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SUMMARY

HIV-1 in adults changes the proportion of mitogen-stimulated lymphocytes expressing the

CD69 activation molecule, but little is known about this molecule expression on lymphocytes of

HIV-1-infected (HIV-1�) children. Freshly isolated CD3�, CD4�, CD8� and CD19� and phyto-

haemagglutinin (PHA)-stimulated CD3�, CD4� and CD8� lymphocytes co-expressing CD69 were

investigated cross-sectionally (adopting a MoAb double-staining technique) in 24 HIV-1� children with

severe disease and given anti-retroviral therapy and in 24 age-matched healthy children. CD69 results in

HIV-1� children were correlated with plasma HIV-1 RNA load prospectively determined. HIV-1�

compared with healthy children had higher frequencies of freshly isolated CD3�CD69� (2´4 6 2´2%

versus 0´9 6 0´5%; P� 0´002) and CD8�CD69� (1´5 6 1´1% versus 0´5 6 0´2%; P < 0´0001) lympho-

cytes. The frequencies of CD4�CD69� and CD19�CD69� lymphocytes were similar. High viral load

correlated with an elevated proportion of freshly isolated CD3�CD69� and CD8�CD69� lymphocytes.

HIV-1� children showed reduced frequencies of PHA-stimulated CD3�CD69� (60´7 6 7´6% versus

86´1 6 7´6%; P < 0´001), CD4�CD69� (73´6 6 18´2% versus 92´6 6 5´1%; P < 0´001), and

CD8�CD69� (51´0 6 19´1% versus 65´3 6 15´4%; P� 0´007) lymphocytes. Virologic worsening

within 6 months correlated with a low proportion of PHA-stimulated CD3�CD69� and CD8�CD69�

lymphocytes. CD69 molecule expression re¯ected the coexistence of immune activation and immune

de®ciency in HIV-1 infection. Changes partly differed from those observed in HIV-1� adults.

CD8�CD69� (but not CD4�CD69�) lymphocyte proportion correlated with virologic course, and an

impaired ability of CD8� lymphocytes to express CD69 upon PHA stimulation preceded a virologic

worsening.
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INTRODUCTION

The CD69 activation molecule [1,2], a possible receptor for

positive costimulatory signals, is a phosphorylated 28±32-kD

disulphide-linked homodimer constitutively expressed on the

membrane of thymocytes, and rapidly induced upon activation

on the membrane of T and B lymphocytes through the stimulated

antigen receptor/CD3 complex or cross-linking of surface immuno-

globulins, respectively. Adults infected with HIV-1 have reduced

proportions of T lymphocytes co-expressing CD69 upon mitogen

stimulation, but normal proportions in freshly isolated lympho-

cytes [1]. Little is known about CD69 molecule expression on

lymphocytes of HIV-1-infected (HIV-1�) children. We have

already shown that the expression of CD38 and human leucocyte

antigen class II activation molecules differs on T lymphocyte

subsets of HIV-1� children and adults [3]. The present study

investigates the frequencies of CD69� cells in freshly isolated

and phytohaemagglutinin (PHA)-stimulated lymphocyte subsets of

HIV-1� children and their relationships with the virologic course.

PATIENTS AND METHODS

De®nitions

The Centers for Disease Control (CDC) and Prevention 1994
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criteria were used in de®ning the children's infection status

and clinical condition [3,4]. High viral load was de®ned as $ 5

(children aged # 30 months) or $ 4´3 (children aged > 30 months)

log10 HIV-1 RNA copy numbers/ml [4]. Virologic worsening

(con®rmed on two consecutive occasions 2 months apart) was an

increase of $ 0´7 log10 HIV-1 RNA copy numbers/ml in 6 months

[4].

Study groups

Twenty-four children (13 girls and 11 boys aged 84 months

(median; range 15±153 months)) with perinatal HIV-1 infection

and severe disease, and given two nucleoside reverse transcriptase

inhibitors at the time of study entry, were studied. Twenty-four

healthy HIV-1ÿ children (10 girls and 14 boys aged 84 months

(median; range 15±153 months)), hospitalized before undergoing

minor elective surgery, without any known immune diseases, and

free of clinically evident infections and medication for at least

1 month prior to the blood sample, were the control group. Blood

was taken during routine examinations after the parents' or

guardians' informed consent had been obtained. The study

received local Ethical Committee approval.

Phenotype of freshly isolated unstimulated and cultured mitogen-

stimulated lymphocytes

Peripheral blood mononuclear cells (PBMC) were separated from

EDTA-treated blood by centrifugation over Ficoll±Hypaque (d:

1´077 g/cm3; Pharmacia Biotech, Uppsala, Sweden). One part of

the cells was immediately double-stained with CD69 MoAb

directly conjugated with PE (Becton Dickinson, San Jose, CA)

and CD3, CD4, CD8, or CD19 MoAb directly conjugated with

FITC (Dako, Glostrup, Denmark) [3]. Another part of cells was

resuspended in RPMI 1640 medium (HyClone Europe, Cramling-

ton, UK) containing 20 mg/ml PHA (Sigma, St Louis, MO), 10%

heat-inactivated fetal calf serum (FCS; HyClone Europe), 0´5%

penicillin, 0´5% streptomycin, and 1% glutamine [1]. Viable cell

numbers were determined by trypan blue exclusion. Cells (105 in

200 ml of medium/well) were cultured in 96-well round-bottomed

plates (Costar Corp., Cambridge, MA) at 378C in a humidi®ed

atmosphere of 5% CO2 in air. After a 24-h culture, cells were

double-stained with PE-conjugated CD69 and FITC-conjugated

CD3, CD4, or CD8 MoAb.

Both freshly isolated and cultured PHA-stimulated cells were

incubated with MoAb for 30 min at room temperature, washed

twice by centrifugation at 250 g for 10 min at room temperature,

and analysed immediately using a FACScan ¯ow cytometer. The

cell population was gated using forward and 908 angle light scatter.

A minimum of 104 cells/sample was acquired in list mode. Cells

staining positive for FITC or both FITC and PE were quanti®ed

using the FACScan Lysis II analysis program (Becton Dickinson)

[3]. Absolute numbers of circulating lymphocyte subsets were

calculated by leucocyte and differential counts performed on

EDTA-treated peripheral blood.

Viral load

The plasma viral load (log10 HIV-1 RNA copies/ml) was measured

quantitatively by the Amplicor HIV Monitor test (Roche Diag-

nostic System, Inc., Branchburg, NJ). A 142 base pair in the gag

gene of HIV-1 was ampli®ed by reverse transcription and poly-

merase chain reaction in a single reaction with rTth DNA poly-

merase. A synthetic RNA molecule (with known number of copies)

was used as a standard. Biotinylated HIV-1 and standard amplicons

were detected by ELISA with ®ve-fold serial dilutions of ampli-

cons. HIV-1 RNA copy numbers were calculated from the known

input copy number of standard RNA, the optical densities of

sample and standard wells, and the dilution factors were associated

with the selected wells [3].

Experimental design and statistical analysis

At the ®rst blood test the viral load and freshly isolated CD3�,

CD4�, CD8�, and CD19� and PHA-stimulated CD3�, CD4�, and

CD8� lymphocytes co-expressing CD69 were determined. The

viral load was again determined at three subsequent blood tests

carried out 2 months apart. Data were processed through the

SPSSX (SPSS Inc., Chicago, IL) statistical package. Lymphocyte

subset results were reported as mean and s.d. and the differences

were evaluated by Student's t-test. Values of P > 0´05 were de®ned

as not signi®cant.

RESULTS

HIV-1� children, compared with healthy children, had lower

absolute numbers of circulating CD3� (1440 6 910 versus

2719 6 305 cells/ml; P< 0´0001) and CD4� (483 6 342 versus

1839 6 321 cells/ml; P < 0´0001) lymphocytes; differences in

CD8� (780 6 520 versus 814 6 157 cells/ml) and CD19�

(376 6 180 versus 523 6 123 cells/ml) were not signi®cant. The

proportion of freshly isolated CD3� and CD8� (but not CD4� and

CD19�) lymphocytes co-expressing CD69 was signi®cantly higher

in HIV-1� than in healthy children (Table 1), whereas all T

lymphocyte subsets of HIV-1� children showed a signi®cantly

reduced ability to co-express CD69 upon PHA stimulation

(Table 2).

Nine children with high viral load, compared with 15 children

without high viral load, had similar frequencies of CD4� and
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Table 1. Frequency (mean and s.d.) of freshly isolated CD3�, CD4�, CD8�, and CD19� lympho-

cytes co-expressing the CD69 molecule

HIV-1� children Healthy children

Phenotype (n� 24) (n� 24) P*

CD3�CD69� (% of CD3�) 2´4 6 2´2 0´9 6 0´5 0´002

CD3�CD69� (% of CD4�) 0´5 6 0´49 0´4 6 0´2 NS

CD3�CD69� (% of CD8�) 1´5 6 1´1 0´5 6 0´2 < 0´0001

CD19�CD69� (% of CD19�) 0´2 6 0´1 0´2 6 0´1 NS

*Student's t-test; NS, not signi®cant.



CD19� but higher frequencies of CD3� (3´9 6 3´06% versus 1´5 6
1´2%; P� 0´012) and CD8� (2´1 6 1´7% versus 0´6 6 0´2%;

P� 0´002) freshly isolated lymphocytes co-expressing CD69. No

signi®cant difference according to viral load was observed in PHA-

stimulated lymphocytes. No child was lost to follow up, changed

anti-retroviral treatment, or died during the 6-month follow up. Ten

children showed a virologic worsening at the end of follow up. These

children, compared with 14 who did not show virologic worsening,

had similar frequencies of CD4� but reduced frequencies of CD3�

(42´5 6 14´1% versus 70´1 6 10´8%; P< 0´0001) and CD8�

(35´8 6 9´9% versus 64´1 6 5´8%; P< 0´0001) lymphocytes co-

expressing CD69 upon PHA stimulation. Children with or without

subsequent virologic worsening did not differ in their frequencies of

freshly isolated lymphocyte subsets co-expressing CD69.

DISCUSSION

HIV-1� children present modi®ed proportions of freshly isolated

and PHA-stimulated CD69� T lymphocytes. These changes partly

differ from those observed in HIV-1� adults, particularly involve

the CD8� subset, and (as far as the CD8�CD69� lymphocytes are

concerned) relate to viral load. It is known that HIV-1 can modify

the surface expression of some cell receptors, which may be up-

or down-regulated through interference in molecule synthesis,

recycling, or shedding [5,6].

Increased proportions of freshly isolated lymphocytes expressing

CD69 coexisted with reduced proportions of lymphocytes able to

express this molecule upon PHA activation. This apparently para-

doxical ®nding probably re¯ects the coexistence of immune activa-

tion and immune de®ciency in HIV-1 infection. It has long been

recognized that increased HLA-DR and CD38 molecule expression,

elevated IL-6 synthesis, high neopterin and b2-microglobulin

serum levels, and polyclonal hypergammaglobulinaemia associate

during the course of HIV-1 infection together with CD4� lympho-

cyte loss, a reduced IL-2 synthesis, an impaired T lymphocyte

function and a poor antibody response [3,7].

Different to adults [1], HIV-1� children had a proportion of

freshly isolated CD8� lymphocytes co-expressing CD69 at a

higher level than normal. These cells are probably activated

cytotoxic lymphocytes, as in the case of CD8� lymphocytes

bearing the HLA-DR or CD38 activation molecules [3]. Since

the membrane CD69 disappears a few hours after signal extinction

[1,2], CD8� lymphocytes of HIV-1� children seem to be engaged

in some continuous signalling. The relationship between HIV-1

load and freshly isolated CD8�CD69� lymphocyte proportion

seems to suggest a role of HIV-1 in such signalling. An HIV-1

load which is commonly higher in children than adults, even

during anti-retroviral treatment [4], might explain the different

®ndings in children and adults. No previous data exist concerning

the relationships between HIV-1 load and CD8�CD69� lympho-

cytes in humans, but elevated proportions of these lymphocytes

correlate in animals with high load of simian immunode®ciency

virus [8].

On the other hand, the frequencies of freshly isolated CD4�

and CD19� co-expressing CD69 did not differ in HIV-1� and

healthy children, suggesting that the CD69 activation pathway is

not necessarily involved in CD4� lymphocyte apoptosis and B

lymphocyte hyperactivation. B lymphocyte hyperactivation in

HIV-1� children seems to relate to the CD62L and CD23 rather

than CD69 molecules [9].

CD69 expression upon PHA stimulation was impaired in both

CD4� and CD8� subsets. Such generalized impairment has been

already observed in HIV-1� adults, but the mechanisms behind it

remain unknown [1]. Cell infection could account for the impair-

ment of CD4� lymphocytes, but a minority of these cells are

actually infected in HIV-1� individuals. Exposure to gp120 in vivo

inhibits T lymphocytes in expressing CD69 upon subsequent

mitogen stimulation in vitro, but the ability to bind gp120 is limited

to the CD4� subset [1]. Since lymphocytes were double-stained

using CD69 and CD4 or CD8 MoAb, the frequencies of CD4� or

CD8� lymphocytes co-expressing CD69 upon PHA stimulation

could not be in¯uenced by altered CD4�/CD8� lymphocyte ratios

in HIV-1� children.

Virologic worsening was preceded by reduced proportions of

PHA-stimulated CD8�CD69� lymphocytes. CD69 expression

upon mitogen stimulation is a measure of T lymphocyte function-

ality in HIV-1-infected individuals [1,2], and T lymphocytes,

particularly CD8�CD69� T lymphocytes, sustain an effective

response against HIV-1 [10]. Maybe CD69 expression on PHA-

stimulated CD8� lymphocytes is an immune activation marker

which predicts positively during the course of HIV-1 infection.

New changes in the phenotype of circulating lymphocytes of

children with HIV-1 perinatal infection are described. Our phe-

nomenological report could spur further studies to de®ne whether

these changes have a pathogenic meaning and whether CD69

molecule expression on CD8� lymphocytes may be an assay to

predict and monitor disease progression and treatment response in

HIV-1� children.
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Table 2. Frequency (mean and s.d.) of phytohaemagglutinin-stimulated CD3�, CD4�, and CD8�

lymphocytes co-expressing the CD69 molecule

HIV-1� children Healthy children

Phenotype (n� 24) (n� 24) P*

CD3�CD69� (% of CD3�) 60´7 6 7´6 86´1 6 7´6 < 0´001

CD4�CD69� (% of CD4�) 73´6 6 18´2 92´6 6 5´1 < 0´001

CD8�CD69� (% of CD8�) 51´0 6 19´1 65´3 6 15´4 0´007

*Student's t-test.
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