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[ Abstract] Objective To investigate the effect of small extracellular vesicles ( sEVs) derived from
mesenchymal stem cells (MSCs) in mouse model of retinal light injury and the possible mechanism.  Methods
Human umbilical cord derived MSCs were identified by flow cytometry. Supernatants of passage 3 -5 MSCs were
collected. sEVs were harvested by ultracentrifugation and were identified by transmission electron microscopy. Sixty-
five healthy female SPF-grade BALB/c mice aged 8—10 weeks were randomly divided into normal group ( 17 mice) ,
phosphate buffered saline (PBS) group (24 mice) and sEVs group (24 mice). Mice in PBS and sEVs groups were
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intravitreally injected with 2 pl of PBS and sEVs, respectively,and were exposed to 930 Ix blue light for 6 hours. No
intervention was administered to the normal group. Three days after lighting, mice retinal structure was observed by
hematoxylin-eosin staining. Apoptotic retinal cells were detected by terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling ( TUNEL) . Retinal function was tested by electroretinogram. Differentially expressed mRNAs
between PBS group and sEVs group were assayed by mRNA transcriptome sequencing and were analyzed through
KEGG cluster analysis. The differential mRNAs were verified via real-time quantitative PCR. The study protocol was
approved by the Animal Ethics Committee of Tianjin Medical University Eye Hospital ( No. TJYY20201221035).

Results MSCs were positive for CD90 and CD105 ,negative for CD34 and CD45. The extracted MSC-sEVs showed a
bilayer membrane vesicle with a diameter of 80— 140 nm. Hematoxylin-eosin staining showed the arrangement of
photoreceptor nuclei was disordered in outer nuclear layer in PBS group. The disorder of photoreceptor nuclei
arrangement of sEVs group was slighter than that of PBS group. The apoptotic cell number of sEVs group was
(14.60+4. 04) /visual field, which was lower than (24.00=8.52) /visual field of PBS group, with a statistically
significant difference (t=2.37,P<0.05). The a-wave amplitude of sEVs group was (64.38+16.70) WV, which was
higher than (16.78+6.37) wV of PBS group, showing a statistically significant difference (P<0.05). The b-wave
amplitudes of PBS and sEVs groups were (132.40+39.41) pV and (154.86+34.08) wV,respectively,which were
lower than ( 338.38 +27.41) WV of normal group, and the differences were statistically significant ( both at
P<0.05). A total of 110 differentially expressed mRNAs were detected. There were 109 downregulated mRNAs in
sEVs group. Differentially expressed mRNAs were mainly inflammation- and immune-related pathways. PCR showed
that the expression level of C-C motif chemokine ligand 2,C-C motif chemokine receptor 2, leukotriene B4, leukocyte
Ig-like receptor A6 and interleukin-1B in sEVs group were significantly decreased in comparison with PBS group (all
at P<0.05).

The protective effect may be achieved through inhibiting inflammatory response.

Conclusions MSC-sEVs can ameliorate blue light-induced retinal structural and functional damage.
[Key words] Retina; Light/injury; Mesenchymal stem cells; Small extracellular vesicle
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1.1.1 MSCs ki JFAC AN MSCs I T b 3 Dok
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1.1.2 LI s 509 8 ~ 10 J&] % {dt e M 1k
BALB/c /IR 65 H i it 18 ~20 g, I H b 5% 4k i ]
LR YHEARA R A A /N B G BT .
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BN, E R (2322)C L (552 10) %, ot B R &
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72 Do HOAZAHEUE (FiE 345 : TIYY20201221035)

1.1.3  F 2 M4 RNA 42 il ) & (EZB-
RN4) | i % 5% ik 7] & ( EZB-A0010CGQ ) ( 3£
EZBioscience 23w ) 5 i v A it % 7% Wi 4 10 ( terminal
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deoxynucleotidyl transferase-mediated dUTP nick-end
labeling , TUNEL ) £ Jifg i T 46 1 357 & (7% [ Roche 2%
A]) o FACSCalibur ji 241 i1 {X ( 35 [E BD 24 ] ) ; CM10
15 5 W 3% 8E (17 22 Phillips Electron Optics 23 # ) ;
BX51 St 2 B # 8 ( H & Olympus 2y 5 ) ; Ganzfeld
scotopic #i % I g, [&] (electroretinogram , ERG ) 4% ( 3£ [#
Phoenix Research Labs /A7) ) .

1.2 ik

1.2.1 MSCs [y 85 9% 1% 5 & MSC-sEVs [y i 4 i1 %
5E MSCs T 37 C (KT 5%CO, (1 240 L K5 3248
Bigt. MABMMEAKHEI, & 2~3 d il 1K,
MSCs 5 2l 80% il G AR WML L. B 2R 3 U ol o
AU A i A I3 TG ] A 7 4 B R Ak MR AR 3 ~ 5 AU
a 15 7% 37 ,300xg B0 10 min HHL 37,2 000xg 2
> 20 min FEH_E¥E,10 000xg .0 30 min FH %,
110 000xg Bf.Lr 2 Y, B 70 min, AL TTE Ry MSC-
sEVs, 1 % £h 2% vh ¥k ( phosphate buffered saline , PBS) H
BEHEATREWE R 0.5 g/L,0.22 wm JE #1185 Ik
e SO 10 ] /Y J7 12558 0 i =X 40 i AR % 58
MSCs ZiFric a5 4 CD90.CD105 ,CD34 F1 CD43 )3
KO, K35 5F i 7 2 3UBE % € MSC-sEVs 1Y JE 25
FFAE

1.2.2 W00 BEEA A5 8l Wy RS A ot e e AL FE R
FBEHLEC T 23545 /N B 9 IE #4117 2 PBS 4] 24
HOFsEVs 2] 24 H o PBS /BRI sEVs 4/ BUAT IR
VR R BT HE 5 RS, B E A M 23 ) T S PBS R
0.5 g/L sEVs 2 2 wl J5 37 B & T 2K 45 b W 6 R 1Y
9 (930£5) Ix BYZEH, Dy bk /I B EL AR BE Y, SEAT PR
B R S BRGT 6 hoy 1B H AL/ BN BTl AL R, PBS 4
I sEVs 21/ AL S 3 d 547 T IR 508 .

1.2.3 GRARME -2 g e AL I IR 454 SR I B
LA R B A A LRI 5 H/N L, S0HE I E i 4k 5
JE IO MR AR 3K, R R 2 A ) A4 R A3 B & 1 7 TR
(70% .80% .90% .100% #N 100% ) 4% 7 ¥#1 40 min # 17
K, BRI A ORI, ST B A A &
IR BR SR BT A B R, VD R SRR O 4 pum, HIKR
0T WPORVE ORURR B & I v R AT B L IR R R
FPLLG 5 T2 B T I IR,

1.2.4 TUNEL 3 oA a0 [ 08 T o0 >R HTRE AL
BEFRIEBEPLIUE R 41 1 H PBS 411 sEVs 414 5 X
/NS, ZOURE JBE A v A B I A A IR R Bk, #22 i 1. 2.3 Ty
B A Y0 Ao % B TUNEL 40 ff 8 7 46 I3 50 &
Wi W A3 20 BRAEAT G2 6 o A7 5 U0 7 iR 1 T R
VA RN A J3E T v AT B 0, JB 0 8 0. 1% AT B TR

B Triton B P AR 10 min, PBS IRV, A 5L 4
IR JE TR & b 37 CEEIE F 60 min, DAPT '
Pz 5 Sr RV BT SOE K B R R B, 5806 B T
HEAT P T A M WL AT K. TH BT R R U R AE
WAEE 400 15T I 3 A AN i 2 A0 B o3 ) AT R T4
JE %, BOE M

1.2.5 ERG AW BEZhEE >R HIBE LR 7 3R ik b
HLEESEIE 7 41 . PBS 41 sEVs 41/NRA 5 B 7ERS =
PNIE N 16 h, 78 /] — BR 58 T T 5 1 4 1 5 O At B 41 1R
MREL PG 65 mg/kg+ERFRTEHLWE 10 mg/ kg IR I N T 44
F6 57 R BN B, 5207 96 kR e T RO R A IR
0. 5% 3 1R P 5% % PRI R 90 2% 10 JRR 19 O 04 /N A 1L 25 28
P15 I IR TR IKC , 750 BT A 5% fk AR, IR 2%
QS < 8 1 BN S S D= R ¢
3.1 log ed « s/m” [RYG 3R BE 156 H13% R 4 JH] Ganzfeld
scotopic ERG &2G it & A IR G ERG 2% o o WER
a P S b PR MR AL AL I AT AL 8] HE 4K o

1.2.6 mRNA 5 g 4100 17 9 0 #r 22 5 K 78 mRNA
RITBEHLECT R IEBEHLE B PBS 41 F01 sEVs 41/ B 45
3 HU SUME B F vk A SE 5 4 IO IR IR BR , 90 #A 1K 2% 59 JF
I A B R, 65 A 2 e e R R JE 2 20
FNE LA, S BV R N I AT - 80 C Uk Af
o R T UK Is A, d A2 R FE 28 Al $2 L mRNA
JEIEAT mRNA B s 20 I e, 0 1 i 22 S 6 ik kDY (O
B A 22 AR O 2 45, Q <0.05) , Jf X 22 5 Hk X
#H47 KEGG EE 0 Hr .

1.2.7 S 9802 & PCR ik 22 5 7k [ mRNA %
ik PBS 4101 sEVs 41/ AR 6 L, SUHE R F A AL
A 4 AT IR IR 2K, 73 25 A0 R0 i 20 21, 5%l RNA $2 i
T 70 6 R TBORR IO 5 RINA SR FH 3 2 S ) 6 398 e 5%
A cDNA 430K R 30 Uk B K B A I 7 A 2 (C-C
motif chemokine ligand 2, CCL2) } H 3% {& ( C-C motif
chemokine receptor 2, CCR2) . H = ¥ ( leukotriene,
LTB4) .C B ¥ 5 & 45 ¥y 38 % % ( C-type lectin domain
family , CLEC4D) | [ 40 ifd 50 % BR 38 19 #F 52 14 (leukocyte
Ig-like receptor, LILRA6) | 45 45 & 2 H (S100 calcium
binding protein, SI00A9) . CD300 i J& £ Z ik il &2 B
(CD300 molecule-like family member B, CD300LB ) . i
MR K 7 1 ( schlafen 1, SLFN1) f1 [ 40 il A &
(interleukin, IL)-18 [ 5| # . ¢cDNA FI SYBR ( EZB-
A0012-R1) fim A 384 fLAR H, Ko A& & 10 pl, J
M S5 95 CHiASPE S min;95 CAEPE 10 s ,60 C IR k.
KAEAH 30 s, {40 ¥k, LA GAPDH fEB N 2, R H
27 A H LR mRNA R 3KKF. BAL# L
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Table 1 Primer sequences of target genes

) at’/]
I 751 _
KB (bp)

GAPDH  iE[ 3|4 :5-TGTGTCCGTCGTGGATCTGA-3" 77

JZ 17814 :5-CCTGCTTCACCACCTTCTTGA-3”
CCL2 E 8|4 :5-CAGGTCCCTGTCATGCTTCTG-3" 67

11814 :5-GAGCCAACACGTGGATGCT-3"
CCR2 E 54 :5-ATCCACGGCATACTATCAACATC-3" 104

I 84 :5-CAAGGCTCACCATCATCGTAG-3”
LTB4 E 54 :5-ATGGCTGCAAACACTACATCTC-3" 162

K1 514 :5-GACCGTGCGTTTCTGCATC-3"

"~ACCCGACATCCCCAACTGAT-3" 118
“-CTCTCGTCCAGCGTAAAAAGT-3"

CLEC4D Em51#9 .5
R I 5149 .5

E 514 :5
ALY/

Em 5195
1514 .5
EG8.5
KI5 4.5
SLFN1 E 54 :5-CTAAATGCAGGAGGGATCACAC-3" 103
J I 514 :5-GAGCACACAGAGCTTTTGTAATG-3"

LILRAG6 "-CCCTGGTGCTAGTAGTGACAG-3- 119

"-GTGATAGCTCTGCGAAGACTC-3"

S100A9 “~ATACTCTAGGAAGGAAGGACACC-3~ 129

"-TCCATGATGTCATTTATGAGGGC-3"

CD300LB "-TGCAGGGTCCTCATCCGAT-3" 130

~-TGTCCGTGTCATTTTGCCTGA-3"

TL-18 EM 54 :5-GCAACTGTTCCTGAACTCAACT-3" 89
514 :5-ATCTTTTGGGGTCCGTCAACT-3"

TE:CCL: ¥ 1k A F Fc f&; CCR: ¥ fb [H + 52 /& ; LTB4. [1 = /i B4;
CLECA4D: C B %45 R 45 H K ik 4D LILRAG : (4 4il il 5 % BR &5 H AR %
MS A6;S100A9:S100 5454 & H A9; CD300LB ; CD300 7t i A % ik i, b1

B;SLFNT: BEME A 7 1;IL: (40 A 3

Note: CCL: C-C motif chemokine; CCR: C-C motif chemokine receptor;
LTB4 :leukotriene B4; CLEC4D: C-type lectin domain family 4D ; LILRAG:
leukocyte Ig-like receptor A6; S100A9: S100 calcium binding protein A9;
CD300LB: CD300 antigen-like family member B; SLFNI: Schlafen 1;IL.

interleukin
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K HI SPSS 25. 0 et Akt ge it ot #5131
SR 2 By B R IE S, DL ves TR
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FH Tukey #5565 . >R FSURB K56 , P<0. 05 2% 45 403t

¥R
2 H#R

2.1 MSCs fl MSC-sEVs 1] %5

Tt 2K 4 A ASCAS 0 s, 8% 57 0 4 i D90, CD105
FIEBATE, M CD34 CD45 KIKHIPE(K 1A~D) . S
WEE NS 1 ARG 3 d, A 2 ARTE , HEF KR
W REJ e AR AR I (&L LE)  #F 5 MSCs F#1iE . & 4

L OB LR e B, B B MSC-sEVs & H 42
80~ 140 nm {4 [5 & XUZ 4 254 (& 1F) o

CD90 CD105 CD34
400 /\ 400.
= 300 = 300
| e | 3 e £
S 200 S 20 3
(&}
100 10
0 Q [ e met @ @
10° 10" 10 10° 10* 10° 10°10' 10 10° 10* 10° 3
CD45
300
it
= 200 —
El
< 100 \
0 S @ .
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El1 MSCs#1 MSC-sEVs B2 A i sUA I I iR 99. 8% 4 iy
ik CD90 B i 40 & Bk 99. 5% 4 ik CD105 G i 4H
T R B D B i 5 35 CD34 D i =X 40 i ) I 7 A b 0 MSCs
#ik CDAS  E S BB T WA 110 MSCs TR 35 22 RTE , W BE 2
K (x40, H3 R =500 pm)  F:if 4 i 7 2 3B T M4 MSCsEVs 2
F A& 80~ 140 nm [ [FJE 4 4544 (%12 000, 45 ) = 100 nm)

Figure 1 Identification of MSCs and MSC-sEVs A . Flow cytometry
showed 99.8% MSCs were CD90-positive
99.5% MSCs were CD105-positive  C:Flow cytometry showed very few
MSCs were CD34-positive
CD45-positive  E:Passage 1 MSCs showed spindle-shaped and adherent
under a light microscope (X40,bar=500 wm) F:MSC-sEVs showed a

B: Flow cytometry showed

D: Flow cytometry showed few MSCs were

circular vesicle structure with a diameter of 80— 140 nm by transmission

electron microscopy (%12 000,bar=100 nm)

2.2 AU I L 2 B A R

TEH 417N BRI 45 4 50 B, 4% )2 4 L HE 51 34 %)
HFF( 2A) s PBS 46087 # 40 Mo 4% HE 5 25 6L, B
WD, I B A AR AT 4 A% 43 A F 6 3K AL (B
2B) ;sEVs 4140 9 520 41 H B30 5 PBS 41 AH {8 9 2l A8
B F L8 PBS 4H4% (K 2C) .
2.3 AU T ol

PBS 21l sEVs 411 1 B S0 4% 2 30K o 08 12 48
M (& 3A,B) o PR To 40 T RS R R, PBS 4L T
LAy (24. 008, 52) 4N/ W, B B 2 T sEVs 4111
(14.60+4. 04) A~/ UF, ZH A G E X (1=2.37,
P<0.05) (& 3C) .
2.4 FAH/NRBEE N ERG 23

EH 41 PBS 40 F1 sEVs 20 ERG a 3% 4% 18 43 3]
(193.20%12.50) . (16.78+6.37) F1(64. 38+16.70) uV,
b I 35 8 45 7 (338.38+27. 41) . (132.40+39. 41) fil
(154.86+34.08) pV, Mk L Z S ¥ H G E X
(F=262.70.55.26, ] P<0.05) ; H:vh PBS 4] a i .
b BRI BALFIE A, AFF sEVs 4, 2 R ¥H
Bt F R L (¥ P<0.05) (K 4) .,
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S PR IPL

NN HES B 5 8 75 B PBS 41 IRZ A AN M AZ HE S 2 0L AM W R i K WL C:sEVs 41451 4
iRe R PBS 4l GCL: A 4745 4l il J2 5 IPL: Py AACIR 2 5 INL: Y 8% 2 5 OPL: 4 AR )2 5 ONL: 4
B2

Figure 2 Histopathological changes of mice retinas ( HE x 200, bar =50 pum)
B: PBS group

displacement and sparsely disordered photoreceptor outer segments were observed C:sEVs group The

A ; Normal group
Retinal structure was complete with orderly cell arrangement Photoreceptor nuclei
structural damage was slighter compared with PBS group GCL: ganglion cell layer; IPL:inner plexiform

layer; INL: inner nuclear layer; OPL outer plexiform layer; ONL: outer nuclear layer

JAT AN R (A4S)

PBS 4 sEVs 2

B 3 PBSHL5sEVs H/NRME TUNEL & EGIATHBITHLIEE A:PBSHAMXZ A
UK T 4 L (4 (390 ) (FITC/DAPI X400, R =20 pm)  B:sEVs 41 AMZJZ A 0L & 4 T
i g (FITC/DAPI x400, bR R =20 pum)  C:2 A2 (5] R0 19 152 080 o 4fl MO o e B 5 PBS 4 bR,
‘P<0.OS(MSLFEAS ¢ K282 ,n=5) PBS:BERRILGE Wil ;sEVs /NI

Figure 3 TUNEL staining and cell apoptosis in mice retina A:A large number of apoptotic cells
( green fluorescence) were observed in outer nuclear layer of PBS group ( FITC/DAPI x 400, bar =
20 pm) B: A small number of apoptotic cells were observed in outer nuclear layer of sEVs group
(FITC/DAPI x400, bar = 20 pm)

Compared with PBS group,*P<0. 05

C: Comparison of apoptotic cells count between two groups

( Independent samples t-test,n=15) PBS: phosphate buffered

saline ; sEVs;small extracellular vesicles

2.5 PBS 15 sEVs 4/ A R I 22 S5 R S IR % I
Dy e i ##% o A

®

IEH4l PBSHL sEVs4l

mRNA 5 5t 41 ) 7y 45 R
7, PBS 41 5 sEVs 4H 7] 2% S £ ik
FER S 110 4>, 5 PBS 414 b,
sEVs Ja 7 41 p R 2 A 4R 109
A, EAEBEE T A (E 5A),
KEGG LR BN, ER
BN FES 5 RIE B AE
5Ol . TR 22 S A BCHE Y AT
4 DR, R IR B 5 45 A OGPk
BROGFESEBEREAARRMG
2 Hf A 7 B 0 B B4 L 2
RfES B BEAETFE Y8
NS O A O A
(K 5B),
2.6 441 CCL2, CCR2,LTB4,
CLEC4D., LILRA6, SI100A9,
CD300LB . SLFN1 #l IL-13 mRNA
TR K A

iE % 4. PBS 4 Al sEVs 4
CCL2, CCR2, LTB4. LILRA6,
IL-18 . CLEC4D, SI00A9 ., SLFN1
mRNA A X} 2 3k 5 Bk e, 2=
RYH G E L (F=92.49,
45.49 . 104.10, 80.32. 40.44 .,
31.16.12.95 21. 89, #P<0.05) ;
M PBS 414 sEV 4[5 CLEC4D
S100A9 .SLFN1 mRNA A %t 3 ik
HILKR, ERH TSR (Y
P>0.05), 441 CD300LB mRNA

MR IA SR H R, 2 R RSB L (F=1.60,
P>0.05) (£ 2),

IEH4L PBSAL sEVs4l

o (EJ

B4 HMAEERN ERG aiff bifiRIGEILE AL W 41055E B ERG B & B.PBS 415 i& )i ERG JJE B C:sEVs 411 i& i ERG P A

D& H] a WHRIALLEL  F=262.70,P<0.05. 5 sEVs 4 [L 4 ,"P<0. 05 (FL[E R J5 22 43 7, Tukey K30, n=5)

55.26,P<0.05. 5 sEVs 41 lL#,*P<0. 05 ( B H £ J5 22437, Tukey £ 36 ,n=5)
Figure 4 Comparison of a- and b-wave amplitudes of scotopic ERG among three groups
B:Scotopic ERG wave pattern of PBS group  C: Scotopic ERG wave pattern of sEVs group
F=262.70,P<0.05. Compared with sEVs group,”P<0.05 (One-way ANOVA ,Tukey test,n=35)
F=55.26,P<0.05. Compared with sEVs group,*P<0.05 (One-way ANOVA , Tukey test,n=35)

vesicles

B4 b kb e F=

PBS ;i 5 £ 2% w5 sEVs /NSN3

A Scotopic ERG wave pattern of normal group

D: Comparison of a-wave amplitude among three groups
E; Comparison of b-wave amplitude among three groups

PBS : phosphate buffered saline;sEVs:small extracellular
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Figure 5 Transcriptome sequencing and KEGG analysis of differentially expressed genes ( LoglO-transfomed gene expression)

differentially expressed genes between sEVs and PBS groups
vesicles ; PBS : phosphate buffered saline

B: KEGG cluster analysis of differentially expressed genes
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Table 2 Comparison of mRNA relative expression level of retinal differential genes among three groups (xzs)

mRNA %} % ik

A5 HR %%

cCL2 CCR2 LTB4 LILRA6 IL-1B CLEC4D S100A9 SLFN1 CD300LB
4 6 1.025+0.100 1.023£0.078 1.008+0.025 1.016+0.104 1.019£0.078  1.014£0.091  0.988+0.032 1.012+0.089  1.0020. 100
PBS 41 6 14.861+2.555" 7.687+1.642" 18.311+2.983" 4.350+0.667" 15.164+2.090" 5.077+2.143" 1.249+0.432" 5.101+1.087" 19.584x5.707
sEVs 41 6 5.371£1.791" 3.911+1.311"" 10.719+2. 027" 4.788+1.415" 9.090+2.232"" 4.295:1.366" 1.059+0.127" 4.313+1.637" 11.012+2.432
F i 92.49 45.49 104. 10 80.32 40. 44 31.16 12.95 21.89 1.60
Pl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 >0.05

TG IER A LA, P<0. 05555 PBS 4 I %, " P<0. 05 (5[ 2 05 2 48 7 , Tukey K38 )

PBS: W R #h 2% th 5 sEVs - /N 4983 ; CCL: a4k B 7 ic

K5 CCR: ML H 732 K s LTB4 . |4 =/ B4; LILRAG: [ 40 il S B2 BR K (AL 524K A6 IL: A4 i v 38 ; CLECAD . C BYE 52 5 45 #y S X & 4D 5 S100A9: S100

Aok O 7 A9 SLENT AR K 1 1;CD300LB : CD300 #i J§5 k¢ 52 % i 5t B
Note : Compared with normal group,*P<0. 05;compared with PBS group,”P<0. 05 ( One-way ANOVA , Tukey test)

PBS:phosphate buffered saline;sEVs:

small extracellular vesicles; CCL:C-C motif chemokine; CCR ; C-C motif chemokine receptor; LTB4:leukotriene B4 ; LILRA6:leukocyte Ig-like receptor A6;1L:
interleukin ; CLEC4D : C-type lectin domain family 4D ; SI00A9:S100 calcium binding protein A9; SLFNI1 . schlafen 1; CD300LB:CD300 antigen-like family
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