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Staurosparine, an antibiotic known to inhibit eellukir protein kinases, cun revaixibly block the progress of normal and tumour cells inte the cell

cycle. The ubility of HIV-1 to infect and replicate in cells blocked by stuurosparine was investigated. The results show that blocked, non-cycling

cells cun be productively infected by H1V-1, steadily releasing infectious progeny virus for severat weeks, This suggests that at ledst in some cases,
HI¥-1 cun be found in u stable and active stute in resting, non-proliferating T cells.

Protein kinase inhibitor; Viral infectivity; Cell eyele: T el

l. INTRODUCTION

Most retroviruses require that the newly infected cells
undergo at leust one round of DNA replicution and
mitosis for the synthesis of new virus to begin [1]. It is
generally accepted that non-dividing T-lymphoeytes
cunnot be productively infected by HIV-1, a retrovirus
implicated in the actiology of AIDS: only the antigen-
or mitogen-activated ones can be [2]. Infection of non-
activated T-lymphocytes leads to incomplete reverse
transcription of HIV-RNA [3.4]. Furthermore, it has
been shown that blocking the activation of lymphocytes
by pre-incubation with cyclosporine A prevents them
from being productively infected by HIV-1 {5].

[t has been reported that binding of HIV-1 to CD4
receptor induces rapid phosphorylation of the receptor.
Such phosphorylution, mediated by a protein kinase C,
can be selectively inhibited by specific compounds, re-
sulting in an accumulation of virus particles at the cell
surface and inhibiting HIV infectivity at the same time
[6). Other studies have shown that protein kinase C
inhibitors can exert an inhibitory ¢ffect on the entry and
infectivity of several enveloped viruses [7).

Since staurosporine is a geneval protein kinase inhib-
itor, known to arrest non-transformed cells in both G,
and G, phases of the cell cycle and transformed cells in
the G, phase [8,9). it was worth investigating its effect
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on the ability of HIV to productively infect cell lines
blocked by the picsence of this antibiotic in the tissue
culture medium.

2. MATERIALS AND METHODS

2.1, Cells and virns

Three human cell lines: HUT-78, o tumour T-cell line also known
us H9: MSB,, an immature T=cell line; and LDV72, & mixed T/3 celt
line, were used as target cells, They were cultured in TCV: RPM1-1640
medium supplemented with % newborn calf serum without amibiot-
ics, and keptat 37°C in u 5% CO, atmosphere. The HIV-3 virus stiain
used for the present study was HTLY-111B [10]. The virus was grown
in cultures of LDV/? cells. Supernatants of infeeted cullures were
¢leared from cclls by centrifugation and filiration through 0.45 #m
Millipore membranes. Such supernutants were directly used for expear-
imental infection of fresh cells. The amount of virus present in infected
culture supernatants was determined in triplicates using un ELISA kit
specific for p24 mujor caore virn! protein (DuPont NEK-04S, p24
cut-off; 6 pg/ml). Usuully the infectious supernatants had p24 concen-
trations ranging from 0.4 to 1.0 ng/ml,

Far viral infestion, the targat cells were resuspended in call-free
infectious supernatant, at a ratio of 1x10° ecelis/ml, and incubuted ut
37°C for 2 h. The viral inoculum wius removed by centrifugation at
25Uxg and tite cell pellet was resuspended in PBS and further washed
twice in PBS. The final cell pellets were resuspended in TCM and
transferred to Nunclon 50-m tissue culture bottles, TCM was chunged
every 4 or 8 days. Cell viability of infected und control cultures was
periodically assessecd by Trypan blue exclusion.

2.2, Staurasporine rreatieint

Staurosporine was obtuined {rom Sigma (St. Louis, MQO. USA),
Stock staurosporine was diluted in DMSQO. Turget cells were pre-
incubated with either 70 M (HUT-78 and HSB, calls) or 150 nM
(LDV/7 cells) of staurosporine for six days prior to HIV infection.
Viral infection and further incubution of treated cultures were cusried
oul in presence of staurosporine at the above-mentioned consentra-
tions, The finai DMSO concentration in staurosporine-treated cul-
lures wis =50.1%. This concentration of DMSO hus no effect on HIV
replicition and production by infected cells [11].
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2.3, Virus titration

Cell-feee filtered supernatants from HIV-1 infected cullures were
collecied und p24 concentrations were determined by ELISA. The
supernatunts were further diluted with RPMI-1640 medium 10 abtain
equil p24 concentrations in sinurospurine-tredted und noneireuted
samples., Serial 10-fold dilutions from cuch supernatant were made in
RPMI-1640 medium.

Aliquots of cuch dilution (I mi) were added (o sumples of resh
LDV eells (about 1x10* cells in 1 mi of TCM without serum). The
virus was allowed to adsorb at 37°C for | b, then the unadsorbed virus
wis removed by washing the celfs in PBS, and the finul cell pellets were
resuspended in fresh TCM. Each sample was equally divided inte four
wells of 4 COSTAR Cluster™ tray (2 mbwell). The cultures were
incubuted at 37°C in 5% CO;. On day 9 p.i., 0.5 ml aliquots (rom cach
well were collected to determine the presence of progeny virus by
meusuring the nmounts of p24 (duplicates lrom cach sumple). TCID
ml was estimuted by the method of Reed and Muench [12).

2.4, nonenofluarescence
The percentage of HIV-infected cells was determined by indireet IF
using 4 Mab specific for p24 {11].

2.8, Thymidine incorporation

DNA was labelled by incubating cell cultures with methyl-
PHuhymidine diluted in RPMI-1640 medium, Cultures were labelled
a1 3,08 uCirml, Triplicate aliquots {2 ml) were colieeted every 24 hund
treated with $% trichloroacetic acid. rhe acidprecipitable radioactiv-
ity was collested anto glass-fibre filters (Whatmun). which were fur-
ther washed with ethuno! and distilled water. The radiosctivity in the
dried filters was counted in u toluene-based liguid seintillant,

3. RESULTS

A 72-h pre-incubation with staurosporine prevented
the cells of the three cell lines from entering S phase and
from further cell division, as established by the absence
of [*H]thymidine incorporation into cellular DNA over
a period of 7 deys following the addition of labelled
thymidine (Fig. 1) and the lack of further increase in cell
numbers in stuarosporine-treated cultures (Tuble I).

However, all three cell linus studied were productivaly
infected by HIV-1 in spite of continuous incubation

Table
Effect of staurosporine on cell proliferation us established by cell

counting
Cell line  Stauro- Cells/m)

sporine (M)
Duy 0 Day 9

HUT-2¢ - 3.4x10* (88) 2.5x10° (82)
HUT-78 0ni 1.4x10*(88) 3.7%10 (19)
H58, - 4.2x10" (95) 4.4x10" (87)
HSB, 700M 4.2%10% (95) 2.7%10* (88)
LDV" - 2.9x10% (52) 4.6x10* (89)
LDV#? 150nM 2.9x10% (92) 2.3x10* (86)

HUT-78, HSB, and LDV/7 cultures were set up at the indicated initial
cell densities. Direct coll counts were established every other day using
a huemocylometer, The numbers in brackets represent the percerlage
of viable cells in cach culiure on the given dates. Cell viability was
established by Trypan blue exclusion counting 300 cells.
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with siaurosporine prior. during, and afier the viral
infection; p24 was readily detected in supernatants from
staurusporine-treated cultures (Table 11). At least some
if not ull such p24 corresponds to fully infecticus HIV-1
(Table I11). whilst the titers of infectious virus present
in stock suspensions containing equal concentrations of
p24 from either control or staurosporine-treated cul-
tures are very much the same (Table [V). Indirect im-
munofiiorescence. using a moncclonal antibedy spe-
cific for p24. also showed that the percentage of p24°
cells is quite similor in control and staurasporine-
treated cultures (Table IV),

Since LDV/7 is a cell line able to sustain long-term
continuous production of HIV-1 without undergoing
cytopathic effects [11], it was used to study the effect of
staurosporine on HiV-1 preduction by chronically in-
fected cells. Table V shows that there is no clear stauro-
sporine-induced reduction of HIV-1 production when
compared with non-treated control infected cultures.
LDV/7 cultures, continuously incubated in presence of
stuurosporine, can sustain HIV-1 production for more
than 70 days. even though there is a decrease in the
amount of p24 shed into the culture medium after the
peak level achieved on day 14 p.i. (Fig. 2). It is worth
noting that after each time-point determination, the
TCM was changed by pelleting and washing the cells.
Therefore. the p24 detected in each further sumple is
produced anew.

4. DISCUSSION

It is widely accepted that only activated lymphocytes
can be productively infected by HIV-1 [2-4]. It is also

Table 11
Release of p24 by <hree human cell lines in presense of staurosparing

Cell line  Stauro. P24 (ng/ml) Cell viability (%)
sporine (nM)

@ b 4 b
HUT-78 - 0.95 0.74 KL 82
HUT-78 70 0.64 027 74 87
HSB, - 0.05 09 & 67
HSB, i 0.02 0.6 89 73
LDV - 0.42 0.62 82 78
Lpvn 150 0.06 023 20 86

The data are from two separate experitients (a and b). Staurosporine-
containingcultures were pre-incubated with the antibiotic 6 days prior
to HIV infection, M1V infection and a further 8- (Expt, u) or 12-day
(Expt. b} incubations were carried out in the presence of stuurosporine
(70 aM for HUT-78 and HSB, cll lines; 150 nM for LDV/7 cells).
Cell-free supernatants from control and treated cullures were collected
on day 8 p.i. (Expl. a) or 12 p.. (Expt, b) and triplicate sumples were
assayed for p24, The S.D. among triplicates wus <5%, Cell viabilily
wiis established by Trypan blue exclusion counting 300 cells.
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days

Fig. 1. Effect of stauresporine on fong-term [*H]thymidine incarpora-
tien into ¢eltular DNA. HSB, cells were incubated with 70 nM stauro-
sporine (solid trinngles) from 72 h before addition of labelled thymi-
dine, and kept in presence of staurosporine throughout the experi-
ment. A parallel HSB, non-stuurosporine-treated culture was the
(*H]Tdr incorporation control (open triangles), A similar experiment
was performed with LDV/7 cells treated with 150 aM siuurosparine
(solid circles) and non-treated LDY/T cells (solid squares). Triplicute
samples from cach culture were processed on the given days. The 8.D.
among triplicitics was =12%.

known that the life cycle of most retroviruses requires
the growth and division of the hest-cell in order to
achieve stable integration of the viral genome into the
host-cell DNA [1]. However, it has been reported that
retroviruses of the lentivirus class, to which HIV-1 be.
longs, can stably replicate in non-dividing cells without
the need for integration [13], and furthermore, that
HIV-1 integrase-deletion mutants can readily infect T-
lymphocytes, thus giving origin to extrachromosomal

Table I

Assay of infeclivity of ceil-free supvrnatants {rom staurosporine-
treated and nonetreated HIVel-infected cultures

Supernatants from

p24 (ng/ml) in newly infected

LDVY7? cultures
a b
H5B, 0.065 0.042
HSB, + staurosporine (70 nm) 0.062 0.037
Lopvn 0.880 0.470
LDV/? + staurosporine (150 nM) 0.760 0.540

Cell-frec supernatants from staurosporine-treated and non-treated

HIV.l.infected cultures were collested on day 12 p.i. and used to infect

fresh LDV/? cells, Presence of progeny virus in the newly-infected

cultures was determined on day 9 p.i. by assaying the amount of p24

present in tissue culture supernatants (triplicates): a and b indicate
data from two separale experiments,
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Fig. 2. Effect of continuous incubation in staurosporine on long-term
HIV-1 production by LDVY/7-infected cultures. LDV/7 cells were incu-
buted with 150 nM staurosporine (rom day 6 before HIV iafection
onwards (solid triangles). A parallel non-staurosparine.treated LDV/?
culture was infected on the same day (solid circles). Presence of p24
antigen in samples (triplicates) of cell culture supernatants was deter.
minsd on the indicuted days post-infection. The $,D. among triplicates
was % 5%, The cell density on the day of infection was 1x10* cells/m)
for both contral and staurosporine-treated eultures. The control cul-
ture kept growing and dividing throughout the experiment. The cell
density was continuously adjusted to keep it near the original value,
In the staurosporine-treated culture, the cell density was continucusly
reduced by the lnck of further ecli division coupled with cell losses after
euach change of TCM. The cell density on day 70 p.i. wus 1.35x10*
cells/ml for the infection control and 9x10* cell/m! for the stauro-
sporine-treated culture, The cell viability was 84% in the infection-
control and 76% in the staurosporine-treated culture.

forms of HIV-1 DNA which are transcriptionally ac-
tive, as manifested by production of p24 antigen into the
culture mediurn. It was, however, not possible to rescue
infectious virus from cultures infected with such inte-
grase-deletion mutants [4).

In the present study it is shown that staurosporine-
blocked cells can produce newly-synthesized p24, and
that some, if not all, of this p24 represents infectious
HIV-1. The fact that staurosporine-treated LDV/7 cells
can continuously produce HIV-1 for more than 70 days
(Fig. 2) suggests that the viral DNA is in stable form
within the staurosporine-treated cells, This seems con-
sistent with recent observations which show that HIV-!
can productively infect and integrate its genome in rest-
ing monocyles [14].

The amount of p24 present in supernatants from
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Table IV

Percentage of HIV-infected cells and titer of infectious virus in stauro-
sporinestraaled and nan-treated HIV-i-infected cultures

Cell line Stauro- p24° cells  Ceil viubility Virus titer
sporine (%) (%) (TCIDGml)
(M)
HUT-78 - 4 3 Ty
HUT- 0 is 74 or™
HSB, - R 88 N.D,
HSB, 70 N 89 N.D.
LDV - 14 3 joue
Lbvn 150 12 #6 10%%

The percentage of p24° cells were determined by IF using an anti-p24
Mab. 300 cells were counted per sampds, IF wus determined on days:
8 p.l. for HUT-78: 9 p.i, for HSB.: 13 p.i. for LDV/2, Cell viability was
established by Tryptan blue exclusion counting 300 cells, For virus
titration. cell-free filtered supernutunts from staurosporine-treated
und non-treated HIV-infested HUT-78 and LDV/7 cultures were ad-
justed to the same p24 concentration (0.06 ng/ml), then serial ten-fold
dilutions were used to infect fresh LDV/? cells (quadruplicates). Pres-
ence of progeny virus was determined on duy 9 p.i.. using a p24-
specific ELISA, TCIDgy/m! was extimated by the method of Reed and
Mueneh [11]. N.D.: not dane,

staurosporine-treated cells is consistently smaller than
that present in supernatants from non-treated cultures.
FHowever, our results suggest that the infectious-virus
yield per cell is rather similar, as shown by the titration
experiments, for control and staurosporine-treated cul-
tures. Thus, the difference in p24/ml of supernatant ob-
served between treated and non-treated cuitures seems
to be due to the difference in absolute cell numbers,
following the arrest in cell division caused by continu-
ous treatment with staurosporine, while in the infected
control cultures the cells keep growing and dividing
throughout the experiment.

It has been reported that binding of HIV-1 to CD4

Table ¥
Effect of stuurosporine an #1%-1 production by chronically infected
LDVI7 cells
P24 (ng/inl)
Days post-treatment In presenue of  In absence of
staurosporine  staurosporine
0 1.50 1.36
7 1.28 0.42
15 0.80 0.64

LDV/7? cultures infected with HIV-1 for 29 days were transferred to

fresh TCM with (150 nM) or without stauresporine and further incu-

bated for 15 duys. The amounts of p24 in cell-free supernatants (trip-

licates) were determined on the indicated days post-treatment. The
S0, among triplicates was =5%.
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receptor induces a protein kinase C-mediated phospho-
rylation of the receptor and that thie phospherylation
is inhibited by the protein kinase C inhibitor H-7, thus
resulting in accurnulation of virus particles at the cell
surface and subsequent inhibition of HIV infectivity [6].
However, other laboratories have failed to detect any
changes in CD4 phosphorylation after binding of HIV
or purified viral envelope protein gp120 {15}, Moreover,
recent studies indicate that a component of the T cell
receptor-CD3-dependent phosphorylation of CD4 is
not mediated by protein kinase C, and that infection
with HIV-1l inhibits the activation of protein kinase
associated with the T cell receptor-CD3 camplex by a
mechanism which is independent of viral env:lope pro-
teins [15]. However, differences between the effects of
H-7 and staurosporine upon cellular protein kinases
have been consistently reported in the literature [16-18],
and it is now well established that many staurosporine
effects on cell metabolism are not due to protein kinase
C inhibition [8,9,18].

The fact that staurosporine, a general protein kinase
inhibitor, is unable to inhibit HIV-1 infectivity suggests
that the protein kinases respestively targeted by H-7
and staurosporine are of a different nature and have a
different influence in the life cycle of different viruses.
Staurosporine seems to selectively inhibit a p34? ki-
nase-dependent mechanism that regulates the onset of
cellular mitosis [8,9]). Consequently, one may infer that
such a mechanism is not crucial for the life cycle of
HIV-1.

The present results show that blocked non-cycling T
cells can be productively infected by MIV-1, This sug-
gests that under certain circumstances, HiY-1 can be
found in a stable and active state in resting T cells. It
remains to be established whether this fact may be rele-
vant to the pathogenesis of AIDS.
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