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Role of Transcriptional Activation of I K B ~  
in Mediation of lmmunosuppression 

by Glucocorticoids 
Robert I. Scheinman,* Patricia C. Cogswell, Alan K. Lofquist,? 

Albert S. Baldwin Jr.t 

Glucocorticoids are potent immunosuppressive drugs, but their mechanism is poorly 
understood. Nuclear factor kappa B (NF-KB), a regulator of immune system and inflam- 
mation genes, may be a target for glucocorticoid-mediated immunosuppression. The 
activation of NF-KB involves the targeted degradation of its cytoplasmic inhibitor, I K B ~ ,  
and the translocation of NF-KB to the nucleus. Here it is shown that the synthetic 
glucocorticoid dexamethasone induces the transcription of the l ~ B a  gene, which results 
in an increased rate of IKBU protein synthesis. Stimulation by tumor necrosis factor causes 
the release of NF-KB from IKBu. However, in the presence of dexamethasone this newly 
released NF-KB quickly reassociates with newly synthesized I K B ~ ,  thus markedly reduc- 
ing the amount of NF-KB that translocates to the nucleus. This decrease in nuclear NF-KB 
is predicted to markedly decrease cytokine secretion and thus effectively block the 
activation of the immune system. 

Glucocorticoids (GCs)  have been used for 
decades as clinlcal tools to suppress hot11 
the  immune response and the  processes of 
i~l f la lnlnat~on (1 ), yet the  immunosuppres- 
slve ~ l l e c h a n ~ s ~ n  hv which these drues act is 
poorly understood: GCs bind to a citoplas- 
lnlc glucocorticoid receptor (GR) ,  a Inern- 
her of the  steroid hor~notle receptor super- 
family, \vhich then tratlslocates to the nu- 
cleus as a transcrintion factor (2 ) .  Tran- ~, 

scrlptional actlvatlon of cytokine and cell 
adhesion genes is cr i t~cal  in the activation 
of the  immune and i n f l a ~ n ~ n a t ~ o n  systems 
and is repressed 1'y GCs  (3) .  GC repressive 
elements, howe\'er, have not heen found in 
cytokine promoters. In addi t~on,  the  G R  is 
ahle to repress the transcript1011 factor AP-1 
through a cross-coupling ~nechanisln (4), 
yet AP-1 regulates only a small number of 
GC-sensitive cvtokine nromoters. GCs  call 
also repress nlanbers 'of the  NF-KB-Re1 
transcrlptlon factor famlly (5 ,  6 ) .  NF-KB- 
resnollsive ele~nellts are reauired for the  
function of many cytokine promoters (7 ) ,  
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and NF-KB-respot~sive ele~nellts in the  111- 

terleuk~n-6 (IL-6) and IL-8 promoters have 
been implicated in GC-mediated suppres- 
sion (5) .  A major form of NF-KB 1s com- 
posed of a dilner of p50 and p65 (RelA) 
s ~ ~ b u n i t s ,  and this colnplex 1s retained in the  
cytoplasm by repressor lnolecules that cotl- 
tain ankyrin repeat ~notifs (7) .  These ~ n h l b -  
itory lnolecules itlclude the  IKB family: 
I K B ~ ,  P, and y, as well as the  NF-KB pre- 
cursor molecules p105 ( N F - K B ~  ) and p l Q 0  
( N F - K B ~ )  (7-9). Although a cross-coupling 
~ n e c h a ~ l i s ~ n  of lnhibltio~l exists hetween 
NF-KB and the G R  (5, 6), it cannot fully 
explain the ahility of GCs  to mhihit NF-KB. 
Here it 1s shown that GCs  induce the  tran- 
scr~pt ion of the  gene encodl~lg I K B ~ .  T h e  
increase in I K B ~  IIIRNA results in in- 
creased I K B ~  protell1 synthesis, which effec- 
tively ~nhibi ts  NF-KB activation. 

W e  inltiated this study by extelld~ng our 
analysis of the  ahility of the  synthetic GC 
dexa~nethasone (DEX) to  block the  induc- 
tion of NF-KB-like D N A  bi~lding a c t i v ~ t ~ e s  
in several cell types and by several d~fferent 
i~lducers. As sho\vn previously ( 6 ) ,  DEX 
blocks the  ltlductioll of NF-KB by tumor 
necrosis factor a (TNF-a )  in HeLa cells 
(Fiu. lA,  left panel) as well as lllductlon hy 
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and by l~popolysaccharlde (LPS) (1 0 ) .  DEX 
also inhlhiteil the  TNF-a-mediated induc- 
tlon of NF-KB In the murine T cell hyhrid- 
olna 2B4 (Fig. lA,  right panel). In addition, 
thymocytes and lymph nodes derived from 
lnlce treated wlth ~nolloclonal antibody 
(mAb)  to C D 3  ln combina t~on  with LIEX 
no longer express NF-KB actlvity as corn- 
pared wlth lnlce treated with C D 3  m A b  
alone (1 1 ) .  This effect of LIEX requires 
proteln synthesis, as it 1s blockeil by cyclo- 
hexllnide (CHX)  (Fig. lA,  right panel). 
DEX treatment results in a reduction in 
NF-KB-mediated gene expression as mea- 
sured by transfected reporter constructs (5, 
6 ,  11).  Previous work ~ndicated that the  
~nhthi t ion of NF-KB m7as the  result In part of 
a decrease in nuclear translocat~on after 
stimulation with TNF-a .  

W e  wanted to d e t e r ~ n ~ n e  ~f the  DEX- 
lnediated reduc t~on  of ~luclear p65 translo- 
cation, after TNF-a  s t l n ~ u l a t l o ~ ~ ,  correlated 
w t h  a n  increase in I K B ~ .  I K B ~  is r a p ~ ~ l l y  
degraded after TNF-a  addltlon (7, 12) (Fig. 
lB ,  top left panel) and t h ~ s  loss correlates 
\171th the  appearance of nuclear p 6 i  (Fig. 
lB ,  bottom left panel). After 1 hour 111 the  
presence of TNF-a ,  I K B ~  protein heglns to 
reappear as a result of the induc t~on  of gene 
trallscrlptio~l by NF-KB (Fig. lB ,  top panel, 
lane 5) .  After pretreating HeLa cultures 
with DEX, we ohserved a small hut measur- 
able increase in I K B ~  proteln (Fig. lB ,  top 
panels; compare lanes 1 and 6 ) .  T h e  aver- 
age increase in I K B ~  protein was measured 
as 1.5-fold (n = 10).  DEX pretreatment had 
110 effect o n  cytoplas~nlc p65 alnounts (10).  
In addition, DEX pretreatlnent slo\ved the 
disappearance of I K B ~  ~nediated hy TNF-a .  
After 1 hour of T N F - a  treatment, the 
amount of translocated nuclear p65 m7as 
reduced approximately 50% 111 LIEX-treated 
cultures as compared with untreated cul- 
tures (Fig. lB ,  hotto111 panels; colnpare 
lanes 5 and 10).  THP-1 cultures induced 
with T N F  or LPS gave similar results (10) .  
W e  then co~ l s~dered  \~ ,hether  LIEX might 
induce other NF-KB-sequestering mole- 
cules such as the  recently cloned IKBP (1 3 ) .  
HeLa cells cultured with LIEX for i hours 
were co~npared with untreated HeLa cul- 
tures, and no  differe~lces \\,ere found in 
amounts of IKBP (10).  Whereas IKBP 1s 
lnsensltlve to  T N F  treatment, LPS induc- 
t lon for 2 hours 1s sufficient to ~ n d u c e  re- 
lease of NF-KB and IKBP degradat~on (13).  
Pretreatnlent wlth DEX had n o  effect o n  
either IKBP alnounts or LPS-~nduced IKBP 
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loss (10). Thus, DEX selectively increases 
the abundance and overall stability of the 
I K B ~  population. 

In order to determine if the GC-mediat- 
ed increase in I K B ~  protein was preceded by 
an increase in I K B ~  mRNA, Northern 
(RNA) blot analysis was done on mRNA 
derived from HeLa cultures treated with 
DEX for increasing periods of time. DEX 
induced a marked increase in I K B ~  mRNA 
abundance, which peaked by 1 to 2 hours 
(Fig. 2A) and in some cases remained ele- 
vated for over 20 hours (10). A similar 
pattern was observed with THP-1 cultures 
(10) and is consistent with other studies 
(1 1). We tested whether protein synthesis 
was necessary for this induction of the I K B ~  
message. HeLa cultures were treated with 
DEX in the absence or presence of CHX, 
and I K B ~  mRNA amounts were compared 
by Northern blot analysis. CHX alone in- 
duced I K B ~  mRNA, as has been observed 
for other messages (Fig. 2B, lane 2). CHX 
plus DEX superinduced I K B ~  mRNA (Fig. 
2B, lane 4), indicating that DEX does not 
function by inducing the synthesis of an 

HeLa THP-1 284 

B - DEX + DEX 
TNFfrnid 0 5 15 30 60 0 5 15 30 60 

Fig. 1. DEX-mediated repression of NF-KB. (A) 
HeLa cultures were pretreated for 12 hours with 
1 0-7 M DM and stimulated for 1 hour with TNF-a 
(1 ng/ml). THP-1 cells and 284 murine T cell hy- 
bridomas were pretreated for 5 hours with lo-' M 
DM and stimulated for 1 hour with TNF-u (1 ng/ 
ml). Nuclear extracts were analyzed by electro- 
phoretic mobility-shifl assay with the murine major 
histocompatibility complex class I NF-KB DNA 
binding probe UV21 as described (6). Data are 
representative .of six independent experiments. 
(B) HeLa cultures were pretreated with M 
DEX for 2 hours and stimulated with TNF-u (1 
ng/ml) for periods of time shown at the top of the 
figure. Cytoplasmic (Cyt.) and nuclear (Nuc.) ex- 
tracts were normalized for protein amounts and 
analyzed by immunoblotting with l ~ B a  and p65 
antibodies to peptide (obtained from Rockland, 
Boyertown, Pennsylvania). 

intermediary factor which must then induce 
the I K B ~  message. These data suggest that 
GCs directly activate I K B ~  gene transcrip- 
tion. We tested this hypothesis by perform- 
ing run-on transcription assays on HeLa 
and THP-1 cultures after DEX treatment 
for various periods of time (Fig. 2C). DEX 
clearly increased RNA polymerase occu- 
pancy on the I K B ~  gene within 15 min and 

A DEX (hours) 
0 0.5 1 2.5 5 10 

-a=-. .-- 
Cyc. b 

c DEX (rnin) TNF (rnin) 
0 15 30 

60 , ,  60 , r 

Vector 

Fig. 2. DEX induces I K B ~  gene transcription. (A) 
Northem blot analysis of HeLa total RNA. HeLa 
cultures were treated for increasing periods of 
time with M DEX and harvested for RNA. 
RNA was prepared as described (17). Equal 
amounts of RNA (10 kg) as determined by 
ethidium-stained 28s RNA were size separated 
by formaldehyde acrylamide gel electrophoresis, 
blotted to Zetaprobe (Bio-Rad), and processed 
according to the manufacturer's instructions. The 
blot was probed first with a MAD-3-IKB~ comple- 
mentary DNA (cDNA) (8) labeled by random prim- 
ing. Subsequently, the blot was reprobed with a 
cyclophilin (Cyc.) cDNA (labeled as above) as a 
control RNA. Prehybridization and washing were 
done according to Bio-Rad's recommendations. 
(B) Cultures were treated with CHX (1 0 ng/ml) for 
1 hour; 1 0-7 M DEX was then added to appropri- 
ate cultures for an additional 2.5 hours, and RNA 
was harvested and analyzed by Northern blot as 
described above. (C) Run-on transcription assays 
were done on cultures treated with either M 
DEX or TNF-a (1 ng/ml) for varying periods of time 
as shown. Nuclei were isolated, and run-on tran- 
scriptions were done as described (18). The filters 
were exposed to a Phospholmager (Molecular 
Dynamics) screen, and the bands were quantitat- 
ed. l ~ B a  and IL-8 transcription were normalized to 
actin transcription. The data are representative of 
four independent experiments. 

for at least 2 hours. In order to quantitate 
the effect, we normalized the I K B ~  signal to 
an actin control, thereby measuring the 
increase in transcription as almost 10-fold 
(Table 1). We cannot discount the possi- 
bility that actin transcription may be slight- 
ly inhibited by DEX treatment, thus de- 
creasing the amount of the induction, but 
the interpretation of the data remains un- 
affected. In addition. DEX had no effect on 
transcription of genes encoding c-Myc or 
TNF-a (10). TNF-a treatment, in compar- 
ison, induces both I K B ~  and IL-8 transcrip- 
tion (Fig. 2C and Table 1). No change in 
I K B ~  mRNA stabilitv was detected as mea- 
sured after actinomycin D treatment in the 
absence or presence of DEX (10). Prelimi- 
nary data indicated that a I K B ~  promoter 
construct extending to position -600 was 
not activated by DEX (lo),  which suggests 
that the putative GC-responsive element is 
located further upstream or within the gene. 
Taken together, these data suggest that 
DEX increases I K B ~   rotei in abundance 
through an increase in gene transcription. 

The increase in I K B ~  gene transcription 
induced by DEX was much greater than the 
average increase in I K B ~  protein abun- 
dance as measured by protein immunoblot. 
We thus wanted to determine if the rate of 
I K B ~  protein synthesis increased in a man- 
ner similar to that of the mRNA popula- 
tion. We metabolically labeled HeLa cells 
in the absence or presence of DEX, prepared 
whole-cell extracts, and immunoprecipi- 
tated with an antibody specific for either 
I K B ~  or p65  DEX induced a three- to 
fivefold increase in the rate of incorpora- 
tion of 35S-labeled methionine into the 
I K B ~  pool (Fig. 3A, compare lanes 1 and 3). 
The p65 antiserum immunoprecipitated al- 
most as much labeled I K B ~  as did the I K B ~  
antiserum, suggesting that the majority of 
newly synthesized I K B ~  was associated with 
p65 (Fig. 3A, compare lanes 3 and 4). De- 
tection of coimmunoprecipitated p65 by 
the I K B ~  antiserum was obscured bv a 
comigrating nonspecific band (Fig. 3 ~ ,  
lanes 1 to 3). In addition, the degree of 
incorporation of label into the p65 pool was 

Table 1. Fold activation of transcription normal- 
ized to actin. Number of experiments, n. 

Average* Experi- 
Condition (2SD) I K B ~  ments 

(n) 

Control 1.00 (0.07) 3 
DEX (1 5 min) 9.88 (1.73) 2 
DEX (30 min) 10.06 (3.74) 4 
DM (1 hour) 11.08 (4.66) 4 
DM (2 hours) 7.54 (0.59) 2 
TNF-a (1 hour) 23.5 (1 7.77) 2 

'Experiments such as those shown in Fig. 2C were quan- 
titated with a Phospholrnager. Radioactivity was norrnal- 
ized to actin and expressed as fold increase over control. 
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much reduced as compared with I K B ~ ,  even 
though the two proteins contained similar 
numbers of methionines, indicating that 
the rate of ~ 6 5  svnthesis was low. These 
data indicate that newly synthesized I K B ~  is 
incorporated into preexisting NF-KB com- 
plexes, which is consistent with previous 
results (14). We tested this hypothesis fur- 
ther by labeling HeLa cultures for short 
periods of time and determining the effi- 
ciency of immunoprecipitation of IKB by 
the two antisera. After a 15-min pulse, ex- 
tract was ~ r e ~ a r e d  and divided into identi- 

s s 

cal aliquots, one of which was incubated 
with the I K B ~  antisera and the other with 
the p65 antisera. Once again, the I K B ~  
signal derived from the p65 immunoprecipi- 
tation was similar to that derived from the 
I K B ~  immunoprecipitation (Fig. 3B, lanes 1 

A 
Ab PC5 lKB , - 

Peptide - + - - + 
D E X -  - + + + 

and 2). Analysis of the supernatants indi- 
cated that the antibodies accounted for all 
of the signal (Fig. 3B, Sup. 1 and Sup. 2). 
Thus, all of the surviving newly synthesized 
I K B ~  protein was rapidly associated with 
NF-KB. This is consistent with the observa- 
tion that free I K B ~  is intrinsically unstable 
and rapidly degraded (14). 

In the absence of DEX, TNF-a treat- 
ment results in the transient loss of I K B ~ ,  
which allows NF-KB to translocate to the 
nucleus (12). We wanted to observe the 
effect of TNF-a treatment on the DEX- 
induced pool of newly synthesized I K B ~  
associated with NF-KB. To this end, HeLa 
cultures were metabolically labeled in the 
absence or presence of DEX. TNF-a was 
then added and extracts were prepared at 
various times. The extracts were immuno- 
precipitated with the p65-specific antibody, 
and the resultant material was analyzed by 
SDS-polyacrylamide gel electrophoresis 
(PAGE). As expected, TNF-a treatment in 

A 
Peptide + - - - 

DEX - - - - 
TNFfmin) - - 15 30 

Peptide - - + - - 
TNF-chase - - - + + 

D E X -  + + - + 

1 2 - - - ,  
Sup. 1 Sup.2 

Fig. 3. DD( induces new IKB protein synthesis 
and association with preexisting p65. (A) HeLa 
cells were metabolically labeled for 2 hours in the 
absence or presence of 1 0-7 M DM, and extracts 
were prepared as described (19). Immunoprecipi- 
tations were done overnight with 1 pI of l ~ B a  or 
p65 antiserum (Ab) to peptide plus 20 pI of protein 
ASepharose (PAS) either in the absence or pres- 
ence of 1 pI of competing peptide (1 mg/ml) as 
indicated. NS, nonspecific. Data are representa- 
tive of seven independent experiments. (B) Six 
HeLa cultures were metabolically labeled for 15 
min, and extracts were pooled and divided into 
two equal portions. Each was immunoprecipi- 
tated overnight with antiserum to peptide as 
above. PAS was pelleted and supernatants were 
collected, and each was divided into two equal 
portions. Supernatants derived from the l ~ B a  im- 
munoprecipitation (Sup. 1) and the p65 immuno- 
precipitation (Sup. 2) were reimmunoprecipitated 
as above [second antibody (Sec. Ab)]. Immuno- 
precipitations were analyzed as in (A). 

Fig. 4. Newly synthesized l ~ B a  reassociates with 
preexisting NF-KB after TNF-a stimulation. (A) 
HeLa cultures were metabolically labeled in the 
presence or absence of 1 0-7 M DEX for 2 hours. 
TNF-a (1 ng/ml) was then added in the presence 
of carrier bovine serum albumin. Extracts were 
prepared by lysis in RIP buffer as described (19) 
and incubated with 1 pI of antiserum to p65 in the 
absence or presence of 1 pI of competing peptide 
as shown at the top of the panel. PAS pellets were 
extensively washed, and immunoprecipitated 
proteins were analyzed by SDS-PAGE. (B) HeLa 
cultures were metabolically labeled in the pres- 
ence or absence of M DEX as described 
above. Plates were washed with PBS and either 
harvested or treated with chase medium contain- 
ing TNF-a (1 ng/ml). After 30 min, plates were 
harvested and extracts were incubated with anti- 
serum to p65 and processed as described above. 

the absence of DEX resulted in the rapid 
loss of p65-associated I K B ~  (Fig. 4A). In 
the presence of DEX, the amount of newly 
synthesized I K B ~  associated with p65 was 
greatly increased (Fig. 4A; compare lanes 2 
and 6). When treated with TNF-a and 
DEX, the amount of newly synthesized 
I K B ~  associated with p65 remained elevat- 
ed (Fig. 4A). Thus, DEX treatment stabiliz- 
es the overall association of p65 with the 
pool of newly synthesized I K B ~  even in the 
presence of an inducer like TNF-a. 

This result could be explained either by 
the inhibition by DEX of the TNF-a-me- 
diated release of NF-KB from I K B ~  (for 
example, by affecting I K B ~  phosphoryla- 
tion) or by the induction of the reassocia- 
tion of newly synthesized I K B ~  with newly 
released NF-KB. These possibilities can be 
distinguished by performing a pulse-chase 
experiment and treating HeLa cultures with 
TNF-a during the chase. Under chase con- 
ditions, newly synthesized I K B ~  protein has 
a much lower specific activitv. Thus, if DEX 
blocks the TNF-a-mediated release of NF- 
KB, the I K B ~  signal should remain relative- 
ly unchanged. If, in the presence of TNF-a, 
newly synthesized I K B ~  (low specific activ- 
ity) replaces preexisting I K B ~  (high specific 
activity), then the I K B ~  signal should sub- 

NF-KB Synthesis Degradation 

, . t M  transcription 

DEX + TNF-a 

NF-KB Synthesis Degradation 
\ t 

\ G I  
transcription 

Fig. 5. A model illustrating how DEX treatment 
affects the NF-KB system as a whole. TNF-a in- 
duction results in the rapid degradation of l ~ B a  
and the nuclear translocation of NF-KB (upper di- 
agram). NF-KB either reassociates with a newly 
synthesized l ~ B a  molecule (thin arrow) or translo- 
cates to the nucleus. Nuclear NF-KB induces tran- 
scription of both p50 and l ~ B a  genes, as well as 
effector molecules regulating the biological re- 
sponse. In the presence of DEX (lower diagram), 
l ~ B a  synthesis is increased as a result of in- 
creased gene transcription. TNF-a-mediated nu- 
clear translocation of NF-KB is inhibited by the 
reassociation of NF-KB with newly synthesized 
IKB~. In addition, DEX renders the remaining NF- 
KB that translocates to the nucleus unable to bind 
DNA (5, 6). Thick arrows represent induced path- 
ways; thin blocked line represents an inhibited 
pathway. 
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stantial17- decrease. HeLa cultures were met- 
aholically labeled in the absence or pres- 
ence of DEX for several hours. T h e  labelily 
meiiium was then replaced with chase me- 
Liiuill containing DEX anii TNF-a.  Cultures 
Ivere harvested and extracts were immuno- 
precipitated with the  p65-specific antiboiiy. 
U ~ l c k r  these coniiitions, the  I K B ~  signal 
rapici17- iiisappearcii (Fig. 4B). Thus, DEX 
cioes not appear to alter the  signal transduc- 
tion pathway leadi~lg to the inciuced disso- 
ciation of NF-KB anii I K B ~ .  

Toyether, these iiata indicate that DEX 
treatinent i n d ~ ~ c e s  the tra~lscriptio~l of the 
I K B ~  gene. This i~lduction results in the  
illcreased synthesis of I K B ~  protein. This 
increase in protein synthesis leads to the  
rapid turnover of I K B ~  protein associatcii 
with precxistiny NF-KB complexes. 111 the  
presence of a n  activator s ~ c h  as TNF-a4 
ne\vl)- released NF-KB reassociates with the  
DEX-ind~~ced I K B ~  and thus r e~ i~ lces  the  
ainount of NF-KB translocating to the  nu- 
cleus. Additionally, ne\v17- synthesizecd I K B ~  
may enter the  nucleus and illhihit NF-KB 
D N A  biniiing (15) .  A model of this process 
ia shoum in Fig. 5. Consistent with this 
model, we show that the GC-meiiiateii in- 
hibition of NF-KB induction by means of 
T N F - a  is hlockcii by CHX (Fig. 1) .  Previ- 
ous17- \ve ailti others sho\veci that activated 
G R  could pl~ysically associate with NF-KB 
s~ lb~ ln i t s  and that DEX represses the  D N A  
hillding activity of nuclear NF-KB (5, 6) .  
Here \ve demonstrate a seconii iniiepenilent 
mechanism thro~lgh which the  NF-KB anii 
GC signal transd~lction systems interact. As 
NF-KB is a critical regulator of cytokine 
genes, the  inhihition of the  activity of this 
tra~lscription factor \voulii effectively block 
cytokine secretion, thus esplaininy a n  iin- 
in~~nos~~ppress ive  f ~ ~ ~ l c t i o ~ l  of GCs.  It has 
also heen reported recently that salicl-lates, 
at concentratio~ls corres~?ondi~lg to iioses 
prescribeJ for arthritis patients, also block 
NF-KB activity (16).  Thus, NF-KB activa- 
tion ser\.es as a target for two iiistinct im- 
rn~~nosupprcssive therapies. T h e  presence of 
multiple levels of interaction between the 
NF-KB and GC systems suyycsts that these 
i~l teract io~ls  may have cvolveii to serve a 
physiological role in the development of 
the  immune sl-stem allti in modulation of 
the immune response. 
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l mmunosuppression by Glucocorticoids: 
Inhibition of NF-KB Activity Through 

Induction of IKB Synthesis 
Nathalie Auphan,*"roseph A. DiDonato,? Caridad Rosette, 

Arno Helmberg,$ Michael Karin5 

Glucocorticoids are among the most potent anti-inflammatory and immunosuppressive 
agents. They inhibit synthesis of almost all known cytokines and of several cell surface 
molecules required for immune function, but the mechanism underlying this activity has 
been unclear. Here it is shown that glucocorticoids are potent inhibitors of nuclear factor 
kappa B (NF-KB) activation in mice and cultured cells. This inhibition is mediated by 
induction of the I K B ~  inhibitory protein, which traps activated NF-KB in inactive cyto- 
plasmic complexes. Because NF-KB activates many immunoregulatory genes in response 
to pro-inflammatory stimuli, the inhibition of its activity can be a major component of the 
anti-inflammatory activity of glucocorticoids. 

Glucocorticoids (GCS) are physiological anti-inf~arnrnator7- agents ( I  ). Intcrfere~lce 
illhihitors of inflarnmator7- responses anii with G C  action or s7-nthesis i~lcreases ani- 
are widelj- used as i m r n ~ ~ n o s u ~ ? ~ > r e s s i x  and mal mortalitj- after challenge with bacterial 
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superantigens (2) .  GCs  i~liiuce 1)-mphoc7-te 
apoptosis (1 ,  3) and inhihit synthesis of 
lymphokines (4)  and cell surface molecules 
rewired for immune f~ l~ lc t ions  15). In  snite 
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~, 

of the \viiiespread use of GCs,  the molcc~~la r  
mechanisms that underlie their therapeutic 
effects are poorly undcrstooii ( 1  ). G C s  in- 
duce target genes throuyh the  gl~~cocor t i -  
coid receptor ( G R ) ,  a ligand-activateii tran- 
scription factor (6) .  G C s  repress gene ex- 
pressi~on through transcriptional interfer- 
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