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SUMMARY

Clinical improvement has been described in AIDS patients submitted to zinc therapy, but the
mechanisms involved are not well understood. In order to evaluate the effect of the zinc ions in the
enhancement of the immune response, we tested its role in the lymphoproliferative response to a
mitogen, as well as in the prevention of apoptosis. The mitogenic effect of zinc (10–4

M ZnCl2) on the
lymphocyte proliferative response was observed in healthy controls as well as in HIV-1þ asymptomatic
individuals. Very low stimulation index could be observed in AIDS patients (CD4þ

< 200/mm3).
However, zinc treatment of phytohaemagglutinin (PHA; 5mg/ml)-stimulated PBMC cultures signifi-
cantly enhanced3H-thymidine incorporation in both asymptomatic and symptomatic groups. A
decreased percentage of apoptotic cells could be identified in cell cultures from HIV-1þ individuals
submitted to zinc treatment compared with cells treated only with PHA, as detected by both flow
cytometry and agarose gel electrophoresis. Further studies with zinc supplementation associated to anti-
retroviral therapy would be of great interest to evaluate thein vivo role of this oligoelement in the
improvement of the immunological functions of HIV-1-infected individuals and AIDS patients.
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INTRODUCTION

Cell-mediated immunity is usually impaired in zinc-efficient
patients, as shown by a decreased response to phytohaemagglutinin
(PHA) stimulation, thymic atrophy and decreased natural killer
(NK) activity [1,2]. The same features have also been described
by experimental studies of zinc depletion in mice [3]. It is interesting
to note that the above dysregulations, occurring both in humans and
animals, could be reversed by zinc supplementation [4–6]. Reduc-
tion in nucleoside phosphorylase (NPase) activity, a zinc-dependent
enzyme, adversely affect cell-mediated immunity through the mod-
ulation of intralymphocytic nucleotide levels, as has been reported in
zinc-deficient individuals. Indeed, the guanosine triphosphate (GTP)
accumulation verified among those individuals could also be related
to the reduction of the lymphocyte proliferative response [7].
Therefore, zinc is a very important trace element in normal cellular
function, with an extraordinary impact upon the immune system.

Several studies have evaluated the use of zinc as a therapeutic
agent for a wide variety of human diseases. Its potential antiviral
capacity was also demonstrated against HIV [8]. Indeed, zinc can
act as an inhibitor of the HIV protease, an enzyme responsible for
processing the p17/p24 gag precursor protein, which has been
suggested to be associated with the clinical improvement observed
in some HIV-infected individuals during zinc therapy [9].

One important fact to be considered is that HIV-1 shows sig-
nificant zinc concentration in gag proteins [10–12], suggesting an
intracellular consumption of this oligoelement during virus replication.
Decreased serum zinc levels have been reported in AIDS patients [13–
15], which could also contribute to the impairment of cell-mediated
immunity to specific antigens and mitogens. Nevertheless, zinc can
also prevent DNA fragmentation by inhibition of endonuclease activity
[16,17], potentially controlling the apoptosis of T lymphocytes,
associated to cell depletion in AIDS patients [18–20].

In order to assess the potential role of zinc in the improvement
of immunological functions in HIV-1 infection, we investigated
the in vitro effect of zinc as a mitogen, its synergistic effect on
PHA lymphoproliferative response as well as its role in the
inhibition of cell apoptosis.
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PATIENTS AND METHODS

Study group
The HIV-1þ patients involved in this study were recruited from the
Evandro Chagas Hospital cohort (Institute Oswaldo Cruz, Fiocruz,
Rio de Janeiro, Brazil) after written consent. The 48 individuals
included in this study were evaluated by clinical and laboratory
parameters, as shown in Table 1. Twenty-one were clinically
symptomatic AIDS patients, scored as group IV of the Centers

for Disease Control (CDC) clinical classification, whereas 27 were
asymptomatic HIV-1þ individuals (CDC group II). Moreover, they
were also classified in three immunological groups, based on CD4þ

T cell counts, as< 200 cells/mm3 (n¼ 21), 200–500 cells/mm3

(n¼ 14) and> 500 cells/mm3 (n¼ 13). The mean age of these
groups was 37 years. Ten HIV-1¹ volunteers, without any risk
behaviour, matched for sex and age, were also evaluated as healthy
controls. All HIV-1þ individuals were submitted to clinical evalua-
tion and serological tests. Peripheral blood lymphocyte (PBL)
subsets were determined by flow cytometry using anti-CD4þ/
CD3þ, anti-CD8þ/CD3þ, anti-CD14þ/CD45þ and negative control
double-labelled (RD1 and FITC) MoAbs (Coulter, Hialeah, FL).

Lymphoproliferative response assay
PBMC from healthy controls and patients were isolated from
heparinized venous blood. Following density gradient centrifuga-
tion on Ficoll–Hypaque (Sigma Chemical Co., St Louis, MO) for
30 min at 400g, cells were washed twice and resuspended in
RPMI 1640 (Sigma), supplemented with 10% fetal bovine serum
(FBS; Sigma), 2 mM L-glutamine (Sigma) and 2 mM 2-mercapto-
ethanol (2-ME; Merck Chemical Co., Rio de Janeiro, Brazil),
hereafter called complete medium. For the lymphoproliferative
response (LPR) assay, 2×105 PBMC/well were stimulated for 72 h
at 378C in a humid atmosphere of 5% CO2, respectively, with
1×10–4

M ZnCl2, 5mg/ml PHA and using both reagents together at
the same concentration.

DNA labelling technique and flow cytometry analysis
The evaluation of the percentage of apoptotic cells was done as
described elsewhere [17]. Briefly, after cell culture the cells were
centrifuged at 200g, resuspended in cold 80% ethanol with
vigorous mixing to a final density of 1×106/ml. The cells were
incubated at 48C for a minimum of 30 min. The ethanol-fixed cells
were then centrifuged and resuspended in 1 ml of the propidium
iodide (PI; Sigma) staining reagent (PBS 0·15M pH 7·4, 0·1%
Triton X-100 (Merck, Darmstadt, Germany), 0·1 mM EDTA dis-
odium salt (Sigma), 50mg/ml RNase A (Sigma) and 50mg/ml PI).
Samples were stored in the dark at room temperature until analysis,
carried out within 24 h. Determinations of cell cycle distribution
were carried out using an Epics 751 Flow Cytometer (Coulter). PI
was excited using the 488 nm line of an argon ion laser and
emission was detected at 620–700 nm. Apoptotic cells were
determined as the sub-G0/G1 peak.

DNA electrophoresis
After cell culture, the DNA samples were prepared from cells
incubated with culture medium, as well as from those stimulated
with PHA and PHAþ zinc. Cells (4×105) were washed with PBS
0·15M pH 7·4. The pellets were resuspended with 20ml of DNA
buffer containing 500mg proteinase K (Sigma), 10 mM EDTA,
50 mM Tris–HCl pH 8·0, 0·5% SDS, and incubated at 508C for
30 min. After incubation, 10ml of 500mg/ml RNase A (Sigma) in
DNA buffer were added to each sample and incubated for a further
30 min, as described [17]. After mixing with 5ml of gel loading
buffer (10 mM EDTA pH 8·0, 0·25% bromophenol blue and 40%
sucrose), the samples were heated at 658C for 10 min and electro-
phoresis was performed in 1·8% agarose gel at 30 V for 5 h.
DNA was visualized by staining with ethidium bromide under
ultraviolet light and the DNA fragmentation was characterized by
the formation of a DNA ‘ladder’ with fragments in multiples of
200 bp.
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Table 1. Summary of epidemiological and laboratory data

CD4þ cells
Subject Risk group Sex CDC clinical class (per mm3)

1 Homosexual M II 582
2 Homosexual M II 290
3 Heterosexual F IV 100
4 Homosexual M IV 023
5 Bisexual M II 512
6 Homosexual M IV 158
7 Homosexual M II 432
8 Homosexual M IV 135
9 NA M IV 015

10 Homosexual M II 250
11 NA M II 562
12 Homosexual M II 236
13 Homosexual M IV 050
14 Heterosexual F II 284
15 Bisexual M IV 065
16 Homosexual M II 588
17 Homosexual M IV 119
18 Bisexual M II 259
19 NA M IV 010
20 NA M II 589
21 NA M IV 098
22 Homosexual M IV 188
23 Homosexual M IV 105
24 NA M IV 160
25 NA M II 679
26 Blood transfusion M IV 184
27 Homosexual M II 265
28 Heterosexual M II 469
29 IVDU M II 838
30 Bisexual M II 818
31 NA M IV 078
32 NA M IV 151
33 Bisexual M II 265
34 NA M II 369
35 Homosexual M II 613
36 Heterosexual F II 374
37 NA M II 523
38 Heterosexual F II 876
39 Heterosexual F IV 127
40 Heterosexual F II 875
41 Bisexual M IV 183
42 NA M II 275
43 Heterosexual F II 298
44 NA M II 264
45 NA M IV 048
46 NA M IV 070
47 NA M II 932
48 NA M IV 087



Statistical analysis
Results were analysed by a computer program (GraphPad Instat,
GraphPad Software V2.05a, 1994), using non-parametric tests
(Wilcoxon’s signed rank test and Mann–Whitney’s test). A two-
tailed P value<0·05 was considered significant.

RESULTS

Zinc as a mitogen
Preliminary experiments were performed to discover whether the
addition of ZnCl2 was able to inducein vitro a lymphoproliferative
response of PBMC taken from HIV-1-infected individuals and
AIDS patients. A dose–response curve was initially established
with PBMC from healthy individuals in order to determine the zinc
mitogenic activity concentration (Fig. 1a). Indeed, mitogenic
activity as measured by thymidine incorporation was verified

using only 1·25–1·0×10–4
M, for 7 days. Based on the cell stimula-

tion dose of 10–4
M we verified a strong mitogenic capacity in the

induction of lymphoproliferative responses in healthy controls
(P<0·01) as well as in asymptomatic HIV-1þ individuals
(P<0·005), but not in symptomatic AIDS patients (Fig. 1b).
Similar results were also observed when HIV-1þ individuals
were grouped based on CD4þ T cell counts. No mitogenic
stimulation was observed in patients with CD4þ T cell counts
<200/mm3 (P¼ 0·06), whereas statistically significant stimulation
indexes (SI) were verified with patients with higher T cell counts at
>200<500/mm3 (P<0·001) and at> 500/mm3 (P< 0·005).

The role of zinc ions on the LPR
The improvement of the LPR to PHA, which acts as a mitogen,
preferentially on T lymphocytes, was also verified upon zinc addition
to PHA-stimulated cell cultures. The addition of 10–4

M ZnCl2 to
PHA-stimulated cell cultures significantly enhanced the uptake of
3H-thymidine of PBMC from healthy controls (P¼ 0·001), as well as
from asymptomatic (P< 0·001) and symptomatic HIV-1þ patients
(P¼ 0·001). As presented in Fig. 2, similar results were obtained
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Fig. 1. Mitogenic capacity of zinc in the induction of the lymphoprolifera-
tive response. (a) Stimulation index (SI) to define the optimal mitogenic
concentration in healthy controls. (b)3H-thymidine incorporation (ct/min)
evaluating mitogenic stimulation of PBMC from HIV-1þ individuals as
well as from healthy controls.B, Mean6 s.e.m. of non-stimulated cells;A,
mean 6 s.e.m. of zinc (10–4

M)-stimulated PBMC after 7 days of cell
cultures. Statistical analysis of the results was performed using paired non-
parametric Wilcoxon’s signed rank test.
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Fig. 2. Enhanced uptake of3H-thymidine upon addition of ZnCl2 to
phytohaemagglutinin (PHA)-stimulated PBMC. Results are expressed as
ct/min.B, Mean6 s.e.m. of the PHA-stimulated PBMC;A, mean6 s.e.m.
of PHA plus zinc (10–4

M)-stimulated PBMC. Statistical analysis as in
Fig. 1.

(a)

Aq

Gq

S

GaM

Aq  0%G1

(b)

Aq 38%

(c)

Aq 24%

Fig. 3. Flow cytometric cell cycle histograms of propidium iodide (PI)-
stained PBMC incubated with medium (a), phytohaemagglutinin (PHA)
(b), or PHA plus ZnCl2 (c). Determination of cell cycle distribution was
carried out using an EPICS 751 Flow Cytometer (Coulter Corp., Hialeah,
FL). Apoptotic cells were determined at the sub-G0/G1 peak after PI
labelling.



when HIV-1þ patients were grouped based on CD4þ T cell counts in
<200/mm3 (P< 0·0001),>200< 500/mm3 (P<0·001) and>500/
mm3 (P< 0·001), confirming the role of zinc as an amplifier of the
LPR in the course of HIV-1 infection.

Apoptosis evaluation in PBMC cultures from HIV-infected patients
PBMC from HIV-1þ patients and healthy controls were cultivated
in vitro in the presence or not of PHA and in its association with
10–4

M ZnCl2 in order to evaluate apoptosis induction after T cell
stimulation. Figure 3 shows an example of a flow cytometric
analysis of DNA fragmentation based on the appearance of a
peak in the sub-G0/G1 region corresponding to the apoptotic
cells. An increase in the sub-G0/G1 peak was observed when
PBMC were cultivated in the presence of PHA (Fig. 3b), which
was reduced after PHA stimulation in the presence of zinc ions (Fig.
3c). Spontaneous apoptosis after 72 h of cell culture without any
stimulation was detected by flow cytometric analysis of PBMC from
all HIV-1þ groups compared with healthy controls (P< 0·001).
Apoptosis was enhanced upon PHA stimulation in the HIV-1þ

group with CD4þ counts >200<500/mm3 (P<0·05), although
such an enhancement could not be verified in patients with CD4þ

cell counts< 200/mm3 (Fig. 4). Moreover, the inhibitory role of the
zinc on apoptosis of PHA-stimulated lymphocytes was also
observed in the former group (P< 0·05), but not in the latter one,
possibly due to the high percentage of apoptotic cells already
determined without mitogenic stimulation of PBMC obtained
from patients in more advanced stages of the disease. Indeed, the
inhibitory effect of zinc could be verified in 66% of patients included
in this group (Fig. 4), although, possibly due to the high dispersion of
the results, no statistical significance was verified when compared
with cells stimulated with PHA or without stimulation.

Accumulation of apoptotic cells in the sub-G0/G1 peak was
consistent with the presence of DNA fragmentation in whole cell
lysates as evaluated on agarose gel electrophoresis, as shown in Fig.
5. Increase of DNA degradation could be detected after cell
stimulation with PHA in sets 2, 4 and 5 (lanes b). Moreover,
apoptosis inhibition upon zinc treatment could be observed in the
DNA samples applied in lanes c from those sets, but not in sets 1, 3,
and 6 obtained, respectively, from asymptomatic and symptomatic

HIV-1þ patients (sets 1 and 3) and from a healthy control (set 6), for
which apoptosis was not increased after PHA mitogenic stimulation.

DISCUSSION

Impairment of the lymphoproliferative response to mitogens and
recall antigens is a well known phenomenon during HIV-1 infec-
tion, even before the onset of AIDS. In order to improve the
immune response in HIV-infected individuals, oral zinc supple-
mentation has been considered as a potential therapeutical
approach [21,22]. However, very few cases have been reported
so far, and the mechanisms involved in the restoration of the
immune system are not well understood.

In order to evaluate the effect of zinc in the improvement of the
immune response in HIV-1þ individuals and AIDS patients, we
tested its role as a mitogen in the proliferative response to PHA, as
well as in the prevention of apoptosis. Considering the heterogeneity
of the patient population in terms of zinc status, its would be difficult
for comparative analysis to employ different zinc doses administered
to each patient included in this study. In order to define the optimal
dose to be used for lymphocyte stimulation we previously established
a dose–response curve using lymphocytes from HIV¹ individuals,
and we found a narrow range of zinc reactivity from 1·25 to
1·0×10¹4

M, which agrees with previously published data [23,24].
Under these conditions, zinc was able to induce proliferation in
lymphocytes from asymptomatic patients without immunological
impairment, but not in AIDS patients. Despite this fact, this dose
was able to enhance the lymphoproliferative response to PHA in all
patients, independent of their clinical or immunological status,
possibly by a synergistic effect. Indeed, the mitogenic effect of
zinc occurs within 6 days [23], whereas in our experiments the
enhancement of the proliferative response was verified in only
3 days, which is a current time for lymphocyte stimulation with
PHA, showing that the observed effect was synergistic and not
merely accumulative. The same effect was observed even using a
10-fold lower concentration (10–5

M) of zinc ions (data not shown).
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Fig. 4. Zinc prevention of apoptosis of phytohaemagglutinin (PHA)-stimu-
lated cells of HIV-1þ individuals but not of AIDS patients. Results are
expressed as percentage of apoptotic cells detected in the sub-G0/G1 peak
by flow cytometry. HIV-1þ patients were classified based on the CD4þ

counts/mm3. Bars are representative of the different cell stimulations as:B,
non-stimulated cells;B, 5mg/ml PHA; A, PHA plus 10–4

M ZnCl2, after
3 days culture. Statistical analysis as in Fig. 1.

Fig. 5. Demonstration of apoptosis in PBMC by gel electrophoresis. PBMC
were cultured in medium alone (lane a), phytohaemagglutinin (PHA) (lane
b) and PHA plus ZnCl2 (lane c) for 3 days. Sets 1 and 4 correspond to DNA
from asymptomatic patients, whereas sets 2, 3 and 5 correspond to DNA
from symptomatic patients and set 6 to a healthy control. Thel Hind III
digest was used as molecular marker (MW).



Previous studies have demonstrated that zinc treatment
enhanced thein vitro proliferation of T cells, but not of B cells.
Both CD4þ and CD8þ T cells are stimulated, though the prolif-
erative response is mainly due to CD4þ cells [23]. Zinc has a great
capacity to amplify concanavalin A (Con A)-stimulated PBMC
from healthy donors, and this enhancement could be related to the
capacity of this oligoelement in increasing the synthesis of some
cytokines, such as IL-1, IL-2, IL-4, and the expression of the high-
affinity receptor for IL-2 [24]. In addition, zinc is a specific growth
factor for the T helper cell line HUT-78, which affects deoxithy-
midine kinase transcription [25]. Therefore, the immune effects of
zinc are very interesting in HIV-infected individuals.

The mechanism of CD4þ cell loss, which is the main immuno-
logical feature of HIV-1-infected patients, is not completely under-
stood in AIDS pathogenesis. Viral infection, as well as several
mechanisms such as autoreactivity, cytotoxicity and antibody-depen-
dent cell-mediated cytotoxicity (ADCC), seem to be implicated in the
cell death of HIV-1þ patients [26]. Recently, the HIV-1 transacti-
vator Tat protein was also shown to induce apoptosis in both PBMC
from seronegative individuals and T cell lines. The Tat-induced
apoptosis was verified after cell activation, suggesting an alteration of
the cell cycle [27]. The induction of apoptosis as a mechanism of cell
death upon T cell stimulation was also verified in our experiments.
However, this apoptosis could be prevented when cells were stimu-
lated in the presence of zinc. This phenomenon was associated with
the enhancement of the proliferative response, suggesting a syner-
gistic effect of zinc on the PHA stimulation of PBMC or a direct
action of zinc on the inhibition of viral proteins. Indeed,in vitro
studies showed the potential role of zinc as an inhibitor of the HIV-1
protease, which could explain some of the beneficial effects seen in
AIDS patients submitted to zinc treatment [8].

The results of the present study have shownin vitro improvement
of the LPR and reduction of the percentage of apoptotic cells,
suggesting that zinc not only can prevent DNA fragmentation by
inhibition of endonuclease activity [16,17], but has also a role in
immunomodulation, possibly acting in conjunction with the cytokine
network. Based on these data, zinc therapy could be very helpful for
HIV-infected individuals with impaired immune functions. Further
studies with oral and i.v. zinc supplementation, associated with anti-
retroviral therapy, will be of great interest to evaluate thein vivo role
of this oligoelement in the improvement of the immunological
functions of HIV-infected individuals and AIDS patients.
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