Cellular and Molecular Biology

Aasociation

C M am@z

Journal homepage: www.cellmolbiolorg

Analysis of the clinical efficacy of leuprolide acetate in the treatment of obese
patients with endometriosis and its role on the expression of MIF gene
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ARTICLE INFO ABSTRACT

Original paper Endometriosis is an invasive but benign disease of women that develops in endometrial glands outside
the endometrium and uterine muscle. It affects about 15-20% of women of childbearing age. One
effective way to treat endometriosis is to use GnRH agonists, which inhibit estrogen production.
However, one of the possible side effects of this treatment is obesity and BMI increasing, which is a
concern for some patients. This study investigated the role of leuprolide acetate in treating overweight
patients (BMI>30) and their comparison with non-overweight patients (BMI<30) for six months. Also,
the effect of this medicine was evaluated on the expression of the MIF gene, which is an effective gene
in obesity. For this purpose, a clinical trial was performed on 75 women with endometriosis aged 18 to
35 years. These patients were divided into two groups. The first group consisted of 38 patients with
BMI<30. The second group consisted of 37 patients with BMI>30. Both groups were treated with
leuprolide acetate at a dose of 3.75 mg/month (intramuscularly) for six months. In addition to clinical
evaluations, the expression of the MIF gene was assessed by the real-time PCR technique. The results
showed that treatment with leuprolide acetate during six months in both groups reduced dysmenorrhea,
dyspareunia, and chronic pelvic pain (P<0.05). Although this decrease was greater in the BMI <30
group, the difference was not significant. Also, after collecting the side effects of the medication, it was
found that hypoestrogenism, such as cramps and spotting, was more in the first group; Endogenous
complications such as oily skin, acne, and hirsutism were also more common in the second group. The
results of MIF gene expression showed that the expression level before and after the start of the
experiment in the second group (BMI> 30) is higher than the first group (BMI <30). The results also
showed that the two groups increased the expression of the MIF gene after treatment with leuprolide
acetate. This increase was statistically significant in the second group (P = 0.042). Generally, it was
found that this medication causes more weight gain in obese people and increases the risk of obesity-
related diseases among these patients. Therefore, it is recommended that this treatment be used with
caution in obese patients with endometriosis.
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Introduction that can induce aromatase can individually produce

Endometriosis is an inherited disease of multiple
genes with complex and multifactorial etiology. This
disease is estrogen-dependent and appears to regress
in the absence of estrogen (1). However, despite the
evidence of this disease in menopausal age, it seems
that there are other sources for estrogen production.
Recent findings indicate that estrogen is also produced
in peripheral tissues (skin and adipose tissue) (2).
Endometriosis tissue can also make local estrogen.
The enzyme aromatase stimulates this type of local
estrogen (3). At least ten other promoters affect the
amount of aromatase gene transcription and
translation in different body tissues. Each body tissue

significant amounts of this estrogen under the
influence of its unique activators (4). Despite healthy
endometrium, endometriosis tissue also can express
this gene and produce aromatase and eventually
estrogen. Prostaglandin E2 causes the expression of
this gene and ultimately the production of local
estrogen in endometriosis tissue (5). Therefore, one of
the ways to treat endometriosis is to use GnRH
agonist drugs that inhibit estrogen production (6).
Leuprolide acetate is a synthetic nonapeptide analogue
of the gonadotropin-releasing hormone (GnRH or LH-
RH) (7).
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Leuprolide lowers estrogen levels in women and is
used to treat the symptoms of endometriosis or uterine
fibroids. Common side effects of leuprolide acetate
include nausea, pale skin, pain around the injection
site, headache, sweating, urinary incontinence, joint
pain, weight gain, and obesity (8). Obesity is
associated with an increase in excess adipose tissue
and various metabolic disorders, and its prevalence
seems to be increasing in the world. Obesity is a
significant risk factor for multiple diseases, including
type Il diabetes and cardiovascular disease (9). There
is ample evidence that, although obesity is
asymptomatic, it is associated with chronic
inflammation. Chronic inflammation is characterized
by cytokine production changes, increased reactants
levels in the acute phase, and the strengthening of
inflammatory signaling pathways (10, 11). There is
also evidence that as obesity increases, the number of
macrophages entering adipose tissue increases (12).
Thus, macrophages entering adipose tissue are a
significant source of cytokines that increase obesity-
induced inflammation and promote insulin resistance
and other metabolic disorders (13). Local interactions
of adipocytes and macrophages penetrating adipose
tissue, its effect on the function of monocytes, and T
lymphocytes have been reported in previous studies.
On the other hand, there is evidence that obesity and
weight gain affect the pro-inflammatory status of
mononuclear cells (14).

Macrophage migration inhibitory factor (MIF) is a
cytokine regulator of immunity that plays an essential
role in local and systemic inflammation and immune
responses (15). Studies show that MIF is secreted in
significant amounts by several cell types: monocytes,
endothelial cells, Kkeratinocytes, anterior pituitary
cells, and osteoblasts, indicating  multiple
physiological functions (15, 16). The results of several
clinical studies have demonstrated the role of MIF as
a biomarker for the pathogenesis of systemic
infections, sepsis, autoimmune diseases, cancer, type
Il diabetes, and obesity (16, 17). Reports have shown
that the transcriptional activity of this gene is affected
by its polymorphisms and is associated with the risk
of obesity (17, 18). There is also evidence linking the
pathogenesis of obesity to MIF. On the other hand,
some biological roles of intracellular MIF in the
process of adipogenesis are known. MIF plays a pro-
inflammatory role in the production and secretion of

cytokines, and pro-inflammatory cytokines are said to
be involved in adipogenesis (18). Therefore, the role
of MIF in adipogenesis and obesity is its unique
feature among other pro-inflammatory cytokines (15).

In the current study, the clinical efficacy of
leuprolide acetate was considered in treating obese
patients with endometriosis. Also, its role was
evaluated on the expression of the MIF gene among
these patients.

Materials and methods
Study population

The present study was performed as a clinical trial
on patients aged 18 to 35 years referred to obstetrics
and gynecology clinics. Patients who were of
childbearing age and had a particular monthly
bleeding cycle (18 to 35 days), pelvic pain, and
dysmenorrhea for at least two weeks per month for the
past three months were included in the study. Patients
were not included in the study from the beginning
with vaginal bleeding for no reason, ovarian cyst
greater than 2 cm, treatment with hormone therapy in
the past three months, osteoporosis, smoking, allergies
to  Gonadotropin-Releasing Hormone (GhRH)
Analogues  medications, history of seizures,
pulmonary, cardiac, liver, and Kidney disease,
cerebrovascular disease, and pregnancy. Written
consent was obtained from all participants in the study
before the start of the study.

A total of 75 patients with endometriosis
participated in this study. These people were divided
into two groups. The first group consisted of 38
people with endometriosis who had a body mass index
(BMI) of less than 30. The second group consisted of
37 patients with endometriosis with a BMI equal to or
greater than 30. Both groups were treated with
leuprolide acetate at a dose of 3.75 mg
(intramuscularly) per month for six months.

Analysis of body composition

The 1500 Bodystat was used to assess body
composition. This device has four cables but only to
the clamps that are connected to the electrodes.
Consumption electrodes are attached to the right hand
and foot. It is noteworthy that the analyzers of this
device work with batteries that produce a signal from
the body and measure impedance at a constant
frequency of 50 kHz. Gender, weight, height, and
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level of physical activity are among the information
that enters the device. After the test, the device
provides a complete analysis of body composition,
including the percentage and amount of fat,
percentage and amount of muscle mass and
percentage of total body water, and comparison with
average values in a short time.

RNA extraction and Real-time PCR evaluation
After preparing 5 ml of peripheral blood at the
beginning and end of the experiment from the patients
participating in this study, mRNA extraction was
performed using a highly accurate RNA isolation kit
(Roche Diagnostics, Germany). Expression of MIF
and B-actin genes was measured using the real-time

reverse transcriptase (RT-PCR) technique. For
sequential amplification of RT-PCR, 2ul of each
c¢DNA sample was used for 20ul of PCR-mix, and
PCR reactions were performed in the step of an ABI
real-time system (Applied Biosystems, Foster City,
Canada).

The B-actin gene sequence, which was used as an
internal control, and the MIF gene, was obtained from
the NCBI gene bank, and their specific primers were
designed by an express primer program. Primer
sequences were blasted at NCBI and Gene Runner to
confirm the specificity and accuracy of the designed
primers. The sequences of primers are listed in Table
1.

Tablel. Primer sequences of B-actin and MIF genes

Gene Primer Sequence

Annealing Temp.  Amplicon Size

B-actin Forward 5’-GCACTCTTCCAGCCTTCC-3’ 60°C 435hp
Reverse 5’-GCGCTCAGGAGGAGCAAT-3’

MIF Forward 5’-GCGCGTGCGTCTGTGCC-3’

57°C 247bp

Reverse 5’-GACCACGTGCACCGCGATGTA-3’

Materials for PCR reactions were purchased from
Applied Biosystems, and each sample was performed
three times in 20ul volumes and finally up to 40
cycles under real-time conditions. Ct values were
normalized for relative standard curves on similar
plates of the sample. The relative expression values of
the target genes in each sample were normalized for
the housekeeping [beta actin] gene. The information
was expressed in the form of multiplicative changes in
MRNA levels compared to the control group.

Statistical analysis

The findings of the study were analyzed using
SPSS software version 13. The Chi-square test was
used to compare the values of variables between
groups.

Pain due to monthly bleeding, chronic pelvic pain,
and pain during intercourse were evaluated before the
study and then monthly for up to six months. After
receiving a complete explanation, patients filled out a
monthly form that contained severe dysmenorrhea
pain, pelvic pain, dyspareunia, and drug side effects.
Patients were asked about pain based on the 11-point
Visual Analog Scale (VAS) from 0 (painless) to 10
(most severe pain). Patients were also examined

monthly by a gynecologist and were asked about their
recovery, drug side effects, and so on. Patients were
also given forms to record adverse drug reactions
during treatment.

The obtained information assessed the difference
between gene expression levels among the groups.
Data were expressed as cycle threshold values [ct]
based on logarithmic PCR plots and values according
to the manufacturer's protocol. The p-actin was
considered a housekeeping gene, and the results were
reported as the ratio of MIF expression values to -
actin. A correlation test evaluated the relationship
between MIF gene expressions in peripheral blood
cells between the studied groups. Values less than
0.05 were considered significant for all tests.

Results and discussion
Clinical evaluations

Among the 75 participants in this experiment, one
from the first group (BMI <30) due to not referring for
monthly examinations and filling out forms, four from
the second group (BMI> 30), two patients due to lack
of follow-up, and two patients due to androgenic
effects of the drug were excluded from the study.
Finally, 37 patients in the first group and 33 patients
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in the second group completed the study. The mean
and standard deviation of the age of patients in the
first group was 32.3+5.8 years, and the second group
was 31.9+6.4 years, which was not statistically
different from each other.

The Kolmogorov-Smirnov test did not confirm the
normal distribution of the data. Friedman test showed

that the mean scores of pain assessment test
(dysmenorrhea, dyspareunia, and chronic pelvic pain)
in the six times measured in each group had a
decreasing trend. The results of the y2 test and the
amount of P-value are summarized in Table 2.

Table 2. Evaluation of pain intensity based on Visual Analog Scale (VAS) in both groups

First Group Second Group

Dysmenorrhea  Dyspareunia Pelvic Pain Dysmenorrhea  Dyspareunia Pelvic Pain
Start 458 +2.08 2.77+1.28 2.80+1.14 4.66+2.12 3.11+0.60 3.00+0.50
1%t month 2.52+2.06 1.25+1.05 1.58 +1.05 2.55+ 1.42 1.88 £ 0.33 1.77 £ 0.66
2" month 1.52+1.48 0.63+£0.89 1.13+£0.96 2.00 +0.86 2.11+0.60 1.88 £ 0.60
39 month 1.16 +1.32 0.47 £0.77 0.88 £ 0.82 2.55+0.88 222+ 0.44 2.11+£0.60
4" month 0.83£1.08 0.33+£0.67 0.77+£0.76 2.66 £0.86 2.44 £ 0.52 2.11+£0.60
5" month 0.83+1.05 0.38+0.80 0.80+0.74 2.66 £ 0.86 2.44 £ 0.52 2.11+£0.60
2 test 148.3 146.54 136.92 29.8 30.74 32.05
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Five months after the test, the mean chronic pelvic

pain, dyspareunia, and dysmenorrhea were lower in
the first group. But no significant difference between
the two groups was confirmed by the Wilcoxon test
(P<0.05).
The results of collecting forms related to adverse drug
reactions are summarized in Table 3. No pathological
signs were observed in the monthly examination of
patients.

Table 3. Side effects of leuprolide acetate in two groups
after 6™ month

First Group Second Group
(n=37) (n=33)
Complication number percent number  percent
Hot flashes 32 86.48 25 75.75
Headache 24 64.86 24 72.72
Spot stain 16 43.24 17 51.51
Weakness 7 18.91 6 18.18
greasy skin 2 5.40 18 54.54
Weight gain (10%) 15 40.54 30 90.90
Increased appetite 11 29.72 27 81.81
Jointand bone pain 13 35.13 24 72.72
Acne 2 5.40 5 15.15
Hirsutism 3 8.10 7 21.21

Analysis of body composition

The results of the analysis of body composition are
given in Table 4. The results show a significant
difference between the two groups in terms of
variables (P <0.05). There was no significant
difference in only the two cases; Resting Metabolic

Rate (RMR) and Resting Metabolic Rate/Lean Body
Mass (RMR/LBM).
Evaluation of MIF gene expression

The results of MIF gene expression showed that the
expression level before and after the start of the
experiment in the second group (BMI> 30) is higher
than the first group (BMI <30). The results also
showed that the two groups increased the expression
of the MIF gene after treatment with leuprolide
acetate. This increase was statistically significant in
the second group (P = 0.042) (Figure 1).
Endometriosis is an invasive but benign disease of
women that develops in endometrial glands outside
the endometrium and uterine muscle (19). It affects
about 15-20% of women of childbearing age.
Endometriosis is a multifactorial disease that is caused
by a combination of genetic factors and environmental
factors (20).

M Before Treatment
M After Treatment

Relative MIF Gene Expression

First Group Second Group

Figure 1. Relative MIF gene expression in two groups
before and after treatment with leuprolide acetate; *: P<0.05
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Table 4. The body composition variables in two groups

Variable

First Group (BMI<30)  Second Group (BMI>30)

Body Mass Index (BMI) (Kg/m?)

Basal Metabolic Rate (BMR) Prediction (Kcal/24h)
Fat Percent (%)

Fat Mass (Kg)

Muscle Mass (Kg)

Total Water of Body (Kg)

Visceral Fat (Kg)

Fasting Serum Glucose Level (mg/dl)

Triglyceride (TG) (mg/dl)

Total Cholesterol (T-Chol) (mg/dl)

High Density Lipoprotein (HDL) (mg/dl)

Hyper Sensitivity C-reactive Protein (Hs-CRP) (mg/L)
Insulin (uIU/mI)

Resting Metabolic Rate (RMR) (Kcal/24h/kg)

Resting Metabolic Rate/Kilogram (RMR/kg) (Kcal/24h/kg)

Resting Metabolic Rate/Lean Body Mass (Kcal/24h/kg)

27.72 +£10.06 34.20+3.32*
1448.50 + 150.74 1611.2 £197.26 *
34.46 + 3.89 40.84 £5.30 *
2477 +3.71 36.02 + 6.60 *
47.15+5.51 52.07£6.78 *
34.50 £ 4.02 38.12+ 497 *
5.38 +0.97 9.33+224*
104.88 + 17.76 127.80 + 57.26 *
93.16 + 20.32 134.0 +54.74 >
163.55 + 27.97 165.4+41.40*
50.16 + 12.66 4413 +7.80*
1.73+1.86 6.3+6.15*

10.0+3.27 1556 £ 6.77 *
1499.06 + 240.26 1726.18 + 198.57
21.25 + 3.47 19.57+1.96 *
32.39+4.41 32.72+4.42

*: P<0.05

Since the origin of endometriosis and its
pathogenesis is highly debated, various etiologies
have been proposed. The most accepted of these is the
theory of menstrual blood return (21). This theory is
also called implantation, in which menstrual tissue
and blood are pushed back through the fallopian tubes
and placed on the pelvic area, where it begins to grow
and multiply in the same region, leading to
endometriosis (3). Other theories include the theory of

cellular metaplasia, embryonic residue theory,
lymphatic metastasis, hormonal factors,
environmental contamination, and genetic

predisposition to endometriosis (5). This disease has a
multifactorial and polygenic hereditary model and is
known as a disease that has a family background (22).

One effective way to treat endometriosis is to use
GnRH agonists (such as leuprolide acetate), which
inhibit estrogen production. However, one of the
possible side effects of this treatment is obesity and
BMI increasing, which is a concern for some patients
(23, 24). This study investigated the role of leuprolide
acetate in treating overweight patients (BMI>30) and
their comparison with non-overweight patients
(BMI<30) for six months. Also, the effect of this
medicine was evaluated on the expression of the MIF
gene, which is an effective gene in obesity.

The results showed that treatment with leuprolide
acetate for six months in both groups reduced
dysmenorrhea, dyspareunia, and chronic pelvic pain.

Although this decrease was greater in the BMI <30
group, the difference was not significant. This
indicates that the medicine worked equally well in
both groups. Also, after collecting the side effects of
the medication, it was found that hypoestrogenism,
such as cramps and spotting, was more in the first
group; Endogenous complications such as oily skin,
acne, and hirsutism were also more common in the
second group. Numerous previous studies have
confirmed these findings (7, 8, 25,26).

The results of MIF gene expression showed that the
expression level before and after the start of the
experiment in the second group (BMI> 30) is higher
than the first group (BMI <30). The results also
showed that the two groups increased the expression
of the MIF gene after treatment with leuprolide
acetate. This increase was statistically significant in
the second group (P = 0.042). According to the results
of this section and clinical evaluations, it was found
that this medication causes more weight gain in obese
people and increases the risk of obesity-related
diseases among these patients.

As mentioned, the evidence obtained from this
study showed a higher expression level of the MIF
gene in obese individuals compared to those with a
body mass index of less than 30. Similar findings have
been reported from Dandona et al. (28) that increased
plasma MIF concentrations and mRNA expression in
obese individuals. The pre-inflammatory status of
obesity partly justifies these findings. The positive
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correlation of MIF gene expression level with body
mass index, free fatty acid concentration, and CRP has
been shown. The present study's findings also showed
a positive relationship between MIF gene expression
level and fasting glucose level. Similarly, in the obese
group studied in this study, a positive correlation was
found between fasting serum glucose levels, RMR /
kg, TG, and RMRLBM.

In general, the results of this study showed that
leuprolide acetate treats and improves the disease in
patients with endometriosis. The treatment was the
same in both groups with a BMI greater than or less
than 30. But the medication further increased the
expression of the MIF gene in the group with a BMI >
30. Because this gene is associated with obesity, it
seems that this medicine causes more weight gain in
obese people. Therefore, it is recommended that this
treatment be used with caution in obese patients with
endometriosis. In the future, it is suggested that with
more extensive studies and broader follow-up, the
symptoms of endometriosis be evaluated after
discontinuation of treatment.
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