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Effect of macrophages on astrocytes under 810nm low level laser therapy/SUN Jiakai, ZHANG Jiawei,
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[Abstract] Objectives: To investigate the effects of macrophages controlled by 810nm low level laser on the
activation of astrocytes and the secretion of chondroitin sulfate proteoglycans (CSPG). Methods: An animal
model of spinal cord injury was established, including spinal cord injury group (SCI) and low level laser
therapy group (LLLT). Immunofluorescence was used to detect the expression of glial fibrillary acidic protein
(GFAP) and CSPG in spinal cord injury area. The macrophage—astrocyte model was established in vitro, which
was divided into Ctrl group(blank control), M1 group(astrocytes were cultured in M1 conditioned medium) and
MI1+LLLT group (astrocytes were cultured in M1 conditioned medium with low level laser), Western Blot was
used to detect the expression of M1 marker inducible nitric oxide synthase (iINOS) and astrocyte activation

pathway signaling and activators of transcription (STAT3). The activity of astrocytes was detected by CCK-8.
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RT-gqPCR and ELISA were used to assay the expression of the core protein of CSPG (aggrecan and versican).
Results: In vivo experiments showed that the expression of GFAP and CSPG in the spinal cord injury area
in LLLT group was lower than that in SCI group(P<0.05). The results of in vitro experiments showed that the
expression of iNOS in macrophages significantly decreased (P<0.05) after LLLT. The activity of astrocytes in
M1 group was significantly increased, compared with the Ctrl group (P<0.05), and the expression of
pSTAT3/STAT3 significantly increased (P<0.05).

LLLT group significantly decreased(P<0.05), and the expression of pSTAT3 was significantly inhibited(P<0.05).

Compared with M1 group, the activity of astrocytes in M1+
RT-qPCR and ELISA showed the expression of aggrecan and versican mRNA and protein in M1 group was
significantly higher than that in Ctrl group (P<0.05).
mRNA and protein in M1+LLLT group was inhibited (P<0.05).

versican decreased, but there was no statistical difference. Conclusions: Low level laser therapy can inhibit

Compared with M1 group, the experession of aggrecan

However, while the protein expression of
the activation of astrocytes and reduce the expression of CSPG in the spinal cord injury region of SCI mice,
which can be achieved by macrophages under low level laser.

[Key words] Spinal cord injury; Low level laser therapy; M1 macrophage; Astrocyte; Chondroitin sulfate
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(LPS,Sigma, 5 [# ) ;y— T # 5 (IFN—y,Sigma, 3¢
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Figure 1

third generation astrocytes

Purity identification of mouse bone-—marrow derived macrophages

3 fUEIY B BT 20 i 41 B2 % € (x400)

Figure 2 Purity identification of mouse
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1.8 LWt PCR

fT 4 B RNA 3 {ff Af RNA 42 Bk 7 &
(TaKaRa, HAS)  #E RS BT Kl , i H
lug RNA FEAS, JilA PrimeScript RT Master Mix
Kit #4752 5% 53R B cDNA 2B 22 196 ) PCR 2
PR 2 M8 Takara B0 & 1A, 250 BEAL 10wl 1A &,
A 1.5ul ¢DNA,2.5ul ddH,0, 1l 51 % F1 5ul
SYBR Green, WZ:i%H GAPDH, #t¥s 43 #71% H
St % . 5ITE NCBI Y nucleotide H1{8 & 153] 5]
YIFA I 2,
1.9 [GHK S W52 55 (ELISA)

K T W20 i 25 A1 B AR L 15 9% 72h J5, T AR
B BRI 97 72h AR IBCANIE 38 AR AR
e HEELISA 351 5 156 BH o 28 150 DUARE 5 bR o6 o
B BE LIV TR P A% AR 4 ELISA 32877 & 42 £t A 5
B 7 AT . T Z DI REBEAR AR 450nm [ b
I 2 WO B T R A Y T
1.10 Gy 28 [ BRI S50

W T 48h S5 1Y TP S5 4 A 1 B 1
BCA il & H & i, WU 25ug 51 AR HRLVK
BERE, B th, AR —PT (RPLINOS 1:
2000; %4t pSTAT3 1:1000; % dt STAT3 1:1000)
4°CiIE . A HRP 25 it FHt iy — 40 (1:
1000) EIRMFE Th, FIHEER KR R GEMER LR
K H Image J BB, HHHRHREAS
GAPDH JKEEAE A 43 b, [ Faeit o dr .
111 Seitsrtr

B DA B bR e 2 (x5 ) 7R, LA Graphpad
Prism $ {24741, H SPSS 20.0 #4748 11
ST BRI Al ST T 5 UK AL IA] HL AR R
H student’s ¢ fr, =2H VL b I{E o R BCER A
7 2231 (one—way ANOVA),P<0.05 N 253 H
Gt L,

2 #R
2.1 XX GFAP #l CSPG By 505

SERFE LLLT % SCI /Iy B 473 DXL T Jig ot 4
LA CSPG By, S50 R FH e e 9 G G 8,07
X SCI 5 14d B/ ERCESEY) R AT/l . 451 &
P, AHEE T SCI 4, LLLT 448 86 145 X GFAP (%%
TP TOLEE R E TR, 2R BEA%I¥E
X (P<0.05) (& 3,3 3), LLLT £ 2 & 5 o 40 it 11
W] T SCL 4 (K 3e,3g). LLLT 41 CSPG

(2040 1 25 6% B B REAIG, 55 SCT 1A e,
X HEA G R L(P<0.05) (8 3,3 3), X
vt Bl SCI J5 LLLT A] i 25 41 i 5208 B 5t 41 At 1%
1k D5 X CSPG 1A B
2.2 X M1 R v AN i A S R
it FH B 8 2 1 B30 7 A T M1 AR I 0 4
MIAREY INOST ik, S5 LI, 5 Cul 414
Bl , M1 76 [ 200 if = 6 58 iNOS, A Giit 2k 22 7
(P<0.05) , M 75 85 WOL ST IS ,iINOS 1 &k M1
R TR, 255 AT X (P<0.05, % 4,
B 4), 25 51 B 55 380 T S 35 90 o I 40 A 1)
M1 Bt AL,
2.3 X AR I I A 3 M 1) i)
S5 L, A Crrl 4, M1 20 2 98 i 5 40 i
T M (P<0.05) , i M1+LLLT 41 1% 48 e M1
ZH 1 3 T (P<0.05, % 4), STAT3 150 28 I i
S JL G Ak G SHE B, S5 R R I, M1 41 pSTAT3 11
FEIRBE NN (P<0.05) , 1fif MI+LLLT £ pSTAT3 i) %
AR M1 410 & T B, pSTAT3/STAT3 2 A8 H
HE ¢ 5 (P<0.05,% 4 E 5),
2.4 R CSPG mRNA 23K (51
5% AL A M1 4 2P B BT 41 i aggrecan
M versican A9 mRNA 325K FEHH B8 (P<
0.05), 55 0O BT P93 1 mRNA Rk M1 4
5% T (P<0.05,% 5),
2.5 XAEJER AN CSPG & 1 (1 # ik 7
5XT R AR M1 212 B 0t 20 B aggrecan
I versican BY R H F A K FEH B ERE (P<
0.05,% 6), R MI+LLLT 41 W Fp 8 (1 215 H L

®1 BHESH

Table 1 low level laser parameters

eEe WAk 925
In vivo In vitro
P Wave lenth (nm) 810 810
#i H R Output power (mw) 150 19
HeEEHI A Facula area(em?) 0.3 45
HF [3] Time 3000s 440s

%2 RT-qPCR3I#F%I
Table 2 Primer sequences used for RT-qPCR

HEH S (5'-3") K

Primer sequences Range

RALE R F:CCGGTACCCTACAGAGACACT 7612
Aggrecan R: ACATTGCTCCTGGTCTGCAA

ZUREEFEFE  FGCTTTAAACGACCTGATCTCTGE  4qas
Versican R: TAACAGGTGCCTCCGTTGAG
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;g A h AT LSS OB IG T R W40 X 5 40 i 1 CSPG %36

Figure 3
area 14d after SCI.

B 3 SCIJ& 14d #i45 o 9e X GFAP
CSPG e #ot e fa, XA RE
I 5t 4l i A i5 4 GFAP ﬂ’Ji":zl_ﬁﬁ
LI X I AR ER CSPG [ ik o i

A SCI 41 ,e~h & LLLT 41 ;a.c.e (x
20),b.d .f~h (x40);b £ 535k a 1

e [ H Je X I ;e 1] Eﬁ;k[lgﬂ—;ﬂ}ﬂ')ﬁﬁ
IS ;d R CSPC i fER £
K 43 DX 3 B i b

The GFAP and CSPG staining was performed in the transverse section of the central region of the injured

The green region represented the expression distribution of GFAP (astrocyte marker) and the red

region was the expression distribution region of CSPG. a—d was the SCI group, and e—f was the LLLT group. a, ¢, e(x

20); b, d, f-h(x40). b and f were respectively the central regions of a and e; ¢ showed visible astrocyte morphology; d

revealed CSPG distribution in more areas;

g and h showed that the expression distribution areas of GFAP and CSPG in

the injured area were significantly reduced after weak laser treatment

M1 #H 35 B2y b
HGil2FE X (P<0.05,% 6),

BREOIG 2 AT B A i S Y

#*3 FEHHEX GFAP 1 CSPG MEMHEAEE
Table 3 Mean fluorescence density of GFAP and

CSPG in spinal cord injury area

48 H A aggrecan 25 5 B

HRBGA  BEOLAIA
SCI' group LLLT group

JB2 S5 £F 4k 2 1% A 1 GFAP
TIRECE R E A ZH CSPG

0.116+0.009 0.058+0.009
0.131+0.010 0.083+0.110%

1:(D15 SCI 4 He i P<0.05
Note: (DCompared with SCI group, P<0.05

Pt 3 DX IR 45 25 6L, o 2 0 R R I o 4 9% Ak
K53 CSPG SR A 5L, T Al ™ o BH A% i
25 PR AL REAK B 1 B ST LLLT 4 S —Ff
MR TCRIMEIRIT I, I N T 2 I R G
BROT A I g % B, LLLT W) & R
BEI 5 K R, Beat Hoaz sh o g, w20 46143 X
M1 A E D, 3640 X 9 1 DR 7 1 g s 129 AR
WFFEAE LRl 2 30, LLLT B 5 3000 50 65 6 450 495 /)N
BT M I 4 B 1) % AL AT CSPG ik, HLIX b
VB 5 15 W5 440 i ¢ 784 1 el A A O
[ P AME £ 2% 3 %) LLLT 78 FP X b 28 22 Gi g

WVEIT TP IAVE 34T T F5E, Xuan 252805 /7N BRI
Bt 75 4 R JE AT 810nm 55 % R G, 45 S & 3t LLL
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Fx4 FTEAEBEMIEINOS. EFRK

4 B E 1% R pSTAT3/STAT3 LL BRI R IL1H R (x#s)

Table 4 Expression of iNOS in different groups of macrophages

INOSHIDGT & 1k fit S S AN T T (%) pSTAT3/STAT3 It f
Relative expression of iNOS Cell activity of astrocytes Ratio of pSTAT3/STAT3
XHRZL Cul group 1.109+0.260 94.067+11.035 0.952+0.128
M1 4 M1 group 6.566+1.048" 129.467+12.2057 1.551+0.138%
LLLT#H LLLT group 2.561+0.689% 95.183+6.1312 1.001x0.186%

D 5% B4 B P<0.05;@)5 M1 4l 4% P<0.05

Note: (DCompared with control group, P<0.05; @Compared with the M1 group, P<0.05

ikl 1h

LERALRE]

O M1 M+ LLLT
(4]

PETATY — S —
T — — —
S —

il LA S+ LT

B4 ColZl M1 21 MI+LLLT 2 5 W0 INOS B R IANE AL, M1 241 B M1 B M40 i iNOS Rk W B3 £ | H 45580

BEGH(LLLT) 5 , HERARBETH BS

B, fH M1 4 pSTAT3 13 ik

= ¢ IF I R 40 B pSTAT3 Fil STAT3 (k5 0L,
TR TR MI+LLLT 4000 2 3% T 4

=4 STAT3 FikmILA—

Figure 4 The expression of iNOS in macrophages of Ctrl group, M1 group and LLLT group. The expression of iNOS in

M1 group increased significantly,

expression of pSTAT3 and STAT3 in astrocytes of three group.

STAT3.
group
*5 ERKRA aggrecan #1 versican A mRNA

HTRIEE (xs)
Table 5 Relative mRNA expression levels of

astrocyte aggrecan and versican

but decreased significantly after low—level laser therapy (LLLT)

The expression of pSTAT3 significantly increased in the MI group,

Figure 5 The
The three groups have approximately same expression of

but decreased significantly in the LLLT

*6 EEEKRMIE EFR+ aggrecan 1 versican
EHNESE (xs)
Table 6 Levels of aggrecan and versican protein in

astrocyte supernatants

Aggrecan Versican Aggrecan Versican
XA Cl group 1.000+0 1.000+0 XTHRZE Col group 52.363+10.057 249.124+31.676
MI 41 MI group 196903100 1.774£0.298" MI 41 MI group 153.302215.3547 33576221 4757
MI+LLLT 41 MI+LLLT group  1.293:0.174%  1.222:0.070% MI+LLLT 41 MI+LLLT group 85.673+13.2482 308.323x17.661

(D5 X IR 41 1AL P<0.05;@5 M1 41 L4 P<0.05
Note: (DCompared with Ctrl group; P<0.05, @ Compared with
the M1 group, P<0.05

AL B A GFAP B35, Yang ZE0OE i /K
25065 B R LLLT R85 B 1 i o 40 i % B
LLLT W] 41 1) 3 58 P 2% 25 F A0 7 98 s 1 o H T
it = LLLT %A 58 501 405 Je B8 15 5T 40 J ) iiF 5
ABEFEA B T /N BB BRI IR SR e siE
peNege ik, & B LLLT B 3] SCI J5 GFAP

(D5 X IR P<0.05;@ M1 41164 P<0.05
Note: (DCompared with Ctrl group, P<0.05; @ Compared with
the M1 group, P<0.05

YTk J0 ] B I Jox 240 M A T Ak
SCI J5 BT e ot 240 M 1% 175 A6 5 48 47 X 48 i
A, Hrh B w5 A8 e 5 4 i 1] i 41
A AR 2 8 AR, Haan 582073 ) 8 H] M1
FM2 G535 52 B 1 3% BV 0 0 240 I, 52 30 B
M1 ] 5 3 {2 3 ph 28 SR 1 (nestin ) 55 28 B3 {6 35
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PRy 3k T M2 DSl VR . X 3R WY, B g4
it 23 TR0 ) el A R R O S T AN R 7 A R TR B A
H R ZH i 401 52 40k B LLLT w] gl s M1 Y w3
ORI 111 S R 7 N7/ LRI - S R A N i3
HE— 2P HR9E LLLT X A% 1 5T 40 M 3% 46 19 52
S5 B, M1 R W 20 AT 3 5 B i 5T 4
WM H LLLT B 2 ilZsgm . [RIEE, 5% H 553
O BRI (04 L W 200 i 2% 1 355 R L AT B 3 4 o 0B
JE S 20 il pSTAT3/STAT3 334 X UEW] LLLT nJ
T 3 AR I A T R R R A s, 1T R Y B P
2 o 240 L 1) 6 AR

CSPG 1 4y 41 il il 28 14 4= F1 SCI R &2 114 5C
PR PR B &R, HO g % A 4 caggrecan,
neurocan , versican A1 NG2 %521 DI 58 % T
AN RIAL AR B PN TR SRR R R ABC S 2R T
B2 8l (AL CSPG W3R 35, v] Bt ole 38 4 6 452
G ez sh P Re i &2, (HA ¢ LLLT % CSPG
EH AT 30 o B LLLT 7€ SCI X CSPG
(A5 T, S 560 2R FH S 38 5 6 g €8 7 s kil & 30, 78
LLLT 3697 J& ,SCIL /)N BRUFF #4243 [X. CSPG 7 £ it
F M, RIS R ] RT-qPCR A1 ELISA Xt A&
& W B4 e B9 CSPG #% 0> & 1 (aggrecan
versican ) Y IR BEAT I 52 | 45 R & B0 N 3 e SR
e SRR H KBy Rk 0820, 1H versican 755
FEmEME AR ASIFEE X, XS
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