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Abstract
Endometriosis with an estimated frequency of 5 - 10% among women at the reproductive age, is a common gynecologic disorder.
The gynecological characteristic is presence of endometrial glandular and stromal cells existing in the extra-uterine environment. A

genetic variation in the androgen receptor (AR) has been associated with the risk of developing endometriosis.
Aim: The aim of study is to evaluate the tri-nucleotide (CAG)n repeats in AR gene.

Material and Methods: In a period of six month (2016), 55 females with clinically diagnosed endometriosis and 55 healthy females
age-matched randomly selected as control group. Molecular analysis of AR gene for (CAG)n repeats was performed by using Nested-

PCR amplification followed by fragment analysis on ABI sequencer.

Results: The (CAG)n repeat length ranged in endometriosis patients from 15 to 33 (mode = 19) and for controls from 18 to 31 (mode
= 27). Concerning to the n < 21, the difference in the number of (CAG)n repeats between endometriosis cases and controls was found
statistically significant (p = 0.037) and odds ratio is 2.006 (95% CI = 1.043 - 3.857), as well as n > 28 (p = 0.0001, OR = 62.471, %95CI
=14.683 - 265.790).

Conclusion: It is concluded that (CAG)n repeats length in the exon 1 of AR gene in about 21% of is lower than controls. This finding

shows a predisposing genetic factor in about 1 in fifth patient for the endometriosis in the region.

Keywords: Endometriosis; Androgen Receptor; CAG Repeats

Introduction

Endometriosis is an estrogen-dependent disorder that affects
women during the reproductive ages. It occurs when tissue similar
to the uterine lining (endometrium) attaches to organs in the pelvis
and begins to grow. This displaced endometrial tissue causes irrita-
tion in the pelvis that may lead to pain and infertility [1]. Although
the proliferation and differentiation of both eutopic and ectopic
endometrium are mediated mainly by receptors for estrogens and
progesterone. Androgen receptor (AR) is also expressed in these
tissues and might contribute to the events that lead to the estab-

lishment of endometriosis [2,3].

The AR protein contains a polyglutamine tract of variable size
in the N-terminal transactivation domain that can modulate its

ability to enhance transcriptional events. This tract is encoded by

a polymorphic cytosine, adenine, and guanine (CAG) microsatel-
lite repeat within exon 1 of the AR gene, which is located on the
X chromosome at Xq12-13 [4]. An in vitro study showed inverse
relationship between the number of (CAG)n repeats and the AR
activity. The (CAG)n repeat alleles with low number of repeats
showed higher activity while high repeat number progressively
decreased the transactivation activity [5]. These variations in the
length of the (CAG)n repeat size altered AR transcriptional activ-
ity and have been associated with several human diseases such
as ovarian, breast and endometrial cancers that committed with
short alleles [6-10]. Increased (CAG)n repeat size is reported in the
spinal and bulbar muscular atrophy (Kennedy disease) as well as
male infertility [11,12].

The other findings are pharmacologic effects like a link be-

tween cyclosporine (CsA) induces gingival overgrowth in renal
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transplanted patients and a smaller size of (CAG)n repeat in the AR

gene [13].

To further evaluation, the length of (CAG)n repeats at the AR
gene were studied among the endometriosis patients in compare
to the distribution pattern of (CAG)n repeat without endometriosis
in a cohort of Iranian women in the Fars province. In these study,
the allele patterns were defined as the length of the (CAG)n repeat

region.

Materials and Methods
Subjects

Totally, 55 clinically diagnosed endometriosis patients and 55
healthy individual age matched (33.2 + 8.5 years) were randomly
selected. The patients and controls were informed that blood would
be used for research purposes and gave written consent. All studied
individuals were white and of Iranian (Fars) origin and attention
was paid to the selection of controls, who were from the same geo-
graphic area and of similar age as patients. All of them underwent
complete pre-surgery clinical examination before the diagnostic
operative laparoscopy. Indications for laparoscopy included chron-
ic pelvic pain, infertility, ovarian cysts, or myoma. Endometriosis
was diagnosed during the laparoscopic intervention diagnosis of
ovarian endometriotic cysts and peritoneal lesions has always been
confirmed histologically and direct visualization. Endometriosis

was documented in 55 women.

As the diagnosis of endometriosis essentially can be proven by
laparoscopy and because the disease is often asymptomatic, con-
trols consisted of women in whom the disease was ruled out lapa-

roscopically.
Determination of (CAG)n repeats in the exon 1 of the AR gen

Genomic DNA was isolated from whole blood cell and extracted
using the salting-out method. Quantified by Nano drop, and stored
at the -20°C until test assay. Molecular analysis was performed in
two steps (Nested PCR) amplification which followed by fragment
analysis by using ABI machine. Two sets of primers, used in two
successive runs of polymerase chain reaction, the second set in-
tended to amplify a secondary target within the first run product.
Sets of primers in step1; AR-1 forward (5-TAGGGCTGGGAAGGGTC-
TAC-3’) and AR-1 reverse (5-GCTGTGAAGGTTGCTGTTCC-3"). PCR
was performed in a total volume of 20pL containing 25 ng genomic
DNA, 0.25pmole of each primer. A 25-cycle amplification protocol
performed in which the annealing temperature was 53°C. Sets of
primers in step2; AR-2 forward (5’-TCCAGAATCTGTTCCAGAGC-3’)
and AF-2 reverse (6-Fam-TGGGGAGAACCATCCTCACC-3).

For the number of (CAG)n repeats fragment analysis was per-

formed by ABI and analysed by using the Gene Marker software.
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Statistical analysis was done using the SPSS version 23 statis-
tical package Student t test or analysis of variance were used as
appropriate. Distribution of cases according to the (CAG)n length
was also tested using the Logistic Regression for all tests; signifi-

cance was set at 5% and 1%.
Results

The range of age in case and control groups was 18 - 53 years.
The bioinformatics data of patients and control is tabulated in the
(Table 1).

Risk Factor Endometriosis Control The significance
(mean * SD) (mean * SD) level

BMI 25.38 + 6.68 24.64 £4.75 P=0.053

age of first sex 22.7+6.4 183+8.6 P=0.01

age of first 13.0+1.8 13.7+1.7 P>0.05
period

Duration of 71+1.8 59+1.7 P=0.06
period

Age at first 241+6.2 17.5+£9.0 P =0.005
pregnancy

Table 1: Clinical and Characteristics in Women with
Endometriosis and with Women Healthy Controls.

Based on the data analysis, minimal and mild stage of the dis-
ease (stage I, II) was found in 20 (36.4%), moderate and severe
(stage 1II, IV) in 35 (63.6%) cases. The sites of involvement in
order were pelvic endometriosis (83.6%), ectopic pelvic (5.5%)
whom had involved in both places, and followed by ectopic endo-
metriosis (3.6%). About half of cases (49.1%) and 12.3% of con-
trol had family history of endometriosis (p < 0.001).

The average age of first sex among the patients and control
group was 18.3 + 8.6 and 22.7 * 6.4 respectively. According to the
result, age of first sex had a significant impact on the developing
of disease (P < 0.01).

While the average age of first pregnancy, was 24.1 + 6.2 in pa-
tients, in the control group significantly low (17.5 + 9.4) and endo-

metriosis had a crucial impact on pregnancy (P < 0.005).

The CAG repeat length ranged in endometriosis patients varies
from 16 to 33 and in the control group from 17 to 28. The allele
frequency with cut-off point of n < 21, between two groups (con-
trol and patient) were significant (p = 0.037). The odds ratio was
2.006 (95% CI = 1.043-3.857). Moreover, the number of (CAG)n
repeats upper than 28 (n = 28) was statistically higher in patients
in comparison with controls (p = 0.0001, OR = 62.471, %95CI =
14.683 - 265.790). The distribution of the allele frequency in pa-

tients and control subjects is shown in (Figure 1).
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Figure 1: Distribution of the CAG Allele between the Cases and Control.

Discussion

Endometriosis classified based on the number and character
of peritoneal lesions, ovarian and other organ involvement, and
presence, type, and extent of adhesions into four stages (I to IV)
[14]. In the pathogenesis of several stage of endometriosis at least
8 theories are concerned. These theories are based on retrograde
menstruation, Metaplasia, Hormones, Oxidative stress and inflam-
mation, Immune dysfunction, Apoptosis suppression, Genetic, and
stem cells [15]. Different signalling pathways through gene regula-

tion is postulated [16] and may introduce different stage of disease.

Family study indicates 5 to 7 percent of first-degree relatives
have tendency to present endometriosis in polygenic and multi-

factorial manner [17].

The regulation of endometrial tissue is regulated by estrogen
and progesterone and expression of several genes affected during

of menstruation cycles.

The AR gene, a member of the steroid/nuclear receptor super
family, on the X-chromosome comprises of eight exons and in fe-

male one X and corresponded genes is inactive. This gene encodes

the AR protein that containing three domains: 1-N-terminal
transactivation domain, 2- central DNA-binding domain, and 3-
C-terminal ligand- binding domain. The gene also comprises two
variable number of thri-nucleotide repeats, one toward the 5’ end
(CAG repeats) and the other is GGC repeats that located in the 3’
portion of exon 1 [18,19].

The number of the CAG varies in different ethnic group from
8 to 35 repeats [20]. Its repeat in this study was 13 to 27 and one
report from the north of Iran, it was 13 - 26 [21]. The length of a
polymorphic (CAG)n repeat sequence is inversely correlated with
transcriptional activity by the androgen receptor. Shorter (CAG)n
alleles, by increasing transactivation, may result in increased AR-

mediated sensitivity of the endometriosis.

According to the population study, the relative AR (CAG)n re-
peat length has significant variation in different race groups. It
is documented that Afro-Caribbean has shortest repeat lengths
therefore have greatest AR activity). The Caucasian and Hispanic
have mid-size but the Thai people present longest repeat length
and lowest AR activity [22].
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This variation in (CAG)n repeat length not only associate with
various disease and malignancy like prostate cancer [23], it also
has effect on attitude of individuals as well. In accordance with a
review (Minkov and Bond, 2015), more CAG repeats are associated
with androgen insensitivity, while fewer repeats are supposed to
be linked to more sexual partners and violent and impulsive behav-
iour [24]. A study on Barcelona-Spanish girls suggested that shorter
(CAG)n repeats increase androgen sensitivity and subsequent ovar-
ian hyper-androgenism, a key feature of PCOS [25].

A possible molecular mechanism regarding how a change in po-
ly-glutamine length can affect the activity of the receptor might in-
volve a nuclear G-protein, a Ras-related nuclear protein/ARA24 that
acts as a co-activator with the AR and can bind differentially with
different lengths of poly-glutamines within AR. AR-CAG/ARA24 in-
teractions become stronger as the number of glutamines decreases,
thereby increasing co-activation capability [26]. Although the like-
ly increase in AR intrinsic activity with each reduction in AR-CAG
length is relatively small, these effects are genetically determined
and, therefore, exert their effects over the entire lifetime of the in-
dividual. Small changes, can, over time, have significant pathologic
effects (4). Although the precise molecular mechanisms involved
in its pathogenesis are largely unknown. High estrogen levels can
induce uncontrolled endometrial cellular proliferation and hence,
potentially, the development of endometriosis [27]. Endometriosis,
as an estrogen-dependent disorder that tends to be modulated by
sex steroids, may actually represent a pathologic condition poten-
tially associated with AR polymorphisms. In this study, distribution
of CAG repeats in compare to the control clearly shows two extremi-
ties (Figure 1), a high repeat (n = 28) that may explain those cases
that referred due to infertility (P = 0.0001, OR = 62.471, %95CI =
14.683-265.790) and other theories like immune dysfunction and
other spectrum a short repeat which could explain this genetic
variation. The cut off (CAG)n repeats with n= or < 21, which cov-
ers about 21% of cases, statistically, difference in the endometriosis
cases and controls (p = 0.037) and odds ratio is 2.006 (95% CI =
1.043 - 3.857).

Indeed, androgens appear to contrast the proliferative effect ex-
erted by estrogens in normal endometrium. Somatic expansions of
the AR-CAG repeat may decrease the transactivation power of the
receptor and thus diminish the anti-proliferative signal inferred by
the hormone [28].

These findings are similar with those from a previous study in
which a Chinese group significant differences in the distribution of
(CAG)n repeats is was found in women with and without endome-
triosis [29].
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In summary, the results of the present study argue the possibil-
ity constitutes a genetic predisposition for the endometriosis in

about 20% of cases.
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