Transcriptional and Epigenetic Regulation
of Labour Associated Inflammatory Genes

in the Amnion.

Carolyn Margaret Mitchell

B.Sc. (Newcastle)

A thesis submitted to the Faculty of Health, The University of Newcastle,

New South Wales, Australia, in fulfilment of the requirements of the degree

Doctor of Philosophy.

April 2016



Declaration

Declarations

The thesis contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best of my
knowledge and belief, contains no material previously published or written by another
person, except where due reference has been made in the text. | give consent to the
final version of my thesis being made available worldwide when deposited in the
University’s Digital Repository, subject to the provisions of the Copyright Act 1968.

| hereby certify that this thesis is in the form of a series of papers. | have included as part
of the thesis a written statement from each co-author, endorsed in writing by the Faculty

Assistant Dean (Research Training), attesting to my contribution to any jointly authored
papers.

Carolyn M Mitchell

April 2016



To

David

Alex, Catherine, Nicole and Dylan

In memory of
Dianne Bruce
&

Elizabeth Grace Mitchell



Acknowledgements

Acknowledgements

First and foremost | mustthank my supervisors Professor Tamas Zakar and Professor
Jonathan Hirst for their ongoing support and encouragement throughout my PhD.
Tamas, your wisdom, patience and extensive knowledge have guided me on my journey
into the world of science and beyond. Without your belief in me | would not have achieved
what sometimes seemed an insurmountable goal. | have come a long way from the new
university graduate, mother of four, who started working at the Mothers and Babies many
years ago. | dared to dream and you made my dream a reality. Words cannot thank you
enough. Jon, thank you for always being there with encouraging words and boundless
enthusiasm for science, your help and advice, and particularly for your patience as |

worked to complete my thesis.

Thank you to Professor Roger Smith and all the members of the Mothers and Babies
Research Centre, staff and students (past and present) for their ongoing friendship and
support. In particular, 1 would like to thank Cheng Chan, Gemma Madsen, Giavanna
Angeli, John Fitter, Kaushik Matai, Maria Bowman and Sharron Hall for the amusing
lunchtime discussions, “group therapy” and encouragement with my scientific
endeavours. Professor Andrew Bisits, Professor Warwick Giles, Emeritus Professor
Eugenie Lumbers, Dr Toni Welsh, Dr Kirsty Pringle and Dr Mark Read, thank you for
your continued interest in my project and your support. A special mention must go to
Renee Johnson who started my scientific career by suggesting me as a suitable
candidate for the position of research assistantto Professor Zakar. Tamas and Renee
taught me how to have fun in the lab and | have never ceased to be amazed at what can
be achieved with a few “recipes”, some very expensive equipment and a lot of hard work!
| love what | do and | am very fortunate to work with such a fantastic, talented group of

people who also share my passion for science.

To my dear husband, David, none of this would have been possible without your
continued support in all that | do and have achieved. You have always encouraged me
and been my rock. | love you. | would also like to thank my children Alex, Catherine,
Nicole and Dylan; you have been my most important experiment (n=4) and your
encouragement and help on the home front made it possible for me to continue my
studies. Thank you to all the members of the Mitchell and Jenkins families for your

interest in my work, especially my in-laws, Dr Jim and Edna Mitchell.



Publication List

List of Publications

Mitchell C.M., Johnson R.F., Giles W.B., Zakar T. Prostaglandin H Synthase-2 Gene

Regulation in the Amnion at Labour: Histone Acetylation and Nuclear Factor Kappa B
Binding to the Promoter In Vivo. Mol Hum Reprod. 2008 Jan; 14(1):53-59.

| warrant that | have obtained permission from the copyright owners, the European
Society of Molecular Human Reproduction and Embryology, to use any of my own

published work reproduced in this thesis (see Appendix A).

Mitchell C, Johnson R, Bisits A, Hirst J, Zakar T. PTGS2 (Prostaglandin Endoperoxide
Synthase-2) Expression in Term Human Amnion in Vivo Involves Rapid mRNA Turnover,
Polymerase-Il 5'-Pausing, and Glucocorticoid Transrepression. Endocrinology. 2011
May; 152(5):2113-22.

| warrant that | have obtained permission from the copyright owners, the Endocrine
Society, to archive pre-print on any website, including institutional repositories and post-
print on institutional repository, of my own published work in this thesis (see Appendix B)

Mitchell C.M., Sykes S.D, Pan X, Pringle K.G., Lumbers E.R., Hirst J.J., Zakar T.
Inflammatory and Steroid receptor gene methylation in the human amnion and decidua.
J Mol Endocrinol. 2013 Mar 18;50(2):267-77.

| warrant that | have obtained permission from the copyright owners, the Journal of
Molecular Endocrinology, to archive my own version of the accepted paper (not the

publisher's final published version) in a repository of my choice (see Appendix C).

| warrant that | have obtained, where necessary, permission from the copyright owners
to use any third party copyright material reproduced in the thesis, such as artwork, in
which the copyright is held by another party (see Appendices D and E).



Statement of Contribution

Statement of Contribution

| attest that Research Higher Degree candidate Carolyn Mitchell contributed to: the
experimental design and procedures; analysis and interpretation of the data; and
manuscript preparation for the publication entitled:

Mitchell C.M., Johnson R.F., Giles W.B., Zakar T. Prostaglandin H Synthase-2 Gene
Regulation in the Amnion at Labour: histone Acetylation and Nuclear Factor Kappa B
Binding to the Promoter In Vivo. Mol Hum Reprod. 2008 Jan;14(1):53-59.

Signature of Co-author:
Name of Co-author: Dr Renee Johnson
Date: 26/11/2015

Signature of Co-author:

Name of co-author: Prof Warwick Giles
Date: 3 i\, (¢

Signature of Co-author:
Name of Co-author: Prof Tamas Zakar

Date: <4 Nov. 20/¢

Signature of Assistant Dean Research Training:
Name of ADRT: Prof Robert Callister
Date: 14 December 2015



Statement of Contribution

Statement of Contribution

| attest that Research Higher Degree candidate Carolyn Mitchell contributed to: the
experimental design and procedures; analysis and interpretation of the data; and
manuscript preparation to the publication entitled:

Mitchell C, Johnson R, Bisits A, Hirst J, Zakar T. PTGS2 (Prostaglandin Endoperoxide
Synthase-2) Expression in Term Human Amnion in Vivo Involves Rapid mRNA Turnover,
Polymerase-ll 5'-Pausing, and Glucocorticoid Transrepression. Endocrinology 2011
May;152(5):2113-22.

Signature of Co-author:
Name of co-author: Dr Renee Johnson
Date: 26/11/2015

Signature of Co-author:
Name of co-author: Dr Andrew Bisits
Date: 26/11/2015

Signature of Co-author:
Name of co-author: Prof Jonathan Hirst

Date: IS (e

Signature of Co-author:
Name of Co-author: Prof Tamas Zakar

Date: 27 Nov. 201§

Signature of Assistant Dean Research Training:
Name of ADRT: Prof Robert Callister
Date: 14 December 2015

Vi



Statement of Contribution

Statement of Contribution

| attest that Research Higher Degree candidate Carolyn Mitchell contributed to: the

experimental design and procedures; analysis and interpretation of the data; and
manuscript preparation to the publication entitled:

Mitchell C.M, Sykes S.D, Pan X, Pringle K.G, Lumbers E.R, Hirst J.J, Zakar T.
Inflammatory and Steroid receptor gene methylation in the human amnion and
decidua. J Mol Endocrinol. 2013 Mar 18;50(2):267-77.

Signature of Co-author:
Name of co-author: Shane Sykes
Date: 19*" December 2013

Signature of Co-author:
Name of Co-author: Dr Xin Pan
Date: 17" December 2013

Signature of Co-author:
Name of co-author: Dr Kirsty Pringle
Date: 18" November 2015

Signature of Co-author:
Name of Co-author: Prof Eugenie Lumbers
Date: 18" November 2015

Signature of Co-author:
Name of co-author: Prof Jonathan Hirst

Date: I¥ (01117

Signature of Co-author:

Name of Co-author: Prof Tamas Zakar

Signature of Assistant Dean ResearchTraining
Name of ADRT: Prof Robert Callister
Date: 14 December 2015

Vil



Additional Publications

Additional Publications

Johnson RF, Mitchell CM, Giles WB, Bisits A, Zakar T. Mechanisms Regulating

Prostaglandin H2 Synthase-2 mRNA Level in the Amnion and Chorion during Pregnancy.
J Endocrinol. 2006 Vol.188, 3: 603-610.

Welsh TN, Hubbard S, Mitchell CM, Mesiano S, Zarzycki PK, Zakar T. Optimization of
a solid phase extraction procedure for prostaglandin E(2), F(2alpha) and their tissue
metabolites. Prostaglandins Other Lipid Mediat. 2007 Jun; 83(4):304-10.

Pringle KG, Zakar T, Yates D, Mitchell CM, Hirst JJ, Lumbers ER. Molecular evidence
of a (Pro)Renin/(Pro)Renin Receptor System in human intrauterine tissues in pregnancy
and its association with PGHS-2. J. Renin Angiotensin Aldosterone System. 2011 Sep;
12(3):304-10.

Chai SY, Smith R, Zakar T, Mitchell C, Madsen G. Term myometrium is characterised
by increased activating epigenetic modifications at the progesterone receptor-A
promoter. Mol Hum Reprod. 2012 Aug;18(8):401-9.

Chai SY, Smith R, Fitter JT, Mitchell CM, Pan X, Zakar T and Madsen G. Increased
progesterone receptor A expression in human labour is associated with decreased

occupancy of the histone demethylase JARID1A at the promoter. Mol Hum
Reprod. 2014 May;20(5):442-53.

Pringle KG, Conquest A, Mitchell C, Zakar T, Lumbers ER. Effects of fetal sex on
expression of the (pro)renin receptor and genes influenced by its interaction with prorenin
in human amnion. Reprod Sci 2015 Jun;22(6):750-7.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17499750&ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

Additional Publications

Abstracts

Mitchell CM*, Johnson RF, Zakar T. Analysis Of Chromatin Structure and NF[kappa]B
Transcription Factor Binding in the Prostaglandin Endoperoxide H Synthase (PGHS-2)
Promoter in Term Fetal Membranes, Society for Gynecologic. Investigation 53" Annual
Scientific Meeting, Toronto, Canada, March 2006. Oral presentation.

Mitchell CM*, Johnson RF, Zakar T. Chromatin Structure and NFKB Binding in the
Prostaglandin Endoperoxide H Synthase (PGHS-2) Promoter in Term Fetal Membranes.
Annual Scientific Meeting of the The Endocrine Society of Australia and Society of

Reproductive Biology, Gold Coast, Queensland, August 2006. Oral Presentation.

Mitchell CM*, Johnson RF, Giles W, Zakar T. Glucocorticoid Receptor, pPCREB-1 and
CBP Binding to the Prostaglandin Endoperoxide H Synthase (PGHS-2) Promoter in
Term Amnion in vivo, Society for Gynecologic Investigation 54™ Annual Scientific
Meeting, Reno, Nevada, March 2007. Oral presentation.

Mitchell CM*, Welsh TN, Davidson A, Zakar T. Labour Related Changes in
Progesterone Receptor Isoform Expression in Guinea Pig Myometrium - A Mechanism
for Functional Progesterone Withdrawal, Perinatal Society of Australia and New Zealand
10™ Annual Congress, Melbourne, April 2007.

Mitchell CM*, Giles WB, Zakar T. Analysis of Glucocorticoid Receptor, pPCREB-1 and
CBP Binding to the Prostaglandin Endoperoxide H Synthase (PGHS-2) Promoter in
Term Amnion in vivo, Perinatal Society of Australia and New Zealand 10™ Annual
Congress, Melbourne, April 2007.

Mitchell CM*, Giles WB, Zakar T. Glucocorticoid Receptor, pPCREB-1 and CBP Binding
to the Prostaglandin Endoperoxide H Synthase (PGHS-2) Promoterin Term Amnion in
vivo, 50th Annual Scientific Meeting of the The Endocrine Society of Australia and
Society of Reproductive Biology,, Christchurch, New Zealand, September 2007. Oral
Presentation.

Lumbers ER, Yates DM, Mitchell CM, Hirst JJ, Zakar T. The Identification and Role of
the Intrauterine Prorenin/ (pro)renin receptor system in Prostaglandin Synthesis in
Pregnancy. Gordon Conference, Ventura, CA. March 2008.



Additional Publications

Lumbers ER, Yates DM, Mitchell CM, Hirst JJ, Zakar T. The identification and role of
the intrauterine (pro)renin/(pro)renin receptor system in prostaglandin synthesis in

pregnancy. Society for Gynecologic Investigation 55" Annual Scientific Meeting, San
Diego, CA. March 2008.

Yates DM, Lumbers ER, Mitchell CM, Hirst JJ, Zakar T. The identification of the
intrauterine (pro)renin/(pro)renin receptor system and its role in prostaglandin synthesis
in pregnancy and labour. Perinatal Society of Australia and New Zealand 11™" Annual
Congress, Gold Coast, April 2008.

Zakar T, Hirst J, Mitchell CM. Glucocorticoid regulation of prostaglandin synthesis in the
human fetal membranes: Duality in the style of Dr. Jekyll and Mr. Hyde? Perinatal Society
of Australia and New Zealand Workshop. Stradbroke Island, Queensland, April 2008.
Oral Presentation.

Mitchell CM*, Hubbard SA, Hirst JJ, Giles WB, Zakar T. Chronic Suppression of
Prostaglandin Endoperoxide H Synthase (PGHS-2) Expression in the Human Amnion
by Glucocorticoids in vivo. 51st Annual Scientific Meeting of the The Endocrine Society
of Australia and Society of Reproductive Biology, Melbourne, August 2008. Oral
Presentation.

Pringle KG, Yates D, Mitchell CM, Hirst J, Zakar T, Lumbers ER. The Intrauterine
(Pro)Renin/(Pro)Renin Receptor System and its Role in Prostaglandin Synthesis During
Pregnancy, 51st Annual Scientific Meeting of the Endocrine Society of Australia and

Society of Reproductive Biology, Melbourne, August 2008.

Lumbers ER, Pringle KG, Yates D, CM Mitchell, Hirst J, Markus MA, Morris BJ, Zakar
T. The identification and role of the intrauterine (pro)renin/(pro)renin receptor
angiotensin system in prostaglandin synthesis in pregnancy. Society for Gynecologic
Investigation 56" Annual Scientific Meeting, Glasgow. March 2009.

Mitchell CM*, Zakar T. Prostaglandin Endoperoxide Synthase-2 (PTGS2) Expression is

inhibited by Glucocorticoid in Term Amnion. Society for Gynecologic Investigation 56"
Annual Scientific Meeting, Glasgow. March 2009.

Xi



Additional Publications

Pringle KG, Hirst J, Mitchell CM, Zakar T, Lumbers ER. The Mechanism of Prorenin

Induced PGHS-2 Expression in the Amnion. Society for Gynecologic Investigation 56
Annual Scientific Meeting, Glasgow. March 2009.

Pringle KG, Hirst J, Conquest A, Mitchell CM, Zakar T, Lumbers ER.The Role of
Prorenin in Amnion PGHS-2 Expression and the Induction of Labour. Perinatal Society
of Australia and New Zealand, Darwin, April 2009.

Mitchell CM*, Bisits A, Zakar T. Molecular mechanisms controlling Prostaglandin
Endoperoxide Synthase-2 (PTGS2) gene activity by glucocorticoid in term amnion.
Annual Scientific Meeting of the Endocrine Society of Australia and Society of
Reproductive Biology Adelaide, Australia 24th-26th August 2009.

Zakar T, Mitchell CM, Yates D. Prostaglandin transporter (hPGT) and 15-
hydroxyprostaglandin dehydrogenase (PGDH) gene expression decreases in a
coordinate fashion in the human decidua with labour. Annual Scientific Meeting of the
The Endocrine Society of Australia and Society of Reproductive Biology Adelaide,
Australia 24th-26th August 2009.

Zakar T, Mitchell CM, Yates D. Prostaglandin transporter (hPGT) and 15-
hydroxyprostaglandin dehydrogenase (PGDH) expression decreases in a coordinate
fashion in the human decidua, but not in the chorion, at labour. Society for Gynecologic
Investigation 57" Annual Scientific Meeting, Orlando, Florida, U.S.A. March 2010. Oral
Presentation.

Mitchell CM*, Bisits AJ, Sykes SD, Pringle KG, Lumbers EL, Zakar T. CpG island
methylation of proinfammatory and steroid receptor gene promoters in the human
amnion. Annual Scientific Meeting of the Endocrine Society of Australia and Society of

Reproductive Biology, Sydney, August 2010.

Pringle KG, Conquest AL, Mitchell CM, Zakar T, Lumbers ER. The prorenin

receptor/PLZF pathway in human intrauterine tissues, Annual Scientific Meeting of the
The Endocrine Society of Australia and Society of Reproductive Biology, Sydney, August
2010. Oral Presentation.

Xil



Additional Publications

Mitchell CM, Zakar T, Sykes SD, Pringle KG, Lumbers ER. Methylation of genes of the
renin angiotensin system (RAS) in early human amnion. Annual Scientific Meeting of the
Endocrine Society of Australia and Society of Reproductive Biology, Sydney, August
2010. Oral Presentation.

Mitchell CM*, Sykes SD, Pringle KG, Lumbers ER, Hirst JJ, Bisits AJ, and Zakar T.
Methylation of CpG islands in the Promoters of Proinflammatory and Steroid Receptor
Genes in the Human Amnion, Decidua and Placenta. Society for Gynecologic
Investigation 58" Annual Scientific Meeting, Miami, Florida, U.S.A. March 2011.

Chai SY, Smith R, Zakar T, Mitchell CM, Madsen GM. Term Myometrium is
Characterized by Increased Activating Epigenetic Marks on the Progesterone receptor

A Promoter. Society for Gynecologic Investigation 58" Annual Scientific Meeting, Miami,
Florida, U.S.A. March 2011.

Mitchell CM*, Chai, SY, Madsen GM, Hirst JJ and Zakar T. Epigenetic Mechanisms
Regulating PTGS2 Expression in the Amnion During Gestation. 25" Annual Meeting of
The Fetal and Neonatal Workshop of Australia and New Zealand, Hobart, Tasmania
April, 2011. Oral Presentation.

Mitchell CM*, Lumbers ER, Hirst J, Zakar T. Epigenetic Regulation of Inflammatory
Genes in the Amnion During Pregnancy. The Fetal and Neonatal Physiological Society.
Cairns. July 2011. Oral Presentation.

Mitchell CM*, Chai SY, Madsen GM, Hirst, JJ and Zakar T. Epigenetic Mechanisms
Regulating PTGS2 Expression in the Amnion During Pregnancy. The Society of
Reproductive Biology Scientific Meeting & Second World Congress of Reproductive
Biology, Cairns. October 2011. Oral Presentation.

Mati K, Riley SC, Pringle K, Mitchell C, Chan EC, Bowman M, Tolosa J, Smith R.
Presence of the Cell Surface Estrogen Receptor GPR30 in the Apical Membrane of
Human Placental Syncytiotrophoblast. Scientific Meeting of the Society of Reproductive
Biology, Cairns. October 2011.

Xiii



Additional Publications

Zakar, T., Mitchell, CM., Hirst, JJ., Lumbers, ER. Role of chromatin modification in the
activity of genes controlling labour. 17" Congress of the Federation of Asian and Oceania
Perinatal Societies (FAOPS) and the 16" Annual Congress of the Perinatal Society of
Australia and New Zealand (PSANZ) 2012. Journal of Paediatrics and Child Health
48/Suppl 1:4, Abstract # | (oral, invited plenary).

Mitchell CM*, Chai SY, Madsen GM, Hirst JJ, and Zakar T. Bivalent Epigenetic
Modifications Regulate PTGS2 Expression During Gestation in the Amnion. Society for
Gynecologic Investigation 59" Annual Scientific Meeting, San Diego, CA, U.S.A. March
2012.

Mitchell CM*, Chai SY, Madsen GM, Hirst JJ and Zakar T. The role of chromatin
modifications in inflammatory gene activity in the amnion. Society for Gynecologic
Investigation Preterm Birth Summit, Brisbane. August 2012.

Sykes SD, Pringle KG, Wang Y, Mitchell CM, Zakar T, Lumbers ER. Regulation of the
Human Intrauterine Renin Angiotensin System by DNA Methylation. Australian Health
and Medical Research Congress, Adelaide. November 2012.

Zakar, T., Hirst, J., Mitchell, C. Gene expression control by histone modifications in the
human amnion. Fetal and Neonatal Worksop of the PSANZ Annual Scientific Meeting,
Barossa Valley, SA, Australia, April 2013.

Matai K, Riley SC, Pringle K, Mitchell C, Chan EC, Tolosa J, Bowman M, Smith R.
Regulation and Immunosuppressive Properties of G-protein Coupled Estrogen receptor
(GPER) in Human Placental Syncytiotrophoblast. Annual Scientific Meeting of the
Endocrine Society of Australia and Society of Reproductive Biology, Sydney, August
2013.

Mitchell CM*, Madsen GM, Hirst JJ, Zakar T. Epigenetic Histone Modifications Regulate
Inflammatory Gene Expression During Gestation in the Amnion. ASMR

Satellite Scientific Meeting, Newcastle. March 2014.

*indicates presenting author.

Xiv



Table of Contents

Table of Contents

37T = T = 11 ) o ii
ACKNOWIEAGEMENES . ... e iv
P U CAtIONS . ... e v
Statement of Contribution.......... ... Xvi
Additional PUDBICAIONS.........oui e e IX
Table Of CONtENtS. ... ..o XV
LISt Of TaDIES. ... .ot e XiX
S 0 T TP XX
ADDIEVIALIONS . . . .o XXV
A ST ACT . . XXViii

CHAPTER 1. Literature Review.
1.1. Physiology of Human Parturition............c.cooiiiiiiiii e, 1

1.1.1. Epidemiology of Pregnancy Complications: A Brief Overview..........................1
1.1.2. GeStational TISSUEBS......cuiieiieii ettt e e eee e e s e e e e e e e enreeee e O
0 T T U = "
10,22,  DECIHAL. ..ttt D
1.0.2.3. PlaCenta. ... D
1.1.2.4. Fetal MemMDIranes.......cccoiiiiiii e eeeee D
1.1.3. Phases of Human Parturition.............coooiieiii e ee e 6
1.1.4. Endocrinology of PregnancCy.........c.cuiiriiiiii e e e e 7
I e 0T =2 (= 0] T 7
O S = 0o =Y o 8

L LA 3, CRH. e 9
L1444, OXYIOCIN. .. et 9
1.1.4.5. Prostaglandins. . ........cooiiiii e e 10

1.2. Pathophysiology of Parturition...........cooeviiiii e e 13
1.2.1. Preterm Birth. ... 13
1.2.2. Environmental Influences on Pregnancy OUICOMES. ...........cocovvivininiiinennnn. 13
1.3. Inflammation and PregnancCy..........c.oooiiiiiii e 14

1.3.1. Inflammatory CytOKINES..........ovieiiiiiiiiiii e LD

1.3.2. The Inflammatory RESPONSE. .......c.iui e eneee e 15
1.3.3. Inflammatory Activation of the Fetal Membranes...............cc.ccooiiiiiiinninnn, 16
1.4. Transcriptional Regulation of Inflammatory Genes............ccooooiiiiiiiiiiniiinn, 17

XV



Table of Contents

1.4.1. Transcriptional ACHIVALION. .........cuiiieii e 18
1.4.1.1. Nuclear Factorkappa B/ IKB..........coooeiiiiii e, 18
1.4.1.2. RNAPolymerase ll...... ..o e 19

1.4.2. GlUCOCOIICOIAS . ... ue ettt ee e ee e e e e e eeesnireeeessnneeeenns 21
1.4.2.1. The Glucocorticoid Receptor............ccoviiiiiiiiiiiiiii e 21
1.4.2.2. Glucocorticoid Culture Systems.............c.oeiiiiiiiiiiiiiee e 21

R T I = g ] (=Y o (=TT (o] T 22

1.5. Epigenetic Programming of Inflammatory Genes...........ccoovviiiiiiiiiieiiennn, 23
1.5. 1. DNAMELNYIALION. .....eei e 23
1.5.1.1. DNA Methylation and Gene Repression.............ccccoviiiiiiiiiiiinennns. 23
1.5.0.2. CPGISIaNdS......ccooiriii i 24
1.5.1.3. Enzyme Systems Involved in DNA Methylation and Demethylation...... 25
1.5.1.4. Methylation of Steroid Receptor Genes and Inflammatory Genes........ 27

1.5.2. Histone Modifications on Inflammatory Genes............ccccooooiiiiiiiiiiiinnn. 29
1.5.2.1. Chromatin StrUCTUIe...........oieieii e 29
1.5.2.2. Histone ACEtYIation ...........coiiiiiiiiii i 30
1.5.2.3. Histone Methylation.............cooiii e 30

1.6. Project Hypothesis and AIMS.........ouuiiiii e 31
IO 0 R 4 = T o] () 31
T O ¢ = o] =] g T PP 32
0 TR T O = o] (T 7 32

CHAPTER 2. Prostaglandin H synthase-2 gene regulation in the amnion at labour:
histone acetylation and nuclear factor kappa B binding to the promoterin vivo..34

2.0 A ST ACT . ..ttt 35
P22 |11 o To U o 1 o1 o P 35
2.3. Materials and MethOdsS........ouiiii e 37
2.3, PalientS. .. 37
2.3.2. TISSUE EXITACTION. .. .ttt ettt et et e e e e e e enns 37
2.3.3. Chromatin Immunoprecipitation. ........ ... 38
2.3.4. Real-IMeE PCR . ... e e 39
2.3.5. Data ANalysis. ..o 39
2.4, RESUIES .. 41
2.4.1. Histone AcCetylation............coooniiiiiiii i 41
2.4.2. p65. p50 and TBP Binding to the PGHS-2 promoter..............cooviiiiiiiiininnne 42
2.4.3. p65. p50 and TBP Binding to the IKBa promoter .............cccocvviiiiiiiiiiiennne, 44
P2 T B o1 U 7= o o PP 46



Table of Contents

Chapter 3. PTGS2 (Prostaglandin Endoperoxide Synthase-2) Expression in Term

Human Amnion in Vivo Involves Rapid mRNA Turnover, Polymerase-Il 5'-Pausing,

and Glucocorticoid TranSrEPrESSION .. ...t ce e aaaa 49
B 0 I 0 1] > T P 50
1 35728 [ 1 o Yo 1¥ o] f (o o 0 PP 50
3.3. Materialsand MethodsS.........oooiiiiii e 52
3.3, MaterIalS. . .o 52
3.3.2. Patients and TiSsue COllECHION. .......ouiiie e e 53
3.3.3. Amnion Tissue Incubation........... ..o, 53
3.3.4. RNA Isolation and CDNA Synthesis.........c.coiiiiiiii e 4
G G 28 T 1 o1 [P 54
3.3.6. Quantitative Real-time PCR (QPCR)......coviviiii e 55
3.3.7. Data AnalySis. . ...o.e e 56
i R SUIE S . et 56
3.4.1. PTGS2 mRNA Level and Gene Activity; Effect of Glucocorticoid................... 56
3.4.2. GR Binding to the PTGS2 Promoter..........ccooiiiiiiiiii e 58
3.4.3. RNA Polymerase Il Binding and Phosphorylation at the PTGS2 Gene........... 59
3.4.4. Histone Acetylation and Methylation................cooiii s 62
G T TS o1 0 1] o 1 o PP 64

CHAPTER 4. Inflammatory and steroid receptor gene methylation in the human

=T agTaTToT g 1= T To I'e [>T ox T LU - VT 69
2 I A ¢ 1] 4 = Vo PRSP 70
4.2, INTFOTUCTION ...ttt ettt ettt e ene e 70
4.3. Materials and MethodS. .. ... 72
4.3.1. Patients and Tissue ColleCtion...........cccoviiiiii e 72
4.3.2. DNA EXIraCHiON. ..ot e 72
4.3.3. DNA Methylation Profiling............ccooiiiii e, 73
4.3.4. Bisulphite Modification and Sequence Analysis............cccooiiiiiiiiiiiininnnn. 74
4.3.5. RNA Isolation and gRT-PCRANAIYSIS........cociiiiiiiiiiiii e, 74
4.3.6. Statistical ANalySiS. ........ouiui 75
A, RESUIS .. e 76
4.4.1. Methylation of inflammatory Genes.. SRR { o

4.4.2. Relationship Between PTGS2 Gene Methylatlon and Expression..................79

4.4.3. Methylation of Steroid Receptor GENES..........covuiveieiiiiiii i, 81
4.4.4. DNMT Expressionin Amnion and Decidua.............c.coooiiiiiiiiiiiiiniieens 83
T I T £ o U3 o ] o 34



Table of Contents

CHAPTER S, DiSCUSSION ..ttt ittt ettt et e e e e et et e e et aa e e e e e e as 88
CHAPTER 6. REfEIENCES.....uiii i e e 93
Y o] o 1= o Ko == P 119
Appendix A. Published Paper L.........cooiiii e 119

Copyright permission Molecular Human Reproduction .............ccccee.... 126
Appendix B. Published Paper 2: Copyright permission Endocrinology.................... 128
Appendix C. Published Paper 3: Copyright permission Journal of Molecular
ENOCIINOIOGY. ...t 129
Appendix D. Copyright permission Merriam-Webster Inc. image........................... 130
Appendix E. Copyright permission Abcam image...........cooviiiiiiiiiiiiieieieeene 131

XVl



List of Tables

List of Tables
Table 2.1. Primer locations and SEQUENCES . ........c.vuiiieitiie e 40
Table 2.2. Comparison of two types of negative control ChIPs............................... 40

Table 2.3. TBP and NFkB transcription factor binding to the PGHS-2 promoter in

the aMNION N VIVO. ..o e e 43

Table 2.4. Matrix of correlations between TBP and NFkB transcription factor

binding to the PGHS-2 promoter in term amnion not in labor (TNL)...........44

Table 2.5. TBP and NFkB transcription factor binding to the IkBa promoter in vivo.....45

Table 2.6. Matrix of correlations between TBP and NFkB transcription factor

binding to the IkBa promoter in term amnion after labor (TL)................... 45

Table4.1 gRT-PCR primer sequences and poSitioNS.........c.ooevieiiiiiiiiiiiieiieeieeenenn. 75

XiX



List of Figures

List of Figures

Figure 1.1. Anatomy of the pregnant UterusS.........cccocveeeeiiiiiee e 3

Figure 1.2. DNA methylation and demethylation. DNA demethylation is believed to
involve the successive oxidation of 5-mC to 5-hydroxymethyl- (5-hmC), 5-formyl- (5-
fC) and 5-carboxy- (5-caC) cytosine in a process involving the Tet family of enzymes.

The glycosylase TDG completes the cycle by regeneration of unmodified cytosine...... 26

Figure 2.1. Histone acetylation at the PGHS-2 promoter in the amnion. ChIP was
performed using acetylated histone-3 antibody (A) and acetylated histone-4 antibody (B)
with chromatin extracts of amnion tissues delivered at term either by elective Caesarean
section (TNL, n = 5) or by spontaneous labour (TL, n = 5). The relative abundance is the
enrichment of target sequences in the immunoprecipitated DNA relative to non-
immunoprecipitated DNA. The positions of the promoter regions amplified by PCR (R1-
R8) are indicated on the diagram in (C) The transcriptional start site (+1) is flagged. Data
for a downstream control amplicon (Ctrl) are also shown. Significance levels are denoted
by the letters on top of the bars for pooled data (TNL+TL). Overall histone-4 acetylation
was significantly higher after labour than before (P < 0.05, ANOVA).............cccoenene. 42

Figure 3.1. Changes in PTGS2 mRNA levels and gene activity in amnion tissue in
vitro and the effects of glucocorticoid. Amnion tissue samples were incubated with
vehicle or dexamethasone (Dex, 100 nM) for the times indicated, and PTGS2 mRNA and
hnRNA (a measure of gene activity) abundances were determined by gqRT-PCR. Data
are shown as per cent of the 0 h value (mean + SE, n =4 independent experiments). A,
PTGS2 mRNAlevels increased spontaneously by 24 h (#, F2 = 4.45; P < 0.03, ANOVA),
and dexamethasone inhibited the increase at both 4 h (*, t3 = -18.26 P < 0.001); and 24
h(*t3=-17.95; P<0.0011, paired t test); B, PTGS2 hnRNA levels decreased, reaching
a nadir at 4 h (F3 = 15.15; P < 0.001) and rebounded between 4 h and 24 h (#, t3 =
10.87; P < 0.002, paired t test). Dexamethasone caused a decrease of gene activity at 4
h compared with vehicle and prevented the rebound at 24 h (*, t3 =-4.94; P <0.02,) and
24 h (*, t3 = -10.82; P < 0.002; paired t tests). Statistical analysis was performed with
data transformed to approach normal distribution and homogeneity of variance.......... 57

XX



List of Figures

Figure 3.2. The inhibition of PTGS2 mRNA levels and gene activity by
dexamethasone is concentration dependent. Amnion tissue was incubated for 24 h
with increasing concentrations of dexamethasone, and PTGS2 mRNA (A) and hnRNA
(B) abundances were determined by gRT-PCR. Data are presented as per cent of the O

hvalue (Mean £ SE, N = 4) . .o 57

Figure 3.3. GRa binding to the PTGS2 promoter. A, ChIP was used to determine
GRa binding to the upstream region of the PTGS2 promoter between the TATA site (-
62/+5) and amplicon R7 (-2253 / -2203). Results are expressed relative to upstream site
R8 (-2579/-2518; mean + SE, n = 6). Amplicon positions are specified in Fig. 8B and
Supplemental Table 1. GRa binding was maximal at R2. B, GRa binding to R2 in amnion
incubated with vehicle or dexamethasone (Dex). Results are expressed as the mean *
SE (n = 4) of per cent recovery of input over background (IgG isotype control). GRa
binding diminished almost completely by 4 h compared with fresh tissue (0 h), and did
not increase significantly between 4 h and 24 h (Fs = 5.22; P < 0.03). Dexamethasone
maintained GRa binding to R2 at 4 h, but not at 24 h (*, ts =-9.52; P < 0.0035, paired

t test). Statistical analysis was performed with transformed data.............................. 59

Figure 3.4. RNA polymerase Il binding to the PTGS2gene in amnion incubated with
or without dexamethasone (Dex). ChIP was performed with an antibody directed to
pol-ll (sc899), and binding was analysed between the TATA site and exon 8 (ES8; see
Fig. 8B and Supplemental Table 1 for positions). Relative enrichment was calculated as
recovery of input relative to the upstream site R8 (mean + SE, n = 3). The same scaleis
used on both panels to facilitate comparison. A, Pol-ll accumulated in the TATA and E1
regions in fresh (0 h) and vehicle-treated (4 h and 24 h) tissues, but pol-ll binding
decreased between 0 hand 4 h (F2 = 15.97; P <0.001). B, Pol-ll binding in the presence
of dexamethasone. The steroid had no effect on the extent, time course, or distribution
of pol-ll binding compared with vehicle. Statistical analysis was performed with

IrANSTOIMEA ATA. . . ...ttt e e e 60

Figure 3.5. Serine-5(initiating) phosphorylation of Pol-Il bound to the PTGS2gene.
ChIP was performed with the H14 antibody specific to the Ser-5 phosphorylated CTD of
pol-ll, and binding was tested between the TATA and E8 sites (mean = SE, n = 4).
Results are presented as in Fig. 4. A, Ser-5 CTD phosphorylation was significantly
higher in the TATA and E1 regions than downstream in fresh (0 h) and vehicle-treated
(4 h and 24 h) tissues and decreased markedly between 0 h and 4 h (F2 =25.92; P <
0.0015,). B, In dexamethasone-treated tissues (Dex), Ser-5 CTD phosphorylation

XXi



List of Figures

remained significantly higher at the TATA and E1 regions than further downstream .(Fz
= 6.77; P < 0.03). Comparisons between vehicle and dexamethasone-treated tissues
revealed a significant decrease of Ser-5 phosphorylation in the presence of the steroid
at 4 h, but not at 24 h (ts1 = 2.39; P < 0.01, t test with data paired according to amplicons

and experiments). Data were transformed for statistical analysis...............................61

Figure 3.6. Serine-2(elongating) phosphorylation of pol-Il at the PTGS2gene. ChIP
was performed with the H5 antibody specific to the Ser-2- phosphorylated CTD of pol-II
(mean £ SE, n = 4). Results are presented as in Fig. 4. A, Ser-2 phosphorylation was
distributed between the TATA and E8 regions, and Ser-2 phosphorylation decreased
significantly between 0 h and 24 h of incubation (Fz =15.39; P < 0.001). B, In
dexamethasone-treated tissues (Dex), Ser-2 CTD phosphorylation remained even
between the TATA and E8 sites. Comparisons between vehicle and dexamethasone-
treated tissues revealed a significant decrease of Ser-2 phosphorylation in the presence
of the steroid at 4 h, but not at 24 h (ts1 = 2.39; P < 0.01, data paired according to
amplicons and experiments). Data were transformed for  statistical

=TT )£ £ 62

Figure 3.7. Acetylation of histone 3 and histone 4 at the PTGS2 gene. ChIP was
performed using antibodies specific to acetylated histone 3 (A) and acetylated histone 4
(B), and binding was tested to amplicon sequences R3 and R2. Relative enrichment was
calculated as recovery of input relative to R8. The figures show binding to R3 only, but
results for R3and R2 were combined for statistical analysis. Both histone 3 and histone
4 acetylation decreased significantly between 0 h and 4 h of incubation, and
dexamethasone (Dex) had no significant effect on acetylation levels (acH3: F2 = 4.43; P
< 0.02; and acH4: F2 = 3.71; P < 0.04; ns, not significant; P > 0.05). Statistical analysis
was performed with transformed data. ... 63

Figure 3.8. A, Histone 3-Lysine 4 methylation (H3K4me2) at the PTGS2gene. ChlP
was performed with an antibody specific to H3K4me2, and relative enrichment was
calculated as recovery of input relative to R8 (n = 3 independent experiments). B,
Schematic representation of amplicon locations along the PTGS2 promoter (R8 —R2),
TATA site and exons 1-8 (E1-ES8) used in the ChIP experiments. The exact locations on
the gene sequence are listed in Supplemental Table 1. The transcriptional start site is
flagged. H3K4 methylation was detected in the region spanning exon 1 and
approximately 1 kb upstream of the transcriptional startsite....................cccooeieininnn.. 64

XXii



List of Figures

Figure 4.1. Proportions of densely methylated copies of the PTGS2,BMP2, NAMPT
and CXCL2 genes in amnion (A) and decidua (B). Tissues were obtained at 11-13
weeks of pregnancy (ea), after term elective Caesarean delivery (CS) and term
spontaneous birth (SL). Boxes span the 25th—75th percentiles with horizontal lines
indicating the median, whiskers showing the range of adjacent values and dots showing
the outside values. N = 7-8 per group; there are no significant differences between
gestational groups for any gene in both tissues. Variance of CXCL2 methylation
increases significantly in amnion with advancing gestation. Methylated copy proportions
are significantly different among the genes in both the amnion and the decidua
(PTGS2 = NAMPT < BMP2 = CXCL2) .. ettt 77

Figure 4.2. Correlations of PTGS2, BMP2, NAMPT and CXCL2 densely methylated
copy proportions in the amnion. (Upper panel) Correlation matrix with each dot
representing a tissue sample on a logarithmic scale. (Lower panel) Spearman correlation
analysis results with significance adjusted for multiple comparisons. r and n values and
significance levels are as shown in the Key. All correlations are significant (P < 0.05,

Figure 4.3. Correlations of PTGS2, BMP2, NAMPT and CXCL2 densely methylated
copyproportions in the decidua. (Upper panel) Correlation matrix with each dot
representing atissue sample on a logarithmic scale. (Lower panel) Spearman correlation
analysis results with significance adjusted for multiple comparisons. r and n values and
significance levels are as shown in the Key. Correlations are significant between PTGS2
and the other three genes and between BMP2 and CXCL2 (P < 0.05, bold)............... 80

Figure 4.4. Methylation of CpGs in the promoter and 50 -transcribed regions of the
PTGS2 gene in amnion. DNA from an early (Early, 12.7 weeks) and a term gestation
(Term) amnion was bisulphite-converted and PCR-amplified using primers recognising
bisulphite-modified PTGS2 gene sequences. The amplification products were cloned,
sequenced and compared with the unmodified sequence to determine the methylation
status of CpG dinucleotides. (A) Scheme of the analysed PTGS2 promoter and 50 -
transcribed region spanning the CpGs between K371 and C84 (relative to the
transcriptional start site, C1, indicated by the arrow). The approximate location of CpG
dinucleotides is shown by the vertical lines. The cyclic AMP response element (CRE) is
boxed. (B) The methylation status of CpGs is shown by filled circles (methylated) and
empty circles (not methylated). Each horizontal row of circles represents one cloned copy
of the PTGS2 gene. The dashed arrow points to the CpG within the CRE. (C) PTGS2

XXilii



List of Figures

MRNA relative abundance, determined by qRT-PCR, in the amnion tissue samples

subjected to bisulphite SEQUENCING........ooviii i e e 81

Figure 4.5. Proportions of densely methylated copies of the GR, PGR and ESR1
genes in amnion (A) and decidua (B). Tissues were obtained at 11-13 weeks of
pregnancy (ea), after term elective Caesarean delivery (CS) and term spontaneous birth
(SL). Boxes span the 25th—75th percentiles with horizontal lines indicating the median,
whiskers showing the range of adjacent values and dots showing the outside values. N
= 7-8 per group; there are no significant differences between gestational groups for any
gene in both tissues. The variance of ESR1 methylation increases significantly with
advancing gestation in the amnion. Methylated copy proportions are significantly
different among the genes in the amnion (GR < PGR < ESR1) and the decidua
(PGR S GR S ESRL)... it 82

Figure 4.6. Correlations of GR, PGR and ESR1 densely methylated copy
proportionsinthe amnion. (Upper panel) Correlation matrix with each dot representing
a tissue sample on a logarithmic scale. (Lower panel) Spearman correlation analysis
results with significance adjusted for multiple comparisons. r and n values and
significance levels are as shown in the Key. All correlations are significant

(P <0.05, DOI). ...eeeee e e e a1 0 OO

Figure 4.7. Correlations of GR, PGR and ESR1 densely methylated copy
proportions in the decidua. (Upper panel) Correlation matrix with each dot
representing a tissue sample on a logarithmic scale. (Lower panel) Spearman correlation
analysis results with significance adjusted for multiple comparisons.r and n values and
significance levels are as shown in the Key. Correlation is significant between PGR and
ESRL(P <0.05, DOId).....ceeiriii e e 34

Figure 4.8. Relative abundance of DNMT1, DNMT3A and DNMT3B mRNAs in
amnion (A) and decidua (B). Gestational groups (nZ8, each) are 11-13 weeks of
pregnancy (ea, blue), term elective Caesarean delivery (CS, maroon) and term
spontaneous birth (SL, green). Boxes span the 25th—75th percentiles with horizontal
lines indicating the median, whiskers showing the range of adjacent values and dots
showing the outside values. DNMT1 mRNA levels are significantly higher in ea vs SL
and DNMT3A mRNA levels are significantly higher in ea vs SL and CS in the amnion.
There are no significant differences in the decidua. Full colour version of this figure
available via http://dx.doi.org/10.1530/IME-12-0211.........cccceeeeiiiiiiiieiieee e eeree e e 85

XXiV



List of Abbreviations

CRE

CREB = -
DNase = ---——mmmmmmm-
DNMT oo

ENL
EMSA
=1 =T —
ESR1
ERa
ERB
== —

Abbreviations

Anti-acetyl-histone 3
Anti-acetyl-histone 4
Adrenocorticotropic hormone
Activator Protein One
Adenosine 5’- triphosphate
5-aza-2-deoxycytidine
Bone Morphogenetic Protein 2
Cyclic adenosine monophosphate
Contraction Associated Proteins
CREB-binding Protein
Complementary DNA
CCAAT / Enhancer Binding Protein (NFIL-6)
Chromatin Immunoprecipitation
Connexin 43
cytosine — phosphate — guanine dinucleotide
CAMP Response Element

cyclic AMP responsive element
cAMP Response Element Binding Protein
Corticotrophin Releasing Hormone
Caesarean Section
C-terminal domain
chemokine (C-X-C maotif) ligand
Dexamethasone
Dehydroepiandrosterone sulfate
Deoxyribonuclease
Decidual Natural Killer cells
DNA methyltransferase
5,6-dichloro-1-beta-D-ribofuranosylbenzimidazole
Developmental Origins of Health and Disease
DRB sensitivity-inducing factor
Estradiol
Estriol
Epidermal Growth Factor
Early Gestation Not in Labour
Electromobility Shift Assay
Prostaglandin E Receptor
Estrogen Receptor
Estrogen Receptor alpha
Estrogen Receptor beta
Prostaglandin F Receptor

XXV


https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwj9oaiEs9DJAhXCFJQKHR9rB-gQFggbMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDehydroepiandrosterone&usg=AFQjCNFDRuycLJb0qSN9PRljYz6PYe8HYw&bvm=bv.109395566,d.dGo

List of Abbreviations

GROa
H3K4me3
H3K27me3 -------------

MCH

mMiRNA
MMP
NAMPT
NDPK
NELF
NFkB
NFIL-6
NR3C1
NR3C3
OTR
PBEF
PCR

Gestational Age
Granulocyte-macrophage colony-stimulating factor
Granulocyte colony-stimulating factor
Glucocorticoid Receptor

Glucocorticoid Response Element
Growth-related oncogene alpha
Histone-3 trimethylation at lysine 4

Histone-3 trimethylation at lysine 27
Serine-2-phosphorylated pol-Ii

Serine-5 phosphorylated pol i

Histone acetyltransferase

Histone deacetylase

Heterogenous nuclear RNA

Human chorionic gonadotropin
Insulin-like growth factor
Inhibitor of NFkB

kB Kinase

Interleukin

Interleukin-1 receptor alpha

Interferon

IFN-y-inducible protein 10

Intra-uterine Growth Restriction

Lactate dehydrogenase

leucocyte inhibitory factor
Lipopolysaccharide

Mitogen Activating Protein Kinase
methyl-CpG binding domain

Major Histocompatibility Complex
monocyte chemotactic protein 1 or chemokine (C-C motif)
ligand 2

Micro ribonucleic acid

Matrix Metalloproteinase

Nicotinamide phosphoribosyltransferase
Nucleotide 5’-diphosphate kinase
Negative elongating factor

Nuclear Factor Kappa B

Nuclear Factor of Interleukin-6 (C/EBP)
Nuclear Receptor subfamily 3, group C, member 1 or GR
Nuclear Receptor subfamily 3, group C, member 3 or PGR
Oxytocin Receptor

pre-B-cell colony-enhancing factor
Polymerase Chain Reaction

XXVi



List of Abbreviations

PG - Prostaglandin

PGDH - 15-hydroxyprostaglandin dehydrogenase

PGES W - Prostaglandin E synthase

PGFS W - Prostaglandin F synthase

PGHS2 - Prostaglandin H synthase-2 (now called PTGS2)

PG - Prostacyclin

PGR - Progesterone receptor

PIC e Pre-initiation complex

PKA - Protein kinase A

010 ] I | I Polymerase |l

PPROM - Preterm premature rupture of membranes

PRA/PRB ------------- Progerterone receptor A / Progerterone receptor B

P-TEFb - Positive transcription elongation factor b

PTGFR - Prostaglandin F2a receptor

PTGS1 - Prostaglandin endoperoxide synthase-1 (PGHS1 or COX 1)

PTGS2 - Prostaglandin endoperoxide synthase-2

PTL - Preterm labour

gPCR - Qantitative polymerase chain reaction

RANTES  ------------- Regulated upon activation, normal T cell expressed and
secreted

RT-PCR  -—---mmem- Reverse transcription polymerase chain reaction

SAM e S-Adenosylmethionine

SP1 - Promoter-specific transcription factor 1

SRC - Steroid receptor coactivator

STAT3  -e-eeeeeeee- Signal transducer and activator of transcription 3

STNFR  ——mmemmeee- Soluble tumor necrosis factor receptor

TBP - TATA binding protein (TFIID)

DG - Thymine DNA glycosylase

TET - Ten-eleven translocation

TGF - Transforming growth factor-

TIMP-1 - Tissue inhibitor of metalloproteinase-1

TLR - Toll-like receptor

TNF - Tumour necrosis factor

TNL - Term not in labour

TXA2 - Thromboxane

ZEB1 - Zinc finger E-box-binding homeobox 1

ZEB2 = - Zinc finger E-box-binding homeobox

XXM



Abstract

ABSTRACT

Inflammatory genes are activated in the pregnant uterus at term labour producing an
“acute inflammation gene expression signature” even in the absence of infection or
chorio-amnionitis. The mechanisms that activate the inflammatory pathways and
determine the timing of labour are unknown. The primary objective of my research
presented in the thesis was to determine the molecular mechanisms that regulate the
expression of labour-promoting inflammatory genes in the human fetal membranes at
term parturition in vivo. Previous work in cell culture models suggested the involvement
of the NFkB system and glucocorticoids in the upregulation of these genes including the
prototypical proinflammatory gene, PTGS2, in the amnion. Epigenetic mechanisms, such
as DNA methylation and histone modifications, were also hypothesised to participate in
the control of proinflammatory gene activity in the fetal membranes during pregnancy.

Chromatin immunoprecipitation with freshly delivered, term amnion tissue identified TBP,
NFkB p65 and p50 subunit binding at the proximal promoter of the PTGS2 gene, but
binding was not associated with transcriptional stimulation. However these transcription
factors stimulated IkBa gene expression in the same samples indicating the activation of
NFkB signalling. Increased histone-3 and -4 acetylation was found in the proximal 1000
bp region of the PGHS-2 promoter suggesting that an open chromatin structure,

permissive of gene expression, was present at term and after labour.

In short term amnion explants (€24 h) the glucocorticoid dexamethasone decreased
PTGS2 gene activity and mRNA levels. Glucocorticoid receptor-a (GRa) binding to the
PTGS2 promoter decreased initiating (Ser-5) and elongating (Ser-2) pol-l
phosphorylation. Accumulation of pol Il in the 5’-region of the PTGS2 gene indicated
post-initiation pausing. Acetylation of Histones -3 and -4 decreased, but histone-3
methylation was unchanged. The data indicated rapid PTGS2 mRNA turnover in vivo,
which slowed quickly in the explants due to declining transcription rate and increased
MRNA stability. The transcriptional mechanism thus alters profoundly in vitro, even in

short term explant cultures.

DNA methylation of the inflammatory genes PTGS2, BMP2, NAMPT and CXCL2, and
the glucocorticoid, progesterone and oestrogen receptor genes, was examined using the

Methyl Profiler PCR system and bisulfite sequencing with fresh tissue samples. Variable
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proportions of inflammatory and steroid receptor gene copies, to a maximum of 50.9%,
were densely methylated in both amnion and decidua tissues consistent with repression.
Densely methylated copy proportions were significantly different between genes showing
no relationship with varying expression during pregnancy, between tissues and in
individuals. Methylated copy proportions of all genes in amnion and most genes in
decidua were highly correlated in individuals. DNMT1 and -3A were expressed in both
tissues with significantly higher levels in the amnion at 11-17 weeks than at term.

Collectively, the data generated by my PhD research suggest that PTGS2 expression is
suppressed in term amnion in vivo and endogenous glucocorticoid may be involved in
this process. Epigenetic changes occur rapidly in vitro potentially influencing gene
““expression. Pol-1l pausing limits PTGS2 transcriptional activity in the amnion and this
regulatory mechanism is associated with the changing phosphorylation of Pol-Il. The
DNA methylation study found the unmethylated portion of gene copies is responsible for
the regulated expression in the amnion. Dense methylation of individually variable gene
copy proportions likely occurs in the first trimester amnion, influenced by DNA sequence

context and affected strongly by individual circumstances.

The experiments described in the thesis provide important insights into the control of
inflammatory gene activation in pregnancy, emphasising the need for techniques and
approaches that detect or preserve the in vivo condition of the gestational tissues.
Information obtained by these approaches supplements and places into context the
results generated by experimental models describing molecular mechanisms potentially

underpinning pregnancy maintenance and parturition.
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