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ABSTRACT—Although there are many reports of circadian variation in hormone secrelion, there are only a few reports
on the relationship between circadian rhythm and cytokine production. The aim of the present studies was to investigate
whether there is a circadian effect on cylokine production of splenic lymphocytes and adherent splenccytes in mice aller
bum or sham injury. We selected day 7 after injury for our determinations because we have previously shown day 7 (s the
time of maximal suppression of T cel IL-2 and IFNy production and maximal increase in adherent cell proinflammatory
cytokine secretion in this madel. IL-2 and TNFa were chosen as reference cylokines since the former is known to be
produced by T cells and the latter by adherant cells of the innate immune system. The results showed that seven days
atter sham or thermal injury both T cell IL-2 and adherent cell TNFa production were aftered by lime of injury or time of
cell harvest, IL-2 secretion was significantly dacreased in burn compared to sham animals when splenocytes were
harvested in the morning; the decrease was non-significant when splenocyles were harvested In the aftemoon. TNFa
secretion was significantly increased in bum vs. sham adherent cells only when Injury took place in the motning. The
observed circadian variations in cytokine production could have a signilicant effect on cytokine levels measured in clinical

and animal studies of injury and may explain some of the reported discrepancias among these studies.
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INTRODUCTION

Although there are many reports of circadian variation in
hormones. which may regulate the immune response, there are
only a few reports on circadian rhythm and cytokine secretion.
It was previously reported from our laboratory that there is a
circadian rhythm of [L-2 production by peripheral blood mono-
nuciear cells (PBMC) from normal volunteers with higher
phytohemagglutinin (PHA) induced IL-2 secretion at 12 PM
compared with cells obtained from the same volunteers at SAM
(1). Petrovsky and Harrison (2) reviewed work that has been
reported regarding the chronobiology of cytokine secretion in
human blood. noting that maximal production of proinflamma-
tory cytokines IFNy, TNFa, IL-1 and IL-12 occurs during the
night and early morning when circulating cortisol is lowest and
circulating white cells, in particular CD4* T cells, are at their
peak. They showed further that there is a diurnal thythm in T
helper-1 (Th1)/Th2 cell balance with alternating periods of
cellular or humoral responses within any 24 h period (3).
Colombo et al. observed circadian effects on IEN 7 secretion in
a study of the effect of melutonin on cytokines in mice (4).

None of the above studies addressed the question of circa-
dian changes in cytokine production after injury. Therefore the
present study was undertaken to determine whether or not there
was circadian regulation of production of cytokines by macro-
phages of the innate and splenic Tymphocytes of the adaptive
immune system in mice after burn or sham bumn injury. We
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believed that if significant circadian effects on cytokine
production after injury were found, this information would be
helpful to other investigators working in this ficld.

MATERIALS AND METHODS
Thermal infury

As previously described (5) 8-week-o0ld male A/l mice received either sham bum
or bum injury. A standard 25% full thickaess scald bum 10 the dorsum was admin-
1stered by inducing general ancsthessa with intraperitoneal (ip) pentobarbital (60
mg/kg diluted in abom 0.75 mL sterile non-pyrogenic N.9% saline), shaving the
dorsum of the mouse, placing the animal in a plastic template and immersing for 9
seconds in 90EC water. Animals were dried and resuscitated with | mL af sterile
0 9% saline 1p after bum. Sham burn unimals underwent the sume procedure, but
were immersed in thermoncutral water. All procedures were corried out aftes review
and with permission of the Harvard Medical School's Standing Conunitiee on
Animal Research using NIH guidelines.

Cytokine determination

Mice were sacrificed and splenocyies isolated and cultured us previously
described (5, 6). Total splenocytes were cultured at 2 x 10*well 1n 96 well plates
with or without concanavalin A (Con A, 250 np/well; Sigma Chemical Co. St
Lowis, MO;) for 11.-2 synthesis. Adhcrent cells were sclecied by culwrnng spleno-
cyles (200ul/well) at a concentration of | x 107/mL in similar plates for 1 hour m
37°C in complete medium. Plutes were then washed three times with 200 nliwel)
of serum frec medium to remove aon-adherent cells and adheren cells were culiured
in 200 pL serum-free mediunvwel) with or withuut LPS ¢ E.cnli 026:B6, 25 ngiwell
Difco Laburatories Detroit, M1). The concentration of ConA and LPS used n these
studics were those previvusly found (o induce optimal cytokine production in this
model. After 24 h in culture, supernatants were harvested, pooling similar wells and
frozen at -20°C until ussay. Supernatanis from af) mice were assayed individualty
and sl supematants from each experimental group were measurcd in the same
cytokine assuys. IL-2 was measured by ELISA (Endogen, Bosion, MA), TNFe was
determined by ELISA s previously described (6). Based on multiple prior studies
(3-7) 1L.-2 was selected as a representative T cell cytokine and TNFa as a typical
proinflammatory product ol adherent cells of the innate immune system.
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Statistical analysis.—Results of cylokine production were compared using the
Mann-Whilncy test for nun-parametric data and one way analysis of variance (1 way
ANOVA with Student Newman-Kculs post hoc analysis) using the statistics
program GraphPad InStut for Windows 95 {GraphPad Software, San Diego, CA).
Data arc indicated as different if p < 0.05 and all results are given as mean
standard error of the mean (SEM)

RESULTS

Circadian rhythm of cytokine secretion after sham or
burn injury

The experimental protocol is shown in Figure 1. We looked
al the time of day of sham/bum injury as well as the time of
harvest of splenocytes, 7 days post injury. As noted above,
IL-2 and TNF« were chosen as reference cytokines for Con A
stimulated T lymphocytes and LPS stimutated adherent cells,
respectively. Mice were given either a sham or thermal injury
at either 8AM or 2 PM, 14 mice had a thermal injury procedure
performed at 8 AM (AM), 14 mice served as sham controls. At
2 PM (PM) 14 mice underwent thermal injury and 14 mice
served as sham controls. At day 7 after thermal injury 7 AM
sham and 7 AM bumn mice were sacrificed at either 8§ AM
(AM/AM) or 2 PM (AM/PM) and 7 PM sham and 7 PM burn
mice werc sacrificed at either 8AM (PM/AM) or 2 PM
(PM/PM) and splenectomy was performed for splenocyte
isolation and for T cell (IL-2) and adherent cell (TNFe) cyto-
kine determination. All supernatants were tested in the samc
cytokine assays.

Effect on IL-2 secretion

Decreased IL-2 secretion by Con A stimulated splenocytes 7
days post injury is a hallmark of this bum model (5, 7). IL-2
secretion by Con A stimulated splenocytes (Fig. 2) was signifi-
cantly decreased 7 days following thermal injury when sple-
nocytes were harvested in the morning (AM/AM or PM/AM; P
= 0.0041 and P = 0.0006 respectivcly sham vs. burn), regard-
less of time of sham or burn injury. IL-2 secretion was highest
when mice were injured or sham injured in the morning and
splenocytes harvested in the AM. When splenocytes were

& Sl

AfJ mice, male, 7-8 wks old
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Fic. 1. Protocol for assessment of circadlan effects on cytakine
sccration In mice given elther sham or burn Injury in the moming at 8
AM or the afternoon at 2 PM and splenic lymphocytes and adherent
cells harvested and culiured in tha morning or aftarncen, raspecilively,
7 days later. Eight different groups of 7 mice resulted kom this protocol:
Injury/arvest. AM/AM, AM/PM, PM/AM or PM/PM for sham and burn
groups.
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Fic. 2. Splenocytes were cultured with Concanavalin A at a dose
previously determined to induce oplimal IL-2 production in 24 h follow-
Ing sham or burn injury in the AM or PM and cells harvested in the AM
or PMas in Fig 1. ** = P < 0.05 sham versus burmn by Mann Whitney test. *F
< 0.05 comparing sham groups by one way ANOVA and post hoc Newman-
Keuls, f P < 0.05 comparing burn groups in a similar manner.

PM/AM

harvested in the afternoon, whether sham/burn had occurred in
the AM or PM, there was no significant difference between
bumn and sham injured mice (P > 0.1 sham vs. burn AM/PM or
PM/PM). When sham groups werec compared by onc way
ANOVA all other sham groups were significantly different
from the AM/AM group (P < 0.05). When burn groups were
compared all other groups were significantly different from the
burn AM/AM group (P < 0.05)

Effect on TNFa secretion

TNFa secretion by LPS-stimulated adherent splenocytes
was measured as well and the results (Fig. 3) showed, as has
been observed repeatedly in this model (6), that TNFa sccre-
tion was increased in cells harvested from mice 7 days follow-
ing thermal injury compared with shams. However this differ-
ence was only statistically significant (P < 0.01 sham vs. burn)
when mice were injured in the morning (AM/AM and
AM/PM). The time of day of harvest of the cells did not appear
to be as much a factor as the time of injury in revealing the
expected increase of proinflammatory cytokine secretion after
injury. However when sham groups were compared by one
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Fie. 3. LPS-atimulated 24 h TNFa secretion by adherant cefls from
mice following sham or burn Injury in the AM or PM and cells harvested
In tho AM or PM as in Fig. 1. **= P < 0.05 sham versus burn by Mann-
Whitney test. *P < 0,05 comparing sham groups to sham AM/PM (maxima)
TNFa) by one way ANOVA and post hoc Newman-Keuls test; f P <005
comparing burn groups in a similar manner.
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