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reo 4 ia potent inflammaitory challange. .anti.TNF antibodies protected mice igainst lethal chal-
such as Grram-negative endotoxin. a number of cy- tenge with LPS (7). Both of these factors, as well as others
tokines. are induced that. in tur nmiate many of associated with LPS-responsiveness. e.g.. glucocorticoid
the pathophystologlc alterations associated with 'antagonizing factor (8) and interferon (IFNI (9). are pres-
endotozlcity. ik this study, we have observed two ent in' maximaj titers in the serum within several hours
efdotOin lcted monokines. sec binsi in- of LPS administration 110- 12).
terIeuk ' rIYjqand recomUbinanlt tuor flec1Q- Recent evaluation of the effects of cloned, recombinant
ala factor _(rTNR 'to induce colony stmltn IL 1, (rIL la?~ and recombinant TNFa (rTNFa) prepara-
factor (CSF) in v r~/he C11"activities produced in tions has revealed that the induction sequence for these
response to rIL or rTNI7a3gave rise to a mixture 'two factors, as well as the specific contribution each
of granulocyte-macrophage coloni es and were in-
duaced in a dose- and time-dependent fashion. peak- makes physiologically. may be more Interdependent than
ing within 3 hr of cytokine injection (preceding pea originally imagined. Dinarello et al. (1 3) and Bachwich et
CS? induction by endotoxin by several hours). Comn- al. (14) have shown that rTNFa induces IL I in macro-
'-blad injection1 of suboptimal concentrations of rIL phage cultures. Dtnarello et at. (13) further showed that
lj and rTN?) wer e additive. and simultaneous in. rTNFa itself was pyrogenic. and at high concentrations
jection of optimal concentrations of each failed to resulted in two cycles of fever: the first one TNr-medi-
increase CS!' levels over that observed with either, ated: the second. IL I -mediated.
cytokinei alone. Unlike endotoxin. neither cytokine Colony stimulating factor (CSF) is also induced by LPS:
induced interferon in vivo. These findings extend however, serum levels of CSF are not maximal until
our understanding of the cytokine cascade that is approximately 6 hr after LPS administration (15). Before
operative in an inflammatory response and may, the availability of I. 1. Kampschmidt. Upchurch. and
account for many of the observe hernatopoletlc Pullam (16. 17) provided the first evidence that CSF could
altrrations Oha accompany inflammation, be produced indirectly, in response to partially purified

(f4~ ~~-*'t::.preparations of 'leukocyte endogenous, mediator.' which
N were extracted from glycogen-induced peritoneal exu-

Many of the pathophysiologic responses to endotoxin. dates. The findings presented here confirm and extend
the lipbpolysaccharlde (LPS) derived from Gram-negative those of Kampachmidt and his co-workers. Both murine
bacteria, are mediated by the induction of specific mac- and human riL lae preparations. as well as rTNFa. in-
rophage-derived soluble factors (1-3). For example. LPS duced in vivo serum CS? activity in a dose- and time-
induces the production of Interieukin I (IL 1). which in dependent fashion, which preceded peak induction of
turn mediates fever. neutrophilia. hypofefremia. and the CSF by LPS. However, unlike LPS. neither cytokine in.
production of acute-phase reactants, such as fibrinogen. duced IFN in vivo.
C-reactive protein, and serum aihloid A (4. 5). More*
recent Iv. IL I has been reported to mimic the radioorotec- NATItRIALS AND M.CThOO
tive effects of LPS (6). Tumor necrosis factor (TNF) has Mi. trosofhexpimnsrseedC7B/J(e
also been implicated as a mediator of endotoxicity by the Jackson Laboratory. Bar Harbior. MI mice veie utilized. In addition.
demonstration that passive administration of poivclonr.l C3H/HeJ and C3H/OuJ mice (The Jackson Laboratorv). C3H,'He %

mice (Animal Genetics and Production Blranch. NC1. Frederick. MDI.
and outbred HSD~ICRIBR mice fl-brian Spragu Dawlev. Indianapo-

Rece%ed for publication September 23. 196. Ni. IN)were also used. remale mice. a to 12 wko ( age we e used for
Accmped for pubiication December 22. 1966. all experiments. Mice were housed In cages with Micro-Isolation unit
The cos "f publication of this article were defrayed in part b y the tops and were ailowed access to food and acid water ailbitumn.

pavrment of page charges This articie must therefore be hereby marked Reagents. Murtne riL. to 1181 was obtained from Hoffmann-ta.
ajdL-efft:rseme in accordance with IS U S C Section 1734 soliivto indi. Roche. Inc. (Nutiey. NJ; Ro 23-7390. Lot No. 14430-11-481 The
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Hra th ciece-ProocoNo 0738 a,6 he Vi Foce adlbloo~yas a stabilizing agent. A control bacterial extract in Gu-HCI iNo.

kesearc h Institute. Defense Nuclear Agency. under Research Work Uni 146-129-491 was aiso supplied by Hoffmann-LaRoche. Inc Hu-
4iJ Bi3148 W1 H U H S Protocol No G0738 41 The -)pinions or assertions man riL Ia 1191. provided in sucrose (as a stabilizing agent). was
contained herein are the private views of the authoes anid should n-ot be obtained from immunet itrattie. WAI. At this tim-. there is no,
,onstrued asofficial or necesar.1v reflectinit the views of u S.U H 3, the *International swrndard' for IL I* preparations. and ;aaagnment of
D N A or the De-partment of Defense The experiments reported herein
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2144 rIL Ia AND rTNFa INDUCE CSF in vivo

*unnor can vary from laboratory to laboratory. Therefore. because
thesmine ndhuman reagents were otained from different

sources. it was essential to ensure compaimbility of units. To do this.
both murine and human rIL. I a preparations were asamyed simultA-
neously in a thymocyte proliferation assay (20). Brery. serial two-
fold dilutions; of the r[L a preparations wore madte in biossay me-
dam (PIII 1640 supplemented with 2 ailil o0aimne. 2E oN 2-
meecaeptoethanol. 100 U/mi penicillin and 100 oilmi streptomiycti.
and 10% fetal calf serum 1PCS). To each set of triplcat wells of a
96-well plat (Falcon. Oxnard. CA) were added 50 Alwell of each
Nution of riL, Is and 50 *VlweUl of phytcessuinin (Inao Blo-

cheials. NY: prepared in biosasy me~dium at a concentration of
I 4il/mI). Single tell thymocyte suspension were preparved from 4-
to G-wit-oki C3N/HeJ mice in bioassay medat 1.3 x 100 elau
and! 100 gl/well we added Immediately upon preparation of the cell*
suispension. Cultures were, incubated at 3?0C. 5% COv for 72 hr.
pulsed with ('thylnldine during the Lao 4 to 6 hr of Incubation_ ~
andl were harvested onto filiters with a cell harvester (Brandell. Oslith-
erburg. IiQ. To determine relative unis of activity. the scintillition
data was plottd s llg (counts per minute) vs Ia& dihdtion' .And
linesr oqpression analysis was carried out ovf the linea ptlsOf
the dflutioc curve. The dilutio at which hallf-idial upaewast
ohere was extnapolastsd from the equaition for the J ime of fit 0
and was assigned a value of one unit of activity. Based on the results /
of three separate thymicyte proliferation asisays, we determinsd the
murine and human I. I1a preparations to pss s pecinic activities T
of 1.0 I fU/mg and 7. 5x 100U/mg. r espectiWaely.

Human rTNFa was obtained from Slogen (Boston. bM Satch 30.
LY 184100/182. 1.5 x loll U/mgO. Protein free. phensol-water-es.
tracte endotoxin derived from & cell K235 (LPSI was preparad by
the method ofW.intire et al. 121).

All reageto we e diluted to the desired concentration In py agen-
free saline just befoe Ip. Injection of 0.5 ml per mouse.

Measurement of CS? activiy In serum. At the indicated times.2 _ ______________

after injection mice were bled from the orbital plexuls, and serum
was collected after clot formation by centrifugation. CS? activity ' '
was measured in pooled sem.um samples collected from four to five
mice per treatment group per expeiment. The bone marrow colony
assay ior CS? activity has been described in detail (22). Briefly. C3H/ HOURS POST-ICIO11
lleJ bone marrow cells were enriched for mononuclear cells by Frigre 1. Time course for the induction of CS? In vivo by murine riL
density gradient centrifugation on lymphocyte sepration medium I. C375L/6.J mice were Injected ip. with 1300 U of murine rit Ia. At the
(Litton Bionetic. Charleston. SCQ. The cells collected from the inter. indicated times postinlection. grops, of five mice were bled: their serum
face of the gradient weir washed and resuspended in RPWII 1640 was pooled and asssyed for CS? activity as deskrlbed in Materials and
supplemented with antibiotics. glutamnine. sodium bicarbonate. Methods. Pooled wee from mice Injected with saline contained 0 CU'
HEPES buffer. and 15% FCS. Three serial twofold dilutions of each ml. Serum from mice injectet! with LPS (25 so. collected at 6 hr postin-
serum sample (31c 15%. and 7.5% Iv/vll were prepare in this Jection. contained 3260 2 220 CFU/ml, The results repr esentI the means
medium. and 0 2 ml of each dilution was added to each of duplicate 2 SEN and wire derived f rom a songle representative experiment.
wells in a aix-well issu culture plate. A final cell suspension was
prepared at I x 108 cells/mi in Complete Medium Supplemented With Neither saline nor a control bacterial extract (provided in
0.3'c Bacto-Agar (Difco. Detroit. Mul and maintained at 411C. One
milliliter per well was added Immediately after restuspensibon of the the same Gu-HCI carrier as the rIL Ia and injected at
cells in the apr-medium mixture. Once solidified. the cultures were concentrations equivalent to as much as 4000 U of the
incubated at 37*C (S% COsl for 6 to 7 days. at which time colofiin5 biologically active rIL 1Ia preparation) induced any CSF
1 50 cells/colonyl were counted under a dissecting microscope. Se- atvt vra2-rpro.MxmmrLI-nuerum CSF activity was exprese as colony forming units (CFU) per atvt vra2-rpro.MxmmrLl-nue
milliliter of serlim. based on colony counts within the iinear part of CSF activity preceded optimal induction of CSF by E. coil
tJhe serial dilution curve. K235 LPS. shown previously to peak at approximately 6

In some experiments, individual colo n were extracted rromn the h otneto 1) lhuhtemgiueo h I
semisolid allar cuitures by using either a Pasteur pipette or a Pipette- rpsijcin(5.atog h antd fteH
man itainin. Woburn. MAJ. werte rsspended in 0.2 ml irm. and I a-induced response was usually slightly less than that
were subtected to cytocentiafugastion iCytospin 2: Shandon Southern seen In LFS-lnJected animals. Figure 2 shows a dose-
Products. Astioor. Englandi. Slides were fixed in methanol and response curve for the induction of CSF by murtne rIL.
were stained with a modified Wright's stain ioiff-9uick. American I.3h utneto.MxmmCFidcinb u
Scientific Products. Nic~aw Parki. ILI. I.3h utneto.MxmmCFidcinb u

Measurement of iFN activity in serum. The level of ITN in serum ti ne rIL I a was typically observed between 7 x I OJ and 2
samples was measured in an antiviral assay. which tests the ability x 10-3 U of activity. The murine rIL In had no CSF activlav
of the serum to protect murine L929 fibroblasts from infection with
vesicular stomatitis virus (Indianas traini. Units of activity were Itself, as evidenced by a failure Ito induce bone mar-ow-
based on the protection afforded by serum samplesi relative to the derived coloniets In soft agar (data not shown).

IHInternational Standard (Cat. No. G-002-904-51 I). This assay The induction of CSF In mice by human rIL Ia was.
has eendescibe indetal (31.very similar to that observed with murine rIL. Ia with

RESULTSrespect to both time and dose dependenries (Table I and
RESULTSFig. 3). Figure 3 presents a composite of individual data

Inuduct ion qf CSF in vivo by murtne and human HIL points derived from 11I separate experiments, which
I a. Intraperitonehl Injection of mice with murine ril. Ia shuws that the responses Induced by mur-Ine and human
resulted in a time- and dose-dependent induction of se- rIL, Ia preparations peaked at approximately 3 hr post-
rum CSF dactivity. Figure 1 illustrates that In response to injection and were not significantly different from each
injection of an optimal dose of murine riL I a (determined other, or from that induced by LPS'. It should also be
from Fig. 21. induction of CSF activity peaked by 3 hr and noted that murine and human rIL I a Induced CSF com-
was reduced significantly by 6 hr and 24 hr postinjection. para~y in a variety of outbred and Inbred mouse strains,
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ie 3. ijctopsite tme palesee wote vinductionfor CS In yiv by

.2 ~. The results represent a comist of data from I I separate expertmenta-
- ~ Neither saline nor control bacsril eitract Indced 1 0 U/mi CS? ac vty

in any stratnociat any tieplat. Trtaniles represen tthe CS? respnse
of different groups of mce toLPS (254 aot 6 hr postinjection. The small
bar within each time pown Idcaes theigeomeri mean ofthe individuial
dasta points for that time poo.

DOSE OF MURINE rIL- IN INJECTED (UNITS3)
Figure,2. Doe-respionse curve for the induction of CS? in vivo TAKZ II

nurine rit. Is. Groups of CS7UL/GJ mice five mice pe ru induction IIICSactws~tnC3H/ItJ mkvebv human rilL.
injected with the indicated concentration of mnto ne rIL It and were Atvy3hr pascinjectlon. The serum was poaled within a treatment group a 1"UWO ~ ,i
was assayed for CSP activity as deacribed in Matrials and Methods ____________________________

Serum fram mice 'Injected with saline contained 0 CIPU/mI. The rea C37"L lrseumU 0
reresent the means 2 SCM andl were doerovd from a sngle represen tat Mn tL Is: 3 hi 17402 142
experiment. a4H/Hs NWUWseuma .lot 10

* AMason l~rL It
Dose-depenrdent induct ion of CS? In mice injectd with human 0t 45 a 1111

recobinant IL Is a 33r102 10

TreaiteWt Cl Artivity iCVU/mii 'Groups of CS7SL/S or C3H/lHeJ mice (Wi~e mice per groupi wer
Saline 32 3 injected with nothing inoenudserumi cr 750 U 1100 nit) human rI. I1a1 p
75 x 3O1.11iig 70* 10 and were bled at the indcted time after in ' ection .The results repre se nt

375 t 10 U IO ng ~ o 140the means a SEM derived from a single representative experiment
7.3.X1ui:U!::iaW 2211 *341

75 x 10 U 15i00 nu 2373t 375 In addition to mesorng CSPF activity. every serum pool
5 xt 104 U 12000 ng, 2750 *200 was also screened for the presence of IFN rctivitv in a

Groups of C570L/6 mice ifour to five mice per firoupi were inpet standard antiviral assav. Neither murtne nor human HIL
i p with saline or the indicated dose of humain MI. J. and were bled 3 h Ia induced detectable (TN in vivo (9 - <i.2 ±t 0. 4 U/mI.
afier injection The results represent the means t SEM of data npo0.incnrsotlh F lvl nucdb P

tramthre sparte itprtmntsbetween 2 and 6 hr postlnjection (t- 129:t 34 U/mi. n

including endotoxln-hyporesponsive C3H/HeJ strain (Ta - 7).
ble 11). This latter finding supports the hypothesis thal Induction of CSF in vivo, by human rTNFa. Recent
rIL In. and no( an endotoxin contaminant of tlte reconi4 studies by Beutler. CeramI. and Milsarc (3. 7) have impli-
binant preparations. is responsible for induction of CSF cated TNF as another important mediator of LPS-induced
Analysis of rvtospin preparations of individual colonie4  toxicity. We therefore examined the ability uf human
revealed that the CSF activity which was induced re* rTNF-n. to induce CSF inl vivo. Like rHL lit. rTNFa 11
suited in t he dev'elopment of both macrophages an ran~ induced CSF (mixed gratnulocyte-macrophage colonies;
ukx-v rs from bone marrow progenitor cells lFig. 4al. Fig. 4b) in a time- and dose-dependent fashion (Fig. 51. ii)
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1.91 observed. First, the concentrations of rTNFa required to
* induce CS? wer e considerably higher than the concentri.
* tions of either murine or human rIL I1a preparations.

Itecond -. by 6 hr after administration of rTNF* (fig. 5).
S the CS? response had declined to a much lower level than

observed at 6hr post-r[L 1.i (Fig. I). inetino

~ IrTN~z and human rIL Ila in suboptimal'concentrations
~ I resulted in additive CS? Induction, whereas simultane-

t cus injection of optimal doses of each cytokine failed to
Induce greater levels of CS? than elicited by either cyto-
kine alone. Combined treatment did not induce IFN actv-
Ity ((0.4 U/mI).
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postinjection (data not shown). Because rTNFa induced
Endotoxin is a potent inflammatory agent that induces levels of CSF that were comparable to those induced by

in susceptible hosts a spectrum of responses which range lL Ia. the possibilities exist that I I TNF can act inde-
from being highly beneficial to being extremely toxic- pendently of IL I as an inducer of CSF and/or 2) rTNF
i.e.. increased nonspecific reshsnme to infection: protec- induces the CSF activity via an IL- I intermediate. Even
tion against lethal Irraditon: the Induction of early and though the time courses for the induction of CSF by
late phase endotoxin tolerance and adjuvantilcity (24- rTNFa and rlL I a were similar. (i.e.. we did not see any
27): and induction of fever (28). hypoglycemia (29). abor- indication of a second, later peak of CSF in response to
tifacient effects (30). shock and death (1). it i Sow ap. rTNF). and the simultaneous injetion of optimal doses
preciated that many of these physiologic changes are of two cytokines were not additive for induction of CSF.
attributable to the action of specific. LPS-induced. mac- we cannot at thjo time dismiss the possibility that at very
rophag-derived factors on target cells in the host. For high concenU'ations of rTNFa (>10 s) a second. It. 1-
instance. IL I has been shown to act on the hypothalamic Induced CSF peak might manifest itself.
region of the brain to Induce fever (31) and to induce The exact molecular specics of CSF induced by rIL Ia
synthesis of acute-phase reactants by hepatocytes (4). or rTNF In vivo is not known at this time. Clearly. both
Glucocorticold antagonizing factor induces hypoglycemia induced an activity in the serum that resulted in prtmar-
by blocking glicocorticold induction of hepatic enzymes. Ily mixed granulocyte-macrophage colonies (Fig. 4). How-
such as phosphpenolpyruvate carboxyklnase. which in ever, this could be due to a mixture of CSF species (e.g..
turn blocks gluconeogenesis (8). More recenty. & role for a granulocyte-speclfc CSF (G-CSF plus macrophage-spe-
TNF in endotoxicity was supported by the demonstration cific CS?-1. and/or to the activity of a single GM-CSF
that passively administered. ant-TNF antibodies pre- species). Results of early work using various affinity
vented LPS-induced lethality (7) Previoua stdies Indl- purification techniques to characterize the CSF activity
cated that In vivo. LPS Induced the maximal appearance in serum derived from LPS-Injected mice suggested that
of both IL I and TNF in serum within apprxmately 2 a mixture of CSF species were produced in response to
hr (10-12). An unexpected relationship between IL I and LPS (33).
TNF was reported recently by Dinarello et al. (13) and The finding that neither rIL Ia nor rTNF induced de-
Blachwlch et al. (14). Both groups showed :hat rTNF tectable levels of IFN In the serum was surprising In light
induced IL 1 In vitro. In vivo, high doses of rTNF were of several recent reports that have indicated that both
found to induce two temporally distinct febrile responses cytokines induce IFN in vitro in fibroblast .ultures (34.
(13). Differences in heat stability between TNF and IL 1 35). LPS has been reported to Induce IFN activity in
and the use of highly specific anti-human IL I antibodies serum, which. like IL I and TNF. peaks at 2 hr (9). Studies
prompted Dinarello et al. (13) to conclude that I) TNF indicate that LPS-Induced IFN is produced principally by
Itself was a pyrogen. and 2) TNF-Induced IL I was re- macrophages (36). and would therefore presumably be a
sponsible for the second febrile response. form of IFN-a. although this has not been confirmed with

Clearly. less is understood about the cellular mecha- the use of antibodies specific for IFN-a (37). Thus. differ-
nisms that underlie some of the other manifestations ences between in vivo and in vitro cytokine-induced iFN
that follow LPS administration, and especially those that production may be related to differences in -target cells.'
result in hematopoletic changes. For instance. LPS in- The induction of CS? activity by LPS (15. 38) may well
duces an influx of neutrophils into the blood and perito- be the direct effect of LPS on certain cell types (e.g..
neal cavity (16. 32). as well as an Increase In macrophage macrophage. or endothelial cells). In a very recent report.
progenitor cells in the bone marrow. 3 days after Injection Munker et al. (39) demonstrated that TNF can act directly
(23). Because previous work by Kampschmidl, Upchurch. in vitro to induce production of GM-CSF in normal lung
and Pullam (16. 17) showed that partially purified prep- fibroblasts and vascular endothelial cells, as well as in
arations of Ieukocyte endogenous mediator* (which con- certain malignant cell types. However, the data presented
tained IL I and probably TNF Induced CS? activity in herein suggest several alternative pathways by which
vivo within 6 hr. we sought to confirm and extend these CSF production might be stimulated indirectly following
findings by using recombinant preparations of IL I a and LPS administration (i.e.. LPS -. IL I - CSF: LPS - TNF

TNF.v. The results presented herein demonstrate that I.p. -* CSF: LPS -. TNF -. IL .1 -.. CSF). Future experiments
injection of murine and human riL Ia preparations in- in which IL I-specific antagonists (such as monoclonal
duced in mice CS r activity that peaked by 3 hr post- or polyclonal anti-murtne IL I antibodlesl are adminis-
administration. On the basis of activity In the thymocyte tered in vivo in combination with LPS or rTNFa should
proliferation assay. the murine and human rIL Ia prep- enable a delineation of these pathways and their actual
arations Induced CSF over the same concentration range dependancy on IL I as an intermediate in this inflam-
and were both as active In endotoxin-hyporesponslve matory cascade.
C3H/HeJ mice as in normally endotoxln-responsive'
strains. Recombinant TNFa also induced CS? activity
when administered i.p.. but on a concentration basis. Acknowledgments. We thank Drs. J. J. Oppenheim

was considerably less efficacious than rL Ia. and the and M. J. Fultz for their critical review of this manuscript
response was less sustained over time than that induced and Ms. Mary Mills for secretarial help in its preparation.

bv riL I a. However. these dose differences may be related
to the route of administration chosen for use In these REFERENCES
studies. For both human rlLI a and rTNFa. low levels of i Novotny. A. 1969 Molecular aspects o( endotoxic reactions Bac.
serum CSF activiy were detectable as early as I hr ,eriol. Rev. 33:72.



2148 elIL I& AND rTNFa INDUCE CSF in vivrob

2. VagL M. ad5.. Maaialal. 19412. Celkiarbhslof endk. 20. liltamr. I .. and J.J. Oppenheim. 1977 Bidirectionaliamplifica-
toxin susceptiblity: hii Host-Parasite fntfra4Ctions in Peffloftal tion of macrophage lymphocyte interactions: enhanced lvniphoevu.
Disease. R. J. Ckenco and S. E. Mle. V hagn. eda. Am. Smc. Micro- activation factor by activated adherent mouse peritoneal cells. J
biolop. Washington. DC. P. 160. rams .frMusQ I M77.

3. Dime. S. adi A. C. Carail. 1966. Cachectin a Q4W h 1tIIV~CSS 2. -Nclali YX .. IL W. Uletm . 0. Nf. Baulow. 3L A. Finley. andf A. Y.
factor as two sides of the sme biological coin. Ndal*4384.G ~ , 1967. Pietical. physical. and biologcal properties of a lipo.

4. Kainpsehmldt IL F. 1964. The numerous postula(aeblMl~gical man-' polysaccharidle dmed frain Escherichia coil K235. Biochemistry
ifestations of Interleukin- I. - . Leukac yre BWo. 36:34 1. 6:2363.

S. OppeabsLm J. J.. 3. .1. Xosses IL Matsushima. and &.1 ~I n..o 22. Madonna. 0.3.L. andl S. K. Vog*L 1945. Early endotoxin tolerance is
1966 There is more than one Interleukin- I .ImWunolM -Today associated with alterationds In bone marrow-derived macrophage pre-
7.45. cursor pools. J. Ir,,,unol. 135:3763.

6. MOMa 3.. &Douaches sami J. J. Oppenhielm. 1966. interleukin I toa 23. VogaL LN. M.. nL osh. and A. .O0elen. 1962. Silica enhance-
radioproector. J. Immuotl. 136:2483. merit of murine endotoxin sensitivity. infect. Inmmw. 38.68 1.I

7. 1114ltie. B.. L W. Mselrt and A. C. Csaamll 198S. Passive Immu- 24. PseAn ML 1963. Effect of LPS on non-specific resistance to bacteril
nirstion agist rachactin/tumor necrosia factor protects mice fromn .Infections In Beneficial Effects of Endotor ins. A. Nowotny. ed.
lethai effects of endotoxin. Science 229.8M. Plenum Press. New York. P. 174.

S. Moore. Lt N.. K. J. Ooojm sand L. J. awry. 1976. mediation of 2S. 111401ag1. U. Nf. 1963. The radloprotective effect of bacterial end.
an endotoxic effect by trAcrophagese. J. Roticulaedoltl Soc. toxin, In Beneficial Effercts of Pudotaxin. A. Nowotny, aed. Plenuim
)9-187P. Press. New York. P. 127.

9. youaner. J. IL. sad W. A. Stiasbreag 1965. titerfew appeamnce 26. Grsimam. S .L1983. lnndwction of andotoxin tolerance. In Beneficial
stimulated by endooxin. bacteria, or vinise In mice p limited with Effects 0' Endoatis. A Nowouiv. ad. Plenum Ptee New York. P.

Eschericlila coilt ewilooxin or infectedl with Mycobictefrln tubr. 149.
culoeis. Nature 20843. 27. Jebanon. A. 0. 1963. Adjuvant action of bacterial endotoxins onI

10. CAirsweil. L A.. L. J. Od. 3L L Kmaa S. Oneon. N. 71lai sad W antibody formatioan-s historical perspective. In Beneficial Effects
Willbasm. 1975. An endatoxin-induced serum factor that causes ofEndlotoains. A. Nowotny. ed. Plenum Press. New York. P. 249.
necrosis of tumors, Proc. Matt. Acad. ScL USA 72:3666. 26. Ains, 3. 1960. Pathogenesis of fever. 11iajstol. R~v. 40: 380.

if. Used~er. 5.. LW. MharL mad A. C. Caranki. 1065. Cachecti/tumor 29. McCailca. 3L 3L. and L J. Basry. 1973. Effects of endotoxin on
necrosis factor: production. dtrIulift. and metabo11lfate In VWe. ghacoelenesis. Slycogen synthesis. and liver glycojn aynthase in
J. Imtmuraul. 135.3972. mice. Infect. Immun. 76042.

12. sips. J. D_. X5 . VoaL J. L Ryma L P. W. J. MoAdm. and D. L. 30. Iharo 3L C_. and K. .1 IL arpar. 1972. Relationship between
Poemotrech. 1979, Detection of a meiaodeIved from edotoin- endooin-Induced abortion and the synthesis of prostaillandin Irs..I
stimlated mscrophoges that In-drces the acute phase SAA resonse Prvietaelenln. 1:1It1.
in micet. J. Eap. Med. IS50:597. 31. Dnaefte C. A. Interleukin 1. 1964. Revs. Infect. Dts. &S5I

13. Diareilo. C. A.. J. 0. Cannon. 5. N Wolff. M. A. Dinshalm L. 32. 1111ase, .&N. 1969. Glenetic favlors in leukocyte responses to end..-
Dearfw. A. CeraM. 1 . ifirl. M. A. P&LIA&D. and J.'V. 0'Connor. toxin: further studies in mice. J. Immunot. 103:32.
1966. Tumor nectrosis factor (cachectinil is an exidooetfous pyrogpen 33. Malmr. P. 0.. &MdA. W. Utairgaim. 1960. Serum of lipopolvsscchande.

and induces production of interieukin 1. J. Exp. Med. 163- 1433. treated mice contains two types of coiony-stimulating ifactor. sepa-
14. svhwlch. P. IL. S& W. Cemaue. J. W. Larrick. and IL L. Kunke. rable by aff inity chromatography. J. Cell. Ph ysbal. 102: L

1966. Tumor nevross factor stimulates Interleukin- I and prosts- 34 Van Osme. J.. IL o Lay. 0. Opdeftakler. A. MWaid. and P.
jiaiindin. E, production in resting maicrophagest. Bioclem. Biopltys. OsllemS. 1965. Homogeneous lnterfaron-induclng 22K factor is
Res. Common. 136:94. related to andlogenous pyrogen and Intarleukin. I. Nature 314:266.

i1S Metcalf. 0. 1971 Acute antigen-induced elevation of serum colony 35. Koblis. AL. D. Hrlumtsn-Ostefno. L. T. May. J1. Vticek. and P.
stimulating factt.. ICSFI levels. Immunology 21:927. 9. SdWLL 1966. Induction of all.interferon by tumor necrosis factor:

I e impschmldt, IL F.. LA. Pullam ad IL F. Upebs. 1960. The a homeoistic mechanism in the control of cell proliferation. Cell
act ivitv of psrtialiy puuif lad leukocytic endrigenous mediator in end.. 45:652.
toxin reslistant C31i/leJ mice. J. Lab. Clin. Moed. 9&161. 36. If. N. 1960. Cellular sources of endotoxcin-induced Interferon%, in

17. Rainpchmaidt. 3L P.. and IL F. Upchurch. 1977 The activity of Microblologyl 1980. 0. Selilessilger. ad. American Society for micro-
partially purified leukocytic andoglenous mediator in eholdetoxin-re- blolop. Washington. DC. P. 126.

sistant C3H'IteJ mice. Proc. Soc. Exp. Bslt Med. 133:99. 37. laveil. 3L A.. and 0. L Spitabny. 1963. Endotoxi n-induced inter-
18 Lommdico. P. T.. U. Gubber. C. P. Nsilmna. N. Dithoslb. J. 0. Girl. feron synthesis in macrophage cultures. J. Rtliculoendothl. Soc.I

*Y,.-C S. Pan. K. Collier. M. Smlonow, A. 0. Chums. sad5.5 Mlissi 33:300.
1964 Cloning and expression of munne Interleukin. I cDf4A in Each. 36. AVMe 3. N.. C. Osisses adi D. H. Pislank. 1976 Lipid A. the active
eritchia coilt Mature 312 450. part of bacterial endotoxin in inducing serum colony ~stimulating

M9 March. C. J.. 3. Mod"e. A. Larse. D. P. Cat"ttl. 0. 111eedS. V. activity and proliferation of splenic gninuiocyte-macrophage progen.
Price. S. 011111. C. &. Mlmmy. &. 11. Iroai. K.' Orsbstasa. P. J. itor cells. J. CelL. PPhysWo. 87,7 1.
Conion. T. P. Hopp. andl D. Comema. I96M. Cloning, sequence and 39. Mumber. 3.. J. Gaas... A. Ogawa. and M. P. Kefer. 19"6 Recoin-
expression of two distinct human Interleukin-I complementary binant human TMF induces production of granuiocvte-monocyte

DNA&. Nature 315:691. calm y-itimulating factor. Nature 323:79.j


