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[ Abstract] Background Retinal microglia( RMG) plays an important role in the pathogenesis of retinal
degenerative diseases,while chemokine CX3CL1 participates in the regulation of steady-state of microglia. It has been
determined that bone marrow-derived mesenchymal stem cells ( BMSCs) have a remarkable role to modulate the
immune response and protect the central nervous system through the release of soluble factors in a paracrine fashion
and further affect the functional behavior of cells. However, whether BMSCs are able to interact with RMG and activate

related signaling pathway for the maintaining of homeostasis in the retina is still unclear.  Objective The aim of
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this study was to investigate the interaction between BMSCs and lipopolysaccharide ( LPS)-activated RMG in vitro,
and dissect the effects of CX3CL1/CX3CR1 signaling pathway on the biological behavior of BMSCs and RMG.

Methods RMG was isolated from SD rats, cultured with mixed culture of retinal glial cells and purified by shaking.
The cells were identified by detecting the expression of CD11b,lbal and glutamamine synthetase (GS) with indirect
immunofluorescence assay. LPS (1 mg/ml,2 pl) was added in the medium for 24 hours to stimulate RMG, and then
the cells were divided into LPS control group, BMSCs group ( cocultured with BMSCs for 24 hours) and CB-BMSCs
group ( cocultured with CX3CLI-blocking-BMSCs for 24 hours) . The cells without LPS stimulation served as the blank
control group. The functions of RMG, including the release content of tumor necrosis factor-a ( TNF-a) and
interleukin-1@ (IL-1B) ,the proliferation, phagocytosis, and migration of RMG were examined. Results RMG was
successfully isolated and harvested from SD rats by using mixed culture of retinal glial cells and purified by shaking.
CDI11b and Ibal showed the positive expression with the green fluorescence in the cells and GS was absent. The
contents of TNF-q in the cell supernatant were (2.55+0.97 ) ng/ml, (24.91+3.07) ng/ml, (20.38+2.97) ng/ml
and (24.90+1.88) ng/ml in the blank control group, LPS control group, BMSCs group and CB-BMSCs group,
respectively, showing a significant difference among the groups (F=119.90,P<0.05). The contents of IL-1§ in the
cell supernatant were (1.12£0.36)ng/ml, (10.40+2.76)ng/ml, (7.00+1.75) ng/ml and (9.55+1.11)ng/ml in
the blank control group, LPS control group, BMSCs group and CB-BMSCs group, respectively, showing a significant
difference among the groups( F=34.96,P<0.05). The secretory volume of TNF-a and IL-1B were evidently lower in
the BMSCs group than those in the LPS control group (both at P<0.05) ,and no significant differences were found in
the secretory volume of TNF-a and IL-1B between CB-BMSCs group and LPS control group ( both at P>0.05). The
proliferative rate of RMG was lower in the BMSCs group than that in the LPS control group (P<0.05) ,while there
was no statistical difference between BMSCs group and CB-BMSCs group ( P>0.05). The mean fluorescence intensity
(MFI) and the number of migrated RMG were considerably different among the four groups ( F=70.55,15.49,both
at P<0.05) ,and those in the BMSCs group were significantly increased in comparison with the LPS control group
(both at P<0.05) ,while there was no significant difference between CB-BMSCs group and LPS control group (both at
P>0.05). BMSCs could suppress the proliferation of LPS-activated RMG. Moreover, BMSCs might

inhibit proinflammatory cytokines releasing, enhance phagocytosis and migration capabilities of RMG via CX3CL1/

Conclusions

CX3CRI1 signaling pathway.
[Key words] Microglia/pathology; Mesenchymal stem cells/metabolism; Chemokine CX3CLI1/metabolism;
Retinal degeneration; Inflammation; Cells, cultured; Rat, SD
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#Ak 7 CX3C BE{RE A 1 ( chemokine C-X3-C motif
ligand 1,CX3CL1 ) g £ 455 /)N Ji52 ot 4 i 42 285 Y 32 28 9 15
w0 R R PR 2 ik CX3C L R 2 4k 1 (CX3C
chemokine receptor 1, CX3CR1) 3= 3 3 3K T /NI R 4
ffl, W58 K B, BMSCs Jf AN 3k CX3CR1, {H A1 G &
ik CX3CLL™ /% BMSCs 5 RMG W] R 17 76 5 5 58
Wk, PR AE BMSCs HR PN B ABLA I WL 199 6 A2 108 0 it 7
H,BMSCs 51 {b RMG [H] i A B¢ RAE A R HE, A
WFoE 7. BMSCs 576 fb RMG [ iR 4 Je G 52K R,
WL BMSCs X i AL ) RMG A= ) 2% Bl B8 1Y 52 Wil , £ 30)

H R 80 ~ 100 g, T BMSCs [y 85 7% ; SPF 2% 0 ~
3 Hil% SD KRB 36 H, kA R, K 5T i 20 ~ 30 g, 1]
T RMG 8557 . SD K Sy Hy b i3 3R s s e sh W
R BT A2 ml 4L VAT GRS : SCXK (371) 2013-0006, fiF
A R SR AR B R BT K 4 By R, S B AR A € S
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1.1.2 F25] JefU & DMEM/F12 K555 W it &
538 0. 025 % JER AR 11 R FR 43 5 10% Jif 2 103 ( fetal
bovine serum, FBS) ( 3% Gibco 2 ) ); g £ B
(lipopolysaccharide , LPS) | 5¢ S i Bk ( 25 4% 0, 2¢ 5%, F
WEAR 1 wm) (K E Sigma 22w ; EAU 20 g 3 A= 46
WA M B D) 5 St K B E BE Ik & R
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(glutamine synthetase , GS) $i{£& (¥ [E Abcam A H]) 5/
BT CDL1Db HTfA (5c-53086) (/BT K I hal #ii
18 (s¢-32725) (FITC-1L 290/ B 1gG —#i (s¢-2010) |
CY3-1lFHi 4 1eG —Hi (sc-3739) ( Z£[H Santa Cruz 24
A]) s KRB CX3CLY AP HL IR (AFS73) (£ R&D 2
ﬁj) 5 j( BR ﬁ.@? 87N F-a ( tumor necrosis factor-a ,
TNF-a) 140} 4 % -1B (interleukin-13, IL-1B ) ELISA
17 & (& [ eBioscience 23 /] ) o % G 8] AH 22 W
B ( HA Olympus 24 7)) s FACS Calibur i 041 A% ( 5&
BD 24 7]) ;iMARK B bR 4% (3% [ BioTek 23 7]) ;CO,
1H 1835 7748 (3£ [ Thermo Forma /3 ) ) ; Transwell /NEE
(0.4 pm 8.0 pm) (K[ Corning 23 H]) o

1.2 F¥k

1.2.1 K BMSCs ByBE IR SO RE R A4 i 0 B
BN 4 ~ 6 JEIIS MEVE Sy B I B 3R BMSCs, SR JH 18] 5 T
e YR N [ A7 B il RO RS 1 A I A i BT Y
V3 o A FI A 72, R R A0 S A A6 I S 1 200 i v 4
i P CDI0 . CD34 i1 CD44 [H 4 4 it % EL il o
1.2.2 K RMG Ml L% S ICIR[6-7 1 /Y
T7 AT R RMG B JEACRE 95 o SR B i 0 40 10% 7K
o ST VA WA B RIS DN 3 R 1 AL BE 0 ~ 3 H k% SD
KRB, T A% A A R B, /N 2 2 WL 0 JIEE 5 B st/
F 2R R F B AL 30 min, A 1 ml & FBS J2J5it
e H 1% /)N e B AN A S IR g DMEM/F12 85 37
WA LA R WA TIE A0 A, B 02 AR 1S em,
1200 v/min .00 5 min, 5 [, 58 2 R E &
F 75 em™ B FEM R, E T 37 C AR5 % CO, B
FERINHIR . AP 24 h )5 1 AR, W 9R 10 d R 5
2 AW, s B SR CE T 37 CEE#E R B 200 1/min
PR ho OB RS FRR L B & 25 em® B SR P B R
24 Wiy, LAJS TEIRE S d il 1ok, 3 3 k. A AUS Al
Hamibe 1 ~2 d e, E AR K 2 80% Rl 5 dk2E %
o X AEAEES 3 AUdn M BEAT 2, T & 2 4 4% 2%
Rl T B € 30 min, Ji#i i1/ )AL CDLLD $g i
(1:100) 854t GS ik (1:300) RGN 4 Cle i
o ZEMCE 30 min, 23515 i FITC-1L 341/ B 1eG
(1:500) 5% Cy3-1lEFif 1sG —H1(1:500) ,37 C kit
JEHEE2 h,PBS PRk 3 3. WAL 1gC B AU —HifE
BRI DAPT T W S e, & IR T
Y57 B 10 min , PBS Y% 3 i, 0% W60 T W4 40 il v
CDI11b il GS ik,

1.2.3 CX3CL1 § fIfEHr ik B 4 BMSCs %55 3 AR
(1) BMSCs $% 1x10°/fL 4580 F 6 LB, v H B4y i fif
W FmW, 5 1 ml, 5L A 200 pg/ml

CX3CLI HfI$ifk 5 pl, % RIE4I,37 CHEH 2 h, PBS
Ve 2 3, B CX3CL1 £} () BMSCs( CB-BMSCs) ,

1.2.4 LPS Ji|3% RMG ¥4 3 £ RMG ## 1x10° /4L
FERRT 6 FLAR, U H B0 R e 11 56 42 15 IR, BAL 2 ml,
BALIMA 1 mg/ml LPS 2 wl , AT EE R 1 pg/ml, 4k %%
IR, Ak 25 5% 24 h,

1.2.5 BMSCs 5 RMG LRIk Ry aE T f LPS
S 9 RMG 43k LPS XJ B4 BMSCs 215 75 4 fl
CB-BMSCs 3t 1% 55 240, K 7 LPS il 3 (% 1E & K 57 1Y
RMG fE R 5 (X B4 . ¥ BMSCs, CB-BMSCs 43 Jjll 4
i FfL4E 0.4 um [y Transwell /N%E 1, A~ /NE 2
2x10* A4, X BRAL AR AT R, TR RIS 24 h
e B i e R R, AL 1S ml, BN EE T
JEHE R RMG 19 6 FLAR b DLgE S R RE FR R R 0 nl 15 5%
FEEFR 24 h,

1.2.6 ELISA 6 L85 35 |5 RMG Hh TNF-o  IL-1
FEATEOL R4l RMG Y5 W, #5 B TNF-o IL-18
() ELISA 27 & Ul B 1 AT R . 96 FLAR B AL (BR =5
FI LM ) 25 A bR HE S 23R AR i 100 wl, B:AL s A
—H LAEW 50 pl, AR A5 37 C 54T
120 min, PeAR , UEAREN T B FL M B AR PR TAEWR 100 wl,
W FL AR 37 C 45 1R S )W 60 min, PEAR , JEACED T 5 45
fLI AR ¥ T AE W 100 pl, 37 °C 4% 44 T W &b J b
10 min; BALIA 100 wl IR 5T . 30 min (4 F
FRAXAE 450 nm {52 A0 W 50 BE (A) B o AR 48 A5 o 5
D g5 B R 8 5% W W TNF-o IL-18 B J5
W, BARI AL, LRER 61K,

1.2.7 EJU B ILEFRE RMG (ARG &
41 RMG 4% EdAU 20 ffg 3% A= 46 038500 & vl 3 45 647, 49
FLMA 50 pmol/L EAU #5353 100 pl S & 40 2 h, 35
B R, PBS YRR s ALIMA 4% Z R P EE 1 ml, =T
BEE 30 min, F [ E W AL INA 2 mg/ml HH R
250 pl, JB 4% KBE & 5 min; PBS Yk, TELINA B &
#1500 wl( 254> %0 0. 5% TritonX-100 [ PBS) , it
(3% RIS R 10 min; BEFLIIA 1 1% Apollo® 3 5 JZ 17 ¥
500 wl, 0 2 RS K E 30 min, 4 4 2
W5 A E 57 500 l, B (88 PRI Uk 2 ~ 3 R, Bk
10 min, 3578 3% 7 5 B LN FEZ 500 pl 396 1 ~2 K,
BFYR S min; PBS ¥, AL N A 1 4% Hoechst 33342 J
N 500 wl, 3 2 I B € 3% K% & 30 min, PBS ¥
% ;% i Image Pro Plus 6.0 #4114 EAU Je {0 (£ {4
%% ) il Hoechst 33342 Yy (i (8,5 56 ) 1) 20 M 45 3¢t o
YEE WA T AT B 6 SR, TR 40 G A
SR EE 3 K UL E
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1.2.8 Ui AR B 57 5 RMG BFIgRE S 45
4 RMG {465 #) F TG 1ML 7 79 DMEM/F12 55 5% 8 i 47
BE 9% VAR 40 85 BE S 1107 /ml, B 100l 41 2 Vi
A 1.5 ml EP 8 v R8s FIPEXT BRAE . 3% EP 458
T 37 C 5% CO,BEFRAA NI E 30 min, &4 A
TR TAEWE 10 Wl (B PEXS BRAE A ) ,37 C F Rk
¥ 30 min, LA DK PBS 2 147 Wi, R T 2 40 i AR A
M FL-1 8 38 8 SF ) %¢ )% 38 Z ( mean fluorescence
intensity , MFI) , MFI {5 # 55 , ¥ ] RMG 1 7 W GE 77 8
SR SEEE A 3,
1.2.9 JbEi3% )5 RMG B ARE gkl A fL 4
8 umfy Transwell /N2 F1 24 £L AT JF 47 40 I 1) 1T 7% 5
¥ o F Transwell /NE T = F A S 20% FBS [y
DMEM/F12 K32 600 wl, i b /g, B T 5552 46 4
2 h, %4 RMG W¥4LJ5 .l & 2% FBS fy DMEM/
F12 55 3% P B 40 i 35 Ry 5% 10°/ml, £E [ %8 v 43 51
A RMG £ 100 pl, i u] 55 R i 7 6 b,
4% Z & WL E 10 min, KT F BT 70 %0 0. 1% 25
A2 QR G 5 20 min, PBS PR3k 3 0l , MR 1 5 /N E B
i TR T I 1 T 7% B ) A O o B OB R AR R IR
6 HLEF, >k ] Image Pro Plus 6. 0 8K {3 % #5 /I 7Y
RMG it . LR 6 U, POHF I (E .
1.3 Siitsorik

K HI SPSS 16. 0 Ze it 7 84 (£ [ 1BM 2wl ) i
g8 it o3 Mo A BF 58 o I 4 48 Ar 09 £ 3 BT OB &
Shapiro-Wilk 6 % 2 \E 254317 , DA x5 om0, 48] J5 25
% Levene fi0 77 2257 RMW M /-2 BAHR T Z
K SERRBET, 25 [ B AL LPS X B2 BMSCs 21 FiI
CB-BMSCs 4 [a] BMSCs [iE P TNF-o A1 IL-1B Jii &k
JELA R A2 RMG 1A= 38 MFT R % 20 B 4009 S A 22 5
PO A8 R 1 B BR 28 7 22 43 BT, 2HL [ T 7 LG 3R i SNK-¢
B0 RADBURBAKINE , P<0.05 hZRATEIHE L.

2 #R

2.1 BMSCs B 2EFHIE

KE R m 20 3 A A0 M BE A= K, B2 g Bk, R R 5T T
E N = N [ A 7o ) i I o o = it O
4 M JE 25, CD90 . CD34 F1 CD44 2% 3Kk 11 FH M 41 it % 4y
B (95.21+2.13)% . (1.84+0.92)% il (96.75 +
3.30) % ,ilF 55 BMSCs,,
2.2 RMG B2 FRRE S SE

P A e S S = W e U 0 g e
K, AR R B s BDE , R B, ARG 3 d,
LB B ) AR S S, SR £, AN X FR 3 SR .

AL H R I 10 d, 7 SOR AL o5 28, A AR R R R
EAK (B TA) o HFRIEE 3 Q41 CD11b Ibal 33k
P 7E PO B3 T R @Ot (K 1B, C)  HAE
B GS, MR ILLL 5t (B 1D) o B B 240k
WER OB LT, 455 AR 4L ZUR IR L 40 i 1 T
SRR KAV L ZE R TN RMG,

100 wm 0B 3 100 pm
[ / i —

100 pm 100 pm
o | e |

E 1 SD K RMG H#EFRERE (FrR =100 pm) A:RMG #ifL
Iy JE AR SRR TR 10 d al DLy SORBO AN & 280 B SRAY RMG
CDITDh 20 jd 3% 3k B A, 5 &% (4 5256 (FITC) , 40 M 4% & i 6 2¢Ot
(DAPI)  C: Hi 37 1) RMG # Ibal # Jf  ik FH #, 52 2% 4 960t
(FITC) MR 2 ¥ (198 (DAPL) D HiFrfy RMG Hp R L GS %
5 (Cy3) AL AT WL A0 A% 14 15 €2 5% 5% (DAPT)

2.3 LPSiGfk)5 RMG (I8 4524

LPS il 5 24 h, RMG 9% 25 d1 43 SR e 742 oy B
KELHE A0 IR /INAS — , 20 A 12 A [ sl A AR, %
AR R, RGO D (1 2) o

B2 LPSfIBI/E RMG HASZME (4R =100 pm)  A:LPS
AT RMG 42 543 30k B LPS B34S 24 h 40 52 Bk B A

2.4 %41 BMSCs i TNF-oo IL-1 (14 5 2t Vi

ELISA 3 & I & BH, 25 (1 % B4l . LPS Xf HE 41 |
BMSCs #] #1 CB-BMSCs 41 41l ffd |- 3% i b TNF-a (1) 5t
EWREE S B R (2.5520.97) . (24.91+3.07) . (20.38=
2.97) f1(24.90+1. 88) ng/ml, i 1A H 55 22 S A G b2
BEX(F=119.90,P<0.05) ;25 [ 4 lR2H (LPS X R4 |
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BMSCs 41 il CB-BMSCs 20 40 ffd I35 i+ IL-18 1Y i i
W4y R (1.1220.36) . (10.40+2.76) . (7.00 =
L.75) F1(9.55+1.11) ng/ml, BAK L3 2 5 F 4 it 2F
BN (F=34.96,P<0.05), LPS %} B& 41 . BMSCs 41
CB-BMSCs 204l g | 7% % o TNF-« A1 IL-18 ff i ik
EHHEE TS ANEA, ZRYARIT2E (Y
P<0.05) ,BMSCs 41 TNF-o F1 IL-18 4 Ji5 1t ¥ & 3% 8
AT LPS X RRZ, 22 5 A Se it 22 5 L (33 P<0.05) ,
I CB-BMSCs 45 LPS X B 2 [i] 41 g I % %+ TNF-a
MIL-1B BT W R R Z R B Gt = X (1
P>0.05) (& 3),

(98]
(=)
1
=B
o
o

B3 7 xRl
4

o B3 HAXEFERL

& TNF-o #1 IL-1B
BIRERE TNF-o:.F=
119.90, P <0.05; IL-1B
F=34.96,P<0.05. 5%
SRIEENE DO A
“P<0.05, 5 & H W
IL-1B BMSCs #H M %% ," P<0. 05

(LR K 7 2257 1, SNK-¢q
i ,n=6) LPS:I8ZHE; TNF g SRIEIE 5 IL: (140 il v 3 s BMSCs
8 7 75 5 T4 ; CB-BMSC : CX3CLI 5 ] i) B8 5] 7 5 40 ff

BMSCs 2
B2 CB-BMSCs 41

33
(=]

[=]

AR TR FE (ng/ml)

(=]

I'NF-o

2.5 FAILRFRIR AR T RMG B R ARl #

EdU 2 fifg 3 A= £ 00 12 7 , LPS Xf IR 2\ BMSCs 4 |
CB-BMSCs 41 fil 7z [ %f I 21 RMG 3 A A4 1 AR H A
ESHGIT ¥ L (F=42.94,P<0.05), %5 1% B
25 0 A

LPS Xt HEZH BMSCs 2H

EdU

Hoechst 33342

Al 1A

100 wm 100 pm 100, wm : 100 wm
— — o —

B4 SHHXEEFEZRP RMG WHEAEFER (MR =100 pm) 4K RMG 220658
(EdU) , 40 i 4% & i 5.%€ 5% ( Hoechst33342) , 45 4 X B AY W, /b 1 3% 2= RMG, LPS X it
ZH 3G A1) RMG %0 S 4 22, BMSCss 21 3% 2 4 Jfl /> F LPS XJ B2, 1fif CB-BMSCs 41 3/ 4
LPS: fig Z i ; BMSCs:: 5 4 [f] 3¢ i + 40 fifl ; CB-BMSCs:

i 5 BMSCs #H JG W1 & 22 %
CX3CLI &[4 1) BMSCs

CB-BMSCs 41

41 .BMSCs 41 .CB-BMSCs 41 RMG [ 38 4 0 & &5 T
FEXNBA, ZR Y AESITFE L (¥ P<0.05);
BMSCs 41 RMG 3 4= 2 B] B Ik T LPS X} M 4l, 2 717
Ziit2EE L (P<0.05) ;1fii CB-BMSCs 4 5 BMSCs 4
[H] RMG 34 AR 1 22 RG24 L (P>0.05) ([ 4,
#1),

F1 BHKEFEZRD RMG HEEER
MFI 05T % 20 B 5 64 b %8 (x£5)

- WHER(%) TWISEHRE THRANEE)
(n=3) MFI(n=3) (n=6)

75 % B 10. 98+2. 67 26.99+4.23 23.33+5.51

LPS X e 2 38.21+4.01° 63.74+2. 84" 35.00+6. 25"

BMSCs 2 28.09+3. 40 72.68+3.05" 50.33+4.73"

CB-BMSCs 4 29.61+3.70* 66. 18+2. 61 40.33+2.52%

F 42.94 70. 55 15. 49

B 0. 00 0. 00 0. 00

T 545 H M2 FOM BRAL LB AL, " P<0. 055 545 [ /9 LPS Xf B 41 L 4%,
"P<0. 05 ; 545 [ i) BMSCs £ L2, © P<0. 05 (H1[H 277 254341 , SNK-¢ #3156 )
RMG 49 X 155/ J52 J5 24 it 5 MUFI : ~F- 24 5¢ D6 58 32 5 LPS : Ig 22 4 ; BMISCs : ‘B i [f]
755 T-4i i ; CB-BMSCs : CX3CLI 4 ] 1) 8- 15 75 J5 - 41 ff

2.6 HAHILEFER D RMG R T 1 L3
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