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ARMED FORCES RADIOBIOLOGY
RESEARCH INSTITUTE

SCIENTIFIC REPORT

SR94-

INCREASED FIBRINOGEN SYNTHESIS IN MICE
DURING THE ACUTE PHASE RESPONSE: CO-

OPERATIVE INTERACTION OF INTERLEUKIN 1,
INTERLEUKIN 6, AND INTERLEUKIN 1 RECEPTOR

ANTAGONIST
Hanna Rokita.* Ruta Neta.tl Jean D. Sipe-'.

Interleukin 6 (IL-6) stimulates fibrinogen (Fg) gene expression both in vivo and in vitro;
while interleukin I (IL-I) paradoxically stimulates in vivo, yet inhibits in vitro. Fg synthesis.
The naturally occurring interleukin I receptor antagonist (IL- Ira)I and passive immunization
with anti-IL-6 antiserum were used to study the in vivo mechanism of action of' IL-I on Fg
gene expression. Changes in plasma Fg and hepatic Fg mRNA concentrations were measured
following administration of exogenous IL-Ira together with IL-6 or IL-I to CD2FI mice. Our
results suggest that in viva, IL-I per se inhibits Fg production since when IL.-Ira was ca-
administered with IL-6, greater concentrations of Fg were observed than when IL-6 was
administered alone. The data suggest that IL- I stimulates Fg production through interme-
diate production of' IL-6. since stimulation was abrogated when either IL.-Ira or anti-IL-6
antiserum was co-administered with IL-I. An in vivo role for IL-Ira in the stimulation of' Fg
by IL-I was supported by the observation that within I h of' IL-I administration to mice. IL-
Ira mRNA was detectable in liver. It appears that IL-1. an early mediator of inflammation.
inhibits constitutive expression of' Fg genes and stimulates the IL.-Ira and IL-6 genes. The
inhibitorv effect of IL-I is reversed by endogenous IL-Ira and by the direct stimulation of Fg
gene expression by IL-6.

Changes mn he patic protein siisnthesis are af major t ration.' I I-- I is an earIN and pluripotent mediator (if
manifestation of the acute phase response and are the acute phase response. N ith capacit% to induce
mnainly regulated b\ the mononuclear phagoc~te itself. IL-b and at si ructurallv related receptor ligaind
system throug'h secretion oft cytokines such ats inter- with antagonist activit\. termed IL-I receptor aintaL'-
ILeukin 6 (11.-6) and interleukin I ( IL-I 6 band. onist (IL--Ira). Recently . recombhinant twenerated
to af lesser extent . IL.-I ha'e been implicated as modu- preparations of IL-Ira. a 17 k la protein \\it h 26- 3w,)
lators of hepat ic serum amyloid A ( SAA ) and tibri no- homnology to IL-I beta and I19"o to IL.-I alpha have
gen ( Fg) mRNA and/or protein sy\nthesis in humans been used to distinguish ph~siological roles of IL-I
and mice .4 Treatment of mice with endoto.~in and from closecly related cytokines such ats I L-b." I Since
the two lipopol~saccharidle-induccd cytokines. 11.-I several in \itro studies indicate that constitutive
and TNF. caused an increase in plaoma FL, concen- and I L-h stimulated F!gene expression in hepatomna

cell lines is inhibited b1\ IL-I. the present study wais
_____________________________undertaken to .inmesnticat the basis of the in \i\.o sti-

Imitator\ effect oft I L-I on Fg- gecne expression.
1-rI III c the ~ III 111wi ot %IotcculmI Bitolow.I . ttc..ICI'i.I .II
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parison of dose response and sensitivity to individual fractions contained varin' amounts of ribosomal
cvtokines. Although IL-I alpha and IL-6 both StiMuI- RNA. leading to fluctuation in the relatie abundance
lated a concentration-related elevation in Fg. I L- I was of beta-actin mRNA. Therefore the results shown in
more effective oin a weight bassis than IL-6 (Table 1). Fig. I are normalized for the content of beta actin in

each preparation-. the quantities of beta-actin and
TABE . tiultin o i vvofirioge podctonby GAPDH mRNA were comparable. IL-Ira mRNA

cTABLnE . Siuainoinio brnenpoutnby was not detectable at 30 min. appeared to reach mnaxi-
_____________________________________ mal levels at 2-3 h and was expressed at at diminished

Treatment level by 5.5 h after IL- I administration.
Fihriniwecn

n--I Inig) R-h (jig) IL- Ira (~.gg I", control)

I JIM1()

2. II- 147 ± I
3. 3MK - 264 ± 5 IL-I Stimulates Fg and SAA Production by
4. 0. (25 1 46

S - (~.25- 17±2 Induction of IL-6

7. - - 75 1if L0hsbeshw toieitoteinvo

x.- 1.25 WI 167 ± 7 responses to IL-I ;22r2 the role of IL-6 in IL-I stimu-
S1.25 75 19 ± 7 lated Fg gene expression was indicated by the re-t.- 1.25 I() 213 ± 23 duction in stimulation of Fg after administ-ration oif

%fice "ere bled 24h after injection, Value, are mean, and standard crrors ot 2(10ng IL-I to mice passively immunized with anti-IL-b
1"o Is) three cxpcrminren. each three or lour mice per g~roup Exception% are
numhcrxj4 and 7 ishere dala from one experiment were availabl. antiserum 16 h earlier (Table 2) as compared with Fg

The stimulatory effect of IL-I on Fg production was
blocked by the co-administration of IL-Ira with IL-I. TABLE 2. Passive immunization with anti-IL-6 antibodies
In contrast, the stimulation of Fg by IL-b was blocks stimulation of fibrinogen by IL-I.
enhanced by co-administration of IL-Ira and IL-b. _______________________

P'rotein fnRNA. 5AA
Endogenous IL-Ira Production in Response 1o IL- 'retricament C'.. %conirolt 11-P..\on niRNA) lI pe ml)

I but Not IL-6
None 176 ±I I 25±2

En dogenous expression of IL-Ira mRNA in liver A iti]. I IX - II Ilt -S 46181

was detectable I and 1.5 h after administration of IL- I I L". Control 31(1 + it ItIHr1
alone and in combination with IL-0. but not after IL-b ________________________________

alone (Fig. 1). The polvadenylated RN A enriched Fach olt three mice pet group "urc icnicctcl suh tiiot N i cadi it hIt _I'O1h
priori-to imuairigon u%itli 2onL st11w -1 ka\lirc- irse Iiictn and 'lillioduol cmioi'
sit indir diii) pla~mn -.aiplcs oihitiictl 24 11ile a uimitiictitii ol Inls
nut don, KRexiittm irecpiecniitoc iti 1,o tuo l outi c~pcrirmcmri,

'5 concentration in mice that received no pretreaitment
or received control inimunoizlobulins. The ratio of

5 0) hepatic Fg mRNA to hepatic act in nmRNA I h after
administration of IL-I to mice pretreated with anti-
I Lb antibodies wats 50"o of that in mice treated with

4.0 control immunoglobulins or in mice with no Pretreat-
£ ment (Fig. 2). The in vivo production of IL-6 follow-

- - - ingc IL- I wats further demonstrated by reduction in
0. 0 1.10 2.)) 3.0 4.10 5.0 6,)) plasma SAA (Table 2) which is known to be produced

Tinme i h 1 in response to the synergistic action of IL-I and IL-
Figture 1. Kinetics of 11.-Ira mRNA, relative to heta-actin mRNA 6.24 We used af hvbridiza lion probe for gamma-Fg in
in livers of mice.

these studies. expression of alpha. beta and gamma
Restut% are gissen (1. 1. 1.5 and 5hf after administration of .In chains has been shown to proceed essentially co-

'- A-- 3(M~nL,). ItR. -,(-44-' 1.2gg( alone or iii comnhi- ordinatclv 2 'and in our studv hybridjiation with either
nation (-U-) to mice. Northern blot-, %&ere prepared from nmouse
liver RNA~ enriched in pirtyadenylated mRNA. 3-5 pag/lane gamnia-F-g or alpha-Fg specific c[)NA probes
Rcesults are reprcscntuttve of tour experiments, revealed similar kinetics (Figs I1. 2).
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CON A U 0 both the synergistic interaction of IL-I with lL-6
required for SAA induction and its antagtonistic effect

O-ci on Fg induction by L-.' 2 4 IL-I has been shown
FG ~to influence the effects of IL-fl on plas Ima proteins

other than Fg. For example. IL-I acts synergisticallv
- with IL-fl to enhance SAA gene expression by H-ep 3 B

-~ and Hep G2 cells)4" IL- I has been shown to decrease
- - the stimulatory effect on IL-fl on alpha-2-macroglobu-

lin as well as Fg in Hep G2 cells.5 These reports
together with our findings in this paper indicate that

IL-I and IL-6 interactions may be one of the factors
A ~that contribute to the unique kinetic changes that indi-

0 0- -- ----- - -- ---------------- vidual acute phase reactants undergo during the acute

Cr , 7iphase response.
The mechanism bv which IL-I reduces constitu-

_____________________________ tive Fg production and IL-fl induced Fg gene up-

regulation Is not understood. The Fg genes are
expressed constitutively in liver and are further stimu-

Figure 2. Kinetics or Fg and IL- Ira imRNA. relative to beita-actin lated by dexamethasone and IL-fl and indirectly by
mRN inlivrs f mce.IL-I and TNF.'1322 1 The studies of Huber and co-

Result, jre goIen it. 1. I5and 5h alter administration of IL.-I workers demonstrated the interplay between IL-6 and
(211 nel 11 41 (1. _Ipg alone andl in comlbinationf toi mice that glucocorticoid responsive elements in the promoter
rece i ed uiiItII- .11 _f, um dtics ( t-AmN qi cont rol inm munoglohulins.

(t((Ni tiin or no treatment 16h earlier - A . lI region of Fg genes. 2" Fluct uation in receptor ratios
it..-i. -+ -- - ni1. and/or occupancy may play a role in the inhibitory

Northern blots %%ere prepared from mouse Ii~cr RNA\ enriched in effect of IL-I on Fg gene expression. The recent
pohlsadnslated mRNA. 3-5gg/lanc Insert showsý the Northern suiso ebt n ulr2 niaeta L1ad
h~hridii/itiin sig~nal for the I ht time point Results are representa- stdeofNbttadFlr 2 inctehtILInd
usec of four experiments to at lesser extent. IL-fl. may elicit a transient re-

duction in the number of IL-fl receptors in rat hepato-
cytes. whereas IL-b and IL-I increased IL-fl receptor
mRNA in human primary hepatocytes.2> Other expla-
natio~ns may lie in the selective interaction of tran-
scription factors. Thus, while our study has resolved

DISCLISSION the paradox of the conflicting in viv and in vitro
effects oif IL- I on Fit gene expression. the question as

This stud% has, addressed the conflicting obser- to ho". IL- I down-regulates Fg remains.

vations that I L-1I suppresses Fg gene expression in

hepatoma cell lines. %et enhance% Fg, gene expression
in mice.' The basi% for increased concertirat ions ot
plasma Fg during the acute phase response, has. for MATERIALS AND METHODS
the first time. been investitzaled bs combining an
analysis of plasma protein changes with changes in Experimental Animals
n mRNA expression in liver. Using I L- Ira together wit h Fe na le (I ) 1. 1-m ice. o - 8% eccks of age. t ree trom o% ert

IL-h we can confirm in the in vivo situation the pre- disease, %%ere emplo~cd. All antimal handling, procedures

*viousl% reported in vitro inhibition of I-g gene ex- , rc performed as, described*" in compltance with guide-

pression bN IL-I . our result% also provide strong cv'i- line-, front the National Research Council and the Armed

dence that, in vivo. IL-I counteracts its dIirect I-orces Radiobiolo 'L, Research Institute. At %arious time

inhibitorv effect on FL, gene expression b%. stimulation points. cjITated plasma %%a% collected and lisers were
of I-Ir an ILb gne xpresio. I tun. L-bdi- renio'ed and snap-trotev in liquid nitrogen and stored at

reetly stimulates Fg gene expression and I,- Ira blocks X(fr usqen RAanlss

inhibition of Fg gene expression by IL-I leading, to

incerased Fg production in the presence of' IL-b. Reagents
The observation of IL--Ira mRNA expression in Recombinant human 11 -1I alpha %%as the gift of Dr

mice following IL-- I hut not IL-b administration (Fig. peter L~omnedIco tit I loftman-tatkoche . NutleN.. NI. The

2) suggests that IL-Ira exerts both temporal and hi- preparation, lot 11.-I 2/ss %%as stored in aliquots at - 2010

directional quantitative regulation of acute phase until use. Recombinant human interleukiti 0. lot PP64i'1)l

changes in liver protein synthesis by counteracting %%as provided by Dr F. Liehl. Sandoz Pharme AG. Basel.



Alterations in in vivo fibrinogen h% IL- I .It-- Ira. lI.--t 4.57

Switzerland. The IL-Ira was provided by Dr Robert enunciated in the Guide for the Care and Use of
Thompson. Synergen. Boulder. CO. Rat monoclonal anti- Laboratory Animals. prepared by the Institute ol
body to recombinant mouse IL-fl (MP5 20F3) was prepared Laboratory Animal Resources. National Research
using partially purified Cos-7 mouse IL-fl as immunogen Council.
(22). Rat monoclonal antibody to beta-galactosidase was
used as an isotype control. 2
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