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[ Abstract] Objective To evaluate T cell activation driven by exosomes from mouse lung
epithelial MLE-12 cells (MLE-12 cells) irradiated with Co y ray. Methods ~MLE-12 cells were
divided into a control group and a “Co y irradiation group (2, 4, 6, and 8 Gy), and exosomes were
extracted from the supernatant of their culture medium by using ultracentrifugation. Nanoparticle
tracking analysis and transmission electron microscope were used to determine the morphological
structure and quantity of exosomes. The expression of lysosomal associated membrane protein (CD63),
tetraspanin (CD81), tumor susceptibility gene (TSG101), and type I endoplasmic reticulum protein
(Calnexin) in exosomes were identified by Western blot (WB). Flow cytometry (FCM) was used to
detect the expression of major histocompatibility complex class I (MHC 1), major histocompatibility
complex class I (MHC II), immune regulatory protein B7-1 (CD80), and immune regulatory protein
B7-2 (CD86) on the surface of exosomes. Naive T cells isolated from mouse spleens were cocultured
with exosomes (exo/NC MLE) secreted by MLE-12 cells in the control group (NC MLE-12) and
exosomes (exo/IR MLE) secreted by MLE-12 cells in the 6 Gy “Co vy irradiation group (IR MLE-12),
respectively. FCM was used to detect the changes of T cell subsets CD3", CD4', and CD8" and their
activated proliferation indicators T cell specific surface glycoprotein CD28 and early activation antigen
1 (CD69). Naive T cells were incubated with NC MLE-12, IR MLE-12, and MLE-12 cells from
exosome inhibitor GW4869-treated groups, respectively. FCM was used to detect the changes of T cell
subsets CD3", CD4", and CD8" and their activation indicators CD28 and CD69. Independent samples ¢-
test was used for comparison between two groups. Analysis of variance was used to compare multiple
groups. Bonferroni adjustment was applied for pairwise comparison between two groups. Results  The
exosomes produced from MLE-12 cells showed a typical saucer-like structure, with a particle size of
30-150 nm. WB results showed that the exosomes specific markers CD63, CD81, and TSG101 were
highly expressed in exosomes, but the negative marker Calnexin was low in expression, compared with
the MLE-12 cells. Compared with the control group, at different times after 6 Gy y ray irradiation, the
number of exosomes secreted by a single MLE-12 cell increased at 24 and 48 hours (=5.36, 6.66, both
P<0.05). The phenomenon of an increase in the number of exosomes secreted by a single MLE-12 cell
24 hours after irradiation with different doses of y rays has a dose-eftfect relationship, and the difference
is statistically significant at doses of 6 and 8 Gy (+=4.14, 5.67, both P<0.05) after the MLE-12 cells
were irradiated with y ray. The expression levels of MHC [, MHC II, CD81, and TSG101 increased
in exo/IR-MLE compared with exo/NC-MLE. FCM results showed that the expression levels of MHC

I, MHC 1II, CD80, and CD86 increased in exo/IR-MLE compared with exo/NC-MLE (=4.04-6.47,
all P<0.05). Compared with the exo/NC-MLE, in the T cells cocultured with exo/IR-MLE, the CD3",
CD4", and CD8" T cells all proliferated (+=3.08-5.88, all P<0.05), and the expression levels of CD28
and CD69 increased (=3.02-8.65, all P<0.05). The exosome inhibitor GW4869 can suppress T cell
activation induced by IR MLE-12 (=3.64-23.03, all P<0.05). Conclusion Exosomes from MLE-12
cells irradiated with “Co y ray could activate T cells through antigen presentation.

[ Key words ] Radiation; Alveolar epithelial cells; Exosomes; T-lymphocytes; Antigen

presentation
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1 HESH®

L1 FEMRSE

/NERUB | B MLE-12 20 i (& Fk MLE-12 4Hfitd)
W 1 26 EAR R SR W B AE B (ATCC) A e . ok
TE IR SR A S ifEE CSTBL/6 WT /N U [ b 5t 45
AL sh YA R A [ ZhP7F T IES . SCXK
(51)2021-0006], 6~8 A% . 1R (20+£2) go Fr Ay
SIS LR AR B AR R A B S 5 s )
EHEMHZERSNES TH#T, RMIREEH
Bl B 45 B AT B e 2 B st (AL S
IACUC-DWZX-2021-731), fifi 4 IfiL i ( fetal bovine
serum, FBS)W H HEDUZFH A F; RPMI-1640 5
FRHE A S E Gibeo A ] AMA I & A
H 7 Wako/A 7] ; EasySep /N ERBIUG T 453 251k
)& W A &K Stemcell 23 7] 5 A 36 A 4100 i1 5]
GW4869 Il [ 2% [E] MedChemExpress2\ &) ; 4 ifd 2
A A s ALk 22 K O6RR (ECL) &G H
J[E Thermo/A F] ; AN L FI il A [ 5
B ml ;. BCA B B2 I 1a050) & A A i i
F 2 1 (TFR BSA) W A 2 A w5 B B
I8 &y J8% & IH] (tumor susceptibility gene, TSG) 101,
T T AARE DG B 11 31 R o3 Ak Bt B 7% ( cluster of
differentiation, CD) 63] UK #5 B 25 11 28( 51l K
CD81) Hi 1A [ 25 [® Santacruz 23 7 ; fabi il T &l
PR P9 B 11 ( Calnexin) HUAR I I B & 48 s A
Al PR R EZEHLME M E A K (major
histocompatibility complex class I, MHC 1 )#$ifk
APt I X R EHLEMHENEE A K (major
histocompatibility complex class I, MHC 1T ) Hip {4k
WHPEESKAAE; IFEDRAEREN
(immunoglobulin, Ig) G(H+L) - AR i3 & 1k ¥y 1

(HRP) F1L EHi /N B 1gG(H+L) -HRP iy [ H & =
HiAE; /MR MHC 1 -AF647. F 1% 1L $ 5
1(FR CD69)-BVA421 HLAAFIFE A Al 4kt [ 26 [
Biolegend /A Al ; $it/N MHC 11 - B ERDEER
(FITC). #1815 2 1 B7-1(3]FK CD80) -PerCP-
Cy5.5. SR 8 1 B7-2(BIFx CD86) -PE-Cy7.
CD3-FITC. CD4-PE-Cy7. CD8-PerCP F1 T 4 it
FE T A B 1 CD28-PE $LiR I [ 3¢ [ BD /Al .
FlowJo 10.6.2 {4 4 3£ [E] Tree Star 2\ @) ; 37°C
H IR 3% 246 1 A 55 Thermo 23 7] ; CP100NX #
B LA H H A Himac 23 7 5 Zetaview 40K i
KPR EE AN [ 15 E PMX AR ; H-7650 #57H,
F . f5% ( transmission electron microscope, TEM)
& H HZ HITACHI /A H]; BD FACS Aria™ 11 =t
YA [ S BD 22 F]; R2089 AI®Co y 514k R
SN B E A A F], RN 59.09 cGy/min,
N F R =B R A B Co YR IR
1.2 AifEsESR . BRES SAMMARRY 4 B e
HESSAT 12 h, Bf 2x10° 4~ MLE-12 g4/ T
5 10% FBS i RPMI-1640 3555 ey s, 15
FRAAE R 37°C . 5%C0O,, FHFEH N AN R A y 5
EIEATAH (2. 4. 6. 8 Gy). MRS H PBS YEHA
W2 W, R FR IO B A R AMIMA (TR D-exo)
1) 10%FBS [ RPMI-1640 ¥55:35 . 1F 4°C &4 F,
# FBS £ 100 000xg( P70AT % 1) #B # B 0> 18 h,
DIk FBS SRR ZNBA, A D-exo FBS,
D-exo FBS 15 37 H 15 3% MLE-12 401 12, 24,
48 h J5 W AR B VE W AR BN IR . IR S
300xg 20> 10 min BRI, 252 000xg 2.0 10 min
BRI, 22 10 000xg B> 30 min ZFRANMEHE
Fo 022 pm i BEAR I I8 DA 2t 240 B0
Rigedk, HUEJR MR FRELZ 100 000xg(PTOAT ¥
T)BHEL 1.5 h OB, # EiE, A 13 ml
PBS VEIAMILA, 100 000xg(P40ST %5 1) 444 F
FRUCGHE B0 1.5 h PLIEAMNIBA . iR B O #RIE
FE 4°C MR e FIMMAEET 100 ul PBS(5%
IR MR T, T2 sk iR
K H TEM F1EE 15t B3 (Western blot, WB)
XPAMBR AT S o R GOR BRI ER A B AR
(TR PR NTA) I & M iAok gl o MR I
KA & TR MMAR FibREY MHC T |
MHC 1l . CD80 1 CDS86.
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1.3 WIhR T ARG ok S 5 MRy =

fifiH] EasySep /NI 4R T 40 43 2512850 & A
Tt C57BL/6 W /N B LI 114 54 240 Ffd o8 o W vh o3
B CD3WIMh THIML . s AMgi kG, E5H
10% FBS ) RPMI-1640 5555 5 Ffr T 28 it ik i 4
TE 1x10%ml,

F T HERINBAE B G T 40, HRILE T 40
W13 505 6 Gy v 54 CHRA 0 S5 56 5 A 8 1) 44 L
HERFREAY , FRATERE v FLIRIBFIE S 6 Gy™)
HRGFZH A MLE-12 ZH (R FR IR MLE-12) 74 14
WA (fRIFR exo/IR-MLE) A%t HEZH MLE-12 4 ffd ( fiij
FK NC MLE-12) 73 W i S A (R #X exo/NC-MLE)
R 12, 24 h, RAFLIEAR (flow cytometry,
FCM) kil T 435 fbAn &4 CD28 1 CD69.

YRR R EE TR AR K MM TS, 8
HFR R 5x10°/ml, FH1IH T 40HIL0 1x10° A~/fLI%
FITE 6 fLARH, FFS5AMBARLL 1 2 500 (1 LA 4351
RS 12, 241,

1.4 W4k T 4005 MLE-12 4% 5%

J T EREIN SNBSS Y MLE-12 45 A
RS T 400, KRIh T 408843 %5 IR MLE-12
NC MLE-12 FWNHMASIHT GW4869 4bFHA) MLE-12
Y AEREFR . 6 Gy v ST G HT 12 h, F MLE-12
HELL 4x10° AN ALIEFRITE 6 FLARH . BRI, B
WG T 4HAFD MLE-12 4IARLL S = 2 [ Hufl e 7%,
F 12, 24 h 5 AR T B A L . A0 W 4491 61 551
GW4869 KbHRLH 7E FE R MLE-12 41 i ish Fnt 4% 37 40
[E)34125 7 GW4869, HIMKEEA 10 pmol/L.

1.5 WB 5L

fiiFH 0.25% 1Y JB& 2 1 B I 1k T e 8E MLE-12
Yiiffl, 28 PBS Pk 2 K5, 7E 4°C #FT, 300xg
B0 5 min. BRI F A 4H AR 1 2RO A 20 DT
FEHIET UK B E 15 min, BFE 4505 120 000xg
B0 10 min DAUCIEAAMIRE F-, IP8 IR R =
B HSMNMA L T2 N SN rh B U
FIBT. (R BCA 8 115 2 0 s 3 7] 5 A D 42 i
()R 1 e B

B H R, A& 05% 4 M HE AR
TBST( Tris Buffered Saline with Tween 20) 2% i1 &=
T (25°C) WEE R 1 h LASTPA RS B REs G005 . B
HZEHT, 4°C EE —40 12 h, TR H bR H
) —Hih TSG101( 1 : 500 # B ). CD63( 1 : 500

i B5) . CD81(1 : 500 # ). Calnexin( 1 : 1 000
Fife). MHC 1 (1 : 500 %) A1 MHC 11 (1 : 1000
Wik —PIMF AL ARG, FH TBST PEMAR 3 1K,
FR 10 min, iR FIFE ZHL(1 : 4000 # ) 1 h,
YU E SRS, FH TBST 28 Mk BEis I 3 Ik,
K 10 min, ff FHE R AL{b 22 RO (ECL) B 4%
M, BEYCHTRIZE 5 min P,
1.6 FCM

AR MHC 1 -AF647 $idk, $i/MNslMHC 11 -
FITC $if&. CD80-PerCP-Cy5.5 #if4H1 CD86-PE-Cy7
BURbRIC AN RS RE LR R A B, LA I A1
WA SR TTPLE 238 A0 CF MHC 1. MHC 1T,
CD80 Fl1 CD86; i CD3-FITC ik . CD4-PE-Cy7
ik, CD8-PerCP Hiifk . CD28-PE Hitk . CD69-
BV421 HLIRFSEAN YL BHbRic T 40E, DIk
W T 40 R kRS CD3. CD4. CD8. CD28 il
CD69. i F v X 4t M {5 Hr 4 B, FlowlJo 10.6.2
AR, FE TR YRR SE AN A
1.7 Gtk

i SPSS 19.0 B AF %t B dl AT e 2443 Hr .
A ISR TR e+ s8R, 2 A g
RIS FEAS ¢ K56 (J7 2255), 241l SR
J7 25T T, LI P EL R Bonferroni 14
ik, P<0.05 AESAGITFE X,

2 #R

2.1 MLE-12 4iijifd 5 A SN A

TEM FI4 K ki gRER S AT HeR 25 R o, 1E
H MLE-12 25335 i 4 M A EL AT HR (1) — 1 1
FIZSFERELE M, Rifely 30~150 nm([&] 1A, 1B).
WB 5B R, 5 MLE-12 ZiffAH ., ok
F S AR Y CD63. CD8I1 il TSG101 & £ ik,
1M B A5 B Calnexinfli ik (Bl 10). DL EWFSE
S50 55 [E PR 20 M S 0 2 A i AR A S R v e/
YE A EY —3. s, SXTRR4IAHEL, 7E 6 Gy
v SR IR IS ANIEIN ] (12, 24 148 h) DL K A [R5
HyST£ (2, 4. 6718 Gy) M gH)5 24 h, B4
MLE-12 il 53 SN A% R T 24, 48 h B3
WHEN(=5.36. 6.66, ¥J P<0.05, ¥ 1D), HEA
RAF RN R, ERFFIE R 6. 8 Gy
22 3 A S 2F i X (=4.14, 5.67, ¥ P<0.05,
& 1E),
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Figure 1 Exosomes secreted by mouse lung epithelial MLE-12 cells before and after irradiated with y ray
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95% (K 2A. 2B), &L TR, 5 exo/NC-MLE  4b, fEiX2E exo/IR-MLE iS50 T 200 e H TV A 2
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