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RESULTS

#4528 Characterization of microRNA expression profiles in 
normal human tissues identifies immune response as a 
potential microRNA target in normal and neoplastic brain

ABSTRACT
Measuring the quantity of miRNAs in tissues of different 

physiological and pathological conditions is an important first 
step to investigate the functions of miRNAs. Matching 
samples from normal state provide essential baseline 
references to analyze the variation of miRNA abundance. We 
provided expression data of 345 miRNAs in 40 normal human 
tissues, which identified universally expressed miRNAs, and 
several groups of miRNAs expressed exclusively or 
preferentially in certain tissue types. Many miRNAs with co-
regulated expression patterns are located in the same 
genomic clusters. Hierarchical clustering of normal tissues by 
their miRNA expression profiles basically followed the 
structure, anatomical locations, and physiological functions of 
the organs, suggesting that functions of a miRNA could be 
appreciated by linking to the biologies of the tissues in which 
it is uniquely expressed. Many predicted target genes of 
miRNAs that had specific reduced expression in brain and 
peripheral blood mononuclear cells are required for 
embryonic development of the nervous and hematopoietic 
systems based on database search. Up to one third of 
predicted target genes of three brain-specific miRNAs are 
either directly or indirectly involved in functions of the immune 
system and cellular response to inflammation.

MATERIALS AND METHODS
miRNA targets: 345 human miRNAs. 
Total RNA: Total RNAs of normal tissues were purchased 
from Ambion and Stratagene. 
RT-PCR: TaqMan® MicroRNA Assays (Applied Biosystems) 
were performed following the instructions (ref. 1). 
Data analysis: Agglomerative hierarchical clustering of data 
was performed using the Cluster and displayed using the 
TreeView (ref. 2). Prediction of miRNA target genes was 
based on miRBase (http://microrna.sanger.ac.uk/cgi-
bin/targets/v3/search.pl). REFERENCES
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Table 1. Genomic locations of miRNAs in the 8 
differentially expressed groups.

Figure 1.  Unsupervised hierarchical clustering of normal 
human tissues by variations of miRNA abundance.
Normalized CT for each assay was transformed into ∆CT against the average 
CT of all assays examined and clustered without centering the data. A
pseudocolor scale outlines the CT values represented in the heat map. A 
detailed view of the clustering patterns of normal tissues is on the right.

Table 2. Correlation 
of expression 
patterns in human 
normal tissues 
between intronic
miRNAs and their 
host genes.

Figure 3. The list of 
predicted target 
genes for miR-
199a/199b/214 was 
refined by their 
expression in 19 
normal tissue types 
extracted from the 
GNF database.

Blue bars on the right side of 
the heat map, genes with 
brain-specific expression; red 
bars, genes with PBMC-
specific expression. The
pseudocolor scale represents 
the gene expression level that 
has been transformed to the 
log2-based ratio to the 
average signal of all genes 
extracted.

Figure 2.  An enlarge 
view of the eight 
groups of most 
differentially 
expressed miRNAs.

Ch Start End Strand Ch Start End Strand
Group I Group VIIb
hsa-mir-133b 6 52121680 52121798 + hsa-mir-184 15 77289185 77289268 +
hsa-mir-133a-1 18 17659657 17659744 - hsa-mir-520e 19 58870777 58870863 +
hsa-mir-1-2 18 17662963 17663047 - hsa-mir-519e 19 58875006 58875089 +
hsa-mir-1-1 20 60561958 60562028 + hsa-mir-520f 19 58877225 58877311 +
hsa-mir-133a-2 20 60572564 60572665 + hsa-mir-520a 19 58885947 58886031 +

hsa-mir-526b 19 58889459 58889541 +
Group II hsa-mir-523 19 58893451 58893537 +
hsa-mir-200b 1 1092347 1092441 + hsa-mir-520b 19 58896293 58896353 +
hsa-mir-200a 1 1093106 1093195 + hsa-mir-526a-1 19 58901318 58901402 +
hsa-mir-194-1 1 218358122 218358206 - hsa-mir-520c 19 58902519 58902605 +
hsa-mir-375 2 219574611 219574674 - hsa-mir-518c 19 58903801 58903901 +
hsa-mir-31 9 21502114 21502184 - hsa-mir-524 19 58906068 58906154 +
hsa-mir-192 11 64415185 64415294 - hsa-mir-521-2 19 58911660 58911746 +
hsa-mir-194-2 11 64415403 64415487 - hsa-mir-526a-2 19 58921988 58922052 +
hsa-mir-200c 12 6943123 6943190 + hsa-mir-518a-1 19 58926072 58926156 +
hsa-mir-141 12 6943521 6943615 + hsa-mir-518d 19 58929943 58930029 +
hsa-mir-203 14 103653495 103653604 + hsa-mir-518a-2 19 58934399 58934485 +

hsa-mir-521-1 19 58943702 58943788 +
Group III hsa-mir-372 19 58982956 58983022 +
hsa-mir-219-1 6 33283590 33283699 + hsa-mir-373 19 58983771 58983839 +
hsa-mir-129-1 7 127635161 127635232 + hsa-mir-450-1 X 133502037 133502127 -
hsa-mir-219-2 9 130194718 130194814 - hsa-mir-450-2 X 133502204 133502303 -
hsa-mir-129-2 11 43559520 43559609 +
hsa-mir-330 19 50834092 50834185 - Group VIIc

hsa-mir-512-1 19 58861745 58861828 +
Group IVa hsa-mir-512-2 19 58864223 58864320 +
hsa-mir-124a-1 8 9798308 9798392 - hsa-mir-515-1 19 58874069 58874151 +
hsa-mir-124a-2 8 65454260 65454368 + hsa-mir-519e 19 58875006 58875089 +
hsa-mir-124a-3 20 61280297 61280383 + hsa-mir-515-2 19 58880075 58880157 +

hsa-mir-519c 19 58881535 58881621 +
Group IVb hsa-mir-520a 19 58885947 58886031 +
hsa-mir-214 1 170374561 170374670 - hsa-mir-525 19 58892599 58892683 +
hsa-mir-199a-2 1 170380298 170380407 - hsa-mir-518f 19 58895081 58895167 +
hsa-mir-143 5 148788674 148788779 + hsa-mir-518b 19 58897803 58897885 +
hsa-mir-199b 9 130046821 130046930 - hsa-mir-518c 19 58903801 58903901 +
hsa-mir-10a 17 44012199 44012308 - hsa-mir-517a 19 58907334 58907420 +
hsa-mir-199a-1 19 10789102 10789172 - hsa-mir-519d 19 58908413 58908500 +

hsa-mir-520d 19 58915162 58915248 +
Group V hsa-mir-517b 19 58916142 58916208 +
hsa-mir-367 4 113788479 113788546 - hsa-mir-520g 19 58917232 58917321 +
hsa-mir-302d 4 113788609 113788676 - hsa-mir-516-3 19 58920508 58920592 +
hsa-mir-302a 4 113788788 113788856 - hsa-mir-518e 19 58924904 58924991 +
hsa-mir-302c 4 113788968 113789035 - hsa-mir-518a-1 19 58926072 58926156 +
hsa-mir-302b 4 113789090 113789162 - hsa-mir-516-4 19 58931911 58932000 +
hsa-mir-499 20 33041840 33041961 + hsa-mir-518a-2 19 58934399 58934485 +

hsa-mir-520h 19 58937578 58937665 +
Group VI hsa-mir-522 19 58946277 58946363 +
hsa-mir-122a 18 54269286 54269370 + hsa-mir-516-1 19 58951807 58951896 +

hsa-mir-516-2 19 58956199 58956288 +
Group VIIa
hsa-mir-381 14 100582010 100582084 + Group VIIIa
hsa-mir-154 14 100595845 100595928 + hsa-mir-34b 11 110888873 110888956 +
hsa-mir-377 14 100598140 100598208 + hsa-mir-513-1 X 146102673 146102801 -
hsa-mir-498 19 58869263 58869386 + hsa-mir-513-2 X 146115036 146115162 -
hsa-mir-526b 19 58889459 58889541 + hsa-mir-507 X 146120194 146120287 -
hsa-mir-519b 19 58890279 58890359 + hsa-mir-510 X 146161545 146161618 -
hsa-mir-526a-1 19 58901318 58901402 +
hsa-mir-524 19 58906068 58906154 + Group VIIIb
hsa-mir-517a 19 58907334 58907420 + hsa-mir-449 5 54502117 54502207 -
hsa-mir-517b 19 58916142 58916208 + hsa-mir-449b 5 54502231 54502327 -
hsa-mir-516-3 19 58920508 58920592 + hsa-mir-202 10 134911006 134911115 -
hsa-mir-526a-2 19 58921988 58922052 + hsa-mir-34b 11 110888873 110888956 +
hsa-mir-516-4 19 58931911 58932000 + hsa-mir-34c 11 110889374 110889450 +
hsa-mir-517c 19 58936379 58936473 + hsa-mir-506 X 146119930 146120053 -
hsa-mir-527 19 58949084 58949168 + hsa-mir-508 X 146126123 146126237 -
hsa-mir-516-1 19 58951807 58951896 + hsa-mir-509 X 146149742 146149835 -
hsa-mir-516-2 19 58956199 58956288 + hsa-mir-514-1 X 146168457 146168554 -
hsa-mir-371 19 58982741 58982807 + hsa-mir-514-2 X 146171153 146171240 -
hsa-mir-503 X 133508024 133508094 - hsa-mir-514-3 X 146173851 146173938 -

*Whether each expression group w as enriched in miRNAs located in genomic clusters w as evaluated by Chi test. miRNAs in dif ferent subgroups w ere analyze
  together in one test as long as they are located w ithin a genomic cluster.

miRNA Host Gene p value* Gene Description
miR-106b MCM7 0.047** MCM7 minichromosome maintenance deficient 7 (S. cerevisiae)
miR-107 PANK1 0.022 pantothenate kinase 1
miR-126 EGFL7 0.027 EGF-like-domain, multiple 7
miR-128a R3HDM1 0.002 R3H domain (binds single-stranded nucleic acids) containing 1
miR-128b ARPP-21 0.001 cyclic AMP-regulated phosphoprotein, 21 kD
miR-139 PDE2A 0.007 phosphodiesterase 2A, cGMP-stimulated
miR-140 AIP2 0.249 WW domain containing E3 ubiquitin protein ligase 2
miR-148b COPZ1 0.472 coatomer protein complex, subunit zeta 1
miR-149 GPC1 0.053 glypican 1
miR-151 PTK2 0.031 protein tyrosine kinase 2; focal adhesion kinase 1
miR-15b SMC4L1 0.003 SMC4 structural maintenance of chromosomes 4-like 1 (yeast)
miR-186 ZNF265 0.335 zinc finger protein 265
miR-188 CLCN5 0.07 chloride channel 5 (nephrolithiasis 2, X-linked, Dent disease)
miR-190 TLN2 0.001 talin 2
miR-196b HOXA9 0.005 homeo box A9
miR-204 TRPM3 0.009 transient receptor potential cation channel, subfamily M, member 
miR-208 MYH6 6x10-30 myosin, heavy polypeptide 6, cardiac muscle, alpha
miR-211 TRPM1 0.004 transient receptor potential cation channel, subfamily M, member 
miR-224 GABRE 0.006 gamma-aminobutyric acid (GABA) A receptor, epsilon
miR-25 MCM7 0.022 MCM7 minichromosome maintenance deficient 7 (S. cerevisiae)
miR-28 LPP 0.023 LIM domain containing preferred translocation partner in lipoma

miR-30e NFYC 0.618 nuclear transcription factor Y, gamma
miR-326 ARRB1 0.013 arrestin, beta 1
miR-33 SREBF2 0.287 sterol regulatory element binding transcription factor 2

miR-335 MEST 0.006 mesoderm specific transcript homolog (mouse)
miR-338 AATK 0.0003 apoptosis-associated tyrosine kinase
miR-340 RNF130 0.346 ring finger protein 130
miR-342 EVL 0.017 Enah/Vasp-like
miR-346 GRID1 0.895 glutamate receptor, ionotropic, delta 1
miR-452 GABRE 0.0001 gamma-aminobutyric acid (GABA) A receptor, epsilon
miR-93 MCM7 0.022 MCM7 minichromosome maintenance deficient 7 (S. cerevisiae)

*When multiple clones are available in the database, the clone w ith the best p value w as chosen.
**Pearson correlation; gray boxes indicate those w ith p values > 0.07

Ch Start (bp) End (bp) Band Gene Symbol Unigene ID Description
1 20174518 20179496 p36.13 PLA2G2A Hs.466804 Phospholipase A2
1 20841737 20860587 p36.12 DDOST Hs.523145 Dolichyl-diphosphooligosaccharide-protein glycosyltransferase
1 59019048 59022587 p32.2 JUN Hs.525704 Transcription factor AP-1
1 71301562 71319568 p31.1 ZNF265 Hs.468415 Zinc f inger protein 265
1 109745993 109770589 p13.3 PSMA5 Hs.485246 Proteasome subunit alpha type 5
1 110000226 110054413 p13.3 GSTM4 Hs.348387 Glutathione S-transferase Mu 2
1 111217284 111244073 p13.3 CD53 Hs.443057 Leukocyte surface antigen CD53
1 153470867 153481112 q22 GBA Hs.282997 Glucosylceramidase
1 155003898 155037233 q23.1 PRCC Hs.516948 Papillary renal cell carcinoma translocation associated gene protein
1 157067731 157085918 q23.2 MNDA Hs.153837 Myeloid cell nuclear dif ferentiation antigen
1 160219606 160260268 q23.3 OLFML2B Hs.507515 olfactomedin-like 2B
1 160868852 161016861 q23.3 DDR2 Hs.275757 Discoidin domain-containing receptor 2
1 165776874 165789628 q24.2 CREG1 Hs.5710 Cellular repressor of E1A-stimulated genes 1
1 184532034 184550317 q31.1 PRG4 Hs.432458 Proteoglycan-4
1 200218375 200241898 q32.1 RNPEP Hs.497391 Arginyl aminopeptidase
2 8736791 8741997 p25.1 ID2 Hs.180919 Inhibitor of DNA binding 2
2 176695334 176697770 q31.1 HOXD9 Hs.236646 Homeobox protein Hox-D9
2 218790119 218827315 q35 ARPC2 Hs.529303 Actin-related protein 2/3 complex subunit 2
2 219822677 219826882 q35 TUBA1 Hs.75318 Tubulin alpha-1 chain
2 230340174 230494899 q36.3 TRIP12 Hs.368985 Thyroid receptor-interacting protein 12
3 10317215 10337862 p25.3 SEC13L1 Hs.166924 SEC13-related protein
3 52695149 52703548 p21.1 GNL3 Hs.313544 Guanine nucleotide-binding protein-like 3
3 52913668 53055110 p21.1 SFMBT1 Hs.343679 Scm-like w ith four MBT domains protein 1
3 123256911 123322672 q13.33 CD86 Hs.171182 T-lymphocyte activation antigen CD86
3 123941536 123995340 q21.1 HSPBAP1 Hs.29169 Hspb associated protein 1
3 140559125 140591158 q23 COPB2 Hs.75724 Coatomer subunit beta
3 160002577 160030198 q25.32 MFSD1 Hs.58663 major facilitator superfamily domain containing 1
4 107456302 107489097 q24 SCYE1 Hs.480465 Small inducible cytokine subfamily E member 1
4 109188150 109309027 q25 LEF1 Hs.555947 Lymphoid enhancer-binding factor 1
5 61843827 61844066 q12.1 CKS1B Hs.374378 Cyclin-dependent kinases regulatory subunit 1 
5 76150610 76166895 q13.3 F2RL1 Hs.154299 Proteinase-activated receptor 2
5 76361987 76396815 q13.3 SEC14L1 Hs.464184 SEC14-like 1 (S. cerevisiae)
6 32625167 32637374 p21.32 HLA-DRB1 Hs.534322 HLA class II histocompatibility antigen, DR-1 beta chain
6 32861173 32878111 p21.32 TAP2 Hs.502 Antigen peptide transporter 2 
6 32884550 32893318 p21.32 TAP1 Hs.352018 Antigen peptide transporter 1
6 35870737 35873080 p21.31 CLPS Hs.1340 Colipase
6 43004856 43018967 p21.1 TNRC5 Hs.414099 trinucleotide repeat containing 5 isoform 1
6 52393065 52465303 p12.2 EFHC1 Hs.403171 EF-hand domain-containing protein 1
6 146906521 146917794 q24.3 RAB32 Hs.287714 Ras-related protein Rab-32
7 23252841 23281248 p15.3 GPNMB Hs.190495 Transmembrane glycoprotein NMB precursor
7 26158385 26192430 p15.2 NFE2L3 Hs.404741 Nuclear factor erythroid 2-related factor 3
7 98830525 98844228 q22.1 PDAP1 Hs.489284 PDGF-associated protein
8 86563433 86580945 q21.2 CA2 Hs.155097 Carbonic anhydrase 2
9 92603890 92700652 q22.31 SYK Hs.371720 Tyrosine-protein kinase SYK
9 93833248 93917511 q22.31 SPTLC1 Hs.90458 Serine palmitoyltransferase 1
9 96405236 96441686 q22.32 FBP1 Hs.494496 Fructose-1,6-bisphosphatase 1
9 98122809 98185803 q22.33 SLC35D2 Hs.494556 solute carrier family 35, member D2
9 116389847 116400938 q33.1 ATP6V1G1 Hs.388654 Vacuolar ATP synthase subunit G 1 
9 126059706 126155407 q33.3 NEK6 Hs.197071 Serine/threonine-protein kinase Nek6

10 17311283 17319598 p12.33 VIM Hs.533317 Vimentin
10 121249330 121292212 q26.11 RGS10 Hs.501200 Regulator of G-protein signaling 10
11 18372683 18385969 p15.1 LDHA Hs.2795 L-lactate dehydrogenase A chain
11 33719066 33752647 p13 FBXO3 Hs.406787 F-box only protein 3
11 69726917 69731134 q13.3 FADD Hs.86131 FAS-associating death domain-containing protein
11 101723176 101754604 q22.2 BIRC2 Hs.503704 Inhibitor of apoptosis protein 2

12 732993 888219 p13.33 WNK1 Hs.504432 Protein kinase, lysine-deficient 1
12 47509807 47532224 q13.12 DDX23 Hs.130098 DEAD box protein 23
12 70434925 70467417 q21.1 RAB21 Hs.524590 Ras-related protein Rab-21
13 36472932 36481538 q13.3 EXOSC8 Hs.294041 Exosome complex exonuclease RRP43
13 113287056 113343789 q34 TFDP1 Hs.79353 E2F dimerization partner 1
14 22312287 22358814 q11.2 SLC7A7 Hs.513147 Y+L amino acid transporter 1
14 23728203 23734722 q11.2 TM9SF1 Hs.91586 Transmembrane 9 superfamily protein member 1
14 30161272 30274769 q12 SCFD1 Hs.369168 Sec1 family domain-containing protein 1
14 73423261 73468733 q24.3 ZNF410 Hs.270869 Zinc f inger protein 410
14 88003870 88086719 q31.3 PTPN21 Hs.437040 Tyrosine-protein phosphatase non-receptor type 21
14 92239910 92284765 q32.12 LGMN Hs.18069 Asparaginyl endopeptidase
14 93587019 93617297 q32.13 DDX24 Hs.510328 DEAD box protein 24
16 67236240 67290440 q22.1 CDH3 Hs.191842 Cadherin-3
17 18088880 18102780 p11.2 FLII Hs.513984 Protein flightless-1
17 24394044 24408362 q11.2 PIPOX Hs.462585 Peroxisomal sarcosine oxidase 
17 26322218 26351051 q11.2 RNF135 Hs.29874 ring f inger protein 135 isoform 2
17 38412351 38419998 q21.31 IFI35 Hs.50842 Interferon-induced 35 kDa protein
17 43458535 43470138 q21.32 COPZ2 Hs.37482 Coatomer subunit zeta-2
17 51183413 51209733 q23.2 PCTP Hs.285218 Phosphatidylcholine transfer protein (PC-TP)
19 41087152 41091026 q13.12 TYROBP Hs.515369 TYRO protein tyrosine kinase-binding protein precursor
19 47079090 47103437 q13.2 ARHGEF1 Hs.278186 Rho guanine nucleotide exchange factor 1
19 59777071 59790839 q13.42 LILRA2 Hs.534394 Leukocyte immunoglobulin-like receptor subfamily A member 2 
20 33212131 33228826 q11.22 PROCR Hs.82353 Endothelial protein C receptor precursor
20 44070954 44078607 q13.12 MMP9 Hs.297413 Matrix metalloproteinase-9
20 54637765 54647746 q13.31 TFAP2C Hs.473152 Transcription factor AP-2 gamma
21 14779428 14877594 q11.2 SAMSN1 Hs.473341 SAM domain-containing protein SAMSN-1
21 34367693 34437204 q22.11 MRPS6 Hs.302742 Mitochondrial ribosomal protein S6
22 25217898 25238343 q12.1 TFIP11 Hs.20225 Tuftelin-interacting protein 11
22 28053669 28114569 q12.2 AP1B1 Hs.368794 AP-1 complex subunit beta-1
22 29333161 29353047 q12.2 TCN2 Hs.417948 Transcobalamin-2 
22 34332757 34349347 q12.3 MB Hs.517586 Myoglobin
22 35586976 35604003 q12.3 NCF4 Hs.474781 Neutrophil cytosol factor 4
22 39096541 39136239 q13.1 RUTBC3 Hs.474914 RUN and TBC1 domain containing 3
X 2619220 2669350 p22.33 CD99 Hs.495605 CD99 antigen
X 9391369 9647778 p22.2 TBL1X Hs.495656 F-box-like/WD-repeat protein TBL1X
X 23711211 23714264 p22.11 SAT Hs.28491 Diamine acetyltransferase 1
X 70243979 70248188 q13.1 IL2RG Hs.84 Interleukin- 2 receptor gamma chain
X 77246327 77271449 q21.1 PGK1 Hs.78771 Phosphoglycerate kinase 1
X 153717263 153904192 q28 F8 Hs.413083 Coagulation factor VIII

Inflammatory response/hematopoietic cell markers/blood coagulation
Cytoskeleton/intracellular traff icking
Transcription factors
GTP-binding proteins
Lipid metabolism

Ch Start (bp) End (bp) Band Gene Symbol Unigene ID Description

Table 3. Classification of predicted target genes of miR-
129/219/330 based upon their functions.125
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