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Research Article

ABSTRACT
Objective: The biological mechanism of the fertility-enhancing effect of hysterosalpingography (HSG) is not fully 
known. Leukemia inhibitory factor (LIF) is an important cytokine involved in implantation. This study was planned 
to investigate the effect of HSG on LIF mRNA expression in endometrial flushing samples.

Methods: Forty infertile patients scheduled for HSG were included in the study. Before HSG, endometrial flushing 
was performed in the mid-luteal phase, followed by contrast-medium infusion into the cavity. Second flushing was 
done in the mid-luteal phase of the next cycle. Ten patients who underwent diagnostic hysteroscopy were taken as 
the second control group. LIF mRNA levels were measured by RT-PCR in endometrial flushing samples collected 
from each group.

Results: The pre-HSG LIF mRNA levels of the infertile group were significantly lower than those of the fertile 
group. In infertile patients, LIF mRNA expression increased 3.2 times after HSG compared to baseline levels. LIF 
values reached fertile levels after HSG. While the LIF levels measured in the hysteroscopy group were significantly 
lower than in fertile patients, they were similar to the pre-HSG values of infertile patients. LIF levels of infertile 
patients after HSG were found to be significantly higher than those of the hysteroscopy group.

Conclusions: In infertile patients, HSG contributes to receptivity by increasing LIF mRNA synthesis.
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Introduction
Although there is not very high-quality evidence, 
hysterosalpingography (HSG) is believed to have a fertility-
enhancing effect for nearly half a century [1]. In a recent study 

conducted by Dreyer et al. [2] pregnancy rates after HSG were 
found to be significantly higher than water-based ones. However, 
there is a study reporting that HSG increases fertility independent 
of the contrast medium used [3]. Although the fertility-increasing 
effects of the HSG procedure and the medium useisre not known 
clearly, it is thought that they provide these effects through the 
following mechanisms: (i) due to the mechanical and flushing 
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effect of the contrast medium the removal of mucus plugs and cell 
debris from the proximal parts of the tubes [4], (ii) the facilitation 
of sperm and embryo transport due to increased ciliary activity 
in the fallopian tubes [5], (iii) immunological modulation in T 
cell and dendritic cell populations of endometrium and peritoneal 
microenvironment due to contrast medium [6,7].

Leukaemia inhibitory factor (LIF) is a 20 kDa protein synthesized 
by removing 22 amino acids from the N-terminal end of the 202 
amino acid precursor [8]. LIF shows its effect on gp 130 and 
LIFRβ receptors. Although LIF shows close homology with IL-
6, its receptors and functions are quite different [9]. Functional 
LIF receptors are located on many cell surfaces including the 
endometrium and between 100 and 400. LIF is expressed in 
endometrial cells during blastocystst implantation [10]. Increasing 
estrogen levels stimulate LIF expression [11]. LIF -/- female mice 
have been reported to be infertile due to blastocyst implantation 
defects [12]. Decreased midluteal phase endometrial LIF 
expression has been reported in women suffering from infertility, 
including endometrioma and hydrosalpinx [13-15]. Moreover, it 
has been reported that endometrial LIF release is restored after 
salpingectomy and endometrioma resections [14,15]. It is known 
that HSG positively affects short and long-term fertility in infertile 
women with ovulatory cycles [16]. The biological mechanism of 
the fertility-enhancing effect of hysterosalpingography (HSG) is 
not fully known. Leukemia inhibitory factor (LIF) is an important 
cytokine involved in implantation. This study was planned 
to investigate the effect of HSG on LIF mRNA expression in 
endometrial cells collected during endometrial flushing.

Material and Methods
Forty women who underwent hysterosalpingography during 
routine infertility examinations were included in the study. 
Inclusion criteria of patients in the HSG group; Patients aged 20 
and 34 years, with regular menstrual cycles, who have not been able 
to conceive for 2 years and have an indication for HSG.  Women 
with a high risk of pelvic inflammatory disease, iodine or contrast 
medium allergy, Asherman syndrome, hydrosalpinx, andout-of-
dateendometrium were excluded. Women with endometrioma, 
endometrial polyp, submucous or intramural fibroids pressing on 
the endometrial cavity were also excluded. A pre-HSG pregnancy 
test was performed on the participants to exclude a possible 
pregnancy.

The control group consisted of two different patient populations. 
The first control group consisted of five fertile patients. The 
second control group was selected from infertile patients who were 
scheduled for diagnostic hysteroscopy. Endometrial flushing was 
performed in the mid-luteal phase of the cycle from both control 
groups. Thanks to this group, the possible effect of the media used 
during hysteroscopy on the receptivity molecules were investigated. 
With the findings to be obtained from the second control group, 
it was tested whether the liquid medium used in hysteroscopy 
had an effect on LIF expression. Endometrial flushing samples 
were collected at the end of the hysteroscopic procedures. Those 

who underwent endometrial injury, polypectomy, myomectomy, 
septum resection and adhesiolysis during hysteroscopy were not 
included in the study.

All patients in the HSG group underwent HSG in the mid-luteal 
phase of the cycle. Ovulation was followed by USG to calculate 
the midluteal phase. The midluteal phase was accepted 7-9 days 
after ovulation [17]. HSG was performed as stated in previous 
publications. After the cervical canal was held with a single tooth, the 
contrast medium was infused with a metal cannula. Approximately 
5 to 10 ml of contrast medium was sufficient to fill both the cavity 
and fallopian tubes. By recording 4 to 6 radiocontrast images, 
the route of the contrast medium in the endometrial cavity tubes 
and peritoneum was evaluated. Radiographs were examined by a 
gynecologist or radiologist. Endometrial flushing was performed 
with a pipelle just before the contrast-medium infusion during the 
HSG procedure. Endometrial flushing was performed for the second 
time in the midluteal phase of the next cycle in all cases undergoing 
HSG. We evaluated the LIF mRNA expressions in the endometrial 
flushing samples obtained before HSG and respective flushing 
mterials after HSG. This study was performed with IRB approval.

RT-PCR
Flushing samples taken from patients in all three groups were stored 
in RNA later and at -20°C. Total RNA was isolated using Rneasy 
Mini Kits (QIAGEN). RNA levels and quality were evaluated 
spectroscopically. Complementary DNA (cDNA) was obtained 
using the Reverse Transcription Kit. β-Actin gene was used as a 
housekeeping gene of LIF gene. RT-PCR was performed using the 
Quantitect kit. The expression levels of the examined genes were 
given as Ct, ΔCt, and ΔΔCt. Each sample was studied at least three 
times in order to give the Ct value clearly. Relative gene expression 
was calculated by RT2 Profiler PCR Array method. Normalization 
of genes was done according to β-actin and given as Fold change. 
Fold change was accepted as up-regulation if it was greater than 
two, and as down-regulation if it was less than two.

Statistical Analysis
Statistical Package for Social Sciences software 18.0 for Windows 
package software was used for the analysis of the obtained mRNA 
data and other data. Whether the data were normally distributed or 
not was evaluated with the Kolmogorov-Smirnov test. Continuous 
variables were analyzed using the Mann-Whitney U test. Results 
are given as mean and standard deviation. P-value of <.05 was 
accepted as significant.

Results
The age of the fertile group (29.4 ± 0.44 years) was found to 
be higher than HSG (26.3 ± 1.33 years) and H/S (25.9 ± 4.3 
years) control groups. Ages and duration of infertility of HSG 
and H/S groups were similar. The BMI of the fertile group 
was found to be significantly higher than both control groups. 
Hysterosalpingography showed bilateral tubal patency in 7 of 
40 women. Bilateral tubal occlusion occurred in 4 women and 
unilateral tubal occlusion were detected in 3 women.
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Pre-HSG LIF mRNA levels of the infertile group were significantly 
lower than those of the fertile group. In infertile patients, LIF 
mRNA expression increased 3.2 times after HSG compared 
to baseline levels. LIF values reached fertile levels after HSG. 
While the LIF levels measured in the hysteroscopy group were 
significantly lower than in fertile patients, they were similar to the 
pre-HSG values of infertile patients. LIF levels of infertile patients 
after HSG were found to be significantly higher than those of the 
hysteroscopy group.

Discussion
The underlying mechanism of the fertility-enhancing effect 
stimulated by HSG remains unclear. It is believed that the positive 
effects due to HSG are mostly due to the removal of mucus plugs 
in the tubas. Due to the increased intrauterine pressure during 
fat-based contrast medium flushing, all the obstructive materials 
in the fallopian tubes fall into the abdominal cavity from the 
proximal tubal ends and the passage is opened and pregnancy 
occurs. On the other hand, HSG may increase pregnancy rates 
by affecting endometrial receptivity [6,18,19]. HSG The reason 
that most of the studies are focused on fallopian tubes may be 
due to the lack of studies showing the effect of oil-based contrast 
medium on endometrial receptivity molecules. In an experimental 
study, it was reported that intrauterine infusion of oil-based 
contrast medium improved fertility by altering murine uterine 
dendritic cell populations [18]. In another experimental study, 
it was reported that oil-based contrast medium prevents sperm 
phagocytosis and contributes to pregnancy rates by regulating rat 
peritoneal macrophage and cytokine release [20]. All these data 
are clear evidence that studies investigating the effect of HSG on 
endometrial receptivity are needed to gain more insight into the 
fertility-enhancing mechanism of oil contrast.

Our study is the first study investigating the effects of oil based 
contrast used in HSG on LIF, one of the main molecules of 
endometrial receptivity. LIF mRNA expression was measured in 
endometrial flushing samples taken just before and one month 
after HSG in the midluteal phase. Since LIF expression peaked in 
the midluteal phase, HSG processing was performed during this 
period. Second endometrial flushing ws performed after HSG  in 
the midluteal phase of the next cycle. Here, we rely on the work 
done by van Welie et al. [16]. These authors reported that the 
fertility-enhancing effect of oil-based contrast was at its highest 
level in the cycle immediately after HSG, then gradually decreased 
within one year and disappeared within two years [16].

LIF mRNA levels measured before HSG in infertile patients 
were significantly lower than in the fertile group. In the analyzes 
performed after HSG, LIF mRNA levels increased approximately 
3.2 times. This finding is evidence that the HSG procedure 
itself or the oil-based contrast used in the procedure stimulates 
LIF expression. The lack of change in LIF mRNA levels in the 
H/S group is evidence that the main reason for increasing LIF 
expression is the oil-based contrast agent used in HSG. If the LIF 
mRNA increase was due to uterine and cervical manipulations 

during HSG, the same increase should have been detected in H/S 
where similar manipulations were performed. We do not know 
by what mechanism the insufflation of oil-based contrast into the 
cavity during HSG increases LIF mRNA levels. The increase in 
LIF mRNA may be induced due to the pressure created by the oil 
base contrast in the cavity. Similar to the endometrial scratching 
process, the contrast agent can stimulate inflammatory changes 
and increase LIF release [21]. Another possible mechanism for 
the positive effect of the contrast agent on endometrial LIF is the 
rearrangement of macrophage activity and cytokine release in 
the endometrial cavity similar to that in the peritoneum [18,20]. 
It has been reported that oil-based contrast insufflation positively 
affected the balance of CD205 + and CD1 + dendritic cells in the 
mice endometrium and increased fertility [18]. Some oil-based 
contrast mediums contain opium alkaloids. Since opioid receptor 
expression occurs cyclically in the endometrium, the contrast 
material we use in HSG may have increased the LIF mRNA 
expression by stimulating these receptors [22]. However, these 
mechanisms we have put forward must be confirmed by more 
comprehensive studies in order to avoid speculation.

A recent study by Deryer et al. [2] showed a substantial increase in 
ongoing pregnancy rates during the first 6 months following HSG. 
Similarly, van Welie et al. reported that the fertility-enhancing 
effect of HSG continued to decrease for 1 year [23]. These two 
comprehensive studies have suggested that the long-term fertility-
enhancing effect after the use of oil-based contrast material is due 
to clearing the fallopian tubes from debris. Therefore, they argued 
that the changes occurring in the endometrium or peritoneum could 
not explain the long-term effects of HSG. When our study and these 
two studies [2,23] data are evaluated together, it is obvious that the 
fertility-enhancing effect of HSG occurs both in the endometrial 
and tubal environment. Cleaning of fallopian tubes from debris 
is the main mechanism for the continuation of long-term fertility 
enhancing effects, but positive changes in endometrial receptivity 
molecules after contrast agent may contribute to these effects. If 
we can determine when the increase in LIF mRNA levels started 
after HSG and how long it continues, we can better understand 
whether the contrast agent-induced LIF increase has a short or 
long-term effect.

Before starting this study we hypothesized that the fertility-
enhancing effect of HSG may be in part mediated by altered 
expression of endometrial LIF, a cytokine implicated in early 
embryo implantation. The results we achieved support our 
hypothesis that tubal flushing using oil-based contrast improves 
endometrial receptivity by increasing LIF mRNA expression. The 
exact underlying LIF mRNA-enhancing mechanism of HSG is 
unclear, but we proposed that oil-based contrast flushing during 
HSG can improve the synthesis and release of receptivity molecules 
from the otherwise normal endometrial cavity. Our findings are 
clinically important since it is the first study to show a significant 
increase in endometrial LIF mRNA levels in infertile patients after 
HSG using oil-based contrast. More comprehensive studies are 
needed to investigate the mechanism by which the contrast agent 
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used in the HSG procedure increases receptivity.

Ethical Statement
The study protocol was approved by the Institutional Ethical 
Committee for Research on Human subjects.

Ethical Approval 
All research procedures were evaluated and accepted by the 
Research Ethics Committee of Bahcesehir University Goztepe 
Medical Park Hospital (2021/16574) and were conducted in 
agreement with the ethical standards specified in the Declaration 
of Helsinki. Written and verbal informed consent was obtained 
from participating women prior to their participation in this study.

References
1. Weir WC, Weir DR. Therapeutic value of salpingograms in 

infertility. Fertil Steril. 1951; 2: 514-522.
2. Dreyer K, van Rijswijk J, Mijatovic V, et al. Oil-based or 

water-based contrast for Hysterosalpingography in infertile 
women. N Engl J Med. 2017; 376: 2043-2052.

3. Dreyer K, van Eekelen R, Tjon-Kon-Fat RI, et al. The 
therapeutic effect of hysterosalpingography in couples with 
unexplained subfertility: a post-hoc analysis of a prospective 
multi-centre cohort study. Reprod Biomed Online. 2019; 38: 
233-239. 

4. Kerin JF, Williams DB, San Roman GA, et al. Falloposcopic 
classification and treatment of fallopian tube lumen disease. 
Fertil Steril. 1992; 57: 731-741.

5. Soules MR, Spadoni LR. Oil versus aqueous media for 
hysterosalpingography: a continuing debate based on many 
opinions and few facts. Fertil Steril. 1982; 38: 1-11.

6. Johnson NP. Review of lipiodol treatment for infertility - an 
innovative treatment for endometriosis-related infertility? 
Aust N Z J ObstetGynaecol. 2014; 54: 9-12.

7. Izumi G, Koga K, Takamura M, et al. Oil-soluble contrast 
medium (OSCM) for Hysterosalpingography modulates 
dendritic cell and regulatory T cell profiles in the peritoneal 
cavity: a possible mechanism by which OSCM enhances 
fertility. J Immunol. 2017; 198: 4277-4284.

8. Robinson RC, Grey LM, Staunton D, et al. The crystal 
structure and biological function of leukemia inhibitory factor: 
implications for receptor binding. Cell. 1994; 77: 1101-1116. 

9. Boulanger MJ, Bankovich AJ, Kortemme T, et al. Convergent 
mechanisms for recognition of divergent cytokines by the 
shared signaling receptor gp130. Molecular cell. 2003; 12: 
577-589. 

10. Charnock-Jones DS, Sharkey AM, Fenwick P, et al. Leukaemia 
inhibitory factor mRNA concentration peaks in human 
endometrium at the time of implantation and the blastocyst 
contains mRNA for the receptor at this time. Journal of 
reproduction and fertility. 1994; 101: 421-426. 

11. Chen JR, Cheng JG, Shatzer T, et al. Leukemia inhibitory 

factor can substitute for nidatory estrogen and is essential to 
inducing a receptive uterus for implantation but is not essential 
for subsequent embryogenesis. Endocrinology. 2000; 141: 
4365-4372. 

12. Stewart CL, Kaspar P, Brunet LJ, et al. Blastocyst implantation 
depends on maternal expression of leukaemia inhibitory 
factor. Nature. 1992; 359: 76-79. 

13. Laird SM, Tuckerman EM, Dalton CF, et al. The production of 
leukaemia inhibitory factor by human endometrium: presence 
in uterine flushings and production by cells in culture. Human 
reproduction. 1997; 12: 569-574. 

14. Seli E, Kayisli UA, Cakmak H, et al. Removal of 
hydrosalpinges increases endometrial leukaemia inhibitory 
factor (LIF) expression at the time of the implantation window. 
Hum Reprod. 2005; 20: 3012-3017.

15. Celik O, Unlu C, Otlu B, et al. Laparoscopic endometrioma 
resection increases peri-implantation endometrial HOXA-10 
and HOXA-11 mRNA expression. Fertil Steril. 2015; 104: 
356-365. 

16. van Welie N, Dreyer K, van Rijswijk J, et al. Treatment effect 
of oil-based contrast is related to experienced pain at HSG: 
a post-hoc analysis of the randomised H2Oil study. Hum 
Reprod. 2019; 34: 2391-2398. 

17. Creus M, Ordi J, Fabregues F, et al. Alphavbeta3 integrin 
expression and pinopod formation in normal and out-of-phase 
endometria of fertile and infertile women. Hum Reprod. 2002; 
17: 2279-2286.

18. Johnson NP, Bhattu S, Wagner A, et al. Lipiodol alters murine 
uterine dendritic cell populations: a potential mechanism for 
the fertility-enhancing effect of lipiodol. Fertil Steril. 2005; 
83: 1814-1821.

19. Johnson NP, Farquhar CM, Hadden WE, et al. The FLUSH 
trial-flushing with lipiodol for unexplained (and endometriosis-
related) subfertility by hysterosalpingography: a randomized 
trial. Hum Reprod. 2004; 19: 2043-2051.

20. Mikulska D, Kurzawa R, Rozewicka L. Morphology of in 
vitro sperm phagocytosis by rat peritoneal macrophages under 
influence of oily contrast medium (Lipiodol). Acta Eur Fertil. 
1994; 25: 203-206.

21. van Hoogenhuijze NE, Kasius JC, Broekmans FJM, et al. 
Endometrial scratching prior to IVF; does it help and for 
whom? A systematic review and meta-analysis. Hum Reprod 
Open. 2019. 

22. Totorikaguena L, Olabarrieta E, Matorras R, et al. Mu 
opioid receptor in the human endometrium: dynamics of its 
expression and localization during the menstrual cycle. Fertil 
Steril. 2017; 107: 1070-1077 e1071.

23. van Welie N, Rosielle K, Dreyer K, et al. How long does the 
fertility-enhancing effect of hysterosalpingography with oil-
based contrast last? Reprod Biomed Online. 2020; 41: 1038-
1044.

© 2022 Nur Dokuzeylul Gungor, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License


