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In vitro activation of macrophages by decellularized extracellular matrix materials
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Abstract

BACKGROUND: Because macrophages play an important role in the body’s inflammatory response, the
detection of the impact of biological materials on the behavior of macrophages can assess the immunogenicity of
materials.

OBJECTIVE: To analyze the activation effect of decellularized extracellular matrix materials on macrophages.
METHODS: The peritoneal macrophages of BALB/c mouse were obtained and cultured by dividing into five
groups. Control group was simple cell culture group, experimental group 1 was acellular matrix membrane
material directly contacting with macrophage for culture, experimental group 2 was fresh pericardial material
directly contacting with the macrophage for culture, experimental group 3 was acellular matrix membrane material
indirectly contacting with macrophages for culture, experimental group 4 was fresh pericardium material
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indirectly contacting with macrophages for culture. After 24 hours of culture, the secretion of nitric oxide and cytokines in
cell culture supernatant was determined. After 48 hours of culture, the absorbance value was determined by MTT

method and the toxicity grading was determined.

RESULTS AND CONCLUSION: The toxicity grading in experimental groups 1-4 was respectively grades 2, 4, 0, 2. The
nitric oxide level in experimental groups 1 and 2 was higher than that in the control group (P < 0.05), and the nitric oxide
level in the experimental group 2 was higher than that in the experimental group 1 (P < 0.05). There were no significant
differences in interleukin-2, interleukin-4, interferon vy, interleukin-17A and interleukin-10 levels between these five
groups. The interleukin-6 level in the experimental group 2 was higher than that in the control group (P < 0.05); The
expression levels of tumor necrosis factors in experimental group 1, 2 and 4 were higher than those in the control group
(P < 0.05), and experimental group 2 higher than the experimental group 1 (P < 0.05), experimental group 1 higher than
the experimental group 4 (P < 0.05). These results show that acellular matrix material can activate macrophages in direct

contact.

Subject headings: Extracellular Matrix; Inflammation; Macrophages; Tissue Engineering
Funding: a grant of Regenerative Medicine Materials Common Key Technology Research of Major Science and
Technology Projects of Guangdong Province, China, No. 2010A080407005
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0 3| Introduction
WA A2 2O I E TR AT, R R BN,

B JRE I R SAES S HE R 2 e S . B
—HER MR s A, LT T ITE AL, RAZUE
R FRS 5o MEFERSOR, M i) 2 B KA LU RS
A7 @i i Toll B 57 44 (Toll-like receptors, TLRs)
SR ARIBSZ AN R AR R R G 5 e @ SRE N 2
ek . @I FFIRTE BRI AR . @R I8 N E e N .
OFENL BB E P B, Kb ihohgg
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1 ##F1A55%  Materials and methods
1.1 &t RSO g S
1.2 BFRAME S2IT201053 H £20154:5 B4 %
KA A RE AR AR B i A 2 RS = e e e
1.3 4t

SEagzh#: 8108 i S BALB/c/N R, MEMEAHT,
W (2523) g, WH) KAWL I L, YRTE
5: SCXK('8): 2008-0002.
14 7k

FIEEAERTIFIEI#) & WU DR RL, 22°°ColR 5K
W o KRBT EERARIBY 8 51 KN, BT 244115 9k
Transwell -2 /N5
7688

Bt 2 BB b AR SN BUE ERE AR SR I AR T 518

L NP ES IV E K

JIE 4 O A ek I~ R R R R A R A
", £ T HEARUS patent,
#61065554F 14 b 31!

DMEM/LOWH; 773, PBS. 4 1ii. B~ FEEGIBCOATH
THIL O LR AR BER R
HEPES. AELATFRAKLIR . PN W RN

NEZHE. BOL(B3-16K) JIH Sigma2s ]

CBA Mouse Th1/Th2/Th17 Cytokine Kit. %[ BD-Pharmingen’A
0.5/1.0/15/50 mLE5.0VE . i 12 mmx
75 mm. 8.0 um cell culture inserts

Griess Reagent Kit % [FPromega’A

Wi\ X FACS Canto 11 2 [#Becton Dickinson /A

g A G SW-CJ-IF Y FMIKESCO 4w

(R G pE PO AR
FihRA % [ BioTek A
COAN 5741 % [H Thermo 2 )

N k5 7742 96/24/6 4L J [ Corning A

RO AR F A5 8 AEAL S8 L 2 AR s n
TR IR o R A e TR RL BT R SR, BAETIR
F244L 597 sk Transwell [/ %

PEAERE E LR AI AR IR BRI AL JEBALB/C /)
Bl DM H75% LBF iR mindii s, LEFA Bk
Bk, W R A BT TT RBR I 10 B AR P O 4 e B, T
TR IR B R P B R OB, I JC BRI 3 mL
DMEM/LOW G MLy HERil G IR0k, A e b i 6 21/ RIS I
£5 min, HIJGRENBHTEEIRA BTN, Ok
g, WAEFIM5 mL BOE T, BPBSUE1XR@E C.
1 500 r/miniZL»5 min), DMEM/LOWG I35 Fefidifs 77 5k &
AN, AR A 1x10° LT A b 0 R R
FafLEg0h, FE4L1 mL, 137 C. A3 %5%CO,
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B a . 24 h J5, BRI TS AT R N EE 2
M) B, I H DMEM/LOWJG L3 FE i 72 L 82 42 ik 3
U, TR I UG RE A M B R BV AN R, E R AN AR e
F4/80Pu A e (0 % 2 4l S, IUR U7 V245 21 1) e 41 g 2 5
(F4/80" 4L f51)>90% , ] JiI T-LL F 528 .

DEEREEREARERT1ESE: LLDMEM/LOW G IfiL i &
il R F R A, VAR AN S 1% 10° LT, BeRh T
24480, 24 h JERBRWRIN B4 A AR MG RE A0 M i F3F,
Jf FH DMEM/LOW G IfiL 3 & fili B 77 e AR e e e 3 Ik, 4%
Transwell /)N 3 JRN 24 L F JIE 40 355 55 80, 78 Transwell
/N B 2411 e A0 M 5 FEARCEE AL 23 0l N1 mLIB B 1)
DMEM/LOWSE A #5775, A diiids: XA~ =hAm
MNATATT W) 0T, SES6 120 AE 24511 A0 M 3 24 i N it 401
L TR kL, SIEUG 220 7E 24 LT i 41 B 35 FEAR P I N B
VLSRR, S286 320 7F Transwell /) % wh b A i 40 i 55
FkE, SIS AYZE Transwell /s 5 77 0 A GHT 00 A0 A )
FFAINEAL, JE T37 C. BB $5%CO, 5 F: 4
HigR.
1.5 EZIEIEHF

MTT R paIE5E: 19748 ha i Transwell /N,
AL IIAN200 uL 5 g/LIIMTTIRR, AEEs A gk
SEREEHIR4 h, 300 xgB05 min, W BiE, HIA100 pl
DMSO, #3710 min, LLIS /M ARfLN 2R A gs i,
TERGFR 490 N AN - F LI OGS (Ao i), FF01
S AT B, DA AR MO 3 . A0 AT IS B % (%)= 5K
I8 2H A soo B/ L ZH A sgo X 100% o 24 41 HLAH Y87 % =100%
W, TR0 7E80%-99% 1], H1Zk: 7E50%-79%2
M, h28; 7E30%-49% (8], h3%; 7E0-29%. 8, N4
Ko I EEROBAL NN Gkt N2HR VI, Nighi&?
MBI, LRGN 3RALR PN AEHE
Griess ;Z1:l ElE A5 7 L& H —E 1 FHI 570

K24 h G, WUERANNRESE B3, TS E R .
Jeit Griessit ) &5 77 42 % 15-30 min, I iZ iR &
1) 150 B F A R AN [V FE RO B A s B85 R BE A FEE AR B A
(0, 1.56, 3.13, 6.25, 12.5, 25, 50, 100 pmol/L),
RIS TR 2 AR HE T 50 pLATEE 7 E3550 uLay il in A\ %1196
U REERAAR T, PS50 uL GriessitiillA, =BG &
8-10 min, #RJGHMIA50 uL Griess iX#IB, ZiE#ER
J%.8-10 min, V&%4J, 7130 minPy FHEEFR X540 nmik KAk
LI AL (Asao)s  FHFRUE fib A9 55 60 Y. (1) As40 nm
A Hbr M 2, R ILE &R RN Y=
0.003 3 X+0.077 7, R°=0.999 4, 7Y JyNOMK & (umol/L),
XA Asao nm BB KA FIFEA Asag am B (XAE )X
NIEH T FRET AT 75 R AR s 5% B b — B ER S .

T ICCBAES T B I 4 1 12 5 _I & 50 2 el [ F 59 %
A F5FR24 hE, WORAMES R B3, 140 M DR A
HIBD Cytometric Bead Array (CBA) Mouse Th1/Th2/ Th17
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Cytokine Kit, i id =N gi Ak 1 4n /222, 14
F4. OIS, THE v MRS, Agii 5=
17TAFI A 210, RAARE R~ Bl ascs T
FEWFAT30 minZidTs FRESECH], R 0B T )
Assay DiluentZ bttt il 17Tk, fil#5 5 5 000 ng/LIviE
Th RS, JAssay Diluent R 5IFBARAE Y, B 455
5000, 2500, 1250, 625, 312.5, 156, 80, 40, 20,

0 ng/LIAUES; B4 Capture Beads, 10 pl/test, RlbwiE
AU EREAKRI10 uL, A R AR A i PR ) R
$, VA, ARJEWES0 uLfCapture Bead2bric i it
B ZEARR A TIN50 pLAARTE S S AR R i
) #5920 im0 uLffIPE Detection Reagent; 4], &
i, BEEIEE2 h; FH1 mL Wash Buffer (100 xg&5.05 min)
YEG—k: FH300 pL Wash Buffer®E & )5, #5:0. 50 pL
Setup Beads T-/zUEH, FINA450 uL Wash Buffer, %
EAXAS S atdn i (BD FACSCanto 11 )3ki#da; H
FCAP Array v 108 R A FRE I RN R AR

1.6 itFoa  REME R xesEoR, nhFEARE. 4
HEE Ak ] GraphPad Prism 5. 4iit 5% Jone-way t
K5, P < 0.050 22 S A7 i 2 1 7 Lo

2 R

2.1 BLeamle R A T B ity ke SEI 141040
WA — e EeE, misEIe 320t 4n e i Rk, B A
I8 AL o) G 4T B 1 3 A pE Ak 3R T 1 B 5 0 3
1, 1 XY AN SRR R, RN SEEG34I R 2
NIRRT SR, SEEG 241 RN SIS 440 X B AN ey
B HEENE, U IR OB IR R I B 4 B nT LRSI
FIRE R, R

F 1 BB FAREA RSO B R R 5 B T B R A 1 5
48 h F Xt HAERY - 1EITR

Table 1 Cytotoxicity rating after the acellular matrix membrane
material or fresh pericardium material co-cultured with peritoneal
macrophages for 48 hours

4150 A fl(xts) 2 JU AR T 2 (%) RETEPPR
Sof 4 1.312+0.034

S 14 0.74320.024 56.63 2%
S 2 41 0.236+0.017 17.99 4%
S 34 1.320+0.020 100.61 0%
S 4 241 0.784+0.056 59.76 2%

R ALy AU IR 950 1 AN BN SR TR R A
ARG SR, S0 2 ZU4 B O AR E AN i AR AT IR, 96 3 41
N AR R SRS e g L e B s 9, S 4 LA B O BB R
5 4 s ) B A 5 5%

2.2 BLoale AR AT S MR B a3 35 ARG 89— Rk
Borie XFHRAL, SCEAL. SRB0241. SUEG 3415 sL 44
()4 AL B 23 ) 49 (1.90£0.03), (8.74£0.47), (34.38%
0.89), (1.24%0.23), (3.11x0.11)umol/L, W.E1.
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30 Figure 1 Comparison of the concentration of nitric oxide secreted after
g acellular matrix membrane material or fresh pericardium materials
g_ co-cultured with peritoneal macrophages
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Figure 2 Comparison of the concentration of cytokines secreted after acellular matrix membrane material or fresh pericardium materials
co-cultured with peritoneal macrophages
Bl B A 4 ANIREERRUE S ) CBA xR K (0, 80, 625, 5000 ng/L); B4 5 4040t i CBA A /RE R C hEadii
S # 6 AR IER T o AKCEGE T . S A D PR Al gl S 35 TR 4L 928 1 40 B An M ik BB AR 5 BN AN i R TR, S 2 AR
OV AR S LR A0 M A IR, S 3 410 I A0 M R AR S AN i TR e BT IR, 92U 4 20 B O L B R AT Y
WA SR . SXRALLE, °P<0.01; 55k 1 4, PP <0.01; 552 2 1H4, °P<0.01; 55 3 41, ‘P <0.05,
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ST LR, SEIG14. SERR241. SRRl Rl E
e A0 B = A — 2 AL (P < 0.01), 1My S5 32H A2k = 41
Jr= A AL E (P > 0.05); SsEi24 i, seae14l. 5K
BOAZH R E A e AR I — S U 298> (P < 0.01)s 44
DENER 7 I E sl I E R =W =1 a EUVATOY % B S CIE 722
filiZ1(P < 0.01), UtHIARIRIH IS AT THR .
2.3 BLém e R ARt IR B v dm e o ik tm e B 69 %
w  WHE2.

EHBRENE2. FFENFL. FHEr. HHNZE
17AFIEZ0ME 7 310: IWEI20T LI H, PR RE 6T EE 41
Mo AR 2 AN FEA. THRE v . A4
FATAR A0 A 221070 & 52 .

EHLRAN 36 FRALL SEIAAL. Seg24l. SEi3dl Y
SEUG AL 140 A 3R 6 5 = IR 43 ) O (1.98+1.15),
(1.91+1.23), (44.56+2.52), (1.49+1.34), (1.85+1.08) ng/L.
A, seib 4], seae34l. sEIGAZ AR s g
= I/ 256(P > 0.05), 17 SEI6 24 2 Tl E v 4 i
P KR AN ZE6(P < 0.01); HSEib22 Hit, SEi
Y43 WA R 1 41 226 TR T s/ D(P < 0.01).

AP FE A Fa: JEAL. SEEA, SEah24 . SE63
21 5 SEIGA L R SR B T oS IR I 43l 4 (8.23+32.23),
(150.77+25.35), (889.26+34.43), (7.96+18.75), (90.24+
25.98) ng/L. SXTERAILLE:, SISl seg2dl, sei4dl
S AN i A IR R SE R Fa(P < 0.01), 1fisiEe341
AN TG A 7 2B R IR SE IR Fa(P > 0.05); S 140
IR SRR T ol A B e TSR B0 34 (P < 0.01), SEB241 it
TR IE IR o T R B v TSR 06440 (P < 0.01); SEIG1 21 fifsse
FEPE T R AL T2 8241 (P < 0.01), 1 Tsci4
(P <0.01).

3 i1 Discussion

A A A Ay 82 0 S A R Al P28, e 1
SR B RAER T, A B R T, X2 5E
DR -4t [ 2 A T 4 i 1 5 B4R T 2L A 4n
(AR BEnp, (5 R anie, bRz anmess), 24t
BT RIES IR N o HEAh, WA f A b 5 B Lol e
JEEE AN, S 2 VAR PR R T, SREN TN
HARSIPUR . Ik, SRSV AN B S oA e i) S s i
P, 12 I ARSI A0 A B ST et IR 4T P R

AR S0 SR PR U B Y A5 v 0 1 /0N BRURE A e g,
T 55 £E Transwell /)N 5 R84 11 Je 40 it 35 b4 b} B 2
A2 I 2 3L K5 % N S 5w 40 Mo o BE s R L R R
Transwelll< A MR, 1 EH L, fLIE 08 um, XFEAH
A3 3 IO 40 5 A R AN 5 55 R SO 11 5 e 4 i o e
fill, SMEELEAEMIARS 7 IR AL, ST ok 4N
ML R R E T, I DA R T R, LW
S PR IRV B L TR MR AR FLAS e, AT AT AW S
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FEFLAIRAS T B 20 L TR Rhx BV B s . 53 4h,
ARSI T A M R E T R, HThEPES
U 4 (1 M 20 e A 9, Tl ST e S 5 4
FEARHE T BN 5, A0 e A x4 i
IR AN R TR R RE, VEAN T B
AR B REE B bR HUOR R S0y s AT 40 o5
PRSI HEAT T )= IR -

ARG SR, i O R R B A
fiah T s Y R R, T A P R e 4 R
WY SN TR O BB s LI PRI} T 1 A A Tk 43¢
Bt/ S, UM R BB ™ A (R B W A
T AR, U IR I B (K3 A AN D) T 8
TRl oh, SR PR O ER R AT DL e R 51k
ELMRANIAET, (I RE AR 8 25 0 SR v 4 73—
AL AT ORI IASEIN Ta, Hoh— S EGE R
W A1 15 A RN E R 5 (B BFFi R
AT A R JOAELE (AR AR T T A 4R 36
AR R SE IR T aff o SR JAE A 7, AU S 58
P, i HieBAT RGBSR AQ ARG A
WPEe PIAUEARSNSER:, ToidfiA B g ik SR 5 X
LY IR TBOE A IS A, IR N r e A
BRYER, ArBEA S ™ B a R R RS 21, JRE
NLUE LR B R JERL R .

HAh, TR AL SRR AN TR B 2
AR MUV BE 1 2 ) 1 T RS A R IR B SR, A e I
(] P9 15 IR 7 AT LA FE 70 I e R 45 40 e (1 2 W 1)
BRI O L - 20 0 TR A % R I PR A
FHFB 73 B DR 5 7 v FROREXG 20 P B DR 25 5 1 Frg Wi 2
R BE DRI DLW S RN 4R I R A LA AN
SEMAT AL, R 2D IR T Rl 4 e 4 i A A RN 552
KSR, RS Y e BORAS AT K 2 5 P
fiti, e IR N AT R it -

it BEHRFAGHEIRRZR LA LNF R LT
Fo ) 5 o A

TEZTAE % —1E AT 2 ikit, LI kA AL,
FIITAE A v E, A 2T EMZI,

FUZEHTE. AR £ ERIAT X E LA £ A B4 K.

B FRidReSHmtEFoSmeEFER.,

XEBEE: LFHRATCLZE CNKI R 2|5 Lakibnl 4 it
TIREE.

XEHPE: KF)EAAREIFHE, LFZ2EAEATIF
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FRAE EAmILt) i) Bt —A s TLE A
G f3k, BB EALmIE, T SRR TR e ATk e,
E v tm o BAL I A B I, RS IR R A AR
KB (S R 98 ) Fots Bl 5 T (IR ). BN 2242
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