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Abstract: [Objective] With the use of anti-retroviral therapy (ART) for HIV-infected individuals, a
greater control of viral replication is now possible. In 2012, however, more than 35 million people were
living with HIV-1 and more than 1.6 million people died of AIDS or HIV-1 related diseases worldwide.
One of the main reasons for difficulties in completely eradicating HIV-1 in vivo is the reservoir
problem. Although the CD4" T-cells and monocytes or macrophages are thought to be the reservoir of
HIV-1 in vivo, the viral replication mechanism in monocytes or macrophages is yet to be studied, as
compared with that of CD4" T-cells, because of the lack of an appropriate system. Thus, to evaluate the
effects of the activating or differentiating signals in monocytes on the replication of HIV-1, we
attempted to establish the HIV-1 latently infected human monocyte cell lines. [Methods] We used two
recombinant HIV-1 viruses, NLnGFP-Kp and NLnNanoLuc-Kp, which have a frame-shift mutation in
the env region and have EGFP or NanoLuc gene, respectively, as a marker in the nef region. Two
human monocyte linage cell lines, THP-1 and U937 cells, were each infected with one of the two
viruses. For cloning of the infected cells, the limiting dilution method was used and the expression
levels of these marker genes were determined by flow cytometry or luciferase assay. From the cell
clones not expressing either marker gene, we selected latently infected cell clones after stimulating
them with phorbol-12-myristate-13-acetate (PMA). [Results] We obtained four cell clones that were
considered to be latently infected with HIV-1. Two of them from THP-1 had EGFP as a marker and
two of them from U937 had NanoLuc as a marker. All these cell clones expressed their marker genes
when stimulated with PMA but in the steady state condition of their cultures at an undetectable level.
[Conclusion] We established four cell clones latently infected HIV-1 from human monocyte lineage
cell lines. These cells can be a useful tool for a better understanding of the transcriptional regulation
mechanisms in the HIV-1 replication.

Keywords: Human immunodeficiency virus (HIV), Provirus, Transcriptional regulation,
Monocyte-macrophage, Cell model system, Reactivation

160 AIDS
(Anti-retroviral therapy ART) HIV-1 HIV-1
(WHO)

2012 3 500 HIV

http://journals.im.ac.cn/wswxtbcn



HIV-1

165

(2]

CD4" T
CD4 HIV

HIV-1

HIV-1
CCR5 CXCR4 [3-3]
HIV-1 CD4' T

(Resting) T
[6-8]

CD4" T (Resting
memory CD4" T cells)
HIV-1 ART
HIV-1 HIV

HIV-1

[9-10]

HIV-1

HIV-1
(1]

1 MRS Tk
11w
L1l EZMEEMLF: CO,
TOMY PCR
Thermal Cycler) ABI BD FACSCalibur
41 BD GLOMAX 96
(GLOMAX 96 microplate luminometer)

SANYO
(2720

(Dual-luciferase

Reporter Assay System) Promega 6
12 24 96 6 cm
CORNING T25 BD
(In-Fusion HD
PMA

Sigma

In-Fusion

TaKaRa

(Phorbol-12-myristate-13-acetate)

FBS (Fetal bovine serum)

RPMI1640 DMEM
PBS (Phosphate buffered saline)

Gibco Lipofectamine2000

cloning Kkit)

Serum

Source International

Invitrogen Herculase II fusion DNA

polymerase Agilent
112 SEIE#RL

HEK293FT

THP-1 U937

pNLnGFP-Kp
[12] pVSVG-Rev
w1

pNanoluc

i pNLnNanoLuc

PCR pNL4-3 GFP Fw
5'-GACCAATGACTTACAAGGCAGC-3'  pNL4-3
GFP Rv 5-ATGGATCCCTCGAGATACTGCT-3'
Luc-infusion Fw 5-TCTCGAGGGATCCATATGGT
CTTCACACTCGAAGATTTCG-3" Luc-infusion Rv

5'-TGTAAGTCATTGGTCTTACGCCAGAATGCGT
TCGCACAG-3'

1.2 ZHpRiESF
THP-1
RPMI-1640
DMEM

U937 10%

HEK293FT 10%
37 °C 5% CO,

THP-1 U937

7x10° cells/mL 1/10

1.3 mEHEEE

PCR pNanoLuc

NanoLuc cDNA 50 uL  PCR

http://journals.im.ac.cn/wswxtbcn



166 A=Yy~ 8 Microbiol. China

2015, Vol.42, No.1

10 uL
25 mmol/L dNTPs
Luc-infusion Rv
0.5 uL
PCR 95°C2min 95°C20s
20s 72°C30s 30 72 °C 3 min
pNLnGFP-Kp 50 uL
PCR 10 u.  5xHerculase II reaction
buffer 0.5 pL 25 mmol/L dNTPs 0.5 umol/L
pNL4-3 GFPFw  pNL4-3 GFP Rv 1 uL (50 ng)
DNA 0.5 uL  Herculase II fusion
DNA polymerase PCR 92 °C 2 min
92°C20s 55°C20s 68°C7min 10 92 °C
20s 55°C20s 68°C 20
7 min 20s

& min

5xHerculase II reaction buffer
0.25 pmol/L  Luc-infusion Fw
1 uL (20ng) DNA
Herculase II fusion DNA polymerase
65 °C

0.5 uL

68 °C
In-Fusion HD cloning kit
NanoLuc cDNA
pNLnNanoLuc-Kp
1.4 HIV-1 {&J%3 Recombinant VSV-G E4H{K
B &
1x10° cells  HEK293FT 5mL
6 cm 24 h Lipofectamine2000
pNLnGFP-Kp (5 pg) pVSVG-Rev
(1 ng) pNLnNanoLuc (5 pg) pVSVG-Rev (1 pg)
24 h 48 h 180x%g
3 min
—80°C
1.5 HIV-1 B KRR B 5 IR R ARSI &
5x10° cells  THP-1 U937 2mL
6 1 mL
37°C 5% CO,
EGFP

EGFP  NanoLuc
48 h FACS
NanoLuc
2.5 cells/mL 96
200 pL. 2-3
24 12 6
T25

http://journals.im.ac.cn/wswxtbcn

1.6 FACS 97

THP-1 (5x10° cells)
12 10 pg/L PMA 24h
180%g
3 min I mL PBS
2 0.5mL PBS
BD FACSCalibur EGFP
1.7 NanoLuc %% R EGH 4G
U937 (2.5x10° cells)
24 10 pg/L PMA 48 h 1 mL
PBS 2 100 puL
(Passive lysis buffer Promega)
15 min

(Dual-luciferase Reporter Assay System)
(Coelenterazine)(Promega KK  Tokyo
GLOMAX 5uL

Japan)

NanoLuc
1.8 BIRES R
Prism 5 (GraphPad

software San Diego CA) + (X=xs)
FACS CellQuest™ Pro
Software (BD)
2 HR5ah
2.1 #EHREEERL HIV-1 BRS00WE
HIV-1
EGFP
NanoLuc (Promega KK Tokyo Japan)
HIV-1 HIV-1 NL432
pNLnGFP-Kp env KpnI
ENV
( 14 EGFP
nef EGFP
NanoLuc (
Oplophorusgracllrostris Luciferase
3l pNLnGFP-Kp EGFP

pNLnNanoLuc-Kp ( 1B)



HIV-1 167
S EGFP U937 48 h
pNLnGFP-Kp
NanoLuc NanoLuc
] gag _ vzf vpu nef| 9.79x10*
st P ber] | 3 fenv_ | 3TTR "
o 2.3 UMBESTRE HIEEST R IR 25 2 B Ak RO AR
B THP-1
pNLnNanoLuc-Kp NanoLuc
40 U937 81 (D
gag vzf nef| FACS
sTTR 2o 3 Aenv | SEy THP-1 EGFP 31
Kpnl EGFP 9 U937
E 1 pNLnGFP-Kp (A)#1 pNLnNanoLuc-Kp (B) HIV-1 NanoLuc 37
SKEITE NanoLuc 44
Figure 1 Schematic structure of HIV-1 vectors designated
pNLnGFP-Kp (A) and pNLnNanoLuc (B) 2.4 PMA RHIFESHREEEFTIE
2 HIV-1 env Kpn 1 (1)
2 pNLnGFP-Kp  HIV-1 nef EGFP
pNLnNanoLuc-Kp NanoLuc EGFP @)
Note: Both of the clones have a frame-shift mutation at the Kpn I 3)
site in the env gene!'?. In the pNLnGFP-Kp, the partial region of
HIV-1 nef gene was replaced with an EGFP gene as indicated. The
pNLnNanoLuc has a NanoLuc gene, instead of an EGFP gene. PKC PMA THP-1 U937
. 14-15
22 BREBNHERBREE e HIV-1
pNLnGFP-Kp el
(Vesicular stomatitis virus glycoprotein  VSV-G) PMA
HEK293FT FACS 2 EGFP
VSV-G THP-1 PMA 24 h
THP-1 24 h FACS EGFP EGFP ( 2)
20.1% THP-1 2 NanoLuc U937
EGFP PMA 48 h NanoLuc
1 ( 1 3)
pNLnNanoLuc-Kp VSV-G 4

F1 MEEPREEERNRE
Table 1 Marker gene expression in clonal cells

PMA
Cell line Total clone number Expression of a marker gene Reactivation by PMA
THP-1 40 EGFP (+) 31
EGFP (-) 9 EGFP (+)
EGFP (-)
U937 81 NanoLuc (+) 37
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Figure 2 Induction of EGFP by PMA stimulation in THP-1 cells and NLnGFP-Kp infected clones
10 pg/L PMA 24 h THP-1 A) 2 #45 (B) #66 (C) EGFP
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Note: Parental THP-1 cells (A) and two candidate clones for latent infection, clone #45 (B) and #66 (C), were stimulated for 24 h with or
without 10 pg/L of PMA. EGFP expression levels in the cells were analyzed by flow cytometry. Grey and blank histograms represent the
cells stimulated cultured in the absence and presence of PMA, respectively.
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Figure 3 Induction of NanoLuc by PMA stimulation in
U937 cells and NLnNanoLuc-Kp infected clones
10 pg/L PMA 48h( ) ()

#12  #31

U937
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Note: Parental U937 cells and two candidate latent infected clones,
clone #12 and #31, were stimulated for 48 h with (grey) or without
(blank) 10 pg/L of PMA. The activity of NanoLuc was measured
by a luciferase assay with coelenterazine as substrate.
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