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Summary. Human lymphocytes are widely used as pe-
ripheral models for central neurones. Alterations in im-
mune function have been reported in depressed patients,
e.g. mitogen-induced proliferation is impaired during de-
pression. One possible causative mechanism could be al-
tered [Ca?*); regulation. Phytohaemagglutinin (PHA)-in-
duced rise of [Ca?*]; has been found to be diminished in
lymphocyte suspensions from depressed patients (Ecker
et al., this issue). We measured PHA-induced rise of
[Ca?*]; in single Fura-2 AM-loaded T11* lymphocytes of
patients with major depression and controls to further
analyse [Ca®*]; regulation in depression.

The [Ca?t]; of resting lymphocytes was 57 = 2 nmol/l
(mean = SEM). There was no difference in resting [Ca®*];
of resting lymphocytes of patients and controls. PHA
evoked an increase of [Ca?"]; an 7 out of 14 cells from
control subjects up to 400-500 nmol/l. In contrast, only 4
out of 13 cells from depressed patients showed an in-
crease of [Ca?*]; up to 200 nmol/l. In a small fraction of
cells from both groups the [Ca%*]; signal is oscillating.

Our preliminary data confirm alteration of [Ca*']; regu-
lation in lymphocytes of depressed patients.
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Introduction

An important breakthrough in the understanding of neu-
ronal function was achieved with the technique of single
cell recording. Thereby cellular mechanisms such as cal-
cium dependence were detected with identical importance
for the functional homeostasis of central neurons as of
several peripheral cells. A specific example is the surpris-
ing similarity between lymphocytes and neurons with re-
spect to surface receptors (Wiedermann 1987, Plaut
1987), membrane channels (Lewis and Cahalan 1988) or
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to the oscillating mode of [Ca?*]; changes (Friel and Tsien
1992), suggesting T lymphocytes as a peripheral model of
neuronal function.

This analogous situation in T-lymphocytes led us to the
measurement of free intracellular calcium concentration
([Ca?],) in single T-lymphocytes of normal volunteers
and depressed patients. This approach is further supported
by the following observations:

— In depression, impaired immunological function has
been reported, such as reduced cell proliferation (Kronfol
et al. 1983, 1989; Schleifer et al. 1984, 1989) or reduced
natural killer cell activity (Miller et al. 1987; Evans et al.
1992; Maes et al. 1992).

— These immunological functions arc regulated in a sen-
sitive manner by calcium dependent mechanisms (Meuer
and Resch 1989).

— Calcium homeostasis seems to be distrubed in affective
disorders (Dubovsky et al. 1991; Kusumi et al. 1991,
1992).

The interpretation of the data presented have will compare
results on single cell level with the data of cells in sus-
pension as reported in other contributions to this issue.

Subjects and methods

Depressed female patients (age 29, 34, 71 and 76 years) were com-
pared with four age-matched female controls. The patients fulfilled
DSM III R criteria for unipolar depression and had a HAMD score
between 18 and 24. No subject had received psychotropic medica-
tion for at least one week.

From 10 ml heparinized blood mononuclear cells were sepa-
rated by Ficoll-Hypaque (Biochrom, Berlin, Germany) centrifuga-
tion. The cells were washed in RPMI 1640 (Biochrom) + 5% fetal
calf serum (FCS, Boehringer, Mannheim, Germany). Monocytes
were separated by adherence to plastic culture dishes. Non-adher-
ent cells were incubated with anti-T11 antibody (gift from S.
Meuer, DKFZ Heidelberg, Germany) for 60 min at 4°C. T11* cells
were panned to precoated class coverslips for at least 60 min at 4°C.
Coverslips were coated with goat anti-mouse antibody (DAKO,
Hamburg, Germany) at 4°C overnight. For [Ca?*]; measurements
cells were loaded with 5 pmol/l Fura-2 AM (Molecular Probes,
Eugene, OR, USA) for 30 min at 37°C, Measurements were per-



formed in NaCl 160, KCI 4.5, CaCl, 2, MgCl, 1, Hepes-NaOH 5
(pH7.4) at 20-22°C within 30 min.

The experiments were controlled, recorded and analysed using
TIDAS software and hardware (Batelle Institute, Frankfurt, Ger-
many) with a 4/86 computer. Cells were alternately illuminated
with 340 and 380 nm light flashes. These were generated by two
Hamamatsu flash bulbs, each of which illuminated a 1.25 mm di-
ameter quartz fibre. The two fibres were placed in the entrance slit
region of a concave holographic grating (Jobin Yvon). A third fi-
bre in the exit slit area collected the light (340 nm when flash 1
was triggered, 380 nm when flash 2 was triggered) and transferred
it to the microscope. A Nikon Fluor x40 objective was used. Emiti-
ted light was coliected at > 420 nm in a 10 um area by a photo-
diode (Hamamatsu). This optical setup was constructed by R. Uhl,
Technology Transfer, Miinchen, Germany (Uhl et al., personal
communication). For calibration 10 mmol/l CaCl,-solution (10
mmol/l EGTA-solution respectively) with 25 pmol/l Fura-2 was
used to obtain R,,,x (Ry,) and a solution containing 6 mmol/l Ca-
EGTA and 3 mmol/l free EGTA was used to obtain Kp X
S3s0/Sesse- From these parameters [Ca®*}; was calculated according
to Almers and Neher (1985), Grynkiewicz at el. (1985) and Neg-
ulescu and Machen (1990).

Basal [Ca?*]; of 8-11 medium-sized (7-8 wm diameter) cells
with smooth surface were recorded for each subject, cells with a
[Ca?*]; baseline > 110 were assumed to be prestimulated and were
excluded. 3-4 cells of each subject were stimulated with 15 pg/ml
PHA-P (Sigma, Miinchen, Germany) and [Ca?*]; was recorded for
10 min.

For statisical analysis of resting [Ca®]; levels a two-tailed r-test
(P = 0.05) was used.

Results

[Ca?*]; of resting T-lymphocytes from control subjects was
56.7 = 2.1 nmol/l (mean + SEM). The cells had [Ca2*];
levels between 34 and 85 nmol/l. [Ca?*]; of resting T-lym-
phocytes from depressed patients was 51.7 = 2.0 nmol/l
(mean = SEM). [Ca?]; levels of resting T-lymphocytes
from depressed patients were not significantly different
from those of T-lymphocytes from healthy controls. Fig-
ure 1 shows all resting [Ca?*]; levels from control subjects
and depressed patients.
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Fig. 1. Distribution of [Ca?*]; levels (nmol/l) in resting T-lympho-
cytes from four control subjects (filled bars) and from four de-
pressed patients (white bars)
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There was no difference in absolute intensities of emit-
ted light between cells from depressed patients or con-
trols, indicating that Fura-2 loading was not different in
cells from depressed patients or controls.

After stimulation with PHA, 7 out of 14 T-lymphocytes
from control subjects (1 or 2 out of 3 or 4 stimulated cells
of each control subject) showed an increase of [Ca?*];.
The latency between application of PHA and the [Ca?*];
rise was between 50 and 200 s. The pattern of the [Ca?*];
signal was variable. Four T-cells displayed a slow and
smooth increase of [Ca?]; to about 100 nmol/l, in 2 T-
cells [Ca®*); rose continuously to 400-500 nmol/L, in 1 T-
cell [Ca?*]; rose to 300—400 nmol/l with a few oscillations
(amplitude 50-100 nmol/l, frequency 1/50-100 s) (Fig.2).

Only 4 out of 13 T-lymphocytes from depressed pa-
tients showed an increase of [Ca?']; after stimulation with
PHA (2/4 from patient 1, 1/3 from patient 2 and 3 each,
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Fig.2. After stimulation with 15 pg/ml PHA-P (at time = 0), 7 out

of 14 stimulated T-lymphocytes from four control subjects dis-

played an increase of [Ca®*]; (nmol/1), in three cells the [Ca?*}; rose

to at least twice the resting value. Only these responding cells are

shown. Two cells (A,B) showed a continuous rise without oscilla-

tions to [Ca?*]; levels around 400 nmol/l, 1 cell (C) showed an os-
cillatory [Ca®*]; signal ‘
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Fig.3. After stimulation with 15 pg/ml PHA-P (at time = 0), 4 out
of 13 stimulated T-lymphocytes from four depressed patients dis-
played an increase of [Ca?*]; (nmol/l), in three cells the [Ca®*]; rose
to at least twice the resting value. Only these responding cells are
shown. The cells (A—C) showed an oscillatory [Ca®*]; signal with
peak levels up to 200 nmol/l

0/3 from patient 4). The latency was the same as in cells
from control subjects. One T-cell displayed a smooth rise
of [Ca?*}; to about 100 nmol/l, 3 T-cells showed oscilla-
tions of [Ca?*], up to 150-200 nmol/l (amplitude 30-70
nmol/l, frequency 1/50-100 s) (Fig.3). [Ca*]; did not
reach as high levels as in T-cells from control subjects, but
there was a tendency to more oscillations in T-cells from
depressed patients.

The resting [Ca?*]; levels of responding cells were not
different from resting [Ca%']; levels of non-responsive
cells from controls and depressed patients.

Discussion

Panning with anti-T11 antibodies selected a population
consisting of resting and activated T-lymphocytes as well
as large granular lymphocytes. To examine a homoge-
neous population medium-sized cells with a perfectly
smooth surface were assumed to be the T-lymphocyte
population. Previous studies had demonstrated that the
anti-T11 antibody used did not activate [Ca®*]; by itself
nor did it inhibit activation of T-lymphocytes by PHA in
suspension (data not shown). Further, slight preactivation
of the cells by crosslinking of the anti-T11 antibody dur-
ing panning is unlikely since the obtained resting [Ca?*),
levels were in the same range as data obtained previously
(see below). PHA induced a non-specific stimulation of T-

lymphocytes, further studies are planned with specific T-
cell stimulators or neurotransmitters.

Single cell measurement reveals variability of the rest-
ing [Ca?*]; between 34 and 85 nmol/l from cell to cell.
These data are in good accordance with Hess et al. (1993)
concerning absolute levels and variability. The mean rest-
ing [Ca?]; of our cells is somewhat lower than resting
[Ca?*]; obtained from measurements in suspension {Tsien
et al. 1982, Eckert et al., this issue), which may be due to
different calibration procedures.

With respect to resting [Ca?*]; levels, cells from de-
pressed patients and controls were not different. This con-
firms data from cells in suspension (Bondy et al., this is-
sue; Eckert et al., this issue).

Mitogenic stimulation by PHA increased the resting
[Ca?];in 7 out of 14 cells from healthy controls. In 3 cells
[CaZ*]; rose to values of 400-500 nmol/l, in 4 cells there
was a weak rise of [Ca®*]; to 100-150 nmol/l. This frac-
tion of responding cells fits with the estimation of pre-
stimulated T-lymphocytes which can be activated by 15
leg/ml PHA in the absence of monocytes (S. Meuer, per-
sonal communication). Similarly Hess et al. (1993) found
that 46% of T-cells responded to 10 ug/ml PHA in a
slightly different preparation (T-lymphocytes were sepa-
rated by nylon wool and plated on poly-D-lysine-coated
glass). In the depressed patients, fewer lymphocytes (only
4 out of 13) showed an increase in [Ca**}; due to PHA, 3
cells displayed a [Ca?¥]; rise to about 200 nmol/l, 1 cell
displayed a weak [Ca?']; rise to about 100 nmoV/1. Hence,
in depressed patients particularly the fraction of cells with
a weak [Ca?*]; rise was smaller. This possibly suggests a
lower number of prestimulated peripheral T-cells in de-
pressed patients. Further, in the responding lymphocytes
from depressed patients we never observed high rises of
[Ca?*]; up to 500 nmol/l but only dampened oscillations
up to about 200 nmol/l. Both findings fit well with the
finding of a decreased [Ca**]; response of lymphocytes
from depressed patients in suspension (Eckert et al., this
issue). Since the increase of [Ca?']; is an essential step
in the proliferation of lymphocytes (Meuer and Resch
1989) the reduced rise of [Ca?*]; in cells of depressives
could possibly explain the reduced proliferation reported
elsewhere (Kronfol et al. 1983, 1989; Schleifer et al.
1984).

In accordance with Hess et al. we observed an oscillat-
ing [Ca2*]; signal in response to PHA in a fraction of lym-
phocytes, which seems to be linked to cellular calcium
physiology in a fundamental way. Whereas the initial rise
of [Ca?*]; is related to Ca?* release from intracellular
stores depending on receptor binding and signal transduc-
tion via second messengers, true oscillations reflect
the interaction between Ca?* release and Ca?* influx
(Berridge 1993, Lewis and Cahalan 1989). Ca** influx de-
pends on the membrane potential (Lewis and Cahalan
1990) and on the filling of intracellular stores (Hoth and
Penner 1992). Further studies may reveal which of these
mechanisms are responsible for the lower high peak levels
of Ca2* oscillations in depressed patients which yet seem
to be more frequent than in controls.
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