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Abstract
    Glioblastoma multiforme (GBM), is highly aggressive with a median 

survival of one year, even with the most effective combined therapies. 

MicroRNAs (miRNAs) are short endogenous noncoding RNAs that silence 

the production of proteins by binding to mRNA 3’UTR regions. miRNAs

have been shown their roles in the regulation of biological properties in 

glioblastomas, including cell proliferation, invasion, cancer stem cell growth, 

and angiogenesis. In this study, we compared the expression levels of 

microRNAs between clinic GBM tissues and normal brain tissues. For 

acquiring the profiles of different expression levels of global miRNAs, 7 

clinic samples from GBM patients, 1 normal brain tissue and 2 primary cells 

derived from GBM tissues were processed and analyzed by use of the 

miRNAs microarray system. In our results, expression levels of 13

microRNAs were shown to downregulate significantly in GBM tissue 

samples. These results from miRNA array analysis were also confirmed by 

use of qRT-PCR analysis. The expression levels of 6 miRNAs were the same 

as the findings in the miRNA array system. In summary, a panel of 

differentially expressed miRNAs derived from the microRNAs expression 

profile may serve as the potential molecular biomarkers for the therapy 

target of glioblastoma. By use of computational algorithm, we further 

predicted potent genes which are targeted by 13 miRNAs. And use published 

DNA microarray database in GBM to distinguish the genes affected by 

miRNAs. Some of predicted genes had been shown to play key functions in 

proliferation, cell cycle, development, cell survival and migration. And 

further studies to investigate the effect of these miRNAs on glioblastomas 

biology are necessary.
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1.1.1

    (WHO)

60%

(Astrocytic tumors) (Glio 

cell)

- Pilocytic 

Astrocytoma - Astrocytoma

- Anaplastic Astrocytoma AA -

Glioblastoma Multiform GBM

[1]

1.1.2
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:

[2, 3]

    

p53 p53

DNA DNA

p53

GBM p53

Epidermal growth factor receptor (EGFR) EGFR

EGFR

    

(

… )

GBM

5%

[1]

1.1.3

    

:
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(Brain Blood Barrier) [4]

[5] GBM

[6]

Temozolomide (Temodal) Temodal

BBB N-7

O-6 DNA

(apoptosis)[7] Gliadel

Gliadel

carmustine (BCNU) BCNU

BCNU Temodal DNA

[6]

1.1.4 MicroRNAs
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    MicroRNAs 1993 lin-4

MicroRNAs Small RNA lin-4

(transcription) non-coding RNAs lin-14 lin-14

C. elegans lin-14

C. elegans lin-14 3’ 

UTR lin-4 lin-4

RNA RNA lin-14 [8, 9]

2000 C. elegans MicroRNAs let-7

let-7 C. elegans let-7 RNA

21 nt non-coding RNAs lin-14 lin-28 lin-14 lin-41

lin-42 daf-12 3’ UTR

lin-41 3’ UTR (reporter gene )

let-7 lin-41 RNA [10] MicroRNAs

mRNAs

MicroRNAs MicroRNAs

MicroRNAs Small RNA Small RNA

non-coding RNAs
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small nuclear RNAs (snRNAs) transfer RNAs (tRNAs)

RNA Small RNA

RNAs (~20-30 nucleotides (nt)) Argonaute (Ago)

Small RNA Ago

Ago Piwi RNA

Small RNA Ago

MicroRNAs (miRNAs)

endogenous small interacting RNAs (endo-siRNAs) Piwi-interacting 

RNAs (piRNAs)

[11] miRNAs RNase III-type protein Drosha Dicer

(mature miRNAs) miRNAs Ago

mRNA (translation)

piRNAs (24~31 nt) piRNAs Piwi

piRNAs Dicer piRNAs

piRNAs transposon RNA

[12] endo-siRNAs

(oocyte) (embryonic stem cells) [12-14]

endo-siRNAs miRNAs Ago

endo-siRNAs RNA(double-stranded RNAs)

Dicer Drosha[15-17] (~21 nt)
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endo-siRNAs RNA

1.1.5 MicroRNAs

MicroRNAs RNA DNA

MicroRNAs RNA (RNA 

polymerase II) RNA

MicroRNAs [18, 19] MicroRNAs

isoforms let-7 let-7

12 let-7 isoforms 5’ 2~7

(nucleotide) seed

mRNA isoforms 3’

MicroRNAs 3’ MicroRNAs mRNA

isoforms 3’ MicroRNAs

[20] RNA primary 

MicroRNAs (pri-miRNA) pri-miRNA base

stem-loop pri-miRNA stem

3’ 5’ hairpin stem

pre-miRNA[21] nuclear RNase

Drosha[22] Drosha

DiGeorge syndrome critical region gene 8 (DGCR8)
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[23-26] Drosha DGCR8 650 kDa

Microprocessor complex[24, 25] pri-miRNA

33 base pair stem loop RNA(ssRNA)

Microprocessor complex DGCR8 stem ssRNA

pri-miRNA Drosha stem

11 bp[27, 28] pre-miRNA [29]

pre-miRNA exportin 5 (EXP5) [30-32] EXP5

tRNA [33, 34] EXP5

pre-miRNA[30-32] EXB5 pre-miRNA

3’ GTP GTP

pre-miRNA[31, 35-37] pre-miRNA

Dicer pre-miRNA loop 22 nt

miRNA[38-42] Dicer

Dicer isoform Dicer isoform

Dicer 1 miRNA Dicer 2 siRNA

[43] Dicer TAR RNA-binding protein (TRBP)

PRKRA [44-49]

Dicer RNA Ago

RNA-induced silencing complex (RISC) RNA miRNA

Ago mature miRNA
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RNA [50-52] RISC Ago Dicer TRBP ( PRKRA)

mature miRNA RISC mRNA

[47, 53-56] miRNA mRNA

RISC mRNA

mature miRNA RISC mRNA

mRNA RISC

poly-A RISC mRNA

CCR4-NOT poly-A[57] mRNA

RISC initiation elongation

eukaryotic initiation factor 4E (EIF4E)

ribosome mRNA [58-60]

MicroRNAs

MicroRNAs

MicroRNAs

…

1.1.6 MicroRNAs
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tumor suppressor 

genes oncogenes tumor suppressor genes oncogenes DNA

RNA RNA MicroRNAs

MicroRNAs

MicroRNAs tumor suppressors oncogenes

[61] MicroRNAs MicroRNAs Dicer

miR-15 miR-16

68% leukemia miR-15 miR-16

[62] miR-15 miR-16

p43 p43

miR-15 miR-16

p43 miR-15 miR-16 [63]

miR-15 miR-16 Bcl2 mRNA

Bcl2 Bcl2

[64] miR-15 miR-16 miR-15 miR-16

MicroRNAs

tumor suppressors oncogenes
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GBM MicroRNAs GBM

miR-7 Epidermal growth factor 

receptor (EGFR) Akt pathway GBM miR-128

(self-renewal factor) Bmi-1 GBM

[65, 66]

MicroRNAs MicroRNAs

1.1.7 MicroRNAs

    

microRNAs tumor suppressors oncogenes

microRNAs

microRNAs

microRNAs

[67] cDNA microarray

microRNAs HeLa

miR-124 HeLa

miR-1
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miR-124 miR-1

[68] microRNAs

microRNAs

microRNAs microRNAs
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    microRNAs

microRNAs microRNAs

microRNAs microRNAs

microRNAs

microRNAs microarray microRNAs

microRNAs microRNAs

microRNAs
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2.2.1 

CMUH-04

CMUH-08

CMUH-09

CMUH-10

CMUH-18

CMUH-28

CMUH-38

CMUH-49

( )

GBM 8401

GBM 8901

GBM G5T

DBTRG

CMUH-04 primary culture cell

CMUH-08 primary culture cell

CMUH-10 primary culture cell
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CMUH-18 primary culture cell

CMUH-28 primary culture cell

CMUH-38 primary culture cell

2.2.2 

Human MicroRNA Microarray Kit V2 (Agilent)

SYBR® GreenER™ qPCR SuperMix for ABI PRISM® (invitrogen, #11760)

TaqMan® MicroRNA Reverse Transcription Kit (Applied Biosystems, 

#4366596)

KAPA™ PROBE FAST ABI Prism™ qPCR Kit (KAPAbiosystems, 

#KK4705)

TaqMan® Ribosomal RNA Control Reagents VIC™ Probe (Applied 

Biosystems, #4308329)

TaqMan® MicroRNA Assay has-miR-126 (Applied Biosystems, #4395274)

TaqMan® MicroRNA Assay has-miR-137 (Applied Biosystems, #4395274)

TaqMan® MicroRNA Assay has-miR-145 (Applied Biosystems, #4395274)

TaqMan® MicroRNA Assay has-miR-146 (Applied Biosystems, #4395274)

TaqMan® MicroRNA Assay has-miR-221 (Applied Biosystems, #4395274)

TaqMan® MicroRNA Assay has-miR-222 (Applied Biosystems, #4395274)

TaqMan® MicroRNA Assay has-miR-7 (Applied Biosystems, #4395274)

TaqMan® MicroRNA Assay has-miR-9 (Applied Biosystems, #4395274)

RNaseZap® Solution (Applied Biosystems, #AM9780)

TRI Reagent® Solution (Applied Biosystems, #AM9738)

TRIZOL Reagent (Invitrogen, #15596-026)

CREM primer
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����� primer

TBX2 primer

MEM (Thermo, #AVE10659)

Fetal bovine serum (Thermo, #10437)

Sodium pyruvate (Thermo, #P5280)

DMSO

2.2.3 

(laminar flow)

(centrifuge)

(CO2 incubator)

(liquid nitrogen tank)

-80 (-80 )

-20 (-80 )

4 (4 )

(pipette aid)

(water bath)

(dry bath incubator)

(autoclave)

(microscopy)

(Millipore Milli-Q Plus)
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(oven)

(vortex mixer)
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2.2.1 (Cell culture)

    GBM 13T0CXII 10% fetal bovine serum (FBS,

,GIBCO) Non-Essential Amino Acid (NEAA) Sodium pyruvate

L-glutamine MEM (minimal essential medium)

(37 , 5% CO2)

1X PBS (

NaCl 80 KCl 2 KH2PO4 2g Na2HPO4-7H2O 21.6 )

PBS Trypsin-EDTA 37

2 Trypsin

15 C.C. (1000rpm, 10 ,

25 )

(37 , 5% CO2)

2.2.2 (Primary culture)

    GBM

serum-free 
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HBSS(Hank’s balanced salt solution) 4

HBSS

1 mm collagenase MEM (10% fetal 

bovine serum Non-Essential Amino Acid Sodium pyruvate L-glutamine)

30 40

(1000rpm, 10 , 25 )

2.5% MEM (37 , 5% CO2)

dish

2.2.3 RNA (RNA extraction)

10 PBS PBS

1ml TRIzol (invitrogen)

eppendorf TRIzol solution 5

���	
 (chloroform, TRIzol solution : chloroform = 2 : 1)

30 5 (12000rpm, 20
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, 4 ) eppendorf

isopropanol 15

(12000rpm, 10 , 4 ) RNA pellet

RNA pellet 1ml 75% 5

(7500rpm, 10 , 4 ) 75%

��	
���
��������������� �	
 100

-80 RNA O.D. 260 (O.D. 

260 1 RNA �����	
� O.D. 280 O.D. 260/ O.D. 280

RNA ( 1.8~2 )

2.2.4 microRNA (Human microRNA microarray)

    total RNA 100 ng RNA

microRNA T4 RNA (T4 RNA ligase) RNA

3’ Cyanine 3-pCp Cyanine 3-pCp

RNA nuclease-free water RNA

RNA microRNA 55

20 GE

(Microarray Scanner, Agilent)
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2.2.5 (Reverse transcription)

microRNAs Real-TimePCR probe

    (1) Taq®MicroRNAs Reverse Transcription Kit (Appied 

Biosystems) RNA microRNAs cDNA

(Real-time PCR)

microRNAs (primer)

microRNAs cDNA RNA Nuclease-free water

������	
 ����	
��������� �� ���	
�! �

buffer "��#	
���
����-free water �	
�! ���$%�� ���&	
�!�����'�(')'�*�

�	
�!�+�,������	
� -	
�.�'����,�'!-126 miR-137 miR-145 miR-146

miR-221 miR-222 miR-7 miR-9) (Veriti 

96 Well Thermal Cycler, Appied Biosystems) 16 30

42 30 85 5 -80

(2) SuperScript III First-Strand Synthesis SuperMix for qRT-PCR 

(invitrogen) mRNA cDNA

(Real-time PCR) endogenous control (18S ribosome)
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RNA �	��!�+ Nuclease-free water �	


�	
 RNA �	
��/�! �)���� �	
�! ���$%��

(Veriti 96 Well Thermal Cycler, Appied Biosystems)

25 10 50 30 85 5

-80

2.2.6 (Real-time PCR)

�	
� �0�+ ��	
� �+�+� ��*)�� 1���� 2��!� �������

Mix(2X)-ABI Prism (KAPABiosystems) 3	
� ��
����-free water �	
�

primer + probe (miR-126 miR-137 miR-145 miR-146 miR-221 miR-222

miR-7 miR-9) endogenous control 18S ribosome Step One 

Plus Real-time PCR system (Appied Biosystems) 95 3

95 3 60 30 40

Comparative Ct Experiments

2.2.7 Real-time PCR

    (PCR)

(Real-Time 

PCR) (cycle)
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ROX loading control

(normalization) ROX

Normalized fluorescence (Rn)

cDNA

Rn

baseline Rn baseline

4!� baseline

4!�

Amplification plot Amplification plot 4!� S

Exponential phase

cDNA

Linear phase

Plateau phase

Exponential phase

PCR Plateau phase

Real-Time PCR

Exponential phase
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Exponential phase 4!� (Threshold)

4!� Threshold 

cycle (Ct) Ct Ct

Ct RNA

DNA

RNA Ct

RNA

actin 18 S ribosome 18 S 

ribosome Real-Time PCR endogenous control

Ct 18 S ribosome Ct

4�� 4��

4��

4��

4�� 4��

44�� 44�� 2-44��

cDNA

44��

2 44��

44�� 2-44��
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miRNA (microarray) 716 microRNAs

microRNAs

microRNA microarray 6

2 2

RNA RNA cDNA cDNA Human 

MicroRNAs microarray (Agilent) 716 microRNAs

hit map Human 

MicroRNAs microarray ( )

microRNAs microRNAs

microRNAs

microRNAs microarray

microRNAs
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    716 microRNAs

microRNAs

( )

microRNAs

microRNAs ( ) miR-137 miR-7

microRNAs microarray

microRNAs microarray

Real-Time RCR miRNA

    microRNAs microarray

microRNAs Real-Time RCR

microRNAs

microRNAs microRNAs

microRNAs

Real-Time RCR

microRNAs (

) miR-146 miR-221 miR-222
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miR-126 miR-137 muR-145 miR-7

miR-9 miR-137 miR-7

miR-137 miR-7

miR-137 miR-7

microRNAs

    microRNAs

microRNAs

microRNAs

Real-Time RCR microRNAs microarray

microRNAs

microRNAs

TargetScan (ver. 1.0 beta) MicroTar (ver. 0.9.4)

microRNAs microRNAs 5’

6 seed seed

microRNAs mRNA 3’UTR

microRNAs seed

3’ UTR seed microRNAs
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microRNAs

microRNAs

    microRNAs

microRNA

cDNA

(cDNA microarray)

cDNA mRNA

microRNAs

mRNA

mRNA ( )

miR-137 CREM miR-7
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����� TBX2

    Real-Time PCR miR-137 miR-7

miR-137

miR-7

miR-137 miR-7

miR-137

miR-7 mRNA

miR-137 CREM (cAMP responsive element modulator)

miR-7 ������ ,protein kinase C, beta 1) TBX2 

(T-box 2) miR-137

miR-7 Real-Time PCR

mRNA

( ~ ) CREM ����� mRNA

CREM �����

miR-137 miR-7 TBX2

mRNA TBX2 miR-7

TBX2 mRNA

miR-7
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TBX2 mRNA

TBX2

miR-7 TBX2
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    microRNAs microRNAs

microRNAs microRNAs

microRNAs

microRNAs tumor 

suppressors oncogenes

microRNAs

microRNAs Human MicroRNA Microarray (Aligent)

716 microRNAs

microRNAs

Human MicroRNA Microarray

microRNAs

microRNAs Real-Time RCR Human 

MicroRNA Microarray Real-Time RCR miR-137

miR-7

miR-137 miR-7

miR-137 miR-7
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p53

microRNAs

microRNAs microRNAs

   MicroRNA Microarray analysis

Microarray RNA

RNA rRNA (28S 18S 5S)

RNA

RNA ( )

1 3 4 5 28S 18S 5S

2

RNA MicroRNA

Microarray analysis Microarray

MicroRNA
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( )

    miR-137 miR-7

miR-7 EGFR Akt 

pathway [66] microRNAs

microRNAs

microRNAs

microRNAs

miR-137 miR-7

miR-137 miR-7

miR-137 miR-7 microRNAs

    microRNAs

(TargetScan

MicroTar... ) microRNAs DNA

microRNAs seed

3’ UTR seed
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microRNAs

cDNA microarray

microRNAs

microRNAs

microRNAs

microRNAs

microRNAs mRNA

mRNA mRNA

microRNAs

mRNA

microRNAs

    TBX2 T-box2 T-box T-box

DNA-binding domain [69]
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T-box TBX2 TBX3 (transcription 

repressor) (transcription activator) TBX2

TBX2 ������*��'��� ��*��(� ����*�� ��

, 51�� fibroblast growth factor (FGF) Wnt

[70] TBX2

TBX2

TBX2 [71-74]

TBX2 ARF ARF

MDM2 p53

(apoptosis) (cell cycle)

TBX2 p53 p21 (promoter)

p21 TBX2 p53 [74]

TBX2 Early growth response 1 (EGR1) EGR1

 51�� p53 PTEN (tumor suppressor)

[75] EGR1 DNA

TBX2 EGR1 EGR1

TBX2 oncogene

TBX2 TBX2

TBX2 mRNA

TBX2 miR-7
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miR-7

TBX2 miR-7

miR-7

microRNAs
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716 MicroRNAs human 

microRNA microarray
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Real-Time PCR miR-126 miR-137 miR-145 miR-146

(-log2) P primary cell culture
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Real-Time PCR miR-221 miR-222 miR-7 miR-9

(-log2) P primary cell culture
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Real-Time PCR CREM

mRNA miR-137 CREM

miR-137 CREM

CMUH-18 CMUH-28 CMUH-10 CMUH-49 NB

miR-137 -8.527367592 -4.565800667 -4.83266449 -4.805707932 0
CREM -3.730165482 -1.052703857 0.420347214 -0.767208099 0
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miR-137 and CREM expression levels by 
Real-Time PCR
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Real-Time PCR PKC�1

mRNA miR-7 PKC�1

miR-7 PKC�1

CMUH-18 CMUH-28 CMUH-10 CMUH-49 NB

miR-7 -9.191100121 -5.508223534 -1.550134659 -2.178520203 0
PKCB1 -11.82398033 -4.214315414 -5.843532562 -3.799041748 0

-14

-12

-10

-8

-6

-4

-2

0

Ra
tio

 o
f m

R-
7 

an
d 

PK
CB

1e
xp

re
ss

io
n 

(-l
og

2)

miR-7 and PKC�1 expression levels by Real-
Time PCR



 

47 
 

Real-Time PCR TBX2

mRNA miR-7 TBX2

miR-7 TBX2
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RNA RNA

RNA

28S 18S 5S

RNA
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Expired
Gamma 

Knife
Temado

0 CMUH-04 41 2005/8/25 >63 N - N Y Left frontal

0 CMUH-08 34 2006/1/26 19 Y Mutiple metastasis Y N Right frontal

0 CMUH-10 41 2005/10/21 >61 Y - Y Y Left basal

0 CMUH-18 61 2007/6/6 22 Y Y Y Left parietal and occipital

0 CMUH-28 63 2008/3/20 20 Y Y Y Left temperal and occipital

0 CMUH-38 64 2007/9/17 20 Y Y Y Right temperal
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13 microRNAs

human microRNA microarray 716 microRNA

microRNAs log2 P primary cell culture

NB normal brain tissue

miR-ID CMUH-10 CMUH-18 CMUH-28 CMUH-38 CMUH-49 CMUH-04 CMUH-08 CMUH-09 CMUH-28P CMUH-28P NB

miR-124 -11.637 -13.292 -6.648 -13.292 -13.292 -8.464 -2.239 -4.083 -13.292 -13.292 0

miR-126 -4.875 -4.176 -4.287 -8.25 -7.625 0.596 -0.706 0.41 -5.424 -4.751 0

miR-137 -7.669 -7.669 -6.766 -7.669 -7.669 -5.171 -0.673 -3.833 -8.359 -4.101 0

miR-138 -6.835 -6.835 -5.419 -6.835 -7.35 -0.623 -2.599 -2.782 -6.835 -6.835 0

miR-145 -3.591 -3.97 -1.734 -4.813 -7.595 1.321 -0.967 -0.457 0.388 -0.852 0

miR-146 -4.793 -4.656 -4.793 -4.793 -4.793 3.845 1.675 1.91 0.421 0.049 0

miR-149 -4.573 -4.907 -3.185 -5.503 -6.621 -1.637 -1.382 -2.956 -6.076 -5.98 0

miR-212 -4.875 -4.304 -4.988 -5.148 -5.177 -0.257 -0.245 -0.661 -3.458 -2.975 0

miR-221 -7.109 -4.597 -3.312 -5.554 -6.952 0.819 -2.021 -2.226 -0.564 -0.395 0

miR-222 -9.53 -4.355 -4.252 -4.664 -6.132 1.376 -2.027 -1.144 -1.784 -1.903 0

miR-630 4.642 4.342 1.709 3.484 5.394 9.067 3.77 6.506 0.258 -0.787 0

miR-7 -9.294 -8.322 -5.304 -8.322 -8.322 -1.166 -0.837 -2.017 -3.741 -5.233 0

miR-9 -7.364 -8.428 -7.656 -11.826 -11.826 0.681 3.154 2.929 -11.826 -11.826 0
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miR-137 miR-7

ADSS KIAA0774 ACBD3 HERPUD2 RBMS3
ANK3 MYST2 AKAP10 IDE RYK

BACH2 NAT5 ALDOC IKZF3 SEPT1
CREM NUP35 AP4B1 MAP3K7 SLC15A2
CRKRS PPIH C2orf42 PCK1 SNX3
DACH2 RALA COPB2 PFTK2 STRN3

DR1 RBMS3 DAZL PPIL4 TBX2
FAM100A SLMAP DET1 PRKCB1 USP25
HMBOX1 DLG3 PUM2 USP9X

GLCCI1 RBM9 XPO5

miR-137 miR-7
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microRNA microarray microRNAs
microRNAs

log2

CMUH
10

CMUH
18

CMUH
28-2

CMUH
38

CMUH
49

CMUH
04

CMUH
08

CMUH
09

CMUH
28-1 Cell

CMUH
28-2 Cell

let-7a -2.706 -1.45 -5.397 -4.613 -5.431 0.902 1.225 1.425 1.815 1.757

let-7a* -3.531 -3.191 -4.478 -3.067 -3.191 0.058 1.426 0.449 -2.758 -2.335

let-7e* -2.046 -4.132 -1.661 -4.442 -5.506 -1.888 0.222 -0.042 -1.689 -2.011

let-7f -3.652 -2.823 -5.087 -5.81 -6.15 1.042 1.33 1.49 1.23 1.188

let-7i -3.28 -2.025 -2.962 -5.257 -5.418 1.654 2.152 1.217 2.321 2.381

miR-100 -2.146 -0.591 -2.195 -2.728 -6.401 1.352 1.825 1.764 3.407 3.53

miR-103 -4.434 -3.092 -3.49 -7.98 -8.335 -0.974 0.793 0.368 -0.7 -0.732

miR-106b -3.547 -2.267 -8.168 -7.332 -5.676 2.721 3.716 2.901 1.405 0.658

miR-107 -4.665 -3.133 -3.95 -7.915 -8.087 -0.686 0.534 0.501 -1.133 -1.152

miR-10b 1.544 0.402 -2.937 -2.748 -2.937 7.276 6.626 6.083 -2.937 -2.761

miR-1225-5p 2.591 1.862 -0.994 1.984 2.212 3.867 1.345 3.191 0.146 1.278

miR-1228* 3.016 1.084 -1.124 3.999 3.199 4.357 1.99 3.286 -1.124 -1.124

miR-124 -11.637 -13.292 -6.648 -13.292 -13.292 -8.464 -2.239 -4.083 -13.292 -13.292

miR-125a-3p -0.975 -2.066 -2.416 -2.317 -1.322 2.57 0.918 1.09 -2.39 -1.708

miR-125a-5p -3.428 -2.112 -2.583 -4.331 -7.778 -1.338 -0.221 0.053 -1.974 -2.035

miR-125b -2.244 -1.27 -6.708 -3.234 -7.707 0.062 1.652 1.838 -0.846 -0.646

miR-125b-2* -3.728 -1.706 -2.486 -6.659 -1.636 1.408 1.472 1.983 -1.998 -1.892

miR-126 -4.875 -4.176 -4.287 -8.25 -7.625 0.596 -0.706 0.41 -5.424 -4.751

miR-126* -8.029 -6.34 -6.34 -6.34 -10.984 0.691 -0.873 0.43 -6.34 -6.918

miR-127-3p -5.091 -5.371 -1.866 -3.248 -5.223 0.008 -0.407 -2.06 -1.569 -0.12

miR-128 -7.214 -7.622 -4.251 -13.838 -10.894 -3.692 -1.123 -1.453 -5.586 -5.553

miR-129-3p -7.095 -5.593 -4.061 -7.239 -8.161 -7.701 -3.751 -0.296 -8.194 -8.178

miR-129-5p -6.904 -7.384 -2.05 -3.558 -5.206 -3.661 -3.094 -0.146 -8.694 -8.694

miR-129* -6.939 -6.378 -3.069 -6.885 -7.629 -8.705 -5.647 -3.843 -7.734 -7.334

miR-130a -3.84 -2.607 -3.597 -9.337 -8.185 1.961 2.655 2.577 1.969 1.638

miR-130b -1.561 -0.592 -7.278 -5.094 -5.094 2.476 3.769 1.875 2.004 1.175

miR-132 -5.392 -4.172 -2.222 -5.594 -8.301 -0.578 -1.71 -1.16 -3.271 -3.117

miR-132* -6.92 -7.546 -4.325 -5.961 -13.069 -1.604 -1.663 -1.05 -4.249 -4.028

miR-133a -1.882 -2.356 -1.959 -1.985 -2.888 -2.74 -3.363 -3.21 -2.579 -2.307

miR-133b -5.519 -5.248 -3.041 -5.253 -7.276 -3.574 -5.028 -3.793 -3.556 -5.636

miR-134 2.386 1.243 1.124 1.401 2.56 4.001 1.319 2.637 0.705 1.723

 
 miRNA 
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CMUH
10

CMUH
18

CMUH
28-2

CMUH
38

CMUH
49

CMUH
04

CMUH
08

CMUH
09

CMUH
28-1 Cell

CMUH
28-2 Cell

miR-135a -7.278 -7.158 -8.033 -7.573 -6.04 -0.568 2.448 1.795 -6.89 -5.883

miR-135a* 2.633 2.907 1.169 1.75 3.546 7.312 3.025 5.944 1.471 2.046

miR-135b -2.975 -3.58 -5.165 -3.246 -3.423 1.666 3.529 0.328 -5.41 -2.332

miR-136 -10.868 -8.031 -7.151 -6.855 -7.974 -0.433 0.644 -0.443 -1.618 -0.264

miR-137 -7.669 -7.669 -6.766 -7.669 -7.669 -5.171 -0.673 -3.833 -8.359 -4.101

miR-138 -6.835 -6.835 -5.419 -6.835 -7.35 -0.623 -2.599 -2.782 -6.835 -6.835

miR-139-5p -8.502 -11.709 -2.121 -10.709 -8.765 -4.314 -0.93 -0.491 -8.765 -8.765

miR-142-3p -0.238 -5.736 -8.416 -5.822 -4.89 3.42 3.704 3.921 -6.527 -6.745

miR-145 -3.591 -3.97 -1.734 -4.813 -7.595 1.321 -0.967 -0.457 0.388 -0.852

miR-146a -4.793 -4.656 -4.793 -4.793 -4.793 3.845 1.675 1.91 0.421 0.049

miR-146b-5p -7.918 -5.13 -6.19 -7.632 -6.274 1.203 0.363 0.943 -5.642 -4.587

miR-149 -4.573 -4.907 -3.185 -5.503 -6.621 -1.637 -1.382 -2.956 -6.076 -5.98

miR-150* 1.648 1.543 0.202 -0.075 1.802 5.006 1.837 3.588 2.755 4.393

miR-154* -6.292 -5.263 -5.263 -5.777 -9.099 -1.053 -0.458 -2.453 -0.062 1.003

miR-15a -4.494 -4.193 -6.525 -8.261 -6.261 1.675 2.336 2.682 0.482 -0.142

miR-15b 2.557 4.313 -0.718 0.566 -1.002 2.661 2.836 1.495 2.888 2.234

miR-16 -2.092 -0.147 -3.487 -4.778 -3.38 2.318 2.394 2.321 1.629 0.938

miR-181a* -2.981 -4.472 -3.037 -9.087 -5.487 -0.181 1.133 0.367 -2.017 -1.765

miR-181a-2* -0.765 -2.249 -3.335 -3.827 -3.291 2.006 3.284 3.035 -1.924 -0.745

miR-181c -5.412 -4.199 -3.169 -7.33 -7.33 -0.057 1.172 1.702 -3.527 -3.031

miR-181c* -5.306 -3.906 -4.335 -4.306 -4.306 0.566 1.417 1.682 -3.149 -2.13

miR-181d -4.349 -5.409 -0.956 -2.262 -4.041 0.548 1.232 1.41 -1.565 -1.419

miR-186 -6.202 -5.323 -7.846 -10.846 -6.202 0.597 1.39 1.221 -2.545 -2.634

miR-188-5p 2.569 1.741 0.472 1.998 2.693 5.095 1.216 3.785 -1.235 -0.936

miR-193b* -0.851 -1.426 -0.245 -2.972 -2.847 4.224 0.411 2.526 -2.972 -2.215

miR-195 -5.693 -2.972 -3.897 -7.513 -10.365 0.664 2.276 3.128 -0.94 -1.702

miR-197 -3.225 -1.877 -1.114 -2.662 -4.477 -1.505 0.495 -0.042 -1.39 -1.42

miR-198 3.336 3.283 1.048 3.86 4.011 6.644 2.016 4.533 1.044 -1.205

miR-199a-5p -3.248 -2.773 -3.009 -4.432 -6.57 4.99 0.499 0.351 4.217 4.874

miR-199b-5p -2.654 -1.625 -2.777 -1.236 -1.475 5.399 1.403 -0.885 -3.182 -2.099

miR-19a -5.082 -6.893 -6.893 -6.893 -5.858 2.063 3.192 2.102 1.308 0.251

miR-19b -4.238 -6.277 -8.628 -12.464 -5.448 1.896 2.798 2.168 1.09 0.307

miR-204 -8.333 -4.46 -1.789 -5.001 -5.626 -0.114 -3.875 -4.084 -6.659 -6.125

miR-20a -3.131 -3.722 -6.229 -8.724 -4.931 2.043 3.15 2.763 1.342 -0.089

miR-20b -3.529 -2.1 -10.74 -6.097 -7.314 2.205 2.906 2.3 -0.468 -1.794

miR-21 -2.424 -3.024 -6.582 -2.944 -1.872 5.952 5.313 5.708 4.932 4.387
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CMUH
10

CMUH
18

CMUH
28-2

CMUH
38

CMUH
49

CMUH
04

CMUH
08

CMUH
09

CMUH
28-1 Cell

CMUH
28-2 Cell

miR-21* -0.01 -1.121 -1.121 3.043 1.084 6.054 4.401 3.828 5.239 4.408

miR-206 3.342 1.893 -0.744 4.01 3.003 4.009 1.56 2.685 -0.744 -0.744

miR-210 -2.717 0.593 -2.386 -1.198 -3.55 3.012 1.378 2.099 2.446 2.484

miR-212 -4.875 -4.304 -4.988 -5.148 -5.177 -0.257 -0.245 -0.661 -3.458 -2.975

miR-214 2.129 1.992 1.222 2.618 -2.285 5.199 0.295 1.548 5.606 5.62

miR-215 -3.502 -6.687 -3.502 -3.502 -4.591 1.252 0.848 1.473 -3.576 -1.531

miR-219-2-3p -4.484 -8.029 -3.594 -3.387 -5.962 -3.683 -1.536 -0.3 -8.029 -8.029

miR-219-5p -8.872 -9.194 -5.855 -9.194 -9.283 -3.189 -0.427 0.786 -6.869 -7.33

miR-22 -7.567 -4.93 -5.501 -7.937 -8.011 0.449 0.085 0.347 0.621 1.035

miR-221 -7.109 -4.597 -3.312 -5.554 -6.952 0.819 -2.021 -2.226 -0.564 -0.395

miR-221* -2.996 -0.458 -2.758 -2.996 -2.996 1.897 -2.156 -1.07 2.117 2.532

miR-222 -9.53 -4.355 -4.252 -4.664 -6.132 1.376 -2.027 -1.144 -1.784 -1.903

miR-23a -3.233 -0.766 -2.855 -3.82 -5.093 2.045 1.644 2.807 3.285 3.528

miR-23b -4.415 -2.715 -4.236 -7.164 -9.132 -0.775 -0.382 0.018 -1.362 -0.537

miR-23b* -1.699 -0.652 -0.772 -1.885 -1.563 0.164 -1.563 -0.318 -1.23 1.151

miR-24 -4.863 -2.627 -3.715 -8.144 -7.955 0.663 0.593 1.45 2.462 2.64

miR-25 -1.177 1.653 -2.217 -2.574 -4.227 2.987 3.843 2.771 1.171 0.606

miR-26a -7.071 -4.831 -4.705 -9.189 -11.349 0.578 1.054 0.578 -2.366 -2.303

miR-26b -4.427 -5.844 -6.002 -9.025 -6.672 1.283 1.594 2.086 -0.02 -0.081

miR-27a -4.409 -2.153 -4.953 -5.512 -4.951 2.613 2.355 3.432 4.58 4.666

miR-28-3p -1.128 -1.128 -1.128 -1.128 0.72 5 2.641 3.033 -1.128 -1.128

miR-28-5p -3.706 -2.518 -3.847 -9.017 -5.181 1.671 2.437 2.383 1.122 0.929

miR-299-5p -4.98 -4.463 -1.38 -6.787 -6.271 -0.295 -0.196 -2.453 -0.851 0.613

miR-29a -5.233 -3.531 -4.869 -6.516 -7.556 -0.159 0.256 1.086 0.501 0.802

miR-29a* -4.353 -3.457 -4.164 -4.909 -5.019 -0.676 0.863 1.831 -3.684 -3.025

miR-29b -7.048 -11.476 -6.651 -10.306 -10.212 -1.422 -0.244 0.624 -1.337 -1.15

miR-29b-1* -0.219 -1.65 -2.356 2.24 0.174 1.647 1.317 1.288 1.483 1.853

miR-29c -5.859 -7.869 -5.644 -10.796 -9.587 -1.585 -0.49 -0.096 -1.33 -1.517

miR-29c* -6.454 -6.082 -3.692 -6.578 -9.246 -2.833 -1.08 -1.023 -3.707 -3.762

miR-301a -7.087 -7.087 -7.087 -7.087 -7.087 0.666 3.299 2.517 -0.526 -0.939

miR-302a 1.141 -0.062 -1.748 -0.426 -1.076 2.607 -0.104 -0.062 2.049 1.592

miR-30a -7.26 -4.52 -5.278 -8.855 -8.556 0.925 1.338 1.513 0.101 -0.167

miR-30a* -5.874 -2.849 -3.415 -5.874 -5.874 0.515 1.012 1.724 -0.116 -0.248

miR-30b -5.66 -5.102 -4.764 -8.63 -8.679 0.486 1.041 1.557 -1.918 -2.275

miR-30b* 0.29 -0.12 -1.111 2.552 1.025 2.443 1.113 1.748 -2.433 -2.088

miR-30c -5.952 -4.437 -4.123 -7.315 -8.405 -0.018 1.059 1.354 -4.039 -4.215
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miR-30c-1* 1.699 1.678 -0.405 2.26 2.322 4.003 0.751 2.135 -4.378 -1.378

miR-30d -4.191 -4.105 -3.352 -5.512 -6.429 -0.042 1.043 0.676 -2.715 -2.896

miR-30e -7.313 -7.306 -9.495 -8.277 -8.277 0.493 1.457 1.18 -1.303 -1.257

miR-30e* -6.386 -8.172 -4.612 -6.386 -6.386 0.05 1.182 1.505 -2.051 -1.633

miR-31 -5.44 -2.464 -7.44 -1.884 -5.201 -1.122 -2.865 -2.433 2.724 3.677

miR-32* 1.88 0.127 -2.214 2.579 2.269 2.728 1.255 2.756 -3.631 -4.274

miR-323-3p -6.441 -6.629 -0.273 -6.916 -6.916 -0.98 -1.197 -2.502 -3.99 -2.235

miR-324-3p -2.133 -1.554 -1.571 -1.862 -3.215 0.73 0.683 0.594 -1.172 -1.281

miR-324-5p -4.26 -4.868 -2.623 -6.671 -6.671 0.03 1.123 1.033 -0.171 -0.355

miR-326 -3.765 -5.087 -3.502 -4.143 -4.143 -2.236 -0.876 -1.713 -5.929 -4.143

miR-328 -3.045 -3.332 -1.13 -4.086 -3.615 -2.857 -1.035 -0.733 -3.195 -3.267

miR-329 -5.319 -5.36 -1.41 -5.715 -6.422 -1.29 -0.725 -2.568 -2.678 -1.31

miR-335* -2.445 -3.008 -3.617 -5.14 -3.27 2.498 1.416 0.785 -3.314 -3.026

miR-337-3p -1.198 -0.794 -0.688 -1.82 -0.999 2.836 2.15 -0.192 1.205 2.677

miR-338-3p -10.635 -12.691 -6.754 -12.024 -11.691 -4.079 -2.482 -2.007 -12.024 -12.459

miR-340* -5.195 -5.256 -4.287 -6.005 -5.47 -0.349 1.283 0.619 -3.679 -3.231

miR-342-3p -4.64 -2.658 -3.199 -4.317 -8.09 -1.501 0.297 -0.031 -4.289 -3.502

miR-342-5p -3.414 -1.925 -0.455 -4.605 -6.717 -0.765 0.144 0.009 -5.028 -4.492

miR-346 -3.112 -3.951 -1.64 -5.68 -5.228 -2.899 -0.803 -1.966 -4.869 -4.265

miR-361-3p -2.352 -1.547 -0.401 -2.672 -6.003 0.864 -0.049 0.779 -1.357 -1.416

miR-361-5p -3.905 -2.658 -1.821 -6.216 -7.638 0.588 1.309 1.038 -1.018 -0.784

miR-363 -1.979 -0.201 -2.996 -5.579 -7.398 1.798 1.511 0.537 -6.587 -7.348

miR-365 -4.235 -2.503 -1.761 -4.199 -5.02 -0.098 0.132 -1.02 0.046 0.691

miR-369-5p -2.766 -3.299 -1.461 -4.277 -3.105 0.868 0.26 -1.086 0.418 1.957

miR-373* 3.315 2.272 -3.322 1.151 1.664 4.026 2.114 2.703 2.217 4.675

miR-374b -6.219 -2.681 -4.094 -6.219 -6.219 2.001 2.991 1.948 -0.15 -0.374

miR-374b* -1.642 1.155 -7.285 -1.642 -1.642 0.68 1.805 0.547 -1.642 -3.241

miR-378 -3.146 -5.419 -3.93 -4.945 -4.945 2.99 0.411 0.88 -2.536 -2.628

miR-381 -6.268 -6.05 -3.936 -6.05 -6.05 0.404 -0.162 -1.903 0.48 1.669

miR-383 -3.006 -5.201 -2.576 -0.649 -2.87 -2.429 -1.559 0.483 -5.201 -5.201

miR-409-3p -3.8 -3.765 -0.904 -7.891 -5.832 0.941 0.135 -1.322 0.368 1.547

miR-410 -7.929 -7.546 -1.98 -7.394 -7.394 -1.579 -0.945 -2.424 -1.541 -0.323

miR-421 -6.41 -4.603 -8.41 -5.258 -10.58 0.171 0.989 -0.679 -3.866 -3.281

miR-423-3p -2.7 -1.273 -2.7 -2.79 -2.7 2.566 1.943 2.166 -3.987 -2.004

miR-424 -2.985 -2.488 -3.554 -4.763 -4.161 3.675 2.959 2.655 3.411 2.229

miR-424* -0.58 2.485 -0.58 -0.58 1.438 8.76 3.277 7.366 -0.58 -0.58
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miR-432 -3.009 -3.46 -0.407 -1.801 -3.438 -0.024 0.173 -1.386 -1.199 -0.055

miR-450a -3.235 -1.984 -1.984 -5.306 -3.927 5.38 3.071 1.667 1.596 1.486

miR-451 -1.172 1.617 -4.531 -3.431 -1.381 4.381 3.156 1.666 -11.237 -8.692

miR-483-3p 3.183 3.159 1.033 0.758 0.884 4.857 1.197 -1.604 1.593 0.964

miR-483-5p 1.722 2.017 -0.331 0.564 1.678 4.037 0.324 2.244 -2.958 -3.399

miR-484 -1.93 -2.327 -2.531 -2.485 -2.871 0.441 1.664 1.105 -1.57 -1.593

miR-485-3p -3.261 -2.836 -1.092 -4.836 -4.379 -2.262 -1.419 -3.524 -3.999 -2.554

miR-486-5p 2.638 5.24 -0.121 1.516 1.28 2.857 1.752 1.066 -3.13 -2.485

miR-487b -6.287 -6.126 -1.386 -6.676 -12.691 -0.479 -0.422 -1.258 -0.6 0.456

miR-491-3p -1.874 -6.933 -3.058 -7.518 -1.874 1.069 2.884 1.742 -1.874 -1.647

miR-495 -6.59 -7.303 -3.778 -6.59 -6.59 -0.233 -0.046 -1.158 -0.716 0.466

miR-497 -4.477 -2.696 -3.208 -7.417 -7.943 0.151 2.248 2.647 -2.284 -2.927

miR-500 -1.565 -0.97 -4.99 -3.99 0.342 4.212 1.421 2.152 -3.348 -2.195

miR-500* -6.144 0.496 -1.84 -4.871 -3.085 2.346 1.78 0.941 -1.159 -0.74

miR-501-3p -4.587 1.36 -2.861 -1.644 -1.644 3.884 1.691 1.724 -1.644 -2.334

miR-501-5p -0.631 0.338 -2.14 -6.28 0.443 4.354 1.379 2.041 -1.459 -1.114

miR-502-3p -2.728 0.401 -2.441 -6.202 -2.728 2.479 1.716 1.041 -1.447 -0.798

miR-502-5p -3.08 -1.613 -4.997 -1.509 -1.524 1.286 1.765 -0.46 -1.373 -0.621

miR-505 -2.183 -1.43 -3.907 -2.838 -6.73 2.09 2.521 1.436 0.628 0.545

miR-505* 0.294 1.079 -3.112 -1.597 -1.597 2.81 1.646 1.855 0.219 0.966

miR-509-3p 0.218 2.682 0.218 1.049 -2.967 2.188 0.218 0.218 0.218 0.218

miR-513a-5p 2.678 1.956 -1.69 -1.17 -0.214 7.126 2.903 5.341 -7.158 -3.715

miR-513c 1.62 0.023 -1.915 1.823 0.581 7.04 2.444 5.232 -1.915 -1.915

miR-518c* 2.662 1.727 1.419 -1.157 1.733 5.585 1.889 3.929 -2.013 -2.013

miR-519d -3.312 -1.942 -1.782 -2.081 -1.851 -2.249 -2.166 -3.144 -3.159 -1.233

miR-525-5p -1.56 -1.776 -1.342 -1.342 -0.786 2.968 0.553 1.231 -1.342 -1.342

miR-532-3p -1.306 1.461 -1.293 -2.073 -3.383 1.296 1.918 0.414 -2.138 -1.151

miR-539 -2.029 -3.362 -3.293 -1.224 -2.544 -0.714 -1.051 -2.346 -1.524 -0.133

miR-550* -1.522 1.233 -3.522 -2.538 -2.433 2.122 1.097 0.261 -0.613 -1.659

miR-551b -3.776 -4.876 -4.563 -5.325 -4.786 2.125 3.729 2.952 0.952 2.169

miR-563 1.203 1.172 0.665 1.074 1.154 -1.511 -1.511 -1.511 0.941 1.216

miR-572 3.43 1.045 0.114 1.621 3.884 2.176 0.472 1.554 1.363 1.063

miR-576-5p -0.8 3.909 -0.482 -0.126 0.064 -0.632 -0.632 -0.632 0.294 0.309

miR-584 -4.409 -3.177 -3.311 -4.002 -3.487 0.578 -2.015 -0.732 -4.196 -3.838

miR-595 2.781 1.193 -0.376 3.834 2.823 2.047 1.448 1.118 -0.914 -1.346

miR-610 0.022 -1.041 -2.285 1.035 0.641 4.528 3.111 3.884 -2.285 -2.285
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miR-617 1.042 0.707 -3.283 -2.029 2.136 3.874 0.815 2.544 -1.339 -1.339

miR-622 4.563 4.028 1.423 2.013 6.85 5.828 1.741 4.242 -0.153 -0.687

miR-625 -4.808 -3.919 -3.682 -5.01 -5.296 0.963 -0.295 -1.103 -1.392 -1.687

miR-629* 0.942 1.646 -1.597 -0.52 1.634 5.267 2.405 3.991 3.08 3.455

miR-630 4.642 4.342 1.709 3.484 5.394 9.067 3.77 6.506 0.258 -0.787

miR-634 -1.291 -1.424 -1.925 -1.577 -1.531 -1.311 -0.87 -0.995 -1.655 -1.62

miR-654-3p -3.932 -4.58 -2.545 -7.135 -5.076 2.068 2.056 -0.481 1.371 2.75

miR-656 -5.076 -4.986 -3.387 -7.446 -6.33 -0.467 -0.868 -1.604 -3.088 -1.316

miR-659 3.372 1.905 0.589 0.633 1.745 4.722 1.567 3.549 -1.111 -1.111

miR-671-5p 1.641 1.238 1.24 0.449 2.654 3.683 0.902 2.231 -2.858 -2.888

miR-7 -9.294 -8.322 -5.304 -8.322 -8.322 -1.166 -0.837 -2.017 -3.741 -5.233

miR-708 -0.701 -2.58 -1.454 -2.097 0.137 1.986 2.624 2.317 -3.475 -4.01

miR-744 -6.522 -4.142 -1.443 -6.55 -6.55 -1.562 -0.287 -0.621 -3.029 -2.792

miR-765 2.564 1.692 1.509 0.643 2.52 4.746 1.505 3.322 -5.209 -5.135

miR-768-5p -1.124 -1.103 -0.799 -2.953 -1.853 0.867 1.525 2.499 -2.119 -1.905

miR-769-5p -6.628 -6.106 -2.374 -7.227 -8.743 -2.981 -1.726 -1.756 -3.418 -3.277

miR-874 -2.239 -2.908 -1.899 -4.072 -2.295 1.278 -1.222 -0.131 -1.984 0.216

miR-877 3.539 3.519 1.736 2.926 3.331 3.704 0.698 2.563 1.379 2.203

miR-885-3p 1.074 -0.66 -1.245 2.745 0.415 2.881 1.698 2.619 -1.245 -1.245

miR-885-5p -3.948 -4.131 -1.587 -6.057 -6.561 -3.171 -1.607 -2.911 -5.641 -5.805

miR-886-3p -6.679 -3.555 -4.956 -2.639 -3.147 3.951 -0.917 -1.807 1.613 1.56

miR-887 -1.652 -3.874 -1.459 -2.927 0.086 5.021 1.929 3.284 -0.04 2.153

miR-892b -1.601 -1.45 -2.548 -6.669 -0.365 4.496 1.114 1.957 -1.331 -1.192

miR-9 -7.364 -8.428 -7.656 -11.826 -11.826 0.681 3.154 2.929 -11.826 -11.826

miR-9* -5.325 -8.4 -6.517 -10.051 -9.781 1.114 2.773 3.096 -10.938 -10.938

miR-93 -1.49 0.508 -2.754 -5.589 -7.376 2.377 3.835 2.532 1.139 0.193

miR-936 0.86 1.73 -0.453 -2.196 1.796 4.521 1.641 3.536 -2.506 -5.062

miR-940 -1.345 -1.422 -1.607 -1.58 -1.322 1.365 1.553 2.254 -1.086 -0.544

miR-96 -1.709 -0.952 -1.709 -1.738 -2.653 3.567 8.817 5.211 -1.738 -0.961

miR-98 -7.105 -5.293 -4.726 -7.538 -7.538 0.772 1.346 0.817 -0.539 -0.423

miR-99b* 0.184 -1.348 -5.072 -1.68 -1.428 3.637 1.792 2.462 -2.236 -0.83
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