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Dexamethasone regulation of the expression of cytokine mRNAs 
induced by interleukin-1 in the astrocytoma cell line U373MG 
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BSF-2/IL-6, GM-CSF and IL-lfl mRNAs were induced by recombinant IL-I in human astrocytoma cell line U373MG. 
The induction of BSF-2/IL-6 and IL-lfl mRNAs did not require de novo protein synthesis while that of GM-CSF mRNA 
required a newly synthesized protein. Dexamethasone inhibited the induction of these cytokine mRNAs by IL-I. This 
process seems to require continued protein synthesis. These results suggest that the production of these cytokines are 

positively and negatively controlled by IL-1 and glucocorticoids, respectively, in astrocytes. 
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1. INTRODUCTION 

Interleukin-1 is a cytokine which has multiple 
biological activities involved in the regulation of 
the immune, inflammatory, endocrine and central 
nervous system [1-4]. Its biological activities in- 
clude induction of various cytokines. IL-1 has been 
shown to induce the production of granulocyte- 
macrophage colony-stimulating factor [5-13], 
granulocyte CSF (G-CSF) [9-12] and B-cell 
stimulatory factor-2/interleukin-6/interferon-fl2 
(IFN-~2)/26-kDa protein [14-17]. Recently it has 
also been reported that IL-1 can induce its own 
synthesis [18-20]. However it has not been clear 
whether IL-1 can induce all of these cytokines in a 
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given cell type or different cells respond differently 
to IL-1 action. The role of IL-1 in regulation of the 
expression of various cytokines at its molecular 
level remains to be elucidated. 

Glucocorticoids, the immunosuppressive and 
anti-inflammatory agents, have been shown to 
decrease mitogen induced production of IL-2 [21], 
IL-3 [22] or GM-CSF [22,23], and also production 
of IL-1 by lipopolysaccharide (LPS) [24-28] or 
phorbol ester [29]. 

During the course of our studies on the effect of 
IL-1 on CSF production, we found that CSF ac- 
tivities were induced by IL-I in human 
astrocytoma cell line U373MG. Therefore we ex- 
amined what kind of cytokine mRNAs were in- 
duced by IL-1 as well as the regulatory mechanism 
of their induction by IL-1. We also studied 
glucocorticoids regulation of the induction of 
cytokine mRNAs by IL-1. In this paper, we 
describe that IL-1 induced BSF-2, GM-CSF and 
IL-lfl mRNAs in U373MG cells and dex- 
amethasone decreased the induced level of these 
mRNAs. 
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2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Cell culture 
Human astrocytoma cell line U373MG was obtained from the 

American Type Culture Collection (ATCC). U373MG ceils 
were grown at 37°C in 90 mm-diameter dish in Eagle's minimal 
essential medium supplemented with 10070 fetal calf serum. 
Upon reaching confluence, the culture medium was then re- 
placed with fresh medium. The cells were treated with recombi- 
nant human IL-I# (rlL-l~, final concentration of 10 ng/ml) 
[30] alone, or rlL-1~ with cycloheximide (final concentration of 
10/~g/ml) and/or dexamethasone (final concentration of 
10 -6 M) for 8 h. 

2.2. RNA isolation and analysis 
At the end of the incubation period, cells were lysed in 

guanidine isothiocyanate and total cellular RNA was isolated by 
centrifugation through cesium chloride cushions [31]. RNA 
samples (10/zg) were denatured with glyoxal-DMSO, elec- 
tropboresed in 1.2°70 agarose gel and blotted onto nitrocellulose 
membrane [32] or serial dilutions of the RNA samples were 
spotted onto nitrocellulose membrane [33]. Prehybridization 
and hybridization were carried out as described [32] with nick- 
translated cDNA probe. 

2.3. DNA probes 
BSF-2/IL-6 was detected using BSF-2 cDNA fragment 

(1.1 kb) isolated from plasmid pBSF-2.38.1 [34]. GM-CSF was 
detected using a Pstl-NcoI fragment (0.5 kb) of GM-CSF 
cDNA derived from pGM-CSF 22-25 isolated from PHA and 
PMA stimulated human tonsillar cDNA library (unpublished). 
IL-1,8 was detected using a PstI-PvulI fragment (0.7 kb) of 
IL-I~' cDNA from pcD-G1F-16 [35]. ~'-Actin DNA probe was 
purchased from Wako Pure Chemical Industries Ltd. 

3. R E S U L T S  A N D  D I S C U S S I O N  

In ini t ial  exper iments ,  we observed  tha t  BSF-2,  
G M - C S F  and  I L - l f l  m R N A s  were induced  by  
r lL- lce  or  r l L - l f l  in U 3 7 3 M G  cells. A f t e r  the  add i -  
t ion  o f  r l L - l f l ,  BSF-2 m R N A  was de tec tab le  a f te r  
1 h which reached its m a x i m u m  level at  4 h and  
then  remained  cons tan t  for  a t  least  add i t iona l  
12 h. On  the o ther  hand ,  G M - C S F  and  I L - l f l  
m R N A s  were de tec tab le  only  8 h af te r  r l L - l d  
t r ea tmen t .  M o r e o v e r  the  level o f  these m R N A s  was 
lower  than  tha t  o f  BSF-2 (fig. 1). We  have observed  
tha t  G - C S F  m R N A  was also induced  a l though  its 
level was very low (not  shown),  and  there fore  we 
d id  not  s tudy G - C S F  m R N A  induc t ion  fur ther .  
Seelentag  et al. [10] have r epor t ed  tha t  IL-1 in- 
duced  the express ion o f  G M - C S F ,  G - C S F  and  M- 
C S F  m R N A s  in h u m a n  endothe l ia l  cells and  
Y a s u k a w a  et al.  [17] have  shown BSF-2 m R N A  in- 
duc t i on  by  r l L - l f l  in U 3 7 3 M G  cells. Our  results  
showed  that  IL-I~ '  induced  not  only  G M - C S F  and 

Fig.1. Time course of BSF-2, GM-CSF and IL-1B mRNAs 
induction by rlL-lfl. U373MG cells were incubated for the 
indicated time periods with rlL-lfl. Total cellular RNA (10/zg) 
was subjected to Northern blot analysis. The blot was 
hybridized with the indicated 32p-labeled cDNA probe on the 

left of each panel. 

G - C S F  m R N A s  bu t  also those  o f  BSF-2 and  I L - l d  
in a s t r o c y t o m a  cell line. This  suggests tha t  IL-1 can 
induce  the  p roduc t i on  o f  several  cy tokines  in the  
same cell. 

The  requ i rement  for  newly synthesized pro te ins  
in the  induc t ion  o f  these cy tok ine  m R N A s  was ex- 
p l o r e d  by  the use o f  cyc loheximide ,  an inh ib i to r  o f  
p ro t e in  synthesis .  The  level o f  BSF-2 and  I L - l d  
m R N A s  induced  by r l L - l ~  increased in the 
presence o f  cyc loheximide .  O n  the o ther  hand ,  the  
level o f  G M - C S F  m R N A  induced  by  r l L - l g  
decreased  m a r k e d l y  in the presence o f  cyclohex-  
imide .  The  level o f  ~'-actin m R N A  rema ined  un- 
changed  (figs 2 and  4). These  d a t a  indica te  tha t  the  
i nduc t ion  o f  BSF-2 and  I L - l f l  m R N A s  by rlL-l~? 
does  no t  require  de novo  p ro t e in  synthesis ,  while 
G M - C S F  m R N A  induc t ion  by  r l L - l f l  is dependen t  
u p o n  de novo  p ro te in  synthesis .  The re fo re  it ap-  
pears  tha t  BSF-2 and  I L - l f l  m R N A s  induc t ion  by 
r l L - l f l  might  be regula ted  by  a c o m m o n  
mechan i sm.  It is no t  clear  whether  G M - C S F  
m R N A  induc t ion  by  IL-1 is a consequence  o f  
direct  ac t ion  o f  IL-1 or  is b rough t  abou t  by  a p ro-  
tein ( in t racel lu lar  or  secreted) tha t  is synthet ica l ly  
regu la ted  by IL-1.  The re fo re  it is poss ib le  tha t  
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Fig.2. Effect o f  cycloheximide on the induction o f  BSF-2, GM-CSF and IL-I~ mRNAs  by rlL-l~'. U373MG cells were incubated for 
8 h in the presence ( + )  o f  rIL-l~'  with ( + )  or without ( - )  cycloheximide (CHX). RNA was analyzed as described in the legend to 
fig.1, cDNA probes used are shown at the bo t tom of  each panel. Molecular size markers of  RNA (BRL) are shown on the right o f  

each panel. 

mRNAs for various cytokines may be regulated en- 
tirely by different mechanisms by IL-1 in the same 
cell line. 

~b 

Seelentag et al. [10] have described that the in- 
duction of  GM-CSF mRNA by IL-1 in human en- 
dothelial cells was not affected by dexamethasone, 
while Thorens et al. [23] have reported that dex- 
amethasone completely prevented GM-CSF 
mRNA induction by LPS. We therefore studied 
the effect of  dexamethasone on the induction of  
BSF-2, GM-CSF and IL-I~' mRNAs by rIL-l~'. 
Our results showed that dexamethasone blocked 
the induction of  these cytokine mRNAs by r IL- ld  
(fig.4). As shown in fig.3, dexamethasone in- 
hibited r IL- l~  induced GM-CSF mRNA level in a 

Fig.3. Concentrat ion dependence o f  dexamethasone inhibition 
on GM-CSF m R N A  induction. U373MG cells were incubated 
for 8 h in the presence ( + )  of  rIL-l~' with the indicated 
concentrat ion o f  dexamethasone (DEX). R NA was analyzed as 
described in the legend to fig.1. Molecular size markers are 

described in the legend to fig.2. 

Fig.4. Effect o f  dexamethasone and cycloheximide on the 
induction of  BSF-2, GM-CSF and IL-I~' mRNAs  by r lL- l~.  
U373MG cells were incubated for 8 h with ( + ) or without ( - ) 
the indicated reagents. The indicated amount  of  total cellular 
RNA was applied onto nitrocellulose filter. The filter was 
hybridized with the cDNA probe indicated at the bot tom of  

each panel. 
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dose -dependen t  fashion .  The  suppressive dose 
range  ( 1 0 - 6 - 1 0  -8 M) o f  dexame thasone  was in the  
p h a r m a c o l o g i c a l  to phys io log ica l  range.  We also 
obse rved  a dexame thasone  dose -dependen t  
decrease  in the  level o f  BSF-2 and I L - l f l  m R N A s  
induc t ion  by  r I L - l f l  (not  shown).  The re fo re  
g lucocor t i co ids  m a y  inhibi t  not  only  mi togen  or  
L P S  induced  p roduc t i on  o f  cy tokines  shown in 
several  repor t s  [21-29] ,  but  also the p r o d u c t i o n  o f  
cy tok ines  induced  by  I L - l .  

I t  has  been shown tha t  m R N A  induc t ion  by dex- 
a m e t h a s o n e  does  not  require  de novo  pro te in  syn- 
thesis  [36]. However  it is not  clear  whether  
d e x a m e t h a s o n e  inh ib i t ion  o f  m R N A  induc t ion  re- 
qui res  de novo  pro te in  synthesis  or  not .  F ig .4  
shows tha t  a ccumula t i on  o f  BSF-2 and I L - I ~  
m R N A s  by r I L - l f l  is not  inhib i ted  by  dex- 
a m e t h a s o n e  in the presence o f  cyc loheximide .  Our  
results  indicate  tha t  dexame thasone  inh ib i t ion  o f  
BSF-2  and  I L - l f l  m R N A s  induc t ion  require  de 
novo  p ro te in  synthesis .  The  accumula t ion  o f  G M -  
C S F  m R N A  might  be also inhib i ted  by  dex- 
a m e t h a s o n e  in the  s imilar  mechan i sm.  There fo re  
as yet  und i scovered  gene produc t ( s )  tha t  m a y  be in- 
duced  by  dexame thasone  might  be involved  in the  
decrease  o f  the  level o f  BSF-2,  G M - C S F  and  I L - l f l  
m R N A s .  

It  has  been repor ted  tha t  as t rocytes  p roduce  IL-1 
[37] and  IL-1 s t imula tes  the p ro l i f e ra t ion  o f  
as t rocy tes  [38]. Our  results  suggest tha t  IL-1 in- 
duces the p r o d u c t i o n  o f  several  cy tokines  and  
g lucocor t i co ids  regula te  their  p roduc t i on  negat ive-  
ly in as t rocytes .  These  cytokines  tha t  are  d i f feren-  
t ia l ly  regula ted  by  IL-1 and  g lucocor t ico ids  m a y  
p lay  i m p o r t a n t  roles in centra l  nervous  system. 
The  regu la to ry  mechan i sm o f  the  express ion o f  
these cytokines  might  be also c o m m o n  to the  target  
cells o f  IL-1.  
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