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ABSTRACT

BACKGROUND

Polycystic ovarian syndrome (PCOS) is a common disorder affecting ovary function. it’s thought that an autoimmune
regulatory mechanism could mediate its onset. Metformin is an effective medication for PCOS treatment and is proposed to
act as an immunoregulatory drug.

OBJECTIVE

The present work aimed to study the effectiveness of metformin as a mammalian target of rapamycin (mTOR) inhibitor and
immunoregulator in PCOS women.

SUBJECTS AND METHODS

A total of 80 blood samples were collected, 30 of them from newly diagnosed PCOS women. Once more, blood samples
were taken from them following 500 mg of metformin treatment period. In addition, 20 healthy women enrolled as a control
group. The levels of mTOR, IL6, and TGFB1 were measured using the ELISA technique.

RESULTS

The present work showed that after metformin treatment, levels of mTOR and TGFp1 dropped significantly, but IL6 levels
remained constant. Patients on longer-term metformin treatment experienced a significant decrease in mTOR and TGFp1
levels, but TGFB1 remained higher than in healthy controls. No significant differences were found in IL6 levels between
treatment duration groups and the body mass index (BMI) groups, according to Spearman correlation, there were no
correlation found between mTOR and other studied marker neither pre nor post treatment groups.

CONCLUSION

This study concluded that metformin has pleiotropic effects on immune reprogramming due to its role as an mTOR inhibitor
and immune modulation of regulatory cytokines.
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1. INTRODUCTION

PCOS is a known illness of the endocrine system, It primarily affects 4%—-20% of women who are of reproductive age (1)
causing oligo-ovulation, hyperandrogenism, and polycystic ovary morphology. While the precise cause of this illness is still
unknown, several factors, such as endocrine, metabolic, and genetic abnormalities, are important in its development (2). The
primary feature of PCOS is hyperandrogenism, which results in a variety of physiological dysfunctions. Moreover, PCOS is
significantly influenced by the immune system. Chronic inflammation results from hyperandrogenism suppressing certain
immune cells and stimulating others, upsetting the immune system's delicate balance(3). Although PCQOS's
immunopathogenesis has not been thoroughly investigated, it is thought that Immune system abnormalities are a potential
major contributing factor. Inflammation has been linked to changes in ovarian follicular dynamics and ovulation, this implies
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that low-grade chronic systemic inflammation and PCOS are closely related. Consequently, the pathophysiology and
development of PCOS, which results in infertility, are thought to be significantly influenced by chronic low-grade
inflammation(2). An elevation of several inflammatory markers, including interleukin 18, C-reactive protein, monocyte
chemoattractant protein-1, and count of white blood cells, along with elevated oxidative stress, is indicative of low-grade
systemic inflammation in PCOS (4). An effective ovulation process depends on the immune system operating properly. The
ovary's immune cells release cytokine mediators that aid in follicle development, oocyte maturation, timely follicle rupture,
angiogenesis, corpus luteum formation, and luteal demise. Ensuring effective ovarian function is greatly influenced by these
changes in cells and cytokines(5).

Metformin has been investigated concerning its appropriateness for PCOS-affected women during the last 20 years (6).
Numerous studies demonstrated that metformin effectively stimulated ovulation, improved insulin sensitivity, significantly
decreased serum androgen levels, and restored menstrual cyclicity when used to treat PCOS. Metformin may therefore help
treat infertility brought on by PCOS (7). Several recent studies have examined the effect of metformin on different aspects
of PCOS patients, as this treatment is of great importance in controlling this syndrome. In a study conducted in 2023,
metformin was regarded as an effective supplement to lifestyle changes aimed at lowering lipids and improving insulin
resistance in PCOS patients (8). Moreover, metformin is effective as the best first-line medication for ovulatory infertile non-
obese PCOS patients. For women with PCOS undergoing in vitro fertilization, metformin is also an effective medication for
lowering the risk of ovarian hyperstimulation (9). Metformin has been demonstrated to lessen the effects of aging by
improving the control of hyperglycemia and affecting damaged DNA and the apoptotic process .Metformin’s anti-cancer
effect is thought to be mediated through inhibition of the mTOR signaling pathway Metformin may have an impact on life-
threatening hamartomas by inhibiting or reversing their growth due to its effect on the mTOR pathway (10). An ovulatory
growth and the formation of cystic structures are related to mTOR signaling. Thus, increased granulosa cell proliferation is
a result of enhanced mTOR activation .The mTOR gene mutation produces serine/threonine kinase, a protein found in all
cells. It is essential for regulating the growth, metabolism, and proliferation of cells. In vivo, mTOR regulates follicle growth
and serves as a novel checkpoint for mitotic survival (11).

The present study aimed to investigate metformin's role as an immunoregulator to improve the immune system in women
suffering from PCOS by studying its ability as an mTOR inhibitor in addition to its effect on some immune markers,
especially TGFB1 and IL6.

2. METHODS

2.1 Design and study population

This study was conducted as a case-control interventional study. The study group consisted of women with PCOS who
attended a private maternity clinic in Basra Province-Irag, from November 2022 through July 2023.

Those patients diagnosed according to Rotterdam criteria, which include two of the following three characteristics should be
present to ensure the diagnosis of PCOS: the criteria are either oligo- or anovulation, hyperandrogenism symptoms, either
biochemically or clinically, and polycystic ovaries morphology (12).

Thirty newly diagnosed PCOS women who were clinically and radiologically diagnosed were grouped as pre-treatment and
started monotherapy with metformin 500 mg orally, twice daily. These women were later referred to as the post-treatment
group after a follow-up period ranging from 3 to 9 months. A short flow-up time was chosen due to the limit of time for the
present study. The study also included a control group, this group consisted of twenty healthy women who had: no PCOS
and any other autoimmune diseases, or smoking and did not take any medication that may affect in immunity system.

The present study inclusion criteria included female patients with PCOS , an age range from 18 — 45 years old, and start
taking metformin as a scheduled treatment for at least 3 months. The study exclusion criteria included patients outside the
age range of the study, patients with any other immune system disorders, diabetic patients, pregnant women, and not take
any medication that may affect in immunity system. Control group include twenty women how are healthy, free of immune
disorder and not pregnant.

2.2 Sample collection and laboratory measurements

A total of 80 blood samples from those enrolled in this study were collected in a sterile gel tube. Consequently, serum was
separated for the ELISA technique. 3 ml of venous blood was collected from the patients who met the inclusion criteria,
then placed in golden vacuum tubes (gel /clot activator) and left to stand for one hour at room temperature for clot formation.
The tube was then centrifuged for 10 minutes at 25°C at 2000 rpm. The serum was aspirated by using a Pasteur pipette
dispensed into the sterile tubes and stored at -80 C° until used. Multiple freezes and thawing were avoided. The sample was
tested about 10 months after the first sample collection, and all samples were analyzed at the same time.

The mTOR, IL6, and TGFB1 concentrations were measured in patients and healthy control groups using the sandwich
ELISA technique. The tests were conducted according to the manufacturer's guidelines (CLOUD-CLONE CORP, USA).

Ethical consideration: The study was done after outlining the objectives of the study, evaluating patient satisfaction, and
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obtaining informed consent from the subjects.

the proposal was approved by the ethics committee of the College of Pharmacy, University of Basra- Iraq, according to the
approval code (EC56).

2.3 Statistical analysis

The statistical analysis of the data was conducted using SPSS version 26. Mann-Whitney U test, Wilcoxon test for tow related
samples used for the comparison of data, and kruskal-wallis test were utilized to study variance of data. To examine the
relationships between the markers under study, the Spearman correlation was employed. The results were presented as a
mean * standard deviation (SD). A statistically significant difference between the groups was identified as P < 0.05.

3. RESULTS

Among the women with PCOS who participated in the current study, the age groups of 20—26 years old comprised 40% of
the total number of patients, followed by 26-32 years old (36%) and those under 20 years old (14%), whereas 10% of patients
were older than 32 years old. Based on BMI, the majority of patients were overweight (BMI>25), which represented 57%
of the total, and underweight (BMI<25), comprising 43% of the total, Figure (1).

A B
age groups BMI groups

=0.14<20 = 0.420-26 =0.3626-32 =0.12>32 = 0.433 <25 0.567 >25

Figure 1 Basic characteristics of the participants

The comparisons between the post-metformin treatment group and the control group are shown in Table (1), which indicates
that the concentrations of inflammatory markers (TGFP and IL6) that were investigated in the present study recorded
significant elevations among patients who were under treatment compared with the control group. Meanwhile, mTOR
concentration dropped significantly as compared with healthy controls.

Table (1): The Comparison of serum levels of mMTOR, TGFf1, and IL6 between the post-metformin treatment
group and the control.

Groups No. Mean SD P-value

mMTOR ng/ml Post 30 1.420 0.811 0.035
control 20 2.509 0.773

TGFp1 pg/ml Post 30 2.805 1.902 0.000
Control 20 0.372 0.343

IL6 pg/ml Post 30 6.611 5.370 0.000
Control 20 3.207 3.505

Mean + SD were used for the expression of data. SD: standard deviation. mTOR: mammalian target of rapamycin. TGFB1:
Transforming growth factor. IL6: Interleukin 6. level of significance p<0.05. Mann-Whitney U test used to analyze data.

While, the comparisons between 30 PCOS women before and after metformin treatment concerning studied markers in the
present work are shown in Table (2). The concentrations of mTOR and TGF1f dropped significantly in patients after
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receiving the treatment as compared to the same individuals before treatment. Yet, even after treatment, the IL6
concentrations were near their initial values.

Table (2) The Comparison of Serum Levels of mMTOR, TGF1B, and IL6 between pre and post-treatment

Groups No. Mean SD P-value

mTOR ng/ml Pre 30 0.421 0.328 0.040
Post 30 1.420 0.811

TGFp1 pg/ml Pre 30 5.383 4.335 0.008
Post 30 2.805 1.902

IL6 pg/ml Pre 30 6.814 3.675 0.934
Post 30 6.611 5.370

Mean £ SD were used for the expression of data. SD: standard deviation. mTOR: mammalian target of rapamycin. TGFB1:
Transforming growth factor. IL6: Interleukin 6. level of significance p<0.05. Wilcoxon test for tow related samples were
used.

In a new finding, the present work result fount that the treatment period had a significant effect on the mTOR, TGFp1, and
IL6 concentrations. As noted in Table (3). The mTOR level decreased significantly after metformin treatment for more than
3 months compared with its level in patients who were treated for only 3 months or less and healthy donors. Compared to
TGFP1 levels in individuals receiving metformin treatment for three months, participants receiving longer-term treatment
experienced a substantial drop in mean TGFp1 levels. However, its level was still higher than that of the healthy control. The
study found no significant differences in IL6 levels between treatment duration groups among patients. Moreover, in patients
receiving treatment longer than three months and for three months or less, there was a discernible change in IL6 levels as
compared to the control group.

Table (3): The Comparison of serum levels of mTOR, TGFf1, and IL6 according to treatment period

Groups No. Mean SD P-value

<3 months 18 2127 a 0.705 0.000
mTOR ng/mi >3months 12 0.382b 0.174

control 20 2.509a 0.773

<3 months 18 7.396 a 2.110 0.000
TGFp1 pg/ml > 3months 12 3.822b 1.910

control 20 0.372¢ 0.343

<3 months 18 6.533 a 3.327 0.010
IL6 pg/ml > 3months 12 6.498a 3.010

control 20 3.208 b 3.505

Mean + SD were used for the expression of data. SD: standard deviation. mTOR: mammalian target of rapamycin. TGFBL1:
Transforming growth factor. IL6: Interleukin 6. level of significance p<0.05. Different letters (a, b, and c) refer to significant
alterations between the means of groups. kruskal-wallis test used for data analyze.

Furthermore, patients were categorized into two groups concerning their BMI: the first group included women whose BMI
was < 25, and the second group included women with a BMI < 25. There were no statistically significant changes between
the two groups regarding the level of mTOR, TGFf1, and IL6, table (4).
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Table (4): The Comparison of serum levels of mMTOR, TGF1B, and IL6 according to BMI

Groups No. Mean SD P-value
<25 13 1.158 0.951

mMTOR ng/ml
>25 17 1.620 0.987 0.346
<25 13 3.469 2.298

TGFp1 pg/ml
>25 17 2.560 2.043 0.252
<25 13 7.536 3.219

IL6 pg/ml
>25 17 5.630 4,117 0.124

Mean = SD were used for the expression of data. SD: standard deviation. mMTOR: mammalian target of rapamycin. TGFB1:
Transforming growth factor. IL6: Interleukin 6. level of significance p<0.05. Mann-Whitney U test used to analyse data.

Finally, the Correlation study that shown in Figure 2-A and B (r = -0.1584, P = 0.4031 and r = 0.2918, P = 0.1177,
respectively) and Figure 2-C and D (r = 0.03265, P = 0.8640 and r = -0.1141, P = 0.5482), demonstrated that there was no
correlation between mTOR and either IL6 or TGFB1 in the pre-metformin treatment group as well as in the post-metformin

treatment group.
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mTOR: mammalian target of rapamycin. TGFB1: Transforming growth factor. IL6: Interleukin (6). level of significance
p<0.05

Figure(2): The correlation of levels of mTOR levels with TGFB1, IL6 in pre and post-treatment patients. Spearman
correlation was employed.

4. DISCUSSION

The present study was designed to highlight the pleiotropic effects of metformin as an anti-inflammatory and
immunoreprogramming agent in women suffering from PCOS.

The present study referred to metformin having an important effect on levels of inflammatory markers regarding the treatment
period while the BMI of patients did not reveal any effect on studied markers. An analysis of the impact of the
immunomodulatory effect of metformin drug on immune parameters like mTOR, TGFp1, and IL6 was presented in this
study. The obtained result revealed the role of metformin as an mTOR inhibitor via a recorded decrease in its level after
treatment for more than 3 months.

The significance of mTOR in cell growth, proliferation, and differentiation has long been known. PCOS and ovarian cancer
are among the many diseases that are thought to be related to the over-activation of the mTOR pathway (13). A few studies
investigated the effect of metformin on the mTOR pathway among PCOS women. According to a study conducted by Howell
et al., metformin depletes cellular energy, which triggers the activation of crucial metabolic regulators like AMP-activated
protein kinase (AMPK) and the inhibition of mMTOR complex1 (14). Essah et al. studied the effects of metformin on menstrual
cyclicity in women with PCOS, their results support the present findings despite not measuring the mTOR level, They came
to the conclusion that therapy lasting at least six months improves therapeutic efficacy more than therapy lasting less time.
(15). Furthermore, it has been proposed that several medications (like AMPK inhibitors) that affect primordial follicles work
through the mTOR pathway (16). Primordial follicles are stimulated by promoting mTOR signaling in the oocytes. Whereas,
liver kinase b1 suppresses the mTOR pathway to limit the activation of primordial follicles (17). Inhibiting mTORC1 with
medications such as MAPK3/1 inhibitors might help maintain the ovarian reserve(18).

Studies suggested that metformin’s therapeutic effect may be through its role as an mTOR inhibitor. Metformin has been
shown to inhibit T helper (Th), which may have effects that are dependent on mTOR(19)(20).

Over an extended period of use, metformin has been demonstrated to have anti-inflammatory effects. this could account for
the medication's success in clinical trials. Metformin functions by preventing glycolysis, which increases the AMP: ATP
ratio and causes AMPK to become activated. AMPK controls a cell's metabolism and energy levels. By preventing cell
division during periods of energy stress, it aids in limiting the immune response. Moreover, AMPK inhibits mMTORC1, which
regulates protein synthesis, cell division, and glucose metabolism(22)

According to Xu et al. study, metformin improves PCOS in a rat model by reducing ovarian granulosa cell excessive
autophagy through the PI3K/AKT/mTOR pathway. This study offers proof of the intentional reduction of ovarian granulosa
cell excessive autophagy and PCOS improvement(23). In addition, another study conducted by Roa et al. in a mouse model
indicated that both mTORC1 and mTORC2 may be important regulators in the PCOS mouse model (11)

Following treatment in the present study, the levels of mTOR, TGF1, and IL6 were not different based on BMI groups,
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despite the fact that metformin treatment significantly reduced BMI in obese patients. The current study found that among
PCOS women with a BMI over 25, there was a marginally non-significant increase in mTOR levels. This is the first study
that investigates the effect of BMI in PCOS women on the mTOR level. Few previous investigations have discussed how
fatness affects the mTOR level. Body fat percentage and mTOR pathway activation were found to be positively correlated
in a tumor-based study (24). Activation of the mTOR pathway is associated with multiple hallmarks of cancer, including
angiogenesis and cell proliferation (25). An overabundance of androgens is associated with adipocyte proliferation, cytokine
overproduction, and signal pathway dysregulation. Insulin resistance is another aspect of PCOS that results in abnormal
metabolism of fatty acids and carbohydrates (3). A study conducted by Alvarez-Blasco found that there was no association
between the higher prevalence of PCOS in overweight and obese women with metabolic syndrome or any associated
syndrome even though obese or overweight women had a higher prevalence of PCOS (26). Other researchers concluded that
there were no effects of duration and dose of metformin treatment in adiposity in diabetic individuals (27) . Women with
PCOS may have altered body fat distribution as a result of long-term exposure to elevated testosterone levels(28). It has been
shown by Roa et al. that PCOS women who have disorders of lipid metabolism are known to gain excessive weight. These
results in PCOS point to a direct connection between mTOR signaling and cellular energy metabolism (11) .In addition, Li
et al. findings of a murine model study revealed that a high-fat diet prevents autophagy by blocking AMPK phosphorylation
and encouraging mTOR to transition to phosphorylation (29).

The present study focused on the importance of two regulatory cytokines (IL6 and TGFB1) in controlling the inflammatory
condition among PCOS women. TGFB1 demonstrated a significant decline in its level even shortly after receiving metformin
therapy whereas, 1L6 showed a notable decrease following more than three months of metformin treatment. This finding
would suggest that additional treatment time is necessary for the IL6 level to drop sufficiently, as in healthy individuals.

In women with PCOS, studies have shown changes in immune cells and elevated levels of proinflammatory cytokine
markers. This implies that ovulatory dysfunction may be influenced by immune factors. The ovarian microenvironment's
immune cells and cytokines are essential for controlling regular ovulation. Consequently, the endocrine and metabolic
disorders linked to PCOS may negatively impact ovulation and implantation (30) .It is uncertain if metformin directly
interacts with IL6, but it is known that metformin influences IL6 function through two mechanisms: either via inhibition of
this marker expression or by its downstream signaling (31). According to novel findings obtained by Mishra et al. found that
metformin selectively reduces the expression of the 1L-6 receptors which is mediated through AMPK, and mTOR (32).

Numerous research works have examined the cytokine levels in females diagnosed with PCOS. A study conducted by Lin et
al. demonstrated that women with PCOS who were treated with metformin showed a significant reduction in levels of IL-
6(33). In another study ,during the follow-up of metformin therapy for PCOS women, plasma IL-6 levels were unchanged
(34).

Tumu et al suggested that IL-6 may be a major modulator of low-grade chronic inflammation in PCOS (35) .Lin et al showed
that IL-6 might be an early low-grade chronic inflammatory marker in PCOS (33). An investigation with obese PCOS women
revealed that six months of metformin treatment was not enough to lower 1L-6 levels (36). Nevertheless, other research has
demonstrated that regardless of BMI, IL-6 levels are increased in PCOS women (37)

At this point, the precise mechanism of inflammation in PCOS is unknown. Since obesity is frequently present in women
with PCQOS, its significance as a pro-inflammatory factor has received the greatest research attention. Chronic low-grade
inflammation caused by obesity is explained by adipocyte hypertrophy and hyperplasia, which release free fatty acids and
raise the amount of pro-inflammatory cytokines in macrophages(38). Almusawy et al investigated the level of IL6, IL18, and
TGF-alpha in PCOS women elevated with BMI <25 and others with BMI >25, their results support the present finding as
both studies did not record sig differences between the two groups (39). In addition, a meta-analysis investigation by Peng
et al. found no connection between IL6 level and baseline PCOS features such as androgen status, BMI, and IR (40).
Nevertheless, other research has demonstrated that regardless of BMI, IL-6 levels are elevated in women with PCOS (37),
This also agrees with present work.

Concerning TGFp1, the present result showed a significant reduction in its serum levels during the pre-post-study and
treatment period. A previous study done by Xiao et al. determined that metformin interacted with the TGF-B1 ligand to
inhibit TGF-B1 signaling, which prevented TGF-B1 from attaching to its receptor and decreased signaling downstream, this
study has revealed that metformin to be a new type of TGF-B1 suppressor, which is responsible for the drug's pleiotropic
effects. The therapeutic utility of metformin as a therapy for many disorders other than diabetes, where TGF-B1 signaling
defects are suggested (41). In the same line with the present study, Ramamoorthy and Bhuvaneswari have demonstrated that
the treatment period and values of inflammatory markers have an inversely proportional relation (42). Farhangi et al reported
that the level of TGF-B in PCOS patients sera did not significantly differ between the (22)obese and those that were not(43),
whereas another study indicated there was an increase in TGFBL1 in obese and non-obese PCOS patients which means it was
not weight-related[15, 30].  Another study did not agree with the current finding, it was improved that BMI and fat mass
showed significant associations with TGF-B1 levels, indicating that increased TGF-B1 levels are linked to a poor metabolic
profile in humans, these findings demonstrate a strong positive correlation between human obesity and TGF-1(45).
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This study effectively combines the investigation of metformin's role as an mTOR inhibitor and its immunomodulatory
effects, providing a holistic view of its therapeutic potential for women with PCOS. This dual focus enriches the
understanding of metformin’s multifaceted benefits beyond its common use.Metformin pleiotropic effect as an
immunoregulatory drug in PCOS studies as an mTOR a cytokines inhibitor in present study, other studies not include human
study in PCOS or include studying other markers in humans in this disorder.This study included the effect of BMI in
triggering inflammation in this disorder and documented no significant differences observed.

The present study's limitations, which led to the small sample size, include difficulty in obtaining samples due to the need
for follow-up of patients after treatment, as well as challenges in obtaining patients who received monotherapy, a dearth of
patients meeting the inclusion criteria and, a lack of prior research studies on the topic.

We recommended to Increasing the sample size involved in the study, using an interventional longitude study of metformin
in PCOS patients to give a clear insight into its effect on inflammation and immunoregulation effect, studying another marker
to ensure drugs' anti-inflammatory effect, studying other diseases including inflammatory or immunity aspect or studying
other drugs that have immunoregulatory effect similar to metformin.

5. CONCLUSIONS

The present study concluded that metformin is effective as an mTOR inhibitor and has immunomodulatory effects on
regulatory cytokines in women with PCOS, especially when used for a treatment period exceeding 3 months. This
effectiveness may play a crucial role in helping PCOS patients recuperate. In addition, its immunomodulatory effect,
especially on the studied markers that contribute to many other important diseases, makes it a targeted drug for various
immune disturbance disorders soon. The therapeutic effects of metformin may be due to its inhibitory effect on mTOR, so
monitoring its long-term impact on other disorders associated with elevated mTOR pathway activity is important to
determine the best course of treatment

Acknowledgement : The authors are privileged to convey their profound gratitude and admiration to Dr. Zahra Attalla and
her clinic staff for their invaluable assistance in the collecting of the samples.
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