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Presenta=on	  overview	  

•  Introduc*on:	  the	  endometrium,	  endometriosis,	  ER	  
signalling,	  inflamma*on	  and	  its	  resolu*on;	  Lipoxin	  A4	  

•  Results:	  in	  vitro,	  in	  vivo,	  studies	  using	  clinical	  samples	  
	  
•  Conclusion	  
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The Endometrium – a unique tissue 

The	   endometrial	   lining	   undergoes	   cyclic	  
regenera=on	   under	   the	   influence	   of	  
hormones	  and	  immune	  mediators	  



Endometriosis	  

•  	  Presence	  of	  endometrial	  *ssue	  outside	  the	  uterine	  cavity	  
	  
•  	  An	  estrogen-‐dependent,	  inflammatory	  disease	  
	  
•  	  Affects	  up	  to	  10%	  of	  women	  of	  reproduc*ve	  age	  (176	  million	  worldwide)	  
	  
•  	  Delay	  of	  up	  to	  11	  years	  prior	  to	  diagnosis,	  no	  specific	  biomarkers	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  	  
	  

The	  main	  clinical	  features	  are:	  
	  
§ chronic	  pelvic	  pain	  	  
§ 	  dysmenorrhea	  
§ 	  abdominal	  pain	  
§ 	  dysuria	  
§ 	  dyschezia	  
§ 	  infer*lity	  

	  
	  
•  	  Infer*lity	  has	  been	  reported	  in	  more	  than	  30%	  of	  women	  affected	  with	  the	  disorder	  



 
Endometriosis: proliferation and inflammation 

From	  Giudice	  L.C.,	  and	  Kao.	  (2004).	  	  

PGE2 Inflammation,  
pain 



Treatment	  strategies	  for	  endometriosis	  

Current	  strategies	  aim	  to	  	  stop	  disease	  progression	  and	  reduce	  pain	  through:	  

• 	  surgical	  interven*on	  	  

• 	  reducing	  estrogen	  levels	  through	  the	  use	  of	  aromatase	  inhibitors	  	  

• 	  gonadotrophin-‐releasing	  hormone	  (GnRH)	  analogues	  	  

• 	  oral	  contracep*ve	  pills	  	  

• 	  proges*ns	  e.g.	  Dienogest	  

• 	  an*-‐inflammatory	  therapies:	  more	  studies	  needed	  

Limita*ons	  associated	  with	  these	  drugs	  include	  a	  nega=ve	  impact	  on	  fer=lity	  and	  

undesireable	  side	  effects.	  

	  

A	  molecule	  with	  a	  dual	  an*-‐estrogenic	  effect	  (or	  which	  nega*vely	  impacts	  E2	  
metabolism)	  and	  an*-‐inflammatory	  effect	  represents	  a	  poten*al	  therapeu*c.	  
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Target genes: Progesterone Receptor, GREB1, cyclin D1, pS2, cathepsin D, c-fos, c-myc 



 
 
 
 
 
 	  

Inflamma=on	  is	  an	  integral	  part	  of	  endometrial	  physiology	  
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q  	  The	  term	  Lipoxin	  is	  an	  acronym	  for	  Lipoxygenase	  interac*on	  	  	  
	  	  	  	  	  	  products	  

q  	  Arachidonic	  acid	  metabolite	  with	  potent	  an*-‐inflammatory	  and	  	  
	  	  	  	  	  	  pro-‐resolu*on	  proper*es	  
	  
q  	  Produced	  in	  nanomolar	  levels	  by	  transcellular	  biosynthesis	  	  	  	  
	  	  	  	  	  	  during	  specific	  cell	  to	  cell	  interac*ons	  at	  sites	  of	  inflamma*on	  
 
                                            
                     

(Serhan	  C	  and	  Sheppard,1990;	  Serhan,	  2007;	  Spite	  &	  Serhan,	  2010)	  

Lipoxin	  A4	  	  	  



LXA4 receptors 

1.	  Formyl	  pep=de	  receptor	  2	  /	  Lipoxin	  A₄	  receptor	  	  
(FPR2/ALX)	  	  	  	  	  	  	  	  

2.	  Aryl	  hydrocarbon	  receptor	  	  
(AhR)	  	  	  	  	  	  	  

Fiore et al., 1994; Schaldach et al., 1999 
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Role	  of	  Lipoxin	  A4	  in	  the	  resolu=on	  of	  inflamma=on	  



LXA4	  modulates	  endogenous	  estrogen-‐
regulated	  gene	  expression	  
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LXA4	  alters	  the	  expression	  of	  estrogen-‐regulated	  genes	  specifically	  through	  ER	  	  



LXA4	  alters	  endometrial	  and	  breast	  epithelial	  
cell	  prolifera=on	  
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LXA4	  binds	  to	  ER	  

ER	  

H-‐3	  Estradiol	   Estradiol	  
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ER	  

ER	  

Only	  LXA4	  directly	  binds	  ER	  at	  physiologically	  relevant	  concentra=ons	  with	  an	  IC50	  of	  46	  nM	  



 
LXA4	  signals	  via	  ERα	  

B 

Ishikawa HeLa: ER negative cells  

A 

FPR2/ALX	  and	  AhR	  not	  involved.	  



LXA4	  exhibits	  estrogenic	  ac=vity	  in	  vivo	  

A B

Russell,	  Gori	  et	  al.	  2011	  FASEB	  J	  



Computer	  generated	  model	  of	  Lipoxin	  A4	  interac=on	  with	  ERα	  

>	  85%	  structural	  similarity	  between	  LXA4	  and	  Estriol	  	  (E3)	  



Mouse	  model	  of	  peritoneal	  endometriosis	  
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LXA4 reduces peritoneal lesion volume 

Kumar	  et	  al.	  2014	  



LXA4	  targets	  an=-‐inflammatory	  pathways	  

Kumar	  et	  al.	  2014	  
	  



LXA4	  decreases	  IL-‐1β,	  VEGF	  and	  PGE2	  produc=on	  



LXA4	  aeenuates	  E2	  produc=on	  and	  ER	  signaling	  



           Experimental	  models	  

	  	  	  	  	  	  	  	  	  In	  vitro	   	   	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  In	  vivo	  	  	  	  

Bench	  to	  bedside…and	  back...	  



Surgical induction of endometriosis 
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Animal	  Experiments	  
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LXA4	  inhibits	  the	  progression	  of	  de	  novo	  and	  established	  
endometriosis	  

Kumar	  et	  al.	  2014	  



Clinical	  samples	  

Endometrium	  (from	  age-‐	  and	  	  
BMI-‐matched	  endometriosis	  	  
pa*ents	  and	  ctrl	  subjects)	  !

RT	  reac*on	   qPCR	  

Peritoneum	  (from	  age-‐	  and	  	  
BMI-‐matched	  endometriosis	  	  
pa*ents	  and	  ctrl	  subjects)!

Peritoneal	  lesions	  	  
(from	  endometriosis	  	  
pa*ents)!

Peritoneal	  fluid!

Gene	  expression	  analysis	  and	  IHC	  	  



 
Estrogens and proliferation of ectopic tissue 

 

         Cyclin D1 
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Pellegrini et al. 2012 Fertility and Sterility 
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Augmented	  peritoneal	  fluid	  PGE2	  levels	  and	  increased	  
MRP4	  expression	  in	  peritoneal	  lesions	  

Gori	  et	  al.	  Fer=lity	  and	  Sterility	  2013	  
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Localisa=on	  of	  MRP4	  in	  eutopic	  and	  ectopic	  
endometrial	  =ssue	  

Gori	  et	  al.	  Fer=lity	  and	  Sterility	  2013	  
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LXA4	  inhibits	  MRP4	  expression	  in	  endometrio=c	  
epithelial	  cells	  in	  a	  dose-‐dependant	  manner	  (via	  ERα)	  

and	  reduces	  PGE2	  produc=on	  
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Conclusions 

•  LXA4	  is	  an	  estrogen	  receptor	  agonist	  
•  LXA4	   decreases	   the	   expression	   of	   mediators	  
involved	   in	   inflamma*on	   and	   prolifera*on	   in	  
vitro	  and	  in	  vivo	  	  	  (MRP4-‐	  novel	  biomarker)	  

•  LXA4	   is	   protec*ve	   in	   a	   mouse	   model	   of	  
endometriosis,	   both	   for	   de	   novo	   and	  
established	   disease	   via	   dual	   ac*ons	   on	  
inflammatory	  and	  ER	  signalling	  pathways	  



Future research challenges  
•  Well	   designed	   studies	   with	   well	   characterised	  
pa=ent	  groups	  and	  sufficient	  pa=ent	  numbers	  

•  Deep	  Infiltra*ng	  Endo:	  not	  well	  understood	  
•  Screening	  -‐>	  novel	  molecules,	  originality	  
•  Mechanis*c	   studies	   (not	   just	   observa*onal):	   linking	  
biology	  with	  symptoms	  	  

•  Transdisciplinary	   research:	   E	   health,	   online	   surveys,	  
Med	  Tech	  etc.	  :	  the	  pa=ent	  is	  a	  partner	  	  

•  Personalised	  medicine	  	  



Thank you for your attention 


