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#E MicroRNA (miRNA) ;& — 21 N JEE I JEGmAS RNA, 282 K H PR SE mRNA FIHNHEE mRNA [F80 3 9 R AE H 77
ORI IEIN IR IE. TR miRNA S5EEMNET - A ZE KA T BRI L R N 28 T s 3 DI AR 5% 6 Iy
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RIBELK, RESAS RS B, JEELRR
ISR T T2 T Tz N L 2004 ALK, A AE
Wit Fr BOR KA miRNA ZEANFHL . ARE T
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TRERIASE, Kl miRNA SKYR AR 1 225 H
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FEA SR BRI A8 20 nt 2247, A
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WFFE A AR IE . AWFSE B fEWE R — R . HEA
T R TR 925 16 miRNA KLU 50 85 Fry RN
FT miRNA [T REF A i 2 AR i,

1 #MR577E
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S K TR O RAE s ANFFIES O UL 21
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1 7966), 5 HLFEAK H b5 K225 = B
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RNA (low molecular weight RNA, LMW RNA), 4
255 1 RNA Fr B 28 1 2R 79 04 TE i e I PR vk
(PAGE) %55¢ Hoor B8R

73 25 )5 If) LMW RNA K H] T4 RNA % £ i %
I Thomson 25 U7 J7 vk HEAT b ic. ) 2 A ok B
T: 20 pg & RNA 43 2 H () LMW RNA H 500 ng
CU RNA F1 2 H.47 T4 RNA ZHMEEATRRE, AR5
JH 0.3 mol/L BEE&R 4N A 2.5 f5 AR T /K L B kAT
DOVE, BT T 15 ul 2288 (3xSSCL 0.2%
SDS 1 15% F ).

ZA8 K LifterSlip™ 2428 76 F, A4 AC I ¥ 4%
AT E TR A ASA b, A B AT DL 3 55
THIZAS IR S). 71 42°CKIEAAT A EL 16 h LA
I, BRJEAE 42°CHVER T (2xSSC. 0.2%SDS). ¥k
W I (0.2xSSC)73 %% 4 min, ARG O T )7
1.2.4  EGIRAGAEHE 374

O FHE K A LuxScan™ 10K-A #0065 42000
R ERSEE DR R T U6 1155 ik
FE—SChUE. SR8 10 TIFF B )5, SpotData™
AR IR

T A R BB RIE SR, R
R b2 I 30% 95 A5 5 T Ib B A A
JETS 545 5 {H£2SD,  BEEREH IO 5 A B A1 2%

'S, BENJREERESE AT, R )R RIRESKS B
AR S5 5 1T B ER AT A, DM
IR 0 TR, JRATTEEAT 2 KR
M 288, — NIRRT EER T 34
M RXFEEED miRNA B2 6 ME . b 1
JE A 5K T Z M miRNA Rk 7 i) R, Ik

{ITH SAM (significance analysis of microarrays) ) #T

B ) two class unpaired B AT 0 BCHE 9 bt
miRNA A [ 5R 7 M R Bk i~ e H —
15 %A, Cluster 3.0 FAFREAT 73 Hr22.

1.2.5 miRNA KX [#] RT-PCR(reverse transcription-
PCR) [¥J % ilE. miRNA [fJ RT-PCR Jj 7% 2 [ Chen
STk B RS s S B R A I )
miRNA B UF— 4% 7 2220 45 0 (1) 390 3 5% 5 | ) LA AR
I (R —%F PCR 5P 5 WA 1). SR 5 AT 1 3 5%,
10 pl 3% 5 S AR R A M-MLV 655 S 100 HLAY
50 nmol/L ZEIN 25 M 11 4 5% 5[ W)« Jst RNA 50 ng.
5 FHAHM. ¥ PCR 5191847 PCR, PCR 4544 56
95°C A 10 min, R/EHEAN PCR 3, 95C15s,
60°C 1 min, HEAT 30 MG, AN R U6 RNA 1F
HPARE, AT H— A A1 2R IS Y miRNA
PCR P= ) K& 2l 59 bp, U6 [¥] PCR P24 K &y
94 bp.

Table 1 Primers used to perform RT-PCR of miRNAs

Primer Sequence (5'—3")
hsa-miR-122a RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAAAC
PCR primer Forward: GCCGTGGAGTGTGACAATGGT
Reverse: GTGCAGGGTCCGAGGT
hsa-miR-9 RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCATAC
PCR primer Forward: CCCGTCTTTGGTTATCTAGCTGT
Reverse: GTGCAGGGTCCGAGGT
hsa-miR-124a RT primer GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGGCAT
PCR primer Forward: CGTTAAGGCACGCGGTGA
Reverse: GTGCAGGGTCCGAGGT
u6 PCR primer Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT
2 % B PAGE (I 1), W LUAILI] PEG 6000 5073 5 )5

2.1 K5 FEE RNA B9 BF0ERIC
K H PEG 6000 73 21 73 F Jit i RNA (LMW
RNA), 73 BHiJE ) RNA 70 53T 7 35 M b e vk A

LMW RNA 752 7RG 1w 4. [N, S 7 A 2
E AT miIRNA 73 B9 5 AU, AT E RNA
O3B HUCR I 2 RNA (K 7 i RNA Rl 2y
F B RNA) 70 0l @47 AR AU i 2248 (& 2a,
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2b). A SRR, H LMW RNA 73 2 /)05 i 2%
AT S5 B LR L, 1 HMW RNA [ 248 45 5
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M5 5 34T T L 20 M1, HMW RNA H (5 55 i
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EExt e A, ATRAR I, 75N mRNA 1R 2
miRNA A7 % =5 (0 75 51 AH AL P, DR otk AT ] 4 DU
HMW RNA 755 5 B2 2258 (5 5 & T HMW
RNA 1A Z ) mRNA 5 miRNA R KA A8 X%
Las R g AL B, FATA K AEA] PEG 6000
REA 2N miRNA HEAT 20 39 & 4E.
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Fig. 1 Electrophoresis analysis of RNAs isolated by
PEG6000 centrifugation method

Two fractions, low molecular weight RNA (LMW RNA) and high

molecular weight RNA (HMW RNA), were fractionated from total RNA

after PEG6000 centrifugation method. 0.5 pg of each fraction was

resolved on a 1.2% denaturing agarose gel (a) or 15% denaturing

polyacrylamide gel (b) (7: Total RNA; 2: HMW RNA; 3: LMW RNA).
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Fig. 2 Validation of the LMW RNA isolating method
Total RNA was fractionated into two fractions with PEG: high molecular weight RNA (HMW RNA) and low molecular RNA (LMW
RNA). To validate the isolating method, HMW RNA (a) and LMW RNA (b) were labeled and hybridized to the miRNA microarray.
Several probes have weak signal in HMW RNA hybridization picture (note: the probes marked with rectangles are the positive controls
instead of the miRNA probes), their fluorescence intensity in HMW RNA and LMW RNA hybridization was compared (c). [1: HMW RNA;
[O: LMW RNA. I: hsa-miR-23a; 2: hsa-miR-23b; 3: hsa-miR-155; 4: hsa-miR-188; 5: hsa-miR-15b; 6: hsa-miR-320; 7: hsa-miR-520e¢; 8:

hsa-miR-134; 9: hsa-miR-125b; /0: hsa-miR-365.
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Fig. 3 Comparison of the performance of the miRNA microarray with total RNA and LMW RNA
Total RNA (10 pg) from HeLa cells (a) and LMW RNA (b) isolated from the same amount of total RNA were labeled and hybridized to the miRNA
microarray, respectively. The signal intensity of hybridization with LMW RNA was much stronger than that with total RNA. The distribution of

fluorescence intensity was also shown in (c¢). The results demonstrated that the step of isolating LMW RNA was necessary in our miRNA microarray

experiments.
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Fig. 4 Optimizing the hybridization method of the miRNA
microarray

The signal intensity of several miRNAs in stationary hybridization and

swirling hybridization was compared. The signal intensity of swirling

hybridization was much stronger than that of stationary hybridization.

By using this method, the performance of the microRNA microarray was

greatly improved.
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Fig. 5 Reproducibility of the miRNA microarray
(a) Duplicate hybridizations of 20 g HeLa total RNA. (b) Duplicate hybridizations of 20 pg brain total RNA.
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Fig. 6 Specificity of the miRNA microarray
The microarray was probed with 1.4 nmol/L Let-7a transcript and detection was performed as described in Materials and methods.

Sequences of Let-7 family miRNAs are seen in (a). Fluorescence intensity of different Let-7 are plotted in (b).
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' miRNA FJRIA R LA i mr, 41216 RNA [ H
0 DAL g ).
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Fig. 7 Sensitivity of the miRNA microarray

(a) The microarrays were hybridized with different concentrations of Let-7a transcript and detection was performed as described in Materials

and methods. Plots of fluorescence intensity log, with calculated linear regression line was shown. (b) Different quantities of HeLa total RNA

were hybridized to the miRNA microarrays. The distribution of fluorescence intensity was shown.
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Fig. 8 Validating the signal derived from mature miRNAs on the miRNA microarray
We designed mature miRNA and pre-miRNA probes of miR-122a, 192, 194, 124a, 128a/b which express highly in liver or brain. Liver RNA (a) and
brain RNA (b) was hybridized to the miRNA microarray respectively. Fluorescence signal of pre-miRNAs was absent or weak. The locations of probes

of mature miRNA and pre-miRNA were shown in (c).
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Fig. 9 Clustering analysis of miRNAs profiles of different human tissues and cell lines
The raw data which was normalized with mean of per-array was log, transformed and median centered by arrays and genes using CLUSTER 3.0

software, then further analyzed with hierarchical clustering with average linkage. Yellow denotes high expression and blue denotes low expression

relative to the median.
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2.7 ALNEERFRIEH miRNA B9 RT-PCR 3E3E
F AR A RT-PCR 1) J5 £ K0 T miR-122a.

miR-9 Al miR-124a 7E41 bk TR i R0k,

K A bR U6 HEAT I —4k. PCR [ 45 1 W 10,

3 4 5 M 1 2 3 4

miR-122a

5

miR-122a £§ 57 Hi 76 HF 41 23 i & 75, miR-9 Al
miR-124a Ff S A I AL SV P s ik, 500 )y &
—.

3 4 5 M 1 2 3 4 5
miR-9 miR-124a

Fig. 10 RT-PCR of miRNAs
We detected miR-122a, miR-9 and miR-124a in different cell lines and tissues with RT-PCR. U6 RNA is the internal standard. The length of miRNAs
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Abstract MicroRNAs (miRNAs) are a class of endogenous non-coding RNA, which regulate target gene
expression via mRNA degradation and translational repression. MicroRNA has been linked to the development of
plants and animals, to cell growth and apoptosis, to fat metabolism and other significant physiological processes.
Misregulation of microRNA function might contribute to human diseases. Profiling microRNA expression will
facilitate the study of biological functions of microRNAs. To detect microRNA expression, a high-density
oligonucleotide microarray was constructed, which contains oligonucleotides corresponding to 313 human
microRNAs, 261 mouse microRNAs, 196 rat microRNAs and 122 predicted microRNAs. Firstly, high molecular
weight RNA was removed from total RNA by polyethylene glycol (PEG) precipitation, and low molecular weight
RNA (LMW RNA) was obtained. Then LMW RNA was directly labeled based on a published method that uses T4
RNA ligase to couple LMW RNA to a fluorescence modified dinucleotide. By using a special spotting solution in
combination with a swirling hybridization method, the performance of the microRNA microarray was greatly
improved. The results of the microRNA microarray experiments indicated its good reproducibility, sensitivity and
specificity. It was also showed that the signal of the microRNA microarray was derived from mature microRNAs,
but not from their precursors. Using the microarray, microRNA expressions in human brain, heart, liver and in
HeLa, HepG2, HL60 cells were profiled. The results revealed a good overall concordance with previously

published data. Clustering analysis showed the tissue specificity pattern of microRNA expression, and the same
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tissue from different individuals was clustered together. Then the expression of miR-122a, miR-9 and miR-124a in
human tissues and cell lines with RT-PCR (reverse transcription-PCR) were validated. The results which showed
the liver-specific expression of miR-122a and the brain-specific expression of miR-9 and miR-124a were

consistent with the microarray results.
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