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Central Dogma
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MicroRNAs (non-coding RNAs) are
Important requlators of gene expression

| . & A new paradigm of gene
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The functions of microRNAs
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DNA ———— RNA ——— Protein

Classical dogma of molecular biology
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RNA genes
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Current understanding of RNA functions S———

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



miRNAs biogenesis process

ﬁ\?_ | pri-miRNA = primary microRNA transcript
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Kristen M. Nelson, and Glen J. Weiss Mol Cancer Ther 2008;7:3655-3660



MmiRNAs —What do we know ?
primarily bind to the 3’ UTR of

MRNA miRNA is the conductor of
the orchestra of functional
* mMRNA degradation and proteins

translation repression

* > 55% genes —one or more target
sites

A miRNA can regulate more than
one gene targets

-Affect > 30% gene expressions

‘Involved in many aspects in =) S :
numerous blOlOglcaI prOceSS Physiol Genomics 2011 43(10):517




MIRNA and inherted disease

miR-17-92 polycistron —

Example of miRNA mutation responsible for a developmental defect in humans
(de Pontual Nat Genet. 2011)

Hemizygous deletion —
Short stature and digital abnormalities




MicroRNAs applications

microRNA-based diagnosis =
M Glioblastoma miR-21
B saliva X I B Oral cancer miR-200a, miR-125a
B Tongue cancer miR-184a
s miR-25, miR-223
Serum/ B Lung cancer miR-21, miR-17-3p, mIR-155
Plasma B Breast cancer miR-195
e s \ B Liver cancer miR-500
: L M Colorectral cancer miR-17-3p, miR-92
B Ovarian cancer  miR-141, miR-200
M Prostate cancer miR-141
Bladder cancer miR-126, miR-182
o AMmL miR-98
B pLBCL miR-21

s .

Cancer Science, \Volume 101, Issue 10, 2010

microRNA-based therapeutic

santaris
pharma a/s &

Miravirsen: miR-122 inhibitor
(Clinical trail: Phase Il)
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Precision Medicine: https://www.youtube.com/watch?v=HQKFgfMO5Sw

Biomakers: https://www.youtube.com/watch?v=7Ud1vsLcXag



Personalized and Precision Medicine
the simplest but important example.
- Preventing Adverse Drug Reaction by biomarkers
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»>Circulating microRNAs in the body fluid: a new potential
biomarker for cancer diagnosis and prognosis

M Glioblastoma  miR-21

' I B Oral cancer miR-200a, miR-125a

; B Tongue cancer miR-184a
Y W Lungcancer TR ::::g:p. miR-155

B Breastcancer  miR-195
B Liver cancer miR-500

\( > M Colorectral cancer miR-17-3p, miR-92
B Ovariancancer  miR-141, miR-200
M Prostate cancer miR-141
_ Bladder cancer  miR-126, miR-182
o AML miR-98
B opLecL miR-21

4

Cancer Science 2010, vol.101, p2087-2092
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Cellular Release and Stability of Extracellular miRNAs

@ RNAbinding proteins
(Ago-2, NPM1)

9 Pre-miRNA

%, Mature miRNA
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Circulation Research. 2012;110:483-495
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@D NON-CODING RNA

MicroRNA profiling:
approaches and considerations

Is it important to measure novel miRNAs?

|
¥ ¥

No Yes

¥

Is it important to distinguish isomiRs?

No Yes RNA-seq
]
RNA input
I
Low High
¥

Is accurate quantification important?

| QRT-PCR |d== Yes | [ No |

—

gRT-PCR Microarray RNA-seq

Sensitivity 4 +/++ -
Dynamic range s - 4+
Cost $3 $ 353+

Nature Reviews Genetics 2012, 13,358-369
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» TagMan® Assay: Fluorogenic 5‘-nuclease Assay

reverse
primer

3. Cleavage

R = Reporter (FAM, VIC, etc.)
Q = Quencher (NFQ/MGB, etc.)

L& E 81888
e




> Real-time PCR Chemistries

TagMan® and TagMan® MGB SYBR® Green | dye

Fluorogenic 5 Nuclease Binds Double-
Assay stranded DNA

ThermoFisher
SCIENTIFIC



» Real-time PCR Signal Detection: Exponential Phase

101

100

fluorescent
signal—

Low Ct High Ct
(high copy #) (low copy #)

Y=No 2" CrHEREEZHBERRL

_)Gel

Threshold
of detection
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377 human microRNAs
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http://moleculardiagnosticscore dana-farber.org/step-4-tagman-reaction. html

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



Cancer Treatment

50%

NS X
} /i ‘

Surgery Chemotherapy Radiation therapy




What is the clinical phenomenon of cancer radiotherapy ?

Response Poor response

n=47 n=15
|
Mr. Lin Mr. Dong
Age: 57 Age: 58
Cancer: H&N ca. Cancer: H&N ca.
Staging: IV Staging: IV

Total Dosage: 7020 Total Dosage : 7000



»Radiotherapy Biomarker

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

&

miRNA as biomarker

L’
- v @ K Poor Response
e — ".7 patient

*
0‘ .
_@_‘. SIX months
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A

Cancer patients

Head & Neck cancer Response
Rectal cancer patient




Before R/T

e
=)

Poor RT

response

i

Good RT
response

Study : miRNA expression and correlation to Radiation Response

Method

After R/T

Screening set

377 human microRNAs

Training set

Testing set

10 15 20 25 30

J\__, \

High throughput Selection of the
Real-time PCR miRNA array candidates miRNA

Sensitivity

1-Specificity



> The case of cancers:

»Head and Neck cancer (HNC)

Head and Neck Cancer Common Sites

" Nasopharynx

Pharynx— Oropharynx

__Hypopharynx

Esophagus———
Trachea

> Rectal cancer.

Average distribution of colon cancer

Transverse
colon 10%

Descending
colon 15%



»Radiotherapy Biomarker
Training n=38 Testing n=24
A Before radiation B C
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LiAL et al. , Journal of
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. . Head and Neck squamous cell carcinoma
»Radiotherapy Biomarker hsa-miR-342-5p
Log-Rank P value= 0.0264 Hazard Ratio= 0.667

1.00 5

« 5-year Survival curve
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0.75 - \NWH

— LOW
W, HIGH= 341

T
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Survival
o
(6]
o
1

0.25

0.00

T T T T
0 20 40 60
months

Head and Neck squamous cell carcinoma
hsa-miR-519d-3p
Log-Rank P value= 0.0355 Hazard Ratio= 0.691

1.00

factor
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— Low
0.75

HIGH= 227
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Survival
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0.00 —
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»Radiotherapy Biomarker

Before radiation

— S S S RS RS R R R O R R

Yes or No ?
‘1' Low or High dosage ?
\

- o o e e e o o

\————-—__-___————_———-—

The treatment after
B radiotherapy?

Prognosis ?
/
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Taiwan's Dialysis Population the
Biggest in the World Per Capita

Prevalence of treated end-stage renal
disease per million Taiwan residents
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» Urothelial Cancer (including cancer in urinary system)
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CKD: chronic kidney disease 3 Current diagnosis depends on gross painless
hematuria / cystoscopy

Layers of the bladder wall

|
Kidney | Connective Faﬁy'
tissue layer
‘ J Transitional Muscle
epithelium \
/ \ \
f I‘ . \ » v \ ) ,..."v~‘.._'_' “ _‘.’
i ‘ . = e y'.. '\. A "'l.' l. -\..
| \ = 5 . /I 1\
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(www.cancer.org/cancer/bladdercancer)



» UC Biomarker for Hemodialysis

To predict the possibility of UC within 3 years

A surgery

o +204—-----—>

Q

> .
Non-UC 3 years without UC

/9\ : Blood collection
ucC :& 0.5 y < surgery
Non-UC: fl\ > 3 ys without UC



» UC Biomarker for Hemodialysis

5 miRNAs
1.0
I I
2=
5, T
‘w 0.5- ®
f = ' 2 R S
& :
B .l
0.882 @
0.0 T -6 T T
0.0 0.5 1.0 & R
1 - Specificity S

N=52

Training Testing

O
O

1.04

predictive value
predictive value

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



> Urotheiial Carcinoma (UC) Biomarker for CKD

n=22 Screening set

miRNA !
candidate Urine samples Plasma samples
Normal CKD ucC CKD ucC
n=100 Tra|n|ng set Screening set 11 11 8 8
Training set 50 50 47 41
Testing set 50 50 50 34 48

n=150 Testing set




» MIRNA Expression in Urine

UC: n=100

miR-1274A
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» MIRNA Expression in Plasma
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Sensitivity

> Urotheiial Carcinoma (UC) Biomarker for CKD

Urine +Plasma

Urine
9 mMiRNAs
Urine sample 1.0
1.0 4- <0.001
— 0.8 -
0.8 o
o 2 2
0.6 @ S 0.6
o =
5 0 »
- - =
04 © £ 0.4-
0.2" w le—
0.2 -
0.0 0.8211
. T T T T -4 . T
00 02 04 06 08 1.0 CKD uc oo 0.8607
. 1 | 1 1

1 - Specificity 0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Patents are applying....



UC biomarker

Chronic Kidney Disease
Plasma

@

L 2

Dialysis patients

Regular time

Panel-702

miR-9

miR-10

miR-11

miR-12

| UC Biomarker

Regular time

| UC Biomarker J

Panel-703

miR-13

miR-14

miR-15

miR-16

No

-

’/ Suspected UC

4

il -

Invasive checkups
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microRNA vs. disease

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

.

. ©
Yac repall 4?hero$°\e
Circulation Research. (2012) vol. 110 no. 3496-507



RAS-MAPK pathway epigenetic activation in cancer:
MiRNAs in action.

MiR-7, 23b, 27alb, 34a, Lo, mii 20%, MiR-205 MIR-124, 143, - MiR-31,132
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---------- MiR-124

Gene
regulation

Figure 2: An overview of RAS-MAPK pathway regulation by microRNAs.

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



Kaplan-Meier curve
The model of miR-596 function 20-years Survival

MAPK pathway 1.00 -

D000 DOOOOOOO00 DONOONOOOEOOOOOONONO DONOHOOOOO 0.90 -
- PPRIPIPIPIP,;
X A L8 .

$88888888 8888888885 8888868888 888888888 0.80 4 i L1
l |
Intrinsic apoptosis pathway - ]‘\

7 MCL1 | ‘ 1 1_1_1_1_1_

| n Y

Cytosol

0.60 - Prsg
R Y 0

High miR-596 (n=33)

A .!"!BAXJBAK s

* * channels IL—‘
i 0.40 -
"7t Cell apoptosis 0.30 J—L_

s 0.20 1 e
v 1 N Low miR-596 (n=41)
Elk1/Stats —pp - F 0.10 -
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| —_ QA 0.00

c-Jun Q) T T T T T T T T T 1

¢ BCL2L1 R 0 24 48 72 96 120 144 168 192 216 240
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GSE59334
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40

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

P=0.008



MicroRNAs regulate signaling transduction pathways

Ligand Q

LiRecnepto—F"\ ;
o (m .
'RNA/\__, L Biological ‘ | \
mi ologica :
PR miRNA : : : !
Cib -
y i y
Modified from Nature, 2011, vol.469, p336-342 PR IN, ST TRERERL S

vasculogenesis, metabolism, etc
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miRNA-based therapeutics regulate targets across multiple signal transduction pathways

small molecules antibodies siRNA miRNAs

proliferation metabolism

immune system
activation

® ® ®

one target one target one target multiple targets

invasion &
migration

vasculogenesis apoptosis

https://interna-technologies.com/mirnas-and-cancer/
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Nanoparticle-based therapy in an in vivo
microRNA-155 (miR-155)-dependent
mouse model of lymphoma

Imran A. Babar"', Christopher J. Cheng®“', Carmen J. Booth®, Xianping Liang®, Joanne B. Weidhaas®,
W. Mark Saltzman®, and Frank J. Slack**

overexpression of miR-155
can induce lymphoma

@

miR-155-addicted
lymphoid cells
are tumorigenic

model for anti-tumor miRNA inhibition

ANTP-coated nanoparticles

deliver anti-miR-155 molecules
| ; ANTP-facilitated

I 100-150 nm 1 cellular uptake

/

1

¢

Ta

o

@ 4
inhibition of miR-155 overexpression
leads to tumor regression

e.g. tumor suppressors

intracellular
g fe'easi/ Synthetic materials for miRNA and anti-
- miRNA oligonucleotide delivery
aals Rag
— * Poly(lactide-co-glycolide) (PLGA)
%, particles
miR-155 76
oncomiR %
/ [ERRNRRRRN) \ zoo
S anti-miR binding
repregsion of endogenous to miR-155 T
miR-155 targets, PNAS (2012)



ANY Questions?

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