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Abstract 

MicroRNAs (miRNAs) are a family of endogenous small non-coding RNAs which 

regulate mRNAs at the post-transcriptional level. MiRNAs have been identified in 

both normal physiological and pathological conditions. To date, a limited number of 

miRNAs have been shown to be involved in the regulation of insulin secretion. We 

have identified a panel of 10 miRNAs down-regulated in glucose non-responsive 

MIN6 cells compared to glucose responsive cells using TaqMan Low Density human 

microRNA arrays. Of these 10 miRNA targets, subsequent functional investigations 

involving knockdown of mir-200a, mir-130a and mir-410 levels suggested that they 

may decrease the capability of MIN6 cells to secrete insulin in response to stimulatory 

levels of glucose. Conversely, experiment with over-expression of mir-410 suggest 

that it may enhance levels of glucose stimulated insulin secretion. In this study, we 

have also identified 21 miRNAs not previously known to have a potential murine 

homolog.  
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Introduction 

 

In recent years, miRNAs have been implicated to play a role in regulation of insulin 

secretion [1-4], pancreatic islet development and � cell differentiation  [5-11], insulin 

resistance [12-15], and have been associated with secondary complications of 

diabetes, such as diabetic nephropathy [16, 17] and cardiovascular disease [18, 19]. 

A number of miRNAs have been shown to be directly involved in glucose stimulated 

insulin secretion (GSIS); indicating potential therapeutic targets for enhancement of 

GSIS and � cell function in Type 2 diabetes. 

Mir-375 is, apparently, an important miRNA which negatively regulates GSIS in the 

murine insulinoma cell line, MIN6, and is thought to act at the late stages of 

exocytosis through its target myotrophin [1]. Glucose is a negative modulator of mir-

375 expression. Mir-375 also negatively regulates insulin gene expression in INS-1E 

cells by directly targeting PDK1, thereby glucose induced reduction of mir-375 

ultimately leads to increased insulin gene expression [20]. Mir-30d expression is also 

glucose modulated in MIN6 cells and mouse pancreatic islets; with up-regulation of 

mir-30d levels induced by high glucose concentrations. Over-expression of mir-30d in 

MIN6 cells leads to increased insulin gene expression, while knockdown leads to 

reduced expression [21], although it is unknown whether the effect of glucose-

induced mir-30d on insulin expression is also mediated through PDK1.  

Another miRNA mir-124a, targets transcription factor foxa2, which in turn regulates 

PDX-1 (which regulates insulin transcription) and potassium channel subunits Kir6.2 

and sur1. Overexpression of mir-124a leads to increased Ca2+ levels within MIN6 

cells, possibly due to dysregulation of Kir6.2 and sur1 subunits [2]. Overexpression of 

mir-124a in MIN6 B1 cells led to increased insulin secretion in response to basal 
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glucose concentrations and reduced secretion in response to stimulatory glucose 

concentrations [4]. Mir-124a affects the expression of a number of other exocytosis 

related proteins in MIN6 B1 cells including SNAP25, Rab3A, synapsin-1A, Rab27A 

and Noc2; although only Rab27A is a direct target of mir-124a [4]. These exocytosis-

related proteins also have predicted binding sites for regulation by other miRNAs, but 

these still remain to be experimentally validated [22]. 

Mir-9 negatively regulates GSIS in INS-1E cells by directly targeting transcription 

factor onecut2, which in turn regulates granuphilin, a negative modulator of 

exocytosis [3]. Mir-96 mediated reduction of GSIS in MIN6 B1 cells is also 

associated with reduced expression of granuphilin and Noc2 exocytosis related 

proteins.  

High levels of mir-34a are observed in islets from diabetic db/db mice. Over-

expression of mir-34a in MIN6 B1 cells leads to reduced GSIS, possibly through its 

target protein VAMP2 which plays a role in �-cell exocytosis [23]. Since each 

miRNA can target multiple mRNAs, regulation of insulin secretion may be controlled 

by a small network of miRNAs co-ordinately targeting the extensive range of proteins 

involved in regulation of exocytosis. 

This study aimed to identify other potential key miRNAs involved in the network of 

regulation of insulin secretion, while investigating the feasibility of more globally 

profiling miRNA expression in glucose responsive compared to glucose non-

responsive MIN6 cells. 
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Materials and Methods 

Cell Culture: MIN6 cells were routinely maintained in Dulbecco’s modified Eagle’s 

medium supplemented with 10% heat-inactivated foetal calf serum and were cultured 

at 37 °C with 5% CO2.  

 

GSIS analysis: The GSIS profiles of MIN6 cells were examined at glucose 

concentrations of 3.3 and 16.7 mmol/L. The GSIS response of MIN6 cells were 

measured according to previously published protocol [24]. Conditioned medium was 

used for analysis by (pro)insulin ELISA (Mercodia, AB, Sylveniusgatan, Uppsala, 

Sweden 10-1124-10;), following the manufacturer’s instructions. Dc protein assay 

(Biorad) was used to determine mg of protein/well following manufacturer’s 

instructions. ELISA results were then normalised to insulin secretion in pmol/L/mg 

protein. 

RNA extraction and TaqMan Low Density miRNA Array: TaqMan Low Density 

miRNA arrays (TLDA) were performed on RNA isolated from glucose responsive 

and glucose non-responsive MIN6 cells, in three biological repeat experiments. Total 

RNA was isolated using MirVana miRNA isolation kit (Applied Biosystems), 

following the manufacturer’s instructions. RNA quantity and purity were assessed 

spectrophotometrically (Nanodrop ND-1000, Labtech International, Ringmer, East 

Sussex, UK). cDNA was synthesised using TaqMan microRNA reverse transcription 

kit (Applied Biosystems) and Multiplex RT Human Primer Pool Sets. Resulting 

cDNA was then loaded onto TLDA cards according to manufacturer’s instructions. 

TLDA cards were run on ABI 7900HT Real Time PCR system (Applied Biosystems). 
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Criteria for selecting induced/suppressed miRNAs: Controls included on the TLDA– 

and described as endogenous controls i.e. RNU44, RNU48 and RNU6B were 

undetected in MIN6 cells. Let-7b miRNA, expression of which was unchanged 

between glucose responsive and glucose non-responsive MIN6 cells, was thus 

assigned as endogenous control and all TLDA data was subsequently normalised to 

Let-7b. Following data normalisation, gene lists were generated using a t-test to 

identify genes that were significantly (P < 0.05) differentially expressed between 

glucose non-responsive MIN6 arrays and the glucose responsive MIN6 arrays (used as 

the calibrator/‘control’).  

Functional validation studies: over-expression and knockdown of target miRNAs in 

MIN6 cells: MIN6 cells were transfected with pre-mir (miRNA precursors) and anti-

mir (miRNA inhibitors) (Applied Biosystems) for over-expression and knockdown of 

miRNA levels, respectively. Pre-mir negative was used as a negative control for pre-

mir experiments. Anti-mir negative was used as a negative control for anti-mir 

experiments. Transfection of miRNAs was carried out using Lipofectamine 2000 in 

accordance with the manufacturer’s instructions (Invitrogen). To assay the effects of 

pre/anti-mirs on GSIS, MIN6 cells were seeded in 24-well plates at a concentration of 

2x105cells/well and were transfected with 50nM of pre/anti-mir. Medium was 

changed after 24hrs and GSIS assay was performed after 72hrs (see protocol above). 

 

MiRNA target prediction: The analysis of miRNA-predicted targets was performed 

using the algorithm miRanda (http://www.microrna.org/microrna/getMirnaForm.do). 
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Results 

 

Comparison of human versus murine miRNA sequences 

No murine TLDAs were available at the time of conducting this study; however, 

human TLDAs were assessed for suitability to be used in murine experiments. 

TLDAs are 384 well cards, including 19 control wells. The 365 remaining wells 

represent different human miRNAs. The sequence of each was retrieved from the 

miRNA database - miRBase (www.mirbase.org/) [25-27] and compared against the 

murine equivalent sequence to assess homology. 242 of 365 sequences were found to 

be conserved between human and mouse. For a further 121 sequences there was no 

murine equivalent registered in miRBase. The remaining 2 miRNA sequences 

represent what are now described as “dead” miRNAs i.e. sequences which were 

initially thought to be miRNAs but have more recently been described as potential 

tRNA fragments. 

 

Novel murine miRNAs 

121 of 365 human miRNAs have no murine equivalent registered in miRBase. 

However, 21 of these 121 miRNAs were reproducibly detected in all 6 TLDA cards 

run with the murine MIN6 RNA samples, indicating that these human miRNA 

sequences may have a conserved murine homolog (Table 1).  
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MiRNA profiling of glucose responsive compared to glucose non-responsive MIN6 

cells 

The responsiveness of pancreatic � cells to glucose is measured as a fold change of 

insulin secretion in response to glucose stimulation (16.7mM glucose) compared to 

basal insulin secretion (3.3mM glucose). With increasing time in culture, the GSIS 

fold change of MIN6 cells decreases [24].  

In order to identify miRNAs which may be responsible for this loss of GSIS, miRNA 

profiling was performed on glucose responsive MIN6 cells and glucose non-

responsive MIN6 cells using TLDAs. Endogenous controls RNU44, RNU48 and 

RNU6B were incorporated onto each plate; however none of these transcripts were 

detected in the samples used. Therefore let-7b was chosen as endogenous control for 

normalisation, as levels of this miRNA were unchanged in all samples. Following 

normalisation and application of t-test, differentially expressed targets were identified 

as miRNAs with P-value < 0.05. Using this criterion 10 differentially expressed 

miRNAs were identified (Table 2).  

 

Putative miRNA targets 

Microarray and proteomic studies performed in house identified mRNAs [28] and 

proteins [29] differentially expressed in glucose responsive compared to glucose non-

responsive MIN6 and MIN6 B1 cells. Here, bioinformatic analysis was performed on 

these mRNA and protein targets using  microRNA.org: A resource for predicted 

microRNA targets and expression, based on the miRanda algorithm 

(http://www.microrna.org/microrna/home.do) [30, 31] to determine if they could 

potentially be regulated by the miRNAs identified as of interest in this study. A large 

number of these mRNAs were found to contain putative binding sites for the target 
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miRNAs, including several mRNAs of which could potentially be targeted by more 

than one of the identified miRNAs (Table 3).  

 

Functional validation of miRNAs 

Functional validation of miRNA targets was performed in order to evaluate miRNA 

effect on GSIS.  Pre-mir and anti-mir technology was used to increase and 

knockdown miRNA levels, respectively. Anti-mir negative, pre-mir negative and 

untreated controls were performed with each experiment to show that effect on GSIS 

was due to manipulation of specific miRNA, rather than a more general or random 

event. 

According to our TLDA analysis, each of the 10 miRNAs had reduced expression in 

glucose non-responsive MIN6 cells (Table 2); therefore, pre-mir over-expression of 

miRNA would be expected to improve GSIS function, while anti-mir reduction of 

miRNA would be expected to reduce GSIS function.  

For miRNAs which exhibited effects on GSIS a large number of experiments were 

undertaken to determine if these effects were significant as we observed considerable 

interplate variations in GSIS, and even in basal insulin secretion (3.3mM glucose), the 

same pre-mir and anti-mir, and the same controls, sometimes stimulated or decreased 

insulin secretion. Therefore, we can only suggest functional trends rather than an 

absolutely certain effect.  In the case of anti-mir transfection for mir 410, mir 200a 

and mir 130a, and pre-mir transfection for mir-410, we present in each case results 

based on 3 independent experiments which gave consistent results (Figure 1a, Figure 

2, Figure 3 and Figure 1b respectively). These results suggest that knockdown of mir-

410, mir-200a and mir-130a all decrease the magnitude of GSIS in MIN6 cells, as 
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would be expected from the profiling data, while overexpression of mir-410 suggests 

an improved GSIS in MIN6 cells. 

Mir-369-5p, mir-27a, mir-320 and mir-192 also had slight effect on GSIS; however, 

this effect was not statistically significant. Manipulation of mir-337, mir-532 and mir-

379 did not exhibit any functional effects on GSIS. 
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Discussion 

In addition to insulin resistance in muscle, liver and adipose tissues, exhibited by 

Type 2 diabetes patients, this condition is also often associated with reduced 

functionality of pancreatic � cells. Much is known of the mechanisms of GSIS and the 

proteins involved therein; however, the specific regulation of exocytosis-related 

proteins remains less well understood. A small number of miRNAs have been shown 

to play a role in regulation of components of the insulin secretory pathway [1-3]. This 

study aimed to investigate the feasibility of identifying other miRNAs involved in the 

process of GSIS. In addition to increasing our basic understanding of the relevance of 

miRNAs in physiological events such as GSIS, miRNAs represent a potential future 

route of therapeutic targets which could be used to improve � cell function in Type 2 

diabetes by manipulating expression of components of the exocytosis machinery and 

may also have relevance with regards to manipulating cells to secrete insulin in a 

regulated manner for use as cell replacement therapies for Type 1 diabetes. 

In order to identify miRNAs involved in GSIS it was necessary to screen all possible 

miRNAs for differential expression in GSIS capable and incapable cells. TLDAs 

enable relative quantification of expression of 365 different miRNAs using TaqMan 

real-time PCR chemistries. These TLDAs were designed for analysis of human 

miRNA expression; however, the GSIS cell line model to be used in this study (as 

there is no human GSIS cell lines available for analysis) is of murine origin. In order 

to overcome this problem, homology comparisons were performed using miRBase to 

determine the quantity of miRNAs conserved between the two species. 67% of the 

365 miRNAs were found to be conserved between human and murine; therefore; due 

to this high level of conservation, these human TLDAs were deemed suitable for 

profiling murine miRNA expression. 
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Of the remaining 33% of the human miRNAs represented, which were thought not to 

have a murine homolog according to miRBase (release 14.0), in the actual laboratory 

analysis, 21 of these were discovered to be reproducibly detected in all  murine RNA 

samples evaluated in this study. Prior to this analysis, 579 miRNAs are known to be 

present in the murine Mus Musculus species (miRBase, release 14.0; as of September 

2009); the results from this study potentially increases this to 602 miRNAs. 

MIN6 cells secrete insulin in a glucose regulated manner; however, with increasing 

time in culture they lose this GSIS phenotype [24]. MiRNA profiling of glucose 

responsive MIN6 cells compared to glucose non-responsive MIN6 cells was 

performed using TLDAs to identify miRNAs involved in the GSIS mechanism. A 

panel of 10 miRNAs were identified as down-regulated in glucose non-responsive 

cells compared to glucose responsive cells.  

Previous microarray and proteomic studies in our laboratory identified mRNAs [28] 

and proteins [29] differentially expressed in GSIS compared to non-responsive MIN6 

and MIN6 B1 cells. Therefore, the miRanda algorithm was applied here to determine 

if any of these mRNA and proteins contained potential binding sites for regulation by 

the miRNAs identified in this study as potentially being involved in regulating GSIS. 

A number of mRNAs important for � cell function such as neuroD1, Isl1 and TGF�1, 

contained potential binding sites for miRNA regulation. Thioredoxin-interacting 

protein (Txnip), identified as up-regulated in glucose non-responsive compared to 

GSIS MIN6 B1 cells, is an inhibitor of thioredoxin which plays a role in reducing 

oxidative stress, and it is thought that through this mechanism reduces the glucose 

responsiveness of MIN6 cells; conversely, down-regulation of Txnip and hence 

removal of the repressive effects on thioredoxin leads to improved glucose 

responsiveness of MIN6 cells (Rani S. et al, in prep). Here we report that Txnip 
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contains a potential binding site for mir-130a and mir-200a regulation. Furthermore, 

knockdown of mir-130a and mir-200a expression leads to reduction of GSIS in MIN6 

cells (Figure 2 and Figure 3), although it has yet to be directly established if mir-130a 

and mir-200a effects on GSIS are mediated through Txnip. 

In this study anti-mir transfections suggest that knockdown of mir-410 (Figure 1a), 

mir-130a (Figure 2) and mir-200a (Figure 3) may decrease the magnitude of GSIS in 

MIN6 cells, while pre-mir transfections suggest overexpression of mir-410 (Figure 

1b) may increase the GSIS response of MIN6 cells. However, the likely involvement 

of multiple miRNAs in GSIS and fluctuations in the GSIS assay makes it difficult to 

arrive at definitive functional assignments for individual miRNAs. 

Little is known of mir-410, and its role in pancreatic � cells has not been previously 

identified, this study suggests it may be involved in the regulation of insulin secretion, 

although the mechanisms by which mir-410 functions still remain to be deciphered. 

Previous studies have reported mir-375, mir-9, mir-124a and mir-96 to play a role in 

regulation of insulin secretion in rodent pancreatic beta cell lines MIN6, INS-IE and 

MIN6 B1 cells [1-4]; however, in this study, mir-375, mir-9, mir-124a and mir-96 

were not differentially expressed between the two populations, indicating that the loss 

of GSIS in these cells may potentially be via a myotrophin-, granuphilin- and mir-

124a-independent mechanisms.  

While we identified potential functional relevance in GSIS for some of the 

differentially expressed miRNAs identified in this study, a number of those identified 

here did not exhibit any functional effect on GSIS when their levels were manipulated 

in MIN6 cells, these miRNAs may require combined action of more than one miRNA, 

as miRNAs only tested individually, or these miRNAs may be involved in other 

changes the cells are undergoing as they lose their GSIS. 
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Conclusion 

Keeping in mind the limitation that these TLDA cards were designed to detect human 

miRNAs, 66% of the 365 human miRNA targets have a murine homolog, and 

therefore human TLDAs are suitable for analysis of murine miRNAs. In addition, by 

using human TLDAs a further 21 human miRNAs not previously known to exist in 

mouse have been reproducibly detected in the MIN6 cell line. Mir-410 identified in 

this study as potentially involved in glucose induced insulin secretion represents a 

potential therapeutic target for manipulation to maintain/restore GSIS in insulin-

producing cells. However, the mechanism by which mir-410 is involved in insulin 

secretion still remains to be elucidated. 

 

Acknowledgements : The authors acknowledge support from Ireland’s Higher 

Educational Authority Programme for Research in Third Level Institutes (PRTLI) 

Cycle 4, the Health Research Board, and Dublin City University’s Research 

Fellowship Award. 



ACCEPTED MANUSCRIPT 

15 

References  

 
 
 

[1] M. N. Poy, L. Eliasson, J. Krutzfeldt, S. Kuwajima, X. Ma, P. E. Macdonald, S. 

Pfeffer, T. Tuschl, N. Rajewsky, P. Rorsman, and M. Stoffel, A pancreatic islet-

specific microRNA regulates insulin secretion, Nature 432 (2004) 226-230. 

[2] N. Baroukh, M. A. Ravier, M. K. Loder, E. V. Hill, A. Bounacer, R. Scharfmann, 

G. A. Rutter, and E. Van Obberghen, MicroRNA-124a regulates Foxa2 expression 

and intracellular signaling in pancreatic beta-cell lines, J Biol Chem 282 (2007) 

19575-19588. 

[3] V. Plaisance, A. Abderrahmani, V. Perret-Menoud, P. Jacquemin, F. Lemaigre, 

and R. Regazzi, MicroRNA-9 controls the expression of Granuphilin/Slp4 and the 

secretory response of insulin-producing cells, J Biol Chem 281 (2006) 26932-26942. 

[4] P. Lovis, S. Gattesco, and R. Regazzi, Regulation of the expression of components 

of the exocytotic machinery of insulin-secreting cells by microRNAs, Biol Chem 389 

(2008) 305-312. 

[5] M. V. Joglekar, V. S. Parekh, and A. A. Hardikar, New pancreas from old: 

microregulators of pancreas regeneration, Trends Endocrinol Metab 18 (2007) 393-

400. 

[6] M. N. Poy, J. Hausser, M. Trajkovski, M. Braun, S. Collins, P. Rorsman, M. 

Zavolan, and M. Stoffel, miR-375 maintains normal pancreatic alpha- and beta-cell 

mass, Proc Natl Acad Sci U S A 106 (2009) 5813-5818. 

[7] M. Correa-Medina, V. Bravo-Egana, S. Rosero, C. Ricordi, H. Edlund, J. Diez, 

and R. L. Pastori, MicroRNA miR-7 is preferentially expressed in endocrine cells of 

the developing and adult human pancreas, Gene Expr Patterns 9 (2009) 193-199. 



ACCEPTED MANUSCRIPT 

16 

[8] M. V. Joglekar, V. M. Joglekar, and A. A. Hardikar, Expression of islet-specific 

microRNAs during human pancreatic development, Gene Expr Patterns 9 (2009) 109-

113. 

[9] F. C. Lynn, P. Skewes-Cox, Y. Kosaka, M. T. McManus, B. D. Harfe, and M. S. 

German, MicroRNA expression is required for pancreatic islet cell genesis in the 

mouse, Diabetes 56 (2007) 2938-2945. 

[10] W. P. Kloosterman, A. K. Lagendijk, R. F. Ketting, J. D. Moulton, and R. H. 

Plasterk, Targeted inhibition of miRNA maturation with morpholinos reveals a role 

for miR-375 in pancreatic islet development, PLoS Biol 5 (2007) e203. 

[11] M. V. Joglekar, V. S. Parekh, S. Mehta, R. R. Bhonde, and A. A. Hardikar, 

MicroRNA profiling of developing and regenerating pancreas reveal post-

transcriptional regulation of neurogenin3, Dev Biol 311 (2007) 603-612. 

[12] H. Y. Ling, H. S. Ou, S. D. Feng, X. Y. Zhang, Q. H. Tuo, L. X. Chen, B. Y. 

Zhu, Z. P. Gao, C. K. Tang, W. D. Yin, L. Zhang, and D. F. Liao, Changes in 

microRNA profile and effects of miR-320 in insulin-resistant 3T3-L1 adipocytes, Clin 

Exp Pharmacol Physiol (2009). 

[13] B. Huang, W. Qin, B. Zhao, Y. Shi, C. Yao, J. Li, H. Xiao, and Y. Jin, 

MicroRNA expression profiling in diabetic GK rat model, Acta Biochim Biophys Sin 

(Shanghai) 41 (2009) 472-477. 

[14] A. He, L. Zhu, N. Gupta, Y. Chang, and F. Fang, Overexpression of micro 

ribonucleic acid 29, highly up-regulated in diabetic rats, leads to insulin resistance in 

3T3-L1 adipocytes, Mol Endocrinol 21 (2007) 2785-2794. 

[15] A. A. Teleman, S. Maitra, and S. M. Cohen, Drosophila lacking microRNA miR-

278 are defective in energy homeostasis, Genes Dev 20 (2006) 417-422. 



ACCEPTED MANUSCRIPT 

17 

[16] Q. Wang, Y. Wang, A. W. Minto, J. Wang, Q. Shi, X. Li, and R. J. Quigg, 

MicroRNA-377 is up-regulated and can lead to increased fibronectin production in 

diabetic nephropathy, Faseb J 22 (2008) 4126-4135. 

[17] M. Kato, J. Zhang, M. Wang, L. Lanting, H. Yuan, J. J. Rossi, and R. Natarajan, 

MicroRNA-192 in diabetic kidney glomeruli and its function in TGF-beta-induced 

collagen expression via inhibition of E-box repressors, Proc Natl Acad Sci U S A 104 

(2007) 3432-3437. 

[18] X. H. Wang, R. Z. Qian, W. Zhang, S. F. Chen, H. M. Jin, and R. M. Hu, 

MicroRNA-320 expression in myocardial microvascular endothelial cells and its 

relationship with insulin-like growth factor-1 in type 2 diabetic rats, Clin Exp 

Pharmacol Physiol 36 (2009) 181-188. 

[19] J. Xiao, X. Luo, H. Lin, Y. Zhang, Y. Lu, N. Wang, B. Yang, and Z. Wang, 

MicroRNA miR-133 represses HERG K+ channel expression contributing to QT 

prolongation in diabetic hearts, J Biol Chem 282 (2007) 12363-12367. 

[20] A. El Ouaamari, N. Baroukh, G. A. Martens, P. Lebrun, D. Pipeleers, and E. van 

Obberghen, miR-375 targets 3'-phosphoinositide-dependent protein kinase-1 and 

regulates glucose-induced biological responses in pancreatic beta-cells, Diabetes 57 

(2008) 2708-2717. 

[21] X. Tang, L. Muniappan, G. Tang, and S. Ozcan, Identification of glucose-

regulated miRNAs from pancreatic {beta} cells reveals a role for miR-30d in insulin 

transcription, Rna 15 (2009) 287-293. 

[22] A. Abderrahmani, V. Plaisance, P. Lovis, and R. Regazzi, Mechanisms 

controlling the expression of the components of the exocytotic apparatus under 

physiological and pathological conditions, Biochem Soc Trans 34 (2006) 696-700. 



ACCEPTED MANUSCRIPT 

18 

[23] P. Lovis, E. Roggli, D. R. Laybutt, S. Gattesco, J. Y. Yang, C. Widmann, A. 

Abderrahmani, and R. Regazzi, Alterations in microRNA expression contribute to 

fatty acid-induced pancreatic beta-cell dysfunction, Diabetes 57 (2008) 2728-2736. 

[24] L. O'Driscoll, P. Gammell, and M. Clynes, Mechanisms associated with loss of 

glucose responsiveness in beta cells, Transplant Proc 36 (2004) 1159-1162. 

[25] S. Griffiths-Jones, H. K. Saini, S. van Dongen, and A. J. Enright, miRBase: tools 

for microRNA genomics, Nucleic Acids Res 36 (2008) D154-158. 

[26] S. Griffiths-Jones, R. J. Grocock, S. van Dongen, A. Bateman, and A. J. Enright, 

miRBase: microRNA sequences, targets and gene nomenclature, Nucleic Acids Res 

34 (2006) D140-144. 

[27] S. Griffiths-Jones, The microRNA Registry, Nucleic Acids Res 32 (2004) D109-

111. 

[28] L. O'Driscoll, P. Gammell, E. McKiernan, E. Ryan, P. B. Jeppesen, S. Rani, and 

M. Clynes, Phenotypic and global gene expression profile changes between low 

passage and high passage MIN-6 cells, J Endocrinol 191 (2006) 665-676. 

[29] P. Dowling, L. O'Driscoll, F. O'Sullivan, A. Dowd, M. Henry, P. B. Jeppesen, P. 

Meleady, and M. Clynes, Proteomic screening of glucose-responsive and glucose 

non-responsive MIN-6 beta cells reveals differential expression of proteins involved 

in protein folding, secretion and oxidative stress, Proteomics 6 (2006) 6578-6587. 

[30] D. Betel, M. Wilson, A. Gabow, D. S. Marks, and C. Sander, The microRNA.org 

resource: targets and expression, Nucleic Acids Res 36 (2008) D149-153. 

[31] B. John, A. J. Enright, A. Aravin, T. Tuschl, C. Sander, and D. S. Marks, Human 

MicroRNA targets, PLoS Biol 2 (2004) e363. 

 

 



ACCEPTED MANUSCRIPT 

Table Legends: 

Table 1. Detection of miRNAs not known to be present in mouse. Human miRNAs 

not previously known to have an equivalent homolog in mouse but detected by TLDA 

in MIN6 murine pancreatic β cells during the course of this study (n=6).  

 

Table 2. MiRNAs differentially expressed in glucose responsive and glucose non-

responsive MIN6 cells (n=3). Fold change of differentially expressed miRNAs 

indicates expression levels in glucose non-responsive MIN6 cells compared to 

glucose responsive cells (RQ- relative quantification). 

 

Table 3. Potential targets of miRNA action. mRNAs and proteins previously 

identified in our laboratory as differentially expressed in glucose responsive compared 

to glucose non-responsive MIN6 and MIN6 B1 cells [28, 29] with putative binding 

sites for miRNAs identified here by TLDAs (x – multiple putative binding sites, N/A 

– non-applicable, no putative binding sites found).  

 



ACCEPTED MANUSCRIPT 

Figure Legends: 

 

Figure 1a. Effect of mir-410 knockdown on GSIS. Measurement of GSIS fold for 

untreated, anti-mir negative control (am-neg) and mir-410 knockdown (am-410) in 

MIN6 cells (numbers above bars indicate fold change of insulin secretion in response 

to 16.7mM glucose compared to 3.3mM glucose) (n=3). (* - statistically significant 

change in GSIS, error bars indicate standard error). 

 

Figure 1b. Effect of mir-410 overexpression on GSIS. Measurement of GSIS fold 

for untreated, pre-mir negative control (pm-neg) and mir-410 overexpression (pm-

410) in MIN6 cells (numbers above bars indicate fold change of insulin secretion in 

response to 16.7mM glucose compared to 3.3mM glucose) (n=3). (* - statistically 

significant change in GSIS, error bars indicate standard error). 

 

Figure 2. Effect of mir-130a knockdown on GSIS. Measurement of GSIS fold for 

untreated, anti-mir negative control (am-neg) and mir-130a knockdown (am-130a) in 

MIN6 cells (numbers above bars indicate fold change of insulin secretion in response 

to 16.7mM glucose compared to 3.3mM glucose) (n=3). (* - statistically significant 

change in GSIS, error bars indicate standard error). 

 

Figure 3. Effect of mir-200a knockdown on GSIS. Measurement of GSIS fold for 

untreated, anti-mir negative control (am-neg) and mir-200a knockdown (am-200a) in 

MIN6 cells (numbers above bars indicate fold change of insulin secretion in response 

to 16.7mM glucose compared to 3.3mM glucose) (n=3). (* - statistically significant 

change in GSIS, error bars indicate standard error). 
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Tables : 

MiRNA Average CT 

mir-515-3p 32.33 

mir-517a 33.64 

mir-517b 32.68 

mir-517c 33.46 

mir-518c 32.61 

mir-518d 32.22 

mir-518e 32.88 

mir-520f 34.88 

mir-521 33.96 

mir-518f 31.59 

mir-519c 32.53 

mir-519e 32.09 

mir-564 33.43 

mir-596 29.97 

mir-597 33.86 

mir-617 31.94 

mir-646 31.68 

mir-650 31.56 

mir-572 31.84 

mir-512-3p 34.05 

mir-659 31.96 

Table 1.  
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Target miRNA RQ Fold Change P-value 

mir-369-5p 0.391 -2.56 0.014 

mir-130a 0.394 -2.53 0.037 

mir-27a 0.453 -2.21 0.021 

mir-410 0.456 -2.19 0.018 

mir-200a 0.558 -1.79 0.037 

mir-337 0.557 -1.79 0.013 

mir-532 0.695 -1.43 0.017 

mir-320 0.705 -1.41 0.033 

mir-192 0.737 -1.35 0.015 

mir-379 0.809 -1.23 0.015 

Table 2.  
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MicroRNA mRNA [28] Protein [29] 

mir-369-5p Syvn1 N/A 

mir-130a Egr1, neuroD1, gap 43, txnip, Rgs4, Mxi1, 

IVNS1abp, meox2 (x2), pde10a, dcx, kpnb1 

(x2), Ppadc1A, ccna2, smn (x2), BMP6 

N/A 

mir-27a Isl1, Bhlhb9, ube2g1, Pnrc1, meox2, dcx (x2), 

ssr1, kpnb1, FGF12, btg2, TGFβ1 

DUT, Psma1 

mir-410 Pld1, Rgs4, Serf1, dcx (x2), mcfd2, atp7a, eya2 Hmgb1 (x2) 

mir-200a Ceacam1, txnip, Jun, Rgs4, IVNS1abp (x2), 

dcx (x3), mcfd2, smn, Faf1, TGFβ1 

Hmgb1 

mir-337 Dcx, VCP N/A 

mir-532 Dcx, ssr1, kpnb1 N/A 

mir-320 Mxi1 (x2), bri3, gcg, rab3D, uba1, ssr1, smap1, 

FGF12 (x2), gnas, btg2 (x2), TGFβ1, BMP6 

Ppp1cb 

mir-192 TGFβ1 Hmgb1 (x2) 

mir-379 Dusp1 N/A 

Table 3.  
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Figures: 
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Figure 1a.  
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Figure 1b.  
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Figure 2.  
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Figure 3.  

 

 

 

 




