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Fig. 1 Cell sorting by FACS
(a) pro-B(B220'CD43'IgM"). (b) pre-B(B220'CD43-IgM)(left), IM-B(B220'CD43-IgM)(right). (c) M-B(B220'IgM'IgD").
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Fig. 2 Analysis of array data
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Hierarchical clustering heat map of miRNA expression profile was
produced using fold change in miRNA expression normalized to pro-B.
Correlation coefficient was used as a similarity measure and a complete

linkage method was used as a clustering method.

TR 3 MR EW B, 7EIF IM-B M Bk it
LR pro-B BB, miR-30a-5p ik i T HiAh 3 4
KAWL 2 %, pro-B B BEAK I B2 AHAE I A
KA W B R ZRIA 1) miRNAs $£ 12 NG 1).

Table 1 miRNAs specifically expressing

in certain development stages

miRNAs pro-B pre-B IM-B M-B
let-7¢ - - -
miR-34b - + -
miR-155 - - -
miR-367 - - -
miR-518b - - +
miR-518e - - _
miR-520g - - +
miR-133b - + _
miR-28 - - -
miR-342 - - _
miR-486 - + +
miR-216 - + -

+ o+ + o+ o+ o+ L+ + 4+ o+

23 HEMEEFESMSEERETIN

231 GO KK, ¥ pre-B rE ik m 2 L
1) 9 A~ miRNAs 1} 73 #t Xf %, FH PicTar K
TargetScanMouse(Release 5.1) 747 7] B [ 1 H#E T,
oAt PicTar Fil 2 #EEEA 1 975 4>, TargetScan Tl
FUHEEEDD 2 191 4>, BUOLAZHEIL 1102 AMEEREP),
i F] agriGO (version: 1.2) X X &6 3 DA 3F 17 T fig 2§
ol A IER 1046 4, LA L4 4%5E
NS5 0 R0, 25%ERZ 5K G- A 3).
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Fig. 3 Annotation of predicted target genes with agriGO(version: 1.2)
I: Developmental process; 2: Cellular component biogenesis; 3: Signaling; 4: Cellular component organization; 5: Regulation of biological process; 6:
Reproduction; 7: Rhythmic process; §: Biological regulation; 9: Positive regulation of biological process; /0: Negative regulation of biological process;
11: Biological adhesion; /2: Death; /3: Multicellular organismal process; /4: Cellular process; /5: Reproductive process; 16: Signaling process; /7:
Metabolic process; /8: Growth; 79: Establishment of localization; 20: Localization; 27: Multi-organism process; 22: Locomotion; 23: Response to
stimulus; 24: Immune system process; 25: Binding; 26: Molecular transducer activity; 27: Transcription regulator activity; 28: Structural molecule

activity; 29: Transporter activity; 30: Enzyme regulator activity; 3/: Catalytic activity. [ : Input list; [: Background/reference.

2.3.2 Pathway 70 #r. Wik — DIk vl 52 miRNAs K11, HAP7E KEGG PATHWAY i 2 A v il
WA B Ak i m L, M 3344 AN, W AF 62 &Ik (P<0.05), %
KOBAS 2.0 X} Al 211 1 102 MEIER AT 70 B P <0.005 Fl 3T 5 2250 B (3R 2).

Table 2 Statistically enriched related pathways for the predicted target genes by KOBAS 2.0

Term Sample number Background number Pvalue
Whnt signaling pathway 26/344 162/6678 1.72x 107
Neurotrophin signaling pathway 23/344 145/6678 1.12x10¢
Focal adhesion 28/344 208/6678 2.33x10°¢
Axon guidance 21/344 139/6678 7.31x10°
MAPK signaling pathway 32/344 283/6678 1.89x10°
Renal cell carcinoma 14/344 77/6678 3.09x10°
Pathways in cancer 36/344 345/6678 3.32x10°
TGF-beta signaling pathway 15/344 92/6678 6.13x10°
Oocyte meiosis 18/344 129/6678 9.68x10°
mTOR signaling pathway 11/344 56/6678 0.000 106 2
Ubiquitin mediated proteolysis 20/344 156/6678 0.000 1337
Acute myeloid leukemia 11/344 61/6678 0.0002367
Prostate cancer 14/344 94/6678 0.000 289
Endocytosis 25/344 239/6678 0.000 5302
Fc gamma R-mediated phagocytosis 14/344 104/6678 0.000 826 6
Small cell lung cancer 13/344 94/6678 0.000974 8
Hepatitis C 17/344 143/6678 0.001 016
T cell receptor signaling pathway 16/344 132/6678 0.001 1521
Insulin signaling pathway 17/344 146/6678 0.001 283
Gap junction 12/344 95/6678 0.003 303 2
Colorectal cancer 10/344 75/6678 0.004 806 3

*P<0.005.
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Fig. 4 Predicted miRNAs and their target
sites on foxO1 3" UTR
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Fig. 5 miR-133b downregulate the expression of
a reporter gene containing the foxO1 3’ UTR
293T cells were co-transfected with psiCHECK-2-foxO1 3’ UTR and
miRNAs. /: Vector; 2: NC; 3: miR-19b; 4: miR-106b; 5: miR-133b; 6:
miR-142-3p; 7: miR-182. **P < 0.01.
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Fig. 6 Western blot analysis of expression of foxO1
in 293T cells transfected with miRNAs
1: 293T (no treatment); 2: NC (Pre-miR negative control); 3: miR-133b;
4: miR-142-3p; 5: miR-182; 6: miR-19b.

3 it it

miRNAs &8 FLA7 e 5% 5 #2476 1 AR 4
RNA, ‘BTl 2o Fahifiyikn, i Al
RS, AN RIERE R, 4127
IR HEAERE. CAWFUEY], miRNA ERE .
NI PR IRZSARM . B R R R
S 2P AR B B AR P OR FE L ZLE Y. miRNAs
Z 5 B 4 i k& kR R AR Ok I A SR I 5T
P,

AT T f# B 40 &N K H B B miRNAs 1)
FskER, AR TagMan® {555 5 85 %) Hok
AT, K IL pre-B M BL 1) miRNAs Rk 15K [7] L
fib 3 N EBBARZERCR, TS 9 4 miRNAs &
ik E L. X pre-B BB R IA ) miRNAs F
AT HEFERFIGI J2 GO 2B )G I, 294 4%
S50 2 i, A AHE Bel2. Kit. Bel3,
SP1 J% SP3 23L& Hystad 2507 KHIF 57 45 5



2011; 38 (8)

RIEX, Z: miR-133b A AEE T IFHE foxO1 BIREE MR B A E

*749-

7N, fE early-B 4 Bel2 JLA R Kk, 7E pro-B
B2 Ja WL ARk, T Kit SR R IA 7 iE
W40 B S AR A fartr, A M A E o0 A 08 A T
BREAIRES, AT R TAAR [F) FRAT A W 21 ¥) miRNAs
FISHA R AARN, B RIXLEIL N R IE A2 3
miRNAs [Fi#5, ETHEE—D 1L uEn .

SELRER AT 5 miRNAs $EAL 5 PRI 0,
BATTEFE foxO1 J pre-B BB 22 7K A1) miR-19b.
miR-142-3p. miR-106b. miR-182. miR-133b #k47
WP DIRESE. XGRS RN 5k %k
miRNAs Ji5 41 Jfl 7 foxO1 85 [ 7K -4 0 45 1 1
7K, miR-133b W ELHEAEH] T foxO1 3" UTR MM
ik foxO1 315, Hystad 25607 ) Rumfelt 25075
Fe AR, BRI/ 3Y] pro-B 41 g
foxO1 Fik g il i, 7¢ pre-B BYBCAH T N B,
LR IAF ] miR-133b FIAF R B AN, $m
miR-133b W[ §ES 5 T foxO1 7 B 4l i p (1) 6 3% 1
R, EAMRERER, foxO1 7] B #%[F Rag
SRR &, Wog L, B AR E
Wik foxO1, FECLILIERRIL IL-7, i B 41/
{SHEAE pro-B B BOICIEAREE R, 1M pro-B A Mk
/b foxO1, NI3E( Ragl. Rag2 FikE[&KK, V(D)
FEYLEIE R AT, B AR KE 15 EAE pre-B
B2, miR-133b J2& 17 18 i i #5 foxO1 £ IA 5] i
Ragl. Rag2 JEPRIRA 7R, Bi¥m B 4k E
T BB AT

Bugt SO0 AR B R IR
Pl el 0 s e iU D NP E S £2 0D S

2 % x M

[1] Bartel D P. MicroRNAs: genomics, biogenesis, mechanism, and
function. Cell, 2004, 116(2): 281-297

[2] Osmond D G. B cell development in the bone marrow. Semin
Immunol, 1990, 2(3): 173-180

[3] Monticelli S, Ansel K M, Xiao C, et al. MicroRNA profiling of the
murine hematopoietic system. Genome Biol, 2005, 6(8): R71

[4] Chen C Z, Li L, Lodish H F, et al. MicroRNAs modulate
hematopoietic lineage differentiation. Science, 2004, 303 (5654):
83-86

[5] Rodriguez A, Vigorito E, Clare S, et al. Requirement of bic/
microRNA-155 for normal immune function. Science, 2007,
316(5824): 608-611

[6] Xiao C C, Calado D P, Galler G, et al. MiR-150 controls B cell

differentiation by targeting the transcription factor c-Myb. Cell,
2007, 131(10): 146-159

[71 Hardy R R, Carmack C E, Shinton S A, et al. Resolution and
characterization of pro-B and pre-pro-B cell stages in normal
mouse bone marrow. J Exp Med, 1991, 173(5): 1213-1225

[8] Lu L, simithson G, Kincade P W, et al. Two models of routine B
lymphopoiesis: a correlation. Eur J Immunol, 1998, 28(6): 1755~
1761

[91 Lewis B P, Shih I H, Jones-Rhoades M W, et al. Prediction of
mammalian microRNA targets. Cell, 2003, 115(7): 787-798

[10] Huang D W, Sherman B T, Lempicki R A. Systematic and
integrative analysis of large gene lists using DAVID Bioinformatics
Resources. Nature Protoc, 2009, 4(1): 44-57

[11] Dennis G Jr, Sherman B T, Hosack D A, et al. DAVID: Database
for Annotation, Visualization, and Integrated Discovery. Genome
Biol, 2003, 4(5): P3

[12] Du Z, Zhou X, Ling Y, et al. agriGO: a GO analysis toolkit for the
agricultural community. Nucleic Acids Res, 2010, 38 (7): W64~
W70

[13] Hardy R R, Hayakawa K. B cell development pathways. Annu Rev
Immunol, 2001, 19(1): 595-621

[14] Mao X, Cai T, Olyarchuk J G, et al. Automated genome annotation
and pathway identification using the KEGG Orthology (KO) as a
controlled vocabulary. Bioinformatics, 2005, 21(19): 3787-3793

[15] Wu J, Mao X, Cai T, et al. KOBAS server: a web-based platform
for automated annotation and pathway identification. Nucleic Acids
Res, 2006, 34(Web Server issue): W720-724

[16] Stittrich A, Haftmann C, Sgouroudis E, et al. The microRNA
miR-182 is induced by IL-2 and promotes clonal expansion of
activated helper T lymphocytes. Nat Immunol, 2010, 11(11): 1057—
1062

[17] Hystad M E, Myklebust J H, Trond H B, et al. Characterization of
early stages of human B cell development by gene expression
profiling. J Immunol, 2007, 179(6): 3662-3671

[18] Maeda K, Nishiyama C, Ogawa H, et al. GATA2 and Sp! positively
regulate the c-kit promoter in mast cells. J Immunol, 2010, 185(7):
4252-4260

[19] Rumfelt L L, Zhou Y, Rowley B M, ez al. Lineage specification and
plasticity in CD19- early B cell precursors. J Exp Med, 2006,
203(3): 675-687

[20] Amin R H, Schlissel M S. FoxO1 directly regulates the transcription
of recombination-activating genes during B cell development. Nat
Immunol, 2008, 9(6): 613-622

[21] Herzog S, Hug E, Meixlsperger S, et al. SLP-65 regulates
immunoglobulin light chain gene recombination through the PI(3)
K-PKB-Foxo pathway. Nat Immunol, 2008, 9(6): 623-631

[22] Dengler H S, Baracho G V, Omori S A, et al. Distinct functions for
the transcription factor FoxOl at various stages of B cell
differentiation. Nat Immunol, 2008, 9(12): 1388-1398



*750¢ EYUESEYYIRHRE Prog. Biochem. Biophys. 2011; 38 (8)

miR-133b May Regulate Mouse B Cell Development
by Targeting The Transcription Factor foxO1"

LIANG Jing-Wen, WANG Peng, CHEN Li, HU Yi-Qing, SUN Yi”
(State Key Laboratory for Agrobiotechnology, China A gricultural University, Beijing 100193, China)

Abstract MicroRNAs (miRNAs) are a class of small non-coding RNAs that regulate gene expression at
post-transcriptional level. They play important roles in multiple physiological and pathological processes, including
development, cell proliferation, apoptosis, metabolism and tumorigenesis, etc. Mouse B cell at different
development stages were isolated by FACS and analyzed the miRNAs profile using TagMan® Low Density Array.
The data showed that 9 miRNAs were significantly up-regulated in the pre-B cells. Functional clustering and
pathway analysis of 1102 predicted target genes of these miRNAs showed that about 4% of the genes involved in
immune system processes, including Bcl2, Kit, etc. A dual luciferase reporter system and Western blot were used
to validate the interaction between foxO1 and miR-19b, miR-142-3p, miR-106b, miR-182, miR-133b. The results
show that miR-133b can directly regulate the expression of foxO1. According to the foxO1 expression profile of
human and mouse, the expression pattern is negatively correlated with that of miR-133b, indicating that miR-133b
may be involved in the regulation of foxO1 in B cell development.
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