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1  | INTRODUCTION

Endometriosis is a condition that has long plagued women and baf‐
fles the medical world on its development and causative factors.1 
The disease is exemplified in the development of the endometrial 
glands and stroma outside the uterine cavity Endometriosis usually 
presents non‐malignant, however, ectopic endometrial tissue and 
resultant inflammation can be severely debilitating.2

Endometriosis implants are characterized by unbalanced local 
oestrogen metabolism leading to hyperoestrogenism.3,4 Aromatase 
is one key enzyme in the biosynthesis of oestrogens. It is mainly 
found in the ovarian granulosa cells, and in a lesser extend in the 
adipose tissue, brain, bone and placenta. High aromatase expression 
has been also observed in the eutopic endometrium as well as in 
endometriosis implants.5 This enzymatic imbalance is thought to 

raise oestrogen activity into the endometriotic lesion, maintaining 
the loop between local hyperoestrogenic state, inflammation and 
proliferation and survival of endometriotic implants.6 Endometriosis 
current treatment is thus mainly based on suppression of oestrogen 
production. GnRH agonist or synthetic progestins effectively down‐
regulate ovarian estradiol biosynthesis and have very little impact on 
extraovarian estrogens.7 In this context, third generation aromatase 
inhibitors such as anastrozole have been investigated as therapeu‐
tic option for women with endometriosis. In cultured endometriotic 
cells, anastrozole decreases estradiol secretion and endometriotic 
cell growth.8 This molecule has been also shown to reduce endome‐
triosis‐associated pain in small‐scale clinical trials.7,9 Although this 
class of drugs reduces the systemic synthesis of oestrogens, their 
relevance in the inhibition of the local aromatization within endome‐
triosis implants, as targeted therapy, is still unclear.4
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Abstract
Endometriosis is an oestrogen‐dependent, inflammation‐driven gynaecologic disor‐
der causing severe disability. Endometriosis implants are characterized by unbalanced 
local oestrogen metabolism leading to hyperoestrogenism and aromatase up‐regula‐
tion is one of main mechanism involved. Aromatase inhibitors such as letrozole or 
anastrozole use in young women are associated with severely side effects limiting 
their long‐term clinical use. An endometriosis‐targeted inhibition of local aromatase 
could be a viable alternative, although the role of the local inhibition of this enzyme is 
still unclear. Using a new chick embryo allantoic membrane (CAM) model incorporat‐
ing xenografted human endometriosis cyst, we showed that topical treatment with 
anastrozole reduced lesion size, although oestrogens produced by CAM female em‐
bryo blunted this effect. Xenografted human endometriosis CAM is a new efficient 
model for the screening of new drugs targeting endometriosis tissue.
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In the attempt to investigate anastrozole local effect in human 
endometriosis, we first investigated a new in‐vivo method allowing 
the development of human lesions, using chick embryo chorioallan‐
toic membrane (CAM) and then, tested whether blocking local aro‐
matization affects human endometriosis development.

2  | MATERIALS AND METHODS

2.1 | Patients and endometriotic tissues

The study was approved by the local Ethics Committee of the 
University Hospital of Geneva and informed written consent was 
obtained from all patients. Biopsies of endometriotic ovarian cysts 
have been collected from women affected by stage III‐IV endometri‐
osis who were undergoing laparoscopy for treatment of endometrio‐
sis. At the time of tissue collection, all patients were of reproductive 
age and none of the women had used hormonal treatment or an in‐
trauterine device within the last 3 months.

Immediately after collection, endometriotic tissues were care‐
fully cut in small fragments in cold Hank's balanced salt solution be‐
fore being grafted on CAM.

2.2 | CAM Assay

Fertilized eggs (animal facility of the University of Geneva, Geneva, 
Switzerland) were incubated with the narrow apex facing downwards 
and rotated 180° automatically at 37°C and 80% relative humidity. 
At embryonic development day (EDD), four eggshells were drilled at 
the narrow apex and adhesive tape was placed on the hole. The eggs 
were incubated again without rotation, and with the narrow apex 
upward, for 4 days as previously shown.10,11 At EDD8, CAM was 
gently scratched with a sterile needle close to a blood vessel bifurca‐
tion and endometriotic fragments were then graftedEndometriotic 
ovarian cysts obtained after surgery were cut in several fragments 
using a biopsy pouch of 3 mm (Fiztmedical Supplies, USA). The win‐
dow on the eggshell was covered with parafilm and eggs were placed 
back in the incubator.

At EDD10, lesions were well adherent to CAM and highly vas‐
cularized. A silicone O‐ring (Apple Rubber products inc, Lancaster, 
USA) was placed around the fragment that was topically treated 
with testosterone (10‐6 M, as control), or with anastrozole (1 µg in 
30 μL PBS containing 10‐6 M testosterone). The eggshell windows 
were covered with parafilm and eggs replaced in the incubator for 
72 hours.

Tissue growth was monitored using a Lumenera INFINITY2‐1 
CDD camera with Infinity Capture Software at EDD 10 and 13. 
Quantitative assessment of tissue growth was measured by ImageJ 
software.

At EDD13, grafted tissues were excised, washed in PBS, fixed 
in formalin, dehydrated and fixed in formalin embedded in paraffin 
(FFPE). Four‐micrometer‐thick sections of (FFPE) CAM tissue were 
cut and then stained using haematoxylin and eosin (H&E, Sigma‐
Aldrich) for histological examination.

2.3 | Immunohistochemistry

Four‐micrometer tissue sections were deparaffinized and rehy‐
drated through graded ethanol. Antigen retrieval was performed by 
microwave pre‐treatment in 10 mmol/L citrate buffer (pH 6.0) for 
5 minutes four times, followed by cooling in a cold water bath. Non‐
specific binding was blocked with 3% (v/v) bovine serum albumin in 
PBS for 30 minutes at room temperature. Slides were then incubated 
with anti‐ER–alpha monoclonal primary antibody (1mcg/ml, Roche, 
Ventana, USA) or monoclonal anti‐aromatase (1:5000, kindly pro‐
vided by Dr Nobuhiro Harada, Department of Biochemistry, School 
of Medicine Fujita Health University Toyoake, Japan12,13 at 4°C over‐
night. Sections were then washed with PBS and incubated with ap‐
propriate secondary antibodies for 60 minutes at room temperature. 
After washing, sections were stained with diaminobenzidine chro‐
mogen system (Dako, Baar, Switzerlandand) counterstained with he‐
matoxylin (Sigma‐Aldrich). Images of stained sections were captured 
using EVOS or Olympus BX43 microscope.

2.4 | Sex determination of chick embryos

Sex of embryos was determined by PCR amplification of a W‐specific 
XhoI repeat from a genomic DNA template following protocol de‐
scribed by Clinton et al.14 Amplification of 18S ribosomal DNA was 
used as PCR control. Chromosomal sex was determined to be ZW 
(female) if the XhoI repeat product was present and ZZ (male) if only 
the 18S ribosomal repeat product was present. Following dissection 
of chick embryos, approximately 50 mg of soft tissue was removed 
and placed in 500 μL of extraction buffer (10 mM Tris‐HCl, 100 mM 
EDTA, 20 mM NaCl, 1% SDS, pH 8.0 containing 60 μg/mL Proteinase 
K) and incubated overnight at 45°C, under agitation. Samples were 
centrifuged at 11 000 rcf for 15 minutes. Supernatants were trans‐
ferred into clean microcentrifuge tubes and carefully mixed with 
equivalent volumes of isopropanol. Tubes were centrifuged again at 
11 000 rcf for 10 minutes to pellet gDNA. The supernatant were 
removed and the pellets resuspended in 250 μL of Tris‐EDTA buffer 
solution. Samples were then incubated overnight at 55°C to allow 
gDNA to resuspend into solution. gDNA quality and concentra‐
tion were then evaluated by Nanodrop. Each sample was diluted at 
100 ng/μL in sterile water. Primers for W‐specific XhoI repeat prod‐
uct detection are: forward: ´CCCAAATATAACACGCTTCACT3 ;́ 
reverse: 5´AAATGAATTATTTTCTGGCGAC 3 .́ Primers for 18S ri‐
bosomal DNA are: forward: 5´ AGCTCTTTCTCGATTCCGTG 3´ re‐
verse: 3´ GGTAGACACAAGCTGAGCC 3 .́

2.5 | Statistical analysis

Data were expressed as mean ± SEM for n different sam‐
ples. Statistical analysis of the data was accomplished by the 
Student's t‐test comparing tissues treated with testosterone alone 
to those with testosterone plus anastrozole, and comparing these 
two groups according to the embryo sex. Statistical significance is 
considered at P < 0.05.
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3  | RESULTS

3.1 | CAM is a suitable model to investigate human 
endometriosis

The grafting success of endometriotic tissue was about 80%: after 
2 days of incubation, endometriosis lesions were adherent to CAM 
and highly vascularized (Figure 1A). At EDD13, 5 days after graft‐
ing, H&E showed that all lesions cultured onto CAM maintain the 
characteristics of human endometriosis cyst including stromal and 
glandular epithelium features (Figure 1B). Immunohistochemistry 
confirmed positive staining for ER‐alpha (Figure 1C) and aromatase 
(Figure 1D) in the grafted tissue.

3.2 | Effects of anastrozole as targeted therapy in 
endometriosis CAM

In a first set of experiments, testosterone (T) was topically admin‐
istered on grafted tissues to provide a substrate for aromatase at 
EDD10 in combination or not with anastrozole. In the group treated 

with anastrozole (group A + T, n = 34), the size of implanted endo‐
metriotic tissues at EDD13 is significantly decreased by 27% with 
respect to lesion size before treatment (Figure 2A). In the control 
group, treated with only testosterone, (group T, n = 32), tissue size at 
EDD13 was not significantly reduced compared to tissue size before 
treatment. Therefore, anastrozole significantly decreased endome‐
triotic lesion growth on CAM compared to control group (group T, 
Figure 2A).

The potential confounding role of endocrine environment (syn‐
thesis of oestrogens by female embryos) in endometriosis devel‐
opment and anastrozole effect was evaluated in a second set of 
experiments.

Based on the knowledge that only female chick embryo 
starts to synthesize oestrogens at the time of gonadal differenti‐
ation (5.5‐6.5 days)15 and aromatase is not expressed in male go‐
nads,16 treatment groups were analysed according to embryo sex. 
Anastrozole treatment decreased by 36% the size of grafted tissue in 
eggs with male embryos compared to controls whereas anastrozole 
did not show any effect on implanted tissue size in CAM carrying 
female embryos (Figure 2B,C).

F I G U R E  1   A, Representative image 
of endometriosis development on 
xenografted chick embryo chorioallantoic 
membrane (CAM) at EDD13. B, H&E of 
endometriosis lesion at EDD13 showing 
stromal and glandular epithelium (left 
picture, original magnification X200). C, D, 
Representative image of immunostaining 
of ER alpha (C, original magnification 
X400) and aromatase (D, original 
magnification X400) in endometriosis cyst 
on xenografted male CAM
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4  | DISCUSSION

Xenograft CAM is a new efficient model to investigate human en‐
dometriosis. This method provides the advantage of working with 
real endometriotic lesions (endometriotic cyst) with a high rate of 
tissue xenografting. It allows easy accessibility to ectopic lesions, 
whose formation can be closely followed during the time course 
of the experiment. It appears thus to be an appropriate model for 
the screening of molecules targeting endometriosis for therapeu‐
tic purposes.

The CAM assay has already been used as a model for grafting 
human endometrial tissue17,18 with the aim of developing endometri‐
osis. After grafting healthy endometrium, endometriosis‐like lesions 
were found in 60% of cases.17 Here, we used standardized 3 mm bi‐
opsies of human endometriosis cyst, as grafted tissue into the CAM. 
After 5 days following the graft, tissue from all patients maintained 
endometriosis characteristics at the histological examination. This 
finding represents a valuable advantage and realistic approach to 
specifically investigate endometrioma biology from other type of 
endometriosis and eutopic endometrium.

The present model showed additional interesting findings of 
CAM biology and specifically in the analysis of the effect of intra‐
lesion treatment with anastrozole, as a model of targeted therapy.

Although aromatase inhibitors, combined with progestins or 
GnRH analogs seem to be effective in suppressing pelvic pain asso‐
ciated with endometriosis, their prolonged use in young premeno‐
pausal women is limited by the occurrence of major side effects 
caused by marked systemic hypooestrogenism.19,20 A way to avoid 
these side effects would be to specifically inhibit aromatase in the 
endometriosis lesions delivering those molecules into the endome‐
triosis lesions.21 However, the relevance in the inhibition of the local 
aromatization is actually unclear. Here, we observed a significant 
decrease in endometriosis lesion size following anastrozole topical 
treatment. However, when we analysed the results according to the 
embryo sex, topical anastrozole reduced lesion size solely in tissue 
implanted into CAM carrying a male embryo. Only CAMs carrying 
female embryos produce oestrogens from EDD5.16 Likely, oestro‐
gens produced by the female embryo can reach the grafted endome‐
triotic tissue by systemic circulation and blunting local inhibition of 
aromatase by anastrozole. In addition, excessive oestrogen signalling 
of oestrogen receptors of human endometriosis implants 22 may in 
turn increased local responsiveness to female embryo oestrogens.

Together, these results corroborate the presence of aromatase 
activity in endometriotic tissue and based on this CAM model, local 
inhibition of aromatase is not effective in reducing implant size in the 
presence of a normal estrogenic environment.

F I G U R E  2   A, Endometriosis growth 
from EDD10 to EDD13 according to 
treatment. B, Endometriosis growth 
changes from EDD10 to EDD13 
according to treatment and chick embryo 
chorioallantoic membrane (CAM) sex. 
Tissue growth is expressed as percentage 
(%) of the ratio of lesion sizes measured 
at EDD10 and at EDD13. Bars represent 
mean ± SEM. T: testosterone; A: 
anastrozole. C, Representative images of 
endometriosis xenografted CAM in the 
control group and at EDD10 and EDD13
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CAM is extensively used as a drug‐screening model in cancer 
biology and angiogenesis.23,24 Our findings showed that CAM em‐
bryo gender and the resulting endocrine environment during em‐
bryo development may represent a cofounding factor, previously 
underestimated.

In conclusion, CAM is a suitable model for the screening of tar‐
geted treatments in endometriosis with less ethical concerns than 
other animal models.
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