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(HE] BB HE#mh® A kmie(MECs) it f T 40 o (HSCs) ¥ 54 69 % vh , VA 22 5 — F42k HSCs 3
e F ik, HiE #I C57BL/6 D& A C57 & GFP b R, R FE B a s, (1)MECs 89 8 B hfe %
AR T AR B AL R AR A B AR 8 2006 i 4 e 7 (FBS) .2 ng/mL £ & W & £ K W F (VEGF) 100
U/mLF%.0.1 mg/mLFEZ %4 %5250 DMEM-F12 324 A%, % 8 Rib/7 CD31 % AL R . “4HB 5"Wm
MR T 3R 32 40 5 R X @ B AL (FCMD) 4 A B F 48 5% 4% R (VWE) [CD31,CD34,CD45 % ik &, (2)GFP J\ &
HSCs 6494 % 5% . BEHME H Ok f MACs-CD117 " B2k ik 4 i HSCs,FCM # ) 46 & CD117 CD34 & %
ik %, (3)MECs 4% HSCs 32 74 . % % #F B 28 (HSCs) \ 3£ 3% /R 40 (MECs+ HSCs) . 32 4 7 d. L% HSCs £ K 1§
RHFAFH G EY AR S 7 R, E LR HRm HSCs, FCM #a CD117 CD34 2 A&k &, &8 (1)
MECs: % 3 ARHB R @M%, F 6 RR“FH AL, F 14 RAMHR BN, ZHFH 8 X CD31 Mk
54.5% ., vWF.CD31.CD34.CD45 fa b % 4 %] 4 81.39% .45. 80% .57. 48%.0.17%, (2)F¥HH R R 55
2% MACs 43 J5 TH 29 4. 7X10° A~ CD117 @mpa, 4 E 4 99.51% ., (DM EE R nt g eyt ¥, HaA HSCs it
KA AT A 2 k35720 HSCs 342 3 K F BB (P<<0.05), % 1~7 X &R 5 3 B 4 e 4 48 2+
TAEH SR A 1.21.1.35.1.50,1.72.1.71,1.75 #= 1. 78(P<C0.05), % 4 REAZHE, £RB K 7d B
HSCs #§ CD117 CD34 3 &5 & % 92.06% , 45 MECs st HSCs ¥ AR # R 23 A S 4 R H/EA
%A 2,5 A MECs 7T w423 HSCs CD34 9 & 3% ,
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The effect of microvascular endothelial cells on the proliferation of hematopoietic stem cells in mice*
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[ Abstract] Objective To explore the effect of microvascular endothelial cells (MECs) on the prolifera-
tion of hematopoietic stem cells (HSCs) ,in order to establish a method to promote the proliferation of HSCs.
Methods The C57BL/6 and C57 GFP mice were selected and sacrificed to obtain lung tissues. (1) Isolation,
culture and identification of MECs: MECs were obtained by digestion of lung tissue with type [ collagenase
and cultured in DMEM-F12 supplemented with 20% FBS,2 ng/ml VEGF and 100 U/mL heparin,and were
identified by immunofluorescence assay with FITC-CD31 at the 8th day after isolation. The expression rates of
vWF,CD31,CD34 and CD45 of the cobblestone-like cells were detected by flow cytometry (FCM), and the
cells were used for co-culture in the subsequent experiments. (2) Isolation and identification of GFP mice
HSCs :density gradient centrifugation and MACs-CD117" magnetic beads were performed to isolate HSCs,and
the purity and the co-expression of CD117 and CD34 were detected by FCM. (3)Investigation of the promoting
effects of MECs on the HSCs proliferation: all cells in the control group (HSCs) and the co-culture group
(MECs+HSCs) were cultured for 7 days,then observed the status of HSCs, counted and calculated the rela-
tive fold changes. At the 7th day,the expression ratio of CD117" CD34" HSCs in the co-culture group were de-
tected by FCM analysis. Results (1) Pulmonary MECs: the cell clusters formed at the 3th day, the vascular
like changes emerged at the 6th day,a paving stone appearance formatted at the 14th day. The positive rate of
CD31 was 54.5% at the 8th day. The positive rates of vWF,CD31,CD34 and CD45 were 81. 39% ,45.80% ,
57.48% and 0.17% respectively. (2)On average,4.7X 10> CD117" cells were obtained from each mice bone
marrow ,and the purity was about 99. 51%. (3) The number of HSCs were increased in the two groups,accom-

panied by the extension of cultivation time. While the co-culture group increased significantly than the control
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group (P<C0. 05). The ratios (relative change of HSCs number in co-culture group over in control group)
were 1.21,1.35,1.50,1.72,1.71,1.75 and 1. 78 (P<C0. 05) , the most obvious effect happened at the 4th day.
The co-expression rate of CD117 CD34 on HSCs was 92. 06% at the 7th day of co-cultivation. Conclusion
MECs could enhance the proliferation of HSCs, the most significant effect happens at the 4th day of co-
cultivation;additionally, MECs could promote the expression of CD34 on HSCs.
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& IfiL T 44 2 Chemopoietic stem cells, HSCs) 7 1E
Tk M2, BA w0 B 3R RE ) 2 ) oAk T
BB+ A2 JIT A S 220 I 200 D ) T A 0 B . 3 T 2 R AR
(hematopoietic stem cell transplantation, HSCT) J&
TBIT W LB 35t 1% 1k 92 I B e 92 Bk o s 11%) o B2
Bz —., HHMIAEE X F HSCs M35 . b i B
S BL4F B W PR AE Y . HSCT 3R AR
SRR ) HSCs i o 30 43 45 1 6 5 0T 48 i 0 G A 3t
(5 R RS Rl o T R SR D K0 S IR 7 L 2 6 1
REMBIEE RS, R, N EBEH HSCs bl #11K
WK HRR ] T HSCT 0 & J& Al R I F . A SCil 3
BF 9T I & N K2 40 MY (microvascular endothelial
cells, MECs) %} HSCs 3 54 ) 5 Wi , &8 57 — P {E 3k
HSCs 458 1Y J7 5 .
| HB5H®
L1 b
1.1 SEEzhy RBist 20~25 g, 4~6 J& &, EE
BMEYE L TC R 5K 5L 1R (SPF) 2% C57BL/6 /N BL (g [
JEHR R AR A R R A WD A1 C57 & GFP /B
HEKBEEEDAFD,

1.1.2 FEMN#HHIRF CO, ¥ 544 (Thermo For-
ma A a)), G TAE S (Air Tech 28], & B L HL
(Bioridge 23 A]) {8 & ¢ Ot W i 5 S AR 22 48 (Olym-
pus A 7D L WA A (BD A 5D L % (MS) 4 B E
mini MACS BEER 4378 % B .CD117 40 4 i 3 5 £ .
/NECE A LA R (T -3 /N BT 4 X - (SCE) L 7 it
TR 9% Ot & (FITO) #7 id /9 e $it B CD31 (CD31-
FITC) K& # i % H (APC) #5ic iy CD117 (CD117-
APCO) I H Miltenyi Biotec 2 @, Il B W Kz A K K 1
(VEGE) A ACRO 22 "], T R b W15k i A
Sigma 2\ W] . P 218 H bR 90 19 % BT B CD34 (CD34-
PE) [t 2 W1 81 R 2% 3R 4 1 (PerCP) FRic 1Y CD45
(CD45-PerCPOYIg H BD 2w, 40 /N A 54 5 4t Jit
(vWF) Z 5 BEdt 4k . FITC #1919 3 Bt F 1gG (IgG-
FITO Wy H Abcam A &l , Ficoll 23 B W H TBD &
A, DMEM-F12 I§ A 7 58 = YA F] .

1.2 J7i:

1.2.1 MECs 4385 Hi 3¢ K % &

1.2.1.1 MECs i3 MECs i InA 20% ik
A L35 (FBS) .2 ng/mL VEGF,100 U/mL JF%.0. 1
mg/mL % % R MR R W DMEM-F12 5 4 85 57 5t
PEAT S 9%

1.2.1.2 MECs B2 & 5 53¢ #0f8 25 Wr &k 78 /)
B, 75 % CBER ALY 5 min, & )2 5T JF M i . 30 25 il 4H

ZUHM I I 2 e B B M I A 2 B e AT O Y S RS
MRME. WHEMAAE 1 mm 4. EABELE.
TINS5V 2% 48 13 3 1 (BSA) 10, 1%
170 J D il %) 9 A6 V- IR AT VR 2T 37 "CHRE IR AL .
548 HT 1 Wk, i L4 30 min, A FBS Al
DMEM-F12 & 1|81k, i 200 H &R, 300 X g B .0»
10 min, % 3. A DMEM-F12 &£ ,400 X g &
L> 10 min, 3 Fi5# . | DMEM-F12 5¢ £ 3% 3 6
= SMMTHECRE 1 E . BL1X10° Ay /em® % B
PR 0. 1% B Bk 1 24 FLAR, BT 37 C.5%
CO, 95 ViR R FRf b 9%, Higk 24 h e AT k&
WL G R 2~3 K 1K, 2 H B~ W,
0. 25 Y0 ik 25 11 g 1 Ak il B A 7 40 G RE 40 i A 1 9k 5K
i A (FCMD) % 58 i 455 55

1.2.1.3 gt w 5 8 K 24 fLARP A 4u i 2
FLo TR R AL T2 55 FL W R R 2% vh I (PBS) PR I
A% Z R 200 pL, EE E 2 15 min, g2 BH
B, PBS ¥R 2 WA 5% BSA ] 30 min, 5256
fLm 5 uL CD31-FITC FI 45 L PBS.Xf B LA 50 L
PBS.4 °C 7k 4fi# M & 10 min, PBS ¥4 5 fn 100
pl 0.2% Triton X-100 & . ¥R ~J.5 min J§ PBS ¥
Wo A 5 pl 47, 6- 1k HE-2-78 w5 gk (DAPD) Al
100 pL PBS,JRA] . # G 3 min, PBS Pi¥k. 246
W T SR E L BELIE I 3 AR (X 2000, 1157
FHAE 20 M A o 2

1.2.1.4 A% E WWNEE LS 1LRE 2.
SEERAE 3, X b A ) A ) 20 MR 200 L CHR i %R
KT 1X10° 4, WA IgG-FITC,IgG-PE 1gG-
PerCP % 5 pL, S286%% 1 /0 5 pL CD31-FITC, 5L 16 4
2 /5 pL CD34-PE, 52354 3 /i1 5 pL. CD45-PerCP,
RA],4 CHOEIEE 15 min, PBS ¥E4%.200X g B0
5 min, 2% B . 400 L PBS B ALK,
1.2.1.5 vWF-FITC jaC% e W E X RE . L5
BTN A A0 R 200 pL, B0 JE O 200 pl
0. 4% Z R H I #E, = T [E % 20 min, PBS PR #
O JE N 200 pIl 0.2 % W8 R I  # B 20 min, PBS
VEWR B L. 200 pL PBSIRATANML . SEBGE N 4 pL 3
i vWE Zsi PR X IR 4 pL F IgGL. ZiRGE
30 min, PBS ¥E&EE.OJG 200 uL PBS &, N 4 uL
Py E 1gG-FITC, il # 6 F 20 min, PE¥%, 400
pL PBS H & EHLEI .,

1.2.2 GFP /NE/E 8 HSCs (04> 8 %%

1.2.2.1 HEMEELSHEERE  FOHER %L
FE/NER . BT 750 CBEH IR Y 5 min, 3 [a] i 575
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F s AeE . PBS sk, 8V LB Uiy 2 mm, B 5E
B . 1 mL {54830 A H B8R, H PBS & Mk
Ji 2 s o R A R URCAR T 0 L 0 200 HEM .
BOA W1 mL PBS & LIRS, 2 mL &
Y Ficoll 43 B (1. 084 g/mL) T B5.0 %8 IMFE A I
TREZEMA LR B . 20 C 400 X g g0 30
min, WHEPE=EZEPRANZAHMZE) L1 3 1
B A PBS Fi B, il 5 40 M A W, 400 X g B 10
min, 7 FYEW . EE 1 IR, & J1E Kit g, mA
¥y Buffer[0. 5% BSA.2 mmol/L & — kU Z &
(EDTA) .PBS]3 mL, K FTIR %), 22 C 300X g B>
10 min, 3¢ FIE . $ M4 1 10° 4~ MNCs [ 80 pL
i¥% Buffer B &, 4 1 X 107 4~ MNCs i 20 pL
CDI117 f Bk A i 40 M, TR 2, 4 C vk AR BEOLHE T 15
min, & 1 X 10" 4~ MNCs f] 1 mL Buffer ¥ %&.
300X g0y 10 min, 25 FIH W .4 1X10° 4~ MNCs il
A 500 pL Buffer & 5. & MACS 4y % 38 85,
500 pL Buffer Y MS H:, 15 %6 40 Ig B i A MS
FE AR VR A0 M . Buffer whise MS 3 3, &K 500
pLlo MSHR W%, i 1 mL Buffer, Bt % 1% %€ 1k
PR e B 7E MIS R N 9 bR 0 40 i . B0 IR .
XF CD1L17 " 2 M #4736 77 00 2 I 11 %5 B8 A o = 4l
e AR R

1.2.2.2 FCM i CD117" 4 Jfg 4 ¥ & CD117
CD34 FikH  WEXTIE SCmE 1R 2, XFRE N
MNCs & ¥ 200 pL.1gG-APC #l IgG-PE & 5 pL, ¢
9 1 A2 00 g ik 5 i PP 40 M B 200 L AT S
pL CD117-APC, 52504 2 Fij CD34-PE 5 pL. R4,
4 CUKAFREEHF F 30 min, PBS YE¥ B .0, 0 400 pL
PBS & & LR,

1.2.3 MECs & # HSCs $45H

1.2.3.1 HSCs 33 FINA 20% FBS.25 ng/
mlL SCF.25 ng/mL I1.-3.0. 1 mg/mL % % % K%
Z 1) DMEM-F12 58 21557 5,

1.2.3.2 234 (DXFBE4]: HSCs B35 (2) 385
F:4H . HSCs-+ MECs,

1.2.3.3 ZHfnESs  (DMECs: “Hi#% A 71 MECs £
JRE T AL I OB B0 PBS PRI B 0. MECs K
FREEELHEE N 5. 0X10" 4~/mL, (2)HSCs: MACS
AR ) HSCs, PBS PE¥ B0, HSCs BigR B H & % %
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H5.0X10" 4~/mL,

1.2.3.4 B S#m  (DILRIRU4 . MECs $##0 T
24 LA, AL 200 L, i 3 AEfL. 37 C.5% CO,.
95 Y0 W JIE AR 15 7% o A BN BE 5 2 4w kG 7R S A A AL
¥ HSCs &% 200 L HSCs 1 723 300 pl, 4k &2
B, (XL .24 FLR, 45 L HSCs B 200 pl,
HSCs K374 300 pL.i% 3 & L. 37 C.5% CO,.
95 Vo VR EWEA h Br 9% . B 3 RKOP R 55 T d.
1.2.3.5 ZOLBMBEME  FLBME N WEEK
T 00 B R 3 A AL T A5 THR Y A A
1.2.3.6 FCM 2k #5419 1 )5 CD117 CD34
FEFE IWEE MECs 4 3 & L. HSCs, PBS % 5
0,400 pL PBS & &, — X B4, 1 5 n 1gG-APC,
IgG-PE £ 5 pL RS AERI B XS B 55 1 43 Jm CD117-
APC.CD34-PE £ 5 L. JR%A), 4 CUkAEROCIEHE 30
min. PBS ¥4 80,400 L PBS F & ALK .

1.3 Ziteghb3 R SPSS17. 0 it 84 i 1758
oM R R T s Fas . 4N R X ¢
o 4 o 21 1) BU A G b S AR A ¢ RS 5 1 ECSTRE DA A R
UH PRI WECR AT ° K s LA P<<0.05 25 5%
AgitEE L.

2 % ES

2.1 MECs 4y K55 B

2.1.1 MECs JFUKi 5% A5 6 h UL BE 41 i, 56
3 RN R AE A K T8 BT 2 R/ IV — B301) 4 i 7 265
6 R AH 418 20 M 2 A2 A5 1 AH 34 L B A AR el AR L 2R 14
Kik 80Vl A, S “Hl I A VAN WL 1.

2.1.2 CD31 st Ew  JOtRMEE T . 412
SR AN EAZ R, W 2 BE SRS 8 RIH 4N A
Ak 54.5%,

2.1.3 MECs #ist% & vWF.CD31.CD34.CD45
9 BH 1 2243 3 81,39 % .45, 80% .57, 48 % ,0. 17 %,
LA 3.,

2.2 GFP/NEUESBE HSCs 438 %5

2.2.1 il HSCs 738 B HEL S B E B0 )5 4
4 2 E ) s % 2By MNCs, 214 5N BLCE 88
A FRARZY 1. 1X10° 4~ MNCs., 16 4l il %k 9824,
2.2.2 CDI17 4l Je 2 fE & K/ MNCs
2t MACS Zr ik J5 ] 3k 249 4. 7 X 10° 4~ CD117" 4l il ,
T ANHE R A 97 %0 4B Ry 99. 51 %, LA 4,

& 1 MECs R/ 13 ( <X 40)
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A:DAPI & ;B.CD31 ke & ;C. A.B & &
& 2 CD31 ik EE R LT (X 200)

FEiEEKNK 92.06% . WE 8, kg 7 K)g. LBy
HSCs CD117 CD34 333k zi*jm

i MECs B9 vWF,CD31,CD34,CD45 &%

& 4 MACS © ¥ /5 1 CD117" 40 i 4 B 9 47

2.3 MECs fit HSCs 3454
2.3.1 XMAMICRIRA MY AL SLa R

0 F .4l HSCs HE N 1. 00 X 10° /o dE 5 525 7 BS5  RABMETRR HSCs ERER(X100)
T X HR AL Fh B FE 4] HSCs 3804 5k 6. 92 X 10",

12.31X10" 4, I 1. 296 B8 F W88 HSCs 4

KAEO L3250 2.4.6.7 K, LB FRA G 0504

MZ TR, WK 5, 58 1~7 K, ILEEFFH S5X R

ZH 240 M TR i AR AR A A o i o 1. 21.1. 35,1, 50,

1.72,1.70,0.75 F 1. 78, il 4B it b & 2 7 A

Gl L (P<<0.05), W 1;:%8 4 KA {kHRW &,

TLE 6, XJTHRAHZE 1~7 KR O %EI’J HSCs 41 e it

BLHE 5 LY 099 5 (P=0. 0505 27 Ry $3 505 7 BB HSCs 4B BRI IR T 4L

WAE R 4y 3 1. 42,2, 30,4, 25.5. 66,6. 45.6. 92

(P<C0.05), LRFFAH 1~7 REH 0 KM HSCs
M BB 5 1 ~T7 R A58 Bk 1. 20,
1.92.3.45.7.31.9.72.11. 28,12, 31(P<C0.05)

2.3.2 JLREFEA LR RS HSCs CD117 CD34 3t
Fk ARy, LR FERT HSCs CD117 CD34 LA %

H75.85% L ULIE 7, dLEE3EJE HSCs CD117 CD34 3t 7 HEEFEFT HSCs D117 CD34 H Rk FH 4
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1 IR P A HSCs I8 @mEg b & ( X 10" 4)

Gk ERBN EIRIDS %2R CIRIN Ba R 5K %6 R HTR

Xt HE 441 1. 00 0.9940.03 1.42+0.02 2.30=40.06 4,254+0. 20 5.6640.12 6.4540. 14 6.9220.17

B 3| 1. 00 1.20+£0.04* 1.92+0.45* 3.4540.09" 7.3140.06" 9.7240.12* 11.28+0.12* 12.314+0.11*

* P<C0. 05, 5 %] R4 b4

8 HiEFE HSCs CD117 CD34 £ REF RN

3 i it

R 5 4% PR B8 i AL R D) BB AR T 25 = e o
PO LR B 40 o 32 0 BB 5 S DA N B 40 Cendo-
thelial cells,ECs) iy MY 1ML 45 & . A # 4k £F HSCs
MRS, J5 & A HSC #5401k . ) 61 I I3 #1057,
SRIMAN TR R U ECs AW kM HE LR,
MECs f£ 7T & 4 1M & 354 i ik 2 5 3l Bk » il 4 280 &%
Wi B R R E N ARSI ECs k. H
A ECs % )y vk T 8H 3 F 40 M0 25 40 i 30 J5 A
L AN Es s, W-P /MR SR E R ECs 40
i B B 25 4 L (R /MR 2 TR R R R AL L B R AR
PF A0 IR A5 A 22 S5 1 S B [) B0 T 0K AN 5 A e B
WA ™ o WOAS 52 5 e FH AT RR O 2k %8 E ECs,
CD31.CD34 ,vWF J& ECs % 2 3 o0 B AL A9 B0 5 5 i
ARSI /N R 20 20 28 T 78 Jie I 1 91 e 1 400 o 5 97 56
6 R 2 i 5 S 16 A O L BRI A R AR L B 14 R K&
BOYoRrl A EUH IS A RE, BE RS 8 K4l CD31
FECHKM BAPE 2 h 54, 5%, 85 14 K40 i = A )
vWFEF,CD31,CD34,CD45 & BH 1 2 23 5] 9 81.39% .
45.80%0.57. 48%.0. 17 %, £ & SCHAIRE . WA 5L
5 B My K5 77 i fili MECs,

HSCs HZ A4 TH 82 . B l& 860 28 HSCs
() T ¥ 2 AT O B G TR A3 3 AN S A M oy e . TR
T Bk 43 36 T 5 A T A L PR B, MACs 4y B 4l % = ik
99 % » 4 M A% /0N - AT BB 8 SR A0F o R A
CD117 B SCF 2z, 2R X T i +/Ha . &
SEE¥E A CD117 fE S 43 % /N B HSCs S bric
HUNREBEZ CD117 R4k I rTURCHR 4. 7 X107 4~
FH P 2 B L 400 )3 A 99. 51 % i Eh 43 16 Y B HSCs,

R A VB 2 DRI R LAY ECs 554 HSCs # J2:
F VR i B9 5 0 a8 A0 B 4 Ak i kY. s /N BRECs
W B IS BT CAKT D) A AA] LAY 38 HSCs . iA RE
AR SN R I RS . i MECs 38 i il 5 &
FEAE K T 45 & % 11 3 (IGFBP-3) I ik 14 7 B {2
CD347 CD38 HSCs k455" . MECs fgf i
i HSCs BIA-FE RIS 8 . ECs AF A 15 1 41 il i
IR AT RNy CD34° CD38™ 4§,

25 LT, ECs 2 i 4% HSC 3858 . 7 H 5. A f
YR AL FE s AR L (D) B FE BF (A B4, B 4 HSCs
e B, MECs 43 BRAE I s Wl . (2) 53
L~7 R¥ 5 0 KX, Hea e 4] Joxt B4 HSCs 1
oo, HILE SR AP WS HOR T X R4 55 4 K MECs
fe ik HSCs B8 M /E s W1 82 . B It mT Il MECs i
HE HSCs B4 58, H45 4 K 5.

ZELRTIR, LR T R I R A BT A
HSCs CD117 CD34 H: 38 5 % 14, i BE 2 5 58 & 3
NERAE IS AR A 2 52 HSCs CD34 HtJiikik. 5
W LA B/ B AL 46 IR iR B L B 2R /N B B g HSCs
HFE K CD34,7 B /NEA CD34~ 1y HSCs, 10~ 20
JRS K £ % HSCs A 335 CD34M . /N Rl CD34
HSCs 5 CD34™ HSCs o] LA#H H 51k . {6 AL RS T 1)
HSCs #ik CD34M5, A HSCs CD34 7 J§i ¢ 1k J& 1] 06
Mt 4~6 /N B HSCs 43 CD34" fil CD34
B, ZEE NN MECs i LI gF HSCs CD34 ik,
AL BRI 75 2 — 2P0

S % ik
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