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SUMMARY

In two experiments, lymphocytes from six healthy subjects were sampled every 4 hr,
counted, and cultured with PHA. Plasma cortisol in the same blood samples was
measured and showed an expected circadian variation in level. A circadian rhythm
in lymphocyte transformability to PHA was found to coincide directly with the
cortisol level but varied inversely with lymphocyte numbers. The relationship
between cortisol and lymphocyte transformability could be fortuitous or might
indicate a role for cortisol in controlling lymphocyte function in vivo.

INTRODUCTION

There are several reports concerned with corticoid-mediated effects on the human lymphoid/
immune system, including depression of blood lymphocyte numbers, decreased T-cell
rosette formation, and thymo-lymphatic involution (Caffey & Silbey, 1960; Fauci & Dale,
1974; Gordon, 1955; Yu et al., 1974; Selye, 1936). Plasma cortisol has been shown by Bliss
et al. (1953) to have a circadian rhythm and therefore there may be a similar periodicity in
some lymphoid parameters. We have presented evidence of circadian rhythmicity in human
lymphocyte numbers and transformation induced by phytohaemagglutinin (PHA), poke-
weed mitogen, and tuberculin-purified protein derivative (Simpson et al., 1973; Tavadia
et al., 1975). Our observation of a rhythm in PHA transformation has since been confirmed,
in extent and timing, by L. Sackett and E. Haus of St Paul (personal communication, 1974).
We now present plasma cortisol measurements made during our study and as expected this
variable exhibited a circadian rhythm. The remarkably coincident rhythms in PHA trans-
formation and cortisol suggest a cause and effect relationship.

MATERIALS AND METHODS

Two studies, 1 month apart, were carried out on the same six male caucasian medical students (ages 19-22).
Throughout the 36-hr observation span they were confined to the hospital. During the day (08.00-23.00 hr)
only light sedentary activity was allowed. At night (23.00-08.00 hr) they slept in single rooms with total
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'black out'. Any consistent bias due to differences in diet was avoided by use of a milk diet (1 pint every 4
hr)-and nothing else by mouth.

Ante-cubital blood was obtained by venepuncture every 4 hr. Aliquots of 4 ml were added to standard
EDTA vials for total white cell count and blood films; 10 ml was heparinized for transformation studies.
Lymphocytes were separated on a Ficoll-Isopaque gradient and the separated plasma frozen for cortisol
studies. Triplicate 1 ml cultures containing 1 x 106 lymphocytes in Hams F10 medium with 20%4 pooled AB
plasma were incubated for 72 hr with PHA (reagent grade, Wellcome laboratories, 0-02 ml/culture). [3H]-
thymidine was added to the culture 8 hr before harvesting, which was carried out by filtration on to glass
fibre filter paper (Whatman GF/A) and the residue counted on a Nuclear Chicago MK 1 liquid scintillation
system.

All materials used were obtained from one batch. The setting up of transformation cultures was com-
menced immediately and completed within 2 hr of venepuncture. To minimize the effect of technical bias and
confirm reproducibility, the data presented are the pool of two separate studies on the same subjects. Each
graph point therefore represents 12 (i.e. 6 x 2) actual observations and, in the case of PHA transformations,
36 (i.e. 6 x 2 x 3) since each test was done in triplicate.

RESULTS

As Fig. 1 shows, there is a clear-cut circadian rhythm in the number of circulating lympho-
cytes with a total swing of 35,'/, which varies inversely with the plasma cortisol level. These
findings agree with those of other workers (Bartter, Delea & Halberg, 1962; Halberg et al.,
1973). It is also seen in Fig. 1 that the PHA transformation rhythm coincides with the
plasma cortisol rhythm, both being low at 00.00 hours and high at 08.00 hours. Non-
overlapping standard errors in the unconverted data indicate that the rhythm in all three is
significant.
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FIG. 1. The temporal relationship between the number of venous blood lymphocytes, their
transformability with PHA and plasma cortisol. (a) Total lymphocyte count (mean 3019/mm3);
(b) PHA transformation (mean 81 x 103 d/min); (c) plasma cortisol (mean 6-6 ug/100 ml).
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TABLE 1. Two duplicated studies 6 weeks apart (Y± s.e.m.) from six male students (aged 19-22) on exclusive
diet of 1 pint milk every 4 hr

Time (hr)

Study 08.00 12.00 16.00 20.00 00.00 04.00 08.00

Total lymphocyte count A 3156 2652 2335 3022 3600 3414 2523
(permm3) ±491 +308 +71 ±164 ±587 +172 +173

B 3046 2698 2880 2750 3623 3726 2861
+290 +198 +145 +248 +398 +347 +197

A+B 3096 2675 2607 2886 3612 3570 2692
+259 +175 +113 ±147 ±333 ±191 +135

PHA transformation A 149-6 156-9 66-8 72-0 51-1 62-9 111-3
(x 103 d/min) +417 +15-1 ±53 ±10-2 +5-3 +5-4 ±24-3

B 92-6 39-6 144-0 80-6 20-9 41-8 52-7
±27-5 +9-2 +9 3 ±206 ±4-7 +8-0 +7-5

A+B 123-7 98-3 66-9 76-7 36-0 52-4 81-9
±26-3 +19-6 +5-4 +11-7 ±56 +5 6 ±15-0

Plasma cortisol A 10-0 7-7 11-5 6-7 6 5 8-6 7-0
(pg/100mI) +1-2 +1-6 +1-5 ±2-4 +1.9 +1-6 ±1-8

B 8-7 4-5 5-4 2-4 1.1 3-8 7-8
+0-8 +03 +1-1 ±0-8 ±1-2 ±1-2 ±1-2

A+B 9.3 6-2 8-4 4-5 3-8 6-2 7-8
+0-7 +1.0 +1-3 +1-3 +1-2 +1-2 ±1-2

DISCUSSION

The latter of these findings suggests that blood cortisol level may be exerting a direct posi-
tive effect on the potential of lymphocytes to transform in response to mitogen. Many
studies (Fauci & Dale, 1974; Yu et al., 1974; Roitt et al., 1969; Nowell, 1961; Heilman,
Gambrill & Leichner, 1973; Tormey, Fudenberg & Kamin, 1967) have shown that the
artificial increase of steroid level in vivo or in vitro causes a decrease, rather than an increase,
in amount of lymphocyte transformation. These studies are not, however, comparable to
ours since either non-physiological levels of steroid were used, or when physiologically low
levels were used the steroid was left in contact with the lymphocytes throughout the trans-
formation test and may have produced increased fragility in the blast cells (Heilman &
Leichner, 1971).
Another interpretation of these findings could be that although lymphocyte numbers are

increased at a certain time during each day, the number of functional or operative lympho-
cytes remains the same at any given time. This would result in a reduced proportion of
operative lymphocytes in the million cells taken for culture at times of peak lymphocyte
numbers. Since the PHA-responsive lymphocyte is the T cell, an attempt is currently being
made to measure percentage of T cells in the human lymphocyte population during 24 hr
using spontaneous sheep cell rosettes as a marker for T cells.

Thus, the striking temporal association between the peripheral blood circadian rhythm of
cortisol and PHA transformation, which we have demonstrated, may be a direct effect,
although it is possible that the two parameters may be independently controlled by a third
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factor. Our results have implications for interpretation of PHA lymphocyte transformation
studies particularly those in which there is no environmental control or where the time
(circadian stage) of venepuncture is regarded as unimportant. They may also be relevant
when studying the effects of cortisol on immune responses.
We wish to thank Dr G. A. MacDonald of the Haematology Department, Glasgow Royal Infirmary, for
lymphocyte counts, Dr A. Boynes and Professor K. Griffiths of the Tenovus Institute, Cardiff, for plasma
cortisol measurements, and also our volunteer subjects for their co-operation.

REFERENCES

BARTTER, F.C., DELEA, C.S. & HALBERG, F. (1962)
A map of blood and urinary changes related to
circadian variations in adrenal cortical function in
normal subjects. Ann. N. Y. Acad. Sci. 98, 969.

BLISS, E.L., SANDBERG, A.A., NELSON, D.H. &
EIK-NES, K. (1953) The normal levels of 17-
hydroxycorticosteroids in the peripheral blood of
man. J. cdin. Invest. 32, 818.

CAFFEY, J. & SILBEY, R. (1960) Regrowth and over-
growth of the thymus after atrophy induced by
the oral administration of adrenocorticosteroids
to human infants. Pediatrics, 26, 762.

CLAMAN, H.N., MOORHEAD, H.W. & BENNER, W.H.
(1971) Corticosteroids and lymphoid cells in vitro.
I. Hydrocortisone lysis of human, guinea pig and
mouse thymus cells. J. Lab. clin. Med. 78, 499.

FAUCI, A.S. & DALE, D.C. (1974) The effect of in
vivo hydrocortisone on subpopulations of human
lymphocytes. J. cdin. Invest. 53, 240.

GORDON, A.S. (1955) Some aspects of hormonal
influences upon the leukocytes. Ann. N. Y. Acad.
Sci. 59, 907.

HALBERG, F., HAUS, E., CARDOSO, S.S., SCHEVING,
L.E., KUHL, J.F.W., SHIOTSUKA, R., ROSENE, G.,
PAULY, J.E., RUNGE, W., SPALDING, J.F., LEE,
J.K. & GOOD, R.A. (1973) Toward a chrono-
therapy of neoplasia: Tolerance of treatment
depends on host rhythms. Experientia (Basel), 29,
904.

HEILMAN, D.H. & LEICHNER, J.P. (1971) Effect of
cortisol on the transformation of human blood
lymphocytes by antigens and allogenic leucocytes.
Proceedings of the Sixth Leucocyte Culture Con-
ference (ed. by M. R. Schwarz) p. 581. Academic
Press, New York.

HEILMAN, D.H., GAMBRILL, M.R. & LEICHNER, J.P.
(1973) The effect of hydrocortisone on the in-

corporation of tritiated thymidine by human
blood lymphocytes cultured with phytohaemag-
glutinin and pokeweed mitogen. Clin. exp.
Immunol. 15, 203.

NOWELL, P.C. (1961) Inhibition of human leuco-
cyte mitosis by prednisolone in vitro. Cancer Res.
21, 1518.

ROITT, I.M., GREAVES, M.F., TORRIGIANI, G.,
BROSTOFF, J. & PLAYFAIR, J.H.L. (1969) The
cellular basis of immunological responses. Lancet,
ii, 367.

SELYE, H. (1936) Thymus and adrenals in the re-
sponse of the organism to injuries and intoxica-
tions. Brit. J. exp. Path. 17, 234.

SIMPSON, H.W., TAVADIA, H.B., FLEMING, K.A.,
HUME, P.D., HALBERG, E. & HALBERG, F. (1973)
A study to evaluate any circadian rhythm in the
reactivity of human lymphocytes to mitogens or
antigen. 8th International Congress on Allergology,
Tokyo. BLL Index of Conference Proceedings,
74-01330X, 314, 102.

TAVADIA, H.B., FLEMING, K.A., HUME, P.D. &
SIMPSON, H.W. (1975) Circadian variation in the
quantity and quality of lymphocyte traffic in
human peripheral venous blood. Chronobiology
in Allergy and Immunology (ed. by M. Smolensky,
McGovern & A. Reinberg). C. Thomas, Illinois. (In
press.)

TORMEY, D.C., FUDENBERG, H.H. & KAMIN, R.M.
(1967) Effect of prednisolone on synthesis ofDNA
and RNA by human lymphocytes in vitro. Nature
(Lond.), 213, 281.

YU, D.T.Y., CLEMENTS, P.J., PAULUS, H.E., PETER,
J.B., LEVY, J. & BARNETT, E.V. (1974) Human
lymphocyte subpopulations. Effect of corti-
costeroids.J. clin. Invest. 53, 565.


