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Abstract

Metformin is associated with increased insulin sensitivity, whereas oral contraceptive pills
(OCP) could increase the risk for type 2 diabetes (T2D) in women with polycystic ovary
syndrome (PCOS). Certain miRNAs might serve as biomarkers for the risk of T2D. The

aim of this study was to investigate changes in circulating miRNA levels during treatment
with metformin and OCP in women with PCOS. Sixty-five women with PCOS according to
Rotterdam criteria were randomized to metformin (2 g/day), metformin + OCP (150 mg
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desogestrel + 30 pg ethinylestradiol) or OCP alone for 12 months. Serum miRNA analysis
was performed with individual RT-gPCR or Tagman low density array cards of 22 selected
mMiRNAs previously related to PCOS, glucose and/or lipid metabolism. miR-122 and miR-29a
levels were decreased after treatment with metformin compared with metformin + OCP
and OCP group: miR-122: log, difference —0.7 (P=0.01) and —0.7 (P =0.02), miR-29a:

log, difference —0.5 (P=0.01) and —0.4 (P = 0.04), while miR-223 levels were decreased

in the metformin + OCP group after treatment: log, difference —0.5 (P =0.02). During the
treatment period, a significant weight loss was observed in the metformin group compared
with the OCP group. In the OCP group, miRNA levels were unchanged during the treatment
period. Levels of circulating miRNAs associated with lipid and glucose metabolism
decreased during metformin treatment. Changes in miRNA levels in the metformin group
could be explained by the simultaneous weight loss in the same group. These results

support the notion that metformin treatment alone may be superior for metabolic health

compared with OCP.

Endocrine Connections
(2020) 9, 1075-1084

Introduction

Polycystic ovary syndrome (PCOS) is characterized by
hyperandrogenism, anovulation and polycystic ovarian
morphology (1). It is well-established that PCOS has
system-wide manifestations such as dyslipidemia, central
obesity, hypertension and insulin resistance (1, 2),

resulting in a three-fold increased risk of type 2 diabetes
(T2D) (3). While obesity (4) and hyperandrogenism (2) as
well as defects in the cellular insulin signaling pathway
(5) play a central role, the primary cause of the association
between insulin resistance and PCOS is still unclear.
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Treatment of PCOS  aims to  decrease
hyperandrogenism, regulate menstrual cycles and reduce
risk of T2D by improving insulin sensitivity. First line
treatment is lifestyle management (1), however medical
treatment with metformin and/or oral contraceptive pills
(OCPs) is often considered necessary. Metformin reduces
insulin resistance, decreases insulin levels and improves
dyslipidemia in women with PCOS, especially in women
with BMI over 25 kg/m? (6), while OCPs induce regular
bleedings and increase steroid hormone binding globulin
(SHBG) levels, which decreases levels of free testosterone
and improves clinical hirsutism (7). OCP treatment is
superior to metformin treatment regarding improved
cycle irregularity, SHBG, free androgen
index and total testosterone (6), while combination of
metformin and OCP decreases the free androgen index,
total testosterone and fasting glucose levels compared
with metformin alone.

miRNAs are small non-coding RNAs, with a length
of 19-22 nucleotides, suggested to have a physiological
role in the development of diabetes (8, 9). Previous studies
have shown an altered expression of miRNAs in insulin-
sensitive tissues of obese patients (10, 11) and in patients
with T2D (12, 13, 14). The role of miRNAs in metabolism
and diabetes is quite complex (15) and involves many
different tissues for example, liver, beta-cells, white
and brown adipose tissue, as well as many different
miRNAs. Some of these miRNAs (e.g. miR-122, miR-223)
are believed to have a more pronounced role than
others, as several studies confirm their associations (15,
16). miRNAs are produced in cells of various tissues and
serve as intracellular regulators of gene expression, but
are also present in blood and other body fluids serving as
communicators between different insulin sensitive tissues
(8). In blood, miRNAs are bound to proteins, lipoprotein
complexes or contained in microvesicles (17), which
protect miRNAs from degradation by ribonucleases. This
property, along with resistance to freeze-thaw cycles (18),
renders them suitable as biomarkers (17). Several studies
have been dedicated to the detection of miRNAs as
clinical biomarkers for PCOS (19, 20, 21, 22) or prognostic
biomarkers for development of T2D (23, 24, 25). However,
if miRNAs should serve as biomarkers for PCOS and T2D
in a clinical setting, it is necessary to consider if standard
treatment of PCOS could change the levels of circulating
miRNAs during management of PCOS. Data on the effect
of OCP treatment on the levels of circulating miRNAs in
women is limited to a single study (20). A few clinical
studies have addressed the impact of metformin on miRNA
levels in patients with T2D (26, 27, 28, 29) but none

menstrual
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have investigated the impact of metformin treatment on
circulating miRNA levels in women with PCOS.

In this randomized study, we aimed to investigate the
impact of metformin and OCP on the level of selected
miRNAs in women with PCOS.

Methods and materials
Study design

This presentstudy isbased on analysis of serum from abiobank
collected during a randomized controlled trial performed at
Odense University Hospital, Denmark between 2007 and
2013 (registered at Clinical Trials.gov (NCT00451568)) (30).
In this study, 90 women with PCOS were randomized to
either metformin, OCP or metformin+OCP. The primary
objective of the study (30) was to evaluate body composition
during 12 months of treatment. A total of 65 women, 19
from the metformin group, 23 from the OCP group and 23
from the metformin+OCP group completed the study. All of
the participants gave informed written consent to collection
of biological material for future research. Permission to use
the data has been granted by the Danish Data Protection
Agency. The present study was approved by the Danish
Scientific Ethical committee of Region Zealand (application
nr. §J-525).

The participants were all diagnosed with PCOS
according to Rotterdam 2003 criteria (31). Patients with
diabetes (fasting plasma glucose >7.0 mmol/L and/or
glycated hemoglobin (HbAlc) >44 mmol/mol), elevated
liver enzymes, renal dysfunction, congestive heart disease,
depression, and eating disorders were not included in the
study, neither were obese patients (BMI >35 kg/m?) nor
patients with other contraindications for OCP. Patients
were not included if they were pregnant or expressed a
wish for conception during the study period. Patients
paused OCP use for at least 3 months and metformin
for at least 1 month before evaluation and no patients
were treated with medicine known to affect hormonal or
metabolic parameters. The participants were, subsequent
to inclusion, randomized to 12 months treatment of
metformin alone (1000+1000 mg/day) or OCP (150 mg
desogestrel/130 g ethinylestradiol) or OCP+ metformin.

During the trial, all participants received advice
on lifestyle intervention. The participants attended
examination at inclusion and at the end of trial as well
as a visit for registration of side effects and compliance
after 6 months. The clinical examination was performed
on a random cycle day and included a DEXA scan,
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Ferriman-Gallwey (FG) score, WHR, height and weight.
Fasting blood samples were analyzed for insulin, HbAlc,
plasma glucose, electrolytes, and total and free testosterone.
Homeostasis model assessment (HOMA) was calculated as
fasting insulin - fasting blood glucose/22.5. Further details
on assays and study protocol are given previously (30).

miRNA analysis with TagMan custom cards

miRNA analysis was conducted on venous blood samples,
collected in a procoagulant drying tube. Serum and
cellular fractions were separated by centrifugation at 2000
g for 9 min. Serum was carefully removed leaving 0.5 mL
in order to avoid disturbance of the interface. The serum
was stored at —80°C until analysis.

Extraction of RNA: Total RNA was extracted from
serum with TRI®Reagent LS (Sigma-Aldrich), according
to manufacturers’ protocol. RNA concentration and
purity was determined using and NanoDrop ND-1000
spectrophotometer (Thermo Scientific).

RT and gPCR: Total RNA was reverse transcribed
using a 24 miRNA custom-designed TagMan RT Kit
(ThermoFisher Scientific) according to the manufacturers’
protocol. miRNAs were subsequently analyzed using
Human TagMan low density array (TLDA) cards containing
24 different assays (ThermoFisher Scientific) according to
manufacturers’ protocols. The TLDA card was designed to
include a total of 21 miRNAs (40, 49, 62) and miRNAs
reported in the literature to be associated with metabolic
syndrome, insulin resistance or diabetes (Supplementary
Table 1, see section on supplementary materials given
at the end of this article). In addition to the 21 selected
miRNAs, the card contained two spike in controls (ath-
miR-159a and cel-miR-39) and one endogenous control
(U6). The RT-product was pre-amplified with TagMan®
PreAmp Master Mix and miRNA PreAmp custom primer
pools. Pre-amplified samples were diluted with 0.1 x TE
buffer (pH 8.0) and stored at —80°C until analysis. All
of the TLDA cards had same lot number. miR-122-5p
was analyzed with individual RT-qPCR using specific
RT- and qPCR primers, Multiscribe Reverse Transcriptase
(ThermoFisher Scientific) and QuantiTect SYBR Green PCR
master mix (Qiagen) according to manufacturers’ manual.
Specific primer sequences are shown in Supplementary
Table 2. PCR assays were performed in duplicates on a ViiA
7 real time PCR system and analyzed using Expression
Suite software (v1.1, ThermoFisher Scientific, 2016).

All amplification plots were manually inspected
and assays with absent or poor amplification or low
fluorescent intensity were excluded for further analysis.

MicroRNAs during treatment
of PCOS
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Cycle threshold (C,) >32 was considered undetectable
following manufacturers’ guidelines and excluded from
the analysis. Four (n = 4) samples at baseline (two from
metformin group and two metformin+OCP group) and
one (1 = 1) sample (metformin+OCP group) at the end of
study had low or no amplification and were not included
in the analysis. Further one baseline sample was missing.
miR-518f-3p showed only amplification in four samples
at baseline and two at follow-up and the miRNA was
therefore excluded from further analysis. U6 and miR-484
was determined as homogenous and stable controls with
mean C; (s.0.) of 25.9 (1.9) and 20.3 (2.8), respectively,
at baseline and 26.0 (1.7) and 19.8 (2.1), respectively,
after intervention. The C,-values were normalized to the
geometric mean of ath-miR-159a (C; of 13.2 (0.53) and
13.2(0.52) at baseline and after intervention, respectively),
miR-484 and U6. Fold changes were expressed relative to
baseline by the 2724t method (32).

Statistics

All data were analyzed using Statistical Packages for Social
Sciences (SPSS, vers. 26, IBM) and GraphPad Prism (vers.
8.1.1, GraphPad Inc.). Correlation plots were generated
with R (vers. 3.5.3), R Studio (vers. 1.2.1335) and statistical
package Corrplot (vers. 0.84). All data were tested with the
Shapiro-Wilk test for normal distribution. Non-normally
distributed data were logarithmically transformed. Data
are presented as medians and interquartile range (IQR) and
miRNA levels as log fold change between indicated groups.
For statistical analysis, grouped data were compared with
Students’ t-test for unpaired and paired samples. For more
than two comparisons, one-way ANOVA with Tukeys’ post
hoc test was used. Spearmans’ correlation coefficient was
used to assess correlations between miRNAs and relevant
clinical wvariables. All correlations were subsequently
adjusted for the effects of BMI and age. To assess the
relationship between changes in miRNA and changes in
clinical or biochemical parameters, the correlations between
A-values of the five altered miRNAs and the A-values of the
clinical measurements that changed significantly in any of
the treatment groups during the study (A-weight, A-BMI,
A-fat arms, A-fat trunk, A-fat legs, A-free testosterone,
A-SHBG, A-insulin, A-C-peptide, A-FG-score), was used.
The A-values were calculated as the post-treatment level
minus the pre-treatment level of each analyzed value.
Missing data were handled with pairwise deletion. The
Bonferroni correction is used to adjust for multiple testing
and is added after each P-value as (p,gjusea)- AN adjusted
P-value of <0.05 was considered statistically significant.
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Results

BMI, age, clinical and biochemical measurements were
comparable at baseline in the three treatment groups
(Table 1). At the end of the 12 months trial, metformin
and metformin+OCP treatments were superior to OCP
alone regarding weight loss and decreased regional fat
free mass, whereas OCP treatment significantly increased
SHBG levels and decreased free testosterone. Combined
treatment with metformin and OCP improved body
composition and FG-score compared with OCP, and
SHBG-levels increased by OCP or metformin+OCP
treatment compared with metformin alone (30). The
decrease in BMI and weight in the metformin and
metformin+OCP group was equally distributed during
the 12 months (30).

Changes in circulating miRNA levels
after intervention

Atbaseline, circulating levels of all the assayed miRNAs were
similar between the groups (metformin, metformin+OCP
and OCP) (Supplementary Table 2). At the end of the
trial, three miRNAs, miR-122, miR-29a and miR-223,
were significantly decreased in the metformin treated
group compared with the OCP treated group and the
metformin+OCP group (Fig. 1 and Supplementary Table
3A). Circulating miR-122 levels were significantly decreased

Table 1 Baseline characteristics of the participants.

MicroRNAs during treatment
of PCOS

in the metformin treated patients compared with both
metformin+OCP and the OCP treated patients (P=0.01
(Pagjustea=0-22) and P=0.02 (P,gj5ea=0-44), respectively)
(Fig. 1A). miR-29a levels were similarly decreased in the
metformin group compared with both metformin+OCP
(P=0.01 (Pygjystea = 0.22)) and OCP treatment (P=0.04
(Pagjustea=0.88)) (Fig. 1B). miR-223 levels were significantly
decreased in the metformin group compared with the
metformin+OCP-group, while the OCP group had
intermediate levels of miR-223 (P=0.02 (P,gjustea=0-44))
(Fig. 1C).

Using paired sample testing to compare miRNA
levels within each group of patients, at baseline with
levels at the end of trial, we found that miR-29a and
two additional miRNAs were decreased: miR-29a was
decreased in the metformin group (mean log change
relative to baseline=-0.50, s.e.mM.=0.21, P=0.03) and
a similar decrease was observed for miR-151-3p in the
metformin treated group (mean log change relative
to baseline=-0.47, s.m.=0.19, P=0.03, respectively)
(Fig. 1B, D and Supplementary Table 3B). The change
in miR-122 during the study was near significant in
the metformin group (mean log difference=-0.47,
s.e.M.=0.24, P=0.06) (Fig. 1A and Supplementary Table
3B). In the metformin+OCP group, only miR-636
decreased significantly (mean log change relative to
baseline=-0.23, s.e.M.=0.08, P=0.01) at the end of the
study compared to baseline (Fig. 1E and Supplementary

Metformin (n=19) Metformin and OCP (n = 23) OCP (n =23)
Age (years) 31 (24-33) 30 (24-31) 28 (25-32)
Weight (kg) 73.6 (69.2-83.5) 80.2 (70.5-86.0) 86.0 (62.1-88.8)
BMI (kg/m?) 26.0 (24.1-29.6) 27.6 (24.3-31.3) 28.0(22.9-31.8)
Waist-hip ratio 0.84 (0.76-0.88) 0.84 (0.77-0.88) 0.86 (0.76-0.87)
Total testosterone (nmol/L) 2.0(1.3-2.9) 1.6 (1.3-2.3) 1.7 (1.4-2.7)
Free testosterone (nmol/L) 0.035 (0.027-0.050) 0.029 (0.022-0.045) 0.033(0.019-0.053)
Ferriman Gallway-score 5(0-11) 8(3-12) 5(2-9)
SHBG (nmol/L) 44.0 (32.0-62.0) 47.0 (32.0-72.0) 52.0 (36.0-82.0)
Glucose (mmol/L) 5.3(4.9-5.4) 5.2 (5.0-5.6) 5.2 (5.0-5.6)
Insulin (pmol/L) 61 (49-91) 70 (44-79) 67 (50-120)
C-peptide (pmol/L) 687 (618-991) 673 (589-787) 748 (582-972)
HOMA-IR 14.3(11.1-19.3) 15.3(11.2-19.5) 16.0 (12.1-28.9)
Total cholesterol (mmol/L) 4.7 (4.4-5.1) 4.4 (4.0 -4.7) 4.3 (3.9-5.1)
LDL cholesterol (mmol/L) 2.8 (2.6-3.3) 2.6 (2.4-2.8) 2.6 (2.2-3.3)
HDL cholesterol (mmol/L) 1.5(1.2-1.8) 1.3(1.2-1.5) 1.3(1.2-1.4)
Triglyceride (mmol/L) 1.0(0.7-1.3) 0.9 (0.7-1.3) 0.9 (0.6-1.4)
Fat, arms (kg) 3.2 (2.5-4.0) 2.8 (2.3-3.8) 3.4 (2.5-4.3)
Fat, legs (kg) 10.5(8.2-12.6) 9.6 (8.6-11.3) 11.2(7.0-14.0)
Fat, trunk (kg) 15.9 (13.4-19.5) 16.4(11.0-19.6) 18.9 (12.1-22.0)

Data are presented as medians (IQR). There were no differences between the groups in any of the variables (one-way ANOVA, Tukey post hoc).
HDL, high density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; LDL, low density lipoprotein; SHBG, sex hormone binding

globulin.
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Table 3B). miR-223 did not change significantly in any
of the groups from baseline to follow-up. OCP treatment
alone did not change levels of any of the selected miRNAs
during the study.

miRNAs were correlated with BMI and indices of
body fat distribution

Of the five altered miRNAs (miR-122, miR-151-5p, miR-223,
miR-29a and miR-636), only levels of miR-122 and
miR-223 were correlated with clinical or biochemical
measurements at baseline (Supplementary Table 4).
However, when adjusting for age and BMI these became
non-significant. miR-122-5p was significantly correlated
with BMI after adjustment for age (Spearman’s rho=0.36,
P = 0.006) at baseline. A scatterplot of BMI and miR-122
with regression line is shown in Fig. 1F. Both miR-122 and
miR-223 were significantly upregulated in participants
with BMI >25 kg/m? at baseline (P=0.01 and P=0.03,
respectively), while miR-29a levels were not significantly

line and CI. *P < 0.05, **P < 0.01.

different in overweight subjects compared with normal
weight subjects.

To assess the association between changes in miRNAs
and changes in clinical or biochemical parameters,
correlation analysis with A-values for the five altered
miRNAs and A-values of clinical and biochemical
measurements was used (Table 2). In these analysis, only
the correlation between AFG-score was significantly
associated with AmiR-29a (rtho: -0.277 P=0.04 after
adjustment, respectively). The analysis did not reveal any
further significant correlations, when adjusted for BMI at
inclusion or adjusted for treatment group (Table 2).

The levels of four of the five miRNAs, whose circulating
levels were altered during the study, were highly positively
correlated (Fig. 2). The remaining miRNAs tested also
showed close miRNA:miRNA correlations. Supplementary
Fig. 1 displays the miRNA correlation pattern showing
three clusters of inter-correlated miRNAs, with only few
miRNAs not having their circulating levels correlated with
other miRNAs.
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Table 2 Correlations between A-values.

AmiR-122-5p AmiR-151-3p AmiR-223 AmiR-29a AmiR-636

Rho P Rho P Rho P Rho P Rho P
A weight 0.14 0.27 0.10 0.47 -0.01 0.99 0.01 0.96 -0.21 0.12
A BMI 0.13 0.29 0.10 0.47 -0.02 0.88 -0.01 0.96 -0.21 0.12
Afree T -0.23 0.07 -0.14 0.29 -0.13 0.32 -0.25 0.05 0.05 0.74
A SHBG 0.13 0.33 0.07 0.63 0.07 0.58 0.11 0.40 -0.11 0.44
A FG-score -0.30* 0.02 -0.18 0.20 -0.23 0.07 —0.35*%* 0.01 0.17 0.23
Afat, arms -0.01 0.98 -0.06 0.65 -0.04 0.78 -0.13 0.34 -0.22 0.11
A fat, legs 0.19 0.13 0.06 0.69 0.01 0.99 0.03 0.83 —-0.28* 0.04
A fat, trunk 0.13 0.32 0.03 0.80 0.07 0.62 -0.01 0.96 -0.29* 0.03
Ainsulin 0.18 0.17 0.18 0.20 -0.07 0.61 -0.03 0.82 -0.14 0.33
A c-peptide 0.17 0.20 0.20 0.14 -0.02 0.87 -0.03 0.84 -0.08 0.58

Correlations between A values for significantly altered miRNAs and A values for significantly altered clinical measurements during the study assessed
with Spearman’s Rho. Unadjusted. The correlations between A miR-636 and A fat legs and A fat trunk, respectively, were insignificant when adjusting for
BMI at inclusion and treatment group. Similar, was the correlation between A miR-122 and A FG score insignificant after adjustment, while the correlation
between A miR-29a and A FG score remained significant.

*P <0.05, **P < 0.01.

FG, Ferriman Gallwey; SHBG, sex hormone binding globulin; T, testosterone.

Discussion cohorts in previous studies (23, 37). In our study we found
miR-122 significantly correlated with BMI at baseline
and upregulated in patients with BMI over 25. This is
in accordance with previous clinical studies in which
miR-122 has been suggested as a marker of metabolic
health, as miR-122 was upregulated in patients with

In this randomized controlled study, we investigated the
effect of 12 months of treatment with metformin and
OCP alone or in combination on circulating levels of
22 miRNAs, selected from the literature and from an in
house pilot study of PCOS women. Metformin treatment
was associated with decreased levels of three miRNAs,
miR-122, miR-29a and miR-223 compared with OCP or
metformin+OCP. In addition, one miRNA, miR-151-3p
changed within the metformin group only and another,
miR-636, within the metformin+OCP only from baseline
to the end of study. None of the miRNAs were affected by miR=122-5p . ) "
OCP treatment alone. We are not aware of any previous

study that has investigated the effect of metformin, OCP
or metformin+OCP treatment on circulating miRNA miR-151-5p
levels in women with PCOS.

Our finding of decreased levels of miR-122 during
metformin treatment is in agreement with previous miR=-223
studies of miRNAs in T2D, obesity and the metabolic

syndrome: miR-122 was early described as a liver-
specific miRNA in both mice and humans. Further it miR-29a
is an important regulator of cholesterol and fatty acid
metabolism, as inhibition of miR-122 in both normal
and high fat diet fed mice decreased plasma cholesterol miR=-636
levels and increased hepatic fatty acid oxidation (33, 34,
35, 36). Other studies have confirmed the role of miR-122 - _
in clinical settings (23, 37), as miR-122 is decreased after i ' ' ' '

) ) -1 -08 -06 -04 -02 O 02 04 06 08 1
gastric bypass-surgery (38) and after weight loss (39). The
correlations between miR-122 and serum cholesterols Figure 2
were not strong in our study and not significant when Plot of miRNA:miRNA correlations of the five altered miRNAs at baseline.

L. . The intensity of the color and size of the circles represent the Spearman

adjusting for BMI and age. This could be due to our

rho-value. Blue colors are positive correlations, red colors are negative
cohort being relatively young and lean compared to other correlations. *P < 0.05, **P < 0.01, ***P < 0.001.
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T2D (23) and obesity (37) compared with controls, and
circulating miR-122 was decreased following a controlled
weight loss (40). In agreement with this hypothesis, we
found that miR-122 was significantly decreased in the
metformin group at follow-up. The decrease in miR-122
levels may be due to weight loss, however, the changes
in miR-122 and ABMI were not significantly associated,
which could be due to small group sizes.

The mechanism for decreased miR-122 during
metformin treatment are to date not clear. Studies of
molecular mechanisms during metformin treatment have
shown that metformin increases the levels of the miRNA
processing protein DICER1 both in mice and humans with
diabetes (41). Metformin treatment causes a disruption of
the interaction between the RNA binding protein, AU-rich
element binding factor 1 (AUF1), and DICER1 mRNA. This
stabilizes DICER1 mRNA, allows translation and thereby
causing a more general upregulation of all miRNAs. The
same study noted a significant upregulation of miR-122 in
liver tissue of mice treated with metformin compared with
no treatment, but not compared with diet restriction (41).
This contradicts our findings, but intracellular regulation
of the levels of a specific miRNA could be different from
the release of miRNA to the circulation, as the pool of
circulating miRNAs both consists of actively secreted
miRNAs and leakage from broken cells. One other study
have described that extracellular vesicles derived from
plasma of T2D patients treated with metformin contain
lower levels of miR-122 than matched T2D patients not
treated with metformin (27).

In this present study, miR-29a was decreased after
metformin treatment compared with OCPs. miR-29a is
reported as an important regulator of glucose metabolism
in various tissues (42, 43, 44), and circulating miR-29a
levels are increased in patients with T2D (45). It has been
suggested that increased levels of miR-29a is promoting
T2D by decreasing insulin secretion from beta cells (46,
47) and that miR-29 induces insulin resistance in muscle
and adipose tissues (42). The mechanism for insulin
resistance was both indirectly by targeting peroxisome
proliferator-activated receptor delta (PPARD) mRNA, and
directly by targeting solute carrier family 2 member 4
(SLC2A4) mRNA - the gene encoding GLUT4, the main
insulin-mediated glucose transporter in adipose tissue
(42). Further, miR-29a has also been demonstrated to
have a key regulatory role in lipid metabolism in liver
(48). How metformin treatment affects miR-29a is still
unknown and no in vivo study has to date described
miR-29a during metformin treatment. However, one rat
study showed that increased circulating miR-29a was
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normalized in diabetic fatty rats after treatment with
pioglitazone - another insulin sensitizing agent (48).
miR-29a has also previously been associated with PCOS:
In a study of follicle fluid from 49 women with PCOS
miR-29a  was  significantly  decreased both in
hyperandrogenic and normoandrogenic women with
PCOS (49).

In this study (49), women with PCOS also presented
with lover levels of miR-151-3p. We found a decrease from
baseline to end of study, of miR-151-3p in the metformin
group, while miR-636 decreased in the metformin+OCP
group. miR-151-3p has also, previously, been associated
with diabetes, as decreased levels were found in late stage
diabetes in Zucker diabetic fatty rats (50). In vivo studies of
miR-636 are few, but one study demonstrated an association
between miR-636 and restoration of liver damage, and
that miR-636 are decreasing during antiviral treatment of
hepatitis C virus (51) and two other studies have associated
miR-636 with diabetic nephropathy (52, 53).

We found a decreased level of miR-223 in the
metformin group. miR-223 is, similar to miR-122 and
miR29a, also expressed in the liver and involved in
cholesterol metabolism, by inhibiting HDL-cholesterol
uptake in hepatic cells (54). The association between
insulin resistance and miR-223 is also well-established;
miR-223 is upregulated in adipose tissue in women with
insulin resistance, both with and without PCOS (55), but
miR-223 is upregulated also in serum from patients with
diabetes and obesity (56, 57). miR-223 was suggested to
target GLUT4 (58) and upregulation of miR-223 was shown
to decrease GLUT4 protein content and glucose uptake in
adipose tissue (55). These results were in accordance with
our results, as we found a decreased level of miR-223 in the
metformin group. Women in the metformin group obtained
a significant weight loss and decreased regional fat mass,
and thereby possibly improved their metabolic health.
We did not observe a significant change in fasting levels
of neither insulin nor C-peptide during the study in the
metformin group, however both of these were significantly
decreased in the metformin+OCP group (30). Thus,
miR-122, miR-29a and miR-223 increase with obesity and/or
hyperglycemia and their intracellular actions are involved
in development of insulin resistance. Although miR-223
did not significantly decrease over time in the metformin
treated PCOS women, miR-223 was lower in the metformin
treated PCOS women than in the metformin+OCP treated
women after the 12-month follow-up.

We observed close miRNA:miRNA correlations among
the miRNAs, which changed during treatment, but all of
the analyzed miRNAs correlate with each other in several
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large clusters (Supplementary Fig. 1). The origin of these
clusters is uncertain, but could reflect miRNAs secreted from
different tissues (59). However, the correlations between
circulating miRNA levels and clinical or biochemical
measures, although significant, were not strong, but
this could be due to our limited sample size. The limited
sample size is caused by the drop-out from each group
(metformin=11, metformin+OCP=7, OCP=7). Drop-
rates were however, not statistically different between
groups (P=0.4), but should constitute a general limitation
of the study. Regarding the study design, a control group of
no treatment would have been suitable for miRNA analysis,
but as this study is a post hoc study, no such exists.

Finally as a limitation, when applying the Bonferroni
correction for multiple testing, none of the differences
between the groups are significant and readers should
therefore interpret the results with this in mind.

To our knowledge, this is the first study of miRNA
during treatment with both metformin and OCP in women
with PCOS. There are several studies on circulating miRNAs
during metformin treatment in different cancers (60) and
four studies exist of circulating serum or plasma in patients
with T2D (26, 27, 28, 29). However, these studies have
different methodological approaches and report changes in a
variety of miRNA species (Supplementary Table 1). Only one
previous study has investigated the effect of anti-androgen
treatment (ethinyl-estradiol and cyproterone acetate) on
serum miRNAs levels in a small group of seven women
with PCOS (20). This study found that four months of anti-
androgen treatment increased levels of miR-155 and that
miR-155 was negatively correlated with androstenedione
and 170OH-progesterone. Unfortunately, we have not tested
miR-155 in our study, as the custom TagMan array cards for
our study was designed prior to this publication.

In conclusion, we investigated the effect of different
treatment modalities of PCOS on miRNA levels. We did
not see an effect of OCP-treatment on miRNA levels.
These results suggest that while PCOS is a condition of
hyperandrogenism, pharmacological intervention with
OCPs to decrease hyperandrogenism did not change
miRNAs previously associated with PCOS and metabolic
syndrome. The most significant changes in miRNA levels
were caused by metformin treatment and the changes
were seen in miRNAs previously associated with insulin
resistance, obesity and liver damage, especially miR-122,
miR-29a and miR-223. It appears likely that metformin,
having a large effect on liver metabolism by suppressing
hepatic glucose production (61), concomitantly decreases
the level of several liver expressed circulating miRNAs and
that this could indicate improved hepatic health.

MicroRNAs during treatment
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