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— Abstract

Background : Astrocytes have multifunctional properties including structural support for nervous tissue and maintaining
metabolic environment. Most primary brain tumors such as astrocytomas and glioblastoma originate from astrocytes.
MicroRNAs, a class of non-protein-coding RNAs that are ~22 nucleotides in length, have been implicated in the
regulation of various biological processes including apoptosis, animal development, physiological functions such as
insulin secretion, and differentiation. Recently, miRNAs have been implicated in cancer as important regulators of
tumour suppressor genes and proto-oncogenes. The purpose of this study was to provide the fundamental data for
molecular-biological understanding and development of novel diagnosis and therapies of diseases involved with
astrocytes by profiling microRNAs of human primary astrocytes.

Methods : Human primary astrocytes were prepared from human fetal brains of 12-15 weeks gestation. Astrocytes were
purified from other brain cells containing neurons, microglia and oligodendrocytes. Unlike hybridization-based methods,
sequencing-based methods allow for direct discovery of novel microRNAs and detection of variations in mature
microRNAs. In this study, massively parallel sequencing (MPS) was applied to microRNA profiling in primary human
astrocytes.

Results : In total, genomic alignments from 32378 sequence reads were annotated as miRNA, piRNA, snRNA, snoRNA,
scRNA, scaRNA, tRNA, rRNA, mRNA or unknown based on their genomic position. Among the 721 known human
miRNAs registered in miRBase, 260 miRNAs were recovered in primary human astrocytes libraries. In addition, 27
novel miRNA candidates wered identified from unknown clusters of mapped sequence reads. The total set of novel
miRNA candidates comprises 27 unique miRNA sequences from introns (12 sequences), intergenic regions (8
sequences), 5’ UTR of protein-coding genes (2 sequences), and 3° UTR of protein-coding genes (5 sequence).
Conclusion : To the best of our knowledge, this presented work is the first to discribe a miRNA profiling in human
primary astrocytes using massively parallel sequencing. Our study might be fundamental for the comprehension of the
molecular basis of the pathogenesis of such an aggressive tumor as glioblastoma, and give new clues to develop targeted
therapies against this still untreatable cancer. Additional studies are now obviously needed to experimentally identify
the targets of modulated miRNAs and to correlate them with brain tumor oncogenesis.
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Table 1. Functions of astrocytes

FSFANAA ] 24 A% FEe APt 715 /AL o] A173AH E(neuron) 9t 7Bl FAHS AlF3.

da-x 4] P4 T I end-feet) 2 ¥ o A= AL FF8] M D33 29 (blood-brain barrier) & -9 3Hm,
o] Fxdoz AL 2o AR nAE o] 48 Al et Aol WAL Wo}
A E(astrocyte) 2] EZ3Hend feet)o] 23] oF 80% FE7t DA otz )P

j=7)
=
i
2
1o,
re
=
O
o,
=,
=2,
>
(e}
=t
a
=
02,
=
2
5
aQ

o} 73 Al 2H(glial limiting membrain)®] ¥4 W2 49 HolwM E(astrocyte) E7]EL ¥ <
membraneS P, AFAM= HLAF A5 FAAY HAL AE offolA inner glial
limiting membrane2 &4 g},

H] Al (scaffolding) ¢] 7]% gfojA] 7o) v A& AAM E(neuron) 9] o] ol WHOZA 9 ATS 3,
AdA 7% Hol WA E(astrocyte) o] H 7] M2 T2 AAME AHF(synapse) ] HEHES 7T
A7) AAA 2R 75 st 399 BAYE AAM Z(neuron)dl] FEFL FE AL ol

F=d A2 glutamate] T XY 379 Hed AAAY BAS 550 dFE B S fAGER F17 o9 e
ABAGED AA 7142 B34 glutamate?] A3 A M E(neuron) & = AAAGE
Aol o3 =402 RE BEat=Y B5EHo Y o gutamaterglc bystemA HAFe g5 =
3 (excitotoxicity) & oF7|3te] Thefdt FWH FFA174A ] Wl AdEod 4 gy
493 9
F23 AZ9 Kol & AES 7l FEd Kol & F43ith
g9 AR 4 wE AEAY ol FH(elycogen)S #7438 k7t norepinephrine®] Ao ¥H8-5k4 glucoseZ 3 3F

o] F9] AZAAM E(neuron)o] #= 3tk

A 24| A Aol ofste] A E(neuron) 7} FA W Holw A X (astrocyte) 7} F218ted o] F AZA X
7Hneuron) 7} AFA 312 Q& F7HE AS-Ed o] & Aol ntEz A (gliosis) o] 2L e}, o] &
& HohiA Zlasronyte)d) AL &4 3 ARG HA-R2IAe] AFLR A A 3
o Axoln} w73, Ty 7334, Alzheimer's disease FolA dopyrh™Y

ol T2 9% ol M E(astrocyte) ] AE71E Bt HAT A2 HE A A E(neuron) 714 tiAMHE
2 A g7} o) F sttt ¥olwA E(astrocyte) & A3 H7H A3 gap junction) &2 AZAH o] 9o]
Kﬂiﬂi"] =90 glo] thE ol A FE(astrocyte) 22| o]F°] 7153tk

g4 2 HoliH Z(astrocyte) £ H 343 A 54T dbS AFleke T B ERE A48T £ 9l
AR £ 7 o] AAUAAE EH]ste] A73A Z(neuron)e] 43} Hajol Fofdte)”

A 3 (astrocyte) 2] microRNA Q] profilingol] th3t A+= AFNA 2 uhy
A5 Aeoln
ool B x| 2}:= Massively parallel sequencing (MPS) W 1. A 89 : Primary human astrocytes

HE o]83% human primary astrocytes?] microRNA 2 ] AREE Human primary astrocytess Al
profilingS- Al ggsfed LKA 32 F(glioblastoma 12-15%2] ©17F glole] o dojmon!V o=
mulfiforme) 9] okl Z(astrocyte) ¥ ¥ H 2o Columbia thete] ¢4 A8 99 QOﬂH +91S gtk
A A=A A 71 2E vkEstaR}; sk th o] ZAL 025% trypsina} 40pg ml' DNaseZ 3H5-5F

phosphate-buffered saline (PBS)el] 37 “C9] &% ojl4 30
B2 SR, AR piper AHESte] ) A
22 FE8ith oA #E AEZEES 10% fetal
bovine serum, 20g ml' gentamicin, 2.5¢g ml’

- 173 -



A

£

2 o] 7o)

2%

st #2449 23, 2009

amphotericine BE  ¥f3F Dulbecco's modified Eagle
medium (DMEM) with high glucose®l] F-F-A1FH 3, 28] 3
WA poly-lysine-coated T75 flasks (18 ml at 10° cells ml™
cell density)o] 3 wjFstAch  24-36A17F  F9
DMEMC 2 2/l ZX F-2d A2E2 Hloldl & A
wizle]  &HTE AZAM E(neuron),  PIAOFRA] A
(microglia), 3]Z2%7]o}uA] ¥ (oligodendrocytes) 7} §
Tt Holw A E(astrocyte) & 7317 $J3 A+
St i o] ©Ale] AP S wHE F Tt o] FHA
2 A ZE2] 9B% o] gl A Holaw A E(astrocyte) ©] A
k1 GFAPOl| Fdo= g1= ATt

e o

2. RNA £
™A Primary human astrocytesE phosphate buffered
saline®l] ¥ A& 8192 M, Qiazol (Qiagen, Germany)<
AFESFATE Qiazol 1mIS z}2+9] dish (107 cells) o] @ o]
U 5, 3 meaWe ALgsle] ATES AL

RIS =
GBS Ame AP AT o] 4L 0Z

oo 2z (8
<
g
o
2
agQ
e
o
~
Q
=2
2
S
A
=
B
Q
S
ol
[ije}
Lo
™
i

%9t} 0.2 mL chloroform / 1 mL
o= s AL & AWx
A 3R wiFste] 47 CollA 157 12,000 x g9 S
2 942 stk AT HFE N2 A &1 F
0.5 volume isopropanol& A 7}sle] AAAFH L) o] &3
58 A=A 1027F Q1Fulo]ds & 4° CollA
1027F 12,000 x g¢] &£5=2 9428359 W2k 75%
ethanol 0.5 mLZ RNA pelletS A& 3t 3 4 ° CollA 5&
712,000 x g9] =2 F4EE 3 Th ethanolS A A
gk & RNA pelletS 577F AUl 2ZollX AxRA|Z o,
20 pL®] nuclease-free waterel] ThA] F--f-A]Z T}

Q
o

S
o
i
N
ol
=
rr

3. small RNA library2] <H]|(Fig. 1)

small RNA library= small RNA preparation kit
(Ilumina, US.A)E AHg-3Fe] FH| S TE Total RNA &
o4 10 pg(in 10 pL)o] Novex 15% TBE-Urea PAGE gel
(Invitrogen, US.A)oA Z7]o] whg} EFEAQ77, 18-30
nucleotides (nt) band7} A| A= o] AsaAl =Tt ol &
3] Ao 9lE SRA 0.3 M NaCl 300 pLol] Yol Ayjex
A 4A7F F9F 513 th o] Y-S spin-x cellulose

acetate filter]l A& F, glycogen 3 pLo} AUl =9

miRNAlibrary preparation

Primary human astrocytes

l

Size-fractionation
of 18-20 nt RNA

£
I

§ and 3’ adaptor
l ligation

Massively Parallel Sequencing
using llumina Genome Analyzer

Fig. 1. microRNA library preparation

Small RNAs are size-fractionated using a TBE-Urea PAGE
gel. RNA is recovered from 18-30 nt fraction and then
ligated with 5' and 3' adaptors. After RT-PCR, the miRNA
library was subject to MPS, which includes cluster generation
on a flow cell and sequencing. Adapted from Ahn.

100% ethanol 750 plL-g& F7Fske] AT H Th RNA pellet
< 75% ethanol 750 pLE A& ste] A oA Az
A F AL Z=4(ultra pure water) 5.7 ploll AFFA1Z T
T4 RNA ligaseE ARgsted SRA 5
(GUUCAGAGUUCUACAGUCCGACGAUC) & small
RNAO] 20 ° CollA} 6A17F &<F 2615l 4 7 Co] &%=
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o] ligated RNAE Novex 15% TBE-Urea PAGE gel
(Invitrogen, US.A)A =7]o uwet EF7F HUX
40-60nt band= A A= oIXth 2 RNAE 3]4€ & 72
o2 A Ee] A 24 (ultra pure water) 6.4 uLol
ANEG FHYTh T4 RNA ligaseS AF83F] SRA 3
adaptors (UCGUAUGCCGUCUUCUGCUUGUIAT) - small
RNA®| 20 * CollA] 6417+ &<F F-&Fslial 4 " Co| 2%
oA &<t FAHATE o] ¥hE-E SRA gel loading dye
10 uLE F718le] ¢ wojH k. ligated 3’
RNA¥E 10% TBE-Urea gel (Invitrogen, U.S.A) A 7]
o] wat BHEUYIL, 70-90nt band= A A= R o]
RNAE 722 Wio R 34, 4, A5-F =H3Ach

small RNAE superscript I (Invitrogen, U.S.A.) 2} SRA
RT primer (CAAGCAGAAGACGGCATACGA)Y 2]s}e]
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adaptor
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single-strand ¢cDNAZ Z13+# & [llumina’ s PCR primer
set (CAAGCAGAAGACGGCATACGA ;
AATGATACGGCGACCACCGACAGGTTCAGAGTTCTA
CAGTCCGA)E AHg-st F¥ =0 Atk PCR ¥H&-2 9
8T NA 30%, 98CollA 10% 183], 60TColA 30x, 72°C
oAl 15%, 72° CellA 10%  FQH olFo R
single-strand ¢cDNAE 6% TBE gel (Invitrogen, U.S.A.)9ll
A =710 weh EFEH AL, ek 92bp bande A A H o]
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100 pLeflA] vl eF =ik o] 'L spin-X filtere]] 2]
8] A8zl T cDNAE glycogen 1 pL, 3M NaOAc 10 pL
3} -20°C 100% ethanol 325 uLE ¥7}ate] A= o5tk
pellet2- 2L 5 9] 70% ethanol S00 uLZ A2 H 3 4
W 2=oA AZEHAUTE =rjo] cDNAE resusepension
buffer (Ilumina, US.A) 10 Lol A5 Holch o]
libraryE ¥ 7}38}7] $38}e] Nanodrop spectrophotometer
(Thermo, US.A)S AME-3}e] cDNA FX=2} 260/280 nm
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4, Massively parallel sequencing (MPS)

Nlumina 1G genome analyzerE AFE3}ed small RNA
library®] 9714 "< &elatdth MSP method” 9] 7§ &

= Fig. 29} 7t}
I' :Igg\
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Fig. 2. Massively Parallel Sequencing

After library preparation, miRNAs are hybridized, linearized,
and amplified on a flow cell. A flow cell has eight channels,
each of which has 330 tiles. Each tile is a basic unit for image
acquisition and analysis, and the optimal number of clusters in
each tile is ~20,000. As shown in B, ~20,000 clusters in one
tile are sequenced simultaneously using image analysis in the
Genome Analyzer (Illumina). After each sequencing cycle,
clusters with either A, G, T, or C were identified and ~20,000
clusters in each tile were sequenced simultaneously by
aligning images as illustrated in the bottom panel of B.
Adapted from Illumina (www.illumina.com).

9] MicroRNA T2 ut g

human primary astrocytes®] small RNA librariesol| A &
%l BRE H7IME oA 271& WHESHE genome?]
LS 9x|9] FHo we} cluster2 BF7FsF o, Zkz+
9] cluster®] Z o]+ 30 base pairs ©]st=2 A g= YT} &
3237870 @7IAEe]  genomee] fX|of 7]x3Eho]
miRNA(microRNA),  piRNA(Piwi-interacting ~ RNA),
snRNA(small nuclear RNA), snoRNA(small nucleolar
RNA), scRNA(small cytoplasmic RNA), scaRNA(small
Cajal  body-specific RNA), tRNA(transfer RNA),
rRNA(ribosomal ~ RNA), mRNA(messenger RNA),
unknown ©. 2 7=tk ZF 3237870 9] small RNAS]
7198 s FollA 85%% known miRNAYOH,
unknown miRNAE 1%°] I tHFig. 3).

Fig. 3. Distribution of sequence counts for the different
classes of small RNAs

miRBase'”o] S2% 72170 known human miRNA %
olA 26070¢] miRNAZ} 2 39 human primary
astrocytes®] small RNA librariesoll 4] &2l = QI TH Table
2). 23 ¥ Aol 72170 2] known human miRNAO
E3tE o] AA] &= 27709] novel miRNA candidates7} &+
o1 = ATH(Table 4).

B AzoA #e1E known miRNAs®] genome $X]&=
87% 3 2] miRNA7} intron, 169% 57} intergenic, 3557}
57 UIR, 1&%F7} exonl® tr}eksiith
miRNAs®] genome %] B3t 12£57} intron, 877}
intergenic, 2% 7} 5° UTR, 5557} 37 UTRO.E T}oF
AT intron®l] € X]3F= known miRNAse}F Q1438 64
A7} coding3F proteing A B Table 3¢} 74th 28] 3
2770 €] novel miRNA candidates Z°l|A] sequence count”}
1712 953 B2 unk-230] 71 Al8)g w3k novel

miRNA candidate2 A§Z+E tH(Table 4).

unknown
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Table 2. Known miRNA expressed in astrocytes

chromosome miRNA D genomic location adjoining gene Sequence count
chrl hsa-miR-34a* intergenic no 4
chrl hsa-miR-214 intron NM_015569; 10
chrl hsa-miR-30e* intron NM_014223; 33
chrl hsa-miR-181a* intergenic no 18
chrl hsa-miR-664* intron NM_012414; 4
chrl hsa-miR-320b intergenic NM_001007237:NM_001542; 7
chrl hsa-miR-30c intron NM_014223; 10
chrl hsa-miR-181b intergenic no 62
chrl hsa-miR-186 intron NM_203350; 24
chrl hsa-miR-30e intron NM_014223; 14
chrl hsa-miR-92b* intergenic NM_001018016;NM_001018017;NM_002456;NM_001044392;NM_001044393:NM_00 2
1044390;:NM_001044391;NM_007112;
chrl hsa-miR-30c-1* intron NM_014223; 1
chrl hsa-miR-29b intergenic no 4
chrl hsa-miR-320b intergenic NM_001007237;NM_001542; 7
chrl hsa-miR-137 intergenic no 2
chrl hsa-miR-760 intergenic no 2
chrl hsa-miR-181a intergenic no 288
chrl hsa-miR-92b intergenic NM_001018016;NM_001018017;NM_002456;NM_001044392:NM_001044393;NM_00 68
1044390;:NM_001044391;NM_007112;
chrl hsa-miR-29¢ intergenic no 7
chrl hsa-miR-101 intron NM_005772; 627
chr10 hsa-miR-107 intron NM_148978; 159
chr10 hsa-miR-1254 intron NM_018237; 0
chr10 hsa-miR-1307 SUTR NM_032747; 6
chrl0 hsa-miR-146b-5p intergenic NM_024040 5
chrll hsa-miR-129-3p intergenic no 11
chrll hsa-let-7a intergenic no 60
chrll hsa-miR-130a intergenic NM_ 145008 125
chrll hsa-miR-125b-1* intergenic no 9
chrll hsa-miR-125b intergenic no 188
chrll hsa-miR-210 intergenic NM_003475 22
chrll hsa-miR-708* intergenic no 14
chrll hsa-miR-130a* intergenic NM_145008 3
chrll hsa-miR-192 intergenic NM_015104 sl
chrll hsa-miR-34c-5p intergenic NM_017589;NM_001100388;NM_207430; 207
chrll hsa-miR-100 intergenic no 165
chrll hsa-miR-129-5p intergenic no 4
chrll hsa-miR-708 intergenic no 29
chrl2 hsa-let-7i* intergenic NM_175895 2
chrl2 hsa-let-71 intergenic NM_175895 304
chrl2 hsa-miR-26a intron NM_005808; 46
chr12 hsa-miR-331-3p intergenic no 6
chrl2 hsa-miR-148b intron NM_016057; 16
chr13 hsa-miR-92a intergenic no 31
chr13 hsa-miR-92a-1* intergenic no 2
chr13 hsa-miR-17 intergenic no 28
chrl3 hsa-miR-20a intergenic no 3
chrl3 hsa-miR-15a intergenic no 4
chrl3 hsa-miR-16 intergenic no 11
chr13 hsa-miR-17¥ intergenic no 24
chr13 hsa-miR-18a intergenic no 2
chr14 hsa-miR-654-5p intergenic no 2
chr14 hsa-miR-409-3p intergenic no 144
chrl4 hsa-miR-625 intron NM_178156; 0
chr14 hsa-miR-154* intergenic no 14
chr14 hsa-miR-329 intergenic no 4
chrl4 hsa-miR-127-5p intergenic no 20
chrl4 hsa-miR-494 intergenic no 13
chrl4 hsa-miR-485-5p intergenic no 28
chr14 hsa-miR-432 intergenic no 9
chrl4 hsa-miR-493* intergenic no 22
chrl4 hsa-miR-625* intron NM_178156; 0
chr14 hsa-miR-376b intergenic no 4
chr14 hsa-miR-487b intergenic no 17
chrl4 hsa-miR-1185 intergenic no 2
chr14 hsa-miR-411 intergenic no 65
chr14 hsa-miR-1185 intergenic no 2
chrl4 hsa-miR-433 intergenic no 116
chrl4 hsa-miR-329 intergenic no 4
chrl4 hsa-miR-342-3p intron NM_016337, 12
chrl4 hsa-miR-409-5p intergenic no 17
chrl4 hsa-miR-369-5p intergenic no 13
chrl4 hsa-miR-654-3p intergenic no 5
chr14 hsa-miR-377 intergenic no 5
chrl4 hsa-miR-379 intergenic no 55
chr14 hsa-miR-382 intergenic no 127
chrl4 hsa-miR-431* intergenic no 1
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chrl4 hsa-miR-1197 intergenic no 1
chrl4 hsa-miR-889 intergenic no 43
chrl4 hsa-miR-376a intergenic no 2
chrl4 hsa-miR-127-3p intergenic no 162
chrl4 hsa-miR-369-3p intergenic no 21
chrl4 hsa-miR-345 intergenic NM_001039355 7
chr14 hsa-miR-376¢ intergenic no 28
chr14 hsa-miR-380* intergenic no 3
chr14 hsa-miR-665 intergenic no 5
chr14 hsa-miR-655 intergenic no 4
chr14 hsa-miR-323-5p intergenic no 0
chrl4 hsa-miR-136 intergenic no 7
chrl4 hsa-miR-377* intergenic no 2
chrl4 hsa-miR-376a intergenic no 2
chr14 hsa-miR-410 intergenic no 17
chrl4 hsa-miR-134 intergenic no 13
chrl4 hsa-miR-323-3p intergenic no 183
chrl4 hsa-miR-299-3p intergenic no 1
chr14 hsa-miR-136* intergenic no 5
chr14 hsa-miR-370 intergenic no 9
chr14 hsa-miR-485-3p intergenic no 156
chrl4 hsa-miR-299-5p intergenic no 4
chr14 hsa-miR-543 intergenic no 409
chr14 hsa-miR-381 intergenic no 1
chr14 hsa-miR-495 intergenic no 42
chrl6 hsa-miR-193b* intergenic no 2
chrl6 hsa-miR-193b intergenic no 8
chrl6 hsa-miR-1826 intergenic no 14
chrl6 hsa-miR-140-3p intron NM_199424; 1202
chrl7 hsa-miR-22 SUTR NM_032895; 223
chrl7 hsa-miR-132 intergenic no 0
chrl7 hsa-miR-152 intron NM_016429; 321
chrl7 hsa-miR-193a-3p intergenic no 26
chrl7 hsa-miR-21* intergenic NM_030938 12
chr17 hsa-miR-22* SUTR NM_032895; 28
chrl7 hsa-miR-744 intron NM_003010; 37
chrl7 hsa-miR-21 intergenic NM_030938 3561
chrl7 hsa-miR-10a intergenic NM_024015 11
chrl7 hsa-miR-193a-5p intergenic no 2
chrl7 hsa-miR-423-5p intron NM_032141; 90
chrl7 hsa-miR-497 intergenic NM_001004333;NM_174893; 5
chrl7 hsa-miR-324-5p intron NM_001033859; 4
chrl7 hsa-miR-423-3p intron NM_032141; 80
chrl7 hsa-miR-365% intergenic no 8
chr17 hsa-miR-195 intergenic NM_001004333;NM_174893; N
chrl8 hsa-miR-320c intron NM_080597; 5
chrl8 hsa-miR-320c intron NM_080597; 5
chrl8 hsa-miR-1 intron NM_020774; 159
chr18 hsa-miR-187 intergenic no 2
chr19 hsa-miR-181c* intergenic NM_001098622 6
chr19 hsa-miR-27a intergenic NM_023072 62
chr19 hsa-miR-27a* intergenic NM_023072 3
chr19 hsa-miR-181d intergenic NM_001098622 15
chr19 hsa-miR-181c intergenic NM_001098622 5
chr19 hsa-miR-330-3p intron NM_012155; 24
chrl9 hsa-let-7e intergenic no 88
chr19 hsa-miR-23a intergenic NM_023072 84
chr19 hsa-miR-24-2* intergenic NM_023072 12
chr19 hsa-miR-99b* intergenic no 31
chr19 hsa-let-7e* intergenic no 1
chr19 hsa-miR-24 intergenic NM_023072 349
chr19 hsa-miR-99b intergenic no 102
chr2 hsa-miR-26b intron NM_182642; 26
chr2 hsa-miR-1246 intergenic no 4
chr2 hsa-miR-217 intergenic no 9
chr2 hsa-miR-128 intron NM_015361; R
chr20 hsa-miR-1292 intron NM_006392; 0
chr20 hsa-miR-1 intron NM_020774; 24
chr20 hsa-miR-103 intron NM_153640; 803
chr21 hsa-miR-125b intergenic no 39
chr21 hsa-miR-125b-2% intron NM_001005734; 1
chr21 hsa-miR-99a intron NM_001005734; 236
chr21 hsa-let-7¢ intron NM_001005734, 202
chr22 hsa-miR-185 intron NM_152906; 43
chr22 hsa-miR-130b* intergenic no 6
chr22 hsa-let-7b* intergenic no 4
chr22 hsa-miR-33a intron NM_004599; 9
chr22 hsa-let-7b intergenic no 558
chr22 hsa-miR-130b intergenic no 83
chr22 hsa-let-7a intergenic no 9
chr22 hsa-let-7a* intergenic no 8
chr22 hsa-miR-1306 exon NM_022720; 9
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chr3
chr3
chr3
chr3
chr3
chr3
chr3
chr3
chr3
chr3
chr3
chr3
chrd
chrd
chrd
chrs
chrs
chrs
chr5
chrs
chr5
chr5
chr5
chr5
chrd
chrd
chr6
chr6
chr6
chr6
chr6
chr6
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr8
chr8
chr8
chr8
chr8
chr8
chr8
chr8
chr8
chr9
chr9
chr9
chr9

chr9
chr9
chr9
chr9
chr9
chr9
chr9
chr9
chr9
chr9
chr9
chrX
chrX
chrX
chrX
chrX
chrX
chrX
chrX
chrX
chrX
chrX

hsa-miR-28-3p
hsa-miR-191
hsa-miR-128
hsa-let-7g
hsa-miR-138
hsa-miR-28-5p
hsa-miR-15b
hsa-miR-425
hsa-miR-16
hsa-miR-26a
hsa-miR-425%
hsa-miR-16-2*
hsa-miR-367
hsa-miR-574-3p
hsa-miR-103
hsa-miR-1974
hsa-miR-340
hsa-miR-886-5p
hsa-miR-143*
hsa-miR-378
hsa-miR-145
hsa-miR-1271
hsa-miR-887
hsa-miR-145%
hsa-miR-886-3p
hsa-miR-143
hsa-miR-30a*
hsa-miR-30c-2*
hsa-miR-30a
hsa-miR-877
hsa-miR-30c
hsa-miR-219-5p
hsa-miR-106b
hsa-miR-183
hsa-miR-25*
hsa-miR-106b*
hsa-miR-129-5p
hsa-miR-148a
hsa-miR-25
hsa-miR-29b-1*
hsa-miR-335
hsa-miR-93
hsa-miR-29a
hsa-miR-182
hsa-miR-589
hsa-miR-339-3p
hsa-miR-151-3p
hsa-miR-151-5p
hsa-miR-320a
hsa-miR-486-5p
hsa-miR-486-3p
hsa-miR-486-3p
hsa-miR-486-5p
hsa-miR-598
hsa-miR-30d
hsa-miR-27b
hsa-miR-181b
hsa-miR-24
hsa-miR-101
hsa-let-7f
hsa-miR-7
hsa-let-7a*
hsa-miR-455-5p
hsa-miR-23b*
hsa-miR-455-3p
hsa-miR-873
hsa-miR-181a-2*
hsa-miR-23b
hsa-let-7a
hsa-let-7d
hsa-miR-31
hsa-miR-424*
hsa-miR-421
hsa-miR-98
hsa-miR-532-5p
hsa-miR-374a
hsa-miR-504
hsa-miR-374a*
hsa-miR-652
hsa-miR-224
hsa-miR-363
hsa-miR-532-3p

intron
intron
intron
intron
intergenic
intron
intron
intron
intron
intron
intron
intron
intron
intron
intron
intron
intron
intergenic
intergenic
intron
intergenic
intron
intron
intergenic
intergenic
intergenic
intergenic
intergenic
intergenic
intron
intron
intergenic
intron
intergenic
intron
intron
intergenic
intergenic
intron
intergenic
intron
intron
intergenic
intergenic
intron
intron
intron
intron
intergenic
intron
intron
intron
intron
intron
intergenic
intron
intergenic
intergenic
intron
intergenic
intron
intergenic
intron
intron
intron
intergenic
intron
intron
intergenic
intergenic
intergenic
intergenic
intergenic
intron
intergenic
intergenic
intron
intergenic
intron
intron
intergenic
intergenic

NM_005578;
NM_199074;
NM_016300;
NM_025222;
no
NM_005578;
NM_005496;
NM_018114;
NM_005496;
NM_005808;
NM_018114;
NM_005496;
NM_016648;
NM_138389;
NM_024594;
NM_173665;
NM_018434;
no
no
NM_133263;
no
NM_173664;
NM_012304;
no
no
no
no
no
no
NM_001090;
NM_014223;

NM_006979;:NM_001077516;NM_014234;NM_002931;

NM_182776;
no
NM_182776;
NM_182776;
no

no
NM_182776;
no
NM_177525;
NM_182776;
no

no
NM_024963;
NM_032350;
NM_153831;
NM_153831;
NM_001722
NM_020480;
NM_020480;
NM_020480;
NM_020480;
NM_173683;
no
NM_032823;
no
NM_023072
NM_005772;
no
NM_031263;
no
NM_032888;
NM_032823;
NM_032888;
no
NM_033334;
NM_032823;
no

no

no

no

no
NM_031407;
no

no
NM_033642;
no
NM_032227;
NM_021990;
no

no

20
268

1164

OO R O
ps}

0 W
S

157
177
63

172

629
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chrX hsa-miR-501-3p intergenic no 2
chrX hsa-miR-221 intergenic no 869
chrX hsa-miR-222 intergenic no 1001
chrX hsa-miR-505 intergenic no 0
chrX hsa-let-7f intron NM_031407; 2793
chrX hsa-miR-19b intergenic no 1
chrX hsa-miR-500* intergenic no 2
chrX hsa-miR-1277 intron NM_019045; 4
chrX hsa-miR-450a intergenic no 4
chrX hsa-miR-221* intergenic no 948
chrX hsa-miR-452 intron NM_021990; 18
chrX hsa-miR-450a intergenic no 4
chrX hsa-miR-374b intergenic no 10
chrX hsa-miR-20b intergenic no 15
chrX hsa-miR-503 intergenic no 3
chrX hsa-miR-542-3p intergenic no

chrX hsa-miR-502-3p intergenic no 2
chrX hsa-miR-92a intergenic no 13
chrX hsa-miR-424 intergenic no 3
chrX hsa-miR-361-5p intron NM_000390; 2

Table 3. List of protein-coding genes of miRNA origin in astrocytes

miRNA D InputlD Gene Name

hsa-miR-214 NM_000390 CHOROIDEREMIA (RAB ESCORT PROTEIN 1)

hsa-miR-30e* NM_000393 COLLAGEN, TYPE V, ALPHA 2

hsa-miR-664* NM_001005734 ~ CHROMOSOME 21 OPEN READING FRAME 34

hsa-miR-30c NM_001033859 ACYL-COENZYME A DEHYDROGENASE, VERY LONG CHAIN

hsa-miR-186 NM_001090 ATP-BINDING CASSETTE, SUB-FAMILY F (GCN20), MEMBER 1

hsa-miR-30e NM_001271 CHROMODOMAIN HELICASE DNA BINDING PROTEIN 2

hsa-miR-30c-1* NM_003010 MITOGEN-ACTIVATED PROTEIN KINASE KINASE 4

hsa-miR-101 NM_003134 SIGNAL RECOGNITION PARTICLE 14KDA (HOMOLOGOUS ALU RNA BINDING PROTEIN)
hsa-miR-107 NM_004599 STEROL REGULATORY ELEMENT BINDING TRANSCRIPTION FACTOR 2
hsa-miR-1254 NM_00549% SMC4 STRUCTURAL MAINTENANCE OF CHROMOSOMES 4-LIKE 1 (YEAST)
hsa-miR-26a NM_005578 LIM DOMAIN CONTAINING PREFERRED TRANSLOCATION PARTNER IN LIPOMA
hsa-miR-148b NM_005772 RNA TERMINAL PHOSPHATE CYCLASE-LIKE 1

hsa-miR-625 NM_0035808 CTD (CARBOXY-TERMINAL DOMAIN, RNA POLYMERASE 1II, POLYPEPTIDE A) SMALL PHOSPHATASE-LIKE
hsa-miR-625* NM_006392 NUCLEOLAR PROTEIN 5A (56KDA WITH KKE/D REPEAT)

hsa-miR-342-3p NM_012155 ECHINODERM MICROTUBULE ASSOCIATED PROTEIN LIKE 2
hsa-miR-140-3p NM_012304 F-BOX AND LEUCINE-RICH REPEAT PROTEIN 7

hsa-miR-152 NM_012414 RAB3 GTPASE ACTIVATING PROTEIN SUBUNIT 2 (NON-CATALYTIC)
hsa-miR-744 NM_014223 NUCLEAR TRANSCRIPTION FACTOR Y, GAMMA

hsa-miR-423-5p NM_014929 KIAA0971

hsa-miR-324-5p NM_015361 R3H DOMAIN CONTAINING 1

hsa-miR-423-3p NM_015448 DELETED IN' A MOUSE MODEL OF PRIMARY CILIARY DYSKINESIA
hsa-miR-320c NM_015569 DYNAMIN 3

hsa-miR-320c NM_016057 COATOMER PROTEIN COMPLEX, SUBUNIT ZETA 1

hsa-miR-1 NM_016300 CYCLIC AMP-REGULATED PHOSPHOPROTEIN, 21 KD

hsa-miR-330-3p NM_016337 ENAH/VASP-LIKE

hsa-miR-26b NM_016429 COATOMER PROTEIN COMPLEX, SUBUNIT ZETA 2

hsa-miR-128 NM_016648 DKFZP564K112 PROTEIN

hsa-miR-1292 NM_018114 DALR ANTICODON BINDING DOMAIN CONTAINING 3

hsa-miR-1 NM_018237 CELL DIVISION CYCLE AND APOPTOSIS REGULATOR 1

hsa-miR-103 NM_018434 RING FINGER PROTEIN 130

hsa-miR-125b-2*% NM_019045 WD REPEAT DOMAIN 44

hsa-miR-99a NM_020480 ANKYRIN 1, ERYTHROCYTIC

hsa-let-7c NM_020774 MINDBOMB HOMOLOG 1 (DROSOPHILA)

hsa-miR-185 NM_020995 HAPTOGLOBIN-RELATED PROTEIN

hsa-miR-33a NM_021990 GAMMA-AMINOBUTYRIC ACID (GABA) A RECEPTOR, EPSILON
hsa-miR-28-3p NM_024594 PANTOTHENATE KINASE 3

hsa-miR-191 NM_024963 F-BOX AND LEUCINE-RICH REPEAT PROTEIN 18

hsa-miR-128 NM_025222 TRANSMEMBRANE PROTEIN 113

hsa-let-7g NM_030955 ADAM METALLOPEPTIDASE WITH THROMBOSPONDIN TYPE 1 MOTIF, 12
hsa-miR-28-5p NM_031263 HETEROGENEOUS NUCLEAR RIBONUCLEOPROTEIN K

hsa-miR-15b NM_031407 HECT, UBA AND WWE DOMAIN CONTAINING 1

hsa-miR-425 NM_032141 COILED-COIL, DOMAIN CONTAINING 55

hsa-miR-16 NM_032227 HYPOTHETICAL PROTEIN FLJ20173

hsa-miR-26a NM_032350 HYPOTHETICAL PROTEIN MGC11257

hsa-miR-425% NM_032823 CHROMOSOME 9 OPEN READING FRAME 3

hsa-miR-16-2% NM_032888 HYPOTHETICAL PROTEIN FLJ11895

hsa-miR-367 NM_033334 NUCLEAR RECEPTOR SUBFAMILY 6, GROUP A, MEMBER 1
hsa-miR-574-3p NM_033642 FIBROBLAST GROWTH FACTOR 13

hsa-miR-103 NM_080597 OXYSTEROL-BINDING PROTEIN-RELATED PROTEIN 1

hsa-miR-1974 NM_080656 SIMILAR TO RIKEN CDNA A430101B06 GENE

hsa-miR-340 NM_133263 PEROXISOME PROLIFERATIVE ACTIVATED RECEPTOR, GAMMA, COACTIVATOR 1, BETA
hsa-miR-378 NM_138389 HYPOTHETICAL PROTEIN BC001096

hsa-miR-1271 NM_138783 ZINC FINGER PROTEIN 653

hsa-miR-887 NM_148978 PANTOTHENATE KINASE 1

hsa-miR-877 NM_152906 CHROMOSOME 22 OPEN READING FRAME 25

hsa-miR-30c NM_153640 PANTOTHENATE KINASE 2 (HALLERVORDEN-SPATZ SYNDROME)
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hsa-miR-106b NM_153831 PTK2 PROTEIN TYROSINE KINASE 2

hsa-miR-25% NM_173664 ADP-RIBOSYLATION FACTOR-LIKE 10

hsa-miR-106b* NM_173665 HYPOTHETICAL PROTEIN MGC34713

hsa-miR-25 NM_173683 CHROMOSOME 8 OPEN READING FRAME 7

hsa-miR-335 NM_177525 MESODERM SPECIFIC TRANSCRIPT HOMOLOG (MOUSE)
hsa-miR-93 NM_178156 FUCOSYLTRANSFERASE 8 (ALPHA (1,6) FUCOSYLTRANSFERASE)
hsa-miR-589 NM_ 182642

hsa-miR-339-3p NM_182776 MCM7 MINICHROMOSOME MAINTENANCE DEFICIENT 7 (S. CEREVISIAE)
hsa-miR-151-3p NM_ 198040 POLYHOMEOTIC-LIKE 2 (DROSOPHILA)

hsa-miR-151-5p NM_199074 CHROMOSOME 3 OPEN READING FRAME 60

hsa-miR-486-5p NM_199424 WW DOMAIN CONTAINING E3 UBIQUITIN PROTEIN LIGASE 2
hsa-miR-486-3p NM_203350 ZINC FINGER PROTEIN 265

Table 4. Putative novel miRNA expressed in astrocytes

chromosome miRNA D genomic location ad joininggene Sequence count

chrl unk-1 intergenic no 4

chrl unk-2 SUTR NM_006004; 1

chrl unk-3 intron NM_198040; 2

chr10 unk-4 intron NM_015448; 1

chr10 unk-5 intron NM_015448; 1

chrl4 unk-6 intergenic no 0

chrls unk-7 intron NM_003134; 1

chrls unk-8 intron NM_001271; 0

chrl6 unk-9 intron NM_020995; 2

chr19 unk-10 intron NM_138783; 0

chr19 unk-11 3UTR NM_001961; 2

chr19 unk-12 SUTR NM_000146; 0

chr2 unk-13 intron NM_014929; 1

chr2 unk-14 intron NM_000393; 2

chr2 unk-15 intron NM_014929; 1

chr20 unk-16 intergenic no 0

chr20 unk-17 intergenic no 2

chr22 unk-18 intergenic NM_152267 15

chr22 unk-19 intergenic no 0

chr3 unk-20 intergenic NM_003907 4

chrs unk-22 3UTR NM_017838; 0

chrs unk-23 intron NM_030955; 171

chrs unk-24 intron NM_080656; 0

chrd unk-25 3UTR NM_032042; 1

chr7 unk-26 3UTR NM_020119; 0

chr9 unk-27 3UTR NM_013438; 0

chrM unk-28 intergenic no 2
WHolwA E(astrocyte)o| Al ZAETE 28] miR-9,
miR-1259} 7+ AE-E o] Ankel] A4 wro] Art”

3 & o]¢} 7ro] Wolw | F(astrocyte) 2} 21734 E(neuron) o]

22nt 2712] noncoding RNA2Q] microRNAE 42} &
Aol 24 wlg- T3 gTE ek FHA LY =
S F3) microRNAE Al3Ee] ZFAAHKapoptosis), A%
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Btk ol& EW miR-124, miR-128% AFAE
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e
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of 7¥e AR HA @AW HolwAx
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Table 5. MicroRNAs up- or downregulated in glioblastomas and gliomas

Up-/Downregulation  miRNA Materials

Reference

upregulation miR-21

in human glioblastoma tumor tissues, early-passage glioblastoma cultures,

Chan et al’"., 2005

and in six established glioblastoma cell lines

in gliomase

in glioblastomas

in glioblastomas
miR-221/222

in high grade gliomas

in six ATCC glioma and GBM cell lines and in 14

miR-451 in glioblastomas
miR-10b in glioblastomas
in glioblastomas

in 43 glioma samples and 6 glioma cell lines

miR-9 in glioma tissues and cell lines
miR-26a n human glioma

in glioblastoma tissue samples and in many glioblastoma cell lines

Conti et al™. 2009
Gabriely et al , 2008
Papag1annakopoulo< et al™”., 2008
Ciafri¢ et al”’, 2005
Conti et al*", 2009
Lukiw et a , 2009
Gal et al* 7()()8
Ciafre et al”’, 2005
Silber et al*”’., 2008
Sasayama et al*’., 2009
Chao et al, 2)08
Huse et al“”., 2009

glioma and GBM samples

downregulation miR-181a and miR-181b

in glioblastomas

in human gliomas and glioma cell lines

Shi et al™”. 2008
Ciafre et al'”., 2005

miR-7 in glioblastomas Kefas et al™, 2008
miR-128 in glioblastomas Ciafre et al'”, 2005
in glioblastomas Godlewski et al™”, 2008
in glioma tissues and cell lines Zhang et a 1., 2008
in glioblastoma and in GBM cell lines Cui et al’ 7()()9
miR-124 in glioblastomas and anaplastic astrocytomas Silber et al 2008
miR-137 in glioblastomas and anaplastic astrocytomas Silber et alwA, 2008
miR-129 in glioblastomas and anaplastic astrocytomas Silber et al*’., 2008
miR-13%9 in glioblastomas and anaplastic astrocytomas Silber et al*’., 2008
miR-218 in glioblastomas and anaplastic astrocytomas Silber et al*’., 2008
miR-34a in glioblastomas Li et al’™., 2009
miR-326 in gliomas Kefas et al™., 2009

24 W W (chronic lymphocytic leukemia) o1 4]
st &) 812} o)A chromosome 13q14¢] A&
o) H2e] Aol ok A2 T F1e] microRNA
2l miR-152 miR-162] F-ZA7} o] AER-$]9] 39 kb U
o 95k, ol o] microRNAZ}F €1] Al 74
Ho} glekar @kt

o17ke] XA AN E B microRNAZ} & E 37, Al

¥ EF 2 A7)0 we} EolAdS 7F microRNA7F &
A& Aot} o] EolAL 7FA microRNAZ o|3a1A] €

sh
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Heol dojx = A o]tk wEbA| microRNAS] 75
FA7F AdF ez A7) wjEol(several hundred per
species)™”, AR} LE Ao

gRT-PCRo| A2 ¢l microRNA profiling®l] &% 3. )

EYA 21
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