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ABSTRACT 

The role of the tumor necrosis factor (TNF) system in 
endometriosis is not completely clear and therefore 
was the focus of this study. In eutopic endometria 
obtained from women with (n = 41) and without (con- 
trols; n = 34) endometriosis during laparoscopy, the 
subcellular location and the percentages for TNF, 
TNFR1, TNFR2 and CD45 positive-cells were deter- 
mined (immunohistochemistry); the protein concen- 
tration (ELISA) of the soluble receptors (sTNFR1 
and sTNFR2) were measured in 4h-explants culture 
media and the TNF concentration was performed in 
ex vivo endometrial homogenates. The TNF, TNFR1 
and TNFR2 mRNAs were analyzed by real-time PCR. 
In control endometria, TNF, TNFR1 and sTNFR1 
proteins increased during the late secretory phase. In 
endometriosis endometria, the protein highest level of 
TNFR1 was reached during the early and the mid 
secretory phases and of sTNFR1 concentration dur- 
ing the proliferative phase; however, during the late 
secretory phase, both TNFR1 and sTNFR1 protein 
levels were reduced compared to the control endo- 
metria (p < 0.05). TNFR2 was scarcely immunode- 
tected in some CD45-positive stromal cells. The TNF- 
and CD45-positive cell percentages, the TNF and 
sTNFR2 concentrations, and TNF and TNFR2 mRNAs 
were similar in control and endometriosis endometria. 
Although TNFR1 mRNA was highly expressed, no 
significant differences were found between control 
and endometriosis endometria. In summary, this stu- 
dy establishes that TNF and TNFR1 protein expres- 
sions and the sTNFR concentrations in eutopic en- 
dometria from women with and without endometrio- 
sis are dependent on the menstrual cycle. The differ- 
ences on the TNFR1 and sTNFR1 protein pattern 
between both groups, mainly during the mid and late 
secretory phases may play a role in the lower im-  

plantation rates observed in women with endometrio- 
sis, and also could be related to the altered cell death, 
which favor the augmented cell viability facilitating 
the characteristic endometrial implantation and grow- 
th outside the uterus in this disease.  
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1. INTRODUCTION 

In the human endometrium, inflammatory events nor- 
mally occur during the menstrual cycle and involve an 
environment rich in cytokines produced by endometrial 
stromal and epithelial cells and invasive macrophages [1]. 
Endometriosis, pregnancy loss and failures in embryo 
implantation have been associated with the dysregulation 
of cytokines. 

Endometriosis is an inflammatory disease character- 
ized by extra-uterine viable endometrial tissue and 
strongly associated with pelvic pain and infertility. Its 
etiology remains unclear although the retrograde men- 
struation/transplantation theory is widely accepted and 
the augmented cell survival of eutopic endometrium dur- 
ing the late secretory phase and mense, described in this 
disease, allows the implantation and development outside 
the uterus by not clarified mechanisms [2-4]. These de- 
veloping endometriotic lesions on peritoneal or ovarian 
surfaces also include an increased number of activated 
macrophages and lymphocytes that secrete numerous 
cytokines, producing a local inflammatory reaction that, 
over time, develops into chronic inflammation [5,6].  

Tumor necrosis factor alpha (TNF) plays a crucial role 
in inflammation, angiogenesis, cell proliferation and cell 
death. It is widely expressed in several tissues associated 
with reproduction, including endometrium [7], where 
participates in several physiological inflammatory events, 
such as embryo implantation and menstruation [8-10].  
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This cytokine can be either a 26-kDa membrane-ancho- 
red trimeric precursor or a 17-kDa soluble factor cleaved 
by TNF-converting enzyme (TACE or ADAM17) that 
modulates the effects of TNF [11,12]. The actions of 
TNF are mediated by two membrane receptors, TNFR1 
and TNFR2 [13,14], which can also be cleaved by prote- 
ases to yield soluble proteins (sTNFR) that retain the 
capacity to bind TNF [14,15].  

Although TNF and both TNFRs have been studied 
throughout the menstrual cycle, their expression patterns 
in the human endometrium have not been well estab- 
lished [7,9,16,17]. In endometriosis, the concentrations 
of TNF, sTNFR1 and sTNFR2 in the peritoneal fluid are 
significantly elevated, in concordance with the high 
numbers of active macrophages and lymphocytes, which 
are both cytokine producers [5,18].  

Here we present the protein localization and/or con- 
centration of TNF, TNFR1 and TNFR2 in eutopic endo- 
metria throughout the menstrual cycle from women with 
and without endometriosis. In addition, the concentra- 
tions of sTNFR1 and sTNFR2 in the culture media of 
endometrial explants were studied. 

2. MATERIALS AND METHODS  

2.1. Subjects  

Eutopic endometria were obtained with a Pipelle suction 
curette from women (BMI  26 kg/m2) undergoing 
laparoscopy for endometriosis (endometriosis, n = 41; 
33.6  4.9 years) or for tubal sterilization (controls, n = 
34; 35.5  7.1 years). The women had no hormonal 
treatment for at least 3 months before surgery. Each pa- 
tient signed a written informed consent, and the Institu- 
tional Committee Boards approved this study.  

After washing the tissues with ice-cold phosphate buf- 
fered saline (PBS), a portion was placed in formalin/ 
PBS (pH 7.2 - 7.4) for histological evaluation and im- 
munohistochemistry, and the rest was cut into slices for 
explant cultures, or frozen at −80˚C for RNA and protein 
preparations. The endometria were classified according 
to Noyes criteria in proliferative (days 6 - 14, 10 controls 
and 9 endometriosis), and secretory (days 15 - 28, 24 
controls and 32 endometriosis) phases. The secretory 
phase was subdivided in early: days 15 - 18 (8 controls 
and 13 endometriosis), mid: days 19 - 23 (8 controls and 
9 endometriosis) and late: days 24 - 28 (8 controls and 10 
endometriosis).  

2.2. Explant Cultures  

Slices (20 - 30 mg wet-weight) were incubated in 1 mL 
defined medium (DMEM [Sigma Co., St. Louis, MO, 
USA], 0.1% w/v bovine serum albumin [BSA; Sigma], 
Glutamax [Invitrogen, Carlsbad, CA, USA], 25 mmol/L 
HEPES, 100 IU/mL penicillin and 5 mg/mL streptomy- 
cin [Sigma]) for 4h at 37˚C in 5% CO2/air in humidified 

atmosphere. After incubation, the tissues were frozen at 
−80˚C for the measurement of TNF and the media main- 
tained at −20˚C for the measurements of the sTNFR1 and 
sTNFR2 concentrations. 

2.3. RNA Preparation, cDNA Synthesis, 
Real-Time PCR 

Total RNA was extracted from frozen endometrial tissue 
with Trizol (Invitrogen), treated with DNAse (Ambion 
Inc., Austin, TX, USA), and 2 μg were used for cDNA 
synthesis as described in Pino et al. (2009) [19]. Primer 
sequences for real-time PCR, designed using Primer Ex- 
press software version 3.0 (Applied Biosystems, Foster 
City, CA, USA) were: TNF 5’-CAG GTC TAC TTT 
GGG ATC ATT GC-3’ (forward) and 5’-GCG TTT GGG 
AAG GTT GGA-3’ (reverse); TNFR1 5’-GCT CCA AAT 
GCC GAA AGG A-3’ (forward) and 5’-CCG GTC CAC 
TGT GCA AGA A-3’ (reverse); TNFR2 5’-AGG CCC 
CAC CAG ATC TGT AA-3’ (forward) and 5’-GCA TCC 
ATG CTT GCA TTC C-3’ (reverse); and GAPDH 
5’-AGC CGC ATC TTC TTT TGC-3’ (forward) and 
5’-AAT GAA GGG GTC ATT GAT GG-3’ (reverse). The 
reaction volume was 10 μL containing 1× Fast SYBR® 

Green PCR Master Mix (Applied Biosystems), 300 nM 
(TNF and TNFR1) or 600 nM (TNFR2 and GAPDH) of 
each specific human primer and 1 μL cDNA (corre- 
sponding to 40 ng of total RNA) used as template in a 
StepOne Plus Real-Time PCR System (Applied Biosys- 
tems). The relative RNA levels were calculated using 
delta-delta cycle threshold method (Applied Biosystems) 
where GAPDH was used as endogenous control and a 
pool of six control proliferative endometria was used as 
calibrator sample.  

2.4. TNF, TNFR1, TNFR2 and CD45  
Immunohistochemistry  

Immunohistochemical staining was performed on forma- 
lin-fixed, paraffin-embedded endometrial sections as 
described in Johnson et al. (2005) [4] using antibodies 
against TNF (1:200; MAB1096, Chemicon International, 
Inc., Temecula, CA, USA), TNFR1 (1:100, rabbit poly- 
clonal, Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), TNFR2 (1:75, goat polyclonal and 1:75, mouse 
monoclonal raised against to C-terminal aminoacids, 
Santa Cruz) and CD45 (1:50; rabbit polyclonal, Dako 
Corp., Carpinteria, CA, USA). All slides were treated 
with 10 mmol/L citrate buffer (pH 6.0), quenched, 
blocked and incubated with the primary antibodies at 
37˚C for 1h. The immunodetection was performed using 
the streptavidin-biotin peroxidase system (LSAB-2, 
Dako), diaminobenzidine as a chromogen and hematoxy- 
lin for counterstaining. The slides incubated with the 
TNFR2 antibody raised in goat were incubated with anti 
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goat secondary antibody HRP conjugated (1:800, Santa 
Cruz) instead of the anti mouse and anti rabbit secondary 
antibodies included in the LSAB-2 kit. For TNFR2 posi- 
tive control was used basal endometrium and for nega- 
tive control, the primary antibody was replaced by 1% 
BSA in PBS. The immunohistochemistry was evaluated 
as the percentage of positively staining cells by the ex- 
amination of at least 1000 cells from each sample by 
three blinded observers.  

2.5. TNF, sTNFR1 and sTNFR2 Concentrations 

The concentration of TNF was measured in 100-µg cyto- 
plasmic protein (Ponce et al., 2009) [20], and those of 
sTNFR1 and sTNFR2 in 200-µl endometrial explants 
culture media (R&D Systems Inc., Minneapolis, MN, 
USA) on a microplate reader (BioRad model 680) at 450 
nm and 540 nm (wavelength correction). The assay sen- 
sitivities were 1.6 pg/mL for TNF, 0.77 pg/mL for 
sTNFR1 and 0.6 pg/mL for sTNFR2. The intra- and in- 
ter-assay variation coefficients were 5.3% and 6.8% for 
TNF, 4.4% and 3.9% for sTNFR1, and 2.6%, and 3.5% 
for sTNFR2, respectively.  

2.6. Statistical Analysis  

The results are expressed as the means ± SEM of the 
experiment number indicated in the Table and Figure 
Legends. The data were analysed by a Student’s t-test or 
one-way ANOVA followed by Tukey’s multiple com- 
parison test. Statistical significance was defined as p < 
0.05. The patients’ ages are expressed as the means ± SD. 
GraphPad Prism 4.0 software was used to conduct statis- 
tical analysis. 

3. RESULTS  

3.1. TNF, TNFR1, TNFR2 and CD45  
Immunohistochemistry  

In the control endometria, a wide range (from absent to a 
strong brown color) of TNF staining was observed in the 
surface of epithelial and stromal cells during the prolife- 
rative phase, which became more intense and homoge- 
neous during the secretory phase; in endometriosis, 
moderate to strong staining in both cell compartments 
throughout the menstrual cycle was found (Figure 1(A), 
(B), (C) and (D)). Weak TNFR1 staining was located 
mainly in the epithelial cells of both endometrial groups 
(Figure 1(E), (F), (G) and (H)). Both antibodies against 
TNFR2 scarcely detected some positive cells in the stro- 
mal compartment in endometria from women with and 
without endometriosis (Figure 1(I), (J), (M) and (N)). 
Similarly, the leukocyte common antigen CD45 was de- 
tected on the surface of some cells located in the stromal 
cell compartment of control and endometriosis endo- 

metria (Figure 1(K) and (O)). The similar position of the 
brown staining for TNFR2 in some CD45-positive cells 
suggests the same cell type.  

The percentage of TNF-positive cells increased from 
the proliferative to secretory phases in epithelial cell 
compartment of control and endometriosis samples (Ta- 
ble 1). Although the TNF-positive cell percentage was 
higher in endometriosis cells than control cells this dif- 
ference was not significant. 

In the control endometrium, the highest percentage of 
TNFR1-positive cells was detected in both epithelial and 
stromal cells during the late secretory phase; in contrast, 
in endometriosis endometria, this percentage was the 
lowest, being 60% and 70% smaller than control in epi- 
thelial and stromal cells, respectively. Moreover, in pa- 
tients with endometriosis the percentage of positive-cells 
was 260% and 220% higher in epithelial cells during the 
early and mid secretory phases and 270% in stromal cells 
during the mid-secretory phase compared to the control 
(Table 1). Because of the scarce number of TNFR2- 
positive cells found with both antibodies used, the semi- 
quantitation was not performed.  

In the endometria from women without (control) and 
with endometriosis, the percentage of CD45-positive 
stromal cells increased 100% and 220% during the mid 
and the late secretory phases, respectively, compared to 
the proliferative phase; in the epithelial cell compartment, 
the positive cells were always less than 3% (Table 1).  

3.2. TNF, sTNFR1 and sTNFR2 Concentrations  

In control and endometriosis endometrial homogenates, 
TNF was scarcely detected and no difference was found 
in its concentration during the proliferative and the sec- 
retory phases (Figure 2(a)).  

In the culture media after 4 hr incubation of control 
endometrial explants, the sTNFR1 concentration was 
higher during the late secretory phase than the early sec- 
retory phase (14.5 ± 0.6 pg/mL and 9.8 ± 1 pg/mL, re- 
spectively). In contrast, in the endometriosis culture me- 
dia, the highest sTNFR1 concentration value was during 
the proliferative phase. When both groups of endometrial 
culture media were compared, sTNFR1 concentration 
from endometriosis was higher during the proliferative 
phase (endometriosis: 20.8 ± 3.6 pg/mL and control: 11.9 
± 1.7 pg/mL) but lower during the late secretory phase 
(endometriosis: 9.6 ± 1.5 pg/mL and control: 14.5 ± 0.6 
pg/mL), similarly to immunohistochemical results (Fig- 
ure 2(b)). 

The sTNFR2 concentration strongly decreased from 
the proliferative to the secretory phases in both the con- 
trol and endometriosis endometrial culture media, with 
no differences between them (Figure 2(c)). The concen- 
tration of sTNFR2 was lower than that of sTNFR1 in the 
culture media. 
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Figure 1. Immunohistochemical location of TNF, TNFR1, TNFR2 and CD45 in eutopic endometria from 
women without (control) and with endometriosis. Representative human endometria explants in paraffin wax 
sections from control (A, B, E, F, I-L) and endometriosis (C, D, G, H, M-P) women with positive immu- 
nostaining for TNF (A-D), TNFR1 (E-H), TNFR2 (I, J, M, N and P [I and M antibody raised in goat; J, N and 
P antibody raised in mouse]) and CD45 (K and O) during the proliferative (A, C, E, G, I-K) and secretory 
phase (B, D, F, H, L-P). Positive cytoplasmic staining was detected in both stroma and epithelia for TNF and 
TNFR1 and mainly in the stroma for TNFR2 and CD45. Basal endometrium was used as positive control for 
TNFR2 (P). Negative control (L). Black arrows indicate the same position in serial endometrial sections. 
Magnification in all panels is 400×. Scale bars represent 30 μm. 

 
Table 1. TNF, TNFR1 and CD45 positive cells in human eutopic endometria during the menstrual cycle. 

Control Endometriosis 
 

 Secretory  Secretory 

Protein Cell Type 
Proliferative 

(%) 
Early 
(%) 

Mid 
(%) 

Late 
(%) 

Proliferative 
(%) 

Early 
(%) 

Mid 
(%) 

Late 
(%) 

EEC 66.5 ± 11 85.1 ± 13 93.0 ± 4# 90.0 ± 9.7# 86.8 ± 6 92.1 ± 3 98.8 ± 1# 97.6 ± 1 
TNF 

ESC 75.1 ± 12 84.0 ± 16 88.5 ± 6 88.4 ± 8 89.4 ± 5 95.4 ± 2 97.2 ± 1 94.4 ± 2 

EEC 51.2 ± 11 21.2 ± 11 21.9 ± 12 66.7 ± 11& 88.2 ± 5 76.5 ± 12* 70.8 ± 14* 27.4 ± 9*#&º

TNFR1 
ESC 32.5 ± 11 12.3 ± 5 6.6 ± 4 49.1 ± 14º 45.6 ± 10 22.1 ± 9 23.7 ± 8* 14.4 ± 5* 

EEC 1.3 ± 1 2.0 ± 1 1.9 ± 1 2.8 ± 1 1.5 ± 1.0 1.0 ± 1 2.5 ± 1 2.7 ± 1 
CD45 

ESC 11.7 ± 2 22.4 ± 3.0 23.0 ± 3# 37.4 ± 4# 15.8 ± 2 15.5 ± 3 29.1 ± 4# 51.1 ± 5# 

Positive cell percentage was evaluated in endometrial sections obtained from women without (control) and with endometriosis at proliferative phase (TNF: 10 
and 6 samples, TNFR1: 8 and 6 samples, and CD45: 4 and 4 samples); early secretory (TNF: 6 and 8 samples, TNFR1: 8 and 8 samples, and CD45: 4 and 10 
samples); mid secretory (TNF: 7 and 6 samples, TNFR1: 4 and 7 samples, and CD45: 6 and 6 samples) and late secretory (TNF: 6 and 6 samples, TNFR1: 8 
and 10 samples, and CD45: 8 and 5 samples), respectively. *p < 0.05 versus control endometrium; #p < 0.05 versus proliferative phase; &p < 0.05 versus early 
secretory phase; ºp < 0.05 versus mid secretory phase. EEC: endometrial epithelial cells; ESC: endometrial stromal cells. 
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(a) 

 
(b) 

 
(c) 

Figure 2. Concentration of TNF, sTNFR1 and sTNFR2 in eutopic 
endometrium throughout the menstrual cycle. (a) TNF was measured in 
100 μg of endometrial homogenate prepared from women without 
(control) and with endometriosis: proliferative (4 and 3 samples) and 
secretory (4 and 5 samples) phases, respectively; (b) sTNFR1 and (c) 
sTNFR2 measured in 200 μL culture media of endometrial explants 
from women without (control) and with endometriosis: proliferative 
phase (7 and 6 samples) and early (6 and 8 samples), mid- (7 and 7 
samples) and late (7 and 9 samples) secretory phases, respectively. Val- 
ues are the mean ± SEM of samples indicated in each stage of the men- 
strual cycle. *p < 0.05 versus control endometrium; #p < 0.05 versus 
proliferative phase; &p < 0.05 versus early secretory phase. 

3.3. TNF, TNFR1 and TNFR2 mRNA Expression  

The mRNAs of TNF (Figure 3(a)), TNFR1 (Figure 3(b)) 
and TNFR2 (Figure 3(c)) were expressed in control and 
endometriosis endometria; the predominant receptor was 
TNFR1 in both endometrial groups. Only in control en- 
dometria, the levels of the three mRNAs increased at mid 
and/or late secretory phases. Although the TNFR1 mRNA 
expression was higher in endometriosis endometria than 
control endometria, no significant differences were de- 
tected between both endometrial groups.  

4. DISCUSSION 

To establish the potential role of TNF and its receptors in 
endometriosis, we studied their protein location and ex- 
pression in eutopic endometrium throughout the men- 
strual cycle. 

We describe the expression of TNF, TNFR1 and 
TNFR2 mRNAs and the concentrations of sTNFR1 and  

 
(a) 

 
(b) 

 
(c) 

Figure 3. TNF (a), TNFR1 (b) and TNFR2 (c) mRNA expression in 
eutopic endometria throughout the menstrual cycle. Total RNA was 
extracted from endometria obtained from women without (n = 26, con- 
trols) and with (n = 33) endometriosis and the mRNA expression was 
analyzed in duplicates by real-time PCR as described in Materials and 
Methods. The relative RNA levels were calculated using delta-delta 
cycle threshold method (Applied Biosystems) where GAPDH was used 
as endogenous control and a pool of control proliferative endometria 
(Pool) was used as calibrator sample. Values are the mean ± SEM of at 
least 6 samples in each stage of the menstrual cycle. #p < 0.05 versus 
proliferative phase; &p < 0.05 versus early secretory phase. 

 
sTNFR2 in eutopic endometrium from women with and 
without endometriosis, which are dependent on the men- 
strual cycle; also, we found differences in the protein 
pattern of ex vivo TNFR1 and sTNFR1 between the 
studied groups. 

In accordance with other authors [16,17], the TNF 
protein was located in epithelial and stromal cells throu- 
ghout the menstrual cycle. The TNF action is known to 
be mediated through the membrane receptors TNFR1 
and TNFR2 expressed in reproductive tissues such as 
pregnant uterus and placenta [7,8], although TNFR2 
protein has been detected mainly in immune cells infil- 
trated in endometrial decidua [21], similarly to our re- 
sults where its protein was found in some cells, probably 
infiltrate leukocytes, in the stromal compartment.  
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The endometrial TNF and TNFR1 protein patterns 
found in the present study revealed a dependence on the 
menstrual cycle suggesting an ovarian steroid hormones 
regulation, results supported by ex vivo and in vitro en- 
dometrial reports [9,10,16,17]. In the present study, the 
highest levels of TNF and TNFR1 occurred during the 
late secretory phase in control endometria, stage related 
with apoptosis, the physiological process involved in the 
menstrual shedding in a non-conceptional cycle. On the 
contrary, in the eutopic endometrium from women with 
endometriosis, the altered TNFR1 pattern may be affect- 
ing the implantation window as consequence to the aug- 
mented TNF response trough TNFR1 during the mid 
secretory phase. In addition, the almost absent apoptosis 
in the eutopic and ectopic endometria coincided with 
TNFR1 protein reduction during the late secretory phase, 
allowing the survival and growth of the menstrual debris 
outside the uterus reported in endometriosis [3,4]. It is 
known that TNF, via its membrane receptors, may acti- 
vates several processes leading to the activation of AP1 
and NFκB transcription factors, which implicate the in- 
duction of several target genes involved in cell prolifera- 
tion, inflammation and cell death in many tissues [20,22]. 
We previously reported the augmented NFκB binding to 
κB DNA sequence in the target genes in control endo- 
metria, and on the contrary, the reduced binding in eu- 
topic endometria from women with endometriosis during 
the late secretory phase [20]. These results are in agree- 
ment with the increase TNFR1 protein expression in 
control endometria and the decrease in endometriosis 
endometria found in the present study, indicating an ab- 
errant function of the TNF system, which may be in- 
volved in the low apoptosis rates observed at this stage 
of the menstrual cycle in this pathology. 

The high expression of the mRNA and protein of 
TNFR1 and the low expression of TNFR2, in agreement 
to Kharfi et al. (2003) [23] in eutopic endometrium from 
endometriosis suggest that the TNFR1 pathway might 
predominantly mediate the TNF response through para- 
crine or autocrine signalling, with the TNFR2 action po- 
tentially limited to immune system. Furthermore, it has 
been reported that membrane-bound TNF rather than 
soluble TNF activates TNFR2, so its physiological role 
could be underestimated [14,24,25]. At this respect, we 
cannot ruled out the probably peptide degradation during 
tissue storage when comparing the weak TNF concentra- 
tion in endometrial explant homogenates with the strong 
TNF brown staining in the immediately formaldehyde- 
fixed tissue used for immunohistochemistry. 

Although TNFR1 and sTNFR1 presented similar pat- 
terns throughout the menstrual cycle, the differences ob- 
served in endometriosis compared to control endometria 
could be a consequence of the receptor cleavage in vivo, 

which may contribute to the low concentration found 
during the late secretory phase and the elevated concen- 
tration reported in the peritoneal fluid [18].  

Because a fine immune balance leads to reproductive 
success, the immune response alterations promote the 
ectopic growth and survival of the endometrium [26] and 
in addition, are related to the low pregnancy rates re- 
ported in endometriosis patients [27,28], our results sup- 
port a dysregulation on the TNF action in this disease. 
Furthermore, the location and the low percentage of 
CD45-positive endometrial stromal cells in both groups 
of patients indicate that TNF and TNFR1 are mainly 
synthesized by endometrial cells and in contrast, TNFR2 
by infiltrating leukocytes, whose identification is re- 
quired. Besides, no differences were found in the CD45- 
positive infiltrating leukocytes percentage between con- 
trol and endometriosis samples, albeit an elevated macro- 
phage number has been reported using the specific 
CD68-PGM antibody in eutopic endometria from endo- 
metriosis [29,30].  

Distal effects through the agonistic or antagonistic ac- 
tivities of sTNFR, which acts as a TNF-carrier by modi- 
fying its half-life or a binding protein or a decoy receptor 
that down-regulates its signaling pathway, may lead to 
physiological or pathological responses [31,32]. The ap- 
pearance of sTNFR in the plasma or other fluids in several 
chronic inflammatory disorders may have a protective 
role, neutralizing TNF bioactivity to prevent its adverse 
pathological actions [18,33,34]. Even more, the pharma- 
cological use of a soluble form of TNFR1 in animal 
model of endometriosis reduced the lesion area and in- 
duced disease regression [35,36], indicating its potential 
clinical use.  

In summary, this study establishes that the expression 
of TNF and TNFR1 and the concentration of the sTNFR1 
and sTNFR2 in eutopic endometrium from women with 
and without endometriosis are dependent on the men- 
strual cycle. The differences on the protein expression 
pattern and the concentration of TNFR1 and sTNFR1 
between both groups, mainly during the mid and late 
secretory phases, may play a role in the mechanisms 
responsible from the lower implantation rates observed 
in women with endometriosis. Furthermore, this pheno- 
menon could be related to the altered cell death, which 
favors the augmented cell viability in eutopic and ectopic 
endometria. The later is seen as one of the main factors 
favoring ectopic endometrial implantation and growth 
outside the uterus. 
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