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Summary. — Monocytes/macrophages have been known to play an important role in the initiation and
propagation of human immunodeficiency virus 1 (HIV-1) infection. To analyze the function of these cells
during the clinical asymptomatic period of infection, we examined the effect of murine peritoneal macrophag-
¢s and human peripheral blood macrophages on two cell lines latently infected with HIV-1, a promonocytic
cell line, U1, and a T-cell line, ACH-2. Monokines of the murine peritoneal macrophages induced significant
viral expression in UL, but not in ACH-2 cells. Experiments employing transient transfection of U<)°>7 and
CEM cells with HTV long terminal repeat (LTR)-chloramphenicol acety! transferase (CAT) plasmids indicated

that the effect of these monokines was due to specific activation of the HIV LTR. In contrast, supernatants of

human macrophages induced viral expression in both ACH-2 and U' cells. These results suggest that several
monokines are active in regulating the transition from the clinical asymptomatic period of HIV infection to

progression to acquired immunodefi
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Introduction

HIV is the causative agent of AIDS which is character-
ized by a long clinical asymptomatic period of a decade or
more. During this stage, CD4" T-lymphocytes form the pri-
mary viral reservoir in the periphery, whereas monocytes/
macrophages constitute the main solid tissue reservoir which
is relatively resistant to HIV-1-induced cytopathological
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Abbreviations: AIDS = acquired immunodeficiency syndrome;
CAT = chloramphenicol acetyl transferase; ELISA = enzyme-linked
immunosorbent assay; FBS = serum; GM-
e gmm11(‘)cytc/mzwm;')]mgc-wlony stimulating factor; HIV-1 = hu-
man imnmnodu1‘icicncy virus 1; LPS = lipopolysaccharide;
LTR = long terminal repeat; PBL = peripheral blood leukocytes;
PBMC = peripheral blood mononuclear cells; PBS = p]mxphntc bufl-
ered saline; PMA = phorbol-12-myristate-1 3-acetate; TNF-o = tumour
neerosis factor alpha
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ciency syndrome (AIDS).

2 cells; UT cells

changes. To analyze mechanisin(s) of activation or replica-
tion of HIV in the persistent state, Ul and ACH-2 cells were
used to study the cellular and viral factors involved in these
processes. Each Ut cell harbors 2 copies of the HIV provi-
rus, whereas an ACH-2 cell harbors only one. These cells
are of monocyte/macrophage and T-cell lineages, respec-
tively. They constitutively produce progeny virions ata very
low level. It has been reported that a productive replication
of HIV in these cells can be triggered by a variety of activa-
tors, such as the phorbol-12-myristate-13 acetate (PMA)
(Folksetal., 1988; Biswas et al., 1992) as well as by several
cytokines, such as tumour necrosis factor alpha (TNF-¢x)
(Duhetal., 1989; Folksetal., 1989; Poliet al., 1990; Bressler
et al., 1993, Szabo et al., 1993). Several studies have re-
ported that the mechanisms of HIV replication in these two
cell lines are different (Chen ef al., 1994; Fujinaga et al.,
1995). For instance, viral replication is enhanced in U1 cells
by their incubation with exogenous Tat protein whereas that
in ACH-2 cells does not increase with the addition ol" this
protein (Cannon et al, 1994). Lipopolysaccharide (LPS)
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phus granulocyte/macrophage colony-stimulating ﬁm;u;m‘
(GM-CSF)Y dramatically | nduced HIV-] production in U]
but not i cloned T cell lines (Pomerantz ef af, W M This
sty w;xx;m‘ae;ic::r'mlwumim‘cmmx'wHwmﬂzt ence of monok-
nfeeted monocytic and F-lym

mnes on latently i phouytic cells

ustrg rmurine or human mosocytes/macrophages.
Materials and Methods
Cells, A subclone of HIV-L-infected U937 cells, UL (Folks ¢t

al  TORE), an izl «;ubuln ne of the CEM Tlympho \,T ¢ dime, ACH-?
Clouse ef ol TORDY, were kindly s plrmi c D T, E‘UIM
enters fo k)m: ase Control and Prevent /m ta, GAL U937

(
Ce
i’E‘SUerstrmn et al, 1976) and CEM (1 ‘mlw ef ul, ‘N‘;J\) cells are
elsewhere, Al cells were cultured m RPMT 1640 medi-
unt supplemented with 10% foetal bovine serum (FBS) and k« INES
o0 mg/mby at 370 m 5% CO

deseribed

Plesmidy. o construct
provival FHVSLTR of ACH-2 or U
with an upstream sense pm
a downstream antisens

E‘,I R-CAT reporter plasmid,
vells was ;valitmt by POR
ner contaning o Pedosite and
¢ primer Mn

v prirner was ACGTACTE '
" and the downstim
CACACAACACACGOOG (restriction sunderhined), and
red to posttions 8753 1o 8737 and 131 w0 109, respec-
tvely, oo the FHV Bra s Hquen e Delassus ef ol 1991 The PCR
products were digested with M‘/ arnl \/m and bgated to the ba-
s CAT vector (Promega ), Therefore, the expression vector pACH-
ETR-CAT contamed AC H 2provival LT and pl1-1 H” ( /H con
sned UL proviral LTR.
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feig. 1
ALBfe and SCHY mouse peritonenl macrop
ACH-2 and UYL cells
ACTED or UL colls (2« 10Ymb) were cubtured with or without murine
peritoncal macrophages (5 x 10% mi) for 3 days, Culture supernatants
were collected and assayed for HIV p24 antigen. The results are expressed
as the means of duplicate samples {or each set of culture conditions.
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Fig, 2
lture supernatants of BALDB/¢ mouse peritoneal
macrophages on ACH-2 and UT cells
The supernatants of culwres in which various number of BALE/ e mouse
pertonesl macrophages were eubated for 48 hrs were added 1o ”\(
ar U cells (2.8 x l(JWrr‘z&)ur\ilw incubntion, the culture supernatants were
od for IV p24 antigen, The results are expressed as
the maeans of duplicate samples for cach set of culture conditions

Effeet of cu

colleeted and asy

ColTerssay. CEM and U937 cells were transfected with the HIV-
LER-CAT reporter plasmids by DEAL-dextran co-precipitation
Then, 1w 107 cells were washed with phos M ie-buffered w"x[‘m‘
(M 3 ) i M mcubated for 30 mins with 10 g of plasmid DNA

ml of DEAL-dextran (Pharmaciay soh m (\( me/n Hv l“I\“U
Imu rs after ransfection, the cells were co-vultured with peritoneal

TBAL Hc ar SCID

SO wWore prepar

mice. After 48 hrs ui mc,um
ed and CAT activity was measured
Thed (Lifson er al, T986).

HH-!/JN gag antigen assav, In cach experiment, the cell-free
culture supernatant was collected after lmuk vation and the p24
antigen Jevel was measured using a commercially available en-
ayme-tinked immunosorbent assay (ELISAY kit with an anti-p24
HJonal antibody, as described in the manufacturer’s in-
structions (Abbott Lmbmntm‘iw)

T serdsed (SCHDY and BALB/C mice were
conditions in an amimal house. Murine perito-

ft
ophages of
el
as previously des

ag Monoc

Macrophages. C1

kept under sterile

neal cells were collected by washing ﬂ\?r‘;mm‘imm:xl avities of
unstimubated SCHD xd U ALB/C mice with PBS. Human periph-
eral blood mononuclear cells ( C)were mxfumd tmm hiealthy
donor blood by Ficell-Hyy q rdm nt contrifug :;mum suspensd-
ad i serwmefree RPMI m O medivm inoa 75 om® flask (waki
’x‘rm:) andd incubated for | m m a hunndified © ‘O, incubator at

37 rwashing off non-adherent cells, the adherent ones were

c:wl[mmi ;‘xmh‘umngmm!m n RPMIE 1640 medium with 10% FBS.
TNF-c (Australin Biologicals), PM »‘\ (Promiega):
recombinant human GM-CSF and recombinant murine GM-CSF
{Genzyme); recombinant human TNF-o and recombimant murine
TNEF-0r (Pepro Tech Vﬁ(ﬂ‘ It 1); polyclonal anti-human TNF-o an-
tibody, po Wlm‘ alanti-murine TNF-oc antibody and polyclonal anti-
murine GM-( mmm) (R& D System

Srehytances.

15) were used.
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Effect of hunan macrophages (M) on ACH-2 and U1 eells
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Cand G ound
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The culture supernatanty were collected on
measured for HEV p2d antigens The results are
means of duplicate samples for cach set of culture
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Effect of recombinant murine (rm) or hunran (eb) evtokines on
V-1 expression e Bitently infected colls
penGMCBE e TN chGMCS T and rh TN E o0 were added to ACTE2
ar Ut cells 2« 10Vl to o final concentration of 100 ng/ml. Aflter
A8 hirs, the supernatans were coltected and assayed for HIV p24 antigen
The vesults are cxpressed as the means of duphcate samples for each set
of culture conditions,

tvity. T this experiment, mm ne |WH oneal nacrophapes
did notenhance CAT activity M cells transfected with
ither ]»N HALTR-CAT or pU ln~l TR-CAT (Fig, 3A) In

contrast, these macrophages mg mificantly enhanced CAT
tivity in U937 cells tran NtM Wit I FHEV-LTR-CAT

LI M

Anti-burmaneTE- g antibody (wgdmi)

Fig. 6
Newtralization of HIV-E expression in hatently infected cells
stimulated with hunman macrophages (316) or non-stimulated by
anti-human TNF-0 antibody
s (2 x 10Ymly were cultured for 48 hrs and the culture
wrations of anti-human TNF-cx
ti, incubated for | obrat 3770 and

Human mneropha

e collected. Vartous cot
antibody were added to the supernatian
then further incubated with ACH-2 or U1 cells (2 x 10Mmb) for 48 hrw.
After mmMmm the culture supernatants were collected and uwx\wi I’m'
HEV p2d antigen. The results are expressed as the means of duplien

sarmples for cach set of culture

PCEnAtants we

cotmfitions

(P 3B) To investigate whether the difference in the char-
wier of the provirus latency i ACH-2 and U1 cells might
be correlated with the LTR prometer activ m we compared
the activity of pACH-LTR-CAT and pUT-LTR-CAT stimu-
fated with TN ot and PMA. In I 1s experument, there was
no difference mothe CAT activity of pACH-LTR-CAT and
pUT-LTR-CAT (dat s1s that the dif-
ferenc { these two cell
L promoter activity.

Lot ;hmw n) This su
¢ i the response to macrophages o
Hines 1s not related 1o the LTR

We also inve xmwwd the

effect of human monocytes/
macrophages obtained from healthy donor blood on cells
latently infected wit h HIV. As shown in Fig. 4, both ACH-2
and Ul cNIm‘ were ;xvti\‘umi by human monocytes/macroph-
ages, TNF-orand OGM-CSE (Folks er al., 1987; Pomerantz
et al., 199 )) WEre previot My reported to induce virus pro-
duction in Tatently imfecied cells. We tested virus mduction
e ACH-2 and UL cells stimulated by recombinant human
TNF-ocand GM-CSETNE-comarkedly activated both ACH-2
and UL cells, but on the other hand, GM-CSF activated only
I, but not ACH-2 cells (Fig. “\) Muorcover, the effect of
human 1‘1‘1()11m:ym:a/m::n rophages was si mam antly neutral-
ized by ‘mﬂwmnle anti-lman TNF-on Especially, proviral
activation i AL HN}I cells was completely inhibited by this
antibody (Fig, 6). These results indicate that TNF-¢u plays
4 major mlm m oviral expression in latently mfected cellls
stimulated with human monocytes/macrophages.
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In this study, we have shown that monokines of murine peri-
toneal macrophages have the ability to activate virus produc-
tion in U1, but not in ACH-2 cells. As shown in Fig. 5, recom-
binant murine TNF-¢ stimulated both ACH-2 and U1 cells,
although recombinant murine (.JM&,FJI“ did not stimulate ¢i-
ther cells. The activation of latently infected cells by murine
peritoneal macrophages was not inhibited by 10 pg/ml anti-
murine TNF-ou antibody and anti-murine GM-CSF antibody,
which were sufficient to neutralize 12.5 ng/ml TNF-¢tand GM-
CSE respectively. Therefore, we presume the existence of an
active substance(s) other than murine TNF-¢x and murine GM-
CSF in the culture supernatant of murine peritoneal macroph-
ages. The substance(s) which has an ability to induce viral ex-
pression in monocytic cells specitically may affeet only mono-
cytes in SCID mice transplanted with human PBL. Therefore,

this model may be not appropriate {or studying the profile of

the pathogenic potential of HIV infection in humans,

It has also been reported that several cytokines regulate vi-
rus expression in vive in the clinical asymptomatic period of
HIV infection, High levels of TNF-or (Lahdevirta ef al., 1988:
Reddy er al., 1988) and 1L-6 (Gallo ef af., 1989; Breen et af.,
1990) in sera of AIDS patients have been reported and an in
vitro study on the provirus has shown that several agents in-
cluding cytokines modulate virus expression in various ways.
Moreover, inappropriate secretion of'a series of cytokines which
arc usually active in normal homeostatic control may lead to
stimulation of the provirus in persistent infections. Further stud-
ies are needed to identify the monocyte/macrophage-derived
factors and to analyze the regulation of the provirus in detail in
order to clarify the transition from the clinical asymptomatic
period of HIV infection to progression to AIDS.
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