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What is microRNA (miRNA)?What is microRNA (miRNA)?
A family of small RNAs containing non‐coding 21‐22 ntA family of small RNAs, containing non coding 21 22 nt

locate in intronic, exonic, or promoter part of genomic regions

Zhao Y, Srivastava D, TIBS 32:189,2007



Roles of microRNA (miRNA)Roles of microRNA (miRNA)
Stem loops

Regulate gene expression 70 nt
Stem loops

by inhibit mRNA 

translation
22 t22 nt

Annu. Rev. Cell Dev. Biol. 2007.23:175‐205



miRBasemiRBase
http://www.mirbase.org/



Human miRNAs (J 2013)Human miRNAs (June, 2013)

Total miRNA genes in 115 species 10,882
Total number of miRNAs known 1,872
Number of human mRNA targets 34,788

miRNAs can have multiple targets
Target mRNAs can have multiple miRNA binding 
isites

miRBase @ http://www.mirbase.org/
MicroCosm @ http://www.ebi.ac.uk/enright-srv/microcosm/



miRNAs Affect EverythingmiRNAs Affect Everything

© Frank Slack frank.slack@yale.edu



Reported miRNA that associated with T2DReported miRNA that associated with T2D

(Translational Research 2011;157:253–264)



miRNAs As Potential Biomarkers For Diabetes

• Recent studies reported the detection of 
miRNAs in blood and other body fluids.y

• Levels of miRNAs in serum samples were 
t bl d ibl d i t tstable, reproducible, and consistent among 
individuals.

• The circulating miRNAs originate from WBCs 
and cells located outside of blood vesselsand cells located outside of blood vessels.



ObjectivesObjectives

d f lTo identify circulating microRNA as 
biomarkers associated with type 2 DM 

To assess microRNA biomarkers for 
prediction of type 2 diabetes in EGATprediction of type 2 diabetes in EGAT 
prospectively



Materials and Methods



Study work flowStudy work flow

V ifi i h d f i dVerification method of extracting adequate 
miRNA from serum for whole genome study

Collect serum and whole blood from test subjectsCollect serum and whole blood from test subjects

Whole genome miRNA expression study

Select miRNA that associated with T2D from test cohort
t lid t i ti EGAT h tto validate in prospective EGAT cohort



SubjectsSubjects

Test cohort

Normal BMI BMI > 25 kg/m2 Normal BMI BMI > 25 kg/m2Normal BMI 
NGT

BMI > 25 kg/m2 
NGT

Normal BMI 
DM

BMI > 25 kg/m
DM

Validation in EGAT prospective cohort

5 5 5 5

Validation in EGAT prospective cohort



Whole genome miRNA expression studyWhole genome miRNA expression study

• The miScript miRNA PCR Array Human miRNome®

(384 well‐plate)
– miRNA quantification and profiling using SYBR Green real‐q p g g
time PCR technique.

– Contain PCR primer pairs for 1152 miRNAs



Methods



RNA extractionRNA extraction

miRNeasy® for serum/plasma KitsmiRNeasy® for serum/plasma Kits







Study AnalysesStudy Analyses

Ch k i i l ( iRTC) d PCRCheck reverse transcription control (miRTC) and PCR 
control (PPC) Ct values for reverse transcription and 
PCR efficiencyPCR efficiency
Determine a prep free of cellular contamination by 
observing housekeeping assays Ct values (>35)observing housekeeping assays Ct values (>35)
Data normalization using cel‐miRNA‐39 expression
Calculating ΔCt fold change scattergram using webCalculating ΔCt ,fold change, scattergram using  web‐
based data analysis and comparing between test 
group and controlg p
Fold change > 2.5 were selected for further validation 
test



Results



Baseline CharacteristicsBaseline Characteristics

Normal-Lean
(n=5)

Normal-Obese
(n=5)

DM-Lean
(n=4)

DM-Obese
(n=5)

Age 56 40 + 12 40 62 80 + 7 33 61 75 + 7 50 61 60 + 9 13Age
(yr)

56.40 + 12.40
(41-71)

62.80 + 7.33
(52-70)

61.75 + 7.50 
(54-70)

61.60 + 9.13 
(53-75)

Fasting plasma 
l ( /dl)

89.80 + 9.78
(73 97)

100.2 + 7.56
(89 109)

106.50 + 8.39
(98 118)

106.40 + 5.03
(102 114)glucose (mg/dl) (73-97) (89-109) (98-118) (102-114)

2-hr plasma 
glucose (mg/dl)

119.00 + 28.04
(70-137 )

108.2 + 20.87
(80-135 )

219.0 + 19.15
(204-244 )

249.60 + 24.83
(223-279)

BW 
(kg)

51.81 + 4.33
(45.8-57.4)

63.85 + 6.34
(54.9-72.2)

53.85 + 4.76
(46.9-57.6 )

65.33 + 7.31
(57.2-74.2)

HT 
(cm)

153.24 + 5.40
(147.0-161.0)

151.16 + 7.47
(139.8-160.0)

151.7 + 7.44
(141.4-158.6)

148.58 + 4.02
(143.3-153.6 )

BMI 22.09 + 1.92 27.89 + 0.87 23.37 + 0.44 29.59 + 3.17
(kg/m2)

09 9
(19.91-24.52)

89 0 8
(26.94-29.11)

3 3 0
(22.93-23.93)

9 59 3
(27.21-34.79)



f h i• Of the 1152 miRNAs
profiled by The 
miScript miRNA PCR 
Array Human 

®miRNome® ,
91 miRNAs were 
detected in all serum 
pools with Ct valuespools with Ct values 
<35



Lean NGT VS lean DM   Mature ID Fold 
Regulation

iR 130 3 4 2428miR-130a-3p 4.2428
let-7i-5p 5.3332

miR-93-5p 3.2154
let 7a 5p 5 1515let-7a-5p 5.1515
let-7g-5p 5.4831

miR-744-5p 3.3519
miR-222-3p 4 4229miR-222-3p 4.4229
miR-22-3p 14.2709
miR-19b-3p 2.5053
miR-103a-3p 2.9383miR 103a 3p 9383
miR-766-3p 3.7451
miR-142-5p 4.1554
miR-27b-3p 2.5758miR 27b 3p 2.5758
miR-30e-5p 2.7226
miR-425-3p 4.1771
miR-29c-3p -2 918miR 29c 3p 2.918
miR-144-3p -2.7416
miR-142-3p -4.5789
miR-221-3p -3 154721 miRNA miR 221 3p 3.1547
miR-1260a -3.5247

miR-3173-3p -6.4699

21 miRNA



obese NGT VS obese DM  
Mature ID Fold Regulation
miR-223-3p 2.5892
miR-382-5p 2.9332p
miR-93-5p 3.0578

miR-144-3p 3.3461
miR-27b-3p 3.2546

let-7b-5p 3.4402
miR-191-5p 4.2061
miR-30d-5p 5.5887
miR-30a-5p 6 1582miR 30a 5p 6.1582
miR-30e-5p 2.6253
miR-221-3p 4.3357
miR-423-5p 2.5249
miR-1280 2.614

miR-625-3p 2.763
miR-1260b 5.2461
miR 4301 3 3432miR-4301 3.3432

miR-181c-3p 2.7919
miR-676-5p 7.788
miR-486-5p -6.7155p
miR-142-3p -4.2208

miR-610 -2.7274
miR-877-5p -3.5004

iR 20 5 2 616225 miRNA miR-20a-5p -2.6162
miR-4274 -2.6459
miR-17-5p -3.1794

25 miRNA



Differential expression of miRNA between 
NGT (lean+obese) VS DM (lean+obese)  

Mature ID Fold Regulation
let-7i-5p 2.8358

miR-93-5p 3.1356

miR-22-3p 3.7418

miR-142-5p 2.826

miR-27b-3p 2 8954miR 27b 3p 2.8954

miR-191-5p 2.6004

miR-30d-5p 3.1684

miR-142-3p -4.3962



Obese DMObese DM
miR-27b-3p
miR 191 5p

miR-93-5p
iR 142 3

let-7i-5p
iR 22 3

miR-191-5p
miR-30d-5p

miR-142-3pmiR-22-3p
miR-142-5p

Lean DMLean DM



miRNAs that differentially expressed 
in both lean and obese T2D
miR‐142‐3p miR‐93‐5p

2ΔcT 2ΔcT

4

5 NGT DM

2

2.5
NGT DM

3
1.5

2

‐4 2
3.1

3.2

4 6

1

2

0.5

1
‐4.2 ‐4.6

0

LEAN OBESE
0

0.5

LEAN OBESELEAN OBESE



ConclusionsConclusions

hi i h fi d f h l• This is the first study of whole genome 
miRNA expression profiling in T2D patients.

• There are 7 miRNA up‐regulated and 1 
miRNA down‐regulated (> 2.5 fold change) in g ( g )
T2D patients comparing with NGT subjects.

• miR‐142‐3p was down‐regulated and miT‐93‐miR‐142‐3p was down‐regulated and miT‐93‐
5p was up‐regulated in both lean and obese 
T2D therefore these 2 miRNA are circulatingT2D, therefore these 2 miRNA are circulating 
biomarker for T2D prediction





Further studyFurther study

• Individual genotyping by real‐time PCR in 
larger T2D cohort vs control group.g g p

• Assess these circulating biomarkers as 
predictors for T2D in EGAT cohortpredictors for T2D in EGAT cohort.

• Functional assay to find target gene 
regulation.
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Differential expression of miRNA between 
l blean NGT VS obese NGT

Mature ID Fold Regulation
hsa-miR-20b-5p 2.7967

hsa-miR-22-3p 7.4837

hsa-miR-19b-3p 4.0947p
hsa-miR-610 2.7774

hsa-miR-766-3p 3.5894

hsa-miR-877-5p 2.7967hsa miR 877 5p 2.7967

hsa-miR-29c-3p -3.2858

hsa-miR-15b-5p -2.8016

h iR 18b 5 4 188hsa-miR-18b-5p -4.188

hsa-miR-144-3p -2.9409

hsa-miR-186-5p -2.5959

hsa-let-7b-5p -3.9347

hsa-miR-191-5p -2.578

hsa-miR-221-3p -5.9432p
hsa-miR-1260a -3.4135

hsa-miR-3173-3p -4.6268


