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MicroRNAs (non-coding RNAs) are 
important regulators of gene expression

A new paradigm of gene 
regulation
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The functions of microRNAs
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DNA
Transcription

RNA Protein
Translation

microRNAs

Regulator• Non-coding small RNAs
• Regulate ~30% genes



February 2010 Cardiovascular Research 86(3):353-64



~ 70 nt

~22 nt

Amount of Protein    

miRNAs biogenesis process

Kristen M. Nelson, and Glen J. Weiss Mol Cancer Ther 2008;7:3655-3660



•primarily bind to the 3’ UTR of 
mRNA

• mRNA degradation and 
translation repression

• > 55% genes –one or more target 
sites

•A miRNA can regulate more than 
one gene targets

miRNAs –What do we know ?

•Affect > 30% gene expressions

•Involved in many aspects in 
numerous biological process Physiol Genomics 2011 43(10):517 8



miRNA and inherted disease
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MicroRNAs applications
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Cancer Science, Volume 101, Issue 10, 2010

microRNA-based diagnosis microRNA-based therapeutic

m
icr

oR
NA

Miravirsen: miR-122 inhibitor 
(Clinical trail: Phase II)



https://www.youtube.com/watch?v=7Ud1vsLcXagBiomakers:

https://www.youtube.com/watch?v=HQKFgfMO5SwPrecision Medicine:
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Personalized and Precision Medicine
the simplest but important example. 
- Preventing Adverse Drug Reaction by biomarkers



ØCirculating microRNAs in the body fluid: a new potential 
biomarker for cancer diagnosis and prognosis

Cancer Science 2010, vol.101, p2087-2092 
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Circulation Research. 2012;110:483-495

Cellular Release and Stability of Extracellular miRNAs 
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Nature Reviews Genetics 2012, 13,358-369



Ø TaqMan® Assay: Fluorogenic 5‘-nuclease Assay 



Ø Real-time PCR Chemistries 



Ø Real-time PCR Signal Detection: Exponential Phase 
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ViiA™ 7 Real Time PCR System

The TaqMan® Array Human MicroRNA Card 
(Containing a total of 754 human microRNAs 19



Cancer Treatment 

Surgery Chemotherapy Radiation therapy

50%↑

20



What is the clinical phenomenon of cancer radiotherapy ?

Mr. Lin Mr. Dong

Age: 58
Cancer: H&N ca.
Staging: �
Total Dosage : 7000
2014/3: Response
2014/9: Metastasis
2014/12: Deceased

Age: 57
Cancer: H&N ca.
Staging: �
Total Dosage: 7020
2013/9: Response
2014/3: Stable
2014/12: Stable

n= 47 n= 15

2014/9: Metastasis
2014/12: Deceased

21

Poor responseResponse

Develop the plasma microRNAs panel as the 
prognostic marker for cancer radiotherapy.



Cancer	patients

six	months

miRNA	as	biomarker

Poor	Response	
patient

Response	
patient

Response assessed by Response 
Evaluation Criteria in Solid Tumors 
(RECIST), v 1.1 (CT, MR, PET imaging)

ØRadiotherapy Biomarker

Head & Neck cancer
Rectal cancer



Study : miRNA expression and correlation to Radiation Response
Method

Before R/T

After R/T

Testing set

miRNA PCR assay

Screening set

Training set

mon

Poor RT 
response

Good RT 
response



Ø The case of cancers:

ØHead and Neck cancer (HNC)
ØRectal cancer.



Training  n=38 Testing n=24
ØRadiotherapy Biomarker

Four  miRNAs 

Three miRNAs
Li AL  et al. , Journal of 
Translational medicine. 
2018,16 (1): 341 



ØRadiotherapy Biomarker

• 5-year Survival curve



ØRadiotherapy Biomarker

• Patent :Taiwan Approved (#I614629) 
US and China  applying

• Technology Transfer
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0.07%

0.22%
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0.006%

2.000%
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n= 45,321

n= 603

��> 3�

��> 300�

Jeng-Sheng Chen, et. al.; Medicine, 2016
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ØUrothelial Cancer (including cancer in urinary system)



(www.cancer.org/cancer/bladdercancer)

ØCurrent diagnosis depends on gross painless 
hematuria / cystoscopy

CKD: chronic kidney disease 



ØUC Biomarker for Hemodialysis 

To predict the possibility of UC within 3 years



Chen CL et al. Am J physiol Renal physiol, 2019
Patent :Taiwan Approved (#107140464) 

US and China  applying

5 miRNAs

N=52 N=52

ØUC Biomarker for Hemodialysis 

N=9

Training Testing



n Urine samples Plasma samples

Normal CKD UC CKD UC

Screening set 11 11 8 8

Training set 50 50 47 41

Testing set 50 50 50 34 48

Ø Urotheiial Carcinoma (UC) Biomarker for CKD

n=22

n=100

n=150
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Normal+CKD: n=50+100
UC: n=100

Ø miRNA Expression in Urine

Ø miRNA Expression in Plasma
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Patents are applying…. 

Ø Urotheiial Carcinoma (UC) Biomarker for CKD
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Urine +PlasmaUrine



UC biomarker

Yes

Chronic Kidney Disease

Dialysis patients

Regular time
Panel-702

miR-9

miR-10

miR-11

miR-12

UC Biomarker

Regular time
Panel-703

miR-13

miR-14

miR-15

miR-16

UC Biomarker

Urine

Plasma

Suspected UC Invasive checkups Therapy

No

<3 years

No

Non-UC

Non-UC



microRNA vs. disease

• Specific miRNAs that are currently being pursued as clinical candidates.

Circulation Research. (2012) vol. 110 no. 3496-507



39
Oncotarget 2016 Jun 21;7(25):38892-38907. doi: 10.18632/oncotarget.6476.

RAS-MAPK pathway epigenetic activation in cancer: 
miRNAs in action.
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The model of miR-596 function

P=0.008

Kaplan-Meier curve
20-years Survival 

Liu SM, et al. ,Journal of Investigative Dermatology, 2018, 138(4), 911-921

GSE59334



MicroRNAs regulate signaling transduction pathways 

Modified from Nature, 2011, vol.469, p336-342 
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https://interna-technologies.com/mirnas-and-cancer/
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PNAS (2012)

Synthetic materials for miRNA and anti-
miRNA oligonucleotide delivery

• Poly(lactide-co-glycolide) (PLGA) 
particles



ANY Questions? 
E-mail: nianhan.ma@g.ncu.edu.tw
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