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Talk overview 

Ø  Introduction to non-coding RNAs 
 
 
 
 

Ø  Introduction to microRNAs and their roles in metabolism 
 
 
 
 

Ø  miRNAs in Metabolic Syndrome and related conditions 
 
 
 
 

Ø  Conclusions 
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 List of major classes of small ncRNAs, including their      
abbreviations, size range and function 
 
 

small RNAs 
derived 
from 
snoRNAs 

sdRNA 17–19, >27 
nt 

Gene 
regulation 
and 
alternative 
splicing  

transcription 
initiation 
RNA 

tiRNA 18 nt 

Unclear; may 
function in 
transcription 
regulation  

splice site 
RNA spliRNA 17–18 nt 

Unclear; 
generated 
from the 
donor splice 
site in animal 
internal 
exons  

tRNA-derived 
RNA 
fragments 

tRFs 18–22 nt, 30–
35 nt 

miRNA-like 
functions; 
gene 
regulation 

endoribonuclease
-prepared short 
interfering RNA 

esiRNA 20–25 nt RNA interference 

repeat-associated 
small interfering 
RNA*previous 
name for piRNAs 

rasiRNA 24–29 nt 
Silencing of 
retrotransposons in 
the germline 

piwi-interacting 
RNA piRNA 26–31 nt 

Silencing of 
retrotransposons in 
the germline  

centromere repeat-
associated small 
interacting RNA 

crasiRNA 35–42 nt Centromere identity 
and function  

Name Abbreviation Size Function(s) 

transfer RNA tRNA 73–93 nt 

Transfers amino 
acids to the ribosome 
during translation of 
mRNA to protein  

ribosomal RNA rRNA 120–5035 nt Translation of mRNA 
to protein  

small nuclear RNA snRNA 90–220 nt RNA splicing  

small nucleolar RNA snoRNA C/D box-70–120 nt  
H/ACA-100–200 nt 

Guide the 
modification and 
maturation of other 
ncRNAs  

long non-coding 
RNA/long intergenic 
non-coding RNA 

lncRNA/lincRNA >200 nt Epigenetic gene 
regulation 

microRNA miRNA 21–22 nt 
Translation inhibition; 
binds mRNA to block 
translation 

short/small interfering 
RNA siRNA 21–25 nt 

Translation inhibition; 
binds mRNA to signal 
cleavage  

Brown et al. Heredity, 2011 



Name Abbreviation Size Function(s) 
endoribonuclease-
prepared short 
interfering RNA 

esiRNA 20–25 nt RNA interference  

repeat-associated 
small interfering 
RNA*previous name for 
piRNAs 

rasiRNA 24–29 nt Silencing of retrotransposons in 
the germline 

piwi-interacting RNA piRNA 26–31 nt Silencing of retrotransposons in 
the germline  

centromere repeat-
associated small 
interacting RNA 

crasiRNA 35–42 nt Centromere identity and function  

small RNAs derived 
from snoRNAs sdRNA 17–19, >27 nt Gene regulation  and alternative 

splicing  

transcription initiation 
RNA tiRNA 18 nt Unclear; may function in 

transcription regulation  

splice site RNA spliRNA 17–18 nt 
Unclear; generated from the 
donor splice site in animal 
internal exons  

tRNA-derived RNA 
fragments tRFs 18–22 nt,  

30–35 nt 
miRNA-like functions; gene 
regulation  



MicroRNAs (miRNAs): 
 •  Aproximately 22 nt length. 

•  1-3% of genome. 
•   ~2500 miRNAs in human. 

•  Tissue specific. 
•  Highly stable. 
•  Regulate gene expression (multiple genes). 
•  Their sequence is used to predict potential targets. 
•  Genetic variation may influence miRNA activity. 
•  Conserved across species. 
•  Involved in development, differentiation, cell proliferation, 

metabolism, and inflammation as well as in human 
diseases. 

Bartel, D. Cell 116 (2004)     Xie H. et.al. Diabetes (2009)58. 



Canonical microRNA (miRNA) biogenesis and function 
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Stem-­‐loop  



 Mechanisms of action. 

Bartel D., Cell, (2004)  



• Factores de transcripción fundamentales en la síntesis de 
ácidos grasos y colesterol. 

• miR-33a and miR-33b are embedded in intronic 
sequences in SREBP genes. 

• Regulate expression of ABCA1 

Expression of  SREBP 1 and 2 

Najafi-Shoushtari 2010 



• Najafi-Shoushtari 2010 

Co-expression of miRNAs and mRNAS 

Najafi-Shoushtari 2010 



Nutrients and bioactive compounds that 
regulate miRNAs  expression 
EGCG, resveratrol, epicatechin.  
 
Curcumin 
 
Dietary fat (amount and type). 
 
Folate 
 
Retinoic acid 
 
 



microRNAs (miRNAs) and cardiometabolic phenotypes 

Courtesy of  
Dr. Sethupathy 



microRNAs (miRNAs) and cardiometabolic phenotypes 

Courtesy of  
Dr. Sethupathy 



miRNAs are promising therapeutic targets 

(miR-­‐21)	
  

Courtesy of Dr.Sethupathy 



Circulating miRNAs. 
Blood and fluids. 
 
Exosomes and proteins 
protect miRNAs- 
 
MiRNAs may have targets in 
other cells.  
 
Lipoproteins carry miRNAs 
to their targets. 

 

 Fichtlscherer S. et.al. Atheroeslclerosis, Thrombosis and Vascular Biology, (2011) 
 



Data bases for miRNA 
• Validated 

•  miRWalk:  
•  miRanda 
•  miRDB 
•  RNA22 
•  TargetScan 

 

• Predicted 
•  multiMiR: 

•  miRecords 
•  mirTarBase 
•  TarBase 



miRNAs and Met S. 

Karolina D. et. al. The Journal of Clinal Endocrinology & Metabolism, 2012 
 



miRNAs and dyslipidemia. 

Gao et al. Lipids in Health and Disease 2012, 11:55 



Circulating miRNAs in subjects with        
metabolic syndrome and controls.  

 
 
• Metabolic syndrome (SM). 

•  Hypertension, hyperglicemia, dyslipidemia and obesity. 
•  Prevalence in Mexico: 36.8% 

•  42.2% in women y 30.3% in men. 
•  Low HDL-C: 43.6% 
•  Hypertriglyceridemia: 30% 

Rojas R. Salud Pública de México 52 (2010): 11-18        Aguilar-Salinas C. Salud Pública de México 52 (2010) supl 1:S44-S53                                           

 



 
Mapping using miRBase v 17 

•  153 organisms 
•  5,639 human probes 

•  1733 miRNA 
•  1658 stem-loop  
•  1674 snoRNA 
•  347 CDBox 
•  163 HacaBox 
•  32 scaRNA 
•  22 Spike-in controls 
•  10 rRNA 5.8s 

GeneChip miRNA 3.0  



Participants characteristics. 
Trait Mean (SD) 

n=10 
Mean (SD) 
n=10 

p 

Age (years) 38.8 (2.09) 40.25 (3.01) 0.249 

Systolic blood systolic 
(mmHg) 

106 (12.42) 124.5 (15.82) 0.013* 

Diastolic blood 
pressure  (mmHg) 

68 (6.28) 83.87 (10.34) 0.001* 

Body weight (kg) 57.97 (7.49) 82.3 (10.71) <0.001* 

BMI (kg/m2) 25.97 (2.74) 35.25 (2.81) <0.001* 
 

Waist circumference 
(cm) 

81.7 (3.34) 102.37 (4.3) <0.001* 
 

Cholesterol HDL (mg/
dL) 

47.24 (8.6) 38.37 (5.97) 0.025* 

Triglycerides (mg/dL) 93.16 (23.33) 217.75 (71.64) <0.001* 
 

Glucose (mg/dL) 88.02 (11.7) 91.0 (10.5) 0.582 



Genes 
Validated 

Genes 
predicted 

Metabolic 
pathways 

hsa-miR-548ae 
hsa-miR-3148 
hsa-miR-3921 
hsa-miR-383 
hsa-miR-1263 
hsa-miR-455-3p 

hsa-miR-4687-5p 
hsa-miR-188-3p 
hsa-miR-4514 
hsa-miR-1260 

multiMiR miRWalk 

miRWalk microT-CDS 

DAVID 

IPA 

miRPath 

 in silico analysis 



Expression profile 
Cases  

   Controls 



Validation of findings 
• Analysis by qPCR of 10 miRNAs. 

•  Independent sample with similar characteristics. 
•  Inclusion criteria. 

• Consistent results. 



Genes regulated by miRNAs 
miRNA  Target genes 
hsa-miR-548ae IRS2, ACACB, PANK3, PANK1, 

ACSL3, LEPR, ACSL6 

hsa-miR-4687-5p ACACA 

hsa-miR-3148 PPARGC1A, PANK1, ADIPOQ, 
ACSL1, ACSL6 

hsa-miR-3921 ACACA, ADIPOQ 

hsa-miR-4514 PANK4, ACSL3 

hsa-miR-188-3p ADIPOR2, ABCB1, DHCR24, 
FABP4, HMGA2 

hsa-mir-383 ADIPOR2 

hsa-miR-1260a ADIPOR2, ACACB 

hsa-miR-455-3p ACAD8, ADIPOR1 

hsa-miR-1263 IL1A, ABCC1, LEPR 



Metabolic pathways related to miRNAs 
KEGG pathway	
   p-value	
   #genes	
   #miRNAs	
  

PI3K-Akt signaling pathway	
   1.62E-11	
   111	
   8	
  

Insulin signaling pathway	
   6.40E-10	
   51	
   8	
  

MAPK signaling pathway	
   1.59E-09	
   87	
   8	
  

p53 signaling pathway	
   7.05E-09	
   28	
   4	
  

TGF-beta signaling pathway	
   9.29E-09	
   33	
   6	
  

Wnt signaling pathway	
   3.97E-08	
   59	
   10	
  

Adipocytokine signaling pathway	
   1.73E-06	
   27	
   8	
  

HIF-1 signaling pathway	
   1.88E-06	
   40	
   7	
  

Jak-STAT signaling pathway	
   3.53E-06	
   51	
   7	
  

VEGF signaling pathway	
   9.49E-05	
   24	
   7	
  

mTOR signaling pathway	
   0.000379892	
   23	
   7	
  

D-Glutamine and D-glutamate metabolism	
   0.02971806	
   2	
   3	
  

Type II diabetes mellitus	
   0.03749052	
   16	
   5	
  

Pantothenate and CoA biosynthesis	
   0.04082202	
   6	
   3	
  



Adipokines pathway 
hsa-miR-548ae 

hsa-miR-548ae 

hsa-miR-548ae 

hsa-miR-548ae 

hsa-miR-548ae 

hsa-miR-548ae 

hsa-miR-548ae 

hsa-miR-4514 

hsa-miR-4514 

hsa-miR-548ae 
hsa-miR-3148 

hsa-miR-548ae 
hsa-miR-3148 

hsa-miR-548ae 
hsa-miR-3148 hsa-miR-548ae 

hsa-miR-3148 

hsa-miR-3921 
hsa-miR-4514 

hsa-miR-3921 
hsa-miR-188-3p 
hsa-miR-455-3p 

hsa-miR-3921 
hsa-miR-3148 

hsa-miR-3921 
hsa-miR-3148 

hsa-miR-188-3p 
hsa-miR-1260 
Hsa-miR-383 

hsa-miR-548ae 
hsa-miR-3148 

hsa-miR-3921 
hsa-miR-3148 
hsa-miR-455-3p 



Summary of findings 
•   Differences in plasma levels of  67 H/ACA Box, snoRNA 

C/D Box snoRNAs, miRNAs y pre-miRNAs were found in 
the study. 

•   21 are miRNAs.  
• Hsa-miR-455-3p, hsamiR-383 y hsa-miR-650 have been 

reported. 

• Validated targets participate in adipogenesis and fatty acid 
metabolism. 

• The predicted genes belong to metabolic pathways that 
are relevant for the MS. 



Conclusions  
• miRNAs are involved in the regulation of many metabolic 

disease pathways.  

• They are responsive to dietary compounds and may be 
critical mediators of the effects of nutrients. 

• The profile of plasma miRNAs differed between subjects 
with metabolic síndrome and controls. 

• The identified miRNAs may influence metabolic pathways 
related to inflammation. 
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Insulin signaling pathway 
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