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SHAMEIRSG 2 d BAEORER TR A AL . 53K e S 0 22 2 (s 5 25 201 T A SR A B (R AL B 4D 1 K B
Sy xR, T SR /N RNA I £ A K it 3635 1DO 41K Bl BMSCs 41 A 5 % 8 #1156 A9 microRAN ik,
BRI O E 25 R R T 3k IDO-BMSCs 43 W B9 A1 1A ol LUAT 3% o3 53 0 B 40 JDE 77 36 . i AR 4
KEGG 431 7] JLAT 20 £ I8 microRNA H#5 R AL 10 4, Hh miR-540-3p 25 A5 E(FO B - T i B
Ko I 20 £ T microRNA Hi KA 3 4>, Hh miR-338-5p (1 FC H T BEIR K, &8 38 i 2R A/
RNAGRNA) 7 4 A o 3235 TDO 28 K B BMSC 43 WA S HEAR P35 98 40 5 19 microRNA, J 248 I\ b
15 microRNA 4 miR-540-3p, F 5 5 microRNA 4 miR-338-5p.
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Molecular mechanism of the overexpression of IDO bone marrow

mesenchymal stem cells for the survival of transplanted heart
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Abstract Objective: To investigate the molecular basis of the overexpression of IDO rat bone marrow mesen-
chymal stem cells (BMSCs) secreted exosomes contribute to the survival of transplanted heart. Method: Overex-
pressed IDO rat BMSCs were constructed using lentiviral vectors (GV308) that carry IDO transfected rat BMSCs,
which was then put into gene activators (doxycycline). According to the type of exosome, divided into three
groups. each containing three samples. Three groups were: overexpression of IDO-BMSCs-exosome, empty vec-
tor-BMSCs-exosome, BMSCs-exosome. The exuQuick-TC of SBI was used to extract the secreted exosomes, and
the model of ectopic endothelial cardiac transplantation was created. The secreted exosome was injected through
the tail vein. Echocardiography was performed to examine function of transplanted heart after a 2-day treatment
with exosome. Simultaneous Mycophenolate mofetil group and untreated group as a control group. MicroRAN se-
quencing technique was applied to examine immunity-related over-expression IDO rat BMSCs in exosome secre-
tion. Result: Doppler ultrasonography showed that the exosome secreted by overexpressed IDO-BMSCs greatly
contributed to the survival of ectopic transplanted heart. KEGG analysis showed that among the top 20 up-regula-
ted microRNAs, 10 were involved in immunity. Furthermore, the FC value of microRNA-540-3p increased in a
large margin. And top 20 down-regulated microRNAs, 10 were involved in immunity. Furthermore, the FC value
of microRNA-338-5p decreased in a large margin. Conclusion: Overexpressed IDO rat BMSCs are detected during
exosome secretion and immunity-related expression of microRNA. MicroRNA-540-3p is up-regulated, whereas
microRNA-338-5p is down-regulated.
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20 22 LUK, B T 2% B B A H R (7% At g Bk
Tl BIF 5 L B 4% Tl e 2 4100 ) 590 1) 6 e, 4% B RS A 2
R IRIG YT #% B DIBe = A 20R 7 T B, Bl
A=Wy 4 92 T HE O B i (W) 78 BT T 48 L (bone marrow
mesenchymal stem cells, BMSCs) & % hli N 2 52
FH 2% B AR 6 B9 #4000 H 0 240 MG 9T 1 2 A
A 58 L. Wl RE 2,3 U4 (indoleamine 2, 3-
dioxygenase, IDO) J& JI JIE LA &1 M — 7] 4 1k €5 2 1R
T R PR R 3 A% 4 fife A 1 RIS 3 g, o ol 2L 30 0 1 4
LU, LR AL &)z Rk ]
A DL ik B O IR A SR B AR AR
F 5% A BAAT ) E 220k 52 4 32 3k IDO-BMSCs 1] LU
TR A 50 G 5 A RO IE B AE T . R AT B I Y 1Y
Fonih b AW ST HE— 20 3R A T 40 53 WA A HE AR Cex-
osome) . MM SR DAL T 7= A 6 R BV Y
P, B 2 Fh A Wy T Rg W] DL 20 H TR R R
B AT 56 BN M ) AR A S AR 5 AR
FE ) FH AR 5 5  1DO # e K B BMSCs JF 42 it
3 Wp 0 A0 HEA 388 8 1A P SR 0 IE R €588 75 E B
F 33k IDO 1) BMSCs 41 ) exosome 1] P 1 5
S RS AL O AT 15 5 9 2 — 23 ad /]y RNA (small
RNA L sRNA) 7 HA K I i % 3% 1DO K BM-
SCs AMHEFR 5 G 4 ¢ microRAN £k, W 4rF
IR A W 2 AR T .
1 MRl5FZ*
1.1 SE5zhY)

filt g 4 JH % SPF 2 SD K L& Wistar K %
60 H, 1o HEVE L R OB ER 3K A SE 5 B P e B2
CEh¥ i AT IE S i SCXK (JI11)2015-030], FiA sh¥
MR UL 4y e R I DR A 5% 48 B ALY (GLP) MR
AT, H 45 H SD KEFT 60 H wistar KEH
TORER A B AR 57,15 B SD KU T BMSCs
(PRI, 2 BEA3 W0 A0 HE A 1 258 ALK O U % A AR Y
KA R 3 4 .11k IDO-BMSCs-exosome 4 (3
ik 1IDO ) . 55 #FfR-BMSCs-exosome 2 (55 £ &
#4H) .BMSCs-exosome #H (BMSCs #H); £ 2H 3 H.0»
HIE AL A 8 20 R B HE R AN B 2
1.2 F2EG A

SD K Bl BMSC K5 77 3t (IR pE 5 32 3L, & 10%
G4F M), W A 32 B Cyagen Biosciences 2\ #l,
CD29.CD44,CD90,CD73,CD45,CD11b,CD34
) B BioLegend(ZEE) ., TruSeq Small RNA Sam-
ple Prep Kit-Set A 1y B & [# Illumina 2 &), mir-
Vana™ microRNA Isolation kit 1§ H 3& E Ambion
/N, Bioanalyzer 2100 W H 3¢ # Agilent, 0 i
B8R Ul [ 9% B PHILIPS EPIQ 7C,
1.3 BMSC #9708 Hior L E

2B BE RS % K Bl BMSCs, R AL AL B4 7
&, B = P7 AR BMSCs, 13 40 Ml fil & 15 80% ~

90 %0 Bf . i A 4 M R W, SR R XA A A
CD29.,CD44,CDY0,CD73,CD45,CD11b, CD34 (CD29
BPLS pl/ET ¢ 20 FERBEE 100 pl.CDA4 BT 5 pl 1
1 40 FiBEZE 100 pl,CD90 5 pl #E 1 @ 20 B =
100 pl. CD73 5 pl /E 1 ¢ 20 Hi B Z 100 pl, CD4S
CD11b.CD34 BAfi 5 pl /E 1 40 FBEZE 100 pb),
1.4 120 35 #R M L DR I IS R # 2 i 3k TDO
K. BMSCs

H B A R A9 TDO 3 R 4 A8 9% B 1 2 Tl
i GV308 /1, M GV308-1DO T 20 18 ik 75 0 2% i
Wi R E S GV308-IDO T 4H 18 W 75 4 4 it
Hr g A K B BMSCs.. I A 3 KT 55 57 5k ) 55
F(DOX) . # P 5 R Q-PCR Jr ik ki I % s
48 h ) IDO JEH R ik,

1.5 KRR s 53 (0 A% 0 HIE A5 760 42 57

1.5.1 Bk Wistar KE.OME FEER 50 U/
L84 CykFEEK 5 ml & F BEH kST, 2 min
J B FF 1 32 2 ok ST e e Ik 52 43 s, 5 5 i e ik
AFRIR VKA 2540 I A L S 5T W 32 30 ik
Ui 25 Jili o Jik S 59 W7 Ml 3 ik L 45 #0000 BE S A8 it vk
BUR O

1.5.2 R IEY G 232 4k SD K BUE E 3 30 ik
KNk 2RI IS o B 2 sh ik I T IR
HElK 2 3-0 222k, BB T Fes # Ihk A e 3 B ik, 55 O
[ 3= 20 ok S B K, R P i 22 B S W) 5 O VR R
A0 JIE 1) 3 B Ik B it 3l ik 5 a2 A0 R B B 3= 3 ik
KR EH Ik G

1.6 AIMHEAR 45 BCR AG )

TN LY B e A S0 (150 000 X g,
4°C,7 b LKBRAMER . PR B Y g M AR 5 S HE
VI3 B4 15 77 6 b 15 9% & 48 h (it ik 1DO 4 Ml
SRR AE B R WM R 2 A DOX) . Wi SE 45 57
3,3 000X g B> 15 min, LA 2= BR 40 M X 40 6 A
W FIE W 2 WA L A E SR Y Exo-
Quick-TC Exosome VT 3E W, ¥ M (4°C) iF %,
1 500X g & .0> ExoQuick-TC//& IR A W » 30 min,
AMHERDUTE AL T IS ER , Bk s
1.7 VRS REAECIE Y 0 T g

#2322 55 IDO-BMSCs, =5 # {4&-BMSCs,
BMSCs 2 il 73 36 19 S0 HEAA . 28 2 i Tk e 539 3] K B
i S A O RS 3 d BRI A, 4 H 400 pl
(800 mg/ml), FFHg AR R AL BE CRANIEAD) I 45 T
N 5 22 2 e 6 A R B (g 3 2 2 4D R X R,
SHE ISR 2 L3410 R 8 75 PF Ak B R O
A0 IgE .

1.8 RHEUMHEAR TR RNA

# B RAS00TC-1 seraMir Exosome RNA
Amplification kit from Media and Urine a5 & 1)
A5, B 50 10 ml AP IIA 2 ml EXOQUICK-
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TC IR AE 4°C KA P E L& BRI 350 pl 2
f v e 15 s, FEAC I A L B 2 000 X g B
2 min, A] I3RS 30~40 pl 4MEAR RNA,
1.9 EPESIH L IR

Ligate 3 Adapters:$f RNA 3 Adapter(RA3)
WAV ARG BT ok BB pl AR S P R
H 6 pl. FRKE EP LA PCR AL, Ja s F ¥ S-70-
2M, ¥ 5X HM Ligation Buffer (HML) f# % 5 &
F ok LB nuclease-free ) EP K MR & .
¥ 4 pl Ligate 3 Adapter Prepare Mix #4 % 0. 2 ml
WAV R A N BR R 10 ps B3R T S
28-1H, [R5 R Ligate 5 Adapters, 5.4
B OFHEAT BTAS X TR A 1 RNA BEAT 8 PR T o
Ko O R IEVE KA A SR L e 42°C A A
£ 0.2% SDS,2X SSC M VEW T ¥k 5 min, X5 7E
0.2XSSC AU I h ¥k 5 min, B¢ 7 )5
Agilent 25 B HHAL (G2565CA) X} ¥ vt Ja md) s Fr gt
T AR A .
1.10 2% microRNA A9 iF— 25 4b 7

HE— 2% i 323k TDO 41, %8 A4 H BMSCs
ZH I ELH microRNA #E47 DLF Ab B . (42 1 0 BE bR
#E 22 F A H(FCO) =1, 5 8<C0. 67, H P<<0. 05,
A EM S 3 A e R E M E R
i microRNA; @7 i % ik IDO 05 BMSCs 4
2Bk BMSCs 415 %8 R 4 LB b A 25 57 19 mi-
croRNA, TLi X A~ HE 2 F ik 2 F i @ X B 2
2 SR JE Ry F ik 1DO 4 H BMSCs 41, % 51
Hil 20 A4 BB E 39 89 B microRNA; @ % | ik
microRNA /' Fi#E & TR AYET 20 75 KEGG &
LA A microRNA W35 B 4 58 A 55 1) mi-
croRNA; O #5 KEGG 4387 AT WL b 98 i) 5 588 46 5¢
microRNA , AR 45 J D5 100 25 SR 95 I 3 kS e ik 4%
Intestinal immune network for IgA production
(CD80 AICDA CD28 ICOS) ,Primary immunodefi-
ciency (AICDA JAK3 ICOS) . Autoimmune thyroid
disease(CD80 TSHR RT1-N2 CD28) , i 1 B #5
AR i) miroRNA ; © F i i H ) microRNA il
T HG i X6 07 A A
L1l B4 B % o3 dr

f# [l Agilent Feature Extraction(v10. 7) 3% {4
Xf 2 32 B B AT 53 B 0T 4 ORI 5 SR 5 1 Agi-
lent GeneSpring 3 {4 %F £ 4f8 # 17 H — 1k, IR
GeneSpring #PF#EAT 41 8] (4 22 55 437, B 10 T-test
iz 7 AT 2 21 A Y 22 S 8GR B 43 B s s
ANOVA J7 ikt 47 2 41 22 S R IR 70 #r
2 BR
2.1 BMSCs #£ik

o P 9 A S % R R B BMISCs 25 2R 1.

s, # It 90% B9 K Bl BMSCs # i& CD29, CD44,
CDY90 K CD73,{H R Fik CD45.CD11b 5 CD34,
2.2 1DO FEHFEA

M5 7 5% gL K Bl BMSCs 3 im A DOX 48 h
Ji 1t ik 1IDO 4K Bl IDO il 32 3k 748 R 1 % 3k
IDO-BMSCs-exosome 4 K BB X HE 241 ) Bk 3%
hn G 235 1IDO 21 i TDO F [ 26 3k = B ok B v %)
HBZH ) 62 906. 27 %5, P<<0.05) ,
2.3 REOPEREH TR

RIS i S5 007 B8 R B AU ST 48 b B A0 AIE
AR ILE 1,

B0 Sk T RO AR 5 20 (00 Sk RARL O IE
1 ERERUBHEOCESBSNWEEELHREEBEESER
Figure 1

The result of echocardiography of transplant-
ed heart

2.4 AR AL BRI RS AR O JUE B 0 T RE R

KU s S D IE RS R A AL 37 3 d SR . 4K
FUBH KA T 4 41 BMSCs 43 Wb i AP HEH , SR 0
JIE T o8 75 PEAG RS AR O D D R R AR . 25 R R
IDO-BMSCs-4M AL BT 2 d #6480 W 69 55 1fn 4
BER) EMAERFSO WA B ER S, SHAK
M EF A% E X (P<0.05 ., WK 2,

0.3

0.2

0.1 -
0 L- I_-I o
m BMSCs @A
O m BEEEA
m

L

LB EF; £ K FS,
B2 ShHEGRAIRSS 2 d BAEOAER EF 5 FS
Figure 2 EF and FS levels of transplanted heart after 2 days

of exosome treatment
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2.5 S5RPEMHIA microRNA
X R A A AEAS, L ALA I R A5 R GG B s . R
A sRNA 5 35 AR %53 3k IDO 4 | 28 25 7k 45

Distribution /%

@ﬁ& @ﬁ& Q¢§ W w° W

BMSC:BMSCs 41 ;1dol .3 # ik 1DO 41 ;NC . %

BMSCs 41 J57 f 54 o 19 sSRNA % 43 i 1
AR RNA kL%, WHE 3,

T . ]

100~
75
SRNA
. pre-mANA
IN.N\
. ANA
= B srrna
. other_ncRNA
. Repeat
| [
25
0-

'l
- Q\b"o Q\ﬁ w° ot W

=EAA. 1.2.3 WHEASS.
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Figure 3 The component analysis of small RNA

2.6 %1 microRNA By & K417

XFad Feik 1DO A %5 Ak 4 15 BMSCs 41 4k
HER F7 B 40 1) microRNA #E47 825504, 7] I, BM-
SCs 5728 # AR R I M AHBLE &, 5 1 %35 1IDO
HNERFEES., WHE 4,

Differential expression cluster

B 4 T 4% microRNA IR E S

Figure 4 The cluster analysis of known microRNA

2.7 P AH OC IR A U i

R 5 DR 00 9 K A B2 | R microRNA X i
L ILER 1, B 3E KEGG 4387 F # microRNA
AR A 26 B9 microRNA, 7] WL ¥ B 2 4 &
1% :Intestinal immune network for IgA production

( CXCL12 ),

Primary immunodeficiency ( CD4

RAG2), W2 2, MR FCHE M WL, i & I H & 55
microRNA 5 miR-540-3p, F i & microRNA H

miR-338-5p,
3 itig
ARG R UL, i # k IDO-BMSCs 43 #Y

ANV TT DL AT 55 B RS R0 I RO AF TG . AR SR ok
— R sRNA P 47 AR & i %3k 1IDO K R
BMSCs ZMHER H 5 42 8 # 5& microRAN Ay £ ik,
MR 4 S 46 25 AT L . B 9 B 55 microRNA & miR-
540-3p, T P & 55 microRNA & miR-338-5p,

i H F AR 5T 25 R R A L A HE MR AR — Rl A
YA HRT LS AT 5 S 40 09 AR 0 15 S I B B A%
fEHbRAM, el LA, 24 BMSCs 40 il i
Fik 1IDO J5 e fd i 32 35 IDO-BMSCs 1 %0 28 ] 5
Ty A 48 8 CEL 76 A 309 52 56 v e 32 o a2 i H: 43 A A1
HefA Ay B % AR s 9 28 2445 B (D 5 1k B 28 7
AT L I8 BB A0 WE L (8 H RS RO W AF T IS R
FEK

P& Lei ZBH5E & W, miR-338-5p 78 5 /N 5k 3t
JEE TS £ 40 4% b B /DN R 3R R B A0 i & bR A
miR-338-5p Y I 3¢ 3k AT 58 X B /1N 3k 56 i 5 40 g 11
AT N A MR, S5 R EW, B miR-
338-5p RE I il B /INBR L IS 40 At A% 184 3 L 3 A% AR
78, I W A AR B /DN Bk R JEC RS A L A T, X 5 A
H At AE P miR-338-5p (i fil g8 40 1 oh AiE J2 — 3%



BLAENI 55 2 R TDO B B 18] 58 50T 40 M0 38 33 S0l A (2 HE RS ARLC IEAE IS 19 43 T DL AT 52

HE Jigang, et al. The overexpression of IDO BMSCs for the survival of transplanted heart + 305 -
F1 HR%EELE microRNA 315 K E H
Table 1 Up-regulated microRNAs involved in immunity
Mirnaid FC log2(FC) UpDown genesymbol
rno-miR-136-5p 7.574 2.921 Up_regulate Cd8o
rno-miR-434-3p 32.043 5.002 Up_regulate aicda
rno-miR-1188-5p 75.819 6. 244 Up_regulate Cd28
rno-miR-431 21.271 4.411 Up_regulate Icos
rno-miR-434-3p 32.043 5.002 Up_regulate aicda
rno-miR-540-3p 143. 959 7.17 Up_regulate Jak3
rno-miR-431 21.271 4.411 Up_regulate Icos
rno-miR-375-3p 7.158 2. 840 Up_regulate Tshr
rno-miR-200a-5p 17.747 4. 149 Up_regulate RT1-N2
rno-miR-1188-5p 75.819 6. 244 Up_regulate Cd28
F2 HREETA microRNA 3T 5§ & F
Table 2 Down-regulated microRNAs involved in immunity
Mirnaid FC log2 (FC) UpDown Genesymbol
rno-miR-466b-5p 0. 305 —1.713 Down_regulate Cxcll2
rno-miR-25-5p 0.290 —1.786 Down_regulate Cd4
rno-miR-338-5p 0.261 —1.936 Down_regulate Rag2

FE T Xing ZURFSCIERT L 5 0EH E LR 40
A, BT 40 F miR-338-5p F 1., % B miR-
338-5p AIREME M B A B MEI M EEN ., £
P T A A B g T A M 5] & G R R ACBP-3 fig
%5 miR-338-5p, ACBP-3 %I H % T 4 i1 (%) 3 1 1
FHATREJE HH T miR-338-5p kM Lid. DL LA
FEHIE B miR-338-5p A DL AT 5040 il i od 9 kA
MR 48 18 L 7F 2 Fh e 19 & A A7 7E miR-338-5p
F R 8. HRTE RFE R R IDO-BMSCs 43 i 9 41
HefRH miR-338-5p AR & T K 9, (H 2] 35 22 {R 41
JH P9 G S B R % e BT A2 R AR P Y miR-
338-5p. AR 4 HE DA, HxF R Y AT RE A
RAG2,iZIEH G tS —FE A, ¥ & B A T
A BEWEES VD] B E ., %EA R S5H
BEMAPIEEEN 1 = YIE R E &Y. I HxE &
Y] DL o 7R AR SF B LS 5 4 LI #El DNA i
TERCAUEE KT 24 . I R T 2 BE BE TR 1A RS 43 A
BAEACIEPE T EALE AL 2 A9 N R B R 7
EPERZ O S IRBESR . B 5 DNA B 5 B % 45
H. ESEARAMHEAERRN . SR 4 =%k
HEH H3 H LA C A i 4 47 [R) U5 45 #4 35
IR FEF BT, &8 Ll WL RAG2 e it
g% W Y 5 T miR-338-5p X} RAG2 W] fig Ky — Fh
FOPE AR DT 8 A% A O JE A7 33 B[] 422 4K

R A 5286 0] W, miR-540-3p b 4, AR 4 3L A
Ty UL R R R JAK3 . JAKS & fE i
I A b R 0 i ek, AR Al AE 5 1% T b H Al
JAK Z 8| Z Rl . H & H T T 4 fl NK

AAE AR W AE S bR A R B JAKS 5A{E
SRR OC, FER T BN T 32 R K R
[ 1 40 i A 3 (TL)-2R IL4RIL-7R IL-9R 1L~
I5R Al TL-21R) J# % WL v B (vo)'™ . JTAK3 i
AR SRR S B e PR I S R R I T 2R [
PO JAKS 2878l S 80 s i & AR . B
THAE T A0 A NK 40 A A B JE A A AR
JAK3 8 8 & BA T 1L-8 i 8 A 8 b 4 L 40
T1-8 5B 3 175 5 g vl 1A 200 0 ROk T2 40
YE L JAKS PUBR ™ S Ml 1L-8 4 T iy fafb k.
AP UL JAKS g S S 8 H L xS e HE S O e A
F . AR S E I, miR-540-3p A9 EiEXT JAKS
B PR B VRS L AT {6 B L0 R A 0 B G . R R0
% miR-338-5p & miR-540-3p #f — L 1E,

&% 3Ltk
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Popdc2 f£ 3 i e K W 64 & ik B
st oF P M S BE e K 69 B R
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1.04240. 08, P<C0. O MZE (0. 5320, 11 : 1.2240.11,P<C0. 01) ik W F K., i3k Popde2 Al /b i B 1
S A 5t R P 8 40 U8 T (0. 95420..07 1 1. 63420, 11, P<C0. 01) . 455 B bk 2 L B0 B ) 4 ik L B #8 F) h ik F
4L 1 Collagen T \Collagen I /) mRNA ik . £5if: Popdc2 78 A B R #PE O A A b 2 80 AN — 34y
AL F, H Popde2 W] Buag O WUAN ML Y i B IE R, 7188 R X 0 2 Ff A [m] 0 B JIE K43 Bk 25 900 22 1 o 45 U ie
TP O NS A L0 g v P TR
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