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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
. 1% HRERB R 1% BBk, 0.2% PR Mg, 1% B-
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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 3 | Knockdown of erythropoietin receptor (EPOR) inhibits
osteogenic differentiation of 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

(I8 2120 i 2 R 25 2 Ak /STATS {3 53 B% 7 44 P 34 1
I 0 R 4T 2 AL 4T 1 AR 5 R T o A R BT,
STATS 5y &P A Rl 7 383 R AR A DR it 1) e S TR
T, HiEW R ARGzt TR R sk,
Wi 22 A AR R Y SR, (R AT R M AE R / LAl
JH A2 i 3R 52 AR /STATS {5 538 i 7 Al 38 T 40 A (4o i) 78
JRT0HE ) AR ANTE 2 . R TS AE 2 A T 40 R R
DUBRIR £L 40 M A2 i 3= S Ak i ik, 3l o 2F Jo) T 40
(IR 23 g 77 BULUT 25 M9 ik R B, {2 2040 i 26 ik
FHL S STATS BEfR AL, RGN Z RUN FHINE
PER, 338 T 00 1) 21 4 P R T 0 400 B 2 1 3R S AR R Rk
P I 20 40 B A 2R A2 AR N RO — R B R, CAKT
PUZARAE 56 55140 M FE RS 5 . IR AR FUAR t TR
ST A A BRER S0 5 — Bl IE ROBRIR T AL, 7R IR
B R AT A D BE . RIE 20 40 e AR i 2% R B0
ST 0 FE A 7 A BT 240 PR rb (I 20 20 i A B3R 52 4R mRNA
MUEEAKET i, 860 STATS Bifgtk, ipcEbr &R
Runt AH 255 36 K7 2 (IRIEIKF, AT {2 i3 95 44 2F &
FELF- 4 PR s v AL e T I

HH TR R T MK, (2090 i A s /(e
ST Y M A B R A2 AR /STATS A5 538 B 75 F Ja e Hh 11 Ak
VB R I8 75 1 — B AE SN W7k I LG IE o

gr bRTIR, i B BN EC AR 55 T BOE R AR 40
YN AE R A2 AR, UERE TR AN AR R / IR AT A
AN JE T A B A AR R, ORI AL

Chinese Journal of Tissue Engineering Research | Vol 29 | No.36 | December 2025 | 7767



DEBLTEAR

R
www.CITER.com Chinese Journal of Tissue Engineering Research

MREZE

YA R IE I T STATS RUBEIR 1L, VRS0 B F ) i
HBITIRAE T — b

W BB

EETBK: M4, R QT EBET. £ Tk, HIIET, TSR
miaIE . FGAREM . FIRHIBASATALID, AL F R L AT,

FIFAER: LFaeatExFY, EREMRA AL FRE LY REE
Fli R,

FERGREVERR: X2 — B SO E, R4 (Gl b TRy “F

4 - AR - AR 7 Kk F 407 3, ESEIAGKHLT, AFMK

AR Akt B 0K T RN B it ey &, B AT AT R PR
TH. FN. Fid, 760, k. BBEEEEIHK, FAHZES R3], A%
B G NS R AL AT AR A IR

FRAREEE: U R AR AT AR 5 5 A E T F MG,

HERHSE: ZXFREETEFEFNIRELER S (FAHAERS
AR EZHFRHIES L LGEAILY 3 LFHRATTE :i?_lk)i | 57 S
AN R A AT I AL F A AL T, LFE L RIATONF £ X WE G4, F
ATIPBOAA L FF A HTLBRE

4 ZEEk References

[1] JIN'S, JIANG H, SUN Y, et al. Osteogenic differentiation of periodontal
membrane stem cells in inflammatory environments. Open Life Sci. 2022;
17(1):1240-1248.

[2] EASTER QT, FERNANDES MATUCK B, BELDORATI STARK G, et al. Single-cell
and spatially resolved interactomics of tooth-associated keratinocytes in
periodontitis. Nat Commun. 2024;15(1):5016.

[3] LIU A, HAYASHI M, OHSUGI Y, et al. The IL-33/ST2 axis is protective against
acute inflammation during the course of periodontitis. Nat Commun. 2024;
15(1):2707.

(4] KENDLBACHER FL, BLOCH S, HAGER-MAIR FF, et al. Red-complex bacteria
exhibit distinctly different interactions with human periodontal ligament
stromal cells compared to Fusobacterium nucleatum. Arch Oral Biol. 2024;
164:106004.

[5] KULTHANAAMONDHITA P, KORNSUTHISOPON C, CHANSAENROIJ A, et al.
MicroRNA expression in JAG1/Notch-activated periodontal ligament stem
cells. BDJ Open. 2024;10(1):45.

[6] LUOS, LI Z, LIU L, et al. Static magnetic field-induced IL-6 secretion in
periodontal ligament stem cells accelerates orthodontic tooth movement.
Sci Rep. 2024;14(1):9851.

[7] ZHANG Y, CHEN Y, DING T, et al. Janus porous polylactic acid membranes
with versatile metal-phenolic interface for biomimetic periodontal bone
regeneration. NPJ Regen Med. 2023;8(1):28.

[8] CHEN H, ZHANG L, DU S, et al. Triptolide mitigates the inhibition of
osteogenesis induced by TNF-a in human periodontal ligament stem cells
via the p-lkBa/NF-kB signaling pathway: an in-vitro study. BMC Complement
Med Ther. 2024:24(1):113.

9] PENG B, KONG G, YANG C, et al. Erythropoietin and its derivatives: from

tissue protection to immune regulation. Cell Death Dis. 2020;11(2):79.

CURTO Y, CARCELLER H, KLIMCZAK P, et al. Erythropoietin restrains the

inhibitory potential of interneurons in the mouse hippocampus. Mol

Psychiatry. 2024;29(10):2979-2996.

LUNA SE, CAMARENA J, HAMPTON JP, et al. Enhancement of erythropoietic

output by Cas9-mediated insertion of a natural variant in haematopoietic

stem and progenitor cells. Nat Biomed Eng. 2024. doi: 10.1038/s41551-024-

01222-6.

TOTHOVA Z, TOMC J, DEBELJAK N, et al. STATS as a Key Protein of

Erythropoietin Signalization. Int J Mol Sci. 2021;22(13):7109.

HIDALGO D, BEJDER J, POP R, et al. EpoR stimulates rapid cycling and larger

red cells during mouse and human erythropoiesis. Nat Commun. 2021;

12(1):7334.

DEY S, LEE J, NOGUCHI CT. Erythropoietin Non-hematopoietic Tissue

Response and Regulation of Metabolism During Diet Induced Obesity. Front

Pharmacol. 2021;12:725734.

SURESH S, RAJVANSHI PK, NOGUCHI CT. The Many Facets of Erythropoietin

Physiologic and Metabolic Response. Front Physiol. 2020;10:1534.

QIAN L, ZHU Y, DENG C, et al. Peroxisome proliferator-activated receptor

gamma coactivator-1 (PGC-1) family in physiological and pathophysiological

process and diseases. Signal Transduct Target Ther. 2024;9(1):50.

ZHENG DH, WANG XX, MA D, et al. Erythropoietin enhances osteogenic

differentiation of human periodontal ligament stem cells via Wnt/B-catenin

signaling pathway. Drug Des Devel Ther. 2019;13:2543-2552.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

7768 | DEHERTIEHR | 5529% | 5365 | 20255F 128

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

WANG L, WU F, SONG Y, et al. Erythropoietin induces the osteogenesis of
periodontal mesenchymal stem cells from healthy and periodontitis sources
via activation of the p38 MAPK pathway. Int J Mol Med. 2018;41(2):829-835.
ZHENG DH, HAN ZQ, WANG XX, et al. Erythropoietin attenuates high
glucose-induced oxidative stress and inhibition of osteogenic differentiation
in periodontal ligament stem cell (PDLSCs). Chem Biol Interact. 2019;305:
40-47.

ZHAO Z, SUN'Y, QIAO Q, et al. Human Periodontal Ligament Stem

Cell and Umbilical Vein Endothelial Cell Co-Culture to Prevascularize
Scaffolds for Angiogenic and Osteogenic Tissue Engineering. Int J Mol Sci.
2021;22(22):12363.

s, M, MOGE, 55 RNA G55 81 Lin28A 22 5 Rk w2 7 i
TR B 40 D). T E ST RERT 9T ,2023,27(33):5283-5291.
R, HEFL, EHET, S MR R PR B 0 ) BB 7
RS R IR AR D] A 4 DR 4L ,2025,29(1):16-23.
Xk K, WHEAL, U, 55 . R TE FRE I PP2AC T4 AT AR 2 i
AL AR SMITFE D] ) PEBE R R 2440 ,2023,40(9):1433-1439.

SUN H, FENG Y, TU S, et al. Dopamine promotes osteogenic differentiation of
PDLSCs by activating DRD1 and DRD2 during orthodontic tooth movement
via ERK1/2 signaling pathway. Regen Ther. 2024;27:268-278.

ZHAO Z, LIU J, WEIR MD, et al. Periodontal ligament stem cell-based
bioactive constructs for bone tissue engineering. Front Bioeng Biotechnol.
2022;10:1071472.

QUEIROZ A, ALBUQUERQUE-SOUZA E, GASPARONI LM, et al. Therapeutic
potential of periodontal ligament stem cells. World J Stem Cells. 2021;13(6):
605-618.

YANG S, YIN Y, SUN'Y, et al. AZGP1 Aggravates Macrophage M1 Polarization
and Pyroptosis in Periodontitis. J Dent Res. 2024;103(6):631-641.

LYU J, SHEN S, HAQ Y, et al. The impact of Thiopeptide antibiotics on
inflammatory responses in periodontal tissues through the regulation of the
MAPK pathway. Int Immunopharmacol. 2024;133:112094.

SONODA S, MEI YF, ATSUTA |, et al. Exogenous nitric oxide stimulates the
odontogenic differentiation of rat dental pulp stem cells. Sci Rep. 2018;
8(1):3419.

SCHMID H, SCHIFFL H. Erythropoiesis stimulating agents and anaemia of
end-stage renal disease. Cardiovasc Hematol Agents Med Chem. 2010;
8(3):164-172.

SUSANTAD T, FUANGTHONG M, THARAKARAMAN K, et al. Modified
recombinant human erythropoietin with potentially reduced
immunogenicity. Sci Rep. 2021;11(1):1491.

WU HHL, CHINNADURAI R. Erythropoietin-Stimulating Agent
Hyporesponsiveness in Patients Living with Chronic Kidney Disease. Kidney
Dis (Basel). 2022;8(2):103-114.

YAMAZA T, MIURA'Y, AKIYAMA K, et al. Mesenchymal stem cell-

mediated ectopic hematopoiesis alleviates aging-related phenotype in
immunocompromised mice. Blood. 2009;113(11):2595-2604.

ZAKARIA MF, SONODA S, KATO H, et al. Erythropoietin receptor signal is
crucial for periodontal ligament stem cell-based tissue reconstruction in
periodontal disease. Sci Rep. 2024;14(1):6719.

ZHAO Y, ZHAO K, FANG J, et al. Hemoglobin level and erythropoietin
response in hemodialysis patients: what can we pay attention to? Ren Fail.
2024,46(1):2353338.

WU Y, CHEN W, ZHANG Y, et al. Potent Therapy and Transcriptional Profile
of Combined Erythropoietin-Derived Peptide Cyclic Helix B Surface Peptide
and Caspase-3 siRNA against Kidney Ischemia/Reperfusion Injury in Mice. J
Pharmacol Exp Ther. 2020;375(1):92-103.

ZHAO X, GAN L, HOU FF, et al. The influencing factors of the erythropoietin
resistance index and its association with all-cause mortality in maintenance
hemodialysis patients. Ren Fail. 2024;46(1):2290922.

NINGNING Y, YING X, XIANG L, et al. Danggui-Shaoyao San alleviates
cognitive impairment via enhancing HIF-1a/EPO axis in vascular dementia
rats. J Ethnopharmacol. 2024;331:118306.

SUN N, WANG Z, JIANG H, et al. Angelica sinensis polysaccharides promote
extramedullary stress erythropoiesis via ameliorating splenic glycolysis

and EPO/STATS signaling-regulated macrophages. J Mol Histol. 2024;55(5):
661-673.

SEONG S, KIM JH, KIM K, et al. Alternative regulatory mechanism for

the maintenance of bone homeostasis via STAT5-mediated regulation of
the differentiation of BMSCs into adipocytes. Exp Mol Med. 2021;53(5):
848-863.

BULUT GB, SULAHIAN R, MAYY, et al. Ubiquitination regulates the
internalization, endolysosomal sorting, and signaling of the erythropoietin
receptor. J Biol Chem. 2011;286(8):6449-6457.

FAEgmER: MZH, ZN, QY, ZU)



