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ABSTRAC T

C ell activation is essential for HIV infection. C D4 1 T lymphocyte activation allows virus replication and C D8 1

T lymphocyte activation may contribute to pathogenesis. We combined hydroxyurea, a cytostatic drug that

inhibits cell activation and proliferation, with two drugs that inhibit HIV (didanosine and indinavir), to block

the ª cell activation± virus production± pathogenesisº  cycle. HIV was strongly suppressed in treated patients,

and the average C D4 count increased to 224/mm3 . C ompared with a matched group of patients who had de-

clined antiretroviral treatment, treated patients had a significantly lower proportion of activated C D8 1 T lym-

phocytes and a significantly higher number of naive C D8 1 and C D4 1 T lymphocytes. The proliferative re-

sponses to allogeneic and influenza virus antigens were increased in treated patients, and a defect in C D3- z
expression, the signaling chain of the T cell receptor complex, was reversed. The use of a cytostatic drug was

not detrimental to the immune system; on the contrary, the combination of antiviral and cytostatic treatment

improved all of the immune parameters tested.
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INTRODUC TION

H
IV RNA REV ER SE TR ANSCRIPTION starts both in quiescent

and activated CD4 1 T lymphocytes after virus entry, but

productive virus replication requires CD4 1 T lymphocyte acti-

vation/proliferation. 1±4 Some models predict that the number of

cells supporting viral replication represents the limiting factor

for HIV expansion. 5±7 Consistent with mathem atical predic-

tions, the increase in CD4 count during triple-drug induction

therapy was a predictor of loss of viral suppression during sin-

gle- and/or double-drug maintenance therapy.8 CD81 T lym-

phocytes are also activated by HIV infection. The high rate of

CD8 1 T lymphocyte turnover is evident by their telomeric

shortening in the course of HIV infection. 9 Activation and pro-

liferation of T lymphocytes represent the natural host response

to HIV infection. CD81 T lymphocyte activation, however,

might be more harmful than beneficial if (1) activated cytotoxic

CD8 1 T lymphocytes (CTLs) contribute significantly to CD4 1

T lymphocyte depletion 10,11 or if (2) chronic proliferation ex-

hausts HIV-specific or bystander CD8 1 T lymphocytes. 10,11

Hydroxyurea inhibits the cellular enzym e ribonucleotide re-

ductase, thus reducing the intracellular levels of deoxynu-

cleotides. This blocks cell division during G1±S phase12 and

also inhibits HIV DNA synthesis. 13 In asymptomatic HIV-in-

fected individuals hydroxyurea potentiates the antiviral effects

both of didanosine, 14±19 and didanosine plus stavudine. 20 In

these studies, however, although HIV production was con-

trolled, only a modest increase in CD4 1 T lymphocytes was

observed. This raised concerns about potential immunosup-

pressive effects of hydroxyurea-con taining regim ens.18,20 The

use of potentially immunosuppr essive drugs during an infec-

tion leading to immunodeficie ncy might appear a paradox.

However, since cell activation and proliferation are pivotal for

HIV replication and may contribute to the immunopathology of

HIV infection, early use of drugs that inhibit immune cell ac-

tivation might limit the damage to the immune system.

MATERIALS AND METHODS

Patients

To be eligible in the study, each patient needed at least two

independent consecutive assays scoring positive for the pres-

ence of HIV in the plasm a. Patients received didanosine (200

mg twice a day) and indinavir (800 mg three times a day); pa-
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tients weighing , 60 kg were also given hydroxyurea (300 mg

three times a day) while patients weighing . 60 kg were given

hydroxyurea (400 mg three times a day). The principles out-

lined in the Declaration of Helsinki ª Recommendations Guid-

ing Physicians in Biomedical Research Involving Human Sub-

jects (1990)º  have been followed. All patients signed an

informed consent before starting (or not starting) treatment.

Surrogate markers

Plasma viremia was measured by a branch-DNA  test (Chi-

ron [Emeryville, CA], sensitivity of 500 equivalents/ ml). CD41

and CD8 1 T lymphocyte counts (per mm3) were performed fol-

lowing standard techniques.

Statistical analysis

To evaluate dynamic changes within groups a Wilcoxon

matched pair test was used. To evaluate differences between

two different groups of patients, the Mann±Whitney nonpara-

metric U test was used, except for the analysis of plasma

viremia, since no value could be attributed to , 500. In this case

a Fisher exact test analysis was perform ed, comparing the num-

ber of detectable and undetectable values in each group.

Analysis of phenotypic markers

Peripheral blood mononuclear cells (PBMCs) were suspended

in 50 m l of Hanks’  balanced salt solution (HBSS) and perme-

abilized using the Caltag Laboratories (Burlingame, CA) Fix and

Perm kit according to the manufacturer’ s protocol. For CD3- z
analysis, fixed cells were incubated for 15 min at room temper-

ature with 2 m l of either CD3- z monoclonal antibody (MAb)

6B10.2 (Santa Cruz, Santa Cruz, CA) or MsIgG1 isotype-

matched control antibody (Coulter, Hialeah, FL). After washing

with 5 ml of HBSS, cells were stained with 2 m l of phycoery-

thrin (PE)-conjugated F(ab 9 )2 goat anti-mouse immunoglobulin

(Dako, Carpinteria, CA). Cells were then washed twice with 5

ml of HBSS buffer and resuspended in 50 m l of HBSS before

adding 2 m l of CD4±Cy5 (PharMingen, San Diego, CA) and 2

m l of CD8±fluorescein isothiocyanate (FITC) (Immunotech, Mi-

ami, FL), 4 m l of CD20±FITC (Becton Dickinson, Mountain

View, CA) and 2 m l of CD3±Cy5 (Immunotech), or IgG±FITC

and ±Cy5 conjugated controls. The samples were incubated for

15 min at 4°C, washed with 5 ml of HBSS, and fixed with 

2% formaldehyde prior to analysis. For analysis of naive

(CD62L 1 CD45RA 1 ) cells, PBMCs (2±10 3 105/tube), isolated

by Ficoll-Hypaque density centrifugation from heparinized

blood, were suspended in 100 m l of fluorescence-activated cell

sorting (FACS) buffer (phosphate-buffered saline [PBS] with 2%

fetal calf serum [FCS]) before adding 4 m l of CD45RA±FITC

(MAb ALB11; Immunotech), 4 m l of a 1:10 dilution of

CD62L±PE (MAb SCFI28T17G6; Coulter), and 4 m l of either

CD8±Cy5 or CD4±Cy5 (MAb 13B8.2; Immunotech). After in-

cubation for 15 min at room temperature, cells were washed and

fixed in 2% formaldehyde in PBS. For analysis of activated

(CD38 1 DR 1 ) CD81 T lymphocytes, 4 m l of CD38±PE (MAb

T16; Immunotech), 4 m l of HLA-DR±FITC (MAb 357, Im-

munotech) and 4 m l of CD8±Cy5 or 4 m l of IgG±FITC, ±PE, and

±Cy5 conjugated isotype-matched controls (Immunotech) were

used. In all experiments, flow cytometry analysis was performed

on a tightly gated lymphocyte population using FACScalibur

(Becton Dickinson).

Proliferation in response to influenza virus and
allogeneic antigens

Whole blood was drawn and collected in Vacutainer tubes

containing preservative-free heparin (Becton Dickinson,

Rutherford, NJ). Peripheral blood lymphocytes (PBLs) were

separated in lymphocyte separation medium  (Organon Teknika,

Durham, NC) and washed in PBS, and the number of viable

leukocytes was determined by trypan blue exclusion and a he-

mocytom eter. All PBLs were tested as fresh samples. For pro-

liferation assays, 3 3 105 PBLs were placed in flat-bottom

wells of a microtiter culture plate (Costar, Cambridge, MA) in

a final volume of 0.2 ml along with (1) no stimulation (medium

background), (2) influenza A virus (A/Bangkok RX73 H3N2,

1:500 concentration) (flu); or (3) a pool of irradiated (50 Gy)

allogeneic PBLs (1 3 105 cells/well) from two or more unre-

lated healthy control volunteers (allo). Three replicate cultures

were performed for each stimulation. Pooled human plasma was

added to each well (1:20 final concentration) 1 hr after sensi-

tization of the PBLs. Cultures were pulsed with 1 m Ci of

[3H]thymidine 6 days after antigenic stimulation and harvested

18 hr later. Proliferation indexes for flu and allo for each pa-

tient were obtained by averaging all triplicate results, then di-

viding the results obtained with flu and allo, respectively, and

the medium background.

RESULTS

Eight patients were treated an average of 13 months after in-

fection (Table 1) for an average of 5.0 months with the com-

bination of hydroxyurea, didanosine, and indinavir. Before

treatment, the average CD4 count was 481/mm3. The CD4 count

increased (average, 1 224/mm3), as did the CD4/CD8 ratio (av-

erage before treatment, 0.7; after treatment, 1.0). Both the CD4

count and the CD4/CD8 ratio changes were significant (p 5
0.007 and 0.012, respectively). Before treatment, the average

viral load in the plasma was 142,715 copies/ml. Within the first

8 weeks of treatment, plasma virem ia became undetectable in

all treated patients, and remained undetectable throughout the

observed period of treatment.

To evaluate the impact of our treatment on the immune sys-

tem we compared the treated patients with a matched group of

untreated HIV-infected individuals (Table 1). The mean age,

estimated length of HIV infection, CD4 count, CD8 count,

CD4/CD8 ratio, and plasm a viremia (evaluated as number of

undetectable samples per number of total samples by a Fisher

exact test) were not statistically different between the two

groups at the time samples were collected for the analysis of

markers of immunologic function.

The functionality of the T cells was analyzed by testing a

phenotypic correlate of T cell function, the expression of CD3-

z ,21 on CD4 1 as well as CD8 1 T lymphocytes. CD3- z expres-

sion was significantly greater for CD41 (p 5 0.004) and CD81

(p 5 0.002) T lymphocytes in the treated compared with the un-

treated group (Fig. 1A). The proliferative response of PBMCs to

influenza virus (flu) and allogeneic (allo) antigens22,23 was then

compared in the treated and untreated patients (Fig. 1B). The av-

erage proliferation index in response to flu was twice as high in

the group of treated patients compared with the untreated patients

(8.3 6 5.7 and 4.6 6 3.8, respectively). The response to allo-

geneic target cells was also higher in the treated group (average,
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30.8 6 20.7) compared with the untreated group (average,

23.6 6 24.3). Since CD3- z chain is essential for T cell receptor

(TcR) signal transduction, a higher proportion of CD3- z -ex-

pressing cells might have increased the capacity of both CD8 1

and CD41 T lymphocytes to respond to antigens.

Naive T lymphocytes decrease during the course of HIV in-

fection. Drugs that increase the number of naive T lymphocytes

may create conditions favorable to de novo T cell development,

a likely requirement for immune recovery. As shown in Fig. 2,

treated patients had more naive (CD45RA 1 CD62L 1 ) CD4 1

and CD8 1 T lymphocytes than the untreated group and the dif-

ference was statistically significant (p 5 0.02 and p 5 0.01, re-

spectively). Interestingly, this was achieved quite early after

treatment. After 5 months of treatment, 60.1 6 6.5% CD41 T

lymphocytes became CD45RA 1 . In a previous report24 recov-

ery of CD45RA 1 cells (62 6 25% of CD4 1 T lymphocytes)

was significant only 12 months after starting other highly ac-

tive antiretroviral therapies (HAARTs).

An elevated percentage of activated (CD8 1 CD38 1 ) cells is

a marker of poor prognosis of HIV infection 25,26 and CD28 2

cells are terminally differentiated effector cells that fail to re-

spond to mitogen.27 Treated patients had fewer activated

CD38 1 DR 1 CD8 1 T cells (p 5 0.004) and more CD28 2 CD8 1

T cells than the untreated group (Fig. 3). Reversing the loss of

CD28 antigen and the increase in activated cells is expected to

have a beneficial impact on prognosis. 25 A decrease in activated

CD8 1 T lymphocytes after other HAARTs24 might be due to

the decrease in HIV antigens. In our study, however, the two

groups (treated and untreated patients) were not statistically dif-

ferent on the basis of their antigenem ia (viral load), but the

treated group had a significantly lower amount of activated

CD8 1 T lymphocytes. Furtherm ore, the decrease in CD8 count

did not correlate with the decrease of viremia after treatment

(r 5 2 0.11; p 5 0.79). The cytostatic treatment may have

therefore substantially contributed to the inhibition of CD8 1 T

lymphocyte proliferation.

DISC USSION

Despite the relatively small number of patients involved, we

were able to document a robust HIV suppression and good indi-

LO RI ET AL.622

FIG. 1. (A) Percentage of CD3- z 1 cells in CD4 1 (left) and CD8 1 (right) T lymphocytes from samples of patients treated
(HU 1 ddI 1 PI) or untreated (No Therapy). (B) Proliferation index in response to influenza virus antigens (flu, left side) and
allogeneic antigens (allo, right side) from samples of patient treated (HU 1 ddI 1 PI) or untreated (No Therapy).

B

A

http://www.liebertonline.com/action/showImage?doi=10.1089/088922299310917&iName=master.img-000.png&w=486&h=188
http://www.liebertonline.com/action/showImage?doi=10.1089/088922299310917&iName=master.img-001.png&w=479&h=186


cations of a quite rapid immune normalization. Furthermore, the

only examples of complete viral suppression without rebound af-

ter drug withdrawal have been reported in patients treated with hy-

droxyurea-containing antiviral regmens.28,29 We cannot conclu-

sively explain the reasons for the apparent peculiarity of these

results. One possibility is that the hydroxyurea-containing combi-

nations have potent antiretroviral effects, thus leading to a marked

virus suppression and consequent immune recovery. Another ex-

planation might be the presence of a cytostatic agent in the drug

combination. Cytostatic effects on CD41 T lymphocytes might be

advantageous, since resting cells do not support HIV replication. 1±4

If immunostimulation (mainly represented by CD81 T lympho-

cyte proliferation) and consequent T cell-mediated im-

munopathology play a major role in the immunopathogenesis of

HIV infection,10,11 a cytostatic treatment is likely to be beneficial.

The use of a cytostatic and potentially immunosuppre ssive

drug during the course of an infection causing immunodefi-

ciency has raised theoretical concerns. 18,20 In the present study,

however, no signs of immunosuppr ession were detected. All

the immune system parameters tested here showed improve-

ment, and a clear increase in CD41 T lymphocytes was docu-

mented. Other immunomodulato ry agents suppressing T cell ac-

tivation, such as cyclosporin A, have also been tested. This drug

influenced the kinetics of primary SIV infection in some mon-

keys30; however, studies in humans did not show a clear anti-

HIV activity. 31,32 The present study, therefore, represents the

first demonstration that a cytostatic drug, if used in combina-

tion with potent antiretroviral drugs, can improve immune func-

tions. Future randomized studies comparing drug combinations

without hydroxyurea with drug combinations containing hy-

droxyurea will define the precise role of this drug in the re-

constitution of the immune system.
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FIG. 2. Percentage of naive (CD62L 1 CD45RA 1 ) cells in CD4 1 (left) and CD81 (right) T lymphocytes from samples of pa-
tients treated (HU 1 ddI 1 PI) or untreated (No Therapy).

FIG. 3. Percentage of activated (CD38 1 DR 1 , left side) or CD28 1 (right side) CD8 1 T lymphocytes from samples of patients
treated (HU 1 ddI 1 PI) or untreated (No Therapy).
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