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Summary

Monocyte/macrophages (M/M) are important targets for HIV in the body,
and represent the majority of cells infected by the virus in some body
compartments such as the central nervous system (CNS). M/M can be different
from T-lymphocytes in terms of surface antigens, cell replication and drug
metabolism. Thus, we evaluated, in M/M and in T-lymphocytes, the pattern of
viral inhibition induced by various anti-HIV drugs, and assessed some of the
mechanisms of action related to such antiviral activity.

Inhibitors of HIV binding on CD4 receptors have similar activity in M/M
and T-lymphocytes, while AZT and other dideoxynucleosides (ddN) are in
general more active against HIV in M/M than in T-lymphocytes. This
phenomenon can be related to the increased ratio in M/M of ddN-
triphosphate/deoxynucleoside-triphosphate, and can at least in part explain
the ability of zidovudine and didanosine in improving neurological dysfunc-
tions in AIDS patients. Moreover, the antiviral activity of AZT (but not of
other ddN- or HIV-binding inhibitors) is potently enhanced by cytokines like
granulocyte-macrophage colony stimulating factor (GM-CSF) in M/M, while
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anti-HIV activity of TIBO compounds in M/M is not down-modulated by
GM-CSF and other cytokines. Finally, non-toxic concentrations of adriamy-
cin, an anticancer drug reported to be active against DNA viruses, can inhibit
HIV replication in M/M (but not in T-lymphocytes).

Taken together, these results suggest that M/M are selective targets for HIV
with peculiarities different from those of T-lymphocytes. Thus, promising anti-
HIV compounds should be evaluated both in T-cells and in M/M before
reaching clinical trials. This may help in selecting drugs with good chances of
being effective in patients with HIV-related disease.

HIV; Macrophage; Lymphocyte; Anti-HIV drug; Cytokine

Introduction

The search for drugs able to inhibit the replication of human immunode-
ficiency virus (HIV), the causative agent of acquired immunodeficiency
syndrome (AIDS), is now a major research effort, and substantial progress
has been made since 1985, when 3'-azido-2',3'-dideoxythymidine (AZT) was
discovered as the first drug active in patients with HIV-related disease (Mitsuya
et al., 1985; Yarchoan et al., 1986, 1988, 1990; Fischl et al., 1987). Since then,
many compounds have proven to have at least some activity against HIV
replication in several in vitro models, and a few have been shown to induce
clinical improvement in patients (Yarchoan et al., 1989a; Mitsuya et al., 1990).
However, a number of compounds which had activity in vitro have failed to
show clinical activity (Mitsuya et al., 1990). This discrepancy is the cause of
serious concern regarding both the reliability of antiviral drug screening, and
the extent to which such in vitro models are representative of in vivo
pathological events linked to HIV replication.

The pathogenesis of HIV infection is a complex process which is still only
imperfectly understood. The percentage of cells infected by HIV varies in
different tissues. In addition, HIV recognizes a variety of cellular targets in
addition to CD4-bearing T-lymphocytes (Amstrong et al., 1984; Gartner et al.,
1986a; Klatzmann et al., 1984; Tschachler et al., 1987; Montagnier et al., 1984);
each of these target cells may potentially play a role in the pathogenesis and
progression of the disease (Meltzer et al., 1990; Gabudza and Hirsch, 1987). In
particular, cells belonging to the monocyte/macrophage lineage (M/M) are
widely recognized as a major target for HIV infection in the body (Gartner et
al., 1986a; Meltzer et al., 1990; Ho et al., 1986; McElrath et al., 1989; Perno et
al., 1989). There is evidence that infection of M/M may represent an early event
in the in vivo infection (Popovic and Gartner, 1987). Tissue M/M are a selective
target for HIV, as shown by prominent infection of Langerhans cells of the
skin, Kupffer cells of the liver, lung alveolar M/M, peritoneal M/M, reticulo-
endothelial cells in lymphnodes and in the bone marrow compartment
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(Amstrong et al., 1984; Gartner et al., 1986a; Tschachler et al., 1987; Meltzer et
al., 1990; McElrath et al., 1989). More importantly, M/M-derived cells account
for the large majority of cells infected by HIV in the central nervous system
(CNS), and M/M infection and consequent neuronal dysfunction in the brain
play a crucial role in the pathogenesis of HIV-related dementia complex
(Gabuzda and Hirsch, 1987, Koenig et al., 1986, Gartner et al., 1986b).
Generally M/M are resistant to the cytopathic effect of the virus (Gartner et al,,
1986a; Perno et al., 1988), and as a consequence, viral production by HIV-
infected M/M is quite abundant and persists for long time. Due to these
characteristics, M/M are able to spread HIV to other cells such as CD4-
lymphocytes that have a specific interaction with M/M in the antigen
presentation and the activation of immune response (Chantal-Petit et al., 1988).

CD4-lymphocytes require activation (and cell replication) in order to
produce substantial amounts of the virus (Popovic et al., 1984; Klatzmann et
al.,, 1984). In contrast, M/M produce a large number of infectious virus
particles even under resting conditions (Gartner et al., 1986a; Perno et al.,
1988). At the same time, such virus production could be further enhanced by
some cytokines able to modulate both immunological functions and
maturation of M/M (Perno et al., 1989; Koyanagi et al., 1988; Gendelman et
al., 1988).

Mature M/M are non-replicating cells, thus they have a limited DNA
machinery: as a consequence, concerns were at one time raised that antiviral
drugs, such as AZT, which require activation by cellular enzymes involved in
DNA synthesis, might have lower antiviral activity in cells of M/M lineage.
However, several studies demonstrated that AZT improves neurological
dysfunctions and HIV-related abnormalities of glucose metabolism in the
brain of patients with AIDS-related dementia (Yarchoan et al., 1987). Since M/
M-derived cells are the majority of HIV-target cells in the brain, it was
conceivable that the clinical efficacy of AZT in these patients was at least in
part due to the inhibition of viral replication in M/M of the CNS. Indeed, our
group and others have shown that dideoxynucleosides (including AZT) are
effective inhibitors of HIV infection of M/M. Whether this is in fact related to
the inhibition of HIV replication in M/M-derived cells in the CNS, however, is
still a matter for further research.

Infection of M/M by HIV can be enhanced by cytokines such as granulocyte-
macrophage colony stimulating factor (GM-CSF) and macrophage-colony
stimulating factor (M-CSF) (Perno et al., 1989; Koyanagi et al., 1988;
Gendelman et al., 1988). Such enhancement of viral replication in M/M may
have important implications in vivo. Indeed, Pluda and coworkers recently
reported that six patients with AIDS and neutropenia experienced a substantial
increase in HIV p24 antigenemia when they were given GM-CSF (Pluda et al.,
1990). GM-CSF does not affect HIV replication in vitro in T-lymphocytes
(Perno et al., 1989). While the number of patients studied was small, these data
suggest that the increase in p24 antigenemia in these patients may be related to
the modulation of viral production in cells of M/M lineage.
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Taken together, these reports suggest that the infection of M/M by HIV has
clinical implications, and that it needs to be considered in therapeutic strategies
for HIV. A failure to address the infection of HIV in M/M could potentially be
a cause of a failure of chemotherapy in HIV-infected patients. Evaluation of
the efficacy of antiviral drugs in the M/M system is thus important in designing
clinical regimens for the therapy of HIV infection. For these reasons, we
studied several anti-HIV drugs in different normal M/M populations in the
presence or absence of cytokines, and we compared the activity of these drugs
with that achieved in T-lymphocytes. The results are discussed in this paper.

Materials and Methods
Cells

Fresh M/M and M/M-depleted lymphocytes (PBL) were obtained from
peripheral blood mononuclear cells of normal, HIV-negative donors by short-
term adherence or by countercurrent centrifugal elutriation, as previously
described (Perno et al., 1988). U937 is a monocytoid cell line obtained from
patients with hystiocytic leukemia. H9 is a T4-lymphocytic cell line, as is
ATHS, a T4-lymphocytic cell clone immortalized by human T-lymphotropic
virus type | and highly sensitive to the cytopathic effect of HIV-1. T-Ly and B-
Ly were T-lymphocytes (obtained by E-rosette depletion) and EBV-
transformed B-lymphocytes, respectively, obtained from the same healthy
HIV-negative donor.

Test compounds

AZT was obtained from Wellcome (Pomezia, Italy), 2',3'-dideoxycytidine
(ddC), 2',3'-dideoxyadenosine (ddA) and 2',3'-dideoxyinosine (ddl) from
Pharmacia (Italy), and recombinant soluble CD4 from Genentech Inc. (San
Francisco, CA, U.S.A.). 9-(2-phosphonylmethoxyethyl)adenine (PMEA) was
synthesized by Dr. A. Holy and 1. Rosenberg (Praha, Czeckoslovakia), and
tetrahydroimydazol-benzodiazepin-one (TIBO) derivatives were provided by
Janssen Pharmaceuticals (Beerse, Belgium). Adriamycin was purchased from
Farmitalia (Italy). Anti-HIV concentrated antibodies (HIVIG), a kind gift of
Dr. L. Cummins (Abbott, IL, U.S.A.) were purified from asymptomatic, HIV-
seropositive donors according to a previously described procedure (Cummins
et al., 1991). HIVIG preparation contains high levels of anti-gp120 antibodies.

Cytokines

GM-CSF and M-CSF were obtained from Genetics Institute (Cambridge,
MA, U.S.A)).



293

Virus

HTLV-1IIg, ; (HIV-BalL) and HTLV-11Ig (HIV-IIIB), monocytotropic and
lymphocytotropic strains of HIV-1, respectively, were a gift of Drs. M.
Popovic, S. Gartner and R.C. Gallo (NCI, Bethesda, MD, U.S.A.). HIV-BaL
and HIV-IIIB virus strains were titrated in M/M and lymphocytes respectively,
and stored at —80°C until used. Details about these virus strains are described
elsewhere (Gartner et al., 1986a; Popovic et al., 1984).

Antiviral assay

Details on the viral infection of each cell type were described previously
(Perno et al., 1988, 1989, 1990a) Briefly, 10% cells (of each type listed above)
were exposed to various concentrations of drugs for 20 min, and then
challenged with 300 50% minimum infectious doses (MIDs,) of HIV-BaL or
HIV-IIIB. In experiments involving fresh M/M and cytokines, 100 U/ml GM-
CSF or 1000 U/ml M-CSF were added 5 days prior to viral challenge and were
maintained in culture during the whole length of the experiments. Virus excess
was extensively washed off two days after viral challenge. Cells were
replenished with fresh medium and drugs, and then cultured in a CO,-
enriched humidified atmosphere. Virus replication was assessed in M/M and
lymphocytes by a commercially available HIV-p24 antigen assay and, in
selected experiments, by reverse transcriptase activity and/or by evaluation of
syncytia formation. Cytopathic effect of HIV-IIIB was assessed in T-cell lines
by viable cell counting in a haemocytometer chamber. Cell toxicity was
evaluated by the trypan blue dye-exclusion method in mock-infected cell
cultures. Culture medium used in these experiments was RPMI 1640
supplemented with 20% fetal calf serum, 2 mM L-glutamine, 50 U/ml
penicillin and 50 pg/ml streptomycin. In experiments involving PBL, T-Ly or
ATHS cells, the medium was enriched with phytohemoagglutinin 1:200 (v/v)
and 5 U/ml of recombinant interleukin-2 (in the case of PBL or T-Ly) or with
50 U/nl of recombinant interleukin-2 (in the case of ATHS).

Drug metabolism

Details of the procedure for the evaluation of dideoxynucleoside metabolism
have been previously described (Cooney et al., 1986). Briefly, 5 x 10° cells were
cultivated for 24 h with 0.5 pM [H]ddC. Cells were then harvested, counted,
and washed three times in cold RPMI. Cell pellets were then extracted with 0.5
ml of 10% trichloroacetic acid, neutralized and analyzed via HPLC for
metabolites. Results were given as picomoles of ddCTP per 10° cells.
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Fig. 1. Expression of CD4 antigens on the surface of different cells. ATH8 T4-lymphocytes, resting M/M

and U937 monocytoid cells were stained with fluorescein-labeled OKT4A monoclonal antibody, and

evaluated by FACS analyzer. Results shown in this figure represent the average of 3-8 different
experiments.

Results

Preliminary experiments were devoted to study whether some peculiar M/M
characteristics could affect the replication of HIV and the activity of antiviral
drugs. As we have previously published (Perno et al., 1990a,b), the density of
CD4-positive cells is substantially lower in M/M than in ATHS8 or U937 cell
lines (Fig. 1). Moreover, M/M have lower levels of CD4 receptors (on a per cell
basis) than U937 monocytoid cell line, and far less CD4 than ATHS8 (data not
shown). However, the presence of CD4 antigen on M/M surface suggests its
involvement in the attachment and entry of HIV within M/M, as well the

TABLE 1
Anti-HIV activity of inhibitors of CD4-gp120 binding in lymphocytes and monocyte/macrophages
Cell Drug
«CD4 (ug/ml) HIVIG (ug/ml)
IDso IDgy IDs IDgg
ATHS 2 10 90 500
M/M 0.9 2 15 70

ATHS and M/M were exposed to 300 minimum infectious doses of HIV-Illg and HIVg,y,
respectively, in the presence of various concentration of drugs. Data shown in this table were
evaluated by HIV-p24 gag production in the supernatants, and confirmed by evaluation of the
cytophatic effect (for ATH8) and syncytia formation (for M/M). Data represent the average of
three experiments. Preliminary experiments showed that HIVIG concentrated antibody does not
interfere with the ELISA method used to assess viral production.
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possibility of inhibiting HIV entry in M/M by CD4-gp120-binding inhibitors.
Indeed, this is the case for sCD4 and HIVIG (Table 1). More than 99%
inhibition of HIV replication was achieved in M/M by 2 pg/ml sCD4, while
>99% viral inhibition in ATHS T-cells was obtained with 10 pg/ml. Similarly,
>99% protection was achieved in M/M by 70 pg/ml HIVIG, with an IDs, of
15 pg/ml. In ATHS cells, complete block of viral replication was achieved by
500 pg/ml HIVIG, with an D5 of 90 pg/ml. Similar results were obtained with
OKT4A (a monoclonal antibody that binds CD4 receptor within the epitope
recognized by HIV-gpl120) at similar concentrations in both M/M and T-
lymphocytes (data not shown). Thus, specific inhibitors of CD4-HIV gp120
binding are able to prevent HIV replication in M/M with a similar, or even
greater activity, than in T-cells. It should be stressed that a clear comparison
between the levels of HIV inhibition in T-cells and those achieved in M/M by
inhibitors of CD4-gp120 binding cannot be made at this point. Experiments
described in this paper were done with two different viral strains (HTLV-I1lg
and HTLV-IIlg, 1) in T-cells and M/M, respectively. Recent work by Daar and
coworkers and Gomatos and coworkers (Daar et al., 1991; Gomatos et al.,
1990) suggests that certain fresh or monocytotropic isolates of HIV are less
sensitive to inhibition by sCD4, but not by OKT4A or Leu-3a monoclonal
antibody (another monoclonal antibody similar to OKT4A). Thus, further
studies will be needed to sort out these issues.

The anti-HIV activity of reverse transcriptase inhibitors, such as dideox-
ynucleosides, showed substantial variations when tested in different cell
systems. As shown in Table 2, the IDs, of AZT in H9 T-cell line and in
purified normal T-Ly is 0.2 and 0.4 pM respectively, and TDsg is 20 pM. These
values are similar to the results achieved in U937, a monocytoid cell line that
can be easily infected by HIV-IIIB (a lymphocytotropic strain), but not by
HIV-BaL (monocytotropic). However, the AZT activity in normal M/M is
substantially greater, with an IDs, of 0.01 pM, and IDgg of 0.1 pM. No toxicity
was found, in resting M/M, at concentrations of AZT up to 50 pM. Similar

TABLE 2
Comparison of anti-HIV activity of AZT and DDI in T-cells, M/M and a monocytoid cell line

Cell Drug (uM)

AZT ddI

IDso 1Dy TDsp IDsg 1Dy TDso
H9 0.2 2 20 0.5 10 > 100
T-Ly 04 5 20 0.5 10 95
U937 0.2 5 20 1 50 >100
M/M 0.01 0.1 >50 0.01 0.1 >100

H9, T-Ly and U937 were exposed to HIV-IIlg, and M/M to HIVg,; (300 minimum infectious
doses for each cell type) in the presence of various concentrations of AZT and DDI. Data obtained
with dideoxyadenosine (ddA, a prodrug immediately converted to ddI by the ubiquitous enzyme
adenosine deaminase) completely paralleled those obtained with ddl.
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TABLE 3

Anti-HIV activity of DDC in different cells correlated with the intracellular phosphorylation of
DDC and with the endogenous levels of deoxycytidine-triphosphate

Cell [DDC] (uM) ddCTP dCTP ddCTP/
. (pmol/10®  (pmol/10® dCTP
IDso IDygg TDso cells) cells)
H9 0.05 0.2 20 1.6 154 0.082
T-Ly N.D. 0.5 10 N.D. N.D. -
U937 0.001 0.2 0.5 2.3 N.D. :
M/M 0.003 0.01 >10 0.64 2.45 0.165

Infection of target cells was performed as described in Table 2. In all cases, virus production was
assessed by HIV-p24 gag production in the culture supernatants, and toxicity was evaluated by
trypan blue exclusion test. Evaluation of intracellular ddCTP and dCTP was done as described in
Materials and Methods.

results were achieved with ddA and ddI: anti-HIV activity was obtained in
normal M/M at concentrations 50—100-fold lower than those needed to block
HIV replication in T-Ly (or PBL) or U937. Also ddC is more active against
HIV in M/M than in T-Ly (Table 3). Interestingly, in the case of ddC, the
antiviral activity in U937 is similar to that achieved in M/M, but toxicity was
detected in U937 cells at concentrations at least 20-fold lower than in M/M. In
comparison, the IDsq of ddC in H9 T-cells is 0.05 uM, and the IDgg in H9 and
im T-Ly is 0.2 and 0.5 pM, respectively. Thus, under our experimental
conditions, dideoxynucleosides (ddN) are generally more active and/or less
toxic against HIV in M/M than in T-lymphocytes or U937 cells. In this respect,
the monocytoid line U937 behaves more like replicating T-lymphocytes than
M/M.

Additional studies suggested that there is a correlation between the antiviral
activity and the pharmacokinetics of ddC in target cells. As shown in Table 3,
the phosphorylation of ddC to its active moiety ddC-5'-triphosphate (ddCTP)
is about 1/2 the level observed in H9 T-cells. However, the endogenous levels of
2'-deoxycytidine-triphosphate (dCTP, the natural competitor of ddCTP on
viral reverse transcriptase) is only 1/6 of the levels found in H9 cells. Thus, M/
M have a substantially higher ratio of ddCTP/dCTP than do H9 cells, which
may explain the more pronounced antiviral activity of ddC in M/M.

TABLE 4

Inhibition of HIV replication by PMEA in T-cells and monocyte/macrophages

Cells IDsy (UM) TDso (LM) Therapeutic index
HS 0.4 81 203

ATHS 2.5 80 32

PBL 3.7 50 14

M/M 0.022 > 100 > 4545

Results shown in this table represent the average of at least three different experiments performed,
in the case of M/M, in 5-day adherent M/M (mature M/M), and confirmed in elutriated M/M
(blood monocytes).
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Fig. 2. Antiviral activity of AZT, ddC and TIBO in M/M exposed to cytokines enhancer of HIV

replication. M/M were exposed to GM-CSF or M-CSF, and then challenged with HIVpg,.. in the presence

of AZT, ddC or TIBO. Results are expressed as % of suppression of HIV-p24 gag production in the
supernatants of drug-exposed M/M compared to M/M not exposed to drugs.

Preliminary experiments also suggest that ddC has a relatively low anti-HIV
efficacy in two EBV-transformed B-cell lines, one of them from the same donor
as T-Ly (data not shown). This area can be matter of further research, in view
of the evaluation of the metabolism of ddC in such cells.

We also evaluated the antiviral activity of PMEA (an acyclic nucleoside
phosphonate) in both lymphocytes and M/M. As shown in Table 4, the 1D, of
PMEA in M/M is 0.022 uM (with an IDg of 0.1 pM) (data not shown). No
toxicity was detected up to 100 uM. The IDs, and TDsy of PMEA in peripheral
blood lymphocytes is 3.7 uM and 50 pM, respectively. Similar results were
achieved in H9 and ATHS8 T-cells (Table 4). PMEA-diphosphate (PMEA-DP),
the active moiety of PMEA, is believed to compete with dATP at the level of
viral reverse transcriptase, and to induce chain termination of viral DNA in
formation (Balzarini et al., 1991a,b). Preliminary data suggest an increased
ratio of PMEA-DP/dATP in M/M. Thus, also in this case, it is conceivable that
relatively decreased dATP pools may contribute to the increased activity of this
drug in M/M. PMEA is so far one of the most active anti-HIV agents in M/M,
and deserves further studies in view of its potential clinical application.

We finally assessed whether cytokines that enhance viral replication could
affect the activity of antiviral drugs in M/M. As previously noted (Perno et al.,
1989; Koyanagi et al., 1988), GM-CSF enhances viral replication in M/M. At
the same time, this cytokine enhances the anti-HIV activity of AZT by more
than 10-fold (Fig. 2). For example, 20% inhibition of HIV replication was
achieved in control M/M by 0.01 uM AZT, while the same concentration gave
80% viral inhibition in the presence of GM-CSF. In contrast with AZT, the
antiviral activity of ddC was reduced in GM-CSF-exposed M/M compared
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with control M/M. An evaluation of the metabolism of AZT, as well of its
natural counterpart 2’-deoxythymidine-triphosphate (dTTP), revealed that
GM-CSF enhances by more than 10-fold the ratio AZTTP/dTTP compared to
control M/M, thus accounting, at least in part, for the increased antiviral
activity of AZT in GM-CSF-exposed M/M (Perno et al., 1989). Preliminary
data also suggest that, in contrast to the results with GM-CSF, the antiviral
activity of both AZT and ddC was reduced in M/M exposed to M-CSF.

The antiviral activity of TIBO has also been assessed in our M/M system
(Fig. 2). 0.05 uM TIBO afforded about 50% inhibition of viral replication in
M/M, a concentration similar to that active in T-cells. In contrast with AZT
and ddC, antiviral activity of TIBO in M/M was not modulated by cytokines
and, in the presence of M-CSF, the IDs, in M/M is virtually unchanged.

Modulation of anti-HIV activity by cytokines could be of some importance
from the clinical standpoint, since GM-CSF and M-CSF are present in the
tissues at concentrations similar to those used in these experiments. It is thus
conceivable that they may affect viral production and the activity of antiviral
drugs in patients with HIV infection.

Discussion

The results reported in this paper suggest that the activity of certain
inhibitors of HIV replication may be affected in vitro (and perhaps in vivo) by
several factors, one of the most important being the characteristics of the
cellular targets. Nevertheless, we also show that a number of the drugs under
study are able to maintain or even increase their anti-HIV activity under
different experimental conditions. This is a desirable quality in the
consideration of agents for clinical use.

HIV can infect a variety of cells in the body, of which the most important are
believed to be CD4-lymphocytes and the cells of M/M lineage (Gartner et al.,
1986a; Klatzmann et al., 1984). The infection of both cells may be crucial for
the progression of the disease. Thus, it is desirable that putative anti-HIV drugs
be active against HIV in both lymphocytes and M/M. Drugs active in vitro in
few selected cell targets or under non-stringent conditions (i.e. low multiplicity
of infection, limited number of viral strains, etc.) have conceivably less chance
of being effective in patients (Mitsuya et al., 1984, 1988; Broder et al., 1985;
Jasmin et al., 1974; McCornick et al., 1984; Anand et al., 1986). Furthermore, a
lack of testing antiviral compounds in M/M may determine an incomplete (and
perhaps wrong) estimation of the real possibility of such drugs being effective
in patients.

In the case of M/M, they are a peculiar target for HIV in the central nervous
system (CNS), and are involved somewhat in the development of the damage to
brain functions (Gabuzda and Hirsch, 1987; Koenig et al., 1986; Gartner et al.,
1986b). It is then conceivable that the potential ability of anti-HIV drugs to
restore the normal CNS functions is thus related to two factors: the anti-HIV
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activity of such drugs in cells of M/M lineage, and their concentration in the
cerebrospinal fluid (CSF) (that is usually lower than that in the plasma)
(Klecker et al., 1987, 1988; Hartman et al., 1990; Yarchoan et al., 1989b). In the
case of AZT and ddI (the most active anti-HIV compounds so far given to
patients), drug concentrations in the CSF are indeed 2-10 times lower than in
the blood (Klecker et al., 1988; Hartman et al., 1990). Even in this case, the in
vitro anti-HIV activity of such drugs in M/M is > 10-fold greater than in T-
lymphocytes (Perno et al., 1988). Thus, despite the relatively low concentra-
tions of AZT and ddI in the CSF, the levels are still sufficient to achieve a
substantial HIV inhibition in M/M of the CNS. This may explain, at least in
part, the ability of AZT and ddlI to improve the neurological dysfunctions in
patients with AIDS-dementia complex (Yarchoan et al., 1987). However, as
noted above, the pathogenesis of HIV-related dementia is still incompletely
understood, and it is possible that the beneficial effect of these drugs on
dementia occurs by different mechanisms.

Monocytoid cells such as U937 are easier to test in the laboratory than
normal resting M/M. However, there are profound differences between U937
cells and M/M, and in fact, at least from this point of view, they do not provide
a good model system for studying the effects of anti-HIV drugs on M/M. U937
are replicating cells (easily infected by a lymphocytotropic strain of HIV-1, but
not by a monocytotropic strain) (Perno, Broder, and Yarchoan, unpublished
data). Thus, their intracellular 2’-deoxynucleoside-triphosphate (DNA) pools
are higher than those of resting M/M (Perno et al., 1987), and are quite
comparable with those of replicating T-cells (similar results, not reported in this
paper, were obtained with another replicating monocytoid cell line). In
considering the metabolism of ddN, it is important to remember that their
activity is influenced by the levels of the competing endogenous 2'-
deoxynucleotide-triphosphate pools (ANTP) (Hao et al., 1988). Low levels of
endogenous dNTP pools in M/M necessarily result in decreased competition
with ddN-triphosphate on viral reverse transcriptase, and may therefore allow
more efficient viral DNA chain termination. This may explain why ddN are
more potent antiviral agents in M/M than in T-cells and U937 monocytoid
cells, in spite of their decreased phosphorylation. In a similar fashion, sCD4
and other inhibitors of the CD4-gp120-binding process show different patterns
of activity in M/M than in T-lymphocytes. In the case of sCD4, the activity
appears to be highly dependent on the strain of the virus (Gomatos et al.,
1990).

These data demonstrate that there are differences in the activity of anti-HIV
drugs in various target cells. In addition, as we have seen, cytokines may affect
the replication of HIV and activity of certain drugs (especially ddN) in M/M.
Certain cytokines may have clinical utility in improving bone marrow damage
induced by antiviral drugs (such as AZT) or by HIV per se (Pluda et al., 1990;
Miles et al., 1990; Fischl et al., 1990; Groopman et al., 1987). However, as
noted above, certain cytokines may enhance HIV replication in vitro, and at
least one study has suggested that this may occur in patients (Pluda et al.,
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1990). However, various trials have yielded conflicting results in this area, and
any potential risk for HIV replication must be balanced against the potential
benefit of the cytokine. Moreover, at least one cytokine, GM-CSF, may
enhance the entry and intracellular metabolism of AZT to its active
triphosphate moiety (Perno et al.,, 1989; Dhawan et al.,, 1990). Such
enhancement appears to be sufficient to overcome the cytokine-induced
enhancement of viral replication and to induce greater inhibition of viral
replication. For this reason, the combination of AZT and GM-CSF deserves
further clinical studies to evaluate the potential clinical application of their
therapeutic combination.

In the case of other ddNs, GM-CSF-induced increase in ddN metabolism is
not sufficient to improve the anti-HIV efficacy, and either no effect or a net loss
of antiviral activity was found (Perno et al., 1989). Interestingly, the antiviral
activity of TIBO derivatives, a new class of compounds with potent anti-HIV
activity, is not down-modulated by M-CSF and other cytokine enhancers of
HIV replication. TIBO are believed to inhibit HIV-1 (but not HIV-2) reverse
transcriptase through a non-competitive mechanism with dNTP pools
(Debyser et al., 1991). Inhibition of HIV-1 replication takes place at
nanomolar doses in both T-lymphocytes and M/M (Pauwels et al., 1990).
The activity of such drugs in M/M, in conjunction with their penetration into
the brain, suggests that they may have utility in the treatment of HIV-related
dementia, and this issue should be explored in clinical trials of these drugs.
However, with their exquisite specificity to HIV-1, it will be important that the
potential for viral resistance is carefully evaluated in such patients.

Toxicity of a number of drugs is related to the selective inhibition of
nucleotide metabolism or cellular DNA replication. In such a case, a weak
antiviral activity cannot be detected, unless a cellular system less sensitive to
toxic effect of the compound is used. This is indeed the case of adriamycin, an
anticancer drug of some interest in HIV infection, because it is commonly used
in AIDS patients with Kaposi sarcoma, lymphomas and other cancers. We
found substantial anti-HIV activity of adriamycin in M/M at concentrations
toxic for T-lymphocytes, but still in the range of those achievable in cancer
patients (Bergamini et al., 1991). Its mechanism of action, still under
investigation, seems to be related to an inhibition of postretrotranscriptional
step(s) of viral replication, similar to that recently published for another class of
compounds inhibiting DNA topoisomerase I (Priel et al., 1991). The replication
of HIV utilizes the machinery of host cells, thus it is possible that a non-specific
effect resulting from the cellular toxicity of ADR may play a role in viral
inhibition. With this concept in mind, we performed various experiments
demonstrating that anti-HIV activity of ADR takes place in M/M at
concentrations non-toxic for the cells. However, our data cannot completely
rule out the possibility that minor toxicity, not detected by our standard assays,
can be relevant to viral replication. For these purposes, studies are now under
way to evaluate whether other derivatives of the adriamycin family may display
more specific anti-HIV activity and reduced toxicity.
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In conclusion, our data strongly suggest the importance of verifying the
activity of putative anti-HIV drugs in M/M as a step in their preclinical
development. This can aid in selecting drugs with a greater chance of being
effective in patients with HIV-related disease. Automatization of drug
screening in M/M would be desirable, but for the moment this remains more
labor-intensive than testing in T-lymphocytes. Studies are now underway to
achieve this goal and make such screening available to the majority of
laboratories involved in HIV research.
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