
- - 

infusion of 10 yg of 1L-1; rats inlplanted 
with 1 mg of indonlethacin over a 28-hour 
period 1225 ) 205; not significant]. As an 
additional mechanistic note, IL-1 need not 
act within the hypothalamus or even the 
brain to release CRF. Potentially, the pcp- 
tide could be activating afferent pathways to 
the hypothalaillus which normally mediate 
signals of peripheral stressors. 

It is inmportarlt to consider the physiologi- 
cal relevance of these observations. The IL- 
1-induced doubling of CKF concentrations 
is similar to that occurring after a strcssor 
such as hypotension (9).  It is difficult to 
translate the bolus injection of IL-l at 10 yg 
per kilogram of body weight (Fig. 3) into 
the amount of IL-1 secreted during an infcc-
tious challenge, as monocytes arc likely to 
secrete the lymphokine continuously, and 
glia also contain IL-1 (16). However, the 
demonstration that infection is associated 
with corticostcronc secretion in parallel with 
the extent of imm~ule activation (3)and that 
IL-1 can produce this effect in the absence of 
other inmmunc constituents (5) suggests that 
the present observations may be physiologi- 
cally applicable. If so, this supports the 
emerging view that the immune system can 
regulate neural and endocrine events tradi- 
tionally viewed as far outside its sphere of 
influence. Furthermore, the specific type of 
regulation demonstrated here suggests a 
novel route by which the immune system 
can rapidly activate the adrenocortical axis 
when challenged by infection. The principal 
effect of glucocorticoids on the immune 
system is an inhibitory one (2, 17) and a 
number of theories have been proposed as 
to the logic of stress-induced immunosup- 
pression by glucocorticoids (2). Regardless 
of the reason, the present and other obscrva- 
tions suggest that the i rm~~une system has a 
novel and active role in promoting the adrc- 
nocortical stress response during times of 
infectious challenge. 

REFERENCES AND NOTES 

1. C. Rivier and P. Plotsky, Annu. RET'. I'lysiol. 48,475 
(1986); F. Antoni, Endoer. Rn'. 7, 351 (1986). 

2. A. Munck et ul., Ewdocr. Rev. 5, 25 (1984). 
3. 15. Kescdovsky, E. Sorkin, M. Keller, J .  Muller, I'roc. 

Soc. E.vp. Bwl Med. 150,466 (1975); P. Shek and K. 
Sabiston, Iwt. J. Irnmuno~~ba;w~~ol.5, 23 (1983); S. 
Tokuda, L.. Triijillo, R. Nofchisscy, in S~rejj,Immu-
niq  andAfizn8, E. Coppcr, Ed. (lkkkcr, Nav York, 
1984). 

4. H.  Ecscdovsky arid E. Sorkin, Clin. Exp. Immunol. 
27, 1 (1977). 

5. H. Besedovsky, A. del Kay, E. Sorkin, C. A. l1inar- 
cllo, Science 233, 652 (1986). 

6. Recombinant lllouse 1L-l and recombinant hutnan 
11.-la were the generous gifts of P. Lo~ncdico of 
Holfniann-L.a Rochc, IIIC. 

7. K M R N J IVoloski, E. M. Sniith, W. J .  Mcyer 111, 
G. M. Fuller, J. E. Rl,llock, Science 230, 1035 
(1985). 

8. C. Rivier, J. Rivler, W. Vale, ibid.218, 377 (1982). 
9. P. Plotsky, S. Otto, R. Sapolsb, En&)c1,inoh$p 119, 

1126 (1986). 
10. C. l'urkelson et ul., I'eptidcs 3. 111 11982); J .  Ecny 

.uld A. Kaertschi, Experientza 38, 1078 (1982); G. 
Gillics, E. L,inton, 1'. Lowry, Nature (Lonllon) 299, 
355 (1982); C. Rivier .u~d W. Vale, ibid. 305, 325 
(1983). 

11. J .  Torres-Alcni.u~,Lif2,Sci. 30, 929 (1987). 
12. 	J .  McGillis, thcs~s, Gcorgc Washington University, 

Wraslashi~~~ton,11C (1985); reported as refcrcncc 16 
In (5). 

13. 1'. Kllian, personal comrnim~cation. 
14. J .  Krucger, J .  Walter, C. I)i~~arclIo, S. \%Iff, I.. 

Chcdld, Am. J .  I'hyszol., 246, R994 (1984). 
15. E. Atkins, J. Injict. Dir., 149, 339 (1984); C:. 

Di~larcllo and S. Wolti, N .  E~;ql.J. iMrd. 298, 607 
(1978). 

16. C. 11i11arcll0, N. Erg/.  1..Wed. 311, 1413 (1984). 
17. 1'.Cupps and A. Fauci, Irn~?urul. Rev. 65, 133 

(1982). 

18. C:. Ri\.ier rt a/ . ,  Enliunin(~~o&!~110, 272 ( 1982). 
19. W. Vale ct RE., ibzd. 113, 1121 (1983). 
20. P. Plotsky .uld W. \Talc, ibid. 114, 939 (1984). 
21. P. Plotsky et a/., zbid. 116, 633 (1985). 
22. We thank G. Berg, G.Morgan. M. Tain, 11. Mutch- 

inson, and S. Siltton for tcclinical assistn11ce. E. 
Cunni11gham for nianluscript asslstancc, and D. Orth 
for his gift of antlscrurll to A n H .  Supported hy 
NlII grants AM26741 and AA06420, as wcll hy the 
Lik Scic~lccs Rcscarch Poundatio~~,of which 
R.M.S. was a Mathcrs fellow. Rcscarch was con- 
ducted in part hy the Clayton Foundatio11 for Rc- 
search. California 111vision. C.R. and W.V. arc 
Clayton Foundation invcst~gators. 

10 iMarch 1987; accepted 10 July 1987 

Corticotropin-Releasing Factor-Producing 
Neurons in the Rat Activated by Interleukin-1 

FRANK~~ERKENROSCH,JOEP VAN OEKS,ADRIANADEL KEY, 
FRED TILDERS,HUGOBESEDOVSKY 

Intraperitoneal administration of human recombinant interleukin-1 (IL-1) t o  rats can 
increase blood levels of  corticosterone and adrenocorticotropic hormone (ACTH). The 
route by which IL-1  affects pituitary-adrenal activity is unknown. That the IL-1- 
induced pituitary-adrenal activation involves an increased secretion of corticotropin- 
releasing factor (CRF) is indicated by three lines of evidence. First, immunoneutraliza- 
tion of CRF markedly attenuated the IL-1-induced increase of ACTH blood levels. 
Second, after blockade of fast axonal transport in hypothalamic neurons by colchicine, 
IL-1 administration decreased the CRF immunostaining in the median eminence, 
indicating an enhanced release of C R F  in response to  IL-1. Third, IL-1 did not 
stimulate^^^^ release from primary cultures bf  anterior pituitary cells. These data 

further support the notion of the existence of an imrnun~re~ula tory  feedback circuit 
between the immune system and the brain. 

THERE IS INCREASING SUPPOKT FOR 

the view that a bidirectional comrnu- 
nication exists bctwccn ncurocndo- 

crine systems and the imnlune system (1). 
For instance, glucocort~coid-associatedim-
munoregulatory mechanisms arc inmplicated 
in a constant surveillance of the activity of 
immune cells (2). In addition, opioid pep- 
tides derived from different opioid precur- 
sors, and also sex steroids, prolactin, and 
catecholamines affect irnnlune competence 
(3) .  Conversely, immune cell-derived pro- 
ducts such as lymphokines and monokmes 
have been proposed to influence brain fmlc- 
tion. Interleukin-1 (1L-1), a protein pro- 
duced predominantly by act~vated macro- 
phages and monocytes, has an important 
role in the regulation of immune defense (4) 
as well as several nonimmunological eficts 
(5).In a recent study, subpyrogenic doses of 

F. Kerkalbosch, J. van Ocrs, F. Tildcrs, Dcpartmcnt of 
Phar~l~acology,Medical Faculty, Frcc IJnivcrsity, Van 
dcr Koechorststraat 7, 1081 KT, Amsterdam, the Ncther- 
lands. 
A. del Rcy and 15. Besedovsky, Schwcizcrisches Fors- 
chungsinsut~~t,Mcdizinische Abteiliulg, 7270 D.~vos- 
I'latz, Switzerland. 

IL-1 were formd to activate the pituitary- 
adrenal system of mice and rats indcpen- 
dcntly of a secondary release of products 
from mature T cells (6). Studies involving 
imm~~noneutralizatiol~of 11,- 1 support the 
notion that IL-1 may be a key factor nmediat- 
ing the increased pituitary-adrenal activation 
in animals undergoing immunological re-
sponses (6, 7). In this report, we show that 
the IL- 1-induced pituitary-adrenocortical 
response in rats is mediated by the secretion 
of corticotropiii-releasing factor (CRF) 
from hypothalamic neurons. 

Imrnuilo~leutralization studies with anti- 
sera to CRF or studies with CKF antago- 
nists clearly demonstrate that CFW plays a 
key role in the pituitary-adrenal activation in 
response to stress (8, 9). To determine 
whether CKF may also play a role in the 1L- 
1-mediated pituitary-adrenal activation, we 
treated intact male Wistar rats with antise- 
rum to rat CRF during the course of the IL- -
1-inciuced adrenocorticotropic hormone 
(ACXH) response. Administration of the 
antiserum markedly neutralized the IL-1- 
induced ACTH response (53.7 -+ 3.5 versus 
543.0 -+ 164.0 pgiml; mean -+ SEM; 
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P < 0.01) (Fig. 1). A statistically significant + 0.2 versus 53.7 + 3.4 pglml; P < 0.01). 
difference was found in the concentration of This small residual ACTH response to  IL- 1 
ACTH in the blood of control rats and IL- may be due to  an inability of the antiserum 
1-injected rats treated with antiserum (19.3 to fully neutralize all of the available secreted 

Fia. 1. Effect of normal rabbit serum (NRS) or 0 Control 
anzserum to CRF on IL-1-mediated secretion of 

- 

Interleukin-1 (1 ~glrnl) 
immunoreactive ACTH (ACTHI) in rats. Male 
Witar rats (160 to 180 g) were housed and 
adapted to experimental conditions as described 0.6 
(20). On the day of the experiment (between 9 
and 10 a.m.) rats received intraperitoneal injec- 
tions of 1 ml of control medium (0.15% NaCl = 
and 0.01% human serum albumin dissolved in 0.4 
water) or control medium containing 1 pg of - 
human recombinant IL-1 (pI 7, the beta form, g- kindly provided by C. A. Dinarello, Boston, 
Massachusetts). Recombinant IL-1 was expressed 2 0.2 
in Escherichiu wli as described (21) and contained 
amino acids 112 to 269 (molecular size 17,500) 
of the percursor sequence. Antiserum to CRF was 
obtained by immunizing New Zealand rabbits 
with a conjugate of rat CRF coupled to thyro- 0 

NRS aCRF 
globulin as described (22). Crude immunoglob- 
ulin fractions (sodium sulfate-precipitated) of 
NRS or of antiserum to CRF (biding capacity, 7.5 nMlml), were dissolved in saline and injected 
intravenously in a dose equivalent to 650 PI of undiluted serum 80 minutes after administration of 
control medium or IL-1. Fifty minutes later, the animals were decapitated for collection of blood and 
median eminence tissue. ACTH was determined by radioimmunoassay after plasma extraction with 
Vycor as described elsewhere (20), with the only difference being the use of a new antiserum. This 
ACTH antiserum [code, ACTH(2-3)] was raised in New Zealand rabbits to a conjugate of 
hACTH(11-17) coupled to bovine thyroglobulin with glutaraldehyde and was used in a final dilution 
of 1:66,000; cross-reactivities with melanocyte-stimulating hormone, corticotrophin-like intermediate 
lobe peptide, human p-endorphin at concentrations up to 5 ps/ml were less than 0.01%. Assay 
sensitivity was 2 pg per tube. NRS or antiserum to CRF did not interfere in the plasma extraction or 
ACTH radioimmunoassay. For determination of the CRF concentrations, median eminence tissue was 
extracted in a medium consisting of 1 mg of ascorbic acid per milliliter of O.OW HCI, and CRF 
concentrations in the extracts were determined by radioimmunoassay as described (23). No digerences 
were found in CRF concentrations 2 hours after IL-1 administration (see text). Each bar represents the 
mean and SEM of six to eight animals. Data were evaluated by modified t statistics with Bonferroni 
corrections for multiple comparisons (24). 

Flg. 2. Photomicrographical and quantitative rep- 
resentation of the effect of IL- 1 on CRF immuno- 
fluorescence (CRF-QICC) in the median emi- 
nence after blockade of axonal transport by intra- 
cistemal administration of colchicine. Male Wis- 
tar rats were housed and adapted to experimental 
conditions as indicated in the legend to Fig. 1. On 
the day of the experiment, groups of rats (n = 6) 
received intracistemal injections of 10 p1 of saline 
or saline containing 5 pg of the axonal transport 
blocker colchicine under mild ether anesthesia. 
Control medium or control medium (1 ml) con- 
taining 1 of IL- 1 was injected intraperitonedy 

0 Saline 

COlCh 

- . -  
2, 3, and 4 hours after ktracistemai injections. 

Time ( h o u ~  

Control groups injected with saline or colchicine = l o o  
did not receive IL-1 or control medium and are 1 designated as saline controls or colchicine con- 0 

trols. Five hours after saline or colchicine adminis- 
tration, rats were killed for collection of blood and .$ 
hypothalamus tissue. Hypothalamic processing so 
for CRF immunocytochemistry was performed as .c 
described (23).The photomicrographs (top) rep- 2 
resent CRF immunofluorescence in the median z 
eminence of (A) saline controls, (8) colchicine ? 

CRF or, alternatively, may be due to a 
contribution of other unknown factors 
structurally distinct from CRF. Neverthe- 
less, the results demonstrate that an endoge- 
nous CRF-like molecule plays a crucial role 
in the activation of the pituitary-adrenal axis 
in response to  IL- 1 administration. 

The next experiments were conducted to 
differentiate between the possibilities that 
the IL-1-induced ACTH response involves 
an increased secretion of CRF or that CRF 
acts as a permissive factor allowing IL-1 to 
stimulate ACTH secretion at the level of the 
pituitary gland. We first measured CRF 
concentrations by radioimmunoassay in me- 
dian eminence extracts obtained from rats 
injected with IL-1 or  control medium. No  
differences were found in CRF concentra- 
tions 2 hours after administration of control 
medium or IL-1 (9.8 + 1.7 versus 12.7 + 
0.6 ng per median eminence). Since the lack 
of effect may be due to  replenishment of 
released CRF-like material by fast axonal 
transport of newly synthesized CRF, we 
determined CRF concentrations in the me- 
dian eminence at various time intervals after 
IL-1 administration in rats treated earlier 
with the axonal transport blocker colchicine 
(10). Intracistemal administration of colchi- 
cine (5 pg) did not affect the time course 
and amplitude of the IL-1-mediated ACTH 
response. Changes of the CRF immunofluo- 
rescence intensity (CFR-QICC) in the me- 
dian eminence, as determined by quantita- 
tive immunocytochemistry, served as index 
for changes in the CRF content (11) (Fig. 
2). IL-1 did not markedly affect CRF-QICC 
in the median eminence of rats treated with 
an intracistemal injection of saline; only 
a small reduction was observed 3 hours 
after IL-1 administration (224.5 2 4.5 
versus 264.4 + 10.7 instrumental units; P 
< 0.05). In contrast to its marginal effects in 
saline-treated rats, IL-1 decreased the CRF- 
QICC at an approximate rate of 15% per 
hour in the median eminence of rats treated 
with an intracisternal injection of colchicine. 
If it is assumed that the time-related changes 
of CRF-QICC are not due to increased 
internal degradation of CRF but reflect 
changes in CRF secretion, calculated CRF 
concentrations in the hypophyseal portal 
plasma will reach values of 0.5 nM (12). 
This concentration compares favorably with 
CRF concentrations measured in portal 
blood during stress (13) and is within the 
range to evoke ACTH release from anterior 
pituitary cells (14). In summary, these data 
support the view that IL-1 markedly in- 
creases the secretory activity of hypothalam- 
ic CRF-producing neurons. 

IL-1 did not affect ACTH secretion from 
primary cultures of anterior pituitary cells 
(Fig. 3). Furthermore, in the presence of 

x 
-3 

- 

-'? 
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controls, (C) saline-treated rats 3 hours after IL-1 " 
administration, and (D) colchicine-treated rats 3 u 
hours after IL-1 administration. Immunofluores- 2 3 

cence intensities (bottom) were determined with r) 

an automated microfluorimeter (MPV 11, Leitz) 
connected to a microcomputer (Rockwell AIM-65) as described earlier (23,25). Data are expressed as 
percentage of values for saline controls. Each point represents the mean and SEM of five or six animals. 
Data were evaluated by modified t statistics with Bonfemni correction for multiple comparison. 
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Fig. 3. Effect of LL-1, CRF, or h x h  on secretion 
of immunorcactivc ACTH (ACI'H;) from pri- 
mary cult~rrcs of anterior pituitary cells. Anterior 
lohes obtained from female Wistar rats (180 to 
200 g) were dissociated c~lzy~natically with &s- 
pasc (grade I, 2.4 Uiml; Bochringcr Mannhcim) 
for 2 hours at 37°C. I>issociation was hcilitated 

suboptimal CKE' concentrations in thc incu- 
bation medium, no  synergistic effects of IL- 
1 could be seen. This obscrvation cxcludes 
additional cffccts of IL-1 at the level of thc 
pituitary gland. Recently, IL-1 was shown 
to stimulate ACTH secretion from thc 
mousc AtT-20 pituitary tumor cell line (15). 
Although this cell line has provided valuablc 
information on intracellular mechanisms 
(16), its value fc,r thc study of physiological 
mechanisms is limited, bccausc functional 
rcccptors arc cxprcssed that are normally not 
 re resent on anterior pituitary corticotrophs 

(17). 
After intraperitoneal injection, IL-1 may 

activate hypothalamic CRF ncurons indi- 
rectly via visceral affcrents in the gut. How- 
ever, in the in vivo experiments prcscntcd, 
IL-1 did not affcct blood levels of prolac- 
tin, mcla~~ocytc-stimulati~~g hormone, or 
growth hormonc. Furthermore, IL- 1 did 
not inducc a concomitant decrcasc of vaso- 
pressin of thc cxtcrnal m11c of the median 
cmincncc in colchicinc-trcatcd rats, as is 
found after various other conditions that 
inducc a persistent ACTH rcsponsc (18). 
This indicates that thc cfict  of IL-1 is 
highly selective and clearly differs from stim- 
uli generating a morc gcncral strcss re- 
spo11se. In view of the presence of IL-1- 
binding sites in the Ilypothalam~is (19), wc 
speculate that IL-1 may inducc CRF secre- 
tion by a direct action in the hypothalamus, 
possibly on C1W neurons. 

Thc tinding that IL-1 administration in 
subpyrogenic doses activatcs hypothalamic 
CRF neurons, leading to a complctc pitu- 
itary-adrcnal activation, is consistent with 
thc cxistcncc of a feedback circuit involving 
products of immu~~ocompctcnt cclls such as 
IL- 1 and the hypothalamo-pituitary-acire~lal 
system. 

hy mechanically dispersing the cclls for 1 minute 
every 30 ~ninutcs with a plastic pipette. After 
centrif~rgation (1008 for 5 minutes at room tan- 
perature) and washing, cells were plated in a 
density of 2 x 10' viable cells per well (multiwell 
plates, Costar) in 0.5 ml of I>ulhecco's mininral 
essential medium (MEM) 12 nuM L-glutamine, 
1% nonessential amino acids, 10% fetal calf serum 
(Flow) ] and were cult~rrcd for 4 days (37"C, 6.5% 
CO, in air). Subscqucntly, the cells were washed 
in 1)ulbccco's modified Eagle's medium without 
fetal calf serum for 20 to 30 mi~lutcs. The incuha- 
tion was initiated by introducing 450 p,I of fresh 
culture ~ncd iu~n  containing various conccntra- 
tions of CRF, IL-1, or both (IL-1 was taken from 
the same stock as used for the in vivo studies). 
Four hours later, the illcubation was terminated 
by quickly transferring the medium to test tubes. 
The samples were stored at -20°C until used for 
ACTH dctcrmiiiations. L)ata rcprcsciit the mean 
and SEM of four wells and are evaluated by 11, 
modified t statistics with a Bonfcrroni correction 
for ~nultiplc comparisons. The curves represent 
(a) CKF, (h) 11.-1 + CRF (0.01 ~ul/l), (c) 11.-1 + 
CRF (0.001 I*), and (d) IL-1. 
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