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ABSTRACT
Introduction: The growth of endometrial tissue beyond the uterine cavity characterizes en-
dometriosis, a chronic inflammatory disease. IL-17A, along with other immune mediators and a
myriad of immune cells including Th17 lymphocytes and macrophages, are more prevalent in the
peritoneal fluid of patients with endometriosis. IL–17A facilitates the implantation of endometrial
tissue in ectopic locations by inducing growth factors and inflammatory cytokines from other im-
mune cells. This work focuses on the levels of IL-17A gene expression in tissue samples frompatient
and control groups, as prior research has not extensively covered the gene expression of inflam-
matory mediators in tissue samples. Methods: This study is both experimental and case-control
in nature. Tissue samples were collected from 32 women undergoing laparoscopy at Yazd Shahid
Sadoughi Hospital. The samples were divided into two groups: 16 patients with endometriosis and
16 healthy individuals. Within the patient group, there were two types of samples: eutopic and ec-
topic. The expression of IL-17A was assessed with RT-qPCR. Results: RT-qPCR results showed a
significant difference in IL-17A gene expression between ectopic lesions and eutopic samples from
endometriosis patients (P value < 0.0001). Additionally, there was a significant increase in gene
expression in eutopic samples from endometriosis patients compared to control samples (P value
= 0.0176). Conclusion: This study confirms the crucial involvement of inflammatory mediators
like IL-17A in endometriosis through molecular findings in tissue samples, reflecting the elevated
IL-17A content in the eutopic endometrium and ectopic lesions of endometriosis patients.
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INTRODUCTION
Endometriosis is a gynecological condition affecting
roughly 1 in 10 women of reproductive age, involv-
ing the abnormal growth of endometrial tissue out-
side the uterus. This condition can cause significant
problems, including chronic pelvic pain, infertility,
and impaired quality of life. While the exact cause of
endometriosis is still under investigation, inflamma-
tion is emerging as a key factor1–4. Theprevailing the-
ory is that retrograde menstruation, where endome-
trial fragments are deposited outside the uterus due
to menstrual reflux, could trigger the disease. How-
ever, research suggests that there are likely other con-
tributing factors. Studies have found elevated levels
of inflammatory mediators such as interleukin (IL)-
1beta, IL-6, and tumor necrosis factor (TNF)-alpha
in women with endometriosis. This increased inflam-
matory response disrupts normal tissue function and
can even promote the malignant transformation of
ovarian endometriosis5–8. Understanding the intri-
cate relationship between endometriosis and inflam-

mation is crucial for developing more effective diag-
nostic tools and treatment strategies, which could sig-
nificantly improve the lives of women struggling with
this complex disease.
Gene expression studies show promise in identifying
specific molecules that influence disease variability.
These molecules could serve as biomarkers for diag-
nosis and lead to the development of new drugs. En-
dometriosis likely results from a combination of fac-
tors. While hormonal influences, genetics, and en-
vironmental triggers are all suspected contributors,
a growing body of evidence suggests the immune
system might play a central role. Women with en-
dometriosis frequently exhibit elevated levels of pro-
inflammatory molecules called cytokines, including
interleukin-17 (IL-17), in their blood, abdominal cav-
ity fluid (peritoneal fluid), andmisplaced endometrial
tissues (ectopic lesions). This pro-inflammatory state
creates a favorable environment for the displaced en-
dometrial tissue, allowing it to evade the body’s im-
mune defenses and even promote its growth. How-
ever, the exact mechanisms through which immune
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cells, such asTh17 cells, contribute to this process are
not yet clear9–12. Given that IL-17A and inflamma-
tion are believed to play a crucial role in the develop-
ment of endometriosis, we will measure the levels of
IL-17A in both normal endometrial tissue (eutopic)
andmisplaced endometrial tissue (ectopic) of women
with endometriosis. We will then compare these lev-
els to those of a healthy control group.

MATERIAL ANDMETHODS
Tissue Specimen Collection
The samples were obtained from patients at Shahid
Sadoughi Hospital who were candidates for la-
paroscopy andwere divided into three sample groups:
eutopic samples (from the patient’s uterus) (n = 16),
ectopic samples (from lesions) (n = 16), and control
group (from the uterus of healthy women) (n = 16).
For the control group, we included women undergo-
ing laparoscopy who had not received any recent hor-
monal treatments.

RNA Extraction, cDNA Synthesis, RT-qPCR
Total RNA was extracted from the tissue samples us-
ing the Biofact kit for total RNA, following the man-
ufacturer’s instructions, and the quality of the prod-
ucts was verifiedwithNanodrop (260/280 absorbance
ratio = 1.9-2.0). The total RNA samples were then
converted into complementary DNA (cDNA) using a
Biofact reverse transcriptase kit, in accordance with
the manufacturer’s guidelines. The purity of the re-
sulting cDNA was assessed using a Nanodrop instru-
ment, with an ideal ratio of absorbance values at 260
nm to 280 nm falling between 1.7 and 2.0 for pure
cDNA. Next, IL-17A and a control gene (GAPDH)
were amplified using RT-qPCR. Primers for these
gene regions were designed and synthesized specifi-
cally for this study (Table 1). The PCR cycling con-
ditions involved three steps, repeated for 40 cycles:
Denaturation, briefly heating the samples to separate
the DNA strands (95◦C for 15 seconds), Annealing,
lowering the temperature to allow primers to attach
to specific sequences on the target DNA (58◦C for
15 seconds), and Extension, raising the temperature
again to allow DNA polymerase to synthesize new
DNA strands complementary to the target sequence
(72◦C for 30 seconds).
Finally, the relative expression levels of the target
genes were calculated using the 2−∆∆Ct method,
which compares the threshold cycle (Ct) values of
the target genes to the Ct value of the control gene
(GAPDH). The Ct value indicates the cycle at which
enough amplified DNA is present to be detected.

Statistical Analysis

This study employed a statistical analysis tool (soft-
ware called SPSS 16.0) to compare the levels of IL-17A
between different groups. A common method called
one-way ANOVA was used to determine if the differ-
ences were statistically significant. In our analysis, we
considered a result to be significant if the p-value was
less than 0.05.

Figure 1: The expression level of IL-17A in the
ectopic site of endometriosis patients is up-
regulated than in the eutopic site. The expression
level of IL-17 A between eutopic and control sam-
ples, and ectopic and control samples is not signifi-
cantly different. Ns: P-value > 0.05; *: P-value < 0.05;
****: P-value < 0.0001)

RESULTS
The average expression of IL-17A was significantly
higher in ectopic samples than in eutopic samples
(P-value < 0.0001). The expression of this gene was
also significantly higher in eutopic samples from en-
dometriosis patients than in control samples (P-value
= 0.0176). However, there was no significant differ-
ence in the expression level of IL-17A between control
and ectopic samples (P-value = 0.1531). The expres-
sion level of IL-17A in all tissues was normalized to
GAPDH and compared between the control, eutopic,
and ectopic groups (Figure 1).
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Table 1: The primer sequences of genes

Sequence (5-3) Genes

F: CAGATTACTACAACCGATCCACC
R: ACTTTGCCTCCCAGATCACA

IL-17A

F: CAAGAGCACAAGAGGAAGAGAGAG
R: TCTACATGGCAACTGTGAGGAG

GAPDH

DISCUSSION
This study investigated the expression of IL-17A in
the context of endometriosis. We found significantly
higher levels of IL-17A in endometrial lesions (ectopic
tissue) compared to healthy endometrial tissue (eu-
topic) from women with early-stage endometriosis.
Interestingly, eutopic tissue from these patients also
showed elevated IL-17A levels compared to healthy
controls. However, there was no significant differ-
ence in IL-17A expression between healthy controls
and the endometrial lesions (ectopic tissue).
The cause of endometriosis continues to puzzle sci-
entists. While a definitive explanation for the devel-
opment and progression of the disease remains elu-
sive, several contributing factors are emerging. Mis-
directed tissue can lead to inflammation and the for-
mation of blood vessels (angiogenesis), both of which
contribute to the symptoms of the disease. Recent re-
search has focused on the role of a particularmolecule
called interleukin-17A (IL-17A) in this process. Stud-
ies have shown that endometriotic lesions can pro-
duce varying amounts of IL-17A, with levels increas-
ing with the severity of the disease13–15. Interest-
ingly, these levels decrease significantly after the sur-
gical removal of the lesions16–19. In addition, IL-
17A appears to stimulate the production of other
molecules from endometrial cells that promote in-
flammation, cell growth, and the recruitment of im-
mune cells9,14,20. This suggests that IL-17A may
play a crucial role in both the development and pro-
gression of endometriosis. Since IL-17A is involved
in several aspects of endometriosis, it represents a
potential target for new treatment strategies. Re-
searchers are looking for ways to block IL-17A pro-
duction or its downstream effects. This could include
regulating estrogen levels, inhibiting molecules that
trigger IL-17A production, or promoting factors that
counteract the influence of IL-17A. In addition, mon-
itoring IL-17A levels could be a valuable tool for eval-
uating treatment efficacy 21–23. More evidence is re-
quired to definitively say whether targeting IL-17A
is an effective treatment for endometriosis, although
early research shows promise.

There are different opinions about the amount of
cytokines in different samples of affected women,
but most confirm that the inflammatory microen-
vironment plays a vital role in endometriosis oc-
currence. Recent studies have shown that some
inflammatory cytokines, such as IL-1, IL-6, IL-
8, and TNF-α , increase in the peritoneal fluid
of women with endometriosis24. A study of 51
women with endometriosis and 15 healthy women
showed higher levels of IL-1, IL-6, and IL-17 in
the affected women25. IL-17 is known as a pro-
inflammatory Th17 cytokine, which is not only se-
creted by these lymphocytes but also by neutrophils
and mast cells26,27. IL-17A plays an important role
in inflammation due to the induction of other im-
mune cells, such as neutrophils28,29. IL-17 can ful-
fill various immunological functions. In addition to
protecting the immune system, IL-17 is considered
an immunopathological factor in autoimmunity, can-
cer, and chronic inflammation30. Zhang and his
colleagues were the first, and later other teams, to
prove that the IL-17 concentration in PF from pa-
tients with early-stage endometriosis is higher than in
patients with late-stage endometriosis and in healthy
women31,32. These results may be due to the fact that
immune responses are lower in the late stage than in
the early stage, as Salmeri et al. suggested in their
study 33. In Ahn’s study, too, immunohistochemistry
showed that IL-17-positive cells were localized in eu-
topic and ectopic areas of the affected women. This
study also showed that the removal of ectopic lesions
leads to a reduction in IL-17 levels. This work re-
ported that IL-17A promotes the implantation and
growth of ectopic lesions and is of greater importance
in the early stages of endometriosis34.
Another role reported for IL-17A is increasing the se-
cretion of IL-1β by macrophages. IL-1β can stim-
ulate the production of IL-8 and vascular endothe-
lial growth factor (VEGF)35,36. Thus, higher levels
of IL-17A in patients with endometriosis may imply
proliferation, hypervascularization and likely facilita-
tion of implantation37. Some reports have also shown
that the level of inflammatory cytokines and the ra-
tio between inflammatory and anti-inflammatory cy-
tokines in the serum and peritoneal fluid of affected
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women is higher than in healthy women38. A study
of 30 affected and 30 healthy women showed that the
IL-17/IL-23 ratio in the serum sample, the TNF-α/IL-
10 ratio, and the IL-17/IL-10 ratio in the peritoneal
fluid of the patients were higher than in the control
group39.
IL-17A, an important pro-inflammatory cytokine
produced by various immune cells, has been exten-
sively studied for its role in chronic inflammatory dis-
eases, such as rheumatoid arthritis and psoriasis40,41.
In early research, IL-17A was found to stimulate in-
flammatory factors and cell proliferation in endome-
trial stromal cells14,42. Interestingly, IL-17A levels in
the peritoneal fluid ofwomenwith endometriosis cor-
relate with disease severity and infertility, suggesting
a possible link to the pathogenesis of endometriosis.
This link is further supported by the presence of IL-
17A in the fluid of endometrial cysts and the associa-
tion with more severe cases of endometriosis. While
recent studies highlight the role of IL-17A in trigger-
ing pro-inflammatory factors and blood vessel growth
in endometriosis, further research is needed to fully
understand its effects on cell survival and immune cell
interactions in this disease.
This study highlights some limitations inherent in en-
dometriosis research in general. These limitations
may hinder the accurate interpretation and compari-
son of data from different studies. Ideally, tissue sam-
ples from patients and control groups would closely
match in several aspects: menstrual phase (the phase
of a woman’s menstrual cycle may influence the re-
sults); disease stage (different stages of endometriosis
(early vs. advanced) are likely to have different IL-17A
expression levels); age (age could also play a role in
IL-17A production associated with the disease); med-
ical history and treatment (previous medications and
medical conditions, especially those that affect hor-
mone levels (estrogen and progesterone), could in-
fluence IL-17A levels. The inherent complexity of
endometriosis presents a further difficulty. The dis-
ease occurs in different stages and phenotypes, mak-
ing it difficult to create a single, representative model
for study. In addition, spontaneous endometriosis
is mainly observed in humans and other old-world
primates, limiting the usefulness of conventional ani-
mal models for studying the disease. The reliance on
surgery for both diagnosis and staging of endometrio-
sis presents an obstacle to studying the disease in its
early stages and to identifying true control subjects
without the disease. This reliance on surgery makes it
difficult to obtain tissue samples fromhealthy individ-
uals for comparative purposes. Because of these limi-
tations, our understanding of endometriosis remains

relatively basic, and current classifications likely don’t
fully capture the biological diversity of the disease. To
gain a deeper understanding of the specific role(s) of
IL-17A in the pathogenesis of endometriosis, future
research must address these limitations. This could
includemore precise sampling techniques; techniques
for obtaining tissue samples from patients at specific
stages of their menstrual cycle and disease progres-
sion; consideration of individual factors: careful con-
sideration of a patient’s medical history and ongoing
treatments when analyzing data; alternative models:
exploring alternative research models beyond tradi-
tional animals, potentially including cell cultures or
induced pluripotent stem cells (iPSCs). By overcom-
ing these challenges, researchers can develop a more
nuanced understanding of how IL-17A contributes to
endometriosenosis and potentially pave the way for
targeted treatment strategies.
It was found that the expression of the inflammatory
cytokine IL-17A was significantly higher at the ec-
topic site than in eutopic tissue. The concentration
of this cytokine was also higher at the eutopic site
than in control samples, but there was no significant
difference between ectopic lesions and control sam-
ples. Like previous studies, these results also showed
the importance of inflammatory factors in the patho-
genesis of endometriosis. The current study confirms
the central role of mononuclear immune cells and in-
flammatory mediators in endometriosis by molecular
findings in tissue sections.

CONCLUSION
In summary, it can be said that endometriosis is
a complex disease with a multi-layered etiology.
Understanding the intricate interplay between hor-
mones, the immune system, and other factors is cru-
cial for the development of effective diagnostic tools
and treatments. The increase in inflammatory cells
and mediators in the peritoneal fluid and serum sam-
ples from endometriosis patients has been demon-
strated in previous studies. However, most of these
studies did not focus on tissue samples and molec-
ular findings. Based on the findings, the expression
of IL-17A is significantly higher in ectopic lesions
than in eutopic tissues and higher in the eutopic en-
dometrium of endometriosis patients than in the con-
trol group. With regard to our results, we can confirm
the important role of mononuclear immune cells and
inflammatory mediators in endometriosis by molec-
ular findings in tissue samples.
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ABBREVIATIONS
ANOVA - Analysis of Variancec, DNA - Complemen-
tary DNA, Ct - Threshold C ycle, G APDH -  Glyc-
eraldehyde 3-phosphate dehydrogenase, IL - Inter-
leukin, IL-17A - Interleukin 17A, iPSCs - Induced 
Pluripotent Stem Cells, mRNA - messenger RNA, 
PCR - Polymerase Chain Reaction, RT-qPCR - Re-
verse Transcription quantitative Polymerase Chain 
Reaction, SPSS - Statistical Package for the Social 
Sciences, Th17 -  T  h elper 1 7, T NF-alpha -  Tumor 
Necrosis Factor-alpha, VEGF - Vascular Endothelial 
Growth Factor
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