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Abstract

BACKGROUND: Macrophages exhibit distinct pro-inflammatory and anti-inflammatory phenotypes. Through tissue engineering techniques, their phenotype
transition has made them one of the most studied immune cells in bone injury repair. Recent studies have found that neutrophils also play a significant role in
bone injury repair processes, but there is currently no such review available.

OBJECTIVE: To summarize the current role of neutrophils in fracture healing and interventions targeting neutrophils to promote fracture healing.

METHODS: We searched the Web of Science, PubMed, WanFang Data, and CNKI databases from January 2000 to February 2024 with the key words of
“neutrophil, fracture healing, bone damage, bone repair, bone remodeling” in Chinese and English. Literature screening was conducted based on inclusion and
exclusion criteria, resulting in a final selection of 72 articles for review.
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RESULTS AND CONCLUSION: (1) The history of neutrophils has been long, with their importance initially overlooked due to a lack of staining techniques.

In 1900, Paul Ehrlich’s invention of triacid staining distinguished neutrophils, marking the beginning of research in this field. (2) Under normal conditions,
neutrophils migrate to various organs to assist in their physiological functions. In pathological states, neutrophils exert their antimicrobial effects through
phagocytosis, degranulation, and the formation of neutrophil extracellular traps. (3) Neutrophils primarily participate in the early hematoma inflammation
stage of fracture healing by releasing cytokines to recruit other immune cells and mesenchymal stem cells. They also produce fibrinogen to promote hematoma
formation and establish a local microenvironment. (4) Neutrophils transform into two distinct subtypes, N1 and N2, at different stages of fracture healing,
coordinating with each other to promote bone repair. (5) Neutrophils recruited to the fracture site participate in the healing process by secreting cytokines
such as tumor necrosis factor-alpha, interleukin-6, interleukin-10, fibroblast growth factor-2, monocyte chemoattractant protein-1, and platelet-derived growth
factor. (6) Neutrophils regulate osteogenesis/osteolysis balance through interactions with the main cellular components involved in different stages of fracture
healing. (7) Similar to the widespread research and application of tissue engineering techniques in modulating macrophage polarization in fracture healing,
interventions targeting neutrophils to promote fracture healing hold promising prospects for the future.

Key words: neutrophils; fracture healing; inflammation; cytokine; targeted therapy

How to cite this article: GU XB, LIU ZM, SUN HY. Role of neutrophils in fracture healing and the promoting effect on healing after intervention. Zhongguo Zuzhi

Gongcheng Yanjiu. 2025,;29(15):3235-3243.

0 5|= Introduction

Pk mLREARRARER S 9O @mIC, Eamie
B4 50%-70%", T RMUK IR LGRS, 5
KNI BRMAER TRERERPHER Y, ARBATE
T KER AL, EERERS TP mREid g,
FA. BAFAT A, FAAN KER TS A,
EE KRR RIS, ralap s A BmE D, B
IR RF IR, bk R A RS iTAL.
FH WA LG KER R ALBT R FHE
TR IR 4 AT B, M R R Sk B AR A
ALY S B m e, BT KIER R, ZFITF A AP
EZ o4 S min B Y bk IR AL B ARG B 69T
FOEM B, TRILAFRE [ BEFHAE T RERY
5i g [5].,

B LA TS A 0 A AR T K AR BRAE R AT
AOHABAER, BETM A LS. KOVTUN 5 © gk 7 s
BT RA TR —7 @ P bkl id
W R B, RO BA A SRS HEFAELSS M, Flea
LM A B BT F—F @ mieidid F A g
mieAE 6. @ mies% 10 B CXC A4LE F ik 1 5 £
JEFR, AT E ALY IR A TR, T
A EXEE., RAVARAELZ TP I @IET B
145 it 42 % 44 F JEAE A, TSCHAFFON-MULLER % V' & 31, &
A 0 BOAT A 69 ) LR B BB AL AR e P 49 B2- B AR E
LZREFTHFIH T BT a4 R, AR ERASE S
A A @Hrh., HERATH 5 B s 5 7 —A B mie. A& m
fo e b an S LR R B AT R = s3I RARAY R ARINE
BT P bk g OB RAT Y RE A A R ), HE—,
R F) ) 4L LR TAZHARAE R PRE BARAARN AR F ML 4w
o, R ILP M oA T B R A AR A P,

T bk g 0 A e T RN 2R R R e, ik
FH AP HEmRE TS L XA EREE S, (28
A AR PR m e R A A AR T AR 6 4R,
e XOLE T P Mk dn 0 B AT A A P AR R 6948 X AR,
VAHA A R AR5 BN R T RAR A

1 ERlF0/53%E Data and methods

1.1 BRBERR

1.1.1 ¥R ABM KA % —1E4 /£ 2024 52 A#R.
1.1.2 ¥ & LHKaTFR 200041 A £ 2024 52 A,

3236 | PEHERTIEHAR | 5529% | 55158 | 2025558

113 & k4 4# E K& L H R E S PubMed. Web of
Science, W S EIEE A T B fn R AT 7 KA.

114 #kid FXEREA “Phlimie. FITE.
TG BAEE. BER”, XX KA “neutrophil,
fracture healing, bone damage, bone repair, bone
remodeling” .

115 R XRER HRREF. HA,

116 FIhLHEL £.

117 #ER% i RBILE 1,

Hh SO PR R R S

#1 R A ChRAE / S
w2 B EG b / 2]

#3 H A DR / 2]
#aFIEE [hifd / fi %]

#5 g [hRRE/ 2]

#6 #1 AND #2 OR #3 OR #4 OR #5

1 | hRHIEER R RAEE

YESCH A RS

#1 neutrophil [Title/Abstract]

#2 fracture healing [Title/Abstract]

#3 bone damage [Title/Abstract]

#4 bone repair [Title/Abstract]

#5 bone reconstruction [Title/Abstract]
#6 #1 AND #2 OR #3 OR #4 OR #5

1.1.8 BEX#E K&F|FEL M 233 5, 7HHHEE
336 &, PubMed 45 38 & 525 %, Web of Science #¢ & &
558 %, it 1652 &, @3EF L LK 569 &, 3L Lbk
1083 %.

1.2 N4t

121 thAdsfk OFAI|ERETITELT G Fhkim
Jatn kel KRR, @ FRxt AR KAFHH
HEFAAS FEmies kAR, ORATFM T
ML 40 06 T B AT SRR AR, @ EIh s R AP
KL 4 R i o ik OB F R G B A AR e Aa A A
Fob B RS AE R AR

1.2.2 HBRARfE O EINELLHK, QKRRRI L
gk, @i TR 8 49 LK,

1.3 NEARETHEFIEURAVREY =P 4 2 a9t & Rkt
K& F) 1652 Bk, BAHRE LK, FRIEANKL
FERATE AT TG, ERAARABAZ S HREE. X
Bk, KB MIEATIAN T2 B bk, ¥ hEIHk,
LELBHARIBE A, T2 LA TILENLEKL L
Bk I 2 A2 ILIE] 2.

2 Z5E Results

2.1 CPMERIYBRERVAETAR
211 R b HEmige ;. 1590 4 Hans Janssen #=



R rEEsTERR @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
F1 | AATBHELE PHRAITRIRRE ¢ 1900 Paul Ehrlich JFR HH =YLk}
SCHR A A A ; gt 3
SURRC AT TPt <] 1879 ooy rioh P M i
PERAIAER AT @l AR A, KPR O RAEAT L 21 2
¥ 3 )P A ot 2 1 4 Max Johann Sigismund Schultze & B #.
R AR 1) ol L e PO PRIy A ST 15 g e, bR AR R
2) PR A B T e FI2R AR T A 18 ) A 4 ) Friedrich von Recklinghausen % %% (4 4
PRI R A Aot (1) SRR (4 I R4 A s S 1883 e
¥I1F 2)NI/N2 Hf R AR 7 A g 2 2 '
R 3 A L T Jw%%;iéTgEi% e FANEAT S R EAIMERE - < 1843 William Addison S £EHA L AT
A 2) A A 22 6574 Y B G IE RS I €— 1773 William Hewson 7R NAJF 5% 135 K itk E 3
3) [ E 10 7 SE LN/ & 1749 Joseph Lieutaud 7E /74 1 R L 20

5) SLfb AR T )
1) W / M / REgeIRa

2) EARA it B

3) LA

a) FFE R T4

5) A ¢

6) T4 =

7) %éwﬂ@, (70-72)

TR MR AT ST REHOR S A N1-N2 TR e PR R 2% 4 L
:@/K(\ ﬁ‘\zay?ﬁ'g{rﬁ (23, 31-32]

kA Y S 1B R & B

(
(
(
(
(
(
(
(4) AT e A K IR - 21
(
(
BT AR LA (
(
(
(
(
(

2% 2000 4 1 ] F] 2024 4F 2 [ PubMed. Web of Science. 1 [E 4l
X S 73 75 B3

PR R R MR BT A ER . HiEE. HEE
Ui 3C Ky 24 S “Neutrophil, fracture healing, bone damage, bone
repair, bone remodeling”

| HEWR 52 SR |

Y

| AR R, HER B, RISk |

v

| S 72 Fiik |
2 | HimERRE

Zacharias Janssen £ 9 7 & R 4r, TFA) iR oL
AR, FHE R F G miedig ) LiE, kY% F)
#9%. A %) 1749 4, Joseph Lieutaud £ F # F & 4 &N
& 48 it 1773 4 William Hewson % fn 7% Btk R IFANF R, ,
KA T i B E RN R RLIELIE A .
1843 # William Addison ML &R 3| ke o A2k f F it £é4ma
EREH G i, 1863 4F Friedrich von Recklinghausen & 3,
B @il R A2 TEAILLE 6945 %, 1865 F Max
Johann Sigismund Schultze & 44 & it tm 4, 3+ I A
AL, e mie, oA e e g B MR de
) B & L 4 A dm L6915 B BB AL ) A £ 5. 1879 F,
Paul Ehrlich 3R 7 1% A HE ot FAH B /R R 3R BEAT o 2
it e ik, MrRARAME G @I T 45. Kd
B FIR E LA, TP ety g
FHARINAT R, A RIRN, Paul Ehrlich £ILK % %
B 4m e o) FRALAT BRI SRR AP R AN FA . K
2T 1900 4, AT &k —FF Z B J b X R BR M AR A
YRB AL, JEARMET SR Y Ak m e E AR
Aokt AL H O, LE 3,

Hans Janssen £l ZachariasJanssen /% ]
HH B

FFEIMLR S WEGERT AL <— 1590

3 | shERAER A I

212 PHEmpe FAESEE PRESBRISRA ZH
G, ity P i mied BT AT RE, T
HABEIANG 2045, REFHMTRAERAER 14d, &
BT Fampe ™, Tikmitzn 6 ka2, Msdim
f sz it Fghks mpe ot A bk s, EAR b AR AR e
Fhkimit. Fohkimit. wshkamit. oKt
fa e p B b AL G, AR G R b A e 0 BT
wamie, AAETEMY, LA A A G @mineisse.
T 4h ks gm0 R AR 4 B AT, R B IR A
¥, RP MM R e kAT R, P m
Jo R b bk e R F 6 b A B, tm e As et BRR
Ji¥ %, AR F i mIe s iE, ok mie R
MK R F 5 BN, ek EATKEROAT, BA
BRI AR, R P A L P A e R
FOREMNE, @i EFR, EFMPAESHEAN LR
PEIR, AR AP MK R0 AL T AT, AR TR
S Sy M An LA A e, RV P M MR A G 2d
NBEREN BT, BFEH AR bk, mRFRPH 6-
10 W™, R ot da m e A 0 2 B mie R T R b m i
EARHE T, MR eHFFET M. AmieaT A ia
BAT B BB AR I P b gm g, O,

AMEI P M, AMIzTESAT T IEAG A
o RARIAFHEMILRAL LR LENEZRS,
RAARIKIUIR BARNAZ G 6 — 8 R Py . A TERE T,
BN P A ML T A B RANBREA %, THFEE,
TR RGBS E R, Hlho it BB B 0 b b
il Take ot ZAER, BFIRRANTF T @i
& WL dEd B AR A BIRGE T R P M e A S
FARY MEHLRE AT ML, FFih% Bk
emit A RAR Y. RBRRET, MHRF 8 F L mL
WK IR RNAZ G 8RR, RFE LA R KR
AER, T2RMEIMHREB I AEAAER. BB
B MmN B, RIL AR A, Tk mie
8 R AR T & R AW, eMNe-TRINE /HE2A
PATRE Wy m e zh . e XIE R JE T ¥40m 2] R
B 444544 P P45 4w i, T B 118200
2.2 PERIBRESHESPIWER
221 B EAEAN DR TITAES B
WF AR OIENBG R ENBRRAARS L TN, KER

Chinese Journal of Tissue Engineering Research | Vol 29 | No.15 | May 2025 | 3237



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

B R E— . R KIEAE T8 37 W7 5% AP 7 A%, »
PR L TFmbA A mIe S R, B A, +
A 4m L3R AR 40 ST LR Z AR 69 B AR A Y, T
KIEA RGBS A Ao B A BEER L, P bk fm R AZ A B
Y it A2 % o B ) 3% 2055 A F P2 CHRISTOFFERSSON
5 P A B A A R AE 89 F M e L T B
B R SR AMLE T IR 4, kPl mits hd A
BAKBFTREIALA, FBEXRREEEAOHE IR
whiniE FE, g AN T ERFCERT R, Fhk
tn o dn g A R AB A DREST B E BT ST A EEEMHMR,
B AT i BV A8 K g R A A

b 4 i TR AR ST A2 o A AR g B F A B A,
B, BT H RS AR TEAER. ohb
T AT A -8 P AR AR RAF 09 By SRR, . Y 5 A
HEG, TG 48h A, Bt b s s mb
HeasExawmiss2m ™, #42Fa46894%09,
HFA R R &G, mief A KB TR A
B PO s B AR I AT X R R, AR
PRARER A, R, +Mfmiedidify mie
ISR H A, Roh B B A AL, BASTIAN 5 *7 & 3L 4 4
K bn A B AR % ARV AR el N IR R A . B,
b R AR m RS IR R Ak, VT R am e sk
IR A, g BARBIATH 7 KAER , 1A it —F AR
2.2.2 N1/N2 b Hdmpe R At F e em Pk
o T AT A A AL K gE RO SN, BT R
ERARNALS TR LN E ™ P, LLERE
B A BB, N1 M am ik BRIP4, ™ N2
d o gn e R I Y X AR R A h . N1 AL
Ko gm A AP A KAy 8, E SR R G R AT E e
fe. B KA, N1A &Mt m ez 2 403000 (4o dm
B F. R HHmF ) e, BEBREERR, HETH
fo. BRI @IS R IR, Ak S &k I e e,
P am e AT, N2 A P b dm AR B o A AR
I J& A& KA dE A%, R B39 4] %8 fa I SR AP S8 4 iR, N2
AP ML fm SRR I B A K S A Sz AR B T (e
B @ F 10, FELA KRBT B )04 T RE L EH X,
1ERF TG ta 0T R S B iR A . BB E SRS 09957 F
76 97 R An AT N1 AL P M dm L 69 & M, VAR 374
N2 B oo 45 2m I GG S fs, VASE 3R %R A xR G 64 o
FoiB B PG 64 £ K B AEAS B0, s dm e e X AT A
M1/M2 A B v fm i 6 R R R A ARDL, AR IFAae i
FetE R R TR FE—&A B A4 KT 4. OHMS & BY
1% Ji CD54 #= CD95 4 4 N1 A 447 & 4%, CD182 4F 4 N2
EWArEY, ERINEFAEK T B @GR A N1 o
N2 £ A, X AhF bt mie kB et —F AR R T ik
ek, BT, Pt AR R AL T T E I N1 = N2
A AL, F A R B RATHE N1 AR F bk 4m e
FALAH N2 R A Q4R T, A THAREIREe6EE
IR BB AT R R P Mk i N1/N2 AR R
WA vt , A P e N1/N2 &R 53 st 8 41
WAooy BARME A ALH R R R A E 5

3238 | PEHERTIEHAR | 5529% | 55158 | 2025558

23 DHRAEBETSVABRFIATSHRRS Fi
Ao fi P 64 P MR 4w IR B T TR R R ARAR X o T AE X A
JhA RS THEN, BARF A mRRIN G0, ABRBE
AEMER. ka4 R K @ B e XA a o B T,
QI BIRALRAF a. @ik 6. &@mit/~% 10,
A& A Y tm i A& K B F 2(fibroblast growth factor-2, FGF-
2). Bhmp A EY 1. o R EA KR FE B
X W) AT RGBS AL T BT A,
&k 2,

2 | PRSI EEE AT EIRTRS
PRI o AN TR )RS R
iR R SEE T @ YT L, (GEE TS

SEL P R RS 2 L A A B A L T
F4if 3 10 SR BT AR A SRR A L PR
BRETHEAM A K R T 2 55 LA A PR B S 4 T R A 2

I ANBRIEAE A PR T SR ST A AL, I R 2 1

B R A 1 SHEEWEMN, Z5H R, kL

231 MBIREE T a FIEREILEHM, i
T ARut B B AR B, F 2 @mEA R THA L R
mEEFREZ, EFafsamit, LERGHERER
R AR b A L A N B R T AR A
BB G BE 9 QRS TR B AR R
MEgg I 2n P4 3 LORCHNER 4 B9 BF 0 £ I, PP I8 3R 5L
B F o E P8 L B T2 AR 1)t 8 R B 4m i C-C
EF AR FBK 20 Rk, BIRA$ P MA@ A @R
BB CCAILE T IR 6 Hix, FREmE A RARKGF
VA S i B bk dnBi 4, R SEH F AR, Bk, BB
Ao B R AR 4G b M e i AL R A PR IRL R T o, AT
B Wik H A, ARHE TS

232 @i e aminite2—FAhieiiE 5
A Kot ke e B F, B K 5K EHA.
OmENE6RXGETHFIZATMEFHK, mEL
Besbhamhk e s hEZSHTanhntEzn, g
mie/~ & 6 5 RN B K, H T8I ERE a0
AR A A8 %, BB 2 IR o= AR BB S % B, ks
e A G A 6 T @i Y AR e e Az B T
KB 8 R k4B AL P RlaT, @@ E e ETEA
BRI E O RIA, 4 E miek R “Y. JOHNSON %
BRI BAF mIsEid, a@miei% 6 5aF mie
KB G mIAE 6 ZARBIHE B %K gpl30 44, Bk
BF AT AR CABBER T ALt R CE 0 I R AT
BEE T AR

233 a@iiE 10 G @i 10 2 —F 35 kD —J4k
mie B, b EAmie R FA. B, AFHni
WMk, RENTEEmLKE A a@mieiE 107,
G A& 10 94E A RBUE B4 | EvE 0 A T b,
BV AR K BB e A, R AR R AR K 4G e e B
T, AR EREE Y, Gm@iiE 10 3F R
B BN ARMG @, —F @G mIRAE 10 FpH s E e



PEEATERE @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

FeFS M, % —7r @@ mpA-F 10 4Lt R E ok 1,
GAO % " A & I ta oA~ 10 °T fb il it iR K4 3k
% RNA BB 2 A AR 3 B TR LA A F 8 £ k7
H BB w4k, XIONG 25 ™ B30 & 24 & m i i-&
10 F-ECFH RIG A, #t—F AR LN E @iei-F 10 @it
) F miR-7025-5p 3% 5% kB 4B i L.

234 FGF-2 Mo”4 FGF-2, REHF AL,
R AR B HARA ¥, FGFR2 £ HT B4 48R F
Y REmME. BRI, RET @I, RE el A R e
PARE S D ARTRIRE T, FGR2 £EAMEET
A2p kik, H P KRN B R e R A B
18, FGF-2 % &1t o A mAIE 12 KB a0k 2 49
¥ A Ak ) RAR BB AR5 0915 2 Y. KAWAGUCHI 5 ¥ %
ILFER, FGF2 44 BA B 7K B IR T A 7] ZAR#UME 7 AL 24 7
BEWFTOA, SAMRZAR . FGF-2/FGFR2 A F 1544
R E R ER R AR A A1 A2 P FGF-2/FGFR2 69 kA
XA FGF-2 2 5 £ F B A T LIEH T RE01ER .
235 HibmioR-F PR S A R B A
KB F A S mAEG 1 F @B T8 5 AR5
P ARG 0915 A, N ARR A K E T2 —F R %
FR, FRADIE f AR P AR R I, A AT A A R 4G B
TAHTH, BT FREmes, AAR Ttk TR
EB WAL BAS A, Pk 0T A G AR R M A
¥ A F 7T fei8 i 3900F ERKL/2 42 5 38 3438 Hn 8] 7,5 T 4m i
AL, I E AR AL, R B3 5% B ) R dm it e iE
# Aot A R Y, R BOR M A K B R E S AR
G A2 e A R A B ARG A BERT A, Pk e
JiBit FA B AT M E S L EEER @I, A5E
oG EAL B, R R, H—F, MIA B
mipiE it A il T RE RS F A mIeR KA,
PR B35 B 09T 2 B S e BBE R P,

24 DHFIBRSSRRASPARAEMIRKRDETIER
TR IRSAFIW T ZHER Y@L, F
MEmehT g orkmiel FASTAAY, £
5804 BM S me kB AEER, EXRR2EE
TR ADTTRLE, FHOLFXENERLAE
ARFTHEH1-5d A, FI/E24h R, dpFpod s
mppi s, FAMRETRELE SR M, Ylhe$fig /
B /Rt E K@i, e tafe, BHIs I Mmaiesd gy
I R B T R, B KA EFTIES5-21d. P
P g O AE S B £ B R AR FH IR AR oA R, VA
Bk et A . MR B AL 6 m a2 8 AR T
M. ARE @I, RE @i, BT EREN KX 18 B
2145, FhBENERIZALSG@IOH g RF15 @0,
wEmie. REmie. Faie®, ks,

241 #4% /) EvE [ RERR@mIE Pk dm sl it Rk
A ALE G 1 R E S b, BALm It — 1k
A ESEmi. REK@E., WRR@mAET RS
FHM&, RAKE@MRRET (a@mienst 6. ami
%12, WERAETF o, @@k 10), LERERIRE
YR FALE KERE, E it hfitd % b m

F3 | PHRERSEINEE S RMEEEEIER
MR EEZ 554 XEaaifEm

# AW B

R/ B /B RN MUM2 ML R A R

SelRAN UL

ARG MBSO IR R SEAS,

HEm UM AN (R AR TN IR - (2 A
A S A

WFRFANE AR SR T PRI, PR
FAGAS BT S AR A A

A AL SRR T 5 A AN R ik
AR

BEF 4 FAGAN.  HFISOERA T, PR A,
PN AR, bR A

A FI AR U S A R

Mz —, FHEETFEARSEARZ T, EFRERTIG
P KIEE T REER . RRE S mIb T
Mobidfey, [FESMIRAELRELI, ESmBE
B et T KRN R A X4 PV, B mib ey i L
A E—NEZE, @A 3IALE: HhAEEAE (MO). 12
K EA (ML) SALF A A (M2), M1 Fz M2 B! E v 28 i
BTEF O F RGN RETIE LT RIETEHA,
M1 A B o gm 4 2o 300308 B A3k, 7 M2 B B v 4m
JOET Z A F3Em, M1B Esgmit il X ER Y6
FHM R, BRI M, BR—Z7 XA T A mie
HE, mh@EAE 1B. a@iE 6. MHEFREETF o
&, UAEAH A R ALY . ML A E % it~ A tn i B
Fhmig T RAAF KRR, BN AR T e At
T % 95 s by AR, M2 R B o gm0 A RS A0 5 BB A
B, B EAE 450, BRARERFALKRE T,
o e/ ~F& 10, A KA T B E AR A KE T,
FF AR R A e IG5, A B T MR KIER L, ARitsn
RAS T A B L P VI PR SR G E o
RSB RALRY LR, EXTX—WE, FIHFF
e Lotk KR N ER, 7B Y M fm i ok NET Fo ) B,
XA RE T S0 EEHE ML B ity hie. £X
JEY RN, PMAmICAT, NET Aok @ Blism, E
) e N A R SR R e G R X S 2D )
Fo B m AR AR Yy, kR AT AT ST A BT 58 AR
¥, AT—HELMBMAEE.

242 [ARIMh@mIE ORI @ILR R G RRLIRGK
TR 4 0L, AT Bh TR A R IR SR LA LU T BB v
feg e B B ok A0 tm I T A k) AT B A R ATAR,
RARP o E ARG EAR . A T VA BUE K
WH ARFZ Gl minEAte, —FRAT E A
R B AL, E AR e R A K
B F 38 Ao fm 8L 8] FE B o F 1 e fm BB o F 1 89 &
ik, #tamidith itk mit kA 4) CD18 VAR B R A5 e
fok ik o9 CDA9d AR ZAE R, AT P b e A A
FApmIn e R, S E R B

243 Memie PHEMBRSREMILSHE A LR
VS5 5IE v B R AR EY, SR fod Pt e
B b 20 R B b B dm b F R AR AR R UR A AR S 69 AR

Chinese Journal of Tissue Engineering Research | Vol 29 | No.15 | May 2025 | 3239



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

&PV Mk e Gk e i R AT B 2B AT e 4k K 4
R BLA 458045 i A ®'. GOLSORKHTABARAMIRI %
AL O AR I P M 2m e 5 bk B 4w Bl bl R TSR TR R A
REFHIRRLER, 240 G0 E X EE, TH
AHREFEREZAINRG LB £, Fhasidss, T
WMELILE B E M iR AR AL, AR AR AR,
#h, KONNECKE % 'Y & JUAk & 2m IO 42 B 4 A0 15 4147 69 3k
B RIBRREA, POGETHEFTRIKR, ELKE @G
RAE R, HE—F AR I B it Tad A F A B R E
SR Y BRE m e B, B Bk, EL KHASSAWNA 5 2 %
I THE w5t B IR E F a Rt E, 2FI
oA b RE e AR 1 BURR T oL M6 .

244 BARTF@mie BRR T @i kR e AR
JE, FREBEIMGAAE, BT mienie AR E m
JoA R mit, BITRAEARFT, BT @bk
L ROVASL % TR e e B A A RIAVE R, TRE S 1A AL
JRF e AE A 6 K AT A h| KoE AR AR L L A AR
TFamespd) Pk iR AT, PR LA, EiRP M
K m et BB K AL ) . 1A AR T e A G mAAAN-F 6. y-
FHEAEME - B EERHE T ERAY, L%
b mine T . AR T @ g e, Pk
BB AN A, P b 0 044 7 4m B B A e FE 40 R EOR,
B O KRR A RAS AN, B ATk m e R F oK
P AR, AR MmO A N2 R, R A4,
CAl % 9 & 30, N2 T A) o M5 4w i R A 4 K A2 5, e
% 9% 40 RMAT K AR (M1 E£ 482, Thl, Th2. Th17 fmje)
AL AL EAR (M2 B, Treg tu)it ), I %% tm
FLi@ d oyt tm L IE) T4 ) KR, SRS SR T e R
b AE LB R A g e R AR T e e e AR AR
FHT B EERL, BT EEN EERG, FHEFAR
)T 205015 564 B 3R

245 MREM@IE AE @GR TR LRTamie, &R
%, RKRBREROREHSE. FHEGSF, HARFTHY
A AR, HERATH 5 ® JF R o4 b M da tmie. AR miedfa
AR AR B AR R B, Pk e AR
fob AR E M Rk, QIR B4 E. TR
R, BHREEAZEOAEAEARA T B, R, &E4M@
Jieu 7= A R A IARIG A, R R A bk dn T AR LA AR
FAER . REAFARKZIN, T KRR F ks dm il
T AR E MIEFRE T A BT kB BAR AR E
R F AR BB E tn e bl BBk, R R e e b AR AL
B4y &R T, RIS KR RA T bk fm i B A A )
BRIV, BIrRA It b R AT A ey E KR RS
JTHE .

24.6 BURMle AR MR R T aminiE A e
e, T A B mianibimk, LT ERmie ™4,
B AR NE—BO R AR e mie, firAE A
L, B HAGAL GBI, T RIKE RABAZPTE B
i, HRE@BER-FEETRM. BTHRAGESFUERE
M R IEG P AL A, Pk dm B R A B R da
HERS 5@ % 8 HREA K, @mleiN* 8 ik

3240 | PEHERTIEHAR | 5529% | 55158 | 2025558

T 5 E @I e R . NUMAZAKI 5 9 5% it 44 #F
REI, T4 045 BT BARE F 49 F Mok e e R oh
P 37 B AZ B T KB BUARZARIE R A5 09 B 4 A AR,
TReA A KR T AR P AR, XL IHFIFE
o R e s B E AW R W m e 5 g aa i e AF R
7 RS MFE, IPHS RERA P M aid %
EARE mR | AR B, 428 KERE T b m el
BB R Y, ARE AR TS B K.
247 Fale TR ERKERS G @I, &2 90%-
95%, 3 fe ok B AKIRIE 69 AL, i8I P 4% E T kB
BeAk 2 AKgE 7] [ BARAP E 00 5 A R Bt R B e A ok B
mip e iEs, #—F5¥adE8 ", AZABF " LN
e B G &8 49 £ (Dmpl-Gsa®) £k B E 45
Y, s ERNERRERETRERY, ART A
mIedg % e R A, #H—F AR LI, Bk ERHE
T Aer A& £ Dmpl-Gsa*® /s § P AUt Mot dm 13 % A=
BRRY 4 24 G B aRMEE . XIAO & " A £ I,
B A G @R A& 19, Bt R a @& 19 %
KB 55 SR FHER G 3E 544 10t F A mie
ey ik, JLE 4.
2.5 FRPHRIMRE#HSITRE FHhiEii—1di
S bm A et A AR A B A 0 B Jead e,
ok dm e iE i ok I B F, A BRF RS AR ML
A8 EAR R AT B AR, R BAMS S, KT X,
AT AL IS T B AT SRR T A ey B3, BL
12 B MmO E TSR FER IR I, L
B A B e AT K /K (MU/M2) 2R 5, defT
B IR TE A B o I R A S RS A
RATFFR BT FEGEL., £, FHEmBLEE
N1/N2 £ R 64k, 42 B ATt T mAr &R e B30 S AT
BHK 5 THRF, HRAHLETIHOS TR L
WAER . N1 A= N2 R AR SALT A8 T8 T 450 A K F F B
S, N2 A P g iR A A B R 0 AR P AR
2|, © ARG mAeN-F 8K 5| BB A AL R AL B AT
N1 A & bt dm i e B A5 A 69 4E A R 2 2| 2P, B
BT w AL G943 P A m e de ) i T 09 XA B
SHLETHFT(EE2AHAKBFREERPTA ) REMH
Fgsr, BAERATD P ML mIL LRI, Pk e
JORT Y By SR A AL,

Yo P A mIe ey 7, B AT AR S o9 EE
A A BAR, VAR M Gm T A 64 S b AR A B,
NFHhMitit, AAEGHERY REEFTIHALSFHEST
A AFE, PR B A Ws T AT ik,
AP M fm ARG B SR AR, A5 Ak A BB AT B,
7 AR FE, BAHERGFAEAS T 694 5.

3 REE5RE Summary and prospects

21 ek sk, % TP miae R RuEAN, 1
AT AFRAORAKER SO @i, LETH
oI TLRRIFHRER., X TP Hawmiek i
o BTACAE B 6940 X B BT AR R, A2 sk ) 4k R



K

Chinese Journal of Tissue Engmeermg Research  www.CJTER.com

& |

()5 o T 4

o=

@ pujf/ml’m O O
g%ﬂﬁfﬁﬂﬂ\. O
W2
I -
o
L=
R B MR

B4 | hERMEES RS REMBEIER, FESMERETFATE

BRB L, B ATAT I — P RLIE B 1 S R 5 H 0G SUARIRE,
AIAARRARKXFRRRBESS . TR @LEZ LTI
WA T, Bt KE R FER, F R ABFK @I
B (AFBIRLE T a. @£ 6. a@it/~% 10.
FGF-2. #izmioibEd 1. o BoRHAKEFEF) RZ
EHM SR I (24 B /B R@IL. A RFGm
Jo etk B tmie, ) B R T e, HE-50E R T e,
AL, BRSO e T A AT i R G AR A T R,
A B ITRAIAL BAF T IMIRSE., T RF a4,
#ﬁﬁm%wﬂm&@iﬁxmﬁm,wﬁﬁﬁﬁﬁ&,

EARAH] R ?iﬁm%gx%ﬂﬁﬁAXQW&
éﬁi%élﬂ}]bﬁﬂiﬁﬁﬂ AL RE AR, ENE

F09F R, P mIorE A v s It e s e R %,
ﬁ%%%ﬁ?iﬁ%%ﬁﬁ FRSWHRTYN, #F
Fo B e — A P R A SR kAL TR AR
REE L.

A I B AT AR e R B EAL, X T
S E R TR AT de ) oM e 004 8 3 sk TFBE
TH# &R, R, FEEEFHEMICLR JEF M,
EVER MG BT AN TN R —3, BT RN
FE2E 5N REBCNETSLENNE P 6 EK
YR, BIREST RS FrmitthraEER, ikt
e AR e, AR et A 9k L
FRG»THH LA E2E L. MAELBARTHEREM
FHAR IR G 2R, )4 e R KT L AT e S AR
BRAAMMAHBE @R, -G T TP kmies et
IR TM, D HBEREITEE T B R,

BUgt: ROl RINEAER R A eI A L.

Rk 58, WNFRATIKRILE. 25545, 48, ~X
BAZA; FNAER B 9T A ATt R BARE . AR AR i
IR B R URL K.

SVEaaN

G S 7

ﬂ@

T

i

BAEE SWEFE

FIFMZR: LFaeEd #o, ERAMAFLETLG TR R
HEA BT R,

FERGREVERR: 38 — B AURI LT, R4 (Foif 2k FF5T i)
“E L - AR AL - AR 7 REF 4.07 Kk, ESEINAGHEILT,
ATFAV IR AL B 69K T RN Sk, BT &, B AHE
TR P . T HN. AFE, 4T, k. RBERAEEIZ LMK, A
Z s w5, AR ASIER L CIEITa R AR,

MR &S L X5 b AT & A E 5 SR 3 T L E WAL L,

HRMSE: ZXFRBETT (RAAERPRESHIREIL)
(PRISMA 45 %1 ). X F AT &2+ b R 2] 55 Lk & 4L 347 3 K
XF B EEE, XFZPRAFIFERNEFH, FATPBOANXF

HEHINESETE.

4 SE @k References

[1]  XIANG M, YIN M, XIE S, et al. The molecular mechanism of neutrophil
extracellular traps and its role in bone and joint disease. Heliyon.
2023;9(12):22920.

ZINDEL J, KUBES P. DAMPs, PAMPs, and LAMPs in Immunity and Sterile
Inflammation. Ann Rev Pathol. 2020;15:493-518.

NAKKALA JR, LI Z, AHMAD W, et al. Immunomodulatory biomaterials

(2]

(3]
and their application in therapies for chronic inflammation-related
diseases. Acta Biomater. 2021;123:1-30.

[4]  KOVTUN A, BERGDOLT S, WIEGNER R, et al. The crucial role of

neutrophil granulocytes in bone fracture healing. Eur Cell Mater. 2016;

32:152-162.

[5] XIAO B, ADJEI-SOWAH E, BENOIT DSW. Integrating osteoimmunology

and nanoparticle-based drug delivery systems for enhanced fracture

healing. Nanomedicine. 2024;56:102727.

[6] KOVTUN A, MESSERER DAC, SCHARFFETTER-KOCHANEK K, et al.

Neutrophils in Tissue Trauma of the Skin, Bone, and Lung: Two Sides of

the Same Coin. J Immunol Res. 2018;2018:8173983.

[7]  TSCHAFFON-MULLER MEA, KEMPTER E, STEPPE L, et al. Neutrophil-

derived catecholamines mediate negative stress effects on bone. Nat

Commun. 2023;14(1):3262.

Chinese Journal of Tissue Engineering Research | Vol 29 | No.15 | May 2025 | 3241



@’

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

= %

=g

(8]

[9]

(10]

[11]

[12]

(13]

(14]

(15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

HERATH TDK, LARBI A, TEOH SH, et al. Neutrophil-mediated
enhancement of angiogenesis and osteogenesis in a novel triple cell
co-culture model with endothelial cells and osteoblasts. J Tissue Eng
Regen Med. 2018;12(2):e1221-e1236.

HERATH TDK, SAIGO L, SCHALLER B, et al. In Vivo Efficacy of Neutrophil-
Mediated Bone Regeneration Using a Rabbit Calvarial Defect Model. Int
J Mol Sci. 2021;22(23):13016.

KAY AB. Paul Ehrlich and the Early History of Granulocytes. Microbiol
Spectr. 2016;4(4). doi: 10.1128/microbiolspec. MCHD-0032-2016.
CAVAILLON JM. The historical milestones in the understanding of
leukocyte biology initiated by Elie Metchnikoff. J Leukoc Biol. 2011;
90(3):413-424.

ROSALES C. Neutrophil: A Cell with Many Roles in Inflammation or
Several Cell Types? Front Physiol. 2018;9:113.

MCKENNA E, MHAONAIGH AU, WUBBEN R, et al. Neutrophils: Need for
Standardized Nomenclature. Front Immunol. 2021;12:602963.
MARTIN KR, WONG HL, WITKO-SARSAT V, et al. G-CSF- A double edge
sword in neutrophil mediated immunity. Semin Immunol. 2021;54:
101516.

JAKOVIJA A, CHTANOVA T. Neutrophil Interactions with the Lymphatic
System. Cells. 2021;10(8):2106.

SBIERSKI-KIND J, MROZ N, MOLOFSKY A B. Perivascular stromal cells:
Directors of tissue immune niches. Immunol Rev. 2021;302(1):10-31.
LO LW, CHANG CW, CHIANG MF, et al. Marginal Zone B Cells Assist With
Neutrophil Accumulation to Fight Against Systemic Staphylococcus
aureus Infection. Front Immunol. 2021;12:636818.

YANG F, FENG C, ZHANG X, et al. The Diverse Biological Functions of
Neutrophils, Beyond the Defense Against Infections. Inflammation.
2017;40(1):311-323.

YANG P, LI'Y, XIE Y, et al. Different Faces for Different Places:
Heterogeneity of Neutrophil Phenotype and Function. J Immunol Res.
2019;2019:8016254.

QUAIL DF, AMULIC B, AZIZ M, et al. Neutrophil phenotypes and
functions in cancer: A consensus statement. J Exp Med. 2022;219(6):
€20220011.

CAPOBIANCO CA, HANKENSON KD, KNIGHTS AJ. Temporal dynamics of
immune-stromal cell interactions in fracture healing. Front Immunol.
2024;15:1352819.

BASTIAN OW, MROZEK MH, RAABEN M, et al. Serum from the

Human Fracture Hematoma Contains a Potent Inducer of Neutrophil
Chemotaxis. Inflammation. 2018;41(3):1084-1092.

LU F, VERLEG SMNE, GROVEN RVM, et al. Is there a role for N1-N2
neutrophil phenotypes in bone regeneration? A systematic review.
Bone. 2024;181:117021.

CHRISTOFFERSSON G, VAGESJO E, VANDOOREN J, et al. VEGF-A recruits
a proangiogenic MMP-9-delivering neutrophil subset that induces
angiogenesis in transplanted hypoxic tissue. Blood. 2012;120(23):
4653-4662.

BASTIAN OW, KOENDERMAN L, ALBLAS J, et al. Neutrophils contribute
to fracture healing by synthesizing fibronectin+ extracellular matrix
rapidly after injury. Clin Immunol. 2016; 164: 78-84.

SINGH P, CARRAHER C, SCHWARZBAUER JE. Assembly of fibronectin
extracellular matrix. Annu Rev Cell Dev Biol. 2010;26:397-419.

3242 | PEHERTIEHAR | 5529% | 55158 | 2025558

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

BASTIAN OW, CROES M, ALBLAS J, et al. Neutrophils Inhibit Synthesis
of Mineralized Extracellular Matrix by Human Bone Marrow-Derived
Stromal Cells In Vitro. Front Immunol. 2018;9:945.

GARCIA-CULEBRAS A, DURAN-LAFORET V, PENA-MARTINEZ C, et al.
Role of TLR4 (Toll-Like Receptor 4) in N1/N2 Neutrophil Programming
After Stroke. Stroke. 2019;50(10):2922-2932.

ZHANG J, GU J, WANG X, et al. Engineering and Targeting Neutrophils
for Cancer Therapy. Adv Mater. 2024;36(19):e2310318.

DE LOS REYES AA, KIM Y. Optimal regulation of tumour-associated
neutrophils in cancer progression. R Soc Open Sci. 2022;9(2):210705.
OHMS M, MOLLER S, LASKAY T. An Attempt to Polarize Human
Neutrophils Toward N1 and N2 Phenotypes in vitro. Front Immunol.
2020;11:532.

FRIDLENDER ZG, SUN J, KIM S, et al. Polarization of tumor-associated
neutrophil phenotype by TGF-beta: “N1” versus “N2” TAN. Cancer Cell.
2009;16(3):183-194.

ANNEX BH, COOKE JP. New Directions in Therapeutic Angiogenesis and
Arteriogenesis in Peripheral Arterial Disease. Circ Res. 2021;128(12):
1944-1957.

MASSENA S, CHRISTOFFERSSON G, VAGESJO E, et al. Identification

and characterization of VEGF-A-responsive neutrophils expressing
CD49d, VEGFR1, and CXCR4 in mice and humans. Blood. 2015;126(17):
2016-2026.

TURNER TC, SOK MCP, HYMEL LA, et al. Harnessing lipid signaling
pathways to target specialized pro-angiogenic neutrophil subsets for
regenerative immunotherapy. Sci Adv. 2020;6(44):eaba7702.
LORCHNER H, CANES ESTEVE L, GOES ME, et al. Neutrophils for
Revascularization Require Activation of CCR6 and CCL20 by TNFa. Circ
Res. 2023;133(7):592-610.

ROSE-JOHN S. Interleukin-6 Family Cytokines. Cold Spring Harb
Perspect Biol. 2018;10(2):a028415.

SELLIN ML, KLINDER A, BERGSCHMIDT P, et al. IL-6-induced response
of human osteoblasts from patients with rheumatoid arthritis

after inhibition of the signaling pathway. Clin Exp Med. 2023;23(7):
3479-3499.

YOSHITAKE F, ITOH S, NARITA H, et al. Interleukin-6 directly inhibits
osteoclast differentiation by suppressing receptor activator of NF-
kappaB signaling pathways. J Biol Chem. 2008;283(17):11535-11540.
CAI'L, LVY, YAN Q, et al. Cytokines: The links between bone and the
immune system. Injury, 2024,;55(2):111203.

JOHNSON RW, MCGREGOR NE, BRENNAN HJ, et al. Glycoprotein130
(Gp130)/interleukin-6 (IL-6) signalling in osteoclasts promotes bone
formation in periosteal and trabecular bone. Bone. 2015;81:343-351.
KING A, BALAJI'S, LE LD, et al. Regenerative Wound Healing: The Role of
Interleukin-10. Adv Wound Care (New Rochelle). 2014;3(4):315-323.
MARUYAMA M, RHEE C, UTSUNOMIYA T, et al. Modulation of the
Inflammatory Response and Bone Healing. Front Endocrinol (Lausanne).
2020;11:386.

GAO X, GE J, ZHOU W, et al. IL-10 inhibits osteoclast differentiation and
osteolysis through MEG3/IRF8 pathway. Cell Signal. 2022;95:110353.
XIONG Y, YAN C, CHEN L, et al. IL-10 induces MC3T3-E1 cells
differentiation towards osteoblastic fate in murine model. J Cell Mol

Med. 2020;24(1):1076-1086.



g ik PEAATERE @72
Chinese Journal of Tissue Engineering Research  www.CITER.com

[46] RUNDLE CH, MIYAKOSHI N, RAMIREZ E, et al. Expression of the [60] GOLSORKHTABARAMIRI M, MCKENZIE J, POTTER J. Predictability of
fibroblast growth factor receptor genes in fracture repair. Clin Orthop Neutrophil to Lymphocyte Ratio in preoperative elderly hip fracture
Relat Res. 2002;(403):253-263. patients for post-operative short-term complications: a retrospective

[47] XIEY, SU N, YANG J, et al. FGF/FGFR signaling in health and disease. study. BMC Musculoskelet Disord. 2023;24(1):227.

Signal Transduct Target Ther. 2020;5(1):181. [61] KONNECKE I, SERRA A, EL KHASSAWNAT, et al. T and B cells participate

[48] KAWAGUCHI H, JINGUSHI'S, IZUMI T, et al. Local application of in bone repair by infiltrating the fracture callus in a two-wave fashion.
recombinant human fibroblast growth factor-2 on bone repair: a dose- Bone. 2014;64:155-165.
escalation prospective trial on patients with osteotomy. J Orthop Res. [62] EL KHASSAWNA T, SERRA A, BUCHER CH, et al. T Lymphocytes
2007;25(4):480-487. Influence the Mineralization Process of Bone. Front Immunol. 2017;

[49] ZHANG M, YU W, NIIBE K, et al. The Effects of Platelet-Derived Growth 8:562.

Factor-BB on Bone Marrow Stromal Cell-Mediated Vascularized Bone [63] CHEN R, HAO Z, WANG Y, et al. Mesenchymal Stem Cell-immune Cell
Regeneration. Stem Cells Int. 2018;2018:3272098. Interaction and Related Modulations for Bone Tissue Engineering. Stem

[50] FRADE BB, DIAS RB, GEMINI PIPERNI S, et al. The role of macrophages Cells Int. 2022;2022:7153584.
in fracture healing: a narrative review of the recent updates and [64] FENG B, FENG X, YUY, et al. Mesenchymal stem cells shift the pro-
therapeutic perspectives. Stem Cell Investig. 2023;10:4. inflammatory phenotype of neutrophils to ameliorate acute lung injury.

[51] DIPIETRO LA, WILGUS TA, KOH TJ. Macrophages in Healing Wounds: Stem Cell Res Ther. 2023;14(1):197.

Paradoxes and Paradigms. Int J Mol Sci. 2021;22(2):950. [65] SONG N, SCHOLTEMEIJER M, SHAH K. Mesenchymal Stem Cell

[52] CHOW SKH, WONG CHW, CUI C, et al. Modulating macrophage Immunomodulation: Mechanisms and Therapeutic Potential. Trends
polarization for the enhancement of fracture healing, a systematic Pharmacol Sci. 2020;41(9):653-664.
review. J Orthop Translat. 2022;36:83-90. [66] CAIB, LIND, LIY, et al. N2-Polarized Neutrophils Guide Bone

[53] VIL, BAHT GS, WHETSTONE H, et al. Macrophages promote Mesenchymal Stem Cell Recruitment and Initiate Bone Regeneration: A
osteoblastic differentiation in-vivo: implications in fracture repair and Missing Piece of the Bone Regeneration Puzzle. Adv Sci (Weinh). 2021;
bone homeostasis. J Bone Miner Res. 2015;30(6):1090-1102. 8(19):22100584.

[54] SUY, GAO J, KAUR P, et al. Neutrophils and Macrophages as Targets [67] ANDO Y, TSUKASAKI M, HUYNH NCN, et al. The neutrophil-osteogenic
for Development of Nanotherapeutics in Inflammatory Diseases. cell axis promotes bone destruction in periodontitis. Int J Oral Sci.
Pharmaceutics. 2020;12(12):1222. 2024;16(1):18.

[S5]  PALANO MT, GALLAZZI M, CUCCHIARA M, et al. Neutrophil and Natural [68] FISCHER V, HAFFNER-LUNTZER M. Interaction between bone and
Killer Cell Interactions in Cancers: Dangerous Liaisons Instructing immune cells: Implications for postmenopausal osteoporosis. Semin
Immunosuppression and Angiogenesis. Vaccines (Basel). 2021;9(12): Cell Dev Biol. 2022;123:14-21.

1488. [69] NUMAZAKI K, TADA H, NISHIOKA T, et al. Neutrophil extracellular traps

[56] MEDRANO-BOSCH M, SIMON-CODINA B, JIMENEZ W, et al. Monocyte- inhibit osteoclastogenesis. Biochem Biophys Res Commun. 2024;705:
endothelial cell interactions in vascular and tissue remodeling. Front 149743.

Immunol. 2023;14:1196033. [70] DELGADO-CALLE J, BELLIDO T. The osteocyte as a signaling cell. Physiol

[57] HARJUNPAA H, LLORT ASENS M, GUENTHER C, et al. Cell Adhesion Rev. 2022;102(1):379-410.

Molecules and Their Roles and Regulation in the Immune and Tumor [71] AZABE, CHANDLER KB, UDAYY, et al. Osteocytes control myeloid
Microenvironment. Front Immunol. 2019;10:1078. cell proliferation and differentiation through Gsa-dependent and

[58] BUONACERA A, STANCANELLI B, COLACI M, et al. Neutrophil to -independent mechanisms. FASEB J. 2020;34(8):10191-10211.
Lymphocyte Ratio: An Emerging Marker of the Relationships between [72]  XIAO M, ZHANG W, LIU W, et al. Osteocytes regulate neutrophil
the Immune System and Diseases. Int J Mol Sci. 2022;23(7):3636. development through IL-19: a potent cytokine for neutropenia

[59] CHEN P, LIUY, LIN X, et al. Diagnostic Value of the Blood treatment. Blood. 2021;137(25):3533-3547.

Neutrophil-to-Lymphocyte Ratio and Monocyte-to-Lymphocyte
Ratio in Tibia Fracture-Related Infection. Dis Markers. 2022;2022:
6119583.

( FifE%w%5: GD, ZN, QY, L)

Chinese Journal of Tissue Engineering Research | Vol 29 | No.15 | May 2025 | 3243



