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Abstract

BACKGROUND: Hematopoietic stem cell transplantation is a widely used treatment method to cure malignant and nonmalignant diseases originated from
hematological cells. Mobilization and collection of sufficient hematopoietic stem cells are the preconditions to ensure rapid and sustained hematopoietic
reconstitution after hematopoietic stem cell transplantation. However, the most commonly used granulocyte colony-stimulating factor with or without
chemotherapy still has a mobilization failure rate of 10% to 40%.
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OBJECTIVE: To review the present status of hematopoietic stem cell mobilization in recent years, analyze the advantages and disadvantages of different
mobilization plans, and be looking forward for new mobilization methods.

METHODS: Using “hematopoietic stem cell, hematopoietic stem cell transplantation, hematopoietic stem cell mobilization, cytokines, thrombopoietin, CXCR4
antagonists, integrin antagonist, chemotherapy, mobilization efficiency” as Chinese and English keywords, articles published from 1990 to 2024 were searched
on CNKI, PubMed, and WanFang databases. A total of more than 300 articles were retrieved, and 68 articles were finally included.

RESULTS AND CONCLUSION: More and more studies have found that granulocyte colony-stimulating factor combined with other agents including

plerixafor, interleukins, thrombopoietin, and integrin antagonist could improve hematopoietic stem cell mobilization. Combined use can reduce the dose of
granulocyte colony-stimulating factor and related adverse reactions. Some new drugs, such as soluble recombinant FLT3-ligand (CDX-301) and dual a981/
a4B1 integrin inhibitor BOP, can be combined with granulocyte colony-stimulating factor to promote hematopoietic stem cell mobilization. In addition, some
potential mobilization targets, such as prostaglandin E2 receptor and sphingosine 1-phosphate, are still in the research stage. In addition to inherent patient
characteristics and treatment options, incorporating biomarkers into the factors affecting mobilization and developing new predictive models will help to
effectively predict the failure of hematopoietic stem cell mobilization and improve stem cell mobilization technology.

Key words: hematopoietic stem cell; hematopoietic stem cell transplantation; hematopoietic stem cell mobilization; cytokine; thrombopoietin; CXCR4
antagonist; integrin antagonist; chemotherapy; mobilization efficiency
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3# fkA% B CXCRA A2 47| 1358\ 094 Bl o T ok & 0 T4
M EFERHATAFHHR Y, K138 EHF %
R RS AT F 49 AKELZ # CD34" mfie P, s RAR
AR AEAR KL WPIER F 7] F CXCRA 3 H| H A tm e
SRR F B R ST vABA R 3E An3h F AgE 1O 2,
A8 P S g A% R K m 8L SR TR E) T B B R AF 69 i o F dm
e, LRVESNMEeTmE A FAKRKMK, T
AR BB BMA LR AR TR .

242 ERIVABAERBIK LA AKRAE LRIV
(AMD3100) #= 32 #4& ik (Motixafortide, BL-8040, BKT140)
# 3k CXCRA A& 4071 kb £, 4 A 5 42 fm e 5 % 0 i
B FBAE A 6950 i A R T2 &% 21097 B #47 AR
F oA e B EFERECHA S R THMBEE G
o Fmpazh {5 T, ERAE S R B T A
M e ) S S FRARA A% b iFEE R 10
BH AL R LRI AR AT T e sh R AT B A R4 A2
. B R R FE B AR F B SR R
RV ABBR Ak fm 0L JR T R R T B R AR AR T S kA% A
fmie e E RSB T, THTHARREH GRS
B, HatgHRAr, —RIEFERE T @I 1d &
T2 4F-E F 948 25 mg X, 240 ug/kg; R K K &
£ F, 60% 494 E A OB R B F T1% 49 % R M E
BB RO 25 R BRFRAFH R, 2E LR
Ao AEA—LKIHRAF, TE2H TR A R
BN R RMG IS . R AN EEEF
N LR Qe X R i i R o N Y A
R E, B RIA 40% F= 25% 89 3 Rk F B,
B HRA KL — AP 37 R CXCRA dE 4 7], W6 R AT A= 16 R X
¥ iE i) A4 IR T A Bk B R R B F 09 T e
B, EHKRERRE L) QA KRS, £ 1.0-
1.25 mg/kg A BB A, Famfesh i E 25 FIRM MG
dn, BEBHEKTR D R T A0 B4 egmin B> W FA4
kG -E RV § ik, RKAF0E 0Tl £
%, Smie R a R FRAKXRIERTELE RIS+
K tm e S AR F B P 9K 3 (GENESIS trial) 4E 5
TR G RREER: Ehakhesn AL miag
BAME T REA R RS R . mEREKS R
FEE A LT, ERiAeA A48 ke 5 R IR L 2.
2.4.3 FHE CXCRA FE A sbo), —EIRA AT+ 69 CXCR4
FERA B LTI ARF LN, €45 POL6326. TG-0054.
LY2510924. HF51116. POL5551. CX0714. T-140 #= T-134
003 U0 & M BR T 7 AFH A CXCRA A, R I
52 5 V4g48 0, T-140. POL5551 #» CX0714 B 8 %44
RS . TG-0054 SN % KM F MG EHE T min
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2 | OXCHRMLETF R 4 47 M A TE M T30 5 A INIR

CXC LR WFIL Tk RS 5]
SZAk 4 FE i)
W RV ATBEE 2 HHREG (MOBILL), RGHUIT T 46 H M 2020 [41]
U5 TR A T RIR T 5 B 51 S 1R ik fd P
U SR VDA 2 A AN b
3WIRENL. XUEBEIT, 99N 101 GlEE & 4tk 2017 [42]
A, (EE) RN 1-8 d 43 BT LRI U AT R 2023 [43]
VKT 10 pe/(kgd), TEBIRAMIE 4 RBEHLL @ 1
GYEL, SRR AR IDARE 0.24 mg/(ke-d) BUE T
TR, VA SR VD AR B R AT A A 7 i
DA FH T3 140 2l 52 (97 ROR ¢ Ax bk
BEE AR K 185 122 (il Besz (R T-AU RS R 10 22 RV 698 2023 [44]

B, UL2 0 L LEBIBERLTL, 25T LSRR
JOK -+ A2 A A R R S A A+ 2
TG M2 B 51, AT LA P B B ) 2 4
PR AR

Xt 25 {51 A3 o T AT OAR I 5 2 3l £ 1.0 B
1.25 mg/kg SEEARARIEAT I L T40H2) 51, LAVY
il B AR RSN DA AR 22 A A Rtk

2023 [45]

R AR, TARRIER B b T mie, B4
At % BAF ® Y, AR R A e 4R R R
F A= TG-0054 Br A% JF] TP s -3 204 /R bl ks 4m L 4 35 )8
B F Ao RV BAAAL R BA EiRe) T miesh i e,
{475 4k F i AR IS M Y, X JLEFH A CXCRA #2407 &
R RTHRE R IVABRERARIK, (2EART 93 T K
Re At st — AR,

2.5 BEERBRF @i aF R E ks £
RGP i kR, Sk d il ORISR Z 1) K ARk
FMAER . AEFRANILR 4/ foF FEU T 1 AT AL T
T TFEREFEXEE DM, Bid b kR AF
T3 F R E o F adBl Fedn B FER T 1,
STAR ) R RAR KL F T i . ad o
FRB S R4k i m e Bl P R E, T
By E b IR W, XA RS E A AT @
JoF) R e A B, e ARFR R T od FAF A
IR B AR A B B JR IR 6 7T 88, 4ot ATH
Skt G R, HARIAE R T % K AR, RAEM
A FlE Rz . &Rk T adpl #4L7F BIO5192,
TR N T /ARG, T 5k e e R R B T
Fo 2k AMD3100 BRAME A, i8R K A BATH S it
JR R R 038, 23 R AKAE4REE, AL T AR ek B,
IE a9Bl/adBl HAF 494 F| BOP, =T vAdkik 54k 56 3h i
T /A8, 5w et K k) E T A= CXCRA 45407
A HRAER B B R ks a4 KA R F e
AMD3100 #8 b, BOP 5 i fm it 42 3% 41 i% B -F 4= AMD3100
B R TR AR R LY, E BOP T AdF it fed it fo
Fompt, ¥izzh R B9, %% BOP 5% 7% % AMD3100 J#
SER, Al EERSE TR 4d )RR et an T /
A4 OA T ABIA. AR5k gm0 SR HR) R T AR, BOP A=
AMD3100 B&-1% A T 2 238 3%y Kagsa Hfe K HAAS A, X
F B BE A% ) BOP F= AMD3100 T f i 2 — b =T X i 4m
JoE RS A F ek, AT E, RETFmietyzhn Y,
BEAEARS R o7 RS RFE, B2, EFTHBIR
4 A A T e T e sh 7B LI R .
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2.6 WISEXEWEIRIGR 7 ARFLINT Az B
Wi 2m e 251 B d by 5 5, AR IAL A AR R
FZ AT T 404 B B AR SE TALST . LT BRS8N R
FEAE T B R B R e, T T vA I
BRI V3G 2, d B35 AR 5T 204 R 2m e B F 4o s 20 e
LEPMBA T T3 ] K Fi b T et NS EBIR. IR
BB R R AT RIS R 7 &, wHEHNEH 4g/m’,
1&F 4 g/m* REERFR B3R, AL 4g/m’ Mk EF
MBS A B R GG AT 23R AT 30 B akae B0 Y A RAF A AR AT
RIS T E, B & E BB R KA IR
FRA BB (Vino-Cy) Al T % A B &4 T @ies)
R, KAIGEBES B 7 ERF BT mie ey
RACIRBEBLEE Y, B R AR K Ak B P, fRILIAFE
AT BB AR ik & 8 LIk T m i
R, BEE R R IR I TR a0 4 TR
AR BEFES M EERN AR THR ST EEH
F, RREBETIE, Rmyibt)amioi4 8 L2
R, KIMEAIRICAF LT RE AR T @i~ 4
FHAER B, ME R, BT IR T O e
4 % R B T Rk m e B o gm0 4R KR B T AR % e
AL 40 L6 B 3 e, X B4 7 AT A i P i o AR 4 R K T
#1000 42 ¥, # %5 RAFRR TS 5 @inE FIA3)
BB R ARk B A KR T A, e e R ) ]
B AR, LALRTREFIREE AR LML FEH.
GIRALT % B8 5 50 & BH BE AL IT Fo i 4m 0 42 35 ) st IB) - 36
MAER LS R E S 0T, 123 1 AREHMM., —R
Meta #7144\ 18 A5, @45 4 AT Y& AT 50 A= 14 2R
R, T 2770 41 % R R REE EE, KIIK
B B e BR B 4m IR 5 T R I ) T bl SR AR ) o 4m R R
R B FEA £ 569 CD34 w5, RIFHAEHAR
Hife AT 3 FRFMHALFE . YEF PR RtiAH
RAFERE . A& FAT20 TR R6) B KM E B8 X
MEIG B E AT AR E A LA T oy A fe—
R SHR P, BT AU B AL fa A SR R R B FAE A
— &3 N IR R BA AR e R TR B T B R, E
20 T BB AR AR Y O e dm G R R R B
AT T VASE nsh B ACRE, 2L T E B A G AL R,
T AGME. AN, LEFAANREEGRF
3 S, BACTT 28] B A R 69 AR ARG Ao . TR BRI
SRR BT IA) 64 A TR T AT A S R R AL .
2.7 BENDRIL BRT A LR AT LG TF@esh i}
FE, TR —®EH AW ¥e.s . MENENDEZ-GONZALEZ
2 B I RAn Ak T e ko R AR S i E E2 %
W, W RE B2 5 AR A s, WmAEH B F CXCR4
W&k, it Faminey)a g, 188 4E K B B2
K wE SR TRGE O F@mBYsh . RMEETH
B EHCETEE T RS MR E LR LR T HATH
R, )R T oo A mie e &R MR T, &4
2 BARL 01— BB 35 A BS (sphingosine-1-phosphate,
S1P) 4 A —Frik d A (L F), 5k F 4 fi & & 449 S1IP1 %
IRLEOA B Tk fn T tm et AP B, EL S1P/S1PIR 4h/fE
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CXCR4 330 69 3h i i A2 P K E 24 A . CXCRA H4
F| 5 S1P1 4 5h %] SEW2871 BEATTA3E 3% T tm ey 5h it 7).
% FF SIP i 3h A1) A FRRIE, (2 KAR M A T RGE %%
MR IAEETT, RRRTHLERESIPSH R A, 5
CXCR4 A& 07| BRAAE ) 3% RN A 4 dm e 52 % k) ) T 36
CXCR4 £ 4L A 69 A5 36, 3)4h 3 2 Notch 155 T i
AR A R BY, FLBT Notch Buik % 4K 56 B 2, FAL B Notch2
1%, BHTiHESEAT /Amietyzhil, LREEEHh
v F ey A4, A2% 49 Notch2 FRLBF T K13 £ & 69
doF e F F AR BAFI A A, STk b m e
x4 0 e G AL R T Ae-f R IR 69 3 TR, $3K
HREm=9iE P, HETHRBENEEORE LS,
ALt T etz i, A E TR Y Fa@iesh i #leE
K E 9 ADAMIAK 5 0 5150 £ - ATP A KA B 5
8 B GAZ T BT VAR T i T /AR 693 ), ATP
TR R, A2 T AR AT i RAR AL AR, B
ATP 3N F 42 37 394 CD73 5 45 4m it 42 % ) 3 B F 3%
AMD3100 Bx4-45-25 T fE h A 206930 N R AR A4k I A,
sh4h, EP80031. /J\orF 4 /f Me6. Jifi R B 240 B4 37 ) 7
FG-4497. fmfionZ 541 &G 42 4945 ML141 5, Liam
AR5 E R E F 2, AMD3100 &4 A3 A gh B 2L A, T
ik mF i, H P Me6. POL5551 3 1kAk F =T vABRIF b
B R AR R F AT R, 248 X A AT KA
Fit— A V. AR R, FFRENADEZHL
T feftidtie o T amfiesh i B dikf, AR —AP R4
BhF R A, A2E P eghuklh RAEE, AENST AR & FiE )
R A BRE) A F A IR AL g SR TR R R TR
R P2- F EMFRTHRETHIFEILS. b, B
ZeRGTFmibsh R eidse, BF R RREG RS
TREE AT @iz R Y. kA Lk e
EHAT T miesh R AT L, ARSIH 3 R hhie
FEWIX, THME—FR A% b F amfish {0,
2.8 SIMFBIRENRANBERIFN  2h i K & 24549 CD34
a0 AL KR T 0 KA, BiEHemsh 69 R E T3 i A
ReUEAT TR, MmIAEF R 5 R, THEAEEETE.
AR R TRRBER ., BFFH. KA. KEE.
R EARE. SR A& mie. d k. CD34" fafitit
. SLBRBLABEM Z . BRI, BRE. KRR,
BAEAL T A it A2. BRAERT L. HIRAFE. Wigm
R TR FMEFHEH T A XD 7S, HR 20
AETT . RIT B E ik A T e sh i 2OR 6 R R
K. 2 R HARRZEFT LN, EFRT @Iz R Fid
WA 20%-30% &9 F b AL w ILA Sk P 69 7 B R
BB AT R AR Rt T m e s i A AL EATAR R
Foml, R, A FRFALR RE G700 B E M EFRAE
A, 3 R AT & H HATIRE R — 2 &L, TR,
R H AN EARAF KA TN Bh R AR 69 E bk 4
EM, LFK3. ARRETHWRA IR T m@ies) i o9
AREZEAR ™, TaERMAY KEAD X, SZIMIGIELSKA-
KAPLON % ' % #1 CD44 L [ % A bzt i o F 4 foo 5 R
84 7 2 % of; SOUKUP % 9 & IL4% <7 44 /> &, Gata2 ¥

3 | ATRETUNE I T ARARE) AR HE RV E IR S

A Wb IR K% 5H
(]
FIt3- P4 TGN B4 B TR 2R S RO ) 2022 [64)
FIt3— Fe ¢4 ] F T 00 3 53 2
CD44 BRI Z35ME  CDA4 B[R 2 A MExt 3 BT A0 e 2014 [65]

Gata2 7 5 PRSI/ Gata2 MY 581- (+9.5) 7EMRAG A 45T 2023 [66]
FE A (it i i T 4m B 2 A6

FIANML . BAZANAE KA B . SRAR AN T B SZ AR T R B B 4L 2015, [67-68)
fie 2019

SRR 72 AATIETE R 72k 53 DU RE R 7AR 2019 [68]

ML FEBRANMATIE 56, 4245 )5 ML LA L7 PR T KT B ik
AT 17K FRAMAATAER T 1 KT 530 b RE 2 IR R

3BT (+9.5) ARG & A A2 AL F e e R A,
Gata2 T FHTH A N A FEM T2 R T HE; WANG F
K IH om e R k) B F 45 25 6T e b 3 KR 64 fit3- e
ARIT R TR Rk, LB BB E B &AL RAR
Falosh R T2 AW F A, (2OH AR R e B
3t 3h N A E W Hoh T Ak Rt Y Kmiask 2 45
w0 Th S R T fe i rhik T am e ed s 1“7, GEBURA
O B r Rl A e R ERSE FAFHBR T, 4
HArm R AR SR TR R AR E 4L, &
2 )5 s gm0 R TR R R T KR BOR R e e AT AR F 1
KFEZHRAAFEEEAL, ORTMERE, Fmtd T
ez RAFEHRE S, B2 A3, AN TNKE,
WNE Y FATE D G TORAA R RAEAF 2 — F KT,

3 REE5ERE Summary and prospects

3.1 BREMATZIUSARNSIMAFEE & o f
4 o A% A R o R R R B L SR AR R R AR — R R
BT, Bt R KRR FTNE LT mR LB
ARG KA, E4 Ak, RE A ek R R R R SR T
A B RIAALTT DA 10%-40% 84 3h i & k&, ILA A
EAEFEGF R o £ E8 i F 38R N BB T R A
A EAFW T ERLES) R AR, EF AR
m AT A B T 1/CXCRA 4h 2 5K 7 A e Shdhp ¥e b, MR A
SRR AR m IR AR R T 5 RA, el R
. EHAGIK. fo HRA R E . EP80031. Me6. FG-4497
Fa ML141 55T B 537 Sk e 2 5 R B F /-9 fn
Fomftsh R 2R, BV min KRR TR 7 Z,
M R Y H e R AR FAE X R R R E Y, g
Ry aRA LA TR R, Hhmsh 26k, HEE
FHWWE, ek FTERVAEMEFREFT EELR, &
fe At B T e sh R BATIRM, AT AES) R R RA &
HmA LRI, RMTRAEELEDNTR, LEH
B ZFNA, Sesh, fo AR R E . EPS0031. Me6.
FG-4497 #= ML141 SR 4L T A 50 M EL, 48K 16 RIEHE T2,
LR X G miE Rk, FaBF. it3- Bks
w B TR AR Y, BRAE A AR AT & T
JOAR G B R A B ], fast T ik F dm i #0E
RETHANIN BRI AHH 5 RF R, SIPAEAAE T,
5 S1P1 2 ARes AR Bh T doF m i dE A I B fn, vAb A
e 5O & SIP WA, [ TR, @45 S1P &
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=Y 3

W%ﬁﬁﬁm%@%@%ﬂmﬁ%%ﬁmﬁ%ﬂ%%f
FINE, ARATIT S, THRILFTGHR A . RE
A B AL W6 ITHFARS), %])\i%#m@%éﬁ%ﬁvﬁ‘ AEAL,
BT A TR & AT am iR sh iRk, AR EEAT TR,
RIF mpesh K.
3.2 ZEARRBIFAREVER B3 A RV kAt
Fwmpesh 6575 TRIATER, B S HIKE LR
mﬁ%%h%ﬂ%ﬂﬂ%%&ﬁﬁﬂﬁ,&ﬁi%ﬁg
B BT 50K I — e F7 2 B Ak m I 4R K R R T T $2F F
WML AR, WX FENT RGN FE. 30 HH A
&@ﬂﬁ%%ﬁm~&AW@prmm%%%%ﬁ%
IR, FEREREZT AR RAFHE, E47T TH
fﬁm%%ﬁﬁmw%ﬁi%ﬁmo

3 EARBVERME W%i&ﬁﬁ**ﬁ@@ B T Lk
@%A%ﬁﬁﬁm Be A —EAm i AR £, FEZ
/%;&?T b&%ﬂd‘]ﬂiﬁﬁ’i&%}’(i’@]%ﬁ"i~ TR, f24h 6
9% Ak dn T m ) 504 57 AT BRAR — 7 09 B3k Fa Ty 1)
3.4 ERNRNY #E%ERE—FRHAZELL K
BREXFF@MA L ERRE TIAAHNLG1E &, *F
FORRAATR G A, LR A % AR A A
T BRARBA R IR B, AR —F AR —
EHERL 6.
3.5 RiﬂiﬂEEGEELM Aatdried . fEfg e thik AL aag i
TR sh i F TR AR B ML T &, wé
%ﬁ%S%ﬁ*%%E%mﬁ%@ﬁ%ﬁﬁﬂﬂ 8 ‘|
Jon-E 33 ah Mk T mias, HITHMEA. HREA@IO
FTHEMNM B EFSHLE B ey dE e, RRAENE R 6 2 R 2K
RAGAF I, b, AN BARSTFTHFADFHREDN
o F e sh iR R FMAE R 69 12 5, k. RIS
AU 2 T fm AR Bh A G AL AL, 1REt T amiesh 3k
Ryt

{EETTER: % —1EE A A& T m M ek, & —1FE A FTARL,
BIAAEH 7T FAR.

FIZEWEE: LT L3 AU, ERMMAAXFHEEIEF R
HAEAH R,

FFHRENAERR: X2 — BT ACGRI L, AR3E (Feit E F 5T 1)

“Fh AR AR - AR 5 KEF 407 Kk, ESEIAAGHLT,
R RAIE R A B 9K T RN R4, A% &, RN ALFE
TR P, TR HN. #3790, k. BREBE Ik, HHh
Z &5, AR NSIE R LT AR AR,

MRS LL: L5 HRAT &N # 5 R 330258 T LA A X

HARHISE: ZLFRBEATEGEFNARBEN L (Al
ZEHHRENTLY (PRISMA 5 ); L FhmaT 2T+ b B2 5 L
WA AT 3R FAH A S E, LFLDRATINF £ RWE T4,
AT BUA A XL ES SR LAGTE 8.

4 BEHL References

[1] GU J, LIU J, LI X, et al. Recombinant human thrombopoietin improved
platelet engraftment after autologous hematopoietic stem cell
transplantation in patients with newly diagnosed multiple myeloma. Cancer
Med. 2021;10(21):7641-7649.

[2] FANG X, FANG X, MAQ Y, et al. A novel small molecule CXCR4 antagonist
potently mobilizes hematopoietic stem cells in mice and monkeys. Stem Cell
Res Ther. 2021;12(1):17.

7870 | DEHERTIEHAR | 5529% | 5365 | 2025F 128

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

WEI X, WEI Y. Stem cell mobilization in multiple myeloma: challenges,
strategies, and current developments. Ann Hematol. 2023;102(5):
995-1009.

DE KRUIJF EFM, FIBBE WE, VAN PEL M. Cytokine-induced hematopoietic
stem and progenitor cell mobilization: unraveling interactions between stem
cells and their niche. Ann N Y Acad Sci. 2020;1466(1):24-38.

ABID MB, DE MEL S, ABID MA, et al. Pegylated Filgrastim Versus Filgrastim
for Stem Cell Mobilization in Multiple Myeloma After Novel Agent Induction.
Clin Lymphoma Myeloma Leuk. 2018;18(3):174-179.

SCHEE AR, VEDS L A BT A R o A LR R B AN L
YA A R R BRI 3R AT D1 O 2 4% (RS20 ),
2023,54(3):625-630.

MARCHESI F, TERRENATO |, PAPA E, et al. Efficacy and safety of biosimilar
Peg-filgrastim after autologous stem cell transplant in myeloma and
lymphoma patients: a comparative study with biosimilar Filgrastim,
Lenograstim, and originator Peg-filgrastim. Ann Hematol. 2024;103(3):
947-956.

PRISCIANDARO M, SANTINELLI E, TOMARCHIO V, et al. Stem Cells Collection
and Mobilization in Adult Autologous/Allogeneic Transplantation: Critical
Points and Future Challenges. Cells. 2024;13(7):586.

GASCON P, HARBECK N, RAPOPORT BL, et al. Filgrastim biosimilar (EP2006):
A review of 15 years’ post-approval evidence. Crit Rev Oncol Hematol.
2024;196:104306.

LUO C, WANG L, WU G, et al. Comparison of the efficacy of hematopoietic
stem cell mobilization regimens: a systematic review and network meta-
analysis of preclinical studies. Stem Cell Res Ther. 2021;12(1):310.
LATERVEER L, LINDLEY 1J, HEEMSKERK DP, et al. Rapid mobilization of
hematopoietic progenitor cells in rhesus monkeys by a single intravenous
injection of interleukin-8. Blood. 1996;87(2):781-788.

LAPIDOT T, PETIT I. Current understanding of stem cell mobilization: the
roles of chemokines, proteolytic enzymes, adhesion molecules, cytokines,
and stromal cells. Exp Hematol. 2002;30(9):973-981.

NERVI B, LINK DC, DIPERSIO JF. Cytokines and hematopoietic stem cell
mobilization. J Cell Biochem. 2006;99(3):690-705.

ALT C, YUAN S, WU F, et al. Long-Acting IL-33 Mobilizes High-Quality
Hematopoietic Stem and Progenitor Cells More Efficiently Than Granulocyte
Colony-Stimulating Factor or AMD3100. Biol Blood Marrow Transplant.
2019;25(8):1475-1485.

BOZHILOV YK, HSU I, BROWN EJ, et al. In Vitro Human Haematopoietic Stem
Cell Expansion and Differentiation. Cells. 2023;12(6):896.

MCNIECE IK, BRIDDELL RA, HARTLEY CA, et al. Stem cell factor enhances

in vivo effects of granulocyte colony stimulating factor for stimulating
mobilization of peripheral blood progenitor cells. Stem Cells. 1993;11 Suppl
2:36-41.

ANDREWS RG, KNITTER GH, BARTELMEZ SH, et al. Recombinant human
stem cell factor, a c-kit ligand, stimulates hematopoiesis in primates. Blood.
1991;78(8):1975-1980.

MOSKOWITZ CH, STIFF P, GORDON MS, et al. Recombinant methionyl
human stem cell factor and filgrastim for peripheral blood progenitor cell
mobilization and transplantation in non-Hodgkin’s lymphoma patients--
results of a phase I/Il trial. Blood. 1997;89(9):3136-3147.

LARSEN SR, CHNG K, BATTAH F, et al. Improved granulocyte colony-
stimulating factor mobilization of hemopoietic progenitors using cytokine
combinations in primates. Stem Cells. 2008;26(11):2974-2980.

KIM AR, SANKARAN VG. Thrombopoietin: tickling the HSC’s fancy. EMBO
Mol Med. 2018;10(1):10-12.

WAGEMAKER G, NEELIS KJ, HARTONG SC, et al. The efficacy of recombinant
thrombopoietin in murine and nonhuman primate models for radiation-
induced myelosuppression and stem cell transplantation. Stem Cells. 1998;
16(6):375-386.

LAMANUZZI A, SALTARELLA I, FRASSANITO MA, et al. Thrombopoietin
Promotes Angiogenesis and Disease Progression in Patients with Multiple
Myeloma. Am J Pathol. 2021;191(4):748-758.

QIAN J, CAO X, SHEN Q, et al. Thrombopoietin Promotes Cell Proliferation
and Attenuates Apoptosis of Aplastic Anemia Serum-Treated 32D Cells

via Activating STAT3/STATS Signaling Pathway and Modulating Apoptosis-
Related Mediators. Cell Transplant. 2021;30:963689720980367.

CANCILLA D, RETTIG MP, KARPOVA D, et al. Targeting CXCR4, VLA-4, and
CXCR2 for hematopoietic stem cell mobilization. Blood Adv. 2024;8(6):
1379-1383.



g ik PEAATERE @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
[25] LIUY, DING L, ZHANG B, et al. Thrombopoietin enhances hematopoietic [48] DE ANDRADE KIS, BOTELHO LFB, CALIXTO RF, et al. Evaluation of efficacy
stem and progenitor cell homing by impeding matrix metalloproteinase 9 and safety in the use of cytarabine for mobilization of hematopoietic stem
expression. Stem Cells Transl Med. 2020;9(6):661-673. cells in a reference hospital in northeastern Brazil. Hematol Transfus Cell
[26]  KOVTONYUK LV, MANZ MG, TAKIZAWA H. Enhanced thrombopoietin but not Ther. 2024;46(4):428-433.
G-CSF receptor stimulation induces self-renewing hematopoietic stem cell [49]  PARKY, KIM DS, JEON MJ, et al. Single-dose etoposide is an effective and
divisions in vivo. Blood. 2016;127(25):3175-3179. safe protocol for stem cell mobilization in patients with multiple myeloma. J
[27]  WAGEMAKER G, HARTONG SC, NEELIS KJ, et al. In vivo expansion of Clin Apher. 2019;34(5):579-588.
hemopoietic stem cells. Stem Cells. 1998;16 Suppl 1:185-191. [50] DE MELS, CHENY, LIN A, et al. Vinorelbine-Cyclophosphamide compared to
[28]  HSUTL, TSAI CK, LIU CY, et al. Risk Factors and Outcomes of Stem Cell cyclophosphamide in peripheral blood stem cell mobilization for multiple
Mobilization Failure in Multiple Myeloma Patients. Transfus Med Hemother. myeloma. Hematol Oncol Stem Cell Ther. 2018;11(4):225-232.
2022;50(1):39-50. (51] 2%, 5K, FRENGE , 55 . KT E NS G-CSF SIRRENE LT A G-CSF
[29] BRAEE, JRENSE , EVCHE, S5 BN AR B ER I AR 2 I BV T3 FALF W 2 B R B 1 AR A A i a4 A 2 53 i B A D
[RIF 7 AR AE 73 Sk E80 B AR AR i 4 e h 53 LA (0], a7 s 2R 4% 8 ,2022,43(9):781-784.
SRR ,2019,31(12):849-851. [52]  KANG KW, LEE SJ, KIM JH, et al. Etoposide-mediated interleukin-8
[30] ZHUJ, HAO SG, HU J, et al. rhTPO combined with chemotherapy and G-CSF secretion from bone marrow stromal cells induces hematopoietic stem cell
for autologous peripheral blood stem cells in patients with refractory/ mobilization. BMC Cancer. 2020;20(1):619.
relapsed non-Hodgkin’s lymphoma. Cancer Manag Res. 2019;11:8371-8377. [53] WANG L, XIANG H, YAN Y, et al. Correction to: Comparison of the efficiency,
[31] MO H, LIU P, QINY, et al. Recombinant human thrombopoietin prior to safety, and survival outcomes in two stem cell mobilization regimens with
mobilization chemotherapy facilitates platelet recovery in autologous cyclophosphamide plus G-CSF or G-CSF alone in multiple myeloma: a meta-
transplantation in patients with lymphoma: Results of a prospective analysis. Ann Hematol. 2021;100(2):575.
randomized study. Chronic Dis Transl Med. 2021;7(3):190-198. [54] YEP PEIR, LIAN J, et al. Higher efficacy of Etoposide + Cytarabine Plus
[32]  WILLIAMS KM, MOORE AR, LUCAS PJ, et al. FLT3 ligand regulates thymic Pegfilgrastim in poorly mobilizing Multiple Myeloma and lymphoma
precursor cells and hematopoietic stem cells through interactions with Patients. Cytotherapy. 2023;25(8):885-890.
CXCR4 and the marrow niche. Exp Hematol. 2017;52:40-49. [55] MENENDEZ-GONZALEZ JB, HOGGATT J. Hematopoietic Stem Cell
[33] DOMINGUES MJ, NILSSON SK, CAO B. New agents in HSC mobilization. Int J Mobilization: Current Collection Approaches, Stem Cell Heterogeneity, and
Hematol. 2017;105(2):141-152. a Proposed New Method for Stem Cell Transplant Conditioning. Stem Cell
[34]  ALBAKRI M, TASHKANDI H, ZHOU L. A Review of Advances in Hematopoietic Rev Rep. 2021;17(6):1939-1953.
Stem Cell Mobilization and the Potential Role of Notch2 Blockade. Cell [56]  PATTERSON AM, ZHANG S, LIU L, et al. Meloxicam with Filgrastim may
Transplant. 2020;29:963689720947146. Reduce Oxidative Stress in Hematopoietic Progenitor Cells during
[35]  CREES ZD, RETTIG MP, DIPERSIO JF. Innovations in hematopoietic stem-cell Mobilization of Autologous Peripheral Blood Stem Cells in Patients with
mobilization: a review of the novel CXCR4 inhibitor motixafortide. Ther Adv Multiple Myeloma. Stem Cell Rev Rep. 2021;17(6):2124-2138.
Hematol. 2023;14:20406207231174304. [57] JUAREZJG, HARUN N, THIEN M, et al. Sphingosine-1-phosphate facilitates
[36] CAO B, ZHANG Z, GRASSINGER J, et al. Therapeutic targeting and rapid trafficking of hematopoietic stem cells and their mobilization by CXCR4
mobilization of endosteal HSC using a small molecule integrin antagonist. antagonists in mice. Blood. 2012;119(3):707-716.
Nat Commun. 2016;7:11007. [58] CHANG HH, LIOU YS, SUN DS. Hematopoietic stem cell mobilization. Tzu Chi
[37] SHIH, DUANY, BU X. Analysis of Factors Affecting Hematopoietic Stem Med J. 2021;34(3):270-275.
Cell Mobilization Efficiency and Early Hematopoietic Reconstruction [59] GUL HG, ERKURT MA, SARICI A, et al. An innovation in stem cell harvesting:
Indicators during Autologous Peripheral Blood Hematopoietic Stem Cell Heparin use. Transfus Apher Sci. 2021;60(5):103240.
Transplantation. Glob Med Genet. 2024;11(2):159-166. [60] ADAMIAK M, BUJKO K, CYMER M, et al. Novel evidence that extracellular
[38] GIRALT S, COSTA L, SCHRIBER J, et al. Optimizing autologous stem cell nucleotides and purinergic signaling induce innate immunity-mediated
mobilization strategies to improve patient outcomes: consensus guidelines mobilization of hematopoietic stem/progenitor cells. Leukemia. 2018;
and recommendations. Biol Blood Marrow Transplant. 2014;20(3):295-308. 32(9):1920-1931.
[39] YUAN S, WANG S. How do we mobilize and collect autologous peripheral [61]  KASRAVI K, GHAZALIAN F, GAEINI A, et al. A Comparison of the Effect of
blood stem cells? Transfusion. 2017;57(1):13-23. Two Types of Continuous and Discontinuous Aerobic Exercise on Patients’
[40] DE CLERCQ E. The AMD3100 story: the path to the discovery of a stem cell Stem Cell Mobilization before Autologous Hematopoietic Stem Cell
mobilizer (Mozobil). Biochem Pharmacol. 2009;77(11):1655-1664. Transplantation. Int J Hematol Oncol Stem Cell Res. 2021;15(1):61-71.
[41]  HOLIG K, SCHMIDT H, HUTTER G, et al. Salvage treatment with plerixafor in [62] GAO X, ZHANG D, XU C, et al. Nociceptive nerves regulate haematopoietic
poor mobilizing allogeneic stem cell donors: results of a prospective phase stem cell mobilization. Nature. 2021;589(7843):591-596.
|I-trial. Bone Marrow Transplant. 2021;56(3):635-645. [63]  PICCIRILLO N, PUTZULU R, METAFUNI E, et al. Peripheral Blood Allogeneic
[42]  ZHU J, HUANG H, CHEN H, et al. Plerixafor and granulocyte-colony- Stem Cell Mobilization: Can We Predict a Suboptimal Mobilization? Transfus
stimulating factor for mobilization of hematopoietic stem cells for Med Rev. 2023;37(2):150725.
autologous transplantation in Chinese patients with non-Hodgkin’s [64]  WANG TF, LIOU YS, CHANG HH, et al. Correlation of Body Mass Index
lymphoma: a randomized Phase 3 study. Transfusion. 2018;58(1):81-87. and Proinflammatory Cytokine Levels with Hematopoietic Stem Cell
[43]  BITTRICH M, KRIEGSMANN K, TIETZE-STOLLEY C, et al. A German-Wide Mobilization. J Clin Med. 2022;11(14):4169.
Systematic Study on Mobilization and Collection of Hematopoietic Stem [65]  SZMIGIELSKA-KAPLON A, SZEMRAJ J, HAMARA K, et al. Polymorphism of CD44
Cells in Poor Mobilizer Patients with Multiple Myeloma prior to Autologous influences the efficacy of CD34(+) cells mobilization in patients with hematological
Stem Cell Transplantation. Transfus Med Hemother. 2023;50(6):475-490. malignancies. Biol Blood Marrow Transplant. 2014;20(7):986-991.
[44]  CREES ZD, RETTIG MP, JAYASINGHE RG, et al. Motixafortide and G-CSF [66] SOUKUP AA, BRESNICK EH. Gata2 noncoding genetic variation as a
to mobilize hematopoietic stem cells for autologous transplantation in determinant of hematopoietic stem/progenitor cell mobilization efficiency.
multiple myeloma: a randomized phase 3 trial. Nat Med. 2023;29(4): Blood Adv. 2023;7(24):7564-7575.
869-879. [67] ADAMIAK M, PONIEWIERSKA-BARAN A, BORKOWSKA'S, et al. Evidence that
[45]  CREES ZD, RETTIG MP, BASHEY A, et al. Hematopoietic stem cell mobilization a lipolytic enzyme--hematopoietic-specific phospholipase C-B2--promotes
for allogeneic stem cell transplantation by motixafortide, a novel CXCR4 mobilization of hematopoietic stem cells by decreasing their lipid raft-
inhibitor. Blood Adv. 2023;7(18):5210-5214. mediated bone marrow retention and increasing the promobilizing effects
[46] SUKHTANKAR DD, FUNG JJ, KIM MN, et al. GPC-100, a novel CXCR4 of granulocytes. Leukemia. 2016;30(4):919-928.
antagonist, improves in vivo hematopoietic cell mobilization when combined ~ [68] GEBURA K, BUTRYM A, CHASZCZEWSKA-MARKOWSKA M, et al. G-CSF
with propranolol. PLoS One. 2023;18(10):e0287863. administration favours SDF-1 release and activation of neutrophils and
[47]  SCOTT LM, PRIESTLEY GV, PAPAYANNOPOULOU T. Deletion of alpha4 monocytes in recipients of autologous peripheral blood progenitor cells.

integrins from adult hematopoietic cells reveals roles in homeostasis,
regeneration, and homing. Mol Cell Biol. 2003;23(24):9349-9360.

Cytokine. 2019;116:38-47.
( FAL4i%E: ZU, MZH, ZN, QY)

Chinese Journal of Tissue Engineering Research | Vol 29 | No.36 | December 2025 | 7871



