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The role of IL‑16 gene polymorphisms in endometriosis
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Abstract. Endometriosis is one of the most common gynecological diseases affecting up to 10% of the female population
of childbearing age and a major cause of pain and infertility. It
is influenced by multiple genetic, epigenetic and environmental
factors. Interleukin‑16 (IL‑16) is a proinflammatory cytokine
playing a pivotal role in many inflammatory and autoimmune
diseases as well as in the pathogenesis of endometriosis. The
aim of the present study was to evaluate the association of two
IL‑16 gene single nucleotide polymorphisms (SNPs), rs4072111
and rs11556218, with the risk of endometriosis in women
from Greece as well as to gain insight about the structural
consequences of these two exonic SNPs regarding development of the disease. A total of 159 women with endometriosis
(stages I‑IV) hospitalized for endometriosis, diagnosed by
laparoscopic intervention and histologically confirmed, and
146 normal controls were recruited and genotyped. Subjects
were genotyped using a polymerase chain reaction restriction fragment length polymorphism (PCR‑RFLP) strategy.
A significant association was detected regarding the GG and
GT genotype as well as ‘G’ allele of rs11556218 in patients
with endometriosis. The rs4072111 SNP of the IL‑16 gene was
not found to be associated with an increased susceptibility to
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endometriosis either for all patients (stages I‑IV) or for stage III
and IV of the disease only. Our results demonstrated that
rs11556218 is associated with endometriosis in Greek women,
probably by resulting in the aberrant expression of IL‑16, as
suggested by the bioinformatics analysis conducted on the
SNP‑derived protein sequences, which indicated a possible
association between mutation and functional modification of
Pro‑IL‑16.
Introduction
Endometriosis is an estrogen‑driven inflammatory condition,
defined by a misplacement of endometrium outside of the
uterine cavity, most commonly in the pelvic cavity and is one
of the common causes of infertility (1,2). It affects 6 to 10%
of women of reproductive age (3), but with varying symptoms
including severe dysmenorrhea (4,5), chronic pelvic pain,
dysfunctional uterine bleeding (5), as well as urinary tract
and gastrointestinal symptoms (6). Notably, endometriosis
possesses many features of a benign neoplastic process with the
potential for malignant transformation (7). Endometriosis is a
major problem of women's health, which affects dramatically
the quality of life. It has been accepted that multiple factors
contribute to the development of this condition, including
genetic and environmental ones. However, the exact molecular
and pathophysiological pathways leading to endometriosis
are still unclear, as at present only various hypotheses have
been suggested (8‑10). Thus, it may be assumed that all cases
of endometriosis are not able to be explained by one theory
only. Genetic factors contribute to the heritability of endometriosis (11‑14) and the overall heritability has been estimated
at approximately 50%, as shown from twin studies (15,16).
Notably, the impact of epigenetics in endometriosis has been
under investigation in recent years and significant progress
regarding DNA methylation and histone post‑translational
modifications has been achieved (17,18). The epigenetic
disruption of gene expression plays an important role in the
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development of endometriosis through interaction with environmental changes.
Candidate gene association studies, genome‑wide asso
ciation studies and various meta‑analyses have led to the
identification of many endometriosis‑risk loci that may be
initially involved in the pathogenesis of endometriosis (19‑24).
These gene loci have been categorized according to the function
of their gene products, i.e., growth factors, matrix remodeling,
cell cycle regulation and signaling, oncogenes, hormone
receptors and metabolism, adhesion molecules, transcription
regulation, cytokines, inflammation, immune and oxidative
stress (reviewed in ref. 25). However, a portion of these data has
been rather disappointing due to the absence of replication in
independent populations (26). At present, 19 single nucleotide
polymorphisms (SNPs) associated with endometriosis have
been identified, which can explain approximately 5.19% of the
disease variance (27). The list of novel endometriosis‑associated loci is enriching considering that recent studies are
focused mainly on the severe stages of the disease (stage III/IV
endometriosis), thus suggesting the greater genetic burden of
moderate to severe endometriosis cases compared to that of
minimal or mild disease (stage I/II) (22,28).
Previous findings have shown that various cytokines may
be used as potential biomarkers for the diagnosis of endometriosis, given that they were detectable in the serum and
peritoneal fluid (29). In this framework, IL‑16 has been found
in amniotic fluid with its levels declining over gestation, while
IL‑16 transcripts were detected in whole tissue extracts of
fetal gut, skin and placenta (30,31). Interleukin‑16 (IL‑16), also
known as a lymphocyte chemoattractant factor, is a polypeptide proinflammatory cytokine that plays a pivotal (decisive)
role in most immune and inflammatory responses as well as
in the pathogenesis of endometriosis (32). It is produced by
a variety of cell types previously found in association with
complex disorders and it is now clear that this cytokine plays a
critical role in the regulation of cellular functions. The precise
mechanism by which IL‑16 functions as an inflammatory
mediator is still under investigation and not fully clarified.
Accumulated data suggest that IL‑16 activates T lymphocytes, thus resulting in the secretion of several proinflammatory
cytokines (33). It is produced mainly by CD8 lymphocytes as
a 67‑kDa precursor protein (34). Human IL‑16 is normally
produced as a 631‑amino acid precursor protein, Pro‑IL‑16,
which is then cleaved at the subsequent step by the enzyme
caspase‑3 to release the biologically active C‑terminal domain,
consisting of 121 amino acids (35‑37). Two functional polymorphisms in this gene (rs4072111 C/T and rs11556218 T/G)
have been reported to be associated with various cardiovascular (38‑40), neurodegenerative (41), infectious (42),
inflammatory or autoimmune diseases (43‑46), as well as with
various types of cancer (47‑50). Of the two, rs11556218 is a
missense exon‑SNP, located in the exon 6 region, leading to an
amino acid change (Asn446Lys) on position 446 of the shorter
isomorph 2 (631 aminoacids) of Pro‑IL‑16 (Fig. 1), which may
alter protein structure and function. The rs4072111 is another
missense SNP (Pro434Ser) appearing on position 434 of the
second PDZ domain of the longer isomorph 1, i.e., the neuronal
nPro‑IL‑16 (1,331 amino acids) (Fig. 1). PDZ domains were
originally identified as repeated sequences conserved in two
proteins, postsynaptic density protein PSD95, Drosophila discs

large tumor suppressor protein DLG (51). PDZ domains are
now known to be present in many proteins (52). Additionally,
they function as motifs for protein‑protein interaction
(PPI) (53,54). Proteins with PDZ motifs have been associated
with neoplasia and alterations in cell proliferation as originally
described (51). While the majority of PDZ‑containing proteins
appear to participate in PPIs in the cytoplasm at the sites of
cell‑cell contact, a number of PDZ domain‑containing proteins
have been identified to localize in the nucleus (52‑54).
Encouraged by the IL‑16 association with endometriosis
detected by Azimzadeh et al (55) recently, we conducted the
current study to investigate whether rs4072111 and rs11556218
SNPs of the IL‑16 gene were associated with the risk for endometriosis and/or with progression to the severe stages (III‑IV)
of this condition in the Greek population. Furthermore, we
attempted to detect any ethnic‑specific differences regarding
the genetic association of these SNPs with endometriosis,
considering that population differences for endometriosis have
been reported previously in terms of genetic susceptibility and
disease manifestations (56‑58).
Patients and methods
Patient population and study design. In this case control association study, 305 women were enrolled (159 endometriosis
patients and 146 controls) followed in the Department of
Obstetrics and Gynecology of Venizeleion General Hospital
of Heraklion (Heraklion, Crete). All the women had undergone surgery in the aforementioned tertiary care centre. The
average age of the Greek endometriosis and control cohorts
was 32.25±7.1 and 29.49±6.7 years, respectively. The women
with endometriosis were diagnosed surgically (laparotomy or
laparoscopy), and the disease was confirmed histologically
from biopsies. Staging of the disease was performed according
to the revised American Fertility Society classification (59).
All the members of the control group had given birth to
2‑5 (2.3±0.6) children and had no previous medical record of
chronic pelvic pain, dysmenorrhea, or dyspareunia. According
to the revised American Fertility Society Classification (1985),
81 (50.94%) stage I‑II patients and 78 (49.06%) patients had
moderate to severe endometriosis (stage III‑IV). All the
subjects were of self‑reported Greek origin. Written informed
consent was obtained from both patients and controls. The
study was performed in the Section of Molecular Pathology
and Human Genetics of the Medical School of Crete, after
obtaining the approval of the Research Committee of the
Venizeleion General Hospital of Heraklion and was carried
out in compliance with the declaration of Helsinki.
Genotyping. Whole blood was collected preoperatively in
ethylenediaminetetraacetic acid (EDTA)‑containing tubes.
Genomic DNA was isolated from peripheral blood leukocytes by using the commercial kit Invitrogen (PureLink ®
Genomic DNA Mini kit; Invitrogen Life Technologies,
Carlsbad, CA, USA) according to the manufacturer's instructions. The extracted DNA was stored at ‑20˚C until analyzed.
Genotyping of two common SNPs in the IL‑16 gene, rs4072111
(Pro434Ser) and rs11556218 (Asn446Lys) was performed
by following the restriction fragment length polymorphism
(RFLP) approach, by using BsmAI and NdeI, respectively,
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Figure 1. Schematic representation of domain structure of Pro-IL-16 and nPro-IL-16. N-terminal Pro-IL-16 contains a CcN motif and two PDZ domains.
N-terminal neuronal Pro-IL-16 contains two nPDZ domains, a CcN motif and a further two PDZ domains. C-terminal mature IL-16 is processed by caspase‑3,
and contains a PDZ domain. rs11556218 SNP leads to an amino acid change of both Pro-IL-16 and nPro-IL-16 on their PDZ2 domain (Asn446Lys or
Asn1147Lys, respectively). The rs4072111 is another missense SNP that leads to an amino acid change of nPro-IL-16 only on its nPDZ2 domain (Pro434Ser).
The figure was adapted from the study by Bannert et al (75). IL‑16, interleukin‑16; SNP, single nucleotide polymorphism.

as described elsewhere (47,55). Amplification of the genomic
fragments harboring the polymorphic sites was carried out
using the GoTaq polymerase provided by Promega Corporation
(Madison, WI, USA). Briefly, the upstream primers 5'‑CAC
TGT GAT CCC GGT CCA GTC‑3' and 5'‑GCT CAG GTT
CAC AGA GTG TTT CCA TA‑3' as well as the downstream
primers 5'‑TTC AGG TAC AAA CCC AGC CAG C‑3' and
5'‑TGT GAC AAT CAC AGC TTG CCT G‑3', based on the
human IL‑16 gene sequence (accession no. NC_000015.10)
were used to generate the regions of the rs4072111 (164 bp)
(C>T) and rs11556218 (171 bp) (T>G) SNPs of the IL‑16 gene,
respectively.
Polymerase chain reactions (PCR) were carried out in the
final volume of 25 µl containing: 10X PCR buffer and 2 mM
MgCl 2 (both from Roche Diagnostics GmbH, Mannheim,
Germany), 0.4 mM of each dNTP (Fermentas, St. Leon-Rot,
Germany), 5 pmol of each primer, 50 ng template DNA,
1 unit Taq DNA polymerase (Roche Diagnostics GmbH)
and sterile distilled water up to 25 µl. A hot start was used
with initial heating at 94˚C for 5 min and then 30 cycles of
denaturing (at 94˚C for 30 sec), annealing for 30 sec (60˚C for
rs11556218 and 60˚C for rs4072111) and chain extension (at
72˚C for 30 sec), followed with a final extension step at 72˚C
for 5 min. Both undigested and digested PCR products were
visualized in 2.5% agarose gel stained with ethidium bromide
in reference to a molecular weight marker (100 bp DNA
ladder; Invitrogen Life Technologies). The genotyping of the
samples for rs4072111 was performed by digesting the 164‑bp
PCR product with BsmAI restriction enzyme (New England
BioLabs, Inc., Beverly, MA, USA), which digested the DNA
that was amplified from the ‘T’ allele, thus generating two fragments of 140 and 24‑bp. The presence of allele ‘C’ resulted in
the absence of the BsmAI restriction site (47). In addition, the
genotyping of the samples for rs11556218 was performed by
digesting the 171‑bp PCR product with NdeI restriction enzyme
(New England BioLabs, Inc.), which digested the DNA that
was amplified from the ‘G’ allele, thus generating two fragments of 147 and 24‑bp. The presence of allele ‘T’ resulted in
the absence of the NdeI restriction site (47). Genotypes were
scored blindly, and analysis of all the ambiguous samples
was repeated. Furthermore, to ensure accuracy of the results,
10% of the samples were amplified twice.

Construction of IL‑16 domain three‑dimensional (3D) model.
SNPs bioinformatics analysis was performed using NCBI
dbSNP (for nucleotide sequence analysis), UNIPROT (for
protein sequence analysis) and PDB (for protein structure
analysis) databases. PyMOL (DeLano Scientific, San Carlos,
CA, USA) was used for 3D structural positioning, mutation
analysis and visualization. The crystal structures of IL‑16 PDZ
and PDZ12 domains (PDB codes, 1X6D2QT5 and 2KA9)
were used as the initial models. The 3D structure modeling
was performed using SWISS‑MODEL (60).
Statistical analysis. All cases and controls used in the analysis
were unrelated. The GraphPad Prism statistical program
(GraphPad Software, San Diego, CA, USA) was used in
the framework of the analyses performed. A two‑tailed
P-value <0.05 was defined as statistically significant. Odds
ratios (OR) and 95% confidence intervals (CI) were calculated.
The χ2 test, with one or two degrees of freedom or Fisher's
exact test was used to examine differences of genotype and
allele frequencies between patients and controls, where all
SNPs had a call rate of >98%. The possible deviation from
Hardy‑Weinberg equilibrium (HWE) was performed by using
the program ‘Calculate’ (copyright TRG, SR, INMD, 2008).
The distribution of genotypes in case group for both SNPs
examined was found to be under HWE (P>0.01).
Results
rs11556218 IL‑16 T/G SNP. In the case of the rs11556218 SNP,
a statistical significant difference was found in the frequencies
of GG and GT genotypes in patients and controls (P<0.0001,
OR=7.01; 95% CI, 3.65‑13.46; and P<0.0001, OR=4.17;
95% CI, 2.30‑7.56, respectively) (Table I). Additionally, we
observed a significant difference in the distribution of the
‘G’ allele between the endometriosis and control groups
(P<0.0001, OR=3.02; 95% CI, 2.17‑4.20), being associated
with an increased susceptibility for endometriosis.
Of note, when patients were analyzed according to the
severity of the disease, a significant association was detected
regarding the GG and GT genotypes of this SNP in patients
with stage III/IV of the disease and controls (P= 0.0004,
OR=3.92; 95% CI, 1.87‑8.22; and P=0.0178, OR=2.37; 95% CI,
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Table I. Genotypes and alleles frequency of the IL-16 rs11556218 SNP analyzed in 159 women with endometriosis and
146 healthy controls.
rs11556218

Patients

Genotypes
G/G
G/T
T/T
Alleles
G
T

n=159
64 (40.25%)
72 (45.28%)
23 (14.46%)
n=318
200 (62.89%)
118 (37.11%)

Controls

P-value

n=146
27 (18.49%)
<0.0001
51 (34.93%)
<0.0001
68 (46.58%)		
n=292
105 (35.96%)
<0.0001
187 (64.04%)		

OR (95% CI)
7.01 (3.65-13.46)
4.17 (2.30-7.56)
1.00 (Reference)
3.02 (2.17-4.20)
1.00 (Reference)

Bold, statistically significant difference.

Table II. Genotypes and alleles frequency of the IL-16 rs11556218 SNP analyzed in 78 women with endometriosis (stage III
and IV) and 146 healthy controls.
rs11556218

Patients

Genotypes
G/G
G/T
T/T
Alleles
G
T

n=78
28 (35.88%)
32 (41.04%)
18 (23.08%)
n=156
88 (56.41%)
68 (43.59%)

Controls

P-value

n=146
27 (18.49%)
0.0004
51 (34.93%)
0.0178
68 (46.58%)		
n=292
105 (35.96%)
<0.0001
187 (64.04%)		

OR (95% CI)
3.92 (1.87-8.22)
2.37 (1.20-4.69)
1.00 (Reference)
2.30 (1.55-3.43)
1.00 (Reference)

Bold, statistically significant difference.

Table III. Genotypes and alleles frequency of the IL-16 rs4072111 SNP analyzed in 159 women with endometriosis and
146 healthy controls.
rs4072111

Patients

Genotypes
C/C
C/T
T/T
Alleles
C
T

n=159
137 (86.16%)
22 (13.84%)
0 (0%)
n=318
296 (93.08%)
22 (6.92%)

Controls

P-value

n=146
117 (80.14%)
0.46
28 (19.18%)
1
1 (0.68%)		
n=292
262 (89.72%)
0.15
30 (10.28%)

OR (95% CI)
3.51 (0.14-87.07)
2.37 (0.09-61.01)
1.54 (0.87-2.74)

1.20‑4.69, respectively) (Table II). The ‘G’ allele was also
associated with endometriosis in this analysis (P<0.0001,
OR=2.30; 95% CI, 1.55‑3.43).

according to the severity of the disease (stage III/IV), no association was detected either (data not shown). The genotyping
success for all the SNPs analyzed was >98%.

The rs4072111 IL‑16 SNP. We further evaluated the effect
of the rs4072111 SNP in the development of endometriosis.
Based on the genotyping as well as the allelic data obtained,
no association with endometriosis was detected either for
CC genotype or for allele ‘C’ (Table III) (P=0.46, OR=3.51;
95% CI, 0.14‑87.07; and P=0.15, OR=1.54; 95% CI, 0.87‑2.74,
respectively). Furthermore, when patients were analyzed

Developing 3D models of IL‑16 protein. We located the
rs4072111 and rs11556218 SNPs on the aminoacid sequences
of the isomorphs of Pro‑IL‑16 (Fig. 1). We then attempted to
approach the functional role of both SNPs under investigation,
by constructing 3D models of the respective PDZ domains
of nPro-IL‑16 isomorph 1 (Fig. 2) and Pro-IL‑16 isomorph 2
(Fig. 3) proteins. The first model consists of the N‑terminal
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Figure 2. Schematic ribbon view of the modeled nPDZ1,2 domains of neuronal Pro-IL‑16 isomorph 1. Τhe rs4072111 SNP‑derived mutant Pro434Ser
(in blue) is located on the β3 strand of the nPDZ2 domain. Elements of
secondary structure of the protein domain are shown as ribbons. The figure
was created using the PYMOL v1.8 program for the nPro-IL-16 isomorph 1
structure. IL‑16, interleukin‑16; SNP, single nucleotide polymorphism.

Figure 3. Surface view of the PDZ2 domain of Pro-IL-16 isomorph 2. Τhe
rs11556218 SNP‑derived mutant Asn446Lys is located on the β3/α1 loop
at the entrance of the recognition cavity of the PDZ domain running from
top to bottom (see purple arrows) and in close proximity to the GLGF motif
(in green), known as the ‘carboxylate binding loop’. Elements of secondary
structure of the protein domain are shown as ribbons (cyan for the α-helix
and purple for the β strands). The figure was created using the PYMOL
v1.8 program for the IL-16 structure (PDB code, 1X6D) (76). IL‑16, interleukin‑16; SNP, single nucleotide polymorphism.

two PDZ domains (residues 211‑443) of nPro-IL‑16. The location of the mutant residue is predicted on the last β‑strand of
the second PDZ domain (Fig. 2). The second model is based
on the NMR structure of the second PDZ domain (PDB code,
1X6D) (61) of the N‑terminal Pro-IL‑16 isomorph 2. Τhe
rs11556218SNP‑derived mutant Asn446Lys is located on the
β3/α1 loop, at the entrance of the recognition cavity of the PDZ
domain and in close proximity to the GLGF motif, known as
the ‘carboxylate binding loop’ (Fig. 3).
Discussion
Recent advances in genetics and relevant technology during
the current post‑genomic era resulted in the identification
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and a better understanding of genetic risk factors associated
with endometriosis. In the present study, we investigated the
role of two SNPs of the IL‑16 gene with regard to risk of
endometriosis susceptibility in Greek women. To the best of
our knowledge, this is the first study to screen for IL‑16 gene
polymorphisms in patients with endometriosis in a European
population. The IL‑16 gene is located on chromosome 15
(15q26.1) (62).
Although GWAS have detected numerous endometriosis
susceptibility genes, it is clear that there are many differences
in genetic associations with endometriosis across different
world populations and, therefore, it is important to study the
genetic basis of the disease in multiple populations (63,64).
This would be particularly important considering that some
major endometriosis risk factors such as WNT4, VEZT and
FSHB were shown by a recent study of our group, focused on
the same (Greek) population analyzed in the present study,
to have a specific geographic distribution (58). In this framework, genetic association studies involving rs4072111 and
rs11556218 SNPs of the IL-16 gene in the Greek population
showed that rs11556218 only is strongly associated with an
increased susceptibility for the development of endometriosis
at both the genotypic and allelic level.
The results of a recent study conducted in Iran showed
that genotype and allelic distribution in the two IL‑16 exonic
polymorphisms rs4072111 and rs11556218 was significantly
different between endometriosis patients and healthy individuals (65). Of note, allele ‘G’ of rs11556218 was found
to be protective for endometriosis and did not increase the
risk for the disease, as found in the Greek population in the
present study. No significant differences were detected in
the genotype and allele frequencies of the rs11556218 SNP
between patients with endometriosis and controls either in a
Chinese (66) or a Korean population (67). Of note, the allele
frequencies that we obtained for the Greek control population for rs11556218 SNP vary significantly in comparison
with Iranian (55) and Chinese (18,40,47,66), as published in
the literature. These observations underline the importance
of assessing genetic variants in different ethnic and/or racial
populations in any attempt to approach the genetic basis of
endometriosis and the specific effects of various alleles in
different populations.
Genetic variation in the DNA sequence of the IL‑16 gene
may lead to altered cytokine production and/or activity, and this
variation may modulate an individual's susceptibility to endometriosis. Notably, in patients with colorectal cancer or gastric
cancer, IL‑16 serum levels were significantly higher than those
in the healthy controls, although no significant association
between IL‑16 polymorphisms and serum levels of IL‑16 was
observed (47). Several cytokines have been shown to appear
differences in women with endometriosis in comparison with
controls. Thus, among members of the interleukin family
evaluated, IL‑16 exhibited elevated levels (68). Nevertheless,
few studies have directly examined the mechanisms by which
IL‑16 is involved in the development and progression of endometriosis. IL‑6 was found to be elevated in the peritoneal fluid
and serum of women with endometriosis (69,70). However, in
another study, it was found that although the concentrations of
IL‑16 in peritoneal fluid and sera were both lower in women
with endometriosis, the observed differences did not reach a
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level of statistical significance (71). Apparently, these findings
should be validated in larger studies, in order to clarify the role
of this molecule in endometriosis.
Although the molecular mechanisms by which IL‑16 gene
polymorphisms are associated with endometriosis remain
unclear, additional functional studies, in combination with
genetic studies involving subjects from various ethnicities,
may provide valuable information concerning this issue.
GWAS have detected many regions harboring interesting
disease‑candidate genes but the risk alleles may not always act
in obvious ways. As a consequence, it is necessary to accumulate evidence of their functional significance by performing
gene expression studies, epigenetic analyses or further functional studies. In our attempt to approach the functional role
of the SNPs studied, we constructed 3D models of the respective PDZ domains of nPro-IL‑16 isomorph 1 and Pro-IL‑16
isomorph 2 proteins. It is apparent that the rs11556218 SNP
polymorphism leading to the Asn446Lys mutation on the
PDZ2 domain of Pro-IL‑16 affected the function of the
protein. The introduction of the positive charge on the side
chain of the lysine no. 446 amino acid residue, located on the
rim of the GLGF carboxylate binding loop, may deregulate
protein‑protein recognition.
A recent study by Xiao et al (72) presented a disease network
of endometriosis that integrated human PPIs and known
disease‑causing genes. Considering that most human diseases
reflect the phenotype of the co‑operative function of many
causative gene alleles (73), gene networks confer information
for the underlying disease mechanisms. The construction of
this network was based on endometriosis‑causing genes that
were identified from disease‑gene databases and subsequent
calculations and approaches using bioinformatics. However,
IL‑16 was not included in this network.
The pathogenesis of endometriosis is highly complex given
that it involves genetic, epigenetic and environmental factors,
with all of them interacting with each other in order to yield the
disease phenotype. Thus, conflicting studies appear frequently
and the interpretation of the data collected remains a challenge. A major advantage of our study was the homogeneous
patient cohort and control group selected, thus minimizing the
possibility that our results are biased by sampling. The major
weakness of the present study was the small sample size, leading
to a low statistical power, probably non‑efficient to detect a
weak genetic effect. Furthermore, it should be mentioned
that laparoscopy is an expensive and invasive procedure, and
women with no symptoms of endometriosis have had low
adherence to accepting this diagnostic procedure. The failure
to confirm previous findings from another study for rs4072111
is largely attributed to population differences or, probably,
to interactions with genetic and/or non‑genetic factors (74).
Together, the results from the present study demonstrate the
difficulty in identifying common, generalizable risk alleles in
a complex disease, such as endometriosis.
In conclusion, the present study has shown that the IL‑16
polymorphisms analyzed may be involved in the development of endometriosis but additional studies in different
populations are needed in an attempt to validate the present
results. Moreover, further investigations to clarify the
possible role of the gene studied in the clinical course of
endometriosis are required to provide functional insight

into the role of IL‑16 in endometriosis and elucidate the
mechanism by which the IL‑16 gene polymorphisms affect
the risk for this disease.
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