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[Abstract] Objective To explore the effect and mechanism of stromal cell-derived factor 1(SDF-1)
on migration and polarization of mouse RAW264.7 macrophages. Methods RAW264.7 macrophages in
vitro were treated with SDF-1 and/or phosphotidylinsitol-3-kinase (PI3K) inhibitor LY294002. Transwell

was used to detect cell migration. Reverse transcription-polymerase chain reaction (RT-PCR)was used to
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detect the expression of related genes in each group. The specific surface markers of M1 and M2
macrophages were detected by flow cytometry. Cytokines were determined by ELISA. The phosphorylation
level of PI3K/AKTI protein was detected by Western blot. Results SDF-1 could promote the migration of
macrophages. The number of migrating cells in SDF-1 group increased from (90 + 16) to (199 +9) (¢ =
12.010, P<0.001) and the expression levels of anti - inflammatory related genes IL- 10 and TGF -3
significantly increased during the induction of M2 polarization in macrophages. The expression of IL-10
increased from (1.015+0.111) to (3.686+0.268 ) (1=15.960, P <0.001). The proportion of CD206+ M2-
like macrophages increased by 11.5%. The phosphorylation level of PI3K/AKTI protein was significantly
increased, and the expression of p-AKTI increased from (1.02 +0.09) to (1.47 +0.12) (1 =5.082, P =
0.007). which promoted the polarization of macrophages towards M2. 1.Y294002 inhibited the
phosphorylation of PI3K/AKTI protein, and the expression of p-Aktl decreased from (1.02 £ 0.09) to
(0.41+0.13)(¢=6.503,P=0.002). The migration ability of macrophages induced by SDF-1 was decreased
from (90 + 16) to (60 = 11) ( = 3.133, P = 0.02). At the same time, the expression levels of anti -
inflammatory related factors IL-10 and TGF - during the polarization of M2 macrophages were down -
regulated. The expression of IL- 10 decreased from (1.015+0.111) to (0.608 = 0.034) (+ = 6.075, P <
0.001). The proportion of CD206+ M2-like macrophages decreased by 10.3%. Compared with the SDF-1
treatment group, the expression of anti-inflammatory related factors /L-10 and TGF-f3 in the polarization of
M2 macrophages in the SDF-1 and LY294002 combined treatment group decreased (ty 0= 14.730, Py <
0.001, trerp=31.180, Prerp < 0.001) , while the expression of pro-inflammatory factors IL-6 and TNF-a in
the polarization of M1 macrophages did not change significantly. Conclusion SDF-1 could significantly
promote the M2 polarization of macrophages, possibly by activating the PI3K/AKT1 signaling pathway.

[Key words] Stromal cell - derived factor 15 Macrophage; Macrophage polarization; PI3K/
AKT1 signaling pathway
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1 Transwell 4 J{EiEFR 5250554 m = A

(DU S SRR AE MR B A1 FRA F]) s GAPDH P
% PI3K ,AKT1 B2 1k AKT1 (p-AKT1) , B 5 B4t
PR RPN VAR 1gG-HRP WB 4t [ 3L L3454
Y25 (L) A RAH | BCA FE A ERIRA & (L
38 = RAEWHAR ST 5 B RNA $2 U] (Trizol
A (2 PR S e 9 i A J PR PCR SO AR & (B
ROX 11 ) (b 5t B ol A o BB A R A D
PrimeScript™ RT reagent Kit(TaKaRa, H 7<) ;PCR E
NS [ A T A TR (L) B A BRA R
ELISA 37 & (LR S Sl A BR A D) o

SRR TR

(2 I R N s o NP N = 4
RAW264.7 R &4 10% 64+ 5 1 DMEM i 73k,
T37 °C 5% COMfEIRIFFRAG T R F5 . BB AE K]
R, 1 BB B, L 2x 1054/ L G I B e b T
6 fLANMIIEFRAR Y, 1 G TR IR AR
A B 15 2 AT 5 37, LA R - (1) X B 4 < il
Bi g7 565 (2)SDF-1 4« FEali 8% 4% 3L p fin A SDF-1,
SDF-1 A2k i} 50 ng/mL; (3)1Y294002 4H : JL il
BRI PI3K #4171 1Y294002 , 1.Y294002 (1)
YR E M 2 wmol/L; (4)SDF-1+1Y294002 4 : Bl 1
F5 5L b & AU E M 50 ng/mLL ) SDF-1 F1 2 pwmol/L
LY294002, #% Bk 2Hit17 N Ao,

2. Transwell HHUIERL S . FHICIILIE DMEM 8
2, R AT e B o A TR R 2 1 I Transwell
/INE R B, Transwell | T = ARIE 540 5IINAA
[ RE IR (B D) Rl & 345 FL,37 °C 5% CO,
ERFRAA NI 24 he 4% 22 T WSV W 1 7 20 min,
TIA 0.19%%85 i 58 YL R i A T 94 €4 30 min, {5 B 2 1
B ST RAE UG, BEFLIERS N HLEF | Image] 5K
X ZEBEAR M A TR

3. 4 PR R < A0 1 TR SE G A AR 440
T EE (%) 20 B HP oI AKH . A 5 77 3, 5595 24 b, BEHL
Yt e H I AT R A

(1) SERF9E 62 5 RT-PCR : 8 RNA 2GR
& bR A YRS A B A R FEICEL RNA,
M 5E RNA ¥ 2 J5 {8 FH PrimeScript RT i 7 7 17

cDNA o 5 i 4 4 59 BB T PCR 226 A%
(Thermo Fisher, 32 [# ) W #f 47 PCR § 3% )2 i , VL
GAPDH J N Z 53 H HHARIEA 2R 6 (IL-6) I IRAEIA
Fo(TNF-«) IL- 10 5E4b 4R K +B (transforming
growth factor-B, TGF-B) Y HE A R SE50 v
TIPS LR 1,

&1 ENGIYFESI

B ElEZ2 !

1L-6 5"-CTTCTTGGGACTGATGCTGGTGAC-3'
5'-TCTGTTGGGAGTGGTATCCTCTGTG-3'

TNF-a 5'-GGACTAGCCAGGAGGGAGAACAG-3’
5'-GCCAGTGAGTGAAAGGGACAGAAC-3'

IL-10 5"-AGAGAAGCATGGCCCAGAAATCAAG-3’
5'-CTTCACCTGCTCCACTGCCTTG-3'

TGFB 5'-ACCGCAACAACGCCATCTATGAG-3’
5'-GGCACTGCTTCCCGAATGTCTG-3’

GAPDH 5'-GGCAAATTCAACGGCACAGTCAAG-3’
5"-TCGCTCCTGGAAGATGGTGATGG-3'

(2) PR EDR G 92 W B X0 « SR PR IBG G328 K B
I 20 M5 % B3 1L-6  TNF-o IL-10 FIl TGF-B
(R Ve AR o s 35 R i P ot RIS B — 2 A
B0 A L R S I T A R B AR 1 L AR
B A BR i A AL P 1 (horseradish peroxidase,
HRP)Fric BRI TR, 37 CIFE 1 he TS UERE
A TM 8 838 37 “CatEt ik 10 ~ 30 min f5 28 1k i
o A8 FH SR I ' B (A1 (04 450 nm &b ),
FHEAR 40 3 WP IL-6  TNF-o . IL-10 F1 TGF-B
(R SEBRHR FE

4. 37 AN ARSI I v 4 i 3% A i 4 - R B
20 M DT P Wl R 22 b i (PBS) A M, in A
5 pL APCHRIE K RPN CD86 FRFEFETLIAR 5 pl
PE FRiC K BB/ R CD206 B g 44, 4 “CREEIE
7 30 min, BfiJ5 FHTA (9 PBS PRI IF BB A0, IT7E
2 h AT i AR AT o A I 256 v i3 DD
F18) ) R 06T R 3 sk 3 =X 4 SRS I R A5 3t = 4
JIAECHR , IE4dFH FlowJo B4 HE4 743 HT

5. 2 R Bl 7 (Western blot) K ] PI3K/
AKT1 A5 538 A G 1 8% PBS B F UK - Al J5 vk
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VAR TP AR L, T A 3 U, A A A R R Y
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4% 4 85 F 3547 SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) H1 K 77 125 ¥4 it 22
B L (Polyvinylidene fluoride, PVDF) JI&E |,
3 mn—470, ARG G54 B P 7E48 R 18 54 % 5y
2h, 2 TBSTVER 31K, 5 min/UCs 2 M 470, Mk LL A3
o4 1:20 000, 55 2 h, TBST IR L (4 I 50 AL fh 2
%t (enhanced chemiluminescence, ECL)iRFI &G,

=Gtk
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LR SEER A0/ RS LR AR i RAW264.7 3T 4% 1 5
SR AT FEAS ¢ K61 50 5 X HEZE N S 3628 /)N B I 240
RAW264.7 FH 26 JAE H 1 FHXS b MR H Y R0k
KRS FEAR A 56 ; P < 0.05 AR A G242 L,

s R

— GRS A P F 1R LY294002 + FO6
W2 i PI3K/AKT 1 {5 518 6 i 5 0]

Western blot 25 3 ([ 2A) B~ , 5% BZHAH
SDF-141 PI3K \AKT1.p-AKT1 A A4, p-AKT1
FIXM(1.02£0.09) K £ (1.47+0.12) , ZFH 45
¥ L (1=5.082, P=0.007, [ 2B) ; LY294002 17
J& AT A PI3K L AKT1 ,p-AKT1 335, p-AKT1 ik
M (1.02 £0.09) 18 /0 F (0.41 £0.13) , 22 FH Gt
B (1=6.503,P=0.002, 1 2B) . 5 SDF-141tk
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WA TR, p-AKT1 kM (1.47 £0.12) 3870 % (0.93 +
0.04), 2R H G 1247 X (1=7.228,P=0.002, K 2B )

T RN MAT A ] 1 ALY 294002 TN
Wik £ L 115 M

/NELE WA RAW264.7 fiT A5 25 5 (K 3A)
7R X RRZH AR, SDF-1 H AT AL B0 & 1dm
M(90+16) FFFE(199+9) , ZRAGHITHE X (1=
12.010, P<0.001, &1 3B) ; Ifii PI3K 4111 7 LY294002
ZH 19 200 3 B8 B 0, DA (90 £ 16) T B %2 (60 +
11), 223653 2#% X (1=3.133,P=0.020, K 3B ) ;
5 SDF-1 4 AH E , SDF-1 5 LY294002 B4 Ab P 2H 1Y
20 T AL K D80, (199 +9) FFEE (149+10) ,
ERAG I FRE X (1=7.705,P < 0.001, K 3B).,

=GR AN ATA P 1RTLY 294002 Xt E
I £ AR £ P 52 M

L. A0 7 18 43 : RT-PCR (8] 4A) A1 ELISA
(E4B) &5 R, (1) 5XIELH A EL , SDF-1 4. M2 AU
WA MR ) IL- 10 M1 TGF-BFRR Y .38 FH , IL-10
FRE M (1.015£0.111) T+ 2 (3.686 +0.268) , %=
A G L (1=15.960,P < 0.001, 81 4A) , M1 %
E g2 A ) 1L-6 3Rk 2 DA (1.005 £0.124) -7t
#£(1.769£0.157) , Z R A %= L (1=6.595,P <
0.001, 81 4A) ; LY294002 41 M2 B [ W5 41 Jifd b 75 9
IL-10 M TGF-B 323k 1 3 T I , IL-10 323k 5
(1.015+0.111) F & Z(0.608 £0.034) , 2% %4 51T
2 X (1=6.075,P<0.001, K 4A) , M1 %I & 5 40 Jifd
bR &Y TNF - a3 35 1 M\ (1.001 £ 0.049) T FF &=
(0.639+0.021) , ZRH G E L (1=11.670,P <
0.001,E 4A) ,IL-6 mRNA F: R 35 FIH (K 4A) 2
FE BT B8k (B 4B) 5 (2) 5 SDF-1 4HAH 1L,
SDF-1 F11.Y294002 Bk & Ab B2 M2 Y 5 W5 41 A b s
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2 JEFRANAE AT A R 7 1 (SDF-1) J#4076 5 5 20 A A i DR LI 3- 384 /2K 1 98 B1 (PI3K/AKT ) 5 Sl i A+ 25 1 B0 88 B vk G I /N R
RAW264.7 WG A PI3BK AKT1 R {E AKT1 (p-AKT1) B3R R IR, B 85 FUAHXS Fah s 25 IR g 2440 Hr 181, P < 0.05,"P < 0.001



FPAE T BE A F T 2 (AL T ) 2024 4F 4 A 55 18 4548 28] Chin J Stomatol Res (Electronic Edition), April 2024, Vol.18, No.2 93

W IL-10 N TGF-BZFIRIE T IE, IL-10 #3550 M (3.686 + W5 40 5 LTSS 11.5% , CD86+M 1 A I 41 it I B

0.268) TR (1.189+0.119) , Z R A G i1 & & AR s 1.Y294002 4 CD206+M2 BE E W40 & bR
(t=14.730,P < 0.001, K 4A) , M1 %I = W40 i br 59 1% 10.3% , CD86+M 1 ¥ 5 W5 4 g 5 He JG i A8 4k
IL-6 F1 TNF-03E R TCH 254k (P> 0.05) (2) 5 SDF-1 4H #H %%, SDF-1 #1 LY294002 B¢ & 4k

2. B WEAN R ARG Al AR ZE R (K 5) FHZ CD206+M2 ¥ E A &7 HERAIR 11.3% , CD86+
BN, (1) 5% B2 A e, SDF-1 4H CD206+M2 #£ M1 A% W4 At 2 55 TC B (B A8 1k

(A) XA SDF-141 (B)

250
& 200f
R
$Ho150
®
L Z 100}
: 2
SDF-1+LY29400241 § sof
> J_CLD)[M
B3 Transwell 345 5250 K I 3 4N A7 A= K F- 1 (SDF-1) \1Y294002 5 F WEAMAEIE AL (520 A - HRZH SOG40 5 g ATt A R A5 0 (45
Hyen) ;BT B AIIEST 0T, P < 0.05,"P < 0.001,
(A) —a
5p —2— 200 b b 257 —2— 257 —B2
i . b b o & 20l a ns ” 20l b ns
X H L5p #) X
® 3} b ®o1s} ® st
% E 10} = ;’g
S 2r : % 1.0 : 1.0t
S 1t g 057 = o5t Z osf
0 0 0
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S S S S
(B b
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® 1000} 2 ® 2
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S Soof iy e é 100 & |
= S 5001 = Z 500
0 0
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© @xV ¢ @x\) © Q'\X\) ¢ Q”x\)
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B4 FLFAIAT AR T 1(SDF-1) (1LY294002 X F W2 A A M R 720 WA B SEMA A« S i 3R A 6 I 1% (RT-PCR ) Rl M2 s 20 i b s
A2 10(TL-10) 54k AE K H 7B (TGF-B) A M1 E W 40 AR 4 TL-6 PR IR FE R 7o (TNF-o) B mRNA A9 3K ; B ELISA Kl L35
IL-10 . TGF-B \IL-6 Fl TNF-o 4HJE A F (Wi ;P < 0.05,"P < 0.001
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(A) X HE SDF-14 LY29400241 SDF-1+LY29400241
PE-A- PE-A- 300 pg-a- PE-A+ PE-A- PE-A+ PE-A- PE-A+
2507 44.6 55.4 33.1 66.9 2504533 46.7 250 44.4 55.6
2004 200 200 4 2004
- 1504 - - 150 - 1504
= = =} =}
= = = -}
S 1004 S S 1001 S 1004
] . 55.4% 100 66.9% ] 46.7% i 55.6%
| —— e E————— e ———
50 504 50
(|p S SESE— (| S — 0 e _ LSS (| ST WS
100 102 10° 10¢ 10° 100 102 10° 10 10° 100 102 10° 10 10° 100 102 10> 10* 10°
PE-A PE-A PE-A PE-A
(B} pogict:| SDF-141 LY2940024H SDF-1+LY2940024H
200 APC-A- APC-A+ 200 APC-A- APC-A+ 200 T b As APC-A+ APC-A- APC-A+
70.3 29.7 73.8 26.2 73.6 26.4 70.6 29.4
b 150
1501 150 150
= = E ] E 100+
5 100 5 1004 & 100 &
o L 297% S 1 262% i 264% B ' 29.4%
———————— - Tre— —
50 50 50 304
O e 1 0 ey O e e O e e e R
100 102 10° 10¢ 10° 100 102 10° 10 10° 100 102 10° 10 10° 100 102 10° 10 10°
APC-A APC-A APC-A APC-A

5 FEFANEATAIN T 1(SDF-1) \LY294002 X% 5 VEANAE AR M0 2 A« S R ARG I i i M2 43k bR i CD206 ik 28k ;
B : A AN v A M1 21k bs 4 CD86 Fik ARk

SN 7 S =A™ i B A i S VB B At
PR A ML B VIADG . i T f# SDF-15
ZH AR o FR vPOGE 40 i A1 5 (extracellular B VRN AR B2 (8] ] BE AOVE FHMLE] , A5 %) SDF-1
matrix, ECM) B8 S48 0] DI/ R e b ThBE  XFE R i L 88 Mefk , DL & PI3K/AKT1 {5 53
UL L. EVEMAE N R REREEA 5 % BT 79T, & S84 T SDF-1 %) F Wi
HAEE MAEFFH SRS HAHEYmM ™, fE440 40 PI3K/AKTL {5538 BE (19 52 i, 25 5% @ 7R SDF-1
TR IEVEBR AG B, M2 BUE WEA A A pA 0 o] DA B W40 i PI3K/AKT L {553 4%, X AKT1
JO P 1 3 I 4 J B 11 I (matrix metalloproteinase, p-AKT1 B94E FHEE A B ., P13K 44l 57 LY294002 A~
MMP) , B ik BETE B A A A i AL . B BESE 2] SDF-1 1 BE 1R
I 20 B EAA P AMIER B RE e T, AT R AR R [R] IV 40 i 3 B8 RN Ak 52 22 R 7 A B Y
T BRI B AFEMIIEE, F H MBI M2 B4 2l R, AR b AR Az 2 R S i R g, O
FEFREE MO0 T o] DA B4 e @G v PIBK/AKT 5 53 I 2o 445 il 4 F 48 i 1A 5
AN R B B 0l 2 A AN TR 9 A 2R FH miRINA f19 & 1K R M0 41 20 5 | 19 e R 4 £ R 1 2
SDF-1 /2] Xt ZFp AN G5 TR AR SR TIRE, 76 F WA i AR 40 2 0 9 RE B I 77 v HL A il
YA CXCHBEIL A 7 A T AU IHSE B3 Ry W B R 5 A . #E X SDF-1 38 3 PI3K/
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