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Burney RO and Giudice LC. Fertil Steril. 2012 
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Introduction 



•  IL, interleukin; CXCL, chemokine; GSH, glutathione;  
•  NADPH, nicotinamide adenine dinucleotide phosphate-oxidase;  
•  AOPP, advanced oxidation protein products; PGs, prostaglandins.   
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Inflammatory response is linked to an 
altered balance of oxidative stress 
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•  DIE, deep infiltrating endometriosis; SUP, superficial lesion; OMA, endometrioma;  
•  AOPP, advanced oxidation protein products. 
•  Santulli P et al. Hum Reprod 2015; 30(1): 49–60. 
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Oxida>ve	  stress	  is	  
increased	  further	  in	  
intes>nal	  DIE	  

Oxidative stress is increased in 
endometriosis, especially in DIE 



  

  

(n ! 13) and the group with C-reactive protein of "5
mg/L (n ! 9) (data not shown).

Cellular Production of ROS

Production of Superoxide Anions

The spontaneous production of superoxide anions
(O2

●#) in Ee cells was increased by 28% compared with
Ce cells (P $ 0.05). The production of O2

●# in De cells
was not increased significantly compared with Ee cells,
but was increased by 36% compared with Ce cells (P $
0.05). The production of O2

●# in Es cells was not in-
creased significantly compared with Cs cells. In contrast,
the production of O2

●# in Ds cells was increased by 35%
compared with Es cells (P $ 0.001) and by 43% com-
pared with Cs cells (P $ 0.001) (Figure 2A).

Within deep nodules, the production of O2
●# did not

differ significantly between Ds and De cells (Figure 2A).

Production of Hydrogen Peroxide

There were no significant differences among De, Ee,
and Ce cells in terms of H2O2 production. The production
of H2O2 in Es cells was not increased significantly com-
pared with Cs cells. In contrast, the production of H2O2 in
Ds cells was increased by 39% compared with Es cells
(P $ 0.01) and by 39% compared with Cs cells (P $ 0.01)
(Figure 2B).

Within deep nodules, the production of H2O2 in Ds
cells was increased by 23% compared with De cells (P $
0.01) (Figure 2B).

Production of Nitric Oxide

The production of NO in Ee cells was increased by
36% compared with Ce cells (P $ 0.01). In contrast, the
production of NO in De cells did not differ significantly
from that in Ee and Ce cells. The production of NO in Es
cells was increased by 46% compared with Cs cells (P $
0.05). The production of NO in Ds cells was not increased
significantly compared with Es cells, but was increased
by 30% compared with Cs cells (P $ 0.05) (Figure 2C).

Within deep nodules, production of NO did not differ
significantly between Ds and De cells (Figure 2C).

Cellular Detoxification of H2O2 by
N-Acetyl-L-Cysteine

Treatment of Ce, Ee, and De cells with 6.4 mmol/L NAC
decreased their production of H2O2 by 64%, 48%, and
38%, respectively, compared with untreated cells (P $
0.001 for all comparisons). Treatment of Cs, Es, and Ds
cells with 6.4 mmol/L NAC decreased the production of
H2O2 by 56%, 42%, and 47% compared with untreated
cells (P $ 0.001 for all comparisons) (Figure 2D).

Treatment of Ce and Cs cells with 6.4 mmol/L NAC did
not decrease their proliferative rates, but for Ee and De
cells the same treatment decreased their proliferative
rates by 65% and by 36% compared with untreated cells
(P $ 0.001 for both comparisons). Treatment of Es and
Ds cells with 6.4 mmol/L NAC decreased their prolifera-
tive rates by 77% and by 39% compared with untreated
cells (P $ 0.001 for both comparisons) (Figure 2E).

Figure 2. A–C: Cellular production of ROS and detoxification of H2O2 by N-acetyl-L-cysteine (NAC). Basal intracellular levels of O2
●# (A), H2O2 (B), and NO (C)

were assessed by spectrofluorometry in the various cell lines (11 Ce, 18 Ee, 17 De, 10 Cs, 18 Es, and 18 Ds). U.A., arbitrary fluorescence intensity units. *P $ 0.05,
**P $ 0.01, and ***P $ 0.001, Es versus Ce cells. ††P $ 0.01, †††P $ 0.001, De versus Ee cells. ‡‡P $ 0.01, stromal versus epithelial cells within the same endometrial
eutopic or deep infiltrating lesion. D and E: Intracellular levels of H2O2 (D) and proliferative rate (E) were assessed in cell lines treated with 6.4 mmol/L NAC versus
untreated cells. The level in untreated cells is indicated by a horizontal dashed line. **P $ 0.01, ***P $ 0.001.

884 Leconte et al
AJP August 2011, Vol. 179, No. 2

Hydrogen	  Peroxide	  (H2O2)	  

Endometrioma1 

•  1. Ngô C et al. Am J Pathol 2009; 175(1): 225–234. 
•  2. Leconte M et al. Am J Pathol 2011; 179(2): 880–889. 
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Increased oxidative stress correlates 
with increased cellular proliferation 



•  NAC, N-acetyl-cysteine; ERK, Extracellular signal-regulated kinases; pERK, phosphorylated-ERK. 
•  Ngô C et al. Am J Pathol 2009; 175(1): 225–234. 
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Increased oxidative stress correlates with increased 

cellular proliferation: Link to MAPK pathway 



NRF2 Pathway 

GCL	  



Glutamate cystein ligase 

First	  enzyme	  of	  Glutathion	  biosynthesis	  

GCL	  



	  
1-‐	  Is	  to	  evaluate	  	  whether	  the	  NRF2	  and	  GCL	  are	  

differen>ally	  expressed	  in	  endometriosis	  	  
	  

2	  -‐to	  explore	  the	  consequence	  of	  a	  drop	  in	  NRF2	  
expression	  in	  a	  mouse	  model	  of	  endometriosis	  

	  

The purpose of the present study… 
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	  	   Pa2ents	  with	  endometriosis	  

(n=	  31)	  

Controls	  

(n=	  30)	  

P	  value	  

Age,	  mean	  ±	  SD	   33.9	  ±	  3.4	   29.6	  ±	  4.2	   0.005	  
BMI,	  mean	  ±	  SD	   22.6	  ±	  2.9	   24.8	  ±	  1.6	   0.06	  
Parity,	  mean	  ±	  SD	   0.3	  ±	  0.4	   0.3	  ±	  0.3	   0.89	  
Gravidity,	  mean	  ±	  SD	   0.8	  ±	  0.3	   1.5±	  0.8	   0.43	  
Cycle	  n	  (%)	  

Hormonal	  treatment	  

Prolifera>ve	  phase	  

Secretory	  phase	  

	  	  

20	  (64.5%)	  

5	  (16.1%)	  

6	  (19.4%)	  

	  	  

11	  (36.6%)	  

9	  (30.0%)	  

10	  (33.3%)	  

	  

	  

0.09	  

DIE	  a	   18	  (58.1	  %)	   -‐	  
Total	  ASRM	  score,	  mean	  ±	  SD	   36.2	  ±	  19.3	   -‐	  

Patient baseline characteristics 

Real Time PCR Immunohisto- 
chemistery 

Western Blot 



16	  pa>ents	  with	  endometriosis	  (both	  eutopic	  and	  ectopic	  endometrium).	  
15	  control	  pa>ents	  matched	  	  

RT-qPCR NRF2 / GCL 

Figure	1 Marcellin	et	al. 2016

*	 **	

Real Time PCR 
Pa#ents(with(
endometriosis(

(n=16)(

Controls(
(

(n=15)(
Eutopic endometrium 
endometriosis free woman! 8( 15(

Eutopic endometrium 
endometriosis affected woman!

4( 8(

Ectopic endometrium 
endometriosis affected woman! 9( 8(

Endometrioma! 6( 8(

DIE! 3( 8(



Figure	2 Marcellin	et	al. 2016
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Western Blot – NRF2 
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Western Blot – GCL 
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Figure	3 Marcellin	et	al. 2016
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Mouse Model 

C57BL6	  
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Figure	4 Marcellin	et	al. 2016

NRF2 -/-Wilde type

Wilde type NRF2 -/-
0

20

40

60

R
ed

 s
iri

us
 s

ta
in

in
g 

(%
) 0.0057p = 

A

B

Wilde type NRF2 -/-
0

200

400

600

Im
pl

an
t v

ol
um

e 
ch

an
ge

 (%
)

Wilde type
NRF2 -/-

p = 0.045

Wilde type NRF2 -/-
0

50

100

150

200

250

Im
pl

an
t w

ei
gh

t c
ha

ng
e 

(%
)

p < 0.001

Mouse Model 

Wilde	  Type	   NRF2	  -‐/-‐	   Wilde	  Type	   NRF2	  -‐/-‐	   Wilde	  Type	   NRF2	  -‐/-‐	  

Wilde	  Type	   NRF2	  -‐/-‐	  
Wilde	  Type	   NRF2	  -‐/-‐	  

P	  =	  0.04	  
P	  <	  0.001	  

P	  =	  0.006	  



Figure	4 Marcellin	et	al. 2016

NRF2 -/-Wilde type

Wilde type NRF2 -/-
0

20

40

60

R
ed

 s
iri

us
 s

ta
in

in
g 

(%
) 0.0057p = 

A

B

Wilde type NRF2 -/-
0

200

400

600

Im
pl

an
t v

ol
um

e 
ch

an
ge

 (%
)

Wilde type
NRF2 -/-

p = 0.045

Wilde type NRF2 -/-
0

50

100

150

200

250

Im
pl

an
t w

ei
gh

t c
ha

ng
e 

(%
)

p < 0.001

Mouse Model 

Wilde	  Type	   NRF2	  -‐/-‐	   Wilde	  Type	   NRF2	  -‐/-‐	   Wilde	  Type	   NRF2	  -‐/-‐	  

Wilde	  Type	   NRF2	  -‐/-‐	  
Wilde	  Type	   NRF2	  -‐/-‐	  

P	  =	  0.04	  
P	  <	  0.001	  

P	  =	  0.006	  



•  First study evaluating 

–  NRF2 / GCL  pathway in endometriosis: 
•  Which were decreased at both mRNA and proteic level 

in ectopic lesions 
 

–  Our Mouse model  confirms the main role of NRF2 in 
fibrogenesis mediated by oxydative stress . 

–  This mouse model may help to test new molecules 

 
•  Confirmation des FDR connus 

Conclusion 
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