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SUMMARY

In 219 HIV-1-infected men of the Amsterdam cohort we measured CD4� T cell numbers andin vitro T
cell responses to CD3 MoAbs with or without CD28 costimulation and phytohaemagglutinin (PHA).
The value of these markers was estimated for disease progression within 4 years. CD28 expression on T
cells has been related to T cell responses. CD28 costimulation considerably enhanced T cell reactivity
(� 8–10-fold) with lower coefficients of variation compared with reactivity to CD3 MoAb alone
(median 5versus20). T cell reactivity to CD3 plus CD28 MoAb was decreased during HIV-1 infection
and was besides CD4� T cell numbers the only independent predictor for progression to AIDS.
Compared with the group with high CD4� T cell numbers the relative risk (RR) for the group with
intermediate levels was 2.28, with low levels 5.20. In the groups with intermediate and low CD3 plus
CD28 responses the RR was 2.04 and 4.16, respectively. The combined RR for both was 4.65 and 21.63.
The independence of this marker was confirmed when the group with low CD4� T cell numbers was
subdivided into groups with high, intermediate and low T cell responses. The expansion of
CD8�CD28ÿ T cells was already apparent in HIVÿ homosexual men, but CD8�CD28� T cells
specifically decreased in patients with AIDS. CD28 expression on T cells correlated moderately with T
cell responses to CD3 plus CD28 MoAb. T cell reactivity to CD3 MoAb in the presence of CD28 MoAb
is a stronger prognostic marker than T cell reactivity to CD3 MoAb alone.

Keywords HIV-1 T cell function combined CD3 plus CD28 MoAb prognostic marker CD28
expression

INTRODUCTION

HIV-1 produces profound phenotypic and functional disturbances
within the cells of the immune system. Apart from the decline in
CD4+ T cells [1,2] and expansion of CD8� T cells [3–5] it has
already long been recognized that early in the asymptomatic stage,
when CD4� T cell numbers are still in the normal range, functional
defects of both CD4� and CD8� T cells are present in HIV-1-
infected individuals [6–9]. Several groups reported that early in
HIV-1 infection, proliferation to soluble CD3 MoAbs or pokeweed
mitogen (PWM) is impaired, while responses to phytohaemagglu-
tinin (PHA) are unaffected [10–13]. Sheareret al.[7] demonstrated
a progressive loss of T cell reactivity first in response to recall
antigens presented by autologous MHC (self-MHC) molecules

followed by decreased responses to allo-antigens and finally to
PHA.

The interaction of the membrane antigen CD28, present on
T cells with the counterstructure B7, on antigen-presenting cells
(APC) supplies a costimulatory activation signal for T cell prolif-
eration [14]. CD28 is expressed on almost all normal CD4� T cells
and on most circulating CD8� T cells [15].In vitro the MoAb CD28,
not being mitogenic of its own, strongly facilitates proliferation of
T cells stimulated by CD3 MoAb or CD2 MoAb [16,17]. Gruters
et al. [18] showed that in HIV-1-infected individuals from sero-
conversion to appearance of clinical symptoms an increase mainly in
the number of CD8�CD28ÿ T cells accounted for the increase of
CD8� T cells and paralleled the appearance of cells expressing the
CD38 marker. The resulting progressive decline in the proportion of
CD8�CD28� cells during HIV-1 infection has been confirmed in
other studies [19–22]. Also the proportion of CD4�/CD28� drops but
the decline is much less pronounced than the decrease of CD8�/
CD28� proportion [19–22]. We have reported as well that in the
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Amsterdam cohort of HIV-1-infected men low T cell reactivity
correlated with progression to AIDS [12,23].

In this study, besides T cell proliferation induced by CD3
MoAb alone, costimulation by CD28 MoAb was also investigated.
We demonstrate that costimulation by CD28 enhanced reactivity
and resulted in much less variability. Patients with AIDS fail to
respond to CD3 plus CD28 MoAb. We questioned whether the
diminished reactivity of T cells from HIV-1-infected individuals is
due to a lack of T cells expressing CD28. Thus, we analysed the
association between CD28 expression on T cells and T cell
function to CD3 MoAb in the presence of the costimulatory
signal CD28. Furthermore, we investigated whether T cell
responses after costimulation with CD28 and expression of
CD28 on CD4� or CD8� T cells were predictive for progression
to disease.

MATERIALS AND METHODS

Study population
The study population consisted of two subpopulations. For the
cross-sectional studies HIVÿ heterosexual control individuals,
HIVÿ healthy homosexual control individuals, HIV-1-infected
asymptomatic individuals and patients were selected. Fifty-four
heterosexual controls were bloodbank donors apparently being in
good health. The HIVÿ homosexual control population was ori-
ginally included in the Amsterdam cohort because of being at high
risk of HIV infection (n� 24) [24]. The HIV-1-infected asympto-
matic population (n� 219) was derived from the Amsterdam
cohort studies as described below. The selected patients with
AIDS classified according to the Centres for Disease Control
classification 1987 [25] CDC IV-C-1 (n� 24) were recruited
from the clinic of the Academic Medical Centre (AMC) in
Amsterdam.

For the prognostic study of T cell numbers and T cell function
as markers for progression to AIDS, HIV-1-infected asymptomatic
participants (CDC II and III) (n� 219) from the Amsterdam
cohort study were included. In this study blood is sampled and
cells are stored every 3 months. The starting date of the present
study was 1 May 1989. The study group consisted of 132 HIV-1-
infected men who entered the cohort study between October 1984
and April 1985, were seropositive at their first visit [24] and were
still in active follow up in May 1989, and 87 men who serocon-
verted after enrolment between October 1984 and May 1989.
Within 4 years of follow up, 67 of these 219 persons developed
AIDS. The markers were measured on samples stored between
May and August 1989.

T cell reactivity
Peripheral blood mononuclear cells (PBMC) were isolated from
heparinized blood by density gradient centrifugation on Ficoll–
Hypaque (Pharmacia, Uppsala, Sweden) and cryopreserved in
liquid nitrogen. After thawing, 40� 103 lymphocytes were cultured
in round-bottomed plates, in Iscove’s modified Dulbecco’s medium
(IMDM) supplemented with antibiotics and 20% human pool serum
(HPS). Cultures were done in triplicate and stimulated with MoAbs
to CD3 (CLB T3/4.E, subclass IgE; final dilution ascites 1 : 104) [26]
in the absence or presence of CD28 MoAb (CLB-CD28/1, IgG1;
final dilution ascites 1 : 103) [27] and PHA (Wellcome, Dartford,
UK; final concentration 1�g/ml). Proliferative responses were
measured after 4 days of culture by means of incorporation of3H-
thymidine, added 24 h before harvest.

Immunophenotyping
Lymphocyte immunophenotyping on fresh cells was carried out by
flow cytometry. To investigate the expression of CD28 on CD4�

and CD8� T cells, triple staining was used. CD28 MoAb was
coupled to PE (Becton Dickinson, San Jose, CA), CD8 and CD4
were coupled to biotin, together with streptavidin-tricolor (Caltag,
San Francisco, CA), and CD3 in conjunction with goat anti-mouse
(GAM) immunoglobulin to FITC (Becton Dickinson).

Statistical analysis
The coefficient of variation of the triplicates of each measurement
was calculated in the various cultures. Box and whisker plots were
used for graphical comparison of the distributions of several data
groups. The box and whisker plot is defined in terms of percentiles:
the whiskers (or tails) mark the 10th and 90th percentile, the box
the 25th and 75th percentile, the dots in the boxes represent the
median.

To avoid spurious associations between T cell function and
outcome, men were subdivided for each marker into three groups
with high, intermediate or low values. The threshold between
high and intermediate values was defined using a receiver
operating characteristics (ROC) curve [28]. By this method
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Fig. 1. Lymphocyte reactivity was measured as described in Materials and
Methods. Peripheral blood mononuclear cells (PBMC) from HIVÿ healthy
heterosexual individuals (Contr.), HIVÿ healthy homosexual individuals
(HIVÿ), HIV-1-infected asymptomatic homosexual individuals (HIV�)
and AIDS patients (AIDS) were stimulated with CD3 MoAb alone (a),
and with CD3 plus CD28 MoAb (b).



optimal cutoff points for T cell reactivity and for CD4� T cell
numbers were based on the sensitivity and specificity in predicting
the development of AIDS. The analysis of the curve permits the
choice of a value that maximizes sensitivity conditionally to
specificity orvice versa. CD4� T cell count of< 0:53� 109/l, T
cell responses to CD3 MoAb of< 3300 ct/min, to CD3 plus
CD28 MoAb of < 52 800 ct/min and to PHA of< 5400 ct/min
discriminated optimally. The threshold between intermediate and
low values was defined by determination of the positive predic-
tive value of 70%, i.e. the proportion of individuals with a
positive test which progressed to disease [29]. This strategy
implied the following threshold for the different parameters:
< 0:25� 109/l for CD4� T cell count,< 800 ct/min for T cell
responses to CD3 MoAb,< 15 100 ct/min for T cell responses to
CD3 plus CD28 MoAb, and< 1800 ct/min for responses to PHA.

The proportional hazards model (Cox model) was used to
calculate the significant contribution (P < 0:05) of the above
mentioned parameters for development of AIDS in uni- and
multivariate stepwise analyses. Disease-free survival curves were
composed by using the Kaplan–Meier method. Significant differ-
ences (P < 0:05) were tested using the statistics of the general-
ization of Wilcoxon’s two-sample rank sum test by Peto & Peto
[30].

RESULTS

T cell reactivity in HIV-1 infection
Studies were performed to compare T cell responses to CD3 MoAb
in the absence or presence of CD28 MoAb in HIVÿ healthy
heterosexual and healthy homosexual controls, HIV-1-infected

asymptomatic individuals and patients with AIDS. Figure 1 illus-
trates that the responses to CD3 plus CD28 MoAb were consider-
ably enhanced compared with CD3 MoAb alone (� 8–10-fold) in
other than patients with AIDS, while the responses in patients with
AIDS remained very low. Responses to CD28 MoAb alone
demonstrated levels just above background (median for all
groups 176 and 138 ct/min, respectively). Figure 2 shows that
the decrease in reactivity towards CD3 plus CD28 MoAb was only
weakly correlated with the decline of CD4� T cells.

Furthermore, the coefficients of variation of the responses to
CD3 MoAb (median 18, 10th and 90th percentile: 7 and 39) were
much smaller after CD3 plus CD28 stimulation (median 5, 10th
and 90th percentile: 2 and 15).

T cell reactivity as prognostic marker for development of disease
Uni- and multivariate proportional hazards analyses (Cox) were
used to determine the predictive value for progression to AIDS of
reactivity induced by CD3 MoAb, CD3 plus CD28 MoAb and
PHA compared with CD4� T cell numbers. All markers were
predictors of progression to AIDS in a univariate analysis (Table
1). The number of CD4� T cells and responses to CD3 plus CD28
MoAb were stronger predictors than responses to CD3 MoAb and
to PHA. After subdivision into three groups a trend of increased
risk was observed when groups with intermediate and low values
were compared with groups with high values. A multivariate
stepwise analysis indicated that besides intermediate and low
CD4� T cell numbers, only intermediate and low T cell reactivity
to CD3 plus CD28 MoAb were grossly independent of each other,
resulting in the group with the highest risk, i.e. very low CD4� T
cell numbers and very low reactivity, of a relative risk of 21.63
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Table 1. Relative risk for AIDS in a Cox proportional hazards analysis. Men subdivided into three groups according to levels of
parameters measured at entry; 4 years follow up

Total AIDS Univariate Multivariate

Parameters n* n RRy CIz RR CI

CD4� T cells 109/l
> 0:53 112 20 1.00 1.00

0.25–0.53 85 32 2.57 2.17–3.06 2.28 1.90–2.73
< 0:25 22 15 6.62 4.69–9.35 5.20 3.62–7.46

Responses to CD3 plus CD28 MoAb, ct/min
> 52 800 109 18 1.00 1.00

15 100–52 800 88 35 2.41 2.02–2.87 2.04 1.71–2.43
< 15 100 22 14 5.81 4.10–8.24 4.16 2.92–5.92

Responses to CD3 MoAb, ct/min
> 3300 132 33 1.00 1.00

800–3300 65 21 1.65 1.40–1.94 NSx
< 800 22 13 2.71 1.95–3.78 NS

Responses to PHA, ct/min
> 5400 134 30 1.00 1.00

1800–5400 65 24 1.99 1.69–2.35 NS
< 1800 20 13 3.97 2.85–5.54 NS

* Numbers.
yRelative risk.
z 95% confidence interval.
xNot significant.
For all valuesP < 0:01.



(95% CI 10.57–44.16). In this analysis the responses to CD3 MoAb
and PHA did not contribute any more to progression to clinical
disease.

To underscore the independence of the predictive value of
these markers the attack rate of AIDS was determined by the
product-limit method of Kaplan–Meier. Individuals with low
CD4� T cell numbers were subdivided into groups with either
high, intermediate or low responses to CD3 plus CD28 MoAb.
Also individuals with low responses to CD3 plus CD28 MoAb
were subdivided into groups with high, intermediate or low CD4�

T cell numbers. Figure 3a shows that although subgroups were
rather small, individuals with low CD4� T cell numbers and high
responses induced by CD3 plus CD28 MoAb were relatively
protected from progression to AIDS. Indeed only�30% devel-
oped AIDS (P < 0:05). In contrast, in persons with low CD4� T
cell numbers 80% and 90% of individuals with intermediate and
low responses to CD3 plus CD28 MoAb, respectively, progressed
to disease within 4 years. The same holds when in the group with
low responses to CD3 plus CD28 MoAb, individuals were sub-
divided into groups with high, intermediate and low CD4� T cell
numbers. As shown in Fig. 3b the progression rate for these
subgroups was 40%, 43% and 90%, respectively.

Expansion of CD8�/CD28ÿ and decrease of CD8�CD28� T cells
Qualitative and quantitative expression of CD28 has been studied on
both CD4� and CD8� T cells in HIVÿ healthy heterosexual and
homosexual controls, HIV-1-infected asymptomatic individuals and
patients with AIDS.

In order to assess qualitative differences in the different study
groups we measured the mean fluorescence intensity (MFI) and
we also used quantitative FITC and PE microbeads as a control.
The CD28 MoAb neither showed bimodal reactivity with a dim
and bright positive peak nor showed an even more complex
staining. We did not find significant differences in the MFI in
the different study groups, which is in agreement with results
obtained in the Leucocyte Typing V Workshop 1993 [19]. In
healthy controls, HIVÿ homosexual controls, HIV-1-infected
asymptomatic individuals and patients with AIDS the median of
the MFI was 114, 120, 114 and 111 in the CD4�CD28� popula-
tion and 127, 133, 127 and 126 in the CD8�CD28� population.
The distribution of CD4�CD28� T cells within the study groups is
shown in Fig. 4. Compared with healthy heterosexual controls the

proportion of CD28, expressed as percentage of CD4� T cells,
was slightly decreased in HIVÿ homosexual men (mean 98% and
91%, respectively) and in HIV-1-infected asymptomatic indivi-
duals (mean 90%) (Fig. 4a). In patients with AIDS the range was
very broad, but this finding has to be considered with caution, due
to the low percentages of CD4� T cells present in the sample. As
was expected, the decline in CD4�CD28� T cell numbers during
HIV-1 infection is proportionally related to the decline in CD4�

T cell numbers, because nearly all CD4� T cells express CD28
(Fig. 4a,b).

In agreement with previous studies [18–22], the proportion of
CD8�CD28ÿ T cells was increased in both HIV-1-infected
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Fig. 2. Regression analysis of CD4� T cell numbers compared with CD3
plus CD28 responses.P (� <> 0) < 0:001, r2

� 0:05.

Fig. 3. Kaplan–Meier plot of cumulative progression to AIDS. Subjects
were stratified according to the parameters: low CD4� T cell numbers
subdivided into groups with high, intermediate and low CD3 plus CD28
responses (a) and low CD3 plus CD28 responses subdivided into groups
with high, intermediate and low CD4� T cell numbers (b). Number of men
at risk at each time point is indicated.



asymptomatic individuals and patients with AIDS (mean in HIV-
1-infected asymptomatic individuals 61%, in patients 80%, in
healthy controls 24%) (Fig. 5a). This increase in proportion of
CD8�CD28ÿ T cells is already apparent in HIVÿ homosexual
controls (mean 52%). However, when expressed in numbers,
there is virtually no difference between CD8�CD28ÿ T cell
numbers among HIVÿ homosexual con-trols, HIV-1-infected
asymptomatic individuals and patients with AIDS (mean in
heterosexual controls 0:11� 109/l, in HIVÿ controls 0:37�
109/l, in HIV-1-infected asymptomatic men 0:40� 109/l and in
patients with AIDS 0:44� 109/l) (Fig. 5b). In contrast,
CD8�CD28� T cell numbers appeared to decrease in patients
with AIDS (mean in heterosexual controls 0:33� 109/l, in HIVÿ

homosexual men 0:37� 109/l, in HIV-1-infected asymptomatic
men 0:28� 109/l and in patients with AIDS 0:13� 109/l)
(Fig. 5c).

Predictive value of T cell CD28 expression
We examined whether a correlation existed between the
presence of CD28 on T cells in the samples of HIV-1-infected
individuals and T cell responses to CD3 MoAb in presence
of CD28 MoAb. In a regression analysis there was mod-
erate correlation between CD28 expression on T cells and
responses to CD3 plus CD28 MoAb. (Regression equation:
response� 949:7�%CD28� T cells� 10 247; P < 0:001;
r2
� 0:30.)
Given the predictive value of T cell responses for progression

and the moderate correlation between T cell function and CD28

expression, we finally investigated whether CD28 expression on
both CD4� and CD8� T cells had predictive value for progression
to disease. In a univariate Cox analysis CD28 expression was
weakly predictive (data not shown), but this was lost in a multi-
variate analysis when this marker was analysed in combination
with T cell function.

DISCUSSION

For optimal mitogenic activation of T cells secondary signals are
needed. Besides signalling through the T cell receptor/CD3 com-
plex costimulatory molecules play an essential role. Bothin vivo
andin vitro it has been demonstrated that interaction of CD28 on T
cells with its ligand B7 on APC fulfils this role [14]. In the present
study, performed in cultures on Ficoll–Hypaque-isolated PBMC, in
HIV-1� asymptomatic and in HIVÿ individuals, T cell responses
to CD3 plus CD28 MoAb were considerably enhanced (� 10-fold)
compared with T cell responses to CD3 MoAb alone. This was
accompanied by notably reduced coefficients of variation. How-
ever, in patients with AIDS the responses remained greatly
impaired. The larger range of responses to the combination of
CD3 and CD28 MoAb with less intra-individual variability,
together with the nearly absent reactivity in patients with AIDS,
warranted an investigation to compare the predictive value in HIV-
1-infected individuals for progression to AIDS of stimulation of
lymphocytesin vitro by CD3 MoAb or CD3 plus CD28 MoAb. In
a 4-year follow-up study CD4� T cell numbers, responses to CD3
MoAb in the absence or presence of CD28 MoAb and to PHA were
all predictive in a univariate analysis. In a multivariate analysis
CD4� T cell numbers was the strongest predictor, followed by T
cell reactivity to CD3 plus CD28 MoAb. In this setting T cell
reactivity to CD3 MoAb alone and PHA lost their significance. The
regression analysis demonstrated that the correlation between
CD4� T cell numbers and reactivity to CD3 plus CD28 MoAb
was very weak. Apparently, in some individuals when the number
of CD4� T cells declines the proliferative capacity of CD8�

T cells remains relatively preserved. Furthermore, the inde-
pendence of CD4� T cell numbers and T cell responses to
CD3 plus CD28 MoAb has been confirmed in a Kaplan–Meier
analysis when individuals with low CD4� T cell numbers or
low responses to CD3 plus CD28 MoAb were subdivided
into groups with high, intermediate and low values for CD3 plus
CD28 responses and CD4� T cell numbers, respectively.

Decreased expression of CD28 on CD8� T cells, con-
comitantly resulting in increased percentages of CD28ÿ T cells,
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Fig. 4. CD28 expression was measured on CD4� T cells in the groups as
described in the caption to Fig. 1. Results of CD4�CD28� T cells are
expressed in percentages (a) and numbers (b).

Fig. 5.CD28 expression was measured on CD8+ T cells in the groups as described in the caption to Fig. 1. Results of CD8�CD28ÿ T cells are expressed in
percentages (a) and numbers (b), results of CD8�CD28� T cells are expressed in numbers (c).



has been repeatedly described in HIV-1-infected individuals [18–
22]. We show that the expansion of CD8�CD28ÿ T cells existed
already in HIV– homosexual control individuals and remained at
comparable levels in HIV-1-infected asymptomatic individuals
and patients with AIDS. A likely explanation for this observation
is that the immune system of the HIVÿ population, in the past
selected because of being at high risk of HIV-1 infection [24], is
continuously stimulated as a consequence of frequent viral infec-
tions. It may be important to investigate homosexual men who are
not at high risk of HIV-1 infection. Several investigators have
demonstrated that CD3�CD28ÿ T cells accumulate in HIV-1
infection but are unresponsive to CD3 MoAb, mitogens, CD28
MoAb and staphylococcal superantigens [20–22,31]. It has been
suggested that CD8�CD28ÿ T cells are generated as a result of an
immunological event in the periphery [31]. Subsequently CD28ÿ T
cells were supposed to be a population of activated terminally
differentiated effector cells that are cytotoxic only in short-term
cultures [20,31].

In previous studies we demonstrated that in HIV-1 infection T
cell reactivity to soluble CD3 MoAb measured in whole-blood
lymphocyte cultures is an independent prognostic marker for
progression to disease [12,23]. However, T cell responses to
CD3 MoAb are relatively low with a tendency to have high
coefficients of variation. Our present data demonstrate that T cell
reactivity to CD3 plus CD28 MoAb is a more suitable marker for
progression to disease than T cell reactivity to CD3 MoAb alone,
probably due to the higher level of responses and lower coefficients
of variation, and correlates moderately to the disappearance of
CD28� cells. Nevertheless, when compared with stimulation by
CD3 plus CD28 MoAb, CD28 expression on CD4� and CD8�

T cells was not an independent marker in a multi-
variate Cox analysis. Furthermore, the expansion of
CD8�CD28ÿ cells was not specific for HIV-1 because this
expansion was already seen in HIV– homosexual men at
high risk. As we reported before, it is well feasible to test T cell
reactivity to PHA and CD3 MoAb in whole-blood lymphocyte
culture assays [12,23,32]. This is a simple, reproducible and
suitable method for large routine screening/ monitoring of
cohorts and patients enrolled in anti-retroviral drug trials. We are
currently evaluating T cell reactivity induced by CD3 and
CD28 MoAb in this whole-blood lymphocyte culture system.
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