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Abstract. Long non-coding RNAs (lncRNAs) and microRNAs (miRNAs) play important roles in all biological  processes, 
including adipogenesis, lipid metabolism, and insulin response. Analyzing expression patterns of lncRNAs and  miRNAs 
in human visceral fat tissue can enhance our understanding of their roles in metabolic disorders. Our research aims to 
investigate the expression of lncRNAs (ASMER1, SNHG9, P5549, P19461, and GAS5) and miRNAs (miR-26A, miR-222, 
miR-221, and miR-155) in visceral adipose tissues of individuals with abdominal obesity (n = 70) compared to their 
le vels in non-obese participants (n = 31), using Real-Time PCR. Among the tested miRNAs, only miR-26A was signifi-
cantly downregulated in the visceral adipose tissue of obese individuals, with no significant change in the expression 
of miR- 26A in obese people with or without type 2 diabetes. Similarly, of the tested lncRNAs, only GAS5 showed sig-
nificantly higher expression levels in obese patients with type 2 diabetes (T2D) (n = 10) compared to obese patients 
without T2D (n = 60). To test possible interactions between the analyzed non-coding RNAs, we used Spearman’s bi-
variate correlation test. GAS5 expression levels showed a weak negative correlation (p < 0.05, rs = 0.25) with miR-155 
levels in obese patients only. Conversely, a strong positive correlation (p < 0.01, rs = 0.92) between SNHG9 and GAS5 
was found in the non-obese group, with a weaker correlation in abdominally obese patients (p < 0.01, rs = 0.67); addi-
tionally, miR-26A and miR-155 levels were moderately correlated in the non-obese group (p < 0.05, rs = 0.47) and were 
found to correlate weakly in obese patients (p < 0.05, rs = 0.26). Our results showed that abdominally obese partici-
pants de monstrated higher expression levels of miR-26A in visceral adipose tissue and a significantly lower correlation 
 between GAS5 and SNHG9 expression when compared to non-obese subjects.
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Аннотация. Длинные некодирующие РНК (lncRNA) и микроРНК (miRNA) играют важную роль во всех биологи-
ческих процессах, включая адипогенез, липидный обмен и инсулиновый ответ. Анализ экспрессии lncRNA и 
miRNA в висцеральной жировой ткани человека может способствовать более глубокому пониманию их роли 
в развитии метаболических нарушений. Исследование направлено на изучение уровней экспрессии lncRNA 
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(ASMER1, SNHG9, P5549, P19461 и GAS5) и miRNA (miR-26A, miR-222, miR-221 и miR-155) в висцеральной жировой 
ткани у людей с абдоминальным ожирением (n = 70) по сравнению с уровнями их экспрессии у лиц без абдо-
минального ожирения (n = 31) методом количественной ПЦР в реальном времени. Среди протестированных 
miRNA уровень экспрессии miR-26A был снижен в висцеральной жировой ткани у людей с ожирением. Среди 
изученных lncRNA GAS5 показал значительное повышение уровня экспрессии у пациентов с ожирением и са-
харным диабетом 2-го типа (СД2) (n = 10) по сравнению с лицами с ожирением без СД2 (n = 60). Уровни экс-
прессии GAS5 показали слабую отрицательную корреляцию (p < 0.05, rs = 0.25) с уровнями miR-155 только у 
пациентов с ожирением. Положительная корреляция (p < 0.01, rs = 0.92) между SNHG9 и GAS5 была обнаружена 
в группе людей без ожирения, с уменьшением коэффициента корреляции у пациентов с ожирением (p < 0.01, 
rs  =  0.67). Кроме того, уровни miR- 26A и miR-155 умеренно коррелировали в группе без ожирения (p < 0.05, 
rs = 0.47) и демонстрировали слабую корреляцию у пациентов с ожирением (p < 0.05, rs = 0.26). Наши резуль-
таты показали, что у пациентов с абдоминальным ожирением наблюдаются повышенные уровни экспрессии 
miR- 26A в висцеральной жировой ткани и слабая корреляция между экспрессией GAS5 и SNHG9 по сравнению 
с лицами без абдоминального ожирения. 
Ключевые слова: длинная некодирующая РНК; микроРНК; висцеральная жировая ткань; абдоминальное ожи-
рение; GAS5; SNHG9; микроРНК-26A; микроРНК-155

Introduction
The prevalence of obesity has been rising over the last four 
decades and it is currently considered a global pandemic 
(Valenzuela et al., 2023). Visceral fat accumulation has a 
stronger association with metabolic disorders compared to 
subcutaneous fat, despite both primarily consisting of white 
adipose tissue (Nicklas et al., 2003).

The complexity of white adipose tissue lies in its complex 
role as an endocrine organ, secreting various hormones, 
enzymes, growth factors, and multiple non-coding RNAs, 
all of which regulate numerous metabolic processes in the 
organism (Lustig et al., 2022). In the last decade, studies have 
been focusing on long non-coding RNAs (lncRNAs) and 
microRNAs(miRNAs)askeyregulatorsinthefine-tuningof
gene function across various biological processes (Mohanty 
et al., 2015; Rupaimoole, Slack, 2017). lncRNAs can be 
transcribedfromdifferentregionsintheDNAandaretypi-
cally categorized into three types: intergenic, antisense, and 
intronic. According to the latest recommendation, lncRNAs 
are transcripts longer than 500 nucleotides (Mattick et al., 
2023), are less evolutionarily conserved than mRNAs, contain 
fewerexons,arecharacterizedbylowersplicingefficiency
than mRNAs. lncRNAs are less abundantly expressed than 
other non-coding RNAs (Statello et al., 2021). Their functions 
include RNA-chromatin, RNA-RNA, and RNA-protein inter-
actions(Ferrer,Dimitrova,2024).Thefunctioningmechanism
of  lncRNA involves the regulation of chromatin structure and 
transcription, usually through the methylation of enhancer 
regions (Li W. et al., 2016). lncRNAs interact with mRNAs, 
modifying their splicing and stability (Morrissy et al., 2011). 
Additionally, lncRNA can hybridize with mature RNAs at the 
5ʹ-region,increasingitstranslationefficiency(Carrierietal.,
2012; Zucchelli et al., 2015). 
AlteredexpressionprofilesoflncRNAshavebeenfoundin

patients with acute myocardial infarction (Zhong et al., 2018), 
multiple malignancies (Li L. et al., 2021), and, most recently, 
Alzheimer’s disease (Zhang M. et al., 2019; Zhang J.-J. et al., 
2021). Studies associating lncRNAs with metabolic disorders 
have investigated their roles in adipose tissue regulation and 
development(Tello-Floresetal.,2021;Corraletal.,2022;
Sufianovetal.,2023),withaccumulatingevidenceemphasiz-
ing their roles in obesity, type 2 diabetes, and other related 
disorders (Liu et al., 2018; Su et al., 2023).

miRNAs are short in length, approximately 22 nucleotides 
long, usually derived from longer primary miRNA (pre-
miRNA) transcripts. Most miRNAs are processed from a non-
coding transcript originating from the intron or non-coding 
regions, and occasionally from exons of protein-coding genes 
(Dexheimer,Cochella,2020).

The direct association of microRNAs with a wide variety of 
diseases – from various malignancies (Reddy, 2015; Ali Syeda 
et al., 2020) and autoimmune diseases (Zhang L. et al., 2020), 
to metabolic disorders including obesity (Veie et al., 2023) 
and type 2 diabetes (Miao et al., 2018) – is well-established. 
Currently,miRNAs are being explored as biomarkers in
obesity (Gouda et al., 2023) and as therapeutic targets due to 
their short size and promising in vitro (Acharya et al., 2019) 
and in vivo results (Lhamyani et al., 2021).

miR-155, miR-221, and miR-222 were found to be de-
creasedduringadipogenicdifferentiationof  human mesenchy-
mal stromal cells, suggesting their role as negative regu lators 
of the process (Skårn et al., 2012). Moreover, miR-26A over-
expression in transgenic mice led to reduced visceral fat levels 
andanimprovedlipidprofile(ZengH.etal.,2021).miR- 222 
blood levels were higher in obese subjects after surgeries 
leading to weight loss, while in the same subjects, miR-221 
levelswerereduced(Ortegaetal.,2013).Circulatinglevelsof
miR-155 were higher in obese patients, while miR- 26A was 
downregulated in the same group (Kim et al., 2020).

Non-coding RNAs function as networks that, if disrupted, 
could lead to multiple disorders including, but not limited to, 
obesity (Ma et al., 2023); miR-26A is found to be downregu-
lated by the lncRNA GAS5 sponge mechanism in degenerated 
nucleus pulposus cells (Tan et al., 2021). Additionally, GAS5 
is suggested to participate in the pathogenesis of pneumonia 
by downregulating miR-155 and inhibiting apoptosis (Wang et 
al., 2021). The miRNA-lncRNA interaction network in obesity 
hasrecentlygainedinterest.GuoandCao(2019)describeda 
potential interaction of  lncRNA RP11-552F3.9 with miR- 130b 
andmiR-23ainLEPgeneregulationandadipogenicdifferen-
tiation.Additionally,RP11-142A22.4was identified as a
functional site for binding miR-587, making it unavailable and 
subsequently promoting adipogenesis (Zhang T. et al., 2020). 
Another example is lncRNA Adi, discovered in 2020, which 
wasfoundtobindtomiR-449ainadipose-derivedstemcells,
inducingtheiradipogenicdifferentiation(Chenetal.,2020).
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Previous studies investigating the expression profiles of
lncRNAs in obese patients were limited to describing blood 
levels (Sunetal.,2016;Cabiatietal.,2022;Rasaeietal.,
2024)and/orhadlimitedpopulationsamples(Taitetal.,2020;
Tanetal.,2021).Additionally,in2016,Sunetal.identified
newlncRNAs(P19641,P5549,P21015)thatarecorrelated
with obesity, but fell short of identifying the splicing variants 
expressed in blood samples (Sun et al., 2016). Similarly, Lv et 
al.’s study describing GAS5 function in visceral fat tissues 
included only female subjects (Lv et al., 2022).
DespitetheattemptbyKimetal.toidentifydifferentially

expressed miRNAs in visceral fat tissues, their population 
consisted only of females and was limited to 20 subjects (Kim 
et al., 2020). The same limitation was noted in the study by 
Capobiancoetal.(2012).
Duetothelimitationsoftheaforementionedstudies,our

researchaimstofirstidentifythespecificsplicingvariantof
P19641,P5549,SNHG9,andASMER1inhumanvisceralfat
tissue samples. Subsequently, we aim to measure the expres-
sionlevelsofmultiplelncRNAs(P19641,P5549,SNHG9,
ASMER1, and GAS5) and miRNAs (miR-221, miR-222, 
miR-155, and miR-26A) in our population. 

Materials and methods
Study design. The study protocol was approved by the local 
EthicsCommitteeoftheInstituteofInternalandPreventive
Medicine–BranchoftheInstituteofCytologyandGenetics,
Siberian Branch of the Russian Academy of Sciences, Novo-
sibirsk, Russia (Protocol No. 66 from October 10, 2023) – 
and was conducted in accordance with the principles of the 
DeclarationofHelsinkiof theWorldMedicalAssociation.
Informed consent was obtained from all participants. 

A total of 101 accepted individuals underwent a comprehen-
sive clinical examination program. This included the collection 
of sociodemographic data, administration of a standardized 
questionnaire on smoking and alcohol use, documentation of 
chronic disease history, and recording of medication usage; 
the main medication used is described in Table 1, additional 
information about administered medications can be found in 
thesupplementaryfile(SupplementaryMaterial1)1. Addition-
ally, the program involved the Rose cardiological question-
naire, anthropometric measurements (height, body weight, 
and waist circumference), and blood pressure measurements. 
Blood serum samples were collected for biochemical assays 
measuring total cholesterol, high-density lipoprotein choles-
terol(HDL-C),low-densitylipoproteincholesterol(LDL-C),
triglycerides, and fasting glucose levels.

Lipid levels (cholesterol, triglycerides, and low-density 
and high-density lipoprotein cholesterols) and glucose con-
centration were measured using a biochemical analyzer 
KoneLab300i(ThermoFisherScientificOy,Finland)with
Thermo Fisher Scientific reagents (USA).The values of
LDL- CconcentrationwerecalculatedusingtheFriedwaldfor-
mula.Theatherogeniccoefficientwascalculatedusing the
formula:IA=(TC−HDLC)/HDLC.Thelevelsofleptinand
adiponectin were determined by multiplex analysis using the 
HumanAdipokineMagneticBeadPanel 1 kit (EMDMil-
liporeCorporation,Darmstadt,Germany)onaLuminex20
1 Supplementary Materials 1 and 2 are available at: 
https://vavilovj-icg.ru/download/pict-2025-29/appx15.pdf

MAGPIXflow cytometer (LuminexCorporation,Austin,
TX,USA).

All 101 subjects scheduled for elective surgery were in-
cluded in the study based on the main inclusion criteria of 
havingnorecordsofchronicinflammationorsymptomsof
acute inflammationprior to surgery.Theparticipantswere
subsequently divided into two groups: 70 participants with 
abdominal obesity (AO+) and 31 non-obese subjects (AO–) 
(Table1).Abdominal obesitywasdefined as a bodymass
index(BMI,kg/m2)of≥25.0orawaistcircumference(WC)
of≥80cminwomenand≥94cminmen,inaccordancewith
thelatestmedicalguidelines(Yumuketal.,2015;Dedovet
al.,2021).Type2diabetes (T2D)wasdiagnosedbasedon
thecriteriasetforthbytheAmericanDiabetesAssociation.
No adjustment for age was applied since the study group was 
intendedtorepresentonlythepopulationaged45–55.Addi-
tionally, no adjustment for sex or medications was applied 
because the resulting subgroups would be relatively small 
and could generate statistically unreliable data (Table 1). 
Individualsexhibitingchronicoracuteinflammationonthe
day of surgery, as well as pregnant women and women on 
maternity leave, were excluded from the study.

Sample collection and RNA extraction. Duringtheope-
ration, samples of visceral adipose tissue were collected, 
washed with PBS and subsequently preserved in RNAlater 
solution(ThermoFisher,USA)at–20°Cuntilfurtherhandl-
ing.  lncRNA was extracted using the total RNA extraction 
protocol, microRNA was extracted using the microRNA 
ex traction protocol. Both procedures were performed with 
theTotalandmicroRNAExtractionKit(LRU-100-50)(Bio-
labmix, Russia). All samples were treated with RNase-free 
DNase(Biolabs,USA).

The concentration of yielded RNA was determined using 
theBioTekEpochAnalyzer(AgilentTechnologies,USA),and
thequalitywasestimatedbytheabsorbanceratiosA260/230
andA260/280.Additionally,thequalityofRNApreservation
was assessed by determining the integrity of 28S, 18S, and 
5S bands on 1 % agarose gel electrophoresis.

lncRNA reverse transcription and relative quantifica-
tion. Reverse transcription of total RNA was performed using 
the MMuLV Reverse Transcription Kit. A total of 1,000 ng 
ofeachsamplewasusedina40µLreactionvolume,which
includedRandomPrimer6,oligo(dT),and5Xreactionbuffer
(Kolendaetal.,2021).AllcDNAsamplesweredilutedtoa
totalvolumeof100µL.
ForP5549,P19641,ASMER1,andSNHG9lncRNAs,we

designedamultiplesetofspecificprimersforeachsplicing
variant listed in the Ensembl database (Ensembl.org) at the 
start of the study (October 2023). For GAS5 lncRNA, we used 
asinglesetofprimersspecific for thecanonical transcript
ENST00000702964.1.Allprimersweredesignedusingthe
PrimerBlasttool(NCBI,USA).Primerefficiencywasdeter-
mined by the standard curve method with four crossing points. 
Specificitywasassessedbyanalyzingmeltingcurvesfrom65
to95°Cwitha0.5°Cincrementpercycleandbydetermin-
ingproductlengthusing5%acrylamidegel.Conventional
PCRforsplicingvariantidentificationandqPCRforrelative
expression analysis were performed using SYBR GREEN I 
intercalatingdyemastermix“BioMasterHS-qPCRSYBR
Blue(2×)”(Biolabmix,Russia)ontheLightCycler96system

https://vavilovj-icg.ru/download/pict-2025-29/appx15.pdf
https://vavilovj-icg.ru/download/pict-2025-29/appx15.pdf
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(Roche,Switzerland).Theamplificationprogramwas95°C
for3min,followedbya3-stepamplification(95°Cfor15sec,
63°Cfor15sec,72°Cfor20sec)foratotalof40cycles,
followed by product melting as described above. Sequences 
of all primers used and standard curves are available in the 
Supplementary Material 1. Expression of all lncRNAs was 
normalizedtothestablereferencegeneGAPDHexpression
levels (Mehta et al., 2010; Ebrahimi et al., 2020).

miRNA reverse transcription and relative quantifica-
tion. Reverse transcription of microRNA was performed 
using the stem-loop pulsed reverse transcription protocol 
with150µLoftheextractedmicroRNA(Varkonyi-Gasicet
al., 2007). Expression was measured using SYBR GREEN I 
intercalatingdyemastermix“BioMasterHS-qPCRSYBR
Blue(2×)”(Biolabmix,Russia)ontheLightCycler96sys-
tem (Roche, Switzerland). Primers designed for the reverse 
transcriptionproductincludedareverseprimerspecificfor
thestem-loopstructureandaforwardprimerspecificforthe
miRNAofinterest(Varkonyi-Gasicetal.,2007).Efficiency
was determined by the standard curve method with four cross-
ing points. Specificitywas assessed by analyzingmelting
curvesfrom65to95°Cwitha0.5°Cincrementpercycle
and by determining product length using 5 % acrylamide gel 
analysis. FormiRNAquantification,we designed reverse
transcriptionprimers and specificqPCRprimers using the
onlinetoolsRNAPrimerDB(srnaprimerdb.com).Sequences
of all primers used and standard curves are available in the 
Supplementary Material 1. Expression of all microRNAs was 
normalized to miRNA-103, given its proven stable expression 
levels in visceral fat tissue (Ragni et al., 2021).

lncRNA sequence verification by Sanger sequencing. 
SangersequencingwasusedtoverifythePCRamplification
productsequence.ThePCRproductwaspurifiedusingtheRe-
actionMixturesDNAIsolationKit(DR-50,Biolabmix,Rus-

sia).SequencingwasperformedusingtheBigDyeTermina-
torv3.1Kit(ThermoFisher,USA)accordingtothemanufac-
turer’s protocol, and capillary electrophoresis was conducted 
usingtheSeqStudioGeneticAnalyzer(ThermoFisher,USA).
All sequenceswereverifiedusing theBlastnonline align-
ment tool (Ensembl.org). Alignment options were set to 
default,andonlythefirstsequencehitwasreported(Table2)
with an identity of ~100 % and the highest percentage of  
coverage.

Statistical analysis. The∆Ctmethodwasusedtocalculate
the relative expression (2–∆Ct, fold of expression relative to 
thereferencegenebytheformula∆Ct=(Ctmeasured transcript –  
–Ctreference transcript) of  lncRNA and microRNA (Livak, Schmitt-
gen, 2001). All variables were tested for normal distribution 
using the Kolmogorov–Smirnov test. The Mann–Whitney 
test was used for group comparison. A p-value of 0.05 was 
consideredsignificant(*),andp < 0.01 was considered highly 
significant(**).Nocutoffforthefoldchangewasassigned.
Variables are presented as the median and 25–75 % interquar-
tilerange(IQR).Correlationbetweencontinuousvariables
and expression values of  both miRNA and lncRNA was tested 
using Spearmans’s bivariate correlation analysis and results 
werereportedasSpearman’srankcorrelationcoefficientand
p-value for statistical significance.All statistical analyses
were performed using SPSS software version 26 for Windows 
(IBM,USA).AllgraphsweregeneratedusingPrismGraphPad
softwareversion8.2.1forWindows(Dotmatics,USA).

Results

Subject characteristics
Clinicalcharacteristicsofthestudiedgroupsarepresentedin
Table 1. A comparative analysis of obese and non-obese indi-
vidualsrevealeddifferencesintriglyceridelevels(p = 0.01). 

Table 1. Clinical characteristics, body composition, and biochemical variables of the study individuals  
divided into an obese (AO+) and a non-obese group (AO–)

Variable AO+ AO– p Population  
of  Western Siberia (Russia)

Number of participants 70 31 N/A1 3,132

T2D2 established diagnosis 10 1 N/A No data

Age 54 (42–61.3) 48 (35–60) 0.13 56.5 ± 0.10

Males/Females, % 41.40/59.60 70/30 N/A

BMI3, kg/m2 32.3 (29.7–35.5) 22.6 (20.3–24.6) 0.0001 28.1 ± 0.1

Wasit circumference, cm 102.39 (96–109.7) 82 (76–90) 0.0001 93.5 ± 0.2

Blood glucose levels, mmol/L 6.00 (5.4–6.6) 5.8 (5.5–6.5) 0.73 5.7 ± 0.04

Total cholesterol, mmol/L 5.1 (4.4–5.9) 4.9 (3.8–5.7) 0.52 6.33 ± 0.03

Triglycerides, mmol/L 1.6 (1.2–2.1) 1.2 (1.0–1.5) 0.001 1.56 ± 0.02

HDL-C4, mmol/L 1.3 (1.0–1.6) 1.5 (1.0–1.9) 0.11 1.54 ± 0.01

LDL-C5, mmol/L 3.0 (2.8–3.6) 2.3 (1.9–3.6) 0.47 3.16 ± 0.02

Undergoing glucose-lowering therapy, % 10.0 3.2 N/A N/A

Undergoing lipid-lowering therapy, % 15.7 3.2 N/A N/A

Note. Values are indicated as median and (25–75 % IQR), while reference values are indicated as mean ± standard error of the mean. 1 Not applicable, 2 type 2 
diabetes, 3 body mass index, 4 high-density lipoprotein cholesterol, 5 low-density lipoprotein cholesterol.
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Values of reference biochemical markers for the West Siberian 
population were described in a survey conducted in 2019 
(Semaev et al., 2019).
Weaimed,first,toidentifythetranscribedsplicingvariant

ofallinvestigatedlncRNAs.Second,wequantifiedvarious
lncRNAs and miRNAs for subsequent statistical analysis of 
correlationwithphenotypesofobesity,diabetes,anddifferent
biochemicalmarkers.Thefinalsectioninvestigatesthepos-
sible correlation between lncRNA and miRNA expression, 
which might indicate potential interaction or a common 
regulatory pathway involved in adipogenesis and the patho-
logy of obesity.

lncRNA expression
Out of the two explored alternative expression forms of 
lncRNAP5549,we identifiedENST00000559600.1 to be
solely expressed in our sample pool. ENST00000559600.1 is 
definedtobethecanonicalvariantintheEnsembldatabase,
hasexons2,3and4alternativelyspliced,whileexons6,7
and8arekept(Table2).Ontheotherhand,P19461wasfound
tobeexpressedintwoalternativeformsoutofthefiveforms
thatwetestedfor.ENST00000664388.1istheonlytranscript
withexon10keptanddefinedasthecanonicalformbytheEn-
sembldatabase.ENST00000666463.1istheshortestsplicing
formofP19461withonlyoneexon(exon1).Wealsotested
fortheexpressionoftwodifferenttranscriptsofSNHG9and
found the canonical transcript ENST00000531523.3 to be the 
only expressed form in visceral fat samples; this transcript has 
exon 2 out of all three exons alternatively spliced. Finally, 
none of the four investigated ASMER1 splicing variants had 
detectedexpressionlevels(Table2).SequencedataofallPCR
productsusedforidentificationoflncRNAsareavailablein
the Supplementary Material 1.
The fluorescence signal of specific PCR products for

lncRNAP5549andP19461wasdetectedatlatecyclesand
waslowerthanthedetectionlimitsofLightCycler96,which
madefurtherpreciserelativequantificationnotpossibleby

asimpleqPCRmethod.Relativequantificationshowedno
significantdifferenceofmeanSNHG9andGAS5expression
levels between obese patients and non-obese subjects. After 
adjusting for type 2 diabetes diagnosis, GAS5 expression le-
velsweresignificantlyhigher(~3foldofchangeofthemean)
( p=0.03) inobese subjectswithT2Dcompared toobese
patientswithoutT2D(Fig.1).Expressionlevelsofmeasured
lncRNAs are shown in Table 3.
Correlation analysis between lncRNAexpression levels

and various metabolic parameters, such as BMI, waist cir-
cumference,totalcholesterol,andlipidprofile,didnotshow
anysignificantcorrelationineitherofthestudiedgroups.The
results of correlation tests performed on lncRNAs are provided 
in the Supplementary Material 2.

microRNA expression
Expression levels of miR-221 and miR-222 were undetect-
able using the method described before. Expression levels of 
miR- 155werenotsignificantlychangedbetweentheobese
and the non-obese group, while expression levels of miR- 26A 
were significantly lower in the obese group (~1.5 fold of
change of the mean) ( p < 0.01) (Fig. 2). After adjustment 
for type 2 diabetes diagnosis, miR-155 and miR-26A expres-
sionlevelsshowednosignificantdifferencesbetweenobese
patientsdiagnosedwithT2Dcomparedtoobeseindividuals
withoutT2D(Fig.2).MeanexpressionlevelsofmiRNAsin
the studied groups are described in Table 3. 

We also performed a correlation test between miR-26A 
and miR-155 expression levels and multiple metabolic pa-
rameters. In obese subjects, miR-155 expression showed a 
moderate positive correlation with BMI (rs = 0.32, p = 0.009). 
Interest ingly, in non-obese subjects, the opposite pattern of 
correlation was observed, where miR-155 negatively cor-
related with both BMI (rs=–0.44,p = 0.029) and waist cir-
cumference (rs=–0.44,p = 0.027). A table of all correlation 
tests performed on miRNAs is provided in the Supplementary 
Material 2.

Table 2. Splicing variants of the investigated lncRNAs identified to be expressed in visceral fat tissue

lncRNA symbol Ensembl gene code Ensembl code of the detected transcript Blastn aligned sequence

P5549 ENSG00000259200 ENST00000559600.1 ENST00000559600.1

P19461 ENSG00000259719 ENST00000664388.1
ENST00000666463.1

ENST00000664388.1
ENST00000666463.1

SNHG9 ENSG00000255198 ENST00000531523.3 ENST00000531523.3

ASMER1 ENSG00000281903 Not detected Not detected

Table 3. Expression levels of different measured lncRNAs and miRNAs in visceral fat tissues  
of obese patients (AO+) and non-obese participants (AO–), as well as in obese individuals with abdominal obesity  
and type 2 diabetes (AO+&T2D+) and obese participants without type 2 diabetes (AO+&T2D–)

Transcript symbol AO+ AO– p AO+&T2D+ AO+&T2D– p

miR-155 0.44 (0.20–0.72) 0.41 (0.27–0.49) 0.93 0.5 (0.19–0.87) 0.4 (0.20–0.72) 0.20

miR-26A 7.29 (4.97–10.2) 10.63 (7.24–14.0) 0.003** 7.0 (5.09–9.80) 7.7 (4.70–10.20) 0.94

lncRNA SNHG9 0.24 (0.18–0.48) 0.27 (0.22–0.50) 0.35 0.44 (0.20–1.40) 0.22 (0.15– 0.48) 0.54

lncRNA GAS5 1.00 (0.50–1.77) 1.23 (0.82–1.73) 0.10 1.34 (1.08–9.06) 0.87 (0.49–1.70) 0.03*



Анализ экспрессии микроРНК и днкРНК в висцеральной 
жировой ткани у лиц с ожирением и без ожирения

А. Бейркдар, Д.Е. Иванощук, О.В. Тузовская … 
Я.В. Полонская, Ю.И. Рагино, Е.В. Шахтшнейдер

2025
29 • 3

453МЕДИЦИНСКАЯ ГЕНЕТИКА / MEDICAL GENETICS

Correlation of lncRNA-lncRNA, miRNA-miRNA  
and lncRNA-miRNA expression levels
We tested the correlation between miRNA and lncRNA ex-
pressionlevels(Table4).Inobesepatients,lncRNAGAS5
showed a weak negative correlation with miR-155 expression 
levels (rs = 0.25, p < 0.05), whereas this correlation was not 
observed in non-obese participants. Additionally, no correla-

tion was found between GAS5 and miR-26A expression levels 
ineithergroup.Similarly,SNHG9didnotcorrelatewithany
of the investigated miRNAs in either group. Interestingly, the 
non-obese group showed a very strong correlation (rs = 0.92, 
p<0.0001)betweenSNHG9andGAS5expressionlevels.
However,thecorrelationbetweenSNHG9andGAS5expres-
sion levels inobese subjectswasmoderate and significant

Fig. 1. A box plot representing the relative expression of lncRNA GAS5 and SNHG9.
a, Comparison of lncRNA expression in the obese group (AO+) and the non-obese group (AO–); b, comparison of lncRNA expression between obese subjects 
diagnosed with type  2 diabetes (AO+&T2D+) and obese subjects without an established diagnosis of T2D (AO+&T2D–). The box represents the 25th–75th 
percentile range, error bars represent the minimum and maximum values, the median is represented as a line inside the box, and the mean, as a + sign. * p < 0.05.

Fig. 2. A box plot representing the relative expression of miR-26A and miR-155.
a, Comparison of miRNAs expression in the obese group (AO+) and the non-obese group (AO–); b, comparison of miRNAs expression between obese subjects 
diagnosed with type  2 diabetes (AO+&T2D+) and obese subjects without an established diagnosis of T2D (AO+&T2D–). The box represents the 25th–75th 
percentile range, error bars represent the minimum and maximum values, the median is represented as a line inside the box, and the mean, as a + sign. ** p < 0.01.

Table 4. Spearman’s correlation between pairs of measured non-coding RNAs in the obese (AO+) and the non-obese group (AO–)

 RNA SNHG9 GAS5 miR-26A miR-155

AO+

SNHG9 1 0.67** –0.25 –0.20

GAS5 0.67** 1 –0.11 –0.25*

miR-26A –0.25 –0.11 1 0.26*

miR-155 –0.20 –0.25* 0.26* 1

AO–

SNHG9 1 0.92** –0.18 0.06

GAS5 0.92** 1 –0.29 –0.01

miR-26A –0.18 –0.29 1 0.47*

miR-155 0.06 –0.01 0.47* 1

Note. The strength of correlation is described by the Spearman’s rank correlation coefficient (rs). * Indicates a significant correlation with 2-tailed p-value < 0.05, 
** indicates a significant correlation with 2-tailed p-value < 0.01.
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(rs = 0.67, p < 0.0001). Similarly, miR-26A and miR-155 dis-
playedamoderatebutsignificant(rs=0.47,p < 0.05) correla-
tion in the non-obese group; the same correlation was reduced 
and manifested to be weak in obese participants (rs = 0.26, 
p < 0.05). Scatter plots representing bivariate correlations are 
available in the Supplementary Material 2.

Discussion
Thefirstobjectiveofourstudywastoidentifythespecific
transcription variant expressed in visceral fat tissue for each 
of the lncRNAsP5549, SNHG9, P19641, andASMER1
(Table2).UsingspecificprimersandSangersequencing,we
revealedforthefirsttimethatlncRNAP5549wasrepresented
by the transcriptENST00000559600.1, andSNHG9was
solely identifiedasENST00000531523.3.P19641wasex-
pressedintwodifferentsplicingforms:ENST00000664388.1
andENST00000666463.1,which can be attributed to the
inefficient splicingof some lncRNAs (LiL. et al., 2021).
The specific splicingvariant expressed in visceral adipose
tissuesuggestsafunctionalsignificanceforthespecifically
transcribed exons in the interaction of the studied lncRNA 
withitstargets,whethertheybeDNA,mRNA,ormicroRNA.
Further studies are necessary to identify the exact functioning 
sequencesoftheidentifiedlncRNAs,whichcouldfacilitatethe
implementation of these sequences as future therapeutic tar-
gets. Additionally, no expression of any of the tested va riants 
for ASMER1 lncRNA was detected. This may be a sign of 
very low expression levels that are undetectable by the method 
used for investigation or an indication of low RNA stability.

Next, we aimed to compare the expression levels of 
lncRNAsSNHG9andGAS5betweenourobese andnon-
obesegroups.Ouranalysisshowednosignificantdifferencein
the mean expression levels of either of the analyzed lncRNAs 
between the twogroups.However,GAS5 expressionwas
significantlyhigher in obese subjectswith type2 diabetes
(T2D)comparedtoobesesubjectswithoutT2D(Fig.1).This
contradicts the results from multiple studies showing lower 
GAS5expressionlevelsinbloodsamplescollectedfromT2D
patients compared to non-obese subjects (Fawzy et al., 2020; 
Luoetal.,2020;Ahmadietal.,2024).GAS5wasfoundtobe
inducedbyproinflammatorymediators(Mamelietal.,2016),
which might explain its higher levels in obese patients with 
T2D, a condition always linked to chronic adipose tissue
inflammation(Zatteraleetal.,2020).Ourresultssuggesta
differentexpressionpatternofGAS5invisceralfat tissues
andmight reflect thedelicatebalancebetween its function
as anadipogenesis inhibitor andaproinflammatory factor.
Despite thenoveltyofourfinding,furtherverificationina
larger population is required, in addition to investigating the 
mechanisms by which GAS5 might regulate fat metabolism.

The expression levels of miR-221 and miR-222 were un-
detectableinourstudy,whichmightbeduetotissue-specific
expressionpatternsormethodologicaldifferencescompared
to previous studies (Markovic et al., 2020; Chan et al.,
2022).miR-26Awas significantlydownregulated in obese
subjects,whereasmiR-155showednosignificantdysregula-
tion between the two groups (Fig. 2). The downregulation 
of miR- 26AinobesityalignswiththefindingsofKimetal.
(2020) and emphasizes the role of miR-26A in adipogene-

sis and metabolic regulation described in previous studies 
(Acharya et al., 2019;ZengH. et al., 2021).Additionally,
miR- 155 expression was correlated with current studies that 
are examin ing the potential of non-coding RNAs as biomar-
kers and therapeutic targets (Winkle et al., 2021). GAS5 has 
been presented as a promising biomarker in breast cancer 
treatment and prognosis (Grossi et al., 2023). Meanwhile, 
miR-26A has already been tested as a therapeutic molecule 
attenuating visceral fat accumulation in a mouse model 
(ZengH.etal.,2021).Ourresultshighlightthenecessityfor
novel research investigating GAS5 as a therapeutic target in 
metabolic disorders. Additionally, we emphasize the need 
forfurtherevidenceoftheefficacyofmiR-26Aasapotential
therapeutic molecule in future preclinical and clinical studies.

Our study also explored potential interactions between 
the studied non-coding RNAs. We found no correlation 
betweenSNHG9expressionandmiR-26AormiR-155.On
the other hand, GAS5 showed a weak negative correlation 
with miR- 155 levels in visceral fat tissue samples of obese 
individuals; we didn’t observe a similar correlation in non-
obesesubjects(Table4).Previousstudiesdescribedanegative
correlation between GAS5 and miR-155-5p in regulatory 
pathwaysrelatedtoinflammationandapoptosis.GAS5was
described to sponge and regulate miR-155, leading to the 
upregulationofSIRT1andsuppressionoftheinflammatory
response to lipopolysaccharides (Zeng Z. et al., 2023). Addi-
tionally, GAS5 and miR-155 were inversely correlated in 
pneumonia patients, where GAS5 was downregulated and 
miR-155 was upregulated in plasma samples. GAS5 overex-
pression decreased miR-155 expression in human bronchial 
epithelial cells (Wang et al., 2021).This finding requires
further confirmation in experimental studies,whichmay
reveal a similar mechanism of regulation in adipose tissue as 
ininflammatoryresponses.

GAS5 expression levels showed no correlation with 
miR- 26Aineitherofthestudiedgroups.Thisfindingdoesnot
align with the results of  Tan et al. (2021) where GAS5 was 
responsible for the downregulation of miR-26A. Therefore, 
additional studies exploring miR-26A interaction network 
in visceral adipose tissue are required to clarify the exact 
mechanism by which miR-26A is negatively regulated in 
obese individuals.

In an attempt to expand our knowledge of the intricate 
network of non-coding RNAs, we also investigated the cor-
relationbetweenSNHG9andGAS5expression levels. In-
terestingly, we found a very strong, almost linear, correlation 
between the two lncRNAs in non-obese subjects (rs = 0.92). 
Thiscorrelationwassignificantlyreducedinobesepatients
(rs = 0.67). Previous studies investigating expression levels of 
SNHG9andGAS5showedinversedcorrelationinclearcell
renal cell carcinoma (Yang et al., 2020) and glioblastoma (Ji et 
al., 2020), but no common regulation mechanism was sug-
gested. To the best of our knowledge, such correlation between 
SNHG9andGAS5hasneverbeendescribedbeforeinstudies
ofmetabolicdisorders.Hence,wecanonlysuggesttheexis-
tence of coordinated regulation between these two lncRNAs 
in normal metabolic conditions. This coordination could be 
disrupted in the condition of obesity, leading to a weaker cor-
relationintheexpressionlevelsofthetwolncRNAs.However, 
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further in vitro and in vivoexperimentsarerequiredtoconfirm
any type of common regulation mechanism.

A moderate correlation between miR-26A and miR-155 
(rs=0.47)wasfoundinthenon-obesegroup,andthiscor-
relation was shown to be weak in obese patients (rs = 0.26), 
which partially aligns with the correlation pattern of the 
above-described lncRNAs. Previous studies showed parallel 
downregulation of miR-26A and miR-155 in subjects with 
obesity (Kim et al., 2020) and multiple sclerosis (Mameli et 
al., 2016), but none of the studies attempted to test for a cor-
relation between the expression levels of the two miRNAs. 
Such a correlation in expression levels might be evidence of 
a common regulation mechanism for miR-26A and miR-155. 
The reduced correlation in obese patients in our results aligns 
with the previous observation in lncRNA interaction that sug-
gests the existence of a common regulation mechanism for 
both miRNAs, which might be disrupted in the case of obesity.

Our study included 101 participants divided into 70 obese 
patients and 31 non-obese individuals, all within the age group 
of45–55years.Thestudygroupwasnotadjustedforsexand
typesofmedications,whichisthefirstofseverallimitations
weacknowledge.However,previousdatainvestigatingthe
expressionofdifferentnon-codingRNAsinvisceralfattis-
sue are extremely rare, and our chosen targets had not been 
investigated in this tissue before. Additionally, we aimed to 
generatefirst-timedatathatcanpromptfurtherinvestigation
in this direction.

The limitations of our study also include the use of con-
ventionalPCRand subsequentSanger sequencing for the
identificationoflncRNAsplicingvariants.Whilethismethod
ishighlyspecific,itislimitedduetothesmallrangeoftran-
scripts it can identify. We recommend further studies using 
transcriptomic methods to identify novel lncRNAs and new 
forms of expression for existing RNAs. Another limitation of 
our study was the inability to quantify the scarcely expressed 
lncRNAs,whichmight requirepreamplificationor theuse
ofdigitalPCR.Finally,ourstudydescribescorrelationsand
statistical differences that require further confirmation or
rejection by experimental in vitro and in vivo studies. Trans-
criptomics might also aid in identifying and quantifying 
various novel transcripts of lncRNAs expressed in visceral 
fat tissue, deepening our understanding of adipogenesis and 
fat metabolism.

Conclusions
In conclusion, the precise network of non-coding RNAs is 
once more shown to be associated with the development of 
metabolic and various other diseases. Our results indicated 
adifferentpatternofmicroRNAandlncRNAexpressionin
individualssufferingfromobesityandT2D.Thisdissimilarity
highlights the important role of the investigated non-coding 
RNAsintheformationanddifferentiationofvisceraladipose
tissue.Additionally,ourresultsdisplayedaspecificmiRNA-
miRNA and lncRNA-lncRNA correlation pattern in non-obese 
individuals,whichrequiresfurtherinvestigation.Understand-
ing these associations can lead to building a better map of the 
interaction network in the absence of metabolic disorders. 
This map can serve as a reference for understanding all pos-
sible abnormal or alternative pathways regulating the intricate 
networks in cases of obesity and other metabolic disorders.
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