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[ Abstract | Bone marrow is an important hematopoietic and immune organ. It contains hematopoiesis
stem cells, mesenchymal stem cells, stromal cells, which provide a specific microenvironment with various growth
factors and chemotactic factors. However, it causes the primary obstacle of successful eradication of bone marrow-
associated diseases. Under the pathological condition, the bone marrow microenvironment supports the metastasis
and growth of malignant cells. In addition, the delivery of therapeutic drugs has been hampered by its unique
anatomical structure and bone marrow blood barrier. With the progress on the study on the bone marrow
microenvironment and the mechanism of the particle uptake from the blood circulation, macrophage and E-selectin
receptor on endothelial cells have been discovered as targets for improving the bone marrow-targeting ability of drugs
used for therapy. Combined with nanoparticles technology, passive or active bone marrow-targeting ability of drugs
are further improving by controlling the size or modifying the surface of nanoparticles. Herein, the physiological
structure and biologic functions of bone marrow are analyzed, and the bone marrow targeting nanoparticles including
liposomes and polymer micelles are summarized, which provides the favorable methods for the diagnosis and therapy
of bone marrow-related diseases.

[ Key words] bone marrow-targeting; nanoparticles; surface modifying
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TRIT I , B REI S B R R A B BB . W R
PR I8 5 (vascular niche) BEA2 Sy [ 1995 T~ 200 Jfg 4 f 5 5%
[ B SO 5 4 25 0 U3, BT A S/ 8% B 9 kL (minimal
residual disease) , X 1 & [ 1L 5 B 5 B & RO ARAS IS L A%
S N E BRI Y ik R T RA =Y, A
It 25 7 T O R B R A OR R R T A, B A 2 R
T 3 LA % B 86 1M 5# 85 ( marrow blood barrier, MBB) Ay 7775 ,
i 45 24 AR MEHE BB o DL, 25 5 4K 2R EE I T RE 1Y
PRS2 40 S RS Y B AR R R S
B A R 25 H R A YD) R A 48, 6 T AR SR A2 T B A
G ARAR AT 2R R
1 BHEEALAMREYINGE

HHEA TR B L A A R E W 4% ~ 6% , 2 NI
K& MAE . SN H M T3 a5 ERS
AT TE B A DU B R R i B A O I R K
W 3% 21 Bk ( nutrient artery ) 1 J¢ Bt /N & &R 48 ( cortical
canalicular system ) 7] ¥ J8 586 100 9 (9 S 9870 B o o
f#% ( marrow blood barrier, MBB) J& ‘i fiff 1 Ifil 41 % il if 1 34 2
Tea] 290 i 1 40y e 52 e B B I . BBB R 5t 4 4 1 S Y 19 K2 40 Y
2NN S A DL RO S S I R IR . P9 B I 52 BE
B 8 4 A 5 B Wi 40 i, % FR 4E 55 8 48 M ( perisinal
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) 20 R4

F et - 200 i 3 Ao B IR DN A R B VE R 80 P B A 2
SR RE Y R B . PR P R A I Y 4N A 3R T
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Table 1 Summary of nanoparticles with targeting bone marrow function

(diaphragmed pits) , 7 i # 1 ( diaphragmed channels) ) K [
HEFL ( diaphragmed fenestrae) . & 4% N &7 41 Mg J% A 85 ~ 150
nm (1 /NFL o PRI 42 T 480 R 1) R A TR /N J2 O T HE 1] - R 1
FNF 22—, Bankston 25 % BN KL AR ORE, AR (OF- 3
AR 28 nm), BEWE ZF i P& AR AL B #E A B 8. De Bruyn
2OV ) g BB 1 (SR MR AR 11 nm) AT L 9 1R 40 1 B
PR |, Joc 2 L) AN L P9 R i AR R B

HE— 20 1 40 AL 2= I Y R IAE DR R T P B R IS R 5
FLYgFRIBHER (28, I 2R N- R R B L LB V-2 T
U , T S04 0 2 1R N B M 9 208 B A
A ) 220 B AR R e g B P B S AR DG T AR 5 B R
BEZ AR E MRS T L E 86 Eah M A2, A,
3l 16 T B 5 MR R TR AR B B B TR G
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JEEN 0.1 ~2 wm (954 20 WORE mT L E 2o T2 180 P B 200 e i
TRFEVLHE A BB AH Y J2 , 100 nm (19 B 4 24 10K R B
I P9 R A0 A R AR AR Sou 25T 4 T B
A0 1w 1) i B, P T AR [ B ) s iR N A A AR KR
RGN G 0 B BE N 4 B 4r A T 72% K069, 7% VE Gt R At
(injected dose, ID) 1 Jig J5i 4 , £ Bl & B P9 T WL 2 33. 5%
ID {4 A5 A4, 15 LA/ B B8 P 20 A AUA 9. 3% Al 12.5%
ID AN BT A HE 3 L6 il g [R] /) 22 55 ) BE 5 B A% AR
W ZR S8 O 9 B B8 ) 22 18] 09 38 4 M S BOA G
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Ok U6 94 DK M K 1 A AR N IS B B R E
% 4t (mononuclear phagocyte system, MPS) i85 3 M Il W& 1@
Wrhibr o JF LR 6 EZM MPS 83 'H . 5T AR
FU B B0 T 35K 6 4 K A8 A 1 5% R AT 6 A 52 B G U
SR AT L A A AT TY 45 R R I, 8 Ao 9 oK B A R AT R e v 4B
Wi, T LA 3K B0 B 1) A RE R R 1.
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Jig B A B (9D AL AR ) gk 24 i 1y [19]
ROK LI TOR SR (VA% U0 I 407) T Bz 4 i i [20]
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REW EshE (e T 28k LA AT T 40 A N [23]

Z fLak LB (E-RE R R L IA) T Bz 40 7N [27-28]
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Schettini 25 fil 45 1045 B T &R (O BB A& 16 A
A 2H B Hh o 5 A S S0 1 AR B B0 (DSPC, 1 [E B A
BRIR TS BERR JER L 5:4: 1) , B & AR G/ KL 72 A B AR ( F
1200 nmijg 2> 2] 400 nm ) , ¢ 3l 58 1 B 760 -5 58 4 10 86 ik B 4
3t

Sou 4L T — RS T R AL G L ER
N-(3- R H-1-S AN AL ) -, 1,5-Z (FoNbe ) i (SA) LI L
DPPC, I [ B, SA (R LE 13 1:0.2) Sy BB A4 1 4 g oz 1, OF:
TER T E4G T 0. 6% K PEG-DSPE. R#FIkiES 6 h )5, i
60% K% A3 A TS i B B . —JriEl, f T PEG-DSPE #Y)
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:ﬁﬁﬁ?ﬁ%ﬁfhﬁm%ﬁﬂm‘ 2y 70% T 5T 570 5 0 e AR EAT
BB o KR — A BN T R R A ) B A T AT
2.2 BEWAKAL Porter%—; PO YRR T BT Dk
P 1) 2 B P B A Y SRR AT A TR DAL AR Kl
(60,150,250 nm) FH 24 R, H 76 I BRk 2% 10 18 16 10 9%
VO H 407, DG S AT Bl 4 B e Ik 3 S AR TN MR
FILA LU A S B 45 3 7R 150,60 nm 119 3R 3 B 40 Aii 78 B
i, 1 250 nm {1 SR W) 2 Z R AR, PR
M?M%&%&ﬁm%mﬁmﬁuﬁ %iﬁ%ﬂ&%%
PR 25 4 DT KA 40 A 8 B L SR Tk R 4 A R S T Z Ik R
W — SR TE
F A R IR R T BRI -R A
CEIL TR Y (PLGA) A 28 1) = & AL i 41K KL (As,0,) . K
BURE % i B As, O, A B 2R 7K 7 Bl & As,0,-PLGA 44k
FLIG o 2 W S AT 2 B T R R T AR R

JE o 3T/ BB H K TE S As, O, Az B K 7 ST K As, O, -

PLGA #K ki J5 , v 57 0 1) 8 H00R ik B M 48 4k, 45 S & L9l
KORLZE T LSS 25 4R As, O 765 B8 19 0 A, F B I I A
BB
4B i 1 20 Jf3 ( bone marrow macrophages, BMMs) %% ffi
ﬁ*ﬁ%ﬁﬁ%ﬁ’]@éﬂaﬂ%% 24 28 R 3% T 484 I H P Y B RE A
o T FL A 0 T L G B AR A MR S BMIMs 255
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YR 9K R, 5 BMMs 2L F 4 h J5 & 394 K kL L M & 698
AN, B BE & 2% 10 0 AP AE G0 8 I, i A4n i 2R
J\Eﬁﬁﬂﬁﬁ’eﬂ‘ééﬁAﬁiﬁﬂﬂ UNITE- 4N AR & SN i
PR XERAE T — iR A E A BE T R R . R
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] — B2 AR T, BE— 2 i R 5 BMMs i £ 25 &
J2 Fie 24 5 B L 1) ) G
Harris 25 > il 2y 005 20 A7 35 DR 245 990 9 490 KORE 5 52 1 Y

B R R M AL SV E JFFBE B8 RO ) o & Se A AT A%
TALEFURL DNA [ BHES T 49 K kL, o8 T 3k 4 5 1 39 o ol i
FL 1 R B3R B AN T AR N B L 7E BH 49 KOk 2% TR g
5 A B R 2 Y B, S B LT R e I A
TR A R 5 P 2 R 09 ik, B NH,-GK ( TAMRA ) -GGGGG-
GEEEEEEEEEEEEEEEE-CONH, ( poly-E) F1 NH,-GK ( TAMRA ) -
GdPALGAVARG-GGGGGG-EEEEEEEEEEEEEEEE-CONH,  ( poly-
E-cat) , 24 T 25 ¢ 4 KR 3% T BK (9 %5 B2 X 7 4k N 7% 52 19 3%
W, b 75 rh Ay B T S DNA B9 & B 2. 50 1 20: 1,
K I poly-E/DNA(2.5: 1) A4 19 49 K KL B 2 19 43 A6 7E
BFWE s 5 ploy-E/DNA (20 1) & i #4994 K L H 1L, ploy-E-cat/
DNA (20 1) 1 iii i) 44 K Az 58 22 04 43 A 76 I8 UE DL 26 /- g
B JBCE R B Y I HE DN X R B T poly-E-cat FH BT

By S F R 291 G-dP-dL-G-dV-dR-G S f4 .
2.3 ZALEE WA, BHERTENGELSE. W,
BB S Tl B B A R 22 b S TR O B B B AL 491 L

T HU S R IO TR LS A T 3K e R A i el R A T
R = N g A (RO L L T R B 2N TS 1 (R S |
70 ERE P A0 ISR 53 A Y B-E 5 R AE émﬂt%ﬁ&ﬁ
BN i R R T E AR AR A R Bk
HRENTHA ML R

L FLEE MUK (porous silicon particles) & — B 24 14 25 1
A A R AT R A A 2 A AT R R L R B LR
TR, 3 T L 2R 1 /N T R KR 45 PO, Mann
a2 T A R 08 U6 0 E- 2 B 2 R G IR 4K (E-
selectin thioaptamers, ESTA-1) . fA& 4} 52 46 45 5 7% ESTA-I
AR REVERY 5 ER B R 45 G, R BT 5 P-iE B R A L-3E 4%
R N LE A T/ IR b, Mann %8 P80 8 4 T 2k BRB
B 22 £L i URE ( porous silicon microparticles, PSP) , - ki 4%
F (1.6 pm, FLEREN 60% ,FLER M B AZ N 30 nm, Jf i i 46
G RN HE— L85 A I ESTA, AT 75 B #1457 2 35 mV [ ES-
TA-PSP Z fLAEGORL . 1A S1 5256 43 51K A7 ESTA & 14fi iy PSP
MR Z &M 1 PSP 5 E-3E ¥ R 155 19 A G0 & 7 K 40 i
(ES-Endo) $L907 % , 45 5 & 81 ESTA-PSP 1 55 41 fitd & T8I % Fff
) PSP (3 R R B M0y 3 . T/ BUR & ko 5 2 b
PSP ¥k 5 , ESTA-PSP 75 ‘& %6 vh 19 & L /& & PSP % 8 1%,
WAk M i ) ESTA-PSP faf 48 1 I8 T ik s i 1 40, B # Ik
TR S 33 4 A A T i Ak 1 5 FRRR B W) Wl v T A O A S
ENEE O

B R PR e B Y B R TR AL, JAK2/STAT3 {5 5 il
% LI T 4 i A R o AR v RS R A AT ke BEL U 3k A
BT LA /b b T 28 R R R B T Bl 2 0 s AL R i AR
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K, Mai 20 el 4 7 PEG-PET 44 K 8725 248 1) STAT3
FE ) siRNA P H ESTA &40 i) PSP e 2 It 44 K ki . 3 4
55 MDA-MB-231 41 f 207 & & B STAT3 1) % ik W 3 3%
NI o Bl 5 @ SE /0 B MDA-MB-231 $6 R 510 45 2 4L
HE 5 /N B P 249 24 B0 i3 4 it STAT3 33k 2 B il
3 BREERAFRANATHRENRE

T AR 3 i 8 22 R BIF 5 %% B T 24 B JH 0k Bl 4 o
LI RE 9 S0 LA B B AR SC R IR IT IR E EE M.
U, 5% 6] 75 S5 T 40 L ( bone marrow mesenchymal stem cells,
BMSCs ) AT [m) B 4H M, B C-H 40 M L A 26 40 0 UL 48
LHZmor bRt S, BB E RSP K H R
PR B4 FT AR 1 55 A AR 1 R T AR e R, A ) 3 o6
R OB s O B A P e = o A/ N = 3 N AR T
B WE5E 45 2 B R B £ K T 3 4 3k 2 Caspase-3 mRNA
FE 3K AN P T ol BEL Lk B R o i g
ANZ 4 Rbl i NS A B 2 —, B 12 o R 40 i
BABH HAGR SOD IE Mk Al HR 1 AR R Rk B B4,
AR EBA RO A AR A i A BMP-2 ) Rk
S AR N BB R G R A A0 e A )
Tia) 490 K 28 PR 0 28R 3 4 9% P v 2 SRR 5 4, BT BB 8 S B
X358 v vk g 4, DA i 5 4 46 1) 7S 9 40 M 9 FE L SR
O3 S 4% P 2 R H B A I R R A B B R fE 1. KA,
VP22 v 2 R H: SR AR T T B M 56 B B (0 I L B
R CHREIE ) A A I 09 9T AL, 8 R BT B AE A 2RO 8
SR, P, B R e DR 0 R B Rl 2y
S 0 K R B T A AR L
4 Zip

BB A 1) 0 K A Ry K R BE Ol A R 4 Y R A R DG R
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E-BE PR WAR)  fE—ERE L T M BN 6. &
T, 3% H IR AN IE I VD 1 407 B ) - 88 (9 HL 1 6 % b B, -
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