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Preservation of natural teeth and their structure is critical for chewing, swallowing, and better speech. Dentin and dental
tissues are crucial in maintaining natural teeth and their structure, but treatment of dental tissue and dentin fracture is chal-
lenging for dentistry. Hence, scientific understanding needs to be translated to discover novel dental treatments. Dental
pulp stem cells (DPSCs) are mesenchymal stem cells (MSCs) isolated from the third molar pulp. These cells have similar
characteristics to MSCs with a unique property where DPSCs can differentiate into dentin forming odontoblast-like cells.
Here, we made an effort to evaluate the potential substrate that induces odontoblastic differentiation of DPSCs. In this study,
JD005, a modified A2A antagonist from ZM-241385, was determined to enhance OD. Specifically, JDO0S treatment signifi-
cantly enhanced the OD markers like alkaline phosphatase (ALP), runt-related transcription factor 2 (RUNX2), OPN, dentin
sialophosphoprotein (DSPP), and dentin matrix protein 1 (DMP1). Additionally, the DPSCs treated with JD005 showed
enhanced SMAD phosphorylation associated with differentiation. These observations distinctively suggest that JDO05 po-
tentially contributes to dentin regeneration via odontoblast differentiation.

Key words : DPSCs, JD005, dentine regeneration, odontoblasts, RUNX2, DSPP, SMAD phosphorylation.

ACKNOWLEDGEMENT  This work was supported by Bio & Medical Technology Development Program NRF-2017M3A9E4047243),
the Ministry of Science, ICT and Future Planning, Republic of Korea.

640 | THSRITOIAREIR| K59 K115 2021



ORIGINAL ARTICLE

“Corresponding Author
Hyung-Ryong Kim. DDS, PhD, Professor

Department of Pharmacology, College of Dentistry, Jeonbuk National University, Jeonju, 54896, Republic of Korea.
Tel : +82-63-270-4024/ Fax : +82-63-270-4024 / E-mail : hrkimdp@gmail.com

Jin-Hee Ahn. PhD, Professor

Department of Chemistry, Gwangju Institute of Science and Technology, 123, Cheomdangwagi-ro, Buk-gu, Gwangju,

61005, Republic of Korea.

Tel : 82-62-715-4621/ Fax : 82-62-715-3609 / E-mail : jhahn@gist.ac.kr

Hye-Ock Jang. KMD, PhD, Professor

Department of Dental Pharmacology, School of Dentistry, Pusan National University, 49, Busandeahak-ro, Yangsan, 50612,

Republic of Korea

Tel : 82-51-510-8236 / Fax : 82-51-510-8233 / E-mail : jho9612@pusan.ac.kr

I.INTRODUCTION

AE7 M2 (adult stem  cell) = HjolET|AH|E
(embryonic stem cel)?} FEEE= EVHZE2A, <
et A2 =25t 23} s thsE-8ks(multipotent) gt
-G AU 9ok, E3] XopE7| M) 39 lu
FSH A A EE g 24 Bsto] -GolstA 22|
Aot S7IMEE 42 5 Stk AFdo] Utk Z[of
oA E2F 4 e SVHNEEE Aol 29 7ks
St A4S Z7| A1 (dental pulp stem cells, DPSC)”,
FAZE7IMZE (stem cell from human exfoliated de-
ciduous teeth, SHED)®, AH-FE7 412 (stem cells
from the apical part of the papilla, SCAP)?, Z|o}5H
UZ7|A|2E (stem cells from the dental follicle, DFPC),
A FIE7|A| 2 (periodontal ligament stem cells,
PDLSC)"” 5] $ict.

Ao o] avtE SXIA7]7] IRt arsto] ARESE
SFehE2 ZM241385H, o]9} -2 3ljkE 9] adenosine
A2A receptor antagonists= &23slo]H, TS X5
Bt opet st 59 3jEo] &3t 9loH, T
X3} sl AE ARt I, 712 4R
|5 HIg o2 Kool HEAZ| 1A} STy, 1]
sto] 2 Ao A ARgRE ofehE2 JD005E ZM241385

9] aminoethyl-4-phenol Z-87]€ aminomethyl-

4-phenol 21-&7| 2 =3t sl3hEo|t}.

2 Aol A= ol Aet SlghES o-&sto] A
HE7|NEA Aol E B3l FE2519S uf &
o} 7 A7 HeRtEA] ERlshs A de X3¥steit
SRMEO Al 5/43E ERlsH] flsto] CCK-8 assays
Ao H, ol BA|Eo] F=E SXI5te] Aliza-
rin Red S stainingS &9 G0 2 Bo} A &= 4]
S)olE SRISHAL, Aot BAES] £3} niA R 4
2 0tA §-A4ALS] S real-time PCRZE 21 513
o, western blotZ &oto] v Tl o) -2 8]
STt of i ofye} Aobd KA Eolof Thofsh= o
# A2 A5 e A 25 BMP/SMAD signaling©] ]
gtk o] A Axto] whek ' SMAD 1/5/89] phos-
phorylation®] $7+& gQlsto] £ A I 2E B0}
of £3Pt X8-S SRl

II. MATERIALS and METHODS
1. X|5E7 |21
2|42 7|M|Z(hDPSCs)= Lonza(PT-5012, Switzer-

land)of|l A FFufsto] ARE5F. 9™, antibiotic-antimy-

cotic (anti-anti, final concentration 1X)7} %3He
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xeno-free human MSC medium (StemMACS™ MSC
Expansion Media Kit XF, MACS)& AR&-5}] 5% CO2,
37 T incubator oA A|ZE s}, Al ZEE= 4000
cells/cm2 7120 & HjQFsEl om, 3UwfT HiA1E A
St31. o A9of| AR5z All 4= Passage 3 OllA] 6 Ao
O Al E ARG

2 MEYES 24

ALE7IAZE 1 x 10° cells/wellZ 96 well plates
o seedingZ SIlh WEE S A AX 542 &
olsl7] 9ste] JD005(EFHE)S Dimethyl Sulfoxide
(DMSO, sigma)°]l -B-aljotol s E= Aot 325
QHHIF T A ZAYEES SSIU A ZBEE S
J5to] CCK-8 assay kit (5<1Hto] 28] tiH)E ARES
0™, CCK-8 reagent 10 1.5 100 p1.2] vix]of] o]
F£11.37C oA 2 ARt 52t incubation g ¥, microc-
plate reader (Tecan, Sunrise}E ©]-8-51%] 450nmof| A
SB=E SHsI8IH:

3. HOIEMIE 23}

48 well plate (SPL, Si&)ell 1 x 10 cells/well2
seeding 3t 3, wello]l A|E7} 100%E A=) =4 B}

Table 1. Real-time PCR primer sequences

£ Fegtt) 239 R fIsto] ARESH HiAl= antibi-
otic-antimycotic (anti-anti, final concentration 1X),
10% FBS (GIBCO, 16000), 0.1mM dexamethasone,
10mM pB-glycerophosphate, and 50mM ascorbic
acid 7} Z3H @-MEM medium (GIBCO)E A5
o) okE A 2|9} 374 3% wich gk HA v S w3k
Tk 14Y52t Boke 2136t oH, Alizarin red S
staining (2% Alizarin Red S with a pH of 4.3 (Sigma-
Aldrich, St Louis, MO, USA) 85t £3lsS 5%
Stk G = welle AU E plateS A0 S F
17-S o]-&-sto] AlE AFRE a1, GRS & e F
FA O] A BA-E 9oto] 10% (w/v) cetylpyridinium
chloride (Sigma-Aldrich)o] 23t ¥ 10mM sodium
phosphate (pH 7.0) 8%& 300 pL4 welld] Y1
ARG 225 W F, micro plate reader”]E 0]-85

570nmeA FFE=E S5

o

e

4. Real~time PCR analysis

gobd BEAE £} v A dEE gRlst| flot
o] real-time PCRZ Z13¥5I5Itt. &3} = 5, 794 5
=Y A EE 5]4519] trizol (FavorPrep™ Tri-RNA re-
agent, 5-%JH[] )& 0|85t RNAE 511, cDNA
(bioneer, RS oAt 7R LHL real-

Gene Forward Primer (5" — 3) Reverse Primer (5" — 3)
DSPP GAA GAT GCT GGC CTG GAT AA TCTTCT TTC CCA TGG TCC TG
DMP1 ACC TTT GGA GAC GAA GAC AAT GGC TGT CTT CAC TGG ACT GTG TGG TG
ALP AGC TGA ACA GGA ACA ACG TGA CTT CAT GGT GCC CGT GGT C
RUNX2 GGT TAA TCT CCG CAG GTC ACT CAC TGT GCT GAA GAG GCT GTT
OPN AGC AGA GCG ACACCC TAG A GCT CAT TGC TCT CAT CATTGG C
B-actin GGC ACC CAG CAC AAT GAA G TGC GGT GGA CGA TGG AGG
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Table 2. Western Antibody lists

Protein Catalog Number
DMP-1 SC-73633, Santa cruz biotechnology
DSPP SC-73632, Santa cruz biotechnology
B-actin SC-47778, Santa cruz biotechnology

Phospho SMAD- 1/5/8

AB3848-1, Merck Millipore

Total SMAD-1/5

PA5-80036, Thermofisher scientific

goat anti-mouse IgG ADI-SAB-100
goat anti-rabbit IgG ADI-SAB-300
time PCR (ABI 7500} &-oto] AAJstdon, Ao At III. RESULTS

83} primer sequence= table 107 LFERHTH?.
5. Westem blot analysis

ol RAE 23} oA il U 9 AEASA
GAZE ZOlol7] YJsto] western blot analysiss A
3 5k9ict. 1X protease/phosphatase inhibitor7} 2
3} = RIPA buffer(Intron)& ARg-sto] THlAS: 3]4=5
1130 pg® 5% = western blot analysisE A3}t
Western bloto]] AR&-2F A= Table 201 L 5t3t.

6. SHXE|

A A=Al §19] 55 A A 3ste] &
o7l Hatgh W BEHAE ARESIo] et oH, T1F
7+e] BAIA Atol= controldt A¥T-S H|WSko] Stu-
dent's t-testE ©]-§-5to] 4511 P{0.05 °Jstoll Al 12
dZ eIt o714 ARESE control sampledt T
£ o= A Y AEE v 7] fiste] o

£ welld 5L3H

ot
O
O

9] 0.001%2] DMSOE 2|5}t

1.JD0052] &Hd

A|okFAiE7 || 2o ZJoFA|E EIHE FEoh= &
50| e =& SRS 5| flsl 710 =414
o] &35 ¥ 2l Focus Bioscience AF2] ZM241385'¢17)
ERE FEASE Adsto] +2-24 JHAAE &
QIaFATt. ZM2413852] aminoethyl-4-phenol 2871
of ¥g< o] JD002, JDO03, JDOO4, JD005, JDO06,
JD007 1231 JDO0SE Hdsto] Ao} Bl a7E Bhol
519117, 71 % aminoethyl-4-phenol tHA] aminometh-
yl-4-phenol 28715 =43 JD0057F ZM241385E
£ 92 HYS Eelst3ith JD005E ZM241385%
H-E o} Fig. 19} &o] =ik

N'«Furan-2-ylcarbonylcarbonohydrazonic diamide (1)

2-Furoic hydrazide (894 mg, 7.09 mmol)2} S-me-
thylisothiouronium sulfate (2.37 g, 8.51 mmol)}& 4]
2 53ME-2 H,0 (12 mL)°ll %<1 sodium hydroxide &
% (567 mg, 14.2 mmol)°] ¥l AFLoA 2U5<t wHt
stoirt 2= AAE 542 25 H 30| diethyl ether
=2 washing o901, T4 7129 JAES AT} (1.02
g & 85.6%).

5-(Furan-2-yl)-1H-1,2,4-triazol-3-amine (2)
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NH

A H,0, microwave Y N NH,
0 0. "S” 'NH, NH,0 o 140°C, 6 bar, 1 h wN oo g J
U ——— g | —— M T ——— w0
HN-NH NaOH, H,0 N-NH H2N/ N neat, 170 °C \Sw'\\:N/ N,, N\
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Figure 1. Synthetic scheme for the synthesis of JDO05. Synthetic scheme for the synthesis of JDOO5.
2-Furoic hydrazide was cyclized via two step reactions to afford 2 (yield 85.6%, 89.5% each).
Then, 2 was refluxed under neat condition with dimethyl cyanodithiominocarbonate to afford 3
(yield 21.4%). 3 was oxidized via mCPBA to afford 4 (yield 80.5%). Finally, 4 was substituted with
aminomethyl-4-phenol to afford JDOO5 (yield 17%, purity 98.07% (LC)).

N’-(Furan-2-ylcarbonyl)carbonohydrazonic diamide
(1.02 g, 6.07 mmol) o H,0 20 mL)E ¥ detl
microwave©l|4] 160 °C, 6 bar 2722 1A|7Hs<E wht
oFtt. vk S3ME-2 ethyl acetate® F+&3F & brine
O 2 washingstil Na,SO°f 9ol AZFct. 181
A A= sto] Hjo]A] 7ol AB/dEo] At (815
mg, & 89.5%). IH-NMR (400 MHz, DMSO-D6) ¢
12.11 (s, 1H), 7.71 (s, 1H), 6.71 (s, 1H), 6.58 (s, 1H),
6.10 (s, 2H).

2-(Furan-2-yl)-5-(methylthio)-[1,2,4ltriazolo[1,5-
alll,3,5]triazin-7-amine (3)

5-(Furan-2-yl)-1H-1,2 4-triazol-3-amine (770 mg,
5.13 mmol)#} S,S-dimethyl N-cyanodithioimino-
carbonate (825 mg, 5.64 mmol) &= argon 2
2 2|3k 718744 170 °Coll 3AI7Fs<t kit 513
o}, ¥R =3 A7 416]2 methanol (5 mL)=

DCM (5 mL)}Z ¥ 3ltt. o] % §hE &&= over night 2.

= 35 AR A0E2 A9 EnE Y= A6}
of 314 9] A=l AUTH (273 mg, & 21.4%).
2-(Furan-2-yl)-5-(methylsulfonyl)-[1,2,4]
triazolo[1,5-al[1,3,5]triazin-7-amine (4)
2-(Furan-2-yl)-5-(methylthio)-[1,2,4ltriazolol[1,5-
all1,3,5ltriazin-7-amine (273 mg, 1.10 mmol)°]
DCM (8 mL}Z ¥-& ZEHLE 0 °CollA] wrt=]m m-
chloroperoxybenzoic acid (K77%, 759 mg, <3.39
mmol}& DCM (2 mL)ol| =<1 &Ho] HH3s] Ech vt
& =S Aol A ww skgick. Bui7E 29k 2
oA 1ojA & ethanolo] Y11 A 1A= dE H
5] ethanol® AoJF 1L, Aot 71£2] A4 E0] A
o} (248 mg, & 80.5%).
4~(((7-Amino-2-(furan-2-yl)-[1,2 4ltriazolol1,5-a]
[1,3,5]triazin-5-yl)amino)methyl)phenol (JD005)
2-(Furan-2-yl)-5-(methylsulfonyl)-[1,2,4]
triazolo[1,5-al[1,3,5]triazin-7-amine (50 mg, 0.18
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mmol)°l MeOH (1 mL)& ¥-2 ZEof DIPFA (0.16 9] AIZAZE HAE HYAT, o) v Y2 ul-go] 5
mL, 0.89 mmol)®} 4-hydroxybenzylamine 26 mg, E& & 5kE o|&slo] A B35 G} 7Fsoltts 40

021 mmol)°] ¥, ¥h§ SFE2 AJ2olA B wet A HER o AlZAYEE A o84t 1, 10, 100 @
Stgitt. o] ¢ Ay I2uE I EZ HAste] M 1A pM SEE ARgote] £t AFS 219 ofict. 1 At lﬁ:
O] AES AT} (10 mg, & 17%). 1H-NMR (400 3}gHE2] o] el AJold BA|E Balrt Z71sh= A o
MHz, DMSO-D6) 6 9.20 (s, 1H), 7.82 (t, 2H), 7.11 (d, < & < U321, well plate®] o]u] A2} FAH A 29 E
2H), 7.01 (. 1H), 6.66 (s, 2H), 6.63 (m, 1H), 434 (d, AR 181 A% 27E Tn2 Jepf oot Fig. 24, 3
2H). MS [M+H]+=324.1. &% (18) 98.07%. B, O). & dF9] AuE JDO0SSIES A|lE BAL = e
A FOWAE FE7t 57 BHE ASETNES ot &
2. JD00S7} RE7ME 450 DjRI= MESH LA 4 BAJE 2512 27 A= A4S Hojzelr, i
X SR 2540] 0jxi= 53 9io) 4% 2T Sl ALK S4B
obd AR B3} 119 it 9l32 g9l shglom, b
B ATE Yote] T445 JD0057E A-AEliFtE € JD00S7HAJoFd BAIE BolE £715k AL 5 5] g
7|29 AJobd BAE 231775t oA Gl o) flote] 1R £t upA HE A 9 AlZ ASHE
SH S Xy oict. ALY E3HE A Fo7]of A 2 2o thgt AeE ARst3ich

SRMEo] AliLof t|R]= EAE BRlsl] Yoto CCK-8 & AE Hoto] &3} 7|7t B9t sk A o1
assay= AA] 31t o SRIES Bk ¥R AT SF A EofA Aol HA|
A E SR 100 pMe] =7 ES w], 2F 10% E B} upA SR} vhilal wieS SHolsigict 12

0 1 10 100 JD00S (uM)

,)ﬁ

1.5

(450nm)

s

Relative absorbance
s

g
Bs

=

Figure 2. The effect of JDOO5 on odontoblastic differentiation (1) of dental pulp stem cells (DPSCs). (A) A
cell proliferation assay (CCK-8) was performed in the indicated concentrations of JDO05-treated
cells (n=3). (B) Alizarin Red S staining of odontoblasts. Representative image showing differen—
tiated odontoblast cells (C) Quantitation of Alizarin Red S staining (n=3).
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>
jes]

(RUNX-2/-actin)

Relative mRNA Expression

Relative mRNA Expression
(ALP/B-actin)

0 0
JD00S (M) 0 1 JD00S (M) 0

£ - 60

lative mRNA Exp
(DSPP/p-actin)

I

&

B
8

0
JD00S (M) 0

}, 3RFE9] H& S71°] wet alkaline phosphatase
(ALP), RUNX ¥ OPN< X383t osteoblast H AJoFd &
Al 23} vpA F3-AHe] S7FHE real-time PCR< &0}
o] g1 & 4= o (Figure 3A-C), AoHd HA|E9]
oA 2 AR DMP-13}+ DSPP2] mRNA H £ 30]
& S Sk e ERlskiH (Fig. 3D-F). ol= oigt
0] Aol HA|Z= 0] 3} glofA A|3]ate] F7HE
ghop et At E i EZ SV AT 3 A
opdl KA 53} Al TAH N ZASHIGHZE 11 5}
Fom, o]E Yoty SMAD 1/5/89] phosphorylation
o] H@Z =7kt 1 23} SMAD 1/5/89] phos-
phorylation®] $715k= A& & &= Uit (Fig. 3G). &
SRMEo] SMAD 1/5/89] phosphorylation= &3t Aot

A HARE E8}713E 7R AL A2 AR AL Qi

D 005 (M)

Q
)

&

IS

(OPN/B-actin)
(DMP-1/p-actin)

.
Relative mRNA Expression

Relative mRNA Expression

0
JD00S (M) 0

Figure 3. Effect of JDO05 on odontoblastic differentiation (OD) markers. (A-E) mRNA expression of vari-
ous OD markers (n=3). (F) Immunoblotting using antibodies against DSPP and DMP-1. (G) Im-
munoblotting using antibodies against pPSMAD and tSMAD (n=3).

IV. DISCUSSION

B AFoAE Aol A2 FHE E7IHAEE AR
S A PE7 N EE o]-&5to] oS E 54 JD0052]
FEE F7IeHH. 2 2RME2, AR S &7
M|z Afotrd BAEES}F £2S AT A0 R Y7t
ATk 2 Aol ARERE arsto] SRekEE ARS-H Focus
BioscienceAl2] ZM241385% 7|0 ZAHAY & X|of
Aol &317F AN AR oH 617, olof Farsto]
ORE, ZM241385°1A4 ¥ e/ JD0052R=0l tste
A S0 2714|1322 Ao BAIE E3lo] w|Z|
= FFS ot} oloinh & 2318 EXI6k =482
Bl ou] Jobd WA|Z BotubA A 2 Tl g of
A A 2RI ol wet S71ehE HojSolnt Tt
SMAD signaling pathway= 55t A7 $1E 2
719 B3t E21%E-S AlAFSHITH
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AL & 4= 9} (Fig. 2A-0).
= AT AZ= 4]

10 -
L, AlEE Hol A P o 9lo, sk TS
1=}

FE7INE AA] AJobd BAE A A EES] HoksS
2 Hoj3ar Qo 7 At 4] JD005S] F-atar ol 41 2]
FARERAS7HE AASHEA SMAD Aledg7|dE
HojElo} ALP= €] 74914 monophosphate
ester?] 7l Z1l{5l= phosphotady! inositol ¢
Z v g A 2/ o= osteoblast D AJoF BAE
woto] Agakehs npA R de] ARG o] 221 bone 4]
3)glof S8R LA Stk ALP B4 52
A W Al AlaEo] £33 2| A0 Aok BA]
I Eolof] "9l upAolth), o9} Ftsio] ALP Y
A3 332191 RUNX22F OPNS] RNAE &Rlsigior
(Fig. 3A, B, O), & &= Qg 7= JD0057F 2
Al 9 Aok BA I E3lof 7]ofekS & 4= AATE E
3t JD0059] 9J5te] total Smad?] RS W37} QIA|t
Smad (Smadl, 5, 8) QM4FebF F7F6k= A= ERIsHl e
1 o]= Co-mad(Smad4)?} A EA7F P44 =1L of
2] & H QIR ok 2o} 14 fRte] AARE 240t
+ YO = o5 AUZ FFoto] & 5 QU

JD0057} ok BA|E Sol4 EAte] o] FF=
|22 2L DSPLF DMP-12] 2r&o] JD005
el F ojEH o g FrES WA (Fig. 3D, E,
F). DSP= Aot AlgZIe A (Dentin sialophos-

phoprotein, DSPP) f-4ALZ F-E] HANE = vZ2 A4
Aol 714 A 2 Ajobd TN E Eo] child 2 o
A AT, DMP-12 43]ste 22jofA] Ld=E g
2hald T ook, tiost S of wE DSPE Aot
2 WA 2310 7] dAA FE= ¥H DMP-1
7] DA x| 1L Adoba ] vl TAof] Tt
eIt JD005A EJAl0] DMP-12F DSP mRNAS}
TR o] F7koks A3H= Smad A8 HE 429
LATHE Bl Aobd BA|E B4 Fiol= Hl 8%t
AT gt AS UERIT

Zlo} WHAY IHgoll A 7P F83t A2 o2 A
ol G719 v A 2 AE-71 o) A4S Aol da
BT Aotk 2| Aol A ARe] §:4] |50l A] A
A ZS} FARRE 215 £V Hdstgl o md), 2}
Axjote] B 913t W] Yo & Tt 7S
AAFe a1 Qi 1S} ARSI 9] K19 eQl Q1o
A Apixjote] B2 943t 7279 W g Afo| tfFx]
Q)= Aol A ZAA el g B =ehe 7K AL Sl
ZM241385 3I3HE"® of H]5]) 2 Aol A] A8t JDO0S
SRHE9] Aobd HARO] Bols-S Bl 9lom X
TG Aol A 2o B XJofrEFof A-83 4= Q=71
ZAEE AACI o, £ TEoA AEeE D005 B
o} ThFeE 95 Boto] S-S oA BAohH o
Uo7} in vivo A8E Bot0] Adobd S ERlefE =
ASE 13 ofo] & o Aske 2E =& 2871 Sl
o} o3t legl2 Qo] 28] Qg SEet A A
HE AT & Ao = Al=E

=

o

o =

{0F eI 2l
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