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progression to AIDS: correlation with decreased CD28 expression
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SUMMARY

In 219 HIV-1-infected men of the Amsterdam cohort we measured'TDdell numbers angh 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 expressionon 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 CD4T cell numbers the only independent predictor for progression to AIDS.
Compared with the group with high CD4T cell numbers the relative risk (RR) for the group with
intermediate levels was28, with low levels 520. In the groups with intermediate and low CD3 plus
CD28 responses the RR wa®2 and 416, respectively. The combined RR for both waé54and 2163.

The independence of this marker was confirmed when the group with low QDekll numbers was
subdivided into groups with high, intermediate and low T cell responses. The expansion of
CD8'CD28 T cells was already apparent in HIVhomosexual men, but COED28" 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 followed by decreased responses to allo-antigens and finally to

. . . PHA.
HIV-1 produces profound phenotypic and functional disturbances . . .
produ protound p yp! Unet IS The interaction of the membrane antigen CD28, present on

within the cells of the immune system. Apart from the decline in . . ;
y P T cells with the counterstructure B7, on antigen-presenting cells

CD4" T cells [1,2] and expansion of CD8T cells [3-5] it has APC) supplies a costimulatory activation signal for T cell prolif-
already long been recognized that early in the asymptomatic stagé, uppll imu y actival '9 profi

when CD4 T cell numbers are still in the normal range, functional eration [14]. C.D28 '§ expressed on almost_all normal Co4cells
defects of both CD#% and CD8 T cells are present in HIV-1- and on most circulating CDST cells [15].In vitro the MoAb CD28,
infected individuals [6-9]. Several groups reported that early inn0t being mitogenic of its own, strongly facilitates proliferation of

HIV-1 infection, proliferation to soluble CD3 MoAbs or pokeweed T cells stimulated by CI?B MoAb or cD2 MOAF’ [16,17]. Gruters
. - . . et al. [18] showed that in HIV-1-infected individuals from sero-

mitogen (PWM) is impaired, while responses to phytohaemagglu-con ersion to appearance of clinical symptoms an increase mainly in

tinin (PHA) are unaffected [10—13]. Sheastrl.[7] demonstrated Vers| pp n ymp : Nyl

a progressive loss of T cell reactivity first in response to recaIIthe number of CDBCD28 T cells accounted for the increase of
. CD8" T cells and paralleled the appearance of cells expressing the
antigens presented by autologous MHC (self-MHC) molecules . . R .
CD38 marker. The resulting progressive decline in the proportion of
Correspondence: Dr P. Th. A. Schellekens, Department of CIinicaICDgCDgg cells during HIV-1 mfec_tlon has been confirmed in
Viro-Immunology, Central Laboratory of the Netherlands Red Cross BloodOther stu.dles. [19-22]. Also the proportion of CD&D28" drops but
Transfusion Service, Plesmanlaan 125, 1066 CX Amsterdam, The Nethethe decline is much less pronounced than the decrease of ICD8
lands. 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 Immunophenotyping

correlated with progression to AIDS [12,23]. Lymphocyte immunophenotyping on fresh cells was carried out by
In this study, besides T cell proliferation induced by CD3 flow cytometry. To investigate the expression of CD28 on CD4

MoAb alone, costimulation by CD28 MoAb was also investigated.and CD8 T cells, triple staining was used. CD28 MoAb was

We demonstrate that costimulation by CD28 enhanced reactivitgoupled to PE (Becton Dickinson, San Jose, CA), CD8 and CD4

and resulted in much less variability. Patients with AIDS fail to were coupled to biotin, together with streptavidin-tricolor (Caltag,

respond to CD3 plus CD28 MoAb. We questioned whether theSan Francisco, CA), and CD3 in conjunction with goat anti-mouse

diminished reactivity of T cells from HIV-1-infected individuals is (GAM) immunoglobulin to FITC (Becton Dickinson).

due to a lack of T cells expressing CD28. Thus, we analysed the

association between CD28 expression on T cells and T celptatistical analysis o
function to CD3 MoAb in the presence of the costimulatory 1he coefficient of variation of the triplicates of each measurement

signal CD28. Furthermore, we investigated whether T cellWas calculated in the various cultures. Box and whisker plots were
responses after costimulation with CD28 and expression ot'Sed for graphical comparison of the distributions of several data
CD28 on CD4 or CD8" T cells were predictive for progression 9roups. The box and whisker plot is defined in terms of percentiles:

to disease. 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.
MATERIALS AND METHODS To avoid spurious associations between T cell function and
Study population outcome, men were subdivided for each marker into three groups

The study population consisted of two subpopulations. For théVith high, intermediate or low values. The threshold between
cross-sectional studies HIV heterosexual control individuals, Nigh and intermediate values was defined using a receiver
HIV~ healthy homosexual control individuals, HIV-1-infected OP€rating characteristics (ROC) curve [28]. By this method
asymptomatic individuals and patients were selected. Fifty-four
heterosexual controls were bloodbank donors apparently being in

good health. The HIV homosexual control population was ori- 16 000 —
ginally included in the Amsterdam cohort because of being at high
risk of HIV infection (h = 24) [24]. The HIV-1-infected asympto-
matic population if = 219) was derived from the Amsterdam
cohort studies as described below. The selected patients Witfg
AIDS classified according to the Centres for Disease Control S

(a)

14 000

12 000

in)

10 000

classification 1987 [25] CDC IV-C-1n(= 24) were recruited g 8000
from the clinic of the Academic Medical Centre (AMC) in g
Amsterdam. 0§ 6000
For the prognostic study of T cell numbers and T cell function 4000
as markers for progression to AIDS, HIV-1-infected asymptomatic
participants (CDC Il and ) f = 219) from the Amsterdam 2000
cohort study were included. In this study blood is sampled and 0 ] . i Presy
cells are stored every 3 months. The starting date of the present CcD3 CD3 CcD3 CD3
study was 1 May 1989. The study group consisted of 132 HIV-1- Contr. HIV™ HIVF AIDS

infected men who entered the cohort study between October 1984 b)
and April 1985, were seropositive at their first visit [24] and were 100 000 —
still in active follow up in May 1989, and 87 men who serocon- 90 000
verted after enrolment between October 1984 and May 1989. 80 000
Within 4 years of follow up, 67 of these 219 persons developed¢
AIDS. The markers were measured on samples stored betweeﬁ 70000
May and August 1989. 60 000
50 000

Peripheral blood mononuclear cells (PBMC) were isolated from g 40000
heparinized blood by density gradient centrifugation on Ficoll- = 30000
Hypaque (Pharmacia, Uppsala, Sweden) and cryopreserved in 20000
liquid nitrogen. After thawing, 4& 10° lymphocytes were cultured 10 000 —
in round-bottomed plates, in Iscove’s modified Dulbecco’s medium
(IMDM) supplemented with antibiotics and 20% human pool serum CD3+CD28 CD3+CD28 CD3+CD28 CD3 4+ CD28
(HPS). Cultures were done in triplicate and stimulated with MoAbs Contr. HIV™ HIV* AIDS

to CD3 (CLB T3/4.E, subclass IgE; final dilution ascites 1%)126]

ctivity (ct

T cell reactivity

. _Fig. 1. Lymphocyte reactivity was measured as described in Materials and
in the absence or presence of CD28 MoAb (CLB-CD28/1, IgGl'Methods. Peripheral blood mononuclear cells (PBMC) from HRéalthy

final Qilution ascites EI':ﬁ) [27] and P'__'A (Wellcome, Dartford, heterosexual individuals (Contr.), HIVhealthy homosexual individuals
UK; final concentration Lg/ml). Proliferative responses were (yjy-), Hiv-1-infected asymptomatic homosexual individuals (FI)V

measured after 4 days of culture by means of inCOprfatiO?'HOf and AIDS patients (AIDS) were stimulated with CD3 MoAb alone (a),
thymidine, added 24 h before harvest. and with CD3 plus CD28 MoAb (b).
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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 RRf Clt RR (¢]]
CD4" T cells 16/
> 0-53 112 20 100 100
0-25-053 85 32 57 217-306 228 190-273
< 0.25 22 15 662 469-935 520 362746
Responses to CD3 plus CD28 MoAb, ct/min
> 52800 109 18 DO 100
15100-52 800 88 35 21 202-287 204 171-243
< 15100 22 14 B1 410-824 416 292-592
Responses to CD3 MoAb, ct/min
> 3300 132 33 DO 100
800-3300 65 21 ‘65 140-194 NS
< 800 22 13 2771 195-378 NS
Responses to PHA, ct/min
> 5400 134 30 D0 100
1800-5400 65 24 ‘99 169-235 NS
< 1800 20 13 7 285-554 NS
*Numbers.
1 Relative risk.
195% confidence interval.
§ Not significant.
For all valuesP < 0-01.
optimal cutoff points for T cell reactivity and for CO4T cell asymptomatic individuals and patients with AIDS. Figure 1 illus-

numbers were based on the sensitivity and specificity in predictingrates that the responses to CD3 plus CD28 MoAb were consider-
the development of AIDS. The analysis of the curve permits theably enhanced compared with CD3 MoAb alore §—10-fold) in
choice of a value that maximizes sensitivity conditionally to other than patients with AIDS, while the responses in patients with
specificity orvice versaCD4" T cell count of< 0-53x 107/, T AIDS remained very low. Responses to CD28 MoAb alone
cell responses to CD3 MoAb of 3300ct/min, to CD3 plus demonstrated levels just above background (median for all
CD28 MoAb of < 52800 ct/min and to PHA ok 5400 ct/min  groups 176 and 138 ct/min, respectively). Figure 2 shows that
discriminated optimally. The threshold between intermediate andhe decrease in reactivity towards CD3 plus CD28 MoAb was only
low values was defined by determination of the positive predic-weakly correlated with the decline of CHAT cells.
tive value of 70%, i.e. the proportion of individuals with a Furthermore, the coefficients of variation of the responses to
positive test which progressed to disease [29]. This strategfCD3 MoAb (median 18, 10th and 90th percentile: 7 and 39) were
implied the following threshold for the different parameters: much smaller after CD3 plus CD28 stimulation (median 5, 10th
< 025 x 10”1 for CD4" T cell count, < 800ct/min for T cell  and 90th percentile: 2 and 15).
responses to CD3 MoAbs 15100 ct/min for T cell responses to
CD3 plus CD28 MoAb, ané: 1800 ct/min for responses to PHA. T cell reactivity as prognostic marker for development of disease
The proportional hazards model (Cox model) was used tdJni- and multivariate proportional hazards analyses (Cox) were
calculate the significant contributiorP (< 0-05) of the above used to determine the predictive value for progression to AIDS of
mentioned parameters for development of AIDS in uni- andreactivity induced by CD3 MoAb, CD3 plus CD28 MoAb and
multivariate stepwise analyses. Disease-free survival curves we@gHA compared with CD4 T cell numbers. All markers were
composed by using the Kaplan—Meier method. Significant differ-predictors of progression to AIDS in a univariate analysis (Table
ences P < 0-05) were tested using the statistics of the general-1). The number of CD4 T cells and responses to CD3 plus CD28
ization of Wilcoxon’s two-sample rank sum test by Peto & Peto MoAb were stronger predictors than responses to CD3 MoAb and
[30]. 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
T cell reactivity in HIV-1 infection CD4" T cell numbers, only intermediate and low T cell reactivity
Studies were performed to compare T cell responses to CD3 MoAko CD3 plus CD28 MoAb were grossly independent of each other,
in the absence or presence of CD28 MoAb in HIVealthy  resulting in the group with the highest risk, i.e. very low CDR
heterosexual and healthy homosexual controls, HIV-1-infectectell numbers and very low reactivity, of a relative risk of-@3

RESULTS
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Fig. 2. Regression analysis of CDA4T cell numbers compared with CD3 0-21~ Intermediate
plus CD28 responsep. (3 < > 0) < 0-001,r? = 0-05. Low
0.0 L L | | | I ]
(95% CI 1057—-4416). In this analysis the responses to CD3 MoAb 0 250 500 750 1000 1250 1500
and PHA did not contribute any more to progression to clinical Days follow up
disease. (b)
To underscore the independence of the predictive value of 5 5 5 4
these markers the attack rate of AIDS was determined by the 7 7 6
product-limit method of Kaplan—Meier. Individuals with low 10 3 2 1
CD4" T cell numbers were subdivided into groups with either
high, intermediate or low responses to CD3 plus CD28 MoAb. 10
Also individuals with low responses to CD3 plus CD28 MoAb CD4" T cell nos
were subdivided into groups with high, intermediate or low ¢D4 8l
T cell numbers. Figure 3a shows that although subgroups were:?
rather small, individuals with low CD4T cell numbers and high 8
responses induced by CD3 plus CD28 MoAb were relatively S 0.6 |- High
protected from progression to AIDS. Indeed oray30% devel- a Intermediate
oped AIDS P < 0-05). In contrast, in persons with low CDAT
cell numbers 80% and 90% of individuals with intermediate and 94|
low responses to CD3 plus CD28 MoAb, respectively, progressed
to disease within 4 years. The same holds when in the group with .5 |-
low responses to CD3 plus CD28 MoAb, individuals were sub-
divided into groups with high, intermediate and low CD% cell | ] ’ l | | |L°W
0-0

numbers. As shown in Fig. 3b the progression rate for these

. 0 250 7 1 1
subgroups was 40%, 43% and 90%, respectively. 500 50 1000 1250 1500

Days follow up

Expansion of CD8/CD28" and decrease of CD&D28" T cells  Fig. 3. Kaplan-Meier plot of cumulative progression to AIDS. Subjects
Qualitative and quantitative expression of CD28 has been studied onere stratified according to the parameters: low CD# cell numbers
both CD4" and CD8 T cells in HIV™ healthy heterosexual and subdivided into groups with high, intermediate and low CD3 plus CD28

homosexual controls, HIV-1-infected asymptomatic individuals andesponses (a) and low CD3 plus CD28 responses subdivided into groups
patients with AIDS. with high, intermediate and low CD4T cell numbers (b). Number of men

In order to assess qualitative differences in the different study?! "1k at each time point is indicated.

groups we measured the mean fluorescence intensity (MFI) and

we also used quantitative FITC and PE microbeads as a controproportion of CD28, expressed as percentage of Ch4cells,
The CD28 MoAb neither showed bimodal reactivity with a dim was slightly decreased in HIVhomosexual men (mean 98% and
and bright positive peak nor showed an even more compleX1%, respectively) and in HIV-1-infected asymptomatic indivi-
staining. We did not find significant differences in the MFI in duals (mean 90%) (Fig. 4a). In patients with AIDS the range was
the different study groups, which is in agreement with resultsvery broad, but this finding has to be considered with caution, due
obtained in the Leucocyte Typing V Workshop 1993 [19]. In to the low percentages of CDAT cells present in the sample. As
healthy controls, HIV homosexual controls, HIV-1-infected was expected, the decline in CD@D28" T cell numbers during
asymptomatic individuals and patients with AIDS the median of HIV-1 infection is proportionally related to the decline in CD4
the MFI was 114, 120, 114 and 111 in the CI2D28" popula- T cell numbers, because nearly all CDZ cells express CD28
tion and 127, 133, 127 and 126 in the COED28" population.  (Fig. 4a,b).

The distribution of CDZCD28" T cells within the study groups is In agreement with previous studies [18—22], the proportion of
shown in Fig. 4. Compared with healthy heterosexual controls the€D8"CD28 T cells was increased in both HIV-1-infected
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(a) expression, we finally investigated whether CD28 expression on
100 g 1.20 - (b) both CD4" and CD8 T cells had predictive value for progression
% to disease. In a univariate Cox analysis CD28 expression was
L = 1-00 L . . .
o 80 o weakly predictive (data not shown), but this was lost in a multi-
E B % 0-80 B variate analysis when this marker was analysed in combination
. & with T cell function.
e | £ 0-60 |-
L 40
& 3 040
DISCUSSION
20~ 020 - . _ T .
For optimal mitogenic activation of T cells secondary signals are
0 co28" cD28® cp2g’ CD28" 0 co28" CD28" CD28® CD28" needed. Besides signalling through the T cell receptor/CD3 com-

Cont. HIV. HIV' AIDS Cont. HIV. HIV' AIDS plex costimulatory molecules play an essential role. Bothivo
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 HIV individuals, T cell responses
to CD3 plus CD28 MoAb were considerably enhancedlQ-fold)
asymptomatic individuals and patients with AIDS (mean in HIV- compared with T cell responses to CD3 MoAb alone. This was
1-infected asymptomatic individuals 61%, in patients 80%, inaccompanied by notably reduced coefficients of variation. How-
healthy controls 24%) (Fig. 5a). This increase in proportion ofever, in patients with AIDS the responses remained greatly
CD8'CD28 T cells is already apparent in HIVhomosexual impaired. The larger range of responses to the combination of
controls (mean 52%). However, when expressed in numbersCD3 and CD28 MoAb with less intra-individual variability,
there is virtually no difference between CDBD28 T cell together with the nearly absent reactivity in patients with AIDS,
numbers among HIV homosexual con-trols, HIV-1-infected warranted aninvestigation to compare the predictive value in HIV-
asymptomatic individuals and patients with AIDS (mean in 1-infected individuals for progression to AIDS of stimulation of
heterosexual controls DL x 10%1, in HIV~ controls 037 x lymphocytesn vitro by CD3 MoAb or CD3 plus CD28 MoAb. In
1071, in HIV-1-infected asymptomatic men4D x 10%l and in  a 4-year follow-up study CDAT cell numbers, responses to CD3
patients with AIDS ®4x 10%1) (Fig. 5b). In contrast, MoAb inthe absence or presence of CD28 MoAb and to PHA were
CD8"CD28" T cell numbers appeared to decrease in patientsll predictive in a univariate analysis. In a multivariate analysis
with AIDS (mean in heterosexual controls3@ x 1071, in HIV ™~ CD4" T cell numbers was the strongest predictor, followed by T
homosexual men-87 x 10%1, in HIV-1-infected asymptomatic cell reactivity to CD3 plus CD28 MoAb. In this setting T cell
men 028x 10% and in patients with AIDS @3x 10%1) reactivity to CD3 MoAb alone and PHA lost their significance. The

Fig. 4. CD28 expression was measured on CDHcells in the groups as
described in the caption to Fig. 1. Results of CIOD28" T cells are
expressed in percentages (a) and numbers (b).

(Fig. 5¢). regression analysis demonstrated that the correlation between
CD4" T cell numbers and reactivity to CD3 plus CD28 MoAb
Predictive value of T cell CD28 expression was very weak. Apparently, in some individuals when the number

We examined whether a correlation existed between theof CD4" T cells declines the proliferative capacity of CD8
presence of CD28 on T cells in the samples of HIV-1-infectedT cells remains relatively preserved. Furthermore, the inde-
individuals and T cell responses to CD3 MoAb in presencependence of CD4 T cell numbers and T cell responses to
of CD28 MoAb. In a regression analysis there was mod-CD3 plus CD28 MoAb has been confirmed in a Kaplan—Meier
erate correlation between CD28 expression on T cells andnalysis when individuals with low CD4T cell numbers or
responses to CD3 plus CD28 MoAb. (Regression equationlow responses to CD3 plus CD28 MoAb were subdivided
response= 9497 x %CD28" T cells+10247; P < 0-001; into groups with high, intermediate and low values for CD3 plus
r2 =0-30.) CD28 responses and CDA cell numbers, respectively.

Given the predictive value of T cell responses for progression Decreased expression of CD28 on CDg cells, con-
and the moderate correlation between T cell function and CD2&omitantly resulting in increased percentages of CDZ8cells,

100 - (@ 1.20 - (b) 120 (©
80 . < 100 < 100
)
) 2 0.80 - 2 080 |-
£ 60 o o
2 . - 8 0-60 [ : 0-60
(0]
o S 040 — S 0-40
p=4 z
20 0-20 —% ‘ 020 - @
0 T _ T _ T _ T _ 0 T _ T _ T - T _ 0 T T T T
CD28” CD28” CD2§  CD28 CD28” CD28" CD2§ CD28 cp28* cp28* cp2g* cp2s*
Contr. HIV HIV AIDS Contr. HIV HIV"  AIDS Contr. HIV HIV'  AIDS

Fig. 5.CD28 expression was measured on CD&sells in the groups as described in the caption to Fig. 1. Results of CD28™ T cells are expressed in
percentages (a) and numbers (b), results of QLB28" T cells are expressed in numbers (c).
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has been repeatedly described in HIV-1-infected individuals [18— T-lymphocyte subpopulations in homosexual men. N Engl J Med

22]. We show that the expansion of CDBD28™ T cells existed 1982;307.1563-6. _

already in HIV- homosexual control individuals and remained at 4 Hersh EM, Mansell PWA, Reuben JM. Leukocyte subset analysis and

comparable levels in HIV-1-infected asymptomatic individuals related immunological findings in acquired immunodeficiency disease
. . . : . . drome (AIDS) and malignancies. Diagn Immunol 198368-73.

and patients with AIDS. A likely explanation for this observation syn ;

. . . . 5 Walk M, M DJ, Stites DP, L JA. CDg hocyt

is that the immune system of the HIVpopulation, in the past alker CM, Moody DJ, Stites DP, Levy ymphacy'es can

. . . . . . control HIV infectionin vitro by suppressing virus replication. Science
selected because of being at high risk of HIV-1 infection [24], is  ;9gg.2341563-6. ysupp 9 P

qontinuously stimulated as a consequence of frequent viral infec-g | ane HC, Depper JL, Greene WC, Whalen G, Waldmann TA, Fauci
tions. It may be important to investigate homosexual men who are  AS. Qualitative analysis of immune function in patients with the
not at high risk of HIV-1 infection. Several investigators have  acquired immunodeficiency syndrome. N Engl J Med 123%79-84.
demonstrated that CDED28 T cells accumulate in HIV-1 7 Shearer GM, Bernstein DC, Tung KSK, Via CS, Redfield R, Salahuddin
infection but are unresponsive to CD3 MoAb, mitogens, CD28 SZ, Gallo RC. A model for the selective loss of major histocompat-
MoAb and staphylococcal superantigens [20—22,31]. It has been ibility complex self-reg,trictgd T cell imm_une responses during the
suggested that CD®D28" T cells are generated as a result of an Ideveloprlnle;ésolf;gglﬂegllmmune deficiency syndrome (AIDS). J
: . . . mmuno 137 —21.

immunological event in the periphery [3.1]' Subsequently CDI.8 8 Giorgi JV, Fahey JL, Smith DC, Hultin LE, Cheng HL, Mitsuyasu RT,
cells were supposed to be a population of activated terminally

. . . . Detels R. Early effects of HIV on CD4 lymphocytesvivo. J Immunol
differentiated effector cells that are cytotoxic only in short-term  19g7.1383725_30.

cultures [20,31]. _ _ _ 9 Ballet JJ, Couderc LJ, Rabian-Herzog C, Duval-Roy C, Janier M,
In previous studies we demonstrated that in HIV-1 infection T panon F, Clauvel JP, Seligmann M. Impaired T-lymphocyte-dependent
cell reactivity to soluble CD3 MoAb measured in whole-blood  immune responses to microbial antigens in patients with HIV-1-
lymphocyte cultures is an independent prognostic marker for associated persistent generalized lymphadenopathy. AIDS 1988;
progression to disease [12,23]. However, T cell responses to 2:291-7.
CD3 MoAb are relatively low with a tendency to have high 10 Miedema F, Petit AJC, Terpstra FBal. Immunological abnormalities
coefficients of variation. Our present data demonstrate that T cell N humanimmunodeficiency virus (HIV)-infected asymptomatic homo-
reactivity to CD3 plus CD28 MoAb is a more suitable marker for sexual men. HIV affects the immune system before CDelper cell
ion to di than T cell fivity to CD3 MoAb al depletion occurs. J Clin Invest 19882:1908-14.
progression 1o |sea§e an 1 cell reactivity to 0 a,‘?”e'n Bentin J, Tsoukas C, McCutchan JA, Spector SE, Richman DD,
probat_aly_due to the higher level of responses and Ic_)wer coefficients Vaughan JH. Impairment in T-lymphocyte responses during early
of variation, and correlates moderately to the disappearance of jnfection with the human immunodeficiency virus. J Clin Immunol
CD28" cells. Nevertheless, when compared with stimulation by  1989:9:159-68.
CD3 plus CD28 MoAb, CD28 expression on Cbénd CD§ 12 Schellekens PThA, Roos MThL, De Wolf F, Lange JMA, Miedema F.
cells was not an independent marker in a multi- ow T-cell responsiveness to activation via is a prognostic
T I independ ki i Iti Low T-cell i ivati ia CD3/TCR i i
variate Cox ana|ysis_ Furthermore, the expansion of markerfor AIDS in HIV-1 infected men. J Clin Immunol 19903121-7.
CD8"CD28 cells was not specific for HIV-1 because this 13 Hofmann B, Orskov Lindhardt B, Gerstoft et al. Lymphocyte
expansion was already seen in HIVhomosexual men at transformation response to pokeweed mitogen as a marker for the
high risk. As we reported before, it is well feasible to test T cell development of AIDS and AIDS related symptoms in homosexual

reactivity to PHA and CD3 MoAb in whole-blood lymphocyte men with HIV antibodies. Br Med J 198296293-6.

o . . d14 Linsley PS, Clark EA, Ledbetter JA. T-cell antigen CD28 mediates
culture assays [12,23,32]. This is a simple, reproducible an adhesion with B cells by interacting with activation antigen B7/BB-1.

suitable method for large routine screening/ monitoring of  proc Natl Acad Sci USA 199(87:5031-5.
cohorts and patients enrolled in anti-retroviral drug trials. We are1s june CH, Ledbetter JA, Linsley PS, Thompson CB. Role of the CD28
currently evaluating T cell reactivity induced by CD3 and  receptor in T-cell activation. Immunol Today 1990t:211-6.
CD28 MoAb in this whole-blood lymphocyte culture system. 16 Van Lier RAW, Brouwer M, deJong R, Groot M, de Groot E, Aarden
LA. Functional properties of the human T-cell differentiatiation antigen
CD28. In: Knapp W, ed. Leukocyte typing, Vol. IV. Oxford: Oxford
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