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Construction of CD36 gene silencing cell lines by
lentivirus-mediated RNA interference and the effect on protein
expression of caveolin-1
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Abstract: CD36, the major scavenger receptor, is intimately involved in the uptake of oxLDL in macrophages. To further
study the function of CD36 in macrophages, we constructed CD36 gene silence cell lines (J774A.1) by lentivirus-mediated
RNA interference technique, and analyzed the effect of CD36 in caveolin-1 protein expression. At first, 5 shRNA fragments
were designed and synthesized according to the coding sequence (CDS) region of CD36 gene. Next, the CD36-shRNA was
inserted into lentiviral vector to yield pLKO.1-CD36-shRNA plasmid. After DNA sequencing, the pLKO.1-CD36-shRNA
plasmid and psiCHECK-11-CD36 were co-transfected into the 293T cells to screen the efficient CD36-shRNA. The efficient
CD36-shRNA plasmid and the helper plasmid were co-transfected into the 293T cells to package the lentivirus, and then
infected the J774A.1 cells. After screening by puromycin, CD36 gene silence cell lines (J774A.1) was established. Western
blotting and confocal fluorescence microscopy results showed that the CD36 silencing efficiency in the gene silence cell line
was 90%. Accompanied by a decrease in CD36 protein on cell surface, oxXLDL binding to CD36 was significantly inhibited,
indicating that the CD36 gene silence cell line is successfully established. Finally, the oxLDL stimulation and inhibitor
experiments results showed that the CD36 knockdown significantly suppresses the phosphorylation of INK and ERK, thereby
inhibiting the oxLDL-induced caveolin-1 protein expression, demonstrating that CD36 modulates the caveolin-1 protein
expression through the INK/ERK-mediated signaling transduction.

Keywords: CD36 receptor, shRNA gene silence, oxidized low density lipoprotein, caveolin-1, macrophage
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[10-13] ECL
Caveolin-1 JM109 pMD 19-T simplevector LA
[14-18] Taq DNA Xho 1
caveolin-1 NotI BamHI DNA marker DL 2000 DNA
CD36 RT-PCR
TaKaRa PVDF Amp
caveolin-1 CD36 « )
(19-20] PCR DNA
CD36 « )
caveolin-1 Jr74A.1 12 5
ShRNA 1.2.1 CD36 cDNA
CD36 GenBank CD36 cDNA
CD36 caveolin-1 Primer5.0
CD36 ( 1) 5-CCGCTCGAGATGG
GCTGTGATCGGAACTG-3
1 47}, *3'— 5 7\5}% ( 2) 5-ATAGTTTAGCGGCC
GCGCCAGTGTATATGTAGGCTCATCC-3
11 FEMH 1 5 ( )
(J774A.1) Xho ( ) CD36 &'
(HEK293T 293T) 2 5
Anti-CD36 (sc-9154) ( ) NotI ( ) CD36 3’
Anti-caveolin-1 (610407) BD
Anti-ERK1/2(A0229)  Anti-p-ERK 1/2 Trizol T774A A
(AP0472)  Anti-INK (A0288) ABclonal A RT-PCR cDNA
Anti-B-actin (ab8226) Anti-p-INK (ah124956) 1 2 CD36 CcDNA
Abcam LDL Dil-oxLDL PCR 95 C
Dil-LDL FITC 1min 98 C  10s55 °C  30s72 C
HRP KPL ERK 1.5min 30 72 C 10 min
(PD98059)  JNK (SP600125) PCR 1%
Calbiochem psiCHECK ™- I pMD19-T
simple vector JM109
Promega pLKO.1 ShRNA Ampicillin (50 pg/mL)
pSPAX2 PMD2.G LB PCR
Addgene Lipofectamin 2000 DMEM medium ( )
Opti-MEM medium Invitrogen RIPA GenBank
marker BCA CD36 cDNA
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pMD19-T-CD36 ( NM 001159558) RNA
1.2.2 psiCHECK-II-CD36 Invitrogen ShRNA
5
pMD19-T-CD36  psiCHECK™- ][ shRNA Scramble shRNA
JM109 (1 BLAST
XhoI NotI
CD36 psiCHECK ™- [ ( )
DNA 1:10 shRNA
16 C JM109 5 min DNA
XhoI Notl BamHI XholI pLKO.1
psiCHECK -
I[-CD36 JM109

1.2.3 CD36-shRNA
355-shRNA  393-shRNA  992-shRNA
GenBank CD36 1325-shRNA 1329-shRNA  scramble-shRNA

&1 CD36H shRNA FHFFi&it
Tablel Thedesign of sShRNA sequencesfor CD36 gene
Start site GC% shRNA sequence (DNA)

ShRNA-355 52.39  Sense strand: 5'-GATCCGGAGCCATCTTTGAGCCTTCAGAGTACTG
TGAAGGCTCAAAGATGGCTCCTTTTTTC-3'
Antisense strand: 3'-GCCTCGGTAGAAACTCGGAAGTCTCATGAC
ACTTCCGAGTTTCTACCGAGGAAAAAAGAGCT-5
ShRNA-393 42.86  Sensestrand: 5'-GATCCGGATGACAACTTCACAGTTCTGAGTACTG
AGAACTGTGAAGTTGTCATCCTTTTTTC-3'
Antisense strand: 3'-GCCTACTGTTGAAGTGTCAAGACTCATGAC
TCTTGACACTTCAACAGTAGGAAAAAAGAGCT-5
ShRNA-992 42.86  Sensestrand: 5'-GATCCGCAAATGCAAAGAAGGAAAGCGAGTACTG
GCTTTCCTTCTTTGCATTTGCTTTTTTC-3'
Antisense strand: 3'-GCGTTTACGTTTCTTCCTTTCGCTCATGAC
CGAAAGGAAGAAACGTAAACGAAAAAAGAGCT-5
SshRNA-1 325 52.39  Sense strand: 5-GATCCGCATGGTAGAGATGGCCTTACGAGTACTG
GTAAGGCCATCTCTACCATGCTTTTTTC-3'
Antisense strand: 3'-GCGTACCATCTCTACCGGAATGCTCATGAC
CATTCCGGTAGAGATGGTACGAAAAAAGAGCT-%
shRNA-1 329 52.39  Sense strand: 5-GATCCGGTAGAGATGGCCTTACTTGGGAGTACTG
CCAAGTAAGGCCATCTCTACCTTTTTTC-3'
Antisense strand: 3'-GCCATCTCTACCGGAATGAACCCTCATGAC
GGTTCATTCCGGTAGAGATGGAAAAAAGAGCT-5
shRNA-scramble 52.39  Sense strand: 5'-GATCCGGCCTATTTGGACGAAGAGTGGAGTACTG
CACTCTTCGTCCAAATAGGCCTTTTTTC-3'
Antisense strand: 3'-GCCGGATAAACCTGCTTCTCACCTCATGAC
GTGAGAAGCAGGTTTATCCGGAAAAAAGAGCT-5
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124 CD36-shRNA 100 uL CD36- shRNA (
293T 37 °C 5% CO, scramble-shRNA )
10% DMEM pLKO.1
24 h 293T ( 2 )
2x10° 24 12 h
80%—-90% 5 ( 3 ug/mL)
(Scramble-shRNA) 1d
psiCHECK- II -CD36 293T 80%—-90%
Lipofectamin 2000
transfection rengent 48 h 30d Western blotting
CD36
psiCHECK- I -CD36 1.2.7 Western blotting CD36
shRNA RIPA (NCir:
J7r74A.1 shRNACD36: CD36-shRNA
125 SCr: Scramble-shRNA
293T 1x10° ) BCA
6 80 ug
80%—90% Lipofectamin 2000 12% SDS-PAGE
transfection rengent CD36 (1:1000) 4°C
(Scramble-shRNA) TBST 3 10 min
psPAX2 pMD2.G 293T
48 h (1:1000)1h TBST ECL
0.45 um
100K 4 000 r/min 1.2.8 CD36
30 min EP
-80°C 3 (
1.26 CD36 J774A.1 CD36-shRNA
Jr74A.1 37 C 5%CO, Scramble-shRNA )
10% DMEM ( 2.5x10°
100 1U/mL 0.1 mg/mL 10 mmol/L
1 mmol/L ) 200 pL Dil-oxLDL  Dil-LDL (
JIT4A.1 1x10° 20 pg/mL) 37 C
6 24 h 1h PBS 3 4%
1mL ( 8 ug/mL) 10 min 1% gelatin CD16/CD32
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(1 : 100) 1h PBS 3
CD36 (1:100) 37 C 2 h
FITC (1:1000 37 C
1lh PBS
129 JINK EKR caveolin-1
J774A.1 1x10° /
INK
EKR SP600125 (10 umol/L)
PD98059 (10 umol/L) 30 min
oxLDL ( 30 ug/mL)
12 h  Western blotting
caveolin-1
1.2.10 Western blotting CD36
caveolin-1
(
J774A.1 CD36-shRNA
Scramble-shRNA ) 1x10° /
oxLDL
(oxLDL
)
Western
blotting
1211
3
(SE)
Student’ s-test **P<0.01
2 X

21 /IR IE CD36 K cDNA EFH wfE R
psiCHECK-11-CD36 E4HRIAF IFRIHIE
PCR CD36 cDNA
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GenBank
( 1A) PCR
pMD19-T simple vector (
) Sequencher

pMD19-T-CD36

psiCHECK- 11 Xho I Not I
JM109 Ampicillin
Xhol Notl
( 1B)
CD36 cDNA
psiCHECK- II psiCHECK-11-CD36

1419 bp

1419 bp

B 1 psiCHECK-I1-CD36 #{k#9iE

Fig. 1 Construction of psiCHECK-II-CD36 vector. (A)
Analysis of PCR product of CD36 by agarose gel
electrophoresis. M: DL2000 marker; 1: PCR product of
CD36 (1 419 bp). (B) Analysis of psiCHECK-11-CD36
vector by restriction enzyme digestion. M: DL2000
marker; 1. psiCHECK-11-CD36 plasmid; 2: digestion of
psiCHECK-11-CD36 plasmid by Xho I ; 3: digestion of
psiCHECK-11-CD36 plasmid by Xho I and Not I .
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2.2 CD36-shRNA 18/ E T EaIHiE

DNA
pLKO.1 ( 2
IM109

¢ ) ()
CD36-shRNA

2.3 A CD36-shRNA F5IH 5%

JI74A 1
shRNA
Promega siCHECK™

shRNA
psiCHECK ™- 11

psiCHECK ™- 11 shRNA

293T
shRNA

U6 promoter .

shRNA
shRNA (  shRNA
Promega SICHECKTM
vectors  Dual-Luciferase® reporter assay system
) 5  CD36-shRNA
psiCHECK- I -CD36
293T 48 h
3
Blank ( 293T )
SCr ( scramble-shRNA ~ 293T )
1 325-shRNA CD36 mRNA
97% CD36
24 CD36 Z£RF LA AEIKEIEE
CD36-shRNA scrambl e-
shRNA J774A.1
CD36
(Scramble-shRNA)

hPGK promoter

~ Puromycin

. Asp 718 (1186)
__PPT
5'-gag (A3rdG) = Partial U3
Psi sequence ._ h N —
D~ [ pLKO.1-purp U5 SIN/3-LTR
Pbs— 8 7032 bp ~._ " SV40 PolyA
HIV5-LTR = 7 " Neo T (1764)
RSV promoter -

B 2 pLKO.1 #iAREEEL
Fig. 2 Map of the pLKO.1 vector.
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Western blotting CD36 oxLDL
4A J774A.1 [14-18]
(NCr) scramble-shRNA (SCr) caveolin-1 MAPK
CD36 (shCD36) CD36
_ 120
z _
(  4B) = 100 =y —
cD36( ) Dil-oxLDL () %3 80
=]
J7T74A.1 scramble- sShRNA E = 60
G
CD36 CD36 Z 2 40
E (]
Dil-oxLDL () 2 5 20 e RE ok
2 £x KX
o 0 —.
Blank SCr 355 393 992 13251329
CD36
p g in-1 EAFRIKK N .
2./5 oxLDL FRIB{ERXt caveolin-1 EHRIERY 3 H3 hRNA B
e Fig. 3 The screening of efficient shRNA. ** P<0.01
Caveolin-1 versus the Blank control group.
A B
NCr SCr  shCD36 Dil-oxLDL
CD36 | < A (30 pg/mL)
f-actin | GE—— — —
—_ shRNA-scramble+
-g 1207 Dil-oxL.DL
@ 30 pg/mL
& 100F —= _ (30 pg/mL)
2
8 sof shRNA-CD36+
= Dil-oxLDL
3z o0 (30 pg/mL)
S 40t
g Dil-LDL
£ 20 3k (30 pg/mL)
g o
[= W
shRNA-Scramble - + -
shRNA-CD36 - - +

4 CD36 EERLARBE T

Fig. 4 CD36 silencing efficiency assays. (A) The CD36 silencing efficiency assays by Western blotting (NCr: wild
J774A.1 cells; SCr: scramble-shRNA infection control; shCD36: CD36-shRNA infection control, **P<0.01 versus the
SCr control group). (B) The CD36 silencing efficiency assays by confocal microscopy.
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JNK  ERK [21] 2.6 CD36 EETEANT caveolin-1 EHFRIZRIENN
J774A.1 oxLDL CD36 caveolin-1
caveolin-1 30 pg/mL oxL DL
5A-B J774A.1 (NCr) scramble-shRNA
oxLDL J774A.1 caveolin-1 (SCr) CD36 (shCD36)
12 h Western blotting ( 7A) CD36
30 pg/mL oxLDL 12h oxLDL
caveolin-1 caveolin-1 NCr (
325  (**P<0.01) oxLDL Jr74A.1 ) SCr (Scramble-shRNA
JNK  ERK ) CD36 oxLDL
( 6A) caveolin-1 70%
SP600125 (INK) PD98059 (ERK) (**P<0.01) 30 pg/mL oxLDL
J774A.1 oxLDL 30 min CD36
caveolin-1 ( 6B) oxLDL MAPK
SP600125 PD98059 JNK  ERK ( 7B)
caveolin-1 60% 45% oxLDL CD36
70% (**P<0.01) oxLDL MAPK INK  ERK
INK/ERK caveolin-1 caveolin-1
A B
0 10 20 30 40 50 (ug/mL) 0 2 6 12 18 24 (h)
Caveolin-1 | — — — —l Caveolin-1 I TN wew gem e -l
Bactin |memm awe o - ol o B-actin |Gy » GED eud N> @S|
. 357 * % *%
% 30t z 307
kS B 237 iy .§ = 2.3
5220} %20 &
o o a0
5% 15t 5% 15 =
= = =
E 2 10— EEe 10—
8 5t
= L =
8 0.5 3 0.5
0.0 0.0

0 10 20 30 40 50
oxLDL (24 h, ug/mL)

0 2 6 12 18 24
oxLDL (30 pg/mL, h)

5 oxLDL iRE K AtiE)# E £ 3T caveolin-1 &R FRIEHIF N
Fig. 5 The dose-dependent and time-dependent effects of oxLDL in caveolin-1 protein expression. (A) The
dose-dependent effect of oxLDL in caveolin-1 protein expression. (B) The time-dependent effects of oxLDL in
caveolin-1 protein expression (** P<0.01 versus the untreated group).
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A B
oxLDL (30 pg/mL, min) oxLDL (30 pg/mL, 12 h)
0 13 30_(min) Control SP600125 PD98059 SP+PD
PINK [ o A | .
Caveolin-1 I |
INK [ s— — - Bactin | qmm— c— c— —|
p-ERK1/2 | =3 < 127
>
ERK172 | S - w— 2 0=
g3
= 0.8+
]
= O
E_‘ 206+t *%
53 o
£3 041 %
S 02}
rCtS
“ 00
oxLLDL + + + -
SP600125 - + _ +
PD98059 - - + -

6 oxLDL £/ IJNK & ERK {55 @ i caveolin-1 WE B RIA

Fig. 6 oxLDL upregulate caveolin-1 protein expression through the INK/ERK-mediated signal pathway. (A) oxLDL
upregulate the phosphorylation level of INK and ERK. (B) The effects of the inhibitors for INK and ERK in caveolin-1
protein expression (** P<0.01 versus the untreated control group).

A B
oxLDL (30 pg/mL, 12 h) oxLDL (30 pg/mL, 30 min)
NCr  SCr shCD36 Blank NCr  SCr shCD36 Blank
Caveolin-1 |g - ‘I p-INK I- _—— I
Bactin | e — — — INK | — — c— a—
12
e p-ERK1/2 | e - == o |
5 10t =
g ERK1/2 | S S —
%z 08 oxLDL  + n n _
=2 06 SP600125 + - _
22 PD98059  — - + +
£z 04 T
= -
Z 0.2
&)
0.0
oxLDL  + + - -
SP600125 - + - _
PDO8059 - - + +

7 CD36 £H JNK/ERK {5 5@ 8#z caveolin-1 BIEBH&RIA

Fig. 7 CD36 modulates the caveolin-1 protein expression through the JNK/ERK-mediated signal pathway. (A) The
effect of CD36 in the oxLDL-induced caveolin-1 protein expression. (B) The effect of CD36 in the oxL DL-induced INK
and ERK phosphorylation (NCr: wild J774A.1 cells;, SCr: scramble-shRNA infection control; shCD36: CD36-shRNA
infection control; Blank: the CD36-shRNA infection cell without oxLDL stimulation, **P<0.01 versus the SCr control

group).
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3 T«Ti' 14:} CD36 J774A.1
(4 shRNA CD36
5
CD36
a6 CD36 shRNA
60%—70% (%61 Rahaman
Promega
CD36 MAPK . ™
SICHECK CD36-shRNA
JNK ERK
[7-8] CD36 PKC
293T
p38
. . . J774A.1
v (Peroxisome proliferator-activated receptor y _
CD36 Western blotting
PPARY) 1
CD36 CD36
(Acyl-CoA:cholesteral acyltransferase 1  ACAT1)
90%
(14 CD36
CD36 CD36 Dil-oxLDL
CD36
Caveolin-1
CD36 CD36 caveolin-1
CD36 CD36
caveolin-1 (Caveolea) caveolin-1 MAPK JINK
caveolin-1 CD36 ERK caveolin-1
CD36 INK EKR
CD36 caveolin-1
[20,22] Caveol | n-1 CaV60| | n-1
CD36
caveolin-1 oxLDL
(19] MAPK
caveolin-1 MPAK caveolin-1
INK  ERK [21] CD36 CD36
INK ERK CD36 oxLDL caveolin-1
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CD36
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