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Summary. The phenotypic characterization of lym-
phocyte subsets in relation to different clinical
stages of HIV infection has mainly focussed on
CD4 and CDS cells. Some reports focus on expan-
sion of activated T lymphocytes in AIDS patients.
Yet there is no detailed knowledge whether such
changes occur also in earlier stages of HIV infec-
tion. In order to describe the kinetics and possible
pathogenetic meaning of this subset when related
to all distinct chronologic stages, we performed
two-color flow cytometric lymphocyte differentia-
tion in 173 HIV-infected patients and 30 healthy
controls. All subjects were classified according to
the Walter Reed (WR) system. Our results show
that a significant increase of activated T lympho-
cytes (CD3+HLA/DR +) occurs early, in WR1
and WR2, thus preceding the clinically relevant
CD4 depletion. This increase is paralleled by an
expansion of CD8+Leu7+ cytotoxic cells. We
conclude, that early changes of lymphocyte subsets
are detectable in addition to inversion of the CD4/
CDS8 ratio. The possible pathogenetic meaning in-
cluding the question of possible autoimmune
mechanisms is discussed.

Key words: T lymphocytes — T lymphocytes, acti-
vated — T lymphocytes, cytotoxic — HIV — AIDS
— Flow cytometry

An increase of CD8 lymphocytes and a decrease
of CD4 cells, resulting in a pathologic CD4/8 ratio

Abbreviations: AIDS =acquired immunodeficiency syndrome;
ARC=AIDS-related complex; CD =cluster of differentiation;
FITC = fluorescein isothiocyanate; HIV =human immunodefi-
ciency virus; MAB=monoclonal antibodies; NK =natural
killer; PBMC =peripheral blood mononuclear cells; PE =phy-
coerythrin; SEM =standard error of the mean

were the first and most important immunologic
changes to be observed when the acquired immu-
nodeficiency syndrome (AIDS) was first seen in
the early 1980s [5]. It is beyond doubt that a
marked CD4 depletion represents the main feature
of cellular immune deficiency [6,10]. This has led
Redfield and colleagues to introduce a classifica-
tion system of HIV infection including this main
pathogenetic feature [10].

The mechanisms of CD4 depletion remain to
be elucidated, although some hypotheses are dis-
cussed including syncytia formation and a direct
cytopathic effect of HIV [7]. Because there are re-
ports on expansion of activated T cell compart-
ments [13, 12] and defective natural killer (NK)
cell activity [8] in AIDS and AIDS-related complex
(ARC) - although determined using small numbers
of patients — we studied the distribution and kinet-
ics of activated T cells in relation to all immunolog-
ical/clinical stages of HIV infection in a sample
of sufficient size in order to answer the question
whether the chronology of immunological changes
can help explain pathophysiologic steps of HIV
infection.

Materials and Methods

Patients and Controls

A lymphocyte subset differentiation was per-
formed on heparinized blood from 203 subjects
between March 1988 and February 1989: 30 were
healthy HIV-seronegative controls (sex distribu-
tion and age matched to patients); 173 were HIV-
infected patients (23 intravenous drug users; 150
homosexual men, seropositive in ELISA and West-
ern blot) classified according to the Walter Reed
(WR) classification [10] after a thorough clinical
and laboratory examination: n=29 in WR1, 33
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in WR2, 18 in WR3, 16 in WR4, 26 in WRS, and
51 in WR6.

Cell Preparation and Measurement

All preparations were begun within 2 h after ve-
nous blood had been drawn using a vacutainer
system. Cell preparation and staining with mono-
clonal antibodies (MABs) was performed as de-
scribed elsewhere [9] using a standardized whole
blood lysing method. The following MABs were
used for simultaneous two-color immunofluores-
cence measurement on a FACSCAN flow cyt-
ometer: anti-Leu4 PE (CD3), anti-HLA/DR
FITC, anti-Leu2a PE (CDS8), anti-Leu3a-FITC
(CD4), and anti-Leu7 FITC.

After standard measurement of 5000 cells,
granulocytes, monocytes, and debris were gated
out electronically [9] on the basis of foreward and
sideward light scattering.

Statistical calculations were performed using
subset percentages of peripheral blood mononucle-
ar cells (PBMCs) because calculations based on
absolute numbers usually result in high standard
deviations due to the interindividually highly dif-
fering absolute counts.

Statistical evaluation was performed using non-
parametric analysis (Mann-Whitney test [2]).

Results

Detailed information about the distribution of the
studied lymphocyte subsets is given in Figs. 1
and 2. Percentages refer to PBMCs+S.D. (and
standard error of the mean (SEM) in the figures).

CD3+ HLA/DR+ : Patients in WR1 and WR2
show a highly significant expansion of activated
T lymphocytes: 23.6% vs 10.8% (P<0.0001) and
32.8% vs 23.6% (WR2 vs WR1, P=0.001). From
WRS5 to WR6 there is a decrease of this subset
from 31.6% to 26.9% (not significant; Fig. 1).

CD8 + [Leu7 + : This subset shows a significant
expansion in WR1 and WR2 (controls: 8.9% vs
WR1, 16.5%, P<0.0001; WR2, 22.3%, P vs
WR1=0.04) and a decrease from WRS to WR6
(20.7% vs 18.6%, not significant; Fig. 1).

CD8: CDS cells are expanded already in WR1
vs controls (35.3% vs 22.1%, P<0.0001) and show
a trend to decrease from WRS to WR6 (43.8%
vs 35.6%, P=0.1; Fig. 2).

CD4: Helper cells decrease significantly in
WR1 (22.0% vs 30.9% in controls, P<0.0001),
from WR2 to WR3 (as implicated by the WR sys-
tem itself; 20.3% vs 13.3%, P<0.0001) and from
WRS5 to WR6 (10.3% vs 4.3%, P=0.001; Fig. 2).
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Fig. 1. CD8+/Leu7+ lymphocytes and activated T lympho-
cytes of the CD3+HLA/DR + phenotype in healthy controls
and according to all stages of the Walter Reed classification
(WR) in percent of peripheral blood mononuclear cells
(PBMCs). SEM, standard error of the mean; P values refer
to differences of groups between which they are printed
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Fig. 2. CD8 lymphocytes and CD4 lymphocytes in healthy con-

trols and according to all stages of the WR classification in
percent of PBMCs

Discussion

It has been shown that there are high percentages
of CD3+HLA/DR + cells in certain HIV-infected
patients with advanced disease (ARC, AIDS) [12].
In addition, there is evidence that the expanded
CDS cells are activated T cells (CD8+//Leu7+//
HLA/DR +) [13]. Our sample size comprising pa-
tients of all WR stages allowed us to study the
kinetics of CD3+HLA/DR + cells according to
different WR stages: there is a marked increase
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as early as WR1 and further expansion throughout
WR4.

The expansion of activated T lymphocytes as
well as of CD8+/Leu7+ cells is not a specific
finding in HIV-infected persons. It is also found
in other viral infections [4a] (EBV infection, CMV
infection) which may be reactivated in stages of
HIV infection with clinical immunodeficiency. The
fact that a major expansion of these compartments
takes place in WR1 and WR2 supports the notion
that this is caused by the immune response to HIV
rather than by any secondary infections.

Golding and colleagues have reported about
the identification of highly conserved homologous
regions in the HIV1 gp41-envelope and the amino
terminal of the beta chain of all human HLA
class 11 antigens [4]. Sera of HIV1-infected patients
were found to react with both the gp41 and HLA
class IT molecules. Via antibody dependent cellular
cytotoxicity HLA class II bearing cells could be
eliminated by such sera. T lymphocytes bearing
class II molecules (including the expanded CD3 +
HLA/DR +) thus might be a target of antibody
dependent cytotoxicity derived from anti-gp41 an-
tibodies in HIV-infected patients. This mechanism
could be important for the pathogenesis of lym-
phopenia in AIDS patients.

CD4 cells interact with class II MHC bearing
targets [3]. Gay et al. have presented convincing
data showing that CD4-HLA/DR binding occurs
and augments T cell activation. Our data hint at
an inverse relation of CD4 cell loss and CD3 +
Leu7+ as well as CD3+HLA/DR 4+ expansion.
Marked CD4 depletion (starting at WR3 with
<400/l as defined in the WR system) is even pre-
ceded by the early CD3+ HLA/DR + expansion.
Later on, starting at WRS, both subsets decline.
The cytotoxic properties of CD8+ Leu7+HLA/
DR+ cells [13] might play a central role in the
pathogenesis of the CD4 depletion when binding
of such cytotoxic cells to CD4 cells is followed
by CD4 cell cytolysis (even of not infected CD4
cells). As the CD4-HLA/DR interaction may itself
augment T cell activation [3], and the CD4 cell
is activated by glycoprotein 120 of HIV (shown
by Kornfeld et al. [7]), the first step triggering a
circulus vitiosus might be suspected in the binding
of HIV glycoprotein 120 to the CD4 cell (not nec-
essarily representing whole virus particles but alter-
natively free glycoprotein 120). According to this
hypothesis the question of autoimmune pathogen-
esis as cause for CD4 cell depletion has again to
be raised and further investigated.

Besides cytometric evaluations of lymphocyte
subsets evidence has been given for activation of
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the cellular immune system by studies showing that
serum levels of neopterin and £2 microglobulin
are elevated [1]. Like T cell activation, these chan-
ges occur early, e.g., in WR1. It remains to be
studied whether such nonspecific activation pa-
rameters correlate with the increase of activated
T lymphocytes.

The changes of the CD4 and CDS cell in HIV
infection are well known [5, 6, 11]. Our figures
confirm that as early as WR1 a significant change
occurs in CD4 and CD8 cells. As expected, the
CDS8 expansion parallels the expansion of CD8 +
Leu7+ and CD3+HLA/DR+ cells. CD8+
Leu7+ and CD3+HLA/DR + seem to be closely
overlapping subsets in HIV-infected patients.

In conclusion: Our results show significant
early changes of lymphocyte subsets other than
CD4 and CD8. The patient sample consisting of
all stages of the Walter Reed classification system
enables us to show that the major CD4 cell deple-
tion is preceded by an early expansion of CD3+
HLA/DR + cells. This expansion is paralleled by
an increase in numbers of CD8 + Leu7+ cytotoxic
cells.
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