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Abstract
Purpose: Endometriosis is a chronic, estrogen-dependent, benign disease characterized by the presence of endometrial tissue outside the uterus. The benefit of 
nutritive complements on endometriosis-associated symptoms has been described. The purpose of this study was to evaluate in vivo the effect of probiotics on the 
development and pain due to endometriosis. 

Method: We used a mouse model of endometriosis orally treated with one (P1: Saccharomyces Boulardii) or two probiotics (P2: Saccharomyces Boulardii + Lactobacillus 
Acidophilus), during 4 or 12 weeks. We followed the lesions growth by ultrasonography, the pain suffered by the mice with behavioral and qRT-PCR tests and their 
immune status by FACS and ELISA techniques.

Results: After 4 and 12 weeks of treatments, we observed that volume and size of the lesions were significantly lower. Clinically, heat sensitivity is decreased only 
by P1-treated at W4 while tactile sensitivity is higher in P2-treated mice. The levels of AOPP in the sera, reflect of the oxidation of proteins, is significantly reduced 
by all the treatments at W12. The serum levels of zonulin, a marker of the intestinal barrier permeability, and pro-inflammatory cytokines IL-6 and TNF-α were 
significantly reduced by the P1 and the P2 treatments.

Conclusion: Treatment with one or two probiotics, have different but both favorable effects on clinical, immune and physiologic parameters in endometriosis. Because 
of its better results on pain and a greater ease of handling, Saccharomyces boulardii seems to be more suited to be used as a new therapeutic strategy for endometriosis.
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Introduction
Endometriosis is a chronic, estrogen-dependent, benign disease 

characterized by the presence of endometrial tissue outside the uterus. 
The ectopic tissue is composed of the endometrial epithelium and 
stroma, and its growth is hormone-dependent and responds to the 
same cyclic variations as the eutopic endometrium. The prevalence 
of endometriosis varies from 6 to 10% in the general population of 
women of childbearing age and from 35 to 50% in women consulting 
for pelvic pain and / or infertility [1]. Its frequency makes it a real public 
health issue. The pathogenesis notably involves chronic inflammation, 
oxidative stress and fibrosis. The most accepted mechanism for the 
etiology of endometriosis is a dissemination of endometrial tissues 
from the uterus to the peritoneal cavity by retrograde menstrual flow. 
As the phenomenon of retrograde menstruations concerns a majority 
of cycling women, it suggests that individual susceptibilities are 
implicated. For example, intrinsic specific alterations of eutopic and/
or ectopic endometrium gaining high survival capacity, invasive and 
proliferative capability [2], as well as defective immune clearance of 
ectopic cells have been described. Recently, it has been suggested that 
the ectopic implantation seen in endometriosis could be promoted by 

increased inflammation and priming of adaptive T regulatory cells, 
resulting in impaired cytotoxicity and enhanced immune suppression 
[3]. The pathophysiology of endometriosis is complex and still poorly 
understood [4]. Medical treatments based on hormonal therapies are 
neither always effective nor free of side effects [5]. The radical surgical 
treatment of endometriosis lesions has shown its effectiveness but 
presents a real risk of complications [6]. Patients with endometriosis 
are at high risk of several chronic diseases, such as autoimmune 
diseases, cancer, asthma/atopic diseases, cardiovascular diseases [7] 
and inflammatory bowel diseases [8].  A better understanding of the 
mechanisms of endometriosis would pave the way for new medical 
treatments.
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Material and methods
Mice model of endometriosis

The model of endometriosis performed for the study has already 
been described elsewhere [23,24]. This model is a syngeneic graft of 
uterine horns in immunocompetent mice to generate endometriosis 
like lesions. 6-week-old female Balb/C Jrj mice were purchased from the 
supplier Janvier Labs (Route du Genest, 53940 Le Genest-Saint-Isle). 
The mice are housed in a conventional animal facility (N ° C75-14-05 / 
DTPP 2014-208), with 12-hour automated day/night cycles, drink (tap 
water) and food (Teklad, Envigo, Gannat, France, # T.2016MI.12) ad 
libitum. This project is in strict compliance with the European guidelines 
for animal experimentation. The endometriotic mouse model by 
implantation (suturing) of syngeneic intraperitoneal horn is a model 
validated and published in our laboratory. Implantation of uterine 
horns intraperitoneally is performed under isoflurane anesthesia (3.5%, 
under oxygen 2.5 l / min) and post-operative analgesic (Buprecare, 10 
µg / kg, sc). A laparotomy is performed, and a fragment is fixed on 
each side of the opening, on the internal wall of the peritoneum, by two 
stitches made with 5/0 absorbable surgical thread.

Probiotic treatments

The molecules and products used for the treatments are: Zinc-
Bisglycinate Chelate (ALBION Laboratories, Clearfield, USA, # 03506), 
Gomme Acacia Seygal (Nexira Food, Rouen, France, #FibregumB), 
Trans-reseveratrol (Active Inside, Beychac and Caillau, France, # 
PR-0018), Curcumin (Wacker, Eddyville, IA, USA, # 60072151), 
Saccharomyces Boulardii (LHC Lesaffre Bio Springer, Maison Alfort, 
France, # VI1700368), Lactobacillus Acidophilus (Danisco US, 
Madison, WI, USA, #MSAMPHRUDOPH). The exact composition is a 
patented formula of Gynov Society (Bordeaux, France). 

The vehicle without probiotics, P0, (31.89% Zinc-Bisglycinate, 
32.52% Acacia-Seygal Gum, 14.24% Trans-reseveratrol, 21.35% 
Curcumin) and probiotic (s), P1 or P2, are administered per os 5 
days a week in 200µl, during 4 (4W) or 12 weeks (12W). The groups 
of control or treated mice were the following: mice without implants 
without treatment (Sham), mice with implants and treated with the 
vehicle (group P0) or the vehicle + 1 probiotic (group P1: 18mg / kg 
Saccharomyces Boulardii), or the vehicle + 2 probiotics (group P2: 18mg 
/ kg Saccharomyces Boulardii + 9mg / kg Lactobacillus Acidophilus). 

Four or 12 weeks after implantation, animals were sacrificed by 
cervical dislocation. Blood, both endometriotic lesions and spleen were 
retrieved for further analysis. 

At the beginning of the experiment the number of mice per group 
were: Sham, n = 8 – P0, n = 11 - P1, n = 15 - P2, n = 15. For the first 
sacrifice at W4 we used: Sham, n = 5 – P0, n = 5 - P1, n = 10 - P2, n = 10. 
For the second sacrifice at W12 we used: Sham, n = 3 – P0, n = 6 - P1, 
n = 5 - P2, n = 5.

Ultrasonography monitoring

The evolution of the volume of lesions is monitored by 
ultrasonography under general anesthesia to confirm the viability of 
the implant and to measure its size as previously described [25]. The 
high-resolution ultrasound (40mHz) allows to follow the evolution 
of the size of the uterine horn implants in a precise, non-invasive way 
and to quickly assess the progression of endometriosis. This procedure 
was performed at PIV (Small Animal Imaging, Cochin Institute, Paris, 

A recent review [9] described the benefit of additional intake of 
fatty acids, antioxidants and a combination of vitamins and minerals 
on endometriosis-associated symptoms. More studies are necessary 
to gain evidence on food products or nutrients efficacy to alleviate 
endometriosis syndromes, with an attention to their relative amounts 
[9]. The animal gut is a complex ecosystem of host cells, microbiota, and 
available nutrients, and the microbiota prevents several degenerative 
diseases in humans and animals via immunomodulation. Probiotics are 
microbial strains that are beneficial to health, and their potential has 
recently led to a significant increase in research interest in their use to 
modulate the gut microbiota [10]. The gut microbiota is involved in 
several immune, metabolic, and nutrients absorption functions that are 
crucial for the host homeostasis [11,12]. The gut microbiota contributes 
to innate and adaptive immunity [13,14]. Gut microbial metabolites 
play key roles in inflammatory signaling, interacting both directly 
and indirectly with host immune cells. They prevent colonization 
by opportunistic pathogens and participate to the maintenance of 
intestinal epithelial barrier [15]. 

A bidirectional interaction between the gut and vaginal 
microenvironments is evidenced but not well studied. Some 
microorganisms colonize both the gastrointestinal and the reproductive 
tracts proving the interaction between these microbiomes. Ingestion of 
lactobacillus probiotics has been shown to induce changes in the vaginal 
bacterial community, as well as an inflammatory response [16]. This 
provides evidence of interaction between the vaginal and gastrointestinal 
microbiomes, and supports the proposition that oral probiotics may 
reduce some vaginal infection and bacterial vaginosis [17,18]. Oral 
probiotics can moderate pro-inflammatory cytokine expression in the 
vagina, which can subsequently alter the inflammatory status in the gut 
by acting on bacteria and immune mediators including macrophages, 
lymphocytes and dendritic cells. Both the gut and the female genital 
tract microbiota produce fermentation by-products that can influence 
local immunological responses with systemic implications.

The purpose of this study was to evaluate in vivo the effect of oral 
probiotics on the development of endometriosis, but also on the pain 
caused by the lesions. The pain that occurs during endometriosis 
pathology may be nociceptive, inflammatory, neuropathic or a mix 
of these [19].  The experience of pain is complex involving many 
mechanisms and interactions between the periphery and the central 
nervous system [20]. Recent work has shown alterations in both 
the peripheral and CNS of women with endometriosis-associated 
pain [20,21]. Oral administration of specific  Lactobacillus  strains 
can mediate analgesic functions in the gut, similar to the effects of 
morphine [22]. The microbiology of the intestinal tract could influence 
visceral perception and could be used for the treatment of abdominal 
pain occurring in endometriosis.

Therefore, we used a mouse model of endometriosis (syngeneic 
uterine horn peritoneal graft model). We assessed the effects of 
Saccharomyces Boulardii and Saccharomyces Boulardii/Lactobacillus 
Acidophilus per os on the evolution of endometriosis in mice. Studies 
have been previously conducted with these two probiotics to determine 
their effects on endometrial cells in vitro. However, their influence 
on intraperitoneal endometriotic lesions require a study in a whole 
organism, to evaluate the effect in vivo of probiotic ingestion on the 
intraperitoneal lesions’ growth, pain and immune reaction. Ultimately, 
the goal of this project is to be able to propose new therapeutic strategies 
for endometriosis using probiotics.

https://www-sciencedirect-com.proxy.insermbiblio.inist.fr/topics/medicine-and-dentistry/ingestion
https://www-sciencedirect-com.proxy.insermbiblio.inist.fr/topics/medicine-and-dentistry/probiotic-agent
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France) at W1, W3, W8, W11 after the implantation of the horn’s 
fragments.

Immunohistology

The validation of the endometriosis model is confirmed by 
histologic evaluation of the endometriotic lesion. The presence of 
glandular and stromal cells validated the endometriosis model. 
Endometriotic implants were surgically removed at sacrifice and 
weighed, then half of it was being fixed with 10% formaldehyde and 
set in paraffin. The samples are sliced into sections of 5µm thick and 
stained with H&E. This method was performed at the Histim (Platform 
of immunohistlogy, Cochin Institute, Paris, France). 

In vivo hot hyperesthesia

Hot hyperesthesia was evaluated in the model of endometriotic 
mice every week and averaged over 2 weeks, during the 4- or 12-weeks 
probiotic treatment period. Each mouse is placed on a metal surface [26] 
(cold/hot plate from BIOSEB) maintained at a constant temperature, 
set at + 50 ° C ± 0.2 ° C. The mice were used to being manipulated by the 
experimenters during the week preceding the endometriosis induction 
surgeries. Before each test session, the mice are left for 10 min in the 
environment of the experiment structure to be acclimated before 
being placed individually on the hot metal surface of the plate inside a 
plexiglass enclosure. A maximum of 1 min exposure of the mice to the 
hot plate was decided in order not to degrade their nerve sensitivity. 
The response latency, which is the time until the investigator observes 
a positive nocifensive behavior, is recorded. Nocifensive behaviors 
include forepaw withdrawal or licking, hind paw withdrawal or licking, 
stamping, leaning posture and jumping. This reaction is compared to 
the one of the sham group mice and considered positive when the delay 
for the mouse to raises its foot or frantically licks its paw to cool it is 
significantly different.

In vivo tactile hypoesthesia

The abdominal tactile sensitivity is evaluated every two weeks on 
endometriotic mice by a manual Von Frey test. Punctate mechanical 
allodynia and hyperalgesia can be assessed by the application of 
von Frey filaments of varying forces. A synthetic monofilament is 
applied perpendicularly to the tested surface, delivering a constant 
pre-determined force (typically 0.2–13.7 mN for mice) for 2–5 s. A 
response is considered positive if the animal exhibits any nocifensive 
behaviors, including brisk paw withdrawal, licking, or shaking of the 
paw, either during application of the stimulus or immediately after the 
filament is removed. While the plantar surface of the hind paw is the 
most commonly used area for testing, other areas of the body, including 
the abdomen can also be used [27]. We used the “ascending stimulus” 
method to determine mechanical sensitivity using manual Von Frey.

The mean of the monofilaments sizes that induce a nocifensive 
reaction for a group of mice is compared to the one of the sham group 
mice and considered positive when there is a significant difference.

qRT-PCR

After surgical resection, half of the lesions were immediately 
frozen in liquid nitrogen. Total RNA was extracted from mouse tissue 
(endometriosis-like lesions) using the Trizol reagent (Invitrogen, 
Carlsbad, USA), according to the manufacturer's instructions. 

The amplified genes are: col1 (collagen 1) [28], Ptgs2/cox2 
(cyclooxygenase 2), nrf (Nerve growth factor), igf1 (Insulin Growth 

Factor 1), Pecam1/cd31. The cDNA was synthesized using the Maxima 
H Minus cDNA Synthesis Master Mix kit (Thermo Fisher Scientific). 
The qPCR was performed using the SensiFAST SYBR No-ROX kit 
(Bioline). The transcription levels of the selected genes were quantified 
in a LightCycler480® (Roche, San Francisco, CA) thanks to calibration 
samples (serial dilution) and normalized to two reference genes (Actinb 
and Tbp) in the LightCycler480 software. The primer sequences used 
for qPCR are as follows (Ptgs2 = Cox2, Pecam1 = Cd31):

mm-Col1a1_F CCGAACCCCAAGGAAAAGA
mm-Col1a1_R CTGTTGCCTTCGCCTCTGA

mPtgs2-F TGAGCAACTATTCCAAACCAGC
mPtgs2-R GCACGTAGTCTTCGATCACTATC

mPecam1-F CTGCCAGTCCGAAAATGGAAC
mPecam1-R CTTCATCCACCGGGGCTATC

mTbp-F AGAACAATCCAGACTAGCAGCA
mTbp-R GGGAACTTCACATCACAGCTC

m-bActin-F ACCACCATGTACCCAGGCATT
m-bActin-R CCACACAGAGTACTTGCGCTCA

m-Ngf-F CCAGTGAAATTAGGCTCCCTG
m-Ngf-R CCTTGGCAAAACCTTTATTGGG
m-Igf1-F CTGGACCAGAGACCCTTTGC
m-Igf1-R GGACGGGGACTTCTGAGTCTT

Flow cytometry

Spleen cell suspensions from each mouse were incubated for 20 
min with 10 µg/mL anti-CD16/CD32 antibody (clone 93, eBiosciences) 
for Fc receptor saturation and then stained with the appropriate labeled 
antibody at 4°C for 30 min in the dark in PBS with 2% FBS. The FACS 
Fortessa II flow cytometer (BD Biosciences) was used to perform flow 
cytometry according to standard techniques. For spleen characterization 
of immune cells, two cocktails of monoclonal antibodies were used: 
Panel A for T and B cells characterization: B220-APC, CD69-PE, CD8-
BV605, CD40-PerCP/Cy5.5, MHCII-FITC, CD4-BV510. Panel B for 
macrophage phenotyping and M1/M2 characterization: CD206-AF647, 
CD86-BV510, Ly6C PE-Cy770, CD11b-APC-Cy7, F4/80-BV711, 
purchased from BioLegend, Ozyme (Montigny-le-Bretonneux, France). 
M1 macrophages were defined as B220−F4/80+CD11b+Ly6CHighCD206- 
and M2 macrophages as B220−F4/80+CD11b+Ly6cLowCD206+. Data 
were analyzed with FlowJo software (Tree Star, Ashland, OR).

Statistical study of the different results

The comparative statistical analysis of the different groups of mice 
was carried out by two-way ANOVA if the measured values followed 
a normal distribution, Kruskal-Wallis test otherwise. with multiple 
comparisons Bonferroni and Dunn’s tests respectively. 

Results
Endometriosis-like lesions evolution and related symptoms 
in mice with probiotic treatments

The vehicle without probiotics, P0, (31.89% Zinc-Bisglycinate, 
32.52% Acacia-Seygal Gum, 14.24% Trans-reseveratrol, 21.35% 
Curcumin) and probiotic (s), P1 or P2, are administered per os 5 days 
a week in 200µl for 4 (4W) or 12 weeks (12W). The groups following: 
mice without implants without treatment (Sham), mice with implants 
and treated with the vehicle (group P0) or the vehicle + 1 probiotic 
(group P1: Saccharomyces Boulardii), or the vehicle + 2 probiotics 
(group P2: Saccharomyces Boulardii + Lactobacillus Acidophilus). 
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The implanted fragments of horn have been weighed before surgery 
(W0) and at the sacrifices (W4 and W12). The weights and volumes 
of the lesions were homogeneous at implantation (P0, n = 10 - P1, n 
= 20 - P2, n = 20). There is a significant growth of the implants with 
no difference between P0, P1 and P2 treatment groups concerning the 
lesions weight at W4 and W12. Nevertheless, the ultrasound imaging 
analysis of the implants showed that the lesions sizes are significantly 
decreased by the 2 treatments at W3 and even more at W11 (p<0.0001 
for P0 42.03±1.28 vs P1 31.57±1.46 and P2 33.55±0.94 at W3 - P0 
49.36±2.86 vs P1 31.82±2.51 and P2 17.41±1.90 at W12). P2 treatment 
is more efficient than P1 on the evolution of the volume of the lesions.

Furthermore, animals submitted to the probiotic treatment had 
smaller and less active implants (no fresh blood, no angiogenesis and 
few glands), whereas control P0 group showed persistent, larger and 
more active lesions through macroscopic (Figure 1C) evaluation.

Pain and sensitivity tests induced by murine endometriosis 
lesions

The von Frey tactile sensitivity test is a time efficient and sensitive 
method which can be used together with other established tests to 

evaluate pain outcome in the mouse. Most pathological pain conditions 
in patients and rodent pain models result in marked alterations in 
mechano-sensation and the gold standard way to measure this is by 
use of von Frey fibers. These graded monofilaments are used to gauge 
the level of stimulus-evoked sensitivity present in the affected dermal 
region. Higher is the size of the filament lower is the sensitivity. 

At W7, and until the end of the experiments, the abdominal tactile 
sensitivity (Figure 2A) of endometriotic mice starts to be significantly 
decreased under the effect of P2 (W7: P0 vs P2, p=0.0080; W12: P0 vs 
P2; p=0.0039) but not with P1 treatment, when compared to P0. At W3 
and W7 the sensitivity to heat (Figure 2B) is significantly lower in mice 
treated with P1 compared to P0 alone (W3: P0 vs P, p=0.05; W7: P0 vs 
P1; p=0.0066) but the difference is no longer observable at W11.

Gene expression change in the endometriosis-like lesions 
with probiotic treatments

In order to evaluate characteristics of the endometriosis-like 
lesions, gene expression for markers related to growth (Igf1), to pain 
(Ngf)(29), to angiogenesis (Pecam1/Cd31), to inflammation (Ptgs2/
Cox2) and to fibrosis (ColI) were evaluated by RT-qPCR at week 4 and 
week 12. At 4 weeks (Figure 3A), there were no significant differences 

Figure 1. Effects of probiotic P1 and P2 treatments on endometriotic lesion development in mice (A) Weight of the endometriosis lesions on W4 and W12 (B) Volume of the endometriotic 
lesions on W3 and W11 obtained with measurements on ultrasonographic images of peritoneal implants in mice (C) Coloration with H&E of lesions at W4 and W12. Data are expressed 
as the mean ± SEM. The scale represents 200µm. Statistical analysis of the different groups of mice was carried out by one-way ANOVA followed by a Bonferroni test. The W3-W12 
comparison by ANOVA followed by a Bonferroni test. NS, non-significant; *P ≤ 0.05; **P ≤ 0.01; **P ≤ 0.001. Scale bar, 200 μm
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between P0 and P1 or P2 for these markers. The mRNA level for ColI 
was lower in P1 than in P2 (p=0.0187). At 12 weeks (Fig 3B), there 
were no significant differences for Igf1, Ptgs2/Cox2 and ColI between 
the groups. There was a significant reduction of Ngf in P2 compared to 
P1. For Pecam1/Cd31, there is a significant effect within the 3 groups 
(significant Kruskal Wallis test) with a tendency for a reduced level with 
P1 (p=0.11) and P2 (p=0.06) compared to P0, indicating a potential 
beneficial effect of the probiotic treatment to limit angiogenesis within 
the endometriosis like lesions. 

Probiotic treatments affect the splenic immune cells’ 
phenotype and activation in endometriotic mice 

As endometriosis is characterized by an alteration of the systemic 
immune response [2], we investigated the impact of probiotic 
treatments on splenic immune cells frequency and activation. The 
frequency of CD4+ and CD8+ T-cells remained unchanged (Figure 4) 
in the different groups at W4 and W12. Interestingly, mice receiving 
the vehicle P0 and the P2 treatment exhibited a significant reduction 
of CD8+ T cell activation compared to the sham group at W4, and the 
difference is extended to the probiotic treatment P1 at W12.

Neither the treatments nor the vehicle affected the frequency of B 
cells (Figure 4). Activation of B cells were significantly reduced by P2 
probiotics at W4 and by all the treatments at W12. At W4, the frequency 
of splenic NK cells was significantly reduced while their activation was 
increased in mice receiving the probiotic treatments compared to the 
Sham. At W12, a tendency to an increased activation of the NK cells by 
the probiotic treatments is observed, though not significantly.

We analyzed the impact of the different treatments on the 
macrophage’s polarization into the pro-inflammatory M1 or the anti-
inflammatory/profibrotic M2 profile. The frequency of the splenic 
macrophages remained globally unchanged. At W4, the probiotic 
treatment P2 significantly increased the ratio M1/M2 and this tendency 
was maintained and extended to the P1 treatment at W12. (Figure 5).

Probiotic treatment influences the serum markers of inflammation, 
intestinal permeability and protein oxidation in mice with endometriosis

It has been reported that probiotic treatment is associated with 
modifications of the intestinal permeability and the systemic markers 
of inflammation and oxidative stress [30,31].

At W4, the serum level of zonulin, a marker of the intestinal barrier 
permeability, remained unchanged by P0, while it was significantly 
reduced by the P1 and the P2 probiotic treatments (p<0.001, Figure 
6A). At W12, a drop of the zonulin concentration in the sera of P0, P1 
and P2 treated mice was observed (p<0.0001). 

Similar tendencies were observed for the pro-inflammatory 
cytokines IL-6 and TNF-α, with a significant decrease or a non-
detection respectively at W4 by P1 and P2 treatments only. At W12, 
IL-6 cytokine level was significantly reduced in all the tested conditions 
and TNF-α was only detected in Sham mice (Figures 6B and 6C).

The levels of AOPP in the sera (Figure 6D), that reflect the oxidation 
of serum proteins, are significantly reduced by the vehicle at W4 and by 
all the treatments at W12 (Figure 6D).

Discussion
Endometriosis is an hormone-dependent inflammatory disease in 

which local and systemic altered immune response are participating 
to the survival and growth of displaced endometrial tissue in affected 
women [32]. The role of microbiota in the pathogenesis of endometriosis 
has been recently highlighted [33]. The microbiota represents all the 
microorganisms that exist in a particular environment, including 
bacteria, viruses, fungi and protozoa, that live within the host and 
regulate several physiological functions [34]. Indeed, a crosstalk exist 
between the microbiota and the immune system. The influence of the 
microbiome on the immunomodulation and the development of several 
inflammatory diseases is well established [35]. It acts by maintaining 
the integrity of the gastrointestinal epithelial lining, regulating immune 
homeostasis, preventing bacterial translocation, which can create a 
systemic low tone inflammation [14,36]. The activation and the function 
of the immune system are largely influenced by the microbiota [14] and 
in turn, an altered immune response can induce a modification of the 
composition and the diversity of the commensal bacteria. Conversely, 

Figure 2. In vivo effects of P0, P1 and P2 treatments on sensitivity and pain evaluated through mice abdominal sensitivity and hot hyperalgesia. Mice received P0, P1 or P2 administered 
per os 5 days a week in 200µl all along the experiment. (A) Nociception was evaluated using iterative von Frey tests. Measurements were realized every week and averaged over 2 weeks, 
during the 4- or 12-weeks probiotic treatment period. (Sham, n = 3 - M, n = 6 - P1, n = 5 - P2, n = 5) (B) Hot hyperalgesia was evaluated using a hot plate set at + 50°C ± 0.2°C. (Sham, n = 
3 - M, n = 6 - P1, n = 5 - P2, n = 5). Data are expressed as the means ± SEM. Statistical analysis of the different groups of mice was carried out by one-way ANOVA followed by a Bonferroni 
test. The W3-W12 comparison by ANOVA followed by a Bonferroni test. NS, non-significant; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001
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Figure 3. (A) Relative mRNA level of Igf1, Ngf, Pecam1, Ptgs2 and ColI by RT-qPCR in endometriosis-like lesions removed at W4 and W12 (B) from each endometriotic mouse (W4, n=5 
for P0, n=10 for P1 and P2; W12, n=6 for P0, n=5 for P1 and P2). Data are expressed as the mean ± SEM of relative mRNA level normalized to 2 reference genes for each sample. Kruskal 
Wallis tests were used for the 3 groups comparison and when significant, Dunn's multiple comparisons tests were done. NS, non-significant; *P ≤ 0.05; **P ≤ 0.01
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Figure 4. Probiotic treatments influence on T lymphocytes. Flow cytometric characterization 
of splenic CD4+ T and CD8+ T cells activated or not, at week 4 or week 12. Data represent 
the absolute count for T CD4+/ T CD8+ and percentage of activated cells (Expression of 
CD69) with SEM from independent samples. The ANOVA test with Bonferroni correction 
was used to detect significant differences between the groups. NS: Non-significant; *p ≤ 
0.05; **p ≤ 0.01; ***p ≤ 0.001

Figure 5. Probiotic treatments influence on B cells, NK cells and macrophages. Flow 
cytometric characterization of splenic B cell activation, macrophages frequency 
and polarization and NK cell frequency and activation, at week 4 or week 12. Data 
represent either the absolute count, the mean florescence intensity of CD69 expression 
on activated cells or the ratio of M1/M2 macrophages frequency. M1 macrophages 
were defined as B220−F4/80+CD11b+Ly6CHighCD206- and M2 macrophages as B220−

F4/80+CD11b+Ly6cLowCD206+. The ANOVA test with Bonferroni correction was used to 
detect significant differences between the groups. NS: Non-significant; *p ≤ 0.05; **p ≤ 
0.01; ***p ≤ 0.001

little is known about the presence and composition of the microbiome 
along the female reproductive tract and its role in the development 
of endometriosis or other gynecological pathologies. Endometriosis 
is developed in an inflammatory gound. Moreover, the microbiome 
influences estrogen metabolism and estrogen influences the gut 
microbiota [37]. Postulating that the microbiome could influence 
endometriosis development is logical. The benefit of probiotics in 
prevention and treatment of gastrointestinal as well as extraintestinal 
disorders [38-40] is now established.

Here, we show that probiotic treatments can be effective to alleviate 
the clinical severity of the endometriosis lesions in a surgically induced 
endometriosis mouse model. Saccharomyces boulardii  is a probiotic 
yeast often used for the treatment of gastrointestinal tract disorders such 
as diarrhea symptoms. It presents phenotypic traits and physiological 
properties that underlie its success as probiotic, such as optimal growth 

temperature, resistance to the gastric environment and viability at low 
pH. Saccharomyces boulardii probiotic activity has been elucidated 
as a conjunction of multiple pathways, ranging from improvement 
of gut barrier function, pathogen competitive exclusion, production 
of antimicrobial peptides, immune modulation, and trophic effects 
[41]. Lactobacillus acidophilus is a lactic acid bacteria able to exert 
neuroprotective effects that may be associated with gut microbiota 
remodeling in traumatic brain injury mice [42]. Lactobacillus has a long 
history of being safely added to dairy products, and it is particularly 
recognized for enhancing intestinal barrier function and regulating the 
gut microbiota [43,44]. Disruptions of the gut microbiota contribute 
to intestinal barrier impairment, inducing bacterial translocation, 
systemic inflammatory response, and sepsis [45,46].
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Figure 6. Effects of the probiotic treatment on the serum markers of inflammation, intestinal 
permeability and protein oxidation in mice with endometriosis. ELISA quantified levels of 
(A) Zonulin (B) IL6 (C) TNFα in sera from mice treated for 4 weeks or 12 weeks. (D) AOPP 
levels in sera from mice treated for 4 or 12 weeks. Data are expressed as the mean ± SEM. 
Statistical analysis of the different groups of mice was carried out by one-way ANOVA 
followed by a Bonferroni test. The W3-W12 comparison by two way-ANOVA followed 
by a multiple comparison test. NS, non-significant; *P ≤ 0.05;  **P ≤ 0.01;  ***P ≤ 0.001

In our mice model of endometriosis, after 4 and 12 weeks of 
probiotic treatments P1 (18 mg/kg Saccharomyces Boulardii) or P2 (18 
mg/kg Saccharomyces Boulardii + 9 mg/kg Lactobacillus Acidophilus), 
we observed that volume and size of the lesions are significantly lower 
than in P0 untreated mice. Clinically, heat sensitivity is significantly 
lower in P1-treated mice from W4 while tactile sensitivity is decreased 
by P2 treatment. Nevertheless, the expression of the Nerve Growth 
Factor (NGF), a potent regulator of growth, maintenance, proliferation, 
and survival of certain target neurons [47,48] was significantly increased 
by P1 treatment at W12. In women with cul-de-sac/uterosacral 
endometriosis, NGF has been associated with deep dyspareunia and 
sexual pain. COX-2/PGE2 axis is believed to mediate this association 
may be mediated by increased nerve bundle density and by COX-2/
PGE2 stimulation via NGF/Trk receptor [49]. 

At the histological level, the glandular aspect, a hallmark of active 
endometriotic lesions, was markedly attenuated in mice receiving P1 
or P2 treatment. In endometriosis, the glands observed in the tissue 
are hormone-sensitive, responds to the same cyclic variations as the 
eutopic endometrium and are responsible for the pain [20]. Probiotics 
have been tested successfully to alleviate the hyperplasia of glandular 
structure associated with gastric Helicobacter pylori infection and to 
reduce the overexpression of COX-2, which is also involved in the 
pathogeny of endometriosis [50,51]. 

Immunologically, we observed a substantial decrease of the 
activation of CD4+ and CD8+ T-cells subsets and B-lymphocytes in 
endometriotic mice treated with probiotics. It has been previously 
reported that there is a greater frequency of activated T-cells in 
the ectopic endometrium of women with endometriosis [52]. This 
observation is less clear in peripheral blood of endometriosis patients, 
where some studies showed an increase, while others presented a 
reduction of the frequency and the activation of the T-cells [53]. B cells, 
which are important players of the immune system, are increased in 
the blood and peritoneal cavity of women with endometriosis [54]. A 

polyclonal activation of B cells and the presence of anti-endometrial 
autoantibodies [55,56] have been described. Here, the probiotic 
treatment reduced the activation of B cells in mice with endometriosis. 
Interestingly, it has been reported that inactivation of the B cells by 
Ibrutinib, a Bruton’s tyrosine kinase inhibitor, prevents endometriosis 
progression in mice [57].

Local and systemic changes in NK cell phenotype and function 
have been reported in women with endometriosis (Wilson TJ, et 
al: Decreased natural killer cell activity in endometriosis patients: 
relationship to disease pathogenesis. Fertil Steril 1994; 62:1086–1088). 
Indeed, several studies have reported an altered NK cell phenotype 
and function with a decreased expression of the activation markers 
CD69 and CD107a whereas the inhibitory receptors are upregulated. 
Interestingly, it has been established that probiotics increase NK cell 
activation and enhance their cytotoxicity [58]. In our mouse model, 
the probiotic treatment induced an increase of NK cells activation at 
W4. An improvement of the NK cell capacity of the detection and the 
clearance of abnormal cells, early upon the surgery, may contribute 
to the immunological control of the endometriotic fragments in our 
model.

Probiotic treatment was accompanied by a disbalance in M1 and 
M2 macrophages phenotype with an important increase of the M1/
M2 ratio in mice with endometriosis treated by the probiotics. Studies 
in human and mice evidenced the key role of M2 macrophages in 
the pathogenesis of endometriosis lesions establishment and growth. 
Indeed, it was shown an elevation of the proportion of M2 macrophages 
in the peritoneal fluid of women with endometriosis, compared with 
controls [59]. In addition, adoptive intraperitoneal transfer of M2 
macrophages enhanced lesion growth and neovascularization in 
mice [60]. The probiotics can exert an immunomodulatory effect 
on macrophage polarization [61]. Lactobacillus Acidophilus that is 
contained in our P2 probiotic treatment has been shown to promote 
the production of the IL-12 cytokine that favors the M1 polarization 
through a shift toward Th1 T cells response [62,63]. Moreover, it has been 
shown that Lactobacillus acidophilus inhibits nitric oxide and TNF-α 
production while it stimulates the IL-10 production in the macrophages 
line RAW264.7 cells [64]. TNF-α is a potent pro-inflammatory cytokine 
mainly produced by the macrophages, monocytes, and activated T 
cells. It has been involved in the pathophysiology of endometriosis [65]. 
Its level is increased in peritoneal fluid of women with endometriosis 
[66], correlated with the disease severity [67,68]. Serum TNFα level 
is also increased, and monocytes from patients with endometriosis 
release more TNF-α  in vitro  compared with monocytes from control 
women [69]. The anti-inflammatory effect of blocking TNF-α by 
monoclonal antibodies (e.g. infliximab) or by soluble TNF-α receptors 
(e.g. etanercept) has been demonstrated in vivo in animal models and 
in women. In baboons with laparoscopically confirmed endometriosis, 
TNF-α blockade with p55 soluble TNF-α receptors results in inhibition 
of the development and growth of endometriotic implants [70]. The size 
of peritoneal red lesions was decreased in comparison with a control 
group [71]. As well in rats with ectopically transplanted endometrial 
tissue, the administration of recombinant human TNF-α binding 
protein-1 resulted in defective development of implants compared 
with controls [72]. A decrease of serum TNF-α level with our probiotic 
treatments is of major interest. Indeed, it has been reported that the 
expression of TNF-α is modulated by probiotics in a strain-dependent 
manner as they can inhibit its production by normal and inflamed 
mucosa [73].

As endometriosis is characterized by a disrupted immune 
function, we believe that the probiotic treatment may exert potent 
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immunomodulatory effects to dampen the excess of inflammation 
as reflected by a drop of the serum TNF-α and IL-6 levels, to modify 
the subsets ratio of M1/M2 macrophages and to reduce the B-cells 
activation

Zonulin, is a marker of permeability of the intestinal barrier. A 
growing number of publications focused on human genetics, the gut 
microbiome, and proteomics, suggesting that loss of mucosal barrier 
function, particularly in the gastrointestinal tract, may substantially 
affect antigen trafficking, ultimately causing chronic inflammation, 
including autoimmunity, in genetically predisposed individuals [74]. 
The gut mucosa works as a semipermeable barrier in that it permits 
nutrient absorption and regulates immune surveillance while retaining 
potentially harmful microbes and environmental antigens within 
the intestinal lumen.  Enteric infections have been implicated in the 
pathogenesis of several pathological conditions, including allergic, 
autoimmune, and inflammatory diseases, by increasing the paracellular 
permeability of the intestinal barrier [75]. In our hands Zonuline is 
significantly reduced in sera by P1 and P2 at W4 and by M, P1 and P2 
at W12, sign of a preserved intestinal barrier. 

It has been demonstrated that the alteration of the gut mucosal 
barrier is associated with a neuro-endocrine dysfunction and an 
increased expression of the NGF protein in the rectosigmoid tissue [21-
23]. In our experiment, an alteration of the intestinal permeability as 
reflected by the increased zonulin level in the sera of the endometriotic 
mice treated with probiotics may explain the variations we observed in 
the Nfg mRNA expression.

The decrease rate of oxidation of serum proteins (AOPP) by P0 
at W4 and by P0, P1 and P2 at W12 is thus not a surprise. Previous 
studies have implicated reactive oxygen species (ROS) and cytokines 
in the regulation of permeability. The vascular endothelium regulates 
the passage of fluids, solutes, and cells from blood into tissues. 
Disruption of vascular permeability contributes to the pathogenesis of 
a wide range of diseases, including atherosclerosis, inflammatory tissue 
injury, and acute respiratory distress syndrome. Three cytokines have 
been implicated in the regulation of barrier function in inflammatory 
states. Tumor necrosis factor-α (TNF-α), interleukin (IL)-1, and IL-6 
are increased in blood [76,77] after tissue injury.  Pro-inflammatory 
cytokines could contribute to the reversible changes in endothelial 
permeability observed during periods of prolonged hypoxia. Studies 
have begun to implicate reactive oxygen species (ROS) in the cellular 
responses to inflammatory cytokines [78,79], whereas other works have 
demonstrated that ROS directly participate in the intracellular signaling 
initiated during physiological hypoxia [80,81]. The involvement 
of ROS in both suggests that cytokines and hypoxia may interact in 
the regulation of endothelial barrier function during inflammation. 
A major functional consequence of ROS production during hypoxia 
is the increase in IL-6 secretion, which contributes to the changes in 
endothelial permeability [82]. 

In our study, even though there is no significant difference in the 
expression of inflammation, fibrosis, and angiogenesis markers (cox 
2, col1 and cd31 respectively) they presented a tendency to decrease 
with the P2 treatment on W12. P1 reduces significantly Igf1 after a 
W12 treatment. COX-2 is an inducible enzyme that catalyzes 
the production of prostaglandin E2 as a cellular response to 
inflammation. COX-2 overexpression has a pleiotropic and 
multifaceted role in inflammation and carcinogenesis. It shapes 
the structure and function of the extracellular matrix in primary and 
metastatic breast tumors [83]. It is now recognized that endometriotic 
lesions have high COX-2 and COX-2-derived prostaglandin 

E   biosynthesis compared with the normal endometrium. COX-2 
downregulation in a triple negative breast cancer cells induce decreased 
Col1 fiber density [83].

All together, these results evidence that probiotics are beneficial 
nonpathogenic bacteria that have been used as a nutritional approach 
for the prevention or treatment of some diseases [84,85].  Treatment 
with one (P1) or two (P2) probiotics, have both favorable effects on 
clinical, immune, and physiologic parameters in endometriosis. 
Because of its greater ease of handlin and its effects observed on pain, 
Saccharomyces boulardii (P1) seems to be more suited to be used as a 
new therapeutic strategy for endometriosis. Nevertheless, P2 treatment 
remains also an interesting alternative because of the potential effects of 
Lactobacillus acidophilus on peripheric neuronal functions and thus on 
pain, described in patients.
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