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Letter to the Editor

Regulation of Host Cell Signaling Pathways by Respiratory
Syncytial Virus Nonstructural Protein NS1 and NS2
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Hye-In Kim, Na-Rae Lee and Kyung-Soo Inn’

Department of Pharmaceutical Science, College of Pharmacy, Kyung Hee University, Seoul, Korea

Human Respiratory Syncytial virus (hRSV) is a leading cause of severe lower respiratory tract diseases in the pediatric
population.hRSV frequently causes severe morbidity and mortality in high risk groups including infants with congenital
heart disease and the immunosuppressed patients. Although hRSV is recognized as a major public health threat and
economic burden worldwide, there is no licensed vaccine and effective therapeutic agent. Viral nonstructural (NS) proteins
have been known to play multiple functions for efficient viral replication and pathogenesis. Especially, diverse functions
of influenza A virus NSI have been extensively studies. Recent studies demonstrated that NS1 and NS2 of RSV also
exert diverse functions to modulate cellular environment and antiviral immune responses. Since NS proteins of RSV are

required for efficient replication and pathogenesis, NS mutant viruses have been tested as live-attenuated vaccines. This

review will outline the recent progress in understanding the various functions of RSV NS1 and NS2.

Key Words: Respiratory syncytial virus, NS1, NS2, Interferon

557] &3 vlo]#] 2x(Respiratory syncytial virus: RSV)i=
s}2}2] 4K 2] t(paramyxoviridae)ol] 51 T} RNA
(non-segmented negative sense RNA)YE Al o= 7} v}

olgjzoltt. 2HVIE Tl ol olFofxH FA4 st
AE FEE T2 AAAZ 1B 2 A
fat, AAAH e 2ol 5571 pelel A
AR = FfrofellA= &2 2 fFEES A
ERTE (1), G-kl B9 14 o Hell 68.8%
1918 ABEH 247HA = 82.6%7F FAS AE
A= ehs Q). AT 6/NYE HT HolE gtor
A &9

7]

Ak

o rsh

o

o Ml mu fo alo
L
u\l

t
T

Foll = 1,000 177 0] RSV 7o = 9]

Ho
>

N
1r

Aow 2

= ek O %“ﬂ oz zj
42 vehie oy

Jo o o W o o ofN ol

>~
>
rsh

Received: June 2, 2014/ Revised: June 20, 2014/ Accepted: June 24,2014

F7F EHub Aol 2 =959 Ag- A 34 e
Z}Oﬂ(lower respiratory tract illness: LR"H)E e o lo
W ARE A5 APl olE ¢ Stk ol @k Azl =
Eskal A7 YA e R /\}“9”%‘ T A& RSV 7
FE AT 5 A= Wlo] Al A gAl= Ay

T T e Bl
sttt @Al RSV 72 A2
ribavirin (virazole)©| A7+ U4 FGF5o] AA] ¢kal =
43} Folo] Bagtow Qs Yo AHgEA %
on] AR AFE Bl AgH L gk

RSV 79 5 SFAEAA 10709 AR e
Non-structural protein (NS)1, NS2, P, N, M, M2-1, M2-2, SH,
G F 2L 59 11711 @wAdS gHAdsic) o]s S F ¢
1:]-1314;1) G D}Hﬂ;‘g:]( Hu7<1)J/]. SH 1:]-13147\101 3

%0, rio rr

ERIGE

*Corresponding author: Kyung-Soo Inn. Department of Pharmaceutical Science, College of Pharmacy, Kyung Hee University, 26 Kyungheedae-ro,

Dongdaemun-gu, Seoul, 130-701, Korea.

Phone: +82-2-961-0368, Fax: +82-2-966-3885, e-mail: innks@khu.ac.kr

"*This work was supported by the Korea Foundation for the Advancement of Science & Creativity (KOFAC), and funded by the Korean Government

(MOE).

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/license/by-nc/3.0/).



284

Halelo g Ahggitt G SiAS 7HAE S AlaEe]]
2sh=d] drofab, F eae Alarete] §3ks S8 A
tiAlaEe] At vpole] 0] F] Rl Hofdit) W
o F Wl WG uude Tk ANe fEdE
Rom wlolels F5E T F el gk 21
s 2 EYA Synagis7h Ao nAD L] A
S AYsl7] Y8 445 H Y (passive immunization) ]S
2 A3 9)

RSV U 4 vlo]|H2~E3 E2] F 719 non-
structural ©H 21 NS13} NS2Z 7FA|™ o] NS whl A&
2 RSV WA E F 71l Mol 71 wo] AAE
v @A STt (3). RSV NSINS2+= E} Hpo]2] 9]
non-structural TH A S} vlIIX| 2 vl ESHE
2 gkown 7w AEoAnt dEEo] nloje o] FA

ARkE 55 XIS thek A HE A
g St (4). FE2 715] wEx
Z54llx} vloleize] NS1¥E €] RSVE] NSINS2
A= w8 o1 NSINS2 Fr3=te]
AA 52 EdRolE Fiegh vpolg2r) /NLEEA o
= 3] o NSINS29] tpFsh 7]5o] Walx|aL
AT} 1 FAH A= AF7HA 1K NSINS2¢] 7))
al

o

g ATANES AR o) E A EE A 5A
A

59
B200] ] BE AR D FF ATG] d

1. RSV 29| 4 =3 g
Zedol oh3t peigrs

RSV 742 ti-9] ot 24 ool H3st 4
=2 Ao} al7|= 74 Asle] Fa AA|Z Hlo]# A
A S el 93k ]

z2tol, Hol 4T, TEA

d 5l
Jfot T WA A7t nPYLOR BelA 9O
e}

gk APge] oF gufje]l o]2= wig- Fagh Abgdloltt
(5). 2005} 32] A5 AAAHCE < 66,000~199,000 ]
5A o]ste] Zobrk RSVl 23k 154 s el 9
af AbgEh Rom AEEATE (6). 2008 7= -
1A B)REe] Aotoll A oF sutol] A gubel] o] 2 RSV
ofgt 7|AX PR Qg o] ASaL, oF 2rkel A 4%t

9] gL Rsvol o3 Ao Qg How 2y

H-B Shin, et al.

Slck (7). T3t dobr] ] Rsvel o)g 719x190e o] Fe]
A4 WA A Aol gl Aow BAHUH @)
AT 237 F 9 o) PGPS A B v £

ole] ¥ o] S Hof A
1

Q& T o o

== T o %T% 3 =
Ao werEeh Al A7) G FAHE Ui
S TERHo] glo] RSV A ¥ yehis Weukg
of AT BAZA F A A ek AalriA el
B A4S RSV 72 F ol tigh A ykg-o]
RSvell ogh dko] Wejel fhedro] d5& AAbekaL
AUTF (9). RSV %] 5 APEEE ghafe] x84 £44
F}ol] oA A7) % (small airway)?} FSAAHE, AlE2
Ael, B So] ofa) Al AARAS walo] HelE]

o (10). F&H WM EZEL FE 2 A 3 (macrophage

%_
237 H(neutrophil) &} CD4, CD8 T M ¥ S o2 Hodu-3-3}
T

g

Asgke] ol Aol AES At AAFEFATE S
AAe g & Aol A F v 0= W
o] ASA Al BT B AETRIS] it Aol X1y
AR AAaATE BRENAL o Aol 7%=
of T4 3 2ol I FaaArE wais o
S5 doukga Aol ezl DAHE ATt
A TR (1), ] RSV 292 2719
ARRE 8= Holtrh A or AEAl H= oY
o

g ole2 T2 TadAlel 9% Aom deA|a 9l

EH(cotton ra)LH T ARESH 7] ATANE
T

-
&
o=
N
3
2
o
4 H

gk A7 A0S (12~15).
S} v R 35719
LA S, Flehe] FAAE
=¥ A AEEC osf e AH
douks, 5 AHAE B2 A58 Al BRI} AR}
150 o] %9 eSS FESHA k. ol7k =
719] M HTHG-g-o| = Toll-like receptor (TLR)-2, 4, 6 5
S X33 TLRI} retinoic acid-inducible gene-1 (RIG-I)
sk5l= Al W] RNA AlA, 18] 31 nucleotide-binding
oligomerization domain (NOD) 5~&A| 5-2] Pattern recog-
nition receptor (PRRYE°] &St} (16, 17). ©]2igh &nf
olez HRkg-I} npo]ga3te] FF Aol tigh o]
3= mloje| 2ol o7k Welo] ofel] Bl Fmpol# Ao}
wWalo] sfke] H4=Aolrt. 53] RSVE] NS1# NS2:= ©]

=

w2

<

o

i

fots

o

N

=

0,

D
b1 o

o
oy

o]

O

=
KN
=

F



Functions of RSV NS1/NS2
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Figure 1. Inhibition of antiviral interferon signaling pathway by RSV NS1 and NS2. NS1 and NS2 suppress type-I interferon signaling
by targeting various key components of RIG-I (retinoic acid-inducible gene 1) and TLR (toll-like receptor) signaling pathways such as
MAVS (mitochondrial antiviral signaling protein), TRAF3, IRF3 (interferon regulatory factor) and STAT?2 (signal transducer and activator

of transcription 2).
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CLOSING REMARK
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