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ABSTRACT 
 

Background: In fertile women, glycodelin and glutathione peroxidase 3 (GPx3) genes expression rises during the 
luteal phase, with a peak occurring during the implantation window. The expression of these genes decreases in 
women with myomas. To determine whether myomectomy would reverse glycodelin and GPx3 expression, we 
evaluated the transcript levels of these genes in the endometrium of patients before and after myomectomy. 
Methods: Expression of glycodelin and GPx3 genes were examined prospectively during the midluteal phase in the 
endometrium obtained from infertile women with myoma (n = 12) before and three months after myomectomy. 
Endometrial expression of these genes was evaluated using quantitative real-time RT-PCR. Results: Endometrial 
glycodelin mRNA expression levels (normalized to 18S rRNA expression) were increased significantly in 
endometrium of patients after myomectomy (P = 0.02). GPx3 mRNA expression was increased insignificantly after 
myomectomy (P = 0.43).  Conclusion: The results showed that myomectomy increased endometrial glycodelin 
(significantly) and GPx3 (not significantly) gene expression after 3 months. Study at different times and detecting 
expression of these genes can reveal more details. Iran. Biomed. J. 18 (2):60-66, 2014 
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INTRODUCTION 

 
terine myomas are the most common benign 
tumors found in the female genital tract [1-4]. 
They are estimated to occur in 20 to 50% of 

women with an increased frequency during the late 
reproductive years. Myomas are present in 
approximately 5%–10% of women with infertility and 
are the sole factor identified in 1%–2.4% of the 
infertile patients [5, 6]. Depending on location in the 
uterus, intramural or submucosal, myomas have been 
implicated in both recurrent pregnancy loss and 
infertility [1].  

Intramural myomas that distort the endometrial 
cavity, are associated with lower pregnancy, 
implantation, and delivery rates in women undergoing 
IVF compared with infertile women without myomas 
[7]. 

 It is plausible that detrimental effect of myoma on 

implantation could be through adverse effects on the 
endometrium and impaired endometrial receptivity is 
considered to be a major limiting factor for pregnancy 
establishment [8]. 

Reproductive outcomes are improved after myo-
mectomy, and the difference will be more pronounced 
if the myoma is the only identifiable etiology of 
infertility. 

The molecular mechanisms implicated in the 
endometrium after removal of intramural myoma are 
still unknown.  In an attempt to develop a clinically 
relevant and reproducible evaluation of endometrial 
function, a number of molecular markers specific to the 
implantation window were identified.  For instance, 
expression of the epithelial endometrial glycodelin and 
glutathione peroxidase 3 (GPx3) genes increases 
during mid-secretory phase coincident with the 
opening of this window [9]. Decreased midluteal 
glycodelin and GPx3 expressions have been reported in 
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connection with some luteal phase deficiency [10].   
Glycodelin is a glycoprotein from the human 

lipocalins superfamily and is mainly expressed in 
reproductive tissues. This protein contains a number of 
glycosylation sites, which is found in amniotic fluid 
[11],  endometrium, and deciduas [12]. The pro-
gestagen-associated endometrial protein gene, which is 
an official symbol for the glycodelin gene, is located in 
the chromosomal region 9q34. It is composed of 7 
exons and has four response putative elements for 
glucocorticoids/progesterone upstream from its 
promoter region [10].  

Although the precise function of glycodelin is still 
unknown, it is believed that its activity could depend 
on the type of glycosylation that it undergoes. Some of 
the proposed functions are contraception, immuno-
suppressant, participation in angiogenesis, and 
apoptosis. Moreover, there are also activities 
independent from glycosylation, such as glandular 
morphogenesis induction, epithelial differentiation, and 
tumor suppression [10, 13]. The glycodelin synthesis in 
endometrium seems to be regulated by progesterone 
[10, 14].    

GPX3 acts to protect cells from damage from 
unstable reactive radicals and heavy metals [15, 16]. 
The glutathione peroxidases are a family of reducing 
agents, which function to reduce hydrogen peroxide 
and organohydroperoxides. Free radical damage is 
implicated in the pathophysiology of a number of 
organs including the endometrium. Glutathione 
peroxidases reduce these free radicals to harmless 
compounds. The glutathione peroxidase family is a 
selenium-dependent protein [17]. Selenium deficiency 
in women is associated with spontaneous abortion and 
infertility, thus the selenium-dependent GPx may play 
a role around the time of implantation to protect the 
embryo from oxidant damage and to create a safe 
environment for reception of a fertilized ovum [17, 18]. 
It has been shown that GPx3 is highly expressed in 
secretory phase compared with proliferative one [15]. 

Horcajadas et al. [19] have shown that expression of 
GPx3 and glycodelin is down-regulated 9 and 12 times 
in  large intramural myoma in relation to healthy 
women without uterine disorders. In this study, we 
investigated the effect of myomectomy on expression 
of glycodelin and GPx3 mRNA.  

 
 

MATERIALS AND METHODS 
 

This case-control study included women of 
reproductive age, who had uterine myoma with a size 
greater than 5 cm and were infertile. The subjects were 
identified prior to surgery, and all of them underwent 
myomectomy. At the time of surgery, the following 
data were obtained: age (under 38), uterine size, 

obstetric and gynecologic history, medical conditions, 
medications, surgical history, and last menstrual 
period. Subjects had not used hormonal medications 
for at least 3 months prior to surgery. They also did not 
have any other condition demonstrated to affect 
endometrial receptivity, such as endometriosis, 
polycystic ovarian syndrome, or hydrosalpinges. The 
size, numbers, and location of myoma were 
documented by ultrasound.  

Endometrial tissue biopsies were performed during 
19 to 23 days of a menstrual cycle (which is 
overlapped to midluteal phase) before and 3 months 
after myomectomy using an endometrial suction 
catheter. Each sample was divided into two portions. 
The first tissue portion was fixed in 10% formalin for 
histopathological examination. The second portion was 
immediately collected in RNA extraction solution 
(RNX-Plus, Cinagene Company, Iran) and stored at -
80ºC until further analysis. All tissue samples were 
obtained with full and informed patient consent. The 
research protocol was approved by the Medical Ethics 
Committee of Hamadan University of Medical 
Sciences (Iran). Endometrium from subjects before and 
after myomectomy was evaluated for mRNA 
expression of glycodelin and GPx3. 

 
RNA extraction. To obtain total RNA, each sample 

was placed in 1 ml RNA extraction solution (RNX- 
Plus, Cinagene Company, Iran) and homogenized by a 
homogenizer. The cellular lysate was incubated, 
chloroform (0.2 mL) was added, and the samples were 
then centrifuged (17,000 ×g at 4°C for 15 min). A clear 
aqueous phase was collected and transferred to a new 
tube, and RNA was precipitated with isopropanol and 
washed with 75% ethanol. The RNA pellet was air 
dried, then resuspended with RNase-free water [14]. 
From all obtained RNA samples, 2 μl was analyzed 
using the Epoch Microplate Spectro-photometer 
(Biotek, USA).    

 
Reverse transcription. Single-stranded cDNA was 

synthesized using AccuPower RT PreMix Kit 
(Bioneer, Republic of Korea) using 1 µg RNA 
according to the manufacturer's protocol. The 
transcription process included incubation of the 
reaction mixture at 20°C for 30 s, followed by 5 min at 
44°C, 30 s at 55°C, and 5 min at 95°C. The cDNA was 
stored at -80°C until further use for PCR. 

 
Quantitative real-time PCR. PCR analyses were 

performed using C1000 Thermocycler, CFX96 Real-
Time System (BioRad, USA), and QuantiFast SYBR 
Green PCR Kit (Bioneer, Korea) in a final volume of 
25 μl with 10 pmol of each primer. The reaction was 
incubated at 95°C for 5 min, followed by 40 cycles of 
15 s  at  95°C,  30  s  at  annealing  temperature, 30 s at   
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Table 1. Primer sequences used in PCR 
 

Gene  Primer sequence 
Product 
size (bp) Accession no. 

Glycodelin  Sense: 5’ CTGGTGGAGGACGATGAG 3’ 
Anti-sense: 5’ CTCTGGAGGTGTGGAAGG 3’ 
 

195  NM_001018049 

GPx3  Sense: 5’ GTCTCCAACCACACTATCTAC 3’ 
Anti-sense:5’ ACACACAATCACGCATACC 3’ 
 

162  NM_002084.3 

18S rRNA  Forward: 5’ GTAACCCGTTGAACCCCATT 3’ 
Reverse: 5’ CCATCCAATCGGTAGTAGCG 3’ 152  X03205 

 
 

72°C, and then fluorescence was measured. Each assay 
was run in triplicate with each set of primers. Primer 
pairs for the amplification of cDNA coding for 
glycodelin and GPx3 were designed from the GenBank 
databases using the AlleleID 6 software and checked 
for minimum overlap. The sequences of primers, 
accession number, and products length have been 
presented in Table 1. Annealing temperatures were 
45.9°C, 43.6°C, and 53.5°C for glycodelin, GPx3, and 
18S rRNA, respectively. Specificity of PCR 
amplifications was verified by a melting curve program 
(70-95°C with a heating rate of 0.5°C/s and a 
continuous fluorescence measurement) and analyzed 
by electrophoresis on a 1% agarose gel, 1× Tris-borate-
EDTA buffer. To choose an appropriate housekeeping 
gene for normalization, we examine β-actine and 18S 
rRNA. Of the two genes examined, 18S rRNA was 
more stable in both control and mayoma endometrium. 
Therefore, we used 18S rRNA as internal controls for 
quantitative reverse transcription polymerase chain 
reaction analysis. 
 

Data analyses. Cycle threshold (Ct) values were 
obtained through the auto Ct function. Following 
efficiency correction, the mean of CT value was 

calculated and then normalized to the reference gene 
(18S rRNA) using delta (Δ)CT. Changes in relative 
expression were calculated using the 2-∆∆ct method 
[20]. The specific transcripts were presented as a n-fold 
change relative to pre-myomectomy level.  

 
Statistical analysis. ΔCT was reported as means ± 

SEM of three independent experiments. Values of 
P<0.05 were considered significant. Results were 
analyzed using t-test for comparison between pre- and 
post-operation. 

 
 

RESULTS 
 

The clinical characteristics of infertile patients with 
myoma (n = 12) have been summarized in Table 2. In 
this study, the mean (± SD) age of all patients with 
myoma was 31.7 ± 2.65 years. The mean size of 
myoma was 4.02 ± 1.64 × 6.04 ± 1.44 cm. The study 
subjects had an average duration of infertility of 9.7 ± 
6.9 years. Of 12 people, 2 got pregnant following 
surgery (Table 1). All samples underwent histological 
evaluation, and normal mid-secretory phase of the 
endometrium was identified. 

 
 
 

     
 

Fig. 1. Amplification plots of real time PCR. (A) GPx3 and (B) glycodelin before and after myomectomy. Numbers 1 and 2 are from 
the same patient indicate the RT-PCR results after (26.3) and before myomectomy (31.6), respectively for GPx3. Numbers 3 and 4 are 
from the same patient indicate the RT-PCR results after (28.2) and before myomectomy (31.6), respectively for glycodelin 

3 41 2
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      Table 2. Demographic characteristics of infertile patients with myoma 
 

 

Patient number Age Duration of  
infertility (year) 

Number of 
myoma 

Size of  
myoma (cm) 

Type of  
myoma 

Pregnancy   after    
   myomectomy 

1 37 9 1 6.0 × 6.0 
 

intramural + 

2 36 17 2 
4.6 × 6.0 
3.5 × 5.0 

 

intramural - 

3 35 22 2 
2.3 × 4.0 
5.5 × 1.5 

 

intramural - 

4 36 10 2 
4.8 × 7.0 
2.0 × 2.0 

 

intramural - 

5 33 7 1 6.5 × 5.3 
 

intramural + 

6 37 14 2 
2.5 × 6.0 
6.0 × 6.0 

 

intramural - 

7 30 6 4 
3.8-9.0 

4.0 × 4.0 
 

intramural - 

8 31 1 1 5.6 × 42 
 

intramural - 

9 35 18 4 
2.6-7.0 

2.0 × 3.0 
 

intramural - 

10 31 10 2 
1.5 × 7.0 
1.3 × 4.0 

 

intramural - 

11 37 2 1 4.0 × 5.0 
 

intramural - 

12 37 1 2 
5.5 × 2.0 
3.5 × 4.5 intramural - 

 
 
 
To evaluate the effect of myomectomy on 

endometrial glycodelin and GPx3 mRNA expression in 
subjects with myoma, pre- and post-operative 
endometrial mRNA expression levels on each subject 
were analyzed by quantitative real-time RT-PCR. For 
each person and gene, ΔCT was computed and 
compared between the two groups.   

Expression of GPX3 and glycodelin mRNA before 
and after myomectomy in endomtrium was efficiently 
amplified (Fig. 1). In most cases, the Ct value of GPx3 
and glycodelin before myomectomy was smaller than 
that after removal of myoma in the same sample. For 
example, No. 1 (post-operative) and No. 2 (pre-
operative) were from the same patients before and after 
myomectomy, and their Ct values for GPx3 were 26.3 
and 31.6, respectively (Fig. 1). 

An increase in endometrial glycodelin expression 
was seen in all post-myomectomy endometrial samples 
compared with corresponding pre-myomectomy 
samples (ΔCT = 11.35 ± 1.61 versus 13.16 ± 1.43, P = 
0.02) (Fig. 2). Glycodelin levels were increased by 3.5-
fold flowing myomectomy after normalization with 
18S rRNA. 

Endometrial GPx3 mRNA expression (normalized to 
18S rRNA expression) was higher  in uteri  with   post-  

than pre-operative samples; however, this difference 
was not significant (mean ΔCT = 9.29 ± 2.40 and 
10.57 ± 3.36, respectively; P = 0.43) (Fig. 2). An 
increase in endometrial GPx3 expression was seen in 9 
of the 12 post-myomectomy endometrial samples. 
GPx3 levels were increased by 2.4 folds after 
myomectomy after normalization with 18S rRNA. 

 

 
 
Fig. 2. Level of GPx3 and glycodelin in pre- and post-

myomectomy. Values shown (ΔCt) are relative to those of 18S 
rRNA. 
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DISCUSSION 
 

Endometrial development resulting in endometrial 
receptivity requires an intricate coordination of a 
number of architectural, cellular, and molecular events. 
Impaired endometrial growth and differentiation may 
be an important factor that contributes to infertility and 
recurrent pregnancy loss. It has been reported that 50% 
to 75% of the pregnancy loss are due to failure in 
implantation [21]. 

There is a general agreement that submucous or 
intramural leiomyomas protruding into the endometrial 
cavity are associated with decreased implantation and 
pregnancy rates [19]. Also multiple studies including a 
recent meta-analysis have shown the presence of non-
cavity-distorting intramural fibroids is related to 
adverse pregnancy outcomes in women undergoing 
IVF treatment [22]. Therefore, the overall benefit of 
myomectomy before IVF in improving reproductive 
outcome has been recommended as a therapeutic 
option for patients with myoma [23]. The molecular 
mechanisms implicated in the endometrium after 
removal of intramural myoma are still unknown.  

In this study, the effect of myomectomy on the 
endometrium was evaluated using two established 
molecular markers of endometrial receptivity: 
glycodeline and GPx3. It has been shown that 
expression of GPx3 and glycodelin are down-regulated 
9 and 12 folds in large intramural myoma in relation to 
healthy women without uterine disorders [19]. 

Glycodelin, also called placental protein 14, is a 
member of the lipocalin family of proteins. It is 
synthesized in the endometrium in response to 
progesterone and relaxing and has immunosuppressive 
properties; therefore, it has been suggested as a 
potential receptivity marker [10]. We here demonstrate 
that endometrial expression of glycodelin mRNA is 
increased significantly at the time of embryo 
implantation in patients who have undergone myo-
mectomy, suggesting an improvement in endometrial 
receptivity. These findings support the previous reports 
that have demonstrated detrimental effects of myoma 
on implantation and the benefit of its surgical removal 
on endometrial [22, 24, 25].  

GPx3  is a selenoprotein enzyme that protects cells 
from oxidative damage by catalyzing the reduction of 
hydrogen peroxidase, lipid peroxides, and organic 
hydroxyperoxide by glutathione [9, 26]. In 
reproductive tissues of female mice, it is regulated by 
17 β-estradiol and selenium [27]. Its expression 
increases during the receptive compared with the pre-
receptive phase [9].  According to our result, GPx3 
mRNA expression in endometrium of post-
myomectomy subjects shows a higher level in pre-
operative patients; however, the differences failed to 
reach statistical significance. 

These two genes (glycodelin and GPx3) were down-
regulated during the window of implantation in some 
non-optimal conditions, such as in controlled ovarian 
stimulation with GnRH agonists [28], endometriosis 
[29], myoma [30], and in the presence of an 
intrauterine device [31].  

The effect of intramural leiomyomas on molecular 
determinants of endometrial receptivity is controversial 
[21]. Horcajadas et al. [19] using functional genomics 
of the endometrium during the window of implantation 
suggested that endometrial receptivity should not be 
affected by the presence of intramural myomas not 
distorting the uterine cavity. In a search for differences 
in gene expression between women with and without 
leiomyomas, they found that of 25 genes that could be 
relevant to endometrial receptivity, 3 genes, namely 
GPx3, glycodelin, and aldehyde dehydrogenase 3 
family member B2, were down-regulated in the 
presence of large leiomyomas [19]. In agreement with 
Horcajadas et al. study [19], both glycodelin and GPx3 
gene expressions were increased in the endometrium 
after removal of myoma. However, the increased level 
of GPx3 expression is not significant after 3 months.  

Our results are in line with the Horcajadas et al. [31] 
study that have shown GPx3 mRNA expression 
remains dysregulated one year after the intrauterine 
device removal. 

In the current study, myomectomy was performed for 
infertile women who had liomyoma with average size 
of 4.02 ± 1.64 × 6.04 ± 1.44 with or without distorting 
the endometrial cavity and for those who had repeated 
in vitro fertilization-embryo transfer failure over three 
or more cycles. Three months after myomectomy, only 
2 out of 12 women got pregnant. This event 
demonstrates that 3 months after myoma removal, the 
endometrium does not recover its normal gene 
expression pattern. It is predicted that endometrium 
should not have recovered its normal receptivity. 

In agreement with changes in endometrium in some 
non-optimal conditions, Horcajadas et al. [31] 
investigated the global gene expression profile of the 
endometrium during the window of implantation in the 
same fertile woman in the presence or absence of an 
intrauterine device after two months and one year. 
Their results demonstrated that after one year, the 
majority (80%) of the genes recovered their normal 
expression profile at mid-secretory phase. 
In a study by Daftary et al. [32], expression of 
HOXA10 was examined during the midluteal phase in 
endometrium obtained from infertile women with 
hydrosalpinges before and after salpingectomy. They 
showed that salpingectomy resulted in a statistically 
significant, a 15-fold increase in endometrial HOXA10 
expression. 

In our study, the endometrial biopsies were 
performed three months after myoma removal in 
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midluteal phase. This strategy has been accepted for 
the normalization of the endometrium after three cycles 
of continued treatment in certain disorders such as 
dysfunctional uterine bleeding [33, 34].  

To detect the progressive change in gene expression 
in endometrium, sequential biopsies should be 
performed; however, this is not possible due to ethical 
concerns. Therefore, the gene expression and timing  
of optimal improvement in endometrial receptivity 
markers following myomectomy remains 
undetermined. 
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