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Surgical removal of intramural fibroids
improves the TNF-a induced inflammatory

events in endometrium
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Abstract. - OBIJECTIVE: To investigate
whether surgical removal of intramural fibroids
makes any changes in the expression of endo-
metrial tumor necrosis factor alpha (TNF-a) and
nuclear factor kappa B (NF-kB).

PATIENTS AND METHODS: 20 patients who
had no pathology other than intramural fibroid
as a cause of subfertility were included in the
study. 6 patients who planned tubal ligation
were considered as the control group. Type 3
or 4 fibroid diagnosis was made according to
the revised International Federation of Gyne-
cology and Obstetrics (FIGO). At the end of the
diagnostic and confirmatory tests, 8 patients
were diagnosed with type 3 and 12 patients with
type 4 fibroids. While the patients in the fibroid
group went to myomectomy, the patients in the
control group went to tubal ligation. Before the
myomectomy, endometrial sampling was per-
formed with a pipelle cannula under anesthesia.
The same procedure was repeated three months
after the treatment. The same endometrial sam-
pling procedure was also performed on the pa-
tients in the control group. TNF-alpha and NF-kB
levels were measured with enzyme-linked im-
munosorbent assay (ELISA) in endometrial sam-
ples taken before and three months after myo-
mectomy.

RESULTS: Pre-myomectomy TNF-a levels of
the patients in the type 3 fibroid group were
significantly higher than the control group
(5.10+1.30 vs. 2.50+0.11, p<0.01). Similarly, the
pre-myomectomy TNF-a levels of the patients in
the type 4 fibroid group were significantly higher
than the control group (4.73+1.76 vs. 2.50+0.11,
p<0.01). There was no significant difference be-
tween pre-myomectomy endometrial TNF-a lev-
els of patients in type 3 and 4 fibroid groups
(5.10+1.30 vs. 4.73%+1.76, p>0.05). Removal of
type 3 fibroids by myomectomy significantly de-
creased TNF-a levels (5.10+1.30 vs. 2.20+0.44,
p<0.03). Similarly, removal of type 4 fibroids by
myomectomy significantly decreased TNF-a lev-
els (4.73+1.76 vs. 2.60+0.30, p<0.04). Pre-myo-
mectomy NF-kB levels of the patients in the
type 3 fibroid group were significantly higher

than the control group (2.42+0.39 vs. 1.09+0.60,
p<0.02). Similarly, the pre-myomectomy NF-kB
levels of the patients in the type 4 fibroid group
were significantly higher than the control group
(2.04+0.50 vs. 1.09+0.60, p<0.01). There was no
significant difference between the pre-myomec-
tomy endometrial NF-kB levels of the patients
in the type 3 and 4 fibroid groups (2.42+0.39 vs.
2.04+0.50 p>0.05). Removal of type 3 fibroids by
myomectomy significantly decreased NF-kB lev-
els (2.42+0.39 vs. 1.02+0.33, p<0.01). Similarly,
removal of type 4 fibroids by myomectomy sig-
nificantly decreased NF-kB levels (2.04+0.50 vs.
0.97+0.02, p<0.02).

CONCLUSIONS: Surgical removal of type 3
or type 4 fibroids contributes positively to re-
ceptivity by down-regulating endometrial TNF-a
and NF-kB.
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Introduction

Although a definite cause-effect relationship
cannot be demonstrated between fibroids and
subfertility, there is a strong relationship between
the location of the fibroid and the fertility out-
come. Submucosal fibroids constitute the most
prominent group with subfertility effect. Fibroids
in this location cause subfertility and early preg-
nancy loss by disrupting sperm-oocyte interac-
tion mainly by mechanical effect. In addition,
the endometrium extending over the submucosal
fibroid is defective in terms of receptivity gene
expression. Globally reduced expression of essen-
tial receptivity genes in patients with submucous
fibroids has long been known'. Moreover, fibroids
in this location cause insufficient decidualization
and subfertility, as they increase endometrial
proinflammatory cytokine synthesis?.
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It is generally accepted that subserous fibroids
do not cause subfertility or have little effect on
fertility>. Controversy continues regarding the
subfertility effects of intramural fibroids*>. While
some studies®* suggest that intramural fibroids
negatively affect fertility, some scholars® admit
that they have no effect on fertility. In the 2018
revised International Federation of Gynecolo-
gy and Obstetrics (FIGO), intramural fibroids
were reclassified, but the definition remained
unchanged’. Accordingly, fibroids with total in-
tramural localization and compression on the
endometrium were defined as type 3. However,
type 3 fibroids are classified as submucous be-
cause of their contact with the endometrium. To-
tal intramural localized fibroids that do not come
into contact with the endometrium are defined as
type 4%7. This new definition has raised the pos-
sibility that the subfertility effects of both fibroid
types are different. In studies to date, FIGO type
3 and 4 fibroids have been examined under a
single heading and their subfertility effects have
been defined accordingly. The effects of type 3
fibroids on subfertility are considered the same as
submucous fibroids. It has been shown that type
4 fibroids that cannot compress the cavity impair
the expression of endometrial receptivity genes®.
While it has been reported that type 3 fibroids
increase endometrial proinflammatory cytokine
levels’, there is no study on whether type 4 fi-
broids affect cytokine production. In addition, the
effect of removal of type 3 or 4 fibroids by myo-
mectomy on proinflammatory cytokine levels has
not been investigated.

Tumor Necrosis Factor (TNF) is a cytokine!®
that stimulates systemic inflammation through
alpha leukocyte adhesion molecules. In the pres-
ence of TNF-a, inflammation is stimulated be-
cause the synthesis and release of nuclear factor
kappa B (NF-xB), intercellular cell adhesion mol-
ecule 1 and vascular cell adhesion molecule 1 are
up-regulated'!. NF-«xB is in the form of a homo-
or heterodimer and is found in the cytoplasm in
a non-functional form due to an inhibitor protein.
This dimer is involved in the regulation of cell
survival, inflammation and apoptosis'*'*. It is not
known how the endometrial TNF-a and NF-«B
pathways are affected by the presence of intra-
mural fibroids. In addition, there is no data on
whether myomectomy changes the level of these
cytokines. This study was planned to investigate
whether surgical removal of FIGO types 3 and 4
fibroids makes any changes in the expression of
endometrial TNF-a and NF-kB.

Patients and Methods

Patients Selection and Grouping

20 patients who had no pathology other than
intramural fibroid as a cause of subfertility were
included in the study. 6 patients who planned tub-
al ligation were considered as the control group.
Patients in the control group were selected from
fertile patients with regular cycles and at least 3
children. Type 3 or 4 fibroid diagnosis was made
according to the revised FIGO. Type 4 fibroid
diagnosis was made by transvaginal sonography.
Similarly, the preliminary diagnosis of type 3
fibroid was made by ultrasonography. Cases with
a prediagnosis of type 3 fibroid were evaluated by
saline infusion sonography or office hysteroscopi,
and it was confirmed whether there was com-
pression on the endometrium. At the end of the
diagnostic and confirmatory tests, § patients were
diagnosed with type 3 and 12 patients with type 4
fibroids. Magnetic resonance imaging (MRI) was
not required in the differential diagnosis. While
the patients in the fibroid group went to myomec-
tomy in the window of implantation, the patients
in the control group went to tubal ligation. Mid-lu-
teal phase was determined by ultrasonographic
confirmation of ovulation or by measuring serum
progesterone levels. The mid-luteal phase was
considered 7 to 9 days after ovulation. Patients
went for either laparoscopic or abdominal myo-
mectomy. Fibroids were successfully removed in
all patients. Patients requiring simultaneous hys-
teroscopy were excluded from the study. TNF-a
and NF-«xB levels were measured in endometrial
samples taken before and three months after myo-
mectomy. Being diagnosed with type 3 or type 4
fibroid, having a histopathological diagnosis of
fibroid after myomectomy, not using hormonal
medication, or using an intrauterine device before
and after myomectomy were considered as in-
clusion criteria. Patients with concurrent fibroids
at other locations, presence of multiple fibroids,
endometrial polyps, Asherman’s syndrome, hy-
droslapinx, endometriosis, and a history of previ-
ous myomectomy were not included in the study.
Those with a previous history of miscarriage or
early pregnancy termination were also excluded
from the study. Routine laboratory and radiolog-
ical tests were requested from all participants.
Those with pathology in hysterosalpingography
or semen analysis were excluded from the study.
This study was conducted after obtaining local
ethical approval from Goézde Akademi Hospital
and patient consent.
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Endometrial Sampling

Before the myomectomy session, endometrial
sampling was performed with a pipelle cannula
under anesthesia. The same procedure was re-
peated three months after the treatment. Endo-
metrial samples were washed with sterile saline
solution at least twice, and blood and clots were
removed. The obtained clean endometrium tis-
sue was placed in RNA stabilization buffer and
stored at -20°C until analysis. The same endome-
trial sampling procedure was also performed on
the patients in the control group.

Endometrial Tissue TNF-a and NF-kB
Analysis with ELISA

NF-kB and TNF-a concentrations in endome-
trial samples were measured quantitatively by
enzyme-linked immunosorbent assay (ELISA)
using human NF-kB and TNF-o ESLISA kits
(Cusabio Biotech Co., Ltd., WUHAN, CHINA).
The detection range of the NF-xB kit was 0.3 to
20 ng/mL and the minimum measurable level
was 0.078 ng/mL). The intra- and inter-assay
coefficients of variation were <8% and <10%,
respectively. The detection range of the TNF-a
kit was 7.8 to 500 pg/mL and the minimum mea-
surable level was 1.95 pg/mL. The intra- and
inter-assay coefficients of variation were <8%
and <10%, respectively. After the endometrial
tissues were dissolved, they were washed with
phosphate-buffered saline and turned into pure
endometrium tissue and its wet weight was mea-
sured. Endometrial samples were homogenized
in 1 mL of phosphate-buffered saline and then
incubated overnight. Samples were subjected to
repeated freezing and thawing in order for the
cell membranes to rupture and TNF-a and NF-
kB to come out. Then the obtained homogenates
were centrifuged at 3,500 rpm for 10 minutes.
TNF-a and NF-xB levels were studied in the
supernatants obtained by ELISA method. TNF-a
and NF-xB concentrations measured by ELISA
were divided by the weight of endometrial tissue
and presented as ng/mg endometrial tissue or pg/
mg endometrial tissue.

Statistical Analysis

Statistical analysis was performed by the use
of Statistical Package for the Social Sciences
for Windows version 21 SPSS (IBM Corp., Ar-
monk, NY, USA). Normality of the distribution
was assessed by using Kolmogrov Smirnov test.
Student’s t-test for normally distributed vari-

ables and Mann-Whitney U test for abnormal
variables were used. While continuous variables
were presented as mean =+ standard deviation, cat-
egorical variables were expressed in percentages.
A p-value of <0.05 was considered statistically
significant.

Results

Age, hormone levels on the third day of the cy-
cle, infertility duration and parity of the patients
in type 3 and type 4 fibroid groups were recorded
as similar. There was no difference between the
fibroid sizes of the patients in the type 3 and 4
groups (2.16£0.34 cm vs. 2.01£0.29 cm, p<0.21).
The age and parity of the patients in the control
group were significantly higher than in both fi-
broid groups.

Pre-myomectomy TNF-a levels of the patients
in the type 3 fibroid group were significant-
ly higher than the control group (5.10+1.30 vs.
2.50+0.11, p<0.01). Similarly, the pre-myomec-
tomy TNF-a levels of the patients in the type 4
fibroid group were significantly higher than the
control group (4.73£1.76 vs. 2.50+0.11, p<0.01).
There was no significant difference between
pre-myomectomy endometrial TNF-a levels of
patients in type 3 and 4 fibroid groups (5.10+1.30
vs. 4.73£1.76, p>0.05). Removal of type 3 fibroids
by myomectomy significantly decreased TNF-a
levels (5.1041.30 vs. 2.20+0.44, p<0.03). Similar-
ly, removal of type 4 fibroids by myomectomy
significantly decreased TNF-a levels (4.73+1.76
vs. 2.60+0.30, p<0.04). TNF-a levels of both
groups after myomectomy and the values of the
control group were recorded as similar. Myomec-
tomy reduced TNF-a levels to those of healthy
controls. TNF-a levels were similar before and
after ligation of the patients in the control group
(Table I and Figure 1).

Pre-myomectomy NF-kB levels of the patients
in the type 3 fibroid group were significantly
higher than the control group (2.42+0.39 vs.
1.0940.60, p<0.02). Similarly, the pre-myomec-
tomy NF-«B levels of the patients in the type 4
fibroid group were significantly higher than the
control group (2.04+0.50 vs. 1.09+£0.60, p<0.01).
There was no significant difference between the
pre-myomectomy endometrial NF-xB levels of
the patients in the type 3 and 4 fibroid groups
(2.42+0.39 vs. 2.04+0.50 p>0.05). Removal of
type 3 fibroids by myomectomy significantly
decreased NF-kB levels (2.4240.39 vs. 1.02+0.33,
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Table I. Comparison of changes in endometrial TNF-a and NF-«kB levels before and after myomectomy.

TNF-a = pg/mg tissue

NF-kB = ng/mg tissue

Type 3 fibroid Before myomectomy

After myomectomy
Type 4 fibroid Before myomectomy

After myomectomy
Control Before sterlization

After sterilization

510+ 1.30 2.42+0.39
2.0+ 0.44 1.02 + 0.33
p<0.03 p<0.01
473+ 176 2.04 + 0.50
2.60 +0.30 0.97 + 0.02
p<0.04 p<0.02
2.50+0.11 1.09 + 0.60
2.28+0.58 0.78 + 0.74
p <043 p<0.20

p<0.01). Similarly, removal of type 4 fibroids by
myomectomy significantly decreased NF-kB lev-
els (2.04£0.50 vs. 0.97+0.02, p<0.02). The NF-xB
levels of both fibroid groups after myomectomy
were found to be similar to those of the control
group. Myomectomy reduced NF-kB levels to
those of healthy controls. The NF-xB levels of the
patients in the control group were similar before
and after ligation (Table I and Figure 2).

Discussion

When FIGO updated the fibroid classification
in 2018, some changes occurred in the subfer-
tility effects and management of intramural
fibroids. The inclusion of type 3 fibroids in the
submucous fibroid group in the revised FIGO
led to the idea that these fibroids cause subfer-
tility and early pregnancy loss similar to sub-
mucous fibroids’. It has been reported that type
3 fibroids increase endometrial inflammation

through matrix metalloproteinases (MMPs) and
negatively affect implantation®. Moreover, it has
been noted that type 3 fibroids disrupt decidual-
ization by activating lipo- and cyclooxygenease
pathways as well as leukocyte accumulation in
the endometrium. Its anti-inflammatory and im-
munomodulatory effect by reducing T cell and
uterine natural killer cells in the endometrium is
proof that myomectomy plays an important role
in the healing of endometrial inflammation.
On the other hand, the relationship between
type 4 fibroids and subfertility is not very clear.
However, some scholars® published in the last
decade suggest that fibroids in this location also
cause subfertility. Type 4 fibroids may cause
subfertility by disrupting endometrial architec-
ture and receptivity gene expression with their
mechanical effect’. It has been suggested that
mechanical stress due to the fibroid, even if it
1s not in direct contact with the endometrium,
turns into a biological signal, disrupting fe-
to-meternal communication and causing inad-

pg/mgtissue
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TNF-a-control

Figure 1. Comparison of endometrial TNF-a levels of type 3 and 4 fibroid patients with the control group.
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Figure 2. Comparison of endometrial NF-«kB levels of type 3 and 4 fibroid patients with the control group.

equate placentation®!®", Consistent with this, it
has been reported that removal of type 4 fibroids
by myomectomy leads to a significant increase
in the expression of receptivity genes®.

Our study is of clinical importance in terms
of showing for the first time that endometri-
al NF-xB and TNF-a levels are significantly
reduced in the presence of type 3 or type 4
fibroids compared to healthy controls. The re-
turn of proinflammatory cytokine synthesis to
normal levels with myomectomy suggests that
the increase in endometrial inflammation is a
fibroid-dependent process. Regardless of contact
with the endometrium, both type 3 and type 4 fi-
broids resulted in increased levels of NF-xB and
TNF-a. In this context, we can argue that it is
not necessary for a fibroid to be in direct contact
with the enometrium in order to affect the endo-
metrium cytokine synthesis. Although contact
with the endometrium causes a remarkable in-
crease in NF-kB and TNF-a expression, a sim-
ilar increase in the synthesis of these cytokines
has been found in type 4 fibroids. TNF-a is a cy-
tokine and initiates inflammation by increasing
NF-kB expression!!. NF-kB, whose expression
is increased in the presence of fibroids, becomes
active in the cytoplasm, reaches the nucleus
and stimulates its target genes'?!*. Inadequate
decidualization occurs because pathologically
increased NF-kB cannot regulate endoetrial cell
proliferation, apoptosis, and inflammation. The
decrease in NF-kB and TNF-a levels after myo-
mectomy suggests that these two molecules act
in a coordinated manner.

When intramural fibroids are collected in a
pool without any classification, besides their
mechanical effects, they cause an increase in
the endometrial level of inflammatory cytokines
and a decrease in the expression of receptivi-
ty genes, thus paving the way for subfertility/
infertility®'®. In this study, we evaluated the ex-
pression of TNF-a and NF-kB, an extracellular
signal-activated proinflammatory transcription
factor, in the presence of intramural fibroid and
after myomectomy. In both type 3 and type 4
fibroids, pre-myomectomy endometrial TNF-a
and NF-«xB levels were significantly higher than
in healthy fertile controls without fibroids. Com-
pared to type 4 fibroids, type 3 fibroids had
higher endomerial NF-«xB and TNF-a levels
before myemectomy. Although type 3 fibroids
are in contact with the endometrium, lack of
direct contac of tip 4 fibroids with endometrium
may explain the difference in NF-xB and TNF-a
expression between the two groups. Since the
contact of the type 3 fibroid with the endometri-
um in a large area will lead to a global vascular
remodeling and inflammatory cell accumula-
tion in the endometrium, the synthesis and re-
lease of TNF-a and NF-kB may be increased".
Myomectomy caused a significant decrease in
endometrial TNF-a and NF-kB levels in both
groups. This finding is important evidence that
surgical removal of type 3 or 4 fibroids improves
the impaired inflammatory response regardless
of the type of fibroids and their attachment to
the endometrium. While fibroid-related endo-
metrial inflammatory changes negatively affect



Intramural fiborids and inflammation

receptivity, no connection could be established
between endometrial cancer formation and in-
flammatory changes'*°.

In order to have a reproductive tarctus pa-
thology to cause an inflammatory change in the
endometrium, it does not have to be in direct
contact with the endometrium. An increase in en-
dometrial TNF-a and NF-kB levels has also been
reported in patients with chronic inflammatory
etiology such as endometrioma, hydrosalpinx and
Polycystic ovary syndrome (PCOS) that do not
have a direct connection with the endometri-
um'*!", Treatment of the present pathology with
salpingectomy, endometrioma resection, or lapa-
roscopic ovarian drilling returned inflammatory
cytokines expression to normal. For all these
reasons, subfertility in the presence of type 3
and 4 fibroids may be due to increased endome-
trial TNF-a and NF-«kB levels. The decrease in
inflammatory cytokine level after myomectomy
suggests that the increase in fibroid-related en-
dometrial inflammation is a fibroid-dependent
reversible process.

Conclusions

The limited number of cases and the failure to
evaluate simultaneous receptivity gene expression
is an important limitation. However, we can draw
clear conclusions from this study as we evaluated
TNF-a and NF-xB levels before and after myo-
mectomy and compared them with healthy con-
trols. Significant decrease in endometrial TNF-a
and NF-kB levels after myomectomy suggests that
the molecular changes detected in the endometri-
um in the presence of type 3 or 4 fibroids are a
reversible process that can be corrected by surgery.
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