE gel was removed from the apparatus equilibrated in the 

transfer buffer and placed over the membrane. Additional three layers of wet (soaked in transfer 

buffer) chromatography paper were then placed over the gel and the Semi Dry blotter apparatus 

(Invitrogen™) was covered with the cathode plate, sealed and transferred at 14volts for 90 

minutes. After transfer, the PVDF membrane was washed in 20mL PBS-Tween (1× PBS and 

0.1%Tween-20) for 5 minutes. The membrane was then incubated in 10mL of blocking buffer 

(1× PBS, 0.1% Tween-20 with 5% w/v nonfat dry milk) on a shaker for 30 minutes at RT, after 

which it was washed three times for 10 minutes each with 15mL PBS-Tween followed by an 

overnight incubation with relevant primary antibody at 4 0C with gentle shaking. The following 

day, membrane was washed three times for 10 minutes each with 15mL of PBS-Tween, 

incubated for 1 hour with relevant horseradish peroxidase (HRP)-conjugated secondary antibody 

(1:5000) at RT and washed again three times with 15mL PBS-Tween as described  above. 

Protein detection was by chemiluminescence; membrane was incubated with SuperSignal® West 

Pico Chemiluminescent Substrate (ThermoScientific, Rockford, USA) (1mL of SuperSignal 

West Pico Luminol /Enhancer Solution and 1mL SuperSignal West Pico Stable Peroxide 

Solution) for 5 minutes at RT; excess developing solution was drained, placed in transparent film 
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and proteins viewed with BioSpectrumTM 500 Imaging System (Ultra-Violet Products [UVP] 

Limited, Cambridge, UK). 

 

2.15 Enzyme Linked Immunosorbent Assay (ELISA) 

Secreted IL-1α was measured by ELISA using Quantikine® Human IL-1α ELISA kit (R&D 

Systems, Minneapolis, USA) (Whitehead Scientific, Cape Town, South Africa). HeLa cells were 

seeded at a density of 5×105 in 3cm TC dishes with complete media and allowed to attach and 

grow overnight. The next day, complete media was aspirated, cells washed twice in PBS and 

incubated with serum free media for another 24 hours after which they were incubated for 16 and 

24 hours in the presence of SP (1:50), vehicle (PBS or DMSO)  in the absence/presence of 

chemical inhibitors. After the incubating period, protein was extracted and quantified as 

described above  using the Pierce® BCA Protein Assay Kit (Thermo scientific, Rockford, USA) 

(sections 2.11 and 2.12). The secreted IL-1α protein was determined from the total protein in the 

lysate using Quantikine® Human IL-1α ELISA kit (R&D Systems, Minneapolis, USA) as per the 

manufacturer’s instruction. Five independent experiments were conducted and data expressed as 

fold change over basal where the amount of IL-1α secreted in treated cells (experiment) is 

divided by the amount secreted in their respective controls.  
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2.16 Immunohistochemistry 

Immunohistochemistry was done on archival cervical blocks obtained from the Department of 

Anatomical Pathology, University of Cape Town. Briefly, sections were deparaffinized and 

rehydrated by immersing in xylene twice for 5 minutes, 100% ethanol twice for 5 minute, 95% 

ethanol for 5 minutes, 70% ethanol for 5 minutes, 50% ethanol for 5 minutes and rinsed with 

water. Antigen retrieval was done by pressure cooking for 2 minutes in 0.01M sodium citrate pH 

6. Sections were blocked for endogenous peroxidase by incubating with 3% Hydrogen peroxide 

in methanol on a rocker at RT for 30 minutes and then rinsed with water followed by 1× TBS 

(tris-buffered saline) (50mM Tris-HCl, 150mM NaCl at pH 7.4). Sections were blocked using 

5% normal donkey/goat serum diluted in TBS after which tissue sections were incubated with 

specific polyclonal primary antibodies at 4 0C for 18 hours. After incubation, tissue sections were 

then washed in TBS twice for 5 minutes each followed by incubation with biotinylated 

secondary IgG antibody at dilution of 1:500 at RT for 30 minutes. Tissue sections were then 

further incubated with streptavidin-biotin peroxidase complex (1:50) at RT for 30 minutes. 

Controls were incubated with biotinylated IgG secondary antibody only. Color reaction was 

developed by incubating with 3.3’-diaminobenzidine. Tissue sections were counterstained in 

aqueous hematoxylin, before mounting and coverslipping. Fluorescent images were visualized 

and photographed using a Carl Zeiss laser scanning microscope LSM 510 (Jena, Germany).  
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2.17 Quantification of immunohistochemical stains 

Quantification of immunohistochemical stains was done using image de-convolution (H-

DAB) and thresholding analysis on Fiji software (http://fiji.sc/Fiji) as described by Ruifrok and 

Johnston, 2001 and Viel et al., 2013 [337,338]. Briefly, images were opened on Fiji after which 

background was subtracted to correct for shadow or color effects. Images were then de-

convolved (H-DAB color de-convolution). The resulting blue and brown monochromes were 

converted to grayscale (8bit) thresholded and % area of staining measured in proportion to the 

size of the image /tissue. % DAB stained was calculated as follows; 

 

% DAB stain = % DAB stain         × 100 

                          % DAB + % H stain  

 

2.18 Statistics 

All data in this study were analyzed by t-test or one-way ANOVA using Graph Pad Prism 5.0 

software (GraphPad Software Inc., San Diego, CA). Paired T-tests were conducted on the 

untransformed means of the replicates between SP and control. Unpaired T-tests were performed 

on SP versus SP and inhibitor after conversion to fold increases. One-way ANOVA was used as 

an additional tool to determine the significant difference between various time points in genes 

expression by real-time PCR in response to SP.   
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CHAPTER 3 

REGULATION OF INFLAMMATORY PATHWAYS IN NEOPLASTIC CERVICAL 

EPITHELIAL CELLS BY SEMINAL PLASMA 

3.1 Introduction 

Inflammation is a complex process that involves a host of resident and recruited immune cell 

types working together to promote the removal of insult or injury and initiate tissue repair [80]. 

Many cancers including cancer of the cervix have been shown to develop as a consequence of 

persistent chronic inflammation [339].  

Characteristically regarded as response to tissue injury or pathogenic insult, chronic 

inflammation is typified by alterations to vascular, epithelial, and immune cell function [287]. 

These are coordinated by specific molecular inflammatory pathways involving numerous growth 

factors, cytokines, chemokines, receptors (GPCRs), enzymes, and lipid mediators which 

orchestrate tissue repair mechanism and alteration of endothelial and vascular function to 

promote angiogenesis, vascular permeability, and extravasation of immune cells to the inflamed 

tissue [80]. Over the last decade, numerous experimental studies using gene-disruption and gene 

over-expression systems in cell lines as well as studies on laboratory animals, and tissue explants 

have provided evidence to support the role of inflammation and inflammatory pathways such as 

the COX-PG in cervical cancer pathogenesis and progression [28,312,340-342]. These pro-

inflammatory pathways have been discovered to be induced by various stimuli such as 

endogenous growth factors, cytokines, tumor promoting carcinogens, and lipopolysaccharides 

(LPS) [130]. 
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Human seminal plasma is a complex organic fluid comprising of numerous endogenous 

antigenically distinct molecules [307,343]. Some of which have been implicated in the initiation 

of inflammatory response and activation of specific inflammatory pathways. Furthermore, 

studies have shown that the exposure of the cervical epithelium to seminal plasma as seen during 

unprotected sexual intercourse can further modify the inflammatory milieu of the cervix in 

sexually active women [344-346]. In addition, studies by Sales et al. (2002), Muller et al. (2006), 

and Sutherland et al. (2012) demonstrated the pro-inflammatory role of seminal plasma on 

neoplastic cervical epithelium. These studies reveal that seminal plasma can promote cancer cell 

proliferation by inducing the expression of angiogenic genes and pro-inflammatory 

cytokines/chemokines via the activation of inflammatory pathways including COX-PGs, EGFR-

ERK 1/2, and NF-κB pathways [287,345,346]. 

The discovery of these pathways led to the hypothesis that the human seminal plasma can 

augment cervical tumorigenesis by regulating the expression of a wide range of inflammatory 

pathways that are yet to be identified.   

 

3.2 Aim of the study 

This present study was designed to investigate gene arrays of inflammatory pathways that can be 

regulated by SP in neoplastic cervical epithelial cells, as a model to identify pro-inflammatory 

genes that exacerbate neoplastic cervical inflammation and promote tumorigenesis in response to 

SP.    
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3.3 Materials and Method 

3.3 Cell culture, treatment with seminal plasma and RNA extraction 

HeLa S3 cells were routinely maintained as previously described in section 2.6. HeLa cells were 

seeded in complete medium at density of 2x105 cells in 3 cm diameter tissue culture dishes and 

allowed to attach and grow overnight. The following day, the complete medium was aspirated 

and cells were serum starved by incubating in serum free medium as described in section 2.6 for 

24 hours. Cells were then treated with serum free media containing SP at a dilution of 1:50 or 

serum free media with PBS (control) for 8hrs (n = 5 individual experiment done in duplicate). 

RNA was extracted as described in section 2.8 and reverse transcribed as described in section 

2.9. For the array, the 5 individual experiments were pooled together. 

  

3.3.2 Quantitative real time PCR and Taqman array analysis. 

qRT-PCR was performed to investigate the expression of inflammatory genes and chemokines 

using the TaqMan® Array 96-Well Plate (Human inflammation) and TaqMan® Array 96-Well 

Plate (Human Chemokines) (Applied Biosystems, USA). The reaction was conducted on a Bio-

Rad CFX96TM quantitative RT-PCR machine (Bio-Rad Laboratories Ltd.) under normal 

operating conditions. Relative expression was calculated using the comparative Ct method  (as 

described in section 2.10.5) and arrays were normalized for RNA loading using 18s Ribososmal 

RNA, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Hypoxanthine 

phosphoribosyltransferase 1(HPRT1), and Glucuronidase beta (GUSB) as internal controls. The 

array experiment was conducted once on pooled cDNA samples (n = 5).  
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3.3.3 Bioinformatics analysis of genes regulated by seminal plasma 

Approved names and symbols of all genes were obtained from HGNC (HUGO Gene 

Nomenclature Committee) (www.genenames.org/data/hgnc_data). NCBI (The National Center 

for Biotechnology Information) Accession number for all genes was obtained from 

www.ncbi.nlm.nih.gov. Genes were classified into pro and anti-inflammatory based on 

description obtained from OMIM® (Online Mendelian Inheritance in Man®) 

(http://www.omim.org). Gene List Analysis, a web tool from PANTHER (Protein ANalysis 

THrough Evolutionary Relationships) classification system (www.pantherdb.org) was assigned 

to classify seminal plasma regulated genes into molecular functions, biological process, protein 

class and pathways [347,348].  

 

3.3.4 Verification of the TaqMan Array Data 

3.3.4.1 Treatment of Cells with Seminal plasma 

With the aim of validating the temporal expression of SP regulated genes as seen in the TaqMan 

array,  2 × 105 HeLa cells were treated with vehicle (PBS) or SP (1:50) for 4, 8, 16 and 24 hrs as 

described in section 2.7.1. The cells were then harvested using 1ml Trizol® (Sigma) and their 

RNA extracted immediately or stored at -80°C until further use. The experiments were repeated 

individually for n = 5 times.  
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3.3.4.2 Quantitative real time PCR Analysis 

qRT-PCR was performed on an Eco™ Real time PCR system (Illumina™) to detect the 

expression of IL-1α, IL-8, IL-12α, PTGIR, PTGFR, and CXCR4 genes respectively as described 

in section 2.10.3. To normalize the gene of interest, a reaction mix containing glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) primers and corresponding cDNA samples was included in 

the experiment to serve as an internal reference control.  

To further validate/compare the results obtained from the SYBR Green RT-PCR, a TaqMan RT-

PCR was also performed for IL-1α, using TaqMan® on a CFX96™ RT-PCR detection system 

(BioRad, UK) as described in section 2.10.4. The relative mRNA expression was calculated 

using the comparative Ct method (section 2.10.5) and data represented on a bar chart as fold 

above control.  

 

3.3.5 Statistical Analysis   

All data are presented as mean ± SEM. Statistical significant differences were determined by t-

test (non-parametric) using Graph Pad Prism 5.0 software (GraphPad Software Inc., San Diego, 

CA). Paired T-test or Wilcoxon matched pair test were conducted on the untransformed means of 

the replicates between SP and control (*, p < 0.05; **, p < 0.01; ***, p < 0.001). One-way 

ANOVA was used as an additional tool to determine the significant difference between various 

time points of IL-1α, IL-8, IL-12α, PTGIR, PTGFR, and CXCR4 gene expression by real-time 

RT-PCR in response to SP. 
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3.4 RESULTS 

 3.4.1 Seminal plasma regulates the expression of inflammatory pathways in cervical cancer 

cells 

TaqMan® 96 well gene expression array (Human inflammation and Chemokines) was used to 

investigate the role of seminal plasma in the regulation of inflammatory genes/pathways that can 

augment cancer cell progression. Neoplastic cervical epithelial cells (HeLa) were treated with 

PBS (control) or 1:50 dilution of seminal plasma for duration of 8 hours and RNA subjected to 

reverse transcription and TaqMan array analysis. Expression was considered significant based on 

a fold change of 2 fold or more above control as a cut-off point [349]. Of the 181 (3 genes 

duplicated in both plates) genes analyzed, seminal plasma regulated the expression of 95 genes. 

Of these, 44 genes were significantly up-regulated (fold change ≥ 2), 35 genes were down 

regulated (fold change <1), and 16 genes were not significantly up-regulated (fold change ≥1<2). 

86 genes were not detected (ND) (Appendix I). Fold induction of some important pro-

inflammatory genes regulated by seminal plasma are as follows: pro-inflammatory enzyme 

cyclooxygenase-1 (COX-1) (2.43 fold); inflammatory cytokines/chemokines such as IL-6 (fold 

change 4.19), IL-8 (38.93 fold), CXCL1 (GRO-α) (12.37 fold), TNF (26.55 fold) and IL-1α 

(68.56 fold); GPCRs such as Prostaglandin F receptor (PTGFR) (20.21 fold), Prostaglandin I2 

receptor (PTGIR) (7.22 fold); immune cell chemotactic and activating factors such as CCL2 

(monocyte chemotactic and activating factor) (4.43 fold), CCL5 (eosinophil chemotactic 

cytokine) (5.24 fold); and genes involved in the modulating inflammatory responses/ 

transcription factor such as Nuclear factor κ B (NF-κB) (2.32 fold) and TLR2 ( Toll like receptor 

2) (88.47 fold). The list of the genes regulated by seminal plasma, their inflammatory properties 

(i.e. pro or anti-inflammatory) and the fold increase/decrease are mentioned in table 3.1.  
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Table 3.1: List of inflammatory genes regulated by seminal plasma in HeLa cells 

Accession 

number 

Gene 

symbol 

Gene description Inflammatory 

properties 

Fold 

change 

RECEPTORS 

NM_000684 ADRB1 Adrenergic, beta-1-, receptor Pro-inflammatory 1.50 

NM_000024 ADRB2  Adrenergic, beta-2-, receptor Pro-inflammatory 0.64 

NM_000710 BDKRB  Bradykinin receptor B1 Pro-inflammatory 22.39* 

NM_000623 BDKRB2 Bradykinin receptor B2 Pro-inflammatory 1.63 

NM_006639 CYSLTR1 Cysteinyl leukotriene receptor 1 Pro-inflammatory 150.14* 

NM_001008540 CXCR4 Chemokine (C-X-C motif) receptor 4 

  

Pro-inflammatory 1.67 

NM_000861 HRH1 Histamine receptor H1 Pro-inflammatory 

(binds to Th1) 

1.39 

NM_000869 HTR3A 5-hydroxytryptamine (serotonin) 

receptor 3A 

Pro-inflammatory 1.82 

NM_000416 IFNGR1 Interferon gamma receptor 1 Pro-inflammatory 1.03 

NM_000877 IL1R1 Interleukin 1 receptor, type I Pro-inflammatory 1.24 

NM_016232 IL1RL1 Interleukin 1 receptor-like 1 Pro-inflammatory 22.65* 

NM_004633 IL1R2 Interleukin 1 receptor, type II Anti-

inflammatory 

(inhibit IL-1 

activity) 

0.20 

NM_000206 IL2RG Interleukin 2 receptor, gamma Pro-inflammatory 

(required for T 

cell maturation) 

0.01 

NM_001143919 LTB4R Leukotriene B4 receptor Pro-inflammatory 4.27* 

NM_000529  MC2R Melanocortin 2 receptor Pro-inflammatory 6.52* 

NM_000176 NR3C1 Nuclear receptor subfamily 3, group C, 

member 1 

Pro-inflammatory 0.84 
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NM_000952 PTAFR Platelet-activating factor receptor Pro-inflammatory 0.09 

NM_000956 PTGER2 Prostaglandin E receptor 2 (subtype 

EP2) 

Pro-inflammatory 0.80 

NM_000959 PTGFR Prostaglandin F receptor (FP) Pro-inflammatory 20.21* 

NM_000960 PTGIR Prostaglandin I2  receptor (IP) Pro-inflammatory 7.22* 

NM_001060 TBXA2R Thromboxane A2 receptor Pro-inflammatory 0.96 

NM_001066 TNFRSF1B Tumor necrosis factor receptor 

superfamily, member 1B 

Pro-inflammatory 2.70* 

NM_001065 TNFRSF1A Tumor necrosis factor receptor 

superfamily, member 1A  

Pro-inflammatory 3.16* 

NM_003264 TLR2 Toll-like receptor 2  Pro-inflammatory 88.47* 

NM_138554 TLR4 Toll-like receptor 4  Pro-inflammatory 1.66 

ENZYMES 

NM_000698 ALOX5 Arachidonate 5-lipoxygenase Pro-inflammatory 0.88 

NM_033292 CASP1 Caspase 1, apoptosis-related cysteine 

peptidase  

Pro-inflammatory 0.66 

NM_001266 CES1 Carboxylesterase 1 

(monocyte/macrophage serine esterase 

1) 

 3.97* 

NM_000860 

  

HPGD  Hydroxyprostaglandin dehydrogenase 

15-(NAD) 

 Anti-

inflammatory 

(degrades PGs) 

0.32 

NM_004972  JAK2 Janus kinase 2  Pro-inflammatory 1.72 

NM_002257 KLK1 Kallikrein-related peptidase 1 Pro-inflammatory 0.64 

NM_001002231 KLK2 Kallikrein-related peptidase 2 Pro-inflammatory 19.59* 

NM_001030047 KLK3 Kallikrein-related peptidase 3 Pro-inflammatory 34.58* 

NM_022046 KLK14 Kallikrein-related peptidase 14 Pro-inflammatory 2.53* 

NM_000892 KLKB1 Kallikrein B, plasma (Fletcher factor) 1 Pro-inflammatory 1.73 

NM_000897 LTC4S Leukotriene C4 synthase Pro-inflammatory 10.03* 
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NM_002745  MAPK1  Mitogen-activated protein kinase 1 Pro-inflammatory 0.72 

NM_001040056 MAPK3 Mitogen-activated protein kinase 3 Pro-inflammatory 0.52 

NM_002750  MAPK8 Mitogen-activated protein kinase 8 Pro-inflammatory 0.83 

NM_001315   MAPK14 Mitogen-activated protein kinase 14 Pro-inflammatory 0.67 

NM_002468 MYD88 Myeloid differentiation primary 

response gene (88)  

Pro-inflammatory 9.41* 

NM_001111307 PDE4A Phosphodiesterase 4A Anti-

inflammatory 

(regulates cellular 

conc. Of cAMP) 

0.52 

NM_002600 PDE4B Phosphodiesterase 4B Anti-

inflammatory  

0.42 

NM_001165899 PDE4D Phosphodiesterase 4D Anti-

inflammatory 

0.52 

NM_000928 PLA2G1B Phospholipase A2, group IB (pancreas) Pro-inflammatory 0.89 

NM_000300 PLA2G2A Phospholipase A2, group IIA Pro-inflammatory 3.00* 

NM_001168357 PLA2G7 Phospholipase A2, group VII  Pro-inflammatory 0.005 

NM_001159322 PLA2G4C Phospholipase A2, group IVC 

(cytosolic, calcium-independent) 

Pro-inflammatory 0.42 

NM_003561 PLA2G10 Phospholipase A2, group X Pro-inflammatory 46.32* 

NM_000932 PLCB3 Phospholipase C, beta 3 

(phosphatidylinositol-specific) 

Pro and Anti-

inflammatory 

0.40 

NM_000933 PLCB4 Phospholipase C, beta 4 Pro-inflammatory 2.82* 

NM_001130964 PLCD1 Phospholipase C, delta 1 Pro-inflammatory 0.21 

NM_182811 PLCG1 Phospholipase C, gamma 1 Pro-inflammatory 29.05* 

NM_002661 PLCG2 Phospholipase C, gamma 2 

(phosphatidylinositol-specific) 

Pro-inflammatory 0.85 

NM_016341 

   

PLCE1 Phospholipase C, epsilon 1 Pro-inflammatory 6.71* 

NM_000962 PTGS1 Prostaglandin-endoperoxide synthase 1  Pro-inflammatory 2.43* 
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NM_000963 PTGS2 Prostaglandin-endoperoxide synthase 2  Pro-inflammatory 0.53 

NM_001061 TBXAS1 Thromboxane A synthase 1  Pro-inflammatory 0.63 

NM_001953 TYMP Thymidine phosphorylase  Pro-inflammatory 3.22* 

LIGANDS 

NM_000700 

   

ANXA1 Annexin A1 Anti-

inflammatory 

(inhibit 

phospholipase 

A2) 

0.15 

NM_005139 

   

ANXA3 Annexin A3 Anti-

inflammatory 

0.29 

NM_001154 

   

ANXA5 Annexin A5 Anti-

inflammatory 

0.00031 

NM_000074 

   

CD40LG CD40 ligand  Pro-inflammatory  18.69* 

NM_013246 

   

CLCF1 Cardiotrophin-like cytokine factor 1 Pro-inflammatory 1.46 

NM_001735  C5 Complement component 5  Pro-inflammatory 2.14* 

NM_002982 CCL2 Chemokine (C-C motif) ligand 2  Pro-inflammatory 4.43* 

NM_002985 CCL5 Chemokine (C-C motif) ligand 5  Pro-inflammatory 5.24* 

NM_052999 CMTM1 CKLF-like  MARVEL transmembrane 

domain containing 1  

Pro-inflammatory 3.15* 

NM_001511 CXCL1 Chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating activity, 

alpha)  

Pro-inflammatory 12.37* 

NM_002089 CXCL2 Chemokine (C-X-C motif) ligand 2  Pro-inflammatory 0.49 

NM_002090 CXCL3 Chemokine (C-X-C motif) ligand 3  Pro-inflammatory 8.19* 

NM_005409 CXCL11 Chemokine (C-X-C motif) ligand 11  Pro-inflammatory 2.47* 

NM_000201 ICAM1 Intercellular adhesion molecule 1 

(CD54) 

Pro-inflammatory 

(mediates 

leukocytes 

adhesion) 

3.82* 
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NM_000632 ITGAM Integrin, alpha M (complement 

component 3 receptor 3 subunit) 

Pro-inflammatory 

(mediates 

leukocytes 

adhesion) 

4.78* 

NM_002211 ITGB1 Integrin, beta 1 (fibronectin receptor, 

beta polypeptide) 

Pro-inflammatory 1.02 

NM_000211 ITGB2 Integrin, beta 2 (complement 

component 3) 

Pro-inflammatory 0.61 

NM_000575 IL1A Interleukin 1, alpha  Pro-inflammatory 68.56* 

NM_017416 IL1RAPL2 Interleukin 1 receptor accessory 

protein-like 2 

Pro-inflammatory 5.64* 

NM_000600 IL6 Interleukin 6 (interferon, beta 2)  Pro-inflammatory 4.19* 

NM_000584 IL8 Interleukin 8  Pro-inflammatory 38.93* 

NM_000882 IL12A Interleukin 12A (natural killer cell 

stimulatory factor 1, cytotoxic 

lymphocyte maturation factor 1, p35)  

Anti-

inflammatory 

2.36* 

NM_002188 IL13 Interleukin 13 Pro-inflammatory 1.39 

NM_001562 IL18 Interleukin 18 (interferon-gamma-

inducing factor)  

Pro-inflammatory 17.84* 

NM_002468 MYD88 Myeloid differentiation primary 

response gene (88)  

Pro-inflammatory 9.41* 

NM_001165412 NFKB1 Nuclear factor of kappa B1 Pro-inflammatory 2.32* 

NM_004787 SLIT2 Slit homolog 2 (Drosophila)  Anti-

inflammatory 

3.63* 

NM_014011 SOCS5 Suppressor of cytokine signaling 5  Anti-

inflammatory 

0.00047 

NM_139276 STAT3 Signal transducer and activator of 

transcription 3  

Pro-inflammatory 0.86 

NM_000594 TNF Tumor necrosis factor (TNF 

superfamily, member 2)  

Pro-inflammatory 26.55* 

NM_001190942 TNFSF10 Tumor necrosis factor (ligand) 

superfamily, member 10  

Pro-inflammatory 1.91 
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NM_001145645 TNFSF13B Tumor necrosis factor (ligand) 

superfamily, member 13b 

Pro-inflammatory 4.83* 

CALCIUM CHANNELS 

NM_000722 CACNA2D1 Calcium channel, voltage-

dependent, alpha 2/delta subunit 1 

 0.73 

NM_000724 CACNB2 Calcium channel, voltage-

dependent, beta 2 subunit 

 0.28 

NM_000726 CACNB4 Calcium channel, voltage- 

dedependent, beta 4 subunit 

 0.51 

 

*, Fold change ≥ 2. 
 
 
 

3.4.2 Ontologies of genes regulated by seminal plasma 

The PANTHER (Protein ANalysis THrough Evolutionary Relationships) Classification System 

was designed to classify proteins (and their genes) in order to facilitate high-throughput analysis. 

PANTHER uses the Gene OntologyTM for classifications by molecular function, biological 

process and cellular component. The PANTHER Protein Class ontology was adapted from the 

PANTHER/X molecular function ontology, and includes commonly used classes of protein 

functions, many of which are not covered by GO molecular function. Molecular function is the 

function that a protein performs on its direct molecular targets; e.g. the insulin receptor has 

transmembrane receptor tyrosine protein kinase activity, which means it catalyzes the reaction 

that adds a phosphate group to a tyrosine in another protein (its target). Cellular component is the 

location where the protein performs its molecular function; e.g. the insulin receptor is located in 

the plasma membrane. Biological process covers the biological systems to which a protein 
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contributes; e.g. the insulin receptor is involved in regulation of carbohydrate metabolic process. 

Pathway is similar to biological process, but a pathway also explicitly specifies the relationships 

between the interacting molecules (www.pantherdb.org) (www.geneontology.org). All the 95 

genes regulated by seminal plasma were subjected to PANTHER Gene List Analysis. 

Application of gene ontology annotation for molecular function showed that the top three 

enriched categories were binding activity (receptor or calcium ion binding) 37 genes (38.9%), 

receptor activity (GPCRs, cytokine receptor and TNF receptors) 35 genes (36.8%), and enzyme 

catalytic activity (hydrolases, oxidoreductase or tranferase) 34 genes (35.7%) (Appendix IIA). 

Similarly, application of gene ontology term  “biological processes” revealed that SP-regulated 

genes regulates three major biological processes namely; cellular process (cell adhesion, cell 

communication, cell cycle, cell motion, and cellular component organization) 82 genes (86.3%), 

cell communication (cell-cell signaling and signal transduction) 78 genes (82.1%), and immune 

system processes (immune response and macrophage activation) 67 genes (70.5%) (Appendix 

IIB). Other important biological processes regulated by these genes include apoptosis, cell cycle 

and response to stimulus (Appendix IIB). Further analysis with PANTHER protein classification 

grouped seminal plasma regulated genes into two major classes; receptor (GPCRs and cytokine 

receptors) 31 genes (32.6%) and signaling molecule (cytokines) 28 genes (29.4%) (Appendix 

IIC). PANTHER pathway classification revealed one major enriched pathway for SP-regulated 

genes, which is inflammation mediated by chemokine and cytokine signaling pathway 

(comprising of chemokine signaling, cyclooxygenase and lipooxygenase signaling [Eicosanoid 

signaling], NFκB signaling, cytokine receptor signaling, SOCS5, Janus kinase signaling, and 

interleukin 2 signaling) 29 genes (30.5%) (Appendix IID). 
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3.4.3 Real-Time RT-PCR Validation of IL-1α, IL-8, IL-12A, PTGIR, PTGFR, and CXCR4 

gene expression in response to SP in HeLa S3 Cells 

To validate the results obtained from TaqMan 96 array experiment, qRT-PCR was carried out on 

cDNA samples from HeLa cells treated with vehicle or SP (1:50) for a duration of 4, 8, 16, and 

24 hrs, respectively and the mRNA expression of IL-1α (Figure 3.1 A and B), IL-8 (Figure 3.1 

C), IL-12α (Figure 3.1 D), PTGIR (Figure 3.1 E), PTGFR (Figure 3.1 F), and CXCR4 (Figure 

3.1G) was determined.  

In keeping with the result obtained from the TaqMan 96 array, IL-1α mRNA was found to be 

significantly induced or up-regulated at all time points investigated in both SYBR Green and 

TaqMan reporter dye (Figure 3.1 A and B; P < 0.05). IL-8 mRNA expression was significantly 

induced at 4, 8, and 16 hrs (Figure 3.1C; P < 0.05, P < 0.01, P < 0.001), while IL-12α mRNA 

expression was significantly induced at all-time point investigated except for 16 hrs (Figure 3.1 

D; P < 0.05, P < 0.01). PTGIR mRNA expression displayed a time-dependent increase which 

peaked at 24 hrs treatment (Figure 3.1 E; P < 0.05). PTGFR mRNA expression was significantly 

up-regulated at 4, 8, and 16 hrs respectively (Figure 3.1 F; P < 0.05, P < 0.01). While CXCR4 

mRNA showed no significant increase in expression at all time point investigated (Figure 3.1 G), 

this also in keeping with the result obtained from the TaqMan array experiment.   
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Figure 3.1: Relative mRNA  expression of (A) IL-1α (SYBR Green reporter),  (B) IL-1α 
(TaqMan reporter),  (C)  IL-8, (D) IL-12α, (E) PTGIR, (F) PTGFR, and (G) CXCR4 in HeLa 
cells treated with PBS (control) or SP 1:50 dilution for 4, 8, 16, or 24 hrs as determined  by qRT-
PCR. Data are presented as mean ± SEM from five independent experiments. *, **, and *** 
represents significance at P < 0.05, P < 0.01, and P < 0.001. 
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3.5 Discussion 

Inflammation involves tissue remodeling events which acts across multiple cellular 

compartments in the face of infection or injury or insult in order to regulate homeostasis [350]. It 

has been estimated that chronic inflammation accounts for about more than 25% of all new 

cancer cases globally [75,351].   

Although persistent infection with high risk HPV has been identified as the single most 

important risk factor for cervical cancer, other factors including multiple sexual partners have 

been attributed to the etiology of this disease. Several studies have shown that seminal plasma 

can mount inflammatory response in the cervix [285,352]. Furthermore lipid components of 

seminal plasma can be reabsorbed into the vaginal fornix or local tissues [353], where they can 

regulate tissue remodeling processes in an autocrine or paracrine manner [285]. Few studies have 

reported on the role of seminal plasma in the regulation of inflammatory pathways in cervical 

cancer cells. Hence I investigated the role of seminal plasma in the regulation of arrays of 

inflammatory pathways and genes using the TaqMan-Array 96-well plate (human inflammation 

and human chemokines).  

As highlighted in table 3.1, the gene array analysis revealed 95 genes that are regulated by 

seminal plasma. Analysis of the gene list for Gene Ontology and PANTHER pathway 

annotations indicated functions in catalytic activity, receptor activity, cellular processes, immune 

system process and inflammatory pathway.  
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Interestingly, inflammation mediated by chemokine and cytokine-cytokine receptor signaling 

pathway was identified as the major pathway significantly regulated by these genes. Further 

analysis thus reveals that components of this pathway can be grouped into 3 signaling cascades 

namely; eicosanoid signaling (cyclooxygenase and lipooxygenase), chemokine signaling, and 

cytokine-cytokine receptor signaling. Other pathways shown to be regulated by SP include toll 

receptor signaling pathway, kallikrien-kinin-bradykinin receptor signaling pathway, integrin 

signaling pathway, interferon-gamma signaling pathway, JAK/STAT signaling pathway. 

 

Regulation of eicosanoid signaling 

Eicosanoids, including prostaglandins and leukotrienes, are biologically active lipids that have 

extensively been implicated in inflammation and cancer [354]. It has been documented that 

altered metabolism of arachidonic acid by cyclooxygenase (COX) and lipoxygenase (LOX) 

enzymes is a common feature of several epithelial-derived malignancies and it plays a central 

role in cancer progression [354].  

COX exist in two isoforms; COX-1 (PTGS-1) and COX-2 (PTGS-2) and both catalyzes the 

oxygenation and reduction of arachidonic acid (AA) after its release from glycerophospholipids 

by phospholipase A2 (PLA2) or phospholipase C (PLC) to  the intermediate form prostaglandin 

H2 (PGH2). COX-2 is an immediate early response gene that is naturally absent in most cells in 

health but can be rapidly induced at site of inflammation [133]. COX-1 is considered to be a 

housekeeping gene responsible for the maintenance of basal prostanoid levels required for tissue 

homeostasis [355-357]. However, evidence show that both enzymes and their products are up-

regulated in numerous cancers including cervical cancer where they play vital roles in cervical 
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tumorigenesis [28,312,358]. Similarly, COX-1 expression is up-regulated in breast cancer [359], 

prostate cancer [360], ovarian cancer [361], and murine models of lung tumorigenesis [362]. In 

addition, COX-1 expression can be induced in vitro by tobacco carcinogens [363], VEGF [364], 

arachidonic acid and PGE2 [365]. As depicted schematically in figure 3.2, data obtained from 

this study shows that SP significantly induce the expression of COX enzyme (COX-1) (Figure 

3.2). 

 

Figure 3.2: Schematic diagram showing the regulation of eicosanoid biosynthesis pathway by 
SP in neoplastic cervical epithelial cell as means of mediating cervical cancer progression.  

↑; Up-regulated genes, ↓; down-regulated genes, ┬; direct inhibition, →; direct stimulation 
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This is in agreement with similar study by Sutherland et al. (2012) where it was shown that SP 

induces the expression of COX-1 in neoplastic cervical epithelial cells (HeLa) [287]. A major 

metabolite of COX-1 enzyme is PGs. PGs can modulate tumor cell proliferation, differentiation, 

and apoptosis through multiple signaling pathways in both autocrine and paracrine manner [354]. 

PGE2 biosynthesis and signaling are significantly elevated in cervical cancer [287,345,350], and 

in lung and colon cancer, PGE2-EP signaling has been shown to promote proliferation by 

activating the glycogen synthase kinase-3β (GSK3β)-β catenin and Ras-ERK pathways 

[157,366,367]. In ApcMin/+ mice, PGE2-EP signaling promote colon tumor cell survival by 

activating the PI3K-Akt-PPARδ cascade [368]. Furthermore, data from this study shows that SP 

induces FP receptor expression to potentiate PGF2α-FP signaling as shown schematically in 

figure 3.2. PGF2α-FP signaling has been shown to induce cell proliferation through an FP-ERK-

fibroblast growth factor 2(FGF-2)-FGF receptor 1(FGFR1)-ERK cascade in endometrial tumor 

cell lines [369]. Similarly, Wallace et al. (2009) demonstrated that PGF2α-FP signaling regulates 

the expression of the chemokine CXCL1 (GRO α) a potent tumor growth factor [370]. Hence in 

sexually active women with underlying cervical pathology, exposure to seminal plasma can lead 

to the activation of the COX-PGs signaling pathway consequent of COX-1 induction. Activated 

COX-PGs pathway can then promote both PGE2-EP and PGF2α-FP signaling which can act in 

similar manner to enhance cervical inflammation and tumorigenesis. 

In addition to regulating inflammatory and pro-tumorigenic pathways, SP can also potentially 

regulate inflammation and tumor progression by inhibiting negative feedback regulators or 

inhibitory/anti-inflammatory pathways. The release of AA by phospholipase A2 is negatively 

regulated by annexin (encoded by ANXA 1-5), a group of cellular proteins known to inhibit 

cPLA2 activity [371]. The gene array showed that SP inhibited annexin expression (Table 3.1). 
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By inhibiting annexin expression and up-regulating phospholipase A2 expression (Figure 3.2), 

SP ensures steady and continuous release of AA metabolite into the cascade for PGH2 synthesis, 

thereby driving inflammatory pathways and potentially enhancing tumor progression, by 

enhancing biosynthesis of PGE2, PGF2α, PGI2 [137,138,354].  

Furthermore in addition to production of PGs, prolongation of pathways that prevent their 

destruction or metabolism can also prolong inflammation by enhancing ligand receptor 

interaction. Prostanoids, such as PGE2, are metabolized through oxidation of their 15(S)-

hydroxyl group by NAD+-linked 15-hydroxyprostaglandin dehydrogenase (15-PGDH, encoded 

by HPGD) to inactive 15-keto products [372-374]. 15-PGDH is a cytosolic enzyme that has been 

reported to act as bladder, breast, gastric, lung and colorectal tumor suppressor [375-380]. In 

immunodeficient mice, 15-PGDH inhibits the development of murine intestinal neoplasia 

[380,381]. These findings supported with the fact that 15-PGDH expression is abolished in 

various cancers [373,382], emphasize the oncogenic potential of the PG biosynthesis pathway. In 

the array, I found that SP suppressed HPGD expression. This can lead to reduction in PGE2 

degradation and enhanced oncogenic properties of the PGE2 in cervical tumorigenesis.  

Taken together, my data has highlighted that SP can potentially enhance cervical cancers by not 

only enhancing pro-inflammatory and pro-tumorigenic lipid signaling pathway, but also by 

concomitantly altering the expression of enzyme systems and pathways that inhibit production 

and metabolism of these pathways, thereby driving inflammation forward.  
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The gene array identified not only prostaglandins, but also leukotrienes as being regulated by SP. 

Leukotrienes are powerful lipid mediators of inflammation in various acute and chronic 

inflammatory diseases [383,384]. Compared with PGs, much less is known about the role of pro-

inflammatory leukotrienes in cancer [354]. However, emerging data suggest that leukotrienes 

can play vital roles in carcinogenesis [354]. Data from this present study shows that SP induces 

the expression of leukotriene C4 synthase (LTC4S), cysteinyl leukotriene receptor 1 (CysLT1), 

and leukotriene B4 receptor 1 (BLT1) (Table 3.1 and figure 3.2).   

LTC4S is a membrane protein that functions as a non-covalent homodimer of two 18-kDa 

polypeptides. LTC4S catalyzes the conjugation of leukotriene A4 (LTA4) with gluthathione 

(GSH) to form leukotriene C4 (LTC4), the parent compound of the cysteinyl leukotrienes 

(CysLTs) (LTC4, LTD4, LTE4) [385]. CysLTs exert their biological activity by binding to two 

distinct CysLTs receptor (CysLT1 or CysLT2), both belonging to the G-protein-coupled receptor 

(GPCR) superfamily [386,387]. Though, CysLT1 has been shown to have higher affinity to bind 

to CysLTs than CysLT2 [354].  

CysLTs-CysLT1 cascade has been confirmed to be involved in the pathophysiology of 

inflammatory disease such as bronchial asthma where it activate NF-κB to induce RANTES 

(Regulated on Activation, Normal T cell Expressed and Secreted) production, causing the 

migration of eosinophils and activated T lymphocytes into the airway [388]. CysLTs-CysLT1 

signaling has been suggested to play an important role in carcinogenesis. For example, in human 

colorectal and prostate cancer, CysLTs-CysLT1 signaling has been shown to mediate 

proliferation and inhibit apoptosis, thus conferring poor prognosis [389,390]. It is likely that 

CysLTs-CysLT1 signaling could regulate cervical cancer via similar mechanisms.  



 

108 
 

Similarly, in non-transformed human intestinal epithelial cell lines, LTD4-CysLT1 cascade was 

shown to promote cell proliferation and survival through multiple parallel pathways such as 

GSK3β-β catenin, PKC-Raf-ERK1, ERK2, BCL-2, and COX-2 pathways [391-393]. CysLTs 

(LTD4) induction of COX-2, as well as PGE2 production, do suggests that crosstalk exists 

between the LOX and COX pathways.  

Leukotriene B4 receptor 1 (BLT1); a G-protein coupled receptor (GPCR) is a high-affinity 

receptor specific for LTB4 [394]. LTB4 is a potent chemoattractant and pro-inflammatory 

mediator in several inflammatory diseases including atherosclerosis, where LTB4-BLT1 

signaling cascade has been shown to phosphorylate MAPKs and stimulate NF-κB dependent 

inflammation [395]. However, data from several studies have emerged to support the role of 

LTB4-BLT1 in tumorigenesis [396,397]. LTB4-BLT1 cascade has been shown to stimulate cell 

proliferation and promote cell survival through a LTB4-BLT1-Erk pathway in colonic tumor cell 

[398]. Similarly, by activating both Mek-Erk and PI3K-Akt pathways, LTB4-BLT1 signaling 

induces cell proliferation in pancreatic cancer cell lines [399]. Taken together, these data suggest 

that deposition of seminal plasma within the cervical cancer microenvironment can activate the 

CysLTs-CysLT1 and LTB4-BLT1 signaling pathways to induce inflammatory reactions which 

could promote cervical tumorigenesis via similar mechanisms.  
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Regulation of Kallikrien-kinin-bradykinin 

Additional data from this study shows that SP induces the expression of kallikrein-related 

peptidases (KLKs) which belong to a subgroup of secreted serine proteases [400]. KLKs 

catalyzes several physiological processes, including tissue remodeling, apoptosis, coagulation 

and immune responses within the human body [401]. To date, about 15 members KLKs (i.e. 

KLK 1-15) have been discovered, most of which have been labeled as potential biomarkers for 

cancer diagnosis and/or prognosis [401]. Despite the significant progress in understanding the 

biomarker efficacy of the KLKs, their pathophysiological role in inflammation and cancer 

pathogenesis remains poorly understood. Emerging evidences designate a possible role for KLKs 

in inflammation and various cancer processes [401].  

KLKs have been shown to participate in early neoplastic progression by regulating cancer cell 

proliferation [400]. KLKs mediate tumor growth mainly via insulin-like growth factors (IGFs) 

[400]. KLK 2 and KLK 3 can cleave a number of IGF binding proteins (IGFBPs) to indirectly 

induce tumor growth [402]. Similarly, KLK 14 is also suggested as a potential upstream 

regulator of IGFBPs thus also participating in tumor growth induction [403-405]. As highlighted 

in figure 3.3, KLKs can also facilitate tumor metastasis via the remodeling of extracellular 

matrix (ECM) (Figure 3.3).  
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Figure 3.3: Schematic diagram showing the regulation of Kallikrien-Kinin-Bradykinin and 
TLR2 signaling by SP in neoplastic cervical epithelial cells. ECM (extracellular matrix), LPS 
(lipopolysaccharide). 

 

In addition, there is compelling evidence that KLKs may stimulate tumor angiogenesis by 

facilitating blood vessel remodeling and modulating the balance between angiogenic activators 

and inhibitors [400]. KLKs indirectly facilitate endothelial cell invasion and migration by 

processing components of the extracellular matrix (ECM) via the matrix metalloproteinases 

(MMPs), urokinase plasminogen activator (uPA), and kinin signaling pathways [401]. Induction 
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of KLKs by SP does strongly suggest a role for KLKs in SP-mediated cervical tumorigenesis in 

sexually active women. 

 More so, activation of KLKs by tissue damage or inflammatory stimuli such as PGs in SP can 

result in the generation of biologically active kinins by limited proteolysis of kininogens 

[406,407] (Figure 3.3). Kinins (Bradykinins) are a group of pluripotent peptides implicated in 

various pathophysiological events [408]. Kinins exert their biological effects on target cells by 

activating their cognate receptors, BDKR1 and BDKR2 [409], which belongs to the superfamily 

of GPCRs [410]. BDKR2 is constitutively expressed in all tissues and is thought to mediate most 

physiological action of kinins [408]. BDKR1 is generally not expressed under physiological 

conditions, but can be rapidly up-regulated after cell injury and stress [411] or under several 

inflammatory stimuli [412,413] as orchestrated by SP in this study (Figure 3.3).  

The role of kinins-BDKR signaling in inflammation was first demonstrated by Lewis (1964) 

where kinins-BDKR cascade was shown to evoke cardinal inflammatory signs, such as oedema 

(tumor), increased in vascular permeability and pain (dolor) [414]. Thereafter, several studies 

have emerged supporting the role of both Kinins-BDKR1 and Kinins-BDKR2 cascades in the 

onset and maintenance of inflammatory and nociceptive functions [408,412,413,415]. Although, 

little is understood about the mechanism by which kinins mediates its inflammatory function, 

Pan et al. (1996) showed that kinins-BDKR signaling induces the expression of pro-

inflammatory cytokines via the activation of NF-κB in human WI-38 fibroblast cells [416]. 

Therefore, it is likely that kinins do exert similar mechanism to mediate inflammatory reactions 

in cervical carcinoma cells (Figure 3.3).  
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Furthermore, increasing body of evidence has emerged indicating that kinins-BDKR signaling 

appears to be involved in tumorigenesis [417,418]. Study by Taub et al. (2003) showed that 

stimulation of BDKR1 in prostatic cancer cells promotes tumor cell growth, migration, and 

invasion [419]. Though the exact mechanism by which activated BDKR1 mediated these actions 

was not investigated in that study, the mitogenic properties of kinins and their ability to activate 

tyrosine and MAP-kinase cascades can explain in part their role in tumor growth and metastasis 

[408,418,420]. Secondly, BDKR1 can promote tumor cell migration via the activation of focal 

adhesion kinase and MMPs [421,422]. These data suggests that continuous exposure of 

neoplastic cervical epithelial cells to SP can activate KLKs-kinin-BDKR1 signaling pathways to 

mediate chronic inflammatory reactions and augment tumor progression within the cervix.  

 

Regulation of TLR2 signaling 

Toll-like 2 receptor (TLRs) belongs to the family of type I transmembrane receptors which are 

structurally characterized by extracellular leucine rich repeats (LRRs) and an intracellular 

Toll/IL-1 receptor (TIR) signaling domain [423]. TLRs are activated by a wide range of 

pathogen-associated molecular patterns (PAMPs) including, lipoproteins, flagellins, and bacterial 

lipopolysaccharides (LPS) [424]. In addition to PAMPs, TLRs can also be activated by a variety 

of endogenous molecules released from damaged cells or tissue to initiate a sterile inflammatory 

process without detectable infection [425]. TLRs initiate series of downstream signaling events 

that induces the expression of inflammatory mediators such as cytokines, chemokines and 

adhesion molecules [426].  
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Upon activation with an appropriate agonist, TLRs recruit proximal cytoplasmic adaptor protein 

MyD88 (myeloid differentiating antigen 88), in the MyD88 dependent signaling pathway [423]. 

Recruitment of MyD88 leads to the activation of IRAK1 (IL-1R-associated kinase) by IRAK4, 

which facilitates the recruitment of TRAF6 (TNF receptor-associated kinase). TRAF6 then 

recruit MAP3Ks including TAK1, MEKK2/3, and ASK1. Activated TAK1 then activates IKK 

complex and subsequent IκB degradation and NF-κB translocation to the nucleus. Within the 

nucleus NF-κB mediate the transcription of pro-inflammatory cytokines and growth factor genes 

such as IL-1, TNF, IL-6, and EGF [427]; several antiapoptotic genes including bcl-2, bcl-XL, 

cIAP, xIAP, TRAF1, TRAF2, SOD and A20 [428]; angiogenic and metastatic genes such as 

COX-2 [429], iNOS [430], uPA [431], MMP-2 [432], IL-8 [287], VEGF [433]; and adhesion 

molecules (ICAM-1, VCAM-1, and ELAM-1) [434]. In addition to mediating inflammatory 

response, TLRs have been shown to also regulate cell proliferation and survival [435-437]. No 

doubt Xie et al. (2009) showed that the activation of TLR2 in breast cancer cells  significantly 

promote cellular invasion via the activation of NF-κB and induced phosphorylation of TAK1 and 

IκBα [438]. It was also shown that activation of the TLR2/NF-κB signaling induces the 

expression IL-6, TGF-β, VEGF, and MMP9 in these cells [438].  

As seen in this present study, SP significantly induces the expression of TLR2 in HeLa cells 

(Table 3.1). It is therefore very feasible that induced TLR2 can be activated by the lipoproteins 

that might be present within SP (Figure 3.3). Activated TLR2 can then recruit MyD88 (also 

regulated by SP in this study) to activate the TLR2-MyD88-NF-κB signaling pathway (Figure 

3.3). Translocated NF-κB can then mediate the release of pro-inflammatory and tumorigenic 

genes from the neoplastic cells themselves to augment cervical tumorigenesis. In sexually active 

women, STIs such as gonorrhea are known cause of chronic cervicitis, a persistent inflammation 
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of the cervix which has been linked to cervical cancer [75,439]. It is plausible that the bacterial 

LPS present within infective seminal plasma can bind to the induced TLR2 to activate the TLR2-

MyD88-NF-κB signaling pathway, releasing pro-inflammatory modulators to mediate cervical 

inflammation.  

 

Regulation of chemokine signaling 

Chemokines (chemotactic cytokines) represent a large family of protein (about 40-50) in man, 

with structural similarities based on a conserved cystein residues and capacities to bind to 

particular GPCR [107,440,441]. They are small proteins with molecular weight of about 8-10 

kDa [442]. Of the four different families (CC, CXC, XC, and CX3C) of chemokines that exist, 

the CC and CXC groups are by far the most common [443]. Chemokines were initially described 

as soluble factors able to selectively regulate directional migration of leukocytes during infection 

and inflammation [442,443]. However, their biological effects have been discovered to be far 

more complex and virtually all cells, including many tumor cell types, can express chemokines 

and their receptors [441]. In health, chemokines have been shown to be pleiotropic in their 

effects hence suggesting that in cancer microenvironment chemokines will also exert a wide 

range of molecular effects [442]. In addition, several chemokines can share same receptor and 

one chemokine can bind to several receptors, creating multiple combinations ultimately leading 

to multiple biological outcomes [443].   
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Most tumors express a broad network of chemokines and chemokine receptors [443,444] which 

have been extensively studied in cancers of the ovary, breast, cervix and hematological 

malignancies [442]. Within the tumor microenvironment, tumor-associated chemokines are 

believed to regulate leukocyte infiltration, angiogenesis, tumor cell metastasis, tumor immune 

response, and also act as autocrine or paracrine growth and survival factors [445]. Recently 

chemokines and their receptors have been identified as key mediators of chronic inflammation, 

which play an important role in the pathogenesis and progression of various human cancers 

including cancer of the cervix [446-449]. Induction of chemokines in disease state have been 

shown to be closely regulated by inflammatory cytokines, growth factors and pathogenic stimuli 

[450]. As seen in this study, SP regulated the expression of chemokines C5, CCL2, CCL5, 

CXCL1, CXCL2, CXCL3, CXCL8 (IL-8), CXCL11, and CXCR4 (Table 3.1) all of which play 

vital role in cervical cancer inflammation and tumorigenesis. The induction of tumor-associated 

chemokines mediated by SP in this present study can be consequent to the effect of the various 

inflammatory cytokines secreted from some or all of the earlier discussed inflammatory 

pathways (i.e. COX-1-PGE2-EP, PGF2α-FP, CysLTs-CysLT1, LTB4-BLT1, KLKs-kinin-

BDKR1, and TLR2-MyD88-NF-κB) activated by SP (Figure 3.4).  
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Figure 3.4: Schematic diagram showing the regulation of chemokine signaling by SP in 
neoplastic cervical epithelial cells. 

 

Alternatively, antigenically distinct signaling molecules including several cytokines and growth 

factors [280,343,451-453] found in SP can directly stimulate the tumor cells to secrete 

chemokines. 
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Chemokines expressed within specific tumor microenvironment can influence the extent and 

phenotypes of infiltrating leukocytes [442]. For example, the CC chemokines such as CCL2 

(MCP-1) are major determinants of macrophage and lymphocyte infiltration [454] expressed in  

variety of cancers where it modulates the recruitment of macrophages [442]. In a study carried 

out by Negus et al. (1997) expression of CCL2 by solid ovarian tumor cells correlated with the 

extent of lymphocyte and macrophage infiltration [87]. In addition CCL2 has been implicated in 

tumor metastasis [455]. Similarly, RANTES (CCL5) a C-C chemotactic chemokine is also 

known to promote recruitment and activation of inflammatory cells such as lymphocytes[456], 

monocytes [457], and mast cells [458]. RANTES has been shown to be a ligand for chemokine 

receptors CCR1, CCR3, and CCR5 [459], and elevated expression of RANTES has been 

observed in numerous inflammatory disease [460-462].  

Induction of CCL2 (MCP-1) and CCL5 (RANTES) expression by SP in this study suggests a 

role for both MCP-1 and RANTES in the characteristic post-coital inflammatory response 

described by Sharkey et al (2012). Furthermore, increased expression of RANTES has also been 

observed in several human cancers such as melanoma, lung, prostate, pancreatic, and breast 

cancer [463-465]. However, the most striking finding thus far is in breast cancer where 

expression of RANTES correlates with disease progression [466,467]. CCL5 has been shown to 

modulate cell migration and invasion in several cancer cells [468]. No known study have 

demonstrated the role of SP in the induction of CC-chemokines (CCL2 and CCL5) expression or 

their role in cervical cancer progression. It is likely that SP-induced CC-chemokines (CCL2 and 

CCL5) can act in similar manner to enhance cervical cancer cell migration and invasion.  
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 To maintain growth, tumor cells are dependent on angiogenesis [469]. CXC chemokines within 

tumor microenvironment can positively or negatively regulate angiogenesis depending on the 

presence or absence of the ELR motif in their amino acid terminus [470]. CXCL1, CXCL2, 

CXCL3 and CXCL8 (IL-8) are examples of angiogenic (ELR+) chemokines commonly 

associated with human cancers. CXCL1, CXCL2, and CXCL3 belong to the sub-family Growth-

regulated oncogene (GRO) which is a member of the CXC chemokine family that are crucial in 

recruitment of neutrophils to inflammatory sites [471]. All three ligands together with IL-8 exert 

their biological action by binding to the CXC chemokine receptor CXCR2, with CXCL1 having 

the highest affinity [472].  

Induction of CXCL1 and IL-8 by SP as seen in this present study is in accordance with similar 

study by Sales et al. (2012), where it was shown that SP induces the expression of CXCL1 and 

IL-8 in HeLa cells and regulates vascular function in vitro [350]. Furthermore, study by Wang et 

al. (2006) showed that PGE2 induces the expression of CXCL1 in human colorectal cancer cells 

and that expressed CXCL1 then induces microvascular endothelial cell migration and tube 

formation in vitro [471]. It is therefore very likely that the abundant PGE2 found in SP [310] and 

its ability to regulate the eicosanoid biosynthesis pathway might be responsible for CXCL1 

induction in neoplastic cervical cancer cells (Figure 3.4). These data therefore suggests that 

exposure of neoplastic cervical epithelium to SP can lead to increased tumor angiogenesis and 

invasiveness/metastasis consequent of CXCL1 and IL-8 expression (Figure 3.4). 
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Regulation of cytokines signaling 

Result obtained from this study showed that SP regulates the expression of inflammatory 

cytokines IL-1α, TNF, IL-6, IL-12, IL-18 and components of their respective signaling cascade 

(Table 3.1). 

 

 

Figure 3.5: Schematic diagram showing the regulation of cytokine signaling by SP in neoplastic 
cervical epithelial cells. 

↑; Up-regulated genes, ↓; down-regulated genes, ┬; direct inhibition, →, direct stimulation. 
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IL-1α is a pleotropic pro-inflammatory cytokine belonging to the IL-1 family located in the long 

arm of chromosome 2 [473]. Studies have emerged demonstrating the role of IL-1α signaling in 

the pathogenesis of various human cancers including head and neck [474], breast [475], 

pancreatic [476], and cervical cancer [477] where it induce the activation of immediate-early 

transcription factors and genes that promote cell survival and proliferation and other cytokines 

that mediate inflammatory and angiogenic response [478,479]. In this study, SP significantly 

induces the expression of IL-1α and components of IL-1signaling including IL-1RI and 

intracellular adaptor molecules MyD88 while down regulating IL-1RII (IL-1 receptor type II), a 

decoy receptor that inhibits IL-1 signaling [473,479,480]. Hence, it is feasible that SP-mediated 

activation of IL-1α-IL-1RI signaling can exacerbate inflammatory response within the cervical 

cancer milieu and promote cervical cancer cell proliferation, growth, and survival via the 

activation of major transcription factor such as NF-κB (Figure 3.5).  

TNF is a potent pro-inflammatory cytokine that has been documented to be secreted by wide 

variety of tumor cells including cutaneous T cell lymphoma [481], adult T cell leukemia [482], 

breast cancer [480,483], ovarian carcinoma [484,485], and cervical epithelial cancer [486]. In 

most of these neoplastic cells, TNF can act as an autocrine growth factor or in some cases 

promote tumor growth/survival and invasion/metastasis via the activation of NF-κB–dependent 

genes [487]. It is therefore likely that SP activated TNF-TNFR signaling can act via similar 

mechanism to mediate cervical cancer progression.  
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CD40 ligand (CD40L) is a type II transmembrane protein with homology similar to TNF [488]. 

CD40 has been documented to be highly expressed on many in vitro transformed and carcinoma-

derived cell lines including cervical cancer cell lines [488-490]. In these cells, CD40L-CD40 

interaction initiates inflammatory responses leading to the synthesis of tumor associated 

chemokines [488,491,492] and cytokines [493] via the activation and translocation of NF-κB 

[494]. Hence persistence exposure of neoplastic cervical epithelium to SP can lead to poorer 

prognosis consequent of chronic inflammatory reactions initiated by SP induced CD40L.    

Induction of IL-6 by SP as obtained from this study in keeps with the result of previous study by 

Sutherland et al. (2012), where it was shown that SP acting via the COX signaling induces the 

expression of IL-6 in neoplastic cervical epithelial cell (HeLa) [287].  

Induction of IL-12α and IL-18 by SP in this study suggests a role for SP in the regulation of 

cervical immune response. IL-12α and IL-18 are pro-inflammatory cytokines [495,496] capable 

of inducing the production of interferon-γ (IFN-γ) [497] and cell mediated immunity which are 

important factors in determining the progression of HPV related cervical lesion including 

cervical cancer [498-500]. In addition, regulation of SLIT2, a ligand known for its anti-

inflammatory and tumor suppressor activity [501] suggest that SP can play a pivotal role in 

cervical cancer pathogenesis i.e. ability to promote or impede tumorigenesis. Furthermore, 

induction of cell adhesion molecules ICAM1 and ITGAM1suggest that SP can also play a role in 

cervical cancer cell metastasis [502].  

Finally, SP-regulated signaling cascades and expressed pro-inflammatory cytokines can all act 

synergistically to modulate disease pattern and outcome by promoting chronic inflammatory 

process and cervical tumorigenesis. 
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In conclusion, this study has highlighted that human seminal plasma (SP) can potentially 

enhance cervical cancer progression by regulating the induction of arrays of inflammatory 

pathways in neoplastic cervical epithelial cells. Regulation of these inflammatory pathways can 

play a crucial role in cancer cell angiogenesis, proliferation, invasion, metastasis, and survival. 

Constant exposure of dysplastic cervical epithelium to seminal plasma as occurs in sexually 

active women during the act of coitus can mediate early progression to invasive cancer 

consequent of its molecular effect on the already dysplastic epithelial cells. In view of the above 

it is of great importance to determine the molecular mechanism by which SP mediate the 

expression of some of these inflammatory genes/pathways, which form the basis of my next 

study. 
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CHAPTER 4 

SEMINAL PLASMA INDUCES THE EXPRESSION OF IL-1α IN NORMAL AND 

NEOPLASTIC CERVICAL CELLS VIA EP2/EGFR/PI3K/AKT PATHWAYS 

4.1 Introduction 

The inflammatory milieu of most cancer microenvironment has been shown to consist of tumor 

cells, surrounding stromal, immune and inflammatory cells which all interact intimately to 

produce cytokines/chemokines, growth factors, and adhesion molecules in a bid to promote 

tumorigenesis and metastasis [273]. Of special relevance within this milieu are pro-inflammatory 

cytokines which are important mediators of chronic inflammatory responses, and have cardinal 

effects on malignant processes. In the previous chapter, I have shown that SP regulates the 

expression of arrays of pro-inflammatory cytokines in neoplastic cervical epithelial cells. One of 

the most robustly regulated cytokines in the array was IL-1α.   

Interleukin 1α (IL-1α) is a pleotropic pro-inflammatory cytokine that belongs to the IL-1 family 

(IL-1α, IL-1β, and IL-1Ra) gene located on the long arm of chromosome 2 [473]. IL-1α 

possesses a wide range of inflammatory, immunologic and tumorigenic properties [101,503,504]. 

IL-1α is secreted by a variety of cells including monocytes, tissue macrophages, neutrophils, 

fibroblasts, smooth muscle cells, dendritic cells, and cervical epithelium [101,480,505]. 

Accumulative evidence suggests that IL-1α plays a crucial role in tumorigenesis. Within the 

tumor microenvironment, IL-1α has been shown to induce the expression of metastatic genes 

such as the matrix metalloproteinases (MMPs) and stimulate the production of angiogenic 

proteins and growth factors such as IL-8, IL-6, vascular endothelial growth factor (VEGF), 

tumor necrosis factor-α (TNF-α), and transforming growth factor-β (TGFβ) [503,506]. In 
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addition, IL-1α is capable of inducing enzymes (COX and iNOS) with carcinogenic properties 

within inflamed and malignant tissues [507]. Given the importance of IL-1α in regulating 

inflammation and cancer progression, it was of utmost interest to elucidate the molecular 

mechanism underlying the role of SP in regulating IL-1α and its potential role in cervical cancer.  

 

4.2 Aim of the study 

In the previous chapter, I have demonstrated that SP can induce pro-inflammatory pathways, 

chemokines and cytokines including IL-1α in neoplastic cervical epithelial cells (HeLa). Hence, 

this study was aimed at investigating the role of SP in the regulation of IL-1α expression in 

normal and neoplastic cervical tissue explants and epithelial cells, HeLa and the molecular 

mechanism underlying this regulation. 
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4.3 Materials and method 

4.3.1 Cervical tissue collection and processing 

Cervical cancer tissue (Ca.1-Ca.18) specimens obtained from previously diagnosed (pre or 

invasive carcinoma of the cervix) patients attending the Gynecologic Oncology Clinic at Groote 

Schuur Hospital (Cape Town) were processed and treated with SP as previously described in 

section 2.4.2. Patient age ranged between 29-62 years, with a median age of 41 years. The extent 

of invasiveness of carcinoma biopsies are presented in Appendix III. Similarly, histologically 

normal cervical tissues (N1-N12) were collected from women undergoing Wertheim’s 

hysterectomy for benign gynecological malignancies at Groote Schuur Hospital (Cape Town). 

Tissue explant were also processed and treated with SP as previously described in section 2.4.2.  

Patient age ranged between 37-73 years with a median age of 50.5 years.  

 

4.3.2 Cell culture, treatment with SP, RNA extraction and cDNA synthesis 

HeLa-S3 cells were routinely maintained as previously described in section 2.6. For experiments, 

HeLa-S3 cells were seeded in medium supplemented with 10% FBS at density of 2x105 cells in 3 

cm diameter tissue culture dishes and allowed to attach and grow overnight after which cells 

were serum starved by incubating in serum free medium for 24 hours. Cells were then treated 

with vehicle (PBS) or SP at a dilution of 1:50 or butaprost [5µM] or PGE2 [300nM] or EGF 

[10ng/ML] for 4, 8, 16, and 24 hours. For receptor blockade and inhibitor experiments, serum 

starved cells were treated with receptor antagonist/inhibitors alone or SP (1:50 dilution) alone or 

together for 4 or 16 hours. The antagonist and inhibitors used and their final concentrations were: 

EP2 receptor antagonist [AH-6809; 20µM], inhibitors of EGFR [AG-1478; 100nM], PI3 kinase 
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[LY-294002; 25μM], COX-1 [SC-560; 15μM], and COX-2 [NS-398 8μM]. The concentrations 

of chemical inhibitors used in this study were determined empirically by titration as described 

[325-327,508]. At the concentration and time used, the antagonist or inhibitors showed no 

adverse effects on cell viability when stained with 0.4% trypan blue dye. RNA was extracted 

individually from each set of experiment by using Trizol (Sigma) and concentrations and purity 

determined as described in section 2.8. cDNA was synthesized from total mRNA (200ng) by 

reverse transcription as described in section 2.9. Fold increases was calculated by dividing the 

values obtained from the SP/SP-inhibitor treatments by the vehicle/vehicle-inhibitor treatments.  

 

4.3.3 Quantitative real time PCR reaction. 

Quantitative real time-PCR was performed to determine the expression of IL-1α and IL-1RI in 

cervical carcinoma biopsies and normal cervical tissue and also to assess the effects of ligands or 

chemical inhibitors on SP mediated induction of IL-1α in HeLa S3 and normal cervical tissue 

explants. RNA was extracted from neoplastic cervical tissue (adenocarcinoma Ca.11 and 

squamous cell carcinoma Ca.1 - Ca.10 and Ca.12 - Ca. 18), normal cervix (N1-N12), and HeLa 

S3 cells using Trizol-reagent as per the manufacturers’ instruction and reversed transcribed as 

described in section 2.9 [312]. qRT-PCR reaction was carried out on an Illumina ECOTM 

quantitative RT-PCR machine and detected using SYBR green (Bioline,  Celtic Molecular, Cape 

Town, South Africa) incorporation during PCR reaction as described in section 2.10.3. All 

relative expressions were calculated using the comparative Ct (section 2.10.5) relative to an 

endogenous control of HeLa cell cDNA included in each experiment. Data are presented as fold 
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increase as determined by dividing the relative expression of SP treated group by that of the 

control. Data are presented as mean ± SEM. 

 

4.3.4 Enzyme linked immunosorbent assay 

Quantikine® Human IL-1α ELISA kit was used to assess IL-1α protein expression. The 

experiment was done on HeLa S3 cells seeded at a density of 5×105 in 3 cm tissue culture dishes 

and serum starved overnight. The cells were then treated with SP (1:50) or PBS (control) for 16 

and 24 hrs. Cells were lysed as described previously [312] and total protein quantified using 

Pierce® BCA Protein Assay Kit. Expressed cellular IL-1α protein was determined from the total 

protein in the lysate. Data are presented as fold change over control treated, which was 

calculated by dividing the amount of IL-1α measured in SP treated cells at the different time 

points by the amount measured in their respective controls. Data are presented as mean ± SEM 

of six independent experiments 

 

4.3.5 SDS-PAGE and Western blot analysis 

Immunoblot analysis was performed as described in section 2.13 and 2.14. Following 

immunblotting, membranes were incubated overnight with rabbit anti-PKB (AKT) and anti-P-

PKB (AKT) (1:1000 dilution) at 4 0C with gentle shaking. Thereafter, membranes were washed 

three times for 10 minutes each with 15mL of PBS, 0.1% Tween-20, incubated for 1 hour with 

anti-Rabbit HRP-conjugated secondary antibody (1:5000 dilution) at RT with gentle shaking and 

washed again three times with 15mL PBS, 0.1% Tween-20. Protein detection was done as 
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described in section 2.14. Densitometry on visualized protein bands was done using ImageJ 

version IJ 1.46r (www.imagej.nih.gov/ij/). Akt phosphorylation was calculated by dividing the 

value obtained from phosphorylated Akt channel by the value obtained from total Akt channel 

and expressed as fold above vehicle controls. Data are presented as mean ± SEM of three 

independent experiments. 

 

4.3.6 Immunohistochemistry 

 Immunohistochemistry was done on archival cervical blocks (Normal n=5, squamous cell 

carcinoma n=4 and adenocarcinoma n=4) obtained from the Department of Anatomical 

Pathology, University of Cape Town. Sections were deparaffinized, rehydrated and antigen 

retrieval done as described in section 2.16. Blocking for endogenous peroxidase was done as 

described earlier (section 2.16). Sections were blocked using 5% normal donkey/goat serum 

diluted in TBS after which tissue sections were incubated with polyclonal goat anti-IL-1α 

(1:200) antibodies at 4 0C for 18 hours. After incubation, tissue sections were then washed in 

TBS twice for 5 minutes each followed by incubation with biotinylated donkey anti-goat 

secondary IgG antibody at dilution of 1:500 at RT for 30 minutes. Tissue sections were then 

further incubated with streptavidin-biotin peroxidase complex (1:50) at RT for 30 minutes. 

Controls were incubated with biotinylated IgG secondary antibody only. Color reaction was 

developed by incubating with 3.3’-diaminobenzidine. Tissue sections were counterstained in 

aqueous hematoxylin, before mounting and coverslipping. Images were visualized and 

photographed using a Carl Zeiss laser scanning microscope LSM 510 (Jena, Germany).  
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4.3.7 Statistical Analysis   

All data in this study were analyzed by t-test or one-way ANOVA using Graph Pad Prism 5.0 

software (GraphPad Software Inc., San Diego, CA). Paired T-tests were conducted on the 

untransformed means of the replicates between SP and control. Unpaired T-tests were performed 

on SP versus SP and inhibitor after conversion to fold increases. One-way ANOVA was used as 

an additional tool to determine the significant difference between various time points for IL-1α 

by real-time PCR in response to SP.   
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4.4 Results 

4.4.1 SP induces expression of IL-1α in HeLa neoplastic cervical epithelial cells 

To investigate the potential role of IL-1α in cervical inflammation and tumorigenesis, I used a 

well-established HPV 18 positive HeLa (adenocarcinoma) cell line as a model system to 

investigate the regulation of IL-1α expression by SP in neoplastic cervical epithelium. HeLa S3 

cells were treated with vehicle or SP (1:50 dilution) for 4, 8, 16, and 24 hours and the expression 

of IL-1α mRNA assessed using qRT-PCR (Figure 4.1A). SP significantly induced the expression 

of IL-1α mRNA in HeLa S3 cells at all-time point investigated in keeping with result from the 

array study. Peak induction of IL-1α was observed after 4 hours of SP exposure and was 17.02 ± 

4.43 fold increase, while other inductions were 15.40 ± 4.26, 10.07 ± 5.03, and 8.22 ± 2.68 fold 

increase for 8, 16 and 24 hours, respectively.  

In addition, I investigated IL1-α protein expression in response to SP treatment. Protein lysates 

extracted from HeLa S3 cells treated with vehicle or SP (1:50) for 16 and 24 hours, respectively 

were subjected to ELISA. I found that SP treatment of HeLa S3 cells significantly induced the 

expression of IL-1α protein compared to the control (Figure 4.1 B; 10.91 ± 2.61 and 8.45 ± 2.36 

fold increase for 16 and 24 hours, respectively). The ELISA did not detect IL-1α expression in 

lysate of cells treated with SP at earlier time points (4 and 8 hours). 

 



 

131 
 

 
 
 
 
Figure 4.1:  Relative expression of IL-1α mRNA (A) and IL-1α protein (B) in HeLa cells treated 
with SP (1:50 dilution) relative to PBS (control) for 4, 8, 16, or 24 hrs as determined by qRT-
PCR and ELISA. Data are presented as mean ± SEM from 5 (A) and 6 (B) independent 
experiments (n = 5 and 6). Paired T-tests were conducted on the untransformed means of the 
replicates between SP and control. *, **, and *** indicates significance at P < 0.05, P < 0.01 and 
P < 0.001, respectively.  

 

4.4.2 SP regulation of IL-1α expression in HeLa cells is dependent on individual semen 

donor 

Induction of IL-1α (mRNA and protein) in HeLa cells seen in figure 4.1 above was mediated by 

pooled seminal plasma obtained from 10 healthy individual donors. To investigate whether the 

levels of IL-1α expression was donor dependent, individual ejaculates were assayed for their 

ability to induce IL-1α mRNA expression in HeLa cells. Result obtained showed that SP from all 

ejaculates (sperm cells removed by centrifugation, SP1-SP5; full ejaculate with sperm cell, 

SP6spr and SP7spr; and ejaculates from vasectomized men with no sperm cells present, SP8pv, 

SP9pv, and SP10pv) significantly induced IL-1α expression in HeLa cells after 4 and 24 hours 

incubation, albeit with different efficiency (Figure 4.2). Furthermore, I discovered that the 

presence or absence of sperm cells had no effect on IL-1α mRNA expression (Figure 4.2).  
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Similarly, the use of centrifugation step to remove spermatozoa had no effect on IL-1α 

regulation. This data suggests that individual variation in SP potency may also affect cervical 

inflammation. All subsequent experiments were conducted using pooled SP.     

 

Figure 4.2: Relative expression of IL-1α mRNA in HeLa cells treated with SP1-SP5, SP6spr, 
SP7spr, and SP8pv-SP10pv (1:50 dilution) relative to PBS (control) for 4 or 24 hrs as determined 
by qRT-PCR. Data are presented as fold above control. 
 
 
 
4.4.3 SP mediated IL-1α induction in HeLa neoplastic cervical epithelial cells via EP2 

receptor, EGFR and PI3 kinase pathways.  

Next I investigated the signal transduction pathways mediating SP induction of IL-1α mRNA 

expression, using PGE receptor 2 (EP2) antagonist and a panel of small molecule chemical 

inhibitors of signaling proteins. HeLa S3 cells were treated with vehicle or SP (1:50) alone or 

with EP2 receptor antagonist (AH-6809) or chemical inhibitors of EGFR (AG-1478), PI3 kinase 
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(LY-294002), COX-1 (SC-560), and COX-2 (NS-398) for either 4 hours or 16 hours. The 

expression of IL-1α in HeLa S3 cells following SP treatment in the presence of receptor 

antagonist or chemical inhibitors was determined by qRT-PCR after 4 hours (Figure 4.3A and B) 

and ELISA after 16 hours (Figure 4.3C). Figure 4.3A shows that EP2 receptor antagonist 

significantly reduced SP-mediated induction of IL-1α mRNA in HeLa S3 cells (P < 0.05). SP-

mediated induction of IL-1α was also found to be markedly reduced in the presence of chemical 

inhibitors of EGFR (AG-1478) and PI3 kinase (LY-294002), respectively (Figure 4.3B; P < 

0.001). Co-incubation of SP with selective COX-1 (SC-560) and COX-2 (NS-398) inhibitors had 

no inhibitory effect on SP-induced IL-1α mRNA expression (Figure 4.3B; P = 0.26 and 0.16). 

This indicates that SP-mediated induction of IL-1α mRNA expression is via EP2 and EGF 

receptors and not via the endogenous COX-PG pathway. In addition, co-treatment with EGTA 

[calcium chelator; 1.5mM] and PD-98059 [ERK inhibitor; 50µM] did not inhibit SP-mediated 

induction of IL-1α (Figure 4.3C).  

Similarly, data obtained from measuring IL-1α protein with ELISA (Figure 4.3D) revealed that 

AG-1478 and LY-294002 reduced the expression of SP-induced IL-1α protein in HeLa S3 cells 

from 20.42 ± 5.16 fold increase to 8.80 ± 1.89 and 2.00 ± 0.32 fold increases, respectively (P < 

0.05 and P < 0.001, respectively). However no significant decrease in IL-1α protein secretion 

was seen in the presence of NS-398 and SC-560 as compared to SP (1:50) (Figure 4.3D; P = 0.17 

and P = 0.11, respectively). These results together demonstrate that SP-mediated induction of IL-

1α transcript and protein expression is via EP2 and EGF receptors and PI3K and not via the 

endogenous COX-PG pathway.  
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Figure 4.3: IL-1α mRNA and protein expression is regulated by seminal plasma via the EP2 
receptor, EGFR and PI3K pathways. IL-1α mRNA (A, B and C) and protein (D) as determined 
by qRT-PCR and ELISA analysis, respectively. HeLa cells were treated for 4 (A, B, C) and 16 
hours (D) with seminal plasma (1:50) or vehicle in the absence/presence of EP2 receptor 
antagonist [AH-6809; 20µM] and chemical inhibitors to EGFR kinase [AG-1478; 100nM], PI3 
kinase [LY-294002; 25µM], COX-1 [SC-560; 15µM] or COX-2 [NS-398; 8µM], EGTA 
[calcium chelator; 1.5mM] and PD-98059 [ERK inhibitor; 50µM]. Data are represented as mean 
± SEM from 5 independent experiments. Paired T-tests were conducted on the untransformed 
means of the replicates between SP and control and unpaired T-tests performed on SP versus SP 
and inhibitor after conversion to fold increases. *, **, and *** indicates significance at P < 0.05, 
P < 0.01, and P < 0.001, respectively. 
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4.4.4 PGE2 and EGF induces IL-1α expression in HeLa neoplastic cervical epithelial cells 

Since SP contains a variety of antigenically distinct molecules that include prostaglandins and 

growth factors [280,307]. I hypothesized that PGE2 and EGF, present in the SP, can induce IL-1α 

expression as these molecules have been shown to regulate inflammatory gene expression on 

their own. To investigate the role of PGE2 and EGF on IL-1α expression, I treated HeLa cells 

with vehicle or PGE2 [300nM] or human recombinant EGF [10ng/mL] alone or together for 4, 8, 

16, and 24 hours and determined IL-1α mRNA expression using qRT-PCR. Treatment of HeLa 

cells with PGE2 (Figure 4.4A) and EGF (Figure 4.4B) resulted in a 2.49 ± 0.66 and 5.76 ± 0.80 

maximum fold increase after 8 and 4 hours, respectively. Treatment of HeLa cells with both 

PGE2 and EGF together (Figure 4.4C) resulted in 2.39 ± 0.52, 6.60 ± 0.63, 16.31 ± 1.23 and 

10.88 ± 1.52 fold increase after 4, 8, 16, and 24 hours, respectively. With peak IL-1α mRNA 

induction observed after 16 hours treatment (16.31 ± 1.23 fold increase). Furthermore, the 

inductions of IL-1α mRNA at 8, 16, and 24 hours by both ligands together was greater than by 

each ligand on its own and suggesting that PGE2 and EGF act synergistically in inducing the 

increase of IL-1α production by HeLa cells. 
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Figure 4.4: Induction of IL-1α mRNA in HeLa cells treated with PGE2 (A), EGF (B), and PGE2 
plus EGF (C) as determined qRT-PCR. HeLa cells were treated for 4, 8, 16 and 24 hours with 
PGE2 [300nM] or human recombinant EGF [10ng/mL] or PGE2 together with EGF or vehicle as 
control. Data are represented as mean ± SEM from 5 independent experiments. Paired T-tests 
were conducted on the untransformed means of the replicates between PGE2 or EGF or PGE2 
and EGF treated cells and control. *, ** and *** indicates significance at P < 0.05, P < 0.01, and 
P < 0.001, respectively. 
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4.4.5 Activation of EP2 and EGF receptors induces IL-1α expression in HeLa neoplastic 

cervical epithelial cells 

The marked inhibition of SP-mediated induction of IL-1α by the EP2 receptor antagonist AH-

6809 and EGFR kinase inhibitor AG-1478 indicated a role for EP2 receptor in combination with 

EGFR in this induction of IL-1α. I next investigated whether IL-1α regulation was mediated by 

the EP2 and EGF receptors.  In order to confirm that activation of the EP2 and EGF receptors can 

regulate IL-1α expression, I treated HeLa cells with vehicle or butaprost  which is a specific EP2 

receptor agonist or human recombinant EGF or both agonist together for 4, 8, 16 and 24 hours. 

Activation of EP2 (Figure 4.5A) and EGF (Figure 4.5B) receptors significantly induced IL-1α 

expression after 8 and 4 hours treatment, respectively (2.77 ± 0.23 and 5.76 ± 0.80 fold 

increases) as shown by qRT-PCR analysis. Co-treatment of HeLa cells with EP2 and EGF 

receptor agonists together (Figure 4.5C) significantly induced the expression of IL-1α mRNA at 

all-time points investigated (Figure 4.5C; 3.56 ± 1.48, 6.29 ± 1.28, 2.84± 0.34, and 2.36 ± 0.75 

fold increases). Moreover, the peak IL-1α induction observed after 8 hours of co-treatment was 

greater than either butaprost or EGF treatment alone suggesting that co-activation of EP2 and 

EGF receptors act synergistically in inducing the increase of IL-1α production by HeLa cells 

(Figure 4.5C). 
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Figure 4.5: Activation of EP2 receptor (A), EGF receptor (B) and co-activation of EGF and EP2 
receptors (C) induces the expression of IL-1α mRNA in HeLa cells as determined by qRT-PCR. 
HeLa cells were treated for 4, 8, 16 and 24 hours with butaprost [5µM] or EGF [10ng/mL] or 
butaprost and EGF or vehicle. Data represented as mean ± SEM from 5 independent 
experiments. Paired T-tests were conducted on the untransformed means of the replicates 
between butaprost or EGF or butaprost and EGF treated cells and control.* and ** indicates 
significance at P < 0.05 and P < 0.01, respectively. 
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4.4.6 EP2 receptor antagonist, EGFR and PI3 kinase inhibitors inhibit PGE2 and EGF 

mediated induction of IL-1α in HeLa neoplastic cervical epithelial cells. 

Having demonstrated that PGE2 and EGF induced the expression of IL-1α in HeLa S3 cells, I 

next investigated the transduction pathways by which PGE2 and EGF induce IL-1α expression in 

HeLa cells. SP was shown to induce IL-1α expression in HeLa S3 cell via the EP2/EGFR/PI3 

kinase pathways (Figure 4.3 A, B and C), thus I investigated whether PGE2 and EGF induces the 

expression of IL-1α in HeLa cells via similar pathways. HeLa S3 cells were treated with vehicle 

or PGE2 alone or in the presence of AH-6809 and chemical inhibitors, AG-1478 or LY-294002 

for 8 hours and IL-1α mRNA expression was assessed using qRT-PCR (Figure 4.6A). PGE2-

mediated induction of IL-1α (2.49 ± 0.66 fold increase) was significantly reduced in the presence 

of EP2 receptor antagonist (0.65 ± 0.38) and chemical inhibitors of EGFR and PI3 kinase (0.91 ± 

0.15, and 0.41 ± 0.35 fold increases, respectively; P < 0.05 in all cases). Subsequently, HeLa S3 

cells were treated with vehicle, or PGE2 and EGF alone or in the presence of AH-6809 or AG-

1478 separately or together or with LY-294002 for 16 hours (Figure 4.6B). Similarly, induction 

of IL-1α after treatment with PGE2 and EGF together was markedly reduced in the presence of 

EP2 receptor antagonist or EGFR kinase inhibitor, and almost abolished in the presence of EP2 

receptor antagonist together with EGFR inhibitor or in the presence of PI3 kinase inhibitor (P < 

0.01 in all cases). In addition, HeLa S3 cells were treated with vehicle or EGF alone or in the 

presence of LY-294002 for 4 hours (Figure 4.6C). The EGF-mediated IL-1α induction was 

reduced from 5.76 ± 0.80 fold increase to 1.88 ± 0.46 fold increase in the presence of PI3 kinase 

inhibitor (P < 0.01). These findings confirm that EGF regulates IL-1α expression via the 

activation of PI3 kinase pathways, while PGE2 regulates IL-1α expression via the activation of 

EP2/EGFR/PI3 kinase pathways.  
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Figure 4.6: EP2 antagonist, EGFR and PI3 kinase inhibitors inhibit PGE2 (A), PGE2 and EGF 
(B), and EGF (C) mediated induction of IL-1α in HeLa cells as determined by qRT-PCR. HeLa 
cells were treated for 4, 8 and 16 hours with EGF [10ng/mL], or PGE2 [300nM] or both or 
vehicle in the absence/presence of antagonist/inhibitors AH6809 [20µM], AG1478 [100nM], 
AH6809 together with AG1478, and LY294002 [25μM]. Data are represented as mean ± SEM 
from 5 independent experiments. Paired T-tests were conducted on the untransformed means of 
the replicates between ligand/ligands treated cells and control and unpaired T-tests performed on 
ligand/ligands versus ligand/ligands and inhibitor after conversion to fold increases. * and ** 
indicates significance at P < 0.05 and P < 0.01, respectively. 
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4.4.7 Seminal plasma phosphorylates AKT via EP2/EGFR/PI3 kinase signaling to induce 

IL-1α expression in HeLa neoplastic cervical epithelial cells. 

Protein kinase B (Akt) is known to be one of the major downstream targets of PI3 kinase and 

upon activation, Akt moves to the cytoplasm and nucleus where it phosphorylates numerous 

downstream targets involved in the regulation of various cellular functions [203]. Having shown 

that SP mediated the expression of IL-1α in HeLa cells via the activation of EP2/EGFR/PI3 

kinase pathways, next was to investigate the role of SP in the phosphorylation of Akt and the 

position of EP2, EGFR, and PI3 kinase pathways in relation to Akt signaling using immunoblot 

analysis. HeLa S3 cells were treated with vehicle or SP (1:50 dilution) for 0, 5, 10, 20, 40, 60, 

120 and 240 minutes and Akt phosphorylation was measured by immunoblot analysis. A 

significant Akt phosphorylation was observed after 40 minutes with a maximum phosphorylation 

at 60 minutes and remaining until 240 minutes post-stimulation with fold increases of 21.58 ± 

5.32, 44.64 ± 9.14 and 9.581 ± 2.475, respectively for these time points (Figure 4.7A) (P < 0.05). 

I next treated HeLa S3 cells with vehicle or SP (1:50 dilution) or in the presence or absence of 

chemical inhibitors of EGFR kinase (AG 1478), PI3 kinase (LY294002), and EP2 receptor 

antagonist (AH6809) for 60 min and measured Akt phosphorylation. SP-mediated 

phosphorylation of Akt was significantly reduced from fold increase of 8.08 ± 1.688 to fold 

increases of 1.70 ± 0.23, 3.62 ± 0.08, and 1.00 ± 0.16 in the presence of AH-6809, AG-1478, and 

LY-294002, respectively (P < 0.05) (Figure 4.7B). 
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Figure 4.7: Akt phosphorylation in HeLa cells by SP. (A) Akt phosphorylation in HeLa S3 cells 
treated with SP (1:50) or control for 0, 5, 10, 20, 40, 60, 120, and 240 min. (B) Akt 
phosphorylation in HeLa cells treated for 60 min with SP (1:50) or control in the 
presence/absence of chemical inhibitors/antagonist EGFR kinase [AG-1478;100nM], PI3 kinase 
[LY-294002; 25μM] and EP2 antagonist [AH-6809; 20μM]. Cell lysate were subjected to 
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immunoblot analysis. Data are represented as mean ± SEM form 3 independent experiments. 
Paired T-tests were conducted on the untransformed means of the replicates between SP and 
control and unpaired T-tests performed on SP versus SP and inhibitor after conversion to fold 
increases. * indicates P < 0.05. 

 

4.4.8 IL-1α is up-regulated in cervical cancer 

Having elucidated the molecular pathways underlying SP-mediated induction of IL-1α in 

cervical epithelial cells using an in vitro HeLa cell line model system next was to investigate 

whether SP could act via similar pathway to induce IL-1α expression in cervical tissue. Here, I 

initially investigated the expression of IL-1α in normal and neoplastic cervical tissue explants 

using quantitative real time PCR (qRT-PCR) (Figure 4.8A I). Expression of IL-1α transcript was 

significantly elevated in all cancer tissue samples investigated compared with normal cervical 

tissue sample. IL-1α mean expression as assessed by qRT-PCR was 43.65 ± 13.21 fold greater in 

neoplastic cervical tissue than in normal cervical tissue (Figure 4.8A II). The site of IL-1α 

synthesis in the neoplastic tissue was then investigated by immunohistochemistry. IL-1α was 

localized to the neoplastically transformed squamous epithelium in squamous cell carcinoma 

(Figure 4.8B I) and to neoplastically transformed columnar epithelium lining the endocervical 

and the glandular epithelium of the endocervical glands in adenocarcinomas (Figure 4.8B II). In 

contrast to the high levels of immunoreactive IL-1α observed in cervical cancer tissue, little or 

no staining for IL-1α was observed in the normal cervical tissues (Figure 4.8B III). Incubation 

with biotinylated IgG in place of primary antibody as control did not show any immunostaining 

in carcinoma tissue sections (Figure 4.8B IV). Analysis/quantification of immunohistochemical 

stains revealed a significant expression of IL-1α in both adenocarcinoma and squamous cell 

carcinoma tissue compared to normal cervix (Figure 4.8 C and D; P < 0.05 in both cases). 
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Figure 4.8: A, Relative mRNA expression of IL-1α in (I) cervical squamous cell carcinoma 
(Ca.1-Ca.7, adenocarcinoma (Ca.11), and normal cervix (N1-N6). (II) Mean relative IL-1α 
mRNA expression in neoplastic and normal cervical tissue explant as determined by qRT-PCR 
and shown in (I). B, IL-1α expression by immunostaining in epithelial cells of squamous cell 
carcinoma (I), and columnar and glandular epithelium of adenocarcinoma (II). Minimal IL-1α 
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signal was detected in normal cervical tissue (III). IL-1α staining was abolished in sections 
incubated with the biotinylated secondary antibody alone (IV) (negative control). C, de-
convoluted images of squamous cell, adenocarcinoma and normal cervical immunohistochemical 
(IHC) stain. I-III, IV-VI, and VII-IX; immunohistochemical, hematoxylin (HE) and 
diaminobenzidine (DAB) stain of squamous cell, adenocarcinoma and normal cervix. D, % DAB 
stain in immumohistochemical slides. Scale bar, 50µm. Data represented as mean ± SEM. *, and 
**, indicates statistical significance at P < 0.05 and P < 0.01, respectively.  

 

 

4.4.9 IL-1RI is up-regulated in cervical cancer 

IL-1R type I (IL-1RI) (80 kD) is a signaling receptor responsible for the initiation of IL-1α signal 

transduction [509,510]. Overt expression of IL-1RI has been demonstrated in human cancers 

such as prostate cancer [510].  Having shown that IL-1α is up-regulated in cervical cancer, I next 

investigated the concurrent expression of IL-1RI in cervical cancer and normal cervix using 

qRT-PCR (Figure 4.9 A and B). IL-1RI transcript was found to be marginally elevated in all 

cancer tissue samples investigated compared with normal cervical tissue sample. IL-1RI mean 

expression as assessed by qRT-PCR was 19.70 ± 5.72 in neoplastic cervical tissue vs 15.33 ± 

4.19 in normal cervical tissue (Figure 4.9B), suggesting an enhanced IL-1α/IL-1RI signaling in 

cervical cancer.   
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Figure 4.9: A, Relative mRNA expression of IL-1RI in cervical squamous cell carcinoma (Ca.1-
Ca. 4) and normal cervix (N1-N3). B, Mean relative IL-1RI mRNA expression in neoplastic and 
normal cervical tissue explant as determined by qRT-PCR and shown in (A).  

 

 

4.4.10 SP induces the expression of IL-1α in the cervix via EP2/EGFR/PI3 kinase activation 

Finally I investigated the potential role of SP in the regulation of IL-1α expression in the cervix 

and determined whether SP induces IL-1α expression in the cervix via the same pathways as 

seen in the HeLa model cell line. Normal and neoplastic (squamous) cervical tissue explant were 

treated with vehicle or SP (1:50) for 24 hours and IL-1α mRNA expression was determined 

using qRT-PCR. SP significantly induced the expression of IL-1α in both neoplastic and normal 

cervical tissue with similar fold induction (1.959 ± 0.3226 and 2.124 ± 0.2673 fold increases) 

(Figure 4.10A and B). To investigate the signaling pathways by which SP induces IL-1α 

expression in the cervix, normal cervical tissue explants were incubated with vehicle or SP 

(1:50) in the presence or absence of AH-6809, AG-1478, and LY-290042. qRT-PCR assessment 

of IL-1α expression showed a marked reduction in SP-mediated induction of IL-1α in normal 

cervical tissue explants in the presence of EP2 receptor antagonist or the chemical inhibitors of 
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the EGFR (AG-1478) and PI3 kinase (LY-294002) pathways (P < 0.01 in all cases)  (Figure 

4.10C).  

 

Figure 4.10: SP induce IL-1α mRNA expression in neoplastic (A) and normal (B) cervical tissue 
explant. SP induces the expression of IL-1α in normal cervical tissue via the activation of 
EP2/EGFR/PI3 kinase inflammatory pathways as determined by qRT-PCR (C). Data represented 
as mean ± SEM of (n = 12 (A), n = 10 (B) and n = 7 (c), respectively). Paired T-tests were 
conducted on the untransformed means of the replicates between SP and control and unpaired T-
tests performed on SP versus SP and inhibitor after conversion to fold increases. *, **and *** 
represent significance at P < 0.05, P < 0.01 and P < 0.001, respectively. 
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4.5 Discussion 

Over the years, the role of inflammation as an etiological factor for cancer has been supported by 

findings that show that regular use of non-steroidal anti-inflammatory drugs (NSAIDs) is 

associated with reduced incidence of certain cancers [509]. Hence, inflammatory responses 

within tumor microenvironment are now recognized as a critical component for tumor 

progression and one of the major hall-marks of cancer [447,511]. Despite experimental and 

epidemiological evidence that supports the causal relationship between inflammation and cancer, 

the molecular mechanisms and pathways linking inflammation and cancer remain poorly 

understood [512]. The inflammatory milieu of most cancer microenvironments consist of tumor,  

surrounding stromal, immune and inflammatory cells which all interact intimately to produce 

cytokines/chemokines, growth factors, and adhesion molecules in a bid to promote inflammation, 

tumorigenesis and metastasis [273]. Of special relevance within this milieu are pro-inflammatory 

cytokines which are important mediators of chronic inflammatory responses, and have cardinal 

effects on malignant processes [509] as a result of their direct involvement in carcinogenesis, 

malignant transformation, tumor growth, invasion, and metastasis [473].  

Within the cancer microenvironment, pro-inflammatory cytokines can exert a direct effect on 

pre-malignant and/or malignant cells. By engaging their cognate receptors they activate 

downstream kinases to regulate an array of genes involved in cell proliferation, survival, 

metabolism, angiogenesis and metastasis [513], leading to enhanced tumor growth. Similarly, in 

epithelial cancer cells, pro-inflammatory cytokines can up-regulate the expression and augment 

the activity of epithelial NADPH oxidase (Nox) family proteins to increase ROS (reactive 

oxygen species) production in tumor microenvironment [513]. This leads to damage in genomic 
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DNA and may produce mutations that can enhance tumor formation in a chronic inflammatory 

background [513].  

Cervical cancer is a chronic inflammatory disease and one of the leading causes of cancer-related 

death worldwide with a higher incidence rate reported in underdeveloped countries [514]. It is 

well established that persistent infection with high-risk HPV is crucial to disease pathogenesis 

[15]. However, only a subset of women infected with high-risk HPV will proceed to develop 

invasive cervical cancer, thus suggesting that other co-factors must be present for the 

development of malignancy [515]. Studies have reported an association between the level of 

cervical inflammation and the development of high grade cervical neoplasia [20] or invasive 

cervical cancer [516]. It has been reported that cervical inflammation, but not the actual 

diagnosis of a specific sexually transmitted infection is associated with the development of 

squamous intraepithelial lesions within the cervix [517]. Direct links between increased pro-

inflammatory cytokine levels in patients and increasing grade of cervical intraepithelial neoplasia 

and invasive cervical cancer have been established [518]. Several in-vitro studies have 

demonstrated the expression of IL-1α in both normal and neoplastic cervical epithelial cell line 

[477]. However, few data exist on the expression of IL-1α and IL-1RI in normal and neoplastic 

cervical tissue. Using immunohistochemistry and qPCR, I investigated the expression of pro-

inflammatory cytokine IL-1α and its cognate receptor IL-1RI in normal and neoplastic cervical 

tissue. Data presented confirmed the elevated expression of IL-1α and IL-1RI in cervical cancer. 

This is in agreement with similar study by Pao et al. (1995) and Ricote et al. (2004), where it was 

reported that neoplastic cervical and prostate tissue overtly expresses IL-1α and IL-1RI 

[510,519]. In addition, these data suggests a similar pattern of IL-1α expression in cervical 

cancer as demonstrated in other malignancies [520-522]. 
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IL-1α is a pleiotropic pro-inflammatory cytokine and a member of the IL-1 family. Within the 

human body, IL-1α mediates normal physiological functions ranging from induction of vascular 

permeability and fever during sepsis to increased secretion of additional cytokines in 

autoimmune diseases [509]. The production and level of IL-1α and IL-1RI expression is elevated 

in numerous cancers including head and neck [474], breast [520,523], pancreatic [524], gastric 

[525] and prostatic cancer [510] and has been associated with virulent tumor phenotype and 

poorer prognosis via the regulation of inflammatory genes and growth factors to enhance tumor 

growth and differentiation [477,526,527] and metastatic potential of  cells [528]. Indeed Ricote 

and colleagues reported that high expression levels of IL-1α and IL-1RI in prostate cancer was 

involved in neoplastic cell proliferation [510]. Similarly, animal studies have further confirmed 

the role of IL-1α and IL-1RI in tumor development and blood vessel growth [529]. The 

expression/activation of IL-1α/IL-1RI cytokine family via autocrine and/or paracrine 

mechanisms leads to the activation of secondary pro-tumorigenic cytokines which can 

subsequently contribute to angiogenesis, tumor invasion and proliferation [523]. It is therefore 

probable that expression of IL-1α and IL-1RI in cervical cancers can act via similar manner to 

confer virulent tumor phenotype and poorer prognosis in these patients.  

IL-1α expression can be regulated by a host of inflammatory stimuli and recent studies have 

shown that seminal plasma can regulate IL-1α expression in the human cervix, post coitus 

[285,352]. Conventionally, human seminal plasma was regarded primarily as a transport and 

survival medium for the mammalian spermatozoa traversing the cervix and the uterus during and 

post coitus [280,451]. However, experimental studies using animal models shows that in addition 

to its role as a primary transport medium for the spermatozoa, seminal plasma also introduce to 

the female reproductive tract an array of signaling molecules including prostaglandins, several 
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cytokines and growth factors [280,343,451,452]. These molecules interact with cognate receptors 

on the epithelial lining of the female reproductive tract to initiate local cellular and molecular 

changes reminiscent of an inflammatory response [280]. These changes are required for maternal 

immune adaptation to pregnancy and for the generation of immune tolerance against fetal 

antigens [280,530]. However the molecular pathway by which seminal plasma mediates the 

expression of IL-1α and other cytokines is yet to be fully elucidated. Using HeLa 

(adenocarcinoma) cells, normal and neoplastic cervical tissue explants, I investigated the role of 

SP in the regulation of IL-1α expression in the cervix and transduction pathways by which SP 

induces the expression of IL-1α in neoplastic and normal cervical epithelium. In addition, I 

further investigated PGE2 and EGF as possible ligands mediating SP induction of IL-1α in 

neoplastic cervical cells.  

In the present study I have shown that exposure of HeLa neoplastic cervical epithelial cells to SP 

in vitro increases the expression of IL-1α in a donor dependent manner. The observation that IL-

1α is induced by SP as oppose to spermatozoa agrees with study by Robertson et al. (1996) 

where it was shown that SP from vasectomized mice elicit post-mating inflammatory response 

characterized by surge in pro-inflammatory cytokine synthesis [283]. In a similar manner, SP 

was found to increase the expression of IL-1α in both normal and neoplastic cervical tissue 

explants. This is in agreement with studies by Sutherland et al. (2012) and Sharkey et al. (2007 

and 2012) where it was reported that SP mediates pro-inflammatory cytokines expression in 

HeLa cells in vitro [287] and in the cervix  post coitus [285,352] to initiate an inflammatory 

response. Inflammatory response orchestrated by SP within the female genital tract can impact 

on both physiological and pathophysiological events within the cervix [285]. Because the 

epithelial microenvironment is a critical factor in cervical dysplasia and metaplasia [531], 
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incessant exposure of dysplastic or metaplastic epithelial cells to SP in sexually active women 

with underlying pathology could influence the incidence and progression of cervical cancer [285] 

consequent of SP-mediated IL-1α expression. In addition, cytokines influencing the numbers and 

phenotypes of APCs (Antigen Presenting Cells) could interact with SP-induced expression of 

tumorigenic and angiogenic factors [345]  to favor tumor growth. Having shown that SP 

regulates IL-1α expression in normal and neoplastic cervical tissue and epithelial cells, I next 

investigated possible signal transduction pathways by which SP mediates this role.  

Employing HeLa cell line as a model, I showed that SP induces the expression of IL-1α via the 

EP2 receptor, EGFR and PI3 kinase pathways since EP2 receptor antagonist (AH6809) and the 

inhibitors of EGFR kinase (AG1478) and PI3 kinase (LY294002) inhibited SP mediated 

induction of IL-1α in these neoplastic cells. In contrast, COX-1 and COX-2 were not shown to 

have a role in the induction of IL-1α by SP, since addition of their inhibitors (SC-560 and NS-

398, respectively) did not reduce the induction of IL-1α. In addition, I found that SP-mediated 

induction of IL-1α in normal cervical tissue explant was also inhibited in the presence of the 

antagonist and these inhibitors.  Similar in vitro studies by Battersby et al. (2006),  Muller et al. 

(2006) and Sales et al. (2012) have shown that SP-mediated expression of pro-inflammatory and 

angiogenic genes in endometrial and cervical adenocarcinoma cells was significantly inhibited in 

the presence of AH6809 [344] and AG-1478 (EGFR kinase inhibitor) [345,350]. The inhibition 

of SP-mediated IL-1α by EP2 antagonist and EGFR kinase inhibitors suggested that the effects 

observed were mediated by PGE2 and EGF present in the SP.  

PGE2 has been established as the predominant  PG found in SP [310]. In the present study and as 

highlighted schematically in figure 4.11, I showed that PGE2-mediated activation of IL-1α 

occurs via activation of the EP2, EGFR and Akt pathways.  
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Figure 4.11: Schematic summary highlighting the role of SP and its constituents (PGE2 and 
EGF) in the regulation of signaling pathway mediating IL-1α (IL-1 alpha) expression in cervical 
epithelial cells. 

 

The role of the EP2 receptor in mediating these effects was further confirmed using the selective 

EP2 agonist butaprost. This is consistent with similar study by Shao et al. (2007) where it was 

shown that PGE2, acting via EP2 receptor activate cAMP/PKA pathway to mediate the 

expression of IL-1α in colon cancer cells in an autocrine/paracrine mechanism [505]. EP2 has 

been found to be up-regulated in cervical cancer [28] and its role in the induction of IL-1α in 

cervical cancer cells explains the greater induction in IL-1α in cervical cancer tissue relative to 
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normal cervical tissue. These data suggest that PGE2 in SP [280,532,533] can act via its E-series 

PGs receptor EP2 receptor to directly transactivate EGFR via an intracellular signaling 

mechanism, either by phosphorylation of cSRC or by the MMP-mediated release of heparin-

bound EGF tethered to the cell membrane, [344,345] leading to IL-1α induction. In addition to 

PGE2, SP has been shown to be rich in growth factors including epidermal growth factor (EGF) 

[534-536]. Data presented herein showed that EGF can induce IL-1α in neoplastic cervical HeLa 

cells. This in agreement with similar in vitro study by Hamilton et al. (2003) where it was shown 

that EGF induces the expression of pro-inflammatory cytokine in lung cancer cells, and the 

expression of this cytokine was suppressed in the presence of EGFR inhibitor (AG-1478) [537]. 

It is therefore very feasible that the EGFR expressed on the membrane of these neoplastic cells 

can be directly activated by EGF in SP to induce IL-1α expression. The evidence that IL-1α 

induction by SP is due to PGE2 and EGF present in SP is in agreement with findings of Sharkey 

et al. (2012) who demonstrated that SP-mediated IL-1α induction in Ect1 cells occurred 

independently of  TGF-β1, TGF-β2, and TGF-β3 which are abundant in SP [286].  

Furthermore, since my data show that concurrent treatment of HeLa S3 cells with PGE2 and EGF 

directed a sustained and elevated increase in IL-1α expression compared to either ligand alone, it 

is likely that the effects of SP on IL-1α induction may be mediated by a combination of PGE2 

and EGF working in synergy. Once released, IL-1α can act in an autocrine/paracrine manner 

within the site of production to regulate inflammation and tumorigenesis. Indeed, Shao and 

colleagues showed in their study that IL-1α stimulates the migration of colon cancer cells [505]. 

It is therefore plausible that in sexually active women with underlying pre-invasive or invasive 

cervical condition, repeated exposure of the elevated EP2 receptor expressed on the neoplastic 

cervical epithelial cells [28] to PGE2 present in seminal plasma could enhance tumorigenesis 
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following ligand-receptor binding and activation of similar intracellular signaling pathway to 

induce IL-1α expression. Expressed IL-1α can then stimulate cervical cancer cell migration to 

adjacent structures within the pelvis and perineum, hence conferring poor prognosis. 

Several studies have shown that PI3 kinase-Akt signaling is deregulated in many cancers 

including cervical cancer where amplification of the p110α catalytic subunit has been reported 

[217,218,220,538]. Interestingly in this present study, SP and its constituents (PGE2 and EGF) 

have been shown to mediate IL-1α expression in normal and neoplastic cervical epithelial cells 

via the activation of PGE2-EP2-EGFR-PI3 kinase pathways. Once activated Akt phosphorylates 

proteins on serine and threonine residues resulting in the modulation of multiplicity of 

downstream substrates, including NF-κB involved in the regulation of cell proliferation and 

survival [224,230,232]. The SP-mediated Akt phosphorylation seen in this study may act via 

similar mechanism to induce IL-1α expression. The SP-mediated induction of a pleotropic pro-

inflammatory cytokine IL-1α in neoplastic cervical epithelial cells suggests that SP may promote 

cervical inflammation as well as progression of cervical cancer in sexually active women [350]. 

This present study is the first to demonstrate that SP regulates pro-inflammatory cytokine IL-1α 

expression in normal and neoplastic cervical cells via the induction of the EP2-EGFR-PI3 kinase-

Akt pathways.  
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In conclusion, this study identifies PGE2 and EGF within SP as possible ligands responsible for 

SP-mediated induction and secretion of IL-1α in neoplastic cervical cells. Furthermore, this 

study provides evidence for pathways that are used by SP to induce the production of pleotropic 

pro-inflammatory cytokine IL-1α in normal and neoplastic cervical epithelial cells following 

coitus. The secreted IL-1α can in turn regulate in an autocrine or paracrine manner through its 

cognate receptor the surrounding cells and promote inflammation and tumorigenesis.  
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CHAPTER 5 

C-C CHEMOKINE RECEPTOR 5   IS UP-REGULATED IN CERVICAL CANCER AND 

IS REGULATED BY SEMINAL PLASMA: POTENTIAL ROLE IN INCREASED RISK 

OF HIV TRANSMISSION IN CERVICAL CANCER  

5.1 Introduction 

Human immunodeficiency virus (HIV) infection is a major public health problem in developing 

countries. In Southern Africa alone, there are more than 5 million people infected with 

HIV/AIDS, accounting for a staggering 34 % of the global HIV infection burden, with women 

more affected than men [539]. HIV infection is characterized by persistent immune activation 

and chronic inflammation which is beneficial for HIV replication but detrimental to the host 

[540]. Although two decades have now elapsed since the identification of HIV as the etiology of 

AIDS, knowledge about how pro-inflammatory mediators affect HIV pathogenesis is still 

unclear [256]. However, it has been established that a main feature of HIV infection is the 

expression of numerous pro-inflammatory mediators including cytokines and PGs [256,313]. 

These pro-inflammatory mediators have been shown to enhance HIV-1 transmission [313,541] 

and viral replication in vitro [313,542]. 

Mucosal inflammation of the female lower genital tract is regarded as an imperative factor 

favoring acquisition of HIV infection in receptive vaginal intercourse [543,544]. Cervical cancer, 

an AIDS-defining illness [545,546] is a characterized chronic inflammation of the cervical 

epithelium with underlying neoplasia [547]. Histopathologic features of cervical cancer shows a 

predominance of tumor-infiltrating leukocytes [548] and neoplastic cells interacting to release 

inflammatory mediators including pro-inflammatory cytokines [519]  and PGs [28]. Hence, 
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women with cervical cancer, where there are already infiltrating leukocytes and elevated 

cytokines could be at greater risk of HIV infection.  

Here I show that CD4 and CCR5 receptors are up-regulated in neoplastic cervical tissue that has 

high levels of IL-1α [519], PGE2 and COX enzymes [28,312]. These (PGs and cytokines) have 

been shown to regulate chemokine receptors including CXCR4, in cervical cancer [276]. 

 

5.2 Aim of the study 

This study was aimed at investigating the expression and SP regulation of HIV receptors CD4 

and CCR5 in cervical cancer.    
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5.3 Materials and Methods 

5.3.1 Cervical cytobrush sample 

Cervical cytobrush specimens were collected from women (n=20) attending the Colposcopy 

Clinic at Groote Schuur Hospital, Cape Town. All women were of reproductive age (median age 

of 37 years) and reported normal menstrual cycles. Sampling was carried out mid-cycle and any 

patients that showed signs of bleeding were excluded from the study. Specimens were obtained 

by cytobrush according to the method described by Musey and colleagues [321] and treated with 

SP as described in section 2.4.1. After which, cells were pelleted by centrifugation at 15000rpm 

and RNA extracted using Trizol (Sigma) following the manufacture’s guidelines and reverse 

transcribed as previously described in section 2.9. Data are presented as mean ± SEM. 

 

5.3.2 Cervical tissue collection 

Cervical cancer tissue (Ca.1-Ca.7) specimens obtained from previously diagnosed (pre or 

invasive carcinoma of the cervix) patients attending the Gynecologic Oncology Clinic at Groote 

Schuur Hospital (Cape Town) were processed and treated with SP as previously described in 

section 2.4.2. Patient age ranged between 29-62 years, with a median age of 41 years. The extent 

of invasiveness of carcinoma biopsies are presented in Appendix III. Similarly, histologically 

normal cervical tissues (N1-N5) were collected from women undergoing Wertheim’s 

hysterectomy for benign gynecological malignancies at Groote Schuur Hospital (Cape Town). 

Tissue explant were also processed and treated with SP as previously described in section 2.4.2.  

Patient age ranged between 37-73 years with a median age of 50.5 years.  
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5.3.3 Construction of HeLa Tet-off cells 

HeLa Tet-off cells containing the tetracycline (doxycycline; DOX) transactivator/VP16 domain 

cloned upstream of the minimal CMV promoter [549,550] were purchased from Clontech. 

Construction and validation of the COX-1 Tet-Off system is described in Sales et al., 2002 [312]. 

Briefly, HeLa Tet-off cells were stably transfected with the full length COX-1 cDNA cloned 

upstream of the tetracycline (DOX) regulatory element fused to the minimal CMV promoter. In 

the presence of DOX, the TetR/VP16 transcativator protein is inhibited from transactivating the 

TRE and expression of the transgene is suppressed. Removal of DOX from the culture medium 

promotes COX-1 transgene expression [312]. 

 

5.3.4 Cell culture and treatment with SP  

HeLa S3 cells were routinely maintained as previously described in section 2.6. HeLa COX-1 

Tet-off cells were maintained under the same culture conditions as HeLa S3 cells, with the 

addition of 2µg/ml Doxycyline (DOX; Sigma) to maintain the suppression of the COX-1 

transgene as previously described by Sales et al. (2002) [312]. For the wild type HeLa cell 

experiments, HeLa cells were seeded at a density of 2 x 105 cells in 3cm dishes and allowed to 

attach and grow overnight. The following day cells were serum starved for 24 hours in serum-

free medium. Cells were then treated with vehicle or 1:50 dilution of SP for 4, 8, 16 and 24 

hours, respectively. For inhibitor experiments, cells were serum starved and treated with 

inhibitor alone or 1:50 dilution of SP and inhibitor of EGFR kinase [AG1478; 200nM], ERK1/2 

kinase [PD98059; 50µM], COX-1 [SC560; 10µM], COX-2 [NS398; 10µM] or nuclear factor 

kappa B [NFB, SN50; 100µg/ml] or EGTA [1.5mM] for 8 hours or 16  hours. The 
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concentrations of chemical inhibitors were determined empirically by titration as described 

previously [325-327]. At the concentrations and time used, the inhibitors showed no adverse 

effect on cell viability when stained with 0.4% trypan blue dye. For HeLa COX-1 Tet-off 

experiments, 2 x 105 HeLa COX-1 Tet-off cells were incubated in 3cm dishes in the absence (to 

allow for induction of COX-1 transgene expression) or presence (to switch off transgene 

expression) of 2µg/ml Doxycyline (DOX; Sigma) in serum free DMEM for 24, 48 and 72 hours. 

Cells were supplemented daily with DOX. RNA was extracted individually from each set of 

experiment by using Trizol (Sigma) following the manufacturer’s guidelines and concentrations 

and purity of the RNA determined as described in section 2.8. cDNA was synthesized from total 

mRNA (200ng) by reverse transcription as described in section 2.9. Fold increase was calculated 

by dividing the values obtained from the SP only/SP plus inhibitor treatments by the vehicle 

only/vehicle plus inhibitor treatments. All in vitro cell culture experiments were carried out in 

duplicate.  

 

5.3.5 Quantitative real time PCR reaction 

Quantitative real time PCR was performed to determine the expression of CD4 and CCR5 in 

normal and neoplastic cervical tissue explant, assess the expression of CD4, CCR5, CCR2b, 

CXCR4, CXCR6 and GPR1 on SP-treated HeLa cells, and determine the effects of chemical 

inhibitors on SP-mediated induction of CCR5 in HeLa cells. RNA was extracted from neoplastic 

cervical tissue (squamous cell carcinoma Ca.1 - Ca.7), normal cervix (N1-N5), and HeLa cells 

using Trizol reagent as per the manufacturers’ instruction and reversed transcribed as described 

in section 2.9. qRT-PCR reaction was carried out on an Illumina ECOTM quantitative RT-PCR 
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machine and detected using SYBR green (Bioline,  Celtic Molecular, Cape Town, South Africa) 

incorporation during PCR reaction as described in section 2.10.3. All relative expressions were 

calculated using the comparative Ct (section 2.10.5) relative to an endogenous control of HeLa 

cell cDNA included in each experiment. Data are presented as fold increase as determined by 

dividing the relative expression of SP treated group by that of the control. Data are presented as 

mean ± SEM.  

 

5.3.6 SDS-PAGE and Western blot analysis 

Immunoblot analysis was performed as described in section 2.14. Immunoblots were incubated 

in 10mL of blocking buffer (PBS, 0.1% Tween-20 with 5% w/v nonfat dry milk) on a shaker for 

1 hour at room temperature (RT), after which membranes were washed three times for 10 

minutes each with 15mL PBS, 0.1% Tween-20 followed by an overnight incubation with 

specific β-actin, CCR5, CD4 or COX-1 primary antibody (1:400 dilution) in 5% BSA at 4 0C 

with gentle shaking. Thereafter, membranes were washed three times for 10 minutes each with 

15mL of PBS, 0.1% Tween-20, incubated for 1 hour with HRP-conjugated secondary antibody 

(1:5000 dilution) at RT with gentle shaking and washed again three times with 15mL PBS, 0.1% 

Tween-20. Protein detection was conducted as described in section 2.14. Densitometry on 

visualized protein bands was done using a UVP Biospectrum 500 Imaging system (UVP, 

Scientific Group, Cape Town, South Africa). Fold induction was determined in SP-treated cells 

or HeLa COX-1 Tet-off cells incubated without DOX relative to control-treated cells or HeLa 

COX-1 Tet-off cells incubated with DOX, after normalizing to β-actin, by dividing the 

expression in the treated group (HeLa COX-1 Tet-off minus DOX) by the expression in the 
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control group (HeLa COX-1 Tet-off plus DOX). Data are presented as mean ± SEM from four 

independent experiments. 

 

5.3.7 Immunohistochemistry 

Immunohistochemistry was done on archival cervical blocks (Normal n=4, squamous cell 

carcinoma n=5 and adenocarcinoma n=5) obtained from the Department of Anatomical 

Pathology, University of Cape Town. Sections were deparaffinized, rehydrated and antigen 

retrieval done as described in section 2.16. Blocking for endogenous peroxidase was done as 

described earlier (section 2.16). Sections were blocked using 5% normal donkey/goat serum 

diluted in TBS after which tissue sections were incubated with polyclonal goat anti-CCR5 

(1:200), mouse anti-CD4 (1:200) or rabbit anti-neutrophil elastase (1:400) antibodies at 4 0C for 

18 hours. After incubation, tissue sections were then washed in TBS twice for 5 minutes each 

followed by incubation with biotinylated donkey anti-goat or goat anti-mouse secondary IgG 

antibody at dilution of 1:500 at RT for 30 minutes or donkey anti-rabbit Cy3 at dilution of 

1:1000 for neutrophil elastase at RT for 60 minutes. Tissue sections with the CCR5 and CD4 

antibodies were then further incubated with streptavidin-biotin peroxidase complex (1:50) at RT 

for 30 minutes. Controls were incubated with biotinylated IgG secondary antibody only. Color 

reaction was developed by incubating with 3.3’-diaminobenzidine. Tissue sections were 

counterstained in aqueous hematoxylin, before mounting and coverslipping. For sections 

incubated with neutrophil elastase/Cy3, nuclei were counterstained with Dapi (Santa Cruz). 

Fluorescent images were visualized and photographed using a Carl Zeiss laser scanning 

microscope LSM 510 (Jena, Germany).  
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5.3.8 Statistical Analysis 

The data in this study was analyzed by t-test or one-way ANOVA using Graph Pad Prism 5.0c 

(Graph Pad, San Diego, CA). Paired T-Tests were conducted on the untransformed means of the 

replicates between SP and control or inhibitor and inhibitor and SP or HeLa COX-1 Tet-off cells 

incubated in the absence vs presence of DOX for each experiment. Unpaired T-Tests were 

conducted on SP versus SP and inhibitor after conversion to fold/percentage increase. One way 

ANOVA was used as an additional test to determine significant difference between the various 

time points for CD4, CCR5, CCR2b, CXCR4, CXCR6 and GPR1 by real-time PCR and/or 

Western blot analysis in response to SP treatment. 
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5.4 Results 

5.4.1 CD4 and CCR5 expression is elevated in cervical cancer tissue 

Quantitative RT-PCR analysis revealed elevated expression of CD4 (Fig. 5.1A) and CCR5 (Fig. 

5.1B) in all cervical cancer biopsies (Ca1-Ca7) compared with normal cervical tissues (N1-N3). 

Using serial sections, the site of CD4 (Figure 5.1C and 5.1D) and CCR5 (Figure 5.1F and 5.1G) 

expression was localized to the neoplastic epithelial cells in cervical adenocarcinomas (Figure 

5.1C and 5.1F) and squamous cell carcinomas (Figure 5.1D and 5.1G) with strong 

immunoreactivity in immune cells adjacent to the epithelium, in the stromal compartment. Using 

a specific antibody for leukocyte neutrophil elastase, I confirmed that the immune cells strongly 

expressing CD4 and CCR5 in the cervical adenocarcinoma (Figure 5.1I) and squamous cell 

carcinomas (Fig. 5.1J) were infiltrating leukocytes. In contrast to the strong immunoreactive 

staining for CD4 and CCR5 observed in the cancer tissues, I observed minimal immunoreactivity 

for CD4 and CCR5 in normal cervix (Figure 5.1E and 5.1H respectively). I also did not detect 

any infiltrating leukocytes in normal cervical tissues by immunohistochemistry and confocal 

microscopy. Analysis/quantification of immunohistochemical stains revealed a significant 

expression of CD4 and CCR5 in both adenocarcinoma and squamous cell carcinoma tissue 

compared to normal cervix (Figure 5.1L; P < 0.05, respectively). The high levels of CD4 and 

CCR5 expression in the cancer tissues in the same cellular compartment as elevated IL-1α, 

COX-1 and COX-2 reported in an earlier study conducted in our laboratory [312], suggest that 

they could be regulated by inflammatory pathways in cervical epithelial cells. 
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Figure 5.1: Expression and localization of CD4 and CCR5 in cervical tissues. CD4 (A) and 
CCR5 (B) mRNA expression in cervical cancer (Ca1-Ca7; n=7) and normal cervical tissues (N1-
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N3; n=3) as determined by quantitative real time PCR analysis. Localization of CD4 (C, D, E), 
CCR5 (F, G, H) and neutrophil elastase (I, J) expression was determined in cervical 
adenocarcinoma (C, F, I), squamous cell carcinoma (D, G, J) and normal cervix (E, H) by 
immunohistochemistry. A representative section of de-convoluted (HE and DAB) IHC stain is 
shown for each. Controls incubated with IgG from host species (K; representative section shown) 
were negative for immunoreactivity. % DAB stain for CD4 and CCR5 in normal, squamous and 
adenocarcinoma tissues (L). Scale bar, 100µm. Data represented as mean ± SEM. *, represent 
significance at P < 0.05. 

 

5.4.2 SP regulates expression of CD4 and CCR5 in the cervix  

SP has been shown to induce inflammatory and tumorigenic pathways in the vagina [315] and 

cervix [287,346,350]. I investigated whether SP could regulate expression of CD4 and CCR5, 

the main receptor-co-receptor pair involved in HIV infection, in the cervical mucosa using 

heterogeneous cervical epithelial cells (cytobrush samples), neoplastic and normal cervical tissue 

explants. Samples were treated for 24 hours with vehicle or 1:50 dilution of SP and expression of 

CD4 and CCR5 determined by qRT-PCR. SP was found to significantly elevate the expression 

of CD4 (Figure 5.2A; 5.2C and 5.2E; P < 0.05) and CCR5 (Figure 5.2B; P<0.01, 5.2D; P < 0.01, 

and 5.2F; P < 0.05) in the cervical specimens obtained from the cervical mucosa by cytobrush 

sampling (Figure 5.2A and 5.2B), normal cervical biopsy (Figure 5.2C and 5.2D), and cervical 

cancer biopsies (Figure 5.2E and 5.2F) compared with vehicle treated controls.  
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Figure 5.2: Seminal plasma induces expression of CD4 and CCR5 in the cervix. CD4 (A, C, E) 
and CCR5 (B, D, F) mRNA expression was determined by qRT-PCR analysis of cervical tissues 
obtained from the cervix with a cervical cytobrush (A and B), normal cervical biopsy from the 
ectocervix-transformational zone (C and D), cervical cancer biopsy (E and F). Cervical 
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cytobrush samples (n=20) and biopsies (n=5) were treated with control (PBS) or 1:50 dilution of 
seminal plasma for 24 hours. Data are presented as mean ± SEM. *, ** indicate significance at 
P<0.05 and P<0.01 respectively. 

 

 

5.4.3 SP regulates the expression of HIV chemokine co-receptors in HeLa neoplastic 

cervical epithelial cells 

 The role of SP in the regulation of pro-inflammatory chemokines and their receptors within the 

epithelial and stroma compartments of the cervix after coitus has been demonstrated in vivo 

[285]. Here, I hypothesized that SP can regulate HIV chemokine co-receptors expression in 

neoplastic cervical epithelial cells in vitro, using a well-established HeLa (adenocarcinoma) cell 

line as a model system. HeLa cells were treated with vehicle or SP (1:50 dilution) for 4, 8, 16, 

and 24 hours and the expression of CD4, CCR5, CCR2b, CXCR4, CXCR6 and GPR1 mRNA 

expression assessed using qRT-PCR (Figure 5.3A, 5.3B, 5.3C, 5.3D, 5.3E, and 5.3F). SP 

significantly induces the expression of CD4, CCR5, and CCR2b mRNA at all-time points 

investigated (Figure 5.3A, B, and C, respectively; P < 0.01). SP treatment of HeLa cells 

significantly induce CXCR4 expression after 24 hours, indicating that longer exposure of 

neoplastic epithelial cells is required to induce CXCR4 ( Figure 5.3D; P < 0.01). This is in 

agreement with prior result from the Taqman array, where no significant expression of CXCR4 

was observed after 8 hours treatment with SP. CXCR6 expression was found to be increased 

significantly in a biphasic manner at 4 hours (P < 0.01) and 24 hours (P < 0.05), with minimal 

expression observed at 8 and 16 hours after SP treatment (Figure 5.3E). I found no increase in 

GPR1 mRNA expression in response to SP treatment (Figure 5.3F). These results suggest that 
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SP-mediated inflammation can regulate the expression of HIV chemokine co-receptors in 

neoplastic cervical epithelial cells. 

 
 
 
Figure 5.3: Seminal plasma induces expression of HIV chemokine co-receptors in HeLa cells. 
(A) CD4, (B) CCR5, (C) CCR2b, (D) CXCR4, (E) CXCR6 and (F) GPR1 mRNA expression as 
determined by qRT-PCR analysis. HeLa cells were treated with control (PBS) or 1:50 dilution of 
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seminal plasma for 4, 8, 16 or 24 hours. Data are presented as mean ± SEM from 8 individual 
experiments. ** indicates significance at P < 0.01. 

 

5.4.4 SP regulation of CD4 and CCR5 expression in the cervix is dependent on individual 

semen donor. 

In the present study, prior experiments describing SP regulation of CD4 and CCR5 in HeLa 

cells, neoplastic and normal cervical tissue (Figure 5.2 and 5.3) was conducted with pooled SP 

obtained from 10 healthy individual donors. To assess whether SP-mediated regulation of CD4 

and CCR5 in the cervix was donor-dependent, I analyzed the effect of SP from individual donors 

on CD4 and CCR5 mRNA expression in HeLa cells. Results as shown in figure 5.4 A and B 

revealed that SP from all ejaculates (SP1-SP5; spermatozoa removed by centrifugation, SP6spr 

and SP7spr; full ejaculates containing spermatozoa, SP8pv-SP10pv; ejaculates from 

vasectomized men i.e. no spermatozoa present) all increased CD4 and CCR5 expression in HeLa 

cells after 4 and 24 hours incubation, respectively with different efficacies (Figure 5.4 A and B). 

Thus suggesting that individual variation in SP potency can affect HIV susceptibility and 

transmission in sexually active women. All subsequent experiments were conducted using 

pooled SP.     
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Figure 5.4: Relative expression of CD4 (A) and CCR5 (B) mRNA in HeLa cells treated with 
SP1-SP5, SP6spr, SP7spr, and SP8pv-SP10pv (1:50 dilution) relative to PBS (control) for 4 or 
24 hrs as determined by qRT-PCR. Data are presented as fold above control 
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5.4.5 SP induces CCR5 protein expression of in HeLa cells 

To further investigate protein expression of CD4 and CCR5 in response to SP treatment, Western 

blot analysis was carried out on HeLa cell lysates treated with SP for 8, 16, and 24 hours. I found 

no significant change in HeLa CD4 protein levels in response to SP treatment in contrast to 

observed fold increase (2.5, 2.2, and 3.5 fold increase at 8, 16, and 24 hours, respectively) in 

mRNA level expression (Figure 5.5A). CCR5 protein on the other hand was robustly induced at 

8, 16 and 24 hours in HeLa cells treated with 1:50 dilution of SP, compared with control treated 

cells (Fig. 5.5B; P < 0.05), similar to my observations for mRNA.  
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Figure 5.5: Seminal plasma induces expression of CCR5 protein in HeLa cells. (A) CD4 and (B) 
CCR5 protein expression as determined by Western blot analysis. HeLa cells were treated with 
control (PBS) or 1:50 dilution of seminal plasma for 8, 16 or 24 hours. Immunoblots were 
revealed and quantified as described above. A representative immunoblot is shown for each with 
quantification from 4 individual experiments shown beneath. Data are presented as mean ± 
SEM.* indicates significance at P < 0.05. 
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5.4.6 Seminal plasma regulates CCR5 expression in HeLa cells via the EGFR and COX-1 

pathways 

Having shown that SP regulates CCR5 expression next was to investigate the signal transduction 

pathways underlying SP-mediated induction of CCR5 expression, using a panel of small 

molecule chemical inhibitors of cell signaling. HeLa cells were treated with vehicle or chemical 

inhibitor or 1:50 dilution of SP or SP and inhibitor for 8 hours (mRNA) (Fig. 5.6A) or 16 hours 

(protein) (Fig. 5.6B). SP treatment of HeLa cells induced a 6.5 ± 0.8 fold increase in CCR5 

mRNA (Fig. 5.6A; P < 0.01) and a 1.8 ± 0.5 fold increase in CCR5 protein (Fig. 5.6B; P < 0.05) 

expression respectively compared with control treated cells. Co-treatment of cells with SP and 

inhibitor of epidermal growth factor (EGF) receptor tyrosine kinase (AG1478) and COX-1 

(SC560) significantly inhibited SP-mediated increase in CCR5 mRNA expression (Fig.5.6A; P < 

0.001) and protein (Fig. 5.6B; P < 0.001) respectively. However, co-treatment of cells with SP 

and inhibitors of NFB (SN50), extracellular signal-regulated kinase (PD98059), COX-2 

(NS398) or calcium (EGTA) had no significant effect on SP-induced CCR5 mRNA or protein 

expression. 
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Figure 5.6: SP induces CCR5 expression in HeLa cells via the activation of EGFR and COX-1 
pathways. (A) CCR5 mRNA and (B) CCR5 protein expression as determined by qRT-PCR and 
Western blot analysis respectively. HeLa cells were treated for 8 hours (A) or 16 hours (B)  with 
SP (1:50) or vehicle (PBS) in the absence/presence of inhibitors of EGFR kinase [AG1478; 
200nM], COX-1 [SC560; 10µM], NFB [SN50; 100µg/ml], calcium [EGTA; 1.5mM], ERK1/2 
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kinase [PD98059; 50µM] or COX-2 [NS398; 10µM].  Data are represented as mean  SEM from 
4 independent experiments. *, **, *** indicate significance at P < 0.05, P < 0.01 and P < 0.001, 
respectively. 

 

 

5.4.7 EGF and PGE2 induces the expression of CCR5 in HeLa cells 

PGE2 is abundant in SP [315,533]. Prior studies have shown a role for PGE2 and the E-series 

prostaglandin receptors (EP2 and EP4 receptors) in mediating the effects of SP in cervical and 

endometrial cancer cells via transactivation of the EGFR [344,345]. Here I sought to determine 

whether EGF or PGE2 could be the active fraction in SP which was responsible for mediating the 

elevation of CCR5 in HeLa cells. HeLa cells were treated with 10ng/mL human recombinant 

EGF (Figure 5.7A) or 300nM PGE2 (Figure 5.7B) for 4, 8, 16 and 24 hours and subjected the 

cDNA to quantitative RT-PCR analysis. EGF treatment of HeLa cells was found to marginally 

increase CCR5 expression only at 16 hours of stimulation (Figure 5.7A; P < 0.05), however 

PGE2 treatment rapidly and significantly elevated expression of CCR5 at 4 and 8 hours of 

stimulation (Figure 5.7B; P < 0.05). Furthermore, I found that PGE2-mediated CCR5 increase 

occurred via the transactivation of the EGFR, since treatment of HeLa cells with the EGFR 

tyrosine kinase inhibitor AG1478 inhibited the PGE2-induction of CCR5 (Figure 5.7C; P < 0.05). 

These data suggest that the SP-mediated induction of HIV chemokine co-receptors in the cervix 

is mediated via the inflammatory PGE2-E-series PG receptor axis. 
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Figure 5.7: Regulation of CCR5 mRNA expression by EGF and PGE2 in HeLa cells. CCR5 
mRNA expression in HeLa cells treated for 4, 8, 16 or 24 hours with vehicle or 10ng/mL 
recombinant EGF (A) or 300nM PGE2 (B). CCR5 mRNA expression in HeLa cells treated for 8 
hours with vehicle or 300nM PGE2 in the absence or presence of the EGFR tyrosine kinase 
inhibitor AG1478 (C). mRNA expression was determined by qRT-PCR analysis. Data are 
presented as mean ± SEM from 4 independent experiments done in duplicate. 
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5.4.8 Expression of CCR5 in HeLa cells can be regulated by an inducible COX-1 enzyme 

Having shown that PGE2 could induce CCR5 expression to similar levels observed for SP. Next 

was to confirm that the COX-1-PGE2 axis can regulate expression of CCR5, using a doxycycline 

(DOX)-inducible expression system in HeLa cells (COX-1 Tet-off system) [312]. In HeLaCOX-

1 Tet-off cells, the COX-1 transgene is under the control of a DOX-inducible promoter, which 

contains a tetracycline (DOX) response element (TRE) upstream of the immediate early 

promoter of cytomegalovirus (as outlined schematically in Figure 5.8A). When HeLa COX-1 

Tet-off cells are maintained in culture medium containing 2µg/mL DOX, the tetracycline 

transactivator protein (TetR/VP16) is prevented from binding to the TRE. Under these 

conditions, induction of the COX-1 transgene is prevented. Removal of DOX from the culture 

medium results in activation of the COX-1 transgene and biosynthesis of PGE2 [312]. HeLa 

COX-1 Tet-off cells were cultured in serum free medium with or without DOX for 24, 48 or 72 

hours. Removal of DOX from the culture medium induced a time dependent increase in COX-1 

mRNA and protein levels (Figure 5.8B) reaching a maximum after 72 hours (3.8 ± 0.7 and 4.5 ± 

0.8 fold increase in COX-1 mRNA and protein expression, respectively; Figure 5.8B; P < 0.001), 

consistent with  previous study [312]. Coincident with the induction of COX-1 expression in 

HeLa cells, I observed a 3.8 ± 0.9 and 2.9 ± 0.8 fold increase in expression of CCR5 mRNA and 

protein respectively (Fig. 5.8C) in HeLa COX-1 Tet-off cells cultured in the absence of DOX for 

72 hours, compared with control HeLa COX-1 Tet-off cells cultured in the presence of DOX for 

72 hours, which had the COX-1 transgene switched off (Fig. 5.8C; P < 0.01). 
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Figure 5.8: CCR5 expression is regulated by COX-1. (A) A schematic overview of the HeLa 
COX-1 Tet-off system. (B) COX-1 mRNA and protein expression in HeLa COX-1 Tet-off cells 
incubated in the presence or absence of DOX for 24, 48 or 72 hours. (C) CCR5 mRNA and 
protein expression in HeLa COX-1 Tet-off cells incubated in the presence or absence of DOX 
for 72 Hours. Data are represented as mean  SEM from 4 independent experiments. *** 
indicates significance at P < 0.001 respectively. 
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5.5 Discussion 

Cervical cancer displays all the hallmarks of a chronic inflammatory disease and over the past 

two decades, the COX-PG pathway has emerged as a central regulator of inflammatory and 

tumorigenic events [80,129]. In cervical cancers, the expression both COX enzymes (COX-1 and 

COX-2) is elevated [340,551], and they have been shown to mediate the induction of 

inflammatory chemokines, cytokines and angiogenic genes via the autocrine/paracrine regulation 

of PGE2 and the E-series prostaglandin receptors [312] within the cancer microenvironment. 

Moreover COX-1 and COX 2 can be regulated by SP and inflammatory cytokines and PGs in a 

positive feedback manner [346,552]. In this study, the high levels of CD4 and CCR5 detected in 

cervical cancer tissues was found to be localized in the same cellular compartment in which high 

levels of IL-1α and COX-1 had previously been detected [312], raising the possibility that CD4 

and CCR5 could be regulated by inflammatory pathways. In addition, these pro-inflammatory 

mediators COX-1 [313] and IL-1α have been shown to enhance HIV-1 transmission [541] and 

viral replication in vitro [542].  

Recent studies have shown that in addition to endogenous regulation of inflammatory pathways 

by the COX-PG axis, SP and SP prostaglandins can directly regulate inflammatory and 

tumorigenic pathways in cervical [287,346,350] and vaginal cells [315]. Inflammation of the 

cervical mucosa is considered a significant risk factor for HIV infection, however the role of 

inflammatory mediators and SP on pathways involved in HIV infection in the cervix have yet to 

be fully elucidated. I hypothesized that SP and inflammatory pathways could regulate chemokine 

receptors and pathways with known roles in HIV infection, in cervical epithelial cells and 

cervical cancer.  
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I found that SP significantly elevated the expression of the HIV receptor CD4 and chemokine co-

receptor CCR5 in heterogeneous cervical epithelial cells obtained by cytobrush sampling of the 

cervical os and both normal and neoplastic cervical tissue explants. Similarly, SP also elevated 

the expression of CD4, CCR5 and other chemokine receptors that have been shown in vitro, to 

mediate HIV infection such as CCR2b, CXCR4 and CXCR6 [253,254,553] in neoplastic cervical 

epithelial cells HeLa. Although pooled SP was used in the present study, I show that though the 

potency in CD4 and CCR5 induction varies between individual semen samples, all samples 

irrespective of whether they were whole ejaculates, centrifuged to remove sperm cells or 

ejaculate from vasectomized patients, with no detectable sperm cells, all had ability to induce 

CD4 and CCR5 expression in the cervix.  

 The epithelial compartment of several tissues in the human body, including the gastrointestinal 

tract, prostate and cervix have all been implicated in the uptake and transport of HIV to 

submucosal leukocytes [554,555]. Cervical epithelial cells can behave as viral reservoirs, to 

sequester and transfer virus to activated peripheral blood mononuclear cells in the submucosa 

[555-557]. Furthermore, several studies have shown that levels of CCR5 expression in cells 

positively correlate with HIV infectivity and levels of cellular activation in vivo [558-560]. It is 

therefore plausible that any mechanism that enhances CCR5 expression, or expression of other 

HIV co-receptors, could enhance HIV susceptibility. In sexually active women, this could be 

enhanced by exposure of the cervix to SP.  

The SP-mediated regulation of CCR5 was further explored in more detail. In accordance with 

my observation for SP regulation of CCR5 mRNA expression, I found a similar robust increase 
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in CCR5 protein in HeLa cells in response to SP, indicating a good correlation between SP-

mediated CCR5 mRNA and protein expression. I explored the molecular mechanism whereby 

SP regulates CCR5 expression using a panel of small molecule chemical inhibitors. I found that 

SP regulated CCR5 expression via the EGFR and COX-1 pathways. These pathways have been 

shown to regulate inflammatory and angiogenic genes in cervical and endometrial cancers and 

are regulated by SP and SP prostaglandins [344,345]. SP is rich in a variety of cytokines and 

inflammatory mediators, including epidermal growth factor (EGF), transforming growth factor 

beta (TGFβ) and PGE2 [280,532,533,536,561]. In this study, I found that although EGF could 

modestly induce CCR5 expression, PGE2 which is present at high concentrations in SP [315,533] 

robustly enhanced CCR5 expression to similar levels observed for SP. Recently the PGE2 

fraction of SP has been shown to be the main fraction responsible for inducing inflammatory 

gene expression in vaginal cells [315]. Furthermore, in this study, I confirmed the importance of 

the EGFR in mediating CCR5 expression, since both SP and PGE2 induction of CCR5 could be 

abolished with the EGFR tyrosine kinase inhibitor AG1478. It is likely that SP and PGE2 induces 

intracellular second messenger scaffolds to transactivate the EGFR in HeLa cells in a similar 

manner reported previously, via ligand-receptor activation of the E-series PG receptors (EP2 and 

EP4 receptors) [344,345].  

To confirm the role of COX-1 in regulating CCR5 expression, I used an inducible COX-1 model 

system in HeLa COX-1 Tet-off cells [312]. I show here that induction of COX-1 induces 

expression of CCR5 in HeLa cells to a similar level observed for SP, indicating that activation of 

this inflammatory pathway can regulate CCR5 expression directly, and further confirms that it is 

an intermediate step in the SP-mediated induction of CCR5 in HeLa cells. Furthermore, 

inhibition of COX-1 with the COX-1 inhibitor SC560 or maintaining HeLa COX-1 Tet-off cells 
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in DOX, to maintain the transgene in its inactive state, abolished induction of CCR5 expression 

in HeLa cells. Inhibition of the inflammatory COX enzyme pathway over the past 2 decades has 

elicited significant attention in terms of therapeutic intervention strategy for a host of 

inflammatory diseases. My observations for the role of COX-1 in regulating HIV receptor 

expression, suggests that administration of non-steroidal anti-inflammatory drugs (NSAIDs) to 

suppress COX-enzyme expression in sexually active women might also suppress inflammatory 

pathways that regulate HIV receptor expression and susceptibility to HIV infection.  

In conclusion, these data show for the first time a potential role for seminal plasma in regulating 

HIV chemokine co-receptors in cervical epithelial cells, via the inflammatory cyclooxygenase 

pathway. These findings implicate seminal plasma in the regulation of the mucosal epithelium in 

sexually active women and may enhance susceptibility to HIV infection.  
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CHAPTER 6 

GENERAL DISCUSSION AND CONCLUSION 

 

6.1 General discussion 

In sub-Saharan Africa, cervical cancer is the most common cancer among women, and also the 

leading cause of cancer related deaths in this region [3]. Disease prevalence is gradually having a 

decline trend in the developed countries due to prophylactic vaccination and regular screening 

programs. However, in many countries in sub-Saharan Africa the incidence rate is on the rise 

because of inadequate screening programs and inaccessibility to medical intervention and 

vaccination [4]. As highlighted in section 1.2 the main causal factor for cervical cancer is 

infection of the cervix with HPV, present in seminal fluid [562] or infected skin during 

intercourse. HPV triggers the development of cervical neoplasia by its direct effects on epithelial 

cell DNA and subsequent dysregulation of intracellular signal transduction pathways [27,563]. 

However, the finding that only a subset of women infected with high-risk HPV will proceed to 

develop invasive cervical cancer pose the likelihood that other factors are involved in the 

development of malignant transformation. It has been reported that cervical inflammation, but 

not the actual diagnosis of a specific sexually transmitted infection is associated with the 

development of squamous intraepithelial lesions within the cervix [517]. 

Inflammation is a normal host response to tissue damage caused by infectious agents or other 

stimuli [513]. Most pathogenic infection are known to incite an acute inflammatory response that 

results in complete clearance of the irritants in suitable host, however inadequate resolution of 

inflammation and unabated inflammatory reactions can evoke chronic inflammation 

predisposing the host to various diseases including cancer. Chronic inflammation enhance tumor 



 

188 
 

initiation and progression by inducing DNA damage, enhancing neoplastic cell proliferation, and 

stimulating angiogenesis and tissue remodeling to mediate cell invasion and metastasis 

[104,564,565]. A main feature of chronic inflammation includes the predominance of 

inflammatory mediators or cytokines that amplify immune reactivity and presence of immune 

cells in the tissue. Cervical cancer is regarded as a chronic inflammatory disease [514] and 

exhibit all the hallmark of chronic inflammation. One of the major cytokines responsible for 

regulating inflammation is IL-1α [507], which I have found to be up-regulated in cervical 

cancers in the current study.  

The association of HIV infection and cervical cancer has long been established [566,567]. It has 

been shown that in many areas with high incidence of cervical cancer, large numbers of women 

are also likely to be HIV infected, raising a theoretical possibility that HIV infection may 

increase the incidence of cervical cancer. Moreover, cervical cancer and premalignant cervical 

lesions may increase transmission and acquisition of HIV infection [5]. Mucosal inflammation of 

the female lower genital tract is regarded as an imperative factor favoring acquisition of HIV 

infection in receptive vaginal intercourse [543,544]. It has been demonstrated that chronic 

inflammation of the cervical mucosa as seen in cervical cancer increases the risk of HIV 

transmission [568]. The site of inflammation are enriched with HIV target immune cells and may 

have breaches in mucosal epithelium both of which facilitate HIV acquisition [293].  

HIV infects cells by binding to receptors on the host cell surface. Initially, the viral cell surface 

glycoprotein gp120 attaches to host cells. This can occur via heparin sulphate proteoglycans 

[569]. The initial step in membrane fusion begins with binding of the viral envelope protein 

(Env, consisting of a trimer of gp120-gp41 heterodimers) to the CD4 cell surface protein and a 

chemokine co-receptor present on the host cell [570]. Most HIV-1 variants use CCR5 and 
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CXCR4 as the main co-receptor in vivo, however up to 12 other chemokine co-receptors for HIV 

infection have been identified in vitro [252,253].  

Findings generated in this study confirm the up-regulation of CD4 and CCR5 in cervical cancer. 

Cells expressing this receptor-co-receptor complex CD4/CCR5 in cervical cancer were 

confirmed to be infiltrating immune cells. Hence, in women with cervical cancer, breach in 

cervical mucosal epithelium and chronic inflammation characterized by infiltration with HIV 

target immune cells would predispose them to greater risk of HIV infection. This in keeping with 

findings by Gichangi et al. (2003) where higher incidence of HIV infection was reported in 

women with cervical cancer  as compared to women of the same age group with uterine fibroids 

[5]. This was associated with younger age at presentation, poor histological differentiation of the 

tumor, accelerated clinical progression of premalignant cervical lesions and poorer prognosis.  

Little is known about the association between HIV and HPV-mediated cervical neoplasia. 

However, the natural course of HPV is altered in the presence of HIV infection [571]. For 

example, HIV mediated immunosuppression can facilitate inadequate clearance of HPV in 

infected individuals, enhancing HPV persistence or re-infection, and increases the likelihood that 

premalignant lesions will develop into cancer. Furthermore, HIV may modify HPV related 

carcinogenesis by altering the expression of inflammatory components (cytokines) in the cervix 

and diminution of local cervical cellular immunity, thus altering HPV regulation [249]. In 

addition, HIV Tat gene has been shown to activate the early and late HPV genes leading to 

increased virulence of HPV [27]. Taken together, this suggests that in women with cervical 

cancer co-infected with HIV, HIV could act via similar manner to mediate HPV virulence 

leading to advanced disease and poor prognosis.  
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Cervical inflammation can be mediated by a variety of effectors, including exposure to SP [572]. 

In addition to being the primary means of transport and survival medium for the mammalian 

spermatozoa [280,451] or the major dissemination vector of HIV [294,573], seminal plasma 

contains arrays of antigenically distinct signaling molecules [343]. When these signaling 

molecules are introduced in to the female reproductive tracts, they initiate local cellular and 

molecular changes typical of an inflammatory response [280]. During inflammation, a wide array 

of intracellular signaling pathways are often activated leading to the expression of cell surface 

receptors, kinases, transcription factors and pro-inflammatory genes involved in malignant 

transformation [513].  

Using TaqMan-Array 96-well plate, this study initially confirmed the role of SP in the regulation 

of arrays of inflammatory pathways, cytokines and chemokines in neoplastic cervical epithelial 

cells. SP was found to significantly regulate COX-1-PGs, LTC4S-CysLTs-CysLT1 and LTB4-

BLT1 signaling pathways in HeLa cells. It is well documented that altered expression/activation 

of cyclooxygenase (COX) and lipooxygenase (LOX) enzymes is a common feature of several 

epithelial-derived malignancies where they mediate the induction of inflammatory chemokines, 

cytokines and angiogenic genes leading to cell proliferation, inhibition of apoptosis, and poor 

prognosis [389,390]. Hence, this study suggests that in sexually active women with cervical 

pathology, incessant exposure to SP can confer poorer prognosis consequent of SP-mediated 

activation of eicosanoid signaling pathways. In addition, SP-mediated activation of TLR-

MyD88-NFκB signaling suggests that SP can transcriptionally regulate the expression of pro-

inflammatory mediators within the cervical milieu [513]. Upon nuclear localization, NFκB 

encodes genes such as pro-inflammatory chemokines/cytokines [574] that are involved in 

inflammation associated carcinogenesis. 
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More so, I show that SP activated EP2-EGFR-PI3K-Akt and EGFR-COX-1 signaling pathways 

up-regulate in particular the expression of pleotropic pro-inflammatory cytokine IL-1α and HIV 

chemokine co-receptor CCR5, respectively in neoplastic cervical cells exacerbating the already 

up-regulated levels of these inflammatory mediators within the cancer microenvironment. 

Furthermore, this study suggests that PGE2 and EGF could be the active component in SP 

mediating inflammatory cytokines and chemokines expression in the cervix.  

Interleukin 1α is a pro-inflammatory cytokine that possess a wide range of inflammatory and 

tumorigenic properties [101,503,504]. In addition to its tumorigenic effects, IL-1α-mediated 

NFκB activation has been shown to enhance HIV transmission [541] and viral replication in vitro 

[542]. Similarly, studies have shown that levels of CCR5 expression in cells positively correlate 

with HIV infectivity and levels of cellular activation in vivo [558-560]. Taken together, these 

findings suggest that in women with pre-invasive or invasive cervical cancer, repeated exposure 

to SP can exacerbate the overall inflammatory process within the cancer microenvironment 

consequent of IL-1α expression. In these women, IL-1α-mediated inflammatory response can 

alter local tissue remodeling to facilitate immune cell extravasation and trafficking. This can lead 

to increase in inflammatory and/or immune cell infiltrates and can alter receptor expression of 

epithelial cells, including CD4 and CCR5 to further increase their risk of HIV acquisition. 

Aggravated inflammatory process in the presence of HIV can then further augment the course of 

cervical neoplasia conferring poorer prognosis (Figure 6.1).  
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Figure 6.1: Schematic diagram showing the role of seminal plasma in the regulation of IL-1α 
and CCR5 in neoplastic cervical epithelial cells and their role in cervical cancer progression. 
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6.2 Conclusion 

From the findings generated in this study, it can be concluded that SP regulates the activation of 

arrays of inflammatory pathways in neoplastic cervical epithelial cells. Induction of these 

inflammatory pathways plays a crucial role in cervical inflammation and cancer progression by 

regulating the expression of a pleiotropic cancer associated pro-inflammatory cytokine IL-1α. 

Moreover, this study demonstrates that SP-mediated inflammatory response could enhance HIV 

transmission in women with cervical cancer by inducing the expression of HIV chemokine co-

receptor CCR5 in the cervix. 

Taken together, this study suggests that repeated exposure of neoplastic cervical epithelium to 

seminal plasma as seen in sexually active women with cervical cancer could mediate advanced 

disease and poorer patient outlook consequent of its molecular effect on inflammatory pathway 

activation, pro-inflammatory cytokine expression, and promotion of HIV infection in the cervical 

cancer milieu. 

 

 

 

 

 

 

 

 

 

 



 

194 
 

REFERENCES 

[1] S.E. Waggoner, Cervical cancer, Lancet 361 (2003) 2217-2225. 

[2] S.I. Ferlay J, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray, 

F., GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC 

CancerBase No. 11, International Agency for Research on Cancer, Lyon, France, 2013. 

[3] R.I. Anorlu, Cervical cancer: the sub-Saharan African perspective, Reprod Health Matters 16 

(2008) 41-49. 

[4] H. Wabinga, A.V. Ramanakumar, C. Banura, A. Luwaga, S. Nambooze, D.M. Parkin, 

Survival of cervix cancer patients in Kampala, Uganda: 1995-1997, Br J Cancer 89 

(2003) 65-69. 

[5] P.B. Gichangi, J. Bwayo, B. Estambale, H. De Vuyst, S. Ojwang, K. Rogo, H. Abwao, M. 

Temmerman, Impact of HIV infection on invasive cervical cancer in Kenyan women, 

AIDS 17 (2003) 1963-1968. 

[6] M. Odida, R. Schmauz, S.K. Lwanga, Grade of malignancy of cervical cancer in regions of 

Uganda with varying malarial endemicity, Int J Cancer 99 (2002) 737-741. 

[7] R.I. Anorlu, C.O. Orakwue, L. Oyeneyin, O.O. Abudu, Late presentation of patients with 

cervical cancer to a tertiary hospital in Lagos: what is responsible?, Eur J Gynaecol 

Oncol 25 (2004) 729-732. 

[8] E. Chokunonga, M.Z. Borok, Z.M. Chirenje, A.M. Nyabakau, D.M. Parkin, Cancer survival 

in Harare, Zimbabwe, 1993-1997, IARC Sci Publ (2011) 249-255. 

[9] S. Bayo, F.X. Bosch, S. de Sanjose, N. Munoz, A.L. Combita, P. Coursaget, M. Diaz, A. 

Dolo, A.J. van den Brule, C.J. Meijer, Risk factors of invasive cervical cancer in Mali, Int 

J Epidemiol 31 (2002) 202-209. 



 

195 
 

[10] M.P. Canadas, S. Videla, L. Darwich, A. Tarrats, M. Pinol, F. Garcia-Cuyas, M. Llatjos, C. 

Alcalde, I. Fernandez, G. Sirera, B. Clotet, Human papillomavirus HPV-16, 18, 52 and 

58 integration in cervical cells of HIV-1-infected women, J Clin Virol 48 (2010) 198-

201. 

[11] J.G. Baseman, L.A. Koutsky, The epidemiology of human papillomavirus infections, J Clin 

Virol 32 Suppl 1 (2005) S16-24. 

[12] K.L. Wallin, F. Wiklund, T. Angstrom, F. Bergman, U. Stendahl, G. Wadell, G. Hallmans, 

J. Dillner, Type-specific persistence of human papillomavirus DNA before the 

development of invasive cervical cancer, N Engl J Med 341 (1999) 1633-1638. 

[13] G.D. Zielinski, P.J. Snijders, L. Rozendaal, F.J. Voorhorst, H.C. van der Linden, A.P. 

Runsink, F.A. de Schipper, C.J. Meijer, HPV presence precedes abnormal cytology in 

women developing cervical cancer and signals false negative smears, Br J Cancer 85 

(2001) 398-404. 

[14] P.J. Snijders, R.D. Steenbergen, D.A. Heideman, C.J. Meijer, HPV-mediated cervical 

carcinogenesis: concepts and clinical implications, J Pathol 208 (2006) 152-164. 

[15] J.S. Smith, R. Herrero, C. Bosetti, N. Munoz, F.X. Bosch, J. Eluf-Neto, X. Castellsague, 

C.J. Meijer, A.J. Van den Brule, S. Franceschi, R. Ashley, Herpes simplex virus-2 as a 

human papillomavirus cofactor in the etiology of invasive cervical cancer, J Natl Cancer 

Inst 94 (2002) 1604-1613. 

[16] J. Skapinyecz, I. Smid, A. Horvath, C. Jeney, L. Kardos, P. Kovacs, Pelvic inflammatory 

disease is a risk factor for cervical cancer, Eur J Gynaecol Oncol 24 (2003) 401-404. 



 

196 
 

[17] P.E. Castle, A.R. Giuliano, Chapter 4: Genital tract infections, cervical inflammation, and 

antioxidant nutrients--assessing their roles as human papillomavirus cofactors, J Natl 

Cancer Inst Monogr (2003) 29-34. 

[18] T. Anttila, P. Saikku, P. Koskela, A. Bloigu, J. Dillner, I. Ikaheimo, E. Jellum, M. Lehtinen, 

P. Lenner, T. Hakulinen, A. Narvanen, E. Pukkala, S. Thoresen, L. Youngman, J. 

Paavonen, Serotypes of Chlamydia trachomatis and risk for development of cervical 

squamous cell carcinoma, JAMA 285 (2001) 47-51. 

[19] K.L. Wallin, F. Wiklund, T. Luostarinen, T. Angstrom, T. Anttila, F. Bergman, G. 

Hallmans, I. Ikaheimo, P. Koskela, M. Lehtinen, U. Stendahl, J. Paavonen, J. Dillner, A 

population-based prospective study of Chlamydia trachomatis infection and cervical 

carcinoma, Int J Cancer 101 (2002) 371-374. 

[20] P.E. Castle, S.L. Hillier, L.K. Rabe, A. Hildesheim, R. Herrero, M.C. Bratti, M.E. Sherman, 

R.D. Burk, A.C. Rodriguez, M. Alfaro, M.L. Hutchinson, J. Morales, M. Schiffman, An 

association of cervical inflammation with high-grade cervical neoplasia in women 

infected with oncogenic human papillomavirus (HPV), Cancer Epidemiol Biomarkers 

Prev 10 (2001) 1021-1027. 

[21] L. Kjellberg, G. Hallmans, A.M. Ahren, R. Johansson, F. Bergman, G. Wadell, T. 

Angstrom, J. Dillner, Smoking, diet, pregnancy and oral contraceptive use as risk factors 

for cervical intra-epithelial neoplasia in relation to human papillomavirus infection, Br J 

Cancer 82 (2000) 1332-1338. 

[22] S.F. Daly, M. Doyle, J. English, M. Turner, J. Clinch, W. Prendiville, Can the number of 

cigarettes smoked predict high-grade cervical intraepithelial neoplasia among women 

with mildly abnormal cervical smears?, Am J Obstet Gynecol 179 (1998) 399-402. 



 

197 
 

[23] M.L. Slattery, L.M. Robison, K.L. Schuman, T.K. French, T.M. Abbott, J.C. Overall, Jr., 

J.W. Gardner, Cigarette smoking and exposure to passive smoke are risk factors for 

cervical cancer, JAMA 261 (1989) 1593-1598. 

[24] B. Prokopczyk, J.E. Cox, D. Hoffmann, S.E. Waggoner, Identification of tobacco-specific 

carcinogen in the cervical mucus of smokers and nonsmokers, J Natl Cancer Inst 89 

(1997) 868-873. 

[25] A.A. Melikian, P. Sun, B. Prokopczyk, K. El-Bayoumy, D. Hoffmann, X. Wang, S. 

Waggoner, Identification of benzo[a]pyrene metabolites in cervical mucus and DNA 

adducts in cervical tissues in humans by gas chromatography-mass spectrometry, Cancer 

Lett 146 (1999) 127-134. 

[26] A.M. Levine, AIDS-related malignancies: the emerging epidemic, J Natl Cancer Inst 85 

(1993) 1382-1397. 

[27] A. Adefuye, K. Sales, Regulation of inflammatory pathways in cancer and infectious 

disease of the cervix, Scientifica (Cairo) 2012 (2012) 548150. 

[28] K.J. Sales, A.A. Katz, M. Davis, S. Hinz, R.P. Soeters, M.D. Hofmeyr, R.P. Millar, H.N. 

Jabbour, Cyclooxygenase-2 expression and prostaglandin E(2) synthesis are up-regulated 

in carcinomas of the cervix: a possible autocrine/paracrine regulation of neoplastic cell 

function via EP2/EP4 receptors, J Clin Endocrinol Metab 86 (2001) 2243-2249. 

[29] S.P. Wilczynski, S. Bergen, J. Walker, S.Y. Liao, L.F. Pearlman, Human papillomaviruses 

and cervical cancer: analysis of histopathologic features associated with different viral 

types, Hum Pathol 19 (1988) 697-704. 



 

198 
 

[30] T.L. Johnson, W. Kim, D.A. Plieth, F.H. Sarkar, Detection of HPV 16/18 DNA in cervical 

adenocarcinoma using polymerase chain reaction (PCR) methodology, Mod Pathol 5 

(1992) 35-40. 

[31] A. Frega, A. Lukic, F. Nobili, A. Palazzo, R. Iacovelli, D. French, M. Moscarini, Verrucous 

carcinoma of the cervix: detection of carcinogenetic human papillomavirus types and 

their role during follow-up, Anticancer Res 27 (2007) 4491-4494. 

[32] A.N. Viswanathan, M.T. Deavers, A. Jhingran, P.T. Ramirez, C. Levenback, P.J. Eifel, 

Small cell neuroendocrine carcinoma of the cervix: outcome and patterns of recurrence, 

Gynecol Oncol 93 (2004) 27-33. 

[33] C.B. Gilks, R.H. Young, P. Aguirre, R.A. DeLellis, R.E. Scully, Adenoma malignum 

(minimal deviation adenocarcinoma) of the uterine cervix. A clinicopathological and 

immunohistochemical analysis of 26 cases, Am J Surg Pathol 13 (1989) 717-729. 

[34] A. Seth, A. Agarwal, Adenoid cystic carcinoma of uterine cervix in a young patient, Indian 

J Pathol Microbiol 52 (2009) 543-545. 

[35] W.G. McCluggage, D.P. Hurrell, K. Kennedy, Metastatic carcinomas in the cervix 

mimicking primary cervical adenocarcinoma and adenocarcinoma in situ: report of a 

series of cases, Am J Surg Pathol 34 (2010) 735-741. 

[36] T.P. Canavan, N.R. Doshi, Cervical cancer, Am Fam Physician 61 (2000) 1369-1376. 

[37] NHSSCOTLAND, Management of cervical cancer: A national clinical guideline, 1st ed., 

Scottish Intercollegiate Guidelines Network, SCOTLAND, 2008. 

[38] P. Holowaty, A.B. Miller, T. Rohan, T. To, Natural history of dysplasia of the uterine 

cervix, J Natl Cancer Inst 91 (1999) 252-258. 



 

199 
 

[39] L.A. Brinton, W.C. Reeves, M.M. Brenes, R. Herrero, R.C. de Britton, E. Gaitan, F. 

Tenorio, M. Garcia, W.E. Rawls, Parity as a risk factor for cervical cancer, Am J 

Epidemiol 130 (1989) 486-496. 

[40] E.M. Burd, Human papillomavirus and cervical cancer, Clin Microbiol Rev 16 (2003) 1-17. 

[41] M. Schiffman, P.E. Castle, J. Jeronimo, A.C. Rodriguez, S. Wacholder, Human 

papillomavirus and cervical cancer, Lancet 370 (2007) 890-907. 

[42] M.J. Arends, C.H. Buckley, M. Wells, Aetiology, pathogenesis, and pathology of cervical 

neoplasia, J Clin Pathol 51 (1998) 96-103. 

[43] M.A. Stanley, M.R. Pett, N. Coleman, HPV: from infection to cancer, Biochem Soc Trans 

35 (2007) 1456-1460. 

[44] M.A. Stanley, Immune responses to human papilloma viruses, Indian J Med Res 130 (2009) 

266-276. 

[45] E.M. de Villiers, C. Fauquet, T.R. Broker, H.U. Bernard, H. zur Hausen, Classification of 

papillomaviruses, Virology 324 (2004) 17-27. 

[46] E.M. de Villiers, D. Wagner, A. Schneider, H. Wesch, H. Miklaw, J. Wahrendorf, U. 

Papendick, H. zur Hausen, Human papillomavirus infections in women with and without 

abnormal cervical cytology, Lancet 2 (1987) 703-706. 

[47] M. Stanley, Genital papillomaviruses, polymerase chain reaction and cervical cancer, 

Genitourin Med 66 (1990) 415-417. 

[48] A.T. Lorincz, R. Reid, A.B. Jenson, M.D. Greenberg, W. Lancaster, R.J. Kurman, Human 

papillomavirus infection of the cervix: relative risk associations of 15 common anogenital 

types, Obstet Gynecol 79 (1992) 328-337. 



 

200 
 

[49] M.J. Arends, A.H. Wyllie, C.C. Bird, Papillomaviruses and human cancer, Hum Pathol 21 

(1990) 686-698. 

[50] M.H. Schiffman, H.M. Bauer, R.N. Hoover, A.G. Glass, D.M. Cadell, B.B. Rush, D.R. 

Scott, M.E. Sherman, R.J. Kurman, S. Wacholder, et al., Epidemiologic evidence 

showing that human papillomavirus infection causes most cervical intraepithelial 

neoplasia, J Natl Cancer Inst 85 (1993) 958-964. 

[51] M.J. Arends, Y.K. Donaldson, E. Duvall, A.H. Wyllie, C.C. Bird, HPV in full thickness 

cervical biopsies: high prevalence in CIN 2 and CIN 3 detected by a sensitive PCR 

method, J Pathol 165 (1991) 301-309. 

[52] M.J. Arends, Y.K. Donaldson, E. Duvall, A.H. Wyllie, C.C. Bird, Human papillomavirus 

type 18 associates with more advanced cervical neoplasia than human papillomavirus 

type 16, Hum Pathol 24 (1993) 432-437. 

[53] R.J. Kurman, M.H. Schiffman, W.D. Lancaster, R. Reid, A.B. Jenson, G.F. Temple, A.T. 

Lorincz, Analysis of individual human papillomavirus types in cervical neoplasia: a 

possible role for type 18 in rapid progression, Am J Obstet Gynecol 159 (1988) 293-296. 

[54] W. Bonnez, and R.C. Reichman, Papillomaviruses, 5th ed., Churchill Livingston, 

Philadelphia, Pa., 2000. 

[55] F.X. Bosch, M.M. Manos, N. Munoz, M. Sherman, A.M. Jansen, J. Peto, M.H. Schiffman, 

V. Moreno, R. Kurman, K.V. Shah, Prevalence of human papillomavirus in cervical 

cancer: a worldwide perspective. International biological study on cervical cancer 

(IBSCC) Study Group, J Natl Cancer Inst 87 (1995) 796-802. 

[56] J.T. Schiller, P.M. Day, R.C. Kines, Current understanding of the mechanism of HPV 

infection, Gynecol Oncol 118 (2010) S12-17. 



 

201 
 

[57] N. Munoz, X. Castellsague, A.B. de Gonzalez, L. Gissmann, Chapter 1: HPV in the etiology 

of human cancer, Vaccine 24 Suppl 3 (2006) S3/1-10. 

[58] J. Doorbar, The papillomavirus life cycle, J Clin Virol 32 Suppl 1 (2005) S7-15. 

[59] A. Le Bon, D.F. Tough, Links between innate and adaptive immunity via type I interferon, 

Curr Opin Immunol 14 (2002) 432-436. 

[60] T. Kawai, S. Akira, The roles of TLRs, RLRs and NLRs in pathogen recognition, Int 

Immunol 21 (2009) 317-337. 

[61] U.A. Hasan, E. Bates, F. Takeshita, A. Biliato, R. Accardi, V. Bouvard, M. Mansour, I. 

Vincent, L. Gissmann, T. Iftner, M. Sideri, F. Stubenrauch, M. Tommasino, TLR9 

expression and function is abolished by the cervical cancer-associated human 

papillomavirus type 16, J Immunol 178 (2007) 3186-3197. 

[62] C.D. Woodworth, HPV innate immunity, Front Biosci 7 (2002) d2058-2071. 

[63] I. Arany, K. Nagamani, S.K. Tyring, Interferon resistance is independent from copy 

numbers in benign HPV-induced lesions, Anticancer Res 15 (1995) 1003-1006. 

[64] J.S. Park, E.J. Kim, H.J. Kwon, E.S. Hwang, S.E. Namkoong, S.J. Um, Inactivation of 

interferon regulatory factor-1 tumor suppressor protein by HPV E7 oncoprotein. 

Implication for the E7-mediated immune evasion mechanism in cervical carcinogenesis, J 

Biol Chem 275 (2000) 6764-6769. 

[65] S.J. Um, J.W. Rhyu, E.J. Kim, K.C. Jeon, E.S. Hwang, J.S. Park, Abrogation of IRF-1 

response by high-risk HPV E7 protein in vivo, Cancer Lett 179 (2002) 205-212. 

[66] L.V. Ronco, A.Y. Karpova, M. Vidal, P.M. Howley, Human papillomavirus 16 E6 

oncoprotein binds to interferon regulatory factor-3 and inhibits its transcriptional activity, 

Genes Dev 12 (1998) 2061-2072. 



 

202 
 

[67] S. Li, S. Labrecque, M.C. Gauzzi, A.R. Cuddihy, A.H. Wong, S. Pellegrini, G.J. 

Matlashewski, A.E. Koromilas, The human papilloma virus (HPV)-18 E6 oncoprotein 

physically associates with Tyk2 and impairs Jak-STAT activation by interferon-alpha, 

Oncogene 18 (1999) 5727-5737. 

[68] W. Alazawi, M. Pett, B. Arch, L. Scott, T. Freeman, M.A. Stanley, N. Coleman, Changes in 

cervical keratinocyte gene expression associated with integration of human 

papillomavirus 16, Cancer Res 62 (2002) 6959-6965. 

[69] M. Nees, J.M. Geoghegan, T. Hyman, S. Frank, L. Miller, C.D. Woodworth, Papillomavirus 

type 16 oncogenes downregulate expression of interferon-responsive genes and 

upregulate proliferation-associated and NF-kappaB-responsive genes in cervical 

keratinocytes, J Virol 75 (2001) 4283-4296. 

[70] Y.E. Chang, L.A. Laimins, Interferon-inducible genes are major targets of human 

papillomavirus type 31: insights from microarray analysis, Dis Markers 17 (2001) 139-

142. 

[71] K. Middleton, W. Peh, S. Southern, H. Griffin, K. Sotlar, T. Nakahara, A. El-Sherif, L. 

Morris, R. Seth, M. Hibma, D. Jenkins, P. Lambert, N. Coleman, J. Doorbar, 

Organization of human papillomavirus productive cycle during neoplastic progression 

provides a basis for selection of diagnostic markers, J Virol 77 (2003) 10186-10201. 

[72] F. Balkwill, A. Mantovani, Inflammation and cancer: back to Virchow?, Lancet 357 (2001) 

539-545. 

[73] I.H. Frazer, Interaction of human papillomaviruses with the host immune system: a well 

evolved relationship, Virology 384 (2009) 410-414. 



 

203 
 

[74] M. Scott, M. Nakagawa, A.B. Moscicki, Cell-mediated immune response to human 

papillomavirus infection, Clin Diagn Lab Immunol 8 (2001) 209-220. 

[75] L.M. Coussens, Z. Werb, Inflammation and cancer, Nature 420 (2002) 860-867. 

[76] J.M. Oh, S.H. Kim, Y.I. Lee, M. Seo, S.Y. Kim, Y.S. Song, W.H. Kim, Y.S. Juhnn, Human 

papillomavirus E5 protein induces expression of the EP4 subtype of prostaglandin E2 

receptor in cyclic AMP response element-dependent pathways in cervical cancer cells, 

Carcinogenesis 30 (2009) 141-149. 

[77] J. Bodily, L.A. Laimins, Persistence of human papillomavirus infection: keys to malignant 

progression, Trends Microbiol 19 (2011) 33-39. 

[78] N. Dyson, P. Guida, K. Munger, E. Harlow, Homologous sequences in adenovirus E1A and 

human papillomavirus E7 proteins mediate interaction with the same set of cellular 

proteins, J Virol 66 (1992) 6893-6902. 

[79] R.R. Riley, S. Duensing, T. Brake, K. Munger, P.F. Lambert, J.M. Arbeit, Dissection of 

human papillomavirus E6 and E7 function in transgenic mouse models of cervical 

carcinogenesis, Cancer Res 63 (2003) 4862-4871. 

[80] H.N. Jabbour, K.J. Sales, R.D. Catalano, J.E. Norman, Inflammatory pathways in female 

reproductive health and disease, Reproduction 138 (2009) 903-919. 

[81] C.N. Serhan, S.D. Brain, C.D. Buckley, D.W. Gilroy, C. Haslett, L.A. O'Neill, M. Perretti, 

A.G. Rossi, J.L. Wallace, Resolution of inflammation: state of the art, definitions and 

terms, FASEB J 21 (2007) 325-332. 

[82] C.N. Serhan, N. Chiang, T.E. Van Dyke, Resolving inflammation: dual anti-inflammatory 

and pro-resolution lipid mediators, Nat Rev Immunol 8 (2008) 349-361. 



 

204 
 

[83] J.L. Hutchinson, S.P. Rajagopal, K.J. Sales, H.N. Jabbour, Molecular regulators of 

resolution of inflammation: potential therapeutic targets in the reproductive system, 

Reproduction 142 (2011) 15-28. 

[84] P. Anand, A.B. Kunnumakkara, C. Sundaram, K.B. Harikumar, S.T. Tharakan, O.S. Lai, B. 

Sung, B.B. Aggarwal, Cancer is a preventable disease that requires major lifestyle 

changes, Pharm Res 25 (2008) 2097-2116. 

[85] A. Ekbom, C. Helmick, M. Zack, H.O. Adami, Ulcerative colitis and colorectal cancer. A 

population-based study, N Engl J Med 323 (1990) 1228-1233. 

[86] M. Gulumian, The role of oxidative stress in diseases caused by mineral dusts and fibres: 

current status and future of prophylaxis and treatment, Mol Cell Biochem 196 (1999) 69-

77. 

[87] R.P. Negus, G.W. Stamp, J. Hadley, F.R. Balkwill, Quantitative assessment of the leukocyte 

infiltrate in ovarian cancer and its relationship to the expression of C-C chemokines, Am 

J Pathol 150 (1997) 1723-1734. 

[88] L. Ziegler-Heitbrock, The CD14+ CD16+ blood monocytes: their role in infection and 

inflammation, J Leukoc Biol 81 (2007) 584-592. 

[89] A.M. Houghton, The paradox of tumor-associated neutrophils: fueling tumor growth with 

cytotoxic substances, Cell Cycle 9 (2010) 1732-1737. 

[90] T. Krausgruber, K. Blazek, T. Smallie, S. Alzabin, H. Lockstone, N. Sahgal, T. Hussell, M. 

Feldmann, I.A. Udalova, IRF5 promotes inflammatory macrophage polarization and 

TH1-TH17 responses, Nat Immunol 12 (2011) 231-238. 

[91] S.K. Biswas, A. Mantovani, Macrophage plasticity and interaction with lymphocyte subsets: 

cancer as a paradigm, Nat Immunol 11 (2010) 889-896. 



 

205 
 

[92] P. Allavena, A. Sica, A. Vecchi, M. Locati, S. Sozzani, A. Mantovani, The chemokine 

receptor switch paradigm and dendritic cell migration: its significance in tumor tissues, 

Immunol Rev 177 (2000) 141-149. 

[93] A. van den Berg, L. Visser, S. Poppema, High expression of the CC chemokine TARC in 

Reed-Sternberg cells. A possible explanation for the characteristic T-cell infiltratein 

Hodgkin's lymphoma, Am J Pathol 154 (1999) 1685-1691. 

[94] H. Mizoguchi, J.J. O'Shea, D.L. Longo, C.M. Loeffler, D.W. McVicar, A.C. Ochoa, 

Alterations in signal transduction molecules in T lymphocytes from tumor-bearing mice, 

Science 258 (1992) 1795-1798. 

[95] F. Burke, M. Relf, R. Negus, F. Balkwill, A cytokine profile of normal and malignant ovary, 

Cytokine 8 (1996) 578-585. 

[96] G. Lazennec, A. Richmond, Chemokines and chemokine receptors: new insights into 

cancer-related inflammation, Trends Mol Med 16 (2010) 133-144. 

[97] A.C. Koong, N.C. Denko, K.M. Hudson, C. Schindler, L. Swiersz, C. Koch, S. Evans, H. 

Ibrahim, Q.T. Le, D.J. Terris, A.J. Giaccia, Candidate genes for the hypoxic tumor 

phenotype, Cancer Res 60 (2000) 883-887. 

[98] M. Karin, Nuclear factor-kappaB in cancer development and progression, Nature 441 

(2006) 431-436. 

[99] M. Karin, T. Lawrence, V. Nizet, Innate immunity gone awry: linking microbial infections 

to chronic inflammation and cancer, Cell 124 (2006) 823-835. 

[100] R.J. Moore, D.M. Owens, G. Stamp, C. Arnott, F. Burke, N. East, H. Holdsworth, L. 

Turner, B. Rollins, M. Pasparakis, G. Kollias, F. Balkwill, Mice deficient in tumor 

necrosis factor-alpha are resistant to skin carcinogenesis, Nat Med 5 (1999) 828-831. 



 

206 
 

[101] C.A. Dinarello, Interleukin-1 and interleukin-1 antagonism, Blood 77 (1991) 1627-1652. 

[102] B.F. Zamarron, W. Chen, Dual roles of immune cells and their factors in cancer 

development and progression, Int J Biol Sci 7 (2011) 651-658. 

[103] H. Yu, D. Pardoll, R. Jove, STATs in cancer inflammation and immunity: a leading role 

for STAT3, Nat Rev Cancer 9 (2009) 798-809. 

[104] S.I. Grivennikov, F.R. Greten, M. Karin, Immunity, inflammation, and cancer, Cell 140 

(2010) 883-899. 

[105] V.A. Guazzone, P. Jacobo, M.S. Theas, L. Lustig, Cytokines and chemokines in testicular 

inflammation: A brief review, Microsc Res Tech (2009). 

[106] T. Kakinuma, S.T. Hwang, Chemokines, chemokine receptors, and cancer metastasis, J 

Leukoc Biol 79 (2006) 639-651. 

[107] A. Zlotnik, O. Yoshie, Chemokines: a new classification system and their role in 

immunity, Immunity 12 (2000) 121-127. 

[108] G. Constantin, M. Majeed, C. Giagulli, L. Piccio, J.Y. Kim, E.C. Butcher, C. Laudanna, 

Chemokines trigger immediate beta2 integrin affinity and mobility changes: differential 

regulation and roles in lymphocyte arrest under flow, Immunity 13 (2000) 759-769. 

[109] P. Carmeliet, R.K. Jain, Angiogenesis in cancer and other diseases, Nature 407 (2000) 249-

257. 

[110] P. Carmeliet, Developmental biology. Controlling the cellular brakes, Nature 401 (1999) 

657-658. 

[111] R.S. Kerbel, Tumor angiogenesis: past, present and the near future, Carcinogenesis 21 

(2000) 505-515. 



 

207 
 

[112] S. Rafii, Circulating endothelial precursors: mystery, reality, and promise, J Clin Invest 

105 (2000) 17-19. 

[113] T. Asahara, C. Kalka, J.M. Isner, Stem cell therapy and gene transfer for regeneration, 

Gene Ther 7 (2000) 451-457. 

[114] G.D. Yancopoulos, S. Davis, N.W. Gale, J.S. Rudge, S.J. Wiegand, J. Holash, Vascular-

specific growth factors and blood vessel formation, Nature 407 (2000) 242-248. 

[115] H.M. Pinedo, H.M. Verheul, R.J. D'Amato, J. Folkman, Involvement of platelets in tumour 

angiogenesis?, Lancet 352 (1998) 1775-1777. 

[116] R. Seljelid, S. Jozefowski, B. Sveinbjornsson, Tumor stroma, Anticancer Res 19 (1999) 

4809-4822. 

[117] R.M. Strieter, P.J. Polverini, S.L. Kunkel, D.A. Arenberg, M.D. Burdick, J. Kasper, J. 

Dzuiba, J. Van Damme, A. Walz, D. Marriott, et al., The functional role of the ELR motif 

in CXC chemokine-mediated angiogenesis, J Biol Chem 270 (1995) 27348-27357. 

[118] J.A. Belperio, M.P. Keane, D.A. Arenberg, C.L. Addison, J.E. Ehlert, M.D. Burdick, R.M. 

Strieter, CXC chemokines in angiogenesis, J Leukoc Biol 68 (2000) 1-8. 

[119] G. Opdenakker, J. Van Damme, Chemotactic factors, passive invasion and metastasis of 

cancer cells, Immunol Today 13 (1992) 463-464. 

[120] D. Schadendorf, A. Moller, B. Algermissen, M. Worm, M. Sticherling, B.M. Czarnetzki, 

IL-8 produced by human malignant melanoma cells in vitro is an essential autocrine 

growth factor, J Immunol 151 (1993) 2667-2675. 

[121] R. Brew, J.S. Erikson, D.C. West, A.R. Kinsella, J. Slavin, S.E. Christmas, Interleukin-8 as 

an autocrine growth factor for human colon carcinoma cells in vitro, Cytokine 12 (2000) 

78-85. 



 

208 
 

[122] P. Dhawan, A. Richmond, Role of CXCL1 in tumorigenesis of melanoma, J Leukoc Biol 

72 (2002) 9-18. 

[123] G. Tricot, New insights into role of microenvironment in multiple myeloma, Lancet 355 

(2000) 248-250. 

[124] E.M. El-Omar, M. Carrington, W.H. Chow, K.E. McColl, J.H. Bream, H.A. Young, J. 

Herrera, J. Lissowska, C.C. Yuan, N. Rothman, G. Lanyon, M. Martin, J.F. Fraumeni, Jr., 

C.S. Rabkin, Interleukin-1 polymorphisms associated with increased risk of gastric 

cancer, Nature 404 (2000) 398-402. 

[125] M. Jaiswal, N.F. LaRusso, L.J. Burgart, G.J. Gores, Inflammatory cytokines induce DNA 

damage and inhibit DNA repair in cholangiocarcinoma cells by a nitric oxide-dependent 

mechanism, Cancer Res 60 (2000) 184-190. 

[126] A. Mantovani, B. Bottazzi, F. Colotta, S. Sozzani, L. Ruco, The origin and function of 

tumor-associated macrophages, Immunol Today 13 (1992) 265-270. 

[127] A.R. Cardones, T. Murakami, S.T. Hwang, CXCR4 enhances adhesion of B16 tumor cells 

to endothelial cells in vitro and in vivo via beta(1) integrin, Cancer Res 63 (2003) 6751-

6757. 

[128] K.E. Luker, G.D. Luker, Functions of CXCL12 and CXCR4 in breast cancer, Cancer Lett 

238 (2006) 30-41. 

[129] M.T. Rizzo, Cyclooxygenase-2 in oncogenesis, Clin Chim Acta 412 (2011) 671-687. 

[130] W.L. Smith, D.L. DeWitt, R.M. Garavito, Cyclooxygenases: structural, cellular, and 

molecular biology, Annu Rev Biochem 69 (2000) 145-182. 

[131] J.R. Vane, Y.S. Bakhle, R.M. Botting, Cyclooxygenases 1 and 2, Annu Rev Pharmacol 

Toxicol 38 (1998) 97-120. 



 

209 
 

[132] W.L. Smith, D.L. DeWitt, Biochemistry of prostaglandin endoperoxide H synthase-1 and 

synthase-2 and their differential susceptibility to nonsteroidal anti-inflammatory drugs, 

Semin Nephrol 15 (1995) 179-194. 

[133] R.N. Dubois, S.B. Abramson, L. Crofford, R.A. Gupta, L.S. Simon, L.B. Van De Putte, 

P.E. Lipsky, Cyclooxygenase in biology and disease, FASEB J 12 (1998) 1063-1073. 

[134] D.W. Fitzgerald, K. Bezak, O. Ocheretina, C. Riviere, T.C. Wright, G.L. Milne, X.K. 

Zhou, B. Du, K. Subbaramaiah, E. Byrt, M.L. Goodwin, A. Rafii, A.J. Dannenberg, The 

effect of HIV and HPV coinfection on cervical COX-2 expression and systemic 

prostaglandin E2 levels, Cancer Prev Res (Phila) 5 (2012) 34-40. 

[135] T. Yano, G. Zissel, J. Muller-Qernheim, S. Jae Shin, H. Satoh, T. Ichikawa, Prostaglandin 

E2 reinforces the activation of Ras signal pathway in lung adenocarcinoma cells via EP3, 

FEBS Lett 518 (2002) 154-158. 

[136] L.M. Lau, J.K. Wolter, J.T. Lau, L.S. Cheng, K.M. Smith, L.M. Hansford, L. Zhang, S. 

Baruchel, F. Robinson, M.S. Irwin, Cyclooxygenase inhibitors differentially modulate 

p73 isoforms in neuroblastoma, Oncogene 28 (2009) 2024-2033. 

[137] L. Forsberg, L. Leeb, S. Thoren, R. Morgenstern, P. Jakobsson, Human glutathione 

dependent prostaglandin E synthase: gene structure and regulation, FEBS Lett 471 (2000) 

78-82. 

[138] M. Murakami, H. Naraba, T. Tanioka, N. Semmyo, Y. Nakatani, F. Kojima, T. Ikeda, M. 

Fueki, A. Ueno, S. Oh, I. Kudo, Regulation of prostaglandin E2 biosynthesis by inducible 

membrane-associated prostaglandin E2 synthase that acts in concert with 

cyclooxygenase-2, J Biol Chem 275 (2000) 32783-32792. 



 

210 
 

[139] D. Wang, J.R. Mann, R.N. DuBois, The role of prostaglandins and other eicosanoids in the 

gastrointestinal tract, Gastroenterology 128 (2005) 1445-1461. 

[140] D. Wang, R.N. Dubois, Prostaglandins and cancer, Gut 55 (2006) 115-122. 

[141] K.J. Sales, S.C. Boddy, H.N. Jabbour, F-prostanoid receptor alters adhesion, morphology 

and migration of endometrial adenocarcinoma cells, Oncogene 27 (2008) 2466-2477. 

[142] P. Pradono, R. Tazawa, M. Maemondo, M. Tanaka, K. Usui, Y. Saijo, K. Hagiwara, T. 

Nukiwa, Gene transfer of thromboxane A(2) synthase and prostaglandin I(2) synthase 

antithetically altered tumor angiogenesis and tumor growth, Cancer Res 62 (2002) 63-66. 

[143] C.T. Beuckmann, K. Fujimori, Y. Urade, O. Hayaishi, Identification of mu-class 

glutathione transferases M2-2 and M3-3 as cytosolic prostaglandin E synthases in the 

human brain, Neurochem Res 25 (2000) 733-738. 

[144] P.J. Jakobsson, S. Thoren, R. Morgenstern, B. Samuelsson, Identification of human 

prostaglandin E synthase: a microsomal, glutathione-dependent, inducible enzyme, 

constituting a potential novel drug target, Proc Natl Acad Sci U S A 96 (1999) 7220-

7225. 

[145] M. Lazarus, C.J. Munday, N. Eguchi, S. Matsumoto, G.J. Killian, B.K. Kubata, Y. Urade, 

Immunohistochemical localization of microsomal PGE synthase-1 and cyclooxygenases 

in male mouse reproductive organs, Endocrinology 143 (2002) 2410-2419. 

[146] H.H. Tai, C.M. Ensor, M. Tong, H. Zhou, F. Yan, Prostaglandin catabolizing enzymes, 

Prostaglandins Other Lipid Mediat 68-69 (2002) 483-493. 

[147] B. Ashby, Co-expression of prostaglandin receptors with opposite effects: a model for 

homeostatic control of autocrine and paracrine signaling, Biochem Pharmacol 55 (1998) 

239-246. 



 

211 
 

[148] R.A. Coleman, W.L. Smith, S. Narumiya, International Union of Pharmacology 

classification of prostanoid receptors: properties, distribution, and structure of the 

receptors and their subtypes, Pharmacol Rev 46 (1994) 205-229. 

[149] Y. Sugimoto, S. Narumiya, Prostaglandin E receptors, J Biol Chem 282 (2007) 11613-

11617. 

[150] M. Sonoshita, K. Takaku, N. Sasaki, Y. Sugimoto, F. Ushikubi, S. Narumiya, M. Oshima, 

M.M. Taketo, Acceleration of intestinal polyposis through prostaglandin receptor EP2 in 

Apc(Delta 716) knockout mice, Nat Med 7 (2001) 1048-1051. 

[151] M. Mutoh, K. Watanabe, T. Kitamura, Y. Shoji, M. Takahashi, T. Kawamori, K. Tani, M. 

Kobayashi, T. Maruyama, K. Kobayashi, S. Ohuchida, Y. Sugimoto, S. Narumiya, T. 

Sugimura, K. Wakabayashi, Involvement of prostaglandin E receptor subtype EP(4) in 

colon carcinogenesis, Cancer Res 62 (2002) 28-32. 

[152] T. Kawamori, T. Kitamura, K. Watanabe, N. Uchiya, T. Maruyama, S. Narumiya, T. 

Sugimura, K. Wakabayashi, Prostaglandin E receptor subtype EP(1) deficiency inhibits 

colon cancer development, Carcinogenesis 26 (2005) 353-357. 

[153] K.M. Ansari, J.E. Rundhaug, S.M. Fischer, Multiple signaling pathways are responsible 

for prostaglandin E2-induced murine keratinocyte proliferation, Mol Cancer Res 6 (2008) 

1003-1016. 

[154] A. Pozzi, X. Yan, I. Macias-Perez, S. Wei, A.N. Hata, R.M. Breyer, J.D. Morrow, J.H. 

Capdevila, Colon carcinoma cell growth is associated with prostaglandin E2/EP4 

receptor-evoked ERK activation, J Biol Chem 279 (2004) 29797-29804. 

[155] S. Donnini, F. Finetti, R. Solito, E. Terzuoli, A. Sacchetti, L. Morbidelli, P. Patrignani, M. 

Ziche, EP2 prostanoid receptor promotes squamous cell carcinoma growth through 



 

212 
 

epidermal growth factor receptor transactivation and iNOS and ERK1/2 pathways, 

FASEB J 21 (2007) 2418-2430. 

[156] J. Shao, B.M. Evers, H. Sheng, Prostaglandin E2 synergistically enhances receptor tyrosine 

kinase-dependent signaling system in colon cancer cells, J Biol Chem 279 (2004) 14287-

14293. 

[157] K. Krysan, K.L. Reckamp, H. Dalwadi, S. Sharma, E. Rozengurt, M. Dohadwala, S.M. 

Dubinett, Prostaglandin E2 activates mitogen-activated protein kinase/Erk pathway 

signaling and cell proliferation in non-small cell lung cancer cells in an epidermal growth 

factor receptor-independent manner, Cancer Res 65 (2005) 6275-6281. 

[158] M. Tsujii, S. Kawano, S. Tsuji, H. Sawaoka, M. Hori, R.N. DuBois, Cyclooxygenase 

regulates angiogenesis induced by colon cancer cells, Cell 93 (1998) 705-716. 

[159] J. Chu, F.L. Lloyd, O.C. Trifan, B. Knapp, M.T. Rizzo, Potential involvement of the 

cyclooxygenase-2 pathway in the regulation of tumor-associated angiogenesis and 

growth in pancreatic cancer, Mol Cancer Ther 2 (2003) 1-7. 

[160] O. Dormond, A. Foletti, C. Paroz, C. Ruegg, NSAIDs inhibit alpha V beta 3 integrin-

mediated and Cdc42/Rac-dependent endothelial-cell spreading, migration and 

angiogenesis, Nat Med 7 (2001) 1041-1047. 

[161] F. Finetti, R. Solito, L. Morbidelli, A. Giachetti, M. Ziche, S. Donnini, Prostaglandin E2 

regulates angiogenesis via activation of fibroblast growth factor receptor-1, J Biol Chem 

283 (2008) 2139-2146. 

[162] S. Jain, G. Chakraborty, R. Raja, S. Kale, G.C. Kundu, Prostaglandin E2 regulates tumor 

angiogenesis in prostate cancer, Cancer Res 68 (2008) 7750-7759. 



 

213 
 

[163] F.G. Buchanan, D. Wang, F. Bargiacchi, R.N. DuBois, Prostaglandin E2 regulates cell 

migration via the intracellular activation of the epidermal growth factor receptor, J Biol 

Chem 278 (2003) 35451-35457. 

[164] M. Dohadwala, R.K. Batra, J. Luo, Y. Lin, K. Krysan, M. Pold, S. Sharma, S.M. Dubinett, 

Autocrine/paracrine prostaglandin E2 production by non-small cell lung cancer cells 

regulates matrix metalloproteinase-2 and CD44 in cyclooxygenase-2-dependent invasion, 

J Biol Chem 277 (2002) 50828-50833. 

[165] S.F. Yang, M.K. Chen, Y.S. Hsieh, T.T. Chung, Y.H. Hsieh, C.W. Lin, J.L. Su, M.H. Tsai, 

C.H. Tang, Prostaglandin E2/EP1 signaling pathway enhances intercellular adhesion 

molecule 1 (ICAM-1) expression and cell motility in oral cancer cells, J Biol Chem 285 

(2010) 29808-29816. 

[166] J.F. Liu, Y.C. Fong, C.S. Chang, C.Y. Huang, H.T. Chen, W.H. Yang, C.J. Hsu, L.B. Jeng, 

C.Y. Chen, C.H. Tang, Cyclooxygenase-2 enhances alpha2beta1 integrin expression and 

cell migration via EP1 dependent signaling pathway in human chondrosarcoma cells, Mol 

Cancer 9 (2010) 43. 

[167] H. Harizi, M. Juzan, V. Pitard, J.F. Moreau, N. Gualde, Cyclooxygenase-2-issued 

prostaglandin e(2) enhances the production of endogenous IL-10, which down-regulates 

dendritic cell functions, J Immunol 168 (2002) 2255-2263. 

[168] C.N. Baxevanis, G.J. Reclos, A.D. Gritzapis, G.V. Dedousis, I. Missitzis, M. Papamichail, 

Elevated prostaglandin E2 production by monocytes is responsible for the depressed 

levels of natural killer and lymphokine-activated killer cell function in patients with 

breast cancer, Cancer 72 (1993) 491-501. 



 

214 
 

[169] S. Sharma, S.C. Yang, L. Zhu, K. Reckamp, B. Gardner, F. Baratelli, M. Huang, R.K. 

Batra, S.M. Dubinett, Tumor cyclooxygenase-2/prostaglandin E2-dependent promotion 

of FOXP3 expression and CD4+ CD25+ T regulatory cell activities in lung cancer, 

Cancer Res 65 (2005) 5211-5220. 

[170] S.G. Harris, J. Padilla, L. Koumas, D. Ray, R.P. Phipps, Prostaglandins as modulators of 

immunity, Trends Immunol 23 (2002) 144-150. 

[171] V. Shreedhar, T. Giese, V.W. Sung, S.E. Ullrich, A cytokine cascade including 

prostaglandin E2, IL-4, and IL-10 is responsible for UV-induced systemic immune 

suppression, J Immunol 160 (1998) 3783-3789. 

[172] M. Huang, M. Stolina, S. Sharma, J.T. Mao, L. Zhu, P.W. Miller, J. Wollman, H. 

Herschman, S.M. Dubinett, Non-small cell lung cancer cyclooxygenase-2-dependent 

regulation of cytokine balance in lymphocytes and macrophages: up-regulation of 

interleukin 10 and down-regulation of interleukin 12 production, Cancer Res 58 (1998) 

1208-1216. 

[173] P. Sinha, V.K. Clements, A.M. Fulton, S. Ostrand-Rosenberg, Prostaglandin E2 promotes 

tumor progression by inducing myeloid-derived suppressor cells, Cancer Res 67 (2007) 

4507-4513. 

[174] D.S. Salomon, R. Brandt, F. Ciardiello, N. Normanno, Epidermal growth factor-related 

peptides and their receptors in human malignancies, Crit Rev Oncol Hematol 19 (1995) 

183-232. 

[175] N. Normanno, C. Bianco, A. De Luca, D.S. Salomon, The role of EGF-related peptides in 

tumor growth, Front Biosci 6 (2001) D685-707. 



 

215 
 

[176] J. Mendelsohn, J. Baselga, Status of epidermal growth factor receptor antagonists in the 

biology and treatment of cancer, J Clin Oncol 21 (2003) 2787-2799. 

[177] M.A. Olayioye, R.M. Neve, H.A. Lane, N.E. Hynes, The ErbB signaling network: receptor 

heterodimerization in development and cancer, EMBO J 19 (2000) 3159-3167. 

[178] L.N. Klapper, H. Waterman, M. Sela, Y. Yarden, Tumor-inhibitory antibodies to HER-

2/ErbB-2 may act by recruiting c-Cbl and enhancing ubiquitination of HER-2, Cancer 

Res 60 (2000) 3384-3388. 

[179] Y. Yarden, M.X. Sliwkowski, Untangling the ErbB signalling network, Nat Rev Mol Cell 

Biol 2 (2001) 127-137. 

[180] N. Normanno, C. Bianco, A. De Luca, M.R. Maiello, D.S. Salomon, Target-based agents 

against ErbB receptors and their ligands: a novel approach to cancer treatment, Endocr 

Relat Cancer 10 (2003) 1-21. 

[181] E.J. Filardo, Epidermal growth factor receptor (EGFR) transactivation by estrogen via the 

G-protein-coupled receptor, GPR30: a novel signaling pathway with potential 

significance for breast cancer, J Steroid Biochem Mol Biol 80 (2002) 231-238. 

[182] K.L. Carraway, 3rd, J.L. Weber, M.J. Unger, J. Ledesma, N. Yu, M. Gassmann, C. Lai, 

Neuregulin-2, a new ligand of ErbB3/ErbB4-receptor tyrosine kinases, Nature 387 (1997) 

512-516. 

[183] H. Chang, D.J. Riese, 2nd, W. Gilbert, D.F. Stern, U.J. McMahan, Ligands for ErbB-

family receptors encoded by a neuregulin-like gene, Nature 387 (1997) 509-512. 

[184] D. Harari, E. Tzahar, J. Romano, M. Shelly, J.H. Pierce, G.C. Andrews, Y. Yarden, 

Neuregulin-4: a novel growth factor that acts through the ErbB-4 receptor tyrosine 

kinase, Oncogene 18 (1999) 2681-2689. 



 

216 
 

[185] J. Massague, A. Pandiella, Membrane-anchored growth factors, Annu Rev Biochem 62 

(1993) 515-541. 

[186] J. Schlessinger, Cell signaling by receptor tyrosine kinases, Cell 103 (2000) 211-225. 

[187] N. Normanno, A. De Luca, C. Bianco, L. Strizzi, M. Mancino, M.R. Maiello, A. 

Carotenuto, G. De Feo, F. Caponigro, D.S. Salomon, Epidermal growth factor receptor 

(EGFR) signaling in cancer, Gene 366 (2006) 2-16. 

[188] P.P. Di Fiore, J.H. Pierce, M.H. Kraus, O. Segatto, C.R. King, S.A. Aaronson, erbB-2 is a 

potent oncogene when overexpressed in NIH/3T3 cells, Science 237 (1987) 178-182. 

[189] A. Rosenthal, P.B. Lindquist, T.S. Bringman, D.V. Goeddel, R. Derynck, Expression in rat 

fibroblasts of a human transforming growth factor-alpha cDNA results in transformation, 

Cell 46 (1986) 301-309. 

[190] S. Watanabe, E. Lazar, M.B. Sporn, Transformation of normal rat kidney (NRK) cells by 

an infectious retrovirus carrying a synthetic rat type alpha transforming growth factor 

gene, Proc Natl Acad Sci U S A 84 (1987) 1258-1262. 

[191] I. Alroy, Y. Yarden, The ErbB signaling network in embryogenesis and oncogenesis: 

signal diversification through combinatorial ligand-receptor interactions, FEBS Lett 410 

(1997) 83-86. 

[192] A. Citri, K.B. Skaria, Y. Yarden, The deaf and the dumb: the biology of ErbB-2 and ErbB-

3, Exp Cell Res 284 (2003) 54-65. 

[193] G. Carpenter, ErbB-4: mechanism of action and biology, Exp Cell Res 284 (2003) 66-77. 

[194] T.S. Lewis, P.S. Shapiro, N.G. Ahn, Signal transduction through MAP kinase cascades, 

Adv Cancer Res 74 (1998) 49-139. 



 

217 
 

[195] I. Vivanco, C.L. Sawyers, The phosphatidylinositol 3-Kinase AKT pathway in human 

cancer, Nat Rev Cancer 2 (2002) 489-501. 

[196] T.O. Chan, S.E. Rittenhouse, P.N. Tsichlis, AKT/PKB and other D3 phosphoinositide-

regulated kinases: kinase activation by phosphoinositide-dependent phosphorylation, 

Annu Rev Biochem 68 (1999) 965-1014. 

[197] J.A. Fresno Vara, E. Casado, J. de Castro, P. Cejas, C. Belda-Iniesta, M. Gonzalez-Baron, 

PI3K/Akt signalling pathway and cancer, Cancer Treat Rev 30 (2004) 193-204. 

[198] L.C. Cantley, The phosphoinositide 3-kinase pathway, Science 296 (2002) 1655-1657. 

[199] R.C. Stein, M.D. Waterfield, PI3-kinase inhibition: a target for drug development?, Mol 

Med Today 6 (2000) 347-357. 

[200] B.T. Hennessy, D.L. Smith, P.T. Ram, Y. Lu, G.B. Mills, Exploiting the PI3K/AKT 

pathway for cancer drug discovery, Nat Rev Drug Discov 4 (2005) 988-1004. 

[201] J.A. Engelman, J. Luo, L.C. Cantley, The evolution of phosphatidylinositol 3-kinases as 

regulators of growth and metabolism, Nat Rev Genet 7 (2006) 606-619. 

[202] S.G. Ward, P. Finan, Isoform-specific phosphoinositide 3-kinase inhibitors as therapeutic 

agents, Curr Opin Pharmacol 3 (2003) 426-434. 

[203] B.H. Jiang, L.Z. Liu, PI3K/PTEN signaling in tumorigenesis and angiogenesis, Biochim 

Biophys Acta 1784 (2008) 150-158. 

[204] B. Urso, R.A. Brown, S. O'Rahilly, P.R. Shepherd, K. Siddle, The alpha-isoform of class II 

phosphoinositide 3-kinase is more effectively activated by insulin receptors than IGF 

receptors, and activation requires receptor NPEY motifs, FEBS Lett 460 (1999) 423-426. 

[205] A. Bellacosa, J.R. Testa, S.P. Staal, P.N. Tsichlis, A retroviral oncogene, akt, encoding a 

serine-threonine kinase containing an SH2-like region, Science 254 (1991) 274-277. 



 

218 
 

[206] P.F. Jones, T. Jakubowicz, F.J. Pitossi, F. Maurer, B.A. Hemmings, Molecular cloning and 

identification of a serine/threonine protein kinase of the second-messenger subfamily, 

Proc Natl Acad Sci U S A 88 (1991) 4171-4175. 

[207] S.S. Murthy, A. Tosolini, T. Taguchi, J.R. Testa, Mapping of AKT3, encoding a member 

of the Akt/protein kinase B family, to human and rodent chromosomes by fluorescence in 

situ hybridization, Cytogenet Cell Genet 88 (2000) 38-40. 

[208] S.R. Datta, A. Brunet, M.E. Greenberg, Cellular survival: a play in three Akts, Genes Dev 

13 (1999) 2905-2927. 

[209] E.S. Kandel, N. Hay, The regulation and activities of the multifunctional serine/threonine 

kinase Akt/PKB, Exp Cell Res 253 (1999) 210-229. 

[210] P.F. Jones, T. Jakubowicz, B.A. Hemmings, Molecular cloning of a second form of rac 

protein kinase, Cell Regul 2 (1991) 1001-1009. 

[211] M. Andjelkovic, P.F. Jones, U. Grossniklaus, P. Cron, A.F. Schier, M. Dick, G. Bilbe, 

B.A. Hemmings, Developmental regulation of expression and activity of multiple forms 

of the Drosophila RAC protein kinase, J Biol Chem 270 (1995) 4066-4075. 

[212] D.R. Alessi, M. Andjelkovic, B. Caudwell, P. Cron, N. Morrice, P. Cohen, B.A. 

Hemmings, Mechanism of activation of protein kinase B by insulin and IGF-1, EMBO J 

15 (1996) 6541-6551. 

[213] R. Katso, K. Okkenhaug, K. Ahmadi, S. White, J. Timms, M.D. Waterfield, Cellular 

function of phosphoinositide 3-kinases: implications for development, homeostasis, and 

cancer, Annu Rev Cell Dev Biol 17 (2001) 615-675. 

[214] N. Chalhoub, S.J. Baker, PTEN and the PI3-kinase pathway in cancer, Annu Rev Pathol 4 

(2009) 127-150. 



 

219 
 

[215] D.D. Sarbassov, D.A. Guertin, S.M. Ali, D.M. Sabatini, Phosphorylation and regulation of 

Akt/PKB by the rictor-mTOR complex, Science 307 (2005) 1098-1101. 

[216] P. Blume-Jensen, T. Hunter, Oncogenic kinase signalling, Nature 411 (2001) 355-365. 

[217] L. Shayesteh, Y. Lu, W.L. Kuo, R. Baldocchi, T. Godfrey, C. Collins, D. Pinkel, B. 

Powell, G.B. Mills, J.W. Gray, PIK3CA is implicated as an oncogene in ovarian cancer, 

Nat Genet 21 (1999) 99-102. 

[218] Y.Y. Ma, S.J. Wei, Y.C. Lin, J.C. Lung, T.C. Chang, J. Whang-Peng, J.M. Liu, D.M. 

Yang, W.K. Yang, C.Y. Shen, PIK3CA as an oncogene in cervical cancer, Oncogene 19 

(2000) 2739-2744. 

[219] A. Bellacosa, D. de Feo, A.K. Godwin, D.W. Bell, J.Q. Cheng, D.A. Altomare, M. Wan, 

L. Dubeau, G. Scambia, V. Masciullo, G. Ferrandina, P. Benedetti Panici, S. Mancuso, G. 

Neri, J.R. Testa, Molecular alterations of the AKT2 oncogene in ovarian and breast 

carcinomas, Int J Cancer 64 (1995) 280-285. 

[220] W.A. Phillips, F. St Clair, A.D. Munday, R.J. Thomas, C.A. Mitchell, Increased levels of 

phosphatidylinositol 3-kinase activity in colorectal tumors, Cancer 83 (1998) 41-47. 

[221] L.Z. Liu, X.W. Hu, C. Xia, J. He, Q. Zhou, X. Shi, J. Fang, B.H. Jiang, Reactive oxygen 

species regulate epidermal growth factor-induced vascular endothelial growth factor and 

hypoxia-inducible factor-1alpha expression through activation of AKT and P70S6K1 in 

human ovarian cancer cells, Free Radic Biol Med 41 (2006) 1521-1533. 

[222] S. Carnesecchi, J.L. Carpentier, M. Foti, I. Szanto, Insulin-induced vascular endothelial 

growth factor expression is mediated by the NADPH oxidase NOX3, Exp Cell Res 312 

(2006) 3413-3424. 



 

220 
 

[223] Q. Wang, R. Somwar, P.J. Bilan, Z. Liu, J. Jin, J.R. Woodgett, A. Klip, Protein kinase 

B/Akt participates in GLUT4 translocation by insulin in L6 myoblasts, Mol Cell Biol 19 

(1999) 4008-4018. 

[224] M.A. Lawlor, D.R. Alessi, PKB/Akt: a key mediator of cell proliferation, survival and 

insulin responses?, J Cell Sci 114 (2001) 2903-2910. 

[225] J.R. Testa, A. Bellacosa, AKT plays a central role in tumorigenesis, Proc Natl Acad Sci U 

S A 98 (2001) 10983-10985. 

[226] R.H. Medema, G.J. Kops, J.L. Bos, B.M. Burgering, AFX-like Forkhead transcription 

factors mediate cell-cycle regulation by Ras and PKB through p27kip1, Nature 404 

(2000) 782-787. 

[227] G. Viglietto, M.L. Motti, P. Bruni, R.M. Melillo, A. D'Alessio, D. Califano, F. Vinci, G. 

Chiappetta, P. Tsichlis, A. Bellacosa, A. Fusco, M. Santoro, Cytoplasmic relocalization 

and inhibition of the cyclin-dependent kinase inhibitor p27(Kip1) by PKB/Akt-mediated 

phosphorylation in breast cancer, Nat Med 8 (2002) 1136-1144. 

[228] J. Liang, J. Zubovitz, T. Petrocelli, R. Kotchetkov, M.K. Connor, K. Han, J.H. Lee, S. 

Ciarallo, C. Catzavelos, R. Beniston, E. Franssen, J.M. Slingerland, PKB/Akt 

phosphorylates p27, impairs nuclear import of p27 and opposes p27-mediated G1 arrest, 

Nat Med 8 (2002) 1153-1160. 

[229] B.T. Nave, M. Ouwens, D.J. Withers, D.R. Alessi, P.R. Shepherd, Mammalian target of 

rapamycin is a direct target for protein kinase B: identification of a convergence point for 

opposing effects of insulin and amino-acid deficiency on protein translation, Biochem J 

344 Pt 2 (1999) 427-431. 



 

221 
 

[230] A. Sekulic, C.C. Hudson, J.L. Homme, P. Yin, D.M. Otterness, L.M. Karnitz, R.T. 

Abraham, A direct linkage between the phosphoinositide 3-kinase-AKT signaling 

pathway and the mammalian target of rapamycin in mitogen-stimulated and transformed 

cells, Cancer Res 60 (2000) 3504-3513. 

[231] E.J. McManus, D.R. Alessi, TSC1-TSC2: a complex tale of PKB-mediated S6K 

regulation, Nat Cell Biol 4 (2002) E214-216. 

[232] D.A. Cross, D.R. Alessi, P. Cohen, M. Andjelkovich, B.A. Hemmings, Inhibition of 

glycogen synthase kinase-3 by insulin mediated by protein kinase B, Nature 378 (1995) 

785-789. 

[233] N. Gao, D.C. Flynn, Z. Zhang, X.S. Zhong, V. Walker, K.J. Liu, X. Shi, B.H. Jiang, G1 

cell cycle progression and the expression of G1 cyclins are regulated by 

PI3K/AKT/mTOR/p70S6K1 signaling in human ovarian cancer cells, Am J Physiol Cell 

Physiol 287 (2004) C281-291. 

[234] R.C. Muise-Helmericks, H.L. Grimes, A. Bellacosa, S.E. Malstrom, P.N. Tsichlis, N. 

Rosen, Cyclin D expression is controlled post-transcriptionally via a phosphatidylinositol 

3-kinase/Akt-dependent pathway, J Biol Chem 273 (1998) 29864-29872. 

[235] K.M. Nicholson, N.G. Anderson, The protein kinase B/Akt signalling pathway in human 

malignancy, Cell Signal 14 (2002) 381-395. 

[236] E. Boccardo, A.P. Lepique, L.L. Villa, The role of inflammation in HPV carcinogenesis, 

Carcinogenesis 31 (2010) 1905-1912. 

[237] M. Libra, A. Scalisi, N. Vella, S. Clementi, R. Sorio, F. Stivala, D.A. Spandidos, C. 

Mazzarino, Uterine cervical carcinoma: role of matrix metalloproteinases (review), Int J 

Oncol 34 (2009) 897-903. 



 

222 
 

[238] G.J. Nuovo, P.B. MacConnell, A. Simsir, F. Valea, D.L. French, Correlation of the in situ 

detection of polymerase chain reaction-amplified metalloproteinase complementary 

DNAs and their inhibitors with prognosis in cervical carcinoma, Cancer Res 55 (1995) 

267-275. 

[239] L.B. da Silva Cardeal, C.A. Brohem, T.C. Correa, S.M. Winnischofer, F. Nakano, E. 

Boccardo, L.L. Villa, M.C. Sogayar, S.S. Maria-Engler, Higher expression and activity of 

metalloproteinases in human cervical carcinoma cell lines is associated with HPV 

presence, Biochem Cell Biol 84 (2006) 713-719. 

[240] C.L. Duffy, S.L. Phillips, A.J. Klingelhutz, Microarray analysis identifies differentiation-

associated genes regulated by human papillomavirus type 16 E6, Virology 314 (2003) 

196-205. 

[241] K.A. Lee, J.W. Kang, J.H. Shim, C.W. Kho, S.G. Park, H.G. Lee, S.G. Paik, J.S. Lim, 

D.Y. Yoon, Protein profiling and identification of modulators regulated by human 

papillomavirus 16 E7 oncogene in HaCaT keratinocytes by proteomics, Gynecol Oncol 

99 (2005) 142-152. 

[242] J.C. Pahler, S. Tazzyman, N. Erez, Y.Y. Chen, C. Murdoch, H. Nozawa, C.E. Lewis, D. 

Hanahan, Plasticity in tumor-promoting inflammation: impairment of macrophage 

recruitment evokes a compensatory neutrophil response, Neoplasia 10 (2008) 329-340. 

[243] Y. Hiraku, T. Tabata, N. Ma, M. Murata, X. Ding, S. Kawanishi, Nitrative and oxidative 

DNA damage in cervical intraepithelial neoplasia associated with human papilloma virus 

infection, Cancer Sci 98 (2007) 964-972. 



 

223 
 

[244] L. Wei, P.E. Gravitt, H. Song, A.M. Maldonado, M.A. Ozbun, Nitric oxide induces early 

viral transcription coincident with increased DNA damage and mutation rates in human 

papillomavirus-infected cells, Cancer Res 69 (2009) 4878-4884. 

[245] K. Subbaramaiah, A.J. Dannenberg, Cyclooxygenase-2 transcription is regulated by human 

papillomavirus 16 E6 and E7 oncoproteins: evidence of a corepressor/coactivator 

exchange, Cancer Res 67 (2007) 3976-3985. 

[246] J.M. Oh, S.H. Kim, E.A. Cho, Y.S. Song, W.H. Kim, Y.S. Juhnn, Human papillomavirus 

type 16 E5 protein inhibits hydrogen-peroxide-induced apoptosis by stimulating 

ubiquitin-proteasome-mediated degradation of Bax in human cervical cancer cells, 

Carcinogenesis 31 (2010) 402-410. 

[247] K.J. Sales, H.N. Jabbour, Cyclooxygenase enzymes and prostaglandins in pathology of the 

endometrium, Reproduction 126 (2003) 559-567. 

[248] M.P. Girard, S. Osmanov, O.M. Assossou, M.P. Kieny, Human immunodeficiency virus 

(HIV) immunopathogenesis and vaccine development: a review, Vaccine 29 (2011) 

6191-6218. 

[249] L. Pantanowitz, P. Michelow, Review of human immunodeficiency virus (HIV) and 

squamous lesions of the uterine cervix, Diagn Cytopathol 39 (2011) 65-72. 

[250] S. Sierra, B. Kupfer, R. Kaiser, Basics of the virology of HIV-1 and its replication, J Clin 

Virol 34 (2005) 233-244. 

[251] B.S. Taylor, M.E. Sobieszczyk, F.E. McCutchan, S.M. Hammer, The challenge of HIV-1 

subtype diversity, N Engl J Med 358 (2008) 1590-1602. 

[252] B.J. Doranz, Z.H. Lu, J. Rucker, T.Y. Zhang, M. Sharron, Y.H. Cen, Z.X. Wang, H.H. 

Guo, J.G. Du, M.A. Accavitti, R.W. Doms, S.C. Peiper, Two distinct CCR5 domains can 



 

224 
 

mediate coreceptor usage by human immunodeficiency virus type 1, J Virol 71 (1997) 

6305-6314. 

[253] N. Shimizu, A. Tanaka, A. Oue, T. Mori, T. Ohtsuki, C. Apichartpiyakul, H. Uchiumi, Y. 

Nojima, H. Hoshino, Broad usage spectrum of G protein-coupled receptors as coreceptors 

by primary isolates of HIV, AIDS 23 (2009) 761-769. 

[254] H. Blaak, P.H. Boers, R.A. Gruters, H. Schuitemaker, M.E. van der Ende, A.D. Osterhaus, 

CCR5, GPR15, and CXCR6 are major coreceptors of human immunodeficiency virus 

type 2 variants isolated from individuals with and without plasma viremia, J Virol 79 

(2005) 1686-1700. 

[255] D. Harrich, B. Hooker, Mechanistic aspects of HIV-1 reverse transcription initiation, Rev 

Med Virol 12 (2002) 31-45. 

[256] A.Z. Decrion, I. Dichamp, A. Varin, G. Herbein, HIV and inflammation, Curr HIV Res 3 

(2005) 243-259. 

[257] J.R. Moodley, M. Hoffman, H. Carrara, B.R. Allan, D.D. Cooper, L. Rosenberg, L.E. 

Denny, S. Shapiro, A.L. Williamson, HIV and pre-neoplastic and neoplastic lesions of 

the cervix in South Africa: a case-control study, BMC Cancer 6 (2006) 135. 

[258] J.M. Palefsky, E.A. Holly, Chapter 6: Immunosuppression and co-infection with HIV, J 

Natl Cancer Inst Monogr (2003) 41-46. 

[259] M. Moodley, J. Moodley, I. Kleinschmidt, Invasive cervical cancer and human 

immunodeficiency virus (HIV) infection: a South African perspective, Int J Gynecol 

Cancer 11 (2001) 194-197. 

[260] Z.M. Chirenje, HIV and cancer of the cervix, Best Pract Res Clin Obstet Gynaecol 19 

(2005) 269-276. 



 

225 
 

[261] N. Coleman, H.D. Birley, A.M. Renton, N.F. Hanna, B.K. Ryait, M. Byrne, D. Taylor-

Robinson, M.A. Stanley, Immunological events in regressing genital warts, Am J Clin 

Pathol 102 (1994) 768-774. 

[262] A. Spinillo, P. Tenti, R. Zappatore, F. De Seta, E. Silini, S. Guaschino, Langerhans' cell 

counts and cervical intraepithelial neoplasia in women with human immunodeficiency 

virus infection, Gynecol Oncol 48 (1993) 210-213. 

[263] J. Palefsky, Biology of HPV in HIV infection, Adv Dent Res 19 (2006) 99-105. 

[264] S.D. Vernon, C.E. Hart, W.C. Reeves, J.P. Icenogle, The HIV-1 tat protein enhances E2-

dependent human papillomavirus 16 transcription, Virus Res 27 (1993) 133-145. 

[265] D. Emilie, M. Peuchmaur, M.C. Maillot, M.C. Crevon, N. Brousse, J.F. Delfraissy, J. 

Dormont, P. Galanaud, Production of interleukins in human immunodeficiency virus-1-

replicating lymph nodes, J Clin Invest 86 (1990) 148-159. 

[266] W. Choe, D.J. Volsky, M.J. Potash, Induction of rapid and extensive beta-chemokine 

synthesis in macrophages by human immunodeficiency virus type 1 and gp120, 

independently of their coreceptor phenotype, J Virol 75 (2001) 10738-10745. 

[267] K.A. Clouse, L.M. Cosentino, K.A. Weih, S.W. Pyle, P.B. Robbins, H.D. Hochstein, V. 

Natarajan, W.L. Farrar, The HIV-1 gp120 envelope protein has the intrinsic capacity to 

stimulate monokine secretion, J Immunol 147 (1991) 2892-2901. 

[268] G. Herbein, S. Keshav, M. Collin, L.J. Montaner, S. Gordon, HIV-1 induces tumour 

necrosis factor and IL-1 gene expression in primary human macrophages independent of 

productive infection, Clin Exp Immunol 95 (1994) 442-449. 



 

226 
 

[269] L. Weiss, N. Haeffner-Cavaillon, M. Laude, J. Gilquin, M.D. Kazatchkine, HIV infection 

is associated with the spontaneous production of interleukin-1 (IL-1) in vivo and with an 

abnormal release of IL-1 alpha in vitro, AIDS 3 (1989) 695-699. 

[270] A.S. Fauci, Host factors in the pathogenesis of HIV disease, Antibiot Chemother 48 (1996) 

4-12. 

[271] B. Canque, M. Rosenzwajg, A. Gey, E. Tartour, W.H. Fridman, J.C. Gluckman, 

Macrophage inflammatory protein-1alpha is induced by human immunodeficiency virus 

infection of monocyte-derived macrophages, Blood 87 (1996) 2011-2019. 

[272] R.L. Cotter, J. Zheng, M. Che, D. Niemann, Y. Liu, J. He, E. Thomas, H.E. Gendelman, 

Regulation of human immunodeficiency virus type 1 infection, beta-chemokine 

production, and CCR5 expression in CD40L-stimulated macrophages: immune control of 

viral entry, J Virol 75 (2001) 4308-4320. 

[273] A.M. Lewis, S. Varghese, H. Xu, H.R. Alexander, Interleukin-1 and cancer progression: 

the emerging role of interleukin-1 receptor antagonist as a novel therapeutic agent in 

cancer treatment, J Transl Med 4 (2006) 48. 

[274] G.R. Yeaman, A.L. Howell, S. Weldon, D.J. Demian, J.E. Collins, D.M. O'Connell, S.N. 

Asin, C.R. Wira, M.W. Fanger, Human immunodeficiency virus receptor and coreceptor 

expression on human uterine epithelial cells: regulation of expression during the 

menstrual cycle and implications for human immunodeficiency virus infection, 

Immunology 109 (2003) 137-146. 

[275] D. Maher, X. Wu, T. Schacker, J. Horbul, P. Southern, HIV binding, penetration, and 

primary infection in human cervicovaginal tissue, Proc Natl Acad Sci U S A 102 (2005) 

11504-11509. 



 

227 
 

[276] J. Kodama, Hasengaowa, T. Kusumoto, N. Seki, T. Matsuo, Y. Ojima, K. Nakamura, A. 

Hongo, Y. Hiramatsu, Association of CXCR4 and CCR7 chemokine receptor expression 

and lymph node metastasis in human cervical cancer, Ann Oncol 18 (2007) 70-76. 

[277] A. Amine, S. Rivera, P. Opolon, M. Dekkal, D.S. Biard, H. Bouamar, F. Louache, M.J. 

McKay, J. Bourhis, E. Deutsch, M.C. Vozenin-Brotons, Novel anti-metastatic action of 

cidofovir mediated by inhibition of E6/E7, CXCR4 and Rho/ROCK signaling in HPV 

tumor cells, PLoS One 4 (2009) e5018. 

[278] K.J. Sales, V. Grant, R.D. Catalano, H.N. Jabbour, Chorionic gonadotrophin regulates 

CXCR4 expression in human endometrium via E-series prostanoid receptor 2 signalling 

to PI3K-ERK1/2: implications for fetal-maternal crosstalk for embryo implantation, Mol 

Hum Reprod 17 (2011) 22-32. 

[279] D.H. Owen, D.F. Katz, A review of the physical and chemical properties of human semen 

and the formulation of a semen simulant, J Androl 26 (2005) 459-469. 

[280] S.A. Robertson, Seminal plasma and male factor signalling in the female reproductive 

tract, Cell Tissue Res 322 (2005) 43-52. 

[281] M. De, R. Choudhuri, G.W. Wood, Determination of the number and distribution of 

macrophages, lymphocytes, and granulocytes in the mouse uterus from mating through 

implantation, J Leukoc Biol 50 (1991) 252-262. 

[282] M.T. McMaster, R.C. Newton, S.K. Dey, G.K. Andrews, Activation and distribution of 

inflammatory cells in the mouse uterus during the preimplantation period, J Immunol 148 

(1992) 1699-1705. 



 

228 
 

[283] S.A. Robertson, V.J. Mau, K.P. Tremellen, R.F. Seamark, Role of high molecular weight 

seminal vesicle proteins in eliciting the uterine inflammatory response to semen in mice, 

J Reprod Fertil 107 (1996) 265-277. 

[284] I.J. Pandya, J. Cohen, The leukocytic reaction of the human uterine cervix to spermatozoa, 

Fertil Steril 43 (1985) 417-421. 

[285] D.J. Sharkey, K.P. Tremellen, M.J. Jasper, K. Gemzell-Danielsson, S.A. Robertson, 

Seminal fluid induces leukocyte recruitment and cytokine and chemokine mRNA 

expression in the human cervix after coitus, J Immunol 188 (2012) 2445-2454. 

[286] D.J. Sharkey, A.M. Macpherson, K.P. Tremellen, D.G. Mottershead, R.B. Gilchrist, S.A. 

Robertson, TGF-beta mediates proinflammatory seminal fluid signaling in human 

cervical epithelial cells, J Immunol 189 (2012) 1024-1035. 

[287] J.R. Sutherland, K.J. Sales, H.N. Jabbour, A.A. Katz, Seminal plasma enhances cervical 

adenocarcinoma cell proliferation and tumour growth in vivo, PLoS One 7 (2012) 

e33848. 

[288] S.A. Robertson, L.R. Guerin, J.J. Bromfield, K.M. Branson, A.C. Ahlstrom, A.S. Care, 

Seminal fluid drives expansion of the CD4+CD25+ T regulatory cell pool and induces 

tolerance to paternal alloantigens in mice, Biol Reprod 80 (2009) 1036-1045. 

[289] L.M. Moldenhauer, K.R. Diener, D.M. Thring, M.P. Brown, J.D. Hayball, S.A. Robertson, 

Cross-presentation of male seminal fluid antigens elicits T cell activation to initiate the 

female immune response to pregnancy, J Immunol 182 (2009) 8080-8093. 

[290] J. Sabatte, F. Remes Lenicov, M. Cabrini, C. Rodriguez Rodrigues, M. Ostrowski, A. 

Ceballos, S. Amigorena, J. Geffner, The role of semen in sexual transmission of HIV: 

beyond a carrier for virus particles, Microbes Infect 13 (2011) 977-982. 



 

229 
 

[291] C.J. Miller, R.J. Shattock, Target cells in vaginal HIV transmission, Microbes Infect 5 

(2003) 59-67. 

[292] K. Gupta, P.J. Klasse, How do viral and host factors modulate the sexual transmission of 

HIV? Can transmission be blocked?, PLoS Med 3 (2006) e79. 

[293] A.T. Haase, Targeting early infection to prevent HIV-1 mucosal transmission, Nature 464 

(2010) 217-223. 

[294] M.M. Lederman, R.E. Offord, O. Hartley, Microbicides and other topical strategies to 

prevent vaginal transmission of HIV, Nat Rev Immunol 6 (2006) 371-382. 

[295] F. Hladik, M.J. McElrath, Setting the stage: host invasion by HIV, Nat Rev Immunol 8 

(2008) 447-457. 

[296] S.R. Galvin, M.S. Cohen, The role of sexually transmitted diseases in HIV transmission, 

Nat Rev Microbiol 2 (2004) 33-42. 

[297] P. Piot, M. Laga, Genital ulcers, other sexually transmitted diseases, and the sexual 

transmission of HIV, BMJ 298 (1989) 623-624. 

[298] D. Serwadda, R.H. Gray, N.K. Sewankambo, F. Wabwire-Mangen, M.Z. Chen, T.C. 

Quinn, T. Lutalo, N. Kiwanuka, G. Kigozi, F. Nalugoda, M.P. Meehan, R. Ashley 

Morrow, M.J. Wawer, Human immunodeficiency virus acquisition associated with 

genital ulcer disease and herpes simplex virus type 2 infection: a nested case-control 

study in Rakai, Uganda, J Infect Dis 188 (2003) 1492-1497. 

[299] M.K. Norvell, G.I. Benrubi, R.J. Thompson, Investigation of microtrauma after sexual 

intercourse, J Reprod Med 29 (1984) 269-271. 

[300] J. Munch, E. Rucker, L. Standker, K. Adermann, C. Goffinet, M. Schindler, S. Wildum, R. 

Chinnadurai, D. Rajan, A. Specht, G. Gimenez-Gallego, P.C. Sanchez, D.M. Fowler, A. 



 

230 
 

Koulov, J.W. Kelly, W. Mothes, J.C. Grivel, L. Margolis, O.T. Keppler, W.G. 

Forssmann, F. Kirchhoff, Semen-derived amyloid fibrils drastically enhance HIV 

infection, Cell 131 (2007) 1059-1071. 

[301] K.A. Kim, M. Yolamanova, O. Zirafi, N.R. Roan, L. Staendker, W.G. Forssmann, A. 

Burgener, N. Dejucq-Rainsford, B.H. Hahn, G.M. Shaw, W.C. Greene, F. Kirchhoff, J. 

Munch, Semen-mediated enhancement of HIV infection is donor-dependent and 

correlates with the levels of SEVI, Retrovirology 7 (2010) 55. 

[302] L.A. Thompson, C.L. Barratt, A.E. Bolton, I.D. Cooke, The leukocytic reaction of the 

human uterine cervix, Am J Reprod Immunol 28 (1992) 85-89. 

[303] W. Berlier, M. Cremel, H. Hamzeh, R. Levy, F. Lucht, T. Bourlet, B. Pozzetto, O. 

Delezay, Seminal plasma promotes the attraction of Langerhans cells via the secretion of 

CCL20 by vaginal epithelial cells: involvement in the sexual transmission of HIV, Hum 

Reprod 21 (2006) 1135-1142. 

[304] A. Ceballos, F. Remes Lenicov, J. Sabatte, C. Rodriguez Rodrigues, M. Cabrini, C. Jancic, 

S. Raiden, M. Donaldson, R. Agustin Pasqualini, Jr., C. Marin-Briggiler, M. Vazquez-

Levin, F. Capani, S. Amigorena, J. Geffner, Spermatozoa capture HIV-1 through heparan 

sulfate and efficiently transmit the virus to dendritic cells, J Exp Med 206 (2009) 2717-

2733. 

[305] C. Tevi-Benissan, L. Belec, M. Levy, V. Schneider-Fauveau, A. Si Mohamed, M.C. 

Hallouin, M. Matta, G. Gresenguet, In vivo semen-associated pH neutralization of 

cervicovaginal secretions, Clin Diagn Lab Immunol 4 (1997) 367-374. 

[306] R.W. Kelly, H.O. Critchley, Immunomodulation by human seminal plasma: a benefit for 

spermatozoon and pathogen?, Hum Reprod 12 (1997) 2200-2207. 



 

231 
 

[307] R.B. Ness, D.A. Grainger, Male reproductive proteins and reproductive outcomes, Am J 

Obstet Gynecol 198 (2008) 620 e621-624. 

[308] M. Hamberg, B. Samuelsson, Prostaglandins in human seminal plasma. Prostaglandins and 

related factors 46, J Biol Chem 241 (1966) 257-263. 

[309] E. Ricciotti, G.A. FitzGerald, Prostaglandins and inflammation, Arterioscler Thromb Vasc 

Biol 31 (2011) 986-1000. 

[310] A.A. Templeton, I. Cooper, R.W. Kelly, Prostaglandin concentrations in the semen of 

fertile men, J Reprod Fertil 52 (1978) 147-150. 

[311] E.H. Oliw, H. Sprecher, M. Hamberg, Isolation of two novel E prostaglandins in human 

seminal fluid, J Biol Chem 261 (1986) 2675-2683. 

[312] K.J. Sales, A.A. Katz, B. Howard, R.P. Soeters, R.P. Millar, H.N. Jabbour, 

Cyclooxygenase-1 is up-regulated in cervical carcinomas: autocrine/paracrine regulation 

of cyclooxygenase-2, prostaglandin e receptors, and angiogenic factors by 

cyclooxygenase-1, Cancer Res 62 (2002) 424-432. 

[313] Dumais N, Emerging Roles of Prostaglandins in HIV-1 Transcription, in: D.N. Dumais 

(Ed.), HIV and AIDS - Updates on Biology, Immunology, Epidemiology and Treatment 

Strategies, InTech, Canada, 2011, pp. 346-370. 

[314] N. Yamamoto, S. Harada, H. Nakashima, Substances affecting the infection and replication 

of human immunodeficiency virus (HIV), AIDS Res 2 Suppl 1 (1986) S183-189. 

[315] T. Joseph, I.A. Zalenskaya, L.C. Sawyer, N. Chandra, G.F. Doncel, Seminal plasma 

induces prostaglandin-endoperoxide synthase (PTGS) 2 expression in immortalized 

human vaginal cells: involvement of semen prostaglandin E2 in PTGS2 upregulation, 

Biol Reprod 88 (2013) 13. 



 

232 
 

[316] M. Arbyn, X. Castellsague, S. de Sanjose, L. Bruni, M. Saraiya, F. Bray, J. Ferlay, 

Worldwide burden of cervical cancer in 2008, Ann Oncol 22 (2011) 2675-2686. 

[317] D.M. Parkin, F. Bray, J. Ferlay, P. Pisani, Global cancer statistics, 2002, CA Cancer J Clin 

55 (2005) 74-108. 

[318] R. Sankaranarayanan, J. Ferlay, Worldwide burden of gynaecological cancer: the size of 

the problem, Best Pract Res Clin Obstet Gynaecol 20 (2006) 207-225. 

[319] T.G. Cooper, E. Noonan, S. von Eckardstein, J. Auger, H.W. Baker, H.M. Behre, T.B. 

Haugen, T. Kruger, C. Wang, M.T. Mbizvo, K.M. Vogelsong, World Health 

Organization reference values for human semen characteristics, Hum Reprod Update 16 

(2010) 231-245. 

[320] J. Jeremias, S.S. David, M. Toth, S.S. Witkin, Induction of messenger RNA for the 70 kDa 

heat shock protein in HeLa cells and the human endocervix following exposure to semen: 

implications for antisperm antibody production and susceptibility to sexually transmitted 

infections, Hum Reprod 12 (1997) 1915-1919. 

[321] L. Musey, Y. Hu, L. Eckert, M. Christensen, T. Karchmer, M.J. McElrath, HIV-1 induces 

cytotoxic T lymphocytes in the cervix of infected women, J Exp Med 185 (1997) 293-

303. 

[322] L.G. Koss, The new Bethesda System for reporting results of smears of the uterine cervix, 

J Natl Cancer Inst 82 (1990) 988-991. 

[323] S. Pecorelli, L. Zigliani, F. Odicino, Revised FIGO staging for carcinoma of the cervix, Int 

J Gynaecol Obstet 105 (2009) 107-108. 

[324] J.C. Jeremias, A.M. Bongiovanni, S.S. Witkin, Induction of heat shock protein expression 

in cervical epithelial cells by human semen, Infect Dis Obstet Gynecol 7 (1999) 17-22. 



 

233 
 

[325] K.J. Sales, D. Maldonado-Perez, V. Grant, R.D. Catalano, M.R. Wilson, P. Brown, A.R. 

Williams, R.A. Anderson, E.A. Thompson, H.N. Jabbour, Prostaglandin F(2alpha)-F-

prostanoid receptor regulates CXCL8 expression in endometrial adenocarcinoma cells via 

the calcium-calcineurin-NFAT pathway, Biochim Biophys Acta 1793 (2009) 1917-1928. 

[326] K.J. Sales, V. Grant, H.N. Jabbour, Prostaglandin E2 and F2alpha activate the FP receptor 

and up-regulate cyclooxygenase-2 expression via the cyclic AMP response element, Mol 

Cell Endocrinol 285 (2008) 51-61. 

[327] K.J. Sales, V. Grant, I.H. Cook, D. Maldonado-Perez, R.A. Anderson, A.R. Williams, H.N. 

Jabbour, Interleukin-11 in endometrial adenocarcinoma is regulated by prostaglandin 

F2alpha-F-prostanoid receptor interaction via the calcium-calcineurin-nuclear factor of 

activated T cells pathway and negatively regulated by the regulator of calcineurin-1, Am 

J Pathol 176 (2010) 435-445. 

[328] K.J. Sales, S.A. Milne, A.R. Williams, R.A. Anderson, H.N. Jabbour, Expression, 

localization, and signaling of prostaglandin F2 alpha receptor in human endometrial 

adenocarcinoma: regulation of proliferation by activation of the epidermal growth factor 

receptor and mitogen-activated protein kinase signaling pathways, J Clin Endocrinol 

Metab 89 (2004) 986-993. 

[329] M.C. Keightley, P. Brown, H.N. Jabbour, K.J. Sales, F-Prostaglandin receptor regulates 

endothelial cell function via fibroblast growth factor-2, BMC Cell Biol 11 (2010) 8. 

[330] M.L. Wong, J.F. Medrano, Real-time PCR for mRNA quantitation, Biotechniques 39 

(2005) 75-85. 

[331] R. Higuchi, C. Fockler, G. Dollinger, R. Watson, Kinetic PCR analysis: real-time 

monitoring of DNA amplification reactions, Biotechnology (N Y) 11 (1993) 1026-1030. 



 

234 
 

[332] C.A. Heid, J. Stevens, K.J. Livak, P.M. Williams, Real time quantitative PCR, Genome 

Res 6 (1996) 986-994. 

[333] C.T. Wittwer, M.G. Herrmann, A.A. Moss, R.P. Rasmussen, Continuous fluorescence 

monitoring of rapid cycle DNA amplification, Biotechniques 22 (1997) 130-131, 134-

138. 

[334] U.E. Gibson, C.A. Heid, P.M. Williams, A novel method for real time quantitative RT-

PCR, Genome Res 6 (1996) 995-1001. 

[335] R.M. Clegg, Fluorescence resonance energy transfer and nucleic acids, Methods Enzymol 

211 (1992) 353-388. 

[336] K.J. Livak, T.D. Schmittgen, Analysis of relative gene expression data using real-time 

quantitative PCR and the 2(-Delta Delta C(T)) Method, Methods 25 (2001) 402-408. 

[337] A.C. Ruifrok, D.A. Johnston, Quantification of histochemical staining by color 

deconvolution, Anal Quant Cytol Histol 23 (2001) 291-299. 

[338] T. Viel, S. Schelhaas, S. Wagner, L. Wachsmuth, K. Schwegmann, M. Kuhlmann, C. 

Faber, K. Kopka, M. Schafers, A.H. Jacobs, Early assessment of the efficacy of 

temozolomide chemotherapy in experimental glioblastoma using [18F]FLT-PET 

imaging, PLoS One 8 (2013) e67911. 

[339] S.F. Moss, M.J. Blaser, Mechanisms of disease: Inflammation and the origins of cancer, 

Nat Clin Pract Oncol 2 (2005) 90-97; quiz 91 p following 113. 

[340] H.S. Ryu, K.H. Chang, H.W. Yang, M.S. Kim, H.C. Kwon, K.S. Oh, High 

cyclooxygenase-2 expression in stage IB cervical cancer with lymph node metastasis or 

parametrial invasion, Gynecol Oncol 76 (2000) 320-325. 



 

235 
 

[341] P.C. Chulada, M.B. Thompson, J.F. Mahler, C.M. Doyle, B.W. Gaul, C. Lee, H.F. Tiano, 

S.G. Morham, O. Smithies, R. Langenbach, Genetic disruption of Ptgs-1, as well as Ptgs-

2, reduces intestinal tumorigenesis in Min mice, Cancer Res 60 (2000) 4705-4708. 

[342] H.N. Jabbour, K.J. Sales, Prostaglandin receptor signalling and function in human 

endometrial pathology, Trends Endocrinol Metab 15 (2004) 398-404. 

[343] K.Y. Fung, L.M. Glode, S. Green, M.W. Duncan, A comprehensive characterization of the 

peptide and protein constituents of human seminal fluid, Prostate 61 (2004) 171-181. 

[344] S. Battersby, K.J. Sales, A.R. Williams, R.A. Anderson, S. Gardner, H.N. Jabbour, 

Seminal plasma and prostaglandin E2 up-regulate fibroblast growth factor 2 expression in 

endometrial adenocarcinoma cells via E-series prostanoid-2 receptor-mediated 

transactivation of the epidermal growth factor receptor and extracellular signal-regulated 

kinase pathway, Hum Reprod 22 (2007) 36-44. 

[345] M. Muller, K.J. Sales, A.A. Katz, H.N. Jabbour, Seminal plasma promotes the expression 

of tumorigenic and angiogenic genes in cervical adenocarcinoma cells via the E-series 

prostanoid 4 receptor, Endocrinology 147 (2006) 3356-3365. 

[346] K.J. Sales, A.A. Katz, R.P. Millar, H.N. Jabbour, Seminal plasma activates 

cyclooxygenase-2 and prostaglandin E2 receptor expression and signalling in cervical 

adenocarcinoma cells, Mol Hum Reprod 8 (2002) 1065-1070. 

[347] P.D. Thomas, A. Kejariwal, N. Guo, H. Mi, M.J. Campbell, A. Muruganujan, B. Lazareva-

Ulitsky, Applications for protein sequence-function evolution data: mRNA/protein 

expression analysis and coding SNP scoring tools, Nucleic Acids Res 34 (2006) W645-

650. 



 

236 
 

[348] H. Mi, N. Guo, A. Kejariwal, P.D. Thomas, PANTHER version 6: protein sequence and 

function evolution data with expanded representation of biological pathways, Nucleic 

Acids Res 35 (2007) D247-252. 

[349] A.B. Abera, K.J. Sales, R.D. Catalano, A.A. Katz, H.N. Jabbour, EP2 receptor mediated 

cAMP release is augmented by PGF 2 alpha activation of the FP receptor via the 

calcium-calmodulin pathway, Cell Signal 22 (2010) 71-79. 

[350] K.J. Sales, J.R. Sutherland, H.N. Jabbour, A.A. Katz, Seminal plasma induces angiogenic 

chemokine expression in cervical cancer cells and regulates vascular function, Biochim 

Biophys Acta 1823 (2012) 1789-1795. 

[351] S.P. Hussain, C.C. Harris, Inflammation and cancer: an ancient link with novel potentials, 

Int J Cancer 121 (2007) 2373-2380. 

[352] D.J. Sharkey, A.M. Macpherson, K.P. Tremellen, S.A. Robertson, Seminal plasma 

differentially regulates inflammatory cytokine gene expression in human cervical and 

vaginal epithelial cells, Mol Hum Reprod 13 (2007) 491-501. 

[353] P.G. Ney, The intravaginal absorption of male generated hormones and their possible 

effect on female behaviour, Med Hypotheses 20 (1986) 221-231. 

[354] D. Wang, R.N. Dubois, Eicosanoids and cancer, Nat Rev Cancer 10 (2010) 181-193. 

[355] C.E. Eberhart, R.J. Coffey, A. Radhika, F.M. Giardiello, S. Ferrenbach, R.N. DuBois, Up-

regulation of cyclooxygenase 2 gene expression in human colorectal adenomas and 

adenocarcinomas, Gastroenterology 107 (1994) 1183-1188. 

[356] S.L. Kargman, G.P. O'Neill, P.J. Vickers, J.F. Evans, J.A. Mancini, S. Jothy, Expression of 

prostaglandin G/H synthase-1 and -2 protein in human colon cancer, Cancer Res 55 

(1995) 2556-2559. 



 

237 
 

[357] H.R. Herschman, Prostaglandin synthase 2, Biochim Biophys Acta 1299 (1996) 125-140. 

[358] K.J. Sales, H.N. Jabbour, Cyclooxygenase enzymes and prostaglandins in reproductive 

tract physiology and pathology, Prostaglandins Other Lipid Mediat 71 (2003) 97-117. 

[359] D. Hwang, D. Scollard, J. Byrne, E. Levine, Expression of cyclooxygenase-1 and 

cyclooxygenase-2 in human breast cancer, J Natl Cancer Inst 90 (1998) 455-460. 

[360] A. Kirschenbaum, A.P. Klausner, R. Lee, P. Unger, S. Yao, X.H. Liu, A.C. Levine, 

Expression of cyclooxygenase-1 and cyclooxygenase-2 in the human prostate, Urology 

56 (2000) 671-676. 

[361] R.A. Gupta, L.V. Tejada, B.J. Tong, S.K. Das, J.D. Morrow, S.K. Dey, R.N. DuBois, 

Cyclooxygenase-1 is overexpressed and promotes angiogenic growth factor production in 

ovarian cancer, Cancer Res 63 (2003) 906-911. 

[362] A.K. Bauer, L.D. Dwyer-Nield, A.M. Malkinson, High cyclooxygenase 1 (COX-1) and 

cyclooxygenase 2 (COX-2) contents in mouse lung tumors, Carcinogenesis 21 (2000) 

543-550. 

[363] N. Rioux, A. Castonguay, The induction of cyclooxygenase-1 by a tobacco carcinogen in 

U937 human macrophages is correlated to the activation of NF-kappaB, Carcinogenesis 

21 (2000) 1745-1751. 

[364] C.E. Bryant, I. Appleton, J.A. Mitchell, Vascular endothelial growth factor upregulates 

constitutive cyclooxygenase 1 in primary bovine and human endothelial cells, Life Sci 62 

(1998) 2195-2201. 

[365] R.E. Maldve, Y. Kim, S.J. Muga, S.M. Fischer, Prostaglandin E(2) regulation of 

cyclooxygenase expression in keratinocytes is mediated via cyclic nucleotide-linked 

prostaglandin receptors, J Lipid Res 41 (2000) 873-881. 



 

238 
 

[366] D. Wang, F.G. Buchanan, H. Wang, S.K. Dey, R.N. DuBois, Prostaglandin E2 enhances 

intestinal adenoma growth via activation of the Ras-mitogen-activated protein kinase 

cascade, Cancer Res 65 (2005) 1822-1829. 

[367] M.D. Castellone, H. Teramoto, B.O. Williams, K.M. Druey, J.S. Gutkind, Prostaglandin 

E2 promotes colon cancer cell growth through a Gs-axin-beta-catenin signaling axis, 

Science 310 (2005) 1504-1510. 

[368] D. Wang, H. Wang, Q. Shi, S. Katkuri, W. Walhi, B. Desvergne, S.K. Das, S.K. Dey, R.N. 

DuBois, Prostaglandin E(2) promotes colorectal adenoma growth via transactivation of 

the nuclear peroxisome proliferator-activated receptor delta, Cancer Cell 6 (2004) 285-

295. 

[369] K.J. Sales, S.C. Boddy, A.R. Williams, R.A. Anderson, H.N. Jabbour, F-prostanoid 

receptor regulation of fibroblast growth factor 2 signaling in endometrial adenocarcinoma 

cells, Endocrinology 148 (2007) 3635-3644. 

[370] A.E. Wallace, K.J. Sales, R.D. Catalano, R.A. Anderson, A.R. Williams, M.R. Wilson, J. 

Schwarze, H. Wang, A.G. Rossi, H.N. Jabbour, Prostaglandin F2alpha-F-prostanoid 

receptor signaling promotes neutrophil chemotaxis via chemokine (C-X-C motif) ligand 1 

in endometrial adenocarcinoma, Cancer Res 69 (2009) 5726-5733. 

[371] S.P. Herbert, A.F. Odell, S. Ponnambalam, J.H. Walker, The confluence-dependent 

interaction of cytosolic phospholipase A2-alpha with annexin A1 regulates endothelial 

cell prostaglandin E2 generation, J Biol Chem 282 (2007) 34468-34478. 

[372] R. Jones, L.A. Adel-Alvarez, O.R. Alvarez, R. Broaddus, S. Das, Arachidonic acid and 

colorectal carcinogenesis, Mol Cell Biochem 253 (2003) 141-149. 



 

239 
 

[373] J.R. Mann, M.G. Backlund, F.G. Buchanan, T. Daikoku, V.R. Holla, D.W. Rosenberg, 

S.K. Dey, R.N. DuBois, Repression of prostaglandin dehydrogenase by epidermal growth 

factor and snail increases prostaglandin E2 and promotes cancer progression, Cancer Res 

66 (2006) 6649-6656. 

[374] D. Wang, R.N. DuBois, Pro-inflammatory prostaglandins and progression of colorectal 

cancer, Cancer Lett 267 (2008) 197-203. 

[375] C.M. Ensor, H.H. Tai, 15-Hydroxyprostaglandin dehydrogenase, J Lipid Mediat Cell 

Signal 12 (1995) 313-319. 

[376] S. Tseng-Rogenski, J. Gee, K.W. Ignatoski, L.P. Kunju, A. Bucheit, H.J. Kintner, D. 

Morris, C. Tallman, J. Evron, C.G. Wood, H.B. Grossman, C.T. Lee, M. Liebert, Loss of 

15-hydroxyprostaglandin dehydrogenase expression contributes to bladder cancer 

progression, Am J Pathol 176 (2010) 1462-1468. 

[377] Z. Liu, X. Wang, Y. Lu, S. Han, F. Zhang, H. Zhai, T. Lei, J. Liang, J. Wang, K. Wu, D. 

Fan, Expression of 15-PGDH is downregulated by COX-2 in gastric cancer, 

Carcinogenesis 29 (2008) 1219-1227. 

[378] I. Wolf, J. O'Kelly, T. Rubinek, M. Tong, A. Nguyen, B.T. Lin, H.H. Tai, B.Y. Karlan, 

H.P. Koeffler, 15-hydroxyprostaglandin dehydrogenase is a tumor suppressor of human 

breast cancer, Cancer Res 66 (2006) 7818-7823. 

[379] S.J. Myung, R.M. Rerko, M. Yan, P. Platzer, K. Guda, A. Dotson, E. Lawrence, A.J. 

Dannenberg, A.K. Lovgren, G. Luo, T.P. Pretlow, R.A. Newman, J. Willis, D. Dawson, 

S.D. Markowitz, 15-Hydroxyprostaglandin dehydrogenase is an in vivo suppressor of 

colon tumorigenesis, Proc Natl Acad Sci U S A 103 (2006) 12098-12102. 



 

240 
 

[380] B. Frank, B. Hoeft, M. Hoffmeister, J. Linseisen, L.P. Breitling, J. Chang-Claude, H. 

Brenner, A. Nieters, Association of hydroxyprostaglandin dehydrogenase 15-(NAD) 

(HPGD) variants and colorectal cancer risk, Carcinogenesis 32 (2011) 190-196. 

[381] M. Yan, S.J. Myung, S.P. Fink, E. Lawrence, J. Lutterbaugh, P. Yang, X. Zhou, D. Liu, 

R.M. Rerko, J. Willis, D. Dawson, H.H. Tai, J.S. Barnholtz-Sloan, R.A. Newman, M.M. 

Bertagnolli, S.D. Markowitz, 15-Hydroxyprostaglandin dehydrogenase inactivation as a 

mechanism of resistance to celecoxib chemoprevention of colon tumors, Proc Natl Acad 

Sci U S A 106 (2009) 9409-9413. 

[382] Y.I. Cha, R.N. DuBois, NSAIDs and cancer prevention: targets downstream of COX-2, 

Annu Rev Med 58 (2007) 239-252. 

[383] W.R. Henderson, Jr., The role of leukotrienes in inflammation, Ann Intern Med 121 (1994) 

684-697. 

[384] H. Hasturk, A. Kantarci, E. Goguet-Surmenian, A. Blackwood, C. Andry, C.N. Serhan, 

T.E. Van Dyke, Resolvin E1 regulates inflammation at the cellular and tissue level and 

restores tissue homeostasis in vivo, J Immunol 179 (2007) 7021-7029. 

[385] B.K. Lam, Leukotriene C(4) synthase, Prostaglandins Leukot Essent Fatty Acids 69 (2003) 

111-116. 

[386] C. Brink, S.E. Dahlen, J. Drazen, J.F. Evans, D.W. Hay, S. Nicosia, C.N. Serhan, T. 

Shimizu, T. Yokomizo, International Union of Pharmacology XXXVII. Nomenclature 

for leukotriene and lipoxin receptors, Pharmacol Rev 55 (2003) 195-227. 

[387] V. Capra, Molecular and functional aspects of human cysteinyl leukotriene receptors, 

Pharmacol Res 50 (2004) 1-11. 



 

241 
 

[388] T. Kawano, H. Matsuse, Y. Kondo, I. Machida, S. Saeki, S. Tomari, K. Mitsuta, Y. Obase, 

C. Fukushima, T. Shimoda, S. Kohno, Cysteinyl leukotrienes induce nuclear factor kappa 

b activation and RANTES production in a murine model of asthma, J Allergy Clin 

Immunol 112 (2003) 369-374. 

[389] J.F. Ohd, C.K. Nielsen, J. Campbell, G. Landberg, H. Lofberg, A. Sjolander, Expression of 

the leukotriene D4 receptor CysLT1, COX-2, and other cell survival factors in colorectal 

adenocarcinomas, Gastroenterology 124 (2003) 57-70. 

[390] M. Matsuyama, T. Hayama, K. Funao, Y. Kawahito, H. Sano, Y. Takemoto, T. Nakatani, 

R. Yoshimura, Overexpression of cysteinyl LT1 receptor in prostate cancer and 

CysLT1R antagonist inhibits prostate cancer cell growth through apoptosis, Oncol Rep 

18 (2007) 99-104. 

[391] J.F. Ohd, K. Wikstrom, A. Sjolander, Leukotrienes induce cell-survival signaling in 

intestinal epithelial cells, Gastroenterology 119 (2000) 1007-1018. 

[392] M. Mezhybovska, K. Wikstrom, J.F. Ohd, A. Sjolander, The inflammatory mediator 

leukotriene D4 induces beta-catenin signaling and its association with antiapoptotic Bcl-2 

in intestinal epithelial cells, J Biol Chem 281 (2006) 6776-6784. 

[393] S. Paruchuri, M. Mezhybovska, M. Juhas, A. Sjolander, Endogenous production of 

leukotriene D4 mediates autocrine survival and proliferation via CysLT1 receptor 

signalling in intestinal epithelial cells, Oncogene 25 (2006) 6660-6665. 

[394] A.M. Tager, A.D. Luster, BLT1 and BLT2: the leukotriene B(4) receptors, Prostaglandins 

Leukot Essent Fatty Acids 69 (2003) 123-134. 

[395] E. Sanchez-Galan, A. Gomez-Hernandez, C. Vidal, J.L. Martin-Ventura, L.M. Blanco-

Colio, B. Munoz-Garcia, L. Ortega, J. Egido, J. Tunon, Leukotriene B4 enhances the 



 

242 
 

activity of nuclear factor-kappaB pathway through BLT1 and BLT2 receptors in 

atherosclerosis, Cardiovasc Res 81 (2009) 216-225. 

[396] R. Hennig, X.Z. Ding, W.G. Tong, M.B. Schneider, J. Standop, H. Friess, M.W. Buchler, 

P.M. Pour, T.E. Adrian, 5-Lipoxygenase and leukotriene B(4) receptor are expressed in 

human pancreatic cancers but not in pancreatic ducts in normal tissue, Am J Pathol 161 

(2002) 421-428. 

[397] S. Larre, N. Tran, C. Fan, H. Hamadeh, J. Champigneulles, R. Azzouzi, O. Cussenot, P. 

Mangin, J.L. Olivier, PGE2 and LTB4 tissue levels in benign and cancerous prostates, 

Prostaglandins Other Lipid Mediat 87 (2008) 14-19. 

[398] A. Ihara, K. Wada, M. Yoneda, N. Fujisawa, H. Takahashi, A. Nakajima, Blockade of 

leukotriene B4 signaling pathway induces apoptosis and suppresses cell proliferation in 

colon cancer, J Pharmacol Sci 103 (2007) 24-32. 

[399] W.G. Tong, X.Z. Ding, M.S. Talamonti, R.H. Bell, T.E. Adrian, LTB4 stimulates growth 

of human pancreatic cancer cells via MAPK and PI-3 kinase pathways, Biochem Biophys 

Res Commun 335 (2005) 949-956. 

[400] C.A. Borgono, E.P. Diamandis, The emerging roles of human tissue kallikreins in cancer, 

Nat Rev Cancer 4 (2004) 876-890. 

[401] N. Emami, E.P. Diamandis, New insights into the functional mechanisms and clinical 

applications of the kallikrein-related peptidase family, Mol Oncol 1 (2007) 269-287. 

[402] S. Rehault, P. Monget, S. Mazerbourg, R. Tremblay, N. Gutman, F. Gauthier, T. Moreau, 

Insulin-like growth factor binding proteins (IGFBPs) as potential physiological substrates 

for human kallikreins hK2 and hK3, Eur J Biochem 268 (2001) 2960-2968. 



 

243 
 

[403] C.A. Borgono, I.P. Michael, J.L. Shaw, L.Y. Luo, M.C. Ghosh, A. Soosaipillai, L. Grass, 

D. Katsaros, E.P. Diamandis, Expression and functional characterization of the cancer-

related serine protease, human tissue kallikrein 14, J Biol Chem 282 (2007) 2405-2422. 

[404] I.P. Michael, G. Sotiropoulou, G. Pampalakis, A. Magklara, M. Ghosh, G. Wasney, E.P. 

Diamandis, Biochemical and enzymatic characterization of human kallikrein 5 (hK5), a 

novel serine protease potentially involved in cancer progression, J Biol Chem 280 (2005) 

14628-14635. 

[405] M. Matsumura, A.S. Bhatt, D. Andress, N. Clegg, T.K. Takayama, C.S. Craik, P.S. 

Nelson, Substrates of the prostate-specific serine protease prostase/KLK4 defined by 

positional-scanning peptide libraries, Prostate 62 (2005) 1-13. 

[406] D. Proud, A.P. Kaplan, Kinin formation: mechanisms and role in inflammatory disorders, 

Annu Rev Immunol 6 (1988) 49-83. 

[407] D. Regoli, J. Barabe, Pharmacology of bradykinin and related kinins, Pharmacol Rev 32 

(1980) 1-46. 

[408] J.B. Calixto, R. Medeiros, E.S. Fernandes, J. Ferreira, D.A. Cabrini, M.M. Campos, Kinin 

B1 receptors: key G-protein-coupled receptors and their role in inflammatory and painful 

processes, Br J Pharmacol 143 (2004) 803-818. 

[409] D. Regoli, D. Jukic, F. Gobeil, N.E. Rhaleb, Receptors for bradykinin and related kinins: a 

critical analysis, Can J Physiol Pharmacol 71 (1993) 556-567. 

[410] K.L. Pierce, R.T. Premont, R.J. Lefkowitz, Seven-transmembrane receptors, Nat Rev Mol 

Cell Biol 3 (2002) 639-650. 

[411] S.B. Phagoo, K. Reddi, K.D. Anderson, L.M. Leeb-Lundberg, D. Warburton, Bradykinin 

B1 receptor up-regulation by interleukin-1beta and B1 agonist occurs through 



 

244 
 

independent and synergistic intracellular signaling mechanisms in human lung 

fibroblasts, J Pharmacol Exp Ther 298 (2001) 77-85. 

[412] J.B. Calixto, D.A. Cabrini, J. Ferreira, M.M. Campos, Kinins in pain and inflammation, 

Pain 87 (2000) 1-5. 

[413] J.B. Calixto, D.A. Cabrini, J. Ferreira, M.M. Campos, Inflammatory pain: kinins and 

antagonists, Curr Opin Anaesthesiol 14 (2001) 519-526. 

[414] G.P. Lewis, Plasma Kinins and Inflammation, Metabolism 13 (1964) SUPPL:1256-1263. 

[415] A. Ahluwalia, M. Perretti, B1 receptors as a new inflammatory target. Could this B the 1?, 

Trends Pharmacol Sci 20 (1999) 100-104. 

[416] Z.K. Pan, B.L. Zuraw, C.C. Lung, E.R. Prossnitz, D.D. Browning, R.D. Ye, Bradykinin 

stimulates NF-kappaB activation and interleukin 1beta gene expression in cultured 

human fibroblasts, J Clin Invest 98 (1996) 2042-2049. 

[417] R. Mahabeer, K.D. Bhoola, Kallikrein and kinin receptor genes, Pharmacol Ther 88 (2000) 

77-89. 

[418] J.M. Stewart, Bradykinin antagonists as anti-cancer agents, Curr Pharm Des 9 (2003) 

2036-2042. 

[419] J.S. Taub, R. Guo, L.M. Leeb-Lundberg, J.F. Madden, Y. Daaka, Bradykinin receptor 

subtype 1 expression and function in prostate cancer, Cancer Res 63 (2003) 2037-2041. 

[420] K. Bhoola, R. Ramsaroop, J. Plendl, B. Cassim, Z. Dlamini, S. Naicker, Kallikrein and 

kinin receptor expression in inflammation and cancer, Biol Chem 382 (2001) 77-89. 

[421] L.M. Coussens, B. Fingleton, L.M. Matrisian, Matrix metalloproteinase inhibitors and 

cancer: trials and tribulations, Science 295 (2002) 2387-2392. 



 

245 
 

[422] C.R. Hauck, D.J. Sieg, D.A. Hsia, J.C. Loftus, W.A. Gaarde, B.P. Monia, D.D. Schlaepfer, 

Inhibition of focal adhesion kinase expression or activity disrupts epidermal growth 

factor-stimulated signaling promoting the migration of invasive human carcinoma cells, 

Cancer Res 61 (2001) 7079-7090. 

[423] X. Li, S. Jiang, R.I. Tapping, Toll-like receptor signaling in cell proliferation and survival, 

Cytokine 49 (2010) 1-9. 

[424] S. Akira, K. Takeda, Toll-like receptor signalling, Nat Rev Immunol 4 (2004) 499-511. 

[425] H. Wagner, Endogenous TLR ligands and autoimmunity, Adv Immunol 91 (2006) 159-

173. 

[426] A. Banerjee, S. Gerondakis, Coordinating TLR-activated signaling pathways in cells of the 

immune system, Immunol Cell Biol 85 (2007) 420-424. 

[427] B.B. Aggarwal, Nuclear factor-kappaB: the enemy within, Cancer Cell 6 (2004) 203-208. 

[428] S. Shishodia, B.B. Aggarwal, Nuclear factor-kappaB activation: a question of life or death, 

J Biochem Mol Biol 35 (2002) 28-40. 

[429] A.J. Marrogi, W.D. Travis, J.A. Welsh, M.A. Khan, H. Rahim, H. Tazelaar, P. Pairolero, 

V. Trastek, J. Jett, N.E. Caporaso, L.A. Liotta, C.C. Harris, Nitric oxide synthase, 

cyclooxygenase 2, and vascular endothelial growth factor in the angiogenesis of non-

small cell lung carcinoma, Clin Cancer Res 6 (2000) 4739-4744. 

[430] S. Ambs, W.G. Merriam, W.P. Bennett, E. Felley-Bosco, M.O. Ogunfusika, S.M. Oser, S. 

Klein, P.G. Shields, T.R. Billiar, C.C. Harris, Frequent nitric oxide synthase-2 expression 

in human colon adenomas: implication for tumor angiogenesis and colon cancer 

progression, Cancer Res 58 (1998) 334-341. 



 

246 
 

[431] W. Wang, J.L. Abbruzzese, D.B. Evans, P.J. Chiao, Overexpression of urokinase-type 

plasminogen activator in pancreatic adenocarcinoma is regulated by constitutively 

activated RelA, Oncogene 18 (1999) 4554-4563. 

[432] S. Philip, A. Bulbule, G.C. Kundu, Osteopontin stimulates tumor growth and activation of 

promatrix metalloproteinase-2 through nuclear factor-kappa B-mediated induction of 

membrane type 1 matrix metalloproteinase in murine melanoma cells, J Biol Chem 276 

(2001) 44926-44935. 

[433] I.B. Joseph, J. Vukanovic, J.T. Isaacs, Antiangiogenic treatment with linomide as 

chemoprevention for prostate, seminal vesicle, and breast carcinogenesis in rodents, 

Cancer Res 56 (1996) 3404-3408. 

[434] K. Tozawa, S. Sakurada, K. Kohri, T. Okamoto, Effects of anti-nuclear factor kappa B 

reagents in blocking adhesion of human cancer cells to vascular endothelial cells, Cancer 

Res 55 (1995) 4162-4167. 

[435] U.A. Hasan, G. Trinchieri, J. Vlach, Toll-like receptor signaling stimulates cell cycle entry 

and progression in fibroblasts, J Biol Chem 280 (2005) 20620-20627. 

[436] G. Jego, R. Bataille, A. Geffroy-Luseau, G. Descamps, C. Pellat-Deceunynck, Pathogen-

associated molecular patterns are growth and survival factors for human myeloma cells 

through Toll-like receptors, Leukemia 20 (2006) 1130-1137. 

[437] J. Bohnhorst, T. Rasmussen, S.H. Moen, M. Flottum, L. Knudsen, M. Borset, T. Espevik, 

A. Sundan, Toll-like receptors mediate proliferation and survival of multiple myeloma 

cells, Leukemia 20 (2006) 1138-1144. 



 

247 
 

[438] W. Xie, Y. Wang, Y. Huang, H. Yang, J. Wang, Z. Hu, Toll-like receptor 2 mediates 

invasion via activating NF-kappaB in MDA-MB-231 breast cancer cells, Biochem 

Biophys Res Commun 379 (2009) 1027-1032. 

[439] C.Y. Hsieh, S.L. You, C.L. Kao, C.J. Chen, Reproductive and infectious risk factors for 

invasive cervical cancer in Taiwan, Anticancer Res 19 (1999) 4495-4500. 

[440] B.J. Rollins, Chemokines, Blood 90 (1997) 909-928. 

[441] D. Rossi, A. Zlotnik, The biology of chemokines and their receptors, Annu Rev Immunol 

18 (2000) 217-242. 

[442] V.I. Slettenaar, J.L. Wilson, The chemokine network: a target in cancer biology?, Adv 

Drug Deliv Rev 58 (2006) 962-974. 

[443] A.P. Vicari, C. Caux, Chemokines in cancer, Cytokine Growth Factor Rev 13 (2002) 143-

154. 

[444] F. Balkwill, Cancer and the chemokine network, Nat Rev Cancer 4 (2004) 540-550. 

[445] P.M. Murphy, Chemokines and the molecular basis of cancer metastasis, N Engl J Med 

345 (2001) 833-835. 

[446] F. Balkwill, K.A. Charles, A. Mantovani, Smoldering and polarized inflammation in the 

initiation and promotion of malignant disease, Cancer Cell 7 (2005) 211-217. 

[447] A. Mantovani, Cancer: Inflaming metastasis, Nature 457 (2009) 36-37. 

[448] S. Ali, G. Lazennec, Chemokines: novel targets for breast cancer metastasis, Cancer 

Metastasis Rev 26 (2007) 401-420. 

[449] D. Vindrieux, P. Escobar, G. Lazennec, Emerging roles of chemokines in prostate cancer, 

Endocr Relat Cancer 16 (2009) 663-673. 



 

248 
 

[450] C.R. Mackay, Chemokines: immunology's high impact factors, Nat Immunol 2 (2001) 95-

101. 

[451] G. Aumuller, A. Riva, Morphology and functions of the human seminal vesicle, 

Andrologia 24 (1992) 183-196. 

[452] M. Maegawa, M. Kamada, M. Irahara, S. Yamamoto, S. Yoshikawa, Y. Kasai, Y. Ohmoto, 

H. Gima, C.J. Thaler, T. Aono, A repertoire of cytokines in human seminal plasma, J 

Reprod Immunol 54 (2002) 33-42. 

[453] A. Aartsma-Rus, A.A. Janson, W.E. Kaman, M. Bremmer-Bout, J.T. den Dunnen, F. Baas, 

G.J. van Ommen, J.C. van Deutekom, Therapeutic antisense-induced exon skipping in 

cultured muscle cells from six different DMD patients, Hum Mol Genet 12 (2003) 907-

914. 

[454] A. Mantovani, P. Allavena, S. Sozzani, A. Vecchi, M. Locati, A. Sica, Chemokines in the 

recruitment and shaping of the leukocyte infiltrate of tumors, Semin Cancer Biol 14 

(2004) 155-160. 

[455] H. Wakabayashi, P.G. Cavanaugh, G.L. Nicolson, Purification and identification of mouse 

lung microvessel endothelial cell-derived chemoattractant for lung-metastasizing murine 

RAW117 large-cell lymphoma cells: identification as mouse monocyte chemotactic 

protein 1, Cancer Res 55 (1995) 4458-4464. 

[456] T.J. Schall, K. Bacon, K.J. Toy, D.V. Goeddel, Selective attraction of monocytes and T 

lymphocytes of the memory phenotype by cytokine RANTES, Nature 347 (1990) 669-

671. 

[457] R. Meurer, G. Van Riper, W. Feeney, P. Cunningham, D. Hora, Jr., M.S. Springer, D.E. 

MacIntyre, H. Rosen, Formation of eosinophilic and monocytic intradermal inflammatory 



 

249 
 

sites in the dog by injection of human RANTES but not human monocyte 

chemoattractant protein 1, human macrophage inflammatory protein 1 alpha, or human 

interleukin 8, J Exp Med 178 (1993) 1913-1921. 

[458] P. Conti, M. Reale, R.C. Barbacane, R. Letourneau, T.C. Theoharides, Intramuscular 

injection of hrRANTES causes mast cell recruitment and increased transcription of 

histidine decarboxylase in mice: lack of effects in genetically mast cell-deficient W/WV 

mice, FASEB J 12 (1998) 1693-1700. 

[459] T.N. Wells, A.E. Proudfoot, C.A. Power, Strategies to interfere with the chemokine 

network in disease, Chem Immunol 72 (1999) 181-201. 

[460] U. Panzer, A. Schneider, J. Wilken, D.A. Thompson, S.B. Kent, R.A. Stahl, The 

chemokine receptor antagonist AOP-RANTES reduces monocyte infiltration in 

experimental glomerulonephritis, Kidney Int 56 (1999) 2107-2115. 

[461] D.A. Barnes, J. Tse, M. Kaufhold, M. Owen, J. Hesselgesser, R. Strieter, R. Horuk, H.D. 

Perez, Polyclonal antibody directed against human RANTES ameliorates disease in the 

Lewis rat adjuvant-induced arthritis model, J Clin Invest 101 (1998) 2910-2919. 

[462] S.W. Chensue, K.S. Warmington, E.J. Allenspach, B. Lu, C. Gerard, S.L. Kunkel, N.W. 

Lukacs, Differential expression and cross-regulatory function of RANTES during 

mycobacterial (type 1) and schistosomal (type 2) antigen-elicited granulomatous 

inflammation, J Immunol 163 (1999) 165-173. 

[463] G. McCormack, D. Moriarty, D.P. O'Donoghue, P.A. McCormick, K. Sheahan, A.W. 

Baird, Tissue cytokine and chemokine expression in inflammatory bowel disease, 

Inflamm Res 50 (2001) 491-495. 



 

250 
 

[464] A. Ben-Baruch, Inflammation-associated immune suppression in cancer: the roles played 

by cytokines, chemokines and additional mediators, Semin Cancer Biol 16 (2006) 38-52. 

[465] C.Y. Huang, Y.C. Fong, C.Y. Lee, M.Y. Chen, H.C. Tsai, H.C. Hsu, C.H. Tang, CCL5 

increases lung cancer migration via PI3K, Akt and NF-kappaB pathways, Biochem 

Pharmacol 77 (2009) 794-803. 

[466] Y. Niwa, H. Akamatsu, H. Niwa, H. Sumi, Y. Ozaki, A. Abe, Correlation of tissue and 

plasma RANTES levels with disease course in patients with breast or cervical cancer, 

Clin Cancer Res 7 (2001) 285-289. 

[467] N. Yaal-Hahoshen, S. Shina, L. Leider-Trejo, I. Barnea, E.L. Shabtai, E. Azenshtein, I. 

Greenberg, I. Keydar, A. Ben-Baruch, The chemokine CCL5 as a potential prognostic 

factor predicting disease progression in stage II breast cancer patients, Clin Cancer Res 

12 (2006) 4474-4480. 

[468] A.E. Karnoub, A.B. Dash, A.P. Vo, A. Sullivan, M.W. Brooks, G.W. Bell, A.L. 

Richardson, K. Polyak, R. Tubo, R.A. Weinberg, Mesenchymal stem cells within tumour 

stroma promote breast cancer metastasis, Nature 449 (2007) 557-563. 

[469] J. Folkman, Fundamental concepts of the angiogenic process, Curr Mol Med 3 (2003) 643-

651. 

[470] R.M. Strieter, J.A. Belperio, R.J. Phillips, M.P. Keane, CXC chemokines in angiogenesis 

of cancer, Semin Cancer Biol 14 (2004) 195-200. 

[471] D. Wang, H. Wang, J. Brown, T. Daikoku, W. Ning, Q. Shi, A. Richmond, R. Strieter, 

S.K. Dey, R.N. DuBois, CXCL1 induced by prostaglandin E2 promotes angiogenesis in 

colorectal cancer, J Exp Med 203 (2006) 941-951. 



 

251 
 

[472] M.E. Hammond, V. Shyamala, M.A. Siani, C.A. Gallegos, P.H. Feucht, J. Abbott, G.R. 

Lapointe, M. Moghadam, H. Khoja, J. Zakel, P. Tekamp-Olson, Receptor recognition and 

specificity of interleukin-8 is determined by residues that cluster near a surface-accessible 

hydrophobic pocket, J Biol Chem 271 (1996) 8228-8235. 

[473] R.N. Apte, E. Voronov, Interleukin-1--a major pleiotropic cytokine in tumor-host 

interactions, Semin Cancer Biol 12 (2002) 277-290. 

[474] J.S. Wolf, Z. Chen, G. Dong, J.B. Sunwoo, C.C. Bancroft, D.E. Capo, N.T. Yeh, N. 

Mukaida, C. Van Waes, IL (interleukin)-1alpha promotes nuclear factor-kappaB and AP-

1-induced IL-8 expression, cell survival, and proliferation in head and neck squamous 

cell carcinomas, Clin Cancer Res 7 (2001) 1812-1820. 

[475] S. Nozaki, G.W. Sledge, Jr., H. Nakshatri, Cancer cell-derived interleukin 1alpha 

contributes to autocrine and paracrine induction of pro-metastatic genes in breast cancer, 

Biochem Biophys Res Commun 275 (2000) 60-62. 

[476] V. Tjomsland, A. Spangeus, J. Valila, P. Sandstrom, K. Borch, H. Druid, S. Falkmer, U. 

Falkmer, D. Messmer, M. Larsson, Interleukin 1alpha sustains the expression of 

inflammatory factors in human pancreatic cancer microenvironment by targeting cancer-

associated fibroblasts, Neoplasia 13 (2011) 664-675. 

[477] G. Castrilli, D. Tatone, M.G. Diodoro, S. Rosini, M. Piantelli, P. Musiani, Interleukin 

1alpha and interleukin 6 promote the in vitro growth of both normal and neoplastic 

human cervical epithelial cells, Br J Cancer 75 (1997) 855-859. 

[478] M.U. Martin, W. Falk, The interleukin-1 receptor complex and interleukin-1 signal 

transduction, Eur Cytokine Netw 8 (1997) 5-17. 



 

252 
 

[479] C.A. Dinarello, Interleukin-1, interleukin-1 receptors and interleukin-1 receptor antagonist, 

Int Rev Immunol 16 (1998) 457-499. 

[480] W.P. Arend, G. Palmer, C. Gabay, IL-1, IL-18, and IL-33 families of cytokines, Immunol 

Rev 223 (2008) 20-38. 

[481] D.K. Giri, B.B. Aggarwal, Constitutive activation of NF-kappaB causes resistance to 

apoptosis in human cutaneous T cell lymphoma HuT-78 cells. Autocrine role of tumor 

necrosis factor and reactive oxygen intermediates, J Biol Chem 273 (1998) 14008-14014. 

[482] K. Tsukasaki, C.W. Miller, T. Kubota, S. Takeuchi, T. Fujimoto, S. Ikeda, M. Tomonaga, 

H.P. Koeffler, Tumor necrosis factor alpha polymorphism associated with increased 

susceptibility to development of adult T-cell leukemia/lymphoma in human T-

lymphotropic virus type 1 carriers, Cancer Res 61 (2001) 3770-3774. 

[483] R. Montesano, P. Soulie, J.A. Eble, F. Carrozzino, Tumour necrosis factor alpha confers an 

invasive, transformed phenotype on mammary epithelial cells, J Cell Sci 118 (2005) 

3487-3500. 

[484] S. Wu, C.M. Boyer, R.S. Whitaker, A. Berchuck, J.R. Wiener, J.B. Weinberg, R.C. Bast, 

Jr., Tumor necrosis factor alpha as an autocrine and paracrine growth factor for ovarian 

cancer: monokine induction of tumor cell proliferation and tumor necrosis factor alpha 

expression, Cancer Res 53 (1993) 1939-1944. 

[485] M.S. Naylor, G.W. Stamp, W.D. Foulkes, D. Eccles, F.R. Balkwill, Tumor necrosis factor 

and its receptors in human ovarian cancer. Potential role in disease progression, J Clin 

Invest 91 (1993) 2194-2206. 

[486] C.D. Woodworth, E. McMullin, M. Iglesias, G.D. Plowman, Interleukin 1 alpha and tumor 

necrosis factor alpha stimulate autocrine amphiregulin expression and proliferation of 



 

253 
 

human papillomavirus-immortalized and carcinoma-derived cervical epithelial cells, Proc 

Natl Acad Sci U S A 92 (1995) 2840-2844. 

[487] J.L. Luo, S. Maeda, L.C. Hsu, H. Yagita, M. Karin, Inhibition of NF-kappaB in cancer 

cells converts inflammation- induced tumor growth mediated by TNFalpha to TRAIL-

mediated tumor regression, Cancer Cell 6 (2004) 297-305. 

[488] A. Altenburg, S.E. Baldus, H. Smola, H. Pfister, S. Hess, CD40 ligand-CD40 interaction 

induces chemokines in cervical carcinoma cells in synergism with IFN-gamma, J 

Immunol 162 (1999) 4140-4147. 

[489] I. Stamenkovic, E.A. Clark, B. Seed, A B-lymphocyte activation molecule related to the 

nerve growth factor receptor and induced by cytokines in carcinomas, EMBO J 8 (1989) 

1403-1410. 

[490] L.S. Young, C.W. Dawson, K.W. Brown, A.B. Rickinson, Identification of a human 

epithelial cell surface protein sharing an epitope with the C3d/Epstein-Barr virus receptor 

molecule of B lymphocytes, Int J Cancer 43 (1989) 786-794. 

[491] C. van Kooten, J.S. Gerritsma, M.E. Paape, L.A. van Es, J. Banchereau, M.R. Daha, 

Possible role for CD40-CD40L in the regulation of interstitial infiltration in the kidney, 

Kidney Int 51 (1997) 711-721. 

[492] R.W. Denfeld, D. Hollenbaugh, A. Fehrenbach, J.M. Weiss, A. von Leoprechting, B. Mai, 

U. Voith, E. Schopf, A. Aruffo, J.C. Simon, CD40 is functionally expressed on human 

keratinocytes, Eur J Immunol 26 (1996) 2329-2334. 

[493] R.D. Stout, J. Suttles, The many roles of CD40 in cell-mediated inflammatory responses, 

Immunol Today 17 (1996) 487-492. 



 

254 
 

[494] I. Berberich, G.L. Shu, E.A. Clark, Cross-linking CD40 on B cells rapidly activates nuclear 

factor-kappa B, J Immunol 153 (1994) 4357-4366. 

[495] X. Chen, S. Han, S. Wang, X. Zhou, M. Zhang, J. Dong, X. Shi, N. Qian, X. Wang, Q. 

Wei, H. Shen, Z. Hu, Interactions of IL-12A and IL-12B polymorphisms on the risk of 

cervical cancer in Chinese women, Clin Cancer Res 15 (2009) 400-405. 

[496] A.J. Puren, G. Fantuzzi, Y. Gu, M.S. Su, C.A. Dinarello, Interleukin-18 (IFNgamma-

inducing factor) induces IL-8 and IL-1beta via TNFalpha production from non-CD14+ 

human blood mononuclear cells, J Clin Invest 101 (1998) 711-721. 

[497] G. Trinchieri, Interleukin-12 and the regulation of innate resistance and adaptive 

immunity, Nat Rev Immunol 3 (2003) 133-146. 

[498] C.D. Woodworth, S. Simpson, Comparative lymphokine secretion by cultured normal 

human cervical keratinocytes, papillomavirus-immortalized, and carcinoma cell lines, 

Am J Pathol 142 (1993) 1544-1555. 

[499] T.D. de Gruijl, H.J. Bontkes, A.J. van den Muysenberg, J.W. van Oostveen, M.J. Stukart, 

R.H. Verheijen, N. van der Vange, P.J. Snijders, C.J. Meijer, J.M. Walboomers, R.J. 

Scheper, Differences in cytokine mRNA profiles between premalignant and malignant 

lesions of the uterine cervix, Eur J Cancer 35 (1999) 490-497. 

[500] M. Stanley, The immunology of genital human papilloma virus infection, Eur J Dermatol 8 

(1998) 8-12; discussion 20-12. 

[501] R.K. Singh, D. Indra, S. Mitra, R.K. Mondal, P.S. Basu, A. Roy, S. Roychowdhury, C.K. 

Panda, Deletions in chromosome 4 differentially associated with the development of 

cervical cancer: evidence of slit2 as a candidate tumor suppressor gene, Hum Genet 122 

(2007) 71-81. 



 

255 
 

[502] K.A. Paschos, D. Canovas, N.C. Bird, The role of cell adhesion molecules in the 

progression of colorectal cancer and the development of liver metastasis, Cell Signal 21 

(2009) 665-674. 

[503] C.A. Dinarello, Biologic basis for interleukin-1 in disease, Blood 87 (1996) 2095-2147. 

[504] P.E. Auron, The interleukin 1 receptor: ligand interactions and signal transduction, 

Cytokine Growth Factor Rev 9 (1998) 221-237. 

[505] J. Shao, H. Sheng, Prostaglandin E2 induces the expression of IL-1alpha in colon cancer 

cells, J Immunol 178 (2007) 4097-4103. 

[506] N. Konishi, C. Miki, T. Yoshida, K. Tanaka, Y. Toiyama, M. Kusunoki, Interleukin-1 

receptor antagonist inhibits the expression of vascular endothelial growth factor in 

colorectal carcinoma, Oncology 68 (2005) 138-145. 

[507] M. Macarthur, G.L. Hold, E.M. El-Omar, Inflammation and Cancer II. Role of chronic 

inflammation and cytokine gene polymorphisms in the pathogenesis of gastrointestinal 

malignancy, Am J Physiol Gastrointest Liver Physiol 286 (2004) G515-520. 

[508] K.J. Sales, S. Battersby, A.R. Williams, R.A. Anderson, H.N. Jabbour, Prostaglandin E2 

mediates phosphorylation and down-regulation of the tuberous sclerosis-2 tumor 

suppressor (tuberin) in human endometrial adenocarcinoma cells via the Akt signaling 

pathway, J Clin Endocrinol Metab 89 (2004) 6112-6118. 

[509] R.N. Apte, S. Dotan, M. Elkabets, M.R. White, E. Reich, Y. Carmi, X. Song, T. Dvozkin, 

Y. Krelin, E. Voronov, The involvement of IL-1 in tumorigenesis, tumor invasiveness, 

metastasis and tumor-host interactions, Cancer Metastasis Rev 25 (2006) 387-408. 



 

256 
 

[510] M. Ricote, I. Garcia-Tunon, F.R. Bethencourt, B. Fraile, R. Paniagua, M. Royuela, 

Interleukin-1 (IL-1alpha and IL-1beta) and its receptors (IL-1RI, IL-1RII, and IL-1Ra) in 

prostate carcinoma, Cancer 100 (2004) 1388-1396. 

[511] D. Hanahan, R.A. Weinberg, Hallmarks of cancer: the next generation, Cell 144 (2011) 

646-674. 

[512] E.R. Greene, S. Huang, C.N. Serhan, D. Panigrahy, Regulation of inflammation in cancer 

by eicosanoids, Prostaglandins Other Lipid Mediat 96 (2011) 27-36. 

[513] Y. Wu, S. Antony, J.L. Meitzler, J.H. Doroshow, Molecular mechanisms underlying 

chronic inflammation-associated cancers, Cancer Lett 345 (2014) 164-173. 

[514] V. Beral, C. Hermon, N. Munoz, S.S. Devesa, Cervical cancer, Cancer Surv 19-20 (1994) 

265-285. 

[515] B. Goswami, M. Rajappa, M. Sharma, A. Sharma, Inflammation: its role and interplay in 

the development of cancer, with special focus on gynecological malignancies, Int J 

Gynecol Cancer 18 (2008) 591-599. 

[516] Y.C. Yang, C.L. Chang, Y.W. Huang, D.Y. Wang, Possible cofactor in cervical 

carcinogenesis: proliferation index of the transformation zone in cervicitis, Chang Gung 

Med J 24 (2001) 615-620. 

[517] J.R. Schwebke, M.E. Zajackowski, Effect of concurrent lower genital tract infections on 

cervical cancer screening, Genitourin Med 73 (1997) 383-386. 

[518] A. Sharma, M. Rajappa, A. Saxena, M. Sharma, Cytokine profile in Indian women with 

cervical intraepithelial neoplasia and cancer cervix, Int J Gynecol Cancer 17 (2007) 879-

885. 



 

257 
 

[519] C.C. Pao, C.Y. Lin, D.S. Yao, C.J. Tseng, Differential expression of cytokine genes in 

cervical cancer tissues, Biochem Biophys Res Commun 214 (1995) 1146-1151. 

[520] S.H. Kurtzman, K.H. Anderson, Y. Wang, L.J. Miller, M. Renna, M. Stankus, R.R. 

Lindquist, G. Barrows, D.L. Kreutzer, Cytokines in human breast cancer: IL-1alpha and 

IL-1beta expression, Oncol Rep 6 (1999) 65-70. 

[521] Z. Chen, I. Colon, N. Ortiz, M. Callister, G. Dong, M.Y. Pegram, O. Arosarena, S. Strome, 

J.C. Nicholson, C. Van Waes, Effects of interleukin-1alpha, interleukin-1 receptor 

antagonist, and neutralizing antibody on proinflammatory cytokine expression by human 

squamous cell carcinoma lines, Cancer Res 58 (1998) 3668-3676. 

[522] D.M. Elaraj, D.M. Weinreich, S. Varghese, M. Puhlmann, S.M. Hewitt, N.M. Carroll, E.D. 

Feldman, E.M. Turner, H.R. Alexander, The role of interleukin 1 in growth and 

metastasis of human cancer xenografts, Clin Cancer Res 12 (2006) 1088-1096. 

[523] A.G. Pantschenko, I. Pushkar, K.H. Anderson, Y. Wang, L.J. Miller, S.H. Kurtzman, G. 

Barrows, D.L. Kreutzer, The interleukin-1 family of cytokines and receptors in human 

breast cancer: implications for tumor progression, Int J Oncol 23 (2003) 269-284. 

[524] R.F. Tang, S.X. Wang, F.R. Zhang, L. Peng, Y. Xiao, M. Zhang, Interleukin-1alpha, 6 

regulate the secretion of vascular endothelial growth factor A, C in pancreatic cancer, 

Hepatobiliary Pancreat Dis Int 4 (2005) 460-463. 

[525] S. Tomimatsu, T. Ichikura, H. Mochizuki, Significant correlation between expression of 

interleukin-1alpha and liver metastasis in gastric carcinoma, Cancer 91 (2001) 1272-

1276. 

[526] C.A. Dinarello, S.M. Wolff, The role of interleukin-1 in disease, N Engl J Med 328 (1993) 

106-113. 



 

258 
 

[527] K.J. Tracey, A. Cerami, Tumor necrosis factor, other cytokines and disease, Annu Rev 

Cell Biol 9 (1993) 317-343. 

[528] H. Sawai, H. Funahashi, M. Yamamoto, Y. Okada, T. Hayakawa, M. Tanaka, H. 

Takeyama, T. Manabe, Interleukin-1alpha enhances integrin alpha(6)beta(1) expression 

and metastatic capability of human pancreatic cancer, Oncology 65 (2003) 167-173. 

[529] E. Voronov, D.S. Shouval, Y. Krelin, E. Cagnano, D. Benharroch, Y. Iwakura, C.A. 

Dinarello, R.N. Apte, IL-1 is required for tumor invasiveness and angiogenesis, Proc Natl 

Acad Sci U S A 100 (2003) 2645-2650. 

[530] S.A. Robertson, L.R. Guerin, L.M. Moldenhauer, J.D. Hayball, Activating T regulatory 

cells for tolerance in early pregnancy - the contribution of seminal fluid, J Reprod 

Immunol 83 (2009) 109-116. 

[531] P. Delvenne, P. Hubert, N. Jacobs, Epithelial metaplasia: an inadequate environment for 

antitumour immunity?, Trends Immunol 25 (2004) 169-173. 

[532] J.A. Politch, L. Tucker, F.P. Bowman, D.J. Anderson, Concentrations and significance of 

cytokines and other immunologic factors in semen of healthy fertile men, Hum Reprod 

22 (2007) 2928-2935. 

[533] R.W. Kelly, Immunosuppressive mechanisms in semen: implications for contraception, 

Hum Reprod 10 (1995) 1686-1693. 

[534] S.D. Elson, C.A. Browne, G.D. Thorburn, Identification of epidermal growth factor-like 

activity in human male reproductive tissues and fluids, J Clin Endocrinol Metab 58 

(1984) 589-594. 

[535] H. Fuse, M. Sakamoto, M. Okumura, T. Katayama, Epidermal growth factor contents in 

seminal plasma as a marker of prostatic function, Arch Androl 29 (1992) 79-85. 



 

259 
 

[536] Y. Hirata, M. Uchihashi, M. Hazama, T. Fujita, Epidermal growth factor in human seminal 

plasma, Horm Metab Res 19 (1987) 35-37. 

[537] L.M. Hamilton, C. Torres-Lozano, S.M. Puddicombe, A. Richter, I. Kimber, R.J. 

Dearman, B. Vrugt, R. Aalbers, S.T. Holgate, R. Djukanovic, S.J. Wilson, D.E. Davies, 

The role of the epidermal growth factor receptor in sustaining neutrophil inflammation in 

severe asthma, Clin Exp Allergy 33 (2003) 233-240. 

[538] M. Sun, G. Wang, J.E. Paciga, R.I. Feldman, Z.Q. Yuan, X.L. Ma, S.A. Shelley, R. Jove, 

P.N. Tsichlis, S.V. Nicosia, J.Q. Cheng, AKT1/PKBalpha kinase is frequently elevated in 

human cancers and its constitutive activation is required for oncogenic transformation in 

NIH3T3 cells, Am J Pathol 159 (2001) 431-437. 

[539] D.o.H.o.S. Africa, National HIV and syphilis antenatal sero-prevalence survey in South 

Africa, 2004, Department of Health of South Africa, Pretoria, 2005. 

[540] M.P. Dube, F.R. Sattler, Inflammation and complications of HIV disease, J Infect Dis 201 

(2010) 1783-1785. 

[541] R.N. Fichorova, L.D. Tucker, D.J. Anderson, The molecular basis of nonoxynol-9-induced 

vaginal inflammation and its possible relevance to human immunodeficiency virus type 1 

transmission, J Infect Dis 184 (2001) 418-428. 

[542] G. Mosialos, The role of Rel/NF-kappa B proteins in viral oncogenesis and the regulation 

of viral transcription, Semin Cancer Biol 8 (1997) 121-129. 

[543] M.S. Cohen, HIV and sexually transmitted diseases: lethal synergy, Top HIV Med 12 

(2004) 104-107. 



 

260 
 

[544] J.J. Schellenberg, F.A. Plummer, The Microbiological Context of HIV Resistance: Vaginal 

Microbiota and Mucosal Inflammation at the Viral Point of Entry, Int J Inflam 2012 

(2012) 131243. 

[545] 1993 revised classification system for hiv infection and expanded surveillance case 

definition for aids among adolescents and adults, JAMA 269 (1993) 729-730. 

[546] V. Beral, R. Newton, Overview of the epidemiology of immunodeficiency-associated 

cancers, J Natl Cancer Inst Monogr (1998) 1-6. 

[547] B.B. Aggarwal, S. Shishodia, S.K. Sandur, M.K. Pandey, G. Sethi, Inflammation and 

cancer: how hot is the link?, Biochem Pharmacol 72 (2006) 1605-1621. 

[548] B.C. Sheu, R.H. Lin, H.C. Lien, H.N. Ho, S.M. Hsu, S.C. Huang, Predominant Th2/Tc2 

polarity of tumor-infiltrating lymphocytes in human cervical cancer, J Immunol 167 

(2001) 2972-2978. 

[549] M. Gossen, H. Bujard, Tight control of gene expression in mammalian cells by 

tetracycline-responsive promoters, Proc Natl Acad Sci U S A 89 (1992) 5547-5551. 

[550] S. Urlinger, U. Baron, M. Thellmann, M.T. Hasan, H. Bujard, W. Hillen, Exploring the 

sequence space for tetracycline-dependent transcriptional activators: novel mutations 

yield expanded range and sensitivity, Proc Natl Acad Sci U S A 97 (2000) 7963-7968. 

[551] K.J. Sales, A.A. Katz, Inflammatory pathways in cervical cancer - the UCT contribution, S 

Afr Med J 102 (2012) 493-496. 

[552] L.J. Crofford, COX-1 and COX-2 tissue expression: implications and predictions, J 

Rheumatol Suppl 49 (1997) 15-19. 

[553] J. Isaacman-Beck, E.A. Hermann, Y. Yi, S.J. Ratcliffe, J. Mulenga, S. Allen, E. Hunter, 

C.A. Derdeyn, R.G. Collman, Heterosexual transmission of human immunodeficiency 



 

261 
 

virus type 1 subtype C: Macrophage tropism, alternative coreceptor use, and the 

molecular anatomy of CCR5 utilization, J Virol 83 (2009) 8208-8220. 

[554] G. Meng, X. Wei, X. Wu, M.T. Sellers, J.M. Decker, Z. Moldoveanu, J.M. Orenstein, M.F. 

Graham, J.C. Kappes, J. Mestecky, G.M. Shaw, P.D. Smith, Primary intestinal epithelial 

cells selectively transfer R5 HIV-1 to CCR5+ cells, Nat Med 8 (2002) 150-156. 

[555] Z. Wu, Z. Chen, D.M. Phillips, Human genital epithelial cells capture cell-free human 

immunodeficiency virus type 1 and transmit the virus to CD4+ Cells: implications for 

mechanisms of sexual transmission, J Infect Dis 188 (2003) 1473-1482. 

[556] C.S. Dezzutti, P.C. Guenthner, J.E. Cummins, Jr., T. Cabrera, J.H. Marshall, A. Dillberger, 

R.B. Lal, Cervical and prostate primary epithelial cells are not productively infected but 

sequester human immunodeficiency virus type 1, J Infect Dis 183 (2001) 1204-1213. 

[557] P. Gupta, K.B. Collins, D. Ratner, S. Watkins, G.J. Naus, D.V. Landers, B.K. Patterson, 

Memory CD4(+) T cells are the earliest detectable human immunodeficiency virus type 1 

(HIV-1)-infected cells in the female genital mucosal tissue during HIV-1 transmission in 

an organ culture system, J Virol 76 (2002) 9868-9876. 

[558] L. Wu, W.A. Paxton, N. Kassam, N. Ruffing, J.B. Rottman, N. Sullivan, H. Choe, J. 

Sodroski, W. Newman, R.A. Koup, C.R. Mackay, CCR5 levels and expression pattern 

correlate with infectability by macrophage-tropic HIV-1, in vitro, J Exp Med 185 (1997) 

1681-1691. 

[559] C.A. Stoddart, M.E. Keir, J.M. McCune, IFN-alpha-induced upregulation of CCR5 leads 

to expanded HIV tropism in vivo, PLoS Pathog 6 (2010) e1000766. 

[560] M.A. Ostrowski, S.J. Justement, A. Catanzaro, C.A. Hallahan, L.A. Ehler, S.B. Mizell, 

P.N. Kumar, J.A. Mican, T.W. Chun, A.S. Fauci, Expression of chemokine receptors 



 

262 
 

CXCR4 and CCR5 in HIV-1-infected and uninfected individuals, J Immunol 161 (1998) 

3195-3201. 

[561] D.J. Sharkey, A.M. Macpherson, K.P. Tremellen, D.G. Mottershead, R.B. Gilchrist, S.A. 

Robertson, TGF-beta Mediates Proinflammatory Seminal Fluid Signaling in Human 

Cervical Epithelial Cells, J Immunol (2012). 

[562] M.A. Rintala, S.E. Grenman, P.P. Pollanen, J.J. Suominen, S.M. Syrjanen, Detection of 

high-risk HPV DNA in semen and its association with the quality of semen, Int J STD 

AIDS 15 (2004) 740-743. 

[563] J.L. Young, A.A. Jazaeri, C.J. Darus, S.C. Modesitt, Cyclooxygenase-2 in cervical 

neoplasia: a review, Gynecol Oncol 109 (2008) 140-145. 

[564] A. Mantovani, P. Allavena, A. Sica, F. Balkwill, Cancer-related inflammation, Nature 454 

(2008) 436-444. 

[565] J.K. Kundu, Y.J. Surh, Emerging avenues linking inflammation and cancer, Free Radic 

Biol Med 52 (2012) 2013-2037. 

[566] B.N. Maggwa, D.J. Hunter, S. Mbugua, P. Tukei, J.K. Mati, The relationship between HIV 

infection and cervical intraepithelial neoplasia among women attending two family 

planning clinics in Nairobi, Kenya, AIDS 7 (1993) 733-738. 

[567] G. La Ruche, R. Ramon, I. Mensah-Ado, C. Bergeron, M. Diomande, F. Sylla-Koko, A. 

Ehouman, K. Toure-Coulibaly, C. Welffens-Ekra, F. Dabis, Squamous intraepithelial 

lesions of the cervix, invasive cervical carcinoma, and immunosuppression induced by 

human immunodeficiency virus in Africa. Dyscer-CI Group, Cancer 82 (1998) 2401-

2408. 



 

263 
 

[568] R.S. McClelland, C.C. Wang, K. Mandaliya, J. Overbaugh, M.T. Reiner, D.D. Panteleeff, 

L. Lavreys, J. Ndinya-Achola, J.J. Bwayo, J.K. Kreiss, Treatment of cervicitis is 

associated with decreased cervical shedding of HIV-1, AIDS 15 (2001) 105-110. 

[569] I. Mondor, S. Ugolini, Q.J. Sattentau, Human immunodeficiency virus type 1 attachment to 

HeLa CD4 cells is CD4 independent and gp120 dependent and requires cell surface 

heparans, J Virol 72 (1998) 3623-3634. 

[570] C.B. Wilen, J.C. Tilton, R.W. Doms, Molecular mechanisms of HIV entry, Adv Exp Med 

Biol 726 (2012) 223-242. 

[571] B. Clarke, R. Chetty, Postmodern cancer: the role of human immunodeficiency virus in 

uterine cervical cancer, Mol Pathol 55 (2002) 19-24. 

[572] D.J. Sharkey, K.P. Tremellen, M.J. Jasper, Gemzell-Danielsson, S.A. Robertson, Seminal 

Fluid induces leukocyte recruitment and cytokine and chemokine mRNA expression in 

the human cervix after coitus, J Immunol 188(5) (2012) 2445-2454. 

[573] R.J. Shattock, J.P. Moore, Inhibiting sexual transmission of HIV-1 infection, Nat Rev 

Microbiol 1 (2003) 25-34. 

[574] S.C. Gupta, J.H. Kim, R. Kannappan, S. Reuter, P.M. Dougherty, B.B. Aggarwal, Role of 

nuclear factor kappaB-mediated inflammatory pathways in cancer-related symptoms and 

their regulation by nutritional agents, Exp Biol Med (Maywood) 236 (2011) 658-671. 

 

 

 

 

 



 

264 
 

APPENDIX I 

 

Inflammatory pathways and genes regulated by seminal plasma in HeLa cells. 

Accession 

number 

Gene Gene description Fold 

change 

NM_000014 A2M Alpha-2-macroglobulin ND 

NM_000684 ADRB1 Adrenergic, beta-1-, receptor 1.50 

NM_000024 ADRB2 Adrenergic, beta-2-, receptor, surface 0.64 

NM_000697 ALOX12 Arachidonate 12-lipoxygenase ND 

NM_000698 ALOX5 Arachidonate 5-lipoxygenase 0.88 

NM_000700 ANXA1 Annexin A1 0.15 

NM_005139 ANXA3 Annexin A3 0.29 

NM_001154 ANXA5 Annexin A5 0.00031 

NM_001030047 KLK3 Kallikrein-related peptidase 3 34.58* 

NM_000710 BDKRB1 Bradykinin receptor B1 22.39* 

 NM_000623 BDKRB2 Bradykinin receptor B2 1.63 

NM_000719 CACNA1C Calcium channel, voltage-dependent, L type, alpha 1C subunit ND 

NM_000720 CACNA1D Calcium channel, voltage-dependent, L type, alpha 1D subunit ND 

NM_000722 CACNA2D1 Calcium channel, voltage-dependent, alpha 2/delta subunit 1 0.73 

NM_000724 CACNB2 Calcium channel, voltage-dependent, beta 2 subunit 0.28 

NM_000726 CACNB4 Calcium channel, voltage-dependent, beta 4 subunit 0.51 

NM_033292 CASP1 Caspase 1, apoptosis-related cysteine peptidase  0.66 

NM_001250 CD40 CD40 molecule, TNF receptor superfamily member 5 ND 

NM_000074 CD40LG CD40 ligand (TNF superfamily, member 5, hyper-IgM syndrome) 18.69* 

NM_001266 CES1 Carboxylesterase 1 (monocyte/macrophage serine esterase 1) 3.97* 
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NM_001143919 LTB4R Leukotriene B4 receptor 4.27* 

NM_001315   MAPK14 Mitogen-activated protein kinase 14 0.67 

NM_000176 NR3C1 Nuclear receptor subfamily 3, group C, member 1  0.84 

NM_000860 HPGD Hydroxyprostaglandin dehydrogenase 15-(NAD) 0.32 

NM_000861 HRH1 Histamine receptor H1 1.39 

NM_001131055 HRH2 Histamine receptor H2 0.32 

NM_000869 HTR3A 5-hydroxytryptamine (serotonin) receptor 3A 1.82 

NM_000201 ICAM1 Intercellular adhesion molecule 1 (CD54) 3.82* 

NM_000877 IL1R1 Interleukin 1 receptor, type I 1.24 

NM_000417 IL2RA Interleukin 2 receptor, alpha ND 

NM_000878 IL2RB Interleukin 2 receptor, beta ND 

NM_000206 IL2RG Interleukin 2 receptor, gamma  0.018 

NM_002188 IL13 Interleukin 13 1.39 

NM_001114380 ITGAL Integrin, alpha L (antigen CD11A (p180) ND 

NM_000632 ITGAM Integrin, alpha M (complement component 3 receptor 3 subunit) 4.78* 

NM_002211 ITGB1 Integrin, beta 1 (fibronectin receptor, beta polypeptide) 1.02 

NM_000211 ITGB2 Integrin, beta 2 (complement component 3) 0.61 

NM_002257 KLK1 Kallikrein 1 0.64 

NM_001002231 KLK2 Kallikrein-related peptidase 2 19.59* 

NM_000892 KLKB1 Kallikrein B, plasma (Fletcher factor) 1 1.73 

NM_001102416 KNG1 Kininogen 1 ND 

NM_000895 LTA4H Leukotriene A4 hydrolase ND 

NM_000897 LTC4S Leukotriene C4 synthase 10.03* 

NM_000529 MC2R Melanocortin 2 receptor (adrenocorticotropic hormone) 6.52* 

NM_001165412 NFKB1 Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 2.32* 
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(p105) 

NM_000625 NOS2A Nitric oxide synthase 2A (inducible, hepatocytes) ND 

NM_001111307 PDE4A Phosphodiesterase 4A 0.52 

NM_002600 PDE4B Phosphodiesterase 4B 0.42 

NM_000923 PDE4C Phosphodiesterase 4C ND 

NM_001165899 PDE4D Phosphodiesterase 4D 0.52 

NM_000928 PLA2G1B Phospholipase A2, group IB (pancreas) 0.89 

NM_000300 PLA2G2A Phospholipase A2, group IIA 3.00* 

NM_000929 PLA2G5 Phospholipase A2, group V ND 

NM_004573 PLCB2 Phospholipase C, beta 2 ND 

NM_000932 PLCB3 Phospholipase C, beta 3 (phosphatidylinositol-specific) 0.40 

NM_000933 PLCB4 Phospholipase C, beta 4 2.82* 

NM_001130964 PLCD1 Phospholipase C, delta 1 0.21 

NM_182811 PLCG1 Phospholipase C, gamma 1 29.05* 

NM_002661 PLCG2 Phospholipase C, gamma 2 (phosphatidylinositol-specific) 0.85 

NM_002745 MAPK1 Mitogen-activated protein kinase 1 0.72 

NM_001040056 MAPK3 Mitogen-activated protein kinase 3 0.52 

NM_002750 MAPK8 Mitogen-activated protein kinase 8 0.83 

NM_000952 PTAFR Platelet-activating factor receptor 0.09 

NM_000953 PTGDR Prostaglandin D2 receptor (DP) ND 

NM_000956 PTGER2 Prostaglandin E receptor 2 (subtype EP2), 53kDa 0.80 

NM_000957 PTGER3 Prostaglandin E receptor 3 (subtype EP3) ND 

NM_000959 PTGFR Prostaglandin F receptor (FP) 20.21* 

NM_000960 PTGIR Prostaglandin I2 (prostacyclin) receptor (IP) 7.22* 

NM_000961 PTGIS Prostaglandin I2 (prostacyclin) synthase ND 
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NM_000962 PTGS1 Prostaglandin-endoperoxide synthase 1  2.43* 

NM_000963 PTGS2 Prostaglandin-endoperoxide synthase 2  0.53 

NM_001060 TBXA2R Thromboxane A2 receptor 0.96 

NM_001061 TBXAS1 Thromboxane A synthase 1  0.63 

NM_001066 TNFRSF1B Tumor necrosis factor receptor superfamily, member 1B 2.70* 

NM_001078 VCAM1 Vascular cell adhesion molecule 1 ND 

NM_004633 IL1R2 Interleukin 1 receptor, type II 0.20 

NM_001168357 PLA2G7 Phospholipase A2, group VII  0.005 

NM_003561 PLA2G10 Phospholipase A2, group X 46.32* 

NM_001159322 PLA2G4C Phospholipase A2, group IVC (cytosolic, calcium-independent) 0.42 

 NM_016232 IL1RL1 Interleukin 1 receptor-like 1 22.65* 

NM_006028 HTR3B 5-hydroxytryptamine (serotonin) receptor 3B ND 

NM_001145645 TNFSF13B Tumor necrosis factor (ligand) superfamily, member 13b 4.83* 

NM_006639 CYSLTR1 Cysteinyl leukotriene receptor 1 150.14* 

NM_007232 HRH3 Histamine receptor H3 ND 

NM_001271814 PLA2G2D Phospholipase A2, group IID ND 

NM_017416 IL1RAPL2 Interleukin 1 receptor accessory protein-like 2 5.67* 

NM_022046 KLK14 Kallikrein-related peptidase 14 2.53* 

NM_016341 PLCE1 Phospholipase C, epsilon 1 6.71* 

NM_017509 KLK15 Kallikrein-related peptidase 15 ND 

NM_001164693 LTB4R2 Leukotriene B4 receptor 2 ND 

NM_005161 AGTRL1 Angiotensin II receptor-like 1  ND 

NM_001716 CXCR5 Chemokine (C-X-C motif) receptor 5  ND 

NM_001735  C5 Complement component 5  2.14* 

NM_002981 CCL1 Chemokine (C-C motif) ligand 1  ND 
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NM_002986 CCL11 Chemokine (C-C motif) ligand 11  ND 

NM_005408 CCL13 Chemokine (C-C motif) ligand 13  ND 

NM_004590 CCL16 Chemokine (C-C motif) ligand 16  ND 

NM_002987 CCL17 Chemokine (C-C motif) ligand 17  ND 

NM_002988 CCL18 Chemokine (C-C motif) ligand 18 (pulmonary and activation-regulated)  ND 

NM_006274 CCL19 Chemokine (C-C motif) ligand 19  ND 

NM_002982 CCL2 Chemokine (C-C motif) ligand 2  4.43* 

NM_004591 CCL20 Chemokine (C-C motif) ligand 20  ND 

NM_002989 CCL21 Chemokine (C-C motif) ligand 21  ND 

NM_002990 CCL22 Chemokine (C-C motif) ligand 22  ND 

NM_005064 CCL23 Chemokine (C-C motif) ligand 23  ND 

NM_002991 CCL24 Chemokine (C-C motif) ligand 24  ND 

NM_005624 CCL25 Chemokine (C-C motif) ligand 25  ND 

NM_006072 CCL26 Chemokine (C-C motif) ligand 26  ND 

NM_006664 CCL27 Chemokine (C-C motif) ligand 27  ND 

NM_148672 CCL28 Chemokine (C-C motif) ligand 28  ND 

NM_002983 CCL3 Chemokine (C-C motif) ligand 3  ND 

NM_002984  CCL4 Chemokine (C-C motif) ligand 4  ND 

NM_002985 CCL5 Chemokine (C-C motif) ligand 5  5.24* 

NM_006273  CCL7 Chemokine (C-C motif) ligand 7  ND 

NM_005623 CCL8 Chemokine (C-C motif) ligand 8  ND 

NM_016602 CCR10 Chemokine (C-C motif) receptor 10  ND 

NM_001123041 CCR2 Chemokine (C-C motif) receptor 2  ND 

NM_001164680 CCR3 Chemokine (C-C motif) receptor 3  ND 

NM_005508 CCR4 Chemokine (C-C motif) receptor 4  ND 
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NM_016557 CCRL1 Chemokine (C-C motif) receptor-like 1  ND 

NM_001130910 CCRL2 Chemokine (C-C motif) receptor-like 2  ND 

NM_016326 CKLF Chemokine-like factor  ND 

NM_013246 CLCF1 Cardiotrophin-like cytokine factor 1  1.46 

NM_052999 CMTM1 CKLF-like MARVEL transmembrane domain containing 1  3.15* 

NM_000758 CSF2 Colony stimulating factor 2 (granulocyte-macrophage)  ND 

NM_172220 CSF3 Colony stimulating factor 3 (granulocyte)  ND 

NM_002996  CX3CL1 Chemokine (C-X3-C motif) ligand 1  ND 

NM_001511 CXCL1 Chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating 

activity, alpha)  

12.37* 

NM_001565 CXCL10 Chemokine (C-X-C motif) ligand 10  ND 

NM_005409 CXCL11 Chemokine (C-X-C motif) ligand 11  2.47* 

NM_000609 CXCL12 Chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)  ND 

NM_006419 CXCL13 Chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)  ND 

NM_004887 CXCL14 Chemokine (C-X-C motif) ligand 14  ND 

NM_022059 CXCL16 Chemokine (C-X-C motif) ligand 16  ND 

NM_002089 CXCL2 Chemokine (C-X-C motif) ligand 2  0.49 

NM_002090 CXCL3 Chemokine (C-X-C motif) ligand 3  8.19* 

NM_002994 CXCL5 Chemokine (C-X-C motif) ligand 5  ND 

NM_002993  CXCL6 Chemokine (C-X-C motif) ligand 6 (granulocyte chemotactic protein 2)  ND 

NM_002416 CXCL9 Chemokine (C-X-C motif) ligand 9  ND 

NM_001008540 CXCR4 Chemokine (C-X-C motif) receptor 4  1.67 

NM_002036 DARC Duffy blood group, chemokine receptor  ND 

NM_001953 TYMP Thymidine phosphorylase  3.22* 

NM_000557 GDF5 Growth differentiation factor 5  ND 
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NM_032554 GPR81 G protein-coupled receptor 81  ND 

NM_002086 GRB2 Growth factor receptor-bound protein 2  ND 

NM_001530 HIF1A Hypoxia-inducible factor 1, alpha subunit (basic helix-loop-helix 

transcription factor)  

ND 

NM_000619 IFNG Interferon, gamma  ND 

NM_000416 IFNGR1 Interferon gamma receptor 1  1.03 

NM_020124 IFNK Interferon, kappa  ND 

NM_000572 IL10 Interleukin 10  ND 

NM_000882 IL12A Interleukin 12A (natural killer cell stimulatory factor 1, cytotoxic 

lymphocyte maturation factor 1, p35)  

2.36* 

NM_002187 IL12B Interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic 

lymphocyte maturation factor 2, p40)  

ND 

NM_002188 IL13 Interleukin 13  ND 

NM_172217 IL16 Interleukin 16 (lymphocyte chemoattractant factor)  ND 

NM_001562 IL18 Interleukin 18 (interferon-gamma-inducing factor)  17.84* 

NM_000575 IL1A Interleukin 1, alpha  68.56* 

NM_000576 IL1B Interleukin 1, beta  ND 

NM_001167928 IL1RAP Interleukin 1 receptor accessory protein  ND 

NM_000586  IL2 Interleukin 2  ND 

NM_000589 IL4 Interleukin 4  ND 

NM_000879 IL5 Interleukin 5 (colony-stimulating factor, eosinophil)  ND 

NM_000600 IL6 Interleukin 6 (interferon, beta 2)  4.19* 

NM_000584 IL8 Interleukin 8  38.93* 

NM_000590 IL9 Interleukin 9  ND 

NM_004972 JAK2 Janus kinase 2 (a protein tyrosine kinase)  1.72 
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NM_002468 MYD88 Myeloid differentiation primary response gene (88)  9.41* 

NM_002619 PF4 Platelet factor 4 (chemokine (C-X-C motif) ligand 4)  ND 

NM_002704 PPBP Pro-platelet basic protein (chemokine (C-X-C motif) ligand 7)  ND 

NM_004757 SCYE1 Small inducible cytokine subfamily E, member 1 (endothelial 

monocyte-activating)  

ND 

NM_004787 SLIT2 Slit homolog 2 (Drosophila)  3.63* 

NM_014011 SOCS5 Suppressor of cytokine signaling 5  0.00047 

NM_139276 STAT3 Signal transducer and activator of transcription 3 (acute-phase response 

factor)  

0.86 

NM_003151  STAT4 Signal transducer and activator of transcription 4  ND 

NM_003264 TLR2 Toll-like receptor 2  88.47* 

NM_138554 TLR4 Toll-like receptor 4  1.66 

NM_000594 TNF Tumor necrosis factor (TNF superfamily, member 2)  26.55* 

NM_001065 TNFRSF1A Tumor necrosis factor receptor superfamily, member 1A  3.16* 

NM_001190942 TNFSF10 Tumor necrosis factor (ligand) superfamily, member 10  1.91* 

NM_003807 TNFSF14 Tumor necrosis factor (ligand) superfamily, member 14  ND 

NM_002995 XCL1 Chemokine (C motif) ligand 1,chemokine (C motif) ligand 2  ND 

NM_001024644 XCR1 Chemokine (C motif) receptor 1 ND 

 

*, Fold change ≥ 2. 

ND, Not detected. 
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APPENDIX II 

Gene ontology and PANTHER classification of genes regulated by seminal plasma in to (A) 

molecular function, (B) biological processes, (C) protein class, and (D) pathways regulated by 

the genes. 

 

 

 

 (a) Binding, (b) Catalytic activity, (C) Enzyme regulator activity, (d) Ion channel activity, (e) 

Receptor activity, (f) Structural molecule activity, (g) Transcription regulator activity, (h) 

Transporter activity. 

(A) 
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(a) Apoptosis, (b) Cell adhesion, (c) Cell communication, (d) Cell cycle, (e) Cellular component 

organization, (f) Cellular process, (g) Developmental process, (h) Generation of precursor 

metabolites and energy, (i) Homeostatic process, (j) Immune system process, (k) Metabolic 

process, (l) Regulation of biological process, (m) Reproduction, (n) Response to stimulus, (o) 

System process, (p) Transport.  

 

 

 

 

 

 

 

 

(B) 
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(a) Calcium-binding protein, (b) Cell adhesion molecule, (c) Cytoskeletal protein, (d) 

Defense/immunity protein, (e) Enzyme modulator, (f) Extracellular matrix protein, (g) 

Hydrolase, (h) Isomerase, (i) Kinase, (j) Nucleic acid binding, (k) Oxidoreductase, (l) Protease, 

(m) Receptor, (n) Signaling molecule, (o) Transcription factor, (p) Transfer/carrier protein, (q) 

Transferase, (r) Transporter.  

 

 

 

 

 

 

 

(c) 
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(a) 2-arachidonoylglycerol biosynthesis, (b) 5HT2 type receptor mediated signaling pathway, (c) 

5HT3 type receptor mediated signaling pathway, (d) Alpha adrenergic receptor signaling 

pathway, (e) Alzheimer disease-amyloid secretase pathway, (f) Angiogenesis, (g) Angiotensin II-

stimulated signaling through G proteins and beta-arrestin, (h) Apoptosis signaling pathway, (i) 

Axon guidance mediated by Slit/Robo, (j) Axon guidance mediated by netrin, (k) B cell 

(D) 
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activation, (l) Beta1 adrenergic receptor signaling pathway, (m) Beta2 adrenergic receptor 

signaling pathway, (n) Blood coagulation, (o) EGF receptor signaling pathway, (p) Endogenous 

cannabinoid signaling, (q) Endothelin signaling pathway, (r) FAS signaling pathway, (s) FGF 

signaling pathway, (t) Gonadotropin releasing hormone receptor pathway, (u) Heterotrimeric G-

protein signaling pathway-Gi alpha and Gs alpha mediated pathway, (v) Heterotrimeric G-

protein signaling pathway-Gq alpha and Go alpha mediated pathway, (w) Histamine H1 receptor 

mediated signaling pathway, (x) Histamine H2 receptor mediated signaling pathway, (y) 

Huntington disease, (z) Inflammation mediated by chemokine and cytokine signaling pathway, 

(a1) Insulin/IGF pathway-mitogen activated protein kinase kinase/MAP kinase cascade, (b1) 

Integrin signalling pathway, (c1) Interferon-gamma signaling pathway, (d1) Interleukin signaling 

pathway, (e1) JAK/STAT signaling pathway, (f1) Metabotropic glutamate receptor group I 

pathway, (g1) Muscarinic acetylcholine receptor 1 and 3 signaling pathway, (h1) Muscarinic 

acetylcholine receptor 2 and 4 signaling pathway, (i1) Nicotinic acetylcholine receptor signaling 

pathway, (j1) Oxidative stress response, (k1) Oxytocin receptor mediated signaling pathway, (l1) 

PDGF signaling pathway, (m1) PI3 kinase pathway, (n1) Parkinson disease, (o1) Pyrimidine 

Metabolism, (p1) Ras Pathway, (q1) Salvage pyrimidine deoxyribonucleotides, (r1) T cell 

activation, (s1) TGF-beta signaling pathway, (t1) Thyrotropin-releasing hormone receptor 

signaling pathway, (u1) Toll receptor signaling pathway, (v1) Toll_pathway_drosophila, (w1) 

VEGF signaling pathway, (x1) Wnt signaling pathway, (y1) p38 MAPK pathway, (z1) p53 

pathway feedback loops 2. 
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APPENDIX III 

 

Histological typing, extent of invasiveness, and FIGO staging of carcinoma biopsies 

 

Sample identification Histological type FIGO staging 

Ca.2-Ca.10, Ca.12-Ca.15  Squamous carcinoma 0; carcinoma in-situ 

Ca.5,Ca.16 Squamous carcinoma IA; moderately differentiated 

Ca.1,Ca.17 Squamous carcinoma IA1; moderately differentiated  

Ca.11 Adenocarcinoma IB1; well differentiated 

Ca.18 Squamous carcinoma IB1; moderately differentiated 

Ca.4 Squamous carcinoma IIIB; moderately differentiated 

 




