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Roles of mesenchymal stem cells in development and progression of myelodplastic
syndrome

A LZ R ER A AR F I (LA K S MG E R ik A4, A B2 071000; 2. A B ARER/ RA
EFHAFR FHRIRFEFRE—GARFR Li&AF, & )N 510080)

[ ZE] &HENAE R %51 (myelodysplastic syndrome, MDS) #& PA-E #8 76 20%E I - ££7 7] S M8 R A 7 5 46 XU R
FR)— 43 I R G PR PR o TR A T I TR 0 Bk, AN R b B o e T 4 L 10 77 A, 3 5 2 e 28 4 B R 0 78 i DA 155
FH I DL G5 20 9% B30 DT 2 o ek R A o e 2 P 4 T T 4 L P 7 B 15 B MIDS 8 4t e ) R A S R A PR A 85
Forp, 18] 78 5 241 i (mesenchymal stem cell, MSC){i2 12 MDS G2 1l PEASER 35 ¥ T B, 5 R 5 IR MISC 6] T 4H i (4 ], s e i 3k
FPEIRIT IGE MDS [3E7 3R . 283 %I A2 K MSC(MDS-MSCO il T 4H A 751 B fPR 55w (¥ 484 5 A0 2808 T B (i 4k 45 T 41

H o3 A O F TEE FREAT [T

(IR E BRI A S SR B 1E ; (A 78 0T 40 A ; Tk 40 P s B0 98 97
[(FEIZZES] R737.1 [CEKFRIREE] A [XEHS]  1007-385X(2017)09-0851-05

B BE A4 5 45 A 1IE (myelodysplastic syndrome,
MDS) & — 43t Il 28 ¢ 0 I8 1 0 » DA BB o &k
I - v B 1) 72U 8 &R A L7 (acute myelogenous leu-
kemia, AML) ¥ 40 Ay Rp 000 Jies 40 i Hh 82 4% 2 1
5 /2 MDS H E R AL H 2 XL AR AN BE T
W7 34t ] B MIDS J% RSOR A R 1) JERL IR B Rk 22 1)
FER S 5 B HE O BT 3 AE MDS F R A e
RAYE T EERMEH . 8 78 51+ 41 i (mesenchymal
stem cell, MSC) Je& i fiL 41 il 5 v I R e oy, B
H 3 5B A 2 ) 7 A0 7 RE L 5 T 4% 18 3 A i 7R
RIE T AR BACHIE S Py sels g5 )RR,
MSC v 2 [ A1 3 e 2032 5 MIDS K 2B K e % DI
Ko MSC I G B R 7 Ty B 32 2 A TOA S5 R 52 i 1,
3 BN s 928 A PR 19 G R TR 23 1 ) B 5 U
ThRE AR A A, IR IR it P A v 5 3 T 4 2
A T 48 1 (Treg) FBE /019 58 , 72 Ji 68 4 i 4
TV B G 2 AP SR B, BRI 17 T 3 I A
SCANHIT G B AR M A FE PR RO e PRI, Tnox
MDS 3K MSC(MDS-MSC) %% T it S 7E 50 1k Jie
IR, SR S B ¥R JT AE MDS H BUAG 3t fre 1) P
A

1 MDS;AITHIIIK
BEARIE 10 955K, BE & 28 AR+ AR AE I R
T2 N, R T 40 A FE K] 98 A8 AN A

MDS 53 1) T 5 A o<, 10 H A B 5t T B & Va7 )
B S, K] 2016 4 WHO 2 308 5 R 2R 38 1E R4S

MDS F XU I ZR ™ fH 378 4% 2 5 - 4E MDS Jir
FeAR, B RTAS [F) i RAS AT 2 AR 4R &1 L 200 e gk 2>
(A B i e 2 1 B R A B R UK
MDS 73 A XHIC S 2 AR O] 5 fa 40 X d3 20 I
W VB AE R ANE T 77 AN ] < (1K /& 20 MDS LA
JHT NI B B B M R E AR A, T
16 20 MDS W] 15 4 9% 3k 1 AT B A% 2 7 0 A6 0%, T 4
MSRIGAEAFIL A R BN AML™Y AR fa 4 ml K S
YBIT AR R S R TR T 5 v S 2H AR A R
AT PR AYNeT BUE e . kG
I T 40 M9 #% 18 (allogeneic hematopoietic stem cell
transplantation, HSCT) #&ME— 1] G276 8 MDS [ 7%,
{HMDS £ 4% 4 9 S HSCT A& & (KR 1, A4
10% 553 Al BEATREAE Y. MDS ¥397 b ok H k2
KIS FEE % (lenalidomide) £l 25 HE Z: 4k 25 W 7 i R _E 1)
o RIS A& MDS i 2 3R A5 L 2 = 8
AN E 22 957 32 Jeg o Bl L B 2 e — e B A
5 I RS AR A 25900 s b v A v W] DA o5 3 2 AR

[E€TA] )7 W B3 B3t H (No. 20140000000-4,
201400000003-1) . Project supported by the Science and Technology
Program of Guangzhou City(No. 20140000000-4 ,201400000003-1)
[(fEE BT Peta (1980-), 55, Wit , VR BRI, E M F BB
B o (¥ 8] 8 BT 40 M /E MDS & AL i B R, E- mail:
1113911251@qq.com

[BE1E&] AHLJR(DU Xin,corresponding author), {# 1, FALE i,
HA A BT, 32 2R MDS 3 Ak 355 G 928 8 15 R I3
IR I 41 5% V3 97 BF 7% » E-mail: miyadu@hotmail.com

b



- 574 -

v E M AR AT 4K, 2017, 24(9)

B M T bR . (72 HAA 50% 838 0 25 0 2
VIr= R TT RSE, FL A R 43 KB 3 B AR 2 SR N 25
AL 25 24, — BT 24 582 s 6 A A7 D 4~6 1
H e B e ) 7 EEAR R HoAh A 9T 7 SR CA G iR T
RO . HSCT B3 16 4 T DR B AR 0 A I3 2L
LTSI, ULEH e E R 2 5 T kit ™. &k
W) S TIE B, MDS-MSC 72 4= #) % P A 15 15 5
18 I 241 i L R 4 4 , 3 BUMDS JE %, ff MDS-MSC
T LA PERE s 7 MDS 3 o R FH PR ORI
£

2 MSCZ57 MDSHIf K

I AR A B R i e, &
A AR R I A, 8 3 i A i B R T A R
W5 BE B8 ORI I AR S , 08 TR B E BE RIOA SRR L R
DA B AER 330 R 35 0] G B AR IR 4534 ) B R A 5% e
MSC 5 H 403 - i 10 20 P« R 200 S 2 4 % <
JRA 2 5 2 Pl B ZEL RS 2% b 2 PR A L RS i
T B A RN 0 400 PR R o) 3 it 3 A AT R 4O
25, i IO 5% 1R 20 M A 5 0 3 I 48 PR ) R 4
KIE T EFMEAY, MSC H &5 i M i £ F
FLIR, A A AR 2 1 SCIE T Rk OB s AL R 1
CXCL-12 15 1 IfiL 40 f 20 53 1 B 15 4, 2 08 i
TR 5 H 1 B B A

MDS [ /8 40 B SR T R AR T s A g
AT IR I MM, R T BRI 10
AT R 1 20 e e TR 52 1 B AP B ) R 4
MSC [f T REAE L 7E MDS KB K J@ it fE b K 4% 7 &
BLHIAE R < 304 S 560 B v S A% R PN U0 B T i) 225 1R
Dicer] S EH &6 I MDS #EL I, #70 /N R L £ 8
b AMLY. B MSC H AN LR SDS AR 4L f2 LAF5
5 MDS T . BhAbh s B AL S ol # AR K 50 IE B
MDS-MSC Lt 1E % ft) MSC 5 45 F| T MDS Jif 8 41 ff
(RIHETES ;s L0 MSC Th i IUAef I S 3 1 5 36 i 1) Th e
5 LU 2y K5, I %E 2% MDS ) 2t [ I 1 5
£, {H MDS-MSC i i3 32 55 12 Je PRI B A5 45 ) B

3 MDS-MSC K% &4 R 2 (R R m R E R

MDS-MSC [F)38 % 2 R 2 ] oy 12 5
& 2k MDS (1) T% J FH 92 19 13 J& v R BiF 96 B4 J 25 3
o231 Ji 6 T MDS-MSC 45 T i 1 IF 58 AH %
PR ABAT5375 48 HbIE B MDS-MSC 425 I8 15 D) RE 42 i3
MDS i J&& fl [a] AML 4L,

MSC 7 5 # ik 28 855 rp B A BhURR 6 2% 18] 43 A7
s Foar A T A A B TR R LA S R B Y A SR
T ] 3E H B ) G 9% 41 g A B D MSC R % 2

il MSC Ak R JL M ] 43 - 22 48 i B 1
() S i 02, S B G T T Th R R AR O - R4 T 4H
AR BE B 35 1E L R Treg BIZh g & A XU, 4 T 4
A o B AR A e R e B R A R 3 MD-
SPD™", Jx AR Ah W] g 5 MDS-MSC A i 5 41 i
FRAEORAPEREA B AT O B,
3.1 f&/&MDS-MSC %.7% ##] 2 f8 T 1%

CXCL-12(SDF-1)3Z & CXCR4 +& G & A i Bk 5%
&, CXCL-12 Z 5 G 4l T % e S5 f2 . &
SRR AN SR 45 P R, MDS-MSC 1 CXCL-12 [ %
15 B s {52 MDS B Sl A 1 S s A0 45 RO R OR
MDS-MSC H' CXCL-12 )% FE T+ 5 , it X ff 22
1) JiR TR AT B 2 DR Dl S 56 75 92 AN [, 5 B 4k o s 56
ANRE 58 4 I AR Py A . MDS-MSC H' CXCL-12
FIA I v AT R I R AR S S IEE H T 40 e N
B HEE, T G 41 MDS-MSC #1#1 DC 3458 35 1L
A3 WA 2 e R 14 BE 0 BRI T IR MSC, 5 3UIK
f& MDS ‘& B bt 5 18 2 Th Rk i i ¥ DC I g 16,
AR N B R T A0 A S . B I P
FLHAIE B, (K f& MDS & #i 4 CTL bl B s & 1%
HRAH, HAFAE S e B39, 1 CDA'T AN RAFTE 2 %
P4G . Ik A A T A0 M E s R S AR A T TR
S IE 3 I 20 K B T, R AT R i i T
T A ) DNA 453453 , 438 1E 149 34 il 290 Jia 2% £ > e
JEANART . SR CTL HIEE B I I A A RO B
4, 1 B MDS ‘i i 777 G 9% S0 PR SR 558, 31k 2%
72 5% R 0 P o e 2
3.2 /& MDS-MSC 1R 3 % 7% 47 %) 5 3R 5% 849 15 A%,

P e I8 G 2 s ANV 75 2 G 5 A i 7 Jie 88 A
5% R A RO B DU Bt 2 0 B ) e R A L, O B
TG A M BE A BOE AL RAEBUMR RN S G
MDS-MSC il T 40 J iy 14 58 7% A R g 70 B AR T
i f& MDS-MSC"", #] §¢ 5 MDS-MSC |~ CXCL-12
FIK I 55 G AT AR 2 1) G Sk fE Y, SRy B
FE T TGF-B DO S5 4 Jfd K - 7£ J&y 35 2 8] R A A
P2 D R A DRUO AR A SI2ES 1 HIF S ) fé MDS-
MSC 383 73 s TGF- 411 28057 T 20 Jf 14 5 1) e 77 BH
B E TR fE MDS-MSC! B B A, 7 SR ik
f& TNF-o F INF-y /E F R, o] g a8 i 4 ff o (1) AKT-
mTOR . NF-«B. Cdk5 15 5 18 #% {2 {3 183 48 i b 1) 4
9% F i) 3+ F2 7 PR BB TS 4 1 B 4K 1 (programmed
death ligand 1,PD-LDRIATH &, 5 T 40 b 152 1k
PD-1 454 ) S22 0 T 40 B 470 i g 2wz, (R,
MDS-MSC 1 #1 %S 1 T 20 B 35 AL 384 58 F0 2% . T
B, 5 Jr 2 4 it B L 1D 4 92 40 I AS e A A50R $E P
SRS AT IR T 0 i3 e



b

Ve H M, 25 . ) 78 T 2 M7 B 2 S 2 S AR R A S e b A - 575 -

151 /6 MDS-MSC A Al T 41 i 14 384 578 A A
I HAF T35 40 T 4 504k N Treg 1 fE 77 BH 2 & TIK
f& MDS-MSC!", MDS-MSC il it TGF-p. Jagged-1.
PD-L1 %5 (1 A , 38 b AN [F] (145 5 B s 3 s R 7
NFAT . Samd3.CBF1 5 3 i 14 T 40 i o 4R 7 14 4% 5
Kl ¥ Foxp3 & i& i, fH3& L 1 T 40 e &tk
Treg™*"s Treg BAE G P2 H0 i 1 1B i ke st 400 o) 48
(myeloid- derived suppressor cells, MDSC) 3 [A] 1 ]
AR A2 S 2 A0 o O B ) T A, Treg 8 4 R
MDS F i ik g BT 5 A R ™.

i fi UK & MDS-MSC 49 115 Th 6 & A 0%
R A, AT e 5 AN [R] ) S E OA BA O% . FE R IEFA
BRI , MSC I G2 V8 5 Thie kA= o8, H i 2%
e RV AL A e FM I R AL fk A1 85 35 (1) MDS-MSC
H TNF-o F1INF-y [ 25 R 258 7K B S MDS H i ié
37 o TNF-a Al INF-y 3k B & 5 T X HE 41, vl E7E
5557 WA ] TNF-o A INF-y /£ A '~ MDS-MSC H PD-
L1/2 A AN 53 a3 in , 3@ 3k 4336 PD-L1/2 FEAK T 40 /g
W AKT 1% BR Ak 1 1 1 %% 5% K -7 Foxo3, M T 471
CD4"T 2 ff 1A 3% A4 384 58 (2 2F T 248 A 1 o T
MDSS H ) G 28 A1 1) P A 553 A5 of = 248 o Ak T AR IR
$91 5 DT 00 1) I8 36 1fL Dy B8, [ IS 2y firh 9 400 Jf 2 {3k
T RS ETOA ST, A5 B IR 20 D G T A5 1 v 4
(RIRHEIR , I BEACT AT R BRI
3.3 MDS-MSC = & 5% #t & 69 4F A

MSC 7E R PR E R R, A% 855 The &
A TSR A1 33 o A1 ) A 55 1) T ok, S e 8 4 i
A A R, B I, MSC B0 B Th RE ) ik A8 2
MDS i J5 A R B E 5 FR . /@ MDS &35 MSC 11
25 RE R R v TG R 7R 1IN /& MDS B 3% MSC %
JE RN B S A AF I R B (18 vs 474N H , P<
0.05) , FE T 1 ARG 9 I/ 45 MISC %5 Ji2 JE 5 (1) 3.4 £
HE &N AML 19 XU ISE A2 A%/ 25 MSC %8 5 R34 11 2
F59, B0 K mi B T I PRI 98 &5 SRtk — 258 -
AR [ JA5 I PR E A 4 i T B AR AR - B4 SR R B
MSC i i i % 1 K 7 S100A9/8 5 2k ifn 1 41 ffy 54
A4 S it T2 20 L 5 TS 2 I R B 7 2% BH ST00A9/8 FHE
) MSC 2 5 MDS % i i3t J& : S100A9/8 [H 14 41 1
AML 1 RAEB % 955 % 29.4% , [ 1t 4016 K R
14.2% , ST00A9/8 FH 4 1) i 2 [7] AML % 4k, 1) ][] A1
TR AEAF I 7 N 3.4 115 A H L B BART B
P2 B E ) 18.5 4 A 534N H (P<<0.05)™, i B
MDS-MSC IRt 25 1 5 i fe

4 FFIMDS-MSC BIII8E 7] BE LB IR T B R
AR, S L E MDS 3 8 /e B H 2552

FE AL T 4 v] LS MDS Ji8 40 i 11 4 5%
PEBURE , FE FE B DUMORI R S M B S g i il 1) 9%
B B MR YE YT 1Y SR TE S D e ) SRS £E MDS K15
BMIETT L, R 16 T7 MDS #& i 1 UE#R ™.,
26 R 7yt BEL i 771 6 0% AR e OEL DT i 290 i e 2% 4
N P 00 1) R 5 7 D SR8 2R D AR 3R 1 S A e
HUA R R, A 92 L IR R g AT 221 0%
FeMG o 165 — T2 0 I 5T 3 RS R D I A X 56
(NCTO01822509)“Ir : 12 515 Rl # 1 2R W (1) 5 1L 2
&, ¥ %2 CTLA-4 B BA Y 77 2 3 F) 4% 35 (ipilimumab)
BT, 5 G 3RS 58 A L % e BE, He P 145 MDS
AL AML &5 1 58 4 OB L 15 N H o 4R
1M 5 dZ 9097 75 MDS 3k R 2212 , G Be #1458
(R A7- 6 S0 2 400 1) 6 2 40 P 0 R840 T g A L
JER BT 9700 a8 e e e 28 1 ) A A S5 T B 28 44 i )
FH] , 44 42 3 2 = MDS 2R 7 IR, IF o i
ZIMIR IR TT I R

T B HRE S A7 AE (1T 24 Jie 8 248 P2 2 7 MIDS 1%
B, SR EH T A g R DA R BN B ) e ) R O
JE A SR AL ORI BT, A Xt S5 T8 4 i
YA TT AT RE I AN BE B 2206 T MDS , 75 2 [ 1175 e ik
Jed A0 10 B R0 R S 2 DY RE 1 55 T B0 e e 4
L FR) ER AP FH™ . SR TR B e FH 2 HR AL 245 ) e 4% 1
55 MSC 5 fith 98 48 B () DR 47 4 F 57 B4 S 56 3k
B, Th g 1E 1 MSC & 3% 2E 2% T MDS 41 it [1] AML
FIEEALI e Ah , AR A (O BIF 70 &5 B0 26 B /N7
B 1 G A V52 BE 9% 2038 MIDS-MSC FF 35 114 4 28 410 1) 2
fE. R, T MDS-MSC 4 MDS i 8 41 g $2 43 1)
PRI PEROA BE AT E & MDS VR TT i — Fhik .

5 & 2

b 5 92 5 B P B R % L T BB A I
34 I AT A H 28R, MDS-MSC 1 499% 1
FTTNRE R TE MDS (1R A % e Hh IR/ F 52 2180 R ik
Z I EM . MDS-MSC A MDS i 8 41 i $2 (4R 4 1
TR, A8 G B T 925 200 R 1100 0 Je R 28802 (] B PR AER
XA IR . DR T3 MSC 55 i 8 40 it -2 (A1 1)
MIEAER , nTREA BOE R . B ATREE [H
I 5T MDS F# fi 968 40 B S8 S P B R0 G i R Gi IR
77 I T A F A AR RS B B o BRI, 7R 43 A
P MDS-MSC %o 45 i S 7E 22 5 3 Jig v AR A2 %
FGET BT 77 2B R Rt o

[& % 3 #]

[1] GANGAT N, PATNATK M M, TEFFERI A. Myelodysplastic syn-
dromes: contemporary review and how we treat[J]. Am J Hematol,
2016, 91(1): 76-89. DOI: 10.1002/ajh.24253.



576 -

v E M AR AT 4K, 2017, 24(9)

(2] Bk VNP B BN A R R SR AL 25 W AL 25 W08 9T IO 7T 3k
JE& (7], R [ R AR W iR 9T 2k A&, 2012, 19(5): 550-555. DOI:
10.3872/1.issn.1007-385X.2012.05.018

[3] GLENTH@J A, GRSKOV AD, HANSEN JW, et al.Immune mecha-
nisms in myelodysplastic syndrome[J/OL]. Int J Mol Sci, 2016,17
(6): 944[2017- 04- 05]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PM(C4926477/.DOL: 10.3390/ijms17060944.

[4] RAAIJMAKERS MH, MUKHERIJEE S, GUO S, et al. Bone progen-
itor dysfunction induces myelodysplasia and secondary leukemia
[J]. Nature, 2010, 464(7290): 852-857. DOI:10.1038/nature08851.

[5] MEDYOUF H, MOSSNER M, JANN J C, et al. Myelodysplastic
cells in patients reprogram mesenchymal stromal cells to establish a
transplantable stem cell niche disease unit[J]. Cell Stem Cell, 2014,
14(6): 824-837. DOI: 10.1016/j.stem.2014.02.014.

[6] BALDERMAN S R, LI A J, HOFFMAN C M, et al.Targeting of the

bone marrow microenvironment improves outcome in a murine

model of myelodysplastic syndrome[J]. Blood, 2016, 127(5): 616-

625. DOLI: 10.1182/blood-2015-06-653113.
ZAMBETTI N A, PING Z, CHEN S, et al. Mesenchymal inflamma-

tion drives genotoxic stress in hematopoietic stem cells and predicts

—
~
—

disease evolution in human pre-leukemia[J]. Cell Stem Cell, 2016,
19(5): 613-627. DOI: 10.1016/j.5tem.2016.08.021.

[8] PLEYER L, VALENT P, GREIL R. Mesenchymal stem and progeni-
tor cells in normal and dysplastic hematopoiesis-masters of survival
and clonality?[J/OL].Int J Mol Sci, 2016,17(7): 1009[2017-04-05].
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4964385/.DOI:10.
3390/ijms170710009.

[9] BOULAIS P E, FRENETTE P S. Making sense of hematopoietic
stem cell niches[J]. Blood, 2015, 125(17): 2621-2629. DOI: 10.
1182/blood-2014-09-570192.

[10] WANG Y, CHEN X, CAO W,et al. Plasticity of mesenchymal stem
cells in immunomodulation: pathological and therapeutic implica-
tions[J]. Nat Immunol, 2014, 15(11): 1009-1016. DOI: 10.1038/
ni.3002.

[11] ZHAO Z, WANG Z, LI Q,et al. The different immunoregulatory
functions of mesenchymal stem cells in patients with low-risk or
high-risk myelodysplastic syndromes[J/OL]. PLoS One, 2012, 7(9):
e45675[2017- 04- 05]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3448671/.DOI: 10.1371/journal.pone.0045675.

[12] WANG Z, TANG X, XU W, et al. The different immunoregulatory
functions on dendritic cells between mesenchymal stem cells de-
rived from bone marrow of patients with low-risk or high-risk my-
elodysplastic syndromes[J/OL]. PLoS One, 2013, 8(3): ¢57470
[2017- 04- 05]. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC
387596/.DOI: 10.1371/journal.pone.0057470.

[13] RIETHER C, SCHURCH C M, OCHSENBEIN AF.Regulation of
hematopoietic and leukemic stem cells by the immune system[J].
Cell Death Differ, 2015, 22(2): 187-198. DOI: 10.1038/cdd.2014.89

[14] KOMROKII R S. Treatment of higher-risk myelodysplastic syn-
dromes after failure of hypomethylating agents[J]. Clin Lymphoma
Myeloma Leuk, 2015, 15(Suppl): S56-59. DOI: 10.1016/j.clml.
2015.03.010.

[15] ZAHID M F, PATNAIK M M, GANGAT N, et al. Insight into the
molecular pathophysiology of myelodysplastic syndromes: targets
for novel therapy[J]. Eur J Haematol, 2016, 97(4): 313-320. DOI:

10.1111/ejh.12771.

[16] JABBOUR E J, GARCIA-MANERO G, STRATI P, et al. Outcome
of patients with low-risk and intermediate- 1-risk myelodysplastic
syndrome after hypomethylating agent failure[J]. Cancer, 2015, 121
(6): 876-882. DOI: 10.1002/cncr.29145.

[17] DAN C, CHI J, WANG L, et al. Molecular mechanisms of the pro-
gression of myelodysplastic syndrome to secondary acute myeloid
leukaemia and implication for therapy[J]. Ann Med, 2015, 47(3):
209-217. DOI: 10.3109/07853890.2015.1009156.

[18] BEJAR R, STEENSMA D P. Recent developments in myelodysplas-
tic syndromes[J]. Blood, 2014, 124(18): 2793-2803. DOI: 10.1182/
blood-2014-04-522136.

[19] KFOURY Y, SCADDEN D T. Mesenchymal cell contributions to
the stem cell niche[J]. Cell Stem Cell, 2015, 16(3): 239-253. DOI:
10.1016/j.stem.2015.02.019.

[20] MENDEZ-FERRER S, MICHURINA T V, FERRARO F, et al. Mes-
enchymal and haematopoietic stem cells form a unique bone mar-
row niche[J]. Nature, 2010, 466(7308): 829-834. DOI: 10.1038/na-
ture09262.

[21] COGLE C R, SAKI N, KHODADI E, et al.Bone marrow niche in
the myelodysplastic syndromes[J]. Leuk Res, 2015, 39(10): 1020-
1027. DOL: 10.1016/j.leukres.2015.06.017.

[22] FLORES-FIGUEROA E, GRATZINGER D. Beyond the niche: my-
elodysplastic syndrome topobiology in the laboratory and in the
clinic[J/OL]. Int J Mol Sci, 2016, 17(4): 553[2017-04-05]. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4849009/. DOI: 10.3390/
ijms17040553.

[23] FALCONI G, FABIANI E, FIANCHI L, et al. Impairment of PI3K/
AKT and WNT/b-catenin pathways in bone marrow mesenchymal
stem cells isolated from patients with myelodysplastic syndromes[J/
OL].Exp Hematol, 2016, 44(1): 75-83[2017-04-05]. http://www.sci-
encedirect.com/science/journal/0301472X. DOI: 10.1016/j.exphem.
2015.10.005.

[24] ACAR M, KOCHERLAKOTA K S, MURPHY M M, et al. Deep
imaging of bone marrow shows non-dividing stem cells are mainly
perisinusoidal[J]. Nature, 2015, 526(7571): 126-130. DOI: 10.1038/
nature15250.

[25] XIONG H, YANG XY, HAN J, et al. Cytokine expression patterns
and the bone marrow microenvironment ofpatients with myelodys-
plastic syndromes[J]. Braz J] Med Biol Res, 2015, 48(3): 207-213.
DOI: 10.1590/1414-431X20144051.

[26] ABE-SUZUKI S, KURATA M, ABE S, et al. CXCL12 " stromal
cells as bone marrow niche for CD34 hematopoietic cells and their
association with disease progression in myelodysplastic syndromes
[J]. Lab Invest, 2014, 94(11): 1212-1223. DOI: 10.1038/labinvest.
2014.110.

[27] FERRER R A, WOBUS M, LIST C, et al. Mesenchymal stromal
cells from patients with myelodyplastic syndrome display distinct
functional alterations that are modulated by lenalidomide[J]. Hae-
matologica, 2013, 98(11): 1677- 1685. DOIL: 10.3324/haema-
t01.2013.083972.

[28] KODE A, MANAVALAN JS, MOSIALOU I, et al. Leukemogene-
sis induced by an activating - catenin mutation in osteoblasts[J].
Nature,2014, 506(7487):240-244. DOI: 10.1038/nature12883.

[29] PAVLAKI K, PONTIKOGLOU C G, DEMETRIADOU A, et al. Im-



b

VM, 55 . 7] 78 BT 20 M7 B B A e W Er S IR R A R S b e - 577

paired proliferative potential of bone marrow mesenchymal stromal
cells in patients with myelodysplastic syndromes is associated with
abnormal WNT signaling pathway[J]. Stem Cells Dev, 2014, 23
(14):1568-1581. DOI: 10.1089/5¢d.2013.0283.

[30] GEYH S, OZ S, CADEDDU RP, et al. Insufficient stromal support
in MDS results from molecular and functional deficits of mesenchy-
mal stromal cells[J]. Leukemia, 2013, 27(9): 1841- 1851. DOI:10.
1038/1eu.2013.193.

[311JOYCE J A, FEARON D T. T cell exclusion, immune privilege, and
the tumor microenvironment[J]. Science, 2015, 348(6230): 74-80.
DOI: 10.1126/science.aaa6204.

[32] CASCIO G, MARTIN- COFRECES N B, RODRIGUEZ- FRADE
JM,et al. CXCL12 regulates through JAK1 and JAK2 formation of
productive immunological synapses[J].J] Immunol,2015,194(11):
5509-5519. DOI: 10.4049/jimmunol.1402419.

[33] KIM M, HWANG S, PARK K, et al. Increased expression of inter-
feron signaling genes in the bone marrow microenvironment of my-
elodysplastic syndromes[J/OL]. PLoS One, 2015, 10(3): ¢0120602
[2017- 04- 05]. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC
4372597/.DOI: 10.1371/journal.pone.0120602.

[34] ZHANG L, GAJEWSKI T F, KLINE J. PD-1/PD-L1 interactions in-
hibit antitumor immune responses in a murine acute myeloid leuke-
mia model[J]. Blood, 2009, 114(8): 1545- 1552. DOIL: 10.1182/
blood-2009-03-206672.

[35] LASTWIKA K J, WILSON W 3rd, LI Q K, et al. Control of PD-
L1 expression by oncogenic activation of the AKT- mTOR path-
way in non-small cell lung cancer[J]. Cancer Res, 2016, 76(2): 227-
238. DOI: 10.1158/0008-5472.CAN-14-3362.

[36] DORAND R D, NTHALE J, MYERS J T, et al. Cdk5 disruption at-
tenuates tumor PD-L1 expression and promotes antitumor immunity
[J]. Science, 2016, 353(6297): 399- 403. DOI: 10.1126/science.
aae0477.

[37] NOH H, HU J, WANG X,et al. Immune checkpoint regulator PD-
L1 expression on tumor cells by contacting CD11b positive bone
marrow derived stromal cells[J/JOL]. Cell Commun Signal, 2015,
13:14[2017- 04- 05]. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4353689/.DOI: 10.1186/s12964-015-0093-y.

[38] CHINNADURAI R, COPLAND I B, PATEL S R, IDO-independent
suppression of T cell effector function byIFN- y- licensed human
mesenchymal stromal cells[J]. J Immunol, 2014, 192(4): 1491-
1501. DOI: 10.4049/jimmunol.1301828.

[39] KAHN J D, CHAMULEAU M E, WESTERS T M, et al. Regulato-
ry T cells and progenitor B cells are independent prognostic predic-
tors in lower risk myelodysplastic syndromes[J/OL]. Haematologi-
ca, 2015, 100(6): €220-¢222 [2017-04-05]. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4450633/.DOI:10.3324/haematol.2014.
116657.

[40] CAHILL E F, TOBIN LM, CARTY F, et al.Jagged-1 is required for

the expansion of CD4" CD25" FoxP3" regulatory T cells and tolero-
genic dendritic cells by murine mesenchymal stromal cells[J/OL].
Stem Cell Res Ther, 2015, 6: 19[2017- 04- 05]. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC4414370/.DOI: 10.1186/s13287-015-
0021-5.

[41] HADASCHIK EN, ENK AH.TGF-B1-induced regulatory T cells[J].
Hum Immunol, 2015, 76(8): 561- 564. DOIL: 10.1016/j.humimm.
2015.06.015.

[42] KITTANG A O, KORDASTI S, SAND K E, et al. Expansion of my-
eloid derived suppressor cells correlates with number of T regulato-
ry cells and disease progression in myelodysplastic syndrome[J/
OL]. Oncoimmunology, 2015, 5(2): €1062208[2017-04-05].https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4801428/. DOI: 10.1080/
2162402X.2015.1062208.

[43] DAVIES LC, HELDRING N, KADRI N,et al. Mesenchymal stromal
cell secretion of programmed death-1 ligands regulates T cell medi-
ated immunosuppression[J]. Stem Cells, 2017, 35(3): 766- 776.
DOI: 10.1002/stem.2509.

[44] FUJISAKI J, WU J, CARLSON AL, et al. In vivo imaging of Treg
cells providing immune privilege to the haematopoietic stem- cell
niche[J]. Nature, 2011, 474(7350): 216- 219. DOI: 10.1038/na-
ture10160.

[45] JOHNSON R C, KURZER J H, GREENBERG P L,et al. Mesenchy-
mal stromal cell density is increased in higher grade myelodysplas-
tic syndromes and independently predicts survival[J]. Am J Clin
Pathol, 2014, 142(6): 795-802. DOI: 10.1309/AJCP710PHKOTL-
SUG.

[46] CURRAN E, CORRALES L, KLINE J. Targeting the innate im-
mune system as immunotherapy for acute myeloid leukemia[J/OL].
Front Oncol, 2015, 5:83[2017- 04- 05]. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4391043/.DOI: 10.3389/fonc.2015.00083.

[47] ARMAND P. Immune checkpoint blockade in hematologic malig-
nancies[J]. Blood, 2015, 125(22): 3393-3400. DOI: 10.1182/blood-
2015-02-567453.

[48] DAVIDS M S, KIM H T, BACHIREDDY P, et al. Ipilimumab for
patients with relapse after allogeneic transplantation[J]. N Engl J
Med, 2016, 375(2):143-153. DOI: 10.1056/NEJMoal601202.

[49] KROEMER G, GALLUZZI L. Immunotherapy of hematological
cancers: PD-1 blockade for the treatment of Hodgkin's lymphoma[J/
OL]. Oncoimmunology, 2015, 4(6): e1008853[2017-04-05]. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4485757/. DOI: 10.1080/
2162402X.2015.1008853.

[50] XBFLHT, M T, & MPH AR T B B A 7 W SRS R
AT 2 B P15 FRSEALARALA FE 0], o Sk AR A8, 2015, 35
(6) :531-533. DOI: 10.7504/nk2015050408.

[Fs B HAT 2017-04-04
[(Ax4m3E] a5

[f&E BHHA] 2017-06-03



