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Introduction
Endometriosis is a relatively common benign, estrogen-
dependent, and chronic gynecological disorder (Giudice 
and Kao, 2004; Zondervan et al., 2020). The prevalence 
ranges from 10% in the reproductive-age female to 
50% in infertile women (Hendarto, 2015; Zondervan 
et al., 2020). Endometriosis clinical manifestations 
include dysmenorrhea, dyspareunia, chronic pain, 
and infertility. This disease affects the body and 
mind, causing depression, anxiety, and impaired 
social relationships. Endometriosis also reduces work 
productivity due to fatigue, psychological burden, and 
excessive health resource usage (Della Corte et al., 2020; 
Mińko et al., 2021; Eisenberg et al., 2022). Eisenberg 
et al. (2022) stated that endometriosis patients were 
1.6 times more likely to see a gynecologist and twice 
as likely to be hospitalized annually. Endometriosis 
patients also significantly used more analgesics, 

particularly narcotic-like medications (Eisenberg 
et al., 2022). Endometriosis was also associated with 
higher total healthcare costs (Della Corte et al., 2020; 
Eisenberg et al., 2022). Overall, endometriosis reduces 
the quality of life and burdens patients, their partners, 
and their families (Nnoaham et al., 2011; Della Corte 
et al., 2020).
Endometrial cells can implant and grow in ectopic 
locations due to retrograde menstruation, hormonal 
factors, immune system abnormalities, and chronic 
inflammation (Parasar et al., 2017). Interleukin-17 
(IL-17) is one of the cytokines that contribute to the 
development of endometrial lesions and is associated 
with the severity of endometriosis (Izumi et al., 2018). 
IL-17 has several known roles in endometriosis, 
including macrophage chemotaxis, macrophage 
polarization to a pathogenic M2 phenotype, and 
inflammatory factor stimulation (Hirata et al., 2008; 
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Kuwabara et al., 2017; Miller et al., 2020). It can be 
concluded that IL-17 plays an essential role in the 
development of the disease. Therefore, therapy that 
regulates the action of IL-17 has the potential to inhibit 
the development of endometriosis.
Endometriosis is a chronic condition with a high 
recurrence rate (Brosens et al., 2013). Ideas for 
alternative and supportive therapies are being developed 
to overcome therapeutic limitations (Bedaiwy et al., 
2017). Because endometriosis patient has immune 
system disorders and inflammatory abnormalities, it is 
logical to use Vitamin D, which has immunomodulatory 
property, as supportive therapy. Vitamin D deficiency 
is linked with endometriosis and is inversely related to 
the extent and severity of endometriosis (Miyashita et 
al., 2016; Anastasi et al., 2017; Ciavattini et al., 2017). 
Studies showed that Vitamin D had anti-mitogenic 
effects, inhibited angiogenesis through regulation of 
Vascular Endothelial Growth Factor (VEGF) expression, 
and decreased ectopic endometrial cell invasion (Abbas 
et al., 2013; Yildirim et al., 2014; Delbandi et al., 2016; 
Miyashita et al., 2016; Cermisoni et al., 2018). 
It is thought that vitamin D can modulate endometriosis 
through other modulating pathways. Vitamin D has been 
reported to decrease the number of IL-17-producing 
cells, inhibit the differentiation of CD4+ T cells into 
Th17 cells, and repress IL-17 expression (Bruce et 
al., 2011; Joshi et al., 2011). Although vitamin D is 
known to improve the profile of various autoimmune 
diseases, the effect of vitamin D on IL-17 expression 
in endometriosis has not been researched yet (Bruce 
et al., 2011; Joshi et al., 2011; Bhargava et al., 2015; 
Aly et al., 2017; Xia et al., 2019; Ghorbani et al., 
2021; Mahmoud et al., 2021). Based on those studies, 
it can be extrapolated that Vitamin D can regulate IL-
17 expression in endometriosis. Therefore, this study 
proposed the regulatory pathway of endometriosis by 
modulation of IL-17 expression. 
So far, there have been pitfalls in translating in vitro and 
in vivo research into applied clinical research. These 
flaws include the inappropriate way of administering 
vitamin D when translated to human subjects and 
the use of supraphysiological doses. Therefore, the 
design of this research also focused on overcoming 
these weaknesses. This research used vitamin D 
administered as physiologically as possible via the oral 
route. Although the optimal dose for immune system 
modulation in endometriosis is still unknown, vitamin 
D deficiency is related to endometriosis (Anastasi et 
al., 2017; Ciavattini et al., 2017; Delbandi et al., 2021). 
Thus, this study estimated that the effective dose 
modulating the expression of IL-17 in endometriosis 
refers to the deficiency correction dose recommended 
by the Endocrine Society (Holick et al., 2011). These 
served as the foundation for using graded vitamin D 
doses to explain their effects on the expression of IL-17, 
the extent of endometriosis lesions, and the relationship 
between these variables.

Materials and Methods
Research animals
This study was conducted in the Faculty of Veterinary 
Medicine, Universitas Airlangga, Surabaya, Indonesia, 
with 24 female Mus musculus. This research used 
3-month old mice weighing between 20 and 25 g. They 
were divided into four groups, each consisting of six 
mice. The animals were fed ad libitum and caged in a 
controlled environment. 
Endometriosis model induction
Human endometrial tissue was injected into the 
intraperitoneal cavity of mice to induce endometriosis. 
Cyclosporine A 10 mg/kg body weight was administered 
intramuscularly to mimic the impaired immune 
clearance condition. Estrogen 20,000 IU was injected 
intramuscularly on the first and fifth days to create an 
estrogen-dependent condition in endometriosis. On the 
14th day, the endometriosis model emerged.  
Research design and procedure
The mice were randomized into four groups of six 
mice. Group Control (C) served as a group of untreated 
endometriosis mice. The treatment (T) groups T1, T2, 
and T3 were endometriosis mice receiving 8, 16, and 
24 IU oral vitamin D via a gastric probe. The treatment 
began on the 15th day of the study and lasted for 3 
weeks. The peritoneum was isolated after the mice 
were sacrificed to examine the lesion area and the 
expression of IL-17. The research flowchart guided the 
study’s procedures (Fig. 1). 
Endometriosis lesion measurement
Endometriosis lesions were obtained by performing 
abdominal surgery on mice and opening the peritoneum. 
The goal was to measure the endometriosis lesion using 
a cross-section of the peritoneum. The Motic image 
program was then used to include all lesions in the form 
of white/brown cysts on the peritoneum. 
IL-17 immunohistochemistry procedure
Endometriosis lesion samples were fixed in 10% formalin 
and made prior to immunohistochemical examination 
for 2 hours minimum. The tissues were dehydrated by 
placing them in cassettes and soaking them in 70%, 
80%, and 96% alcohol. The tissue was cleared three 
times for 60 minutes each with xylol. The tissue was 
then immersed in liquid paraffin with a melting point 
of 58℃ at 45℃ for 24 hours in an incubator. Afterward, 
the tissue paraffin blocks were cut with a microtome to a 
thickness of 5–7 m. The cut tissue was placed on a poly 
L-lysine slide and incubated overnight at 37℃. The slides 
that had been incubated were mounted with 5% gelatin. 
The glass object was submerged in xylol four times for 
5 minutes each time. The slides were rehydrated with 
alcohol (70%, 80%, and 96%) and rinsed for 5 minutes 
with distilled water. The slides were then washed twice 
with PBS  for 5 minutes. After 15 minutes of dripping 
with 0.3% H2O2, the slides were washed with distilled 
water for 5 minutes. The slides were washed twice in 
PBS for 5 minutes each, dripped with blocking serum, 
and drained. Afterward, the slides were dripped with 
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the prepared IL-17 antibody and incubated overnight 
at 4℃. Afterward, they were washed twice with PBS 
for 5 minutes each time. Secondary antibodies were 
placed on slides and incubated at room temperature for 
1 hour. The slides were then treated with chromogen 
and left at room temperature for 10 minutes. Slides 
were washed for 5 minutes with running water before 
being counterstained if necessary. A light microscope 

was used to examine the slides, and a DSLR camera 
was used to record observations. Measurements were 
taken using an immunoreactive scoring score calculated 
by multiplying the percentage score of immunoreactive 
cells by the color intensity score. The data for each 
sample were the mean value of the immunoreactive 
score observed in 10 different fields of view at 100× and 
400× magnification. 

Fig. 1. Research design flow chart.

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
A. R. Burjiah et al. Open Veterinary Journal, (2022), Vol. 12(6): 956–964

959

Ethical approval
The Animal Care and Use Committee, Faculty of 
Veterinary Medicine, Universitas Airlangga, had ethically 
approved this study (number 2.KE.143.12.2021). All 
procedures followed the research policy on Animal 
Ethics. 

Results
Endometriosis lesion 
Endometriosis lesions were observed in the peritoneal 
cross-section slide prepared from mice. Figure 2 shows 
endometriosis lesions from each group. The average 
area of endometriosis lesions is shown in Table 1. The 
mean area of endometriosis in the treatment groups T1 
(23.9 ± 27.6 mm2), T2 (15.8 ± 16.1 mm2), and T3 (8.9 
± 9.6 mm2) was lower compared to the untreated group 
(63.2 ± 45.7 mm2). Analysis of variances test showed 
p: 0.008, meaning a significant difference between the 
control and treatment groups. Tukey’s HSD post-hoc 
test showed significant differences between T2 and T3 
compared to the C group (p: 0.023 and p: 0.009). 

IL-17 expression
The image of endometriosis cells expressing IL-17 is 
shown in Figure 3 and is indicated by red arrows at 400× 
magnification. IL-17 was expressed in all mice group 
slides, with the strongest expression in group C and 
the weakest in group T3. Although they were weaker 
than the control group, the T2 group slides provided 
a stronger expression picture than the other treatment 
groups. The average score of IL-17 expression is 
shown in Table 1. The mean IL-17 expression scores 
in group T1 (5.7 ± 2.8), T2 (6.3 ± 2.4), and T3 (3.2 ± 
0.3) are lower than the group C (6.9 ± 2.2). Kruskal–
Wallis test showed a significant difference between the 
treatment and control group (p: 0.029). Mann–Whitney 
test showed a significant difference in the P3 group (p: 
0.004) but not in P1 and P2 (p: 0.452 and p: 0.645). 
Relationship between IL-17 expression and 
endometriosis lesion area
The Spearman correlation test examined the 
relationship between the IL-17 expression and the 
extent of endometriosis lesions. The scatter plot image 

Fig. 2. Cross-section of the peritoneum and endometriotic lesions in endometriosis models of mice in groups C, T1, T2, and T3 at 
termination. The black dotted line indicates an endometriosis lesion. C: control group; T1: treatment group given 8 IU of Vitamin D; 
T2: treatment group given 16 IU of Vitamin D; T3: treatment group given 24 IU of Vitamin D.
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in Figure 4 shows the linearity between variables. 
The test yielded a p-value of 0.012 and a correlation 
coefficient of 0.505. 

Discussion
This research evaluated the effect of vitamin D on the 
endometriosis mice model. The extent of endometriosis 
area and IL-17 expression was assessed. We divided 24 
mice equally into 4 groups, 3 treatment groups, and 1 
control group. The treatment groups were given graded 
doses of 8, 16, and 24 IU. The results indicated that 16 

and 24 IU vitamin D decreased endometriosis lesions in 
mice. A smaller area of endometriosis in mice given 8 IU 
of vitamin D versus those not treated was also observed, 
though they were insignificant. IL-17 expression is 
significantly lower in the endometriosis mice model 
given 24 IU of vitamin D versus the untreated group. The 
IL-17 expression also showed decreased tendencies with 
the administration of 8 and 16 IU of vitamin D, although 
insignificant. This study also observed a positive 
correlation between IL-17 expression and the extent of 
endometriosis lesions in the endometriosis mice model. 

Table 1. The mean and standard deviation of endometriosis lesion area and IL-17 expression in endometriosis mice model in the 
control and vitamin D treatment groups. 

Groups
C

(n = 6)

T1

(n = 6)

T2

(n = 6)

T3

(n = 6)
Endometriosis lesion size (mm2) 63.2 ± 45.7 23.9 ± 27.6 15.8 ± 16.1* 8.9 ± 9.6*

IL-17 expression score 6.9 ± 2.2 5.7 ± 2.8 6.3 ± 2.4 3.2 ± 0.3*

(C): control group; (T1): treatment group given 8 IU of Vitamin D; (T2): treatment group given 16 IU of Vitamin D; (T3): treatment group given 
24 IU of Vitamin D. 
The significant difference with the control group was marked with * (p < 0.05).

Fig. 3. Comparison of IL-17 expression in endometriosis cells in each treatment group. Red arrows indicate the presence of IL-17 
expression in endometriosis cells. C: control group; T1: treatment group given 8 IU of Vitamin D; T2: treatment group given 16 IU of 
Vitamin D; T3: treatment group given 24 IU of Vitamin D.
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The heterologous endometriosis induction method was 
used in this study, which involved injecting human 
endometrial tissue into the intraperitoneal cavity of 
mice. This study’s model was a mild endometriosis 
type. Lesions caused by this method are typically white 
or red to brownish cystic lesions or dark solid peritoneal 
tumors. This method excels at studying disease in its 
early stages, such as angiogenesis, apoptotic defects, 
endometrial proliferation, and inflammation. This 
method is similar to the pathophysiology of retrograde 
menstruation in humans. Another advantage is that 
because this heterologous model is based on human 
endometrial tissue, its development is thought to 
mimic human endometriosis lesions (Taniguchi et al., 
2021). Because it depends on the amount of tissue 
and the size of the injected endometrial fragments, 
this method had limitations regarding the number, 
distribution, and phenotype of endometrial lesions 
(Burns et al., 2022). Another disadvantage is that mice, 
as a nonmenstruating species, may not accurately 
reflect all aspects of endometriosis pathophysiology 
(Taniguchi et al., 2021). 
This study demonstrates that the untreated group 
of endometriosis mice model had the largest 
endometriosis lesion area. These data are consistent 
with the theory and other studies mentioned before. 
The extent of endometriotic lesions reflects the severity 
of endometriosis according to the ASRM category. 
Endometriotic lesions in the peritoneal cavity implant 

are closely associated with various immune cells 
(Izumi et al., 2018). The recruitment of immune cells, 
cell adhesion, and an increase in the inflammatory 
process promote endometrial cell implantation 
and survival (Agostinis et al., 2021). The ability of 
ectopic endometrial cells to invade the basement 
membrane, as well as angiogenesis originating from 
nearby vascularization or incorporation of circulating 
endothelial precursor cells near the vascularization site, 
all influence the development of endometrial lesions 
(Burney and Giudice, 2012; Capobianco and Rovere-
Querini, 2013). Endometrial lesions have thus been 
linked to uncontrolled growth, invasion of surrounding 
tissues, defective apoptosis, neoangiogenesis, and 
a persistent inflammatory response. The vitamin 
D-treated endometriosis mice model consistently had 
a smaller area of endometriosis lesions. The smallest 
to largest mean lesion area in the endometriosis mice 
model given vitamin D was obtained at doses of 24, 16, 
and 8 IU, respectively. According to the analysis, the 
data were statistically significant at 16 and 24 IU doses.
In this study, IL-17 expression was highest in untreated 
endometriosis models. This result is consistent with 
other research that has found an increase in the number 
of Th-17 cells and IL-17 levels in endometriosis (Hirata 
et al., 2008; Ahn et al., 2015; Miller et al., 2020). IL-
17 has been linked to many autoimmune disorders and 
chronic inflammatory conditions such as endometriosis 
(Kuwabara et al., 2017; Miller et al., 2020). This cytokine 

Fig. 4. The scatter-plot graph showing the correlation between IL-17 expression score and endometriosis lesions.
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is made up of six homologous molecules known as IL-
17A–IL-17F. The IL-17 receptor (IL-17R) is made up 
of five homologous sequences (IL-17Ra, IL-17RB, IL-
17RC, IL-17RD, and IL-17RE) (Kuwabara et al., 2017). 
Chemotactic, macrophage polarization induction, 
cytokine stimulation, angiogenic factor stimulation, 
COX2 expression induction, and endometriotic 
stromal cell proliferation are all roles of IL-17A in the 
pathogenesis of endometriosis (Hirata et al., 2008; Ahn 
et al., 2015; Miller et al., 2020). Early disease onset is 
linked to endometriosis progression via macrophage 
recruitment and polarization and increased cytokine 
production (Miller et al., 2020). Thus, IL-17 is linked to 
impaired immune clearance, endometrial cell adhesion 
at ectopic sites, and invasion of these cells into tissues at 
ectopic sites. These processes allow endometrial cells at 
ectopic sites to develop into endometrial lesions.
The administration of vitamin D in this study’s treatment 
group reduced the expression of IL-17 compared to the 
control group. The trend of decreasing IL-17 expression 
was consistent across all vitamin D groups. Statistical 
analysis revealed a significant difference in IL-17 
expression between the endometriosis mice model 
given vitamin D at a dose of 24 IU and mice not given 
treatment. At serum vitamin D levels greater than 20 
ng/ml, vitamin D supplementation is known to regulate 
IL-17 and improve the profile of various autoimmune 
diseases (Bruce et al., 2011; Joshi et al., 2011; Bhargava 
et al., 2015; Aly et al., 2017; Xia et al., 2019; Ghorbani 
et al., 2021; Mahmoud et al., 2021). Roffe-Vazquez et 
al. (2019) discovered a negative relationship between 
serum vitamin D levels and IL-17A. This happened in 
long-term systemic inflammatory conditions and was 
accompanied by vitamin D deficiency in adult heart 
failure patients (Roffe-Vazquez et al., 2019). Vitamin 
D immunomodulation of IL-17 can occur through 
a decrease in the number of IL-17-producing cells, 
inhibition of CD4+ T cell differentiation into Th17 cells, 
and a repressive effect on IL-17 expression (Bruce et al., 
2011; Joshi et al., 2011). The repressive effect is caused 
by the vitamin D receptor’s transcription suppression 
mechanism, which inhibits the Il-17/Il-17R pathway 
(Joshi et al., 2011; Xia et al., 2019). 
IL-17 is one factor contributing to the overall 
development of endometrial lesions. This study showed 
a moderate relationship between IL-17 and the severity 
of endometriosis lesions. In this study, administering 24 
IU of Vitamin D resulted in the lowest IL-17 expression 
and the smallest endometriosis lesion area. The study 
demonstrated that vitamin D inhibits the development 
of endometriosis lesions via IL-17 expression 
regulation. Other studies have shown that endometrial 
lesions can be prevented from spreading through 
other pathways. Miyashita et al. (2016) observed that 
vitamin D inhibits NF-kB activation, thereby reducing 
the number and DNA synthesis of ectopic endometrial 
cells (Miyashita et al., 2016). Vitamin D administration 
inhibits VEGF-A gene expression, VEGF, and MMP-9 

expression in the ectopic endometrial stroma, thereby 
inhibiting angiogenic capacity and endometrial lesion 
growth (Yildirim et al., 2014; Delbandi et al., 2016). 
Delbandi et al. (2016) also demonstrated vitamin D’s 
benefits in slowing the invasion and proliferation of 
ectopic endometrial stromal cells. Vitamin D reduces 
the severity of endometrial lesions by modulating 
angiogenesis through decreased VEGF expression 
and MMP-9 activity (Abbas et al., 2013). Vitamin D 
modulates endometrial cell adhesion, the number of 
peritoneal macrophages, cytokine and angiogenic 
factor secretion, extracellular matrix degradation, 
and endometrial cell invasion in ectopic sites via its 
receptors on immune cells (Abbas et al., 2013; Yildirim 
et al., 2014). Yildirim et al. (2014) showed that vitamin 
D could induce fibrosis and apoptosis in endometrial 
tissue, resulting in the regression of endometriosis 
implants. This study showed a relationship between 
IL-17 expression and the extent of endometriosis 
lesions. Statistically, the correlation was significant 
with a moderate positive direction. A decrease in IL-17 
was thus associated with reducing endometrial lesions 
and vice versa. The pathway for broad regulation of 
endometrial lesions through the modulation of IL-17 
by vitamin D was thus evident in this study.
This study used a vitamin D dose based on the per-
oral correction of vitamin D deficiency conditions. 
The findings of this study are intriguing and have the 
potential to be translated into clinical research. This 
is due to the method of administration being similar 
to the recommended vitamin D deficiency correction 
and supplementation method in humans. More clinical 
research should be conducted to increase the potential 
of Vitamin D as an adjuvant supportive therapy for 
endometriosis.
There were several limitations to this study. When 
mice were fed ad libitum, the condition of their 
gastrointestinal tract was unknown until vitamin D 
was administered. When taken orally, vitamin D is 
better absorbed from the gastrointestinal tract when 
combined with fat-containing foods. With a fat/oil-
based carrier, vitamin D can be absorbed even if the 
gastrointestinal tract is empty, although not optimal 
(Silva and Furlanetto, 2018). This condition could 
potentially cause the vitamin D given in this study to 
be poorly absorbed. 
The following limitation was that vitamin D levels 
before and after treatment were not assessed. The 
assessment of vitamin D levels before treatment 
could serve as baseline data. Evaluating vitamin D 
levels after treatment could be used to determine 
post-supplementation levels. Genetic polymorphisms 
associated with endogenous synthesis or vitamin D 
metabolism in mice were unknown. These factors may 
contribute to differences in the vitamin D status of mice 
in this study. This study also did not evaluate estrogen 
levels in mice, although vitamin D could influence 
estrogen production. 
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Conclusion
Compared to the endometriosis mice model that was 
not given vitamin D, vitamin D significantly decreased 
IL-17 expression. In this study, the effective oral 
dose of vitamin D for regulating IL-17 expression 
was 24 IU. Vitamin D administration was associated 
with smaller endometriosis lesions. In this study, the 
effective oral doses of vitamin D for controlling the 
area of endometriosis lesions were 16 and 24 IU. The 
IL-17 expression positively correlated with the extent 
of endometriosis lesions.
Thus, the researcher concluded that vitamin D 
administration could inhibit the development of 
endometrial lesions by modulating the expression of 
IL-17 in peritoneal endometriosis lesions of mouse 
endometriosis models. Human clinical trials are needed 
to investigate the potential role of vitamin D as adjuvant 
supportive therapy in endometriosis. This study is 
significant because it adds to our understanding of the 
modulating mechanism of vitamin D in endometriosis 
and serves as a translational basis for vitamin D as 
supportive therapy for endometriosis in humans.
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