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WE  BAT, B MRS (bone marrow microenvironment)#%iE 52 4838 3T % #4425 18 K fwdm
e, B 1 4= 1% o F 4m 2 (hematopoietic stem cells, HSCs)#9 B 3% £.37. 3. LAt %48 H A4k
Fitd 24094808, ERX AP, HSCsH 2 MA 52k o & 407 44 69 BAL A B AR 48 X 09 %
T B B, B AR . ) R A R A R R 09 5 Rtk . HSCs#d R % RATHIA
H R —Fr A R EAE], 1R SR, A AT B R IRBE AR R 6 RN, AN EINE BEARIRIR
T2 EAS A T A4EHSCsh 2 i, 7 BLEHSCs R #) TR Y L IER TR, 2 SR
R ILT B WA HSCs by 45 A4F A A — 4234,
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Abstract Bone marrow microenvironment was proved to regulate the self-renewal, proliferation, dif-

ferentiation and migration of HSCs (hematopoietic stem cells) via different signal pathways and cytokines under

steady state. Upon aging, the defective function of HSCs leads to the deterioration of hematopoietic integrity and

changes of the age-related immune response, as well as increased susceptibility to anemia, autoimmune and my-

eloproliferative disorders. HSCs aging was initially thought to be induced by cell-intrinsic dysregulation. How-

ever, current studies are revealing that the bone marrow microenvironment not only regulates HSCs function un-

der homeostasis, but also makes contributions to HSCs aging. This review will cover our understanding of HSCs

regulation by bone marrow microenvironment under steady state and aging.
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1 BHEMIMERT & T 48R (hematopoietic
stem cells, HSCs)Yi3%

BLAA (1) 25 Bl 24 1 40 i 2 >k IR T HSCs,
HSCs KZ A T-EREH, HA B REH AL Z mk
i Re, JF HAMRKK R, B AARER. M)
B Bk LR A i [ DS AN 7R B iR, HSCs#
2 Tl 240 R 4 Y 470 5 Jod AL R, DT R SRR 2K ) TR
53, WOFR N B B8 & (niche)”. i Il R 5t 0 B0 4517

238 M2 N AE LR 2 4, 52 55 € B BETUOA
BREE B8 M AME IR, REOA S R AR 2 B
FE AN, 8] 78 )51 T4 fid (mesenchymal stem cells,
MSCs). W Z4Hffd(endothelial cells, ECs) & 4
(osteoblasts, OBCs)~ M4l (adipocytes, ADPs).
FEH 228 21 S T 5 o ol 20 T 06 T 241 Y, 3K S 4 i 2 [) T2
PSR A BN AS TR 428 WX 45 o i i s 20 3 40 i 1) AH B A
&5 T g DL AR B R 1 A A PR 7ok
WIEHSCsdia, 4EHpiG Il R A MF e I(EE D).

TR BRI R, AR O B A4 B A AN R,
BAFENMEREZE. (1) BN 2l
Jfl. Nestin- 5 35 () 7] 78 o0 40l A8 Ik ph 2 2F
HE AN B K I SE . (2) MFEME R FEH
15 CXC-E bR 1 BL A& 12(CXC-chemokine li-
gand 12, CXCLI12)HyZEii 401, LeptinR"MSCslH]
FEJRTAN . PN R 40 AR RN I S A 2H RO I R el
5 #l 2 XTHSCs K ¥ & A [\ (1 R 42 4E H, 8 78 &K I
B W B 10 35 P % (reactive oxygen species, ROS)
KPR, AEf ATHSCsAEHF 72 i BORAS, T I 32 1
B ZROSIKT L m, A7 T H A HSCsig 1k, it
HSCs[ 73 AL, 53 4b, HSCsHIHE R 70 4 Ah
FHAE B s T e AL G, TS R A
PR 2 A R, T SR /41 2/ B R A ) = A A
THEE N E X,

2 0T RRE

TEFRAS N, HSCsTRIFEFR SR DL4ERRIE T
AR RE . SRTAERLEARAE N, gy, i ek
17 55, HSCsH 4 0, Vi 128 N\ 41 B J& 318k 47 70
1, AR FEMLAR S 2 (1 &P RS 24 L 20

1E 3 2 L A2 o, HSCsH) 2 e R 46 5 8ot ifn 1)
RESZ . ZEE MHSCs K& 1Y 1 [F I B 3258 fg
J152 45, VA SRS 1E HE 2 Re T BRI, 1L, 4
WA 2% DL S R s A% R A2 s 10, itk 2 4b, BF

58 % B B v R 2 HSCs B B 9 . S bk af 2 AN
% 20 B 1) P 8 18 00, R WHHS Cs e B i 1 o B AR
Pt H 3 2 ) B BRRAIE 2 — 112, Bl ORI AT A
N, HSCs )5 & — Rl RN I DR LA R o M % 1 40
WAE TR, LLUTDNATG R 2. DNASG1EE
ThRe 2401 DL R 32 2 A R S BB, S 4b, 2
HSCsHK I H 575 1 2R 4 D e AR 25 6L, 40 %
PRAR T4 5, ROSHEAR, 211 [ W A ) 32 4, IX 264
AR AL T B 1 — B e HEHSCs R 21014, fH T 4F
AR, 2N R (2 H 8 HSCsF4 1 2|
R AR R (17~18 F %) b J5, HSCsH H 2 ¢ /1 B&
K, WA AR ARG LR EEE
BAER WL,

Tk, G RE TN R AT R Y
RIMEEZ/NR A, B ¥4 K EFE 2, HSCsIY
YA AE S R AE AR . TEE /N B BE PR
SEAE /N, P BE A A T A R A I )
Y/, T R R T X3 T 1 I AT N estin- i R 1A
MSCsE S A LR /N R NI 2 17415, RN, 22
FIHSCs 258 P, Bl bk i 25 A0 A% 40 A i 2 5 A%
iz, T 5 IS LA R B AR AR A Gt A
DR, B 2 178 4k TT 2 BB RS HS Cs ¥ A g,
T EHSCs b e 4T, 51 FEHSCs D RE I A2,
MG R IEHSCSHITEZ . N DK A 45 e i 75 A2 725 I
WU, B R A B HS Cs i 1 42 4 F R0 Bl
il o

3 REERRZHRATEHEHMMEXERD
Ry
3.1 [EFEFRT4RAE

MSCs& i fifl 18 I 20 ff 5 1) B 2L B o, B
A Z 1 AT RE, REWE /-y e DT 4n . B 4
i RN H 4R B, [R) S 2 CXCL12 T4 Rl 1 (stem
cell factor, SCF)FIIML 4= i % 1(angiopoietin 1, AN-
GPT1)%% 5 £ if1 SRR (1) = 22k YR, MSCs
BAR KI5 E, ARV IMSCs7E B $8 i 4 1
FrE A REANR], IF H B A AE 153405 fE, RTHSCs
A E B AAEZ R . i, Nestin- = 2 1AMSCs
gD, FE AN KR L JF B4 A
A7 1E RE P HS Csiff 15 1) 228 Jgp 22 21 24 A it /3 48
FAh, Ab TR SRS HS Csth 3 B M 7R PN /)N
BB I, B Nestin-im & IAMSCs I FR 2 B3, /KN
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®1 RERRZHER T BHERIMEITHSCsHIFIR(IRIESE 3K (4,32]12250)
Table 1 Regulation of bone marrow microenvironment on hematopoietic stem cells under
steady state and aging (modified from references [4,32])
) i) TEB Bl P 2 AL FA TR 1EH LA PR FEEMOL T R AR H
Cell type Location in bone marrow  Role under steady state Changes under aging Functions during aging
MSCs Periarteriolar-MSCs Produce HSCs-supporting factors, ~ Enlarged morphology; Decreased expresssion of
(Nestin-high, aSMA, including CXCL12, SCF, AN- impaired clonogenic poten- niche factors; secretion
NG2"); perisinusoidal- GPT1; promote HSCs quiescence;  tial; reduced proliferation of inflammatory factors;
MSCs (Nestin-low; CAR;  regulate HSCs maintenance and ability; decreased endos- aged HSCs closer to non-
LeptinR") differentiation teal MSCs; increased non- endosteal niches, away
endosteal MSCs; increased from endosteal niches
adipogenesis and decreased
osteogenic differentiation
OBCs Located at the Indirect role on HSCs mainte- Decreased numbers Inhibit vascular growth;
endosteum nance; osteoblastic lineage cells the reduction of endosteal
(pre-osteoblasts, skeletal stem niche promote the expan-
cells) are important for HSCs sion of myeloid progeni-
maintenance and lymphoid tors; decreased production
differentiation of OPN
ADPs Throughout bone marrow  Negative regulation of HSCs func-  Increased numbers Inhibit osteogenesis;
tion; promote myeloid differen- inhibit HSCs self-renewal
tiation; promote hematopoietic and quiescence; promote
regeneration after irradiation via HSCs myeloid-biased dif-
secreting SCF ferentiation
ECs Perivascular (arterioles, Produce HSCs-supporting factors,  Increased overall vascular Decreased expression of
sinusoids, type-H including CXCL12, SCF; density; decreased arterioles;  niche factors; impaired
capillaries) regulate HSCs maintenance; preserved sinusoids; angiogenic potential;
regulate lineage differentiation decreased type-H vessels; increased vascular
through Notch ligands; AECs increased capillaries leakiness; decreased
promote HSCs quiescence; Notch activity
SECs activate HSCs to enter cell
cycle
Sympathetic Located at endosteal and Regulate HSCs maintenance, Increased numbers B2-AR promotes HSCs

nervous system

central marrow; associ-

ated with arterioles

quiescence and migration

myeloid differentiation
and facilitates platelet
production; f3-AR con-
tributes to balance HSCs
lineagebias toward lym-

phoid production, inhibit

HSCs aging
Megakaryocytes Close to bone marrow Regulate HSCs quiescence and dif-  Increased numbers; Aged HSCs away from
vasculature ferentiation via secreting TGF-f, closer to sinusoids megakaryocytes
TPO, CXCL4
Macrophages Non-endosteal and Promote HSCs retention in BM Impaired phagocytosis Promote HSC myeloid

endosteal niches

via regulating osteoblastic lineage
cells and MSCs

differentiation

PDGFRa"MSCs 73 A 7E /Nl ik i i, H:3RIACXCL12
FISCFZ%, {2 #FHSCs ) E fE M 2 m#RiACXCL12
f{JCAR-MSCs I LeptinR MSCs| & fi7 78 Ifi. 55 J& [,
HA BRI s ARG A0 78 R, I8 i R T

15 B Nestin- 5 R 1AMSCs 2> 5 BHSCs A1/ 3 ik (1 B
BRI, JF B EEAS, U P Nestin-m R IAMSCs
AE i HSCsHI# E . Nestin-fik A MSCs Il 3 55
TS A B, S % . bRk 4h, NG2'MSCsAHl
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i 1M SRR IS HS Cs I ThRENT 1,

ERHFHESRME, 22l AR I
MSCsHI AR, G A7 7 B N % 2 1) Nestin-
2275 MSCs. aSMA'MSCs. PDGFRB"MSCsAll
NG2"MSCsH s il /b, 1M 78 B 8 1 [7] X IR T MSCs £
TORFEAN AR B g g0 {H EMSCs ) i I
YHFRF, ICXCL12. SCFAIANGPTI ) %% /K
BB, B S EEEHSCsIhREZ 0. FHE R
W, MSCsTEARAS K, ST A 5 B T e 1 32488, 5F
Tt 73 s 9RE Rl 3 B0 T 40 MY (hematopoietic
stem and progenitor cells, HSPCs)H] 7 [% J ik BE
TNPEERY, MSCs 73t 23 77 A A 1] 1, R 90 A g
AN, BRI Ak, 3 HSCs S
Nestin- 5 #IA [FIMSCsFE 2538 i1, {52 FNestin-fik %
IEMSCs () #H B8 B A A AR A] WA [R] 57 B FIMSCs
X 3 HSCs AR FHAS R, 1M AR R Thie AL
N SR YNTIS
3.2 B4R

24 FOBCsYHSCsHIHIEE A E S . A
W 5T K B, OBCs#K ik Ifil /MR A= % 2= (thrombopoietin,
THPO)HT ANGPTI, HEi % HSCs )i SoRAR 24,
TRPTERROBCs)a, & S 8K R 4 R FHE R AL41H
g b, i R 5 R R E R R TS
RAERAZRIAT S B MR £ 5, 2 S3HHSCs
R4 G0, A T 5T 45 RN 7, OBCsXTHSCs ]
WA H A K, 4 F HCol.2.3-Cre. Bglap-Cre&},
Osx-Cre I H 7E AR P9 KR PE R BROBCs H 1) 3 21
I 3% ¥ B 7 i CXCLI2MISCF i, HSCs ) % & F1 3
RETF AR Z BN R E 5o P28, 54 AR S
7N, HSCsA R 4B 7E A7 B o0 A b 3% B2 AR 5%
PEOT H ET AR AN, B AR A R A PR T A4
Y RS LT 4E B ), T AN A2 A R 4 R, XS
HSCsHA B #2 1)R#1E .,

BE % 4 14 10 18 K, OBCsIT AR I i T v 52
AR AN A B A R W T R, AT S BB R
(R A0, 5y A, 3 /N B BEMSCs B 4 4E e
398 5533k — B {2 3k 7 OBCsHU & 122, H I
RS2 (145 /N L E R T 22 2 HSCs il 1L, 3R
HSCs ) EURALY, MSCsiH 44k 41 £ b %
‘B M 2K [ (osteopontin, OPN)Z3 ik ) ik /52, 1ijOPN
XTHSCs (134 58 62 2 9 ) R 78 S, DRI TE 32 2/
SR B, OPNIKT- B FRA T g — AP {2 #EHSCs 1)

Ci P
3.3 FERR4mRR

FaZsF, ADPs TS HSCsIhAE. WA I, B
KB B8 TP ADPs 30 R I is M 2 A . 75D
P, 5ICADPsHINaHE R A EL, = & ADPsHI EAE R
HHHSCs AR Ik o A N T B ADPsECR] F 265440
HIADPs T A RE 3 = HSCs F2 A8 5 2 fE 123, 57
4, ADPs;™ AE [ IR B 3R E AR /b 2 ] HSPCs (1) 3 5
REJBT,

H HEADPs [ HE R & 5 2 e H B RIE 2 —
WL AR, MSCsI IR 7> L RE T 1 g, F 80
Z/NRE BEHADPsHE £, OBCsil /b, K5 i i
WK B B 4, FE BE R RRCRE 7 RN 3 I Th R 1)
BB, X — i B 52 2 B S R RS Sl B
W%, LW fEMSCs 1 bR % 5 B 7 FOXC 123 3 51
ADPs[{ 1 % ™ 5 B HSCs i 4 55, 5438 1. Th
RECT: 26 WL 25 K] -F-BMI LU 6 40181 28 Z MSCs I i
JE 734k, AT X HSCs I Th 8 7= 2B IF A #5155, 55
4h, ADPsHIE 2 2> (I8 dE B8 R A3, M {2 it
HSCsH#5,

3.4 AREREFNME

B — N EE LA, HHEECsH i
FE I Py BE, JRIE P 42CXCL12. SCFE4H A+
K IEHSCsIThBE. I HTie2-Cre. Cdh5-Cre I &
B S I R PR ECsH [ CXCLIBSCF J5, HSCs i) 4
FF R T RE A2 245145, 3k — AE ] T ECsXTHSCsH 5
B R VE PN, 5 B8 FECs 3 o N Bk N
2 Y (arteriolar endothelial cells, AECs)FIfIL5E P 57 41
Jitd(sinusoid endothelial cells, SECs). 5T iEHAECs,
M ASZSECs/= A4 [FISCFXTHSCs A S R 1EHIPY, 575 4k
AECs[JROS/K FHA%, 8 MTHSCs4E 5 75 & B4R
A, TMSECsHIROS/K 4% &, A7 T H b (T HSCsii
1, (2 HEHSCsH 0L AL R4, o] WECStH A7 7E1R
KT AE, AN A FFECS 1) 22 53 A1 ST HSCs ) i 72 1
FIEE RRRNBF I o

WFFERI, /N RAZENEREH AT
M RGeS, 15 B I3 25 44 1 T G A 5 2 o 7R
W RIS HEER . 3/ RO I R R
A R R, ECA [ AL RS [ 28 R o AR A
A B PSR, /N ki s, K4 R
BT BN B I, B SRR AR KA F
I 5t Y 3 AR . T i T DX i S A i
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B BELS, (HAEMNERERFR/NRIEZ 14
{%[11-12]0

/NI EBEECs T REH 32 245145, CXCL12,
SCF&5 4 i A 7 218 7K P B ARG, BT  7 BR AR, 1T
BB EFIROSAKCE I U, R4 5286 R, 53
ZIECsIL 1 I AR HSCs N 22 R 2040 Al 307 o
e 1524, HHSCshbE b, M ECsRefli &
HSCs H R EH e S, ABAS B % o AwiE 7 A0 1
B, 0T R I, B2 /0N BRI S I 45 DA S ifn 52
Ji Nestin-{X R IAMSCs1Jag2 KA Tt &, TH WAL=
/Ny ik 1L J% JE Fl Nestin- 15 3¢ IAMSCs ) Jag2 % 1A
W) 4. 25 Ao BE WTJag2(5 5 i % 1 12 3% 2 HSCs
() 3G B, A SR AR A i i v e ) o 52 o A
KUSUMBESM R I, 7552/ BE BEHH S ECs 1)
Notch{ 518 1 A 1 190 1 15 P 18 /)N 20y JikoRI e 3 A if
I, SMHIHSPCs IR EE 74k, (HARE T 248K
HSCslf) 3. 7 #MNotch1/DI4{5 5 3E % GE 1 42 1
B, TR R A B BRI B4% 5, NotehfE 5 1
(R IO e A 9k I A AMHS Cs i B 2420, 3 MU TF 9 4%
VLA, ECsINotch{ 5 18 B fEHSCs [ 5 & ik #2
RAEEEREEM, Bl TECsSH R, RIFE §E
FZECsffINotch(E 5 1E FH T e AR, EARHLHE 7 3
— .

3.5 RRRIETY

B A AERECE S EIR R TN
P R, Fd TS R R 8 2 1A (adrenergic re-
ceptor, AR)K 115 7. fEBRET, SR AL 4
I B3-ARME 5 il #% 1 $2 Nes- 5 7 iAMSCs 1) 1 5 Al
CXCLI2[) R IE K, 2 uaHSCs i T g 5 28 Ik
P22 AH S IRIGFAP it /3 4 i 3 95 v /K P A AR KA
“F-B(transforming growth factor-B, TGF-B), A& #2 {i&
BFHSCsHIE M. F 4k, ACD34 4l i RiL 111p2-AR
155 Re Y SR T R 3 A RN RS A S B e ). R,
AN R 48] g I L B A R (R 40 SRR Gy, 4R RR
HHERE.

I, %o 3 38 1 1 v A8 I 42 21 2 IR T e 45 1
ARG BRI, 75555 0 A OC 1Y B 1 5A
PR /N BRASEZY rh ) B0 /)N B BE o 20 4T R /D1,
MARYANOVICHZ M R B, B F IR R4 I
REMI PRI E THSCsI 2. FARYIBRFR /MR
B, HSCsRILH B 5 11 32 2 HRAE, WK &Y
W, i, HERR RS, ZHEREES

T E BE IR B I R A, s Bk i K B 4 4, MSCs
i [ T R RE 77 B AR AN 1 I S FE R - (CXCL12. SCF)
Foak K FEAR, T 1K L IF 2 3 2 E BE SO B 1
HYERE i . CHARTIERZEUIEN A B, 78 B AN A= iy JE 3
HH, B B AT R 4 2T o 1) M B R B A T AR AR
TRFFAAL . FEBOH B — T Fih, R LR A g
FARXE /N B AR 34T B 2 R P2 AL B (tyrosine
hydroxylase, TH) & ¢ e 4eth, RIAEFEZ /R,
TH R B L LT 4E R 2 72,5051, H5iX—45 15
P52, ZHE NI M ETE SN, R NBEE F i
IR, NI 2% 2 HE b R 2R T =S,

TEN AR, a-ARAE B 3R 1 B AZ 41 13
B b BRI /INBR (T B, A RS 40 B 1) A%
RN A A 52 T B- AR B A
Y1 B R R 1175 S UHS Cs i 2 17 B0, it 5
HSCs 18 5 73 AL /MR R TE 0. Ak, HSPCs
A) A% 2 41 23 40 I AS TRL IR, T RE & B ARG
AR, RIEMPLPEFTER . R FHAdrb2"Fl
Adrb3™ P Bl i B BT 7T B2-ARMIB3-AR T fE I K
B, B2-AR MBI e 18 i 2 i3k v i 5 o 40 P o v
Y1 A 25 6 AT 38 5 A% R AN I 23k, T B3-ARM
TR R R o> AR YEFEHSCs I 70 A0 P i . 7235
Z/NREBEY, B2-ARMIME I HEIEB3-AR, M e 1t
BE R AU B AHSCsHIFEE . A4k, fER TR
B h, B3-ARZN I REAT R mHSCs itk & 701k
e, IR TR R HHSCSI BRI, [H ik, B BE
IRBE AT RE RO I PR 20 38 1L R B85 2 T 69T
B A ER AREL A2 T sk 0 — B 5 5k I 400 e
FERPEAE ) DL R ML A4, 75 2 —
I IT .
3.6 R FAIN4HAE

kR 2 B L R B, B R4 FAIHSCs 2
MAAEEYI KR, H—HHSCsEH BHE M E &
FA M A R R, IR RO /AR R T R E FR I,
WICD41 AN I % £ 1M & 99 [A] T~ (von Willebrand fac-
tor, VWF)P"2l, a8, B A% M M 4 10 S RE B 4% 4
FEHSCs(1 3 58 i B o i b, BAT i /N ARORY fiE
2 0 A6 M TH) HSCs(VWEHSCs) % 7 78 B A% 40 i
B, JF 52 ERZ AN M 4%, EER B2 55K
vWEFHSCsHSE ™ . B Fi 81, EAZ 4 ] seid it
ZFPHLH IS HSCs H B EURZS, BLFERE I /IR A
T TGF-BEEE™, 7F 3% 2 /N B BE 1, HSCsHl B
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HANMECE I 2, EAZAN R A i 57 8 52, (HEE
ZHSCs B EAZ AN It BE 2538 K. R B3-ARBS)
Wb EREEZ /NG, ReBE AR RHSCs 1 e 71k, K2
HSCs 5 EA% 41 Jd 18] 1 #E =5, 156 BIHSCs i B A% 41 i
FHELAE FH IR 08k 55 T B A ik 7 i R G g
{H B AR R ILEHNE 73— B 5.

BT BN AN, T4 A S i R AR A B
ST R RE28GE L T2 R (DARC. CD234)
- FCD82MFE, B ATEHSCs I GERES 1, iy
T B B 20 B 4> S BHSPCs A AR A I Eh 1157, S48,
538 401 O 6 30 ot A 4% B R 4T B ATMISCs AT {12
BEHSCsAE B 8 v 1) 2 178, i fE b, E kg
Jf B M T RE R AT, 5 30 2 I MR Al B TE
Wi e G B, ITE S A 4i A R 1BE 5B E S
i I/ NBR 23 AL FRTHS Cs K FE 9 3, (e ik ids if. R 40 52
2,

4 EEIRE

B8 B 0T BRI 0, A AT 3 I R 4
B BERHOA S Z MM EAERA 7 RN,
H A IR 7o 4 SRAE I, Fas e 21650, HSCsH)
INREANHE 5240 g P9 ZE ML 1R 18 48, 38 52 BT 355
IAME IR TSN, ZMETRARIY R T 5400
VA R 25, JE i S S I AN A R T3 R 4 RE
Wi R E, EREE LR, M 2
o B R A4 T R AR T i AR A, AT X HSCs
MITHEEF= oM . (2, H T 5220 I 5 o R e ok
AR TR R R #1503 S 40 B LA ) R 92 A FH A BL
HEA Rt — 05T, W' bR R e 2 A Al 1o
T 5 JoT 20 M R FE AR 1) B A 4l B FITHS Cs 2 [R] 1Y
FEAE AN A4 o, A L EHRIE, HSCs
AE % 1 45 TR B0 e, o R G TS B )5, HSCs i Bk
K22 ECS I 1Y JA A1 LS 4 7k, HSCs#K ik [JAN-
GPT1 47 [ ff] 428 I 5 7 AE 190, A4 %222 FIHSCs A2 75
W FECE RIS M E A, X — W 8 fF RN
(RIIE 5T o
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