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Abstract : Among potential genetic targets for intervention of HIV-1
replication, the tat gene product is a key target. In this study, two permanent cell
lines, HeLa-LT2 and CCRF-CEM-LT1, have been developed for screening of Tat
inhibitors. pcDNA3-LT1 and pcDNA3-LT2 plasmids that contain the firefly
luciferase and HIV-1 tat genes were constructed to this end. The luciferase
reporter gene is under the control of the HIV-1 long terminal repeat (LTR) and
the HIV-1 tat gene is expressed constitutively from the cytomegalovirus (CMV)
promoter. These plasmids were stably transfected into HeLa and CCRF-CEM cell
lines and maintained under stable selection. G418-selected cell lines were assayed
for luciferase activity, identified by polymerase chain reaction (PCR), and further
analyzed for expression of the HIV-1 tat gene by RT-PCR. The inhibitory activity
of Tat inhibitors is assessed by measuring suppressed expression of the luciferase
gene. This in vitro assay system can be a useful tool for screening of new Tat
inhibitors such as tat antisense and TAR decoy.
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HIV-1 00000 000 00 00 0oo 00

o 0

Human immunodeficiency virus type-
1(HIV-1)OU lentivirus OO 0O0OO O 9.2
kb0 OO0 OO0 OO0 RNAOOOO OO
00 00 AIDSOD OO 0O0OO0O0O0O[1]. 00O
000 mRNAOOD 0000 OO0 OO0OO
000 (Gag, Pol, Env)OD OO0 600 OO
000 (Tat, Rev, Vif, Vpr, Vpu, Nef)O OO
O00[2]. HIV-10 000 00 000000 O
000 TatO OO O OOOOO nuclear
factor-kB(NF-kB)O 00O O0O0O0O. AIDS O
0000 000 OO0 D00 00 Oobo oo
0000 NF-«BO OODOOO OOOO OO
00 OO0 0000 0O0[3-5]. 00 Tath O
0000 OO0 O0O0O0 OO0 oood
ChD4*T-000 OO0 ODO.

TatO OO OO0 lentivirusO O00OO0O,
00 000 RNADO 0000 DOOOO OO0
0 000 00000 0oOOO0fre]. HIv-1 Tat
0 8600 O0O0O0O0OO OOOO ODOO OO
0 0b00o00 Ooboob.0 0o o oo o
o000 booo v200 OOOOD OO
trans-activation 000 0000 OO0 OO
O 00[7]. Tath OO0 OO0O0OO RNAO 5
000 00 trans-activation response
element(TAR)O 000 O0O[8]. TARO 590
0 nucleotide RNAO 00000 stem-loop
000 OO0 O0O0. TARO HIV-1 core
promoter elementd OO0 Spl 00O OO,
TATA box D000 OO0 0000 mRNAO O
000 OO0 OO0 000 o0o0or9]. TARO 20
00 000 Tatd OO0 O O0OO in vivo
[10-12]0 in vitro[9] OO0O0O O0OOODO.
000 TatD TAROD OO HIv-10 00000
000 0 0 OO0 cCcb4r T-000 DOO0OO
000 0O0.00 000 OO0 TatOoboGoo O
000 000 AIDS OO0 000 OO0 OO0
0O oo.
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o000 HIv-1 D000 000 o000
00 Tat-TAROOOODO 000 ODOOO OO
000.0 00 TatODOOO TAROOO OO
000 0O D000 0000 TAR decoy[13-
151 00 Tat 0000 DOOO OOOO Tat
0 D000 00000 D000 Ooooo
[16,17]. 0 OO O0O0O0O0O antisensed OO
00 tatO tar 0000 O0O0O0 DOOO OO
000[18]. OO0 0O0ODO OO OOOO in
vitroDOO0ODOO 0000O.0000 ODOOO
00 0000 tat0000 OO0 OO0 00O OO0
0000 0000 D00 000 DoOoo o0
00 000 000 00[29]. 00 oO0O0O O
000 TatOODO 0000 OO ODOOOO
0000 00 D00 000 0000 00 00
000 0000.

0 00000 00 00 0000 Ooooo
invitro0O Tat 0000 0000 DOOOO
000 000 000 0000 000 0ooo
O000.00 0000 tatd tar DODO OO
000 00, TAR OOO 0000 OO0 long
terminal repeat(LTR) 000 luciferase 00O
0 0000 D00 0000 tat-tar 0000
000000000 D00 O oo.

oo ooo

1.000 00

00000 0000 HeLaOl CD4* T-O0O
00 CCRF-CEMO OO OO0 OOO fetal
bovine serum(FBS, JBIO, 00)0 10% O
00 DMEMO RPMI1640(3BIO, O00) OO
000 37000 5% 000 CO. 00O
(Forma ScientificD, O00)00O O0000O0O.
Geneticin G418(Life Technologies, 00)
00 000 0000 G4180 500 g/mL OO
00000 0000 ODOoooo.
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2.00000 00

00 LTR-10 LTR-2 primers(Table 1)
0000 pHXBc2-pBR322000 HIV-10
LTR 000 0000 pBS-SK(+)O 000
(pBS-SK(+)-LTR)O O, pBS-SK(+)-LTRO
LTR 000 pGEM-lucO0O0 OO0 OO0
(PGEM-Iuc-LTR)O O O. 00 pBS-SK(+)O
00 000 00 00 TKpA 000 pGEM-
luc-LTR 000 OODDO (pGEM-luc-LTR-
TKpA)OOO. 00 pGEX-2T-TAT720
TAT72 000 pcDNA3 000 000 (pcDNA3-
TAT72)000. 000 pGEM-luc-LTR-TKpA
000 PstOD Sal000 OO0 O LTR-luc-
TKpA 000 pcDNA3-TAT72 00O0O BglOO
000 000 000 (pcDNA3-LT1 OO
pcDNA3-LT2)0 00 .

3. Transfection

000 000 000000 o0 ooo oo
0 0000 luciferased 000 OO0 OOO
0 000 transfection O0O0000O. HeLaO
00 transfection OO OO OO 24-well
plated well O 7x 10*000 OO0 O0OOO
0 . TransfectionO 0O O O liposomes
(Lipofectamine Plus Reagent, Life
Technologiesd, 00)0 OO0O0O0O, 0000
000 OO0 OO0 O0OO0O00. luciferase 00
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0O 0000 o0 2400 00O 370, 5% CO:
oooo ooooo.

4. 0000 000 OO

HeLaO OO transfection OO 00 OO
12-well plated O well O 1x 10°00 00O
O00. CCRF-CEMO OO 24-well plated [
well O 2.5 x 10° 00 OOOODO.
Transfectiond cationic liposomesd 000
0 00000. 00 O transfection 0 HelLa
000 10cmdish0 OO0, 20 00O G418
0 500 ¢g/mL 000 OOOO DMEMOOO
00 O0O0O0OO0. 0000 O 00 oooo o
00 000 20 00 O0O0O0OO.0 O OO0
OO0 00000 DNAODO OO OO oO0O oo
0 G4180 00O OOO0O OOOO OO OOO
O0000.00 000 OO OoOooag 24-well
plated OO0, OO0 welld 90% 00 OO
0 24-well plated 200 000 OO O, O
O 000 luciferase 00O OOOOO.
CCRF-CEMOOO 10 cmdishd OO O OO
OO0 O OO0 subcultured OO0, 30 OO
luciferase 000 O0O00OO. Luciferase 00
OO0 relative light units(RLU)O
luciferase assay system kit(Promegal, O
0)d 0000 U000 000 OoOoo oo o
O000.00000 00 luciferase D00 O
000 D00 HeLaDODOO CCRF-CEMOOO

Table 1. Nucleotide sequences of primers for polymerase chain reactions

Primerl

Sequence

LTRO -1 (sense)
LTR-2 (antisense)
Tat-1 (sense)

Tat-2 (antisense)

5' TGGAAGGGCTAATTCACTCC 3'
5' CCCTGTTCGGGCGCCACTGCT 3'
5' ATGGAGCCAGTAGATCCTAG 3'
5' ACTTGATGAGTCTGACTGCC 3'

0 LTR: long terminal repeat.



HIV-1 00000 000 00 00 000 00

000000 ooooo.

5.0000 0000 (PCR)

Transfection 00O OO0 00O OO0 O
0000 DNAO 0000 000 0DOooO o0
0 000 HeLaODOO CCRF-CEMOO(OO
HeLa-LT2, CCRF-CEM-LT100 0O)O
genomic DNAO 00O0O0O0O. 000 OOO
PBSO O 0O OO0 OO digestion
buffer{100 mM NaCl, 10 mM Tris- HCI,
pH 8.0, 25 mM EDTA, pH 8.0, 0.5%
(w/v) SDS, 0.1 mg/mL proteinase K} 1
mLO 000 O 1600 OO0 0000O0O0.0 O
000 bobbobUo 0o 0bo 0o Oobo
O00. 0000 DO0O000 PCR kit(Neurotics
0,00)0 thermal cycler(PTC-100™, MJ
Researchd ,00)0 0000 ODOOOO. PCR
ooo 94000 300, 57000 400, 720,
1000 DNA 00000 350 oOoooo. O
00 PCR OO0 1% agarose gel00 OO0
000 genomic DNA 00O tat OO0 OO0
00 Ooooo.

6.000 0000 ODO0O00O(RT-PCR)

00 RNAO Tri-Reagent(Molecular
Research Center, USA)O 0000 0000
0, 000 RNAO RNase-free DNase 0O (5
units/yL, Takara ShuzoO ., 00) 1 yLO 37
000 1000 0000 0 000 000000
0 0D0000.000 D000 00000 RT-
PCR kit(Promegal, 0 0)0O thermal cycler
0 0000 00000. cDNA OO0 4800
0 4500 DOO0OO, PCROOO 94000
300, 57000 10, 680 2000 DNA 0O0O
000 350 DO00O00. 000 PCR OOO
1% agarose gel0 0 000000 tat mRNA
000000 0000o.
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o 0

1.00000 00000 00000

LTRO TAR RNAO Tat 0000 OOOO
00000 0000 O00ODO OO0 obooo o
000 00 LTRO tatO0O0O0O O O OOOO
000000 ODOoOoOoOg. pGEM-luc- LTR-
TKpAOD O O LTR-luc-TKpA 0O 0O O
pcDNA3-TAT720 00 0O0O0O O OO
pcDNA3-LT10 pcDNA3-LT20 O 00O OO0
0 000000 ooOood((Fig. 1).

000 O00OO0OO0O0O OO OO0 DNA
sequencingd 0 OO0 O, 00 OO0 O00OO
00 tat OO0O0O OOOOO OOO0O OO
HeLa 0000 OO0 transfectionD OO0
O0.tat0000 OOODO OO OO OOOO
0 (pGEM-luc-LTR-TKpA)O 00O tat OO0
0 0000 pcDNA3-LT10 pcDNA3-LT20
OO0 00 700 120 OO0 luciferase 000
o00oo00. 0, tat 0000 OO0OO LTRO
TAR OODO 00000 luciferase O0OO00O O
00 000 00 Oob0o0oobO. 000 obooo,
000 DO0ODOO0O00O Tat OOOO OO OO
0 00000 DOO0O TAR sequenced 00O
OO0 O 0 000(Fig. 2).

2. HeLa-LT20 CCRF-CEM-LT1 0O0OO
oo

00 000 OO0 000 OoO0oOoOo ooo
000 0O 000 00ODO00ODO OO Oboo oo
000 OOO0OO00 OO0 OO0 transfectiond O
O000.HeLaOOO OO0 transfection O
0 000 OO0 000 G418 U0 OO OOO
0000 O00O0. 20 00 OO oOO 24-
well plated 000, 00O OO O OO OO
luciferase 000 O0O0O0OO. CCRF-CEM O
OO0 OO0 30 OO0 O0 subculture 0 OO
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Fig. 1. Schematic diagram for the construction of pcDNA3-LT1 and pcDNA3-LT2. The LTR region amplified
by polymerase chain reaction (PCR) was subcloned at the 5' end of the luciferase reporter gene in the
pGEM-luc vector. The TKpA region was inserted at the 3' end of the luciferase gene. The HIV-1 tat
gene from pGEX-2T-TAT72 plasmid was subcloned into the pcDNA3 plasmid. The pGEM-/uc-LTR-
TKpA was digested with PstJ and Sa/lJ and blunted. The LTR-/uc-TKpA expression cassette was

subcloned into the pcDNA3-TAT72.

0 G4180 00O 0O0O0OO OO OOO OOO
O000.00 OO0 OO0 00 00O luciferase
000 00 bU0bb ob0b bobod. Heka
000 OO pcDNA3-LT20 transfectionO
000 (HeLa-LT2) 00O OO0OO0OO0OO0 OO
luciferase 000 O0O0O0O0O, CCRF-CEMO
00 pcDNA3-LT100 transfectiond O0O0O
(CCRF-CEM-LT1)00O OO luciferase OO
0 00o0O0O0. 0o0, CCRF-CEM-LT1OO
00 HeLa-LT20O0OOO OOOOO O 20
00 O 00 luciferase 000 0O0O0O0O0O

(Fig. 3).

3. HeLa-LT20 CCRF-CEM-LT1 00O
o0

Luciferase 000 0000 00O OOO
o000 ooooo 0ooo ooo oooo o
0O DNADO RNADO 0OO0OO0OO0O OODOOO.0O O
000 genomic DNAO 0000 PCRO OO
0 00 HeLal CCRF-CEM OO0 DNAOO
0 0000 OO 200bp 000 tat DNA OO
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Fig. 2. Luciferase activity from HeLa cells transfected with different plasmids. Lane 1: HeLa cells without
transfection were used as a negative control, lane 2: cells were transiently transfected with pGEM-luc-
LTR-TKpA, lane 3: pGEM-luc-LTR-TKpA + pcDNA3-TAT72, lane 4: pcDNA3-LT1, and lane 5:
pcDNA3-LT2. The transfectants were assayed for luciferase activity 24 hr post transfection, and values

are represented as relative light units (RLU).
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Fig. 3. Luciferase activity in HeLa-LT2 and CCRF-CEM-LT1 cells. HeLa or CCRF-CEM cells without
transfection (denoted as HeLa or CCRF-CEM) were assayed for luciferase activity as negative
controls. Cells with transfection and G418 selection (denoted as HeLa-LT2 or CCRF-CEM-LT1) were

assayed for luciferase activity, and values are represented as relative light units (RLU).

HeLa-LT20 CCRF-CEM-LT1 OO0 DNA O(Fig. 4). 000 0OOOO0 OO OO DOO
00 ooooo. 00 0 o000 ooooo pcDNA3-LT2 00O pcDNA3-LT1 00000
DNAOOO 000 000 tat0O0O O 0O OO 0 HeLal CCRF-CEM UO0O0O 0UOO0O0O OO0OO
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Fig. 4. PCR analysis of the HIV-1 rat gene in HeLa-LT2 and CCRF-CEM-LTT1 cells. The HIV-1 tat gene in
genomic DNA extracted from HeLa-LT2 and CCRF-CEM-LT1 cells was detected by PCR
amplification of 200 bp fragments. Genomic DNA from HeLa and CCRF-CEM cells were processed

as negative controls. Two different Plasmid DNA containing the fat gene were processed as positive
controls. Lane 1: size marker (100 bp ladder), lane 2: HeLa, lane 3: HeLa-LT2, lane 4: CCRF-CEM,
lane 5: CCRF-CEM-LT], lane 6: pcDNA3-LT1, lane 7: pcDNA3-LT2.

00 0000 000 0DO0O0o0o.

00 OO0 000 0000 mRNAO OO
0 00000 0000 00 RNAO OOOO
RT-PCRO 00000O. RT-PCR 00O HelLal
00 CCRF-CEMOOO RNAOOO OOOO
00 200 bp 000 tat 00O HeLa-LT20
CCRF-CEM-LT10 RNAOO 0OO0D0DOO
(Fig. 5). 0 genome 00 tat 00000 OO
000 D00 0000 0oo00.

o 0

00 AIDS OO0 0000 OO AZT, ddl,
DATO 00 000 00 HIV-1 000 000
ooooo. 000 000 0o 0oooo Hiv
000 0o0oo0 oooboo oooo O oo
000 000 o000 oo.0o0o0 ooo oo

00000 000 TatOOOO OO0 00O O
oo0oo0 00 HIV-1 000 0000 Oooo
000 0O0.0000 D000 TatOOO OO
0 000 000 OO0 Oob0oo ooo. o
00 0D 00000 TatOOO OO0 OO O
00 000 0000 0O 0000 oooboo o
oo.

Promotertd OO0 OO 0O OO O0O0O O
00000 OO0 00O 0000 luciferase OO
00 00 OO0 OO0 O OO0 pcDNA3-LT20
0O 00 OO0 000 o000 (luciferase 00)
oooob. o0 000 bUOb bob ooo
00 cassettesd OO UOOO promoters OU
0 00 0000 00 000 bob obooo
0000 000 O000.0 00000 ooo
CMV promoterd LTRO OO0 OO0
pcDNA3-LT20 luciferase OO0 OO0 OO
0 O0O0O0DO0. OO0 pcDNA3-LT1 OO



HIv-100000 000 00 00 000 oo

200 bp -

111

« [B-actin
« fat

Fig. 5. RT-PCR analysis of HIV-1 fat gene expression in HeLa-LT2 and CCRF-CEM-LT1 cells. HIV-1 tat
mRNA extracted from HeLa-LT2 and CCRF-CEM-LT]1 cells was detected by RT-PCR amplification of
200 bp cDNA fragments. mRNA from HeLa and CCRF-CEM cells were processed as negative
controls. -Actin gene expression was used as an internal control. Lane 1: size marker (100 bp ladder);
lane 2: HeLa; lane 3: HeLa-LT2; lane 4: CCRF-CEM,; lane 5: CCRF-CEM-LTI.

pcDNA3-LT20 HeLa 00O OO OOO0O O
pGEM-Iluc-LTR-TKpAO OO OO 700 12
0O OO0 luciferase OO0 OOOOO. O0OO
in vivoDO HIV-1 000 TatO 00O 00O
000 OO0 1000 OO O OO0 DOOoO oo
000 000[e].0 0000 00O oOOO
0 TatO 00000 OO OOO OOOO OO
0 0000 OO0 000 0oo Hiv-10 o0
00 OO0 OoOooo, Hiv-100 000 OO0
luciferased 000 OO O OO0 OO0 OO
O0. 000 00000 000 tatd TAR
sequencel] 000 OO0 OO OOO OO O
0 00O0. o000 oooo 100 OoOO
transactivationd 0000000 OO0 OO
00 TatOOOO ODOOO OO OOOO OO
0O0og.

0 0000 000 0000 000 CCRF-
CEM-LT10 pcDNA3-LT1 OOOOOO OO
0 00O pcDNA3-LT2 O0OOOO OO O
0 HeLa-LT200O 0O OO Iluciferase 000
00000.000 00D 000 000 ooo
0000 0000 Oo00O0. 0000 LTRO

00000 D000 OO0O00 Tat0OOOO
NF-kBO cyclin dependent kinase 9(Cdk9)
00 000 OO0 000 ODO0DoO0o ooo ooo
0O 0O00O0d[20]. 000 HIV-10 O 0O00OO
00000 OO0 OO0 000 OO0 CCRF-
CEM 0000 LTRO HeLa OOOOO0O O
00 00 000 0000 000 oooo. o
00 000 000 O TatOOOOO OOOO
0 AIDS 00000 D00 0000 0000
0 0000000 000.000 0 o000
0000 00000 0000 0ooooo O
00 00 o000 ooo.

HeLall CCRF-CEMO O OO 0O0O0O OO
000000 000 00 000 oo oo o
00 0OO. CCRF-CEMO OO OO0OOO
liposomesd 0000 OO0O0O O O0OOO O
00 000 OO0 00 O0O0DO0O oooo oo
0. 000 000 HeLaOOO OOOOO
transfection 00000 OO0 O OO OO
0 0000. HeLaD OO transfection O 0O
000 OO0 000 00 000 OO0 oooo
HIV-10 00 000 OO0 0000 TatOOO
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0 000 OO0 00 O 00 00000 ooo
000 0O 00 000 000 0O0. 000 O
0000 D000 000 000 000 00
00000 Tat OODO OO0 O OO O0OO
O000. 000 0000 luciferased OO0
00 0000 000 00O 0O0. 00000
luciferased 00O OO0O0OO picomolar O
000 000 000 000 000 00, 00
000 000 00 000 00000 000 O
0 000 DO000O0 OO0 0 0 000 o0
0000 00.

0 00000 AIDSO0000 000 OO0
000 00000 000 Tat OOOO O0OO
00000 0D0000 000 O 00 in vitro
000000 HeLaDOD CCRF-CEMOOO
0 00000. TatOODOO OO0 luciferase
0 000 D000 000000 0o 000
0.00 0000 tatO000O0O0 O0O0O LTRO
00 0000 0000 TAR decoyll 000 O
00000 0000 000 000 000 oo
00o.

0o 0

HIV-10 00000 00 000 0DOoO O
0 0000 TatOO. O DOOOD 0O0OO Tat
0 TARO 00000 D000 0000 000
00 00 00 0000, Hela-LT2 O CCRF-
CEM-LT10 00O00O0O. 000 00 O0O0DO
0000 luciferase(luc)D HIV-10 tat 00O
00 00 000 OO pcDNA3-LT1 O
pcDNA3-LT2 000000 O00000. HIV-
1LTRO 3000 000 0DOOO luch OO
00 000 0000 000, tat 0000
CMV promoterd 00 00000 0DOOO O
O00. 000 OO0 000000 HeLaOOO
CCRF-CEM 000 000 0O OO0OOO
(permanebt cell line) 00O OO0 OO OO
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00 0D0000.G6G418 0000 00O O0OO
O luciferase 0000 OOO0O0O OOOOO
genomic DNAO RNAO 00O0O0O OO PCRO
RT-PCRO 0000 genomic DNA 00 OO
O tat 0000 OO0 tat mRNAO 0000
0. Tat0OOO OO0 OO0 OO O O0OO
luciferasel 000 O0O0OO OOOO OOO
O00.000 0000 OO0 0000 000 Tat
0000 00000 OO0 O o0 in vitroO
0 000000 Tat antisensell TAR decoy
00000000 000000 OO0

oogn

1. Popovic M, Sarngadharan MG, Read E, Gallo RC.
Detection, isolation, and continuous production of
cytopathic retroviruses (HTLV-III) from patients
with AIDS and pre-AIDS. Science 1984;224:497-
500.

2. Kingsman SM, Kingsman AJ. The regulation of
human immunodeficiency virus type-1 gene
expression. Eur J Biochem 1996;240:491-507.

3. Cullen BR. Does HIV-1 Tat induce a change in viral
initiation rights? Cell 1993;73:417-20.

4. West MJ, Lowe AD, Karn J. Activation of human
immunodeficiency virus transcription in T cells
revisited: NF-kappaB p65 stimulates transcriptional
elongation. J Virol 2001;75:8524-37.

5. Pieper GM, Olds CL, Bub JD, Lindholm PF.
Transfection of human endothelial cells with HIV-1
tat gene activates NF-kappa B and enhances
monocyte adhesion. Am J Physiol Heart Circ
Physiol 2002;283:H2315-21.

6. Fisher AG, Feinberg MB, Josephs SF, Harper ME,
Mulselle LM, Reyes CT, et al. The trans-activator
gene of HTLV-0 is essential for virus replication.
Nature 1986;320:367-71.

7. Jeang KT, Xiao H, Rich EA. Multifaceted activities



HIv-100000 000 00 0o ooo o0

10.

11.

12.

13.

14.

of the HIV-1 transactivator of transcription, Tat
[Minireview]. J Biol Chem 1999;274:28837-40.

. Okamoto T, Wong-Staal F. Demonstration of virus-

specific transcriptional activator(s) in cells infected
with HTLV-III by an in vitro cell-free system. Cell
1986;47:29-35.

. Berkhout B, Jeang KT. Functional roles for the

TATA promoter and enhancers in basal and Tat-
induced expression of the human immuno-
deficiency virus type 1 long terminal repeat. J Virol
1992 ;66:139-49.

Arya SK, Guo C, Josephs SF, Wong-Staal F. Trans-
activator gene of human T-lymphotropic virus type
O (HTLV-O). Science 1985;229:69-73.

Cullen BR. Trans-activation of human
immunodeficiency virus occurs via a bimodal
mechanism. Cell 1986;46:973-82.

Garcia JA, Harrich D, Soultanakis E, Wu F,
Mitsuyasu R, Gaynor RB. Human
immunodeficiency virus type 1 LTR TATA and TAR
region sequences required for transcriptional
regulation. EMBO J 1989;8:765-78.

Michienzi A, Li S, Zaia JA, Rossi JJ. A nucleolar
TAR decoy inhibitor of HIV-1 replication. Proc Natl
Acad Sci USA. 2002;29:14047-52.

Chang HK, Gendelman R, Lisziewicz J, Gallo RC,
Ensoli B. Block of HIV-1 infection by a
combination of antisense tat RNA and TAR decoys:
a strategy for control of HIV-1. Gene Ther

15.

16.

17.

18.

19.

20.

113

1994;1:208-16.

Bohjanen PR, Colvin RA, Puttaraju M, Been MD,
Garcia-Blanco MA. A small circular TAR RNA
decoy specifically inhibits Tat-activated HIV-1
transcription. Nucleic Acids Res 1996;24:3733-8.
Cupelli LA, Hsu MC. The human immunodeficiency
virus type 1 Tat antagonist, Ro 5-3335,
predominantly inhibits transcription initiation from
the viral promoter. J Virol 1995;69:2640-3.
Kashanchi F, Sadaie MR, Brady JN. Inhibition of
HIV-1 transcription and virus replication using
soluble Tat peptide analogs. Virology 1997;227:431-
8.

Li Y, Starr SE, Lisziewicz J, Ho WZ. Inhibition of
HIV-1 replication in chronically infected cell lines
and peripheral blood mononuclear cells by
retrovirus-mediated antitat gene transfer. Gene Ther
2000;7:321-8.

Spenlehauer C, Gordon CA, Trkola A, Moore JP. A
luciferase-reporter gene-expressing T-cell line
facilitates neutralization and drug-sensitivity assays
that use either RS or X4 strains of human immuno-
deficiency virus type 1. Virology 2001;280:292-300.
Romano G, Kasten M, De Falco G, Micheli P,
Khalili K, Giordano A. Regulatory functions of
Cdk9 and of cyclin T1 in HIV tat transactivation
pathway gene expression [Review]. J Cell Biochem
1999;75(3):357-68.





