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Abstract

Background: Homeobox genes (HOX) are the basic molecules that regulate endometrial receptivity, decidualization,%
progesterone response. This study was designed to investigate the effects of the classical hysterosalpingography (HSG) procedure
on endometrial HOXA-10 and 11 mRNA expression.

Methods: Thirty-five primary infertile patients who applied for investigation of infertility etiology and were approved for conventional
HSG were included in the study. Ten fertile patients who required biopsy due to an endometrial pathology were accepted as a
control group. Women in HSG group were eligible to participate in the study if they were between 22 and 34 years of age, had
spontaneous menstrual cycles, and had been trying to conceive for at least 1.5 year and if there was an indication for evaluation
of tubal patency with hysterosalpingography. First endometrial sampling was performed with a pipelle before the contrast-medium
infusion during the HSG. Endometrial sampling was collected for the second time with a pipelle cannula in the midluteal phase of
the next cycle in all cases undergoing HSG. HOXA-10 and 11 mRNA expressions in the endometrial tissues obtained before HSG
and respective endometrial tissues after HSG were measured with RT-PCR.

Results: Pre-HSG average ACt values of HOXA-10 and HOXA-11 mRNA were found to be significantly lower than fertile controls
(4.30vs 6.74, P < .001; 3.98 vs 6.74, P < .002). Post-HSG HOXA-10 mRNA levels increased significantly compared to pre-HSG
levels (5.66 vs 4.30, P < .01). Post-HSG HOXA-10 mRNA levels increased approximately 4.2-fold compared to pre-HSG levels.
Post-HSG HOXA-11 mRNA levels increased significantly compared to pre-HSG levels (4.94 vs 3.93, P < .03). Post-HSG HOXA-
11 mRNA levels increased approximately 3.5-fold compared to pre-HSG levels. When the pre-HSG and post-HSG HOXA-10
and HOXA-11 mRNA levels were compared among themselves, the increase in HOXA-10 average ACt was significantly higher
than the increase in HOXA-11 average ACt (5.66 vs 4.94, P < .02.). Similarly, the fold increase in post-HSG mRNA levels was
significantly higher in the HOXA-10 group (4.2-fold) than the HOXA-11 group (3.5-fold) (P < .001).

Conclusions: Conventional HSG procedure improves fertility by increasing endometrial HOXA-10 and HOXA-11 mRNA levels.

Abbreviations: ACTB = [3-actin gene, cDNA = complementary DNA, Ct = cycle threshold, Hcg = human chorionic gonadotropin,
HOX = homeobox genes, HSG = hysterosalpingography, SPSS = Statistical Package for Social Sciences software 21.0 for
Windows package software.
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and reordering ciliary activity.l"? The positive effects of HSG
on fertility begins a month after the procedure and continu-

1. Introduction

Oil-based contrast material used in HSG is thought to improve
fertility by removing mucus blockages in the fallopian tubes
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ing for at least 6 months to a year.>*This is a good evidence
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that the cleansing of the fallopian tubes from debris by the
flushing effect of the contrast material.>*! Although it has
been reported that the use of oil-based contrast agents has a
more favorable influence on pregnancy rates than liquid-based
contrast agents.>! HSG is believed to have a fertility-
enhancing effect regardless of the contrast agent used.l® It is
believed that the contact of the endometrium with the con-
trast agent does not contribute much to the fertility-enhancing
effect due to HSG. The main reason for this belief is that the
endometrial tissue is discharged regularly and cyclically with
menstruation. Therefore, it does not seem logical that the fertility-
enhancing effect seen during a year due to HSG originates from
the endometrium.

The considerable rise in the rate of clinical pregnancy
observed in follow-up following HSG provides evidence in
favor of the flushing action of the contrast agent clearing the
fallopian tubes.®! However, some studies, albeit isolated, have
suggested that in addition to the effect in the tubes, some posi-
tive immunological changes occur in the endometrium and peri-
toneal microenvironment due to the use of contrast agents and
increase fertility. Immunological changes detected in the endo-
metrium due to the use of contrast agents were mostly eval-
uated on T cells or dendritic cells. Although these cells play a
role in receptivity, they are not the basic receptivity molecules!”*!
The primary receptivity molecules, known as homebox genes,
are most expressed in the middle stage of the luteal phase of
the menstrual cycle.’>'” In the implantation window, HOXA
expression switches from luminal and glandular epithelium to
stromal cells.l'Y! The main functions of HOX genes are pino-
pod growth and regulation of the response of endometrial cells
to progesterone.!”?! In this way, they contribute to the perfect
decidualization and successful implantation.l'¥) HOXA gene
expressions decrease in many benign gynecological diseases.!'
The decreased endometrial HOXA expression in endometrioma
and hydrosalpinx patients returns to normal after surgical cor-
rection of the disease.”'S) The impact of HSG media on endo-
metrial receptivity genes has not yet been studied and reported.
This study was designed to determine whether the key genes
responsible for endometrial receptivity, HOXA-10 and -11, are
affected by the oil-based contrast medium used in HSG.

2. Materials and methods

2.1. Ethical approval

The Clinical Research Ethics Committee of Kayseri City
Training and Research Hospital provided its approval for the
project (April 07,2022; No: 608).

2.2. Study population and participants

While investigating the etiology of infertility, 35 patients whose
HSG decision was made were included in the study. Informed
consent forms were obtained from all volunteers constituting
both the control group and the study group. Patients had to
meet all of the following criteria in order to be included in the
study. Women in HSG group were eligible to participate in the
study if the age is between 22 and 34, had menstrual cycles
spontaneously, and had been trying to get pregnant for at least
1.5 year and if they had an indication of hysterosalpingogra-
phy for evaluation of tubal patency. Exclusion criteria were
known endocrine disorders such as endometriosis, endometri-
oma, polycystic ovary syndrome, and diabetes. Participants high
risk for pelvic inflammatory disease, contrast-medium allergy,
Asherman syndrome, hydrosalpinx, and out-of date endome-
trium, endometrial polyp, and submucous were also excluded.
Before HSG, pregnancy test was performed on the participants
to exclude a possible pregnancy. The positive control group con-
sisted of 10 individuals who needed a biopsy for any endometrial
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abnormality and had 2 or more children. Because of the diffi-
culty in establishing the phase of the cycle, fertile controls with
atypical endometrial bleeding, except those with heavy men-
strual bleeding (regular but heavy bleeding), were excluded from
the study. The control group of our study consisted of patients
who applied with complaints of regular but heavy menstrual
bleeding and who were found to have thick and heterogeneous
endometrium in ultrasonographic examination. Patients with
abnormal endometrial pathology (endometrial hyperplasia,
endometrial polyp, endometrial cancer) detected as a result of
biopsy were excluded from the study. Ten patients whose biopsy
result was reported as “secretory endometrium” were included
in the study as a control group.

The stages of creating the control group are given as a flow-
chart in Figure 1.

2.3. Determination of menstrual cycle phase

Serum Hcg values of the patients were measured in the midlu-
teal phase. In order to detect the midluteal phase in the patients,
first of all, ovulation was confirmed ultrasonographically. Serum
progesterone levels of all patients were measured 7 to 9 days
after the ovulation. Additionally histological dating was per-
formed for confirming the midluteal phase. Midluteal serum
progesterone measurement was made in all patients participat-
ing in the study, and the progesterone value was > 10ng/mL,
confirming that the cycles were ovulatory. Cases whose endo-
metrium was out of phase according to Noyes criteria were not
included in the study. Endometrial samples with a delay of more
than 3 days between chronological and histological days were
defined as out-of-date biopsy.

2.4. HSG procedure

All HSGs were performed by FO and EK according to the
local protocols of Erciyes University Faculty of Medicine
Department of Obstetrics and Gynecology. While per-
forming HSG, a radiopaque contrast agent (Omnipaque®
350mg/100mL) was administered into the uterus and
Fallopian tubes through the cervix. A metal cannula was used
for infusing 5 to 10ml of contrast material into the uterus
during the HSG. 4 to 6 radiographs were taken concurrently
to assess the contrast-medium’s passage throughout the endo-
metrial cavity, fallopian tubes, and lastly into the peritoneal
cavity. Radiographs were examined by a gynecologist or
radiologist. A pipelle cannula was used for performing endo-
metrial sampling during the HSG procedure just before the
contrast-medium infusion. In all patients undergoing HSG,
second endometrial sampling was performed in the midlu-
teal phase of the next cycle by using pipelle cannula. In the
HSG group where the second endometrial sampling was per-
formed; patients who were histologically out of date were
excluded from the study and HOXA expression levels were
studied from the endometrial samples of patients with histo-
logical compatibility. The HOXA-10 and HOXA-11 mRNA
expressions were evaluated in the endometrial tissues which
obtained before and after HSG procedure.

2.5. RT-PCR

We transferred the endometrial samples obtained from partici-
pants in HSG and control groups into RNA stabilization buffer
(RNA Later; Qiagen, Germantown) and then we stored them
at =20 °C until used. Rneasy Mini Kits (Qiagen) were used for
extracting total RNA from decidua. By using Maestronano, the
purity and quantity of RNA was measured spectrophotometri-
cally. Quantitect Reverse Transcription Kit (Qiagen) was used
for obtaining Complementary DNA (cDNA). We used B-Actin
gene (ACTB) as housekeeping gene. The RotorgeneQ realtime
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Figure 1. Stages of creating the control group.

PCR device and Quantitect Probe PCR Kit were used for per-
forming Realtime PCR reaction. Sequences and accession num-
bers of all primers designed tobe used as forward and reverse
primers for RT-PCR were: HOXA-10”: F 5-GGT TTG TTC
TGA CTT TTTGTT TCT-3’, R 5-TGA CAC TTA GGA CAA
TAT CTA TCTCTA-3"”; HOXA-11”: F 5>-AGT TCT TTC
TTCAGC GTC TAC ATT-3’, R $>-TTT TTC CTT CAT TCT
CCT GTTCTG-3";ACTB forward”: F 5>-GCA AGC AGG
AGT ATG ACG AGT-3’, R -5-CAA GAA AGG GTG TAA
CGC AAC TAA-3’ ACt, AACt and Cycle threshold (Ct) is
used to represent the results of gene expression. Each endome-
trial sample was examined 3 times in order to determine the
average CT results. We used the 2-Ct comparative approach to
determine the relative gene expression using RT2 Profiler PCR
Array Data Analysis version 5.5 (SA Biosciences, Hilden, North
Rhine-Westphalia, Germany). According to the mRNA of f3-
actin, all results were normalized. By dividing the normalized
gene expression (2-22%) of patient group to the normalized gene
expression(2-24<) of fertile control group, fold change (2-24<)
is calculated. If the fold change is found to be > 2, it indicates
upregulation. If the fold change is found to be < 2, it indicates
downregulation.

2.6. Statistical analysis

“Statistical Package for Social Sciences software 21.0 for
Windows package software (SPSS)” was used for statistical
analysis of data. Kolmogorov—Smirnoff test was used for testing
the normality distribution of data, and all variables were distrib-
uted normally. For analyzing the continuous variables, Mann—
Whitney U test and Variance test with post hoc Tukey procedure
were used. Pearson chi-square test was used for analyzing the
categoric data. We considered significant the P value of <.05.
And we expressed the results as mean = SD. When the associated
mRNA level exceeded the initial transcript expression level by
more than 2-fold, it was deemed positive; if it fell below that
level by 2-fold, it was deemed negative.

3. Results

The mean age of infertile patients who underwent HSG
(25.3 £ 0.32) was found to be significantly lower than fertile
controls (31.4 +0.93). Similarly, body mass indexes of the
cases in the fertile group were found to be significantly higher
than the HSG group. Hysterosalpingography showed bilateral
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tubal patency in 29 of 35 women. Bilateral tubal occlusion was
detected in 2 women and unilateral tubal occlusion occurred in
4 women.

Pre-HSG average ACt values of HOXA-10 mRNA were
found to be significantly lower than fertile controls (4.30 vs
6.74, P <.001). Similarly, pre-HSG average ACt values of
HOXA-11 mRNA were found to be significantly lower than
fertile controls (3.93 vs 6.74, P <.002). After HSG, HOXA-
10 mRNA expression levels increased close to fertile controls
(5.66 vs 6.74). Post-HSG HOXA-10 mRNA levels increased
significantly compared to pre-HSG levels (5.66 vs 4.30,
P <.01). When compared to pre-HSG levels, post-HSG HOXA-
10 mRNA levels increased approximately 4.2-fold (Table 1).
Following HSG, HOXA-11 mRNA expression levels increased
close to fertile controls (4.94 vs 6.74). Post-HSG HOXA-11
mRNA levels increased significantly compared to pre-HSG lev-
els (4.94 vs 3.93, P <.03). HOXA-11 mRNA levels increased
almost 3.5-fold from pre-HSG levels to post-HSG values.
When the pre-HSG and post-HSG HOXA-10 and HOXA-11
mRNA levels were compared among themselves, the increase
in HOXA-10 average ACt was significantly higher than the
increase in HOXA-11 average ACt (5.66 vs 4.94, P <.02.).
Similarly, the fold increase in post-HSG mRNA levels was sig-
nificantly higher in the HOXA-10 group (4.2-fold) than the
HOXA-11 group (3.5-fold) (P < .001).

4. Discussion

The endometrium was the least examined area among the tis-
sues that had a role in the fertility-enhancing effect of HSG.
The main reason for this handicap is the belief that the contrast
substance cannot have a long-term positive effect due to the
rapid passage of the endometrial cavity to the fallopian tubes
and the abdominal cavity.>* However, if it is accepted that there
is an increase in fertility after hysteroscopy, cesarean delivery
and controlled local endometrial injury, it is reasonable to see
positive effects after HSG. Our study has importance clinically
since it is the first to address the potential effects of HSG on the
primary endometrial receptivity genes, HOXA-10 and HOXA-
11 mRNA expression.

The objective of this study was to evaluate whether endo-
metrial implantation plays a role in the fertility-enhancing
effect of HSG. To evaluate this, 2 genes that play an important
role in the implantation process, HOXA-10 and HOXA-11,
were chosen. Pre-HSG average Ct values of HOXA-10 and
HOXA-11 mRNA were determined to be considerably lower
in the current study compared to fertile controls. After HSG,
both HOXA-10 and HOXA-11 mRNA expressions increased
close to fertile controls. Comparing pre-HSG and post-HSG
levels, the amount of HOXA-10 mRNA increased almost 4.2-
fold. Likewise, post-HSG HOXA-11 mRNA levels increased
significantly compared to pre-HSG levels HOXA-11 mRNA
levels increased almost 3.5-fold from pre-HSG levels to post-
HSG values. The HOXA-10 (4.2-fold) increased its post-HSG
mRNA levels much more than the HOXA-11 (3.5-fold). In
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summary, when compared with fertile patients, pre-HSG
endometrial HOXA-10 and 11 mRNA levels were significantly
lower in infertile patients. In the measurements made after
HSG, both HOXA-10 and HOXA-11 mRNA levels increased
significantly. The increase in HOXA-10 mRNA was greater
than that of HOXA-11 mRNA.

We do not know by what mechanism HSG increases homeo-
box gene expression. However, we can uncover hints concerning
this growth in light of earlier, comparable investigations. In a
study by Celik et al,”! the decrease in HOXA-10 mRNA levels
in the endometrium of endometrioma patients returned to nor-
mal after endometrioma surgery. Similar to this, Daftary et al'*!
observed that after surgical excision of cases of hydrosalpinx,
HOXA-10 expression levels increased. However, it is unclear
whether this rise in endometrial HOXA-10 and HOXA-11
mRNA following HSG is a result of the HSG operation per se
or a result of other infertility-related variables. Since those with
other benign gynecological diseases that may lead to endome-
trioma, hydrosalpinx and subfertility were not included in the
study, we cannot attribute the upregulation occurring after HSG
in homeobox genes to another reason. Upregulation of HOXA-
10 and HOXA-11 mRNA may be a direct result of HSG pro-
cedure itself or may be the result of oil-based contrast-medium
use.

The conventional HSG procedure itself and the cumula-
tive effect of the contrast agents used show fertility-enhancing
effects. Since the fertility-enhancing effect of HSG is long-term,
it is a widely accepted belief that this effect is mostly related to
the removal of physiological plugs in the fallopian tubes.*! In
addition, the mechanical effects that occur in endometrial and
tubal cells due to the washing effect of the contrast agent may
stimulate a healthier receptivity and ciliary activity. Changes
in the endometrial dendritic cell population due to the use of
contrast agents may contribute positively to fertility. All these
theories focus on the mechanical effects of HSG. However, the
increase in the expression levels of implantation genes observed
in the results of our study opened a new window into the effects
of HSG on fertility. In the study conducted by Celik et al in
2023, which investigated the effects of endometrial injury on
HOXA-10 and HOXA-11 expression, it was shown that endo-
metrial injury leads to an increase in gene expression levels.
Based on this, it can be speculated that the increase in gene
expression levels caused by HSG may have occurred through a
similar mechanism.!¢!

Contrary to all these findings and positive expectations on
fertility; there are also studies in the literature reporting results
that HSG may have negative effects on fertility. In an exper-
imental study conducted by Can B et al in 2018; significant
damage was observed in the ovarian tissue in rats exposed to
low-dose ionizing radiation during the HSG procedure. This
damage was found to be associated with oxidative stress,
especially caused by the effect of radiation. In addition; it
was observed that HSG created degenerative effects on the
epithelial cells in the ovarian tissue and was associated with
increased apoptosis.!!!

Expression levels of HOXA-10 and HOXA-11 mRNA in pre-HSG and post-HSG endometrial samples.

Average
Groups Average ACt 9-8ct Fold change Pvalue Regulation

HOXA-10 mRNA Fertile control 6.74 0.0012 0.63 22 Down

Pre-HSG 4.30 0.0033 0.37 .64 Down

Post-HSG 5.66 0.0055 4.20 .01 Up
HOXA-11 mRNA Fertile control 6.74 0.0012 0.63 22 Down

Pre-HSG 3.93 0.0022 0.76 .58 Down

Post-HSG 4.94 0.0057 3.56 .03 Up
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In another experimental study investigating the effects of
HSG on endometrial tissue, significant degeneration of the
endometrial epithelium and an increase in MDA (malondialde-
hyde) and Ki-67 immunoreactivity were observed after the HSG
procedure. These changes indicate that HSG causes damage to
the endometrial tissue. Again, in the same study, it was found
that oxidative stress caused by radiation during the HSG proce-
dure caused damage to the endometrial cells.®!

We do not know if manipulations such as holding the cervix
with the teneculum and pulling it forward during HSG affect
the endometrium. However, the receptivity genes due to the
mechanical and immunological stimulation created by the oil-
based contrast medium used in endometrial cells may be acti-
vated. We do not know how long the intensity and duration of
this activation due to the use of contrast agent will continue,
but we can say that it significantly increases the receptivity for
the following cycle. In order to say something clear about the
positive effect of using oil-based contrast media on homeobox
genes, it is necessary to compare the results of HSG using liquid-
based contrast.

The small number of cases and single endometrial sampling
from the control groups are the main limitations of our study.
Further, it is another handicap that we do not analyze the
effects of the increase in HOXA-10 and 11 mRNA on pro-
tein synthesis. Despite all limitations, our findings are clini-
cally important, since it is the first study to show a significant
increase in endometrial HOXA-10 and 11 mRNA levels in
infertile patients after HSG using oil-based contrast. It is clear
from our study and earlier research.* that HSG has a positive
effect on fertility in both the endometrial and tubal regions.
Removal of fallopian tubes mucus plaque and debris are the
main mechanisms for the continuation of long-term fertility-
enhancing effects of HSG. On the other hand, upregulation
in endometrial homeobox genes after contrast agent use may
contribute to fertility-enhancing effect of HSG. Although the
mechanism of the positive effects of hysterosalpingography on
fertility is not fully understood, a positive effect of oil-based
contrast infusion on reproductive outcome has been spec-
ulated.’*! The exact underlying HOXA-10 and 11 mRNA-
enhancing mechanism of HSG is unclear, but we proposed that
use of oil-based contrast medium during HSG may improve
synthesis and release of homeobox genes from otherwise nor-
mal endometrium.
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