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Abstract

Obesity is considered to be a chronic complex disease that increases the risk of diabetes,
heart diseases and certain cancers. According to the literature, in obese people the gastrointestinal
microbiota is disturbed, which could be the cause of the onset of obesity and related diseases.
Moreover, there are small non-coding RNAs (microRNASs) that are disturbed in obesity, which
are also considered to be a possible mechanism of probiotics’ action. Certain microRNAs are
involved in the development and metabolism of adipose tissue cells, as well as the secretion and
action of insulin, showing that changed expression of certain miRNAs could have a significant
impact on the onset and development of obesity and obesity-related diseases. Thus, miRNAs are
considered to be possible markers for the diagnosis and prognosis of various metabolic diseases,
and possible therapeutic targets for the treatment of obesity and related diseases. Considering the
growing need of the healthcare system for nutraceuticals and dietary supplements that present
effective and safe medical nutritive therapy in obese individuals, this work aimed to assess the
beneficial effects of probiotics on obesity-related microRNAs. In this review, we described the
role of microRNAs and probiotics in obesity and the association between probiotics and obesity-
related microRNAs. Circulating miRNAs’ profile in obese individuals significantly differs from
that of normal-weight individuals. miRNAs such as miR-155, miR-221, miR-24-3p, and miR-
18la are over-expressed, while miR-26b and 125a are under-expressed in obese patients
compared to non-obese individuals. It has been found that supplementation with Bifidobacterium
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bifidum and Lactobacillus acidophilus could downregulate the expression of miR-155 and miR-
221, and upregulate the expression of miR-26b. Supplementation with a probiotic formulation
containing S. boulardii, L. plantarum 299v, and octacosanol led to the downregulation of miR-
155 and miR-24-3p expression. miR-125a and miR-181a were upregulated and downregulated,
respectively, after the intervention with L. delbrueckii and L. rhamnosus. After reviewing the
available literature, we can conclude that probiotics have beneficial effects on microRNAs altered
in obesity, which could provide an effective strategy for the management of obesity.
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Introduction

Over the past four decades, the prevalence of obesity has increased dramatically
worldwide, resulting in obesity being a major contributor to the global burden of
chronic disease and disability in all age groups. The World Health Organization
(WHO) defines obesity as an abnormal or excessive accumulation of fat, expressed as
a body mass index (BMI) of more than 30 kg/m2, which has a negative effect on all
physiological functions of the body. According to the WHO report from 2022, around
60% of the European population are overweight or obese, highlighting the impact of
the obesity pandemic (1).

Obesity is a complex condition with serious pathophysiological, social and
psychological consequences that affects all age and socioeconomic groups. The
increasing prevalence of obesity seems to be the result of the interaction of certain factors,
such as environmental, behavioural, genetic, and metabolic ones. Present data suggest
that the environment and behaviour play a crucial role in obesity reaching epidemic
proportions (2). In recent decades, the gastrointestinal microbiota (Gl microbiota) has
gained significant attention, as it has a significant impact on the beginning and
development of obesity and related diseases. The GI microbiota represents a complex
ecosystem of bacterial cells that inhabit the gastrointestinal tract (GIT) of the host and
contribute to its health through their structural function (regulating the growth and
differentiation of GIT cells, regulating the permeability of tight junctions). The cells also
have a metabolic function (production of vitamins, short-chain fatty acids (SCFA)
production), a protective function (lowering of pH by SCFA synthesis, competition with
pathogens for nutrients and binding sites) and an endocrine function (synthesis of
hormones and neurotransmitters) (3).

In contrast to healthy people, a disturbed balance in the gut microbiota composition,
modified metabolic activity and the distribution of intestinal bacteria (dysbiosis) are
observed in obese people, which in turn could be one of the causes for an increase in the
body mass index (BMI) and thus for the development of obesity (4, 5). As a result of
dysbiosis, there is a change in the production of various metabolites (SCFA, indole
derivatives, trimethylamine) by the microbiota, leading to a disruption of homeostasis in
a direction favorable for the emergence of an inflammatory response, oxidative stress and
metabolic dysfunction of the host (6). Studies investigating the association between
obesity and composition of the gut microbiota showed that, compared to normal-weight
individuals, an increased number of bacteria of the Firmicutes strain was present, while
the Bacteroidetes strain was reduced (increased F:B ratio). It is hypothesized that this
composition of the GI microbiota utilizes energy from food more efficiently, providing a
possible link between dysbiosis and obesity (7). Namely, the GI microbiota contributes
to the increased utilization of energy from food through the production of SCFA, as a
consequence of the hydrolysis and fermentation of dietary polysaccharides in the colon
and cecum. Studies in animals and humans showed higher SCFA production in the obese
phenotype, compared with the normal body weight phenotype (8). A decrease in body
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weight leads to a change in the GI microbiota towards an increase in Bacteroidetes and a
decrease in Firmicutes bacteria (decreased F:B ratio) (9).

In recent years, literature data have supported the idea that a new approach in the
treatment of obesity could be aimed at manipulating the composition of the microbiota or
correcting dysbiosis, i.e. using probiotics as a safe and effective dietary intervention in
the treatment of obesity (5). Numerous mechanisms have been proposed by which
probiotics may have beneficial effects in obesity, e.g. regulating food intake, absorption
of nutrients, achieving intestinal homeostasis, etc. (10). Recently, however, efforts have
been made to identify the exact molecular mechanisms underlying the beneficial effects
of probiotics in obesity. Indeed, the results of various studies suggest that epigenetic
influences may be mediators of the interaction between host, microbiome and probiotics.
MicroRNAs (miRNAs), short non-coding RNA molecules, have been identified as
important molecular mediators in the interaction between host, microbiome and
probiotics. Some of the proposed molecular mechanisms by which probiotics exert their
effect on the host are epigenetic DNA methylation and activation of sirtuins, particularly
SIRT1 (11, 12).

Probiotics and obesity

Although changes in lifestyle remain the primary strategy in the treatment of
obesity and accompanying comorbidities, previous studies support the idea that one
of the targets of precise nutrition in the treatment of obesity should be the microbiota,
implying the importance of probiotics’ use in order to treat the dysbiosis characteristic
of obese people (13). Precision nutrition is defined as “a methodology to integrate
genetic, metabolic and environmental information at scale, which can utilize high-
throughput metabolomics, metagenomic and epigenetic approaches” (14). In addition
to personalized nutritional recommendations based on microbiota analyses,
personalized administration of probiotics is also a possible approach. According to
the consensus adopted in 2011 by the World Health Organization (WHO) and the Food
and Agriculture Organization (FAO), probiotics are defined as “live microorganisms
which, when administered in adequate amounts, confer a health benefit on the
host” (15). The exact mechanism by which probiotics may prevent obesity or have a
role in the obesity treatment is not yet fully understood, but altering the composition
of the gut microbiota to achieve eubiosis is thought to be one of the key mechanisms
of action (Figure 1). The use of certain probiotic strains, such as certain Lactobacillus
spp and Saccharomyces boulardii in the gut can lead to an increased number of
Bacteroidetes, and a decreased number of Firmicutes phylum bacteria (16). Given that
the intestinal epithelial barrier is disrupted in obese people (17), it is important to
mention that the intake of probiotics leads to the establishment of eubiosis, which is
necessary to sustain the intestinal barrier integrity and mucus density (18). In addition,
probiotics, by strengthening intercellular “tight junctions” and promoting mucus
secretion, strengthen the intestinal mucosal barrier. Literature data suggest that the
intake of certain probiotic strains can lead to a reduction in the BMI, body fat mass
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and waist circumference. This is attributed to their ability to reduce lipid absorption
(by hydrolyzing bile salts), reduce leptin synthesis, stimulate brown adipose tissue
thermogenesis, increase fasting-induced adipocyte factor (FIAF) activity, alter the
activity in the appetite centres (synthesis of butyrate, which increases the feeling of
satiety or regulates hormone production in the gastrointestinal tract, which is
responsible for the development of a feeling of satiety) (19-22). The beneficial effects
of probiotic microorganisms can also be explained by their immunomodulatory
effects (20). Additionally, probiotics may have effects on epigenetic markers
associated with obesity. Namely, recently probiotics have been discussed with regard
to whether they have any effects on miRNAs disturbed in obesity and obesity-
associated comorbidities. For example, Wang et al. reported that Lactiplantibacillus
plantarum 299v showed a beneficial effect on intestinal function by changing cytokine
levels through miRNA expression (23). Therefore, the aim of the present narrative
review was to summarize the available data of probiotics effect on miRNA expression
in obese individuals (Figure 2).
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Figure 1. Potential miRNA-based molecular mechanism of probiotics action (according
to (24))

Slikal. Mogué¢i molekularni mehanizam delovanja probiotika zasnovan na miRNK
(prema (24))
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Figure 2. Probiotic's effect on miRNAs expression in obese individuals
Slika2.  Efekat probiotika na ekspresiju miRNK kod gojaznih osoba

MicroRNAs biogenesis and rolls, linkage with obesity and probiotic usage

Recent studies have proposed miRNAs as a possible molecular mechanism of
probiotics action (24). miRNAs are short, non-coding RNAs with 19 to 25 nucleotide
bases, which are thought to play an important role in host gene expression processes and
a functional role in shaping the gut microbiota (24).

MicroRNAs biogenesis: Primary transcripts of miRNA (pri-miRNA) are
transcribed from genomic DNA Dby RNA polymerase IlI, and have hairpin
structure (25, 26). In the nucleus, pri-miRNA is processed by RNase Ill-type
endonuclease Drosha-DGCR8 to a miRNA precursor (pre-miRNA). After their
biogenesis in the nucleus, pre-miRNAs are transported into the cytoplasm by exportin-
5 and processed by by RNase Il Dicer into mature miRNAs duplex. One mature
miRNA is degraded, while the other one loads to an Argonaute 2 protein, forming a
miRNA-induced silencing complex (miRISC). Via miRISC, depending on the “seed
sequence” placed in 2-8 nucleotide positions of a miRNA, miRNAs most often bind
to the 3’-untranslated region (3' UTR) of the messenger RNA (mMRNA). In most cases,
the interaction between miRNA-mRNA results in translational inhibition and/or
MRNA degradation (27, 26). It has been known that, besides 3 UTR, miRNAs could
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bind to other mRNA regions, such as promoter region with an inducing effect on
transcription, or coding sequence with a silencing effect on gene expression (27),
while binding to 5> UTR could cause the activation or repression of translation (28).
Thus, miRNAs are considered essential elements of the epigenetic machinery of the
cell, which contributes to the regulation of many biological processes.

By controlling metabolic pathways, miRNAs are also important for the regulation
of metabolic and energy homeostasis (29). Circulating miRNAs can be secreted by
various tissues, including adipose tissue, and affect the metabolic profiles of distant
organs, facilitating metabolic organ crosstalk (30). Namely, the results of recent studies
have shown that miRNAs play a key role in numerous physiological processes, including
cell proliferation, apoptosis, tissue differentiation, immune system development and
immune responses, etc., and that there is a correlation between miRNA expression and
various metabolic parameters (BMI, adipogenesis, glycemia, leptinemia). Certain
miRNAs are involved in the regulation of adipose tissue development and metabolism,
as well as in the secretion and action of insulin, which is why it is thought that their
imbalance could play a role in the development of obesity and its associated metabolic
complications (31). Indeed, literature data indicate that there is a significant difference in
the expression of certain miRNAs between obese and non-obese omental fat and that their
expression in the blood of obese individuals correlates significantly with glycosylated
hemoglobin, leptin, body mass index and blood glucose levels (32). In addition, the
profile of circulating miRNAs in individuals with obesity and metabolic disease differs
from that of lean individuals (30). For all these reasons, there is speculation about the
possible role of miRNA as biomarkers for the diagnosis or prognosis of various metabolic
diseases, as well as promising new therapeutic targets for the treatment of obesity and
related diseases (30, 31).

Many studies and a large amount of data show that miRNA expression can be
directly regulated by diet, lifestyle habits, and various nutritional interventions (26, 33).
Moreover, there is evidence that miRNAs are not only synthesized endogenously, but can
also be ingested via food, and that food components alter the expression of endogenous
mMiRNA genes. In addition, diet also alters the expression of endogenous miRNA genes,
further reinforcing the effects of diet-miRNA interactions in gene regulation. For
example, dietary components and certain dietary patterns can modulate miRNA profiles
in serum, which in turn influences biological processes. In addition, a number of studies
have reported that endogenously synthesized miRNAs can influence the composition of
the gut microbiota by modulating the expression of genes that influence microbial growth.
Conversely, the gut microbiota can regulate the miRNA expression of host cells, such as
intestinal epithelial cells, whereby the bidirectional interaction between host miRNAs and
gut microbiota may exert an influence on intestinal permeability. In addition, dietary plant
miRNAs may be involved in creating different microenvironments in the gut to which
microorganisms adapt to optimize their resources and thrive (34, 35).

The modulation of the gut microbiota by miRNAs is still an under-researched area.
Understanding the communication between the host, miRNAs and microbiota is crucial
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for the development of the field of miRNA-based therapies (36). For example, a recent
study identified a synthetic miRNA that can specifically modulate the microbiome and
alleviate inflammatory autoimmune diseases (37).

Table | Effects of probiotic intervention on miRNA expression
Tabela | Efekti upotrebe probiotika na ekspresiju miRNK
Dietary intervention mMiRNA Effect
miR-155 downregulated
Bifidobacterium bifidum and .
g . ) miR-221 downregulated
Lactobacillus acidophilus _
miR-26b upregulated
S. boulardii, L. plantarum 299, miR-155 downregulated
and octacosanol miR-24-3p downregulated
. miR-125a upregulated
L. delbrueckii and L. rhamnosus -
miR-181a downregulated

mMiRNA-155

Adipose tissue, considered to be an endocrine organ where triglycerides are stored,
is also considered to have a very important role in the regulation of metabolism, energy
homeostasis, and inflammatory processes (38). An excessive amount of white adipose
tissue present in obesity causes adipocyte dysfunction and consequently inflammatory
responses and metabolic disorders. In obese individuals, adipose tissue production of anti-
inflammatory adipokines is reduced, while the production of adipokines with pro-
inflammatory action is elevated, causing the state of chronic inflammation (39).
Moreover, these adipocytes increase the production of chemokines and cause monocytes
migration to adipose tissue and their maturation into pro-inflammatory macrophages (40).
Thus, low-grade chronic inflammation very often accompanies obesity, with
macrophages in adipose tissue playing a crucial role in the synthesis of certain pro-
inflammatory miRNAs and pro-inflammatory cytokines (41). Levels of miR-155 are
dysregulated in certain diseases associated with obesity, such as atherosclerosis,
metabolic syndrome, and type 2 diabetes (T2D) (42-44). Karkeni et al. showed an
overexpression of miR-155 in the subcutaneous adipose tissue of obese patients compared
to lean controls (44). They noticed that TNF-a, via nuclear factor-kB (NF- kB), leads to
the upregulation of miR-155 expression in adipose tissue. Furthermore, Trygesstad et al.
demonstrated increased miR-155 expression in obese individuals compared to the
normal-weight group in isolated adipose tissue cells and blood samples (41). The
mechanism by which miR-155 affects atherosclerosis, inflammation, obesity and
diabetes-related comorbidities remains unclear and controversial. According to in vivo,
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in vitro and bioinformatics studies, SIRT1 has been recognized as a target gene of miR-
155 action (45-47). SIRT1 has an important role in the regulation of acetylation of
histones and transcription factors, such as PPAR-y (48). Moreover, SIRT1 exerts anti-
inflammatory effects by NF- «B-pathway inhibition (48). Wang et al. showed that miR-
155 negatively regulates SIRT1 expression, thus promoting inflammation in the
podocytes of diabetic mice (47). In addition, by stimulating monocyte recruitment and by
inducing endothelial cells activation, miR-155 shows a pro-atherogenic effect (49).
Increased miR-155 levels in subcutaneous adipose tissue, especially from adipose tissue
macrophages, affect adipocyte metabolism by regulating PPARG and GLUT4 expression,
thus decreasing PPAR- y and GLUT4 protein abundance (41).

Given the growing evidence that probiotics can modulate microbial effects on the
inflammatory response by influencing miRNA expression, it has been interesting and
challenging to investigate the probiotic effect on their expression. Algeri et al.
investigated the effect of different probiotics on the expression of miR-155 in
dinitrobenzenesulfonic acid (DNBS)-induced colitis in mice and showed that all
probiotics studied exerted an anti-inflammatory effect by decreasing the expression of
miR-155, which was upregulated in these mice (50). In another study investigating the
connection between the occurrence of colorectal cancer and disturbed gut microbiota, it
was found that some probiotic strains (Bifidobacterium bifidum and Lactobacillus
acidophilus) were able to downregulate miR-155 expression and its target gene Kirsten
rat sarcoma virus (KRAS) expression, indicating a significant impact of probiotics on this
oncogenic miRNA and its target gene (51). A 12-week supplementation with the
formulation containing octacosanol, S. boulardii, and L. plantarum 299v downregulated
miR-155-5p expression when compared to the control group, indicating that this
formulation improves the inflammatory status in obese individuals (52).

miRNA-24

Another miRNA with an important role in adipose tissue functions is miRNA-24
(53, 54). This miRNA is highly expressed in the liver and plays an important role in
adipocyte functions such as insulin sensitivity and lipolysis. According to the literature,
miR-24 promotes lipid accumulation in the liver and hyperlipidemia by suppressing
insulin-induced gene 1 (Insigl), an inhibitor of lipogenesis. Therefore, miR-24 has been
identified as a target miRNA for the treatment of non-alcoholic fatty liver disease
(NAFLD) and atherosclerosis (53). Jeon et al. confirmed lower levels of INSIG1 and
higher levels of miR-24 in NAFLD and patients with steatohepatitis, suggesting that an
interplay between these two may play a crucial role in the control of lipid homeostasis in
metabolic diseases (55). In addition, miR-24 levels are elevated in abdominal adipose
tissue patients with T2D obesity, and positively correlated with transcripts of secreted
frizzled protein 4 (SFRP4), an antiangiogenic factor that may lead to insulin resistance
and inflammation in obese individuals (54). Garavelli et al. found that circulating plasma
miR-23~27~24 levels were remarkably upregulated in children with progressive type 1
diabetes (T1D), with miR-24-3p levels in children with T1D over 12 months being twice
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as high as in participants with recent onset of the disease (56). Furthermore, miR-24-3p
expression is elevated in children with obesity (57). Animal and human studies also
reported that the levels of miR-24-3p are elevated in subjects with hypercholesterolemia
(58). Thus, it is important to notice that there are some promising results suggesting that
probiotics can lower miR-24-3p expression in overweight/obese individuals after a 12-
week intervention with the probiotic formulation containing a combination of S.
boulardii, L. plantarum 299v, and octacosanol (52).

miRNA-221

MiRNA-221 has been recognized as an obesity and adipogenesis-related
microRNA (59). More precisely, miR-221 positively correlates with insulin, HbAlc and
fasting glucose levels in obese individuals. This miRNA also downregulates ADIPOR1
expression, which could explain its involvement in the onset of insulin resistance. Animal
studies have shown that miR-221 is highly expressed in obese adipocytes (60).
Interestingly, they have noticed that miR-221 decreases during the process of
adipogenesis. Decreased miR-221 expression shows a significant connection with
elevated expression of TNF (59). This was confirmed by a study in which TNF-a
treatment led to decreased miR-221 expression in the adipose tissue-mesenchymal stem
cells of obese women (61). Moreover, Meerson et al. have shown a positive correlation
between miR-221 levels and BMI and fasting insulin levels in obese humans, suggesting
that miR-221 may contribute to obesity-related insulin resistance (62). Consumption of
Bifidobacterium bifidum and L. acidophilus significantly decreased the expression of
miR-221 in hepatocellular carcinoma mice (63). Although the expression of miR-221 was
decreased, probiotics consumption did not up-regulate PTEN, which is considered to be
a tumor suppressor and a potential target of miR-221. In addition, Saffar et al. found that
S. cerevisiae and L. acidophilus suppress the proliferation of colorectal cancer cells and
can be used to prevent colorectal cancer (64). To date, there have been no studies
investigating the effect of probiotics on miR-221 in obese individuals.

MiRNA-26

The miR-26 family (miR-26a-1, miR-26a-2 and miR-26b) plays an important role
in adipocyte development and physiological processes such as hepatic glucose and lipid
metabolism (65-68). In addition, miR-26a is required for myogenesis, while both miR-
26a/b are important in osteogenesis (68). Expression of miR-26b is decreased in visceral
adipose tissue in obesity, and it is thought that this contributes to obesity-related insulin
resistance via disruption of the PTEN/PI3K/AKT signaling pathway (69). Via inhibition
of target gene PTEN, miR-26b modulates the activation of AKT and elevates insulin
sensitivity via the PTEN/PI3K/AKT pathway. These processes are disturbed in obesity
due to the down-regulated expression of this miRNA. Moreover, decreased levels of miR-
26b lead to the inhibition of GLUTA4 translocation, stimulated by insulin, which
consequently leads to a reduced uptake of glucose in adipocytes and the development of
insulin resistance in obese individuals. In addition, reduced levels of hepatic miR-26a
have been found in obese mice and overweight humans (70). In a recent in vivo study,
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loss of the miR-26 miRNA family was found to lead to an increase in adipose tissue,
demonstrating its role in adipogenesis (71). The results of this study show that adipocyte
progenitor cells are an important site for the action of the miR-26 family in regulating fat
metabolism, i.e. that increased levels of miR-26 in adipocyte progenitor cells blocked
high-fat diet-induced weight gain, adipocyte proliferation, hyperglycaemia, and
hyperlipidaemia (71). It has been found that TNF-a, along with other proinflammatory
proteins, downregulate the expression of hsa-miR-26b in adipocytes, suggesting that
miR-26b may be an important mediator in regulating inflammation and obesity-related
insulin sensitivity (72). According to the study conducted by Heydari et al., the
consumption of probiotics (Bifidobacterium bifidum and Lactobacillus acidophilus)
increased the expression of miR-26b in tissue and plasma samples of mice with colon
cancer (51), while clinical studies did not show a statistically significant effect of
probiotics on miR-26b-5p expression (52).

MiRNA-125

miR-125b-5p also has an important role in adipogenesis. According to the literature,
its expression is decreased in obese subjects (73). miR-125b-5p inhibits matrix
metalloproteinasell (MMP11), an enzyme that negatively regulates adipogenesis (74).
Furthermore, miR-125b-5p reduces triglyceride accumulation in adipocytes.
Additionally, by targeting the mRNA of the Stearoyl-CoA Desaturase 1 (SCD-1) gene,
miR-125b affects the synthesis of triglycerides (73). This miRNA is highly expressed in
preadipocytes and has a protective function against oxidative stress (75). Some studies
also suggest that miR-125-b might be involved in insulin resistance development, as
reduced circulating miR-125b levels were found in T2D patients (76). In addition, weight
loss by bariatric surgery led to a downregulation of miR-125b in morbidly obese
patients (77). Moreover, decreased levels of miR-125a-5p have been found in T2D
patients, causing hyperglycemia and hyperlipidemia (78). Signal transducer and activator
of transcription 3 (STAT3), an important regulator of many cell processes, has been
reported as the target gene of miR-125a-5p (78). The expression of miR-125a-5p is
negatively correlated with STAT3 expression in T2D mice, and elevated STAT3 levels
are considered to be connected with the development of insulin resistance in T2D.
Therefore, miR-125a-5p is very important in glucose and lipid metabolism due to its
involvement in hepatic glycogen synthesis, gluconeogenesis, and lipogenesis. An in vitro
study using peripheral blood mononuclear cells from patients diagnosed with lupus
treated with L. delbrueckii and L. rhamnosus resulted in the upregulation of miR-125a
expression (79). Although this study does not refer to obese patients, the observed effect
of probiotics on the immune response is very important, as the immune response is also
impaired in obese people.

miRNA-181

The miR-181 family is a very important miRNA family for the control of
metabolism and inflammatory pathways (80). Although the mechanism of this miRNA’s
action still remains unclear, it has been considered that a dysregulated miR-181-PTEN

401



axis could be involved in the development of metabolic syndrome (80). Moreover, miR-
181 affects the immune response via regulation of T and B-cell differentiation (81), and
its expression is positively correlated with inflammatory diseases. Virtue et al. found the
miR-181 family expression significantly elevated in the white adipose tissue of obese
mice and humans, and concluded that a disturbed microbiota-miR-181 axis plays an
important role in obesity development (82). An in vitro study showed that
supplementation with L. delbrueckii and L. rhamnosus downregulates the expression of
miR-181a in PBMCs isolated from systemic lupus erythematosus patients, suggesting
that probiotics could modulate the immune response via this miRNA (81). As far as we
know, there have been no studies investigating the effect of probiotics on this microRNA
in obese subjects.

Conclusions

Obesity is a widespread disease in modern society, and it is very often associated
with various diseases such as T2D, heart disease, and dyslipidemia. Although lifestyle
intervention is essential for obesity treatment, it is necessary to understand epigenetic
traits in the onset of obesity to make new strategies for the management of obesity.
Probiotics, besides their beneficial effects on dysbiosis, have a beneficial effect on the
expression of obesity-related microRNAs. Thus, we find probiotics to be useful as
adjuvant therapy for obesity treatment.
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Kratak sadrzaj

Gojaznost se smatra hroni¢nom, kompleksnom boles¢u koja povecava rizik od nastanka
drugih oboljenja poput dijabetesa, kardiovaskularnih oboljenja i odredenih karcinoma. Prema
literaturnim podacima, kod gojaznih osoba dolazi do naruSavanja gastrointestinalne mikrobiote,
Sto nadalje mozZe biti uzrok razvoja gojaznosti i bolesti povezanih sa gojaznos¢u. Dodatno, postoje
male nekodiraju¢e RNK (mikroRNK) ¢ije su koncentracije promenjene kod gojaznih osoba u
poredenju sa osobama normalne telesne mase. Takode, mikroRNK se smatraju mogucim
mehanizmom delovanja probiotika. Odredene mikroRNK se smatraju klju¢nim u procesima
razvoja i metabolizma masnog tkiva, kao i u procesima sinteze i delovanja hormona insulina, time
ukazujuéi na to da bi promene u ekspresiji odredenih miRNK mogle imati znacajan uticaj na
nastanak 1 razvoj gojaznosti i bolesti povezanih sa gojaznoséu. Zbog navedenog, miRNK se
smatraju moguc¢im markerima za dijagnozu i pra¢enje metabolickih bolesti, ali se razmatraju i
kao moguca terapija u tretmanu gojaznosti i oboljenja povezanih sa gojaznos¢u. U svetlu rastucih
potreba sistema zdravstvene zaStite u pogledu dodataka ishrani i nutraceutika koji pruZaju
efikasnu i bezbednu podrsku medicinskoj nutritivnoj terapiji kod gojaznosti, cilj ovog rada bio je
da se istraze korisni efekti probiotika na mikroRNK povezane sa gojazno$éu. U ovom narativnom
pregledu opisali smo ulogu probiotika i mikroRNK u gojaznosti, kao i mogucu povezanost
probiotika sa mikroRNK koje su izmenjene kod gojaznih ljudi. Profil cirkuliSu¢ih miRNK se
znacajno razlikuje kod gojaznih osoba u poredenju sa osobama normalne telesne mase. Ekspresija
miRNK poput miR-155, miR-221, miR-24-3p i miR-181a je zna¢ajno povisena, dok je ekspresija
miR-26b i miR-125a snizena kod gojaznih osoba u poredenju sa 0sobama normalne telesne mase.
Suplementacija sa Bifidobacterium bifidum i Lactobacillus acidophilus probiotskim sojevima
sniZava ekspresiju miR-155 i miR-221, dok je ekspresija miR-26b poviSena nakon suplementacije
ovim sojevima. Probiotska formulacija koja sadrZi kombinaciju S. boulardii, L. plantarum 299v i
oktakozanola dovela je do smanjenja ekspresije miR-155 i miR-24-3p. Ekspresija miR-125a je
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bila povecana, dok je ekspresija miR-181a bila snhiZena nakon suplementacije sojevima L.
delbrueckii and L. rhamnosus. Nakon pregleda dostupne literature, mozemo zakljuciti da
probiotici imaju pozitivno dejstvo na mikroRNK izmenjene kod gojaznih osoba, te da bi primena
probiotika mogla biti efikasna strategija u tretmanu gojaznosti.

Kljuéne reci: gojaznost, miRNK, probiotici
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