
Supplemental Figure S1
a

c

| : | | | | | | :| :| | | | 

| | | | | | | | :| :| | | | :

3’ agguaGUAAUGGGCCGUCAUAAu 5’

165:  5’ auugaCAUUGCUU - UCAGUAUUu 3’

hsa-miR-200c-3p

ACE2 3’-UTR

3’ ggUAGAAAUGGUCUGUCACAAu 5’

799:  5’ uuGUAUUUGCU - CACAGUGUUu 3’

hsa-miR-141-3p

ACE2 3’-UTR

e f

b
miR-421

6 12 24 36
0.00

0.02

0.04

0.06

0.08

0.10
AF
H1N1
H5N1

Hours post infection

Re
la

tiv
e 

ex
pr

es
si

on
 le

ve
l

( R
at

io
 to

 U
6)

miR-141-3p

6 12 24 36
0.0

0.5

1.0

1.5
AF
H1N1
H5N1

**
**

**
**

Hours post infection

Re
la

tiv
e 

ex
pr

es
si

on
 le

ve
l

( R
at

io
 to

 U
6)

miR-200c-3p

6 12 24 36
0

20

40

60 AF
H1N1
H5N1

**

**

**

**

Hours post infection

Re
la

tiv
e 

ex
pr

es
si

on
 le

ve
l

( R
at

io
 to

 U
6)

6 12 24 36AF

H1N1 H5N1

ACE2

β-actin

6 12 24 36

100 kDa

40 kDa

130 kDa

6 12 24 36AF

H1N1 H5N1

ACE2

β-actin

6 12 24 36

100 kDa

40 kDa

130 kDa

d

AF 6 12 24 36 6 12 24 36
0.0

0.2

0.4

0.6

0.8

1.0

H1N1 H5N1

* *
* *

Re
la

tiv
e 

AC
E2

 e
xp

re
ss

io
n 

le
ve

l
(A

CE
2/
β

-a
ct

in
)

AF 6 12 24 36 6 12 24 36
0.0

0.5

1.0

1.5

H1N1 H5N1

*
*

**
****

Re
la

tiv
e 

AC
E2

 e
xp

re
ss

io
n 

le
ve

l
(A

CE
2/
β

-a
ct

in
)

0.00 0.05 0.10 0.15 0.20 0.25
0

50

100

150
r: 0.4078
p: 0.3159

Relative expression of miR-200c-5p
(Ratio to U6)

C
el

lv
ia

bi
lit

y
(%

)

0.00 0.05 0.10 0.15 0.20 0.25
0

20

40

60

80

100

r: -0.0910
p<0.8302

M1M2
r: -0.1258
p: 0.7666

Relative expression of miR-200c-5p
(Ratio to U6)

Vi
ru

s
R

ep
lic

at
io

n
(R

el
at

iv
e

Ex
pr

es
si

on
Le

ve
lo

fM
)

0.0 0.2 0.4 0.6 0.8
0

50

100

150
r: 0.2202
p: 0.6003

Relative expression of miR-141-5p
(Ratio to U6)

C
el

lv
ia

bi
lit

y
(%

)

0.0 0.2 0.4 0.6 0.8
0

20

40

60

80

100

r: 0.1661
p<0.7292

M1M2
r: 0.1465
p: 0.6942

Relative expression of miR-141-5p
(Ratio to U6)

Vi
ru

s
R

ep
lic

at
io

n
(R

el
at

iv
e

Ex
pr

es
si

on
Le

ve
lo

fM
)

g

i

h

j
H5N1-M1

AF
0.0

5 0.5 5
0

50

100

150

**
**

**

MOI of H5N1

M
1 

m
RN

A 
ex

pr
es

si
on

 le
ve

l
(R

at
io

 to
 G

AP
D

H)

miR-200c-3p

AF
0.0

5 0.5 5
0

2

4

6

8

*

**

**

MOI of H5N1

m
iR

-2
00

c-
3p

 e
xp

re
ss

io
n 

le
ve

l
( R

at
io

 to
 U

6)

miR-141-3p

AF
0.0

5 0.5 5
0.0

0.1

0.2

0.3

0.4

0.5

**

**

**

MOI of H5N1

m
iR

-1
41

-3
p 

ex
pr

es
si

on
 le

ve
l

( R
at

io
 to

 U
6)



Supplemental Figure S2

a

psiCHECKTM-ACE2 3’-UTR vector-WT

SV40 hRluc HSV-TK hluc+ACE2 3’UTR

c
3'-UTR-ACE2-WT

NC miR-200c-3p
0.0

0.5

1.0

1.5
10 nM
30 nM

microRNA mimics

**
**

*

Re
la

tiv
e 

Re
ni

lla
 a

ct
ivi

ty
(n

or
m

al
iz

ed
 to

 n
eg

at
ive

 c
on

tro
l)

Transfection efficiency

Nati
ve

miR-20
0c

-3p

miR-20
0c

-5p
10-1

100

101

102

103

104

105

106

107

108

miR-200c-3p
miR-200c-5p

miRNA mimics transfection

Fo
ld

 c
ha

ng
e 

of
 m

iR
NA

s
(n

or
m

al
iz

ed
 to

 n
at

ive
)

b

d

| : | | | | | | :| :| | | | 
3’ agguaGUAAUGGGCCGUCAUAAu 5’

165:  5’ auugaCAUUGCUU - UCAGUAUUu 3’

hsa-miR-200c-3p

ACE2 3’-UTR

3’ agguaGUAAUGGGCCACGUCGGu 5’hsa-miR-200c-3p-MUT
: : : :| :| | | | 

NC

miR-20
0c

-3p

miR-20
0c

-3p
-M

UT

0.0

0.2

0.4

0.6

0.8

1.0

1.2

microRNA mimics

** **

Re
la

tiv
e 

Re
ni

lla
 a

ct
ivi

ty
(n

or
m

al
iz

ed
 to

 n
eg

tiv
e 

co
nt

ro
l)



Supplemental Figure S3
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Supplemental  Figure S6
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Supplementary Figure Legends 

Supplementary Figure S1. Expression of miRNAs and ACE2 in A549 cells and 

HEK293T cells infected with H1N1 or H5N1 virus. (a) The predicted binding sites on the 

3’-UTR of ACE2 for miR-200c-3p and miR-141-3p. (b) qRT-PCR analysis of miR-421 in 

A549 cells after challenged with H1N1 virus, H5N1 virus (MOI=4) or AF control at the 

indicated hours. (c, d) qRT-PCR analysis of the expression of miR-200c-3p and miR-141-3p 

in HEK293T cells after challenged with H1N1 virus, H5N1 virus (MOI=4) or AF control at 

the indicated hours. (e, f) Western blotting analysis of ACE2 protein expression in A549 cells 

and HEK293T cells after challenged with H1N1 virus, H5N1 virus (MOI=4) or AF control at 

the indicated hours. β-actin served as an internal control. (g) Correlation between the 

expression of miR-200c-5p and cell viability or virus replication in H5N1-infected A549 cells. 

Pearson correlation analysis was used to analyze the correlation. Pearson correlation 

coefficients (r) and P-values are provided in each graph. Viral replication was indicated with 

the relative expression levels of matrix protein 1 (M1) and matrix protein 2 (M2). (h) 

Correlation between the expression of miR-141-5p and cell viability or virus replication in 

H5N1-infected A549 cells. Pearson correlation analysis was used to analyze the correlation. 

Pearson correlation coefficients (r) and P-values are provided in each graph. (i) qRT-PCR 

analysis of the expression of miR-200c-3p and miR-141-3p in A549 cells infected with H5N1 

virus for 48 h at the indicated multiplicity of infection (MOI). (j) qRT-PCR analysis of the 

expression of M1 in A549 cells infected with H5N1 virus for 48 h at the indicated MOI. The 

data are shown as the mean±SEM. *P<0.05, **P<0.01. 
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Supplementary Figure S2. miR-200c-3p targets 3’-UTR of ACE2. (a) A reporter vector 

was constructed in which the ACE2 3’-UTR was fused downstream of the Renilla luciferase 

coding gene under the control of the SV40 promoter (ACE2 3’-UTR-WT). (b) Transfection 

efficiency of miR-200c-5p mimics and miR-200c-3p mimics was detected by qRT-PCR. 

Native, untreated HEK293T cells. (c) Various amounts of miR-200c-3p were co-transfected 

with the reporter vector into HEK293T cells. Forty-eight hours later, luciferase activity was 

measured by the Dual Luciferase Reporter Assay system. (d) Mimics of negative control 

(NC), miR-200c-3p and mutant miR-200c-3p (miR-200c-3p-mut) were transfected into 

HEK293T cells respectively. Then ACE2 3’-UTR-WT reporter vector was transfected into 

the cells. Luciferase activity was detected using the Dual Luciferase Reporter Assay system. 

The data are shown as the mean±SEM. *P<0.05, **P<0.01. 

 

Supplementary Figure S3. Expression of miR-141-3p and miR-421 in HEK293T cells 

overexpressing coding genes of influenza virus. (a) Vectors containing H5N1 influenza 

viral protein coding genes (HA, NA, NS1, NS2, PA, PB1, PB2, M1, M2, and NP) were 

individually transfected into HEK293T cells for 48 h. The expression of miR-141-3p was 

quantified by qRT-PCR. The empty vector served as a control. Native, untreated HEK293T 

cells. (b, c) Vectors coding for NS1 of H1N1, H5N1 and H7N9 viruses were transfected into 

HEK293T cells for 72 h. The expression of miR-141-3p and miR-421 was detected by 

qRT-PCR. The data are shown as the mean±SEM. **P<0.01. 

 

Supplementary Figure S4. The induction of inflammatory cytokines in poly (I:C), LPS 
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and LTA-treated A549 cells. (a) qRT-PCR analysis of mRNA expression of IL-6, IL-29 and 

IFN-β in A549 cells treated with poly (I:C) for 6 h at the indicated concentration. (b) 

qRT-PCR analysis of mRNA expression of IL-6, IL-1β and TNF-α in A549 cells treated with 

LPS for 24 h at the indicated concentration. (c) qRT-PCR analysis of mRNA expression of 

IL-6, IL-1β and TNF-α in A549 cells treated with LTA for 24 h at the indicated concentration. 

The data are shown as the mean±SEM. **P<0.01. 

 

Supplementary Figure S5. LPS and LTA induce the expression of miR-200c-3p in THP1 

cells. (a, b) qRT-PCR analysis of the expression of miR-200c-3p and miR-421 in THP1 cells 

treated with LPS or LTA for 24 h. (c, d) ACE2 protein expression in THP1 cells challenged 

with LPS (10 μg/ml) and LTA (500 μg/ml) was also detected. β-actin served as an internal 

control. (e, f) qRT-PCR analysis of mRNA expression of TNF-α, IL-6 and IL-1β in THP1 

cells challenged with LPS or LTA for 24 h at the indicated concentration. The data are shown 

as the mean±SEM. **P<0.01. 

 

Supplementary Figure S6. Knockdown of p50 suppressed the induction of miR-200c-3p. 

(a) A549 cells were transfected with the corresponding siRNAs and then challenged with AF 

or H5N1 (MOI=4) for 48 h. The expression of miR-200c-3p was detected by qRT-PCR. (b) 

The expression of miR-200c-3p in A549 cells transfected with 1000 ng/ml RNA extracted 

from AF- or H5N1-challenged cells for 12 h was detected by qRT-PCR. (c) A549 cells were 

transfected with the corresponding siRNAs and then transfected with 1 μg/ml RNA extracted 

from AF- or H5N1-infected cells for 12 h. The expression of miR-200c-3p was detected by 
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qRT-PCR. (d) A549 cells were transfected with the corresponding siRNAs and then 

transfected with 1 μg/ml poly (I:C) for 12 h. The expression of miR-200c-3p was detected by 

qRT-PCR. (e) THP1 cells were transfected with the corresponding siRNAs and then treated 

with 1 μg/ml LPS for 24 h. The expression of miR-200c-3p was detected by qRT-PCR. (f) 

THP1 cells were transfected with the corresponding siRNAs and then treated with 10 μg/ml 

LTA for 24 h. The expression of miR-200c-3p was detected by qRT-PCR. (g) The expression 

of p65 or p50 mRNA in A549 cells transfected with 100 μM control siRNA and p65- or p50- 

specific siRNA. The data are presented as mean±SEM. **P<0.01. 

 

Supplementary Figure S7. Inhibition of miR-200c-3p ameliorates H5N1 virus infection.  

(a) After transfected with inhibitors of negative control (NC) or miR-200c-3p for 6 h, A549 

cells were infected with H5N1 virus (MOI=4) or mock-infected with AF. Twenty-four hours 

post infection, the cells were collected and the expression of ACE2 protein was detected. β

-actin served as an internal control. (b) qRT-PCR analysis of M1 in the lung of 

H5N1-infected mice treated with the antagomir of negative control (NC) or miR-200c-3p. (c) 

Mice were administrated with antagomir of miR-200c-3p and NC (20 mg kg-1) 1 h, 24 h and 

48 h after H5N1 virus instillation (1×106 TCID50). Body weights were recorded for a 10 day 

period after H5N1 infection. The data are presented as mean±SEM. *P<0.05, **P<0.01. 

 

 


