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Construction of bone repair materials with sequential modulation of macrophage

polarization and role of their vascularization in vitro”

CHENG Peng s HE Sihao ,Al Qiuchi ZHOU Jiangling . HOU Tianyong s XING Junchao”
(Department of Orthopedics,First Affilated Hospital of Army Military Medical University/
Orthopedic Center of PLA/Tissue Engineering Research and Development Center ,

Army Military Medical University ,Chongqing 400038,China)

[Abstract] Objective To in vitro construct the bone repair materials that can sequentially release in-
flammatory factors to regulate the polarization of macrophages.and to evaluate their in vitro vascularization a-
bility. Methods The inner coupling and slow release of 11.-4 in the decalcified bone matrix (DBM) surface
were realized by the biotin-avidin system to induce the anaphase macrophages to polarize to M2 type. The out-
er layer load and early release of IFN-Y was realized by alginate-IFN sustained-release system to promote the
M1l-polarization of macrophages. The release ability of inflammatory factors, polarization status of macropha-
ges were observed by the laboratory means such as RT-PCR, ELISA., Transwell migration test and tube for-
mation test,and the angiogenesis ability of compound materials was evaluated. Results The constructed com-
posite material rapidly and stably release IFN-7 in the early stage,and could induce the macrophages to highly
express Mi type marker and secrete the inflammatory factors such as IL-8;under the II.-4 release action on 4
d,the macrophages was polarized to the M2 type and expressed the angiogenesis factors such as VEGF and
PDGF-BB. The composite materials could significantly promote the migration of endothelial progenitor cells
(EPC) to Mp,blocking CXCR2 could inhibit this effect,also significantly promote the lumen formation, VEG-
FR2 inhibiter could block this effect. Conclusion The composite materials that sequentially release inflamma-
tory factors to regulate macrophage polarization have the in vitro angiogenesis effect and can provide a new idea
for research of tissue engineered bone repair.

[Key words| macrophage polarization; M1 type macrophages; M2 type macrophages; decalcified bone

matrix;angiogenesis
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(PBS)THUE 2 Yk DL 2% B A I BE 41 i, SR J5 I A BT & 15
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IFN-y (A4, (1) DBM 1 % « #2 IR A {150 R
BT A SR ARFE R ZE 4 e R A — B s e R
LY e W N X = N = B IV /N D = = A 1 - 2
MR, TER A BIE A M 0.6 mol/L R,
PR N H PR s . IR M 24 h, B 8 /INE HE R
ERTR 1 UKL Y B T 5 P BH AR il A IR AL
Jpig= gt RINASE DSl E S R VB N L = 19
VITCHZEMK R Z vp vk =, HZE pH EHK 7, H
B DBM S 48R R B T 2.0 48, 300 X g Bt
5 min, X DBM HE 17 58 R AL 3 LUK R . B 25 % kT g
BLT RS A3 45 H . (2)DBM [ 4% 2 4k . Bt DBM
YHF PBSBIFBI RK/NA 3 mm X3 mm X3
mm, ¥ HZ T 10 mmol/L Biotin-sulfo-LC-LC-
NHS # 1 h,PBS #f¥t 3 IRUATHIR KM E A EK.
70% LT R WIE EE 10 min, L PBS V¥ 5 12 0
£ PBS 1,4 “Cigifl 24 h, OHOEAEWHE KR
HAN L4 EHBEBRKE RN 1 mg/mL, mHA A 10
mmol/L Sulfo-NHS-Biotin ¥y &, R E 1 h 58 ik
EAEMEML.PBS BN BRAMEN AR, LW
HEEAT 4 CEM. (DO XR-EAMIK KB EDR
L) DBM 28300 T 172 pg/ml B 36 AR B W+
1 h,PBS #ik 3 ¥k, ¥ 1.4 H 5B S AR T4
ZALH TL-4 7% 1 h, IFN 201 Ctrl 44340 T PBS %
Wb 1 h,PBS Wik 3 ., TR ME AL 4
FEMITH AR EEE A AL R 45 G L 145 1L+
Sz A B o . (5 E A AR
At ) A FZH N TFN-y 25 19 96 8 2 4 5 W (TFN-
1 mg/mL, % #4080 mg/mL) , DIHE 1Y 1L-4 FHEX
B 28 6 8 30 min, Ctrl H 5 114 HEWAEA A
IFN-y 0 i 3 B 49 % W 30 min, &0 T 10.1
mg/mL ZALFEE W T 10 min, EE DL FALTE 3 K, W
BRI R SR Y B L 2B Tk PR IR — 80
CURAET 15 L HUBE T WA A ) B4 S IR 235 440
1.2.3 83 Hkn

UG A 4152 A F R B AE 10 mL () DMEM/F12
Rege s pcE AE 37 “CIERAR A o B K BT 98 YR AR I i
IR, L 10 000 r/min B 10 min, B & @
it ELISA A & @ 1L-4 5 IFN-vy K%, 358 2t
B
1.2.4 A A5MHHEm g ¥a

B M-CSF #l#% 5 d WE W4, L 1X10°/mL
) e 3 R FHOULTT i B P ks 4 M T - LM L i A
FRIEELE 3 A EHIG SR, ORISR 1.4.7 d
W BE K 35 4L L 8 5 ELISA K6 Ho b 8 1K 7. AH [
A [) A5 A5 2 A0 B L Y R IS S $E B mRINA, 2 ) 7
S AR G 0 B A AT 3 A SR JS AT SE B E 2 PCR(RT-
PCR), M K3 N T o (TNF-)  #afL ] T2 1k 7
(CCR7) J#atk A FHELAR 18(CCL18) | i /M AT A A
A+ (PDGF-BB) 1L N A K I F (VEGE) 451 )
FFHNILER 1. P95 °C WARPE 30 5595 °C Ak
5,57 °C Bk 205,72 °C 3EA 15 5,40 PMEH,
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1 RT-PCR 3| #1551 (5'-3")

S EE 5 K514

TNF-« TCC TTC AGA CAC CCT CAA CC AGG CCC CAG TTT GAA TTC TT

IL-1B AAA CAG ATG AAG TGC TCC TTC CAG G TGG AGA ACA CCA CTT GTT GCT CCA
CCRY7 AGG CTA TTG TCC CCT AAA CC GGA GGA GAG TGA AGA AAA CG

11.-8 ATG CTG CTG AAC CAG TAG A CTA GTC TTC GTT TTG AAC AG
CD206 TTC GGA CAC CCA TCG GAA TTT CAC AAG CGC TGC GTG GAT

CCL18 CTT TCC CCT TTC CCT TCA AC GTG CTG AGC AAA ACC ATT CA
PDGF-BB TCA GCA GCA AGG ACA CCA TG CCG AGC AGG TCA GAA CGA AG
VEGF ACC AAG GCC AGC ACA TAG G ACG CTC CAG GAC TTA TAC CG
B-actin TCC TGT GGC ATC CAC GAA ACT GAA GCA TTT GCG GTG GAC GAT

1.2.5 Transwell £

B EPC DL ECM 5 2 il £ 50 41 it 2, 4 7 40 g
W 1X10" 4~/mL, 1F 24 FLAR P A% Transwell
NG TR S IR 4L A 700 pll 4% 40 B
F3dEmMREFERE, WREK 4T Transwell =
BN 200 pL & B4R BRI % Axinitib(VEG-
FR2 # i 57 8 & SB225002 (11.-8 411 ] 7)) i 4b B
EPC 19 | 40 il B W . ¥ Transwell /NE B F 5%
CO, .37 CHMWFE N R 6 h JF &1k, DIJCw 2
BERCIR BRIR B 1 )2 DL R BR AR 4. F PBS
VERFRBE S 3 Wk, KL 4% M Z B B 2 15 min,
PBS w3 k. 0.5% Triton-X100 B 10 min, PBS
Mk 3 WJE UL DAPL TAEW (1 pg/mL) G (A 5~
8 min,PBS #yk 3 K. %6 8 MR T A fik BR g i
BEHLEHL 10 A L EF (X 200) 23 3%, 8 IF 1
WA A AN AT RS R
1.2.6 FBEHRER

¥ Matrigel &8 F 4 Cal gl g8 mi Ak, m A

AB: KA ;C.Cerl 40 ;D114 20 E. IFN 4 F. B &4 .

% 96 LA (50 pL/FL), 37 °C By B AE N FR R O30
min, A AL E 7 d 18 55 L6 & Wk S 2 X107/
mL 1Y EPC Ju4 il 2 W . &AL A 50 pL 40 2 .
37 CHWFFE NI E 8 h G Bk,
1.3 %itzam

K SPSS11. 0 Ge it 3K 4, A7 B I 3R 5 22 0 i
Fedre/IN G 3 M 25 5% (LSD) Fh g Bl A & +5 R, U
P<C0.05 WERHGI¥E X,
2 % e
2.1 MAHHEK

DBM ZMR AN 1A Fizs , IFN-y 3 R £h 1R A TR
55 GRS 5 T I IR R T R S AR L R R T Y TR
Ha R (B 1B) . Eff s 4s R R Curl 41 3042
FLBR AR — AL AR W e (B 10) . 1L-4 . IFN 41
AT LR BRI A0 A A Ay A A R (B 1DLED
XA 4L T IFN-y 3R R IR & 7 5 S0 85 7 T
VT B S R A8 L DL 1F

B 1 TR XERSHFBERELR(X300,2=5)
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RT-PCR %53 %R , IEN-y 539 i) B i 4 B¢ 4 21
5 IFN 41 5w g g M1 BRI k. B B4R 1 K.
IFN-v Al 5 B W40 i B M1 B bR 5 TNF-a, %
P M1 RV AL AR o a3 55 4 K TFN-y (9 B Al
15 EWe 4 B 3% 28 M1 BUAR &Y CCR7, TNF-a f& IL-
18: 56 7 K M1 BUFR G Rk KA Corl AT B
ZS . R 14 R GRIBCRAE R T 19 3 41 b 4 i 24 &
FIR IL-8, 7658 7 K, 1L-8 Wy F A 1E 45 4l a] T & 22
5o T4 7R85 4~7 RIWFaE B T1-4 415 W5 41
ey M2 IR b, AEBE & 5 1 R, 1L-4 2 40 i B = 3%
ik M2 BbREY CD206, ESE TL-4 W] i S5 M2 %l 20 it
WAk s FES 4 KL TL-4 440 il CD206 =ik Bl &8 7t &
MEAHE Col AR E 25 7558 7 K114 440
s CD206 5 Crerl ZHJCHA 22 5%, WK & 4 CD206 #
KIS TS 47 RV A M T IL4 MRS
B M2 #lFREY CCL18 K PDGF-BB # ik /K H &
T . XF VEGF Rk A A BES 1 KE
ik VEGF, W] 55 F 1L-4 41,5 IFN 41K ¥ 4124, Bk
G M VEGE FiEKFAES 4 KRB g, 75 7
KAk, HB W& FH A 3 41, WK 3. ELISA
R BN AERES 1 RAE 4 K, IFN-y MRS 5L
W5 20 i v 2R ik ML BUAR B9 TNF-o IL-18 M 1k
Rl TL-8 TL-4 f B30T 35 W 240 i o= 3R 38 M2 B o
W CCL18.PDGF-BB; 7E45 4 KA 7 K, T IL4
BRI B A BRI S W A Y M2 B AR Ak bR
B W, T VEGE B9 3£k 28 fb #a #v, ELISA
55 PCR 45 5o —50, WA 4,

ICtr 4R
00206 = IFNE
8 67 B |L-448
B - wd  TORAE
£ £
~ 6 ~
X X 44 abc
H-g 4 H-é acd
= Z 2
< 2 g
2 2
£ £
0 0.
C 1d 4d 7d D 1d 4d G7dléﬁ
— —Ctr
1L-8 g?}aéﬂéﬂ VEGF = IFNH
4 O 61 ab ab mmIL-44H
" IS0 AR
2 SHRaH 2 Sabe
~ 3 ~
X @ 41
%2 &
% 1 g 21
= =
g g
0 0
G 1d 4d 7d H 1d 4d 7d

" P<C0.05,5 Ctrl 145" P<<0. 05,5 TL-4 4L He ke ¢ P<<0. 05,5 TFN 4149 P<<0. 05, 5B A 4l A,

& 3

2.4 AAMBESTREARGHH

I RS 45 R R L T4 SIS 2H A B 5
FE] I 2R A IR OE B BT VEGF A2 4K (Axitinib)
YA Y A 2 I A 2 4% P i 3 R 4 00 45 A PR I
BH T 11.-8 (SB225002) X Ik A& 41 4% 14 ¥ 77 JL 1 42 1l 4
A VR R i B, UL 5

EME A mRNA REZW (n=5)

2.5 A A4MA EPC E# 6%

Transwell 20T 5 45 % B/~ , IFN 4H MBS 4H
S B g AT B B R 9F EPC B R B & 4l
VEGF £k B #H &, W VEGF Z & (Axitinib) J5 &
W EPC ) iF # & 4 W1 W ol 4% i BH WP 11-8
(SB225002) FJ B} 4 4170 1 ¢ 5 24 4% 14 855 57 6 % EPC 1)
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TNF-a CJCtrl4H coL18 Ctrl4R IL-1p  CtrlE
4 3 IFNGE = IFNE = IFNGE
ab B9 |L-44F 1504 = 2.5 —Jier
ab EEH EBAE ’0 ab =)
%3 2 acd B~ ab
x E 100 abe %, ]
ﬁz- ® g 2 ﬁ 51 b,
& o, acd & 1.07
& 50
Z 14 > o
0.5
* 0- 0. 0
i ' 4d 7d B 1d 4d 7d c 1d 4d 7d
| I Ctrl4H
PoGre8 IL-8  CICtri4H VEGF =3 IFNGE
s 3 IFN4E 2.0- =] |th§§
20 acd 4 B0 | L-448 ’ B ab -H*E_H
377 ab EHEEALE a abe
3 B 3 ab 5 1.59
}01 5 2 \E
£ E b b
1. 0- ﬁz- ab 3 £1.01
& oy 1
0. 54 3 %o 5
0. 04
0 0.0
D " 4 7 E 1d 4d 7d F 1d 4d 7d

“.P<C0.05.5 Ctrl 41 1" P<C0. 05,5 TL-4 41l ;% P<<0. 05,5 IFN 41 0% P<<0. 05, S A 41 Lk,
& 4 EAREARIETNH(n=5)

» . — e
A:Ctrl 415 B IFN 41;C. 1L-4 41 ; D B & 41 E B A 41 + Axitinib 41 ; F. B & 41 +SB225002,

B 5 B ER(X200,7=5)

-

-

A:Ctrl 41;B:IFN 41 ;C. 114 4 ; D. B &4 E. B A 40 + Axitinib 40 ; F. B¢ &40+ SB225002;*: P<<0. 05,5 Ctrl 4H %2,
6 Transwell ZRBEEFE R DAPI e ( X 200) RAAATTE (n=5)

250+

HEREE (1)
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FEAE AT AL R 15 i 3 5 5 40 A Fh R 7S o DT i 3% HE
A5 PN I A5 b 7K ST B9 A 4 208 2 SR AT T RE
T A T R K B et i Rvh . Bk, B RS A R R A
BB AT 45 M 380G M K M2 78 5 5 200 B K 72 43 1)
e £ H S PR R 2 B R 1B R R T X R Y
A YA EF RSN R AL TR S NI
PR BB S5 76 97 4 BT 10 LB .

Tt AW G F FH TR R B R R G MIBE R R R M
R RGN DBM M H# T2 A RE, 3R £ 78 i
R KR Z M KL B, —Fh RIRF 4R,
TEAER REFEE MK, ARG R NAEY
FEZ M AT B i o R R A A B A b R R
ZI AT BB, HIE N ERRAEC W 2N
™. SERR 549 A BRI AN A BE
H-BWEARMREN K FHERAS G . WL, AW EL
() DBM SZHEAN 11-4 7] ¢h 2% L3R 32 fik 2o /&5 58 F ) 45
BB AR, SRE R EA
BRI SC 3 IFN-y 5 T4 W SRk, MR %%
R AR K W -RF WG T A T 2 R LR E R
(PLG) 342, 5280 742 38 A= s 40 VEGFE S A2 B
B F PDGF-BB )7 B B i, T b e 38 17 52 20 19
M55 A= BCRE IR 48 R T 40 M N 7 A A B B 2R
PEVO L AR R B A AR A KR TR S
AT 25 A 1 B[R] A7) e R A A5 B X B — i B
20 DR 0 R A B A A BT T W 4N
FLA AT 3 W PR 1) T QR i A A A G B A G
4 s n EPC .MSC ., BB 40 il 5 i A= 2=t WA &
EE PN . Bl AR TR B A
()43 W5 ) 6 AT BE X i 45 A AR K 18 B T B R B TR
M TEPEE . AR ST 45 S E 52 . & & MR AT 76 B R
A 240 L DR A S Al SR I AR IR S A R B
WL RIE 4 d N BRI L) M1 BUCh LS DL M2
TN = PR AN S 56 25 1 55 4 2405 16 42 0 B b g A
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I ) R AR 25 A AR IS ) 58 W 5 s R A BT R RL 1 45
Az 2ZERRAE

TE 45 26 BB 3k B vh , EPC 3T B 12 e s 3R 5,
TEHAW OGS S5 S T EPC B 86 3h 57 % 4051
IR P RS 2 440 5 A7 42 0 SR S B I A G B . Ik A
EPC & 8 IE 52 7E 2 F g 4 450 780 vp B 2 1F A B 40
TE BT A B R MR Y . AR SRS R AL E
Ak R AT B AR BE EPC ) B4 AT R L R OR B
AR R AR 42 i A A BUVE . EPCs iR 32
B 2 5% A5 5 e Sl 98, Hen PISK/ Akt, SDF-1/
CXCR4/eNOS % , AR 4 /i 39 A 58 30 55 L 76 7 4
BRI EPC M B YT BN R BG5S EE N CX-
CR2-Src-PKL/Vav2-Racl i %", IL-8 & CXCR2
) — o 53 R T AR I ) A AR O — B R e fk
F.ar b g, AR LIL-8 Al 5 G-CSF
PrRIE L 38 3 45 4 CXCR1 Fl CXCR2 k15 EPC
(3 B PR AR B B 420, SB225002  CXCR2
) 1o 0k B R A R, T AR A ST R, R LR A M R
EPC [ F W 41 i 1 7% 09 4 2 7 FH o] 8% SB225002 B
Wi, $27~ CXCR2 B FLFECARAE L b (1 SCHEAE F . A 5
— 5 S UE T A o VA ¥ 50 20 G 5% 43 0 1) g AR 2 I
BRI T ATE . BR T3 A 43 0 1 R AN
TE A L A, EPC i 1 il 8 A= i i 32 22 07 U7 4%
160 P B AN, B 0 4 A . EPC i ad i g
AR A i o= g 20 1 ol
B . AW WAL BB A 4 2% 10 15 37 5L nT B 1 42
U4 A B T BHL T VEGFR2 AT B 58 410 41 1 7 A - Ui
W17 VEGF 78 E I 20 A 98 5 1 38 Az miad 22 rp ) 8L 22
YEH ;1 VEGF 7EBC G A F5 82 m Rk R RIE T 2 A
ERE R0 I A8 A JSCRE T . AR L HE AR 22 1 A0 i A
T, VEGF 1 PDGF-BB 9 i ifit 45 25 1A FH B B AT
Pk, VEGF 1) 246 b 54 N B 41 i s 2 i 48 A=
LM PDGF-BB F 25 5 148 A Wls 14 s T8 m A
JEL 20 i A A AR L T I A A B AR v R 4R B R
IR T 10085 2 ok A R AT AR E g o
B 2 5 R o 9 4 A B Pl ML 1) M2 B9 R AL
173 VEGF #1 PDGF-BB 11 3% ik = W 7] LA AR 4% tH 21

ZE LTI I Ak A ) Y S R T g%
S o E o e AR . A0 SR B R S Y AR E T
RBE AT DL 2 R i 8 R T DA B
T 6 F B b Ak e A A B 4000 G 422 o 40 i ) o £ B
HEMARBEDREE R ER, NI AR E T
A B A0 AR Ak Y R A A R R Ah S
W1 E S T HAR 45 A B RE 1, ml o B S 938 97 42
BT Y S B L 7 e ) R B BIE g A — o T
1 M E .
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