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ABSTRACT

The fractional distribution of lymphocyte subsets was determined in three male subjects.
Its contribution to the circadian variation in the expression of Bj-adrenoceptor sites
on peripheral mononuclear leucocytes (MNL) was calculated to be 92.7-107.3 % of the 24h-
mean. This strongly favors the idea that the actually observed circadian range of 74.5-
124.9 % of the 24h-mean constitutes a circadian receptor down- and up-regulation.

KEY WORDS

circadian variation, Bp-adrenoceptors, peripheral mononuclear leucocytes (MNL),
lymphocyte subsets, humans

INTRODUCTION

MNL are widely used for clinical studies evaluating the expression and function of
Bp-adrenoceptors (Haen 1987, Brodde et al 1985, Middeke et al 1985). We recently
described a circadian variation in the expression of Bj-adrenoceptors on peripheral
MNL (Pangerl et al 1986, Haen 1987). Since T-lymphocytes have been reported to bear less
than half the number of Bj-adrenoceptor sites as B-lymphocytes (Landmann et al 1984,
Krawietz et al 1982), the circadian variation in the expression of Bs-adrenoceptor
sites may result from a circadian variation in the numerical distribution of these lympho-
cyte subsets.

MATERIALS AND METHODS

Venous blood was drawn at 14h00, 18h00, 22h00, 02h00, 06h00, 10h00, and again at 14h00
from three male subjects, 24-34 years of age. Peripheral mononuclear leucocytes were
immediately harvested by Ficoll-Hypaque density gradient centrifugation. The cells were
incubated with a set of mouse IgG monoclonal antibodies (CD 3, CD 4, CD 8, CD 37 specific
for T-, Thelper-s Tsuppresso -, and B-cells, respectively) and in a second step
with a fluoresceinisothiocyanate (FITC)-labeled goat anti-mouse IgG monoclonal antibody.
After washing out exceeding amounts of antibody the cells were fixed in 0.1% paraformalde-
hyde and stored at 4°C. Approximately one week after sampling the fixed cells were run in
a fluorescence activated cell sorter (FACS) to count the percentage of labeled cells in a
cell fraction gated to contain lymphocytes and monocytes. The distribution of lymphocyte
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subsets was compared to the circadian variations in Bp-adrenoceptor sites on periphe-
ral MNL and in total lymphocyte count in another group of seven healthy men (Pangerl et
al 1986).

The subjects were asked to follow a regular life-style for the two weeks preceeding the
study with bed rest between 23h00 and 07h00. On the day of the study the subjects stayed
in the clinical pharmacological research unit of the institute. They continued to follow
their normal daily routine. Subjects were asked to record meal times, the consumption of
alcohol and coffeine. All were non-smokers.

Circadian variations were statistically validated by the cosinor method (Halberg et al
1967) and by analysis of variance (anova). Significance limit was p < 0.05.

RESULTS

The fractional distribution of T- and B-cells showed a large inter-individual variation
and varied within 24 hours, but the circadian variation did not reach statistical signifi-
cance (Fig. 1). The highest percentage of T-cells was observed at 18h00 (73.0+0.45 %
of gated cells, X+SE), the lowest percentage at 02h00 (56.4+9.7 % of gated cells,
X+SE). The highest percentage of B-cells occured at 10h00 (11.2+6.9 % of gated
cells, X+SE), the lowest percentage was seen at 18h00 (6.313.0 of gated cells,
X+SE). Thelper- and Tsuppressor-cells also demonstrated af statistically insig-
nificant variation with highest percentage of Thelper at 02h00 (51.5+1.2 % of
gated cells) and of Tgyp ressor at 06h00 522 0+1.0 % ot gated cells). The lowest
fraction was seen at 06h00 (34.6+4.2 % of gated cells) and at 22h00 (12.0+3.0 % of
gated cells) for Thejper and Tsuppresson respectively (all X+SE).

% of gated cells

60- l l l T-cells

50 . ./'/./}t’\,\‘
40- 'L‘/,/./x - . \.\,\T/‘/‘/ - T,-cells
307 | l !
. T T~
20 I————{\ P - l[ T T-cells
109 | Y \{__’___ /l B-cells
L 1 J.

T T T
1400 1800 2200 020° 0g°° 10°° 1l.°°
time of day (h)

Fig. 1. Fractional distribution of human lymphocyte subsets determinded over 24 hours

The total lymphocyte count demonstrated a circadian variation (p<0.01 anova, p=0.07 /
PR=61.3% in population-mean cosinor analysis, Fig. 2 lower panel) with highest numbers at
02h00 (3367+236 cells) and lowest numbers at 10h00 (2175+262 cells, all X+SE).
Highest Bp-adrenoceptor density occured at the time of lowest lymphocyte count (10h00),
the number of receptor sites decreased to a minimum at 02h00, when the total number of
lymphocytes is highest. The circadian range was 74.5-124.9 % of 24h-mean for the expres-
sion of Bg-adrenoceptor sites on peripheral MNL.
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Fig. 2. Circadian variation in Rj-adrenoceptor density on peripheral mononuclear leu-
cocytes (upper panel) and in total lymphocyte count (lower panel) of healthy men.

DISCUSSION

Since the Bj-adrenoceptor density on MNL is expressed as sites/cell the circadian
variation in the expression of these receptors is corrected for the circadian variation in
total lymphocyte count. Landmann et al 1984, however, reported a different Bj-adreno-
ceptor density on T-cells (1400 sites/cell, irrespective of The|per OF Tsup ressor)
and on B-cells (3700 sites/cell). A circadian variation in the fractional distribution of
lymphocyte subsets might account, therefore, for the circadian variation in the expression
of Ry-adrenoceptor sites on peripheral MNL:

The total number of lymphocytes reaches a minimum at the time of highest Bo-adrenocep-
tor density (10h00). At that time the percentage of B-cells among peripheral MNL is high-
est (11.2%): approximately 243 cells of 2175 total lymphocytes may be B-cells bearing
according to Landmann et al 1984 a total number of 8.99x10° sites; 60.5 % of the total
lymphocytes are T-cells (1316 cells) that add another 1.84x106 Rj-adrenoceptor
sites resulting in an average value for all lymphocytes at that time of day of 1259 sites/
cell. At the trough of the circadian variation in the expression of f-adrenoceptor
sites (02h00) the total number of lymphocytes is highest. At that time 8.1 % (273 cells)
of the lymphocytes (3367 cells) are B-cells participating 1.00x106 Rp-adrenoceptor
sites. The fraction of T-cells is minimal at that time: 56.4 % (1899 cells) of the lympho-
cytes bear 2.66x106 fp-adrenoceptors. This results in an average value for all
lymphocytes of 1087 sites/cell at 02h00.

According to this very rough calculation the circadian range of the variation in the ex-
pression of Bp-adrenoceptor sites on peripheral MNL would be 92.7-107.3 % of the 24h-
mean, which is much less than the one actually observed (74.5-124.9 % of the 24h-mean).
Quite a number of incertanties are assumed in this calculation: It has not yet been esta-
blished, how the extensive handling with antibody labelling and FACS-analysis affects the
expression of Bp-adrenoceptor sites on MNL. In this context the data reported by
Landmann et al 1984 have to be regarded as preliminary. Also our data on the fractional
distribution of lymphocyte subsets are rather preliminary due to the small number of
subjects; some cell types such as monocytes were not included yet into the analysis but
may express Bp-adrenoceptors as well. Nevertheless the calculation yielded reasonable
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adrenoceptor densities, but it appears that the fractional distribution of lymphocyte
subsets does not show a relevant circadian variation at all. This study does not preclude,
however, that the lymphocyte subset composition my change in response to short acting
stimuli such as physical exercise. According to this study different lymphocyte subset
distributions may contribute (if at all) only little to the circadian variation in the ex-
pression of Bp-adrenoceptor sites on peripheral MNL. As outlined elsewhere (Haen 1987)
the circadian variation in the expression of Bj-adrenoceptor sites on peripheral MNL
rather constitutes a circadian receptor down- and up-regulation in response to hormonal
stimuli, such as adrenaline and cortisol concentrations in blood, respectively.
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