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Host  defense against infections and inf lammations:  Role of  the multifunctional IL-6/IFN-/~2 cytokine  

M. Revel 

Department of Virology, Weizmann Institute of Science, Rehovot 76 100 (Israel) 

Summary. IL-6/IFN-fi2 appears to be one of the important mediators of the response to viral and bacterial infections 
and to shock. The biological effects now associated with IL-6/IFN-fl2 include: stimulation of immunoglobulin 
secretion by mature B lymphocytes (BSF-2 activity), growth stimulation of plasmacytomas and hybridomas (HGF 
activity), activation of T cells, stimulation of hepatic acute phase protein synthesis (HSF activity), stimulation of 
hematopoiesis, cell differentiation (DIF activity), inhibition of tumor cell growth (AP activity) and other IFN-like 
effects. As a typical cytokine, IL-6/IFN-fl2 is secreted by many cell types and acts in various combinations with other 
interleukins and interferons. 
Key words. Interferon-t2; interleukin-6; B-lymphocytes; T-lymphocytes; acute phase response; hematopoeisis; differ- 
entiation; growth inhibition. 

The IL-6/IFN-fl2 cytokine." an important mediator of host 
defense 

Since their discovery in virus-infected egg allantoic mem- 
branes by Isaac and Lindenman, a major motivation for 
the study of interferons (IFNs) has been their involve- 
ment in the defense of the organism against the infectious 
process. IFNs are typical cytokines, i.e. cell-secreted 
proteins carrying messages between cells, such as a warn- 
ing message against the spread of infection. The type I 
IFN c~ and /~ genes do indeed appear to be principally 
activated by exposure of cells to viruses and virus-derived 

inducers such as double-stranded (ds) R N A  1, 2. The mul- 
tiple c~ IFN genes are mainly active in lymphoid and 
myeloid leukocYtes, whereas fibroblastic, epithelial and 
other cells in solid tissues express essentially the IFN-fl 
gene. It was of  considerable interest when another cy- 
tokine was discovered, which is similarly induced in fi- 
broblasts by viruses and dsRNA. This cytokine, original- 
ly named IFN-fl2 3, 4, but now classified as interleukin-6 
(IL-6), appears to be one of  the major mediators of  the 
reaction to viral and bacterial infections, inflammation 
and shock 5, 6. Although the full extent of  its activities on 
various cells is still not completely settled, the major 
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Figure 1. Multiple functions of IL-6/IFN-#2: by local and remote ef- 
fects, the cytokine mediates the response to infections and inflammation. 

biological effects now associated with IL-6/IFNL~2 are: 
stimulation of immuoglobulin secretion by mature B 
lymphocytes (BSF-2 activity), growth stimulation of 
plasmacytomas and hybridomas (HGF activity), activa- 
tion of T-cells, stimulation of hepatic acute phase protein 
synthesis (HSF activity), stimulation of hematopoiesis, 
cell differentiation (DIF activity), inhibition of tumor cell 
growth (AP activity), and IFN-like effects (fig. 1). These 
activities will be detailed below. 

Induction of IL-6/IFN-fl2 production by various cells 

IFN-/~2/IL-6 is encoded by polymorphic gene alleles 
located in the human chromosome 7 p21 region 6, 7. As 
the IFN-7 gene on chromosome 12, it is separate from 
the type I IFN-~,/~ gene cluster on chromosome 9 2. 
The IFN-/~2/IL-6 gene is activated by viruses or ds 
RNA 3, 4,10 -12 but also by bacteria and bacterial lipo- 
polysaccharides (LPS, endotoxin). LPS strongly induces 
IFN-/72/IL-6 expression in cultures of fibroblasts and 
monocytes 13. Muramyl dipeptides induce the gene 14. 
Moreover, in vivo administration of LPS to volunteers 
results in high serum levels of IL-6/IFN-/~213, which are 
found also in patients with acute bacterial infec- 
tions 16-~8. The gene is activated by the inflammatory 
cytokines IL-1 and TNF in a variety of cells lo, 11, 19-21 
Cancer patients treated by TNF, or IL-2 show an increase 
in circulating IL-6 22. Anti-inflammatory steroids, such 
as dexamethasone, inhibit IL-6 induction 13'23. Cell 
growth stimulants activate the synthesis of IL-6/IFN-fl2; 
induction in fibroblasts was seen in response to PDGF, 
and to activators of protein kinase C, like diacylglyc- 
erol, phorbol esters (PMA), calcium ionophore and 
cAMP 11, ! 9. GM-CSF induces IL-6/IFN-/~2 expression 
in monocytes (A. Mantovani, pers. commun.) and in 
bone marrow cells (M. Stephen and M. Revel, unpub- 
lished). IL-6/IFN-/72 can be induced merely by inhibiting 
protein Synthesis by cycloheximide 3, 24 Suggesting that 
the cytokine serves as a common alarm signal for many 

types of cell stress. There is an autoinduction of the gene 
by IL-6/IFN-/32 which in fibroblasts is strongly potenti- 
ated by IFN-?, and could serve to amplify the signal zS. 
IL-6/IFN-#2 is produced by many cell types, although 
these may respond differently to various inducers (LPS, 
viruses, IL-I, TNF, IFNs, PMA). Fibroblasts, epidermal 
keratinocytes and other epithelial cells produce it in re- 
sponse to most inducers. Monocytes are an important 
source of IL-6/IFN-#2 26, 27; they respond well to LPS 
and PMA but appear to lack response to IL-1/L Produc- 
tion was shown in T-cells and autoimmune cardiac myx- 
oma cells 28, and it is also made by endothelial cells 29. 

Synovial cells produce IL-6, which is found to be elevated 
in rheumatoid arthritis 3o. Production by keratinocytes is 
increased in psoriasis and by liver cells in sarcoidosis 
(P. B. Sehgal and M. Tovey, pers. commun.). Skin burns 
induce high levels of circulating IL-6/IFN-/~2, which cor- 
relate with the acute phase response 31. Interestingly, se- 
rum levels of IL-6/IFN-/72 are elevated in tumor-bearing 
mice (D. M. Jablons, pets. commun.). Thus, viral and 
bacterial infections, inflammatory processes and malig- 
nant tumor growth all induce IL-6/IFN-/~2 production in 
vivo. 

Various molecular forms of IL-6/IFN-~2 

The primary translation product of IL-6/IFN-/~2 is a 
chain of 212 amino acids 1~ with a hydrophobic 
leader which in the cell-secreted product is processed 
with some microheterogeneity at ALA 28, PRO 29 or 
VAL 3~ Recombinant IFN-/~2/IL-6 produced in 
E. coli and purified for example by immunoaffinity on 
monoclonal antibodies and sulfonyl Sepharose, mi- 
grates as a 21 Kda protein 34'35. The cytokine as pro- 
duced by mammalian cells appears, however, to be rather 
heterogenous as a result of heavy post-translational 
modifications. In dsRNA-induced fibroblasts and in 
monocytes, the major products show triplet band at 23/ 
25 Kda and 26/30 Kda in various denaturating gel elec- 
trophoretic systems 26' 36: The 23/25 Kda forms are O- 
glycosylated, and in the presence of monensin the 
product is 21 Kda like the E. coli product. Mild acid 
conditions remove O-linked sialic acid residues; this may 
explain the existence of some fast-migrating (19/21 Kda) 
natural IL-6, as is found in an HTLV-1 transformed T 
cell line 28. The 26/30 Kda species are both O and N-gly- 
cosylated and do not appear when tunicamycin is added. 
These species are retained on Concanavalin A (ConA) 
columns and their formation is increased if cyclohex- 
imide treatment is used to induce the cells 36. 
Another post-translational modification is serine phos- 
phorylation3V. In fibroblasts induced by LPS or IL-1, 
both 23/25 and 26/30 Kda forms are phosphorylated~ but 
in monocytes induced by LPS only the 23/25 Kda species 
are phosphorylated. Dephosphorylation by alkaline 
phosphatase somewhat increases the electrophoretic mo- 
bility suggesting that the triplet bands may differ in the 
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extent of this modification. Sulfuration probably occurs 
on the carbohydrates. 
In addition to the 19/21 Kda (unglycosylated processed 
forms) and the 23/25 and 26/30 Kda glycophospho- 
proteins, larger isoforms of 45 and 65/70 Kda are ob- 
served which are resistant to SDS gel electrophoresis and 
are readily detected by immunoblotting with various an- 
ti-IL-6/IFN-/~2 antibodies 16, 22, 36, 38. The 45 Kda spe- 
cies is the main form detected in the synovial fluid of 
rheumatoid arthritis patients, and circulating in the 
serum of TNF-or  LPS-injected volunteers 15,22. Some 
45 Kda protein is found in TNF, IL-l-induced fibro- 
blasts and endothelial cells, and is active in inducing 
acute phase protein synthesis in liver cells and in stimu- 
lating growth of hybridomas 15, 22. The 65/70 Kda form 
is found in the serum of patients with bacterial infec- 
tions 16 It is minor in dsRNA-induced fibroblasts but 
abounds in preparations from certain Chinese hamster 
ovary (CHO) cells expressing human IFN-//2/IL-6 
cDNA, and selected for antiviral activity 38 (fig. 2). The 
heavier forms appear to be dissociatable complexes 15, 38, 
and immunoprecipitation releases 23/25 Kda monomers 
(fig. 2). In keratinocytes induced by PMA or IL-I the 45 
and 65 Kda forms appear as membrane-bound phospho- 
proteins (T. Kupper, pers. commun.). In summary, cells 
show a significant flexibility in the processing of the IL-6/ 
IFN-/~2 gene product, which may have some bearing on 

the regulation of the multiple biological activities of the 
cytokine. It is not excluded that the various forms relate 
to genetic heterogeneity 9, 10. 

Do all the IL-6/1FN-fl2 forms have the same biological 
activity ? 

The variability of IL-6/IFN-/32 forms which may be pro- 
duced by human and animal cells can be illustrated in the 
CHO cell clones that we produced by transfection, using 
IL-6/IFN-/32 cDNA fused to a constitutive SV 40 pro- 
moter and coamplification of the transgenome with a 
marker dihydrofolate reductase gene 10. In a first series 
of experiments, we selected CHO clones by their ability 
to secrete antiviral (AV) activity which inhibited vesicular 
stomatitis virus growth in human fibroblasts or induced 
(2'-5') A synthetase in various cells 10. The amounts of 
IL-6/IFN-fl2 protein secreted were low in these clones, 
but immunoblots revealed 38 that the proteins purifying 
with the AV activity are enriched in the 65/70 Kda forms, 
the 45 and 23/25 Kda being also present but the 26/ 
30 Kda form being completely absent (fig. 2). In dsRNA- 
superinduced fibroblasts, the AV activity which accom- 
panies the IFN-/32 proteins also migrates at 70 Kda in 
SDS-gel electrophoresis (A. Zilberstein, unpublished). In 
contrast, other clones of transfected CHO cells, selected 
by immunoblotting for high IL-6/IFN-/~2 secretion, pro- 
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duced the 23/25 and 26/30 Kda forms only and AV activ- 
ity was below detection. Several groups reported that 
IL-6/IFN-fl2 purified by other biological activities have 
no AV effect 28'a3. Possibly only certain modified 
(oligomeric?) forms have AV activity. Nevertheless, AV 
activity and (2'-5') A synthetase induction was reported 
also for E. coli produced rIL-6/IFN-fl2 alone or in syner- 
gy34,36,39. IL-6/IFN-fl2 primes cells to produce IFN- 
fll 4o and AV effects or (2'-5') A synthetase induction 
may result from synergism with low levels of IFN-fl I as 
proposed for TNF 41 and IL-124. 
Heterogeneity in IL-6/IFN-fl2 preparations for other 
typical IL-6 activities has been mentioned. For exam- 
ple, differences in neutralization or binding of natural 
IL-6/IFN-fl2 preparations (e.g. from synovial cells) by 
antibodies to the E. coli product were observed; the in 
vivo pyrogenic activity of natural IL-6/IFN-fl2 was 
found to be 100 times higher than that of the protein 
produced by E. coli (P. B. Sehgal, pers. commun.). 
Hence, the possibility exists that post-translational mod- 
ifications exert a control on the activity of th e protein as 
it is secreted by different cells and in response to different 
inducers: 

Main biological functions of IL-6/IFN-fl2 

Inflammatory processes initiated by bacterial and viral 
infections, or by various forms of physical injuries (me- 
chanical shock, irradiations), involve local responses in 
the affected tissue as well as systemic responses of the 
organism. It is now believed that IL-6/IFN-fl2 plays ma- 
jor roles in both local and systemic processes, with many 
of its activities overlapping in part the functions of the 
other monocytic inflammatory cytokines such as IL-I 
and TNF. In this respect, it may be relevant that mRNAs 
from the TNF, IL-1 and IL-6 genes are readily detected 
in spleens collected from car accident casualties 42. Ef- 
fects of IL-6/IFN-fl2 may be classified by considering 
various specialized cell type targets; lymphocytes, hepa- 
tocytes, hematopoietic stem cells or myeloid percursors. 
Some of these effects may reflect more general modula- 
tion of cell behavior which can be produced in fibroblasts 
and epithelial cells. 

Effects on B-lymphocytes 

IL-6/BSF-2 does not cause growth of normal B- 
lymphocytes, as does IL-4/BCGF 5'2s. However, Ep- 
stein-Barr virus (EBV)-transformed B-lymphocytes can 
respond to IL-6 by an increase in DNA synthesis and 
growth, and the efficiency of B-cell immortalization by 
EBV is enhanced 43, 44. IL-6/BSF-2 stimulates 10-fold the 
secretion of immunoglobulin (IgG) in the lymphoblas- 
toid cell line CESS or of IgM in a subclone of Daudi 
cells 28'36'45'46. The effect is accompanied by a shift 
from membrane-type to secreted-type IgM mRNA which 

involves a differential splicing in the last exon 47. IL-6/ 
IFN-fl2 probably also plays a major role in vivo in termi- 
nal differentiation of normal B-cells 45' 48. In normal B- 
lymphocytes activated by anti-IgM or pokeweed 
mitogen, immunoglobulin secretion (but not growth) is 
dependent on IL-6 45, but full activation of B-cells re- 
quires the combination of both IL-6 and IL-149 
In contrast, IL-6 is a growth-stimulating factor for 
plasmacytoma, myeloma cells and derived hybri- 
domas2O,45,50. This hybridoma growth factor (HGF) 
activity often results only in stimulation of DNA synthe- 
sis. Certain hydridomas are 100 times more sensitive to 
the IL-6/HGF activity than the plasmacytoma cells, and 
may be dependent on IL-6 for survival. Some myelomas 
spontaneously secrete IL-6 which could serve as an au- 
tocrine growth factor promoting the growth of these tu- 
mors 51. 
Since the growth effect of IL-6 is seen in EBV trans- 
formed cells or in tumors, it is possible that IL-6 works 
in synergism with other growth factors secreted by the 
transformed B-cells. In normal B-cells, synergism with 
IL-1 may also be very important for growth stimula- 
tion 49. It should be recalled that IFN-~, fll (and 7) can 
also stimulate growth of normal and malignant B- 
lymphocytes and induce maturation and immunoglobu- 
lin secretion 52, 53 

Effects on T-lymphocytes 

IL-6 participates in the mitogenic activation of T-cells by 
lectins, and presumably by the normal signals originating 
from antigen-presenting cells 54-59. The requirement for 
monocytes in the activation of purified T cells by phyto- 
hemagglutinin (PHA) or by ConA can be in a large part 
replaced by IL-6. By itself IL-lfl is not sufficient, but 
potentiation of the mitogenic stimulus is seen when IL-1 
and IL-6 are added together. Both CD8 + and CD4 + cells 
respond to IL-6 but CD4 + T cells could have a higher 
requirement for IL-1. The effect of IL-6 appears often to 
be independent of IL-2. To reconcile all the observations, 
it is proposed that IL-6 acts on several steps of T-cell 
activation: in an early step which would be IL-2-indepen- 
dent (seen in human and murine T cells), and in a later 
step which is IL-2-dependent (predominantly seen in mu- 
rine T cells) 6~ In ConA stimulated CD4 + cells, IL-6 
markedly increases IL-2 synthesis and the response to 
IL-2 through its specific receptors 55. When anti-CD 28 is 
used as stimulus for T cell mitogenesis, IL-6 is needed for 
the response to IL-2 57. Some effect of IL-6 can be seen 
also after stimulation with anti-CD3 61. 
Generation of cytotoxic T-lymphocytes (CTL) is stimu- 
lated by IL-6 62, 63. The effect is marked in conjunction 
with IL-2 and IFN-7, IL-2 and an antigenic stimulus or 
with IL-I. Like type I IFNs, IL-6/IFN-fl2 enhances nat- 
ural killer cell activity 64 Thus, IL-6/IFN-fl2 plays a ma- 
jor role in activation of various T-lymphocyte functions, 
often in synergism with IL-1. 
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Effects on hepatocytes: induction of acute phase proteins 

The typical response of the organism to acute infections 
and tissue injury includes fever, leukocytosis and in- 
creased secretion by the liver of several plasma proteins, 
mainly of the s-globulin group, grouped as acute phase 
proteins (APP) 65. Among the APP are protease in- 
hibitors, blood-clotting proteins, activators of the com- 
plement system, and protein carriers for circulating 
cytokines. Conditioned medium from LPS-activated 
monocytes mimicks APP induction in cultured hepato- 
cytes such as human Hep3B and HepG2 hepatomas or 
rat hepatocytes, and this APP-inducing activity has been 
called hepatocyte stimulating factor (HSF) 66'67. HSF 
activates the expression of the APP genes and the secre- 
tion of these proteins, while conversely decreasing albu- 
min synthesis. IL-6/IFN-/?2 can account for nearly all the 
monocyte-derived HSF activity (table 1)6s-71, especial- 
ly when glucocorticoids are added to the hepatocyte 
cultures. Whereas it decreases IL-6/IFN-/~2 synthesis by 
monocytes and other cells 13, z3, dexamethasone increas- 
es the induction of several APP (e.g. CRP and SAA) by 
IL-6 in vitro. Although hepatocytes can produce IL-6/ 
IFN-/~2, this is not LPS-induced and addition of LPS to 
hepatocyte cultures does not induce the APP. The in vivo 
effect of LPS is probably mediated by IL-6/IFN-//2 in- 
duction in monocytes and other cells. In vivo injection of 
IL-6 in rats induces the APP 72. The extent of individual 
APP induction may vary between species and liver cell 
cultures used. The other inflammatory monokines, IL-1 
as well as TNF, can induce some, but not all, of the APP 
set (table 1). Full induction of some APP (e.g. CRP and 
SAA) may require IL-1 and IL-6 together 73 but IL-I also 
antagonizes the effects of IL-6 on some APP (table 1). 
IFN-7 also induces some APP, for instance e2- 
macroglobulin in HepG2 cells 65, and complement 
proteins in many cell types 7,~ 

Table 1. Acute phase plasma proteins synthesis in liver cells 

Inducer 
IL-6/IFN-~2 or IL-1, TNF IL-6/IFN-32 only 

~l-acid glycoprotein .(AGP) 
Complement C3 
Complement factor B 
Serum amyloid A protein (SAA) 
Serum amyloid P protein (SAP) 
Haptoglobin (HPT) (rat) 

IL-1 + IL-6/IFN-//2 synergism 

Fibrinogen (FBG) 
c~2 macroglobulin (~2M) 
cO protease inhibilor (cOPI) 
cO antichymotrypsin (cdACH) 
el antitrypsin (alAT) 
Cysteine protease inhibitor (CPI) 
Ceruloplasmin (CER) 
Hemopexin (HPX) 
C1 esterase inhibitor 
C-reactive protein (CRP)* 

IL-1 inhibits IL-6/IFN-/~2 effect 

C-reactive protein 
Serum amyloid A protein 
el acid glycoprotein 
Haptoglobin 
Complement C3 

Fibrinogen 
Cysteine protease inhibitor 

CRP, SAA, SAP, factor B are APP in man. CPI and e2M are APP in rat. 
* in some human hepatoma as NPLC/PRF-5 73. Data from references 
68-71. 
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Table 2. DNA enhancer sequences responding to IL-6/IFN-32 

Human bemopexin gene 
Human haptoglobin, element A 
Human haptoglobin, element B 
Human CRP gene 
Rat c~2 macroglobulin gene 
Consensus 

Human complement factor B gene 

TGCAGTGATGTAATCAG 
AAGTGTGAAGCAAGA 
TCCATTTCGTAATT 
AGCAATGTTGGAAAATT 
ATCCTTCTGGGAATTCT 
C..~t.G.AAt 

AGGAAACAGAAACT 

for details see text. 

The APP genes in hepatocytes are activated by IL-6/ 
IFN-/~2 at the transcription level75. The upstream re- 
gions of APP genes contain DNA elements which re- 
spond to IL-1 and others which serve as binding sites for 
the glucocorticoid receptor proteins. Specific short DNA 
elements upstream of the human HPT, HPX and CRP 
genes as well as of the rat c~2M gene were identified as 
responsible for conferring IL-6-dependent transcription- 
al activity to heterologous promoters and genes. Al- 
though sequence homology is limited (table 2) these 
DNA elements have functional homology. Treatment of 
cells by IL-6/IFN-fl2 triggers the binding to these se- 
quences of specific proteins which may function as trans- 
acting transcriptional factors (V. Poli, and R. Cortese, 
pers. commun.). 

Induction of complement in fibroblasts 

IL-6/IFN-p2 induces in human diploid fibroblasts the 
synthesis of complement Factor B and C3, which are the 
principal components of the alternative pathway of com- 
plement activation zs, 3~. The action of IL-6/IFN-/~2 dif- 
fers from that of IFN-7 which induces synthesis of C2, H 
or C1 components. However, IFN-7 strongly enhances 
the effect of IL-6/IFN-/~2 on the synthesis of Factor B 
and C3 mRNA and proteins in fibroblasts. The upstream 
region of the human complement Factor B gene has a 
DNA element very similar to the interferon c~, /? and 7 
inducible-enhancer 76 but its role in the response to IL-6/ 
IFN-/32 is not known (table 2). 
LPS-dependent activation of the alternative pathway of 
complement and increased synthesis of Factor B and 
C3 77 may be in a large part mediated by IL-6/IFN-//2, 
itself induced by LPS in fibroblasts. Human fetal fibro- 
blasts do not respond to LPS and no IL-6 is produced in 
these cells, but exogenously added IL-6 induces Factor B 
and C3 in fetal fibroblasts 25, 38 The effect of LPS on 
adult or neonatal fibroblasts is stimulated by addition of 
IFN-y, as is the effect of IL-6/IFN-32 on these cells; there 
is increased synthesis of Factor B and C3 mRNA and 
proteins, which correlates with an increase in the extent 
of IL-6/IFN-/~2 induction 25'77. This activity of IL-6/ 
IFN-/~2 on fibroblasts may participate in the local reac- 
tion against infection at the site of tissue injury. 

Effects on hematopoietic cells 

IL-6/IFN-//2 promotes several steps in the development 
of hematopoietic colony forming cells. An increase by 
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IL-6 of blast cell colonies, which may represent the tran- 
sition of resting stem cells to colony progenitor cells at an 
early stage of differentiation, was documented in murine 
and human systems 7s, 79. IL-3 produces a strong stimu- 
lation of blast cell colony formation, but the combination 
of IL-3 and IL-6 reduces the time required for these 
colonies to grow. IL-t (hemopoietin) is less effective. The 
blast colonies, when picked out and replated with CSF, 
differentiate into typical hematopoietic colonies. When 
these blast colonies are replated with IL-6, mainly GM 
colonies are formed (suggesting a direct differentiation 
effect) but IL-6 clearly has some effect on all lineages so. 
We first reported that IL-6/IFN-fi2 stimulates hemato- 
poeitic progenitors of all lineages in blood cell cultures 
from Hairy Cell Leukemia patients s l. Further studies 
showed that in normal human bone marrow cells (deplet- 
ed of monocytes and T cells and treated by 4-hydroper- 
oxy cyclophosphamide {4HC} to eliminate committed 
colony-forming progenitors), IL-6/IFN-fl2 increases 3 -  
4-fold the ability of IL-3 to promote formation of 
colonies with mixed (CFU-GEMM), erythroid (CFU-E) 
and granulocytic monocytic (CFU-GM) pheno- 
types 3s'39. In 4HC-treated bone marrow cells, IL-6/ 
IFN-fi2 added by itself at day 0 of plating in methylcellu- 
lose is not sufficient to support colony formation, which 
indicates that this cytokine does not function as a 
growth-promoting CSE However, an effect of IL-6 by 
itself is observed in an assay which measures the forma- 
tion of committed progenitors: the 4HC-treated bone 
marrow cells are first kept for one week in liquid cultures 
and the number of progenitors is then evaluated by plat- 
ing in methyl cellulose with a full complement of CSF 
(provided as conditioned medium). Addition of IL-6/ 
IFN-fi2 during the first liquid culture step increases the 
number of colonies of the mixed, erythroid and granulo- 
cytic monocytic lineages, to about half of the level seen 
with IL-3 38. In this first step, the synergism of IL-3 and 
IL-6 is not seen and IL-6 appears to be more active than 
IL-1. 
IL-6/IFN-fl2 may, therefore, have several effects on he- 
matopoietic cells: 1) an effect on the early stages of devel- 
opment of stem cells into colony progenitors and 2) an 
effect on myelomonocytic differentiation (see below). 
The effects observed in vitro may vary with the experi- 
mental conditions: if all committed cells are removed by 
4HC, only the first of the two above actions is observed 
and colony formation requires IL-3 or GM-CSF. With 
IL-3, IL-6/IFN-fl2 potentiates the growth ofmultilineage 
colonies and with GM-CSF the growth of GM colonies 
only 82. Without 4HC treatment, some GM colonies may 
be formed with IL-6 alone. The mechanisms by which 
IL-6/IFN-fl2 affects hematopoietic cell development 
Could involve a direct effect on differentiation commit- 
ment of stem cells; for example IL-6 could induce recep- 
tors for IL-3 and GM-CSF, as was shown on leukemic 
cells for MGI-2 s3, which has now been identified as 
routine/L-6 34. However, some indirect effects like stim- 

ulation of CSF production are not excluded. In any 
event, the increase in hematopoiesis by IL-6/IFNfl2 can 
be viewed as part of the response to infection/inflamma- 
tion, contributing to the leukocytosis observed. 

Differentiation effects on myeloleukemic cells 

IL-6/IFN-fl2 is a potent inducer of monocytic differenti- 
ation in the myeloleukemic cell line M1 34, 84. The M1 
cells undergo complete growth arrest within 24 h follow- 
ing IL-6 addition. Cytoplasmic enlargement is observed 
at day 1 and morphological differentiation is complete in 
3 days. The cells acquire lysozyme, phagocytic activity 
and monocytic surface antigens 38, 84. A characteristic of 
differentiation in various leukemic cells is the increase in 
the IFN-induced enzyme (2 '-  5') A synthetase, which can 
be blocked by addition of antibodies to type I IFNs, most 
often anti-IFN-fi sS, indicating an autocrine IFN which 
seems to be involved in the growth-arrest and the down- 
regulation of c-myc expression occurring 12-24 h after 
induction of differentiation s6. This typical increase in 
(2'-  5') A synthetase is observed in M1 cells from 24 to 48 
h after IL-6/IFN-fl2 addition 3s. If an endogenous mu- 
fine IFN is involved, its action must be potentiated by 
the human IL-6/IFN-fl2, since one does not detect the 
amounts of murine IFN that would be required to reach 
the high levels of (2'-5') A synthetase induced in the MI 
cells differentiating in response to IL-6/IFN-fl2. Mouse 
IFN-fl does not by itself cause differentiation of M1 cells 
but stimulates it in the presence of IL-1 or TNF 87. Thus, 
IL-6/IFN-fi2 acts on the one hand as a differentiation 
factor and on the other as a co-factor or inducer of 
autocrine IFN activity. 
IL-6/IFN-fl2 appears itself to be an autocrine mediator 
in the processes of differentiation and growth arrest. In 
human cells, IL-6/IFN-fi2 is inducible by most agents 
triggering leukemic cell differentiation, such as LPS, 
PMA, TNF and IL-I or GM- CSF (see above). As re- 
viewed by Sachs as, the differentiation factor MGI-2/IL- 
6 is induced by IL-3 and the other CSF in normal hema- 
topoietic cells, and chemical treatments or culture 
conditions that induce differentiation of myeloleukemic 
cells often cause production of MGI-2/IL-6 by these 
cells. 
Some myeloid leukemia cell lines appear to be resistant 
to the differentiation effect of IL-6/IFN-f l2/MGI-2 as 
and can even show growth stimulation s9. Some cell lines 
require a combination of IL-6/IFN-fl2 with other cytoki- 
nes to differentiate. For example, IL-6/IFN-fl2 and 
IFN-7 synergize to induce differentiation, growth-arrest 
and (2'-5') A synthetase in U937 cells 34' 38. Synergism 
with IL-I has been reported for differentiation of U937 
and THP-1 cells 9~ Screening of patients with acute 
myelogenous leukemia (AML) showed that in a majority 
of cases, their peripheral blood leukemic cells respond to 
incubation with IL-6/!FN-fl2 by a decreas~ in b!ast cell 
number and an increase in myelomonocytic forms 38. 
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Ef fec t  on epithelial tumor cells 

G r o w t h  of  h u m a n  breast  c a r c i n o m a  cell colonies  is inhib- 
i ted by pure  h u m a n  r e c o m b i n a n t  IL-6 / IFN- /?2  38, 46. The  

c lonogenic  potent ia l  o f  the ducta l  c a r c i n o m a  cell line 

T 4 7 D  is s t rongly reduced by IL-6 / IFN- /?2  and  the rem- 

nan t  colonies  show only  a few sparse cells, wi th  increased 
spreading and loss o f  epithelial  m o r p h o l o g y  3s. G r o w t h  

o f  the T 4 7 D  cell colonies  is less sensitive to IFN- /? I  than  
to IL-6 / IFN- /?2  85. The  c lonogenic  act ivi ty o f  adenocar -  

c i n o m a  M C F - 7  cells is s imilarly inhibi ted by I L - 6 / I F N -  
/?2 but  these cells are also sensitive to I F N - / q l  46. Ad-  

d i t ion  o f  the ant i -es t rogen t amoxi fen  to IL-6 / IFN-/~2  

comple te ly  abol ishes  co lony  growth  in these cell lines 85. 

IL-6 / IFN- /?2  reduces thymidine  i nco rpo ra t i on  in semi- 

conf luen t  T 4 7 D  cell cultures,  an effect which is counte r -  
ac ted  by the same m o n o c l o n a l  an t ibodies  to IL -6 / IFN- f l2  

as those which neutral ize  the M I  cell g rowth  arrest  and 

the  g rowth  s t imula t ion  o f  p l a s m a c y t o m a  38. The  rat  

p h e o c y t o c h r o m a  cell line PC-12 was repor ted  to respond  

to IL-6  by m o r p h o l o g i c a l  changes  similar  to neurona l  
d i f ferent ia t ion  91. Cells became  elongated,  wi th  ex tended  

cy top lasmic  project ions .  P i tu i tary  cells respond to IL-6 

by A C T H  release 92. These  g rowth  regu la to ry  and differ- 

en t ia t ion  effects o f  IL-6/IFN-/~2,  combined  with  the 

s t imula t ion  o f  T cells as well as o f  an t ibody  and comple-  

m e n t  p roduc t ion ,  suggest that  IL-6/ IFN-/~2 m a y  have  

a n t i t u m o r  appl icat ions .  

Molecular  mechanisms o f  action 

IL-6/ IFN-/~2 appears  to be a truly mul t i func t iona l  cy- 

tok ine  which affects a var ie ty  o f  cell types and cont ro ls  
their  growth ,  gene express ion and di f ferent ia t ion  (fig. 1). 

It  is still deba tab le  whe ther  all these effects are media ted  

by the same molecu la r  mechanisms.  Recent ly ,  an IL-6 
receptor  pro te in  has been identif ied on the surface o f  

m y e l o m a  and  lymphob la s to id  cells, mye lo leukemic  cells, 
va r ious  t u m o r  cells, and amnio t i c  cells 93'94. A c D N A  

encod ing  an 80 K d a  pro te in  was c loned f rom U266  and 

shown to confer  high aff ini ty b inding of  IL-6 to t rans-  
fected cells 95. The  b inding  pro te in  belongs to the im- 

m u n o g l o b u l i n  superfamily.  The  aff ini ty o f  h u m a n  IL-6  

for  the h u m a n  receptor  is m u c h  higher  than  for  the mu-  

rine receptor ,  a l t hough  h u m a n  IL-6 is act ive on mouse  

cells. In  add i t ion  to the b inding  protein ,  b iological  act iv-  
ity such as M1 di f ferent ia t ion  appears  to require  ano the r  

m e m b r a n e  pro te in  o f  130 K d a  which can  be cross- l inked 
wi th  the 80 K d a  b inding  prote ins  when  rad io labe led  IL-6 

is a l lowed to in teract  wi th  cells at physiological  t empera -  

tures (T. H i r ano ,  pets.  commun. ) .  
It  is l ikely that  this receptor  complex  is involved  in m a n y  

biological  effects o f  IL-6,  bu t  o ther  pa thways  are  no t  

excluded.  It  is also likely that  the ma jo r  func t ions  o f  

IL-6/ IFN-/~2 result  f rom the up or  d o w n  r egu l a t i on  o f  

specific genes, as shown a l ready  for  the induc t ion  o f  
acute  phase pro te ins  in l iver cells. However ,  in view o f  the 
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var ied  cell targets and the complex i ty  o f  the molecu la r  

forms of  IL-6  secreted by cells or  f ound  in biological  

fluids, it will take some t ime unti l  researchers  can p ro-  

duce a general  mode l  for  IL-6  ac t ion  and  an unders tand-  

ing o f  h o w  the different  activities are in tegra ted  in a 
mean ingfu l  circuit  which  fits in to  the overal l  cy tokine  

ne twork .  
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