rb 40 i 25 024 24 Chinese Journal of Cell Biology 2022, 44(1): 24-34 DOI: 10.11844/cjcb.2022.01.0004

EMA Hideo(k % k), H A%, LM RFEREALREATR, LA R
fio TENETHAMENFMBELEEFHRINA, AR T HEE LT HRED
FHREAE. KD FRHREEAEFENH. EHREFAE. FEHEHEHR
Bre BARMKAFERTNAMANE L FT 4005528 i T 40 A8 X 0 2 5]
R, AEEKARAR N R HBBEAR KR REDTARMAENFAR, £E LT A
MW e, S THARN AR REAERE D T ARG IE RS NET T
MAREN. B EN ARARBEERE SEAMARLEITXTE. BREAK
4 Z 1 _ETE, B & Nature Protocols. Cell. Immunity Blood% % 4 |4 £ % %
XEOOL K, EE N THAMTREA T ZWFERDH.

BT B YMARAE RA S rE MM R R TR

ZEH EFT KILFXRT
(T 5 2 e 2 5 L 75 (2 B [ 2 R 2 ot L T S 0F 9 T ), ST 60 L 97 2 ] o g S =%,
] 5 T 2R 8 9005 e AR 122 220 7 rv s, A PR A 2] S 2, R 300020)

WE Rk T 4% (hematopoietic stem cell, HSC)Z — % £ &% & T 5%, BH A &K EH
Fo % @ AL 69 R T a0 fie. HSCHEYS IR IR TR B 3b 7= A &3k 2 ik it 2 IO L i i 2 4669 3)
AP, HSCH e i 64 e 33 TAUR M 0 AR K 69 W 2R %, 8% 3 HPT AL 6918 o IR BT K o
4 (hematopoietic microenvironment or hematopoietic niche) ¥ % Fr a9 % 7%, B HAF 5 2% ik IR3%,
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Abstract

self-renewal and multi-lineage differentiation. HSC is responsible for lifelong production of all blood lineages in

Adult HSC (hematopoietic stem cell) mainly resides in bone marrow and has the potential of

response to the rapidly changing demands of the organism. The maintenance of HSC is orchestrated not only by
intrinsic programs but also extrinsic signals from the hematopoietic microenvironment or niche. Therefore, the
study of niche is of great significance to reveal the regulatory mechanism of steady-state and abnormal hematopoi-
esis, as well as explore novel strategies for HSC ex vivo expansion. Multiple cellular and molecular components of
the niche have been identified by previous studies using imaging and cell type-specific gene knockout techniques.
However, as a complex three-dimensional system, there is an ongoing debate as to the specification and localization
of the niche cells and the role of the niche during homeostasis and stress. Recently, much progress has been made in
single-cell technology, which allows to clarify the cellular and molecular heterogeneity with unprecedented resolu-

tion and opens a new chapter for niche study. This review focuses on the major findings in analysis of bone marrow

niche by single-cell RNA sequencing.
Keywords

i i A A B B A i i 5, 31X — A B W]
SCHOFIELDMAE 19784 #i¢ i, 1k 5, S itk ifl 5 11 1A
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FIAR AP K 3152 R 36 10 () Dexterks 77 4k &, (H 1% 1 52
(1) 4 it 285 84 9% A5 4 58 4 T 5« 20034FE, SCADDEN
T F AL PIRILIAFE 72 201053 ) ) FH AR e P BB 48
IR AT A R DAL RN TR R B /D BROR R 1  BRUBE AR,
HH RS 2 A 0 I 52 TR G BEEZH 2. 20054F, MOR-
RISONZEMHIE FISLAM &R H 58 % B 72 7] LR SN R THT
P L A7 B i 225 1 531 34 I 401 P (hematopoietic stem
cell, HSC), 3£ & MHSC5 Ifil 5 (sinusoid)H 46, I\ 9
M SE PSRRI M EEH 7. B4, XK
YA 2 A B FU R A . ok, BN R
R FH 44 A e ) 5 R Rl o s AR A 4 45 0 HH 2 Bl 7
(1) 5 44 i, FFGLepr ZHAES. CARZAHES. NG2'4H
it Nestin-GFP™ 4l 45, T4 K I, SchwannZl
J®, BRI, gt S ik L E 1)
A%, IR B 0] B A7 AR A (A 1) 58 R 4 4 [A] T HS C
MR,
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AR o JE T HSCHF 3 P 4 5 RIS B i 9 Ok
B, HSCAE & 88 N A2 BENL A 1Y), 5 I8 A A I

hematopoietic stem cells; hematopoietic microenvironment; single cell RNA sequencing
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WRT PRI HS C 1) By fe 45 ) i A 56 4 5 ) W

BEE AN SR AZ IR R ICEOR LA . RIS
FFHAR IR R UL S A ME B 553 M B i ek, 4
Jo % 6 40 1 ¥ (single cell RNA sequencing, scRNA-seq)
DL %% 8] 5 2H 3 (spatial transcriptomics sequenc-
ing)$ AR H #5783, Jv i b i M40 53 16 248 fi A
T e I A oy A e it TR TR ik
XUEZ91%E £-scRNA-seq 4% [H) 4% 5% 21 DL & BE AR 41
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AT T VELH IR, gz 1 18 i 1H 48 B A0 fRlOA 558 20 i
() 53 1 18 425 W 2% ; ZHUSE! 0K seRNA-seq H 541 fifg
ATAC-seq&ti &, W H A B2 248 R [ 2 I P4 B2 48 i
(hemogenic endothelial cell, HEC)¥% 4k [¥y<r [a] B Bt
Loz Bodl G I 45 50 7, YVERNOGEAUSE! K
A scRNA-seq FIRNA KT Z 474 Il Fr* (RNA tomography
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R I AR P9 R A0 4T I P TIKRHONOVAZE™)
15 FH 1 22 457 7 1 Crre B2 2H g B 55 OC 33 — b A~ [ 3 I
% Bl Lepr' Bl 78 i T4 & . Col2.3" A i 4l g 52
M VE-Cad" 145 . BARYAWNOZ x5 il
B R PR BT AR 4 A gk AT SR B I, R B
LY (diffusion map)®f &R AR 1 FE 4, Ffad it 3L T
3 X ) B 3 R 7% (partition-based graph abstraction,
PAGA)TE H 45 vh i N 90 125 1) B AR B3 IR >R HE I
MK AL TE . BACCINER RN 2% [a) 4 55 4 b5 HL
AR 7 45 G, I OB R B B T I %
HEARRE T4 EE S, & 7 Mg e
AKX ILSEDX L B A B IX 5 S o X I A, I
FARNA MagnetZ3 i & 123 I B8 -1~ 0 48 i >R
BTS20 Tt PRSI A0 MRV S 07 Th ) 22 5,
AN FT T AR IR S 58 20 B e S R4 3 A e
ANE], AR EE AR —E, Bl B S A 5 i 20 B 2H 45
FEAFE M R A U P A R
Tk Z2 41 g (osteolineage cells, OLCs)Fl i 4T 24 4 ffu (&
). F AT A B 56 5 20 25 70 A SR o i e L R

BUAEA R WL, VEAE A R IR .
1.1 MEFBEERMME

FE B SLAM 2 5 Be 9% b i AH X 44k
P HSCHEMAR JG , FIH B AR R I BEH K 2 5
CD150°CD48 CD244 HSC 5 L& #H AR ¥, $7K M4
PN B 2 i R I A R R 5 4 i X HSC ] Y )
PEo JE SR AL R B, I R B A0 A AN ANl i 4R
CXCL12. SCF% DI4ERFHSCIYZ: i ifn ] 71, ik H
£ [8] 78 J51 41 B (mesenchymal stem cell, MSC)7i% 145,
TEARAMEE R A N AT LA v s RAR I, oAl
J& AR T RS — i S M I IO SE,
FE R L S I A 35 H R ) 1) (A She D 11 B S T 44
L AN g i, I A R R R o A IR R 2
SRAE /NS K, 55005 45 A oA e I 2 I
JE ] 36 J5 44 i R % 3R K VC AMIL 5 3 B 40 FITL-7.
Angpt1 Z545 54y 7, L HHSCHR I 14 51 22 44
SEAHSCHE /R B R, FRIRTTHSCI B
HEGE AN A3 A1, SR R R 2 R TR, R
JR AN A — 2 S MR AR A, S B4 R 2 )

’ Adipo-Lepr cells iﬁ}/"\‘g\\ ()
or Adipo-CAR cells \
y Cxeli2, Kit, Bmpd, 1 Macrophage @
1I-7, Angptl, Ccl2, ™ =

MSC-like fibroblast Cell9
Cxcl12, Kitl, Angptl

Osteo-Lepr” cells
or Osteo-CAR cells
Cxcll2, Kitl, Angptl,

Csfl, Cell9
~SEE  SEC
{ ' _ DIl4, DI,
Arteriole§ cxcli2, kitl

HSC QO

MSC derived Osteoclast

osteoprogenitor
Opn, Igfl, Cxcl12,
Kitl, Angptl

Treg

Sympathetic nerve

p ‘ sEC and Schwann cells
% Sele, D4, D1
’ Q.
Megakaryocyte
HSC Igfbp3, Igfl, Cxcl4

2 . p -
N/

Nestin'NG2* celil's

() S
Jagl, 11-6, Csfl, Arteriole §
Cxcl12, Kitl )

SEs@es s s st sses

Non-MSC derived Osteoblast
osteoprogenitor
Opn, Wnt5a, Wnt5b

Del-1, Igfl,

PR e e S AL PR AR 7R T G P B A0 AR R AT 0 S, A I R L R AT A e e LR E, LT R L R 0 T 2 D = M
Lepr'#ff. B H Lepr 4 MNestin NG2 4l il . 9% T34 1 5 /e 75 A7 (6 B S AR RIMSC, B L 705 s 0B ) T 28 i A4 L ) A 55 1AL
NI
scRNA-seq reveals the heterogeneity within the niche cell populations, especially perivascular stromal cells, which can be divided into 3 categories:
adipo-primed Lepr” cells (or Adipo-CAR cells), osteo-primed Lepr” cells (or Osteo-CAR cells) and Nestin'NG2" cells. It remains to be settled as to
whether there are more primitive MSCs in niche, also as the source of perivascular stromal cells.

Bl RS TEMEEMER MR EFLA 5

Fig.1 Hematopoietic niche cell populations and cytokines under homeostasis
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Tablel Cell type, localization and transcriptional features of the hematopoietic niche

®1 BURECMEMEARA SRR, AR EERARHE

AL B e ScRNA-seq i i 5] WRET  RIERST (6
Cell subtypes Localization ScRNA-seq signature genes Cytokines Ligand/receptor pair Effects on HSC
Adipo-primed Lepr' cells Perisinusoidal ~ Cxcl12, Kitl, Vcaml, Nt5e, Eng, Cxcl12, Scf, CXCL12/CXCR4  Promote HSC reten-
(Adipo-CAR cells) Adipoq, Lpl, Esm1, Mgp Angptl, tion
Angptl4, 1I- BMP4/BMPR1 Regulate HSC self-
7, 1I-15, 1I- and BMPR2 renewal™!
34, Csf1,
Bmp4, Bmp3,
Cxcll4,
Ccll9, Ccl2
Osteo-primed Lepr” cells Periarteriolar,  Cxcll2, Kitl, Wifl, Cd63, Sp7, Cxcll2, Scf, SCF/c-Kit Promote HSC mainte-
(Osteo-CAR cells) nonvascular, Alpl, Sppl, Ibsp, Cd200, Tnc, Angptl, Csfl, nance**%!
trabecular 1gfbp4, Postn Cell9
region
Nestin'NG2" cells Periarteriolar ~ Nes, Cspg4, Acta2, Myhll, Jagl, 1I-6, IL-6/IL-6R Promote HSC self-
Mcam, Sppl, Cdh2, Ngfi Csf1, Cxcll2, renewal®"!
Sef
Arteriolar endothelial cells Metaphysis, Pecaml, CdhS5, Tek, Ly6ba, Cd34,  DIlI, DIl4, DLL4/Notch Regulate HSC dif-
endosteum Icam2, Podx] Cxcll2, S¢f receptor ferentiation'”!
Sinusoidal endothelial cells ~ Throughout Pecaml, Cdh5, Tek, Il-6st, Stab2,  Ang, DI, Angiogenin/ Promote HSC mainte-
bone marrow  Emcn, Icaml, Flt4 Dll4, Angptl4 ~ unknown nance and myelopoi-
esis’?”)
MSC derived osteoprogeni-  Endosteum Runx2, Sp7, Greml, CD200, Opn, Igf1, OPN/CD44 and Inhibit HSC func-
tors Sppl, Lepr, Cxcll2, Kitl Cxcll2, Scf, integrins tion*]
Angptl
Non-MSC derived osteopro-  Epiphysis Runx2, Sp7, Greml, Sppl, Opn, Wntja, WNT5a/FZD Promote HSC mainte-
genitors Coll2al, Mmp13, Tnn, Ostn Wnt5b, Del-1, nance™
Igfl
Mature osteoblasts Endosteum Collal, Bglap, Collla2, Colla2,
Sparc, Car3
MSC-like fibroblasts Periarteriolar ~ Fnl, Dcn, S100a4, Sema3c, Ccl7, Cclll, ANGPT1/TEK Indirectly regulate
Pdpn, Cd34, Ly6a, Pdgfra, Thyl,  1I-33, Cxcll, HSC by promoting
Cd44 Cxcll2, Scf, vascular damage
Angptl recovery?’3!!
Niche-associated mega- Collal, Col3al, Col6a2, Igfbp3,  Igfbp3, Ptn, IGFBP3/IGFIR Promote HSC prolif-
karyocytes Ptn, Mfap4, Sparc, Anxa2 Angptl6, eration’®”
(embryonic)
Niche-associated mega- Mylk4, Wnt3a, Wnt4, Dkkl, Cxl4, 1gf1, IGF1/IGFIR Regulate HSC prolif-
karyocytes Dkk2, Exoc8, Cplx2, Rab3c Fgfl0, Fgf9 eration®”
(adult)

FAEARBEENRES, HERER, SR m R
PR X o AR PR P L s A P 45 2R, IS
Ji [l 22 5 40 B W AR 43 N Lepr 4 Jfd ANestin NG2*
AR

1.1.1 Leprémf.  J&Z Z{&K(leptin receptor, Lepr)
FH A 40 0 2> 5 B 8% A0 T 0 A R re i 450, 5L 4900 H
SCF-GFP. Lepr-Cre/)™ i 5 24 (A 55 i 7w 1L 7 ]

Lepr 4 g /& B 86 SCFA CXCLI12K) = Bk JE, M
Lepr 4 it 51 B CXCL128% SCFRERS K K FEAK &
i HSC % 229, R Lepr 4 i G818 1 734
YL N TR AR g . A4, I CXCL12-
GFP/IN R B e #8571 152 J& [ ‘& & CXCL 12
R 20 i, BOCARZH () 47 7, [\ FF 2 CXCLI12A
SCF 1) # B R YFT, I HEE 7= A TL-718 5 bk R AL 20
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KO FIBAH B 1R 7 A A1 R B B8 K /- CARZH i Ay o
B2 TP, A Bl oA M s A I e e i — 2P
Vo) o LRI AR e ol 12 o

FR 4 5 S ZHARFAE , Lepr ™4 B T &1 2 1 g (i 4
FECE WEF NS . BSOS Lepr 4 Ml & £E Adipog 1 Lpl
&5, BA TR NE 20 BRAREAIE; B Lepr 40 M ) = 304
Sp7(Osterix) AlplF Runx2%5 pl & k5 7+ 5K . CAR
U A RFES Lepr UM 2RALL , 0] 43 4 g T
I (Adipo-CAR) A EH f 4 (Osteo-CAR)! ., Hor
Osteo-CARY il Lepri 5 /K54, Ak Lepr-Cre’%
FER/N B A Lepr-Cre A BE A i 57 CARA ™. {4
AT EE SIS UESE, BTG i IF Lepr 40 i £E 2T 4E 40 g
VKT AL (CFU-F) i 25 5 4, AT A
EAHMEA A E SRR RGeS, BT
UEHR 27, BIG Lepr 4 il 22 [l 8 IfL 52 2 A0, 100 B
Lepr 40 il 2 i€ O T FA it X8k, 5 H s RRAEAH —
o T — TR O R B FIEOR 5 gk
RIME AL G, 3 — B4R 7 e f Lepr 41 i
FE /NS K DI 3 I8 DX 73 A e B lfMOR-
RISONMF 7T 4H B3R 1 , Osteolectiny 7P 1A T /)
Bk 8 B Lepr 4 A |, Osteolectin ™4 i fE %
T I B T ML 0 A a3 S A i BT AR R A 5 b 2
e /INgJ) ik A 6 4 i 2 e B A 3 22 2 3 b, Tz
B RE % R B A Y Osteolectin ™4 iU (Y B4 58, I 22
1 DR P A AR A B B = . H T A RE B R Ak
HE Lepr 40 A 5 & Lepr 4 il 22 15 B b £ 12
PR FR, WMABEHE & S AFAE R IR FIMSCHE Ry —
FILE ) ARV, DR, RIS Lepr 4 Pt A1 R B
Lepr 428 &, LA RMSCHI 4 75 F1 R AL 75 2 5 4
W — PR R .
1.1.2 NestinNG2"4mA¢.  Nestinse —FP4ij-E 2 &
], A A Nestin-GEFPI i 58 R 2 /N BB A
Mg H Rk . MENDEZ-FERRERZ: "R ] Nes-
tin-GEP/INER I 7 /& B, Nestin-GFP 4l fi 7 14 71 g
e riRERE AR, IHERE T RIMRE thiEee, 78
14 P 4 Nestin-GFP 4 fifd 51 % J5 HSCIH S e 71 T F%,
F B 1 Nestin 40 g 75 38 1fn 3 FF 7 0 IEH . R85
GFPZ ik it 711138 55, Nestin-GFP 41 g 7] 23 A i -
Nestin-GFP" 4l g £ £ 5 %, 2 WK 7 A7 75 1 55
Fl, 24780% 5 Lepr 4l il 5 & ; Nestin-GFP™=" JUJ 4 %
b, FEFE Nk, [F I IANG2(Cspg4),
/N ik ] L ) A8 Sk 28 4 24 A Schwann 4 g 20

R F 28 2%, L [H] RIS HSCHER B4, KHAN
LA T LW, BA AT Nestin NG2 40 g 5 115 ik &
AR, TS AR S (e EHSCY 1, AR 5 1178
Jik % [ Nestin NG2 41 ffd 25 2%, JiF A HHHSCH &= K i
J/b . SR, Nestin NG2 41 it (W 70 58 A HF 7 A 9%
JebR & ISR, X AR K R R 1] 1A DA AL
. FAN, [R5 Nestin FING2 f 5 J57 40 i+ 73 F
b BT AL AW 5 Lepr-Credll i F21k, 224155k
Z R S A PR SR H 5 Lepr-Cre 4 [X 731431,

SCADDEN//|N2H POV 4f5 B 441 o %% 5% 4 0 7 &5
B BRI R iANestine NG2, LI JE bR EActa2.
Myhll. McamJAHE LN Nestin NG2 4l . X H#F
AL FFAE R B 2R 1A Cxel 1I2F1 Kitl, H. Lepri% sk /K1
X RAR, SE TR AN A =% B — R EE
Cdh2. LeprF Ngfi, Kitl3i5 &5t {8 Cxel 12K 5 &
AR 58 T FRANHL Cxel 1 2R Kitl ik /KPR HE R,
I3 FIRFAE AL/ B ik B R 48 e (NG2-Cre ER/Nestin-
GFP"eh) 4144, 35 — S A i Coxel 1 2% 3 7K P B i {H Kt
Rk E AR, A HEXT N 52 FE 41 ffd (Nestin-GFP™) ", AR
i DA% 55 A R AE PT LA Nestin ™ NG2 41 Jifd 5 Lepr”
YHHEIX 43, 1M Nestin"NG2 41 fEAS 7] 1) 52 (R R A 11 0
Al A TR = AN WREEHSC % A AR R ThBE
1.2 MER K 4HA

P R 4T i 7E A2 2SR BE 9 77 4ESCF. CXCL12,
Notchfit /4. BMP2. Dhh. Wnt244 [ 1 4 FFHSCH
SR BB, TR RO T BB P2 2EIL-6. GM-
CSF. G-CSFZ&{ #f HSCHL s 34 5 Flor 4 . 53 4b
HSPC 5 P4 57 1 B B2 85 fidoxod 2 B 38 50 37 A 5 43 Ak
FRETEW, FREELELHAS, K&
F-FAT HEB I Je B ik a) B PR 5 ) i R H
SPIR/ANBI K, 75580 N IR AL s 5255 32 T% ACE 4 I
B, o g A R A 1 B 4 i = R HE
A, R FRHAY B 40 I 10, H R R 5 A AH 40 A
NG2 4 fg FIPDGFRBE i 4 o7, 7E ifi 4 % p Al i
TE R AN AT Bk 5 Ab—Fh B 40 LA 0T R i
(I 5%, 3 A RE T, 5O B O, AR oMLY
B . S22 MR 0I5, 5/ sl kAt
A S I I, JA L 1 % (reactive oxygen spe-
cies, ROS)/K-V-H &1, {2 HSPCOMEAIERS; /Nl
ik 3% 1 A, FE FEIROS/K T B, i 4EFFHSC T
B EUIRZSES AT 3h oM 52 4047 i IS HS C
b AN B 3 S B AT AS B
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B8 ML 5E 5 3h Bk B g i V£ 0k R Rk
2 Th5 84, i Cdh5(VE-Cad). Pecaml(Cd31).
Tek(Tie2)F1 Kdr(Flk1EX Vegfi2)%: . W% 5 Rik 3k
DA, 9 R 40 B AT 43 9 Sca ™/ Nk N K2 20 L (arte-
riolar endothelial cells, AECs)#ll Stab2"e" iff 5% P Fz 4H
Jd (sinusoidal endothelial cells, SECs). AECsE %
Icam2. Ly6cl. Cd34F1Podxl%; SECs ik Icaml
Sele. EmcnRIFIt4(Vegfi3). Notchfit {&DII47E ifil 35 1
Sk N R A, LRSI HIHSCH 86 R LR
JF IR O R IS R R IA, 4EFERR S THSC#i% R 41
B P AT T A B T ROE, 7R RN RBOE
PN i Notchi # i 9% {12 EH L T 41 1 & A1 /s 30 ik (1)
B AR B9 /NS ik E FIPDGFRB RING2 4 i 41 i 3¢
&, M2 = SCF/KF Al i FHSCE 57, mT I py
J K JENoteh (5 5 EHSC A 44 LA K2 1 52 Thfig U/ 35
JiAH R REZEER .

15— IR A NG LB B8 (fetal bone marrow,
FBM) [ 5T 48 7~ T FBM A L N 57 1 7% 53 4L A5 AE
N [B] o3 A e R [ DS BRUCE R P R 4 PR AL, A
FBMIJAECs# 1A 5 7K - (1 Cd34F0 Vim, UL Kt 22
Fe by & UncSb. DI4RIPdgfb; SECSHRIE 1 % ik Ctsl
Stab2F1Sepp 1, i 7w H E 7K P () Thbs 1 FICcl 1413
i%. ThbslBEHE (2 FEHSPCAE B %8 H 1 B, Cell4
WA T8 5 6 F A A A R G A P, S S B
7R, CD34""VEGFR™ ) ik P Bz Btk 48 5 4K 1 ; CD-
34°"VEGFR""[fIL 5% P B U £ & T X $8 4 i 28 B T2
R A% (T IR 254405 T BE R JE I C D34 IfL 45 SR R T
I S E B SRk, H S CARYN ML [ & A T
i ity A BT X 50N BRCE B P H R DL I A ) 43
AR AL, TR IS RF 75 T R PR AN [F AR
1.3 HEIEARMAM

S 40 L A R 30 5 HS C e 42 AH 5K 11 4
A, T30 o 5 2 R B R T B 40 i i 398 R
F R, WS B BCE 4 M3 2 0 [R]B AE A HSCHL
(386 22, LG HE - P P A 40 i B T 2 HS C
MIERED . ML RN AR, B iR B LREF
Osterix(Sp7)HE 1 3% 22 A 10 A [ B B 1 22 Joii 4H 401 i,
Rl A HAOsx 4 i 38 2 A MSPC 45 1452, 4R 1 1)
Col2.3-Cre. Sp7-Cre. Bglap-Cre%5 M B i #H.4H i S
B3 R 4 it 5 B CXCL 12 B SCEXFHS C ) 5 i
HAp2225300 i 35 X HSC 2 M s i I BIF 70 R0 R A% 15
AR, B 2 1E 45 32 B R s 40 i B A0 ) T 32

FRIb T 2R AH 20 B, T i i 5% A i A R el i
[F) 4T 4E BRI 7 AR MHSCo B N IR IX 5 1 Ak
HAIA, A A Z FAd R AR, A s s AE e R
HANML BN A, X e A AN A 3 i PR T
AN A R, e REEE 2 M E S o T AR, 3%
[F] B8 P HSC R Th g 1,

L — T SR B, 58 W AR R i A
KM N Acan™ BCE A0 3= 5, FHF Y2 )5 el 401
T Lepr 4 i ™ Az A AHCRCE 4 B 1 75 B0
N ZEK, T Lepr 20 M i 15 488 1) i M i 4L 4R R
Ry B3, B —F, i e s 4L R ) Y Lepr”
2 ff SR U5 A AE Lepr 48 i R U5 O R 40 . e,
Lepr ¥ P B8 A5 4 Ha 5 E 14 R 0K Runx2. Sp7.
Grem 155 B 73 A0 - WIAR 38 B RN R 8 — €
KV H)Lepr. Cxcll2. KitlflAngptl, #E M H 4t T
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