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F(hMPV) & e b 6945 ) B AR A AR, A A X AE £ K 40/ 16HBE, ) Western bloth i £m it 2% 4
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Study on the Mechanism of Human Metapneumovirus Activating
EGEFR to Promote Virus Entry
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Abstract Previous researches have revealed that lipid rafts involve in the cell entry of hMPV (human
metapneumovirus virus). EGFR is a transmembrane glycoprotein located on membrane lipid rafts, which plays
an important role in the infection of a variety of viruses. Therefore, this study aims to explore the role and related
mechanism of EGFR (epidermal growth factor receptor) in hMPV infection. Human bronchial epithelial cells
16HBE were used to detect EGFR activation after hMPV infection at a specific time using Western blot. The acti-
vators and inhibitors were used to alter the expression and activation levels of EGFR, which was applied to hMPV
and the virus titer was determined by real-time quantitative PCR. The results showed that the phosphorylation level
of EGFR was significantly increased within 5 min of hMPV entry and reached the maximum at 15 min. Activated
EGFR prior to infection promoted hMPV entry, while inhibition of EGFR reduced viral titer. The results demon-
strate that h(MPYV infection activates EGFR, which promotes virus entry.
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UM I TE R e 2 E SR b TE K
RS S AN R NS e s S e Pk e O | S
2019437 BY Tt R TR AE sQDUB K, IR JE F T B
e B SVEREIRGESE SR, A E I 2T
T U2 [E AR A g B 9 25 1N AR i 96 B (human
metapenu-movirus, hMPV)J& T 8| &5 55 8L, il
)&, &M R AR EERNA R, H20014F7E
Tof AR I AR B, A SR | A A AR gk ol 3=
BOENFEN)LE, NS REICT &,
hMPVI/EGL 5 1) H WIRRRI R R . B4
AU RPIRCTE RGN, ARSI AN SR
K VB RMPERS . SR H AT 1L, MICE R
hMPV G (1)K 7 P U0 B8 2 V) B 1

WEEAMAER B RIC AR 2 EE, AR
FRLE AT HABE 5T K I, hMPV ] OB I A g4 A ),
BAERX R R R T EEMER Y IR AL
T B B — Bl s R e, 32 e I ] R S
M. NRERA ZFEY IR, WAME . &
FHSMEORFIEE . REAKE T2 (epider-
mal growth factor receptor, EGFR) & 5& for. - i I g 455
AR R O Y, B AR S 0 R R
MG . WFFR Y], EGFRIEZ M 25 1 R G rh R AF
T EEAER "9 {H EGFRAIhMPV Y22 & H Al
RIRIE . AHE TR A SRS R4 AE ik
RGBSR JE EGFRAE hMP VI Ze i (IVEH], LA
WRIEIRIG ST SRS H AR

1 MR5E%
1.1 FER5

16HBE4H i #4 Fl Vero E64H i 4 A A< L6 ==
17 DMEM = #5575 5 AR 2 135 % H Gibco A 7]
JRBEE B ER R FEAEMRHARAR . H -5
ZVA WL Western blot il 71l & & A FEBUF &
BCAWEE M E {7 &3 B EilgE = RAEDH AR
HIRAF . Human EGF H PeproTech/A 7. EGFR
P05 gefitniby AG-147814 H Selleck A 7] o G i 5
o U A R L EGFR(p-EGFR). EGFR. GAPDH
N HRPEFFRIC B E 0% 1gG —HiI W EH CSTA .
hMPV 5 W) 7 51 i A A TR (i) i A R 2
Al A R WS B0 H H A TaKaRa A ] .
1.2 REER. ®ERUZE

hMP VY Bk NL/1/00H1 #128 x m) 38 4% £ A 4

##, FEAEFEEE TR B3N T — MR GaReEA
(green fluorescent protein, GFP)[JFE[K] . Jp§ #E7E Vero
E64H i o3 H 5 3% A6 41 1137 (fetal bovine serum,
FBS). 1%7% 555 & M10.1%]J5: 8 ) DMEM (5 5 4
FEROBATY 3G . fRR 62 80% M, i [FH% 77
AN —80 °CUKFE , W mh 375 B0 i SR |
T, %, FRAE T80 °C# I, FRELRNA, Wik Ny
cDNA, K H SZi} 5% )6 52 & PCR(qRT-PCR) Al 7 B
I
1.3 ZHAEEEF S HHBaTLH

16HBE4H g 1IE % 2E K T 10% FBS[JDMEM3
FrHerh, 37 °Cy 5% COMEAH R S 77 . el e
BFRmPKEBERE G, FIEEE S R T
LB, A e R A R S A K, BT A
H 12 hiF 4 78 73 W BE 5, 4 35 7R 30 A S FBS I
DMEMA5E 485753, B T4 12 h, 2D E
PINAERT A AR S . 25 TR IR B, BT A S5
BRI AT D IR
1.4 PSS

SN TR WU 7 R A 2 0 4 L R AR
¥ 16HBE4N f 3 7 T 96 FLAR - 4l il 43 B AE IS I
DMSO. AN[FEKRFE gefitinib. AG-147813% 773 i
H 48 h, PBSYE3R, BEFLIIA 100 pL 10% CCKS8A R
(5#100 L DMEM#: 72 2 H1 54510 uL CCKS8), £ 77
FErh37 °CHi¥ & 60 min, A FLAR 450 nmid RO
(D)fH - #4207y =(SL 50 4H DI - H 41 D
1E)/ O BB 4 DB —=% F 20 DA )*100%, 15340 B i 77
.
1.5 /BRI

16HBEZH 2k K T 6fLA #, PBSHE 3K, LA
MOI=10f#] h(MPV /L4l . K 6fLIRE T 4 °CIF &
2 h, H95EE H R FHEA L, FHOKPBSHE 2 A 454 (1)
TRERRURL, SRS 56 N 37 *CIRFI B sh NJE, 7 & 45
SE I TR 2R AN RS LR R (1, DU FR8E A
G EN TR 43 HT o
1.6 qRT-PCR#&MhMPViREEE

FARNA$E R 771 5 52 B2 AN ) A B 5 FA 41 A
RNA, R )5 105 55 NcDNA, Al IR BT 4 0] 52
&, AR R T S 28 DUE . bt il 2R 02 B3k
AhMPV F[1)J5URLAS LU 5 A IIIhMPV 1 #5 DT % 2
Hmsk. SIYFFT:

4t 7 %1 N5'-TTG CCA ACA CAC GAA CTC
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CAT CCC-3'; Lii#5I¥75'-GAG CAA TAG CAC
TCG GTG TTG-3"; FiiE51¥°45'-TCA CAAATC TTT
CAG CTC TCT CAC-3'. i &KLl i J5 7537 °CHig
RS 1 h, IRBUKTERNA, W5 N cDNAJG,
TR B
1.7 EBEREENTES

FH 57 ER T 51 AL B3 il 410 1) 571) ) RIPA R
R SR AN, B0 JEEL B3, H BCATT VRSN &
W, B AR S E A SRR S, &S min.
BT 20 °CIRIF&H . EAFEME SDS-PAGEEEL HL
WK B 5 5% 2 PVDFE L, 5%/ IR Wk = IREH 41 1 h,
43 ) 5 9 S — P (1:1 000) p-EGFR. EGFRAI
GAPDH{E 4 °CiF ik 1%, 4 TBSTHEER 3G, 5
HRPHRIEHEPT HlgG —Hi(1:5 000) =i IF A 1 h, ¥
BRI, e Ja Al ORI B 52, FIIH Quantity One
BAF I K JEAE
1.8 HitFEAE

S I6 U4 K H Graphpad prism 74844 3E 1T S 11
S0 M, A IS B bR 1R (o) SR R R, PR AL AL 2 1A
ELiR F ek 06, P<0.05 M%7 B Giit 242 L.

2 HFHR

2.1 hMPViFSREEKEFZHENK
EhMPVASE 5. 10, 15, 30, 60 min/5 k&l

EGFRIMBEIRAL K. &5 R 7%, hMPV A5 min

(A) hMPV

15 30 60 /min

Mock 5 10

— e—— .- D e e p-EGFR

- | GFR

GAPDH

w

B

NS}

Fold change in ratio of
p-EGFR/EGFR

S

Mock 5 10 15 30 60 /min
hMPV

AT W 5% B EGFREFFR AL /K F-FH 5, 15 minf ik 210
5 (K 1A), %F 8 20 EGFREERR 1k /K 175 #H 2 A8 1k (K
1B).

2.2 EGFRIEATLUEFHhMPVARE

WK 2A 7R, FH 10 ng/mL EGFRIEEH ML, w46
B EGFRAE H35~15 minff BEER LA 5T, Fed1
K EGFAIE 15 min>Ki#0E EGFR, LUt 5 4 525644
F. H 10 ng/mL EGFHIFEAIMI 15 min/5 /&4 hMPV,
37 °CH¥ & 1 hjE HEHU4H il RNA F 100 5 5% 4 cDNA,
qRT-PCRI & 5 #5305, FE2EhMPV 205 2530 LI T
10 ng/mL EGF+hMPV A 19 81 & (K1 2B), ZR7H
Guitsm L.

2.3 EGFRFEES R SZEIHNHI T AR R SEE

1 1 100 ng/mLf#] EGF 4 3 ¥ 40 il 60 90
120 min, 400+ EGFRAFIEZ/KF. Western
blot45 R i/~ , EGFH| ¥ 16HBE4H 2 120 min)5 ,
EGFR B (K1 3A). T2, FAMEH 100 ng/mL
EGF A4 120 min, 7 FPBSYE3WX, J& G i,
37 °CHFFEW B 1 hja ks 8 5 . B4l hMPV 4L
FR)955 2 1 =5 T 100 ng/mL EGF+hMPV41([E3B), %
R E M-

PAE FIEGFRAF 53 1 0 i1 7] 4k 2 248 M, 0 o1
EGFRHI 3 AL J5 3#E — 25 B AIFEGFR X 5 75 8¢ 4 () 52
M o CCK 8T 771 25 o ) 00 1) 770 £ 248 M 2 1, &5 2R
71N 35 TG BR J FE PE RUONL . 00 1) R 9 S Ak BE 16 HBE4H

(B) Mock
0 5 10 15 30 60 /min

——— — — —

p-EGFR

- Ehas s e e | GiR

— ———c—amw| GAPDH

—_
wn
I

—_
=]
1

g
[
1

Fold change in ratio of
p-EGFR/EGFR

(=]
I

0 5 10 15 /min

Mock

A: Western blotfi JllhMPV A H IFEGFRIFALAE L. **P<0.01, 55X fRAH LU B: % (AL FRAE o i
A: the activation levels of EGFR were detected by Western blot in cell entry of hMPV. **P<0.01 compared with the control group; B: blank treatment

as a control.

E1l hMPVARIFFEGFRIEL
Fig.1 hMPYV entry induces activation of EGFR
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(A) (B)
EGF (10 ng/mL) ~
cl 5 10 15 30 60 /min 2 10,
> )
e EDEDED - - p-EGFR §
z s
" a» e as a» e | ECFR g
r
e e ae e e | CGAPDH &
=
+ + hMPV
61 *% -
0 10 EGF /ng'mL"!

E
f

Fold change in ratio of
p-EGFR/EGFR
)

S
|

Ctrl 5 10 IS 30 60 /min

EGF (10 ng/mL)
A: Western blotZ) #7110 ng/mL EGERI 4 it J5 EGFRIIF LK T; B: 10 ng/mL EGFALFE X5 A AT . *P<0.05, *#P<0.01, 5% 4L Hb A o
A: activation level of EGFR was detected by Western blot after stimulation with 10 ng/mL; B: the effect of 10 ng/mL EGF treatment on virus cell entry.
*P<0.05, **P<0.01 compared with control group.

E2 EGFRELALURIHRMPVAJE
Fig.2 EGFR activation promotes hMPV entry

(A) EGF (10 ng/mL) (B)
Control 60 90 120 /min
e M EGFR
5L
— ——— — £
GAPDH 26
3
. 1.5+ ? . .
o wv
R=fgan 4
£0 1.0 292
= & 3]
on < 0
5 ?5 . T 2 + n hMPV
(5]
s3]
E 0 0 100 EGF /ng'mL"!
Ctrl 60 90 120 /min
©) EGF (100 ng/mL)
5151
£
>
o
3 — - p-EGFR
E -
= * Kk —
2 EGFR
= - e @ =
>
[a 9}
2 S e e | GAPDH
+ + +  hMPV -+ 4+ o+ hMPV
_ + _ Gefitinib - -+ - Gefitinib
_ _ +  AG-1478
- -+ AG-1478

A: Western blot7r HTEGFRI1 P TR ; B: 100 ng/mL EGFARFLX] I 2510 & [ 52005 C: it 71 Ab 215 (199 2530 5, A5 B A 1 71 5 EGFR (1%
R ALK B2 50 7 4l %P<0.05, #%P<0.01, *+*P<0.001, 5% IRALH L .
A: the degradation degree of EGFR was analyzed by Western blot; B: the effect of 100 ng/mL EGF treatment on virus titer; C: virus titer after
inhibitor treatment. The phosphorylation of EGFR was significantly inhibited after treatment with inhibitors, shown on the right. *P<0.05, **P<0.01,
*#%P<0.001 compared with control group.
[El3 EGFRFERESELZBNEI R AHRBSHE
Fig.3 Degradation or inhibition of EGFR reduce viral titer
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ffi12 hfF&YhMPYV, 37 °CiiF & 1 hJ&, qRT-PCRAG
TREET B, 45 Lo, $0H 7 AL B 2H )95 FERN A W
T EE R 2L

3 g

hMPVAE Jy—Fl I I 38 5 35, R0 % 5501
25 WPIRE G B R — R SR LIS SR AR A,
#y K2R LES~10% I DR, T s e
I AR BE 72 A2 R S 1017, B B s 15 L [A]
BUANTR], BRAF DA AT PR Gs, B Al R TC A 240
TBIT BT

AR AR BT EATE 7 B, hMPV i) DLd i i 46
NHE, BRAESE R b SRR BB AR DL SR e
AR 0 EE I8, T EGFRAZ & AL A g 25 B —
SRR, R SR e RS S, MAEMES
MBS 3 B AR , DA R & R0 9T E AR L
EGFR 5 ¥ (A ELOG R 1 U720 HIT AR, bR bk
Z [ U 4R H 55 1] LLRI A EGFRAE k2 gk N
P AT ), B B EGFRAE 53 % k41 18 4%
WEE RS, thdn, 75 H RS RERp # B g, EGFRT]
DU gk N TE 40, 75 EGFRIGMAIES R,
BRE B PN A0 T3 Y, EGFR &A% etk B 1 489 75 (por-
cine transmissible gastroenteritis virus, TGEV /2 44 #{
YHAR A4 B IR 7, 1 TGEVZ [ 1 S17E 5 EGFR A
HhZAREE A M EAER Y. RSVELTS EGFR)E, 7]
DA — 25 40 i) 1 H0 2% 8 1 R AR ) - H 3% - AT
WPITE bR PR EE R A R g . TR, A4
HEGFRA[BEtHZ 5 ThMPVI& 4.

AR EEHRZEGFRE TGS 5 T hMPV AHLIX
—ib R, SEEL T ABES. 104 150 304 60 minff G
Y1 EEGFR PRI /KF, 45 5 %I, EGFRIEhMPV
LS minf 5 AT AL R 2 A BER 1k, 15 minff R
KB, X378 hMPV A i F2 7T BLEGE EGFR
G55 o 1X— 45 SRR AT 1 VS 9 2 I 70 2840,
2R EEE L 5~15 minfif EGFRBERRALKT- 5
N7 #E—5 W 7 EGFRAE hMPVIE G i , &
AT F — ol 2 9 1R Y 40 B A K AN A AR KA
F——3K A KA T (epidermal growth factor, EGF),
G (10 ng/mL)A I TA] AT DA 3 32 44 % AR TR
RECRIE R BB LR RS I )
BT, R (100 ng/mL)K i a] )3T BB A2 44
PR fRE AL, — 7T, A8 H 10 ng/mL1) EGF

TR B, 45 5 R, EGFRAES~15 minffBa b i e
Rk, 7510 ng/mLAY EGFAJEL 15 minfJEA_F &
PhMPV 1 h, 458 875, 10 ng/mL EGF+hMPVZH [
J93 25 ¥ S5 = T hMPV AL, 1560 EGFRIEE AT LA i
hMPV A M. 55—7J71f, {4 100 ng/mLI] EGFF#fi#
Y Hu R [ FYEGFR 5 FH IR JhMPV, 45 L BoR, =&
AbFR A R AR T R A # 4. O TP RRE
EGFR{E hMPV A MR i1, 488 FH EGFRA 1] 57477
#| EGFRIF)H M 5 P hMPV, I 253 BEAC T R AE
P 70095 3520, 6B EGFR F J¥ PR st & 1% 1b 32 5
0], AT LA HIDMP VIR RIS . AT A 2 A1
(2T F BRI 25 S B AR IRLAT 1R M VS G B
(EIRTE 50 45 AR AL, EGFR 32 2 5 2 S B0 5%
JE BRAIR24,

g LRTIA ) ASHE FU R 41 B A R 1 Yk EGFR
5 hMPVIE G 4T T I 5. hMPV L A] DL
75 EGFR, 7516 EGFRAT LA 35955 5 AL, 11 417061
EGFRAT DL P ARIR 290 /5 - SR 1M 7E hMPV B e,
EGFR & WA BESIE K, AT A4E 15 min/e 47 I B4R
KPR, X 8 [ A A IR AN AL
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