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Demonstration of the Th1 to Th2 cytokine shift during
the course of HIV-1 infection using cytoplasmic
cytokine detection on single cell level by flow

cytometry
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Objective: To characterize changes of Th1/Th2 cytokine production by peripheral
blood mononuclear cells (PBMC) that occur during the course of HIV infection by
cytoplasmic cytokine staining on single cell level.

Design and methods: Mitogen-stimulated PBMC from 16 healthy donors, 18 HIV-1-
infected individuals without AIDS and 14 patients with AIDS were stained
intracellularly with fluorescein-labelled MAb against interleukin (IL)-2, IL-4, IL-10
and interferon (IFN)-γ. Additionally, co-staining of CD4+ T-cell, CD8+ T-cell, 
natural killer (NK) cell, B-cell and monocytic markers was performed. Fluorescence
staining was analysed by three-colour flow-cytometry. 

Results: A reduced percentage of IL-2 and IFN-γ (Th1 type)-producing cells among
CD4+ T cells from HIV-1-infected individuals could be demonstrated. There was a
continuous decrease of IFN-γ-producing CD4+ T cells in the course of HIV infection
and a dramatic reduction of IL-2-expressing cells among CD4+ T cells in patients
with AIDS. In contrast to Th1 cytokines, the frequency of Th2 cytokine expressing
cells among CD4+ T cells increased in HIV-infected individuals. The maximum
frequency of IL-4-expressing cells among CD4+ T cells was seen in HIV-infected
individuals without AIDS, whereas the rate of IL-10-producing cells was highest in
patients with AIDS. In HIV-infected individuals no significant proportion of Th0 cells
expressing both Th1 and Th2 cytokines was detectable. In CD8+ T cells the
percentage of IL-2  was expressing cells decreased continuously accompanied by a
strong increase of the frequency of IFN-γ-producing cells.

Conclusion: The decreased percentage of cells expressing IL-2 and IFN-γ in
conjunction with an increased proportion of IL-4- and IL-10-producing cells among
the CD4+ T cells in HIV-1-infected individuals demonstrate a Th1 to Th2 cytokine
shift in the course of HIV infection on a single cell level. There was no evidence of a
Th1 to Th0 cytokine shift. In addition to the loss of CD4+ T cells in HIV infection,
the qualitative changes of Th1/Th2 cytokine expression may serve as a marker for
progressive failure of cell-mediated immunity.
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Introduction

Apart from the loss of CD4+ T cells, defects in T-cell
immune function such as a reduced expression of Th1
cytokines can be detected in HIV-infected individuals
[1–5]. Moreover, the regular occurrence of a poly-
clonal B-cell activation and hypergammaglobulinaemia
suggests that the Th2-type cytokine expression may be
increased. However, changes in the pattern of Th1-
and Th2-type cytokine expression in the course of HIV
infection are discussed controversially. Whereas Clerici
and others [6–12] observed a Th1 to Th2 cytokine
shift, several authors have proposed either a Th1 to
Th0 shift [13–17] or contradict a change of Th1/Th2
cytokine pattern [18]. 

A dichotomy between Th1 and Th2 has been identified
in murine CD4+ T cells [19]. Analysis of T-cell clones
in humans have shown an analogous, although not
identical, cytokine synthesis heterogeneity [20–23]. Th1
and Th2 CD4+ T cells are characterized exclusively by
differences in cytokine expression: Th1 cells produce
interleukin (IL)-2, IL-12 and interferon (IFN)-γ,
whereas Th2 cells express IL-4, IL-5, IL-6, IL-10 and
IL-13 [20]. Moreover, it has been shown that the
Th1/Th2 cytokine heterogeneity is not only restricted
to CD4+ T cells [20]. Cell types such as CD8+ T cells
or natural killer (NK) cells contribute to the Th1/Th2
cytokine heterogeneity as well. Thus, the terms Th1-
type or Th2-type cytokine or cell are used to character-
ize the cytokine profile of the different cell types.

Due to the different methods used for assessing
cytokine expression [e.g., enzyme-linked immunosor-
bent assay (ELISA), reverse transcriptase (RT)–poly-
merase chain reaction (PCR) or T-cell-cloning and 
differences between the examined T-cell populations
obtained from peripheral blood or lymph nodes, the
results of Th1/Th2-cytokine expression in HIV-
infected individuals are contradictory. None of the
conventional methods for measuring cytokine expres-
sion used in earlier reports facilitates characterization of
cytokine production of T cells directly. To circumvent
this problem, we employed the method of cytoplasmic
cytokine staining to determine whether the 
suggested Th1 to Th2 cytokine-shift indeed occurs in
course of HIV infection. Using this method we were
able to characterize and distinguish cells which are
solely defined by their cytokine production such as
Th1- and Th2-type T cells. In addition, it is possible to
detect cytokine production of cells on single cell level
without previous cell sorting.

Material and methods

Study population
Peripheral blood was obtained with informed consent

from 16 healthy adult donors, from 18 HIV-1-infected
donors classified Centers for Disease Control and
Prevention (CDC) 1993 criteria stage A1, A2, B1, and
B2 and from 14 HIV-1-infected individuals in CDC
stage C3. Patients suffering from malignancies (except
Kaposi’s sarcoma) and individuals receiving chemo-
therapy were excluded. 

Cell preparation and culture
Peripheral blood mononuclear cells (PBMC) were iso-
lated by Ficoll-Histopaque (Sigma, Deisenhofen,
Germany) density gradient centrifugation. Cells were
adjusted to a concentration of 1 × 106 cells/ml in
RPMI 1640 medium (Gibco, Karlsruhe, Germany)
containing heat inactivated fetal calf serum (Gibco),
100 U/ml penicillin, 100 µg/ml streptomycin and 1
mM glutamine (Biochrom, Berlin, Germany). 

PBMC were cultured using a modification of the con-
ditions reported by Jung et al. [24]: cells were stimu-
lated with 5 ng/ml PMA (phorbol 12-myristate
13-acetate) in combination with 0.75 µg/ml ionomycin
(Sigma) in round bottom tissue culture tubes (Greiner,
Nürtingen, Germany). Monensine (Sigma) was added
in a concentration of 3 µM to prevent cytokine release.
Cultures without the addition of monensine and with-
out exogenous stimuli were included as controls. The
optimal duration of incubation for induction of each
cytokine had been determined previously in time
kinetic experiments. The detection of IFN-γ, IL-2 and
IL-4 was optimal after a culture time of 5 h in contrast
to 10 h for IL-10.

Fixation, permeabilization and cytokine-staining
After incubation the cells were stained according to
methods described elsewhere, with slight modifications
[24-26]. The cells were washed twice in Hank’s bal-
anced salt solution (HBSS) and fixed with 4%
paraformaldehyde in HBSS at 4°C for 10 minutes.
After two further washing steps in HBSS, the cells were
resuspended at a concentration of 2 × 105/tube in per-
meabilization buffer (HBSS containing 0.1% saponin,
0.01 M Hepes buffer and 5% type AB serum) and incu-
bated for 5 min. The cells were then pelleted and resus-
pended in the remaining buffer after decantation.
Anti-cytokine-specific monoclonal antibodies (MAb)
were added in concentrations ranging from 0.1 to 
1 µg/ml for 20 min at 20°C followed by two further
washing steps in permeabilization buffer. 

The following cytokine-specific MAb were used: unla-
belled anti-IFN-γ mouse IgG2a (Genzyme, Boston,
Massachusetts, USA), anti-IFN-γ-fluorescein isothio-
cyanate (FITC) (Hölzel Diagnostika, Cologne,
Germany), anti IL-2-biotin mouse IgG2a, clone N7.48A
(Hölzel), anti IL-4-biotin mouse IgG1, clone 8F12
(Hölzel) and anti-IL10-phycoerythrin (PE) rat IgG1
clone JES3-9D7 (PharMingen, San Diego, California,
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USA). Isotype controls were unlabelled or labelled with
FITC, PE, or biotin (Dianova, Hamburg, Germany).

To ensure specificity of MAb staining, the binding of
anti-cytokine-specific antibodies was blocked with a
molar excess of the corresponding recombinant cytokine. 

Cells stained with unlabelled or biotinilated MAb were
pelleted again and incubated with a second FITC or
PE-labelled antibody (Dianova) or a streptavidin-PE-
conjugate (Serotec, Wiesbaden, Germany) for 20 min
followed by two further washing steps in permeabiliza-
tion buffer. After indirect antibody-staining the cells
were washed twice with permeabilization buffer. 

As a last step, surface phenotyping was performed with
FITC, PE or peridine chlorophyll a protein (PerCP)-
labelled MAb against CD3, CD4, CD8, CD56, CD20
and CD14 (Becton Dickinson, Heidelberg, Germany). 

Flow cytometry
Fluorescence staining was analysed by three-colour
flow cytometry on a FACScan flow cytometer using
Lysys II software (Becton Dickinson). Routinely, 
1 × 104 PBMC were analysed. For evaluation of
cytokine expression in less frequent cell types such as
CD4+ T cells in HIV-infected individuals, at least
2000 cells were counted. Cell populations < 1% (< 20
events) were not regarded as significant. For analysis of
double cytokine staining the acquisition of CD4+ or
CD8+ T cells was performed using a life gate. The cut-
off point, at which a cytokine-specific signal was con-
sidered to be positive was determined using
unstimulated cells and cells stained with isotype-specific
antibodies. The average amount of cytokine produc-
tion per cell was evaluated by measuring the cytokine-
specific intensity of fluorescence. Due to the high
day-to-day and even inter-experimental variability of
fluorescence intensity the absolute values of fluores-
cence intensity cannot be used for quantification of
cytokine production. To facilitate a comparison of the
cytokine expression in various cell types from different
donors, a ratio of the mean intensity of fluorescence
staining per cell expressing a certain cytokine and of the
fluorescence intensity at the cut-off point determined for

this cytokine was calculated. Statistical analysis was 
performed using the Wilcoxon-Mann-Whitney test.

Results

PBMC from 16 healthy donors, 18 HIV-1-infected
individuals without AIDS and 14 patients with AIDS
were stimulated in vitro for cytokine production. After a
5 h or 10 h incubation permeabilized cells were stained
intracellularly with cytokine-specific MAb against IL-2,
IL-4, IL-10 and IFN-γ in combination with MAb-
staining of surface markers for CD4+ T cells, CD8+ 
T cells, NK cells, B cells and monocytes in order to
determine the frequency of Th1- or Th2-type cytokine
expression in these cell types. 

Th1-type cytokines
Analysis of the Th1-type cytokines IL-2 and IFN-γ in
CD4+ T cells revealed that the percentage of cells
expressing these cytokines decreased with disease pro-
gression. The percentage of CD4+ T cells producing
IFN-γ decreased continuously from 19.6 ± 3.0 in
healthy donors to 14.0 ± 1.8 in HIV-1-infected indi-
viduals classified CDC stages A1, B1, A2 and B2 and to
10.6 ± 1.9 in patients with AIDS (CDC C3). A dra-
matic reduction in the proportion of IL-2-expressing
cells starting from 35.2 ± 5.5% among CD4+ T cells
from HIV-1-infected individuals classified CDC A1,
B1, A2 and B2 to 9.6 ± 1.5% in patients with AIDS
was detectable (Table 1, Fig. 1). In contrast to the
CD4+ T cells, the percentage of IFN-γ-expressing cells
was higher among CD8+ T cells obtained from
patients classified CDC C3 (51.4 ± 7.6) as compared to
healthy donors (23.2 ± 4.2, Table 1, Fig. 1).

Th2-type cytokines
The frequency of CD4+ T cells from healthy donors
expressing IL-4 or IL-10 is significantly (P < 0.01)
lower than that of those expressing Th1-type cytokines:
Only 3.0 ± 0.5% of CD4+ T cells were positive for 
IL-4; IL-10 was almost undetectable. The percentage
of both IL-4 and IL-10-producing cells among CD4+

Table 1. Percentage of interferon (IFN)-γ- or interleukin (IL)-2-expressing cells among CD4+ or CD8+ T cells from the indicated donor groups.

IL-2 [mean ± SD (range)] IFN-γ [mean ± SD (range)] 

CD4+ T cells CD8+ T cells CD4+ T cells CD8+ T cells

Uninfected (n = 16) 35.2 ± 5.5 (24.3–64.0) 17.1 ± 3.5 (11.2–23.6) 19.6 ± 3.0 (16.0–24.2) 23.2 ± 4.2 (9.2–29.1)

HIV-1-positive, no AIDS 30.4 ± 5.1* (19.6–64.3) 12.5 ± 2.5* (5.2–16.0) 14.0 ± 1.8† (11.3–16.4) 32.4 ± 5.5† (27.1–41.6)
(CDC A1, B1, A2, B2, n = 18)

HIV-1-positive, AIDS 9.6 ± 1.5‡ (5.2–13.3) 7.5 ± 1.4§ (4.7–9.8) 10.6 ± 1.9II (7.1–13.3) 51.4 ± 7.6II (40.2–66.3)
(CDC C3; n = 14)

*Not significant in comparison with uninfected donors. †P < 0.05 comparing uninfected with HIV-infected individuals of Centers for Disease
Control and Prevention (CDC) 1993 criteria, stage A1, B1, A2 and B2. ‡P < 0.01 comparing uninfected with HIV-infected individuals staged
CDC C3. §P < 0.05 comparing HIV-infected CDC stage C3 with CDC stages A1, B1, A2 and B2. IIP < 0.01 comparing uninfected with HIV-
infected CDC stage C3.
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Fig. 1. Fluorescence-activated cell sorter dot-blots of phorbol myristrate acetate/ionomycin/monensine-stimulated cells in the
lymphocyte gate of healthy donors (a, c, e, g and i) and of HIV-1-infected individuals (b, d, f, h and j). The following combi-
nations of antibody staining were used: (a) and (b), CD4 and interleukin-2; (c) and (d), CD4 and interleukin-4; (e) and (f), CD4
and interleukin-10; (g) and (h), interferon-γ and CD4; (i) and (j), interferon-γ and CD8. 
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T cells from HIV-1-infected individuals was increased
in comparison to healthy donors. The proportion of
CD4+ T cells expressing IL-4 was significantly 
(P < 0.05) higher in cells from HIV-1-infected individu-
als without AIDS (6.2 ± 1.3%). Whereas the frequency
of IL-4 expression was reduced among CD4+ T cells
from patients with AIDS, the percentage of IL-10-pro-
ducing cells increased significantly (P < 0.01) during
the course of infection, reaching 5.3 ± 1.4 among
CD4+ T cells obtained from patients with AIDS
(Table 2, Fig. 1). Both IL-4 and IL-10 were almost

undetectable in CD8+ T cells from healthy donors and
expressed weakly in a minor fraction of cells from
HIV-infected individuals (< 2.5%). 

Cytokine expression in non-T-cells
In order to evaluate the frequency of non-T-cells
expressing Th1 or Th2 cytokines B cells, NK cells and
monocytes were also investigated regarding their
cytokine production. Following PMA/ionomycin or
LPS stimulation no IL-2, IL-4, IL-10 or IFN-γ produc-
tion could be detected in either monocytes (CD14+
cells) or B cells (CD20+ cells; data not shown). 

Table 2. Percentage of interleukin (IL)-4 or IL-10 expressing cells among CD4+ or CD8+ T cells from the indicated donor groups.

IL-4 [mean ± SD (range)] IFN-10 [mean ± SD (range)]

CD4+ T cells CD8+ T cells CD4+ T cells CD8+ T cells

Uninfected (n = 16) 3.0 ± 0.5 (2.0–4.1) < 1% (< 1.2) < 1% (< 0.9) < 1% (< 0.6)

HIV-1-positive, no AIDS 6.2 ± 1.3* (4.0–10.2) 2.1 ± 1.4† (0.9–3.8) 2.9 ± 1.1* (1.7–4.3) < 1% (< 0.8)
(CDC A1, B1, A2, B2, n = 18)

HIV-1-positive, AIDS 2.8 ± 0.6‡ (1.5–4.0) < 1%† (< 1.0) 5.3 ± 1.4‡§ (4.0–7.8) < 1% (< 0.8)
(CDC C3; n = 14)

*P < 0.05 comparing uninfected with HIV-infected individuals CDC stage A1, B1, A2 and B2; †Not significant in comparison with uninfected
donors. ‡P < 0.05 comparing HIV-infected individuals CDC stage C3 with those CDC stage A1, B1, A2 and B2; §P < 0.01 comparing unin-
fected with HIV-infected individuals staged CDC C3;  CDC, Centers for Disease Control and Prevention 1993 criteria.  

Fig. 2. Fluorescence-activated cell sorter dot-blots of phorbol myristate acetate/ionomycin/monensine stimulated cells from
an HIV-infected individual (CDC B2) gated for CD4+ T cells (a and b) or CD8+ T cells (c and d). Cells were stained intracel-
lularly with anti-interferon-γ and anti-interleukin-4 (a and c) or anti-interleukin-2 and anti-interleukin-4 (b and d).
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Whereas IL-4 was undetectable in NK cells from any
donor group, 5–24% of NK cells (CD8+/CD56+)
obtained from healthy donors as well as from HIV-
infected individuals expressed the Th1-type cytokines
IL-2 or IFN-γ. The expression of these cytokines did
not correlate with the presence or the stage of HIV
infection (data not shown).

Double staining of Th1- and Th2-cytokines
In order to determine whether cells expressing Th-2
cytokines are Th-2 or Th-0 type T cells, cells were
stained simultaneously with MAb against Th1- and Th2-
cytokines. Double-staining of IFN-γ and IL-4 revealed
that nearly all CD4+ T cells (98.6 ± 2.3%) from HIV-
infected individuals expressing IL-4 do not produce
IFN-γ (Fig. 2). Moreover, the majority 
(64.3 ± 5.4) of IL-4 expressing CD4+ T cells from HIV-
1-infected individuals did not co-express IL-2. The fre-
quency of IL-4 expressing cells among CD8+ T cells
was lower than among CD4+ T cells. IL-4 and IFN-γ
were not co-expressed in CD8+ T cells. Concerning the
double staining of IL-2 and IL-4, fewer than 40% of the
CD8+ T cells that expressed IL-4 produced IL-2. 

Quantification of cytokine production
In order to compare the average cytokine expression
per CD4+ T cell obtained from the three donor-
groups, a ratio of the mean fluorescence intensity per
cytokine expressing cell and the fluorescence intensity
at the cut-off point was calculated. The intensity of
Th1-cytokine staining per CD4+ T cell was reduced
significantly in patients with AIDS. Concerning IL-4,
there was a peak of cytokine expression per cell in
HIV-infected individuals without AIDS compared with
both the patients with AIDS and the healthy controls.
The level of IL-10 expression per cell was highest in
CD4+ T cells from patients with AIDS (Table 3).

Discussion

The depletion of CD4+ T cells during the course of
HIV infection is accompanied by a progressive loss of
cell-mediated immunity [2,3]. This loss of T-cell func-
tion occurs with a reduced production of IL-2 and

IFN-γ by PBMC [6,7,9,12]. Observations such as poly-
clonal B-cell activation resulting in hypergammaglobu-
linaemia or increased IgE-serum-levels led to the
suggestion of an increased Th2-type cytokine expres-
sion resulting in a Th1 to Th2 shift during the course
of HIV infection [6,7]. Moreover, dysregulation of
Th1/Th2 cytokine expression had been proposed as a
mechanism for T cell loss via induction of apoptosis in
HIV infection [27].

Our data showing a reduced frequency of IL-2 or IFN-
γ-producing cells among CD4+ T cells and an
increased percentage of IL-4 or IL-10 positive cells
among CD4+ T cells confirm for the first time on a
single cell level the proposed Th1 to Th2 shift of
cytokine production in CD4+ T cells of HIV-1-
infected individuals.

As it is shown in Table 1 the percentage of IL-2-
expressing cells among CD4+ T cells from HIV-
infected individuals classified CDC A1, B1, A2 and B2
was reduced significantly in comparison with patients
with AIDS (CDC C3). Thus, the loss of IL-2-express-
ing CD4+ T cells may be a critical step towards the
development of AIDS.

The percentage of CD4+ T cells capable of expression
of Th-2 cytokines is very low in uninfected donors (IL-
4, 2.9%; IL-10, < 1%). As it has been shown earlier, a
significant increase of IL-4 expression is associated with
early stages of the disease [8,28]. More than twice as
many CD4+ T cells were positive for IL-4 in HIV-
infected donors classified CDC A1, B1, A2 and B2
compared with healthy donors. Moreover, the average
IL-4 production per CD4+ T cell was enhanced signifi-
cantly in HIV-infected individuals indicating a strong
Th2-type response. Surprisingly IL-4 expression peaked
in early stages of HIV infection and decreased again
with the development of AIDS. Although these results
are consistent with earlier results [6,8] the cause and sig-
nificance of this phenomenon still have to be identified.
Whereas IL-4 expression had its maximum in early
stages of the disease, IL-10 was expressed particularly in
patients with AIDS: both, the percentage of CD4+ T
cells producing IL-10 and the average IL-10 expression
per cell peaked in individuals suffering from AIDS. 

Table 3. Ratio of the mean of fluorescence intensity per cytokine expressing CD4+ T cell and fluorescence intensity at the cut-off point of
cytokine expression.

IFN-γ (mean ± SD) IL-2 (mean ± SD) IL-4 (mean ± SD) IL-10 (mean ± SD)

Uninfected (n = 16) 8.3 ± 2.5 7.9 ± 3.0 2.8 ± 1.0 NE

HIV-1-positive, no AIDS 6.9 ± 1.8* 7.0 ± 2.8* 4.3 ± 1.6† 3.9 ± 1.4†

(CDC A1, B1, A2, B2, n = 18)

HIV-1-positive, AIDS 4.2 ± 1.2‡ 2.6 ± 0.7‡§ 3.0 ± 1.0* 4.6 ± 1.4‡

(CDC C3; n = 14)

*Not significant. †P < 0.05 comparing uninfected with HIV-infected individuals CDC stage A1, B1, A2 and B2. ‡P < 0.01 comparing uninfect-
ed with HIV-infected individuals CDC stage C3. §P < 0.05 comparing HIV-infected individuals CDC stage C3 with those staged CDC A1, B1,
A2 and B2.  NE, Cytokine was not expressed. CDC, Centers for Disease Control and Prevention 1993 criteria.
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The increased Th-2-type cytokine expression in CD4+
T cells from HIV-infected individuals could be demon-
strated not to be a Th0-like response since we were
able to show by double staining of IFN-γ versus IL-4
and IL-2 versus IL-4 that the Th2 cytokine IL-4 is
rarely co-expressed with Th-2 cytokines. Thus, we
suggest that there is a Th1 to Th2 shift of cytokine
expression in HIV-infected individuals. Unfortunately
we could not generate similar data for IL-10 because
IL-10 has its maximal expression after a 10 h incubation
whereas an optimal staining for IL-2 and IFN-γ is
achieved after 5 h.

As demonstrated in Table 1 and Fig. 1, an increase of
the percentage of IFN-γ-expressing cells among CD8+
T cells was observed during the course of HIV infec-
tion. These results confirm similar earlier reported data
[18,29]. The increased IFN-γ expression by CD8+ 
T cells may reflect an enhanced activation of cytotoxic
T cells in course of HIV infection. This gives support
to the theory of an increasing population of anti-HIV-
specific CD8+ T cells [30,31], or an enhanced activa-
tion of CD8+ T cells in HIV infection. 

Although the frequency of CD8+T cells expressing the
Th1-type cytokine IFN-γ is increased in HIV-1-
infected patients the total amount of IFN-γ production
is not enhanced as it has been shown earlier [32,33].
Thus, the enhanced IFN-γ expression in CD8+ T cells
does not contradict the suggested Th1 to Th2 shift.

However, examination of Th1/Th2-cytokine expres-
sion in non-T-cell lymphocytes demonstrated no sig-
nificant cytokine production in B cells. The percentage
of Th1-type cytokine expressing cells among NK cells
obtained from HIV-infected individuals was neither
increased nor decreased compared with healthy donors:
between 5% and 24% of NK cells obtained from
healthy donors and HIV-infected individuals expressed
IL-2 or IFN-γ. Th2-type cytokines were not detectable
in NK cells from all donor groups. Thus, neither 
B cells nor NK cells appear to contribute to a change of
Th1/Th2 cytokine expression during the course of
HIV infection.

Monocytes could be important producers of Th1 
(IL-12) or Th2 (IL-10) cytokines. In this study we
could not characterize monocytic expression of these
cytokines by cytoplasmic cytokine staining. Thus, stim-
ulation, culture and intracellular cytokine staining of
monocytes have to be optimized to characterize the
contribution of this cell type to changes of Th1/Th2
cytokine expression in HIV infection.

One may criticize the fact that the low frequency of
Th2-type cytokine-expressing cells among CD4+ 
T cells, which represent also only a minority of cells in
HIV infection, could hardly contribute significantly to
the change of cytokine pattern: the Th1/Th2 cytokine

heterogeneity could be demonstrated for CD4+ T cells
and for CD4 negative lymphocytes [20]. As described
above, even monocytes are producers of Th1- or Th2-
type cytokines. However, a Th1 to Th2 shift could be
demonstrated on a single cell level only in CD4+ T
cells in early (IL-4) and in late (IL-10) stages of HIV
infection. Therefore the Th1 to Th2 shift in HIV
infection, which was already demonstrated in culture
supernatants or by RT-PCR [6–12] should be due to
the Th1 to Th2 shift in the CD4+ T-cell compart-
ment. Moreover, for the induction of a cell mediated
immunity by Th1-type or a humoral immune response
by Th2-type cytokines CD4+ T cells are playing a
central role. Therefore, even in HIV-infected individu-
als with a low count of CD4+ T cells the cytokine
expression of this cell type should be pivotal for the
Th1/Th2-cytokine pattern. 

For stimulation of PBMC, a combination of PMA and
ionomycin was used. This maximal activation gives the
opportunity to define the capability of lymphocytes to
produce cytokines. Other more physiological stimuli
such as anti-CD3-MAb (OKT3) or anti-CD28 MAb
did not result in a cell activation sufficient for cytoplas-
mic cytokine staining. After such a stimulation even
IL-2 or IFN-γ were expressed in fewer than 5% of
CD4+ T cells from healthy donors. Th2-type
cytokines were almost undetectable in cells cultured for
4–12 h under these suboptimal stimulation conditions.
Only after several restimulations with OKT3 and a cul-
ture time of 4–7 days were more than 20% of CD4+ T
cells positive for IL-2 or IFN-γ (data not shown). Data
obtained after such a long in-vitro culture time can be
extremely biased in relation to the culture conditions
and are therefore hardly reliable or valid to characterize
or to represent any in vivo situation. Therefore we used
a maximal stimulation in a short term culture as the
best indicator for the in vivo capacity of cells to express
Th1/Th2-cytokines. 

In addition to the characterization of cells by their
cytokine production, the method of cytoplasmic
cytokine staining permits quantification of cytokine
production per cell. Due to the inhibition of cytokine
release by monensine, the intensity of cytokine staining
per cell reflects the amount of cytokines produced dur-
ing monensine incubation. Thus, we were able to
compare the amount of cytokine production per cell
between different donors by creating a ratio between
the mean of the fluorescence intensity and the staining
intensity at the threshold of cytokine expression. In
contrast to the absolute value of fluorescence intensity
this ratio is not influenced by instrument settings and
measurement-to-measurement variability of fluores-
cence intensity. As it has been shown earlier by Jung et
al., quantification of cytokine expression by the
method of cytoplasmic cytokine staining is valid and
reliable [25,34].
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Thus, cytoplasmic cytokine staining gives the unique
opportunity to quantify cytokine expression within sur-
face-marker-defined single cells. It can be a tool to
characterize cytokine expression and to clarify the role
of cytokines for pathogenesis of AIDS. Moreover, the
question of whether cytoplasmic cytokine staining can
be used to monitor the immune function of HIV-
infected individuals has still to be investigated.
Particularly for monitoring of disease progression under
antiretroviral therapy, cytoplasmic cytokine detection
would certainly add important information concerning
the quality of the T-cell function to a monitoring based
only on quantitative parameters such as the count of
CD4+ T cells and virus burden. Moreover, compared
with alternative techniques to analyse cytokine expres-
sion (e.g. RT-PCR or ELISA) cytoplasmic cytokine
detection is performed more easily and cheaply and it
also provides additional information.

The data presented in this paper demonstrate a shift of
Th1-type to Th2-type cytokine expression by CD4+
T cells in the course of HIV infection in the setting of
a cross-sectional study. In order to definitively prove
the Th1 to Th2 cytokine shift during the course of
HIV infection a longitudinal study will be performed. 
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