
Genetics and Molecular Research 20 (2): gmr23678  

 

 

 

 

 

 

 
 

Analysis of micro-RNAs and gene 

expression profiles in gestational diabetes 

mellitus: A consensus approach 

R. Bhushan1, P. K. Dubey1* 

 
1Department of Genetic Disorders, Institute of Science, Banaras 

Hindu University Varanasi 221005, Uttar Pradesh, India  

 
Corresponding author: P. K. Dubey 

E-mail: pkdubey@bhu.ac.in   
Genet. Mol. Res. 20 (2): gmr23678 

Received February 5, 2021 

Accepted February 19, 2021 

Published February 26, 2021 

DOI   http://dx.doi.org/10.4238/gmr23678 

 
Copyright © 2021 The Authors. This is an open-access article distributed under the terms of 

the Creative Commons Attribution ShareAlike (CC BY-SA) 4.0 License. 

 

ABSTRACT. Gestational diabetes mellitus (GDM) is a metabolic disorder 

characterized by insulin resistance. Lack of complete mechanisms involved in 

its pathophysiology makes its early diagnosis and treatment a difficult task. 

Recently, micro-RNAs are associated with many diseases including GDM. Its 

high stability in biological fluids and the ability to modulate genes at large 

scale makes it potent bio-markers. Here, we analyzed the transcriptomic 

datasets (GSE98043 and GSE19649) to gain a deeper understanding of the 

role of miRNAs in GDM. We processed and analyzed the microarray 

datasets to find differentially expressed miRNAs. Then we used a consensus 

approach to find the predicted as well as validated GDM related target genes. 

We then constructed the miRNA-mRNA gene regulatory module to have a 

better understanding of its regulation. These target genes were further 

enriched for their functions and pathways. We identified a total of 128 DE 

miRNAs, of which the top 20 were selected for downstream processing, and 

49 validated GDM related target genes among predicted ones that may 

contribute to the regulatory alterations behind GDM. The micro-RNAs were 

linked to carbohydrate metabolism, insulin signaling, and cell proliferation 

and apoptosis. We then focused on miRNAs which were regulating most of  
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the genes related to GDM, this lead to the identification of four potential 

GDM miRNAs biomarkers, miR-3065-3p, miR-4650-3p, miR-29b-2-5p 

and miR-3915 that were significantly altered in GDM. The pathways 

enrichment analysis shows that they are involved in insulin signaling and 

pathways related to cancer. We demonstrated the most regulatory and 

novel miRNAs, miRNA-mRNA interactions, and their related pathways 

in GDM using Bioinformatics methods. Accordingly, our defined 

miRNAs and genes could be used for future molecular studies and can be 

useful in early diagnosis and treatment of GDM.  

Keywords: Gestational Diabetes Mellitus (GDM); Micro-RNAs; 

Bio-markers; Genes; Gene ontology; Base population; Genetic 

distance 
 

INTRODUCTION 
 

Gestational diabetes mellitus (GDM) is defined as any degree of carbohydrate 

intolerance, with onset or first recognition during the second or third trimester of pregnancy. 

GDM complicates around 7% of all pregnancies while it comprises 90-95% of all cases of 

diabetes in pregnancy. It is a major cause of perinatal morbidity and mortality, as well as 

maternal long term morbidity. Major risk factors of GDM are the history of macrosomia, 

familiarity for type 2 diabetes (T2D), elevated maternal age, and pre-Pregnancy obesity. 

The pathophysiology of GDM is still not fully characterized. Gestational diabetes mellitus 

is a metabolic disorder characterized by insulin resistance accompanied by low/absent beta-

cell compensatory adaptation to the increased insulin demands4.  During normal pregnancy, 

the mother develops insulin resistance during the second or third trimester to properly 

nourish the fetus. This insulin resistance is compensated by increasing insulin demands 

associated with hypertrophy and/or hyperplasia of β-cells. The inability of beta-cells to meet 

this increased demand for insulin leads to glucose intolerance and hyperglycemia that 

characterizes GDM5.  It is supposed that a cascade of molecules and several pathways are 

involved in these adaptive changes, thus contributing to gene expression changes necessary 

to beta-cells to fulfill the compensatory request.  However, the application of molecular 

mechanisms in the diagnosis of GDM is not clear; therefore deciphering molecular 

mechanisms and biomarkers related to it should have a high impact on the diagnosis and 

treatment of GDM. 

MicroRNAs (miRNAs) are endogenous ~19-24 small non-coding RNAs that modulate 

gene expression by inducing the translational arrest and degradation of messenger RNAs. Micro-

RNA is highly versatile as a single miRNA can potentially modulate multiple genes, whereas a 

single gene can be regulated by several miRNAs. Such complex nature of miRNAs justifies its 

role in virtually every cellular process, as well as in development or differentiation, regulation of 

cell cycle8, and immune system homeostasis. Recently, several studies have reported the role of 

miRNAs in multiple sides of beta-cell function and differentiation, both in normal and diabetic 

conditions, as well as in beta-cell compensatory processes during pregnancy. Besides their 

classical role in negative regulation of gene expression, they have also been shown to stimulate 

gene expression, and also act like hormones. Furthermore, miRNAs have been reported to be 

present in biological fluids and are highly stable there which can be easily detected and 

measured. Several studies have reported the expression of microRNAs in the plasma/serum of 

diabetic patient; their association with the regulation of β cell mass and function and with the 

immune system homeostasis and certainly represent master players in the progression of this  



Genetics and Molecular Research 20 (2): gmr23678  

                                 P. K. Dubey et al. 3 

 

group of chronic metabolic disorders. Therefore a deep understanding of microRNA functions 

and genes and pathways related to it could improve the knowledge on the etiology and 

pathophysiology of GDM and its complications. Furthermore, due to their high stability in body 

fluids and their accessibility from maternal blood throughout gestation, they could serve as 

biomarkers for the early diagnosis and treatment of GDM. 

This study aims to find altered miRNAs in GDM and their potential validated target 

genes, the determination of the most important miRNAs, and their related genes and pathways in 

Gestational Diabetes Mellitus. Here we investigated and identified GDM related differentially 

expressed miRNAs (DEmiRs), validated GDM related target genes, miRNA-mRNA 

interactions, and signaling pathways. Our results showed 128 DEmiRNAs of which the top 20 

was considered for further analysis. Target genes were predicted and a consensus-based 

approach leads to the identification of validated GDM related target genes. Of the 128miRNAs, 

miR-3065-3p, miR-4650-3p, miR-29b-2-5p, and miR-3915 are the most novel promising 

biomarker. Besides, Functional and pathways enrichment showed that these miRNA and their 

target genes have important roles in GDM and insulin metabolism. 
 

MATERIAL AND METHODS  
 

We have identified miRNA and their target genes in GDM as well as the Gene ontology and their 

signaling pathways. First, the top 20 differentially expressed miRNAs (DEmiRNAs) were selected based on 

their log fold change expression (highest log FC for up-miRNA and lowest logFC for down-miRNA). 

Target genes of the DEmiRNAs were predicted and GDM specific target genes were selected from gene 

cards and transcriptomic datasets GSE19649 for GDM blood. Then using the Cytoscape 3.2.1 software 

miRNA-mRNA regulatory module (MMRM) was constructed for up and down miRNAs separately. 

Furthermore, Gene Ontology and pathway enrichment analysis were performed using DAVID 7.6, 

significant functions and pathways involved in GDM were identified. 
 

Microarray data 

 
Two microarray data sets of human GDM have been selected that are available in the public 

repository: NCBI Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/)14: GSE98043 and 

GSE19649, in which GSE98043 was used for its miRNA expression profile while GSE19649 was used for 

its mRNA expression profile. The dataset GSE98043, submitted by Wang et al., contains 4 chips derived 

from a study using GPL21575 Agilent-070156 Human miRNA V21.0 Microarray 046064. The samples 

used for this study were plasma from 4 pregnant women (2 from normal controls and 2 from GDM 

patients). Another dataset GSE19649, submitted by Zhao et al., contains a total of 5 chips three for blood and 

two for the placenta, derived from a study using GPL7350 Aalborg University Illumina human-6 v2.0 

expression bead chip. Only blood samples namely GSM490133 (blood tissue from GDM woman), 

GSM490134 (pooled blood tissues from four GDM women), and GSM490135 (pooled blood tissues from 

four healthy women) were used in this study. The Subjects in both data sets were of Asian (Chinese) 

ethnicity. Both microarray studies were earlier approved by local Chinese ethics committee and participants; 

here we are just accessing the data from NCBI and analyzing them. 

 

Data preprocessing and Differentially Expressed miRNA in GDM 
 
The Series matrix file of both datasets was downloaded and processed. The probe-level symbols 

were converted into gene-level symbols by using GEO2R15. Analyzing GDM has been done in two groups 

NGT (Normal Glucose Tolerant) control and GDM patients using the GEO2R tool, to detect the 

differentially expressed miRNAs. Top 20 differentially expressed miRNAs have been selected, of which 10 

were highly up-regulated while 10 were highly down-regulated. The selection of miRNA was based on fold 

change value. All miRNA selected have P-values less than 0.05. 

http://www.ncbi.nlm.nih.gov/geo/
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Identification of miRNA-target gene 
 

To identify the target genes of DEmiRNAs, two databases namely Target scan16 and miRDB17 

were searched and results were downloaded. Results were tabulated and compared to find out the common 

target gene in both the data sets. Target score > 90 were taken as criteria for gene selection. Only those target 

genes which were common in both databases and have a target score > 90 were selected and uploaded in 

STRING18 for further analysis. Further selection and sorting of target genes were based on combined score 

(CS), here CS>0.9 were taken as criteria for gene selection. All genes which have TS > 90 and CS > 0.9 

were selected. Target prediction and gene sorting were performed separately for up-miRNA and down-

miRNA. 

 

Construction of miRNAs and mRNAs regulatory module (MMRM) 

 
Target genes with a combined score > 0.9 were then uploaded in Cytoscape 3.2.1.19. Protein-

protein interaction network and the miRNA-mRNA interaction network was then merged to get 

microRNA-mRNA regulatory module (MMRM). MMRM were constructed separately for up-miRNA and 

down-miRNA each. The network was analyzed and edge betweenness was taken as criteria for network 

construction. After that, an organic layout was applied to the network. Furthermore, node size and color have 

been done on the miRNA-target genes network to identify miRNA, mRNA, and GDM specific genes. 

 

Identification of potential active miRNA-target gene in GDM 

 
To determine the validated GDM related miRNA-target genes as compared to predicted ones that 

were studied in this analysis; we searched a database Gene Cards and a transcriptomic data sets GSE19649. 

Those target genes which were common in both were identified as GDM specific miRNA-target genes. 

 

 Enriched Gene Ontology and pathway analysis 
 

To identify the biological processes, molecular function, cellular component, and their related 

pathways in GDM related miRNA-target gene, DAVID 7.6 was used. Based on hypergeometric 

distribution, DAVID takes the genes with similar or related functions as a whole set. Significant functions 

were plotted against -log10 of the p-value for up and down miRNA-target genes separately. In this analysis 

p-value < 0.05 was set as the criterion. 

 

GDM specific target Gene expression profile with RNA-seq 

 
We were then interested to know the mRNA expression of all GDM related miRNA-target genes 

of up-miRNA and down-miRNA both. To achieve this, transcriptomic data sets GSE19649 of GDM-blood 

was accessed and expression value was plotted for all genes. All the genes were plotted against average gene 

expression and log fold change (log FC) values. Graph pad prism 7.0 was used to plot the graph.   

 

Functional analysis of potential GDM specific target genes  

 
The biological process network was created for GDM specific target genes of up-miRNA and 

down-miRNA separately. All the significant biological processes being regulated by these target genes were 

selected and uploaded in Cytoscape 3.2.1 for network construction. 
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RESULTS 

 

Differentially expressed miRNAs in GDM 

 
Both the data sets (one for miRNA and mRNA each) were analyzed according to the workflow 

Figure 1. After pre-processing and data normalization, expression profiles for both data sets were created. 

Based on fold change value, exclusive differentially expressed miRNAs were divided into Up- or Down-

regulated miRNAs. The p-value<0.005 and fold change ≥ 1.5 were set as the cut off values of DEmiRs. Our 

results showed a total of 128 differentially expressed miRNAs, 63 Up-regulated, and 65 Down-regulated 

miRNAs in GDM. The heat map was constructed for the DEmiRNAs. Out of these 128, we selected the top 

20 differentially expressed miRNAs (10 from Up-miRs and 10 from Down-miRs). For visualizing the 

Differentially Expressed miRNAs, we sorted them and categorized the top 10 Up- and Down-regulated 

DEmiRNAs in GDM . Further, for better visualization of differential expression, a heat map was constructed 

for these DEmiRNAs based on their average gene expression (Figure 2A) and bar graph were plotted 

against its log fold change value.    

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Work flow and analysis process. Bioinformatics workflow, illustrating the databases and tools employed  

to reveal the molecules and interactions in the gestational diabetes mellitus (GDM)-associated gene- and 

microRNA (miRNA)-based regulatory networks. 

 

 
 

Figure 2. Heat map and Log fold change expression of the twenties differentially express miRNA sets. Heat map 

showing the average gene expression of differentially expressed miRNAs (DEmiRNAs) among gestational 

diabetes mellitus (GDM) and healthy control (HC) The green to red gradation represents the gene expression 

values change from small to large. Graph pad prism 7 tools were used to draw a heat map. 
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Target genes of DEmiRNAs 

 
Scanning of target genes from two databases Target scan and miRDB resulted in a total of 41,685 

target genes for Up- and 50,831 genes for Down-regulated miRs. Target genes for each miRNA were 

categorized for Up-and Down-regulated miRNAs. These target genes were further selected and sorted down 

based on the target score and combined score. Target score > 90 and combined score > 0.9 were set as the 

criteria for selection. Based on the target score we get a total of 795 target genes, 370 for Up-miRNAs, and 

425 for Down-regulated miRNAs. Further selection based on combined score led to the identification of a 

total of 162 target genes, 72 for Up-miRNAs, and 90 for Down-regulated miRNAs. The next level of sorting 

was done to identify GDM specific target genes (discussed in other sub-section). Different steps involved in 

the selection of target genes are depicted diagrammatically in Fig. 3 and number of genes sorted at each steps 

are depicted.  

 

Enrichment of GDM specific target genes 

 
In this study, we tried to select those target genes which are validated potential players in GDM. 

For this, we compared our computationally predicted target gene list with genes obtained from the Gene 

Cards database, containing experimentally validated GDM related gene and was further validated from 

transcriptomic data set GSE19649. Venn diagram by VENNY 2.1 tool has been drawn for common genes 

between Gene Cards, GSE19649, and our gene list of Up- and Down-miRs. Thus the result showed a total 

of 49 target genes, 22 for Up-miRNAs and 27 for Down-miRNAs as potential GDM specific target genes 

which are experimentally validated.   

 

miRNA-mRNA regulatory module (MMRM) in GDM 
 

All target genes with combined score > 0.9 along with their respective miRNAs were transferred into the 

Cytoscape 3.2.1, and the network was constructed separately for Up-miRs and Down-miRs. The regulatory 

miRNA-target genes network (MMRM) for Up-miRs included a total of 380 genes 10 Up-regulated 

miRNAs and 528 edges, while MMRM for Down-miRs contain total 435 genes, 10 Down-regulated 

miRNAs and 621 edges. We filtered the unique target genes for each miRNA and GDM specific target 

genes were given different shapes and colors based on expression value. The node shape (diamond-ellipse) 

and color (red-blue) represented the expression value of Down- and Up-regulated respectively. The final 

MMRM for Up-miRs included a total of 114 genes (20 GDM specific target genes), 10 Up-miRs, and 257 

edges while MMRM for Down-miRs included total 166 genes (21 GDM specific target genes), 10 Down-

miRs and 350 edges. Out of 20 GDM specific target genes in Up-MMRM, 13 were up-regulated while 7 

were down-regulated. Similarly, in Down-MMRM, out of 21, 9 were Up-regulated while 12 were down-

regulated. 
 

Functional enrichment analysis 
 

Gene ontology enrichment analysis for target genes involved in the MMRM network was 

performed and significantly enriched functions, processes, and cellular components ( p-value <0.05) were 

listed in (for target genes of up-regulated miRs) and (for target genes of down-miRs). Response to insulin 

stimulus, lipid storage, regulation of apoptosis, and cell proliferation are major significant processes being 

regulated by the Up-regulated miRNAs through regulation of expression of target genes involved in it. 

Major significant processes regulated by Down-miRNAs are regulation of fatty acid metabolism, regulation 

of immune response, tyrosine kinase signaling, Want receptor signaling, and response to carbohydrate 

stimulus.  
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KEGG pathway enrichment analysis 
 

According to the KEGG pathway analysis of DAVID 7.6 software, we demonstrated the 

significant pathways for Up-miRs and Down-miRs. Significant pathways enriched for target genes of 

Down-miRs were long term depression and pathways in cancer while JAK-STAT is signaling, Wnt 

signaling, Insulin signaling, and ErbB signaling are some of the major significant pathways being regulated 

by target genes of Up-miRs (Fig. 6C). It should be noted that GDM specific target genes of Up-miRs and 

Down-miRs were enriched in GO functions and/or KEGG pathways together with their other related genes. 
 

Investigating GDM specific target Gene expression profile with RNA-seq 
 

In this MicroRNAs study, we also included an mRNA transcriptomic datasets of GDM-Blood to 

identify validated potential GDM related target genes. The comparative analysis led to the identification of 

22 potential GDM specific target genes of Up-miRNAs while 27 potential GDM specific target genes of 

Down-miRNAs. GDM specific target genes of Up and Down-regulated miRs were categorized and 

tabulated with their respective miRNAs and expression value. We were then interested to know the mRNA 

expression of these potential GDM related target genes of Up-miRs and Down-miRs. The expression value 

for these genes was extracted from the series matrix file of GSE19649.  Surprisingly we found that these 

target genes of Up- and Down-miRNAs were up-regulated as well as down-regulated. Expression values 

were not available for 2 target genes of Up-miRs while 6 target genes of Down-miRs.  The GDM specific 

target genes were plotted against their fold change values for Up-miRs and Down-miRs.  Further, up and 

down-regulated genes were categorized based on their average gene expression for their respective 

miRNAs. All validated GDM specific target genes (20 for up- and 21 for down-miRs) were plotted for their 

average gene expression. For Up-miRs, 13 genes were found to be up-regulated and 7 genes were down-

regulated while for Down-miRs, 9 target genes were up-regulated and 12 target genes were down-

regulated.Based on their expression, the gene regulatory network of these selected miRNAs and their related 

target genes were extracted from the main MMRM network. MicroRNA-mRNA gene regulatory network 

for Up-miR and their validated GDM specific target genes revealed 7 miRNAs namely miR-146a-5p, miR-

2110, miR-567, miR-7703, miR-3065-3p, miR-4722-3p and miR-4650-3p regulating total 20 genes of 

which 13 were up-regulated while 7 were down-regulated. Similarly, MicroRNA-mRNA gene regulatory 

network for Down-miR and their validated GDM specific target genes revealed 8 miRs namely miR-146a-

3p, miR-2467-3p, miR-2682-3p, miR-29b-2-5p, miR-3915, miR-4330, miR-4756-3p, miR-6739-3p 

regulating total 21 genes of which 9 were up-regulated while 12 were down-regulated. 

 

Study of significant processes being regulated by GDM specific target Genes 

 
The validated target genes for DEmiRNAs were enriched for their biological processes. Biological 

processes specific to validate GDM related genes of DEmiRNAs were extracted and transferred to 

Cytoscape, and the network was constructed. Target genes of Up-miRNAs were involved in several 

significant processes including response to insulin stimulus, regulation of cell-proliferation and cell-death, 

Tyrosine kinase signaling, oxidative phosphorylation, lipid storage, regulation of gene expression and 

glycoprotein biosynthesis (Fig. 10A). Similarly, target genes of Down-miRNAs were regulating some of the 

major processes like regulation of transcription, Wnt signaling pathway, response to carbohydrate stimulus, 

regulation of lipid metabolism, immune response and metal ion transport. On the basis of our findings, it 

may suggest that among others, miR-3065-3p, miR-4650-3p, miR-29b-2-5p, and miR-3915 might be the 

most promising blood-derived miRNA biomarkers in GDM.. 
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DISCUSSION 
 

Gestational Diabetes Mellitus is a general metabolic disorder of glucose metabolism and its 

pathophysiological process mostly begins before clinical diagnosis. Currently, screening and diagnosis of 

GDM are accomplished at 24-28 weeks of gestation, this is the period by which diabetes has already been 

established and presents a high risk of fetal morbidity and mortality. Further, its increasing incidences 

demand additional biomarkers to predict the onset and to accurately monitor the status of gestational diabetes 

so that early screening in the first or second trimester of pregnancy could be feasible to promptly set up an 

adequate therapy which normalizes blood glucose levels, thereby reducing GDM incidences and its 

associated adverse pregnancy outcomes. Therefore, the molecular study of GDM could have an important 

role in detecting biomarkers involved in the prognosis of GDM. Recently several studies have reported the 

diverse role of miRNA in many diseases. Due to its endocrine nature and ability to modulate gene 

expression, it can be considered as optimal biomarkers and sensors in GDM. However, due to the limited 

number of public miRNA microarray expression profiles for GDM, candidate miRNAs for GDM has not 

been identified yet.  In the present study, we have tried to identify the blood-derived miRNAs and mRNA 

biomarkers as well as molecular interactions that clarify biochemical mechanisms involved in GDM. 

Further, we created a miRNA-mRNA based network based on which we were able to identify some 

miRNAs biomarkers and pathways potentially involved in GDM. 

 

       CONCLUSION 
 

In conclusion, we presented a consensus-based method to analyze and integrate gene and miRNA 

expression data. Our finding suggests that the different expressions of genes and miRNAs are one of the 

most important variables in GDM. Hence, for a better understanding of the gene regulatory network, 

molecular mechanisms of GDM, developing new therapeutic approaches, future studying of miRNA 

function and regulation, and their potential as diagnostic biomarkers for GDM, bioinformatic analysis is 

required. We argued that, among others, miR-3065-3p, miR-4650-3p, miR-29b-2-5p, and miR-3915 might 

be the most promising blood-derived miRNA biomarkers in GDM. Although, our analysis is based on the 

high throughput data and is not derived in our laboratory, a large number of experimental studies confirm 

that the pathways and genes which were involved in GDM are supported.  

 

REERENCES 
 

Gestational Diabetes Mellitus (gdm) And Birth Defects, Paripex - Indian Journal Of Research(PIJR), PIJR | World Wide 

Journals. Accessed June 5, 2020. https://www.worldwidejournals.com/paripex/article/gestational-diabetes-mellitus-

gdm-and-birth-defects/ODQxNg==/ 

Landon MB, Gabbe SG. Gestational Diabetes Mellitus: Obstetrics & Gynecology. 2011;118(6):1379-1393. 

doi:10.1097/AOG.0b013e31823974e2 

Ashwal E, Hod M. Gestational diabetes mellitus: Where are we now? Clinica Chimica Acta. 2015;451:14-20. 

doi:10.1016/j.cca.2015.01.021 

Sebastiani G, Guarino E, Grieco GE, et al. Circulating microRNA (miRNA) Expression Profiling in Plasma of Patients 

with Gestational Diabetes Mellitus Reveals Upregulation of miRNA miR-330-3p. Front Endocrinol. 2017;8:345. 

doi:10.3389/fendo.2017.00345 

Bowes SB, Hennessy TR, Umpleby AM, et al. Measurement of glucose metabolism and insulin secretion during normal 

pregnancy and pregnancy complicated by gestational diabetes. Diabetologia. 1996;39(8):976-983. 

doi:10.1007/BF00403918 

Schiavone M, Putoto G, Laterza F, Pizzol D. Gestational diabetes: An overview with attention for developing countries. 

Endocr Regul. 2016;50(2):62-71. doi:10.1515/enr-2016-0010 

Guarino E, Delli Poggi C, Grieco GE, et al. Circulating MicroRNAs as Biomarkers of Gestational Diabetes Mellitus: 

Updates and Perspectives. International Journal of Endocrinology. 2018;2018:1-11. doi:10.1155/2018/6380463 



Genetics and Molecular Research 20 (2): gmr23678  

                                    P. K. Dubey et al. 9 
 

Lewis BP, Shih I -hung, Jones-Rhoades MW, Bartel DP, Burge CB. Prediction of mammalian microRNA targets. Cell. 

2003;115(7):787-798. doi:10.1016/s0092-8674(03)01018-3 

Sebastiani G, Ventriglia G, Stabilini A, et al. Regulatory T-cells from pancreatic lymphnodes of patients with type-1 

diabetes express increased levels of microRNA miR-125a-5p that limits CCR2 expression. Sci Rep. 

2017;7(1):6897. doi:10.1038/s41598-017-07172-1 

Sebastiani G, Valentini M, Grieco GE, et al. MicroRNA expression profiles of human iPSCs differentiation into insulin-

producing cells. Acta Diabetol. 2017;54(3):265-281. doi:10.1007/s00592-016-0955-9 

Faruq O, Vecchione A. microRNA: Diagnostic Perspective. Front Med (Lausanne). 2015;2:51. 

doi:10.3389/fmed.2015.00051 

Iljas JD, Guanzon D, Elfeky O, Rice GE, Salomon C. Review: Bio-compartmentalization of microRNAs in exosomes 

during gestational diabetes mellitus. Placenta. 2017;54:76-82. doi:10.1016/j.placenta.2016.12.002 

Guay C, Regazzi R. Circulating microRNAs as novel biomarkers for diabetes mellitus. Nat Rev Endocrinol. 

2013;9(9):513-521. doi:10.1038/nrendo.2013.86 

Barrett T, Troup DB, Wilhite SE, et al. NCBI GEO: mining tens of millions of expression profiles--database and tools 

update. Nucleic Acids Res. 2007;35(Database issue):D760-765. doi:10.1093/nar/gkl887 

Davis S, Meltzer PS. GEOquery: a bridge between the Gene Expression Omnibus (GEO) and BioConductor. 

Bioinformatics. 2007;23(14):1846-1847. doi:10.1093/bioinformatics/btm254 

Garcia DM, Baek D, Shin C, Bell GW, Grimson A, Bartel DP. Weak seed-pairing stability and high target-site 

abundance decrease the proficiency of lsy-6 and other microRNAs. Nat Struct Mol Biol. 2011;18(10):1139-1146. 

doi:10.1038/nsmb.2115 

Liu W, Wang X. Prediction of functional microRNA targets by integrative modeling of microRNA binding and target 

expression data. Genome Biol. 2019;20(1):18. doi:10.1186/s13059-019-1629-z 

Franceschini A, Szklarczyk D, Frankild S, et al. STRING v9.1: protein-protein interaction networks, with increased 

coverage and integration. Nucleic Acids Research. 2012;41(D1):D808-D815. doi:10.1093/nar/gks1094 

Kohl M, Wiese S, Warscheid B. Cytoscape: Software for Visualization and Analysis of Biological Networks. In: 

Hamacher M, Eisenacher M, Stephan C, eds. Data Mining in Proteomics. Vol 696. Methods in Molecular Biology. 

Humana Press; 2011:291-303. doi:10.1007/978-1-60761-987-1_18 

Huang DW, Sherman BT, Lempicki RA. Systematic and integrative analysis of large gene lists using DAVID 

bioinformatics resources. Nat Protoc. 2009;4(1):44-57. doi:10.1038/nprot.2008.211 

American Diabetes Association. 2. Classification and Diagnosis of Diabetes. Dia Care. 2017;40(Supplement 1):S11-S24. 

doi:10.2337/dc17-S005 

Sweeting A, Park F, Hyett J. The first trimester: prediction and prevention of the great obstetrical syndromes. Best Pract 

Res Clin Obstet Gynaecol. 2015;29(2):183-193. doi:10.1016/j.bpobgyn.2014.09.006 

Guay C, Regazzi R. New emerging tasks for microRNAs in the control of β-cell activities. Biochimica et Biophysica 

Acta (BBA) - Molecular and Cell Biology of Lipids. 2016;1861(12):2121-2129. doi:10.1016/j.bbalip.2016.05.003 

Ventriglia G, Nigi L, Sebastiani G, Dotta F. MicroRNAs: Novel Players in the Dialogue between Pancreatic Islets and 

Immune System in Autoimmune Diabetes. BioMed Research International. 2015;2015:1-11. 

doi:10.1155/2015/749734 

Sebastiani G, Po A, Miele E, et al. MicroRNA-124a is hyperexpressed in type 2 diabetic human pancreatic islets and 

negatively regulates insulin secretion. Acta Diabetol. 2015;52(3):523-530. doi:10.1007/s00592-014-0675-y 

Park S-Y, Lee JH, Ha M, Nam J-W, Kim VN. miR-29 miRNAs activate p53 by targeting p85 alpha and CDC42. Nat 

Struct Mol Biol. 2009;16(1):23-29. doi:10.1038/nsmb.1533 

Li C, Dong Q, Che X, et al. MicroRNA-29b-2-5p inhibits cell proliferation by directly targeting Cbl-b in pancreatic 

ductal adenocarcinoma. BMC Cancer. 2018;18(1):681. doi:10.1186/s12885-018-4526-z 

Merkel O, Asslaber D, Pinon J, Egle A, Greil R. Interdependent regulation of p53 and miR-34a in chronic lymphocytic 

leukemia. Cell Cycle. 2010;9(14):2836-2840. doi:10.4161/cc.9.14.12267 

Avasarala S, Van Scoyk M, Wang J, et al. hsa-miR29b, a critical downstream target of non-canonical Wnt signaling, 

plays an anti-proliferative role in non-small cell lung cancer cells via targeting MDM2 expression. Biology Open. 

2013;2(7):675-685. doi:10.1242/bio.20134507 

Matthaei M, Hu J, Kallay L, et al. Endothelial Cell MicroRNA Expression in Human Late-Onset Fuchs’ Dystrophy. 

Invest Ophthalmol Vis Sci. 2014;55(1):216-225. doi:10.1167/iovs.13-12689 

Palsgaard J, Emanuelli B, Winnay JN, Sumara G, Karsenty G, Kahn CR. Cross-talk between Insulin and Wnt Signaling 

in Preadipocytes: ROLE OF WNT CO-RECEPTOR LOW DENSITY LIPOPROTEIN RECEPTOR-RELATED 

PROTEIN-5 (LRP5). J Biol Chem. 2012;287(15):12016-12026. doi:10.1074/jbc.M111.337048 

Chodick G, Zucker I. Diabetes, gestational diabetes and the risk of cancer in women: epidemiologic evidence and 

possible biologic mechanisms. Womens Health (Lond). 2011;7(2):227-237. doi:10.2217/whe.11.4 

Abiola M, Favier M, Christodoulou-Vafeiadou E, Pichard A-L, Martelly I, Guillet-Deniau I. Activation of Wnt/β-

Catenin Signaling Increases Insulin Sensitivity through a Reciprocal Regulation of Wnt10b and SREBP-1c in 

Skeletal Muscle Cells. Calbet JAL, ed. PLoS ONE. 2009;4(12):e8509. doi:10.1371/journal.pone.0008509 

Cabrae R, Dubuquoy C, Caüzac M, et al. Insulin activates hepatic Wnt/β-catenin signaling through stearoyl-CoA 

desaturase 1 and Porcupine. Sci Rep. 2020;10(1):5186. doi:10.1038/s41598-020-61869-4 



Genetics and Molecular Research 20 (2): gmr23678  

                                   P. K. Dubey et al. 10 
 

Dodington DW, Desai HR, Woo M. JAK/STAT – Emerging Players in Metabolism. Trends in Endocrinology & 

Metabolism. 2018;29(1):55-65. doi:10.1016/j.tem.2017.11.001 

Rulifson IC, Karnik SK, Heiser PW, et al. Wnt signaling regulates pancreatic beta cell proliferation. Proc Natl Acad Sci 

USA. 2007;104(15):6247-6252. doi:10.1073/pnas.0701509104 

Straßburger K, Tiebe M, Pinna F, Breuhahn K, Teleman AA. Insulin/IGF signaling drives cell proliferation in part via 

Yorkie/YAP. Developmental Biology. 2012;367(2):187-196. doi:10.1016/j.ydbio.2012.05.008 

Rawlings JS. The JAK/STAT signaling pathway. Journal of Cell Science. 2004;117(8):1281-1283. 

doi:10.1242/jcs.00963 

Paul MK, Mukhopadhyay AK. Tyrosine kinase – Role and significance in Cancer. Int J Med Sci. Published online 

2004:101-115. doi:10.7150/ijms.1.101 

Wolf I, Sadetzki S, Catane R, Karasik A, Kaufman B. Diabetes mellitus and breast cancer. The Lancet Oncology. 

2005;6(2):103-111. doi:10.1016/S1470-2045(05)01736-5 

Xiang W, Wu X, Huang C, et al. PTTG1 regulated by miR-146a-3p promotes bladder cancer migration, invasion, 

metastasis and growth. Oncotarget. 2017;8(1):664-678. doi:10.18632/oncotarget.13507 

Yin Z, Cui Z, Ren Y, Xia L, Li H, Zhou B. MiR-146a polymorphism correlates with lung cancer risk in Chinese 

nonsmoking females. Oncotarget. 2017;8(2):2275-2283. doi:10.18632/oncotarget.13722 

Xu Y, Ouyang C, Lyu D, et al. Diabetic nephropathy execrates epithelial-to-mesenchymal transition (EMT) via miR-

2467-3p/Twist1 pathway. Biomed Pharmacother. 2020;125:109920. doi:10.1016/j.biopha.2020.109920 

Valinezhad Orang A, Safaralizadeh R, Kazemzadeh-Bavili M. Mechanisms of miRNA-Mediated Gene Regulation from 

Common Downregulation to mRNA-Specific Upregulation. International Journal of Genomics. 2014;2014:1-15. 

doi:10.1155/2014/970607 

Lewis BP, Burge CB, Bartel DP. Conserved Seed Pairing, Often Flanked by Adenosines, Indicates that Thousands of 

Human Genes are MicroRNA Targets. Cell. 2005;120(1):15-20. doi:10.1016/j.cell.2004.12.035 

Hecker M, Fitzner B, Blaschke J, Blaschke P, Zettl UK. Susceptibility variants in the CD58 gene locus point to a role of 

microRNA-548ac in the pathogenesis of multiple sclerosis. Mutat Res Rev Mutat Res. 2015;763:161-167. 

doi:10.1016/j.mrrev.2014.10.002 

Xu Q, Liu J, Yuan Y. Comprehensive assessment of the association between miRNA polymorphisms and gastric cancer 

risk. Mutat Res Rev Mutat Res. 2015;763:148-160. doi:10.1016/j.mrrev.2014.09.004 

 

 

 

 

 

 

 

 


