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Objectives  

1.  Understand what a MicroRNA is and how it is 
synthesized in the body 

2.  Understand the role MicroRNA play in protein 
synthesis and gene regulation 

3.  Understand the ability for MicroRNA to be 
transferred naturally from human to human and 
animal to human via exosomes 

4.  Identify potential implications behind the ability 
of miRNA to regulate gene expression, both 
endogenously and exogenously   

5.  Identify ways in which current MicroRNA research 
can be applied to clinical practice 



Genetics Review 



Figure 24.1 Garret & Grisham 

Transcription: the use of 
DNA as a template to 
synthesize RNA (copying 
DNA to RNA) 
 
 
Translation: the use of the 
genetic “directions” 
encoded in mRNA to 
synthesize proteins (making 
protein from RNA) 
 

Transcription/Translation 



DNA Nucleotides RNA Nucleotides 



RNA transcription  

http://openstudy.com/updates/51043c70e4b0ad57a563114e 

mRNA 



RNA Translation 

http://www.odec.ca/projects/2004/mcgo4s0/public_html/t3/RNA.html 



Definitions  

u  Epigenetics1-2 

u  Gene regulation above the gene 

u  DNA nucleotide sequence does not change 

u  Reason why genetic code is identical in all 
cells throughout body, but gene expression 
pattern is different 

u  Nutrigenomics – nutrients affect genes (eating 
carbs produces insulin)2 

u  Nutrigenetics –how an individual’s genes affect 
metabolism (like single nucleotide 
polymorphisms)2 

1Palmer. Ageing Res Rev 2014. 
2Stipanuk. 3rd edition 2012. 



MicroRNA Introduction 



Birth of miRNA 

Kim, Nat. Rev. Mol. Cell Biol. 2005 (review) 





Where are codes for 
miRNA in DNA? 

https://www.youtube.com/watch?v=7Kvgoa32y3g (Anna Krichevsky) 





miRNA Formation  
& Function 

https://www.youtube.com/watch?v=DM-IrZsnz6w 

 



AUDIENCE QUESTION 



Are we stuck with the miRNA we 
are born with, or is it possible to 
transfer miRNA between 
organisms? 



“
”

“The transfer of genetic 
material as microRNA from 
human to human occurs by 
means other than through 

sexual reproduction.” 
 KOSAKA ET AL 2010 

 



MicroRNA in Mammal Milk 
u  microRNAs abundant in human breast milk for the duration of 

breast feeding1 
u  Also found in cow, pig, sheep milk4 

 
u  Using deep sequencing technology, there have been 452 

unique pre-miRNAs and 602 unique miRNAs found in in human 
breast milk exosomes3 

–  ~87 immune related  pre-miRNAs in human body 
–  59 of these are in breast milk3  

u  It seems that all miRNAs found in mammal milk is stable at 
room temperature and are resistant to repeated freeze/thaw 
cycles, acidic conditions and degradation by RNAase4  
u  Encapsulated in exosomes 

1Kosaka. Silence 2010 

2Zhou. Int J Biol Sci. 2012 
3Liao Y. J Nutr. 2010  
4Gigli. Genet Mol Biol. 2013 



Surviving Ingestion 

Zhou et al 2012  

u  Synthesized miRNA were put through harsh 
treatments to determine if they could survive  

1.  Incubated at 26 degrees C for ½, 1, 2, 4, 8, 24 hours 

2.  Subjected to six freeze-thaw cycles at -20 degrees C 

3.  Treated with RNAase A and RNAase T1 for 60 minutes 
at 37 degrees C 

4.  Incubated at 100 degrees C for 10 minutes 

Kosaka et al 2012 

u  Used human breast milk 

1.  Treated for 3 hours in low pH solution  (pH of 1) 

Zhou. Int J Biol Sci. 2012 
Kosaka. Silence 2010 

 



MicroRNA in Breast Milk 

Kosaka et al 2010 

u  281	  detected	  human	  miRNA	  

Kosaka et al. Silence, 2010. 

Figure 1b. miRNAs in breast milk that 
were detected or hardly detected by 
microarray analysis. 



miRNA and Immunity: 
 

u  miR-146a/b  

u  Up-regulated in presence of cytokines and other 
inflammatory markers (T-cell development, etc) 

u  Regulates immune reaction  

u  miR-214 

u   regulates lactoferrin and lactoferrin mediated 
functions in mammary gland epithelial cells.2 
 

Taganov.  PNAS. 2006 
Liao Y. J Nutr. 2010  
 



Higher immune miRNA in 
first 6 months of feeding 

Kosaka et al. Silence, 2010. 



Summary of Breast Milk 

u  miRNA is a transferable genetic material from 
mother to infant 

u  The genetic material is protected in exosomes, 
and can even withstand pH as low as 1 

u  Immune-related miRNAs are more concentrated 
in breast milk during first 6 months of feeding 

 

Kosaka et al. Silence, 2010. 



If miRNA is in our breast 
milk, would it be possible 
to get miRNA from cow’s 
milk? 



MicroRNAs are absorbed in 
meaningful amounts from 

nutritionally relevant doses of 
cow milk and affect gene 

expression in peripheral 
blood mononuclear cells, 

HEK-293 kidney cell cultures, 
and mouse livers 

Baier. J Nutr. 2014 



Background 



Background 
u  miRNAs are regulating genes in plants and animals 

(eukaryotes)1 

u  Can be synthesized endogenously when eaten1 

u  In cow’s milk, miRNAs are encapsulated in exosomes1 

u  Protection 

u  Easier for endocytosis 

 

u  Bovine miRNAs seem to have nucleotide sequences 
complementary to human gene transcripts1 

u  Remember: miRNA are complementary to messenger RNA 
(mRNA) 

u  Binds to mRNA and affects mRNA translation 

u  How miRNA does its regulating 

1Baier. J Nutr. 2014. 
2Ross. Annu Rev Nutr. 2014. 
 



Justification 

u  Zhang et al found in 2012 that Oryza sativa osa-
miR-168a 

u  In both human and animal sera 

u  Decreases expression of LDL receptor adapter 
protein 1 mRNA 

 

 

 
osa-miR-168a 
 

 
 
 
Expression of 
LDL receptor 
adapter protein 
1 mRNA 
 

 
 
Inhibits LDL 
receptor 
expression in 
mouse liver  
 
 

Zhang. Cell Res. 2012.  

Decreases 
LDL 
removal 
from 
mouse 
plasma 
 



u  Already known – miRNAs are produced 
endogenously by humans and regulate genes of 
the host 

 

u  Research Question – Do humans absorb miRNAs 
from cow’s milk in meaningful quantities? Do milk-
borne miRNAs have the capacity to change 
human gene expression? 



miR-29b 

u  Main microRNA measured: miR-29b 

u  This is because miR-29b nucleotide sequence is the same in 
cows and humans 

u  miR-29b increases bone mineralization in humans 

u  promoting an increase in osteoblast differentiation 

u  depressing osteoclast differentiation and function 

miR-29b nucleotide 
sequence in cow 

miR-29b nucleotide 
sequence in human 



Objectives 



Objectives 

1.  Determine whether humans absorb quantitatively 
meaningful amounts of miRNAs from nutritionally 
relevant doses of milk  

2.  Assess the effects of miRNA concentrations on the 
expression of genes  

3.  Determine whether mammals compensate for dietary 
miRNA deficiency by increased synthesis of 
endogenous miRNAs 

3.  Determine whether plant-borne miRNAs are 
bioavailable in humans 



Sub-studies 

Objective 1, Objective 2 

u  Human Feeding study  

u  Pharmocokinetics analysis 

u  Gene expression  

Objective 3 

u  Mouse feeding study 

Objective 4 

u  Broccoli-born miRNA in humans 



Human Feeding Study  

u  Population: 5 healthy adults (3 men, 2 women) 

u  Design: Crossover design with washout period of 
at least 1 week between doses 

u  Exclusion criteria = pregnancy, smoking, milk 
allergies, and self-reported health problems 

u  3 concentrations of cow’s milk given: 0.25, 0.5, 
and 1.0 L which was normalized by total body 
water of participants  



20 ml of blood 
collected before milk 
consumption, 1-3, 6, 
9, and 24 hours after 

the milk meal 

Blood centrifuged to 
obtain PBMCs and 

plasma  

Frozen at -80 Celsius 
until analysis 

Analyzed to get 
plasma time curves 
of miR-29b, miR-1, 

and miR200c 

Analyzed for 
pharmokinetics  

Analyzed for gene 
expression  

Repeated for all 3  
concentrations 



Objective 1 
Determine whether humans 

absorb quantitatively 
meaningful amounts of miRNA 

from nutritionally relevant 
doses of milk 

 



J Nutr, Baier et al 2014 

•  Using miR-1 as a negative control 
–  miR-1 is not detectable in cow’s 

milk 
 
•  miR-1 did not change after the 

consumption of 1 L of milk 
–  meaning the change we see in 

other miRNA is not due to 
contamination of host genetic 
material (only changes due to 
increase in bovine miRNA) 

•  Changes were seen in miR-29b and 
miR-200c plasma concentrations 
with consumption of milk (see 
Table 1.) 



•  Cmax: rate of absorption 
•  Tmax: marker of approximate absorption site 
•  AUC: measure of bioavailability (equation that looks at 

postprandial concentrations compared to baseline 
concentrations 

J Nutr, Baier et al 2014 



Objective 2 
Assess the effects of 

physiologically relevant 
miRNA concentrations on the 

expression of endogenous 
genes in human peripheral 
blood mononuclear cells 

(PBMCs) and reporter genes in 
human cell cultures 



Gene Expression 

u  Effect of milk-borne miRNAs on expression of 
humans gene 

u  Cell cultures 

u  Human embryonic kidney (HEK)-293 

u  PBMCs 

u  Showed that changes in mRNA were maximal 6 hours 
after milk consumption 

u  Assays of mRNAs were quantified at that 6 hour mark 
by using real-time qPCR  



“Milk feeding elicited 
an increase in the 
concentrations of 
miRNAs in human 
PBMCs that was 

significant only for 
miR-200c and trended 
toward significant for 

miR-29b.” 

J Nutr, Baier et al 2014 



–  Reporter gene is a gene that 
researchers attach to a regulatory 
sequence of another gene of 
interest1 Reporter Gene 

•  HEK-293 cells were cultured in media 
supplemented with milk exosomes 
providing 600fmol/L miR-29b 
•  Activity of miR-29b-dependent 

reporter gene LUC-mir-29b decreased 
by 44+/-13% (p=0.04) compared to 
cells cultured in exosome-depleted 
culture media 

•  HEK-293 cells were cultured in media 
supplemented with milk exosomes 
providing 1000 fmol/L miR-200c  
•  Activity of miR-200c-dependent 

reporter gene LUC-mir-200c 
decreased by 17+/-3% (p=0.02) 
compared to cells cultured in 
exosome-depleted culture media 

J Nutr, Baier et al 2014 



Conclusions from  
Baier et al. 

u  It is possible to absorb quantitatively meaningful 
amounts of miRNAs from nutritionally relevant 
amounts of cow’s milk.  

u  miRNAs absorbed from milk are sufficient to alter 
human gene expression  

u  miRNA from 1 mammalian species can affect gene 
networks in another species 

u  Endogenous miRNA transcription does not 
compensate for dietary deficiency in C57BL/6 
mice 



Limitations of Baier et al.  

1.  Did not take into consideration metabolism and 
miRNA degradation in intestinal cells and liver  

2.  Location of miRNA absorption is speculation by 
the researchers 

3.  Study focused on miR-29b, miR-200c, and miR-1 
and did not formally study other miRNA in milk 

4.  Did not specify brand of milk, or pasteurized vs. 
unpasteurized 



u  Eukaryotes have miRNAs, which are tiny 
conserved genetic segments  

u  miRNAs have an important immune function, and 
are particularly enriched in mammalian breast 
milk 

u  Furthermore, miRNAs found in milk are protected 
by exosomes  

MicroRNA in Mammalian 
Milk: Summary 



Kosaka et al. Silence, 2010. 
4Gigli. Genet Mol Biol. 2013 
 

Kosaka Figure 1b - miRNAs in breast milk 
that were detected or hardly detected 
by microarray analysis. 

Gigli Table 2 - Summary of miRNA 
expression in mammary gland, 
mammary epithelial cell lines and milk in 
cow and sheep. 



Why is it important to know 
about microRNA in 
mammalian milk? 
 
Do you think it could change 
research/practice? 



Other Nutrition Research 
with MicroRNA 



Endogenous MiRNA Metabolic Pathway Chronic Disease 

miR-331 Cholesterol efflux, 
HDL biogenesis, 
and VLDL levels. 
Fatty acid 
metabolism and 
insulin signaling 

Atherosclerosis  

miR-1031 Cholesterol synthesis 
Bile acid biosynthesis 
Fatty acid oxidation 

NAFLD and 
NASH 

miR-2061 Related to protein synthesis in 
muscles  

Obesity, diabetes, and 
apoptosis 

miR-172 
 

Downregulates PTEN, which 
leads to production of pro-
inflammatory signals 

Fibrosis and development of 
comorbid conditions 

miR-212 Up regulation of RS/PI3K, IGF-1/
AKT, and mTOR pathways 

Cancer cell cycle progression, 
survival, proliferation, 
angiogenesis, and metastasis  
 

1Blade. Mol Nutr Food Res. 2013 

2Palmer. Ageing Res Rev 2014.  



Endogenous MiRNA Helpful dietary component Metabolic Pathway Chronic Disease 

miR-331 Grape seed 
proanthocyanidins 

Cholesterol efflux, 
HDL biogenesis, 
and VLDL levels. 
Fatty acid 
metabolism and 
insulin signaling 

Atherosclerosis  

miR-1221 Hibiscus sabdariffa 
Quercetin 
Coffee polyphenals 
Grape seed 
proanthocyanidins 

Cholesterol synthesis 
Bile acid biosynthesis 
Fatty acid oxidation 

NAFLD and 
NASH 

miR-2061 Resveratrol Related to protein 
synthesis in muscles  

Obesity, diabetes, and 
apoptosis 

miR-172 
 

High Fiber  
Resveratrol/Calorie-
restricted diet 

Downregulates PTEN, 
which leads to 
production of pro-
inflammatory signals 

Fibrosis and 
development of 
comorbid conditions 

miR-212 Dietary polyunsaturated 
fatty acids decrease 
miR-21 expression, which 
reduces pro-inflammatory 
signaling. 
Resveratrol/Calorie-
restricted diet  
 

Up regulation of RS/
PI3K, IGF-1/AKT, and 
mTOR pathways 

Cancer cell cycle 
progression, survival, 
proliferation, 
angiogenesis, and 
metastasis  
 

1Blade. Mol Nutr Food Res. 2013 

2Palmer. Ageing Res Rev 2014.  

Can prevent 

Can help with 



Future Research 
u  miRNA as biomarkers 

u  Characterization of intestinal miRNA transport 
mechanisms  

u  Characterization of milk and miRNA-dependent 
gene networks in humans using computational 
biology  

u  More human feeding studies 

u  Relationship between miRNAs and the gut 
microflora  



“
”

Food-derived exogenous 
miRNAs may be qualified as 
a novel nutrient component, 

like vitamins and minerals. 

Zhang. Cell Res. 2012.  



Questions 
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