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Abstract. Investigators have traditionally thought of the class of inflammation- and 
injury-associated cytokines in large part as “free” entities in the peripheral circula- 
tion. In the case of interleukin-6 (IL-6), the cytokine can be found in blood in com- 
plexes of molecular mass 400-500, 150-200, and 2535  kDa in association with bind- 
ing proteins that can include soluble IL-6 receptor (sIL-~R), anti-IL-6, and anti-slL-6R 
IgG, and others. Sustained high levels of different particular IL-6 complexes are ob- 
sewed in the human circulation in cancer patients subjected to particular active an- 
ticancer immunotherapy regimens. In the “chaperoned” state, circulating IL-6 com- 
plexes display differential immunoreactivity in different ELlSAs and possess differ- 
ential biological activity as assayed ex vivo. The discovery of “chaperoned” 
circulating IL-6 in humans points to a new level of modulation of cytokine function, 
that of regulated bioavailability of IL-6 in vivo. [P.S.E.B.M. 1996, Vol 2131 

n the last decade, there has been impressive prog- 
ress in the isolation and characterization of numer- I ous cytokines that affect cellular functions in well- 

defined ways. A great deal of effort has gone into the 
molecular cloning of cytokine genes, investigating the 
regulation of cytokine gene expression, and character- 
izing the various cytokine gene products. At the same 
time, a great deal of effort has gone into investigating 
how these cytokines elicit their biological effects at the 
cellular level-great progress has been made in terms 
of identifying cell-surface receptors for cytokines, de- 
lineating the biochemical mechanisms involved in cy- 
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tokine-receptor-triggered signal transduction and in 
elucidating the consequent molecular events involved 
at the transcriptional and post-transcriptional levels 
that lead to the cytokine-regulated expression of ap- 
propriate cellular genes. Nevertheless, there remains a 
critical gap between investigations of cytokine genes 
and their expression on the one hand, and investiga- 
tions of the response of target cells and tissues to cy- 
tokines on the other: How do cytokines get from 
where they are induced to where they act in vivo? In 
many instances, the primary characteristic of cytokine 
action is local or “paracrine” and therefore this ques- 
tion is not that pressing. However, in the case of a 
cytokine such as interleukin-6 (IL-6), whose primary 
function is “long-distance” communication between 
local sites of infection or other “injury” and various 
systemic recovery mechanisms, this question is of crit- 
ical importance (14) .  With the realization that “solu- 
ble” receptors for many cytokines are a regular pres- 
ence in the peripheral circulation, the role of these and 
other circulating cytokine “binding” or ‘‘chaperone” 
proteins in modulating cytokine function in vivo re- 
quires attention (reviewed in Ref. 4). The unexpected 
and paradoxical enhancement of cytokine function in 



vivo (for example of IL-3, IL-4, IL-6, IL-7) by anti- 
cytokine antibodies that are otherwise ‘‘neutralizing” 
antibodies in cell culture assays (5-7), and the discov- 
ery of high-molecular mass circulating complexes of 
IL-6 in association with other “chaperone” proteins 
(7-9) in the last few years highlight this area of re- 
search. This minireview is focused on questions that 
deal with how cytokines, the IL-6-type cytokines in 
particular, produced at one site travel via the circula- 
tion and act on tissues and cells at another site (Fig. 1). 
From a physiological standpoint, these considerations 
define a new level of regulation of cytokine function, 
that of regulated bioavailability and of regulated tissue 
targeting in vivo. 

The importance of this discussion, as well as its 
relevance to cytokines other than the IL-&type cyto- 
kines, is illustrated by comments found throughout the 
immunological literature today. Proposals to use sol- 
uble receptors, decoy receptors, cytokine antagonists, 
receptor antagonist, neutralizing antibodies, and chi- 
meric antibody/receptor molecules to interrupt or 
modulate cytokine function in vivo surface with regu- 
larity (7, 10-13). This immunological literature serves 
as a backdrop to the issues under discussion here: 
How is a cytokine brought from where it is induced to 
where it acts in vivo in the face of circulating binding 
proteins? In the case of IL-6, at a minimum, high lev- 
els of the cytokine-binding soluble IL-6 receptor a 
chain (sIL-6R; 15-150 ng/ml in serum) and the soluble 
gp 130 p chain of the receptor (sgp 130; 300-400 ng/ml in 
serum) are always present in the circulation (14, 15). 
Therefore, free IL-6 can, at best, have only a transient 
existence in the human blood stream. Figure 1 defines 
the focus of the issues under discussion in this review 
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Figure 1. Modulation of IL-6 function: regulated bioavailability 
in vivo. IL-6 produced by cells in response to infection and in- 
flammation-associated cytokines must travel through the blood 
stream in order to reach its target tissues. In the blood stream 
IL-6 encounters various binding proteins such as soluble IL-6R (Y 

and p receptors, antibodies, and others, which then modulate 
the ability of circulating IL-6 to gain access to its target tissues. 
Therapeutic intervention such as active immunotherapy with 
vaccines and administration of anti-IL-6 antibodies and of anti- 
IL-6 “antagonists” lead to altered bioavailability of circulating 
IL-6. Question marks in the figure refer to incompletely under- 
stood questions. 

and some of the biological and clinical implications 
involved. The present discussion concerns the ques- 
tion of the regulated bioavailability of endogenously 
produced cytokines in vivo. 

A separate question arises in patients adminis- 
t ered exogenous cytokines. Are there clinical situa- 
tions wherein the further administration of a particular 
cytokine is futile because these patients have a large 
excess of “binding proteins” and/or a large excess of 
that particular cytokine already in their circulation for 
other reasons? The identification of a class of patients 
(cancer patients subjected to active immunization pro- 
tocols as part of specific immunotherapy of their can- 
cer with vaccines) wherein the “chaperoning” of IL-6 
leads to sustained high levels of circulating cytokine 
(up to 600 ng/ml) over several months and even years 
illustrates this phenomenon in a clinical setting of un- 
usually broad therapeutic significance (9). 

Considerations of cytokine-binding proteins in the 
peripheral circulation such as soluble receptors, anti- 
cytokine antibodies, and other cytokine-binding pro- 
teins raise critical questions about the ability of con- 
ventional cytokine assays (bioassays or immunoas- 
says) to measure the true concentrations of cytokines 
in particular body fluids. These considerations become 
pivotal in reliably evaluating the diagnostic and prog- 
nostic significance of measurements of cytokine levels 
in human body fluids. With respect to IL-6, the occur- 
rence of this cytokine in the peripheral circulation in 
high molecular mass complexes with other proteins 
imposes limitations on the numerical reliability of rel- 
evant clinical data (8, 9). 

The underlying theme throughout this discussion 
is the following question: How does IL-6 exist and 
function in the human body? 

Background: IL-&type Cytokines and 
Their Receptors 

Interleukin-6 is the designation for a cellular se- 
creted protein that was originally referred to as p2- 
interferon (16, 17). Biological activities attributable to 
IL-6 include stimulation of hepatocytes (hepatocyte 
stimulating factor [HSF]) to elicit major changes in the 
acute phase plasma protein secretion by the liver (18- 
20), stimulation of B cells to differentiate into immu- 
noglobulin (1g)-secreting plasma cells (21, 22), plasma- 
cytoma or hybridoma growth factor activity (23, 24), 
cytotoxic T-cell activation (25-27), induction of my- 
eloid differentiation (28), augmentation of natural 
killer cell activity (29), stimulation of keratinocyte pro- 
liferation (30), inhibition of proliferation of breast car- 
cinoma cell lines (3 1,32) with an increase in motility of 
these cells (32), enhancement of al-antitrypsin secre- 
tion by monocytes (33), induction of complement fac- 
tor C3 and B in human fibroblasts (34), enhancement 
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of differentiation of multipotent hematopoietic stem 
cells (33, induction of neurite outgrowth in PC-12 cells 
(36), and stimulation of adrenocorticotrophin release 
from the anterior pituitary (37). 

In 1986 the single human IL-6 gene was assigned 
to chromosome 7p21 (38). Also in 1986, the human 
IL-6 mRNA sequence was independently reported by 
several investigators (39-42). The deduced amino acid 
sequence for human IL-6 contains an open reading 
frame of 212 amino acids. The mature IL-6 is secreted 
as 183- to 185-amino acid polypeptides with different 
N termini, polypeptides which are, in turn, subjected 
to differential N-  and 0-glycosylation and serine phos- 
phorylation in a cell-type-specific manner leading to 
the secretion of proteins of molecular mass from 19 to 
30 kDa from different cell types (4345). The human 
IL-6 gene is transcriptionally inducible in numerous 
different cell-types in response to a variety of noxious 
agents that include other inflammation-associated cy- 
tokines such as tumor necrosis factor (TNF) and in- 
terleukin- 1 (IL- l), acute virus infections, bacterial 
products such as endotoxin, and various second mes- 
senger agonists (46-49). 

The human IL-6 promoter has been dissected in 
detail and mapped within it are two partially overlap- 
ping regions termed multiple response element I (MRE 
I) and MRE I1 in the region from - 140 to - 175 that 
represent the inducible enhancers responsive to a wide 
variety of cytokines, viruses, and second messengers 
(46-69). MRE I1 includes the C/EBP-binding site. Ad- 
ditionally, an NF-KB site that acts synergistically with 
the C/EBP element was also defined (reviewed in 
Refs. 48 and 49). A c-fos serum-response element-like 
region (MRE I) and a retinoblastoma protein (Rb)- 
control element-like (RCE) region has been identified 
in the IL-6 promoter (49). Indeed both Rb and p53, 
another “tumor supressor” gene product, can repress 
the IL-6 promoter (50-52). The overall conclusion de- 
rived from these molecular promoter dissection stud- 
ies is that a combination of transcription factors (e.g., 
C/EBPp and NF-KB p65) is the most efficient in the 
activation of the IL-6 promoter (53). Furthermore, 
there is strong cell-type-dependent variation in the 
particular transcription factors involved (e .g. IL-6 in- 
duction in monocytic cell lines appears to be more 
dependent on NF-KB than that in HeLa cells). 

The mechanisms by which glucocorticoids and es- 
trogens inhibit IL-6 gene expression have also been 
investigated in some detail (53). The glucocorticoid re- 
ceptor (GR) binds across the MRE enhancer, the ma- 
jor TATA-box, and the major RNA start site (Inr site) 
in the human IL-6 promoter providing a basis for “OC- 
clusion” of the functional elements of the promoter 
(49). Additionally, and perhaps more importantly, GR 
also functionally represses the transcription factors 
p65 NF-KB and C/EBPp by direct protein-protein in- 

teractions (53, 54). The estrogen receptor (ER) does 
not bind IL-6 DNA directly but appears to inhibit this 
promoter through inhibitory functional interactions 
with p65 NF-KB and C/EBPP (alias NF-IL6) (55, 56). 

The IL-6 cell surface receptor is a complex con- 
sisting of an a-chain (the gp80 or IL-6R) that binds the 
ligand and a p-chain consisting of the signal transducer 
protein gp130 (57-59). Signal transduction is thought 
to involve dimerization of the gp130 p-chain (3, 60). 
Soluble IL-6R (sIL-6R; approximately 55-60 kDa) and 
soluble gp 130 (sgp 130; approximately 95 kDa) are 
present in the peripheral circulation in humans at con- 
centrations in the range of 15-150 ng/ml for sIL-6R and 
300400 ng/ml for sgpl30 (14, 15). Given this insight, 
even in normal individuals “free” IL-6 at best can 
have only a transient existence in the circulation. IL-6 
function is enhanced by association with sIL-6R (59, 
60), but may then be inhibited when the IL-6/sIL-6R 
complex binds sgpl30 (15). It is now firmly established 
that, from a functional standpoint, IL-6 first associates 
with its binding protein, IL-6R, with the latter either in 
the soluble sIL-6R form or as the cell membrane- 
bound a-chain (3, 58, 59). It is the formation of the 
latter dimer complex that then generates a transmem- 
brane signal. It is the presentation of a complex of IL-6 
with a binding protein to the p-chain of the cell- 
membrane receptor that generates a cellular response. 
Thus, it is well established from cell culture studies 
that the minimal functional unit of IL-6 is the binary 
complex of IL-6 with sIL-6R. Cells lacking the IL- 
6Ra-chain functionally respond to the soluble binary 
complex of IL-6/sIL-6R (the gp130 p-chain is ubiqui- 
tously present on cells). It is the presentation of IL-6 
as a complex with a binding protein (sIL-6R) that 
converts cells (certain hepatoma lines and myeloid 
lines) unresponsive to “free” IL-6 into responders (58, 
61). 

It is now clear that IL-6 is only one of several 
apparently “unrelated” cytokines that possess the 
“four-a-helix bundle” structure that exert their bio- 
logical effects via activation of the same signal trans- 
ducing p-chain in their cell membrane receptor (the 
gpl30 molecule). The cytokines IL-6, leukemia inhib- 
itory factor (LIF), oncostatin M (OM), interleukin-1 1 
(IL-1 l), ciliary neurotrophic factor (CNTF), and car- 
diotrophin-1 (CT-1) all use the gp130 p-chain as part of 
their signal transducing receptor complex (Table I) (3, 

Table 1. Interleukin-&Type Cytokines 

In terleu ki n-6 (I L-6) 
Interleukin-1 1 (IL-11) 
Leukemia inhibitory factor (LIF) 
Oncostatin M (OM) 
Ciliary neurotrophic factor (CNTF) 
Cardiotrophin-1 (CT-1) 

Note. Cell-surface receptor contains common gpl30 p-chain. 
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4). As an approximation, the cell-surface receptor for 
each of these cytokines includes distinct a-chain com- 
ponents that determine the high-affinity access of the 
ligand to the signal transducing chain. It is this group 
of cytokines to which the collective term IL-&type 
cytokines is applied (Table I). The ability of many of 
these cytokines to stimulate acute phase plasma pro- 
tein synthesis in appropriate hepatoma cell lines in a 
qualitatively similar manner is a property ascribable to 
the fact that their receptors contain the same gp130 
signal transducing chain. From among the IL-&type 
cytokines listed in Table I, IL-6 serves as the major 
systemic long-distance circulating cytokine that alerts 
the body to the presence of tissue injury or damage. 
Additionally, in contrast to sIL-~R,  sCNTFR-a and 
sIL-11R each of which can enhance the biological ac- 
tivity of the respective cytokine ligand, sLIFR-a in- 
hibits the biological activity of LIF (reviewed in Refs. 
3 and 4). 

There has been spectacular progress in the dissec- 
tion of the intracellular signal transduction pathways 
activated by IL-6-type cytokines through the gp130 
chain of the receptor. Several Tyr-kinases (Jak- 1, Jak- 
2, Tyk-2) and STAT protein family members (STAT-1, 
STAT-3, STAT-5) that function in the IL-&type cyto- 
kine triggered signal transduction pathways in differ- 
ent cell types have been characterized (reviewed in 
Refs. 3, 60, 62, and 63). The generality of these sig- 
naling events is emphasized by the observations that 
several of the IL-&type cytokines as well as other 
unrelated cytokines such as the interferons use the 
same or similar pathways in different cells (62). 

Detailed descriptions of the structure and function 
of IL-&type cytokines, their receptors, and the signal 
transduction pathways triggered by these ligand- 
receptor interactions can be obtained from recent re- 
views (1-4). 

In the last 3 4  years, two separate lines of research 
have led to paradoxical observations that have served 
to highlight the modulation of cytokine function, in 
particular that of IL-6, when the cytokine is present in 
the peripheral circulating in association with binding 
proteins. The first was the discovery in preclinical and 
clinical studies that “neutralizing” antibodies can par- 
adoxically enhance the biological function of particu- 
lar cytokines, including IL-6, in vivo. The second was 
the recognition that IL-6 can exist in the peripheral 
circulation in humans at high concentrations (in the 
10-1000 ng/ml range) in various complexes (400-500, 
150-200, and 25-35 kDa) in association with binding 
proteins that then mask or alter IL-6 immunoreactivity 
in particular enzyme-linked immunosorbent assays 
(ELISAs) and alter IL-6 biological activity. This phe- 
nomenon is particularly dramatic in cancer patients 
who have been subjected to various active immuniza- 
tion protocols with cancer vaccines (see below). 

“Neutralizing” Antibodies Chaperone IL-6 in 
Preclinical Models: The in Vivo Paradox 

Shortly after the development of “neutralizing” 
murine monoclonal antibody (mAb) to human IL-6 and 
rat mAb to murine IL-6, various investigators at- 
tempted to use these reagents in preclinical models of 
infection or other diseases in the baboon (for anti- 
human IL-6 mAb) and in the mouse (for anti-murine 
IL-6 mAb) ( 5 ,  64, 65). In each experiment wherein the 
test animals had been challenged with endotoxin, bac- 
terial infection (e.g., Listeria monocytogenes), cyto- 
kines such as TNF, or implantation of a transplantable 
tumor, accompanied by administration of anti-IL-6 
mAb a paradoxical result was observed. Irrespective 
of whether the anti-IL-6 mAb did or did not inhibit a 
particular disease manifestation, in all such experi- 
ments anti-IL-6 mAb paradoxically markedly en- 
hanced the levels of circulating IL-6 levels as assayed 
in various ELISAs after appropriate dilution of the 
serum/plasma or as assayed in the B9 hybridoma 
growth assay (Table 11). The ability to inhibit an in vivo 
disease manifestation in such models was dependent 
upon the particular stoichiometry of the anti-IL-6 
mAb used in relationship to IL-6 (see below). 

Inhibition of clearance of IL-6 by anti-IL-6 mAb 
has been suggested as a mechanism for the paradoxical 
enhancement of circulating IL-6 levels by “neutraliz- 
ing” antibodies in vivo (7). However, this cannot be 
the dominant explanation because the paradoxical en- 
hancement of circulating IL-6 levels can be observed 
within 30 min of instilling preformed complexes of 
IL-6 and anti-IL-6 intraperitoneally in mice (5) .  Induc- 
tion of endogenous IL-6 production in such animals by 
IL-6/anti-IL-6 complexes can be excluded by showing 
that when complexes of human IL-6 with anti-IL-6 
mAb are instilled intraperitoneally , it is exclusively 
human IL-6 that is found in the murine circulation (5) .  

Biologically, stoichiometric ratios of IL-6 to anti- 

Table II. Effect of Preinjection of Anti-IL-6 mAb 
on Serum IL-6 and Fibrinogen Levels in Mice 

Administered TN F 

IL-6 Fibrinogen 

- .  
13-14 hr (mean k SD) 

1 Saline - <4 138 ? 43 

3 Saline 20F3 13 156 k 20 
2 Saline GL113 4 229 k 33 

4 TNF - 5 350 k 62 
5 TNF GL113 3 362 k 11 
6 TNF 20F3 9115 131 k 5a 

Note. Anti-MuIL-6 mAb (20F3) or control mAb (GL113), 600 kg/ 
mouse administered ip before the inducers; TNF, 5 kg/mouse 
administered ip. (From Ref. 5.) 
a P < 0.02 comparing Group 5 and 6 using the Student’s t test 
and analysis of variance. 
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IL-6 mAb in the range of 1: 1 to 1:5 enhance the in vivo 
biological function of IL-6, whereas ratios in the range 
of 1:125 in favor of anti-IL-6 mAb are needed to ob- 
serve in vivo inhibition of IL-6 function (e.g., inhibi- 
tion of IL-6 induction of elevated fibrinogen levels) 
even though the levels of circulating IL-6 as measured 
in ex vivo assays are elevated at stoichiometric ratios 
of IL-6 to anti-IL-6 mAb in the entire range, from 1: 1 
to 1: 125 (Fig. 2), suggesting functional sequestration of 
IL-6 in the intravascular compartment ( 5 ) .  Selective 
sequestration of IL-6 by mAb is suggested even in cell 
culture by the observation that not all biological func- 
tions of IL-6 are affected equivalently by particular 
“neutralizing” mAb: a mixture of IL-6 at different mo- 
lar ratios of anti-IL-6 mAb can inhibit IL-6 function in 
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Figure 2. Consequences of administering rHulL-6/anti-HulL-6 
mAb complexes ip into mice. Mice received varying amounts 
(different molar ratios) of anti-HulL-6 mAb (51L6-Hl7) or a con- 
trol mAb mixed with a constant amount (0.5 pg) of rHulL-6. (A) 
Circulating IL-6 titers as measured in the B9 bioassay at 2 hr 
after administering the IL-G/anti-IL-6 complexes. (6) Fibrinogen 
levels in serum at 18 hr after administering either the IL-6/anti- 
IL-6 complexes (W) or the IL-6/control mAb (A) mixtures. At 18 
hr, the IL-6 tiers (69 bioassay in U/ml) in sera of mice given 
IL-G/anti-IL-6 complexes (molar ratio in parentheses) were 7634 
(125), 9713 (25), 2734 (5), 175 ( l ) ,  18 (0.2), and 8 (0.04); the cor- 
responding titers in animals administered rHulL-6 and control 
mAb were 9 (125), <4 (25), < 4 (5), <4 (5), <4 (0.2), <4 (0.04), <4 
(0), and <4 (no rnAb or IL-6). (From Ref. 5.) 

or IG6 

the B9 hybridoma growth assay but may not do so in 
the hepatocyte stimulation assay (5). Thus, the manner 
in which IL-6 is presented to different target tissues 
from within the context of a complex with a particular 
anti-IL-6 mAb can modulate IL-6 function. 

Biochemically, circulating IL-6 in preclinical ani- 
mal models in which anti-IL-6 mAb has been admin- 
istered is of molecular mass 15&200 kDa as deter- 
mined by Sephadex G-200 gel filtration chromatogra- 
phy (5). That this IL-6 is present in a physical complex 
with anti-IL-6 mAb can be verified in ELISAs that 
specifically detect IL-6 bound to IgG1 (the injected 
mAb) (5). Additionally, the 150- to 200-kDa IL-6 com- 
plexes can include sIL-6R (5) .  When present in this 
150- to 200-kDa complex with anti-IL-6 mAb, the IL-6 
can register differently in different ELISAs, even to 
the extent that the IL-6 can be completely masked. 
From a technical standpoint, extensive dilution of the 
plasma and the use of several different ELISAs based 
upon different anti-IL-6 mAb pairs may be necessary 
to detect these 150- to 200-kDa IL-6 complexes. 

“Neutralizing” mAb Chaperone IL-6 in Clinical 
Testing: The in Vivo Paradox 

Shortly after the development of “neutralizing” 
murine mAb to human IL-6 and the recognition that at 
least in some patients with multiple myeloma the tu- 
mor cells are driven to proliferate as a result of the 
endogenous production of IL-6 (whether paracrine or 
autocrine remains controversial), murine anti-human 
IL-6 mAb was administered to patients with multiple 
myeloma (7). The clinical outcome in these trials can 
be summarized as follows: there was an initial de- 
crease in serum levels of C-reactive protein (CRP) (a 
marker for IL-6 activity in vivo), and a decrease in the 
mitotic index in myeloma cells which lasted several 
weeks. However despite continued therapy, the my- 
eloma cells resumed their proliferation and the disease 
progressed. 

A dramatic observation in these patients was that 
following administration of the anti-IL-6 mAb, there 
was a marked increase in the levels of IL-6 in the 
circulation (7). By gel filtration analysis, the bulk of 
this IL-6 was observed to be in complexes of molec- 
ular mass 15&200 kDa consistent with what would be 
expected for IL-6/anti-IL-6 IgG complexes. The IL-6 
in these circulating complexes was biologically active 
in the B9 hybridoma growth assay (7). Murine anti- 
IL-6 mAb has also been used in a patient with plasma 
cell leukemia and one with Castleman’s diseases with 
similar results (66, 67). 

IL-6 Complexes in Human Plasma/Sera 
Purification of human serum-derived IL-6 from 

patients with systemic infection by immunoaffinity 
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chromatography and the characterization of the puri- 
fied IL-6 species by Western blotting under reducing 
denaturing conditions revealed that this cytokine, in 
serum, consisted of differentially modified polypep- 
tides in the molecular mass range of 19-28 kDa (68). 
This was consistent with an early determination using 
the B9 hybridoma growth factor assay for IL-6, that 
serum IL-6 B9 bioactivity eluted at approximately 25 
kDa off a Sephadex gel-filtration column (69). 

The first hint that native IL-6 in human plasma/ 
serum occurred in high-molecular mass complexes in 
normal volunteers and other patients came from ex- 
periments in which plasma/serum fractionated through 
a Sephadex G-200 gel filtration column was assayed 
using several different ELISAs for human IL-6. Each 
of these ELISAs (Ig61/5IL6 and 4IL6/5IL6 or 7IL61 
5IL6) was a two-mAb sandwich ELISA in which the 
same biotinylated “readout” mAb (“5IL6-Hl7”) was 
used in combination with different “capture” mAbs 
(‘b1g61,’’ “4IL6-Hl2,” or “7IL6-Hll”) (8, 9). As with 
the earlier description of B9-bioactive IL-6 fractionat- 
ing at 25 kDa, the Ig61 and 7IL6 ELISAs displayed an 
IL-6 peak at approximately 25 kDa (Fig. 3). In con- 
trast, the “4IL6” mAb-based ELISA displayed the 
high molecular mass IL-6 complexes 400-500 and 150- 
200 kDa in size (Fig. 3). The 400- to 500- and 150- to 
200-kDa IL-6 complexes from sera from normal, in- 
fected, or psoriatic patients were devoid of B9 bioac- 
tivity or reactivity in the Ig61 ELISA (8). 

The identification of polypeptides in the 400- to 
500- and 150- to 200-kDa as IL-6 was verified by fur- 
ther immunoaffinity purification of these proteins 
through a 5IL6-Hl7 anti-IL-6 mAb column and char- 
acterization of the purified proteins as IL-6 by (i) un- 
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Figure 3. Sephadex G-200 column fractionation of IL-6 in se- 
rum. A 0.8-ml aliquot of serum from a bone marrow transplant 
patient was fractionated through Sephadex G-200, and each of 
the eluted fractions was analyzed for IL-6 content in the 41L6/ 
51L6 (A) and Ig61/51L6 (U) ELlSAs and the B9 hybridoma growth 
factor assay (0). Each of these assays was calibrated using the 
88/514 Escherichia coli-derived IL-6 interim reference standard. 
The inset shows a comparison of the 99 bioassay and the lg61/ 
51L6 ELISA. BM, bone marrow; CAT, chloramphenicol acetyl- 
transferase; ALD, adolase; BSA, bovine serum albumin; OVA, 
ovalbumin; CHY, chymotrypsin; RIB, ribonuclease A. (From 
Ref. 8.) 

masking of B9 bioactivity , (ii) Western blotting and 
(iii) amino-terminal amino acid sequencing (8). The 
data suggested that the bulk of IL-6 in blood may be 
present in complexes with other proteins, which then 
masked IL-6 immunoreactivity in particular ELIS As 
and in particular bioassays. Proteins “operationally” 
associated with IL-6 (i.e., those that co-purified with 
IL-6 through anti-IL-6 mAb immunoaffinity chroma- 
tography) included s I L - ~ R ,  complement C3c and C4b 
(y-chain), and fragments of C-reactive protein (8). 

Very High Sustained Levels of Endogenous 
200-kDa IL-6 Complexes in Cancer Patients 

An unexpected observation helped place high- 
molecular mass IL-6 complexes in an unusual biolog- 
ical context-that of immunotherapy of human cancer. 
During the course of a Phase 1 trial of IL-6 in cancer 
patients ostensibly for its platelet enhancing properties 
immediately following marrow-toxic chemotherapy, it 
was observed that melanoma patients who had been 
previously administered active specific immunother- 
apy for their cancer (consisting of initial immunization 
with the anti-anti-idiotypic mAb MK2-23 that carries 
the internal image of a high-molecular weight mela- 
noma-specific antigen coupled to  keyhole limpet 
hemocyanin [KLH] together with a preparation of Ba- 
cillus Calmette Guerin (BCG) as adjuvant followed by 
repeated boosters with MK2-23 coupled to KLH) had 
levels of circulating IL-6 in the 100- to 1000-ng/ml 
range, whereas other cancer patients had IL-6 levels in 
the 20- to 200-pg/ml range (9). The marked elevation of 
IL-6 levels in MK2-23-treated melanoma patients was 
observed using either the 4IL6 or the 7IL6 ELISAs for 
IL-6, although the former assay provided estimates 
approximately 10-fold higher than the latter (9). An 
evaluation of serum IL-6 levels in these melanoma pa- 
tients during the course of their immunotherapy 
showed that there occurred a marked increase in se- 
rum IL-6 levels coincident with the immunization-the 
more aggressive the immunization, the higher the IL-6 
levels (Fig. 4). The high levels of circulating IL-6 were 
sustained for over several months and even years (Fig. 
4); newer data indicate that these high levels can per- 
sist for over 2-3 years after cessation of the MK2-23 
immunotherapy , Although these patients displayed el- 
evations in serum C-reactive protein levels that were 
correlated with increased serum IL-6 levels, these pa- 
tients remained normothermic indicating the absence 
of an overt “acute phase” response. 

Serum IL-6 in melanoma patients administered 
MK2-23 was biologically inactive in the B9 hybridoma 
growth assay (8). G-200 Sephadex-gel filtration studies 
showed that the circulating IL-6 in these MK2-23- 
treated melanoma patients was of molecular mass 150- 
200 kDa, which was detectable using either the 4IL6 
and the 7IL6 ELISAs (Fig. 5) .  This IL-6 could be pu- 
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Figure 5. Sephadex G-200 column fractionation of plasma IL-6 
from a patient (JS) with “high” endogenous levels of IL-6 before 
(6/71L6; .) and 30 min after (12/71L6; A) subcutaneous injection 
of rlL-6. A 0.5-ml sample of plasma was fractionated through 
Sephadex G-200 column and each of the eluted fractions was 
analyzed for IL-6 content in the 71L6/51L6 ELISA. (From Ref. 9.) 

ELUTION FRACTION 

rified by immunoaffinity chromatography on an 5IL6- 
H17 mAb column and displayed by Western blotting 
(8). While the 200-kDa IL-6 complexes contained sIL- 
6R, the latter was not a basis for the generation of the 
200-kDa IL-6 complexes because (i) sIL-6R was 
present in insufficient amounts to stoichiometrically 
contribute to the formation of the complex and (ii) 
sIL-6R levels in serum did not increase during the 
course of immunotherapy commensurate with the 100- 
to 1000-fold increase in 200-kDa IL-6 levels (unpub- 
lished data). Evidence has been obtained recently .for 
the presence of anti-IL-6 IgGl and anti-sIL-6R IgGl 
in these 200-kDa IL-6 complexes. The available data 

suggest that the 200-kDa IL-6 complexes observed in 
melanoma patients subjected to the MK2-23 regimen 
consist of IL-6, s I L - ~ R ,  anti-IL-6 IgG, and anti-sIL- 
6R IgG in appropriate combinations in a manner rem- 
iniscent of the 200-kDa complexes in animals and pa- 
tients administered anti-IL-6 mAb. 

It is noteworthy that the 200-kDa IL-6, which re- 
acts in both the 4L6 and the 7IL6 ELISAs in mela- 
noma patients subjected to immunization using an ag- 
gressive polyclonal B cell adjuvant regimen (BCG and 
KLH), is devoid of B9 hybridoma growth bioactivity. 
We hypothesize that these 200-kDa IL-6 complexes 
result from production of auto anti-IL-6 Ig and of auto 
anti-IL-6R Ig as a result of repeated aggressive poly- 
clonal B cell stimulation by adjuvants such as BCG 
and KLH. 

Bendtsen and colleagues reported the detection of 
polyclonal anti-IL-6 IgG in sera of a small proportion 
of patients with rheumatoid arthritis and other colla- 
gen diseases. In these instances the endogenous anti- 
IL-6 IgG was detected by its ability (i) to interfere with 
a particular ELISA for IL-6 and (ii) to immunoprecip- 
itate ‘251-IL-6 (70, 71). Complexes of IL-6 with sIL-6R 
have also been detected in sera of patients with juve- 
nile rheumatoid arthritis using an ELISA that uses an 
anti-IL-6 mAb for “capture” and an anti-sIL-6R mAb 
for “readout” (72). 

The detection of sustained high levels of circulat- 
ing 200-kDa IL-6 complexes in melanoma patients sub- 
jected to active specific immunotherapy with MK2-23 
mAb (plus BCG plus KLH) prompted two questions: 
(i) is the appearance of high levels of “chaperoned” 
IL-6 in serum a general underlying event during the 
course of active immunotherapy for cancer (using 
other regimens for melanoma and for other cancers), 
and (ii) is there a relationship between development of 
high serum IL-6 levels and clinical outcome of the im- 
munotherapy? The second of these questions sub- 
sumes within it a discussion of the function of such 
IL-6 complexes in vivo as well as in biological assays 
carried out ex vivo. 

An Additional Level of Regulation of IL-6 
Function by Binding Proteins in Cancer Patients 

The characterization of circulating IL-6 in cancer 
patients subjected to active immunotherapy other than 
anti-idiotypic mAb (plus BCG and KLH) described 
above revealed yet further complexity. Cancer pa- 
tients (melanoma, renal cancer, lung cancer) who had 
been vaccinated previously with an autologous anti- 
cancer preparation (AAAP) (prepared from their tu- 
mor tissue obtained at surgery) constituted a group of 
patients who also displayed sustained high levels of 
circulating IL-6 levels (median 10.6 ng/ml; range 0.02- 
158.9 ng/ml; n = 14) compared with cancer patients 
not subjected to immunotherapy (median 0.05 ng/ml; 
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range 0.02-15.1 ng/ml; n = 19) (data based upon the 
7IL6 ELISA) (73). When IL-6 from AAAP-treated pa- 
tients was characterized by Sephadex G-200 gel filtra- 
tion chromatography, two major peaks of mass 400- 
500 and 30 kDa were observed using the 7IL6 ELISA. 
Neither the 400- to 500- nor the 30-kDa IL-6 from these 
patients was immunoreactive in the 4IL6 ELISA for 
IL-6 depicted in Figures 3 and 4. Both the 400- to 500- 
and 30-kDa 7IL6 ELISA-reactive and 4IL6 ELISA- 
nonreactive IL-6 displayed biological activity in the B9 
hybridoma growth assay and in the Hep3B hepatocyte 
stimulation assay. In contrast to patients treated with 
the anti-idiotypic Ab MK2-23 protocol, no 200-kDa 
IL-6 complexes were detectable using these four as- 
says for IL-6 (two ELISAs and two bioassays) in sera 
of patients administered only AAAP as immunother- 
apy (unpublished data). 

Despite the presence of circulating IL-6 that dis- 
played biological activity in ex  vivo assays, these 
AAAP-treated patients were normothermic indicating 
the absence of an overt acute phase response. 

A small group of cancer patients were identified 
who had been subjected to MK2-23 therapy followed 
later by AAAP, and those who had first received 
AAAP and then MK2-23. In the latter instance (first 
AAAP and then MK2-23), these patients showed high 
levels of IL-6, which was detectable largely as 200- 
kDa complexes following Sephadex G-200 chromatog- 
raphy. These 200-kDa complexes were preferentially 
4IL6 ELISA reactive, less so in the 7IL6 ELISA, and 
had little B9 or Hep3B bioactivity in ex vivo assays 
(unpublished data). 

A melanoma patient who had first received MK2- 
23 and was now receiving AAAP displayed three IL-6 
complexes in serum upon Sephadex G-200 gel filtra- 
tion analysis: (i) a 400- to 500-kDa IL-6 complex, 
which was preferentially reactive in the 7IL6 ELISA 
compared with the 4IL6 EILSA, (ii) a 200-kDa IL-6 
complex, which was preferentially reactive in the 4IL6 
ELISA but less so in the 7IL6 ELISA, and (iii) 30-kDa 
IL-6, which was reactive in the 7IL6 ELISA, and non- 
reactive in the 4IL6 ELISA. Biologically, the 7IL6 
ELISA-reactive 400- to 500-kDa and 30-kDa IL-6 was 
active in the B9 hybridoma and Hep3B hepatocyte as- 
says, but the 4IL6 ELISA-reactive 20-kDa IL-6 was 
inactive in both the B9 and Hep3B bioassays (unpub- 
lished data). 

The current working hypothesis is that the 200- 
kDa IL-6 complexes contain anti-IL-6 IgG (and anti- 
sIL-6R IgG), whereas the 400- to 500-kDa complexes 
contain IL-6 together with sIL-6R and other proteins 
(?sgpl30). The 30-kDa IL-6 may or may not represent 
“free” monomeric IL-6; in light of its longevity in the 
circulation, this 30-kDa IL-6 may well represent IL-6 
in association with other smaller binding proteins that 
serve as chaperones. 

The new data greatly increase our appreciation of 
the structural and functional complexity of IL-6 as it 
exists in the human circulation. The new data, al- 
though they help resolve conflicts in prior IL-6 litera- 
ture with respect to the nature of circulating IL-6 in 
humans (54), point to severe problems with IL-6 as- 
says in deriving “clinical”-quality estimates of IL-6 in 
body fluids. The relationship between the sustained 
elevations in IL-6 levels in cancer patients subjected to 
active immunotherapy protocols and clinical outcome 
remains to be investigated. 

A great deal of effort is currently being invested in 
the derivation of inhibitors or antagonists of each of 
the IL-&type cytokines (10-13). The strategies in- 
clude the synthesis of fragments of receptors or mu- 
tants of receptors (e.g., of sIL-6R that bind IL-6 but do 
not present it to the cell-surface signal transducing 
chain gp130 or of fragments or mutants of gp130 or 
mAb to gp 130 that inhibit interactions between IL-6/ 
sIL-6R complexes with the gp130 on the target cell 
surface). It is immediately apparent that in each of 
these instances the inhibition strategy entails the gen- 
eration of a complex with the cytokine in vivo. The 
new results show that investigations of such antago- 
nists in cell culture assays may provide little reliable 
information about how such antagonists behave in 
vivo. Additionally, the new data indicate that the un- 
derlying chemistry of circulating human IL-6 can differ 
markedly in different clinical situations in different in- 
dividuals further confounding any simple application 
of IL-6 or IL-6R antagonists, It is critical for the evo- 
lution of these strategies into the clinic that the origins, 
biochemistry and clinical implications of chaperoned 
IL-6 as it exists in high-molecular mass complex in the 
human circulation be fully understood. 

This article is dedicated to Elyse S. Goldweber, Josephine Lau- 
riello, Suzanne Andrews, Larry Jainchill, Benjamin Z. Holczer, and 
Kimberly A. Sorrentino, without whose help this work would not 
have been possible. 
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