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Abstract

BACKGROUND: Erythropoietin/erythropoietin receptor signaling pathway not only participates in bone marrow hematopoiesis, but also regulates the
metabolic response of non-hematopoietic tissues, such as brain, heart, skeletal muscle, and adipose tissue. Simultaneously, it can accelerate the mineralization
process of periodontal ligament stem cells and reduce oxidative stress damage. However, the mechanism of action on osteogenic differentiation of periodontal

ligament stem cells is still unclear.

OBJECTIVE: To investigate the effect and action mechanism of erythropoietin/erythropoietin receptor signaling pathway on osteogenic differentiation of

periodontal ligament stem cells.

METHODS: Enzyme digestion method was used to isolate and culture periodontal ligament stem cells from periodontal disease patients and healthy people.
The mRNA and protein levels of erythropoietin receptor in two kinds of periodontal ligament stem cells were detected by qRT-PCR and western blot assay.
Erythropoietin receptor expression was silenced by small interfering RNA (siRNA) or activated by erythropoietin. gRT-PCR and western blot assay were used to
detect the expression of erythropoietin receptor, levels of osteogenic marker genes Runt-related transcription factor 2 (Runx2), osteocalcin, osteopontin, and
bone sialoprotein. Alkaline phosphatase staining and alizarin red staining were applied to measure osteogenic differentiation ability of periodontal ligament
stem cells. The phosphorylation of signal transducer and activator of transcription 5 (STAT5) was detected by western blot assay.

RESULTS AND CONCLUSION: (1) The results of gRT-PCR and western blot assay showed that the mRNA and protein levels of erythropoietin receptor in
periodontal ligament stem cells in the disease group were significantly lower than those in periodontal ligament stem cells in the healthy group. (2) Alkaline
phosphatase staining and alizarin red staining showed that knocking down the erythropoietin receptor can inhibit the osteogenic differentiation ability of
periodontal ligament stem cells. gRT-PCR results showed that compared with the control group, knockdown of the erythropoietin receptor group significantly
reduced expression levels of Runt-related transcription factor 2, osteocalcin, osteopontin, and bone sialoprotein (P < 0.05). (3) gRT-PCR results showed that
after erythropoietin treatment, the expression of erythropoietin receptor in periodontal ligament stem cells recovered. Silencing erythropoietin receptor

and then administration of erythropoietin treatment reversed the expression level of erythropoietin receptor. Erythropoietin treatment increased the
osteogenic differentiation ability of periodontal ligament stem cells in the disease group and the expression level of the osteogenic marker gene Runt-related
transcription factor 2 (P < 0.05). Silencing the expression of STATS inhibited this effect of erythropoietin. (4) Western blot assay results showed that with the
extension of erythropoietin treatment time, the phosphorylation level of STATS increased in periodontal ligament stem cells in the disease group (P < 0.05).
The above results indicate that erythropoietin restores the osteogenic differentiation ability of pathological periodontal ligament stem cells by inducing the

phosphorylation of STATS.

Key words: periodontal ligament stem cell; erythropoietin; erythropoietin receptor; signal transducer and activator of transcription 5; osteogenic

differentiation; periodontitis; engineered stem cells
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132 FERG (R4 R (MedChemExpress, 3%
): 2 RET 4 BRI B R I L R . R AL S e
Ol (REE, b)) EIFESo R RE. e E
T A B R A (28, s ): Opti-MEM K 75 2|
MEM $% 7% 2. i 4 L7 (Gibco, & [H ): SEI 5% % &
5 PCRA ) &5 (% 4 %%, 7w 50); Trizol. Lipofectamine
3000 & f) & (Thermo, SE[H ); fi& 2040 il A= 5l 3 52 4K /)
F #t RNA(small interfering RNA-EPOR, si-EPOR) Az H: [ 14
X} HE (si-NC). si-STATS J¢ B 1 o HE si-NC( # 33 2L K], |-
): B TEFEBTAR B-actin(ab7817). B b B BT AR L 41
41 AE SRR 32K (ab275686) . B HL T I T AR R Joid 4 i 47t
Jii 1(ab214086). R K. 50 [% Pt f& CD146(ab75769). fu H
o FE A& CDA5(ab40763). e FR. b [ 1t 44 16 12 11, STATS (p-
STATS, ab32364). [ .77 % ik STAT5(ab230670). R A
W PR CD31(ab9498)(Abcam, FE[H ).
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141 FRBETHRS B SR BEF RN K MEM
Btk SRHE 5% W) PBS KB ME R AT, fHE
BB s, FICH ) RIBE AR 1/3 Ah i A el 402,
PBS Mk 3 UG, FHAHZUE T 3 mg/mL T BYJK g,
37 ‘CiH Ak 60 min, H4iH AL 5 H LA E E T 3 mL MEM
BRI, 137 'C. AT 5% CO, B FRAfk 9%, & 3d
T 1 RIG IR, 7-14 d BT AR T AE 40 i A 2H 2k o
& HL, 440 i fb & B 4 70% I, SR 0.25% JE i 4k IF
FEAR, REFRAUEE 4 AT T fE 2585 .
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0.25% JEEEH AL )5, T PBS ¥iisk 3 ¥k, PBS H R4,
4 CHHE 30 min, 55 2H, [mISAgiH 7 minA 5 ul
4l ffl 2 0 b B P4k (STRO-1. CD146, CD45, CD31., ¥
FXTHE PBS)®Y, RA1JE 4 CHREEIFE 1h PBS E¥k 2 1K,
B3 FiE, P 500 uL PBS 2iw4im, 4
AR o
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SR R T A IR (B AR AR H 10% IR A I
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B R S A TR (B R AR B 10% Jin 4 i
1% 5 R 25 . 1 umol /L HBZEKHA L 200 pmol/L | W36 3 |
10 pg/mL S % . 0.5 mmol/L 3— 5 T 3k —1- FJEEENEns |
DMEM i 7798 )™, IR S 18 d HEATIHAL O Yetn.
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1.45 g 55 58 4 A BRI 2 A I T-4E
MLL 1x10° L 4Rk ZHefh T 6 FLA, 4L 1.5 mL, £54H
Ji 35 7% A BE 70%, AL YL A i R F AR 3 o A
FEEFEF 7d B 21d, RHABIES S TR ILE S 18d
J&, K FH 100 ng/mL fit 21 40 g 2E i 2 F 7 0, 15, 30,
60, 120 min. %% 4L4H iR FH Opti-MEM 15 7% 73 7l Wi B
Lipofectamine 3000 i, 71|, si-NC/si-EPOR. si-NC/si-STAT5,
¥4 1 ug siRNA 5 50 uL Opti-MEM 53538084, HifERS],
FEURHCE 5 min, $ 1 uL Lipofectamine 3000, 1 pL Bh%t 4y
B 5f) 55 50 uL Opti-MEM JE &, TR 5] G =i JE 5 min,
FPMIRE IR G GBI N LA e, R &AL
Fi /N 900 uL Opti-MEM #5353, 4L 6 h f5, HH A 1 mL
SEARR R, kiR A8 h T, HEATII R AbEE. (DR Y
si-NC/si-EPOR J& , K BE 33 Fr k5 7d 8 21 d
AT IR R g . WRA LM, RIS S
KR 25 18 d BEATIAL O Yetty; @FL YL si-NC/si-EPOR
Ja, KM 100 ng/mL {2 LA AR T TS5 d; @ 3L
Y4 si-NC/si-EPOR E{ si-NC/si-STATS J5, % H 100 ng/mL {&
ZLAMM A SR T 5 d. qRT-PCR Aar il {12 £ 40 Jfa A6 i 3 52
. Runt FHOCEE K IRIF 2. HESER . BV R B R &
MRNA ek 7KV A2 BT S5 Ao P8 21 40 A il 3 52 4
p-STATS. STATS & [ % iA/KF.

1.4.6 RS Rk 78 e RIA B IR RIA LR G2
& Ji£ (gene expression omnibus, GEO) F#% | [l % & %

A, IR B T 37 15 2 200 P AR e RNBCHE . BdiR 48
GSE16134 il GSE10334 % - GPL570 1 f5, i Affymetrix

Human Gene 2.0 ST Array 4t ¥, GSE16134 i, & 241 5] 7
J £ M 69 44 4g Fie N, HdE £ GSE10334 £ 15 183 {7
8 B 64 AR NEE . R R studio #0144 4.2.3)
limma B {40 53 i 22 7 RIS B A, DL P < 0.05 Al logFC 44
SHE > 1.5 FEAT I

1.5 T EIRIEHT

1.5.1 G LRSI AT B R IA /KT 6% siRNA BiCR
FARLLAHR A B R AR PRI AR, F02ed R, PBS BE 2 i,
BEFLANN 100 pL 4H SRR 240, #2 A8 1.5 mLEP
B, K 2@ 30 min, 4 °C. 12000 r/min &> 20 min,
B &5 6 x loading buffer {BHEVE 2], 98 °C 15 min ffi &
FARPE, 48 10% SDS-PAGE Jii 7y 5 & )5, Wikl &E N
% 3 PVDF I, #2519 300 mA, 2 h, R 5% BSA
f) TBST B PV IR E 1 h, N30 ({20 40 i 2k i
% % fk, 1 : 1000; p-STAT5, 1 : 1000; STAT5, 1 :
1000), 4 CiFAEER, KHMAZPL (1 o 5000 FifE ),
FiRWFE 2 h, R ECLROGHIR G, H Image ) 44
Mok IKEAE, LA B-actin NN Z, 1HH H IR KEE /
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1.5.2 Bl Pt e 1 T 4 CEo A U A0 L A1 23 A RE T SR 2
T 240 6 2 R g Y 0 R &, A IR T4 4 40 g/L
% R W 2 IR 6 € 30 min, PBS ik 3 IXJE, MMARMGLE
PREE LI E 30 min, FHZEWKVEY 3 G, BB T
MM . H Image J B AFGE vt B 2% A HH B0 4 00U 1) [
PEAHIAN S, THEBR

1.5.3 PR G OR IR s Re 1 F T 40
ERREEIRWL N 40 g/L 2 B FH S = IR [H 5E 30 min, PBS
M 3 WKJE, NN 2% PEER L S Yt i =R E 10 min,
T TSR, AEEILINA 10% &A1 /N e kRt
WEVAMR G, BERRACKII 562 nm JR K ARG, BEAME
A E 3 NEA, HETHME.

1.5.4 4L O Btk A ia ARt /1 F T4 2%
BrEs IR0, NN 40 g/L %2 % WS = R % & 30 min, PBS i
Ve 3 WJa, KH 60% S8BT 2 I, BRI S min,
e & 0.3% 4L O Jeta il it g, 37 “CiEtH s 60 min,
F 60% S N BEVE I A LA IR e, Aok 2 R vkl
A IS, H Image ) AR AT et BHIE S (A THIR
1.5.5 qRT-PCR Kl 2 K SR IAKF KA 1 mL Trizol £ #
Y0 B, SRS AN\ 200 pL & 17, RIZIAE Y 10s, 4 C.
12 000 r/min B§.L» 10 min, W FJZ7KAH 400 ul # A58
JClg EP &, hp 400 pL J:AEE, 4 °C. 12000 r/min B0
10 min, £ EiE, N 1 mLAEFR > % 75% B, 4 C.
7 500 r/min B0 5 min, 3. L1E, SAHETEDEEHRH
% 2138 WIS N NG RNA B 7K 50 L % f# RNA. K
RNA 2 % 5 & Bt cDNA, LA, R A gRT-PCR il
TR LT 40 B AR 1l 2R 52 4 B B i 5 2 IR Runt AH G % s IR+
2, BER. BMER. FMEREAREREKF. Ll B-actn

NWZ, R 2R RIEE. SIF5 LR 1.
=1 | 514F%5
Table1 | Primer sequences
FEH Gkl Jr B JE (bp)
(LT gm %2 44 F. 5'- TTCTGT GCT TCA CCG AGC GGTT-3' 98
R: 5'- CGA CAC AGC TTC CAT GGC TCA T -3’
Runt A5 54[KF 2 F: 5'- CCC AGT ATG AGA GTA GGT GTCC-3' 103
R: 5'- GGG TAA GAC TGG TCA TAG GAC C -3
HEE F: 5-CGCTACCTG TATCAATGGCTGG-3' 91
R: 5'- CTC CTG AAA GCC GAT GTG GTCA -3’
B F: 5'- CGA GGT GAT AGT GTG GTT TAT GG -3' 84
R: 5- GCA CCA TTC AAC TCC TCG CTT TC -3’
BENEA F: 5'-GGCAGT AGT GACTCATCCGAAG-3' 86
R: 5- GAA AGT GTG GTA TTC TCA GCC TC -3
B-actin F: 5'- AGA GCCTCG CCT TTG CCG ATCC-3' 106
R: 5'- CTG GGC CTC GTC GCC CAC ATA -3’

1.6 %tz o4 FIH GraphPad Prism 8.0 #1743 4 #r
KAEBE, 756 B &A1 B R DL xts (9 E R,
2 o1 1) B0 ER 3R FH B TR 265 2 43 HF (ANOVA), 74 40 ]

EE 5 5K H Student’s ¢ 46 36 1% % R H Image J(NIH) &
TE4HT. BAP<0.05 A% FA RFEMR L. % f 41t
SRR el S PN i T S R
%o

2 Z£ER Results

21 FRBEFmies R Ao g R SR,
g FRE2H F A 5S4 g B 1 258 (1) 70 Jo 40 B 2 T B i 4
STRO-1(31.52%). CD146(67.19%); [H {232 IfiL /NG N Rz 41
FL bR 14 CD31(0.54%) % 141 e 3% [F] 47t i CD45(1.37%),
JLE 1A-D. AR EHES 7, 21d )5, BRIEERE S
MR RO R R, SXBAMI, 5557 kK
40 BB A RE D o ( (B 1E); dHR iR 5 18 d
JG, WAL O Gt g R IR, HXTHAMLEL, RET
JIE 2 T 14 2 ([ AF), SRWIE B A R 4% 2 1)
SR, s R B4R AR

2.2 R RAE T L BT B4R T B I T fm e
B g4 E A GBI GEO U FE GSE16134 il GSE10334 %
PR RKIN, TR B G 2 (2 2040 i A= 1
R RIEMCT RIEPH L, F R T RA L g
IR A R SR I RIS K T B AN HF (B 2A, B, P<0.01),
K FH qRT-PCR Fl G2 EN i Aar il 73 15 455 77 ) A e 28 K 5
2 28 Ji) 5T 200 i A 0 A B AR 3R 52 A ) mRNA R 2
KV SRR, R A A T 40 R b R 2 A AR
FZ AR mRNA FIET K 5 35K T { e 40 24 Jl 14
f1 (& 2¢, D, P<0.01),

2.3 BRI L o b R F AR R T B IR T fm e B oL
TEAGE R 2H 2 o JB 1 20 B vb 23 S %% 4% si-NC B si-EPOR, 42
9% E1ZEVE AN QRT-PCR il 36 11 12 2140 g A= il 25 52 A i1k
R (& 3A, B, P<0.05). fiHE 5 FEIR 7 d Ja bl P ik
PR L R 5 S 21 d e R et s REIR, ml
AICATR 20 20 0 A8 Rl 2 52 AR 0 1) 28 o R 240 L ) i 0 A e
77 (B 3C, P<0.05). qRT-PCR 455 &, 5 si-NCZHAHEL,
si-EPOR ZH Runt fHOGHE SRR 1- 2. &3 B &= AE e
TR A RIE KPR 2 54K (B 3D, P<0.05).

24 ARLrmied & AT I B IE T mie R R oA 6 % on
aRT-PCR &5 R MY, A A R EAE G, HEWRAT
JE RS 448 i i 2T 20 P AR R 2 AR R IR R ([ 4A, P <
0.05), f#iFH si-EPOR e 21 24 i AF Bl 3R 32 M J5 45 T 1
LM R AL, [RIFEIRE TR AL AN A o ER S AR 3R
LK ([E 4B, P<0.01). HRAGEERER, RAH
MR R AL B IG , $EFt T A R T A B R AR
775 VAR Ji s i B R Runt A DG SR - 2 R IA 7K T ([
4C-E, P<0.05), FE/~1E 204 E s id it 175 S e 20 40 g
A RNER SRR IEIE N, ek T R B A
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Figure 1 | Identification of human periodontal ligament stem cells
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Figure 2 | Expression of erythropoietin receptor (EPOR) in periodontitis
tissues and periodontal ligament stem cells
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Figure 4 | Erythropoietin (EPO) induction of erythropoietin receptor (EPOR)
expresses and promotes periodontal ligament stem cell differentiation
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Figure 5 | Erythropoietin (EPO) induces phosphorylation of signal
transducer and activator of transcription 5 (STAT5) in periodontal ligament
stem cells and promotes osteogenic differentiation
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