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CLINICAL RESEARCH

Circadian variation of lymphocyte subpopulations: a study
with monoclonal antibodies

ALASTAIR W S RITCHIE, IAN OSWALD, H SPEDDING MICKLEM, JANICE E BOYD,
ROBERT A ELTON, ELIZABETH JAZWINSKA, KEITH JAMES

Abstract

Use of monoclonal antibodies to identify subpopulations
of circulating lymphocytes in healthy adults showed
pronounced circadian variations in total T cells, the two
major T cell subsets, and HLA-DR+ lymphocytes. When
the results for the T cell subsets were expressed as a ratio
(helper:suppressor) no significant rhythmic variation
was observed. Lymphocytes bearing a surface antigen
identified by the HNK-1 antibody (a population con-

taining the natural killer and antibody dependent killer
activity) did not show significant rhythmic variation.
There was an inverse relation between plasma cortisol
concentration and numbers of T and B cells.
These observations have therapeutic implications and

should be considered in the course of immunological
monitoring.

Introduction

Circadian variation of biological phenomena is often ignored by
both doctors and scientists. In this report we describe wide
circadian variation of some of the lymphocyte subsets, which
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play a part in the development and regulation of the immune
response. This study was made possible by the development of a
range of well characterised monoclonal antibodies, which in
conjunction with flow cytometry permit rapid, precise enumera-
tion of functionally distinct lymphocyte subpopulations.1 2As a
consequence of these technological developments lymphocyte
subpopulations are under intensive study in a wide variety of
diseases. For example, alterations of the relative proportions of
the T "helper" and T "suppressor/cytotoxic" populations in
peripheral blood of recipients of renal allografts correlate
with rejection episodes.3 Since importance is being attached
to relatively small changes in the ratio ofT helpers to suppressors
we considered it important to establish a baseline by investigating
physiological variation of the T cell subsets and other sub-
populations with a role in the immune response.

TABLE I-Panel of monoclonal antibodies used

Monoclonal antibody Cell population identified

Anti-Leu-4 All T cells

Anti-Leu-3a Helper subset of T cells
Anti-Leu-2a Suppressor/cytotoxic subset
Anti-Leu-2b f of T cells
Anti-HLA-DR B cells and activated T

cells (monocytes*)
HNK-1 (Anti-Leu-7) NK and K cells

* Monocytes were excluded from analysis using 90° light
scatter variables (see text).

Methods

Peripheral blood samples were obtained at intervals of three hours
from 10 healthy volunteers (mean age 51, range 45-58). Within the
constraints of the blood sampling the subjects performed normal
daily activities. They slept in a sleep research laboratory, of which they
all had previous experience.

Total and differential white cell counts were performed on each
blood sample. Plasma was separated and stored frozen for subsequent
analysis of cortisol concentrations. Mononuclear cells were isolated on
Ficoll Hypaque and then reacted with a panel of monoclonal antibodies
to lymphocyte surface antigens (table I). Mouse monoclonal antibodies
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were either conjugated with fluorescein isothiocyanate direct or were

visualised with a second, antimouse antibody conjugated with
fluorescein isothiocyanate. All analyses were performed on unfixed
cell preparations with a fluorescence activated cell sorter (FACS IV,
Becton Dickinson FACS Systems, Sunnyvale, California). Ten
thousand cells were analysed for each antibody, the number of
fluorescent cells being expressed as a percentage of the total lympho-
cytes. Non-lymphocytic cells contaminating the preparations were

excluded from analysis using scatter gates set on the 90° light scatter

profile.3a The proportions of cells that were fluorescent on analysis
with the fluorescence activated cell sorter were used in conjunction
with the total and differential white cell counts to calculate absolute
numbers of cells in each subpopulation.

Statistical analyses of the percentages and absolute numbers of
cells were performed using the methods of Nelson et al,4 which
entailed fitting sine curves to the data from individual subjects and
testing whether the variables of these curves showed consistent
patterns of circadian variation.
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Results

Variations of all the lymphocyte subpopulations were noted over

24 hours of study. The variations were significant (p <005) for
absolute numbers of Leu- 1+, Leu-4+ (total T cells), Leu-3a+ (T
helper subset), Leu-2a+, Leu-2b+ (T suppressor/cytotoxic subset), and
HLA-DR+ (B cells and activated T cells) lymphocytes. In contrast,
HNK-1+ cells did not exhibit significant circadian variation. Figure 1
shows the variation in the Leu-3a+ subset of cells, with peak levels
occurring at night. When expressed as percentages of the total number
of lymphocytes Leu-3a+ and HNK-1+ cells showed significant
variation.

Plasma cortisol concentration showed the expected large amplitude
rhythm and varied inversely with the numbers ofT and B cells (fig 2).
The ratio ofT helper to suppressor cells (Leu-3a+ :Leu-2b+) showed

only minor variations over time and did not exhibit significant
rhythmic variation.

Table II summarises the data for each subset.

Discussion

There is now considerable evidence that the magnitude of the
immune response varies with the time of day.5 The findings of
this study may in part explain the variations by demonstrating
changes in the number of circulating cells available to encounter
and process antigen.

Circadian variation of total lymphocytes,6 surface Ig+ cells,7
and cells forming rosettes with sheep erythrocytes8 has been
reported previously. Our use of monoclonal antibodies in
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FIG 1-Circadian variation of Leu-3a + cells (helper subset of T cells). (Each
point represents mean value in 10 subjects.) Mesor 11 66; peak time 2232;
circadian variation (2 X amplitude/mesor)= 590' .

FIG 2-Comparison of circadian variations of total lymphocytes and plasma
cortisol concentration. (Each point represents mean value in 10 subjects.)

Conversion: SI to traditional units-Cortisol: 1 nmol/l 36-3 ng/100 ml.

TABLE ii-Circadian variation of lymphocyte subpopulations contrasted with
plasma cortisol variation (data derived from best fitting sine curves)

Circadian Significance of
Mesor Amplitude Peak time variation (°,,) circadian rhythm

Results expressed as absolute number of cells x 108/1
Leu-4+ 16 0 4 3 2222 54 p < 005
Leu-3a+ 11 7 3 4 2232 59 p<0 001
Leu-2b4 43 10 2156 47 p<.005
HLA-DRi 3 5 0-9 2305 53 p < 0 05
HNK-1 25 NS

Results expressed as percentage of total lymphocytes
Leu-4' 66 2 NS
Leu-3a4 47 4 5-1 2339 22 pc<005
Leu-2b+ 17 9 NS
HLA-DR+ 14 5 NS
HNK-18 110 2 8 1115 51 p.001

Other results
Helper:

suppressor
ratio 2-6 NS

Plasma
cortisol
(nmol/l) 208 126 0948 121 p<0-01

Conversion: SI to traditional units-Cortisol: 1 nmol/I 36-3 ng/100 ml.

conjunction with flow cytometry permitted further subclassifica-
tion of the lymphocyte population and greater precision in
enumeration. It would have been impossible to analyse this
number of samples and to count the cells in each sample by light
or fluorescent microscopy. The development9 and characterisa-
tion"o -12 of the HNK-1 monoclonal antibody enabled us to

identify cells with NK and K cell function by surface labelling,
without the necessity for time consuming functional assays.
The variation of numbers of circulating B and T cells points

to sizable shifts of cells into and out of the circulation. The
traffic of cells through other lymphoid tissue, including bone
marrow, may allow for contact between antigen primed regula-
tory T cells and B cells. The lack of variation of HNK-1 + cells
correlates with the fact that only 0700 of nucleated bone marrow
cells have this phenotype.' It also correlates with the finding
that in lymphoid tissues HNK-1 + cells are predominantly
located within germinal centres,'2 which are not regarded as part
of the lymphocyte recirculation pathway."
Tht striking inverse relation of the numbers of circulating T

and B cells and plasma cortisol concentration, in conjunction
with the reported T lymphopenia in patients with Cushing's
syndrome'4 and transient lymphopenia after single doses of
exogenous corticosteroid,"5 16 suggest a causal interrelation.
The results have certain clinical implications. For example,

would the efficiency of antilymphocyte chemotherapy be
improved if administration was timed to produce peak plasma
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concentrations when the maximum number of cells are in the
circulation? Does rejection occur earlier if allografts are
transplanted at night, when the number of T cells in the
recipients' circulation are at their peak ? With respect to the last
question, circadian variation in the rejection of rat renal allo-
grafts has been described,' 7 and the longest surviving grafts were
those inserted when the numbers of circulating lymphocytes were
at their trough. Sound data relating time of operation to onset of
rejection, or graft survival, in man are lacking, although circadian
variation in episodes of renal allograft rejection has been
suggested.' 8
We have shown that in any attempt at immunological

monitoring account must be taken of circadian variation of
lymphocyte subpopulations as a source of variance in results.
Conversely, we found the ratio of helper to suppressor cells to be
fairly stable in our healthy subjects.

This study was supported by a grant from the Melville Trust. We
thank Drs T Abo, C M Balch, and M D Cooper for the gift of the
HNK-1 antibody; Professor G D Chisholm for discussion and
encouragement; and Mr R A Gray for help with the fluorescence
activated cell sorter analysis.

ADDENDUM-SiX of the subjects were studied over a further 24 hour
period, during which they were deprived of sleep. There were no
significant differences in any of the rhythmic variations over this
period when compared with the first set of data for these six subjects.
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Renal transplantation in children with occult neurogenic
bladders drained by intermittent self catheterisation

0 H STANLEY, T L CHAMBERS, B D PENTLOW

Abstract

Children with neurogenic bladders have usually not been
considered for renal transplantation because ofthe poten-
tial complications caused by chronic infections of the
urinary tract. Two girls with occult neurogenic bladders
who were practising intermittent self catheterisation
were given renal transplants. Both took prophylactic
antibacterial agents after transplantation, and both
experienced infections at some stage, but none of these
infections produced a deterioration in renal function.
In one patient creatinine clearance fell and signs of
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obstruction appeared, but this was because the patient
had been catheterising herself only two or three times a
week. When she resumed catheterisation four times a
day creatinine clearance rose and the urographic and
renographic appearances returned to normal.
These results suggest that, with adequate catheterisation

and urinary chemoprophylaxis, infection is not a particu-
lar problem in children with bladder dysfunction who
undergo renal transplantation.

Introduction

Intermittent clean self catheterisation is an accepted form of
managing neurogenic bladders in childhood which does not
produce major problems arising from sepsis.1 It might be sup-
posed that the immunosuppression associated with renal
transplantation would lead to problems with infection. We
describe two children with occult neurogenic bladders who re-
ceived renal transplants while practising intermittent self
catheterisation after micturition.
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