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HE.EN A RIRRENSFHEHR 8 TA(PDEZA) & BB A4 E v sn i (THP-1) 4k, 5+ 5-#7
WL A B S ER B IR 45 A S B K AL(ABCAL)# KA Tk, 7535 A PDE7A AR A¥e b %t 4% 3
BShRNA K B, 58 %84k PmiRzip &8, T4 fE, M p ARG TR el &g THP-1 a6, 5=
B bR B R A B4t R (QPCR)#EAT 4, s 2 AR T A B, "2 E & H k413 PDE7A AR K A4
Jkk . QPCR #= Western blot A4 %2 P # 22 64 fa Jokk , ¥ o5 F R A iR s L6 %58 ABCAT AW ek ik 45
B 4 F shRNALShRNA2 shRNA3 @ it 49 PDETA A8 5+ & 35 &2 % 4 (0.480 +£0.028).(0.561 +0.016) =
(0.377 +0.013), ¥ it # shRNA3 44 T4 PDE7A A& B 69 542 1 B, KA 1.4 g/L e K F M3 ik ik 3B PDE7A
LB fm Rk ,QPCR = Western blot #in PDE7A 35 I o TR, L dph) st & >70%. 355 B8 K dm e
J& ,Western blot #4-7] 2, ABCAL #) &k B3 40%, Z5i¢ MM PDE7A shRNA 1% 0% & T H 44k, 5F
J& ik PDE7A R FLE 49 THP-1 4k, FL ABCAL 69 & A 238 m,
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Construction of PDE7A gene silencing THP-1 cell lines by
lentivirus-mediated RNA interference and expression of ABCAl1*

Le Xiang, Wan-ze Tang, Zhi-zhen Zhang, Wei-lie Ma
(Department of Biochemistry and Molecular Biology, Guangdong Medical
College, Dongguan, Guangdong 523808, China)

Abstract: Objective To construct phosphodiesterase 7A (PDE7A) gene silence human acute monocytic
leukemia (THP-1) cell lines by lentivirus-mediated RNA interference technique, and to analyze the expression
of ATP-binding cassette transporter A1 (ABCA1) in THP-1 cell lines. Methods Three human PDE7A gene
targeted shRNA fragments (ShRNA1, shRNA2 and shRNA3) and shRNA-NC fragment were designed and syn-—
thesized, then connected with lentiviral vector PmiRzip to construct recombinant plasmids. After DNA sequencing,
the lentivirus was packaged, and infected the THP-1 cells. The inhibitory effect of PDE7A shRNAs was ana-
lyzed by qPCR. Subsequently, the THP-1 cells were screened with Puromycin to get stable PDE7A gene
silencing cell lines which were then identified by gPCR and Western blot. The expression of ABCA1l was de-
termined after THP-1 cells were induced to develop macrophage foam cells. Results The relative expression
of PDE7A in the cells transfected with shRNA1, shRNA2 or shRNA3 was (0.480 + 0.028), (0.561 +0.016) and
(0.377 + 0.013) respectively; then shRNA3 was chosen as interferent PDE7A gene fragment. PDE7A silence
cell lines were successfully screened with 1.4 g/L Puromycin. PDE7A gene interference efficiency was identi—
fied by gPCR and Western blot, and inhibition efficiency was more than 70%. The expression of ABCA1l was
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increased by more than 40% after THP-1 cells were induced into macrophage foam cells. Conclusions PDE7A
silencing lentivirus interference vector has been successfully constructed, and PDE7A gene silencing THP-1
cell lines have been screened out in which ABCAL expression is increased.
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JUEL ] A 1 0 200 L v B 2R 2 s Ik o A i Ak TR
B OGS 25, (2 a2 A4t L O [ e g 306 ) 442 (re-
verse cholesterol transport,RCT) & Fjji4 sh kit AL fifi
A RO R, =R 456 & a1k AL(ATP
binding cassette transporter A1,ABCAl) £ % #%iz
211 6 P AR [ 2 2 2 1 Y 2% 0 B 1 A-1(apolipopro-
tein A-1,apoA-1), 3 in s % B R 25 1ok A 3l
RCT, i i/ 2 Jfd A [l e Sk

R —lig i 7A (phosphodiesterase 7A,PDE7A)
Ve R IEH —#5#R (cyclic adenosine monophosphate,
CAMP )R S M 2 1 K gk 1, PTFRAIR40 E h cAMIP ¥k
JEEA, cAMP R ES — 50, il i cAMP/PKA {5538
% L5 ABCAL =ik, fie i 240 it P IH [T B fr g B
I, Y4 PDETA 3K, (20 TN cAMP ¥k i
S b ABCAL &3k, mife 2k IR E RS . iy
5% PDET7A FEAR 240 A N IR B B8 i VR 75
TR A G M A IR . AR SEES DL BRAX B 20 fif
(human acute monocytic leukemia cell line, THP-1)
RFFERT S, il R RS B ShRNA THLE AR
i PDE7A BERUTERANEIRE , IS LEWSY PDE7A JEH]
LIy e B 15 0 20 e Ay L [ Pt ) s 2 AR5 9 i

1 HREFE

Mpark 5 EZiXF
THP-1 21l A RS 7B A4 , HEK -293F T
0 (HEK-293T 21 it N 15 903 7 A0 2 R 48 H v [
2Bk B B2 24 LR I HOR B IR T i L ) s
Lipofectine 2000 I [ 3& [ Life 23w , ik K AL FROH% /R
i gi%E (dulbecco modified eagle medium,DMEM) .
&4k -1640(roswell park memorial institute 1640,
RPMI 1640)% 373 Jifi 4= 174 (fetal bovine serum,
FBS)It [ 3£ [ Gibco /A W], EEM R 2 W [ 35 [ Sig-
ma A\ 7 , B EENz (Polybrene ) I [ | 7 3 3% A4 W L EL
4 BRZ ] , 1369 B ( phorbol -12-myristate- 13-acetate,
PMA) 14 F 35 [ Promega 23 7 ,ac-LDL Il F - i#g48
B2 B A BR 2 7 ,apoA-1 ) [ 35 [ Sigma 23
A, TN EE R ORI HR ) &0 A A6 RARAE A
Al , 5 e i A W% [ v (polymerase chain reac-
tion, PCR )T &I F K& T AEEY TREARAF .

11

2

phosphodiesterase 7A; RNA interference; lentivirus; ATP-binding cassette transporter Al

Ge bt H ol i -3- B iR i & ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) —3$tlil) BT/t £
WrEY N, bt PDETA —Hil H 9 E Abcam 2y
A, bt ABCAL —Hilly FI 38 Sigma 24 A, BiAR i
A ALY (horseradish peroxidase , HRP) A5 ic it 111 2
it A S s e 2 7 /A 8

1.2 FHik

1.2.1 shRNA #&it 4 #4E GenBank H' PDE7A
mRNA 45751 (NM_002603 ) }2 45 % & RNA(shRNA)
BRI, 23 B i 3 454 3 41 R0 BA 1 o R
S ShRNA ZEA% 1 i 558 : D5'-GGCCATGCACTG
TTACTTAAA-3';25'-GAAATAGTCTAGTAAGCTTA
A-3';(35'-GATCGTCACACTGAATCTATT-3";@NC:
5'-TTCTCCGAACGTGTCACGT-3", i I 13 & 244
FARARAFE

122 BmaTHREBEAMEZZFmFOLE OB
BT ILEMAM A BT Y 3 4755 51 A
Xof B 8 2 18 o B 2R AR Pmi Rzip My 4]
Jitki Pmi Rzip-shRNAL PmiRzip-shRNA2 .Pmi Rzip-
ShRNA3 .Pmi Rzip-shRNA-NC ; 25 41 JF ki i Ak h ok
J AT B DH5 o , B BEAS B SR B V%, PRI TR P 47 K
Begi, $EBUTCRI Eco 1 A1 BamH 1 XS5 , 55
B >3 K. WEMEU) S S5 R — B TR, 2% Lt
HREYEARA AR HATINT . QIR
HEK-293FT ZHifudili 10 cm 153101, 37°C 5% — 4k
Tk CO, 35 5% 28 4l i %% i 2 85% M, T i
#F LA DMEM 5553k, B 10.0 ml B5.048, A
15 ml Il . J6 X Pt DMEM, #% pMD 2.0 :

psPAX2 : Pmi Rzip-shRNA=1 : 1 : 2 il A 24 g &
BivEATA R, B 1.5 ml Ep 45,4501 1.5 w | JCILiE
JeAHE DMEM, fil A 48 w1 Lipofectamine 2000, 4%
TRA), B E 5 ming KR BR11 Lipofectamine 2000 5
BEFORIR AT, 8 15 min J5 il & R E &Y. #
Bk 5 Lipofectamine 2000 45 & Wy hn A$E F: L,
B TR A S A EE AN 5 37°C (5%
CO, K% 6 h 5 T4 fef Tohi k= ) DMEM 54 3%
FRAEIRSEEE TR, 48 h R TR0 W U T WL HE Ju sk
ROWAEREE, FH 045w m JER I IE,4°C 14 500 %%,
B -80CUKFRVR VRIAAE R RE LA SL IR EE & >3 1K
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127 1% BE AU 2 B HEK-293T 41 g 55 3% = %}
BB R, 2N IS 15 8 x 10° N4 /L, 55
96 LR, T4 4 i 1 2= 309% ~ 5006%% i ], B #1555
FERE RTINS 10%FBS ) DMEM K537
FEPEATRE EERBE . 48 h o R SRR R A R IR 4
HIA 100 | 5E4REFR3E, 96 h JG7EDEE Wi W
LD CAN OB, o5 B2 T4 B Ry 23898 1) 1 L 2K
T LIAH LA B AR

1.2.3 1257 shRNA TR 5% 8D THP-1
AT 24 FLAR, FEAL 1 x 10° DYuM, AR EENE
(Polybrene) & ¥ J& 8 g/L. 12 h J5 Ji§ RPMI 1640 5£4>
KSR R B VR AR R B 5 A%, A Polybrene ik
£ 8 g/L, 5% 24 FLAR IR FREE, M B 1 RPMI
1640 SE4a 85333, 24 h 5 H HuEr i RPMI 1640 5¢
IR BEFE 72 h 5 2 9 8 A B SN
(real-time quantitative polymerase chain reaction,
Real-time qPCR)%EfHfE T4 A B

124 B zmfasreg i OSSR R RAER I
FE B THP-1 4R 2 24 LR, 1 x 10° 1S40 / L,
B 37°C .CO, HiFeh hi% 3 24 ho 4351 0.2.0.4.06.
0.8.1.0.1.2.1.4 il 1.6 g/L MEpA 55 2 % IF % THP-1
21 PR A 0 2 TS, 14 d S WS AN i 4 AR T
/N BEAE R B A e v B L @4 T. PDETA DTER4H
Rk R THP-1 40 2 6 FLAR,2 x 10° ~41AE / fL,
HIA Polybrene Z=HkJF 8g/L. 12h J5H RPMI 1640 5¢
R FRFG B T A BE ShRNAS S 28 ISR
51, A Polybrene Z ¥R 8 g/L, 5 6 fLAR 19 15 5%
B I E TN RPMI 1640 5643557 5E. 24h 5
B RPMI 1640 5243575, 557 48 h j5 H
0.4 g/L MEIA75 2 RPMI 1640 58415 35 HL 0 e 4 i,
1B THP-1 20 B ASOG B, 0 e IS ni 2 28 1) vk
JF 2 B AR VR R 1.4 o/L, 2 A AL T . Sk,
7% 50 X5, K H qPCR A1 Western blot ;] % &
PDE7A f{ ik,

1.25 PDE7A % kg% (OPDE7A %A
UUBR AN MI MR 19 gPCR %55« 43 S THP-1 41 ifg
PDE7A UT#K 1 THP-1 4il i #1 shRNA-NC-THP-1
A, 4% RNA $2 B0t & v I 5 347 32 IO 4 )
&L RNA, 1355 5 i cDNA. Ll GAPDH A2 fii
Light Cycler@96 £} 7% ¢ 5 & PCR {36 THP-1
YU FN 454 THP-1 FEFUTER AN PDE7A JE K G AH
XPFRIA, L H R 3 K. QPDETA HARIAT, 7
S THP-1 4i Jifd . PDE7A T2k i THP-1 2 Jfd Fn

3

ShRNA-NC-THP-1 4 iz , 800 r/min &5.0> 5 min &£
Br IR 5L, A 40 B 24 A i A vk B 24 f% 40 min;
12 000 r/min #5.0> 10 min; A 5 x - e LA BR AN
(sodium dodecyl sulfate,SDS) [-FEZE M, ki
A 5 min; PEAT 109%SDS 58 A IR 58 e FRL 3k , 45
HEHEEZER MW M M (polyvinylidene fluoride,
PVDF) f%,5%%F IiE & 1 (bovine serum albumin,
BSA) &t 2 h; 43 5 JH] PDE7A F1 GAPDH #i{k 4°C
W H K s TBST 2% whiik (tris buffered saline with
tween-20, TBST)VEAR 5 ¥k, &K 5 min, Il A ZH1, %
MRIFEE 2 h, TBST YRR 5 K, &:IK 5 min, A 38 fk
2% % 1% (enhanced chemiluminescence, ECL) 1k 2%
KRG AT U, IR UK B A3 B84 5
RS ER 3K,

1.2.6  Western blot #& i PDE7A .5 & B »% 6, K 4m
e ABCAL o9 #5356 LR, 15 x 10841t / 5L,
SRR 4 2. 5 1.2 ZEERD THP-1 i 55 3 4%
il SIRNA-NC-THP-1 4iififd, 2% 4 Z03%FP PDE7A Uik
A THP-1 40, Jin A PMA &2 ¥ )& 160 nmol/L,
37°C 5%CO, 777 48 h, i 277 4 ok A B I
40, Hn A 0.2%BSA F1 37.5 g/LAc-LDL Ay 1640
SEA RS, 37°C \5%CO0, 1555 48 h, i [ W 41 i A5
LARANML . AR 10 g/L apoA-1 Y 1640 5S¢4
FeHE,12 h $EHUE 1, Western blot 6 437 7K 41
i ABCAL HyF3A .

1.3 SitFEH*

K SPSS 17.0 Gei R A T 4kcH 43 #r , Tt B
REAIEL + FRifE2E (x + ) FoR, AR 5 22 (One-
way , ANOVA)55-#r , PR L3 H LSD-t Kz, P <0.05
MEFA G R X,

2 HR

B TMEEraE
4 PDE7A )RR P91t 3 Be A% H R
B R e R 2 AL R, F Eco I Al BamH 1 XUl
YIS (UL 1) o K BH PR E A okl 3, GiE 554l A
AR 7 5 SaT st e e —2 (WK 2), R
PDE7A J£[H shRNA 2055 5 9 1A A # s T -
22 EBREaE

WK 3 fizs, #% pMD2.0 : psPAX2 : Pmi Rzip-
ShRNA=L : 1 : 2 ALY HEK-293FT 41 ifl, 37°C .5%
CO, ¥53% 6 h, i it 414 2 1) DMEM 58 42 1%
IR L IESE 48 h JETESO W e T W g

2.1
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M NC 1 2 3
23 EBREHENE
96 FLAR , 15 41K 2= 30% ~ 50% [ % B i, B 45 £
TR SE R W RE & A 10% FBS B4 i 1
M: Marker; NC: PmiRzip-shRNA-NC; 1: PmiRzip-shRNAL;

FFEERRBE 1x102~1x 108, 48 h J5 k20

2;PmiRzip—shRNA2;3;PmiRzip—shRNA3 SR EEAIIGE IR, A 100 w | 524853545, 96 h J57F
18955 8 B 40 BT a9 W ER Y] &£ 7 7 W AIUBE T W AR AL U G Al B, e BRI R

M fﬂ 'l\l ‘

__________

J\}“{w(““w”r ,M\W /W
il

Wil Mn JW | \{ \‘”\h W in! /JJ { \M”
M\ \M\J \ P | \M\U\ JIH |/H (\{\}‘ il \ J” rlJ

\l\llm W]“H \M \ J\/] ”\l M\ JH | \I\ hn

. | raiﬂﬁﬂ'
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E F G H

A:PmiRzip-shRNAL #% ¢ J5 (% 4 4 %¢ ) ; B:PmiRzip-shRNA2 % Yt J5 Y 4% {5 %¢ )6 ;C:PmiRzip-shRNA3 #% Y J5 [ 4% €8 % )t ;D
PmiRzip-shRNA-NC %5 ¢ J5 i 4 6. 5¢ Y ; E : PmiRzip-shRNAL #£ 44 J5 114 1196 ; F : PmiRzip-shRNA2 %5 Y4 J5 (1) 116 ; G : PmiRzip-shRNA3 5 % J5 11
1% ; H: PmiRzip-shRNA-NC #4202 J5 (1) 116

B3 2 48 h [5 HEK-293FT AR K BREEWERLER (x100)

1x 108 TU/ml, LKA 4. THP-1 41, 72 h J5 56 i Figs, By 3%
2.4 shRNA FEEHITHH RS 15 90%( WLIEl 5). iy qPCR 434, JEHL shRNAL,

3T A B A o PR S B BRI ShRNA2 F1 shRNA3 H B 12 %% 7% 41 its iy PDETA
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K L

M N

A~ G IREERFE 1 x 1072~ 1 x 107 YL HEK-293T AL (19256355 5 H ~ N 156 F 19 HEK-293T #iJifg

4 FEHRERBE HEK-293T AR L E

A B C D

E F

( x100)

G H

A: 7 shRNAL B BE &k 5815 B : & shRNA2 B4R 55 C: & shRNA3 i BE 4R (a5 1 D : & shRNA-NC J BE &k (28 6B %
ShRNAL F Bt 6 F: 7 shRNA2 BRI H It G: & shRNA3 B s H: % shRNA-NC A B 6

&5

AHXT A3 90 (0.480 +0.028).(0.561 + 0.016)
F1(0.377 £ 0.013), 275 shRNA3 H B&t PDE7A 13k
ORI, W5 B2 5 5 e £ ShRNA3 F BH/E A T4
F B

2.5 EEREREHE

A S 4 9 11 0.2.0.4.0.6.0.8.1.0.1.2.1.4 F
1.6 g/L MERAFE 20 1 4 THP-1 40 k177 1% , 14 d
J& 0.4 gL Z>ER4T A MIFE T, 0.8 g/l K HB43 40 i ST
T2,1.4 g/l AR JL-F- 4308 T , Mo RS 2 R e
WREN 1.4 g/l

o 1A
l]/'TtV

IBRREF R THP-1 408 72h B RS TUMERLER

6

(x100)

2.6 PDE7AMEERERHIEE

2 B % 50 18 J5 ,qPCR &5 & W,
ShRNA- NC-THP-1 # shRNA3- THP-1 4i g
PDE7A mRNA #HX 21k 543 %1247 (0.859 + 0.016 ) il
(0.293 £ 0.032), 2= A G it *#3 X (P =0.000) (I,
&l 6 17 1), Western blot ] THP-1 41 Jfu .
ShRNA- NC-THP-1 #1 shRNA3- THP-1 4f Jii |
PDE7A HEHEIA(ILIE 7 fid 2). HHAKESHTEK
11431297, ShRNA3-THP-1 4 fifi ' PDE7A & 111
FHXF e k4 49(0.153 £ 0.025) , 22 A Si it 27 X
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231 AR, 25 AR B SRR R 7A ZENDLER AN R B I = RERR AR T S & B s ik AL IRIAAE L
i 1 2 3 4
~ 157 .ll=: I===: III
ﬁ 263 k I
= D ABCA1
E 10] i
-
Z 37kD GAPDH
2 05 . - ar e =
N
= o 15 7 f
=~ 1 2 3 — ¥
S
1: IE% THP-1 40J:2: 5 ShRNA-NC % 2 /8 e 40 0 5 3: 55 24 1049 T
SARNAS fi I s 151 THP-1 1B e, P<0.01 g5
6 PDE7A mRNA #3457k S 051
=
%1 PDE7A mRNA 7£ THP-1.shRNA-NC-THP-1 < 0.
#1 ShRNA3-THP- 1894831 RiA K F 7 EZ 54T 1 2 3 4

AR SRR SS df MS FAE P{E
Kb HZ 8] 0.839 2 0.420 958.520  0.000
R 0.003 6 0.000
At 0.842 8

1 2 3

S i ~—

2 ; 3: ShRNA3 5 25 /%

GAPDH

1: THP-1 4 ffd ;2: sShRNA-NC Ji% B¢/ e 241
et
7 PDE7A EEMEXFRIZKE

%k 2 PDE7A EB7 THP-1.shRNA-NC-THP-1
1 sShRNA3-THP-1 B84 RiIEKFFTESH

AR SRR SS df MS FAE P{E
Kb HZ 8] 0.692 2 0.346 173.000  0.000
R 0.012 6 0.002

At 0.704 8

(P=0.000),

2.7 PDE7AMEMERKGAMEH ABCAL EH
HE3FFRIEKFE

Western blot £ il & I yfd PR 4 il 45 4HL Hh ABCAL
B AH X 238 5 (LKl 8 I3k 3), 5 apoA-1 4b B

£ 3 T E4LIBHM ABCAL EAMBEMNRIEKENFTEST

R 3 SS df MS Fig PE
b B2 ] 0.448 3 0.149 92,520  0.000
W 0.013 8 0.220

it 0.461 11

7

1:Ac-LDL Ab#2H ;2:apoA-1 b2 ;3:shRNA-NC AbHHZH ;4.
ShRNA3 4bFE4H ; + 5 apoA-1 AbHRZ LA, P<0.01
8 7T RE4IEA ABCAL ERHIMENRIEZE

4 e, sShRNA3 4bFi 4 ABCAL & I AHXT ik
(1.400 £ 0.023) , =5 A4 it X (P=0.000),

3 it

CAMP 1ER 58 AR i fE 4 N A EZAE, Y
HA AR S AN N AR S . Al R 3 A S
%ﬁﬁfﬁﬁmﬁi#iiﬂ{ﬁxj&%ﬂno AL cCAMP B a7
iR 1L (adenylate cyclase, AC ) Al iz — s il
(phosphodiesteras, PDEs ) (14 h A& 1817 , il 1 & —PE )
il PDEs &M, Al Jsk /DML P cAMP [ i, 412 12 40 g
P 3t A T B3 1, PDES 31500 T sh ks ke i
RIE R Z B D, 4PN cAMP 475514 PDEs %L
“kj PDE4 F1 PDETE., IIfipK I, BUA () PDE4 4654
B A RIE R, Qe RS RS BIT DLE E SHOE Y
PDEs il ], PDE7 Z %A MiFhivALE) PDE7A il
i 2 — Wik B 7B (phosphodiestera 7B,PDE7B), %
O3 AR TESBE A S AEAN I, EA 26 L il 7,
PDE7B J iz /i T AR ZL48 F , ifif PDE7TAN]
JRBR T O FS g e, H PDETA 357K V-1t PDE7BE
H 25 10 7%, 38 i cCAMP/PKA 8 %1% 55 ABCAL /5
(1) AL 61 BEEAE S, PT A SR B4 IS B TR 7 L
ARSI VR SR THP-1 20 i/ R im 4 i, 41
X PDE7A BT R B, 5180 s A i Ay
A TR, A A TR S, BTk S 3 R
Y2 B PDETA T PR A a2 . PDETA 12
W EE TP RAR S 0 B 2 BB L FE e HEK-293FT,
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D AT G VR S N S it & B S I TN
P B DAL o P2 EE B THP-1 it J5 £E sy
B 2% 0 0k B A T Pt 40 Bk , gPCR Al Western
blot Kzl iiESE PDETA 1T 4% 1] 35 70%. ABCAL
VE Sy 32 B 9 B i A 40 i N IR [ B HE &
apoA-1, J& 15 % % g & 1 (high density lipoprotein,
HDL )R JE i OGS 72 . apoA-1 5 ABCAL 456
Je R A4 R T B 1, AR (S SE AR 1) apoA-1 TE Al &
FAREREE) HDL 3E A RCT A9, SLG 45 1 iR,
apoA-1 AZbFEZ b Ac-LDL ZbFRZH () ABCAL Fik i
FhiE $E7R apoA-1 Al $E R ABCAL ik, 35 il
A2 0 R L [ B A 7 o, ShRNA3-apoA-1 b2 i
ABCA1 # ik It apoA-1 4 FRZH B4/ 40% , Vi BH T
PG PDE7A JEH Y ABCAL Fik I, ASLE N
HE—2 5% PDETA 7 JH [ B33 1] %52 v 4 F 42
PESud LR [0 & BT A6 7 O L B 24
PP LTS A
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