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At thermoneutral conditions, high steady-state levels of transcripts for both IL-lct and its receptor IL-1RtI were found in specialized thermogenic 
organ, brown adipose tissue (BAT) of adult mice, as compared with the levels in lymph nodes, brain and spleen. A pronounced decrease of IL-1 c~ 
mRNA level in BAT was observed after lipopolysaccharide (LPS) administration and after exposure to cold. Likewise, LPS decreased the IL-I RtI 
mRNA level and depressed also the expression of cold-inducible genes for the BAT-specific heat-producing uncoupling protein and for lipoprotein 
lipase. It is concluded that, besides the centrally-mediated effects, there exists a direct peripheral interaction of IL-1 cytokines with BAT cells. 
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1. INTRODUCTION 

Highly pleiotropic IL-1, formerly called endogenous 
pyrogen, is released mainly from activated monocytes 
and macrophages. It exists in two forms, designated 
IL-let and IL-lfl, the first of which is membrane-associ- 
ated and the other one is soluble [1]. Despite the fact 
that IL-let and IL-lfl differ in size and sequence and 
represent the products of two distinct genes [1,2], they 
are recognized by the same membrane receptor, IL-1RtI 
of 80 kDa [3,4]. 

IL-let and IL-1RtI have been found in many tissues 
and cell types, for example in leukocytes, stem cells, 
fibroblasts, keratinocytes and endothelial cells [5,6]. In 
BAT none of these proteins has been detected so far, 
although the IL-1 pyrogenic activity is also related to 
BAT function. BAT thermogenesis was activated after 
IL-lfl treatment [7], and its involvement in LPS-induced 
fever was described in different species [8-11]. In these 
studies, however, only the centrally mediated stimula- 
tion of BAT in febrile states has been demonstrated 
[5,7-12], although it is possible that BAT could be also 
directly affected by IL-lfl which also modulates the IL- 
let production in target tissues [13]. 

In the present report we compared IL-let and IL-1RtI 
mRNA steady state levels in BAT, lymph nodes (posi- 
tive control), spleen and brain, and we studied the effect 
of two potential modulators of IL-let and IL-I RtI gene 
expression in BAT: LPS, which causes release of range 
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of active cytokines and fever development [14], and cold 
exposure which activates BAT thermogenesis [15]. 

2. MATERIALS AND METHODS 

Adult mice of both sexes of the NMRI strain, 5-week-old, were 
obtained from a local supplier (VUFB Komirovice). Mice were kept 
on a 12 h light/12 h dark cycle with free access to food and water 
(Velaz/Altromin 1310 diet). Prior to use, all mice were acclimatized at 
28°C for one week. The cold exposure to 4°C was then for three days. 
Lipopolysaccharide B from Escherichia coli (Difco Laboratories, cell 
culture grade) was applied i.p. (2 nag LPS/g body weight; as 0.05% LPS 
in PBS). The animals were killed at the times indicated by cervical 
dislocation. 

The interscapular BAT, abdominal and perirenal lymph nodes, 
spleen and the middle part of brain free of cerebellum, medulla oblon- 
gata and neocortex were rapidly dissected and frozen in liquid nitro- 
gen. RNA from the tissues was isolated separately from each animal 
(except for pooled lymph nodes), according to the guanidinium- 
isothiocyanate acid-phenol procedure [16]. 

Northern blots (20,ug total RNA aliquots) and sequentional hybrid- 
ization with several probes were performed essentially as before [17]. 
2A kb EcoRI fragment of mouse IL-1RtI cDNA in a pBSlMR22 
plasmid was provided by Dr. U. Gubler (Hoffmann-La Roche, Nut- 
ley, USAI. Murine IL-I~ 1.6 kb fragment cut by PstI and EcoRI from 
the piLl 301 plasmid was from ET. Lomedico (Hoffmann-La Roche, 
Nutley, USA) [18]. Murine LPL clone mL5 in pGEM plasmid (T.G. 
Kirchgessner, Los Angeles, USA) [19] was prepared as a 1.48 kb 
EcoRl fragment. The probes for fl-actin and for UCP were identical 
with those used earlier [20]. The probes were labelled using 
[~-32p]dCTP with a random priming kit (Boehringer Mannheim). 
Autoradiograms were quantified on a Shimadzu TLC Scanner CS 930. 
The values were normalized with respect to the fl-actin signal and 
differences were analyzed by Student's t-test. 

3. RESULTS AND DISCUSSION 

Northern blot analysis of total RNA from lymph 
nodes, spleen, brain and BAT of control, warm-accli- 
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Fig. 1. Northern blots of basal levels oflL-l~ mRNA, IL-1RtI mRNA 
and fl-actin mRNA in lymph nodes (LN), spleen, brain and brown 

adipose tissue (BAT) of warm acclimated mice. 

matized animals is shown in Fig. 1. The steady state 
level of  IL-10~ m R N A  was rather high in BAT and 
amounted to 58 + 3% of the level in lymph nodes. The 
levels in the brain and spleen corresponded to 34 + 3% 
and less than 2% of  the values in lymph nodes, respec- 
tively, thus being 2-fold and 30-fold lower than the level 
in BAT. 

The IL - I~  gene, known to be expressed in different 
cell types and tissues, probably supports several cell 
functions. IL - I~  is likely to control the growth-differen- 
tiation process, in competit ion with other growth fac- 
tors [21]. In human fibroblasts IL - I~  transmodulates 
the E G F  receptor [22] and, like TNF-c~, it stimulates the 
proto-oncogene (c-myc and c-fos) expression in a differ- 
ent pattern than exerted by the common growth factors 

[231. 
The IL-1RtI  m R N A  showed a similar tissue-specific 

pattern (Fig. 1), i.e. the levels in BAT, brain and spleen 
accounted for 78 + 21%, 16 + 1% and less than 3% of 
the lymph nodes value, respectively. When compared 
withfl-actin m R N A  level, BAT I L - l a  and IL-1RtI  tran- 
scripts were even 1.5 times and 2 times higher, respec- 
tively, than in lymph nodes. The observed IL-1RtI  
m R N A  levels suggest, that BAT could be comparably 
sensitive to IL-lf l  as are lymph nodes and might re- 
spond to the changes in serum IL-lfl  levels directly, 
similarly as 3T3-L1 cells respond to IL-1 and T N F - a  
[24], or white fat to T N F - a  [25]. 

In further experiments mice were exposed to cold to 
stimulate BAT thermogenesis or received LPS to induce 
fever. All m R N A  levels were normalized with respect to 
fl-actin mRNA.  In response to cold (4°C, 3 days), BAT 
IL- I~  m R N A  decreased to 61 + 13% of the control, 
while IL-1RtI  m R N A  level slightly increased to 
128 + 10% (Fig. 2). In accordance with previous stud- 
ies, the cold stimulation of  BAT which is mediated by 
adrenergic receptors [15] activated expression of  two of  

cold-inducible genes in BAT (Fig. 3), the gene encoding 
the mitochondrial thermogenic uncoupling protein 
(UCP) [26] and the gene encoding lipoprotein lipase 
(LPL) [27], to 188 + 11% and 187 + 16% of the control 
level, respectively. Stimulation of LPL and UCP 
m R N A  levels contrasts with the depression of IL-lc~ 
m R N A  (Fig. 2) and refers rather to a 'negative' role of  
locally produced IL-1o~ in cold activation of BAT. As 
in other cell types [28], this IL - I~  m R N A  depression 
could be linked to a differentiation process which is 
activated in BAT cells during cold acclimation via stim- 
ulation of  adrenergic receptors [29-31]. Accordingly, 
this indicates that in BAT the expression of IL-1o~ is 
influenced by catecholamines. 

As depicted in Fig. 2, 24 h after LPS injection BAT 
levels of  IL- I~  and IL-1RtI  m R N A s  became depressed 
to 39 _+ 6% and 31 _+ 2% of  the basal levels and stayed 
low even after 72 h. LPL and UCP m R N A  levels (Fig. 
3) showed a similar decrease (49 + 14% and 54 + 18% 
of  the control, respectively) after 24 h; however, at 72 
h they returned to values even higher than in the con- 
trols. Apparently, BAT has the ability to respond to 
LPS-released circulatory cytokines and the effects of  
LPS and cold on BAT are different. The simultaneous 
decrease of  IL-I~,  IL-1RtI,  UCP and LPL transcripts 
24 h after LPS is clearly not due to a nonspecific de- 
crease of  transcription, since the m R N A  levels are re- 
lated to the fl-actin mRNA.  

Intravenous and intracerebroventricular injection of 
IL-lf l  [7,12], similarly as application of  TNF-~  [32,33] 
or IL-6 [34], were shown to increase (unmask) the num- 
ber of  GDP-binding sites of  the UCP in BAT mitochon- 
dria and stimulate thermogenesis as well as blood flow 
in BAT. However, these effects occur only during short 
onset phase of  temperature increase [8,9] and result 
f rom central, adrenergically mediated effect of  pyro- 
genic cytokines, as documented by increased norepi- 
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Fig. 2. Changes of IL-lc~ mRNA and IL-1RtI mRNA levels in BAT 
24 h and 72 h after LPS injection (LPS24, LPS72) and after cold 
exposure for 72 h (COLD). C = control, PBS-injected animals. The 
mRNA values are normalized with respect to the fl-actin mRNA. 
Results are the means _+ S.E.M (n = 3); P < 0.05 versus control (*) or 

versus cold (#) is indicated. 
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Fig. 3. Changes of lipoprotein lipase (LPL) and uncoupling protein 
(UCP) mRNA in BAT 24 h and 72 h after LPS injection (LPS24, 
LPS72) and after cold exposure for 72 h (COLD). C = control, PBS- 
injected animals. The mRNA values are normalized with respect to the 
fl-actin mRNA. Results are the means + S.E.M (n = 3); P < 0.05 

versus control (*) or versus cold (#) is indicated. 

nephr ine  release in BAT [35] and  inh ib i t ion  o f  cy tok ine  
effects by  f l -adrenergic  an tagonis t s  [9,10] or  surgical  
dene rva t ion  o f  BAT [10], As  ind ica ted  by our  da ta ,  the 
response  o f  BAT to LPS and  to re leased cy tokines  is 
appa ren t l y  more  complex  and  the init ial ,  sympathe t i -  
cal ly m e d i a t e d  ac t iva t ion  o f  hea t  p r o d u c t i o n  is fo l lowed 
by  a hype r the rmia - coun t e r ac t i ng  mechan i sm which 
causes p ronounced ,  bu t  t e m p o r a r y  decrease  o f  expres-  
s ion o f  U C P  and  L P L  genes (Fig.  3). This  negat ive  
f eedback  con t ro l  at  the level o f  p ro te in  synthesis  has  to 
be ascr ibed  to direct  pe r iphera l  effect o f  pyrogen ic  cy- 
tokines,  as also ind ica ted  by  N e d e r g a a r d  [36], who  ob-  
served s imilar  decrease  o f  U C P  m R N A  in I L - l a -  and  
LPS- in jec ted  mice. 

Nega t ive  regu la t ion  o f  the  IL-1 recep tor  by  increased 
levels o f  I L - l f l  was descr ibed  in lymphocy tes  [37] and  
significant depress ion  o f  L P L  m R N A  was induced  in 
cu l tu red  ad ipocy tes  by  T N F - a  [38]. However ,  the dis- 
t inc t ion between the recovery  o f  U C P  and  L P L  m R N A  
levels and  the persis tence o f  low levels o f  I L - l a  and  
IL-1 R t I  t ranscr ip t s  72 h af ter  LPS admin i s t r a t i on  indi-  
cates,  tha t  the IL-1 system and  co ld- induc ib le  genes in 
BAT are regu la ted  differently.  F u r t h e r  s tudies will be 
requi red  to es tabl ish  whether  the suppress ion  o f  IL-lcz 
and  I L - 1 R t I  m R N A  is involved  in the  con t ro l  o f  U C P  
and  L P L  synthesis  and  to wha t  extent  the pe r iphera l  
and  centra l  effects o f  cy tokines  are respons ib le  for  inhi- 
b i t ion  o f  IL-1 system in BAT dur ing  the fever. 

In  conclus ion,  our  f inding o f  a high level o f  IL-1 a and  
I L - 1 R t I  t ranscr ip t s  in BAT suggests an i m p o r t a n t  role 
o f  the IL-1 system in this t issue and  the results  suppor t  
the view of  a dual  effect o f  cy tokines  on  BAT; one 
m e d i a t e d  cent ra l ly  t h rough  sympa the t i c  innerva t ion ,  
the o ther  pe r iphera l ly  by di rec t  in terac t ion .  Thus ,  be- 
sides adrenergic  regu la t ion  o f  BAT, yet  another ,  im- 
munoregu la to ry ,  p a t h w a y  o f  BAT exists. 
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