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Abstract

Background: Gestational diabetes mellitus is a common public health problem,
accompanied by complications for the mother and fetus. So, introducing new
biomarkers to identify early diabetes is essential. As serum miRNAs are potentially
appropriate markers, we investigated miR-26a and miR-26b expression levels in
pregnant women with and without gestational diabetes.

Method: Demographic and clinical characteristics of 40 gestational diabetic patients
and 40 healthy controls were assessed. The expression level of miR-26a and miR-
26b microRNAs was measured by real-time PCR. Statistical analysis was done with
GraphPad Prism software (version 8.4.3).

Result: The findings of this study showed that the expression level of miR-26a and
miR-26b increased in women with gestational diabetes compared with healthy
pregnant women, but the increase in expression was only significant for miR-
26a (p < 0.05).

Conclusion: According to the statistical and ROC curves, we suggest miR-26a as a

potential biomarker for the early diagnosis of gestational diabetes mellitus.

KEYWORDS

biomarker, diagnosis, gestational diabetes, miR-26a, miR-26b, prognosis

diabetes (insulin-dependent) (IDDM) and type 2 diabetes (noninsulin-
dependent) (NIDDM). Diabetes is not limited to the abnormality of

Every year, many people die due to diabetes or its complications.®
Diabetes mellitus is one of the leading causes of death; currently, at
least 400 million people worldwide suffer from this disease.? The
diabetes prevalence in people between 20 and 79 years old all over
the world in 2021 was reported to be around 10.5%, with a sex-
independent prevalence and highest in the age group of 75-79 years.
The associated health expenditures of this global problem were
estimated at 966 billion USD (United States Dollar) in 2021.2 Based

on pancreas defects, diabetes is divided into two types: type 1

blood glucose levels; if it is not controlled, it also affects other body
systems.>* One of the NIDDM kinds is gestational diabetes mellitus
(GDM).>® GDM is an increasingly common metabolic disorder during
pregnancy due to obesity, inactivity, and the aging of mothers and
endocrine disrupting chemicals (EDCs).”>”” EDCs, which are com-
pounds found in food preservatives, medical care products, personal
care products, and homes, include phenol, phthalates, and parabens.
Studies have revealed that these compounds are linked with
diabetes.”® GDM starts and is diagnosed for the first time during
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pregnancy in different severity of glucose intolerance.”!° GDM can
be diagnosed in the second trimester and at the beginning of the
third trimester.” However, it increases the risk of developing type 2
diabetes during life.®

The prevalence of gestational diabetes varies among different
studies based on the screening method and criteria used.!* By 2020,
the prevalence of GDM was 14%. Before this year, the prevalence of
GDM varied across different regions of the world. The Middle East
and North Africa had the highest prevalence at 27.6%, while South-
East Asia had a prevalence of 20.8%. Other continents had varying
prevalence rates, with the Western Pacific at 14.7%, Africa at 14.2%,
South and Central America at 10.4%, Europe at 7.8%, and North
America and the Caribbean at 7.1%.1! It is worth noting that the
prevalence of GDM has increased in high-income countries, reaching
14.2%.** GDM can have irreparable consequences for the mother
and fetus.'? For example, elevated maternal blood glucose levels in
gestational diabetes increase fetal glucose and, as a result, increase
insulin secretion in the fetal body.>*®* This upregulates the fetal
growth factors, which cause complications such as macrosomia of the
fetus, premature birth, and early fetal damage.>*>1¢

The pathology of GDM is still not fully understood. Inadequate
adaptation of pancreatic beta cells to insulin resistance in the second
and third trimesters of pregnancy can be one of the leading causes of
GDM, while in normal pregnancy, glucose balance is regulated by
increasing insulin secretion.!” Some risk factors for gestational
diabetes include overweight, waist fat, hereditary background, and
a history of gestational diabetes.'®"22 Due to the life-threatening
complications of diabetes, early and accurate diagnosis, prognosis,
and treatment are essential. Till now, several biomarkers have been
studied to identify diabetes?3: among them, serum miRNAs are
considered potentially appropriate markers because of their abun-
dance, stability, and potential relation to specific diseases.?*25
MicroRNAs (miRNAs) are small noncoding RNAs that bind directly
to the end of 3’-UTRs and, by creating DNA/RNA hybrids, degrade
mRNA and inhibit translation.?® One of the evaluated miRNAs in
diabetes is the miR-26 family, which is a group of conserved miRNAs,
including miR-26a, miR-26b, miR-4465, and miR-1297 with the same
sequence “UCAAGUA” among vertebrates.?” miR-26a-1, miR-26a-2,
and miR-26b are located on chromosomes 3, 12, and 2, respec-

tively.28:2?

miR-26a-1 and miR-26a-2 share the same sequence and
differ from miR-26b in two nucleotides.?® It has been found that miR-
26 plays an essential role in the growth, development, and cell

2728 miR-26a has an inverse

differentiation of different tissues.
correlation with the sucrase-isomaltase (SIE) enzyme, and high
glucose concentrations stimulate the transcription of this miR-
26a.%° Also, miR-26a enhances brown fat, miR-26a was found to
significantly alter mitochondrial morphology toward that seen in
brown adipocytes, thus inducing pathways related to energy
wastage.>? Two key regulators of adipocyte differentiation, miR-
26a, and miR-26b, are required for adipogenesis and play an
important role in determining the characteristics of brown fat cells

t31

that produce heat.”” These miRNAs induce thermogenesis in BAT or

WAT and increasing energy consumption, which in turn prevents the

development of obesity caused by diet and metabolic dysfunction, as
well as complications of obesity, including diabetes.31~32

Studies have shown that a set of miRNAs regulates insulin
synthesis. Deactivating some miRNAs, such as miR-26a, miR-182,
and miR-148, in the culture medium of pancreatic beta cells reduces
insulin promoter activity and insulin mRNA levels.®? miR-26a targets
factors encoding insulin cell signals (Glycogen synthase kinase-3 beta
(GSK3B), Protein kinase C & (PKCS), Protein kinase C 6 (PKC8), fatty
acid metabolism (ACSL3 (Acyl-CoA synthetase long chain family
member 3), ACSL4 (Acyl-CoA synthetase long chain family member
4)), and gluconeogenesis. miR-26a underexpression decreases insulin
receptor gene promoter activity, receptor mRNA levels, and insulin
receptors. So, it leads to insulin resistance and type 2 diabetes.*

The miR-26a overexpression significantly leads to serine amino
acid phosphorylation of AKT in the insulin signaling pathway, which
causes GLUT4 (Glucose transporter type 4) to be sent to the cell
surface to receive glucose® (Figure 1). miR-26b plays a crucial role in
cell growth and development, especially in tumors, but it is also an
essential mediator in nontumor disorders such as gestational diabe-
tes.®4%” The inflammation mechanism in GDM involves hypoxia-
inducible factor (HIF)-1, which, as an extracellular glycoprotein, adjusts
downstream agents. With HIF-1 blockage, the PI3K/Akt (phosphati-
dylinositol 3-kinase/protein kinase B) signaling pathway will be
inhibited. Therefore, the miR-26b inhibition leads to HIF-1 promotion
and relieves the inflammation symptoms in GDM32 (Figure 1).

Considering that prediabetes is a step before developing
diabetes mellitus without all the diabetes symptoms and abnormal
blood sugar, it is not diagnosed accurately. Indeed, this condition is
not considered a clinical disorder, but it can be a risk for developing
diabetes and its life-threatening conditions, such as cardiovascular
diseases. Considering the importance of early diagnosis of gestational
diabetes and the prevention of its complications for mother and
fetus, our aim in this study is to investigate the expression level of
microRNAs miR26a and miR26b as possible biomarkers for early
diagnosis of gestational diabetes.

2 | MATERIALS AND METHODS

2.1 | Participants and ethical considerations

The study subjects were pregnant women for the first time and had
no history of diabetes. These women visited health centers in llam
City for routine blood sugar checks. Among these people, 40 people
with diabetes without a history of other diseases and 40 healthy
pregnant women were randomly included in the study. Participants'
blood samples were collected between 24 and 28 weeks of
pregnancy to measure biochemical factors and the expression level
of microRNAs miR26a and miR26b. The necessity of the confiden-
tiality of the participants' information and the freedom to participate
in this research were explained to all of them. Then, all participants
signed the consent forms. The study was performed under the ethical
code of IRMEDILAM.REC.1397.158.
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FIGURE 1 Mechanisms of actions of miR-26 family.

2.2 | Sample collection and RNA extraction

Five ml of peripheral blood was collected from all people in EDTA
(ethylenediaminetetraacetic acid) tubes. Subsequently, the blood
samples were centrifuged at 3500 rpm for 10 min to detach the
serum. Total RNA was extracted from the serum using the RNX kit
(EX6101; Cinnagen) based on the manufacturer's instructions. The
obtained RNA was evaluated qualitatively and quantitatively by gel
electrophoresis and the spectrophotometer. DNA contamination was

eliminated according to the DNasel (Fermentas, Lithuania) protocol.

2.3 | cDNA synthesis and real-time PCR assay

According to the manufacturer's rules, cDNA was synthesized by
3 ug of pure total RNA and High-Capacity cDNA Reverse Transcrip-
tion Kits (PN: 4375575; Applied Biosystems). The miR-26a and miR-
26b expressions were reported and compared with Snord47 (Small
Nucleolar RNA, C/D Box 47) as an internal control gene using
relevant specific primers (Table 1). Real-time PCR was performed in
the ABI 7500 system (Applied Biosystems) using 10 uL of BIOFACT™
2X Real-Time PCR Master Mix, 8 ng cDNA, and 250nM of each
primer twice. ACT means for all participants were measured, and
ultimately, the fold changes of miR-26 a and b expressions were

calculated by ratio = 224 based on Livak suggestion.®’

2.4 | Statistical analysis

Statistical analysis was performed by GraphPad Prism software
(version 8.4.3). Based on the Kolmogorov-Smirnov test, our data was

rFrTTT AL

Ll
TABLE 1 Primers used in RT-qPCR.
Gene primers Primer Primer sequences
miR-26a Forward AGT ATT CCT GGA TAG GC
miR-26b Forward AGT TCA AGT AAT TCA GGA TA
Snord47 Forward ATC ACT GTA AAA CCG TTC
Common Reverse GAG CAG GGT CCG AG

normal. Student's t test was applied to compare the expression
difference of every microRNA between GDM patients and healthy
controls. Pearson's correlation test was used to evaluate the
relationship between the expression of different miR-26a and miR-
26b. The specificity and sensitivity of miR-26a and miR-26b as
potential biomarkers for diagnosing GDM were assessed by receiver
operating characteristic (ROC) curve.*® Error values less than 0.05

were defined as significant differences.

3 | RESULTS
3.1 | Cases and controls and serum biochemical
tests

The demographic and biochemical parameters of 40 GDM patients
and 40 controls who participated in this study are shown in Table 2.
In this study, the biochemical factors FBS, LDL, TG, and cholesterol
showed a significant increase in GDM women compared with healthy
pregnant women. However, there was no significant difference in

HDL levels in the group.
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3.2 | miR-26a and miR-26b expression patterns in
GDM and healthy individuals

Based on our tests, the levels of miR-26a and miR-26b expression
were higher in women with GDM compared with healthy pregnant
women. However, only miR-26a expression was significantly higher
(p < 0.05) (Figure 2).

TABLE 2 Demographic and biochemical parameters of
participants.
GDM Control
Variable group (n =40) group (n =40) p Value
Age (year) 3.3+286 44+263 -
Gestational age 4.4 +225 5.1+223 -
Systolic blood 13.71+124.33 7.55+118.47 p>0.05
pressure (mg/dL)
Diastolic blood 4.36 +82.22 4.40+89.81 p>0.05
pressure (mg/dL)
Fasting blood 22.5+139.50 13.97+78.52 p<0.01
sugar (mg/dL)
Total cholesterol  25.06 + 173.36 23.10+167.35 p>0.05
(mg/dL)
HDL (mg/dL) 11.07 £46.02 13.40+49.08 p >0.05
LDL (mg/dL) 32.01+131.47 20.08 + 126.47 p>0.05
Triglyceride 3.3+203.7 446 +172.7 p <0.05
(A) miR-26a
10
P 0.045

x —

h —_—

4

P

CGEXTIRDID
0 T
Control GDM

3.3 | The specificity and sensitivity of target genes
as potential biomarkers

ROC curves showed the specificity and sensitivity of miR-26a with an
AUC (Area under the ROC curve) of 0.63 (p < 0.05), and miR-26b with
an AUC of 0.56, respectively (Figure 3).

4 | DISCUSSION
Many pregnant women worldwide have gestational diabetes, as the
most common metabolic disorder in this era. The remarkable point is
that its rapid spread in the last decade is fully related to maternal
obesity.?>*1-44 GDM is traditionally defined as any grade of glucose
intolerance during pregnancy.*>4¢

This disease is characterized by the inability of beta cells to
respond to the increased need for insulin during pregnancy, resulting
in different blood sugar levels.*” Improper blood sugar control in
diabetic pregnant women leads to adverse effects on the fetus
throughout the pregnancy. In the first trimester of pregnancy,
maternal hyperglycemia can cause diabetic embryopathy, which
leads to severe congenital disabilities and even spontaneous
abortion.>*3484? The specific mechanisms by which hyperglycemia
impairs the development of the fetus are not fully understood, but
reduced arachidonic acid and myoinositol and the accumulation of
sorbitol and trace metals in the fetus in animal models have been
reported as the causes of this phenomenon.*®*°=52 To diagnose and
control diseases like the metabolic disorder of diabetes, several
biomarkers have been investigated. Blood microRNAs are considered

(B) miR-26b
10

Corl)trol

GDM

FIGURE 2 Expression pattern of miR-26a/Snord47 (A) and miR-26b/Snord47 (B) relavive expression in the serum of GDM and control
people. The expression levels of miR-26a and miR-26b increased in women with gestational diabetes compared with healthy pregnant women.

The increase in expression was only significant for miR-26a (p < 0.05).
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FIGURE 3 Receiver operating characteristic (ROC) curve of miR-26a (A) and miR-26b (B).

potential biomarkers because of their numerous advantages, such as
their abundance and stability in serum and their potential relationship
to certain diseases. So, using serum microRNAs as biomarkers is
preferable.242553

The discovery of miRNA is one of the most important scientific
advances in recent years, which has revolutionized molecular biology
and medical sciences.”>>* MicroRNAs can generally change the
genomic pattern of many biological processes.®®> The literature
showed a relationship between the expression of microRNAs in
pregnant women with insulin resistance, which confirms the claim
that miRNAs can be considered diagnostic or therapeutic biomarkers
of gestational diabetes.”® The present study investigated miR-26a
and miR-26b expression levels in pregnant women with diabetes and
healthy pregnant people. The results indicated that the expression
level of miR-26a and miR-26b in pregnant women with diabetes was
increased compared with the control group, but this elevation was
significant only in miR-26a.

Based on real-time PCR and ROC curve analyses, we can
introduce miR-26a as a potential biomarker for the diagnosis of
GDM. In studies conducted on the expression of miRNAs as
biomarkers in gestational diabetes, miR-195-5P,%>” miR-20a-5p,
miR-16-5p, and miR-17-5p,>>? showed significant overexpression.
Also, the expression of miR-33a-5p was increased in pregnant
women with diabetes. miR-33a affects INS-1 (Gene encoding insulin
1) and insulin production by targeting ABCA1 (ATP-binding cassette
transporter).®® But in GDM, some miRNAs like miR-222, miR-132,
miR-29a, miR-30d, miR-96,

pressed.?#417%% Animal studies showed that the increase of miR-

and miR-185 were underex-
26a through the insulin signaling pathway is involved in the increase
of glucose absorption. A study on diabetic mice showed that miR-26a
improves insulin resistance and glucose balance and increases the

quality of bone formation, and administration of miR-26a to diabetic

mice promotes phosphorylation of downstream mediators in the
insulin signaling pathway. In addition, diabetic mice have fewer
insulin receptors than healthy mice, and miR-26a increases these
receptors.®> Another study showed that miR-26a downregulation in
the exosome of overweight and obese individuals and the increase of
this miRNA improve glucose homeostasis and insulin sensitivity. This
study also showed that miR-26a reduces beta-cell hyperplasia by
reducing cell division and inhibiting high insulin secretion in response
to hyperglycemia.®®

5 | CONCLUSION

The results of the present study indicate that with the increase in
blood sugar levels in pregnant people, the miR-26a expression also
increased significantly, which can be caused by the compensatory
mechanism of miR-26a, which affects the pathway of increased
activity of GLUT4 and increased expression of the insulin receptor,
which can increase maternal blood glucose absorption. Considering
the increased expression of miR-26a in pregnant women with
gestational diabetes compared with healthy pregnant women, as
well as the compensatory mechanism of miR-26a in the regulation of
increased sugar in diabetic conditions, it may be possible to use miR-
26a in early diagnosis, prognosis, and even treatment in the future.
More investigation into the expression pattern and mechanism of

action of the mir-26 family is highly recommended for GDM.

AUTHOR CONTRIBUTIONS

Hori Ghaneialvar designed the study. Hori Ghaneialvar, Saeed
Kakaee, Azra Kenarkoohi, and Mahdieh Mehrab Mohseni performed
the experimental investigation. Hori Ghaneialvar and Mahdieh
Mehrab Mohseni analyzed the data. Hori Ghaneialvar and Mahdieh



6of7 _Health Science Reports
WILEY P

GHANEIALVAR ET AL.

OpenAccess

Mehrab Mohseni wrote the paper. All the authors have read and

contributed to the final manuscript and approved its submission.

ACKNOWLEDGMENTS
The authors thank the llam University of Medical Sciences, llam, Iran,
for the financial and technical.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
All of the data is available.

ETHICS STATEMENT

Human participation in this study was under the ethical standards of
the National Research Committee and the 1964 Helsinki Declaration
and its later amendments. All participants were individually informed
that their data should be used for scientific research, and then they
provided informed consent. This study was approved in advance by
the Ethics Committee of Ilam Medical Sciences University (ethics
number: IR.MEDILAM.REC.1397.158).

TRANSPARENCY STATEMENT

The lead author Hori Ghaneialvar, Saeed Kakaee affirms that this
manuscript is an honest, accurate, and transparent account of the
study being reported; that no important aspects of the study have
been omitted; and that any discrepancies from the study as planned

(and, if relevant, registered) have been explained.

ORCID
Hori Ghaneialvar "= http://orcid.org/0000-0003-4536-6041
Mahdieh Mehrab Mohseni " http://orcid.org/0000-0002-3456-5603
http://orcid.org/0000-0002-9928-8627

http://orcid.org/0000-0001-6242-5803

Azra Kenarkoohi

Saeed Kakaee

REFERENCES

1. Zhang T, Lv C, LiL, etal. Plasma miR-126 is a potential biomarker for
early prediction of type 2 diabetes mellitus in susceptible individuals.
BioMed Res Int. 2013;2013:761617.

2. Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: global,
regional and country-level diabetes prevalence estimates for 2021
and projections for 2045. Diabetes Res Clin Pract. 2022;183:109119.

3. Rahman MM, Dhar PS, Sumaia S, et al. Exploring the plant-derived
bioactive substances as antidiabetic agent: an extensive review.
Biomed Pharmacother. 2022;152:113217.

4. Aba PE, Asuzu IU. Mechanisms of actions of some bioactive anti-
diabetic principles from phytochemicals of medicinal plants: a
review. Indian J Nat Prod Resour. 2018;9:85-96.

5. Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes
mellitus after gestational diabetes: a systematic review and meta-
analysis. Lancet. 2009;373(9677):1773-1779.

6. Plows J, Stanley J, Baker P, Reynolds C, Vickers M. The
pathophysiology of gestational diabetes mellitus. Int J Mol Sci.
2018;19(11):3342.

7. Bellavia A, Minguez-Alarcon L, Ford JB, et al. Association of self-
reported personal care product use with blood glucose levels

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

measured during pregnancy among women from a fertility clinic. Sci
Total Environ. 2019;695:133855.

Chen WJ, Robledo C, Davis EM, et al. Assessing urinary phenol and
paraben mixtures in pregnant women with and without gestational
diabetes mellitus: a case-control study. Environ Res. 2022;214
(Pt 2):113897.

Chiefari E, Arcidiacono B, Foti D, Brunetti A. Gestational diabetes
mellitus: an updated overview. J Endocrinol Invest. 2017;40(9):
899-909.

AmericanDiabetes Association. 2. Classification and diagnosis of
diabetes: standards of medical care in diabetes—2018. Diabetes
Care. 2021;45(suppl ment_1):517-S38.

Wang H, Li N, Chivese T, et al. IDF diabetes atlas: estimation of
global and regional gestational diabetes mellitus prevalence for 2021
by International Association of Diabetes in Pregnancy Study Group's
Criteria. Diabetes Res Clin Pract. 2022;183:109050.

Johns EC, Denison FC, Norman JE, Reynolds RM. Gestational
diabetes mellitus: mechanisms, treatment, and complications. Trends
Endocrinol Metab. 2018;29(11):743-754.

Desoye G, Nolan CJ. The fetal glucose steal: an underappreciated
phenomenon in diabetic pregnancy. Diabetologia. 2016;59(6):
1089-1094.

He X-J, Qin F, Hu C-L, Zhu M, Tian C-Q, Li L. Is gestational diabetes
mellitus an independent risk factor for macrosomia: a meta-analysis?
Arch Gynecol Obstet. 2015;291(4):729-735.

Higgins M, Mc Auliffe F. A review of maternal and fetal growth
factors in diabetic pregnancy. Curr Diabetes Rev. 2010;6(2):116-125.
Geca T, Kwasniewska A. The influence of gestational diabetes
mellitus upon the selected parameters of the maternal and fetal
system of insulin-like growth factors (IGF-1, IGF-2, IGFBP1-3)—a
review and a clinical study. J Clin Med. 2020;9(10):3256.

Guarino E, Delli Poggi C, Grieco GE, et al. Circulating microRNAs as
biomarkers of gestational diabetes mellitus: updates and perspec-
tives. Int J Endocrinol. 2018;2018:6380463.

Zhang C, Rawal S, Chong YS. Risk factors for gestational diabetes: is
prevention possible? Diabetologia. 2016;59(7):1385-1390.

Amiri FN, Faramarzi M, Bakhtiari A, Omidvar S. Risk factors for
gestational diabetes mellitus: a case-control study. Am J Lifestyle
Med. 2021;15(2):184-190.

Alwash SM, McIntyre HD, Mamun A. The association of general
obesity, central obesity and visceral body fat with the risk of
gestational diabetes mellitus: evidence from a systematic review and
meta-analysis. Obes Res Clin Pract. 2021;15(5):425-430.

Song Z, Cheng Y, Li T, Fan Y, Zhang Q, Cheng H. Prediction of
gestational diabetes mellitus by different obesity indices. BMC
Pregnancy Childb. 2022;22(1):288.

Zhu Y, Hedderson MM, Quesenberry CP, Feng J, Ferrara A. Central
obesity increases the risk of gestational diabetes partially through
increasing insulin resistance. Obesity. 2019;27(1):152-160.

Laakso M. Biomarkers for type 2 diabetes. Mol Metab. 2019;27:
5139-5146.

Zhao C, Dong J, Jiang T, et al. Early second-trimester serum miRNA
profiling predicts gestational diabetes mellitus. PLoS One.
2011;6(8):e23925.

Chen X, Ba'Y, Ma L, et al. Characterization of microRNAs in serum: a
novel class of biomarkers for diagnosis of cancer and other diseases.
Cell Res. 2008;18(10):997-1006.

Li J, Song L, Zhou L, et al. A microRNA signature in gestational
diabetes mellitus associated with risk of macrosomia. Cell Physiol
Biochem. 2015;37(1):243-252.

Li C, Li Y, LuY, et al. miR-26 family and its target genes in
tumorigenesis and development. Crit Rev Oncol Hematol.
2021;157:103124.

Gao J, Liu Q-G. The role of miR-26 in tumors and normal tissues.
Oncol Lett. 2011;2(6):1019-1023.


http://orcid.org/0000-0003-4536-6041
http://orcid.org/0000-0002-3456-5603
http://orcid.org/0000-0002-9928-8627
http://orcid.org/0000-0001-6242-5803

GHANEIALVAR ET AL

Health Science Reports

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Xue S, Zhu W, Liu D, et al. Circulating miR-26a-1, miR-146a and
miR-19%a-1 are potential candidate biomarkers for acute myocardial
infarction. Mol Med. 2019;25(1):18.

Mehraban MH, Motovali-Bashi M, Ghasemi Y. MiR-26a and miR-
26b downregulate the expression of sucrase-isomaltase enzyme: a
new chapter in diabetes treatment. Biochem Biophys Res Commun.
2019;519(1):192-197.

Karbiener M, Pisani DF, Frontini A, et al. MicroRNA-26 family is
required for human adipogenesis and drives characteristics of brown
adipocytes. Stem Cells. 2014;32(6):1578-1590.

Melkman-Zehavi T, Oren R, Kredo-Russo S, et al. miRNAs control
insulin content in pancreatic B-cells via downregulation of transcrip-
tional repressors. EMBO J. 2011;30(5):835-845.

Price NL, Fernandez-Hernando C. miRNA regulation of White and
brown adipose tissue differentiation and function. Biochim Biophys
Acta, Mol Cell Biol Lipids. 2016;1861(12 Pt B):2104-2110.

Fu X, Dong B, Tian Y, et al. MicroRNA-26a regulates insulin
sensitivity and metabolism of glucose and lipids. J Clin Invest.
2015;125(6):2497-2509.

Jiang F, Zong Y, Ma X, et al. miR-26a attenuated bone-specific
insulin resistance and bone quality in diabetic mice. Mol Ther Nucleic
Acids. 2020;20:459-467.

Fan F, Lu J, Yu W, et al. MicroRNA-26b-5p regulates cell
proliferation, invasion and metastasis in human intrahepatic cho-
langiocarcinoma by targeting S100A7. Oncol Lett. 2018;15(1):
386-392.

Xu G, Ji C, Song G, et al. MiR-26b modulates insulin sensitivity in
adipocytes by interrupting the PTEN/PI3K/AKT pathway. Int J Obes.
2015;39(10):1523-1530.

Li HX, Li XH, Jiang J, Shi PX, Zhang XG, Tian M. Effect of miR-26b on
gestational diabetes mellitus in rats via PI3K/Akt signaling pathway.
Eur Rev Med Pharmacol Sci. 2020;24(4):1609-1615.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2- AACT method. Methods.
2001;25(4):402-408.

Florkowski CM. Sensitivity, specificity, receiver-operating character-
istic (ROC) curves and likelihood ratios: communicating the
performance of diagnostic tests. Clin Biochem Rev. 2008;29(1):
5$83-587.

Sathyapalan T, Mellor D, Atkin SL. Obesity and gestational diabetes.
Semin Fetal Neonatal Med. 2010;15(2):89-93.

Simjak P, Cinkajzlova A, Anderlova K, et al. The role of obesity and
adipose tissue dysfunction in gestational diabetes mellitus.
J Endocrinol. 2018;238(2):R63-R77.

Chu SY, Callaghan WM, Kim SY, et al. Maternal obesity and risk of
gestational diabetes mellitus. Diabetes Care. 2007;30(8):2070-2076.
Alfadhli EM. Maternal obesity influences birth weight more than
gestational diabetes. BMC Pregnancy Childbirth. 2021;21(1):111.
Selen DJ, Thaweethai T, Schulte CCM, et al. Gestational glucose
intolerance and risk of future diabetes. Diabetes Care. 2022;46(1):
83-91.

Kassab BM, Hussein HH, Mahmoud OM, Abdel-Alrahman G. Effects
of insulin and metformin on fetal kidney development of
streptozotocin-induced gestational diabetic albino rats. Anat Cell
Biol. 2019;52(2):161-175.

Catalano PM. Trying to understand gestational diabetes. Diabetic
Med. 2014;31(3):273-281.

Engstrom E, Haglund A, Eriksson UJ. Effects of maternal diabetes or
in vitro hyperglycemia on uptake of palmitic and arachidonic acid by
rat embryos. Pediatr Res. 1991;30(2):150-153.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

—Wl LEY—M

Open Access

Pantham P, Aye ILMH, Powell TL. Inflammation in maternal obesity
and gestational diabetes mellitus. Placenta. 2015;36(7):709-715.
Eriksson UJ, Naeser P, Brolin SE. Increased accumulation of sorbitol
in offspring of manifest diabetic rats. Diabetes. 1986;35(12):
1356-1363.

Wu T, Li T, Zhang C, Huang H, Wu Y. Association between plasma
trace element concentrations in early pregnancy and gestational
diabetes mellitus in Shanghai, China. Nutrients. 2023;15(1):115.

Lin Y, Li T, Xiao J, Xie K, Shi Z. The association between cadmium
exposure and gestational diabetes mellitus: a systematic review and
meta-analysis. Front Public Health. 2022;9:555539.

Parrizas M, Novials A. Circulating microRNAs as biomarkers for
metabolic disease. Best Pract Res Clin Endocrinol Metab. 2016;30(5):
591-601.

Allegra A, Alonci A, Campo S, et al. Circulating microRNAs: new
biomarkers in diagnosis, prognosis and treatment of cancer (Review).
Int J Oncol. 2012;41(6):1897-1912.

O'Brien J, Hayder H, Zayed Y, Peng C. Overview of microRNA
biogenesis, mechanisms of actions, and circulation. Front Endocrinol.
2018;9:388354.

Zhu Y, Tian F, Li H, Zhou Y, Lu J, Ge Q. Profiling maternal plasma
microRNA expression in early pregnancy to predict gestational
diabetes mellitus. Int J Gynecol Obstet. 2015;130(1):49-53.

Tagoma A, Alnek K, Kirss A, Uibo R, Haller-Kikkatalo K. MicroRNA
profiling of second trimester maternal plasma shows upregulation of
miR-195-5p in patients with gestational diabetes. Gene. 2018;672:
137-142.

Cao YL, Jia YJ, Xing BH, Shi DD, Dong XJ. Plasma microRNA-16-5p,
-17-5p and -20a-5p: novel diagnostic biomarkers for gestational
diabetes mellitus. J Obstet Gynaecol Res. 2017;43(6):974-981.
Juchnicka I, Kuzmicki M. Influence of MiRNAs in gestational
diabetes mellitus development. Ginekol Pol. 2021;92(8):579-582.
Feng Y, Qu X, Chen Y, et al. MicroRNA-33a-5p sponges to inhibit
pancreatic B-cell function in gestational diabetes mellitus LncRNA
DANCR. Reprod Biol Endocrinol. 2020;18(1):61.

Ibarra A, Vega-Guedes B, Brito-Casillas Y, Wagner A. Diabetes in
pregnancy and MicroRNAs: promises and limitations in their clinical
application. Non-Coding RNA. 2018;4(4):32.

Pheiffer C, Dias S, Rheeder P, Adam S. Decreased expression of
circulating miR-20a-5p in South African women with gestational
diabetes mellitus. Mol Diagn Ther. 2018;22(3):345-352.

Arboleda Borrero AM, Garcia-Perdomo HA, Mosquera Escudero M.
Relationship between microRNA expression profiling and gestational
diabetes: a systematic review. Obes Med. 2023;39:100487.

Qi S, Wang X. Decreased expression of miR-185 in serum and
placenta of patients with gestational diabetes mellitus. Clin Lab.
2019;65(12).

Xu H, Du X, Xu J, et al. Pancreatic B cell microRNA-26a alleviates
type 2 diabetes by improving peripheral insulin sensitivity and
preserving B cell function. PLoS Biol. 2020;18(2):e3000603. doi:10.
1371/journal.pbio.3000603

How to cite this article: Ghaneialvar H, Mohseni MM,
Kenarkoohi A, Kakaee S. Are miR-26a and miR-26b microRNAs
potent prognostic markers of gestational diabetes? Health Sci
Rep. 2024;7:€2152. doi:10.1002/hsr2.2152


https://doi.org/10.1371/journal.pbio.3000603
https://doi.org/10.1371/journal.pbio.3000603
https://doi.org/10.1002/hsr2.2152

	Are miR-26a and miR-26b microRNAs potent prognostic markers of gestational diabetes?
	1 INTRODUCTION
	2 MATERIALS AND METHODS
	2.1 Participants and ethical considerations
	2.2 Sample collection and RNA extraction
	2.3 cDNA synthesis and real-time PCR assay
	2.4 Statistical analysis

	3 RESULTS
	3.1 Cases and controls and serum biochemical tests
	3.2 miR-26a and miR-26b expression patterns in GDM and healthy individuals
	3.3 The specificity and sensitivity of target genes as potential biomarkers

	4 DISCUSSION
	5 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	TRANSPARENCY STATEMENT
	ORCID
	REFERENCES




