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Analysis of mRNA - microRNA expression profiles and LIF expression during osteogenic

differentiation in cells from human dental follicle

FUJIMOTO Yoko
Nihon University School of Dentistry at Matsudo

Department of Maxillofacial Surgery

The dental follicle is an ectomesenchymal tissue that surrounds the developing tooth
germ, which contains osteoblastic lineage-committed stem/progenitor cells. The aims of
this study are to investigate the osteogenic differentiation capacity and the cellular and
the molecular characteristics of human dental follicle cells (hDFC) for bone
regeneration therapy.

Characterization as somatic stem cells in hDFC was performed by comparison with
human bone marrow-derived mesenchymal stem cells (hMSC). Like hMSC, hDFC
differentiate into the osteoblastic lineage. On gene expression profiling, the expression
of cell markers and growth factor receptors in hDFC and hMSC were similar, whereas
the expression patterns of homeobox (HOX) genes differed between hDFC and hMSC. In
addition, to elucidate the molecular differences that underlie the more primitive
characteristics of hDFC, we performed a comprehensive analysis of mRNA and
microRNA (miRNA) expression profiles using miRNA microarray and DNA microarray.
HOX genes, which were selected as miRNA targets, were genes whose mRNA
expression differed between hDFC and hMSC.

Next, we examined kinetic gene expression and protein production of leukemia
inhibitory factor (LIF), which was down-regulated during osteogenic differentiation by
DNA microarray analysis. Gene expression was decreased in a time-dependent manner.
LIF protein levels decreased until culture day 1, and then increased until day 4 in
Osteogenic Induction Medium culture. These results suggest that LIF expression is
regulated by miRNA. The production of LIF was significantly lower in cells transfected
with miR-29b.

In conclusion, we found that hDFC are committed progenitor osteoblasts, and have
therapeutic utility for the bone regeneration and in molecular studies into osteogenic

differentiation.
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SR, MR R OIMREMERIEE N D R DM G TH Y, KoM R M 27
fEL, b MM DM L7 MlE (WDFC: human dental follicle cells) 1%, ‘& 2FHii
BRI TR T 2 L AKIET 5 Z & AHmES TV 5 (1,2). hDFC X, AF v A—/L K
S OTFELE A VD &, & A v MM (3), SHIBHHESEMID (4), whisHi (5)
~EGET D EvbiiTWwWa. 72, hDFC 1%, b ME#fiE R MEMERSME (hMSC:
human mesenchymal stem cells from bone marrow) & b THIJIEIFHEEAMENL TV D &
WHEEINTWD (6). Lo THER, BE2IE0o LT oMk AEROMIEIKE LTo
AREMEZ A LTV 5.

AW TITET, hDFC OFME#flla s L COWEEZHLNNITHZEEHNE L,
DNA <A 7 v 7 LA 3 X microRNA (miRNA) <A 7 17 LA % T, hDFC & %%
HY 72 PRI C & 5 hMSC & O TR FFRBUENT 21T > 72. miRNA 1%, 20 BfHo
WNIEPE non-coding RNA Th v, A& 32 mRNA O 3 REGFEFIREBIZH AT 2 2 L
FOEERRAERE L (7D, BESHE, WERFICEST 2L IhTnd (810).

U2, hDFC OB HFMfasbIcBET 5 KoMK a2 Hi&E LT, DNA~A 277 LA
fRMT 24T o 72, B IR R TR LT B s FHED T Leukemia inhibitory
factor (LIF) 23f#{E L7z, LIF 136X X0 DA MU A T, =0 ZBHEME A mEHif
ORIFEIHIRMARET D = L AHE STV D (11,12). £72, LIF 13~ 7 X QRS
fid (ES cells: embryonic stem cells) (23 TARM 72RO HFEC L REMEHERF I L ZH DR
T CThY (13), MMEFEEIT> TV e MEREHORRHE ML (hBMSC: human bone
marrow derived stromal cells) TILEBE L TWD A, FIFMIE-CARNMlE~ & /3L ik
T2 LRBHDT L LGS D (14). £ZT, hDFC O Fflilar{bic LIF 2385
L CWDDRETT 272012, LIF Bin 38, ¥ "7 &2 L, LIF Z2E0EE 1 &

% miRNA ORF 61T 72



MR X U5k

1. hDFC D5yBEdR L URER

TR A v T — L Rarty bOBLTE 6 L DOBEND TR RA itk L, o
T ST 2 g2 8- AL L 7. 28 % phosphate-buffered saline (PBS) Tyt L, Miksk
IR RN, A AZHAWTHIYIL, 0.1 U/ml collagenase type I & 1 U/ml dispase
(Roche #4Y) Z M T, 37°CC 1 Kefl#E 4L L hDFC % 38 L7=. 57#E L 72 hDFC |33
st (GM: Mesenchymal stem cell growth medium, Lonza #:#) % >, 37°C, 5% CO2
T THMREB L OIS E 21T o 72, GM O#flAk%lX Mesenchymal Stem Cell Basal
Medium (Lonza #1:#) (Z MSCGM SingleQuants® [10% fetal bovine serum (FBS),
L-glutamine, penicillin/streptomycin, Lonza #L8] ZiNx 7=t oL Uiz, HHT s A&
(ZAZHA L7z, FEBRIITARIER 5~6 @ hDFC 21 L 7-.

ARIEBRE B AR BT i mi L Be GRREE 5 : EC05-025, EC10-36) O #HIfE-

TIT-o7=.

2. hMSC DOz
hMSC % Lonza #2268 A L7=. hMSC iX GM % i\, 37°C, 5% CO2 & T THIRE

J O REEE A T o7, ST 3 B DL ICRRH L 7=,

3. BEFMIa~DLHEE

hDFC % 3.1 x 103 cells/em2(Z7¢ % K O (CHEFE L, 24 Wef1#2 (0B 2F AR EA S a1 (OIM:
Mesenchymal stem cell osteogenic induction medium, Lonza #E8)) (Z&E# L7=. OIM I,
Osteogenic Basal Medium (Lonza #£#) (2 Osteogenic Single Quants™ (10% FBS,

L-glutamine, penicillin/streptomycin, dexamethasone, ascorbate, B-glycerophosphate,



Lonza tH#) ZMMx7=bDaMH Lz, $£7z, iz OIM IcR# LA 0HH, ¥A%

1B E L.

4. Alizarin Red S Ju#3 LT von Kossa Bifa

hDFC % 10% AL~ U 2T 30 4rHEEH, 1% Alizarin #i# (Kanto chemical
) T 10 YR EEIT T2

von Kossa %413 Jaiswal & D41k (15) (24> TIT7-72. hDFC % 10% HEAL <V
> C 30 yTElEE R, 5% AgNOs (Kanto chemical #H5)) T 10 2yYefa L7=. BEATIC 30

SyTER, FERUKTAKYEL, LTI 156 o MIKE L.

5. Alkaline Phosphatase 15
Alkaline Phosphatase (ALP) i1 StemTAGT™ Alkaline Phosphatase Activity
Assay Kit (Call Biolabs #:8) % fv 7=, ##Ef L 7= p —nitrophenyl &% 415nm TH|E L,

1 pumol @ p -nitrophenol 7’ 1 Zy[IZlF#ET 5 iz 1 unit & L7-.

6. Total RNA O
hDFC, hMSC % 1X106cells /100 mm dish TR L, 24 K¢k GM £ 7213 OIM |2
WL T-. BRI TRIZOL Regent™ (Invitrogen) % FWTHIAEZVEME L, Acid

Guanidium-Phenol-Chloroform % (AGPC %) 12XV total RNA Z#HhH L7-.

7. =4 707 LA fENT
total RNA O#MIEE R X ONVHE L, RNA 6000 Nano Gel System % VT Agilent 2100
Bioanalyzer (Agilent Technologys) TillliE L, & 512 Gene Chip Test 3 Chip (Affymetrix )

THEFR L 7=.



DNA ~ A1 7 va7 L A%, Affymetrix Human Genome U133 Plus 2.0 Array % H\»,
Affymetrix OEIEIZEV T 72, T2 5, total RNA 5 pg # AV T, One-Cycle cDNA
Synthesis 742 T double-stranded cDNA #{E# L, GeneChip Sample Clean Up Module
Kit (Affymertix) TR L7-. B8 L 7= ¢cDNA /5 in vitrotranscription < biotin-landed
cDNA % s SRR L, cDNA 24572, &IZ, ¢cDNA #Wr /i {k L, hybridization cocktail
ZVERLL, array ([Z¥RI1 L, 45°CC 16 FEfi hybridization %17 - 7-. hybridization #& T 1%,
array % Fluidics station (Affymetrix) (ZF%E L, #eifrds L O streptavidine phycoerythin
(SARP: Molecular Probes) % AWz 4eta %1772, AX ¥ F— (Affymertix) | CTHE{E %
v iAZx, Affymetrix Microarray Suite | CHOETRE ORIE 21T - 7-.

miRNA microarray f##7 12 1%, Agilent human miRNA Rel.12.0 arrays % 7213 miRXplore
™ Microarray (Milteny Biotech) % f\ 7. Agilent Complete Labeling and Hyb Kit
(Agilent) 1Z1%, miRNA % & A7 total RNA % 100 ng i L7=. array I3 55°CiZ T 20 ¥
il hybridization #17>7-. A7 A Rid@FL, =002 1T->7- (3000 rpm, =iE). A
& ¥ — (Agilent) THE[{§% Y iAZ, Feature Extraction Software (Agilent) Tt iR
& % Hfii{k L 72. miRXplore ™ Microarray (Z & % #HIiE %, Milteny Expression Service (Z
KIE L7z,

T —ZENTIZIL, GeneSpring f##HT Y 7 I (Agilent Technologies) 5 X O miRXplore™

Microarray (Milteny Biotech) % F\ 7-.

8. mRNA - miRNA f##4T

miRNA ORI A B F1X miRNA database @ TargetScan ™ % W CHZE L,
Ingenuity Pathway Knowledge Base (IPA; Ingenuity ® Systems) ¢ miRNA Target
Filter CIEMIEIEIR O VAL EIT 5 72, IRIZ, FEERAVIZ miRNA OER#ES T & FE]

SNTcBf5 T % GeneSpring [ZHU D iAZ, DNA ~A 7 a7 LA it & beliRes L7,



9. real time-PCR

total RNA % 0.5 pg/pl IZiH% L, GeneAmp™ RNA PCR Kit (Applied Biosystems)
% T cDNA Z1ERR L7=. 1Bk L7z ¢cDNA &% 2 ul, DyNAmo SYBR™ Green qPCR
Kit (Thermo) 10 pl, JAEFHIK 6 pl, Tt & OV LN primer (20 pM) &4 1 ul /0%,
2 20pl & L, PCR &K% 1ER L7=. PCR &ik% DNA Engine Opticon 1 (BioRad) T
95°C, 5 rfnEtg, 94°C1540, 55°C30 ), 72°C30 f% 40 VA 7 /W17 T DNA Z1HiE
L, YA NX—=7 ) =L btz Et=%—L7. 2 rtr—/,L& L TGAPDH Z#HHw
7. BETRHBEILACTIETHRE L (16). 7714 ~—I,
5-TGCCAATGCCCTCTTTATTC- 3 (LIF forward primer);
5-GTTGATAGCCCAGATTCTTC- 3’ (LIF reverse primer);
5-ATCACCATCTTCCAGGAG- 3’ (GAPDH forward primer);

5-ATGGACTGTGGTCATGAG- 3’ (GAPDH reverse primer) % Vv 7z.

10. LIF ELISA
hDFC % OIM THif& L, 24 W] Z & IC BiF & T X TEHRIL721%%, OIM Z ¥l L TH#%

ZefkE L7-. BRECL 72552 IS IRIE T 2 £ T-80C THRE L7z, 552 BT o LIF # o3

A\

'Z 813 Enzyme-Linked Immunosorbent Assay (ELISA) Kit (RayBiotech) % i\ C&f

L

(\‘(‘

il

11. miRNA #A

hDFC % 24 well plate (& 2x104cells / well THEfE L, 24 K ICE#1%Z OIM (2524
#%, miRNA AR %4 well (2 100 pl 2300 L7=. miRNA B AHERIE, 20 pM
miRNA (miR-29b, miR-125a, miR-199-5p, % 721% miR-199-3p) Mimic ™ (Qiagen) F7-

IE negative control % 0.1 pl, HyPerFect #{3£% 3 nl |2, Mesenchymal Stem Cell Basal



Medium %12 C 100 pl (ZFAFE L, 10 4r[E==IE Chti& L7=. Negative control |3 AllStars
Negative Control siRNA™ (Qiagen) %\ 7=, 552 72 KM% BG4 HE L, LIF &%

HIE L.

12. #EHENT

WoEHEATIX, Student’s £-test & Fu7-.

R

1. hDFC OHHEIZEE T 5 1Rt
(1) hDFC O3S {LEe

hDFC OF 3 #ilasr{bEE%, Arizarinred S 444, von Kossa 44fa3s LUV ALP {EMEHIE
WXV RFE L7, xR E LThMSC Z M. Arizarinred S Y2250 C, hDFC %
OIM TH#ET 5 & 10 HHTHWEELZ/RL, R 1THANL 24 HH L HZIBD J LI
Yt &7z, von Kossa Yeta CIdHG#E 24 HH CHitETh o7, —J7, GM THE L
hDFC (34sta siu72 > 72 (K 1 A). Arizarinred S 4433 L 0O von Kossa 4efa(x hMSC
EHELIL T

hDFC @ ALP {EMEZFH~72 & Z A, OIM B XL GM WD B3 T HARRIC EAH- L
2. F£7=, B5E& 7T HES OIM TH# L7z hDFC @ ALP i&P1E, GM & e~ FREIZHEMN
>72. —Ji, OIM TH;:#% L7 hMSC @ ALP /&ML, & 12 HARE—2 THY, 55E 5

HE?D GM IZHE~FEICHE - 72 (X 1 B).
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(A) : (a) Arizarin red S Y4f4 (b) von Kossa %t (B) : ALP Mk
(a) hDFC (b) hMSC. GM : Growth Medium OIM : Osteogenic Induced Medium
hDFC : human dental follicle cells hMSC : human mesenchymal stem cells
n=3 *P<0.05, **P<0.01, ***P<0.005 vs GM.



(2) hDFC DOBETFIHBFT

hDFC (2B LT, KM MI L L COMEEEZB 503 5729, hDFC, hMSC O il
Haf T DNA = A 7 a7 LA f##t %217~ 7-. hDFC % X' hMSC TIZMHERMIED%)E~
— 5 —"T#% CD13, CD29, CD44, CD73, CD90, CD105, CD106 M¥HL A 78 7=, i
Hifll~—#H—7Tdh 5 CD14, CD34, CD45, CD62 I L OiJFde r~ffifil~—5 —CTdh 5 HLA
classIliZ, & HIZHBZBD LR o7. £z, WML E bEpfifi~—2—T&2% Notchl,
Sca-1, SSEA-1 O FH %38 7=. TGF-B receptor 7 £ ® Growth Factor Receptor DI Hi

IZ hDFC & hMSC TIZHEEL L T\ (3 1).



# 1 hDFC 8 X' hMSC (Z81) DM~ — I —8{s 7 F 8L

Normalized Intemnsity

Common Genebank
name D hDFC hMSC

Cluster of differentiation
CD13 NM_001150 7.6 29.6 alanyl (membrane) aminopeptidase (aminopeptidase N, aminopeptidase M, microsomal aminopeptidase, CD13, p150)
CD29 NM_133376 229.2 261.7 integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes MDF2, MSK12)
CD44 NM_000061 67.0 65.9 CD44 molecule (Indian blood group)
CD73 NM_002526 106.2 103.8 S-nucleotidase, ecto (CD73)
CD90 AL161958 593 64.8 Thy-1 cell surface antigen
CD105 NM_000118 7.0 535 endoglin (Osler-Rendu-Weber syndrome 1)
CD106 NM_001078 4.0 33.1 vascular cell adhesion molecule 1
CD14 NM_000591 absent absent CDI14 molecule
CD31 NM_000558 absent  absent hemoglobin, alpha 1
CD34 MS81104 absent absent CD34 molecule
CD45 NM_002838 absent absent protein tyrosine phosphatase, receptor type, C
CD62 NM_080923 absent absent selectin P (granule membrane protein 140kDa, antigen CD62)

HLA Class II
HLA-DRA1 M60334 absent absent major histocompatibility complex, class II, DR alpha
HLA-DRBI1 NM_002125 absent absent major histocompatibility complex, class I, DR beta 5
HLA-DQALI BG397856 absent absent major histocompatibility complex, class II, DQ alpha 1
HLA-DQBI ALS583173 absent absent major histocompatibility complex, class II, DQ beta 1
HLA-DPA1 A128225 absent absent histocompatibility complex, class II, DP alpha 1
HLA-DPBI1 NM_002121 absent 3.8 Transcribed locus

Stem cell markers
Oct 4 NM 002701 absent absent POU domain, class 5, transcription factor 1
Nanog NM_024865 absent  absent Nanog homeobox
Notchl NM_017617 2.6 2.7 Notch homolog 1, translocation-associated (Drosophila)
Sca-1 NM_004346 19.8 15.2 caspase 3, apoptosis-related cysteine peptidase
UTF-1 NM_003577 absent absent undifferentiated embryonic cell transcription factor 1
SSEA-1 M58596 2.0 32 M58596

Receptors
TGFBR1 NM_004612 23 4.6 Transforming growth factor, beta receptor I (activin A receptor type Il-like kinase, 53kDa)
TGFBR2 NM_003242 1.7 33 transforming growth factor, beta receptor II (70/80kDa)
Flg NM_023107 44 1.9 fibroblast growth factor receptor 1 (fims-related tyrosine kinase 2, Pfeiffer syndrome)
FGFR2 NM_022969 2.8 10.7 fibroblast growth factor receptor 2 isoform 2 precursor
FGFR3 M58051 absent absent fibroblast growth factor receptor 3 (achondroplasia, thanatophoric dwarfism)
PDGFRI1 NM_002609 18.5 25.8 platelet-derived growth factor receptor, beta polypeptide
PDGFR2 NM_002606 1753 1723 platelet-derived growth factor receptor, alpha polypeptide
Flt-1 AA058828 35 absent Fms-related tyrosine kinase 1 (vascular endothelial growth factor/vascular permeability factor receptor)
CXCR4 AF348491 absent absent chemokine (C-X-C motif) receptor 4

Normalized intensity % Data transformation: Set measurements less than 0.01 to 0.1 B LW

Per chip normalization: normalize to median or percentile Z 1TV VEH L7=.
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%Iz, hDFC, hMSC Mififafit] THREUCEZZ RO B FIZOWTHE L2, BEIZE
WD B % s 11X Homeobox (HOX) Ei&FREIZE < 38 H i1, LIM Homeobox 8 (LHXS)
1Z hDFC TE < B L, hMSC TIZREE L T\ iroyo7-. —J7, HOXA5, HOXA9, HOXA10

X hMSC THILAE <, hDFC TIFHBLAZREDeh o7 (& 2).

# 2 hDFC & hMSC THUIAFFRAIZIEBL L Tz s

Gerebar Nommlized Internsity (F)

rame D Rao e pyge  CeTile Afly
Up-regulation expressed genes in hDFC
LHXS BOMO321 10834 3504(P) 003(A) LIMhomeobox 8
ITG4S ~ BR39X4 4170  668(P) 002(A) integrin alpha8
EPBAIL3  AITTO004 4085  409(P) 001(A) erythrocyte membrane protein band 4. 1-like 3
FOXFI  NML001451 321 2B85P) 006(A) forkhead box FI
APCDDI  NA8299 3004  4125(P) 0.13(A) adenomatosis polyposis coli down-regulated 1
HSPB3  NM 006308 284 231(P) 008(A) heat shock27kDa protein3
N2109%6 267.0 428(P) 002(A)  syntaxin binding protein 6 (amisyn)
TFAP2C NM 000591 2526  2510(P) 0.10(A) transcription factor AP-2 gana (activating enhancer binding protein 2 gams)
BO36630 249.5 880(P) 004(A) CDNAclone IMAGE5294528
FIT] AA149648 2145 8H(P) 004(A) Frs-related tyrosine kinase 1 (vascular endothelial growth factor/vascular permeability factor receptor)
Up-regulation expressed genes in hMSC
RSG4 NM 005613 9863  007(A) 7L18(P) regulator of Gproteinsignalling 4
CHIBLI ~ NBOR27 5844 011(A) GA76(P) chitinase 3like 1 (cattilage glyooprotein-39)
ZNF423 AW14A417 5281 006(A) 2994(P)  zinc finger protein 423
HOX49  WMI8131 3979  006(A) 23.59(P) homwobox A9
HOXA5 NM 019102 3850  002(A) 794(P) honmeobox AS
MFAPS — AWGE5892 3556  040(P) 14296(P) microfibrillar associated protein 5

PITX2 NM 000325 3330 004(A) 1459(P)  paired-like homeodomain transcription factor 2

NPR3 NM 000908 3169 012(A) 3757(P) natriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic peptide receptor C)
EMX2 AMTASS 2627  003(A) 880(P) empty spiracles homolog2 (Drosophila)

HOXA10  BFP2917 2415  007(A) 1618(P) honreo box Al0

Normalized intensity |3 Data transformation: Set measurements less than 0.01 to 0.1 B X T Per
chip normalization: normalize to median or percentile 247\ \HE H L 7-.
Ratio: hDFC normalized intensity/hMSC normalized intensity ¥ 7213 hMSC normalized

intensity/hDFC normalized intensity

11



(3 hDFC ® miRNA IR

RER AR LY, S B S A7 RIS R R 72 mIRNA 2588 L TV D Z EndfiE ST s.
% Z T, hDFC 3 X' hMSC [ T miRNA BT 217> 7. B FMIRSEIC 0 biFa 217
5T hDFC & hMSC (29T, miRNA ~ A 27 1 7 LA fifth & FIv v T miRNA F&51
ZRELIZE A, 955 miRNA @ 5 5, 661 miRNA |3 hDFC, hMSC & &2 FHGR0
btz 72, hDFC # X UVhMSC [ CHRBUCENRY Bt/ miRNA 2% L7z
& =%, hDFC T 2520 EREA @V OIE, 32 miRNA, hMSC T 2 2L EREA @O

IZ 37 miRNA ThH 7= (5% 3).

12



#3 hMSC & hDFC & O THRIEIE VM S /zmiRNA

microRNA name Accession No. Fold microRNA name Accession No. Fold
microRNAs more highly expressed in hMSC microRNAs more highly expressed in hDFC

hsa-miR-196a MIMATO0000226 798.0 hsa-miR-20A* MIMATO0004493 79.5
hsa-miR-224 MIMATO0000281 710.7 hsa-miR-129-3P MIMATO0004605 75.5
hsa-miR-10b MIMATO0000254 501.3 hsa-miR-19B-1* MIMAT0004491 47.6
hsa-miR-196b MIMATO0001080 420.5 Ebv-miR-MART12 MIMAT0003423 473
hsa-miR-150%* MIMATO0004610 183.2 hsa-miR-769-5p MIMATO0003886 46.9
hsa-miR-143* MIMATO0004599 154.5 hsa-miR-199b-5p  MIMATO0000263 8.03
hsa-miR-24-1% MIMATO0000079 105.6 hsa-miR-32 MIMATO0000090 3.7
hsa-miR-340 MIMATO0004692 65.3 hsa-miR-34¢-5p MIMATO0000686 34
hsa-miR-193b* MIMATO0004767 554 hsa-miR-1271 MIMATO0005796 3.2
hsa-miR-23b* MIMATO0004589 40.8 hsa-miR-18b MIMATO0001412 3.1
hsa-miR-181d MIMAT0002821 37.9 hsa-miR-7 MIMATO0000252 3.1
hsa-miR-181¢ MIMATO0000258 314 hsa-miR-630 MIMAT0003299 2.9
hsa-miR-1306 MIMATO0005950 31.3 hsa-miR-222%* MIMATO0004569 2.8
hsa-miR-132%* MIMATO0004594 30.9 hsa-miR-18a MIMATO0000072 2.6
hsa-miR-664 MIMATO0005949 30.9 hsa-miR-29b MIMATO0000100 2.5
hsa-miR-532-3p MIMATO0004780 30.7 hsa-miR-155 MIMATO0000646 2.5
hsa-miR-1181 MIMATO0005826 29.7 hsa-miR-455-3p MIMATO0004784 2.5
hsa-miR-615-3p MIMATO0003238 20.1 hsa-miR-1225-3p MIMATO0005573 24
hsa-miR-1237 MIMATO0005592 285 hsa-miR-1539 MIMATO0007401 24
hsa-miR-377* MIMATO0004689 19.9 hsa-miR-17* MIMATO0000071 24
hsa-let-7e* MIMATO0004485 17.5 hsa-miR-455-5p MIMATO0003150 24
hsa-miR-135a* MIMATO0004595 17.1 hsa-miR-17 MIMATO0000070 24
hsa-miR-629 MIMATO0004810 15.0 hsa-miR-7-1% MIMATO0004553 24
hsa-miR-10a MIMATO0000253 13.8 hsa-miR-20b MIMATO0001413 2.3
hsa-miR-31 MIMATO0000089 7.8 hsa-miR-20a MIMATO0000075 2.3
hsa-miR-31% MIMATO0005404 5.7 hsa-miR-503 MIMATO0002874 2.3
hsa-miR-335 MIMATO0000765 4.6 hsa-miR-19a MIMATO0000073 22
hsa-miR-138 MIMATO0000430 4.0 hsa-miR-93 MIMATO0000093 22
hsa-miR-497 MIMAT0002820 3.9 hsa-miR-25 MIMATO0000081 22
hsa-miR-143 MIMATO0000435 3.6 hsa-miR-15b* MIMATO0004586 2.1
hsa-miR-195 MIMATO0000461 3.2 hsa-miR-130b MIMATO0000691 2.0
hsa-miR-27b MIMATO0000437 3.2 hsa-miR-106b MIMATO0000680 2.0
hsa-miR-145 MIMATO0000418 2.6

hsa-miR-23b MIMAT0004601 2.3

hsa-miR-145%* MIMATO0000419 22

hsa-let-7i MIMATO0000415 22

hsa-miR--21 MIMATO0000076 22

Fold: hMSC T D&z F 3R E&8/hDFCT D& FHIFE /- 13hDFCT D& FHEE/hMSCTD

B FREE
miRNAZZ EdH, miRNA* 3% E i
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(4) mRNA - miRNA Ff#dT

hDFC & hMSC THIUIEN WD 572 miRNA OERE#HEGET &2, T— % N—*
TargetScan ™% I\ CHisE L7-. hMSC THRIAE L 37 miRNA OEF s 11X
14,280 Ein 7T, FEBRMITEERES T LRE STV D DX 457 BinF, BEAVEE O
RA@ENDIT 6,323 Bin T, RANEIRFORIRENMEN H D & DI 7,500 BinFTh-o7-. —
75 hDFC THIL i\ 32 miRNA OFERIEANES 113 11,172 a7 T, FBRIITIERE
F EREH SN TN D b DL 256 Binf, RERELTOMRPEWS DI 5,085 HI T,

RGO RTREMED B D & DL 5,851 BIEFTho 7= (3 4).

# 4 hDFC & hMSC & O THHENRD b7z miRNA OFERYE R T3

Number of target genes

Predicted
Uploaded to IPA Experimentally High Moderate
verified confidence confidence
More highly expressed in h(MSC 37 microRNAs 457 genes 6,323 genes 7,500 genes
More highly expressed in hDFC 32 microRNAs 256 genes 5,065 genes 5,851 genes

Experimentally verified: FZ5:1)1Z miRNA IEHEE T & B b8 is 1
High confidence: miRNA EHJEIR T T 5 FIREMED & W iE R T
Moderate confidence: miRNA fEHJER T D A HEMED & 2 B 5 T

14



&IZ, hDFC & hMSC [ CHBLUZZMFRD itz miRNA OEMEMER O S 6, 32
BRAICEE STV AR T2\ T, hDFC L WPhMSC ToOREBlE%S DNA v A 7 1
T LA N 2 O T~ 72 hDFC (2386 THEEBLD & ) > 72 miRNA ORERIfE A s 256
Bix 1 (Affimetrix Gene Chip £ 793 7V u—7% v ) ® 5%, hDFC TREN &R
MBS 13 24 BIsF T, BEMENER 1L 56 BinFTh-o7z. —J7, hMSCiZHw
THBLDE D> - 72 miRNA OFEREME(S T 457 s 1 (Affimetrix Gene Chip 1% 1294 7
m—7%y k) ®95H, hMSC THEIN EVIEAMEMER 713 91 BIZ 7T, FHIMRNE

AIERE S 1% B3 B+ CThH-7= (K 2).
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(A) hMSC TE\ %I % Hh - miRNADO B RiEEEF

‘.

hMSCTHEHNE, miRNA® hMSCTZHIEH hMSCTHIENEL miRNAD hMSCT I
EEHEEE T =S E T EEHEEE T EVEET

(B) hDFC TE\ 3 # Hh -miRNADEH R E T F

hDFCTHEMHZ, " miRNAD® hDFCTHIEA  hDFCTHIEHMEZL, " mIRNAD hDFCT3IEM
EEHEEE T =S E T EEHEEE T EVEET

2 miRNA ZFEHEETEDNAV S a7 L 1 B & OLE
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F72, miRNA OEMBEABEIEIZ OV TR % 1T > 7. Gene Ontology Project (Z
K OMREN B ZAT o2& 2 A, DNA K G 2HEREZ 79 % DNA binding (238 S5
inF-73% 7 - 7= (data not shown). DNA binding (243 S 7= s+ DT, hDFC T
X OFAEIZE G5 &bt Tuvd Forkheadbox (FOX) O1 Oi#tfs 3B E <,
hMSC TiX ksl ic EE 7 HOXA1, HOXA7, HOXA1l 72 £ ® HOX &fn -HED T

PEWZ ERRBO BT (£ 5).
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%5 hDFCEhMSCLE O THRIEETES

A 7~miRNADEREEEE T

Gene symbol

Gene title

Entrez gene number

Target genes of microRNA more highly expressed in hMSC

Genes highly expressed in hMSC

FLI1 Friend leukemia virus integration 1 2313
GATA6 GATA binding protein 6 2627
NFIB nuclear factor I/'B 4781
HOXA1 homeobox A1l 3198
HOXA11 homeobox Al1 3207
HOXCS homeobox C8 3224
NFIA nuclear factor I/A 4774
HOXDS homeobox D8 3234
HOXA7 homeobox A7 3204
PMS1 PMS1 postmeiotic segregation increased 1 (S. cerevisiae) 5378
HES1 hairy and enhancer of split 1, (Drosophila) 3280

Genes expressed at lower level in hMSC
SMAD4 SMAD family member 4 4089
THRB thyroid hormone receptor, beta 7068
HMGA?2 high mobility group AT-hook 2 8091
SATB2 SATB homeobox 2 23314
ESR1 estrogen receptor 1 2099
FOXO1 forkhead box O1 2308
UHRF1 ubiquitin-like with PHD and ring finger domains 1 29128
TCF21 transcription factor 21 6943

Target genes of miRNAs more highly expressed in hDFC

Genes more highly expressed in hDFC
ETS1 v-ets erythroblastosis virus E26 oncogene homolog 1 2113
SYNE2 spectrin repeat containing, nuclear envelope 2 23224
ESR1 estrogen receptor 1 2099
NR4A2 nuclear receptor subfamily 4, group A, member 2 4929
FOXO1 forkhead box O1 2308

Genes expressed at a lower level in hDFC
TP63 tumor protein p63 8626
MEIS1 Meis homeobox 1 4211
MAFB v-maf musculoaponeurotic fibrosarcoma oncogene homolog B 9935
MEQX2 mesenchyme homeobox 2 4223
HOXAS homeobox A5 3202

hDFCEhMSC & O THREEICENFH AN /-miBNA OEEFHEC T 5
DNA bindingiZ ¥ hi- & LT F T T.

18



2. hDFC O'&FFHMilasm BRIz T 5 LIF BIEFHE OB

(1) LIF O#E=THE

hDFC OFHFHifa ke THRIALE T 58 F 2K T 52 L 2B, DNA~ A7
17 LA T 24T o7, OIM £7213 GM TH;#E L7 3 HER XU 10 H H® hDFC (250
T~A 77 LA &1T->7-. 3BEERBLY10 BEOWFHIZBN TS, GM TH#EL
72 IEIZHE ), OIM TH;#8 L 7= hDFC THRBLNED Uil 1 BEC LIF s 125380 b,
~A 7 a7 LA £ 5 LIF O s 77814 K 3 1277 GM & LU OIM O R W

b 3 HEICHAT 10 H H T LIF @ 380D L.

w3
o
o

400 —

300—

200—

100~

LIF Expression (Normalized Intensity)

GM OIM GM OIM
Day 3 Day 10

FI3 DNA~V 4 2B 7L A Biflc L 2hDFCOLIFE G FHE=
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Wiz, OIM T2 L7 hDFC IZHoW T, 1% 0,1,2,4,7,11 A B ® LIF s 35 E%,
real-time PCR 52 W TR L7=. ZOFE%E, OIM I28B1) 5 LIF #Eis 7B EI3ssE 4

HHE TIRBIICHD L, 20%IZ7T Fh—Tho7 (K 4).

1.2

Relative Gene Expression/ GAPDH

Time (day)

B4 hDFC®DLIF fEEFE - HIR
hDFCiZOIMTI11 HREEEEF T - /<.
*p<0.005 vs EEOHHE
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(2 LIFOX R\ 7E&

OIM TH:# L7z hDFC @ LIF # > /87 B E% W& L7=. X 51X hDFC £53& Eig+ o LIF
BNy R A Y. LIF Z o 87 BEIIG# 0 B E Cldm W MEE R L2, B 1 B H
TIHEF L7z, F£7z, B84 BB ETIILIF ¥ o X7 &I EF LA, K55 HH T

KT RO

300 "

200

E

LIF (ugicell)

100

Time (day)

15 hDFCOLIF & 1 ¢ 2 EE D
hDFC#OIMTHEE+{To/- EEFOLIFEE # 7.
*p<0.05, * * p<0.01 vs day O
*p<0.05, * * * p<0.005 vs day 1
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(3) LIF %3257 % miRNA 0

OIM T5#% L7 hDFC |25\ C, LIF s -8 EI3E#% 11 A B £ il Lie—J7
T, LIFOZ 87 GBIFTER2BEND 4 HRIZBOTHEML TV, ZO/REND,
LIF ¥ > X7 E&ITIE, 55 %IT O D OFREES @ T 5 L& 2 Bz, miRNA 1
FRRZHE L TV D 2 ERME SN TWS. 22T, LIF # L 87 EPEAIT miRNA 12X 5
BB Z T TCNDD TRV E#E 272, miRNA 57— # _X— 2 TargetScan ™ 7% fu»
T, LIF 2/ & 3% miRNA % L7z, & 512, miRNA ~A 7 a7 LA fighirh 5, OIM
% 1 AWK L, #54% 5 A A hDFC THEBLAEAD LT 7z miRNA 23§/, LIF %
BHRIR L L, ~A 27 a7 LA i CiE 5 A HIZHBIA T2 DX, miR-29b,

miR-125a, miR-199-5p, miR-199-3p, ® 4 >® miRNA T -7= (G 6).

# 6 hDFC 1281 5 miRNA B I8 &

. .
RNA expression ratio
o (day 5/day 1)

miR-199a-5p 0.692
miR-199a-3p 0.656
miR-125a 0.600
miR-29b 0.647

* L EYE 5 H BRI TRILE/EE 1 HHOBG B
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WIZ, Z? 450 miRNA # hDFC ~E AL, LIF ¥ o\ 7 EH&ZEL, ZOHER

hat]

FEH L. F0O8%E, miR-29 IC Xk > THAREIZLIF & L 327 B&1NED L (K 6).

il

none negative miR199a miR199a miR125a miR29b
control  -5p -3p

120

100 —

80 —

60 —

Inhibition (%)

40 —

20 —

6 BEnFEABOLIFY . 288
Inhibition: miRNAZE A BELIF 4 > 52 8%  noneLIF & s 2 E&
% 100
*p=<0.05 vs none
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5

A#FFECH - hDFC 13 OIM THs %1% &, ARk L (X 1A), ALP i&tEo EH %58
7= (M 1B). LHIOHETEH, hDFC % OIM TH#T 5 L AL 5 2 L id@s ShTn
% (1,2). 7 v hRe~w U AR KOHIEMIE L OIM TH;# T 5 & AIK(E L, £ OilfE Tik ALP
RN ERT 5 @GSN Tngd (17). 512, hDFC iXAENHa-Crestiin ~s b3 %
ZlmEsRTn s (2,5).

AWFFETHWZ hDFC i Notchl, Sca-1 72 & Oigifiifa~— 1 —=°, CD29 X° CD44 7¢
EORERME~ — 7 — ORI AR D103, CD14 FHEoEIMmFMiE~ — 5 —=°, HLA class
I 72 & ot rfile~ — 7 —ORBUTERO Tl EO®E & —E L (1,3), hMSC (28D
RN NAET D & B2 b,

AHFFETIE, hDFC 3 X OVhMSC O il ¢ mRNA-miRNA Ll BBUEHT 417 - 7=
hMSC THILA FE ) > 72 miRNA X 37 #{51, hDFC THBLD &> 72 miRNA 1% 32 i&
BFTholz. ZiH O miRNA BIER & T D BEMBIA T2 MR L& 25, hDFC Tl
FOXOL1 =1, hMSC Ti¥ HOXA #fx F A ENFEMEE 7 & L ChM 7. HOX #ix
TRUIRAREO RSB BICHE RN T & ShTEY (18), DNA~A 7 a7 LA s,
hMSC Tl HOXA Bn FHORBENENZ & 2D TS (% 2). —J7, hDFC T miRNA

DOIEHEAET- & L TR - 72 FOXO1 X IC M 595 & OlE R’ H 5 (19).
F72, DNA~A 7 a7 LA MITICE VT hDFC Cilfs TR BA R -7 LHX8 1%, L%
H78 & O ORI AN TRENFm W ERE SN TS (20). X - T, hDFC LIS
H e AR D IR T AU B 59~ 2 A B O TR E BB 2 A+ 5 2 LR S vz,

RIZ, hDFC OB H Mo bIZ B 5T 28 FOME 2 HHZ, DNA~A 7 a7 LA fiE
WradTolel 25, BFMIEFHERHIRBUR T3 28 B 7O I LIF 2380 bz
(% 3). LIF 1ZRME/2MAEOBIHCELREMEOHMERFICE G L TWH B2 6N TEY, v v

Z ES #ifia <%, LIF 2 X% STAT3 OIEMALA L RN Z AT 2 Ml OMHIC N ETH D =
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& (13), LIF-STATS v 7 F /WIF L REMS AR EIE D HEEFIC EEE 7 Kruppel-like Factor 4
2 Nanog #H 4 LR SE5 2 EnfiEsnTn5 (21). —%, & ho ES #ifa T LIF %
VETIIRWN b ODOLEEMEOHERFICE G L TEB Y, STAT3 2/ X721 E b Ting (22).
F 72, hBMSC TI3/BfERs 2 B oML T LIF & 83E <, passage doubling Z## Y i
L7, BEFEMlai L OB~ tEFE 3 2 2 & C© LIF #3315 2 & 3w &
NTW5 (14). £ -T, hBMSC & [FEEIC hDFC Th, ROEAMBIZIT LIF ORI
EE <, BRSO E 2R CrX LIF ORELN 325 2 & DR Sz,
hDFC O F a0 LiBFE TO LIF O % U X7 HEIZOWTHIE LT & 2 A, GM Th:
FLEZOHHDOLIF Z > 7 BEITEVEZTR L, OIM I ##E%OR®E 1 HH TIHEFL
7= (X5). UL, H#E4HEETLIF Z o 7 EEIIN LTz, LIF 855805
AR LTV B b 0o 5§, LIF # w87 B &3 EA L7-. Zhid, miRNA 75 mRNA
R D L)L TR R BLZ Ifl T 205 T2 & B 2 7. miRNA (XA A A9
% mRNA @ 8" KEGFEFIRRERISHE G T 5 2 LIC X O FIRRZHIHI L TV b L b T
(7-10). Z#E T2 hBMSC Ti%, miR-199a-5p & miR-346 % LIF ZfEMIC LT\ 5 &
HENTWD (23). £72, FFHIILHE CIE miR-637 23 LIF ZEZMIC LTV D EOHEL H 5
(24). bivbiuix, hDFC EIFM/MEIEEE T LIF # 87 B & ERIE, LIF 21/
T %5 miRNA BREBE T L T0D 2 EICL D EHEE L, miRNA OF — % _X— 2T LIF %42
WERER T & 925 miRNA © 9 5, hDFC £5#% 1 A BIZl55#% 5 H B TRIMMETF L
T % miRNA (miR-199a-5p, miR-199a-3p, miR-125, miR-29b) % hDFC |Z# 5 A L,
LIF % > 37 B EA2RE L, #E5E LTI, miR-29b 3 AIZL Y LIF # v 37 B RO
ToH s (X 6). LIF OBE RIS LT DHIZH 005, LIF ¥ R B
N ER LU0, LIF #8E/) & Lz miR-29b O R —RE 72T L& bz, S5
miR-29b I3# A 7' 1 aT—5 v al XL W a2 (25) A AT AR F 2 (26) ZAEMIZLT

WHZEBEESNTEY, miR-29b OFEBRD 13 A KL E AN 3 BICBES 5 Z &
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PRE Sz, —77, BMSCIZBWT LIF 2212 LT\ 5 & &5 miR-199a-5p <°
miR-195-3p, miR-125 % hDFC (ZHA L T%, LIF &% > 87 HREOBD RO 202 1D
IZ, miRNA OIEFAMIIEREIZ L 0 BARZ00 TRV EE X, FlOHE T, mRNA
? 3 RUmFERER AL miRNA O bk 2 e & 7 B3 fEE L, BRRZHlEE L Tv
5Z & (27), RNA Z /37 B & miRNA 3BiAT 5 (28) 72 L6, Milafilc X5 miRNA
DEEOENTIE RNA S 5 V87 BB G LT B ATREMERE 2 bz,

LIF / v 77U s~ U AT, REEOEMCHNRE ORF, BHMROBD B3 515
BRBETVCLF 28535 L, BEEMEELZEORELH D (29). £/, LIF X
~ 7 2 ESfiflad> PPARy HEL AR T &, BRI CIZe <, Bl bigtE~p 54
L EWEINTEY (380), LIF OBEHEA~OEEIVREIN TS, —J, b FHEiEHm
DEEFRIZ LIF Z2F &85 &L aAKIERafil S 2 L3ld S Tnd (31). £7- ALP
TEPEIZOWTIE, MC3T3-E1IZ LIF #/EH &85 & ALP iGPEZ Ml 2 &0 0 s &
% (82) — /T, vURXESHIEICLIF #/EH ¥ 2 & ALPIERIZ LR T L oS b H
% (33). LIF [3MIafECHIRL /b AT — L DEWIZ Ko TERBREZR 2008 Lv .
S 512, hMSC Hi2kd LIF 13 E MOl b BER @ E 2> T D LG ST
D (34-36), LIFIZEIEM, BRINICBWNTEERER ZH > TND LR sin.

ARFFETIE, hDFC I, ROCHBERBMISFEEL, BFEM~DMEEEZ AT 5
e hER LTz, E72, hDFC OF 3/ (ki fe © LIF s -3 BUIRRIZED 5
S, LIF 4 w87 BRI #R 4 B HIC R+ 52 8, Zhucid, LIF 2421 8 L 9 % miR-29b

FHLOPRAD DG LT D ARt 2w L7z,
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b

B

AWF5ETIE, hDFC ORMsrfln s L COME &, FHFEMa~Do0bie 16 L0074
W HIEE OGS 21T o7, tiRE LT, REAREMEESMILTH 5 hMSC 2wz, &
512, hDFC (ZB1) D EMildabis D LIF Bis 7RI KO, Z "7 BRBLORER 72
ZEEh A fat L, LIF 26 L5 &b s miRNA Z BB L, L FOfERE57.

1. hDFC % OIM Th;#4 % &, Alizarin red S %4, von Kossa Yetaifthz 78w 7-.
2. hDFC @ ALP i&PEIL, 553 7 AH D, GM I~ OIM THa& L7-#fila T ALP I%

PR EEICE ST
3. hDFC iZfZERMOEE~— 7 —Tdh 5 CD13 NI L TH Y, Notchl, Sca-1,

SSEA-1 7¢ L owpififia~ — I — OFBUIZRD b 7z2y, CD14 7¢ & & i~ — 7 —

DRBUIFED IR o T,

4. DNA~A 27 a7 LAfEHr»5, hDFC Tl LHX8 23, hMSC Tix HOXA5, HOXAY,

HOXA10 ORI EN T & 03588 BTz,

5. miRNA O~ A7 a7 LA f@ifia1T>7-L 2%, hDFC THENFE VO 32 miRNA,

hMSC THHAE DL 37 miRNA Th 7z,

6. hDFC THILA SV 32 miRNA OFEEAIEIS 70 9 5, FRINIENRIE T L LT
KAEEN TV A DIT 256 5T TH Y, hMSC THILAE L 37 miRNA THEERAIC

SNT=DIL 45T Bin T ThoT-.

7. hDFC & hMSC [ CHRBUEMNTRD bz miRNA OEAEHEs 1< hDFC Tl

FOXO1 7%, hMSC T3 HOXA OFHNE N & 2R 7.

8. hDFC @ DNA ~ A 7 v 7 L A fightC, ‘B HMia s bibfe CRBMNBA T 58 s 7RI

LIF #7=.

9. hDFC # OIM TH;#& L, 0, 1, 2, 4, 7, 11 HHIZHJ 5 LIF Bis - RB &L JE

7-& 2 A, REIZHED LTz,
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10. hDFC % OIM TH;#& L, LIF # v "0 HEZ#E L L 24, H381 B H £ TR

L, £0%k LR L.

11. LIF ZfEREAE S & 3% miR-29b (X hDFC M/ {bisfe CRELNEAD LT,
12. miR-29b Z hDFC (2 {xFHAT 5 & LIF % >~ 7 B 83D Lz,

AMFFETIL, hDFC 1%, BHFMla~opbiez AL, MERMR~—F —2%8T 52
L HRER LTz, F7z, hDFC TiX#i 341 EE 2 FOX01 43, hMSC Ciikfilfzkic &
#7p HOXAL BB FORBENEmNZ ERRO L. & 612, hDFC OF FHifasr{bisfe
T LIF @5 73N U, LIF # 2 BEAEE 4 A BIC ER4500%, LIF
ZIERE LD 5 miR-29b DAL LT &2 bivlz. BLEX Y, hDFC I3EFHA

EROMIAHASIRD 1 > & 720 5 5 LRERIS, B EEFITRICA I TH 5 2 L2

NI T

KL, 2%k 1 [Gene expression and protein production of leukemia inhibitory
factor in human dental follicle cells] (International Journal of Oral-Medical Science
11:156-162,2012), % Ci#k 2 [Characteristics and osteogenic differentiation of
stem/progenitor cells in the human dental follicle analyzed by gene expression profiling |
(Cell Tissue Research 350:317-331,2012), & L U'%%5 3k 3 [Comparative analysis of
microRNA-mRNA expression profiles of mesenchymal stem cells and dental follicle cells |

(International Journal of Oral-Medical Science 11:13-21,2012) % £ & D72t D TH 5.
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