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Mechanism of respiratory syncytial virus induced the expression of IDO in monocytes
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Abstract: Objective To study the mechanism of respiratory syncytial virus( RSV) induced the expression of indoleamine 2 ,3-dioxyge-
nase (IDO) in monocytes. MethodsMonocytes were infected with RSV in vitro, or signal pathway inhibitor were pre-incubated with monocytes
for 1 hour and then RSV were added,the level of IDO was detected by RT-PCR and enzyme-linked immunosorbent assay ( ELISA ). Results
After RSV infection,the mRNA and protein levels of IDO by monocytes were significantly increased (P <0.05) ,which was in a time depend-
ent manner. In addition, RSV-induced the expression of IDO by monocytes was significantly decreased after pre-incubated by the TLR3 or NF-
kB inhibitor (P <0.01) ,but such effect was not observed when monocytes were pre-incubated with the TLR7/8/9 inhibitor, RIG-I inhibitor,
PI3K inhibitor, JNK inhibitor and MEK1/2 inhibitor. Conclusion RSV can induce the expression of IDO in monocytes via TLR3-NF-kB signal

pathway , which may be involved in the development of RSV-related diseases.

Keywords : respiratory syncytial virus;IDO; NF-kB signal ;respiratory tract infection;immune response ; monocyte

F- 0 38 5 L5 B ( respiratory syncytial virus, RSV)
JEAN AR5 B 40 LR I R 3 J e ot 72 1 R 2
— RSV YR & 8O™ 51l R A SR R
HAG KT 4 A i 18 pe e s by A 5 H AT,
RSV 8% 5 ) 250 HLEL v AR B8, 4Bk o o 4k 2K HT
RSV [y i) 7 B M 28 1 s e SRR T 25 4, TR, %
T R B B L BORALE], MG RBTIE RSV B4 ft
WARHED ™, WFFT R W], S B 24 16 R 15 RSV R e 4
KPR EE R BT HAREENIEN, FERIA N
Th1/Th2 44 e S B 2 4507 . SCHkARE RSV g
YU SR A0S AT 30 Thl 40 R 25, i %t Th2 41 i
TCHA A2 5 5 ) A0 ) 500 BELT IDO A 3% M, AT fig
B Thl 20 0 30 il vk S g B 25 ol 3R /R DO AR
Al fESE RSV JE YL S8 Th1/Th2 2 i 28 10 25 2% 465 Y
FEFEK, IO, B T 2R A0, RSV YL 1) |- 7
AN AN B) 7o 5 A nT W3 FE IDO B ek, i —

[E&TB ] 4HE¥PHAHNT I (SWH2016LCYB-22)
[#EEEE] & ¥ ,E-mail:swjinling@ 163. com

HAIESE IDO J& A% RSV R Y AH O T 3 Jg PR I 228 1Y
SHEO BRI, RSV LA S IDO F K IAR 4 T
BUEI AT A . LT SR 40 I iy 20 8 B0 A i
ek B ZH 2R3 vh A A Kt i A% i i i 1
PRI , A5 40030 4o WA f R AN IfL , 43 25 i A B A
Yiffe)5 5 RSV FEAR AR ILHE 57 B4R RSV 55 3 B A 4
ffg ek IDO 9 mRNA 578 (K FA L, 33— 2 i ]
HARS 4 THLH

1 #MR5EF=®

L1 iR

Wt 12 51 3 B (A4S v fdt Bl NS0 A i, v 55
6 1,2 6 i, 5% 20 ~30 %,
1.2 ##

A B W A S5 GE 242 W], CD14 B4
i 1R G B IR stem cell 23 7], NF-kB 4111 il
) (BAY 11-7082) \PI3K #1131 ( Wortmannin ) \MEK1,/2
iR (V0126 ) \RIG-T 411457 ( BX795 ) F1 INK 411 i 57
(SP600125) Wy H I35 = RAEYIHORA PR 7], TLR3



BB F K% 24 ]REG ANAT OPER SURG 2019,28(5)

http : //www. jjssxzz. cn 345

4 7 ( TLR3/dsRNA complex inhibitor) D4 & TLR7/8/9
k] 57 ( ODN2088 ) Iy H £ E InvivoGen 4\ &), IDO
ELISA #3057 &% A 3¢ & RD 24w, PBS iy { Jb x5t
S 4 B A A AT B2 7, RPIM 1640 1ML 238
G2 1L W B 26 B Hyclone 23 ], RSV [ By b i Bk
RSV-long 13 [ 2[5 ATCC, JWEA | 2 A1 5 Hep-2
W B EREBE . mRNA $2BGRG0 6 W B 52 5] invitro-
gen N, Wi AT & SYBR Green Real-time PCR
Master Mix ) B H 4% Toyobo 2\ 7]
1.3 &%
1.3.1 RSV ¥ 5% 547 RSV-long 15 #E #k 7£
Hep-2 40 fftl v iE 47 258 K5 97, WA 1% B URLLE 30%
Hi 0.1 mol/L i FLEEF1 50 mm HEPES &K &8
L Ja BT Ak, B S R B8 1 28 wif (0. 1 mol/
L #iBREE, 150 mm NaCl f1 50 mm HEPES) 5 &, 1M
IIREIRAET -80 T
1.3.2 FRAZ LAY 73 36 SE A FH Ik B 240 3 2 R
S3 BSWSCEE AN A I rh (Y A% A, AR J5 #i B CD14 B
B PEREIR e i) S Ui X H o g CD14 PR B A 4
AT e AR Al
1.3.3 RSVIRYL KA HcHR 1 x10° 4/ FLK
PARZANME T 24 FUBCH  SRIS AT A 1 x 10° pfu/mL
1Y RSV (LS H MOT By 1) AT IR Gy, BRISE A
LURFEHR 10 wmol/L (Y {F Sl BE AP HIFIE 1 h, K5
P IBCHT ) 55 538 5 T A RSV g% | 76 AN [ B Bisf [ 5
WA B A, BT IDO (1) mRNA FEE FH 7KF A .
Fi BRSO BER A2l o AN ][] 5055 55 14 BRLAZ AT i A2
ARG E RSV JRYL 2], A [R5 3 o ) il 551 4b
PP AL A 53 20 R R SR RN AE 3 4 RSV IR R
PR A i ) 700 REZH  TLR3 i[04 \TLR7/8/9 1]
FIZHFN RIG - T #1500 20 5 LA R AE YA RSV B T 11
AAMDRIFRIXT BRZL . DMSO 41 \NF — B #3740 . PI3K
PRI MEKL/2 #1500 70 INK #1570 26
1.3.4 RT-PCR BARZ A0 A9 mRNA 28 RNA 42 Hu
) & AT R BRI T 00 S cDNA L SR )5 73 31| 1) TDO
51 ( F S :5'-ACGTCCATGTTCTCATAAGT-
CAG3', R 5| ¥: 5 -GTTCCTTACTGCCAACTCTCC-
3") # GAPDH {51 4%f (_E3# 519 :5'-CCACATCGCT-
CAGACACCAT-=3', F i8] ¥ 5'-AAAAGCAGCCCTG-
GTGACC-3") #t47 PCR ¥ 3% , PCR Jz v 45145 :94 C
PiAEPE 30 s, ARG L 95 CAEPE 5 5,60 CiE A S s,
72 CHEA 30 s RN 35 MIEER, LA GAPDH 12
S IEF 3T IDO IYRIK R
1.3.5 ELISA RSV JE YL J5 1Y) B A% 41 A 28 TLY% 1Y)
PBS V&V 3 U, AR 1 2 0 R 240 e, 5] 4 e

T b 5 5% B R P RO S min, 7 VK 1V
5 min, ST HRAE 3 U, SR 05 L T I, BCA
SR 7 I 00 SR FLR B, O A4 TDO ) ELISA
K] SR B LR 1DO (& KT,
1.4 it a

SR SPSS 18. 0 B 4T 4048 b 3 R 55 312 43
BF B0 PRI = AR 22 (X +5) F05, RSV IR 41 5
R PR I ST AR A ¢ KB, 2220 2 1] L 4
FHIEZE I 2407, P <0.05 J925 S A G2 1
S, P <0.01 22 5 B i i S HEB:7

2 5 R

2.1 RSV & #4500k F DO Kk #9460

TRANRE SR SR 20 M 22 RSV LS5, K DO Yy
mRNA J4 2R KT, 25 5 G5 RS L1 26 240
K33k DO, {5 RSV IR e 2H s A e %15 1) 1DO K
PR, IF FLHEZ RSV I 1A 19 44, 1DO fy
mRNA 3 19K F-AE W, 1 4R RSV e o]
WSRO R 25k DO, Ff H A B[R] 44 it (1]
1o

s 20- #
< ) O kAR
j:ég 154 = W RSV
=&
zZ & 10 .
~ o .
[
o 3
S
ol

= 300

200 4

100 1

IDOZE H /K
(pg per up4H il 24

=]

0 6h 12h 24 h
] ®

a:RSV(MOI = 1) /£ 7R ) B 18] & & 3 i 5 3 4w & 34 1DO
mRNA 7K -F;b: RSV(MOI = 1) £ R R & 18] & & 2 A a e
kX IDO 89K B KF = :P<0.05;#:P<0.01
1 RSV stz pai% S IDO ikl mRNA F1E Ak F LB
2.2 RSV £ TLR3-NF-kB 1z 5 A& 5% IDO # &%
JEF RSV YL HUZ A0 AL J5 T 14 i IDO [k, 3.
I — LR AT BRI HL] . 7E RSV HyJsL 24 h ()
THOLT , TLR3 #1650 2 S A% 40 i IDO (19 335 7K 1 1
F IR, 2R EAREEES I FE L (P<0.01), K
&l 25 SR, TLR7./8/9 $ifil 7| 2H 5% RIG-T 116 71 20 ) oK
ML F DO K- H B S ks o Bb ok, A I NF-k B



346 B FRAFRE

J REG ANAT OPER SURG 2019,28(5)

http : //www. jjssxzz. cn

7] BAY 11-7082 . PI3K 1141 Wortmannin . MEK1/2
IR U0126 JNK #1157 SP600125 47 Fii kb £, 45
L RSV YL 24 h, NF-xB #3414 1DO 1y
TP S AT AR i 77 %) B4 5l DMSO 4, 22 % H
AR E G2 (P <0.01) WL 3, i fin ACH:
A1 1 551 2 5 A o 47 ] 55 %) B 2H 5 DMSO 2 A b 22
SIS L (P >0.05), fHt#s RSV 5 TLR3
2555 M S T NF-xB (5 5@ 2075 S A% 40
IDO [k,

" 20- 300+
z g | 5 1l
2o 15 X
Wé;\—;’( i% 2001
S& 10 g
~ o B e
E= < Z 100
o s =]
2 5 ﬁ ﬁ
&
04 (e e e
5&@ R {% )@%& &”& ﬁé‘% R )@‘g& r\{;& Q’&
SR F &
A A
5 ¢ && €

RSV(MOI=1) @ RsvMoI=l) ®
a:TLR3.TLR7/8/9 3 RIG-I %] 7 Ll /& - RSV & (MOl = 1)
#$ %4 2m f IDO mRNA K -F 45 % v ; b: TLR3 . TLR7/8/9 %,
RIG-I 47 ) ] FELi7 J& 3 RSV & & (MOI = 1) # 3 4% 4m JL IDO
FaRFaFa
B2 TLR3,TLR7/8/9 s RIG-I ##|% % RSV B S8

Z4HE IDO RiXHIZMm

3 it

H RSV ¥ % R BUG , Hore ARECRERE 24 )10)
R R R SO R RS B T R S AT, SR
1M, RSV (O HLEA, AR sg 4 ml - o BUA BT
AN RSV HEAfE FEGER G, o7 26 SR G b iy 1 R 4
) o5 200 A DL R G A L, A o 3k 8 40 i = A G S 11
PR JAE IR T B A 8 I8 P IR 7, R W 75 S48 il 41
R0 BRI 35107 , e S ™ R (0 I 48 S A S

FEGRE VAT i A, RSV R o5 S0 3 TG LA 174 1
AR AN TR A A A e R G
SRRy, TE WU FEA G 5 AAZ LA S5 5 1) He 92 1A
PR REEEMNY  ABET LA 0 AR B
FEMFEFERSNA ] RSV Y 5 R I S 3 8 45 1 R 7
IDO [k K, 4550 8K, RSV AUAEMS 7 S A%
YRR IDO, 1 H bl YL i a) A9 2E K, Hs
IDO 3K W RE S g i i, By ML B RSV Al ad B
BT 405 S IDO 933k, /£l RNA SR,
RSV Wi 5 AR 1) o F A 32 IR 25 A A BB 5 3 1DO
7= A S TP TLR LRz RIG-T U2 2 4 S5 R S g

[N}
(=)

IDO mRNA ik K
(5 A 1k)
o w o o
10529-]*
PN
]
- H

1% |

\7;\.\’

7Y

% |
\Fﬁ
% %
%

W

SR LN
SRR

%

R
%

2%, G
%, ]
e

2,

T,
,f_~

&Q

kS
e
%%

&
RSV(MOI=1)

®

IDOZE 7K F-
(pg per upZi il A4 R)
— [\*] w
= S 3
o o o

=]

U

PN

STV

RSV(MOI=1) ®
a:NF-kB #p%] %] BAY 11-7082 . PI3K #p4) 7] Wortmannin JNK 37
#]%) SP600125 F= MEK1/2 #p41) 7] U0126 7 4k 32 35 RSV & 3%
G5 44w At TDO mRNA /K # % v ;b NF-B 47 4] 7] BAY 11-
7082 PI3K 4% %) #] Wortmannin JNK 37 #] SP600125 F= MEK1/2
Fph) 7 U0126 R4 22 3¢ RSV B 2% F 24z m e IDO & & K -F
LA
3 AEESEERMEIFIX RSV L% S H2Z 40 IDO &

LI L8R

# RNA 24K 20 R, AR if— 4 F A TLR3
TLR7/8/9 =% RIG-1 il FIBHKT RSV 52 K255, &
BANA TLR3 $HI7 BE4% & P RSV 5519 IDO £
ik, B HUE SE RSV UL 3 1 IDO 7K - Bl 28 4O T
RSV 5Jfipy TLR3 (454, i TLR7/8/9 5 RIG-1 MJ7R
Al REAZ 5 1IDO S35k,

RSV 5ffgpy TLR3 454 )5, 7 22 F — 20 30E T i
RIRAF S , A et 5 IDO 555k It B i aE B oS
RIEAER . 48 SCER B 145 PI3K MEK1/2 \NF-«B
FLINK fE N Z M5B A5 IDO 35k, (H 20
FEIESE NF-«B A4 J& TLR3 FiffH) i RG9S S
G SN < 1 N 1 1 | DN 7 N (=R = - ) K B B
SEACFRERAL AU, R AR 5 SR AE S A R Kk
BAEII A RSV B O , A NF-xB #1571 BAY
11-7082 4bFHf5 A ULES B HLAZ 40 IDO 1) Rk 7K 2.
N, T PI3K MEK1/2 i1 JNK 1 4l 77 i 4b B 2 &
UL IDO Hy B KF W BLGE T 2# MU | B /R RSV &
PR AN , PT 28 TLR3 3G fk NF-kB {5 5@ 25
W5 1DO Rk,

IDO VE A Gy 9815 I, FE4E R HLAAR ) e s A A

N

N2
Q

p W
S




BB F K% 24 ]REG ANAT OPER SURG 2019,28(5)

http : //www. jjssxzz. cn 347

JrE R VEE AR . BRI, 7EHLIR AL TR B
BF, DO FY 35 AT I 2 0 , DA T -5 350 6 92 200 i A ) i
Th1/Th2 28 M (%) N 2% 2 5. — J7 18, IDO s ik 43 ff T
Y M A I A Y B 2R , 175 Thl 415 55—
J5 T, IDO 43 fife £ 280 B8 AE B AR 7 ) wT ] Th 2
M3 Ak, 2 Th A0 5%, T BT d 0 TR
W A AT RSV BER S E0R ™ o AR AR
RINRFT IR 4 AE RSV B YL 1) (835, RSV 2 1538 i
TLR3-NF-kB {5 515 S A% 40 IDO (13R35 , iR+
Ho g2 20 IV 28 R A I A T ik — AR
25 LTk, RSV IR UL A 4 il J5 AT i A ML N 5
TLR3 254, 3G T iF NF-«B 5 538 %5 5 IDO ik
EAE, SRR Thl/Th2 41 i G5 6 2 2 i, 47
REE—2b 41 B B RSV Ry i) S s SO AL, B Rl
PRAE AT RSV RS 1) 33 B M 932 1 53R 97 M 25 ) e it
SR
[ &% 3K ]
[1] Priante E, Cavicchiolo ME, Baraldi E. The RSV infection and respiratory
sequelae[ J]. Minerva Pediatr,2018,70(6) :623 — 633. doi; 10. 23736/

50026 —4946.18.05327 - 6.
[2

[

Griffiths C,Drews SJ,Marchant DJ. Respiratory syncytial virus:infection,
detection ,and new options for prevention and treatment[ J ]. Clin Microbi-
ol Rev,2017,30(1) :277 —319. doi 10. 1128/CMR. 00010 - 16.

Shi T, McAllister DA, O’Brien KL, et al. Global, regional , and national

disease burden estimates of acute lower respiratory infections due to re-

(3

[

spiratory syncytial virus in young children in 2015 :a systematic review
and modelling study [ J]. Lancet,2017,390 (10098 ) ;: 946 - 958. doi:
10.1016/50140 - 6736(17)30938 - 8.

Mejias A, Garcia-Maurino C, Rodriguez-Fernandez R, et al. Development

[4

[l

and clinical applications of novel antibodies for prevention and treatment
of respiratory syncytial virus infection[ J]. Vaccine,2017,35(3) :496 —
502. doi; 10. 1016/j. vaccine. 2016. 09. 026.
[5] Griffin MP,Khan AA,Esser MT, et al. Safety, tolerability, and pharmaco-
kinetics of MEDI8897 ,the respiratory syncytial virus prefusion f-targeting
monoclonal antibody with an extended half-life, in healthy adults [ J].
Antimicrob Agents Chemother, 2017, 61 (3 ). 1714 - 1716. doi: 10.
1128/AAC. 01714 - 16.
Openshaw PJM, Chiu C, Culley FJ, et al. Protective and harmful immuni-
ty to RSV infection[ J]. Annu Rev Immunol,2017,35.501 - 532. doi:
10. 1146/ annurev-immunol-051116 —052206.

[6

[

[7

[

Canedo-Marroquin G, Acevedo-Acevedo O,Rey-Jurado E, et al. Modula-
tion of host immunity by human respiratory syncytial virus virulence fac-
tors;a synergic inhibition of both innate and adaptive immunity [ J].
Front Cell Infect Microbiol,2017,7:367. doi; 10. 3389/fcimb. 2017.
00367.

[8

[

Ajamian F,Wu Y,Ebeling C,et al. Respiratory syncytial virus induces in-
doleamine 2 ,3-dioxygenase activity:a potential novel role in the develop-
ment of allergic disease[ J]. Clin Exp Allergy,2015,45(3) :644 - 659.
doi;10. 1111/ cea. 12498.

[9] Rajan D, Chinnadurai R,O’Keefe EL, et al. Protective role of indoleam-

ine 2,3 dioxygenase in respiratory syncytial virus associated immune re-
sponse in airway epithelial cells[ J]. Virology,2017,512: 144 - 150.
doi; 10. 1016/j. virol. 2017.09. 007.

[10] Cheung MB,Sampayo-Escobar V,Green R, et al. Respiratory syncytial
virus-infected mesenchymal stem cells regulate immunity via interferon
beta and indoleamine-2 ,3-dioxygenase[ J |. PLoS One,2016,11(10) .
€0163709. doi : 10. 1371/journal. pone. 0163709.

[11] Taleb SA, Al Thani AA,Al Ansari K, et al. Human respiratory syncytial
virus ; pathogenesis, immune responses, and current vaccine approaches
[J]. Eur J Clin Microbiol Infect Dis,2018. doi:10. 1007/s10096 - 018
-3289 -4.

[12] Fonseca W, Lukacs NW, Ptaschinski C. Factors affecting the immunity
to respiratory syncytial virus:from epigenetics to microbiome[ J]. Front
Immunol,2018,9:226. doi:10. 3389/fimmu. 2018. 00226.

[13] Scheltema NM,Nibbelke EE,Pouw J, et al. Respiratory syncytial virus
prevention and asthma in healthy preterm infants: a randomised con-
trolled trial[ J]. Lancet Respir Med,2018,6(4) :257 —264. doi: 10.
1016/52213 —2600( 1830055 -9.

[14] Rey-Jurado E, Kalergis AM. Immunological features of respiratory syn-
cytial virus-caused pneumonia;implications for vaccine design[ J]. Int
J Mol Sci,2017,18(3) :556. doi:10.4161/2162402X. 2014. 984547

[15] Restori KH,Srinivasa BT, Ward BJ,et al. Neonatal immunity , respiratory
virus infections, and the development of asthma[ J]. Front Immunol,
2018,9:1249. doi:10.3389/fimmu. 2018. 01249.

[16] Ruckwardt TJ,Morabito KM, Graham BS. Determinants of early life im-
mune responses to RSV infection[ J]. Curr Opin Virol ,2016,16:151 —
157. doi;10. 1016/]. coviro. 2016. 01. 003.

[17] Lambert L, Culley FJ. Innate immunity to respiratory infection in early
life[ J]. Front Immunol, 2017, 8:1570. doi: 10. 3389/fimmu. 2017.
01570.

[18] Bohmwald K, Espinoza JA, Pulgar RA, et al. Functional impairment of
mononuclear phagocyte system by the human respiratory syncytial virus
[J]. Front Immunol, 2017, 8; 1643. doi; 10. 3389/fimmu. 2017.
01643.

[19] Lambert L,Sagfors AM,Openshaw PJ, et al. Immunity to RSV in early-
life[ J]. Front Immunol, 2014, 5 466. doi: 10. 3389/fimmu. 2014.
00466.

[20] Chow KT,Gale M Jr,Loo YM. RIG-I and other RNA sensors in antiviral
immunity[ J]. Annu Rev Immunol 2018 ,36:667 —694. doi:10. 1146/
annurev-immunol-042617 —053309.

[21] Ramnath D,Powell EE,Scholz GM, et al. The toll-like receptor 3 path-
way in homeostasis, responses to injury and wound repair[ J]. Semin
Cell Dev Biol,2017,61:22 - 30. doi: 10. 1016/j. semedb. 2016. 08.
014.

[22] Aldajani WA ,Salazar F,Sewell HF et al. Expression and regulation of
immune-modulatory enzyme indoleamine 2, 3-dioxygenase (IDO) by
human airway epithelial cells and its effect on T cell activation[ J]. On-
cotarget, 2016, 7 (36 ) ; 57606 — 57617. doi: 10. 18632/oncotarget.
11586.

[23]Wu H, Gong J, Liu Y. Indoleamine 2, 3-dioxygenase regulation of im-
mune response ( Review) [ J]. Mol Med Rep,2018,17 (4) ;4867 -
4873. doi;10. 3892/mmr. 2018. 8537.

(g2 I



