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Abstract Since the appearance of resistance to antiret-

roviral treatment is unavoidable, the host cell’s

transcription factor NF-kappaB is a novel HIV target. The

goal of this study was to characterize the effect of two

immunomodulators, curcumin (Cur) and sulfasalazine

(Sul), with a protease inhibitor, indinavir (IDV), on HIV-1

persistently infected CD4+ T-cells. Viral p24 antigen

production, viral infectivity (tested on MAGI cells) and

viral relative infectivity (viral infectivity/p24) were ana-

lysed. When used alone, both immunomodulators were

able to reduce viral infectivity. When in combination, both

10 lM IDV plus 10 lM Cur and 10 lM IDV plus 250 lM

Sul showed a significant reduction in viral infectivity and

viral relative infectivity when compared to the reduction

produced by IDV alone. Thus, the use of immunomodu-

lators with IDV could help to reduce HIV-1 production in

persistently infected cells.

Two major obstacles to the elimination of HIV-1 infection

are latently infected cells and cells harbouring replicating

HIV-1 that can persist following antiviral therapy [1]. Also,

even if highly active antiretroviral therapy (HAART)

greatly improves clinical outcome for HIV-1-infected

patients, failures due to viral mutation call for new drugs

that attack novel HIV targets. One such target is the host

cell’s transcription factor nuclear factor-kappa B (NF-

kappaB), which plays an important role in the regulation of

HIV-1 gene expression [18].

HIV protease inhibitors (PIs) have been considered one

of the most significant advances in controlling viral

infection. Indinavir (IDV) is a potent PI that, when used in

combination with reverse transcriptase (RT) inhibitors, has

been shown to effectively suppress viral replication, reduce

morbidity and prolong survival in HIV-infected patients.

However, concern is growing about complications caused

by prolonged use of PIs. The effects of five PIs on vaso-

motor function, nitric oxide synthase expression and

oxidative stress in porcine coronary arteries have already

been studied [9].

Curcumin (Cur), 1,7-bis(4-hydroxy-3-methoxyphenyl)-

1,6-heptadiene-3,5-dione; diferuloylmethane, is a major

active component of food-flavouring turmeric (Curcuma

longa). It has been shown to be non-toxic, to have anti-

oxidant activity and to inhibit such mediators of

inflammation as NF-kappaB, cyclooxygenase-2, lipooxy-

genase and inducible nitric oxide synthase [2].

Another potent and specific inhibitor of the transcription

factor NF-kappaB with many immunomodulatory actions

is sulfasalazine (Sul), 5-[4-(2-Pyridylsulfamoyl)phenyl-

azo] salicylic acid, a sulfone analogue [25]. Also, sulfone

derivatives have been shown to inhibit HIV-1 RT [7] and to

down-modulate CD4 receptor [24].

In the present study, we characterized the action of two

immunomodulators (Cur and Sul) on HIV-1 persistently

infected CD4+ T-cells as a model for HIV cell reservoirs,

in the presence of a representative PI such as IDV.
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Non-infected H9 cells and HIV-infected H9/HTLVIIIB

cells (persistently infected with HIVHXB2 strain: H9+)

were cultured in complete RPMI 1640 medium supple-

mented with 10% fetal calf serum, 2 mM L-glutamine,

100 IU/ml penicillin, and 0.1 mg/ml streptomycin, at 37�C

in a humidified atmosphere (5% CO2 in air). Cells were

collected during the log phase of growth, when cell via-

bility was over 95%, and immediately used for the

experiments described below. Multinuclear Activation of

Galactosidase Indicator (MAGI) cells were kept in Dul-

becco’s minimal essential medium (DMEM) supplemented

with 10% fetal calf serum, G418 and hygromycin. H9, H9+

and MAGI cell lines were obtained through the AIDS

Research and Reference Reagent Program, Division of

AIDS, NIAID, NIH.

IDV (AIDS Research and Reference Reagent Program,

Division of AIDS, NIAID, NIH), Sul and Cur (Sigma

Chemical Co. St. Louis, MO) were dissolved in DMSO, so

that the final concentration of DMSO in the cell culture

medium never exceeded 0.1%. H9 and H9+ cells were

collected as described above, resuspended at 105 cells per

ml in RPMI 1640, 5% fetal calf serum and 2 mM L-glu-

tamine containing the test compound at the appropriate

concentration. After 24 h of incubation, H9 and H9+ cells

were centrifuged and cytotoxicity assays were performed.

H9+ cell supernatants (SN) from the untreated and drug-

treated cultures were used for virus production assays.

To evaluate the effect of each individual compound on

cell viability, the MTT assay was performed as described

elsewhere [10]. The absortion at 640 nm was measured and

compaired with control replicates (no agent added)

(Table 1). Interestingly, the CC50 of IDV in H9 cells was

slightly higher than its published activity of 198 ± 18 lM

[11]. The CC50 and CC20 of Cur were similar for HIV-

infected (H9+) and non-infected (H9) cell lines. In contrast,

the CC50 and CC20 of both IDV and Sul were significantly

different (P \ 0.05) for HIV-infected and non-infected

cells. In this report, tests were done in the presence of non-

cytotoxic doses (concentrations lower than the CC20) of

each compound.

To determine the effect of the different treatments on

virus production, H9+ cells were removed by centrifuga-

tion and the SN was analysed for both p24 antigen and

infectivity. Viral p24 antigen was measured by enzyme-

linked immunosorbent assay (ELISA) (Vironostika, Bio-

merieux). Results were expressed as percentage of p24 in

the presence of the test compound with respect to the p24

level in untreated cells. Control untreated cells were set as

100% and represented 57.0 ± 1.6 ng p24/106 H9+ cells.

Infectious-virus titrations of the SN were performed

with MAGI cells as already described [16]. The CD4-LTR/

B-gal indicator cells were infected with the SN of H9+

treated with the different agents or a combination of them.

Blue cells were counted under a microscope at a magnifi-

cation of 1009 and results were expressed as percentage of

blue cells in the presence of the test compound with respect

to blue cells in untreated cells. Control untreated cells were

set as 100% and represented 2,600 ± 120 blue cells/106

H9+ cells. The MAGI assay monitors a subset of steps in

the viral replication cycle from initial fusion to gene

expression. Infection of MAGI cells with HIV-1 provides a

source of newly synthesized Tat, which activates a pro-

moter that allows the b-galactosidase protein to accumulate

[22]. Agents used in this paper did not interfere with a

control infectivity assay. When 50 lM IDV, 250 lM Sul

or 10 lM Cur were added to the SN of H9+ untreated cells

just before MAGI infection, the number of blue cells was

not affected. In contrast, other components of HAART

treatment, such as any RT inhibitor, interfere with the

MAGI assay and were not included in the present report.

Also, a relative infectivity ratio was calculated as the

percentage blue cells/percentage p24 antigen. This ratio

has been proposed as an indication of the relative HIV

infectivity of the viral progeny in different cell lines [4].

Data represent means ± SD of three independent

experiments for each treatment. Data from the different

treatments were compared using paired Student’s t-test

(two-tailed) and significance was considered at P \ 0.05.

When both immunomodulators were analysed, a sig-

nificant reduction in p24 (44%) and HIV infectivity (75%)

was observed only at Sul concentrations as high as 250 lM

(Fig. 1a). In contrast, no statistically significant differences

in p24 antigen production or infectivity were observed

between 0.1 and 1 lM Cur (Fig. 1b), while 10 lM Cur

reduced p24 levels by 6% and viral infectivity by 36%

(Fig. 1b). When used alone, IDV treatment on H9+ cells

reduced both p24 production and viral infectivity in a dose-

dependent manner: 50 lM IDV reduced p24 levels by 62%

and blue cells by 92%, while 10 lM IDV reduced p24

levels by 44% and blue cells by 84% (Fig. 2a,b).

Table 1 Observed cell toxicity of the agents. H9 and H9+ cells were

treated in the presence of different concentrations of the agents

CC50 (lM) CC20 (lM)

Agent H9 H9+ H9 H9+

IDV 573 ± 169a 1,289 ± 180a 229 ± 69a 516 ± 129a

Cur 76 ± 9b 67 ± 8b 30 ± 6b 27 ± 5b

Sul 742 ± 75a 1,101 ± 109a 373 ± 49a 692 ± 4a

After 24 h, cell viability was determined by MTT as indicated in

Materials and methods. Results are expressed as mean ± SD of three

independent experiments. CC50 and CC20 represent the concentra-

tion of the agent (lM) which affected cell viability by 50% or 20%,

respectively
a Significant differences between H9 and H9+ (P \ 0.05)
b No significant differences between H9 and H9+ (P [ 0.1)
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To exclude the possibility that the compounds enhance

each otheŕs cytotoxic effect, cellular viability was moni-

tored as already described. No combination analysed had

any effect on cell viability (data not shown). The combi-

nations of IDV + Cur and IDV + Sul produced a reduction

in p24 levels in H9+ cell SN that could be seen when the

IDV concentration ranged from 2 to 10 lM (Fig. 2a).

When H9+ cells were incubated in the presence of the

combination of 10 lM Cur plus various concentrations of

IDV and examined for infectivity, the percentage of blue

cells in cell SN incubated with 2, 10 and 50 lM IDV were

28, 7 and 2%, respectively (Fig. 2b). Similar results were

observed when cells were incubated in the presence of

250 lM Sul plus various concentrations of IDV and

examined for infectivity (Fig. 2b).

When H9+ cells were treated with IDV alone, the rel-

ative infectivity was reduced from 0.63 to 0.22 in the 2- to

50-lM IDV range (Fig. 2c). The reduction in viral relative

infectivity of the combination of IDV+Cur could only be

seen when the IDV concentration ranged from 10 to 50 lM

(Fig. 2c). A high reduction in viral relative infectivity was

observed when H9+ cells were incubated with 10 lM Cur

in the presence of 50 lM IDV (0.07) with respect to IDV

treatment alone (0.22) (Fig. 2c). Similarly, for the IDV +

Sul combination, a reduction in HIV-1 relative infectivity

was observed when IDV was included in a range of con-

centration from 10 to 50 lM (Fig. 2c). We observed a

reduction in viral relative infectivity when 50 lM IDV plus

250 lM Sul was present in H9+ cell SN (0.08) when

compared to 50 lM IDV treatment alone (0.22). We also

showed that 10 lM IDV plus 250 lM Sul exhibited a

reduction in relative infectivity (0.15) when compared to

10 lM IDV treatment alone (0.28) (Fig. 2c). On the other

hand, the combination of Sul or Cur with a lower

Fig. 1 Effect of the immunomodulators on viral infectivity and p24

levels. H9+ cells were incubated with various concentrations of (a)

Sul or (b) Cur. After 24 h, aliquots of the SN were collected for p24

antigen determination and virus infectivity determination (blue cells).

Data obtained from SN of control untreated H9+ cells were set as

100%

Fig. 2 Effect of Sul and Cur in combination with different concen-

trations of IDV. H9+ cells were treated with different concentrations

of IDV plus 250 lM Sul or 10 lM Cur. After 24 h, aliquots of the

supernatant were collected for a p24 antigen determination and

b virus infectivity determination (blue cells). c Viral relative

infectivity was calculated for each cell treatment (% blue cells/%

p24 antigen). The ratio for untreated cell SN was set as 1
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concentration of IDV (2 lM) had no effect on viral relative

infectivity (Fig. 2c).

Combined therapy, reverse transcriptase and protease

inhibitors have presented the problem of resistance due to

mutations in the virus. In turn, targeting NF-kappaB, which

is a normal part of the human T-4 cell, is not subject to

mutations [18]. Also, a possible association between HIV

PIs and collateral effects including hyperlipidemia, lipo-

dystrophy, and insulin resistance have been proposed [6].

Although sulfone therapy have been extensively applied

[12,17], analogs of Sul with improved NF-kappaB-inhib-

iting activity have been recently synthesized [14]. On the

other hand, Cur has been proposed as an agent for che-

moprevention of cancer [20], but controversial data on its

anti-HIV activity have been obtained [13,15].

In this study, we observed a differential cytotoxicity of

IDV and Sul on HIV-1 persistently infected CD4+ T-cells

in comparison with non-infected cells (Table 1). Similarly,

different sensitivity to cell death after exposure to many

stimuli has already been described in cells of lymphocytic

origin chronically infected with HIV-1 [19,26]. In our

hands, differences in IDV and Sul cytotoxicity observed in

H9+ with respect to H9 could be related to an uncharac-

terised sequence of events that diminished cell death in

persistently infected cells.

Chronically infected cells are usually used to analyse

mechanisms of pathogenesis and antiviral activities [5,26].

Persistently infected H9-derived cell lines produce abnor-

mal particles with low infectivity [4]. Also, inhibitors of

HIV-1 protease activity give rise to immature viral prog-

eny, since protease activation is required for gag and pol

processing leading to virus maturation [23]. In our hands,

discrepancy between the percentage of p24 and blue cells

could be related to these phenomena (Figs. 1,2). In this

context, the study of nucleic-acid-based HIV-1 viral load

would be unsuitable. Thus, determining virus infectivity

seems to be more important than determining p24 to

characterize HIV production in H9+ cells.

The drugs studied against NF-kappaB fall mainly into

three categories: IkappaB phosphorylation and degrada-

tion inhibitors (such as Sul and Cur), antioxidants (such

as Cur) and NF-kappaB DNA-binding inhibitors. Cur has

a potential application in the cardiovascular system since

oxidative stress is an important mechanism for lesion

formation. It has been demonstrated that 10 lM Cur

blocks ritonavir-induced overproduction of reactive oxy-

gen species in porcine coronary arteries [8]. Although Cur

modulates an antioxidant response in H9+ cells by

affecting superoxide dismutase activity (data not shown),

we cannot conclude that curcumińs antioxidant activity is

the major factor involved. Previous studies have demon-

strated that Cur also suppresses constitutive IkappaB-

alpha phosphorylation and down-regulates NF-kappaB in

different cell lines [3,21]. Thus, the reduction in viral

infectivity and relative infectivity observed with Cur in

the presence of IDV with respect to IDV treatment alone

(Fig. 2b,c) could be related to both the modulation of

NF-kappaB and the regulation of HIV-1 gene expression

[18]. Similar effects were observed when Sul was present

in H9+ cell SN. In conclusion, the use of Cur or Sul in

combination with IDV could reduce infectivity in viral

progeny.

Further investigations including different periods of

incubation and other cell reservoir models are to be done.

Also, it would be interesting to study new small molecule

inhibitors of NF-kappaB [14].

The results presented in this study suggest that both

immunomodulators, Sul and Cur, interfere with viral pro-

duction. Since the appearance of resistance to antiretroviral

treatment is unavoidable, the use of an immunomodulator

with a different mechanism of action could help to reduce

the persisting replication observed in the presence of

antiviral therapy and the selection of resistant HIV-1

variants.
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