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Abstract

BACKGROUND: Long noncoding RNA TP53TG1 (IncRNA TP53TG1) is involved in regulating the proliferation, migration, invasion, and apoptosis of various cancer

cells, but there are few reports on its role in other cells.

OBIJECTIVE: To investigate the effects and pathways of INcRNA TP53TG1 on the proliferation and differentiation of human stem cells from the apical papilla.
METHODS: Human stem cells from the apical papilla were isolated and cultured, and then transfected with IncRNA TP53TG1 overexpression lentivirus. RT-
PCR was used to detect the overexpression efficiency of IncRNA TP53TG1. Western blot assay was used to detect the relative expression levels of PI3K, AKT,
ERK, P38, Smad3, and their phosphorylated proteins. Human stem cells from the apical papilla were divided into the empty lentiviral vector transfection

group and the IncRNA TP53TG1 overexpression group. CCK-8 assay was used to measure the cell proliferation. Alkaline phosphatase activity was detected

by alkaline phosphatase staining on day 5 of osteogenic induction. Formation of mineralized nodules was detected by alizarin red staining on day 21 of
osteogenic induction. RT-gPCR was used to detect the mRNA expression levels of dentin sialophosphoprotein, Runt-related transcription factor 2, dentin matrix
protein 1, and bone sialoprotein on days 3, 7, and 14 of osteogenic induction. Western blot assay was used to detect the protein expression levels of dentin
sialophosphoprotein and Runt-related transcription factor 2 on days 3, 7, and 14 of osteogenic induction.

RESULTS AND CONCLUSION: (1) RT-gPCR results showed that the lentivirus was successfully integrated into the genome of stem cells from the apical papilla.
Western blot assay results showed that overexpression of INcRNA TP53TG1 up-regulated the protein levels of p-PI3K and p-AKT without affecting the expression
of phosphorylated proteins in other pathways. (2) Starting from day 3 of cell culture, overexpression of INcRNA TP53TG1 significantly promoted the proliferation
of stem cells from the apical papilla. (3) In the process of inducing odontogenic differentiation of stem cells from the apical papilla, overexpression of IncRNA
TP53TG1 promoted the expression of odontogenic and osteogenic differentiation-related genes and proteins, significantly increased alkaline phosphatase
activity and mineralized nodule formation. (4) The results show that IncRNA TP53TG1 may promote the odontogenic and osteogenic differentiation of stem

cells from the apical papilla by activating the PI3K/AKT signaling pathway.

Key words: stem cell from the apical papilla; long noncoding RNA; IncRNA TP53TG1; virus transfection; dentinogenesis; PI3K/AKT signaling pathway; engineered

stem cell
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0 5|= Introduction

TR T Refa e FaE T FREMEELERY, H
FER AT B G 3-5 X IR A REB M K 8w, EF R
KB CEZRIIFRANEREE P, 102 R W kEms .
TR ] e FECERAE T AR R B R AT &l Bl A
RIEET AT A0 1) AR VE T N E R AR R E S TR K
B AL T AE . 2006 4, SONOYAMA 21 R M N F
MR B AR AR FLk T4, BEJEUEsSE TARR A Ak
T-40 f B A IT % 2 AR H A s AR e 71, MR
FHLTHMMRBPINANRHAN TS FAEES P ELE
FURE T4

K45 9E %% 5 RNA(long non-coding RNA, IncRNA) 2 15
—RAYILE H T, RNA F s AR K KT 200 MR
/N 25K Y, AR 3 R A R B T A U T IR 1T A%
Bz 90 B IncRNA 55 22 Fh 78 41 4R U5 T 41 o 389 5 A0
DA TEAEAE ST, 45 4n CHEN 28 & YA FH v 1) 2 A
Y55 H 2 IncRNA 75 N 58 40 i 4 U5 o e o R v 1
PFENLH]; IncRNA MALATL 3 2 J& ) 40 e %) R iy 43
16 "7 IncRNA SNHGS S 5 Ji #1415 401 it s 4 A F) £
[ Y42 A7 e IncRNA SR 2R 2 LSk T4 I A 4 58 4T 4
N AP A AR 2 S BARBLIAT) > DLARE o

INcRNA TP53TG1 & I {£ 45 )17 8 4 i 32 v ) B 42 TP53
BRI M, 7E 2R A I R AR AR . i,
LU 25 "0 %2 B TPS3TGL 3 it P i ERK {5 538 % 5 5 T e
Y ) Y A AT RS, MUK TPS3TGL A B T 6 7 2454
HRAERIRE IR "y ZHANG 25 U WA 7E e 40 Al v

TP53TG1 il i B4 fi# PRDX4 45 WNT/B-catenin {5 5 i it 2%
TR TER R A G . BhAh, TPS3TGL il il 78 24 miR-96
A miR-33a-5p 43 i 47 (i 1t e SR S 45 e A1 S0 10 K
Jig B, ix s gk JLEE I IncRNA TPS3TGL £ %5 i JiE 1 4 i
N LURE T HEAE T o LR B FUAROE 7E 28 52 0 1) N 4
40 25 b o B 7 6 1K IncRNA TP53TG1, IncRNA TP53TG1 7F
755 T 40 M ) A A 0T G i o A R R SR A R, I
JE I #E 1) miRNA/Smad3. INK1/2 {5 5 Fl i 4% 2 il 41 g
MR TR AN A Y. {5 IncRNA TPS3TG1 J2 75 i 4%
WA 7L Sk A0 B3 5 S O AR/ i o4 ? LA
SrF L a2 H T E A A R WARTE . H5IE IncRNA
TP53TG1 XHARAR T Ak TANMIThRE M A= AEFH, 1% 50 i8
i A A S ) B IncRNA TPS3TG i #25 MR A2 52 S B2 11 43
THLHL, AlmK EEERRKE S A HE AR A
JT M o

1 #EF1/53E Materials and methods

11 &t RS A SR .

1.2 B RS SZEGT 2022 4F 6 & 2024 4 6 H ERR
VO 22 35 [ 1 = 25 [ oK B o S = R A v B e o
1.3 ##t

131 FHRHEAR SLIRATEEREKEE =B ER G
Zz b (BRI fF 5. IRB-REV-2022067), £ HH K
FIgmERE G, WE DA E 12 14-20 5 A IE
Wiy 5 SR B PH AR 3R B AR 22 R B R 58 4 R i R I BB A I 2R
=BT
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132 FERAFHEE a4 (AT RBUEY ) 0.25%
JiR 2 1 i —EDTA. o-MEM 35 773 ( 3% [ Gibco); HH & -
BEAE R (£ E MCE); B- HIMBEREA. PUIRIMER. HhZEKFA
(£ sigma); AMSCTAMARNE . B E 7S o alfE
(J7INZRNAEYD )s BRI R I f (7R . Western 5 7]
W PR ( LIBE R ) 1% B R4S B4l (dbx
ZKE ); 10%SDS-PAGE #t i i B il 71l & ( 5% [E Bio-Rad);
FARHERE R 7 (dentin sialophosphoprotein, DSPP). Runt 48
J< 5 5% [N 7 2(runt-related protein 2, RUNX2)., GAPDH #
4 (24 [E Santa); IncRNA TP53TG1 i ik 18 iEE. 2418
TR (R EDUEAEY ) BIE RO R BB A2 B
#% ( HA Olympus).

1.4 E£¥Fik

141 WRFALTAMHE. B8 EER EREcE
AARBR ) 14-20 By AR AKIE S, & 1% H 5
F - FERE 10 PBS I e J5 18 H TG B L 28T 4 B AR AR T A
Sk, BIREE 1 mm?, BN 500 pb JiE VR N 4 mg/mL (¥
I B S B AL 15 min, S PR AR 23 400 10% i 2 1ML 35 1
o-MEM 577 B2 Ak, & AR 20 20% Jif 4 375 1
o-MEM FiFRILH B S P T- 6 fLiRk, BT 37 C. B4
# 5% CO, BEFEMh 3%, 3d EH, Fr4ii A2k b
T, LI BRAR AT s e fh g 92 B2,

142 WRFAILTHMZ motbre /i %e B e
KI5 3 AR F Sk 410, DL 1x10°/ LAY %5 5 4%
Fi T 6 fLiRkH, F SRR £ 10% G 2 I35 ¥ a-MEM 35
FRILFEIE, frHREh &I 70% EE RN . RIRE S
WrE9%, W3dHM LR, ELIFETF21d Fil TR
Jeta ML O Yuth, (3B AHZ RIS N RERRK.

1.4.3 AR S E MR AR ICY) O EoAE K
(K155 3 ARMR AR A Sk T4, LA 1x10° (1 41 ffa $i 42 b+
10 cm BEFRILAF, FrdiffisE K% 80% miA i, FlfEEE Al
JHAG, PBS HLE, GdHfYEE T EP B R, Ao AR
HZEFFIC Y CD105-PE, CD34-FITC, CD45-FITC. CD29-PE.
CD90-PE. STRO-1-PE fii4A, #E%:IE & 30 min, ¥ 4L
AC BRI o

1.4.4 2T JEBOSEA KIS 3 AARIRF A KT
ML, DL 1x10°/ FLIFE BB R T 6 FLAR T, B sk
YR #IA IncRNA TP53TGL 41, #5414 K & 60% 1L &
FERE, EHAS MIE R o-MEM 355, Ll MOI=50 %% 4t
AN F 5L IncRNA TP53TGL i KiA 18 EF, 4 h J5H
e oe AR IR AR SRR 24 h, DL 1.5 pg/mlL IR 2 2K i ik
FER YA, k72 h J5, BB OGRS N gL
B35, RT-qPCR Kl INcRNA TP53TG1 (1)1 FIAME.
1.4.5 CCK-8 5% WU e 31 i B el %X IncRNA
TP53TG1 1575 2 M AR 2R F° 3 3k 41 i LA 3x10°/ L% & 4%
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Tl 196 fLtkcHr, A AR 10% JIG A LIE ) o-MEM
BT 37 °C R4 5% CO, B FRfE R TR, il T
¥9%1, 3, 5, 7d A 10 pL CCK-8 a7l J5 4k 2L ikt 55 97
2 h, BEARCRIIN 450 nm Kb &AL FEAE

1.4.6 TRTEBERREE Yt SOmVERTIN 4 B Th G e 2 B A2
I B Bt 21K IncRNA TP53TG1 185 B (MR 9 4 FL Sk T4
M LA 1x10°/ FL% B B2 Fh T 6 FLAR P, FRa A K & 70%
G RERE, S H i FWES R 5d 5, PBSIEYE,
40 g/L 2 JE P IE A 5E 30 min, $4 83 2= R B IR i 4 (1
A& B E BCIP/NBT A A], MFLIIA 1 mL R
HIRFIG 1 h, (BB ZE RS A, ARSI
FURMIR IR AFEAS, AR 25 2 R0 B 1 i v A A )
RISV TSLE 96 FLAR Hh 152 B A v i FL DA AR S AL
M E S REIFL, 37 CHEE 10 min, EEFR{USEN 450 nm
SOV PR, T B L B R TV 1

147 WERAGEREETN W) G AR 180
80T 94 IncRNA TP53TG1 185 55 [ AR 42 7 3L 3k -4 i
DA 1x10°/ FLE FEREA T 6 FLAR ', FrdiinE K & 70% I
GRS, R RCE S S MOESSE S 21 d J5, PBSJEE,
40 g/L 2 BB i€ 30 min, REFLIIA 1 mL # R4t
T (pH=4.2) BEE Y4 10 min, 5] B AH 22 5000 T gL
B R E, SRJ5 F PBS 3 e, AL 1 mL il ®
LF 1) 10% SAL T NGEHEmE e VR, (E 37 CREFRAATT E R
WALZE T C A AR, TE 96 FLIRCHBREFLINN 100 uL i@ =
Yy, HRE S ANEIFL, BRI 562 nm AR AR .
1.4.8  SEE9EO%E B PCRATIN ¥ B D % % 73 44 12 i
8T 35 IncRNA TP53TG1 185 55 AR 28 7 3L 3k T-4H i
DL 1x10°/ FL% FERE AT 6 FLAR 1, Frdifin 2k K & 70% I
HEER, EHRE S SHESES 3, 7, 14d )5, R
Trizol ¥ 73 7] & B 2% 2EL 400 9 (1) 5 RNA, 43 Dl 0 B 1 A6 U
RNA ¥ &, oM /K I 4 RNA Ji &K & % 500 pug/mL, #E
P e S AR A U B 5, RN 4 pL S, 4 pL
SURNA, 12 pl TR /KL B 20 uL e #E sk R, BL 25 C,
10 min; 42 °‘C, 15min; 85 ‘C, 5min; [% & & 10 C 7F
PCR 1% | 2 # 5 3515 cDNA; K2 #% SYBR Green PCR izt 71| &
Pt B F5, K ¥ N 10 pL 7 Rox Reference Dye [ Master
Mix. 0.5 puL F 3% 5] %, 05uL T %% 5] 4. 5 puL cDNA Fl
4 uL JERE/KIECE 20 uL 47184k &, 7E ABI 7500 LN 5 E B
PCR ¥ 1L 95 °C, 10min; 95°C, 15s fF¥F 40 ¥X; 60 C,
1min 479 14, LLGAPDH AN Z, #4427 i+ 5
IncRNA TP53TG1, DSPP. RUNX2. 7% J5i 25 [ 1(dentin
matrix protein 1, DMP-1). ‘& %t & H (bone sialoprotein,
BSP) mRNA X &ik&E. M7 5 W3k 1.

1.4.9 Western blot &Gl 4 5l Dy i e 723 4 R 48 15 80
Ik IncRNA TP53TG1 1295 # HUMR AR o FL Sk T4l il LA 1x10°
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Table1 | Primer sequences
BE[R 44 R 5195 (5°-3')
GAPDH F: GGA GTC CACTGG CGT CTT CA
R: GTCATG AGT CCT TCC ACG ATA CC
IncRNA TP53TG1 F: GAG CTG TCC TAA CTC TGC GG
R: GAG GGT TGG GTA CCTTCG TG
DSPP F: GCATTT GGG CAG TAG CAT GG
R: CACTGG CAT TTA ACT CAT CCT GT
RUNX2 F: TGG TTA CTG TCA TGG CGG GTA
R: TCT CAG ATC GTT GAACCTTGCTA
DMP-1 F: TGT CTC AGG TGA GAA GAG GAATG
R: ACCCTTCCATTCTTCAGAATCC
BSP F: GGA CTG CCA GAG GAA GCA AT

o

: TGC CCT GAA CTG GAA ATC GT

FVE: DSPP 7 ATHEREEE 1, RUNX2 Ay Runt HIXCHE KT 2, DMP-1 47 4%
SERREE L, BSP NI,
AT 6 FLIRT, fRANIAE K E 70% A B,
W5 % FWOESE S 3, 7, 14d 5, PBSIEYE, FF4L
TN 200 pL &5 5 1 040 1) 7] Rl 2 41 1) 7)) RIPA 2
T LR AT B, R 7S A A 10's, 12 000 r/min E25.0»
20 min JEW8E BiE, MR¥E BCA & & T & U A
ME AR EE, 5 SxLoading buffer #% 1 © 4 LLHE & )5
95 Chn#AAE T, Ml'E 10% SDS BEiR, 15 pg HE A LUE
J£ 250 V, 30 min Hi3k, LLJE % 400 mA, 70 min %% i,
TBST & ¥k, F & M = 3 35 1 30 min, i A\ DSPP(1 :
1000), RUNX2(1 : 1000). GAPDH(1 : 8000) —#i, 4 C
WFE A, TBSTIEYE, MIAHL (1 © 5000), FHid#ERK
LW E 1h, TBSTIE, ECLKJGIKIZIL, BIO-RAD fif&
RGN, Image ) WAFHAT KA 4T -

ok, WCEE i Ge A i 75 48 h 5 A A4 4L AT IncRNA
TPS3TGL i I EE AREAR, LRk J7 Al PI3K,
AKT, ERK. P38. Smad3 J H.EkRR 1L (A AN R ik & .
1.5 FZAIEIEI: 1T FiE IncRNA TPS3TGL SRR F A, 3k
FAH MG A Re T AR OGS 5 B s TR K T
AP
1.6 %it5 547 (i GraphPad Prism 9.5.0 #fFiE4T 451t
FoiieE, DA xis R ETOR, SRAMOIHEA
Wit E SR, P<0.05 NESAREEE X, &
Guit 7k CA&EITE LER KRR F T X T

2 Z5R Results

21 ARRFIKF @iy BRARLTER WERR
FLARMA FTEERERIES, RISH ] WL 5T RIS
LA (E 1A). A PHEEEFR S d fE, % Nl IR
TE 40 il N ZH 2R e de 2 T3URRIC H, B R JRARKR 2 F 2L
LM (& 1B). MRARF I L FARE R EES 21d )5,
PR Yt Tl MR B AR B b 45T DT R (B 10);
Z RS 21 d )5, WAL O et B 1 vl UL AL €8 JIg i 1 i (
1D), KRB IIMRART Ak TFaMMBA £ m o 1higee.

AR 2 R IR, RIS TSk T 4 L i 0K [A) 78 i
T4 kR EY CD29. CD105. CD9O Al STRO-1, (i AFik
& T 40 bR ) CD34, CDAS( [E 1E), fFARIT Ak
44 i % R B R

2.2 ByR B LEFARK T LA T @i F IncRNA TPS3TG1
e RE IR R R, B RO SO
ARSI 55 50 7294 IncRNA TP53TG1 [ 1895 25 1% YL %5 AR
RAF TN, 24 h 5 e 55 2 07 10818 5 2 8 G
RIS F FL Sk T 40, 72 h J5 38 i 5% Ot i i i 22
P RPN LR g (O (B 2A, B). BB, MLET
HEARE L, IncRNA TP53TG1 it 383k 4H MR 28 F F. 3k
F-4f }f1 1 IncRNA TP53TG1 mRNA ik i 2 1 = ([ 2¢,
P<0.001), W] FTJE8Le5.

2.3 it & ik IncRNA TP53TG1 42 #t AR K F FLk F 4m i3 74
Fa koA A8 CCK-8 1A IIiE % IncRNA TP53TG1 Xif
RIS 7Lk T2 HuIG i s . 45 R o, MEE 3 RIF4A,
i K IncRNA TP53TG1 {2 25 3 5 AR 9 247 7L Sk - 4 B 1 184
Jhfe /7 (B 3A, P<0.000 1), i m ik s e (o 25 5 2w,
SR AL, 1 F ik IncRNA TP53TG1 41 1 it i €7, B
TR SR ATUE ( [E] 3B), B s R I ity P A ) 45 2R A
it 1K IncRNA TP53TG1 I 25 38 s AR 9 I 3k T- 4t i v
o 1 5 R T 1 (81 3C, P < 0.001), #ELLGtsi e
75 INcRNA TP53TG1 jof ik 2 A 2 I 3L Sk T 4 M % 1 5 %2
L (14577 (& 3D, E, P<0.000 1),

2.4 it %k IncRNA TP53TG1 54 K F 3Lk F @m i s F
AJR | AE B AR X $6 4749 K38 RT-qPCR 45 ) R,
iiER 3, 7, 14d, H5TEUALAHEL, IncRNA TP53TG1
i ek AR R T T Sk T 4 B A A AR T 1) 43 A R DG 2k A
DSPP Fl DMP-1 L) J% Ji% 5 1] 43 14 #H 56 % K] BSP il RUNX2
] mRNA 3% 7KF i (P < 0.05), [Fi}, Western blot 4
RER, WHFEF7, 14d, 5FHAEEAAMLIL, IncRNA
TP53TG1 i 314 41 DSPP Fll RUNX2 [1) 2K 13814 /K 1 i,
A WENEE X (P<0.05), WLE 4.

2.5 itk X IncRNATP53TGL 7% PI3K/AKT 12 5-i@ %4 Western
blot 5 I 2 /x, 5 & 4 & 4 A1 t, 1T % iX IncRNA
TP53TG1 J5 % 2% {5 5 il B 5 £ 1 R ik /K P FE A1 ),
B PI3K J¢ AKT ) % B2 fb 5 F1 7K °F Jt /& (P < 0.05), 1M
ERK1/2. p38. Smad3 Bk & I KL JF R R I H &
%5 (P>0.05), WE 5, $&7~ IncRNA TP53TG1 AJ il
i ERRR S I ALk T 4H B PIBK K AKT (1) IR Ak 7K P 1
PE PI3K/AKT 15 5l i .

3 1571 Discussion
H AT C %01 K 2 20 IncRNA 3% 5 B # Th g, {5 F
% W 0 AE 52 IncRNA 5 3 (R B s i i 45 o6 P, ix ks
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E
° ~ n ©
z B I c i B 5 B
1.5% 1.4% 1.7% 1.8%
10° 10" 10’ 10 10° 10" 10° 10° 10° 10" 10° 10° 10° 10" 10° 10°
Control-FITC Control-PE CD34 CD45

160
116

c g C &

98.8% 98.6%

C
33.9%

10° 10' 10° 10° 10° 10" 10° 10° 10° 10" 10° 10° 10° 10" 10° 10°
CD29 CD105 CD90 SRTO-1

BIE: B ARAMRRT AL (Ftdik ) B AKRMRRRA A LT
MALAE R CH ;. C RAMEIES 21 d EH R LM, o LB e s
TR DONRARIE S 21 d JEIHAL O Guth, WL GARHTER:; E AR
R TR T A B R I TR AR 10 v U IR 5 45 R .
1 | AMRRFASLTHRO D BEFRREE
Figure 1 | Isolation, culture and identification of stem cells from the apical
papilla

A B C i 55 a
IncRNA TP53TG1 X
A LA ng 2.0
juang
=
= 1.5
i
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Figure 2 | Lentivirus infection of stem cells from the apical papilla
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Figure 3 | Effect of IncRNA TP53TG1 on proliferation and osteogenic
differentiation of stem cells from the apical papilla
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Figure 4 | Effects of IncRNA TP53TG1 on odontogenic/osteogenic
differentiation-related genes mRNA and protein expression levels of stem
cells from the apical papilla
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Figure 5 | Effect of IncRNA TP53TG1 on the expression of stem cells from
the apical papilla-related signaling pathway proteins
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