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Abstract

The cytokines tumour necrosis factor-a (TNFa), interleukin-ip (IL-IP) and 

interleukin-6 (IL-6) are considered central to the pathophysiology of sepsis, which is a 

major cause of morbidity and mortality in the Intensive Care Unit (ICU). Gram- 

negative endotoxin (lipopolysaccharide) is a potent initiator of cytokine production 

experimentally, and may play a part in clinical sepsis. Therapies for sepsis under 

development include antibodies against endotoxin or specific cytokines.

One consequence of antibody therapy is formation of immune complexes, which may 

themselves affect cytokine production. Experiments were performed which suggested 

modulation of the endotoxin-induced cytokine response in whole blood by 

presentation of endotoxin within immune complexes containing polyvalent IgG 

(Sandoglobulin; Sandoz Products Ltd.) or a human monoclonal IgM directed against 

endotoxin (HA-IA (Centoxin); Centocor). This modulation was related to 

complement activation, especially for IgG/endotoxin complexes. The cytokine 

response to IgG immune complexes without endotoxin was also complement- 

dependant.

It was found that HA-IA was recognised by antiserum to mouse IgG, suggesting a 

further possible mechanism of immune complex formation in patients with heterophile 

antibodies.

Increased IL-6 concentrations occurred in whole blood from certain ICU patients 

following incubation with HA-IA; this response was associated with increased 

mortality. Evidence was found for spontaneous production of IL-6 in vitro in blood 

from certain other patients.

The possibility that certain patients might be "primed" for subsequent cytokine 

production was investigated using flow cytometry. Certain ICU patients exhibited



bright staining for cytoplasmic IL-ip in peripheral blood mononuclear cells (PBMCs), 

but this was unrelated to clinical condition or outcome.

These results suggest that immune complexes may be important in sepsis. HA-IA may 

induce cytokine production in vitro. Certain ICU patients appear to be "primed" for 

cytokine production. Use of flow cytometry to detect cytoplasmic IL-lp in PBMCs 

might identify "primed" ICU patients but this is of no clinical value as a predictor of 

clinical course.
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CHAPTER 1 

INTRODUCTION



1.1. Sepsis in the Intensive Care Unit

1.1.1. Introduction

Sepsis is common in the Intensive Care Unit (ICU), with primary infection a frequent 

indication for admission to the ICU, and reported rates of secondary infection of up to 

78% once admitted (Reidy and Ramsay, 1990). The recent European Prevalence of 

Infection in Intensive Care (EPIC) study, involving over 10 000 patients in almost 

1500 ICUs, revealed that 44% of patients had infections at any one time, with 47% of 

these infections acquired in the ICU^ In the UK, 25 000 cases of gram-negative 

septicaemia have been estimated to occur annually (Taylor, 1991), whilst estimates for 

the annual number of cases in the USA range between 70 000 and 400 000 (Parrillo et 

al, 1990). Despite advances in its management, severe sepsis remains the most 

common cause of death in ICU, and is still associated with over 40% mortality 

(Calandra et al, 1988; Bone et al, 1989; Greenman et al, 1991; Ziegler et al, 1991; 

Dahmash et al, 1993; Fisher et al, 1993; Pinsky et al, 1993), although studies have 

varied in their definitions of sepsis (vide infra). In addition to its associated high 

morbidity and mortality, sepsis presents a great burden on healthcare resources: 

patients are more likely to require prolonged treatment in the ICU, involving 

expensive therapies and interventions such as dialysis, imaging, surgery, placement of 

intravascular lines, parenteral nutrition and expensive drugs. Much attention has 

therefore been paid to investigating the pathophysiology of sepsis, and the exploration 

of possible therapeutic strategies. In recent years, this attention has focused especially 

on the mediators involved in the inflammatory response to infection and tissue injury, 

which are now thought to be central to the problems caused by sepsis in the ICU 

(Dinarello et al, 1993; Giroir, 1993). This Chapter will therefore review the

 ̂ D. Bihari; personal communication
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pathophysiology of sepsis, and immune therapies recently or currently under 

investigation. First, however, the importance of standardised diagnostic criteria in this 

area of research will be discussed.

1.1.2. Diagnosis of Sepsis-related Syndromes

One problem of many early studies into sepsis and its management has been the use of 

various definitions to describe the clinical states of the patients. Terms such as sepsis, 

sepsis syndrome, severe sepsis, septicaemia and septic shock have often been used 

interchangeably. Improvements in the diagnosis of sepsis-related syndromes are 

desirable for two main reasons. First, by adopting a standardised diagnostic 

terminology with precise definitions, communication amongst researchers and 

clinicians may be improved, allowing better study of possible therapeutic 

interventions. In addition, use of defined diagnostic criteria allow these interventions 

to be used in the appropriate patients. Criteria recently proposed and subsequently 

widely adopted are based on the concept of the "systemic inflammatory response 

syndrome" (SIRS), a term which describes the common outcome of many different 

conditions (including those other than infection, e.g. trauma and pancreatitis) 

(ACCP/SCCM Consensus Conference Committee, 1992). These criteria are 

summarised in Table 1.1.

The second reason that improved diagnosis of sepsis is important is the generally held 

view that the earlier the intervention, the more chance it has of being effective; this is 

thought to be especially so for the various immune therapies recently developed, for 

which administration before the infective insult may be most effective (vide infra). 

Early diagnosis (i.e. even before the development of gross clinical features) may thus 

be crucial to the success of subsequent management (Dinarello and Cannon, 1993). In 

addition, certain patients may be "primed" as a result of prior exposure to 

inflammatory stimuli or illness, such that further stimuli, e.g. infection, may produce a
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Table 1.1. Summary of recently proposed criteria for defining sepsis-related 

syndromes (ACCP/SCCM Consensus Conference Committee, 1992).

Infection Invasion of normally sterile host tissue by microorganisms or the 

inflammatory response to their presence.

SIRS Two or more of: hypo- or hyperthermia; tachycardia; tachypnoea 

or hypo-capnia; leucopenia or leucocytosis.

Sepsis SIRS as a result of infection.

Severe Sepsis Sepsis plus organ dysfunction, hypoperfusion or hypotension.

Septic Shock Sepsis plus hypotension.

severe systemic response (Herdergen and Bone, 1992); early identification of these 

patients would be especially useful. Several studies have found that the presence of 

increased plasma concentrations of endotoxin as an initiator of the inflammatory 

response, or of cytokines as mediators of the response, is not consistent enough to be 

helpful in the identification of impending sepsis, as will be discussed. Even in patients 

with severe SIRS, microbiological evidence of infection may be absent, excluding this 

as a possible predictive tool (Bone et al, 1989; Casey et al, 1993). Since part of the 

systemic response to trauma and infection involves the production of acute phase 

proteins by the liver, these proteins have been studied as possible early markers of 

sepsis. Measurement of plasma concentrations of one of these, C-reactive protein 

(CRP), is easily done, and monitoring CRP may aid the recognition of onset of sepsis 

in the ICU, despite the fact that baseline concentrations of CRP are usually 

abnormally high in ICU patients (Matson et al, 1991). Similarly, CRP may be used to 

monitor the resolution of sepsis in the ICU, with rather greater sensitivity and 

specificity (Yentis et al, submitted for publication). However, additional measurement 

of neopterin (an intermediate metabolite secreted by activated
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monocytes/macrophages) as a non-specific marker of immune activation, or 

measurement of cytokines themselves, adds no fijrther information in the diagnosis of 

sepsis (Sheldon et al, 1991, 1993). This is despite the role of the cytokine interleukin 

(IL)-6 as the major inducer of the acute phase response (Heinrich et al, 1990). A 

single measurement of serum IL-6 concentration six days after surgery was recently 

reported to be useful in the identification of patients with nosocomial infection, but 

the sensitivity reported was low (69%) (Fassbender et al, 1993). Thus early diagnosis 

at present relies on a high clinical index of suspicion, supported by the features of 

SIRS and non-specific laboratory tests such as CRP.

1.1.3. Pathophysiology of Sepsis: SIRS

The majority of severe infections in ICU are attributed to gram-negative bacteria, 

although other organisms including gram-positive bacteria and fungi may be 

responsible, and the infective agent is often unidentified (Calandra et al, 1988; Bone et 

al, 1989; Parrillo et al, 1990; Dahmash et al, 1993). The bulk of the work into the 

pathophysiology of sepsis and septic shock has focused on gram-negative organisms, 

however, as it is thought that similar mechanisms are most likely involved in other 

types of infection. Indeed, it is now recognised that the clinical picture associated with 

gram-negative bacteraemia is merely the most florid form of SIRS (ACCP/SCCM 

Consensus Conference Committee, 1992). The chief initiator of the response to gram- 

negative bacteraemia is generally thought to be endotoxin (lipopolysaccharide, LPS), 

as first suggested by Borden and Hall over 40 years ago (Borden and Hall, 1951).

Endotoxin

Endotoxin is present in the outer membrane of gram-negative bacteria and consists of 

the outer, highly variable O polysaccharide side-chain, responsible for the O serotype 

of gram-negative bacteria; the outer and inner core (R) oligosaccharides; and the
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innermost lipid A component, thought to be responsible for the systemic features of 

infection (Glauser et al, 1991).

Evidence of the central role of endotoxin in gram-negative sepsis includes the effects 

of infusing endotoxin experimentally (Michie et al, 1988; Natanson et al, 1989; 

Sufifredini et al, 1989a; Cannon et al, 1990), the detection of endotoxin in the 

bloodstream of animals (Wessels et al, 1988, Quezado et al, 1993) and humans (Van 

Deventer et al, 1998; Brandtzaeg et al, 1989; Danner et al, 1991; Schedel et al, 1991; 

Wortel et al, 1992; Casey et al, 1993) infected with gram-negative organisms, and the 

protective effect of anti-endotoxin antibodies {vide infra). Whilst there is little doubt 

about the clinical and biochemical effects of endotoxin administration, the clinical 

significance of circulating endotoxin is more controversial (Hofl&nan and Natanson, 

1993). For example, not all patients with proven gram-negative bacteraemia have 

detectable endotoxin in the bloodstream (Danner et al, 1991; Wortel et al, 1992; 

Casey et al, 1993). In addition, circulating endotoxin may be detected in patients 

without gram-negative bacterial infections (Danner et al, 1991; Wortel et al, 1992; 

Casey et al, 1993). It has been suggested that endotoxin may pass from the 

gastrointestinal tract into the bloodstream as a consequence of impaired gut defences 

secondary to splanchnic hypoperfusion resulting from any cause (Fiddian-Green, 

1991). Another factor in the controversy surrounding endotoxin concentrations in 

sepsis is the almost universal use of the limulus amoebocyte lysate (LAL) assay to 

measure endotoxin. This assay has been associated with poor reproducibility, 

interference from plasma constituents and difiBculty of use, and has yet to be validated 

(Cohen and McConnell, 1984; Tamura et al, 1991; Wortel et al, 1992; Hoffinan and 

Natanson, 1993), although recent improvements to the LAL assay may make it easier 

to perform and increase its accuracy (Tamura et al, 1991). It has also been suggested 

that the involvement of endotoxin in sepsis is merely as a marker of transformation of 

infecting organisms into cell-wall deficient forms, and that its aetiological role should
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be reappraised (Hurley, 1993). Finally, the place of anti-endotoxin immunotherapy is 

also controversial {vide infra). However, despite these doubts, it is generally accepted 

that endotoxin is an important inducer of SIRS via its ability to initiate a number of 

local and systemic reactions including activation of the complement, coagulation and 

kinin systems and release of inflammatory mediators such as arachidonic acid 

metabolites, and more recently, cytokines (reviewed by Brock-Utne and Gafiin, 1989; 

Billiau and Vandekerckhove, 1991; Glauser et al, 1991; Bellomo, 1992; Herdegen and 

Bone, 1992; Dinarello et al, 1993; Giroir, 1993; Levi et al, 1993).

Cvtokine Network

Cytokines are protein mediators produced by leucocytes, endothelial cells and 

macrophages, amongst others, and are involved in regulating the activity, growth and 

differentiation of many different cells of the immune and haemopoietic systems 

(Whicher and Evans, 1990). The cytokines IL-1, IL-6 and tumour necrosis factor-a 

(TNFa) have been identified as being particularly involved in the pathophysiology of 

SIRS following exposure to endotoxin and other initiators (reviewed by Bellomo, 

1992; van Deuren et al, 1992; Herdegen and Bone, 1992; Dinarello et al, 1993; 

Giroir, 1993). For example, endotoxin is a potent stimulator of IL-1, IL-6 and TNFa 

production in vitro, and this response has been utilised experimentally as a model for 

investigating the many factors involved in the control and modulation of the response 

to infection. However, there are many differences in the methods used in studies of 

the cytokine response to endotoxin, which may make comparison between them 

difficult. First, the cell preparations used may be human or animal and include 

undiluted and diluted whole blood, isolated monocytes, lymphocytes or macrophages, 

and cultured cell lines. Apart fi’om possible effects of the isolation process on cytokine 

production, discrepancies may also arise from the absence of other cells and plasma 

components. The latter includes lipopolysaccharide binding protein, which has a major 

influence on the endotoxin-induced cytokine response (Schumann et al, 1990).
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Second, there are variations in the methods used to determine cytokine 

concentrations. Some studies have involved detection of bioactivity, utilising cell lines 

which either proliferate in the presence of a particular cytokine or die in its presence, 

whilst others have involved the detection of immunoreactivity, for example with 

radioimmunassays. Whilst the former type of assay may be influenced by substances 

with biological activity other than the cytokine of interest, and by the presence of 

inhibitors, the latter type of assay does not distinguish between active and inactive 

forms of the cytokine. In addition, the sensitivities of the different assays used often 

differ widely; thus some studies report cytokine concentrations and their alterations in 

terms of pg/ml, whilst others only detect cytokines at ng/ml concentrations. It is 

possible, therefore, that what one group of investigators might report as a positive 

finding might not be detected by another group. Third, the extreme sensitivity of cells 

to endotoxin, and thus the influence of even tiny amounts of contaminating endotoxin, 

may not have been appreciated in some earlier studies. Similar reservations to those 

above apply to the large body of in vivo evidence supporting the cytokines' 

involvement in SIRS and sepsis (Dinarello and Cannon, 1993). In addition, the use of 

potentially endotoxin-contaminated sample tubes for collection of blood fî om subjects 

during animal or clinical studies has until recently been widespread (Riches et al, 

1992b), and the results of early studies where method of collection is not specified 

must therefore be taken with some caution. Furthermore, small doses of endotoxin 

may protect animals against subsequent infection; improved survival following the 

administration of apparently protective therapies may thus be caused by their 

contamination with endotoxin (Chong and Huston, 1987). This tolerance to endotoxin 

may be via a reduction in the ability of circulating CD 14 positive cells to produce 

cytokines in response to a number of different stimuli (Granowitz et al, 1993), and a 

similar effect has also been shown in vitro (Takasuka et al, 1991). Finally, 

discrepancies between studies may in part be related to the many different in vivo 

models of sepsis which have been investigated, including different species of animals,
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and different routes of administration of live or killed bacteria, endotoxin or endotoxin 

fragments. These differences may be particular relevant in protection studies 

(Echtenacher et al, 1990; Bagby et al, 1991; Zanetti et al, 1992).

Nevertheless, the evidence that these cytokines are important in the pathophysiology 

of SIRS is extensive, and can be grouped into four main categories: (i) experimental 

infusion of bacteria or endotoxin may result in an increase in plasma concentrations of 

cytokine along with the clinical features of SIRS (Michie et al, 1988; Fong et al, 

1989a,b; Cannon et al, 1990; Martich et al, 1991); (ii) infusion of the cytokines 

themselves may produce similar effects to those seen in the clinical situation 

(Okusawa et al, 1988a; Natanson et al, 1989; Fawcett et al, 1993); (iii) plasma 

concentrations are often increased in patients with SIRS, and the pattern of the 

concentrations or the concentrations themselves may be related to severity of illness 

or mortality (Hack et al, 1989a; Damas et al, 1989; Debets et al, 1989; Calandra et al, 

1990; Cannon et al, 1990; Marks et al, 1990; Sullivan et al, 1992; Damas et al, 1992; 

Casey et al, 1993; Friedland et al, 1993; Hoch et al, 1993); and (iv) blocking the 

actions of the cytokines with specific immunotherapy may offer some protection 

against the effects of infection or of infusing endotoxin or cytokines (reviewed by 

Dinarello et al, 1993; Giroir, 1993).

Tumour Necrosis Factor-a

Tumour necrosis factor-a is a 17 kD polypeptide released after cleavage of a 26 

kD membrane-bound precursor (van Deuren et al, 1992; Beutler and Grau, 1993; 

Tracey and Cerami, 1993). The actions of TNFa are numerous and include 

neutrophil adherence and activation, induction of procoagulants and fibrinolytic 

inhibitors, and tissue damage, as well as systemic effects such as pyrexia, 

hypotension and tachycardia, and the stress hormone response (Whicher and 

Evans, 1990; Bellomo, 1992; Herdegen and Bone, 1992; van Deuren et al, 1992; 

Beutler and Grau, 1993; Tracey and Cerami, 1993; Strieter et al, 1993). It is
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thought to be the main mediator of SIRS. Thus, increased blood concentrations 

follow infusion of endotoxin and accompany the resultant clinical features of 

SIRS (Michie et al, 1988; Cannon et al, 1990; Bagby et al, 1991; Martich et al,

1991), and infusion of TNFa itself also produces the features of SIRS (Natanson 

et al, 1989; Fawcett et al, 1993). Blood TNFa concentrations may be increased in 

patients with severe sepsis (Damas et al, 1989; Calandra et al, 1990; Marks et al, 

1990; Damas et al, 1992); TNFa concentrations have been positively correlated 

with severity of illness or outcome in some studies (Damas et al, 1989; Debets et 

al, 1989; Calandra et al, 1990; Cannon et al, 1990; Marks et al, 1990), although 

not in others (de Groote et al, 1989; Damas et al, 1992; Friedland et al, 1992). 

Persistence of serum TNFa may be a better indicator of poor outcome than peak 

concentrations (Dofferhoff et al, 1992; Pinsky et al, 1993); alternatively, a scoring 

system based on TNFa, IL-lp, IL-6 and endotoxin concentrations together may 

provide a better indicator of outcome than measurement of any single component 

alone (Casey et al, 1993). Finally, anti-TNFa antibodies may protect against 

infection or endotoxin administration (Beutler et al, 1985; Tracey et al, 1987; 

Fong et al, 1989a; Bagby et al, 1991; Silva et al, 1990b; Zanetti et al, 1992; 

Barton and Jackson, 1993; Strieter et al, 1993). It is likely that whilst the 

development of severe SIRS may represent uncontrolled activation of this 

cytokine and other pathways, the local effects of TNFa may be protective against 

infection (Echtenacher et al, 1990; van Deuren et al, 1992; Beutler and Grau, 

1993; Strieter et al, 1993). Thus small doses of recombinant TNFa may reduce 

the clinical features and mortality of gram-negative sepsis in animal models 

(Sheppard et al, 1989; Alexander et al, 1991a).
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Interleukin-1

Interleukin-1 comprises two 17 kD polypeptides, IL -la  and IL-ip. Whilst they 

have similar properties and act via the same receptors, IL -la  remains intracellular 

and IL-lp represents the released form (van Deuren et al, 1992). Hence, most 

studies have concentrated on IL-ip concentrations. Similar evidence for the 

involvement of IL-lp in SIRS exists as for TNFa. Thus, experimental infusion of 

endotoxin is followed by increased plasma concentrations of IL-ip, although the 

magnitude of the increase is less than that for TNFa (Cannon et al, 1990). 

Similarly, infusion of IL-lp may result in the features of SIRS, especially in 

combination with TNFa infusion (Okusawa et al, 1988a). Blood concentrations 

of IL-ip may be increased in patients with SIRS (Casey et al, 1993), although 

many studies have found concentrations to be low or to correlate poorly with 

outcome (Damas et al, 1989; Calandra et al, 1990; Damas et al, 1992; Pinsky et 

al, 1993); one study even found higher concentrations in survivors (Cannon et al, 

1990). Finally, specific immunotherapy against the actions of IL-1 may protect 

against SIRS (Alexander et al, 1991b; McNamara et al, 1993). Interleukin-Ip and 

TNFa have overlapping effects and are thought to act synergistically. Indeed, 

production of IL-1 P is stimulated by TNFa, and also by IL-1 itself (Dinarello et 

al, 1987). As with TNFa, small doses of recombinant IL-ip may confer 

protection against gram-negative sepsis in animal models (van der Meer et al, 

1988); this protection is not mediated by a plasma component and is associated 

with reduced serum TNFa concentrations (Kaplan et al, 1993).

Interleukin-6

Interleukin-6 is a 21-26 kD glycoprotein previously identified as a growth factor 

affecting hepatocytes, B-lymphocytes and other cells (van Deuren et al, 1992). Its 

role in SIRS appears to be secondary and concerned with induction of hepatic 

acute-phase proteins and differentiation of B-lymphocytes (Heinrich et al, 1990;
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Bellomo, 1992; van Deuren et al, 1992). Production of IL-6 is stimulated by Il-ip 

and TNFa (Shalaby et al, 1989), and peak blood concentrations of IL-6 following 

experimental infusion of endotoxin occur after increases of IL-ip and TNFa 

(Fong et al, 1989a,b; Martich et al, 1991). Conversely, IL-6 inhibits production of 

IL-1 and TNFa (Schindler et al, 1990c). Infusion of IL-6 itself does not result in 

adverse systemic effects (Preiser et al, 1991), although its importance in SIRS is 

suggested by the finding that blood concentrations are ofl:en increased in severe 

sepsis and may correlate with outcome better than do concentrations of DL-ip or 

TNFa, with increased blood concentrations associated with mortality (Hack et al, 

1989a; Munoz et al, 1991a; Sullivan et al, 1992; Damas et al, 1992; Wortel et al, 

1992; Casey et al, 1993; Fisher et al, 1993; Friedland et al, 1993). As with TNFa, 

persistence of serum IL-6 has been reported to be a better indicator of poor 

outcome than peak concentrations (Dofiferhoff et al, 1992; Fisher et al, 1993; 

Pinsky et al, 1993). In addition, monoclonal antibodies against IL-6 have been 

shown to be protective against experimental gram-negative infection (Starnes et 

al, 1990), although a protective effect of IL-6 has also been claimed (Barton and 

Jackson, 1993).

Other Cvtokines

Other cytokines have been implicated in the pathophysiology of SIRS and sepsis. 

These include IL-2, which in addition to facilitating T-cell proliferation, may 

contribute to the adverse systemic cardiovascular features of SIRS (Ognibene et 

al, 1988; Herdegen and Bone, 1992); IL-8, which is chemotactic for neutrophils 

and lymphocytes and is released in response to endotoxin and other cytokines 

(DeForge et al, 1992); and interférons (IFNs), especially IFNy, which promotes 

macrophage activation and interacts with other cytokines (Billiau and 

Vandekerckhove, 1991; Herdegen and Bone, 1992), and blockade of which 

reduces mortality in experimental gram-negative sepsis (Silva and Cohen, 1992).
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However, these and other cytokines are thought to be of secondary importance in 

SIRS and severe sepsis compared to IL-1, IL-6 and TNFa (reviewed by Bellomo, 

1992; Herdegen and Bone, 1992; Dinarello et al, 1993).

Other Inflammatory Mediators

Other mediators also thought to be involved in SIRS and sepsis include activated 

complement factors, which may interact with inflammatory cytokines and produce 

similar effects (Slotman et al, 1986; Hack et al, 1989b; Hsueh et al, 1990; Billiau and 

Vandekerckhove, 1991; Dofferhoff et al, 1992; de Boer et al, 1992; Barton and 

Warren, 1993). Increased blood concentrations of activated complement components 

may occur in septic shock, and may be associated with mortality (Slotman et al, 1986; 

Hack et al, 1989b; Dofferhoff et al, 1992). In particular, the enhancing effects of C5a 

on cytokine production have received much attention (Okusawa et al, 1987, 1988b; 

Schindler et al, 1990b; Scholz et al, 1990; Geiger et al, 1992; Gross and Andus,

1992). The fibrinolytic system and plasma kallikrein-kinin system are also thought to 

be involved (Katori et al, 1989; Suffredini et al, 1989b). The role of the vascular 

endothelium as a prime target for cytokines in SIRS is increasingly recognised, with 

subsequent production of platelet activating factor (PAF), eicosanoids and nitric oxide 

(reviewed by Anderson et al, 1991; Herdegen and Bone, 1992; Palmer, 1993). These 

substances are thought to be intimately involved in the control of vessel permeability 

and calibre, disruption of which is a classic feature of severe SIRS and sepsis 

(Anderson et al, 1991; Dinarello et al, 1993; Palmer, 1993). Production of PAF is 

induced by TNFa and IL-1 in vitro, and PAF may mediate experimental endotoxin- 

induced shock and organ damage (Camussi et al, 1987; Anderson et al, 1991).

27



Regulation of the Inflammatory Response

There are many interactions between the cytokines themselves, and between cytokines 

and other mediators, which may affect the simplified endotoxin-cytokine pathway 

originally proposed. For example, IL-1 and TNFa induce secretion of IL-1 P, IL-6 and 

IL-8 (Dinarello et al, 1987; Shalaby et al, 1989; DeForge et al, 1992), whilst IL-6 

inhibits secretion of IL-1 and TNFa (Schindler et al, 1990c). Other cytokines may be 

important in regulating the inflammatory response; for example, IL-10 reduces 

production of IL-lp, IL-6 and TNFa, and may confer protection against experimental 

endotoxaemia (Fiorentino et al, 1991; Howard et al, 1993). The various cytokines and 

mediators already mentioned may affect, or be affected by, production of IL-1, IL-6 

and TNFa, giving rise to a complex network of interactions with many possible sites 

of regulatory control (Billiau and Vandekerckhove, 1991; Cavaillon et al, 1992; 

Herdegen and Bone, 1992). In addition, there is evidence that production of these 

three cytokines may be regulated independently under some circumstances (Bailly et 

al, 1990; Takasuka et al, 1991; Zuckerman et al, 1991), with control of secretion 

occuring at both transcriptional and post-transcriptional levels (Schindler et al, 1990a; 

Takasuka et al, 1991; Zuckerman et al, 1991). Moreover, the effects of sublethal 

doses of endotoxin, IL-lp or TNFa in reducing the subsequent cytokine response in 

vitro, or in conferring protection against subsequent (otherwise lethal) doses of 

bacteria, endotoxin or cytokine in experimental animals, are further evidence of the 

complexity of control mechanisms for the cytokine network (van der Meer et al, 

1988; Sheppard et al, 1989; Echtenacher et al, 1990; Alexander et al, 1991a; 

Takasuka et al, 1991). Other factors include the effects of endogenous or exogenous 

steroids and other hormones, and drugs (Herdegen and Bone, 1992).

These factors, together with the variations in aetiology and time course of illness, pre

existing health and individual differences between patients' ability to mount a
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response, may contribute to the variability of the systemic inflammatory response seen 

in the clinical situation (Herdegen and Bone, 1992; Wherry et al, 1993).

1.1.4. Immune Therapy and Sepsis

Much work has been done on the possible beneficial efiects of treatments aimed at 

modulating the inflammatory response. These have included steroids (Bone et al, 

1987; Marks et al, 1990), inhibitors of arachidonic acid derivatives, PAF, complement 

or neutrophil function (reviewed by Bone, 1992a,b), and inhibitors of nitric oxide 

(Petros et al, 1991). However, much attention has centred on the interruption of the 

endotoxin-cytokine pathway using immunoglobulins and specific anti-cytokine 

preparations.

Standard Intravenous Immunoglobulin Preparations

Standard intravenous IgG preparations (IVIGs) have been studied as a means of 

confering protection against infection. Following exposure in vitro to an IVIG, both 

an increased (Kuhnert et al, 1990) and a decreased (Iwata et al, 1987; Shimozato et 

al, 1990) cytokine response to endotoxin have been reported. Reduced cytokine 

production in response to endotoxin following treatment of animals with IVIG has 

also been demonstrated in vivo (Iwata et al, 1987; Shimozato et al, 1990; Saladino et 

al, 1992). However, survival of rabbits following infusion of endotoxin was not 

increased by IVIG despite a reduction in TNFa concentrations (Saladino et al, 1992). 

In humans, treatment with IVIG has been shown to reduce the incidence of infections 

in patients following surgery (Cafiero et al, 1992; Intravenous Immunoglobulin 

Collaborative Study Group, 1992) and bone marrow transplantation (Sullivan et al,

1990), although mortality was not affected and cytokine production was not studied.

A standard intravenous immunoglobulin preparation containing IgG, IgM and IgA 

(Pentaglobin; Biotest Pharma, Dreieich, FRG) has been investigated in an open-label 

study. In patients with demonstrable endotoxaemia, administration of the
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immunoglobulin preparation resulted in decreased mortality from septic shock 

compared with control (Schedel et al, 1991). However, cytokines measurements were 

not performed. There is evidence that IgM antibodies are more effective than IgG in 

protecting mice against gram-negative bacterial challenge, and this might account for 

the different findings between studies of IgG and IgM-containing preparations 

(McCabe et al, 1988; Oishi et al, 1992).

Anti-endotoxin Antibodies

Based on the theory that protection conferred by standard immunoglobulin 

preparations might involve the endotoxin-binding components, more specific 

preparations have been investigated; these include polyclonal and monoclonal 

antibodies directed against various components of the endotoxin molecule.

Antibodies Against O-antieens

Many studies in animals have demonstrated that antibodies against the 0-antigen 

portions of endotoxin protect against subsequent bacterial or endotoxin challenge, 

but only for the specific serotype concerned (Johns et al, 1983; Greisman and 

Johnston, 1988; Priest et al, 1989; Baumgartner et al, 1990; Oishi et al, 1992; 

Opal et al, 1991; Cody et al, 1992; Zanetti et al, 1992; Battafarano et al, 1993; 

Burd et al, 1993a). However, the lack of protection against other bacterial strains 

has precluded the clinical usefulness of antibodies of this specificity.

Antibodies Against Core Components

The use of antibodies directed against the core oligosaccharides or lipid A of 

endotoxin is attractive since these components tend to be conserved across 

different species and strains of gram-negative bacteria; thus potentially conferring 

a wide spectrum of antibacterial activity. Many studies have investigated 

antibodies raised against endotoxin from mutant ("rough”) strains of gram-
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negative bacteria, which lack the O polysaccharide side-chains of "smooth" 

strains; absence of side-chains is presumed to expose the core components and 

allow them to stimulate antibody formation (McCabe et al, 1988; Priest et al, 

1989; Nys et al, 1990). However, the conflicting results of several studies, plus 

uncertainty as to the precise mechanism of action of these antibodies, has 

generated much controversy. Human studies have provoked the fiercest debate, 

however, culminating in the introduction and subsequent withdrawal of HA-1A 

(Centoxin; Centocor, Leiden, The Netherlands) (Luce, 1993; Sprung and 

Eidelman, 1993). HA-IA is a human monoclonal IgM (but with a murine J 

chain^) produced by a hybridoma resulting from fusion of human/murine 

heteromyeloma cells with human splenic lymphocytes obtained from a patient 

vaccinated with the J5 mutant strain of Escherichia coli (Teng et al, 1985). 

Another anti-endotoxin antibody raised against J5, E5, has also been evaluated in 

clinical trials but has not been introduced for general use; it is a murine 

monoclonal IgM produced by a murine hybridoma derived from spleen cells of a 

mouse immunised with J5 (Young et al, 1989).

In Vitro Studies

The ability of anti-core component antibodies to bind to smooth bacterial 

endotoxin has been questioned by Baumgartner and colleagues, who have 

reviewed the difiSculties in determining the epitopes of such antibodies in vitro 

(Heumann et al, 1991; Baumgartner, 1991). Recent studies, using a number of 

different assay systems, have reported that both HA-IA and E5 bound to lipid 

A and to rough endotoxins (Wood et al, 1992; Bogard et al, 1993; Fujihara et 

al, 1993; Mascelli et al, 1993). Binding of E5 and HA-IA to certain types of 

smooth endotoxin has also been reported (Parent et al, 1992; Fujihara et al.

 ̂ Centoxin Product Data Sheet, Centocor, Leiden, The Netherlands
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1993; Mascelli et al, 1993). However, Warren et al found that both HA-IÀ 

and E5 bound only weakly to several smooth endotoxins, and were unable to 

neutralise the biological effects of rough or smooth endotoxins including 

production of IL-ip, IL-6 and TNFa in vitro (Warren et al, 1993). 

Furthermore, Tonoli et al (1993) examined the binding of HA-IA to whole 

bacteria and found that whilst it bound to rough gram-negative organisms, it 

did not bind to smooth ones. The binding abilities and endotoxin-neutralising 

effects of other anti-core component antibodies have also been studied. Chia et 

al tested several monoclonal antibodies directed against 0-antigens, core 

determinants and lipid A, and found that none were able to block the TNFa 

response of macrophages stimulated with endotoxin, lipid A or intact bacteria 

(Chia et al, 1989). However, others have reported that various antibodies 

against endotoxin core components were able to inhibit the cytokine response 

to endotoxin, lipid A or gram-negative bacteria in vitro (Mayoral and Dunn, 

1990; Burd et al, 1993b; Di Padova et al, 1993; Fang et al, 1993; 

Ramachandra et al, 1993; Vacheron et al 1992). Some of these antibodies 

were also shown to bind to endotoxin and protect animals against 

endotoxaemia (Di Padova et al, 1993; Fang et al, 1993). Lasfargues et al 

reported that different murine antibodies raised against lipid A had different 

affects on TNFa and IL-1 production by macrophages, and suggested distinct 

epitopes on lipid A as being involved (Lasfargues et al, 1989).

One possible factor hindering cross-reactivity of anti-core component 

antibodies with smooth endotoxin might be the physical concealment of the 

core from the antibody by the presence of the O polysaccharide side-chains. 

This is supported by the finding that binding of anti-core antibodies to smooth 

Escherichia coli was improved when the bacteria were incubated with 

antibiotics, especially those that interfered with bacterial cell wall synthesis
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(Overbeek et al, 1987; Siegel et al, 1993). Similarly, Tonoli et al (1993) found 

that binding of HA-IA to bacterial fragments was increased by treatment with 

a p-lactam antibiotic, although binding to whole organisms was not improved. 

Enhancement of efficacy of E5 in vivo by concurrent treatment with antibiotics 

has also been observed (Young et al, 1989; Romulo et al, 1993). Since 

patients who might be considered suitable for these antibodies would almost 

certainly be receiving antibiotics, these findings have relevance for possible 

clinical applications of anti-core antibodies despite conflicting in vitro or 

animal studies (vide infra).

An alternative proposal for a possible mechanism of action of these antibodies 

is that they enhance clearance of endotoxin and bacteria, rather than neutralise 

endotoxin itself. Thus HA-IA has been found to mediate adherence of 

endotoxin to human erythrocytes and peripheral blood mononuclear cells 

(PBMCs), via complement-mediated binding of antibody-endotoxin immune 

complexes to the CRl receptor (Katsikis et al, 1993; Krieger et al, 1993; 

Tonoli et al, 1993). In addition, it has been suggested that IgG antibodies may 

confer protection via Fc-mediated cellular uptake of endotoxin (Burd et al, 

1993b), or by competing with lipopolysaccharide binding protein for 

endotoxin and thus diverting endotoxin from monocyte CD 14 receptors 

(Heumann et al, 1992).

Animal Studies

A number of studies in animals have found cross-protective effects of anti-core 

antibodies, raised against rough strains of organisms (McCabe et al, 1988; 

Priest et al, 1989; Nys et al, 1990; Silva et al, 1990a; Di Padova et al, 1993). 

However, other studies have found no cross-protective effect of anti-core 

antibodies (Greisman and Johnston, 1988). Similarly, antibodies against lipid A 

have been reported to be protective in some animal studies (Teng et al, 1985;
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Fang et al, 1993; Ramachandra et al, 1993), but not in others (Baumgartner, 

1990; Comelissen et al, 1993). Indeed, in one blinded, controlled study using a 

well-established canine model of gram-negative sepsis, mortality was increased 

over threefold in dogs receiving HA-IA, compared to those receiving control 

human IgM or albumin (Quezado et al, 1993). It has been suggested, however, 

that HA-lA's mechanism of action is primarily via enhanced clearance of 

complexed endotoxin/bacteria, and is only applicable to humans and other 

primates (Katsikis et al, 1993; Krieger et al, 1993). Comelissen et al (1993) 

found that HA-IA did not protect mice against lethal endotoxin challenge, 

whereas murine anti-lipid A monoclonal antibodies did.

Few studies have examined the effects of these antibodies on cytokine 

production in vivo. Reduction of endotoxin-induced TNFa production was 

reported in mice if monoclonal antibody to lipid A was administered two hours 

before injection of lipid A (Ramachandra et al, 1993). Vacheron et al (1992) 

reported that monoclonal antibodies against 15 prevented the Escherichia coli- 

or endotoxin-induced increase in TNFa in D-galactosamine-treated mice. 

Similarly, Romulo et al (1993) found that serum concentrations of both 

endotoxin and TNFa were reduced in neutropaenic rats pretreated with E5 

before challenge with Pseudomonas compared with untreated animals. 

However, a lack of effect of HA-IA on endotoxin-induced IL-6 and TNFa 

production in mice has been reported (Baumgartner et al 1990; Comelissen et 

al, 1993). Silva et al reported that a monoclonal antibody to endotoxin core 

conferred protection against gram-negative bacteraemia in mice, despite serum 

concentrations of IL-6 and TNFa being unaffected, suggesting a mechanism 

of action independent of these cytokines (Silva et al, 1990a).
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Human Studies

In humans, serum from volunteers who had been immunised with the J5 

mutant strain of Escherichia coli reduced the death rate in patients with gram- 

negative infection by almost half, when compared with non-immune serum, 

although protection was not related to the anti-JS antibody titre in the donor 

serum (Ziegler et al, 1982). A subsequent study found that prophylactic 

administration of J5 antiserum to high risk surgical patients reduced the 

incidence and mortality of septic shock, although the overall incidence of 

infection was unaltered (Baumgartner et al, 1985). In contrast, J5 antiserum 

did not affect duration of shock, complication rate or mortality in a double

blind study of children with infectious purpura (J5 Study Group, 1992). In 

another study, Calandra et al (1988) compared pooled polyclonal IgG against 

Escherichia coli J5 with standard IVIG, and found no difference in mortality 

in patients with gram-negative infections, although no control group was 

included in the study. The Intravenous Immunoglobulin Collaborative Study 

Group (1992) compared the protective effect in high-risk surgical patients of 

placebo, standard IVIG and pooled IgG selected for activity against core 

lipopolysaccharide of the rough mutant R595 strain of Salmonella minnesota. 

They found that whilst IVIG reduced the incidence of infection compared with 

placebo, the pooled hyperimmune IgG had no protective effect, possibly as a 

result of the smaller range of antibacterial antibodies in the latter preparation 

consequent to the fewer donors from whom the IgG was pooled (Intravenous 

Immunoglobulin Collaborative Study Group, 1992).

Two monoclonal anti-endotoxin IgM antibodies, E5 and HA-IA, have 

undergone evaluation in clinical trials. In a randomised, placebo-controlled 

phase in  study, E5 was found not to improve overall survival within 30 days 

in 468 patients with proven or suspected gram-negative sepsis (40% mortality
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for the E5 group and 41% for the placebo group), although in a subset of 137 

patients with documented gram-negative sepsis who were not in shock on 

entry into the study, there was lower mortality following treatment with E5 

(30%) than following placebo (43%; p=0.01) (Greenman et al, 1991). In these 

137 patients, resolution of organ failure was more frequent in the treated 

group (54%) than in the placebo group (30%; p=0.05). A second study of E5 

in 847 patients, the results of which have been discussed (Cunnion, 1992; 

Warren et al, 1992) but not published in peer-reviewed form, found that the 

beneficial results of the first study could not be repeated.

The second monoclonal antibody, HA-IA, was compared with placebo in a 

multicentre clinical trial of 543 patients with presumed gram-negative sepsis, 

which found that overall mortality within 28 days in the HA-lA-treated group 

was not different to that in the placebo-treated group (39% versus 43% 

respectively; p=0.24) (Ziegler et al, 1991). However, within a subset of 200 

patients with documented gram-negative bacteraemia, mortality was reduced 

in the HA-IA group (30%) compared with the placebo group (49%; p=0.014). 

In addition, in 101 patients with gram-negative bacteraemia and shock on 

study entry, mortality was lower in the treatment group (33%) than in the 

placebo group (57%; p=0.017). A separate analysis of 82 patients revealed 

that the greatest reduction in mortality occurred in patients with 

endotoxaemia; in addition, serum TNFa concentrations at 24 hours fell by a 

greater amount in 33 patients after treatment with HA-IA than in 32 who 

received placebo, but no significant difference in IL-6 concentrations was 

found at 24 hours in 67 patients in whom IL-6 was measured (Wortel et al, 

1992). The main study by Ziegler et al (1991) has been the subject of 

considerable controversy and debate (correspondence section. New Engl J 

Med (1991) 325: 279-282; Warren et al, 1992; Luce, 1993). The main
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concerns about the study included discrepancies in the results from the 

different clinical centres; discrepancies between the treatment and placebo 

groups for severity of illness and appropriateness of antibiotic therapy; lack of 

correction for multiple statistical analyses, and revision of the study protocol 

after interim analysis of results (Warren et al, 1992; Luce, 1993). In addition, 

statistical analysis of the results by the Food and Drug Administration (FDA) 

in the United States led to different conclusions about HA-lA's efficacy 

(Warren et al, 1992; Luce, 1993). Further doubts about the efficacy of HA-IA 

and E5 arose because the subset of patients in whom HA-IA was found to be 

beneficial differed from that in the E5 study (Greenman et al, 1991). 

Furthermore, the possibility that HA-IA might even be harmful in patients 

without gram-negative bacteraemia was raised by a number of correspondents 

(Gazmuri et al, 1991; Tanio and Feldman, 1991; Nadel et al, 1992). This last 

point is important because benefit of HA-IA was only demonstrated in 

patients with gram-negative bacteraemia, the diagnosis of which is often 

impossible at an early stage of illness. Thus in order to treat all those who 

develop gram-negative bacteraemia, considerable numbers of patients would 

have to be treated who did not have gram-negative bacteraemia. In response 

to the FDA's request for further information, a second multicentre, 

randomised, double-blind study of HA-IA was started in 1992. However, this 

study was suspended in January 1993 after interim analysis revealed increased 

mortality in patients without gram-negative bacteraemia who received HA-IA 

compared with those who received placebo, and all supplies of HA-IA were 

recalled^ (Luce, 1993). A European study of HA-IA in children with 

meningococcal septicaemia continued, but its results are yet to be presented.^

 ̂ Medicines Control Agency, Department of Health (1993). Drug Alert MDR 13-1/93 

^ Centocor; personal communication
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The question of whether anti-endotoxin antibodies might be useful in gram- 

negative sepsis therefore remains unresolved. The ethical and financial 

implications of new treatments such as HA-IA, which received as much 

attention in the stock market as in the medical world, have recently been 

discussed by Luce (1993).

Anti-cvtokine Preparations

Individual cytokines have been targeted by a variety of preparations aimed at 

interrupting the cytokine-tissue damage pathway. Some of these have recently 

undergone or are currently undergoing clinical trials, whilst others are yet to be 

evaluated clinically. Anti-cytokine strategies have been reviewed by Dinarello et al 

(1993) and Giroir (1993); in brief, they include therapies aimed at the following 

targets.

Tumour Necrosis Factor-g

Antibodies against TNFa have been shown to be protective against lethal 

endotoxin or gram-negative bacterial administration in a number of animal models 

(Beutler et al, 1985; Tracey et al, 1987; Fong et al, 1989a; Silva et al, 1990b; 

Bagby et al, 1991; Barton and Jackson, 1993). In some studies, the shorter the 

interval between prophylactic administration of the antibody preparation and 

lethal challenge, the lesser the protective effect (Beutler et al, 1985; Tracey et al, 

1987; Fong et al, 1989a), but Silva et al (1990b) found a protective effect even 

when treatment was given 30 minutes after bacterial administration. However, 

other studies have found that whilst anti-TNFa antibodies protected rodents 

against intravascular gram-negative bacteria, and intravascular or intraperitoneal 

endotoxin, they did not protect against Escherichia coli peritonitis or peritonitis 

arising from caecal ligation and puncture (Echtenacher et al, 1990; Bagby et al, 

1991; Zanetti et al, 1992). Indeed, Echtenacher et al (1990) found that anti-TNFa
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antibody treatment increased mortality in their model of bacterial peritonitis. In 

addition, anti-TNFa antibodies have been shown not to be protective in a murine 

model of gram-positive shock despite reducing serum concentrations of TNFa 

(Wayte et al, 1993). Anti-TNFa antibody preparations are currently being 

evaluated in clinical trials, and the results of one phase II trial have recently been 

published. Whilst 28-day mortality for the total population of 80 patients with 

suspected sepsis or septic shock was unaffected by treatment (total mortality was 

41%), analysis of a subset of 35 patients with increased serum TNFa 

concentrations at study entry suggested a survival advantage of increasing dose of 

antibody (Fisher et al, 1993).

Other potential anti-TNFa therapies include the xanthine pentoxiphylline, which 

inhibits release of TNFa from macrophages and activation of neutrophils (Bone, 

1992b); and soluble receptors for TNFa, either unmodified or linked to 

immunoglobulin derivatives to prolong their circulatory half-life (Lesslauer et al,

1991). However, recent evaluation of IgG-linked soluble TNFa receptors in 

humans suggests that treatment causes a dose-dependent increase in mortality, 

providing further evidence of the beneficial effects of small amounts of TNFa. ̂

Interleukin-1

The actions of IL-1 may be antagonised in a number of ways. The identification of 

a naturally-occurring antagonist to IL-1 (IL-lra), a protein similar in structure to 

IL -la  and IL-ip which binds to the IL-1 receptor but has no agonist activity, has 

led to sequencing and production of recombinant IL-lra (Arend, 1991). 

Administration of IL-lra has improved survival of animals treated with a lethal 

dose of endotoxin, even when given after the challenge (Ohlsson et al, 1990; 

Alexander et al, 1991b). In a recent Phase HI multicentre clinical trial, no

M. Fink; personal communication
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difference in 28-day mortality was seen in 893 patients with SIRS who received 

either IL-lra or placebo (p=0.22), or in a subset of 713 patients with shock at 

study entry (p=0.23), but there was a 22% reduction in mortality in patients with 

predicted mortality of 24% or greater (n=595) who received high-dose IL-lra, 

compared with those who received placebo (p=0.03).® However, these results 

have not been published in complete form. Blockade of the IL-1 receptor has also 

been achieved with a monoclonal antibody against the IL-1 receptor (IL-lrab), 

which has confered protection against lethal endotoxaemia even when 

administered one hour after endotoxin in mice, and reduced serum IL-6 

concentrations (McNamara et al, 1993).

Other possible anti-IL-1 therapies include soluble IL-1 receptors and inhibitors of 

formation of active IL-1 from its precursor (Dinarello et al, 1993).

One possible treatment strategy which might improve outcome is to combine 

therapies in order better to interrupt the cytokine cascade. Thus in a rat model of 

gram-negative sepsis, animals receiving both anti-endotoxin and anti-TNFa 

monoclonal antibodies had higher survival rates than those receiving either one 

antibody alone, whilst animals receiving placebo all died (Opal et al, 1991). However, 

in another study, anti-TNFa antibodies did not improve survival in IL-lrab-treated 

mice challenged with endotoxin, although subtherapeutic doses of each antibody 

preparation were given (McNamara et al, 1993).

 ̂ Dhainaut JF. International Conference on Sepsis in the ICU: A Masterclass Symposium. April 
1993; London
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1.1.5. Conclusions

The complicated network of mediators involved in SIRS and sepsis is slowly 

becoming better understood, although there are many discrepancies between studies 

with respect to methods used and results obtained. More work is required to elucidate 

further the complex factors involved in the response to infection and tissue injury, and 

to investigate possible adverse effects of immunomodulation as well as any beneficial 

effects. Results of clinical trials of single immune therapies have generally failed to live 

up to the expectations arising fi*om animal work, possibly because of the differences 

between the clinical situation, with its many external and patient factors affecting the 

inflammatory response, and the controlled if artificial situation of the laboratory 

model. The experience gained from the recent clinical trials, particularly those of HA- 

IA, has prompted more caution in the design and interpretation of studies, and has 

also led to an appreciation of the ethical and financial problems involved in the 

introduction of these therapies. Further advances may yet lead to improvements in the 

management of and outcome from sepsis.
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1.2. Aims of this Thesis

The aims of this thesis may be summarised as follows:

(i) To investigate the cytokine response of peripheral blood cells to endotoxin, and 

the modulation of this response by presentation of endotoxin within immune 

complexes with IgG or IgM. In addition, to investigate the relationship between 

this modulation and activation of complement component C3.

(ii) To investigate whether ICU patients have activated cells or other components in 

their blood such that a subsequent stimulus may provoke cytokine release, in a 

situation where normally none would occur; furthermore, to investigate the ability 

of the human monoclonal IgM directed against endotoxin (HA-IA (Centoxin)) to 

act as such a stimulus.

(iii) To investigate whether patients "primed" for subsequent adverse cytokine 

production or impending severe SIRS might be identifiable by the pattern of 

cytokine production in peripheral blood cells.
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CHAPTER 2 

MATERIALS AND METHODS



2.1. Blood Samples

2.1.1. Collection of Samples

Peripheral blood was taken from healthy volunteers and ICU patients into sterile 7 ml 

tubes containing lithium heparin (Becton Dickinson Ltd., Oxford, UK.). These tubes 

are free of contaminating endotoxin, and collection in this way has been shown not to 

cause cytokine induction in the absence of added endotoxin (Riches et al, 1992b). 

Informed consent was obtained from volunteers. It was agreed with the Charing Cross 

& Westminster Medical School (CX&WMS) Ethical Committee Chairman that 

informed consent was not required from ICU patients, since the samples used were 

those already routinely taken for CRP estimation, the remainder being used for 

research purposes instead of being discarded. Samples were either used intact for 

stimulation studies, spun and the plasma assayed or frozen for subsequent analysis, or 

the PBMCs separated for analysis. All handling of samples was in a hooded cabinet 

with sterile pyrogen-free equipment, and sterile solutions and reagents.

2.1.2. Isolation of Peripheral Blood Mononuclear Cells

i. The cellular components of the samples were resuspended in phosphate-buffered 

saline (PBS; Sigma, Poole, Dorset, UK.) and carefully layered upon a mixture of 

9.6% sodium metrizoate and 5.6% ficoll (Lymphoprep; Nycomed Ltd., 

Birmingham, UK.; density 1.077 g/ml) in a 10 ml pyrogen-free tissue culture tube 

(Flow Laboratories, High Wickombe, Bucks., UK ).

ii. The tubes were centrifuged at 400 x g for 30 minutes at room temperature, 

following which the interface (containing the PBMCs) was removed from each 

tube using a pipette and transferred to a fresh tube.

iii. The cells were washed twice in PBS and resuspended according to the analysis to 

be performed. The number and viability of cells in PBMC preparations was
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determined by cell counts using a haemocytometer (Webster Scientific 

International, Teddington, Middx.,UK.) and eosin dye (Sigma) exclusion by 

viable cells.

2.1.3. Incubation of Cells with Endotoxin

An equimolar mix of endotoxin from rough strains of Escherichia coli J5 and 

Salmonella minnesota Re595 (Sigma) was used. This had been made up in tissue 

culture basal medium (4.5% Human Albumin Solution (HAS; Immuno Ltd., 

Sevenoaks, Kent, UK.) 5%, Hank's balanced salt solution (HBSS; Gibco BRL, 

Uxbridge, Middx., UK.) 10%, HEPES buffer (Flow Laboratories) 2.5%) and divided 

into 1 ml aliquots of 100 fxg/ml solution (total amount of endotoxin; i.e. 50 pg/ml of 

each type), and was stored at -70°C until use.

All incubations were at 37°C in 5% CO2
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2.2. Assays for Plasma/Serum Cytokines

2.2.1. Radioimmunoassay (RIA) for IL-ip and IL-6

Recombinant preparations and antibodies were kindly supplied by Dr. S. Poole

(National Institute of Biological Standards and Control (NIBSC), Herts, UK.).

lodination of IL-ip and IL-6 was performed by Dr. R. Gooding (Dept, of

Immunology, CX&WMS). All assays were performed in duplicate.

Standardisation

Assays were standardised against International Standard 86/552 for IL-lp and

Reference Preparation 88/514 (NIBSC) for IL-6.

RIA Protocol

i. Standard solutions were prepared by diluting the standard preparations of IL-1 P

and IL-6 in RIA buffer (0.02 M sodium phosphate buffer, pH 7.4; 0.01 M EDTA;

0.145 M sodium chloride; 0.1% sodium azide (all from BDH Laboratory 

Supplies, Poole, Dorset, UK.); 0.5% bovine serum albumin; 0.5% TWEEN 20 

(both from Sigma)) to a concentration of 250 ng/ml and 125 ng/ml respectively. 

Subsequent twofold dilutions were made to 0.244 ng/ml and 0.122 ng/ml 

respectively.

ii. 100 [4,1 of each standard dilution or test sample was added to 200 pi RIA buffer 

and 100 pi of either sheep anti-IL-lp or goat anti-IL-6 antibody (1:200 000 and 

1:133 333 dilutions respectively), and incubated overnight at 4°C.

iii. 100 pi of the appropriate radioiodinated cytokine (approximately 5000 cpm) was

added to each tube and the mixtures incubated for a further 48-72 hours at 4°C.
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iv. Bound cytokine was separated using 100 pi per tube of donkey anti-sheep/goat 

antibody-coated cellulose (IDS Ltd., Boldon, Tyne & Wear, UK.), diluted 1:2 in 

RIA buffer.

V. After 30 minutes' incubation at room temperature, 1.0 ml distilled water was 

added per tube and the mixture centrifuged at 2000 x g for 20 minutes.

vi. The supernatant was aspirated and the bound radioactivity in the pellet measured 

with a gamma counter (Pharmacia LKB, Milton Keynes, UK.).

RIA Performance Characteristics 

Lower Limit of Detection

For each RIA, the lower limit of detection was calculated by 20 replicate analyses 

of a sample of tissue culture basal medium containing none of the analyte of 

interest. High and low outlying response values were ignored in the calculation, 

the results of which are presented in Table 2 .1.

Table 2.1. Lower limits of detection of RIA for IL-ip and IL-6.

Analyte n
Lower limit of detection 

(ng/ml)

IL-ip 18 > 1.72

IL-6 18 >0.33
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Precision

For each RIA, within-batch precision was determined by replicate analyses of a 

sample of tissue culture basal medium containing analyte at a concentration that 

lay on the linear part of the standard curve. Between-batch precision was 

determined by including high and low concentration samples in consecutive 

assays. Within-batch and between-batch precisions are shown in Tables 2.2 and

2.3.

Table 2.2. Within-batch precision for RIA for IL-ip and IL-6.

Analyte n X ± sd* (ng/ml) cvt (%)

IL-ip 18 3.09 ±0.14 4.6

IL-6 18 1.94 ±0.05 2.7

"‘standard deviation; tcoefficient of variation

Table 2.3. Between-batch precision for RIA for IL-ip and IL-6.

Analyte n X ± sd"' (ng/ml) cvt (%)

IL-ip
10 18.02 ±2.16 12.0

10 1.79±0.11 5.9

IL-6
15 9.5 ±0.67 7.1

15 0.99 ±0.18 18.9

■“standard deviation; tcoefficient of variation
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2.2.2. Enzyme-Linked Immunosorbent Assay (ELISA) for TNFa

Antibodies and recombinant TNFa were kindly supplied by Dr. A. Meager of NIBSC.

All assays were performed in duplicate.

Standardisation

The ELISA for TNFa was standardised against Reference Preparation 86/659

(NIBSC).

ELISA Protocol

i. 50 |xl rabbit polyclonal anti-TNFa diluted 1:100 in coating buffer (O.IM sodium 

carbonate buffer, pH 9.5 (Sigma)) was added to each well of a gamma-irradiated 

Nunc Immuno II microtitre plate (Gibco BRL) and incubated overnight at 4°C.

ii. The wells were washed three times in wash buffer (0.15 M PBS; 0.05% TWEEN 

20) and each was blocked with 100 |il blocking buffer (0.15 M PBS; 1% HAS; 

1% TWEEN 20) for three hours at 37°C.

iii. Standard solutions were prepared by diluting the standard preparation of TNFa in 

wash buffer to a concentration of 1000 U/ml. Subsequent twofold dilutions were 

made to 7.81 U/ml.

iv. After washing each well three times in wash buffer, 50 pi standard dilution or test 

sample was added and the plates incubated overnight at 4°C.

V. The wells were washed three times in wash buffer and 50 pi mouse monoclonal 

anti-TNFa (diluted 1:100 in wash buffer) was added per well; following this the 

plates were incubated overnight at 4°C.

vi. After washing three times in wash buffer, 100 pi alkaline phosphatase-linked 

sheep polyclonal anti-mouse IgG (Sigma) diluted 1:1000 in wash buffer was 

added per well and the plates incubated for three hours at room temperature.
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vii. 100 |xl substrate buffer (Whitley Scientific Ltd., Shipley, W Yorkshire, UK.) 

containing 1.5 mg/ml p-nitrophenyl phosphate (Sigma) was added to each well 

and the plates incubated in the dark at room temperature.

viii. Absorbance of each well was measured in a Titertek Multiscan©MC (ICN 

Biomedicals Ltd., High Wycombe, Bucks., UK.) at 405 nm when the top standard 

read approximately 1.6 optical density units.

ELISA Performance Characteristics

Frozen aliquots of recombinant TNFa at a known concentration in normal human 

serum were used as internal controls in each assay. Lower limit of detection was 

determined in a similar way as for the RIAs above. Performance characteristics for the 

TNFa ELISA were as follows:

Within-batch coeflBcient of variation 9.4%

Between-batch coefficient of variation 19.1%

Lower limit of detection 7.5 U/ml.
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2.3. Detection of Cytoplasmic IL-lp

2.3.1. Cell Permeabilisation and Immunofluroscence Staining

Permeabilisation and staining for IL-ip was based on the method described by de 

Caestecker et al (1992). Care was taken throughout to avoid clumping of the cells.

i. PBMCs were isolated as above and resuspended in 1 ml PBS/0.2% sodium azide 

(BDH), and transferred to Eppendorf tubes.

ii. After spinning down, the cells were fixed in 1 ml 4% paraformaldehyde in PBS 

for 10 minutes at 4®C, following which they were washed in PBS/azide (PBS/A).

iii. The pellet was resuspended in 1% saponin (Sigma) in PBS/A and 20% 

autologous plasma and incubated for 30 minutes at 4®C.

iv. The cells were washed in PBS/A and resuspended in 0.1% saponin in PBS/A and 

20% autologous plasma. Each sample was then divided into three, ensuring that 

the number of cells per tube did not exceed 5 x 10 .̂ Each of the three samples 

was made up to 1 ml with PBS/A and spun down.

V. The pellets were then resuspended in 0.5 ml in one of the three following 

solutions and incubated for 30 minutes at 4°C:

a) 5 |ig/ml propidium iodide (Sigma).

b) 0.1% saponin in PBS/A and 20% autologous plasma, containing 5 [xg/ml 

polyclonal rabbit anti-IL-ip (Grenzyme Corporation, W. Mailing, Kent, UK.).

c) 0.1% saponin in PBS/A and 20% autologous plasma, containing 5 pg/ml 

purified rabbit IgG (Sigma) as control.

vi. The propidium iodide suspension was washed three times in PBS/A, and the 

pellet finally suspended in 500 pi PBS/A for flow cytometry.
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vii. The anti-IL-lp and purified IgG suspensions were washed twice in PBS/A, and 

incubated with fluoroscein isothiocyanate (FITC) conjugated goat anti rabbit IgG 

(Sigma) diluted to 1:40 in 0.1% saponin in PBS/A and 20% autologous plasma 

for 30 minutes at 4°C. The cells were then washed three times in PBS/A, and the 

pellet finally suspended in 500 pi PBS/A for flow cytometry.

2.3.2. Flow Cytometry

Analysis of PBMCs was performed using a Coulter EPICS®-Profile II flow 

cytometer (Coulter Electronics Ltd., Luton, Beds., UK.) optimized for dual colour 

fluorescence using FITC for the FL-1, and phycoerythrin for the FL-2 channel 

detectors respectively. Data was collected on 5000 gated events, with automatic 

gating set on the predominant subpopulation of cells. Analysis of propidium iodide 

staining of 25 samples revealed a mean (± sd) degree of permeabilisation of 89.5% (± 

6.4%) of cells, indicating an adequate degree of permeabilisation. A typical example 

of propidium iodide staining is shown in Figure 2.1. For each control/IL-lp sample 

pair, the pattern of staining for the control (purified IgG) cell preparation determined 

the gating for the IL-lp-specific staining as follows. Once the fluorescence of the 

control cells was measured, gating was set to include only the brightest 0.5% of these 

cells. The IL-ip-stained cells were subsequently analysed according to this control- 

determined gating, and the percentage of cells fluorescing within the same gating (i.e. 

percentage of "positive" cells) measured. In addition, the mean fluorescence of the 

positive cells, and the mean overall fluorescence of the whole cell subpopulation 

studied, were also determined.
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Figure 2.1. Typical result of flow cytometry for PBMCs stained with propidium 

iodide to indicate degree of permeabilisation. Plot a) shows the forward scatter and 

log side scatter (FS and LSS respectively) for the PBMCs, with bitmap 1 drawn 

around the cells of interest. Plot b) shows the log fluorescence using the FL-2 

channel detector (LFL2) and cell count for the cells within bitmap 1. Cells 

fluorescing within gate 1 (denoted by the horizontal line 1) contain propidium 

iodide and are therefore permeabilised (in this example, 88.9% of the total within 

the bitmap).
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2.4. Detection of Complement (C3) Activation

Complement (C3) activation was determined using immunofixation following 

electrophoresis, using the method described by Whicher et al (1980). This technique 

identifies the C3c epitope which is present as a single band on immunofixation when 

C3 is in the native form, and as two bands following activation, representing native 

C3 and an additional fragment (the more anodal band). All chemical reagents were 

from BDH unless stated otherwise.

i. Sample supernatants were diluted 1:3 with 0.06 M barbitone/0.1 M EDTA 

buffer, pH 8.4, and applied with a multiapplicator to 150 X 78 mm cellulose 

acetate membranes.

ii. Electrophoresis was carried out for 45 minutes at a constant current of

0.4 mA/cm.

iii. Immediately after electrophoresis, 0.1 ml anti-C3 antiserum (purchased from 

Protein Reference Unit Procurement, Immunology Department, Northern 

General Hospital, Sheffield, UK.), diluted 1:3 in 6% polyethylene glycol/PBS, 

pH 7.4, was brushed over the surfaces of the cellulose acetate membranes, and 

left for five minutes.

iv. The membranes were rinsed in tap water and then washed twice (for 15 minutes 

each) in normal saline.

V. The membranes were blotted and stained for 10 minutes in 0.25% amido black 

in methanol/acetic acid/water 500/30/500.

vi. After immersion for five minutes in 5% acetic acid in methanol to remove the 

background stain, the membranes were washed for 10 minutes in distilled water 

to remove the methanol; following this they were blotted and allowed to dry 

overnight under compression.
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2.5. Measurement of Plasma/Serum C3 Concentrations; 

Measurement of Plasma CRP Concentrations.

Total concentration of C3, and concentration of CRP were measured directly using 

rate nephelometry (Beckman Array; Beckman Instruments, High Wickombe, Bucks., 

UK.).
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2.6. Statistical Analysis

Non-parametric testing was performed using the two-tailed Fisher's exact test or 

test (± Yates' correction as appropriate) for categorical data, Mann-Whitney rank sum 

test or Kruskal-Wallis test for single-measurement ordinal data and Wilcoxon signed- 

rank test for repeated-measurement ordinal data. Linear regression analysis was used 

to determine the relationship between continuous variables. A probability of 0.05 was 

taken to denote statistical significance.

56



CHAPTER 3 

RESULTS



3.1. Use of Whole Blood for Study of Endotoxin-induced Cytokine

Production In Vitro

3.1.1. Introduction

Many different models have been used to study the cytokine response to endotoxin in 

vitro\ these include isolation and/or culture of PBMCs, macrophages, monocytes and 

whole blood. The latter suffers the disadvantage of being a more complex system than 

isolated cells, as it contains all of the plasma and cellular constituents which are free 

to interact; this may hinder the interpretation of results. However, whole blood has 

the advantage of more accurately reflecting the situation which occurs in vivo. In 

addition, avoidance of lengthy isolation or culture techniques reduces the chance of 

contamination with endotoxin, always a potential complicating factor when many 

reagents are used. Furthermore, the isolation process itself may influence the response 

of the cells to subsequent stimuli. A number of workers have examined the cytokine 

response to endotoxin in whole blood, using varying systems of blood collection, 

dilution and incubation (Wilson et al, 1991; DeForge et al, 1992; De Groote et al, 

1992; Finch-Arietta and Cochran, 1991; Nerad et al, 1992; Riches et al, 1992b).

In order to investigate the use of whole blood for investigation of the cytokine 

response to endotoxin and to develop an in vitro model, the cytokine response to 

endotoxin was characterised using whole blood incubated for 24 hours.

3.1.2. Experimental Design

Whole blood was taken from healthy volunteers into endotoxin-free heparinised tubes 

and 3-6 ml transferred into sterile tissue culture tubes. Endotoxin was added to give 

final concentrations of 0.01 ng/ml, 0.1 ng/ml, 1.0 ng/ml, 10 ng/ml, 100 ng/ml, and 

1000 ng/ml, and the tubes incubated for 24 hours at 37°C. In some experiments, 

whole blood was diluted 1:1 in tissue culture basal medium and incubated in the same
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way. After incubation, the plasma was separated and analysed for IL-1(3, IL-6 and 

TNFa concentrations.

3.1.3. Results

These experiments were performed in different subjects and on different occasions, 

whilst investigating different concentration ranges of endotoxin. Whilst there was 

considerable variation between subjects and even between the same subjects at 

different times, trends remained constant. The results from these experiments have 

been pooled to illustrate the range of values obtained for any one concentration of 

endotoxin (Figure 3.1.). Similar trends in cytokine production were seen in whole 

blood diluted 1:1 in tissue culture basal medium (data not shown).

IL-IP

0.01 0.1 1.0 10 1001000 

[LPS] (ng/ml)

IL-6 TNFa

0.01 0.1 1.0 10 1001000

(LPS] (ng/ml)

300

0.01 0.1 1.0 10 1001000 

[LPS] (ng/ml)

Figure 3.1. Plasma levels of IL-lp, IL-6 and TNFa following incubation of whole 

blood for 24 hours at 37°C with different concentrations of endotoxin (LPS). Mean 

values are given; n = 3 for 0.01 ng/ml and 0.1 ng/ml LPS; n = 6 for 1.0 ng/ml and 

1000 ng/ml LPS; n = 12 for 10 ng/ml and 100 ng/ml LPS. Error bars refer to 

standard error of the mean. The dotted lines represent the lower limits of detection 

for the assays used.
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3.1.4. Discussion

Despite considerable inter- and intra-subject variation, clear trends in cytokine 

production were seen using this whole blood preparation, with production increasing 

as the concentration of endotoxin increased. Similar results have been reported by 

other investigators. Nerad et al (1992) incubated undiluted whole blood with 

endotoxin for 24 hours and found dose-dependent production of IL-ip and TNFa, 

with maximal production within 6-8 hours. Endotoxin-coated beads have also been 

used to stimulate dose-dependent IL-lp and TNFa secretion in undiluted whole blood 

(Finch-Arietta and Cochran, 1991). Wilson et al (1991) used whole blood diluted 1:5 

to investigate the TNFa response to endotoxin, and found the optimal time for release 

to be 10-12 hours. De Groote et al (1992), using whole blood diluted 1:10, found that 

levels of IL-ip and TNFa reached a plateau from 8-10 hours but that EL-6 continued 

to increase slowly up to 72 hours, whilst DeForge et al (1992) observed similar 

kinetics for IL-lp and TNFa in undiluted whole blood, but IL-6 concentrations 

reached a plateau at 20-24 hours. Whilst cytokine release may be detected within 1-4 

hours of incubation (DeForge et al, 1992; De Groote et al, 1992; Nerad et al, 1992; 

Riches et al, 1992b), the separation and analysis of the plasma component at 24 hours 

has proved to be more convenient and more likely to yield significant amounts of 

cytokine. Detectable levels of recombinant cytokines in spiked blood samples at room 

temperature may fall considerably even within one hour of addition to blood (Exley 

and Cohen 1990; Thavasu et al, 1992). However, levels in whole blood incubated 

with endotoxin remain stable; this could represent different effects of recombinant and 

naturally-produced cytokines, or continued production in response to the endotoxin 

offsetting otherwise declining levels (Wilson et al 1991; De Groote et al, 1992; Nerad 

et al, 1992; Riches et al, 1992b).

The variation observed between and within subjects has been a consistent feature of 

this whole blood system, and similar variation has been reported by others. Wilson et
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al (1991) found up to three-fold variation in TNFa levels following incubation of 

diluted whole blood from different subjects with LPS, and Finch-Arietta and Cochran

(1991) reported over three-fold variation for IL-lp levels and up to seven-fold 

variation for TNFa levels. Considerable inter- and intrasubject variation has also been 

reported in isolated PBMCs (Endres et al, 1988; Schindler et al, 1990c). The cause of 

this variation is unclear but differences between individuals may be related to genetic 

factors (Molvig et al, 1988; Santamaria et al, 1989); in addition, different donors may 

yield very different distributions of the various cell types (De Groote et al, 1992). Any 

intersubject variation is compounded by any extrinsic factors affecting the 

responsiveness of peripheral blood cells to LPS at the time of sampling.

The LPS-induced cytokine responses in whole blood and in PBMCs have been 

compared by De Groote et al (1992). Correcting for the different cell counts in the 

two preparations, similar kinetics of production were measured for IL-lp, IL-6 and 

TNFa, although absolute levels in whole blood were lower than those in PBMC 

preparations for IL-lp, similar for IL-6, and higher for TNFa. Interestingly, these 

workers found less intersubject variation in the whole blood preparations than in the 

PBMC preparations (De Groote et al 1992). Conversely, Nerad et al (1992) found 

very much lower concentrations of IL-ip and TNFa per 10  ̂ monocytes in whole 

blood stimulated with LPS than in isolated PBMCs, and suggested the presence of red 

blood cells or plasma consituents as factors possibly reducing the cytokine response, 

or interference of plasma components with the assays used for cytokine measurement 

(Nerad et al, 1992). However, the stimulus used in the latter study was LPS combined 

with phytohaemagglutinin, and the whole blood was collected into tubes containing 

EDTA as the anticoagulant. The presence of EDTA has been shown to inhibit mRNA 

synthesis for cytokines even when LPS is added (Riches et al, 1992b), and therefore 

the low levels of cytokines obtained may not be comparable to those measured when 

LPS alone is added to blood collected into heparinised tubes.
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The results presented above and those of other workers suggest that whole blood 

provides a convenient in vitro system for the study of the endotoxin-induced cytokine 

response. The potential confounding effects of cell isolation processes and endotoxin 

contamination are minimised, and the influence of cellular components other than 

PBMCs, and of plasma constituents (such as lipopolysaccharide binding protein, 

which may have an important function in modulating the response of monocytes to 

endotoxin (Wright et al, 1990)), is maintained. It should be noted that the types of 

assays used and their lower limits of detection preclude direct comparison with 

several other studies of cytokine production, since other workers may have used 

different assays, or assays with lower limits and ranges. For example, Thavasu et al

(1992) measured up to 0.5 pg/ml IL-ip and IL-6. Similar concerns apply to the 

measurement of cytokines in other in vitro systems, and in vivo. However, the above 

results demonstrate that the assays used in the above experiments (and throughout the 

following pages) are adequate for detecting differences in cytokine production in 

response to endotoxin at comparable levels to those in other studies. These results 

also provide a baseline against which subsequent experiments may be compared.
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3.2. The Effects of IgG and Immune Complexes on the Endotoxin-

induced Cytokine Response

3.2.1. Introduction

Although studies have investigated the ability of standard immunoglobulin 

preparations (IVIGs) to confer protection against infection (Iwata et al, 1987; 

Shimozato et al, 1990; Sullivan et al, 1990; Schedel et al, 1991; Cafiero et al, 1992; 

Intravenous Immunoglobulin Collaborative Study Group, 1992; Saladino et al, 1992), 

few have examined cytokine concentrations following their use. One consequence of 

administering IVIG to patients with endotoxaemia is the formation of immune 

complexes, which themselves may affect the cytokine response (Iwata et al, 1987; 

Chantry et al, 1989; Remvig et al, 1990; Kim et al, 1991). However, most of the work 

into immunoglobulins, immune complexes and the cytokine response has been done 

using cell isolates (Chantry et al, 1989; Remvig et al, 1990; Kuhnert et al, 1990; 

Shimozato et al, 1990; Kim et al, 1991) or animal models (Iwata et al, 1987; 

Shimozato et al, 1990); in particular, there has been little study of the effects of 

immunoglobulin preparations and immune complexes on the endotoxin-induced 

cytokine response using whole blood preparations. Use of whole blood rather than 

cell isolates might be especially valuable when studying immune complexes, since 

binding of complexes to other cells such as erythrocytes may play an important part in 

host defence mechanisms in vivo (Fearon, 1980).

The complement system is also thought to be involved in sepsis and may affect the 

cytokine response (Morrison and Ulevitch, 1978; Slotman et al, 1986; Okusawa et al, 

1987; Okusawa et al, 1988; Hack et al, 1989; Schindler et al, 1990b; Scholz et al, 

1990; Dinarello, 1992; Dofferhoff et al, 1992; Geiger et al, 1992; Gross and Andus, 

1992). Since immune complexes may activate complement, it is likely that the effects
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of immune complexes, activation of the complement system and cytokine production 

are interrelated (Arend et al, 1985). Previous in vitro studies of complement have 

concentrated on isolated or adherent peripheral blood mononuclear cells in the 

absence of plasma constituents or other blood cells (Okusawa et al, 1987; Okusawa et 

al, 1988; Schindler et al, 1990b; Scholz et al, 1990; Geiger et al, 1992; Gross and 

Andus, 1992).

3.2.2. Experimental Design

Preparation of Immune Complexes

The following experiments were conducted to compare cytokine production caused 

by preformed endotoxin/IVIG immune complexes with that caused by endotoxin 

alone, using a whole blood preparation, under conditions of different complement 

activity.

Immune complexes were made by incubating endotoxin with polyvalent normal 

human IgG (Sandoglobulin; Sandoz Products Ltd., Feltham, Kent, UK.). Different 

concentrations of endotoxin (20 ng/ml or 200 ng/ml) were each incubated for 24 

hours at 37°C with four different concentrations of Sandoglobulin (0.06 mg/ml, 0.6 

mg/ml, 6.0 mg/ml and 60 mg/ml). The antibody concentrations were chosen as being 

those which would, after I : I dilution with an equal volume of blood, be respectively 

1/100, I/IO, I X and 10 x the expected approximate peripheral blood concentrations 

of IgG following therapeutic infusion. The endotoxin and antibody solutions were 

made using either sterile Compound Sodium Lactate (CSL; lactated Ringer's Solution 

(FL (Manufacturing) Ltd., Fresenius Health Care Group, Basingstoke, UK.)) or 

sterile tissue culture basal medium (BM).
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Blood Preparations

The following day, 1.0 ml of heparinised healthy volunteer blood was added to 1.0 ml 

of each immune complex solution made using BM. In a second experiment, 1.0 ml of 

blood was added to immune complexes made using CSL. In a third experiment, the 

blood sample was separated by centrifugation, and the cells washed three times in 

sterile BM solution. The cells were then resuspended to the same haematocrit as the 

original sample in autologous serum, obtained from another blood sample taken into a 

sterile anticoagulant-free tube and allowed to clot at room temperature for two hours. 

The cell/serum suspension was then added to the immune complex solutions (made 

using CSL) as before.

Thus the final mixtures consisted of peripheral blood cells suspended in three different 

preparations:

a) plasma diluted with BM (BM-plasma);

b) plasma diluted with CSL (CSL-plasma);

c) serum diluted with CSL (CSL-serum).

In addition, each of the above blood preparations was incubated under four different 

circumstances (concentrations given are after dilution):

i) alone;

ii) with endotoxin 10 ng/ml or ICO ng/ml;

iii) with Sandoglobulin 0.03 mg/ml, 0.3 mg/ml, 3.0 mg/ml or 30 mg/ml;

iv) with endotoxin/Sandoglobulin immune complexes containing the above 

concentrations of endotoxin and Sandoglobulin in different 

combinations.

65



Previous experiments using this system have shown that blood diluted 1:1 in CSL is 

able to support complement activation following addition of endotoxin, whereas 

blood diluted in BM is unable to do so (Figure 3.2.).

Figure 3.2. Typical results of immunofixation for detection of 

activation of C3, for peripheral blood cells suspended in a) 

plasma/basal medium (BM-plasma), b) plasma/Compound 

Sodium Lactate (CSL-plasma) or c) serum/Compound Sodium 

Lactate (CSL-serum). Each blood preparation was incubated 

with endotoxin 10 ng/ml for 24 hours at 37°C. Staining for C3 

is restricted to one band in the absence of complement 

activation; a second more anodal band represents activated C3 

consequent to complement activation. C: positive control 

(normal undiluted serum); A: point of application of sample.
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The immune complex/blood mixtures were then incubated for 24 hours at 37°C, after 

which they were centrifuged and the supernatants assayed for cytokines and 

complement conversion. Each experiment (i.e. using each of the three blood 

preparations) was performed separately, as were cytokine assays for the three 

preparations.

3.2.3. Results

For clarity, the maximal cytokine responses achieved using 10 ng/ml or 100 ng/ml 

endotoxin are shown in the Figures, since in most samples these endotoxin 

concentrations produced similar cytokine concentrations. Where the concentrations 

differed markedly, further details are given as appropriate. Because each experiment 

and its assays were performed separately, direct comparison of absolute values of 

cytokine concentrations between experiments is not possible, since there may be 

considerable variation in absolute values between in vitro experiments, whilst trends 

in changes are similar, as discussed previously. Thus within-experiment changes in 

values are discussed rather than between-experiment changes.

Effect of Sandoglobulin Alone

In the absence of added endotoxin, Sandoglobulin 0.03 mg/ml, 0.3 mg/ml and 3.0 

mg/ml had no effect on cytokine production, whereas 30 mg/ml caused slight 

increases in IL-6 (most marked in CSL-serum) (Figures 3.3., 3.4. and 3.5 ).
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Considerable variation in the cytokine levels attained occurred between experiments, 
as discussed in Section 3.1., although similar trends occurred in the experiments. The 
results shown in Figures 3 3 .-3 .10. are thus those from a single individual, and are 
representative.

As an example of the variation that occurred, percentage change in IL-ip, IL-6 and 
TNFa levels from different experiments employing endotoxin/Sandoglobulin immune 
complexes in BM-plasma (i.e. similar experiments to those whose results are shown in 
Figure 3.3.) are given below, expressed as percentage variation (mean ± s.d.) from the 
response to endotoxin in the absence of Sandoglobulin;

Concentration of Sandoglobulin (mg/ml)

Cytokine 0.03 0.3 3.0 30

IL-lp -13.42 ±3.73 + 8.5±3.5 -23.08 ± 19.4 -88.39 ± 7.2

IL-6 -2.05 ±3.45 -1.93 ±0.58 ^ .2 5  ±0.79 -52.73 ±1.87

TNFa -27.13 ± 18.32 -14.31 ±10.2 -29.93 ±7.8 -72.51 ±4.27

« = 3
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Figure 3.3. Cytokine production by peripheral blood cells suspended in 

plasma/basal medium (BM-plasma) incubated with different concentrations of 

Sandoglobulin alone (LPS-), or with endotoxin/Sandoglobulin immune complexes 

(LPS+).
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Figure 3.4. Cytokine production by peripheral blood cells suspended in 

plasma/Compound Sodium Lactate (CSL-plasma) incubated with different 

concentrations of Sandoglobulin alone (LPS-), or with endotoxin/Sandoglobulin 

immune complexes (LPS+).
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Figure 3.5. Cytokine production by peripheral blood cells suspended in 

serum/Compound Sodium Lactate (CSL-serum) incubated with different 

concentrations of Sandoglobulin alone (LPS-), or with endotoxin/Sandoglobulin 

immune complexes (LPS+).
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Effect of Immune Complexes

In the presence of the highest concentration of Sandoglobulin, the cytokine response 

compared with controls (i.e. in the absence of Sandoglobulin) was reduced or showed 

little change for all cytokines and in all blood preparation solutions (Figures 3.3., 3.4. 

and 3.5.). Whilst the maximal TNFa concentration achieved in CSL-plasma was near 

that in the control (Figure 3.4 ), this only occurred for 100 ng/ml endotoxin; for 10 

ng/ml endotoxin the concentration of TNFa was 146 U/ml, considerably less than 

control (225 U/ml).

For immune complexes made with less than 30 mg/ml Sandoglobulin, individual 

cytokine endotoxin responses compared with the response to endotoxin alone varied 

according to the blood preparation,and are summarised as follows:

1. In BM-plasma, production of IL-ip, lL-6 and TNFa showed little change, 

although cytokine production decreased slightly in most cases (Figure 3 .3 ).

2. In CSL-plasma, production of both IL-lp and EL-6 increased in all experiments 

(Figure 3.4 ). The maximal concentration of TNFa attained exceeded that of 

control for 0.3 mg/ml Sandoglobulin, but only for one concentration of endotoxin 

(100 ng/ml). A concentration of 119 U/ml was obtained at 10 ng/ml endotoxin,

i.e. below that of control. The TNFa responses at 0.03 mg/ml and 3.0 mg/ml 

Sandoglobulin were decreased for both 10 ng/ml and 100 ng/ml endotoxin; thus 

five out of six incubations exhibited a decreased TNFa response.

3. In CSL-serum, production of IL-lp increased for two concentrations of 

Sandoglobulin, and lL-6 production increased at all concentrations (Figure 3.5.). 

The maximal concentration of TNFa exceeded that of control for 3.0 mg/ml 

Sandoglobulin, but only for one concentration of endotoxin (100 ng/ml). At 10 

ng/ml endotoxin, a concentration of 115 U/ml TNFa was obtained, i.e. below 

that of control. The TNFa responses at 0.03 mg/ml and 0.3 mg/ml Sandoglobulin
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were decreased for both 10 ng/ml and 100 ng/ml endotoxin; thus five out of six 

incubations exhibited a decreased TNFa response.

Complement Activation

Complement (C3) activation was not detected in any samples in BM-plasma but was 

present in CSL-plasma and CSL-serum (Figure 3.2.). Measurement of total C3 in 

BM-plasma revealed the same concentration (after dilution) as in the original plasma, 

confirming that absence of the second (anodal) band following immunofixation was 

not artefactual.

IgG/Anti IgG Immune Complexes and Complement

To investigate the effect of complement on immune complex-induced cytokine 

production in the absence of endotoxin, the following single experiment was 

performed. First, whole blood was collected into a sterile anticoagulant-fi*ee tube and 

allowed to clot at room temperature for two hours. The serum was then separated and 

heat-inactivated at 56°C for one hour to remove complement activity, after which it 

was added to fi'esh autologous peripheral blood cells which had been separated from 

heparinised whole blood and washed three times in sterile BM solution. The cells 

were resuspended to the same haematocrit as in their whole blood sample. 

Heparinised whole blood was studied in addition to the heat-inactivated serum 

suspension. Tenfold dilutions of goat anti-human IgG antiserum (purchased from 

Protein Reference Unit Procurement, Immunology Department, Northern General 

Hospital, Sheffield; diluted 1:25 in BM solution) were made up in BM solution, and 

120 pi of of each dilution was then added to 3.0 ml aliquots of each blood 

preparation. This antiserum is used for rate nephelometry in the Protein Reference 

Unit, Chelsea & Westminster Hospital, and would be expected to form complexes 

rapidly (the 1:25 dilution, when added to human whole blood, activates complement 

within 30 minutes (data not shown)). The blood preparations were then incubated at
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37°C and 1.0 ml blood collected from each tube at 2, 4 and 16 hours. The 

plasma/serum was separated and frozen for subsequent assay. Since there was an 

association between increased IL-6 concentrations and reduced TNFa concentrations 

in the previous experiments (Figures 3.4. and 3.5.), these two cytokines were assessed 

in the plasma/serum samples. To avoid interference with the goat/anti-goat antibodies 

used in the radioimmunoassay for IL-6, this cytokine was measured in triplicate using 

a B9 bioassay (kindly performed by Dr. R. Gooding, Dept, of Immunology, 

CX&WMS) (Aarden et al, 1987).

The results of the heparinised whole blood incubations are shown in Figure 3.6.. They 

show that certain immune complexes induced secretion of both IL-6 and TNFa, 

whereas others induced IL-6 secretion with only minimal secretion of TNFa. There 

was little IL-6 or TNFa production at lower concentrations of the anti-IgO antiserum. 

Maximal concentrations of cytokines were measured at 16 hours except for the 

highest concentration of antiserum, at which IL-6 concentration was greatest at four 

hours. In the heat-treated serum suspension, however, much higher concentrations of 

IL-6 were produced, and high concentrations of IL-6 were present even at the lower 

concentrations of antiserum (Figure 3 .7 ). Again, there was little production of TNFa 

at these low concentrations of antiserum. Maximal concentrations of cytokines in 

most cases were measured at 16 hours.
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Figure 3.6. Production of a) IL-6 and b) TNFa by peripheral blood cells suspended in 
plasma at various times following addition of different concentrations of goat anti
human IgG. The anti serum was first diluted 1:25 and further (tenfold) dilutions made 
as shown. Concentrations of IL-6 and TNFa in samples incubated without addition of 
anti serum were less than 1.0 pg/ml and 15 U/ml respectively.
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Figure 3.7. Production of a) IL-6 and b) TNFa by peripheral blood cells suspended in 
heat-treated serum at various times following addition of different concentrations of 
goat anti-human IgG. Antiserum was first diluted 1:25 and further (tenfold) dilutions 
made as shown. Concentrations of IL-6 and TNFa in samples incubated without 
antiserum were less than 38 pg/ml and 16 U/ml respectively.
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3.2.4. Discussion

These experiments show that in the absence of added endotoxin, Sandoglobulin had 

little effect on cytokine production at concentrations under 30 mg/ml, at which it 

increased IL-6 production slightly. Dissociation of cytokine production occurred 

when peripheral blood cells were challenged with endotoxin/Sandoglobulin immune 

complexes, the trend being towards increased IL-ip and IL-6 production, and 

decreased TNFa production, compared with the response to endotoxin in the absence 

of added Sandoglobulin. These changes did not occur in the absence of complement 

activation. Dissociation of production of IL-6 and TNFa also occurred in the 

presence of IgG/anti-IgG immune complexes; complement was associated with 

modulation of cytokine production in this system too.

Previous studies into the effects of Sandoglobulin on cytokine production have 

produced conflicting results. Iwata et al (1987) and Shimozato et al (1990) found that 

rabbit peritoneal exudate cells exposed to up to 30 mg/ml Sandoglobulin did not 

secrete IL-1 or TNFa, but they did not assess IL-6. In contrast, Kuhnert et al (1990) 

obtained increased concentrations of both IL-1 and TNFa following addition of low 

concentrations of Sandoglobulin alone (up to 5 mg/ml) to human mononuclear cells 

suspended in 10% autologous serum, with increased magnitude of the subsequent 

response to endotoxin. Complement activation and IL-6 production were not 

assessed, however; other factors possibly relevant include the effects of the 

mononuclear cell isolation process, the suspension of the monocytes in the absence of 

other peripheral blood cellular components, and the use of dilute serum, as opposed 

to whole blood preparations. In addition, Kuhnert et al used bioassays for IL-I and 

TNFa which are less specific than radioimmunoassay or ELISA, although ELISA was 

also used for TNFa measurement. It is also possible that contaminating endotoxin in 

the Sandoglobulin may have influenced the results of the different concentrations of 

Sandoglobulin, since Kuhnert et al found Sandoglobulin to contain small,
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subpyrogenic amounts of endotoxin, and differential effects of low and high doses of 

endotoxin on subsequent cytokine production has been shown (Takasuka et al, 1991). 

Other possible mechanisms for the effect of Sandoglobulin on the cytokine response 

observed in previous studies include a direct effect of the IgG itself, acting via Fc 

receptors; generation of immune complexes with endotoxin; or interaction between 

the Sandoglobulin IgG and the recipient's IgG (Kuhnert et al, 1990). In addition, the 

presence of other immunoactive substances within the preparation may be important. 

For example, a recent study has shown that several commercial preparations of IgG 

including Sandoglobulin contain appreciable amounts of soluble CD4 and HLA-ABC 

antigens, with possible immunomodulatory effects (Blasczyk et al, 1993). 

Furthermore, considerable variation in opsonic activity and anti-bacterial antibody 

concentrations of different IVIG preparations have been found with respect to type B 

Streptococcus', variation even existed between different batches of the same product 

(Givner, 1990). It is feasible that similar variation exists for activity against other 

bacteria.

In the present study, the reduced cytokine response to endotoxin/Sandoglobulin 

immune complexes compared with that to endotoxin alone, seen with the highest 

concentration of Sandoglobulin, suggests neutralisation of endotoxin by binding to 

IgG as the most likely cause, although a direct effect of the Sandoglobulin cannot be 

ruled out. Other workers have reported inhibition of cytokine production by pre

incubating endotoxin with anti-O-antigen IgG (Cody et al, 1992; Heumann et al, 

1992; Battafarano et al, 1993; Burd et al, 1993b) or anti-core IgG (Mayoral and Dunn 

1990; Di Padova et al, 1993) prior to addition to cell culture systems.

The response to immune complexes with lower concentrations of Sandoglobulin 

showed some variation between the blood preparation used. Thus in BM-plasma, 

secretion of all three cytokines was reduced slightly from control, whereas in CSL- 

plasma and CSL-serum, a trend towards increased IL-ip and IL-6 production, and
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depression of TNFa production was seen, compared with the response to endotoxin 

alone. The only identified difference between the BM-plasma and CSL-plasma 

preparations apart from the different non-blood components was the absence of 

complement activation in the former and its presence in the latter. This is supported 

by the greater trend in cytokine dissociation seen in the CSL-serum preparation, 

where complement conversion would be expected to be especially marked (Bennett 

and Ogston, 1981), although quantification of the degree of conversion in the two 

preparations was not attempted.

A modulatory effect of complement on cytokine production is also suggested by the 

results of the IgG/anti-IgG experiments, in which the IL-6 response to immune 

complexes was markedly increased in heat-treated serum, compared with that in 

plasma. It is unlikely that contaminating endotoxin was responsible for the increased 

concentrations of IL-6, since concentrations of TNFa would also have been expected 

to increase. Although the B9 bioassay is more sensitive than the radioimmunoassay 

used for the Sandoglobulin experiments, both systems suggest that increased IL-6 

production may be accompanied by little or no TNFa production, and that the 

cytokine response is affected by complement activity. The effect of complement 

appears to have been different in the two systems, probably reflecting the difference 

between them: thus complement activation was associated with dissociation of 

cytokine production in the Sandoglobulin experiments, and reduced cytokine (mainly 

IL-6) production in the IgG/anti-IgG experiments. The latter experiments also 

demonstrate the varying cytokine response to different immune complexes, with 

marked secretion of cytokines following addition of one concentration of goat anti- 

IgG antiserum, but virtually no secretion with a tenfold dilution of antiserum. Other 

studies have demonstrated cytokine production following stimulation of isolated cell 

preparations or in vivo animal models with various IgG immune complexes, but few 

have assessed the influence of complement or studied more than one cytokine (Arend
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et al, 1985; Iwata et al, 1987; Chantry et al, 1989; Vissers et al, 1989; Remvig et al, 

1990; Kim et al, 1991). Those studies that have assessed the role of complement have 

produced conflicting results. Arend et al (1985) described the requirement for 

complement fixation before IL-1 activity was produced by isolated human monocytes 

following addition of human serum albumin/rabbit anti-human serum albumin IgG 

immune complexes. However, others have found that isolated cells cultured in heat- 

inactivated serum could be induced to secrete IL-1 or TNFa by a number of different 

immune complexes (Chantry et al, 1989; Remvig et al, 1990; Kim et al, 1991).

The above results suggest an important role for complement and/or serum 

components in the modulation of the cytokine response to immune complexes 

whether or not they contain endotoxin. The effects of serum itself may be related to 

complement activation, consumption of coagulation factors, or activation of other 

systems (e.g. kallikrein or plasmin) or proteases. The complement system may be 

activated directly by endotoxin (Morrison and Ulevitch, 1978), although complement 

activation was absent in plasma diluted in BM, but present in plasma or serum diluted 

in CSL. This in itself is an interesting finding, and may be related to low calcium 

concentrations in the BM preparation (CSL contains calcium in physiological 

concentrations). The effects of the complement fragment C5a on cytokine production 

have been studied using isolated cell preparations. Recombinant C5a has been shown 

to induce transcription but not translation of IL-1 P mRNA, enhancing the subsequent 

response to endotoxin or to IL-ip itself (Schindler et al, 1990b; Dinarello, 1992; 

Geiger et al, 1992). Similar priming of TNFa production by recombinant C5a via 

induction of mRNA has also been shown (Schindler et al, 1990b). Recombinant C5a 

may cause release of EL-6 from monocytes (Scholz et al, 1990) and enhance the IL-6 

response to endotoxin (Gross and Andus, 1992). However, purified natural C5a has 

been reported to induce directly secretion of IL-lp, EL-6 and TNFa by human 

mononuclear cells (Okusawa et al, 1987; Okusawa et al, 1988). This has led to the
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suggestion that the glycosylated side chain on natural C5a, which is lacking from 

recombinant C5a, is responsible for cross-linking of receptors on mononuclear blood 

cells, resulting in different effects for purified and recombinant C5a (Dinarello, 1992). 

Thus the effects of recombinant complement fragments on isolated cell preparations in 

vitro may not be applicable to the situation in vivo.

A consistent pattern of cytokine modulation occurred in the endotoxin/Sandoglobulin 

system: namely an enhanced IL-lp and/or IL-6 response and a depressed TNFa 

response. The association of increased IL-6 secretion and little or no TNFa secretion 

was also found in the IgG/anti-IgG experiments. Differential production of different 

cytokines in vitro has been reported previously, although rarely have all three 

cytokines been studied together, and the modification specifically of the response to 

endotoxin has also received little attention. In isolated human monocytes, an increased 

IL-6 response to endotoxin, and a decreased TNFa response has been produced by 

agents which increase intracellular cAMP concentrations, whilst the IL-ip response 

was unchanged (Bailly et al, 1990). Takasuka et al (1991) demonstrated that exposure 

of mouse macrophages to low concentrations of endotoxin reduced the subsequent 

TNFa response to endotoxin but did not affect the IL-ip response. Differential 

production of cytokines in vivo is more difficult to show or interpret, since increased 

plasma concentrations of one cytokine but not of another may not represent the 

situation at tissue level (Cavaillon et al, 1992).
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3.3. The Effects of IgM and Immune Complexes on the Endotoxin-

induced Cytokine Response

3.3.1. Introduction

Similar experiments to those described in Section 3.2. were performed, using the 

human monoclonal IgM directed against endotoxin, HA-IA, instead of IgG. This was 

done because whilst treatment of sepsis with non-specific IgG is not widespread 

practice, HA-1 A was until recently widely marketed for use on ICUs following initial 

encouraging reports of its efficacy (Ziegler et al, 1991). The controversy surrounding 

its use, and its eventual withdrawal in 1993, have been reviewed recently (Luce, 

1993).

3.3.2. Experimental Design

Preparation of Immune Complexes

These were prepared as before, but by incubating endotoxin with HA-IA (Centoxin; 

kindly donated by Centocor). The same concentrations of endotoxin as in the previous 

experiments (20 ng/ml or 200 ng/ml) were each incubated with four concentrations of 

HA-IA (0.4 pg/ml, 4.0 pg/ml, 40 pg/ml and 400 pg/m) The antibody concentrations 

were those which would, after 1:1 dilution with an equal volume of blood, be 

respectively 1/100, 1/10, 1 x and 10 x the expected approximate peripheral blood 

levels of HA-IA following therapeutic infusion (Fisher et al, 1990). The endotoxin 

and antibody solutions were made using either sterile CSL or sterile BM as before.

Blood Preparations

As before, 1.0 ml of heparinised healthy volunteer whole blood or cells suspended in 

fi'esh autologous serum was added to 1.0 ml of each immune complex solution. Thus
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as in the previous experiments, the final mixtures consisted of peripheral blood cells 

suspended in three different preparations:

a) plasma diluted with BM (BM-plasma);

b) plasma diluted with CSL (CSL-plasma);

c) serum diluted with CSL (CSL-serum).

In addition, each of the above blood preparations was incubated under four different 

circumstances (concentrations given are after dilution):

i) alone;

ii) with endotoxin 10 ng/ml or 100 ng/ml;

iii) with HA-IA 0.2 pg/ml, 2.0 pg/ml, 20 pg/ml or 200 pg/ml;

iv) with endotoxin/HA-1A immune complexes containing the above

concentrations of endotoxin and HA-IA in different combinations.

The immune complex/blood mixtures were incubated for 24 hours at 37°C, after 

which they were centrifuged and the supernatants assayed for cytokines and 

complement conversion. Each experiment (i.e. using each of the three blood 

preparations) was performed separately, as were cytokine assays for the three 

preparations.

3.3.3. Results

For clarity, the maximal cytokine responses achieved using 10 ng/ml or 100 ng/ml 

endotoxin are discussed, since in most cases these endotoxin concentrations produced 

similar cytokine levels. Where the levels differed markedly, further details are given as 

appropriate.

It not was possible to measure TNFa concentrations accurately in the experiments 

with the two highest concentrations of HA-IA, since it was found that HA-IA
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interfered with the ELISA to give falsely high values. This is discussed further in 

Section 3.4. Although TNFa values at the two highest concentrations of HA-IA were 

most affected by interference from HA-IA, the accuracy of TNFa measurements even 

at lower concentrations cannot be certain, although if inaccuracy was present, it 

would tend to increase TNFa values, not decrease them. Thus whilst an increased 

value could be falsely high, a decreased one is unlikely to be falsely low. The RlAs for 

IL-lp and IL-6 were unaffected by HA-IA.

Effect of HA-1 A

In the absence of added endotoxin, HA-IA at any concentrations did not cause IL-ip, 

IL-6 or TNFa production in any blood preparation (Figures 3.8., 3.9. and 3.10.).

Effect of Immune Complexes

Individual cytokine responses to endotoxin/HA-1A immune complexes compared 

with controls (i.e. maximal response to endotoxin alone) are summarised as follows:

1. In BM-plasma, production of IL-ip was increased for 0.2 pg/ml HA-IA, and 

decreased for 200 pg/ml HA-IA, at which the IL-6 response was decreased 

slightly (Figure 3 .8 ). The response of both IL-ip and IL-6 to immune complexes 

at other concentrations of HA-IA were unaltered from control. The TNFa 

response was reduced for the lower concentrations of HA-IA.

2. In CSL-plasma, production of IL-1 P and IL-6 did not alter from control or 

increased only slightly (Figure 3.9 ). At 2.0 pg/ml HA-IA, production of TNFa 

was reduced for both 10 ng/ml and 100 ng/ml endotoxin. At 0.2 pg/ml HA-IA, 

the maximal response of TNFa was increased but this only occurred for one 

concentration of endotoxin (100 ng/ml); at 10 ng/ml endotoxin the TNFa 

response was less than control (160 U/ml). Thus three out of four incubations 

exhibited a decreased TNFa response.
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Figure 3.8. Cytokine production by peripheral blood cells suspended in 

plasma/basal medium (BM-plasma) incubated with different concentrations of HA- 

IA alone (LPS-), or with endotoxin/HA-1A immune complexes (LPS+).
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Figure 3.9. Cytokine production by peripheral blood cells suspended in 

plasma/Compound Sodium Lactate (CSL-plasma) incubated with different 

concentrations of HA-IA alone (LPS-), or with endotoxin/HA-1A immune 

complexes (LPS+).
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3. In CSL-serum, production of IL-1 P and IL-6 increased markedly for 200 pg/ml 

HA-IA, whilst increasing slightly at lower concentrations except for 0.2 pg/ml 

HA-IA, at which production of IL-lp decreased (Figure 3.10.). At 0.2 pg/ml 

HA-IA, production of TNFa was reduced for both 10 ng/ml and 100 ng/ml 

endotoxin. At 2.0 pg/ml HA-IA, the maximal response of TNFa was the same as 

control but this only occurred for 100 ng/ml endotoxin; at 10 ng/ml endotoxin the 

TBFa response was reduced compared with control (86 U/ml). Thus three out of 

four incubations exhibited a decreased TNFa response.

Complement Activation

Complement (C3) activation was not detected in any samples in BM-plasma but was 

present in CSL-plasma and CSL-serum as in previous experiments. Measurement of 

total C3 in BM-plasma revealed the same concentration (after dilution) as in the 

original plasma, confirming that absence of the second (anodal) band following 

immunofixation was not artefactual.
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Figure 3.10. Cytokine production by peripheral blood cells suspended in 

serum/Compound Sodium Lactate (CSL-serum) incubated with different 

concentrations of HA-IA alone (LPS-), or with endotoxin/HA-1A immune 

complexes (LPS+).
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3.3.4. Discussion

These results demonstrate that neutralisation of endotoxin by HA-IA does not occur 

as assessed using this whole blood system. In addition, they suggest modulation of 

HA-lA's effects on the endotoxin-induced cytokine response by complement 

activation, but to a lesser extent than in the previous Section.

Neutralisation of the cytokine-inducing effects of endotoxin by HA-IA was not seen 

in these experiments, although at certain concentrations of HA-IA, production of 

individual cytokines was less than that in controls. At the highest concentration of 

HA-IA (200 pg/ml), a decrease in both IL-lp and IL-6 responses occurred in BM- 

plasma. However, the IL-lp and IL-6 responses at this concentration of HA-IA were 

unaltered in CSL-plasma, and increased in CSL-serum. As complement conversion 

would be expected to occur to a greater extent in the serum preparation than in CSL- 

plasma (Bennett and Ogston, 1981), this suggests that the effect of HA-IA on the 

endotoxin-induced IL-lp and IL-6 responses might depend on the degree of 

complement conversion, with suppression of the response in the absence of 

conversion and enhancement of the response when conversion is marked. This seemed 

to be most pronounced at the highest concentration of HA-IA studied (200 pg/ml). In 

addition, trends in IL-lp and IL-6 responses were apparent with different 

concentrations of HA-IA. In BM-plasma, IL-lp and IL-6 responses decreased with 

inceasing concentration of HA-IA, whereas they increased in CSL-plasma and CSL- 

serum, particularly in the latter. Recently, evidence of complement-mediated binding 

of HA-IA complexes has been reported. Tonoli et al have observed that 

SalmonellafUA-lK complexes bound to erythrocytes via the CRl receptor (Tonoli et 

al, 1993). Similarly, Krieger et al have demonstrated that binding of endotoxin/HA-1A 

immune complexes to erythrocytes and neutrophils occurred via CRl receptors, and 

required the presence of classical pathway complement activity, although cytokine 

production was not assessed (Krieger et al, 1993). However, in the latter
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investigation, isolated cells were studied, and immune complexes consisting of 1 pg/ml 

endotoxin and 20 pg/ml HA-IA were used. In addition, the endotoxin used by 

Krieger et al was that of Escherichia coli J5 alone, whilst in the above experiments it 

was a mixture of Escherichia coli J5 and Salmonella minnesota Re595. The size and 

nature of the endotoxin/HA-1A complexes may therefore not be comparable. It is 

probable, however, that some binding of complexes via CRl receptors would have 

occurred in the present experiments, and this may have been involved in the 

modulation of the cytokine response that occurred.

Other workers have investigated the ability of HA-IA and related antibodies to 

neutralise the cytokine-inducing property of endotoxin in vitro. Warren et al found 

that incubating several types of endotoxin (up to 20 ng/ml) with different 

concentrations of HA-IA (up to 20 pg/ml) did not prevent production of IL-lp, IL-6 

or TNFa in human monocyte cultures or diluted whole blood (Warren et al, 1993). A 

similar lack of effect was reported for the murine monoclonal IgM against lipid A, E5 

(Warren et al, 1993). In addition, Chia et al found production of TNFa by 

macrophages in response to endotoxin or lipid A, to be unaffected by addition of anti

core or anti-lipid A IgM monoclonal antibodies (Chia et al, 1989). However, using 

human and murine cell cultures, neutralisation of endotoxin-induced IL-lp and TNFa 

production by various anti-core component monoclonal IgM antibodies has been 

reported (Cody et al, 1992; Vacheron et al, 1992; Fang et al, 1993; Ramachandra et 

al, 1993). In the present experiments, the cytokine response was not prevented at any 

concentration of HA-IA tested or in any blood preparation, although it was reduced 

from control on some occasions. Because of interference between HA-IA and the 

TNFa ELISA, levels of TNFa were unfortunately unavailable for the higher 

concentrations of HA-IA but were reduced in most incubations at lower 

concentrations of HA-IA, in all blood preparations. From the TNFa measurements 

available, it would thus appear that reduction of the endotoxin-induced TNFa
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response by HA-IA is easier to achieve than reduction of the IL-ip and IL-6 

response. Indeed, most previous studies have investigated the TNFa response, and 

not that of other cytokines (Chia et al, 1989; Cody et al, 1992; Vacheron et al, 1992). 

The association of reduced TNFa production with enhanced IL-ip and lL-6 

production is similar to that observed with the IgG/endotoxin immune complexes 

studied in the previous Section, although less marked and less dependant on the blood 

preparation used (and presumably the degree of complement activation).
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3.4. Interference between HA-IA and TNFa ELISA: Cross

reactivity between HA-IA and Anti-mouse IgG Antiserum

3.4.1. Introduction

During the previous experiments involving HA-1 A/endotoxin immune complexes, it 

became apparent that measurement of plasma TNFa concentration by ELISA in the 

presence of HA-IA gave falsely high values, whereas the assays (RIAs) for other 

cytokines were unaffected. Non-specific binding of HA-IA in the plasma samples to 

the ELISA plate was a likely initial step; subsequent cross-reactivity could then have 

occurred between HA-IA and the detection antibody (mouse monoclonal anti-TNFa) 

or the final antibody (alkaline phosphatase-linked sheep polyclonal anti-mouse IgG). 

The latter was suspected as the most likely to cross-react, as HA-IA is derived fi'om 

murine and human cell fusions although described as human IgM (Teng et al, 1985).

3.4.2. Experimental Design

To quantify the interference of HA-IA in the TNFa ELISA, four concentrations of 

HA-IA (0.2 pg/ml, 2.0 pg/ml, 20 pg/ml and 200 pg/ml) in either human serum 

albumin (HAS; Immuno) or whole blood were assayed in duplicate using the ELISA 

as described in Section 2.2..

Next, to investigate the possibility of cross-reactivity between HA-IA and the anti

mouse IgG antiserum used in the assay, the wells of an ELISA plate were coated 

overnight at 4°C with HA-IA in doubling dilutions, fi’om 200 pg/ml to 3.125 pg/ml, 

made up in coating buffer (total volume 100 pi per well). Pentaglobin (Biotest 

Pharma, Dreieich, FRG), a pooled human IgM, IgA and IgG preparation for 

intravenous use, was used as control at the same concentrations. The wells were 

washed three times in wash buffer, and 100 pi alkaline phosphatase-linked sheep
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polyclonal anti-mouse IgG antiserum (Sigma) diluted 1:1000 in wash buffer, was 

added per well as described for the ELISA. After three hours' incubation at room 

temperature, 100 pi per well of substrate buffer containing 1.5 mg/ml p-nitrophenyl 

phosphate was added, and the plates incubated in the dark at room temperature . 

Absorbance was measured after approximately 15 minutes.

3.4.3. Results

There was a dose-dependent response for apparent TNFa concentrations obtained 

with HA-IA in both HAS and whole blood; greater interference occurred in HAS 

than in blood (Table 3.1.).

Table 3.1. Apparent values for TNFa concentrations (mean of two) obtained by 

ELISA for different dilutions of HA-IA in a) human albumin solution (HAS) or b) 

whole blood. No TNFa was detectable in HAS or whole blood alone.

[HA-IA] (ng.ml) 0.2 2.0 20.0 200.0

[TNFa] (U/ml) < lower limit 16.2 96.9 > 1000

b) of detection 11.3 31.2 555.6

Binding of the anti-mouse antiserum to the wells coated with HA-IA increased with 

increasing concentration of HA-IA to reach a plateau at 25-50 pg/ml, whereas for 

Pentaglobin, it was unchanged from that obtained with coating buffer alone (Figure 

3.11).
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Figure 3.11. Optical density (Units) for 

different concentrations of HA-IA 

(squares) or Pentaglobin (triangles) 

incubated with alkaline phosphatase- 

linked anti-mouse IgG antiserum. The 

greater the optical density, the greater 

the binding to test antibody by the anti

mouse antiserum.

3.4.4. Discussion

These results demonstrate that HA-IA alone gives erroneously high values of TNFa 

when the present ELISA is used, and that the cause of this interference is recognition 

of HA-IA by anti-mouse IgG antiserum.

The lesser interference seen in whole blood compared with that in HAS may result 

from binding of HA-IA or HA-IA complexes to the cellular components of the blood, 

as has been demonstrated for HA-1 A/endotoxin immune complexes (Krieger et al, 

1993; Tonoli et al, 1993). This would reduce the amount of HA-IA remaining in the 

plasma and available for interference with the ELISA. If this indeed occurred, it 

suggests either that contaminating endotoxin was present, that HA-IA bound to some 

other substance or substances present in plasma to form immune complexes, or that 

HA-IA bound directly to erythrocytes or other cells. Non-specific interactions of HA- 

IA to hydrophobic substances (including endothelial cells and other organ tissues) 

have been reported previously (Baumgartner, 1991).
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The anti-mouse antiserum, according to the product specification, has been adsorbed 

on human serum proteins and shown not to react with human antibody. This was 

demonstrated by the lack of binding to the pooled immunoglobulin preparation 

Pentaglobin. HA-IA is the product of a cell line derived fi’om a human/mouse 

heteromyeloma-human lymphocyte fusion (Teng et al, 1985); although generally 

described as human IgM it in fact contains a murine J chain.^ Either the anti-mouse 

antibodies bound to the IgM, possibly via the J chain, or they bound to other murine 

proteins in the HA-IA preparation. This finding suggests that HA-IA could have 

adverse effects if infused into recipients with pre-existing anti-mouse antibodies. 

Known hypersensitivity to murine proteins was not an exclusion criterion in phase II 

(Fisher et al, 1990) or phase HI (Ziegler et al, 1991) clinical trials of HA-IA, although 

it was subsequently listed as a contra-indications in the Product Data Sheet of 

Centoxin when introduced into the UK.^ It is thus feasible that patients with anti

murine antibodies received HA-IA in these studies. This might have contributed to 

the overall lack of benefit of HA-IA in patients suspected of gram-negative sepsis 

(Ziegler et al, 1991).

Another possible consequence of murine antigenicity of HA-IA is the formation of 

antibodies following its administration. This has been investigated in three studies, 

using the same double antigen radiometric assay (Fisher et al, 1990; Khazaeli et al, 

1990; Ziegler et al, 1991). This involved measuring the amount of radioactive HA-IA 

which bound to HA-lA-coated beads or wells previously incubated with sample 

serum. Measurements were performed between 2 and 4 weeks after administration of 

HA-IA. Positive results were defined as more than twice the preinfusion value of 

bound radioactive HA-IA, with any increase completely blocked by HA-IA. None 

out of over 150 patients who received HA-IA fulfilled these criteria. However, 

binding varied between individuals over seven-fold both before and after

 ̂ Centoxin Product Data Sheet, Centocor, Leiden, The Netherlands
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administration, and the presence of pre-existing antibodies was not investigated. 

Moreover, in nine patients whose details are provided, up to 74% increase in binding 

was recorded after infusion of HA-IA, with a mean (95% confidence interval) 

increase of 29% (7-51%) (Khazaeli et al, 1990). In addition, it is possible that a 

different assay system might be a more sensitive test for anti-HA-lA antibodies.

Concerns following the phase IQ trial of HA-IA (Ziegler et al, 1991) that treatment 

with HA-IA might be deleterious in certain patients (Gazmuri et al, 1991; Tanio and 

Feldman, 1991; Magee et al, 1992; Nadel et al, 1992; Riches et al, 1992a; Warren et 

al, 1992) have since been confirmed in a second multi-centre clinical trial, which was 

terminated after analysis of interim results for this reason (Luce, 1993).

The present results also have implications for the interpretation of research in which 

assays employing anti-mouse antibodies have been used in the presence of HA-IA. 

Surprisingly, only few studies have assessed the effects of HA-IA on cytokine 

concentrations. These studies have employed either bioassays (Baumgartner et al, 

1990; Wortel et al, 1992; Comelissen et al, 1993; Warren et al, 1993) or antibodies 

other than mouse/anti-mouse (Wortel et al, 1992;* Warren et al, 1993) to determine 

concentrations of cytokines on most occasions. Warren et al (1993) used a 

mouse/anti-mouse ELISA to measure TNFa concentrations, and reported no 

apparent production of TNFa by isolated monocytes or in whole blood caused by 

HA-IA alone. However, they used concentrations of HA-IA ranging from 2.0 pg/ml 

to 20.0 pg/ml in whole blood, and only 10 pg/ml in isolated monocyte preparations. 

Since these low concentrations produced only moderate interference in the above 

experiments (20 pg/ml HA-IA in whole blood causing approximately a third of the 

interference caused by the same concentration in HAS; Table 3.1), any interference in 

their study might have gone undetected. Katsikis et al used ELISAs utilising

* Medgenix, Amersham, Herts., UK.; personal communication
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mouse/goat anti-mouse antibodies^ to measure concentrations of IL-ip, IL-6 and 

TNFa in the supernatants of PBMC cultures exposed to serum containing HA-IA. 

The final concentrations of HA-IA in their samples are uncertain, but were no more 

than 25 pg/ml (Katsikis et al, 1990). It is possible that had they used alternate assays, 

their results would have suggested an even greater endotoxin-binding affect, with 

reduction of subsequent cytokine production, than that reported.

 ̂ R&D Systems Europe, Abingdon, Oxon, UK.; personal communication
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3.5. The In Vitro Effects of HA-IA on Cytokine Production in Whole 

Blood from Intensive Care Unit Patients

3.5.1. Introduction

A number of studies have investigated the cytokine response to endotoxaemia or 

bacteraemia following pretreatment of animals with anti-core component antibodies 

(Baumgartner et al 1990; Silva et al, 1990a; Vacheron et al, 1992; Comelissen et al, 

1993; Ramachandra et al, 1993; Romulo et al, 1993). However, cytokine 

concentrations following treatment of existing sepsis with antibodies have received 

little attention. Wortel et al (1992) reported that in 65 patients with suspected gram- 

negative sepsis, serum TNFa concentrations had fallen by a greater amount 24 hours 

after treatment with HA-IA than after placebo, although there was no significant 

difference at one hour. Conversely, concentrations of IL-6 at one hour had decreased 

by a greater amount in patients receiving HA-IA than in those receiving placebo, but 

there was no significant difference in IL-6 concentrations at 24 hours. Other workers 

have expressed concern at the possible adverse effects of modulation of cytokine 

expression in certain patients following treatment with HA-IA, in particular an 

increase in plasma IL-6 concentrations (Magee et al, 1992; Riches et al, 1992a). 

Amongst the cytokines thought to be involved in the systemic inflammatory response 

to sepsis, plasma concentrations of IL-6 are the most consistently related to outcome 

in clinical studies, with increased IL-6 concentrations corresponding to an increased 

risk of mortality (Hack et al, 1989a; Munoz et al, 1991a; Sullivan et al, 1992; Damas 

et al, 1992; Wortel et al, 1992; Casey et al, 1993; Fisher et al, 1993; Friedland et al, 

1993).

Since HA-IA was withdrawn from clinical use in January 1993, investigation of the 

cytokine changes following its use in patients was not possible. Therefore, the effects

97



of HA-IA on cytokine production were studied in vitro, when added to whole blood 

from ICU patients.

3.5.2. Experimental Design

Patients admitted to ICU over a three-month period were studied. Inclusion of 

patients was random, and was related to the number of patients in the ICU at any one 

time (a maximum of three patients were studied simultaneously), and to the ability to 

process the blood samples.

Because of laboratory and staffing considerations, only samples taken on Sundays 

through to Thursdays were investigated. Those from Sunday were stored overnight at 

4°C before analysis as is routine for weekend CRP estimation, whilst those from 

weekdays were processed within four hours of their being taken. Two millilitres of 

blood were transferred into each of two sterile tubes (Flow Laboratories), and 8 pi 

HA-IA (Centoxin; kindly donated by Centocor, UK.) was added to one of the tubes 

(test) but not the other (control), following which both tubes were incubated at 37°C 

for 24 hours. The samples were then centrifuged and the plasma frozen for subsequent 

analysis of cytokine concentrations. The amount of HA-IA used was that which 

would produce a similar concentration (20 pg/ml) in the whole blood sample as would 

occur in the peripheral bloodstream after therapeutic infusion (Fisher et al, 1990). 

Where possible, baseline samples of plasma (i.e. without storage) were also frozen for 

analysis.

3.5.3. Results

Details of Patients

Fifteen patients were studied (Table 3.2). All of them had SIRS (as defined in Table

1.1, p 18) for at least part of their stay on the ICU. A total of 61 paired (control and
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test) samples were analysed, with the median number of paired samples four per 

patient (range 1-20). Seventeen baseline samples were analysed.

Cytokine Concentrations with and without Incubation with HA-IA

Control plasma concentrations of IL-ip were less than the lower limit of the assay in 

all patients, irrespective of outcome. Following incubation with HA-IA, 

concentrations of IL-lp were unchanged from those of controls.

Control IL-6 concentrations ranged from undetectable levels to 3.73 ng/ml in all but 

one patient (patient 6), in whom the initial concentration was 18.76 ng/ml, falling on 

subsequent days. Median (range) concentration of IL-6 was similar in the ten 

survivors (1.35 (<0.33-3.73) ng/ml) and the five non-survivors (1.67 (<0.33-18.76) 

ng/ml, p = 0.56; Mann-Whitney rank sum test). Following incubation with HA-IA, 

concentrations of IL-6 exceeded control concentrations of IL-6 by more than 25% in 

blood from five patients, of whom four died (patients 3, 8, 9 and 11, Figure 3.12 ). 

This compares with one death (patient 6) amongst the ten patients for whom IL-6 

concentrations were not greater (Table 3.3). The fifth patient (patient 2) whose blood 

exhibited greater test concentrations of IL-6 developed severe SIRS after routine 

admission following eosophagectomy (no organisms were recovered), and had a 

protracted stay on ICU requiring inotropic support before recovering and being 

discharged to the ward (Figure 3.13 ). Patient 6, the only patient who died for whom 

HA-IA did not result in greater production of IL-6, had very high control 

concentrations of IL-6, with decreasing concentrations on subseqent days until his 

death (Figure 3.14 ). In this case, incubation with HA-IA was associated with lower 

concentrations of IL-6 (Figure 3 .14 ).

Test concentrations of IL-6 which were lower than control concentrations by more 

than 25% occurred on three occasions in three patients (patients 2, 6 and 8; Figures 

3.12., 3.13. and 3.14 ), and were unaccompanied by changes in other cytokines.
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Table 3.2. Details of patients studied for in vitro effects of HA-IA.

Patient

no.

Age

(yr)
Sex Diagnosis

Length 

of stay 

(days)

Outcome*

1 48 M Pneumonia; gram-positive sepsis 14 S

2 75 F Post-oesophagectomy; suspected sepsis 28 S

3 66 F COADt; chest infection 4 DÎ

4 84 F Aspiration of gastric contents 

postoperatively

2 S

5 79 F Routine postoperative admission 1 S

6 79 M Post-laparotomy for faecal peritonitis 3 D

7 79 M Routine postoperative admission 1 S

8 69 F Post-laparotomy for intra-abdominal 

infection; gram negative septicaemia

8 D

9 50 F Cardiac arrest outside hospital from 

unknown cause; Aspiration of gastric 

contents during resuscitation

2 D

10 87 F Post-laparotomy for rectal bleeding 5 S

11 72 M COADt; chest infection; gram-negative 

septicaemia

8 D

12 73 M Routine postoperative admission 5 S

13 77 M Routine postoperative admission 3 S

14 51 M Post-laparotomy for bleeding DU§ 1 s
15 71 F Routine postoperative admission 1 s

*S = survival; D = death

TCOAD: chronic obstructive airways disease

^patient was transferred to another hospital because of bed shortages and subsequently died 

§DU: duodenal ulcer
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Figure 3.12. Plasma concentrations of IL-6 after incubation of whole blood from 

four ICU patients who died, in the absence (dark shading) and presence (light 

shading) of HA-IA. Samples were taken on different days as shown. Concentrations 

of IL-6 following incubation with HA-IA which exceeded control concentrations by 

> 25% are marked with solid arrows. Concentrations of IL-6 less than control 

concentrations by > 25% are marked by open arrows.
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Table 3.3. Outcome in ICU patients according to whether IL-6 concentrations in 

whole blood incubated with HA-IA exceeded control concentrations of IL-6 by 

more than 25%.

Died Survived Total

IL-6 > control 4 1 5

IL-6 not > control 1 9 10

Total 5 10 15

p = 0.03; Fisher's exact test
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Figure 3.13. Plasma concentrations of IL-6 in whole blood from one ICU patient 

(patient 2) who survived, in the absence (dark shading) and presence (light shading) 

of HA-IA. Samples were taken on different days as shown. Concentrations of IL-6 

following incubation with HA-IA which exceeded control concentrations by > 25% 

are marked with solid arrows. Concentration of IL-6 less than control concentration 

by > 25% is marked by open arrows.
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Figure 3.14. Plasma concentrations of 

IL-6 in whole blood from one ICU patient 

who died (patient 6), in the absence (dark 

shading) and presence (light shading) of 

HA-IA. Samples were taken on different 

days as shown. Concentration of IL-6 less 

than control concentration by > 25% is 

marked by open arrows.

Control plasma TNFa concentrations were all under 35 U/ml (median 10.0 U/ml). 

Concentrations of TNFa in samples incubated with HA-IA could not be accurately 

determined, because of the interference of this antibody with the ELISA for TNFa 

noted previously. Thus the values obtained for TNFa after incubation with HA-IA 

(median (range) 18.5 (<7.5-84.6) U/ml) were higher than those of the control samples 

(p < 0.001; Wilcoxon signed-rank test). However, on those 11 occasions when IL-6 

concentrations were increased, median (range) measured TNFa concentration was 

similar in control samples (17.0 (<7.5-27.4) U/ml) and HA-IA samples (18.8 (<7.5- 

50.8) U/ml, p = 0.15; Wilcoxon signed-rank test). Since interference by HA-IA would 

tend to give falsely high values of TNFa, it can be concluded that incubation of whole 

blood with HA-IA did not increase TNFa concentrations concurrently with IL-6 

concentrations.

Effect of Storage of Samples on Cvtokine Production

Baseline concentrations of cytokines were available for 17 samples from the patients 

detailed in Table 3.2., including three samples from patients in whom test 

concentrations of IL-6 exceeded control concentrations by more than 25% (two for 

patient 8 and one for patient 9). Concentrations of IL-lp, IL-6 and TNFa in baseline
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samples differed from those in control samples by less than 10% in all cases, 

suggesting that 24 hours' storage did not affect cytokine concentration (data not 

shown).

Since test concentrations of IL-6 were less than those of control on three occasions, 

and baseline samples were unavailable on those occasions, the efifect of storage of 

blood samples on cytokine production was further explored. Thirty samples from a 

further 12 ICU patients with SIRS were incubated for 24 hours at 37°C without 

additives, and concentrations of cytokines before and after storage were compared. 

Two patients exhibited increases in IL-6 concentrations alone following storage, one 

patient on two occasions (Table 3.4.). Each had exhibited no such increase in previous 

samples.

Table 3.4. Plasma concentrations of cytokines before and after storage of blood 

samples from two ICU patients for 24 hours at 37°C.

Age

(yr)
Sex Diagnosis IL-lp (ng/ml) 

B* A*

IL-6 (ng/ml) 

B A

TNFa (U/ml) 

B A

63 M Postoperative; gram- 

positive septicaemia

<1.72 <1.72 0.87 1.86 27.2 22.5

40 F Pancreatitis; gram- 

positive septicaemia

<1.72 <1.72 1.24 2.50 <7.5 <7.5

Pancreatitis (6 days 

later); gram-negative 

pneumonia

<1.72 <1.72 1.48 3.39 10.9 9.9

*B = before storage; A = after storage

Mean (± s.e.m.) percentage change in IL-6 concentration in samples from the other 
patients (excluding the patient discussed on pl05) was -0.94 % ± 3.34%.
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One sample pair from a further patient revealed increases in all three cytokines (IL-ip 

from 0.46 ng/ml to 1.78 ng/ml; IL-6 from 0.16 ng/ml to 3.78 ng/ml; and TNFa from 

10.4 ng/ml to 65.7 U/ml) and this may have represented contamination with 

endotoxin. All other samples revealed no differences in cytokine concentrations before 

or after storage. Thirteen of these samples were from patients with sepsis.

Since both control and test IL-6 concentrations for patient 2 appeared to be highest in 

the samples taken on Sundays and processed on the following day, the possibility that 

storage at 4°C affected IL-6 concentrations was investigated. Heparinised whole 

blood from ten further patients with SIRS, including four with proven gram-negative 

sepsis, was stored at 4°C for different lengths of time and analysed for plasma IL-6 

concentrations. Concentrations of IL-6 were not affected by up to 48 hours' storage 

(Table 3.5.). Changes in EL-6 concentrations did not exceed 10% for any individual 

patient.

Table 3.5. Plasma concentrations of IL-6 (ng/ml) in whole blood from ICU patients

following incubation at 4°C.

Time (h) 0 24 48

EL-6 concentrations 

(median (range))

0.58

(<0.33-1.87)

0.50

(<0.33-1.91)

0.60

(<0.33-1.98)

p = 0.3; Kruskal-Wallis test 

Response to HA-IA in Whole Blood from Normal Subjects

The IL-6 response to incubation with HA-IA was investigated using whole blood 

from ten healthy volunteers, using the same protocol as for the ICU patients. 

Concentrations of IL-6 were not affected by incubation with or without HA-IA 

(Table 3.6 ). Changes in IL-6 concentrations did not exceed 10% for any individual.
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Table 3.6. Plasma concentrations of IL-6 (ng/ml) in whole blood from healthy 

subjects following incubation with HA-IA.

No incubation Incubated without 

HA-IA

Incubated with 

HA-IA

IL-6 concentrations 

(median (range))

<0.33 

(< 0.33-0.36)

<0.33 

(< 0.33-0.4)

<0.33 

(< 0.33-0.4)

p = 0.3; Kruskal-Wallis test 

3.5.4. Discussion

These results demonstrate that after 24 hours' incubation with HA-IA, whole blood 

from certain ICU patients contains higher concentrations of IL-6 than blood incubated 

alone, whereas IL-ip and TNFa concentrations are unaffected. Furthermore, those 

patients in whose blood this response occurred had a higher mortality than those in 

whom it did not occur. The results also suggest that peripheral blood cells from 

certain patients may continue to produce IL-6 in vitro.

A possible factor in the above study is contamination of certain samples with 

endotoxin, or even contamination of the HA-IA. The HA-IA preparation and plasma 

samples were not tested for endotoxin, so this possibility cannot be definitely 

excluded. However, contamination is unlikely for a number of reasons. First, the same 

procedure including aseptic precautions was followed for all 61 pairs of samples, of 

which only 11 exhibited the IL-6 response; thus contamination of the HA-IA is 

unlikely. Second, the liklihood that chance contamination should have predicted four 

out of five deaths is remote (Table 3.3). Third, in those 11 samples in which IL-6 

concentrations were greater than control, concentrations of IL-ip and TNFa were 

unaffected, whereas all three of these cytokines are produced in response to endotoxin 

in whole blood (Section 3.1.; also Wilson et al, 1991; DeForge et al, 1992; De Groote
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et al, 1992; Finch-Arietta and Cochran, 1992; Nerad et al, 1992; Riches et al, 1992b). 

Contamination is likely to have occurred in the sample from one patient incubated for 

24 hours in the absence of HA-IA, in which all three cytokines were increased.

One possibility suggested by these results is that peripheral blood from certain ICU 

patients with severe SIRS might be "primed" in terms of cytokine production 

(Herdegen and Bone, 1992; Dinarello and Cannon, 1993), such that a subsequent 

stimulus (in this case, HA-IA) is able to produce an atypical response (increased IL-6 

production); moreover, patients whose blood exhibits this response appear to have 

increased mortality. This possibility is subject to a number of caveats. For example, 

the lack of baseline samples in most cases (i.e. not incubated at all) means that it 

cannot be certain that HA-IA actually "induced" production of IL-6, since the starting 

point of IL-6 concentrations is unknown. For the three cases in which IL-6 

production was increased with HA-IA and for which baseline samples were available, 

it would appear that induction of IL-6 by HA-IA did actually occur. All that can be 

said for the remaining cases is that IL-6 concentrations were higher after incubation 

with HA-IA than after incubation without HA-IA. Spontaneous production of 

cytokines is generally thought not to occur in the absence of contaminating endotoxin, 

although the above results suggest that this might not always be the case in ICU 

patients (yide infra). Second, the nature of this "priming" is uncertain. Whilst certain 

stimuli have been shown to affect subsequent cytokine responses, (Schindler et al, 

1990b; Takasuka et al, 1991; Zuckerman et al, 1991; Dinarello, 1992; Geiger et al, 

1992; Gross and Andus, 1992), the exact nature of the stimulus (or stimuli) in a 

heterogenous group of ICU patients must remain speculative. Furthermore, 

measurement of plasma cytokine concentrations may be a relatively insensitive 

method of determining activation of peripheral blood cells (Cavaillon et al, 1992). It is 

possible that circulating endotoxin might activate inflammatory cells and "prime" them 

for subsequent cytokine production, but small amounts of endotoxin have been shown

107



to suppress, rather than enhance, the response to subsequent endotoxin challenge 

(Chong and Huston, 1987; Takasuka et al, 1991). Moreover, determination of plasma 

endotoxin was not attempted in the present study, although the value of doing this is 

questionable (Cohen and McConnell, 1984; Tamura et al, 1991; Wortel et al, 1992; 

Hofi5nan and Natanson, 1993).

The mechanism by which HA-IA is able to induce IL-6 production is uncertain, but 

may involve a direct effect of HA-IA itself, HA-1 A/endotoxin immune complexes, 

HA-1 A/HA-1 A-binding antibody complexes, or a combination of these, on "primed” 

PBMCs. It is possible that formation of immune complexes with circulating endotoxin 

may be responsible, since immune complexes may modulate cytokine responses as 

demonstrated in previous Sections of this Thesis. Alternatively, reaction between 

circulating antibodies and HA-IA may be involved. Although generally described as a 

human IgM, HA-IA does contain a murine J c h a i n ,  and the recognition of HA-IA 

by anti-mouse antibodies suggests a possible mechanism whereby adverse effects may 

follow its administration in certain patients (see Section 3 .4 ). The lack of alteration of 

IL-6 concentrations by HA-IA in whole blood from healthy subjects suggests that 

either induction of IL-6 does not occur in healthy individuals, or the number studied 

was too small. Interestingly, the healthy subjects studied were laboratory workers, 

who might be more likely than other subjects to have anti-mouse antibodies (Boscato 

and Stuart, 1986), although this was not investigated. The fact that concentrations of 

IL-6 increased following incubation of blood with HA-IA whilst those of IL-lp and 

TNFa were unaffected suggests that the increase in IL-6 production was not 

secondary to production of the latter two cytokines, although plasma concentrations 

represent at best a crude indication of cytokine production (Cavaillon et al, 1992). A 

similar increase in IL-6 concentration without changes in TNFa concentration was 

reported in whole blood taken from a patient who had received HA-IA, after four

Centoxin Product Data Sheet, Centocor, Leiden, The Netherlands
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hours' incubation in vitro (Riches et al, 1992a). Although generally considered to be a 

marker of severe sepsis rather than an instigator of systemic adverse effects, the 

importance of IL-6 in causing adverse outcome is suggested by the protection 

conferred against experimental gram-negative infection by monoclonal antibodies 

against IL-6 (Starnes et al, 1990).

The lower test concentrations of IL-6 compared with controls on three occasions 

raises the possibility that either HA-IA might have increased clearance or breakdown 

of IL-6, or that spontaneous production might occur in whole blood from certain 

patients, and that HA-IA might prevent this. There is no evidence to suggest binding 

of HA-IA to IL-6 or enhanced breakdown of IL-6; indeed if this were the case one 

would have expected a similar phenomenon to be more consistent than found in the 

present study. The question of spontaneous production of cytokines ex vivo has 

received attention previously. Early reports of spontaneous cytokine production in 

blood samples have been since attributed to contaminating endotoxin, and it has been 

demonstrated that in the absence of such contamination, production of IL-1, IL-6 and 

TNFa is not induced in whole blood from healthy volunteers stored at 37°C for up to 

six hours (Riches et al, 1992b). In addition, IL-1 could not be detected after 24 hours' 

storage. Thavasu et al found that using whole blood (spiked with various cytokines) 

from healthy volunteers, measured concentrations of cytokines were stable or 

decreased over 24 hours at room temperature. In addition, no induction of cytokines 

was demonstrated in unspiked samples (Thavasu et al, 1992). However, the situation 

in critically ill patients may be different. Riches et al reported that when blood samples 

from such patients were analysed, concentrations of both IL-ip and IL-6 were stable 

over a wide range of initial values (Riches et al, 1992b). Only seven patients were 

studied, however, and only for three hours. In the present study, spontaneous 

production of cytokines was investigated in a further group of ICU patients. The 

results suggest that spontaneous production of IL-6 may occur in certain cases.
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Although contamination with endotoxin cannot be ruled out, this is unlikely in view of 

the lack of IL-lp and TNFa response. It is feasible that in the presence of a 

circulating stimulus, slow spontaneous production of cytokines may indeed occur in a 

few patients only. For HA-IA to prevent this production, as in the three patients 

presented here (patients 2, 6 and 8; Figures 3.12., 3.13. and 3.14.), one can only 

speculate that it might do so by binding to endotoxin or endotoxin-containing immune 

complexes (e.g. formed by naturally-occurring anti-endotoxin antibodies). However, 

whether circulating endotoxin was present in these patients is unknown. Only one 

patient (no. 8) had proven gram-negative bacteraemia, but this may occur in the 

absence of detectable endotoxaemia (Danner et al, 1991; Wortel et al, 1992; Casey et 

al, 1993). In addition, endotoxaemia has been reported in patients without gram- 

negative infection, including those infected with gram-positive organisms (Danner et 

al, 1991; Wortel et al, 1992; Casey et al, 1993). Indeed, the spontaneous production 

of IL-6 that was demonstrated in vitro was associated with proven gram-positive 

bacteraemia on at least two out of the three occasions (Table 3.4 ). Moreover, the 

lack of IL-lp and TNFa production in vitro would argue against circulating 

endotoxin causing spontaneous secretion of IL-6 alone, unless down-regulation of 

only the former cytokines had occurred. Independent regulation of these cytokines has 

been demonstrated under certain circumstances (Bailly et al, 1990; Takasuka et al, 

1991; Zuckerman et al, 1991). The responsiveness of PBMCs from patients with 

sepsis to endotoxin in vitro has been reported to be both equal to (Ertel et al, 1993) 

and reduced from (Munoz et al, 1991a) that of PBMCs from normal subjects; this 

aspect of regulation of the inflammatory response in sepsis is as yet unresolved and 

merits further attention.

One interesting feature of patients 2, 8 and 11 is that control IL-6 concentrations were 

apparently higher at the beginning of the week than at the end. Patients 8 and 11 were 

admitted to the ICU on the weekend, and the higher initial IL-6 concentrations may
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simply represent the acute onset of critical illness before treatment. Patient 2, 

however, seems to exhibit a clear trend over three out of four weeks. The possibility 

that overnight storage at 4°C affected IL-6 measurements is unlikely in view of the 

experiments performed above and previous work (Thavasu et al, 1992). Even if the 

samples taken on Sundays are discounted, the trend is still apparent. Indeed, it is 

mirrored by plasma CRP concentrations, which lagged 1-3 days behind (data not 

shown). It is possible that this particular patient, who had an especially stormy course 

whilst in the ICU, suffered from the reduced support available on the weekend. If so, 

this has important staffing implications for the ICU, beyond the scope of this Thesis. 

A similar trend was not seen for other patients, although the number of patients 

studied across more than one weekend is small. Although plasma cytokine 

concentrations were unaltered by storage at at 4°C, the ability of PBMCs thus stored 

to respond to stimuli was not investigated, and the greater concentration of IL-6 

following incubation with HA-IA for the Sunday samples for patient 2 might partly be 

related to abnormal responsiveness.

I l l



3.6. Detection of Cytoplasmic IL-lp in Peripheral Blood 

Mononuclear Cells from Intensive Care Unit Patients

3.6.1. Introduction

Further information about cytokine production may be gained by examining cells for 

cytoplasmic or membrane-associated cytokines, using immunofluorescence 

microscopy and flow cytometry (Hofsli et al, 1989; Sander et al, 1991; Andersson et 

al, 1992; de Caestecker et al, 1992; Chikanza et al, 1992; Nakamura et al, 1992; Hsi 

and Remick, 1993). After permeabilisation of the cell membrane, cells such as PBMCs 

are incubated with antibodies against the cytokine concerned, and binding revealed 

either by immunofluorescent marker molecules attached to the antibodies or by 

secondary antibodies linked to such markers. Whilst two-colour antibody staining may 

improve specificity of the cell subpopulation studied, by identifying specific cell types 

by the cell surface antigens they express, it is also possible to examine cell 

subpopulations by using specified collection techniques (e.g. sodium metrizoate/ficoll 

separation of whole blood to yield PBMCs) together with flow cytometry employing 

appropriate gating based on the light scatter pattern.

Several studies have used these techniques to investigate the cytokine response to 

endotoxin in vitro. One index of the degree of response is the proportion of cells 

examined that contain cytokine, and this has been found to increase following 

incubation of PBMCs with endotoxin, for both IL-ip and TNFa (Hofsli et al, 1989; 

Sander et al, 1991; Andersson et al, 1992; de Caestecker et al, 1992; Hsi and Remick, 

1993). Whilst this information may be obtained using both microscopy and flow 

cytometry, the latter technique may also provide a second index of the cell response, 

namely the mean or median fluorescence, which represents the amount of cytokine-
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specific antibody binding per cell (Chikanza et al, 1992; de Caestecker et al, 1992; Hsi 

and Remick, 1993).

The situation in ICU patients, however, may differ considerably from that of PBMCs 

stimulated with endotoxin in vitro, both in the nature of the stimulus and in the 

subsequent response. In addition to comparing the pattern of cytoplasmic IL-ip 

expression in ICU patients and normal subjects, an aim of the following study was to 

ask whether the detection of cytoplasmic IL-lp in patients might be a useful tool for 

predicting whether a patient was "primed" for an imminent exacerbation of SIRS 

(Herdegen and Bone, 1992; Dinarello and Cannon, 1993). Interleukin-Ip was chosen 

because of the unique characteristics relating to its secretion. For example, 

considerable amounts of IL-ip may remain intracellular following certain stimuli 

(Cavaillon & Haeflher-Cavaillon, 1990). The IL-lp remains almost completely 

cytoplasmic (Singer et al, 1988), with the amount secreted depending on the 

conditions of stimulation (Cavaillon & Haeflher-Cavaillon, 1990). Thus "primed" cells 

might be those which contain cytoplasmic IL-lp but which have not yet secreted it. In 

addition, secretion of IL-lp is via a 31 kDa precursor molecule, which is subsequently 

cleaved to the active 17 kDa molecule by proteases both inside and outside the 

secreting cells (Black et al, 1988; Hazuda et al, 1990). Thus proteases produced at 

sites of inflammation (such as foci of infection) would result in cleavage of the 

precursor IL-ip and local accumulation of the active 17 kDa molecule (Hazuda et al, 

1990). This is a possible mechanism whereby circulating concentrations of IL-ip 

might be low or undetectable, whilst "primed" circulating cells would contain 

cytoplasmic IL-lp which is active peripherally at inflammatory sites. Evidence 

supporting this concept exists for a different inflammatory condition, grafl-versus-host 

disease (GVHD) in bone-marrow transplant recipients. In these patients, the 

identification of intracellular IL-lp in PBMCs, using immunofluorescence 

microscopy, correlated with clinical GVHD whilst plasma concentrations of IL-lp
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were unrelated to clinical condition (Rowbottom et al, 1993). In addition, presence of 

intracellular TNFa and IL-6 was not associated with GVHD, Although SIRS and 

sepsis are different conditions from GVHD, it is possible that a similar mechanism of 

IL-lp production is involved; certainly there is substantial evidence that blood 

concentrations of IL-lp do not correlate with outcome in sepsis, despite its presumed 

central role in the condition (Damas et al, 1989; Calandra et al, 1990; Cannon et al, 

1990; Damas et al, 1992; Pinsky et al, 1993).

Whilst monocytes have been the subject of most studies using flow cytometry (Hofsli 

et al, 1989; Sander et al, 1991; Andersson et al, 1992; de Caestecker et al, 1992), 

recent work suggests that in sepsis, there is reduced expression of the monocyte 

surface receptor CD 14, which would be a target for identification of monocytes using 

two-colour staining, with the possibility that identification of the monocyte population 

may be inadequate using this technique (Birkenmaier et al, 1992; Kim et al, 1992; 

Ertel et al, 1993). Thus in the following study, automatic gating was used to examine 

the predominant cell population of PBMCs according to the pattern of light scattered, 

without two-colour staining.

3.6.2. Experimental Design

Peripheral blood mononuclear cells were isolated from samples from random ICU 

patients, and fixed and stained for flow cytometry as described. For comparison, 

PBMCs from healthy volunteers without recent infections were also analysed. White 

blood cell count was analysed using a Coulter Counter T-540 (Coulter Electronics 

Ltd.). Plasma samples were frozen and subsequently analysed for cytokine 

concentrations.
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3.6.3. Results

ICU Patients/Healthy Subjects

Thirteen samples from nine patients were studied. Patient details at the time of 

sampling are shown in Table 3.7. Patients 3, 5 and 9 eventually died. Eight healthy 

subjects were sampled.

There were clear and consistent differences between the ICU patients and healthy 

subjects with respect to the pattern of staining obtained with flow cytometiy  ̂ (Table 

3.8.). For example, in the ICU patients, mean overall fluorescence for both control 

(non-specific) binding and IL-lp-specific binding were greater than in the healthy 

subjects. However, whilst there was no difference between control and IL-ip-specific 

binding for the ICU patients (p = 0.34; Wilcoxon signed-rank test), IL-ip-specific 

binding was greater than control in the healthy subjects (p = 0.008; Wilcoxon signed- 

rank test), indicating that there was increased binding of the anti-IL-ip antibody to 

cells from healthy individuals. In addition, the proportion of cells from ICU patients 

staining positively for IL-ip was consistently below 1.5%, whereas that for normal 

volunteers was considerably higher. The effect in certain ICU patients of a small 

number of very brightly-fluorescent cells becomes apparent when the mean 

fluorescence of the positively-staining cells is analysed. For example, patient 2 

exhibited a nine-fold increase in IL-lp-specific binding over control, and patient 9 

exhibited a six-fold increase. The number of cells counted was necessarily small 

because of the 0.5% exclusion gating chosen and the low proportion of positive cells. 

Although the absolute number of cells in many cases was less than 10, the numbers 

measured by the flow cytometer are accurate at this level and represent positively- 

staining cells. This phenomenon did not occur in the healthy subjects.

 ̂̂  Coulter Electronics Ltd; personal communication
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Table 3.7. Details of ICU patients studied by flow cytometry.

Patient

no.*

Age

(yr)
Sex Diagnosis SIRSt

1 61 F One day post-laparotomy for faecal peritonitis; 

gram-negative septicaemia

yes

2 69 F One day post-neurosurgery no

3 38 M Acute pancreatitis; respiratory failure; gram- 

positive septicaemia

yes

4 76 M Pneumonia; respiratory failure yes

5(i) 63 F One day post-laparotomy for acute bowel 

obstruction

yes

5(ii) 63 F Two days post-surgery yes

6 86 M Two weeks post-aortic aneurysm repair; 

weaning from mechanical ventilation

no

7(i) 64 F Three days post-laparotomy for elective cancer 

surgery; extensive bleeding perioperatively.

yes

7(H) 64 F Four days post-surgery yes

7 (Hi) 64 F Five days post-surgery yes

8(0 46 F Pneumonia; one day post-laparotomy for bowel 

obstruction

yes

8(H) 46 F Two days post-surgery yes

9 62 F Subarachnoid haemorrhage; pneumonia yes

^numbers in parentheses refer to samples from the same subject taken on different 

faccording to definition in Table 1.1., p 18.

days.
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Table 3.8. Results of staining for cytoplasmic IL-ip by flow cytometry, in PBMCs 

from a) ICU patients and b) healthy subjects.

Subject
no.*

Mean overall 
fluorescence (units)

Control IL-13

Proportion of 
cells staining 
positive (%)

Mean fluorescence of 
positive cells 

(units)

Control IL-13

No. of 
positive 

cells 
counted

a) ICU patients

1 17.7 26.4 1.1 136.1 118.6 56
2 16.7 8.6 0.1 93.7 838.7 5
3 31.5 31.7 0.7 182.4 189.0 36
4 20.4 20.4 0.2 300.0 416.6 12

5(i) 13.0 16.4 0.5 370.4 277.0 26
5(ii) 13.0 16.4 1.2 65.6 94.8 60

6 11.4 10.8 0.2 312.4 451.7 3
7(i) 8.1 7.6 0.7 242.8 260.9 6

7(H) 13.2 7.3 0.2 113.0 477.8 8
7 (iii) 15.7 10.7 0.1 69.8 188.1 5
8(i) 8.7 6.5 0.1 51.7 214.1 7
8(H) 8.7 7.6 0.3 45.6 55.9 13

9 16.1 11.6 0.1 57.1 312.4 3
b) Healthy subjects

1 3.1 9.2 65.0 11.1 12.9 2803
2 4.2 6.7 6.1 34.1 17.5 303
3 3.7 6.9 16.5 14.3 14.4 829
4 3.6 6.6 10.5 16.3 15.0 525
5 2.9 6.4 44.1 8.3 9.4 2206
6 3.4 11.1 54.2 15.7 16.4 2709
7 3.3 6.3 11.2 19.7 13.3 559
8 4.2 8.4 13.9 36.1 18.1 694

Comparison of a) with b) (Mann-Whitney rank sum test)

p value < 0.001 0.019 < 0.001 < 0.001 < 0.001 <0.001

♦numbers in parentheses refer to samples from the same subject taken on different days.
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Median (range) white cell count was greater in ICU patients (13.8 (8.0-25.2) x 10̂ /1) 

than in normal subjects (5.7 (4.0-7.6) x 10̂ /1; p < 0.005, Mann-Whitney rank sum 

test). Median (range) CRP concentration was also greater in ICU patients (82 (8-269) 

mg/ml) than in controls (1.5 (<l-2) mg/ml; p < 0.001, Mann-Whitney rank sum test). 

Plasma concentrations of IL-lp were less than the lower limit of the assay, and 

concentrations of TNFa were less than 15 U/ml, in all samples from patients and 

healthy subjects. Median (range) concentration of IL-6 in ICU patients was 0.4 ng/ml 

(< 0.33 - 1.33 ng/ml); concentrations were under 0.5 ng/ml in all normal subjects.

There appeared to be no relationship between the presence of a small number of 

brightly-staining IL-ip-positive cells and clinical condition and outcome in the ICU 

patients. There were two patients without SIRS at the time of sampling (patients 2 

and 6), one of whom (patient 6) had been stable for several days. Both of these went 

on to leave the ICU without suffering SIRS or worsening of their condition, despite 

the presence of brightly-staining IL-lp-positive cells (Table 3 .8 ). All three patients 

who died (patients 3, 5 and 9) exhibited greater IL-lp-specific staining than the 

healthy subjects (as did all of the ICU patients), but in only one patient (patient 9) did 

IL-lp-specific staining markedly exceed non-specific (control) staining. This patient 

and patient 5 died three days later, whereas patient 3 died five days later. Since CRP 

has been shown to be a marker of deterioration of clinical condition and development 

of SIRS in ICU patients (Matson et al, 1991; Sheldon et al, 1991, 1993), the 

association between flow cytometry staining pattern and CRP was investigated using 

linear regression analysis. There was no significant correlation between mean overall 

IL-ip-specific fluorescence, mean fluorescence of positive cells or number of cells 

counted, and CRP at the time of sampling or maximal CRP attained during the three 

days subsequent to sampling (Figure 3.15. a) and b)). There was also no significant 

correlation between these measures of fluorescence and white cell count (Figure 3.15.

c))
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Figure 3.15. Pattern of staining in PBMCs for cytoplasmic IL-lp revealed by flow 

cytometry, and CRP or white cell count in ICU patients. Fl: mean overall 

fluorescence; Fl pos: mean fluorescence of positive cells; No. pos: number of 

positive cells counted; a) concentration of CRP on the day of sampling; b) maximal 

concentration of CRP during the three days following sampling; c) white cell count.
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Endotoxin Contamination

The possibility of endotoxin contamination during PBMC isolation or washing was 

investigated. Previous work from this laboratory has demonstrated that the induction 

of cytokine production by endotoxin in vitro is inhibited by EDTA in blood collection 

bottles (Riches et al, 1992b). Thus, to eliminate the effect of any contaminating 

endotoxin, blood samples were taken into EDTA-containing bottles (Becton 

Dickinson), and EDTA (BDH) was added to all reagents used for cell processing, at 

the same concentration as that in the EDTA bottles (5.4 mg/ml). Isolation, washing 

and staining of PBMCs from two healthy volunteers was performed as before, whilst 

simultaneous processing was also performed without EDTA.

The two methods of isolation produced similar results for both subjects studied (Table 

3.9 ), indicating that activation by endotoxin was not responsible for the high 

incidence of weak IL-lp-specific binding observed in normal volunteers.

Table 3.9. Results of staining for cytoplasmic IL-lp by flow cytometry, in PBMCs 

from healthy subjects, with and without EDTA added to all reagents.

Subject

no.*

Mean overall 

fluorescence (units)

Control IL-lp

Proportion of 

cells staining 

positive (%)

Mean fluorescence of 

positive cells 

(units)

Control IL-ip

No. of 

positive 

cells 

counted

a) without EDTA.

1 3.3 6.3 11.2 19.7 13.3 559

2 4.2 8.4 13.9 36.1 18.1 694
a) with EDTA.

1 4.6 9.7 6.9 29.2 41.1 343

2 5.1 13.6 22.5 29.4 25.9 1126
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Endotoxin Stimulation of Normal Whole Blood

In order to follow the activation of PBMCs by endotoxin, whole blood was incubated 

with 100 ng/ml endotoxin at 37°C in 10 ml aliquots, and analysed at 6 hours. Analysis 

at 24 hours could not be performed because sodium metrizoate/ficoll separation of 

PBMCs at this time was unsuccessfiil, presumably because of clumping of PBMCs (a 

similar phenomenon occurs following incubation of isolated PBMCs with endotoxin 

(Rowbottom, 1993)). Controls consisted of whole blood cultured without endotoxin 

and analysed at the same time. Following separation of the plasma, the PBMCs were 

isolated, fixed and stained as before.

Mean overall fluorescence increased both with and without endotoxin, although by a 

greater amount for the former (Table 3.10 ). The percentage of IL-lp-positive cells 

increased following incubation with endotoxin but decreased following incubation 

alone. Mean fluorescence of the positive cells increased markedly for both control and 

IL-ip-specific staining. Plasma IL-lp concentration increased fi’om undetectable at 0 

hours to 2.9 ng/ml after 6 hours with endotoxin; it remained undetectable in the 

sample incubated without endotoxin.

Table 3.10. Results of flow cytometry for whole blood incubated with or without 

endotoxin (lipopolysaccharide; LPS) 100 ng/ml.

Time

(h);±

LPS

Mean overall 

fluorescence (units)

Control IL-lp

Proportion of 

cells staining 

positive (%)

Mean fluorescence of 

positive cells 

(units)

Control IL-ip

No. of 

positive 

cells 

counted
0 3.0 4.6 6.9 12.5 12.5 345

6 - 10.3 13.4 2.5 227.0 174.6 127

6 + 10.6 23.5 9.7 175.0 230.7 484
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3.6.4. Discussion

These results suggest that a large proportion of PBMCs from healthy subjects exhibit 

low-grade staining for IL-ip, whereas only very few PBMCs from ICU patients stain 

positively for IL-lp, but some of them stain very brightly.

The finding of low-grade staining for IL-ip in many cells from normal subjects was 

surprising. Most of these cells were probably lymphocytes in view of the number of 

cells counted, and other workers have reported little or no expression of IL-1 P in 

PBMCs negative for monocyte-specific staining (Sander et al, 1991; Andersson et al, 

1992; de Caestecker et al, 1992) or positive for lymphocyte-specific staining 

(Chikanza et al, 1992) from healthy volunteers in the absence of endotoxin. However, 

Nakamura et al have reported in a preliminary report that in patients with interstitial 

lung disease, unstimulated lymphocytes had greater fluorescence after IL-ip-specific 

staining than unstimulated monocytes, although the latter increased their fluorescence 

markedly following incubation with endotoxin whereas lymphocytes did not 

(Nakamura et al, 1992). It is possible that previous workers, focusing on monocytes, 

have discounted the much lower levels of fluorescence present in lymphocytes as 

background. Since low concentrations of contaminating endotoxin may activate the 

cells during the time taken for isolation and washing (Sander et al, 1991), steps were 

taken to exclude this possibility by the presence of EDTA until fixation. Blood taken 

into EDTA-containing tubes do not produce cytokines or mRNA in response to 

endotoxin, presumably as a result of calcium ion chelation (Riches et al, 1992b). The 

results of parallel EDTA/no EDTA treatment of the blood samples revealed that 

endotoxin contamination was not responsible for the low-grade fluorescence 

observed. In addition, if endotoxin contamination was present, the ICU samples 

would have been expected to be equally affected, although the response of PBMCs 

from ICU patients to endotoxin is unclear, evidence for both a normal (Ertel et al, 

1993) and a reduced (Munoz et al, 1991a) cytokine response of PBMCs from patients
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with sepsis in vitro having been reported. A possible explanation for the staining for 

IL-ip found in cells from healthy people is that the fluorescence seen was non

specific, perhaps related to cross-reactivity between the polyclonal anti-IL-lp 

antibody and another cell component. This possibility could be explored by adding 

recombinant IL-ip to the anti-IL-1 p/PBMC incubation, and allowing competition for 

the anti-IL-ip binding sites. Increased specificity might be obtained by using a 

monoclonal anti-IL-lp antibody, which should be less likely to cross-react with other 

antigens, although the antibodies used were the same as those successfully used by de 

Caestecker et al (1992).

The results presented here reveal a different pattern between normal subjects and ICU 

patients. One striking difference was the greater mean overall fluorescence and mean 

fluorescence of positive cells in ICU patients, even in one (patient 2) who had 

undergone elective (non-infective) surgery the day before (Table 3.8.). An interesting 

observation was the general increase in binding of both the anti-IL-lp antibody and its 

control antibody. That this might have been a general consequence of activation of 

PBMCs is suggested by the increase in fluorescence that occurred in PBMCs from 

normal whole blood incubated for six hours (Table 3.10.). Such increase in non

specific "stickiness" of the antibodies might be Fc-receptor-mediated, although this 

was not investigated in the present study. The difference between healthy subjects and 

ICU patients in the proportion of cells staining positive for IL-ip could be partly 

explained by non-specific binding of the anti-IL-lp antibody to PBMCs from healthy 

subjects, and the increased general antibody binding to cells from ICU patients. If the 

staining with anti-IL-ip to normal cells was indeed non-specific, a similar effect in 

PBMCs from ICU patients would be concealed by the greater degree of general 

antibody binding to these cells.

Interpretation of the significance of the fluorescence pattern differences is difficult 

because there are no other reports of this technique in ICU patients with which they
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may be compared. Other studies using the technique have investigated the response of 

whole blood (Hofsli et al, 1989; de Caestecker et al, 1992) and isolated cells (Sander 

et al, 1991; Andersson et al, 1992; Hsi and Remick, 1993) of normal subjects to 

endotoxin or other stimuli (Chikanza et al, 1992), but there were differences in the 

cytokines examined, the antibodies used, and the measure of antibody binding 

reported (e.g. mean or median fluorescence and proportion of positive cells). In 

particular, mean fluorescence per positive cell has not been employed previously, 

although it provides a measure of brightness that is independant of the number of 

positive cells (as number or proportion of positive cells increases, so will overall 

fluorescence, even if fluorescence per positive cell remains unaltered). To follow the 

changes in fluorescence pattern in PBMCs incubated with endotoxin, and to evaluate 

the present technique in comparison with these previous studies, whole blood was 

incubated as described. The results demonstrate that cells incubated both with and 

without endotoxin exhibited increases in mean overall fluorescence and especially 

mean fluorescence per positive cell (Table 3.10.). This suggests that incubation alone 

is an adequate stimulus for activation of PBMCs. Adherence has been shown to result 

in accumulation of intracellular IL-1 after 1-2 hours (Fuhlbridge et al, 1987), and it is 

possible that this was the cause of the increased fluorescence with control antibody, 

and in cells incubated without endotoxin, although endotoxin contamination cannot be 

ruled out (although detectable IL-lp was only present in the samples incubated with 

endotoxin). Mean overall fluorescence and proportion of positive cells increased 

following stimulation with endotoxin as in previous studies of IL-1 P (Andersson et al, 

1992; de Caestecker et al, 1992). The decrease in proportion of positive cells in blood 

incubated without endotoxin, and the relatively modest increase in cells incubated 

with endotoxin, may represent the effect of non-specific binding of the anti-IL-lp 

antibody discussed previously. The fact that mean fluorescence per positive cell for 

IL-lp-specific staining was only 32% greater than control antibody staining may 

represent secretion of IL-1 P fi'om the cells. However, it is not certain that the two
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antibodies are directly comparable, even though they are species and immunoglobulin- 

matched. Thus one fluorescence unit for the control antibody may not be equivalent to 

one unit for the anti-IL-ip antibody, even though de Caestecker et al (1992) simply 

subtracted one value from the other to give a "net" median fluorescence. It is of 

interest that no brightly fluorescing cells similar to those from the ICU patients were 

present in the endotoxin stimulation experiment. This might be related to the very 

different situations in vivo and in vitro, although more stimulation experiments would 

be required to enable direct comparisons. In addition, stimulation with endotoxin may 

not be representative of the situation in PBMCs from ICU patients, since endotoxin is 

a potent inducer of cytokine secretion, i.e. is able to act as both "priming" agent and 

"triggering" agent, whereas only the former activity may be present in certain ICU 

patients.

In view of the confinement of intracellular cytokines in other studies to monocytes 

(Sander et al, 1991; Andersson et al, 1992; de Caestecker et al, 1992; Chikanza et al, 

1992), and the small number of cells staining brightly for IL-ip in ICU samples, it is 

likely that these cells were indeed monocytes, although this cannot be certain ’wdthout 

further staining. The results of two-colour staining would be uncertain in patients with 

sepsis, given the reduced expression of the CD 14 receptor which has been shown to 

occur in these patients (Birkenmaier et al, 1992; Kim et al, 1992; Ertel et al, 1993). In 

addition, it would add to the cost and complexity of the technique, which was 

investigated primarily for its ability to identify "primed" patients in the ICU. In this 

respect, certain patients were indeed identified who had marked IL-ip-specific 

staining of their cells. However, there was no association between the flow cytometric 

pattern and diagnosis of SIRS, subsequent development of SIRS, or outcome. Indeed, 

not only was the presence of brightly-fluorescing cells detected in patients both with 

and without SIRS, but their presence was not constant in individual patients on 

different occasions, even though the clinical situation had not altered. Whilst
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disappointing, this finding would fit with the concept that "priming” is merely the 

result of one or more initial steps, and that development or exacerbation of SIRS itself 

requires a subsequent "triggering" stimulus. Since this cannot be predicted, 

identification of "primed" patients may be insufiBcient to be useful clinically. 

Furthermore, since patients may go on to deteriorate or even die without the presence 

of these "primed" cells, the usefulness of the investigation is diminished further. 

Similarly, using repeated fi-eeze-thaw cycles to release intracellular cytokines, only 

around half of patients with sepsis may have monocyte-associated IL-ip at any time 

during their stay in the ICU, with no association with outcome (Munoz et al, 

1991a,b).

The possibility was considered that IL-ip-positive cells in ICU samples were simply 

missed from the population of cells studied, giving erroneous results. Inadequate 

gating was unlikely to have accounted for the paucity of IL-lp-positive cells, since a 

population of brightly fluorescent cells excluded from the primary gate (which focused 

on the predominant cell population) would have been revealed as a separate peak in a 

secondary gate which included the whole cell population in the sample. In all cases, no 

such second population was seen (data not shown). Another possibility is movement 

of IL-lp-containing cells from the circulation to the periphery; this would be diflBcult 

to assess and was not investigated in the present study.

A further approach might be to seek cytokine mRNA in the PBMCs of ICU patients, 

although Ertel et al have recently reported that mRNA for IL-lp, IL-6 and TNFa 

could not be detected in PBMCs of patients with sepsis or in control patients awaiting 

elective surgery (Ertel et al, 1993). Alternatively, other cytokines could be 

investigated by flow cytometry, although IL-lp was considered the most suitable for 

the reasons given above. Although the cytokine most often affected in previous 

experiments in this Thesis was IL-6, intracellular accumulation of this cytokine does 

not appear to occur as it does for IL-lp, with stimulation of IL-6 leading to its rapid
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secretion. Thus monocytes from patients with sepsis or non-septic shock contained no 

detectable IL-6 despite its presence in the plasma in over 80% of patients (Munoz et 

al, 1991a,b). Interleukin-6 would therefore seem to be a poor candidate for an 

indicator of "priming” of PBMCs. In addition, staining for cytoplasmic IL-6 produced 

inconsistent results in a previous report of flow cytometry even when two different 

anti-IL-6 antibodies were used (de Caestecker et al, 1992), although successful 

staining for IL-6 has been reported in stimulated cells (Sander et al, 1991). Finally, 

attempts to identify cytoplasmic TNFa for flow cytometry in this laboratory have 

been unsuccessful, with inconsistent staining even when using the same antibody as 

that used successfully elsewhere (de Caestecker et al, 1992).̂ ^

A. Rowbottom; personal communication
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CHAPTER 4 

GENERAL DISCUSSION



4.1. Immune Complexes, Complement and the Cytokine Response to 
Endotoxin

The use of whole blood for studies of cytokine production is more representative of 

the situation in vivo than isolated cell preparations, even though it is a more complex 

system (Wilson et al, 1991; DeForge et al, 1992; De Groote et al, 1992; Finch-Arietta 

and Cochran, 1991; Nerad et al, 1992). This advantage might be especially desirable 

when studying the effects of immune complexes and endotoxin, since the response 

they induce is affected by plasma constituents such as complement and 

lipopolysaccharide binding protein, and by other cells such as erythrocytes (Wright et 

al, 1990; Heumann et al, 1992; Tonoli et al, 1993; Krieger et al, 1993).

Using the whole blood system described in this Thesis, a consistent pattern of 

cytokine modulation occurred when IVIG (Sandoglobulin)/endotoxin immune 

complexes were presented to the cells, compared with the cytokine response to 

endotoxin alone: the IL-ip and IL-6 responses were increased and the TNFa 

response decreased. This effect was dependent on complement activation. Similar 

complement-dependent secretion of IL-6 with suppression of TNFa production 

occurred when cells were presented to IgG immune complexes without endotoxin. 

The anti-endotoxin IgM antibody HA-IA was less effective at modulating the 

endotoxin-induced cytokine response than Sandoglobulin, and its effects were less 

dependant on complement activation. Differences between the effects of 

Sandoglobulin and HA-1 A might be related to different affinities of the antibodies for 

endotoxin, different sizes of the immune complexes, different interactions of the IgG 

or IgM with antibodies already present in the plasma or serum, different abilities of 

the immunoglobulins to fix complement, and different mechanisms for binding of 

complexes to cells (e.g. via Fc receptors or complement receptors). For example, 

recent studies have suggested that the protective effects of 0-antigen-specific IgG 

antibodies may be mediated both via neutralisation of endotoxin and Fc-mediated
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cellular uptake of endotoxin, whilst 0-antigen-specific IgM acts via neutralisation 

only (Heumenn et al, 1992; Burd et al, 1993a,b). In addition, the actions of HA-1A 

specifically may be related to binding to CRl receptors of erythrocytes and 

neutrophils (Krieger et al, 1993; Tonoli et al, 1993).

Several other studies have demonstrated cytokine production following stimulation of 

isolated cell preparations or in vivo animal models with various IgG immune 

complexes, suggesting that this phenomenon does not require the presence of 

endotoxin (Iwata et al, 1987; Chantry et al, 1989; Vissers et al, 1989; Remvig et al, 

1990; Kim et al, 1991). The presence of endotoxin within the immune complexes, 

however, increases the ways in which the complex might bind to cytokine-producing 

cells, for example, via Fc receptors, endotoxin receptors or complement receptors 

(Fearon, 1980; Pedersen et al, 1980; Hampton et al, 1988; Lei and Morrison, 1988; 

Wright et al, 1990; Heumenn et al, 1992; Burd et al, 1993a,b; Krieger et al, 1993; 

Tonoli et al, 1993). There is thus great potential for multi-receptor signalling, with 

modulation of the simple endotoxin response. Many stimuli are known to be 

synergistic or inhibitory with respect to cytokine production (Cavaillon and Haeflfiier- 

Cavaillon, 1990), and it is likely that complex regulatory mechanisms exist to prevent 

uncontrolled activation of the cytokine cascade in response to a single stimulus. 

Interaction with different cell surface receptors represents one such mechanism, 

resulting in various responses depending on which receptors are activated and in 

which combination, in which order activation occurs and the time between the 

different signals. Many surface receptors have been shown to be involved in 

production of cytokines, or in the modulation of the response to subsequent stimuli. 

For example, there are thought to be several different receptors for endotoxin, with 

activation resulting in different effects depending on the experimental conditions and 

the presence of lipopolysaccharide binding protein (Cavaillon and Haeffiier-Cavaillon, 

1990; Wright et al, 1990; Heumann et al, 1992; Gallay et al, 1993). Other receptors
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which lead to cytokine production when activated include various HLA class II 

antigens (Webb et al, 1990; Altmonte et al, 1993), and Fc receptors, cross-linking of 

which by F(ab')2 fragments to IgG already bound to the Fc receptors leads to TNFa 

production by human monocytes (Debets et al, 1988). Cross-linking of Fc receptors is 

one mechanism by which immune complexes cause cytokine release in the absence of 

endotoxin or complement (Debets et al, 1988; Chantry et al, 1989; Remvig et al, 

1990; Kim et al, 1991). The influence of complement receptors themselves is 

suggested by the effects of complement demonstrated in this Thesis, and by previous 

work into complement and cytokine production (Okusawa et al, 1987 and 1988b; 

Schindler et al, 1990b; Scholz et al, 1990; de Boer et al, 1992; Dinarello, 1992; 

Geiger et al, 1992; Gross and Andus, 1992). The importance of receptor activation is 

demonstrated by the different effects of glycosylated and unglycosylated C5a on 

cytokine production (Dinarello, 1992). Complexes formed by complement fragments 

and IgG bind to either complement or Fc receptors on cells, thus possessing 

properties different to either component alone (Frank et al, 1992). Similarly, 

complement/endotoxin/anti-endotoxin IgM complexes may bind to complement 

receptors on cell surfaces (Krieger et al, 1993; Tonoli et al, 1993).

The experiments presented here were performed in the presence of plasma and 

cellular components of peripheral blood, but may still not be entirely indicative of the 

processes that occur in vivo. For example, whilst the concentrations of antibody 

studied were similar to those occurring clinically, the concentrations of endotoxin 

used were greater than those measured during sepsis using the LAL assay (generally 

under 0.1-1.0 ng/ml but occasionally higher) (van Deventer et al, 1988; Brandtzaeg et 

al, 1989; Danner et al, 1991; Schedel et al, 1991; Dofferhoff et al, 1992). Despite 

these limitations, it is postulated that the shift towards other cytokine production as 

seen especially with the IgG immune complexes present herein represents a natural 

TNFa-limiting mechanism (Schindler et al, 1990c). Suppression of TNFa production

131



in the face of increased or unaltered IL-lp or IL-6  production has been demonstrated 

in vitro under certain circumstances (Bailly et al, 1990; Takasuka et al, 1991), 

although the reverse has also been shown (Zuckerman et al, 1991). The association of 

low plasma TNFa concentrations with raised IL-6  concentrations found in vitro was 

also present in ICU patients in the present investigations; this association has been 

reported previously in critically ill patients with infection (Sheldon et al, 1993), 

although other workers have reported no such pattern (Sullivan et al, 1990; Pinsky et 

al, 1993). Cannon et al (1990) found no correlation to exist between plasma IL-ip 

and TNFa concentrations following experimental infusion of endotoxin, and proposed 

independent regulation of these cytokines.

The role of complement in sepsis has been explored by a number of investigators. 

Slotman et al (1986) and Hack et al (1989b) reported that plasma C3a concentrations 

were increased in patients with septic shock compared with patients with either non- 

septic shock or sepsis without shock. In addition, increased concentrations of C3a and 

C4a were associated with mortality ( Hack et al, 1989b). Dofferhoff et al (1992) 

found that plasma concentrations of C3a in patients with septic shock were increased 

compared with those in patients with non-septic shock, that C3a concentrations were 

related to severity of illness, and that high concentrations were associated with 

mortality. However, concentrations of C3a and C3d were not associated with IL-6 or 

TNFa concentrations (Dofferhoff et al, 1992). Few other studies have investigated 

cytokines and complement together in humans with sepsis, although the cytokine 

network and complement system have been closely linked in a number of in vivo and 

in vitro studies, which suggest that complement components may affect cytokine 

production and that cytokines may affect synthesis of complement proteins, in 

addition to the overlapping pro-inflammatory effects of certain cytokines and 

activated complement components (reviewed by de Boer et al, 1992). For example, 

mice deficient in C5 were protected from the clinical effects of TNFa and endotoxin.
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compared with C5-sufficient animals (Hsueh et al, 1990). In addition, in C5-deficient 

mice, an attenuated TNFa response to endotoxin was seen compared to C5-sufficent 

animals; administration of normal serum before the endotoxin challenge restored the 

TNFa response to that of normal (Barton and Warren, 1993).

The importance of immune complexes in the ICU has not received specific attention. 

Whilst there has been much enthusiasm for the treatment of sepsis with antibodies or 

antibody fragments against proposed initiators or mediators of the inflammatory 

response, such treatment results in the formation of complexes between antibody and 

antigen. In addition, interaction between the infiased antibodies and pre-existing 

plasma antibodies may be another route of immune complex formation. Previous 

studies of these therapies have of course monitored patients for adverse effects such 

as allergic phenomena and organ impairment, but the latter especially is a feature of 

sepsis itself and therefore difficult to ascribe to a particular intervention. In view of 

the findings of this Thesis, that the cytokine response to endotoxin is modulated in 

certain circumstances by the presence of immune complexes, and that cytokine 

production is induced by immune complexes not containing endotoxin (Iwata et al, 

1987; Chantry et al, 1989; Vissers et al, 1989; Remvig et al, 1990; Kim et al, 1991), it 

is important that new immune therapies should undergo careful evaluation of their 

possible effects on the cytokine network, before their introduction. The lack of 

published data on HA-1 A in this regard before its introduction, is discussed below.
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4.2. HA-IA, Cytokines and Sepsis in the ICU

Surprisingly for a therapy which not only underwent phase III clinical trials, but was 

also introduced for general clinical use in many countries, only one paper published 

before the drug's introduction investigated the effects of HA-IA on cytokine 

concentrations (Baumgartner et al, 1990), In this study, no effect of HA-IA 

pretreatment was found on serum IL-6 or TNFa concentrations (or mortality) in mice 

receiving endotoxin or gram-negative bacteria. More recent investigations have 

confirmed HA-lA's lack of endotoxin-neutralising ability in vitro and in vivo 

(Comelissen et al, 1993; Warren et al, 1993); this inability to prevent cytokine 

production in whole blood was apparently known to the manufacturers of HA-IA 

before its introduction, but not published (Warren et al, 1992). These findings do not 

preclude HA-IA as a possible beneficial therapy in sepsis, since an alternative 

mechanism of action may be the ability to enhance clearance of bacteria and bacterial 

products from the circulation (Katsikis et al, 1993; Krieger et al, 1993; Tonoli et al, 

1993), although the ability of HA-IA to bind to the lipid A component of rough and 

smooth endotoxins is still disputed (Bogard et al, 1993; Fujihara et al, 1993; Mascelli 

et al, 1993; Siegel et al; 1993; Tonoli et al, 1993; Warren et al, 1993).

Only one study has examined cytokine concentrations following therapeutic infusion 

of HA-IA in patients (Wortel et al, 1992). This was a separate analysis of a subset of 

82 patients with suspected gram-negative sepsis, taken from a clinical study of HA-IA 

involving 543 patients (Zeigler et al, 1991). Serum concentrations of TNFa were 

measured in 65 patients, and concentrations of IL-6 were measured in 67 patients 

(Wortel et al, 1992). Individual variation in serum cytokine concentrations were large: 

for example the range of TNFa concentrations was 5.0-2264 pg/ml, and that of IL-6  

concentrations was 1.0-57,000 pg/ml. Median decreases in cytokine concentrations 

were reported at one and 24 hours after inclusion into the study but no information

134



was supplied about individual changes, in particular whether serum IL-6  increased in 

any patients who received HA-IA. However, the authors did state that IL-6  

concentrations increased in 12 out of 60 patients who survived for 24 hours, of whom 

eight eventually died (in 46 patients in whom IL-6 concentrations fell, 24 died (p = 

0.55; test with Yates' correction)). Whether these patients received HA-IA or 

placebo was not stated. Since the drug is no longer available for therapeutic use, this 

cannot be studied further at present. However, two letters published before 

withdrawal of HA-IA have drawn attention to the possibility that IL-6 concentrations 

may increase in certain patients following its administration (Magee et al, 1992; 

Riches et al, 1992a), and it is tempting to extrapolate the in vitro findings presented 

herein to these anecdotal reports. Magee et al (1992) described eight patients who 

received HA-IA, of whom three exhibited increases in IL-6  concentrations after 

treatment (and subsequently died). In contrast, none of the five patients in whom IL-6 

concentrations decreased after treatment or were normal throughout, died (p = 0.18; 

Fisher's exact test). Tumour necrosis factor-a was only sporadically detected (Magee 

et al, 1992). Similarly, Riches et al (1992a) reported higher concentrations of IL-6 in 

two patients who had received HA-IA, compared with patients who had not received 

it. In addition, IL-6 concentrations in whole blood from one of these patients 

increased after four hours' incubation in vitro without additives, suggesting 

spontaneous production, whereas no change occurred in whole blood fi'om patients 

who had not received HA-IA. No increase in TNFa concentrations occurred (Riches 

et al, 1992a). Following publication of the results of the major clinical trial of HA-IA 

(Ziegler et al, 1991), concern at the potential toxicity of HA-IA has been raised by a 

number of correspondents (Gazmuri et al, 1991; Tanio and Feldman, 1991; Magee et 

al, 1992; Nadel et al, 1992; Riches et al, 1992a). The possibility that any improvement 

seen in certain patient groups might be offset by worsening in other patient groups 

was realised in a second clinical trial, which was halted after interim analysis revealed 

higher mortality in patients without gram-negative bacteraemia who received HA-IA,
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compared with those who received placebo (Luce, 1993). Cytokine concentrations in 

these patients have not been published. However, one problem in assigning a 

causative role to HA-IA for the increased IL-6 concentrations that have been 

observed is the fact that persistence of serum IL-6 concentrations is a general 

indicator of poor outcome in sepsis (Dofferhoff et al, 1992; Fisher et al, 1993; Pinsky 

et al, 1993). Thus patients who do not survive have a greater chance of having had 

increased IL-6  concentrations during treatment, whether or not they received HA-IA 

or any other therapy. Interleukin-6 is generally considered to have only a small 

primary role in the pathophysiology of SIRS, and to be chiefly involved in B- 

lymphocyte differentiation and the acute-phase response (Heinrich et al, 1990; 

Bellomo, 1992; van Deuren et al, 1992). The association between high concentrations 

of IL-6 and greater severity of illness and mortality, found in several studies of sepsis 

in patients, has been attributed to common causative factors rather than to a direct 

causal relationship (Hack et al, 1989a; Sullivan et al, 1992; Damas et al, 1992; Wortel 

et al, 1992; Casey et al, 1993; Fisher et al, 1993; Friedland et al, 1993). 

Administration of IL-6 to dogs did not result in adverse systemic effects for up to five 

hours (Preiser et al, 1991), but the longer-term effects of IL-6  administration are 

uncertain. The protective effect of anti-IL-6  monoclonal antibodies against gram- 

negative infection in mice does suggest an undesirable action of IL-6 , at least in that 

model (Starnes et al, 1990). However, a recent study found no such protective effect 

of anti-IL-6 antibodies in mice treated with galactosamine and endotoxin; indeed, a 

protective effect of IL-6 was found, but only in mice partially protected against TNFa 

with anti-TNFa antibodies (Barton and Jackson, 1993). The clinical relevance of this 

finding is unclear.

Following administration of HA-IA to critically-ill patients, formation of immune 

complexes with endotoxin or pre-existing anti-mouse or heterophile antibodies would 

occur if these were present. Whilst HA-1 A/endotoxin immune complexes have been
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suggested as aiding clearance of endotoxin (Katsikis et al, 1993; Krieger et al, 1993; 

Tonoli et al, 1993), this has yet to be shown in vivo. Up to 40% of subjects have 

significant amounts of multivalent antibodies in their plasma that are able to bind to 

mouse IgG (Boscato and Stuart, 1986); the ability of these antibodies to bind to HA- 

IA, and the effects of resultant immune complexes on cytokine production, have not 

been assessed. Previous investigations of circulating antibodies that are able to bind 

HA-IA have focused solely on the changes in anti-HA-lA titre following its 

administration, and the presence of pre-existing cross-reacting antibodies was not 

remarked upon (Fisher et al, 1990; Khazaeli et al, 1990; Ziegler et al, 1991). 

Formation of larger complexes is possible if endotoxin is involved as well. It is 

postulated that formation of immune complexes represents one mechanism whereby 

HA-IA affects cytokine production in whole blood from certain patients in the ICU, 

and that similar mechanisms are responsible for adverse effects following therapeutic 

administration (Magee et al, 1992; Riches et al, 1992a; Luce, 1993).

In such a complex setting as SIRS and sepsis, where regulatory mechanisms are being 

severely stressed, it is perhaps naive to suppose that modulation at a single point in 

the inflammatory pathway might be able to correct the homeostatic imbalance. This 

would be especially pertinent to the use of HA-IA and other anti-endotoxin therapies, 

since even the role of endotoxin itself is disputed in these conditions (Danner et al, 

1991; Wortel et al, 1992; Casey et al, 1993; Hoffinan and Natanson, 1993; Hurley, 

1993).
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4.3. ’Triming” in Intensive Care Unit Patients

The phenomenon of "priming" has been suggested as a means whereby certain 

critically ill patients are rendered more susceptible to subsequent stimuli, which then 

produce an exaggerated cytokine response (Herdegen and Bone, 1992; Dinarello and 

Cannon, 1993). The presence in certain ICU patients of PBMCs which stained very 

brightly for IL-lp revealed by flow cytometry might indeed represent "priming", as 

only a few cells would be required to initiate a subsequent cytokine response to 

appropriate "triggering". Cells already containing IL-lp could rapidly secrete the 

cytokine, either in the blood or at peripheral sites of inflammation, with stimulation of 

further cytokine production and activation of the inflammatory cascade (Whicher and 

Evans, 1990; Bellomo, 1992; Herdegen and Bone, 1992; van Deuren et al, 1992). The 

temporal relationship between the factors responsible for "priming" and those leading 

to "triggering" is uncertain, and this, together with the complexity of these factors, 

may be relevant to the finding that there was no association between the presence of 

very brightly-staining PBMCs and clinical condition or outcome. Since even in 

patients without infection or SIRS, there was a different pattern of staining using flow 

cytometry compared to normal subjects, it is likely that the changes induced by critical 

illness or surgery persist for some time. Indeed, the reduced cytokine response to 

endotoxin exhibited by monocytes from patients with sepsis, reported by Munoz et al 

(1991a), persisted until the patients recovered. The influence of other factors such as 

nutritional state, concurrent disease, drugs, etc. is also indeterminable (Herdegen and 

Bone, 1992). With so many variables involved in the development or worsening of 

SIRS, it is perhaps simplistic to expect a single measurement to predict clinical course 

in a particular patient. Areas which might yet prove usefijl include measurement of 

cytokine mRNA, assessment of other cytokines and investigation of specific cell 

populations. Further information would also be gained fi'om following individual
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patients as they make the transition from "normality" to critical illness in the ICU, to 

observe the sequential changes in staining characteristics that occur. Unfortunately, 

this would be extremely difiScult to achieve in practice, although selected patients 

undergoing elective surgery with significant risk of postoperative complications might 

be a suitable group to study. Another approach would be to investigate the 

"triggering" factors that lead a particular patient to deteriorate. A postulate arising 

from this Thesis is that immune complexes may act as such factors under appropriate 

conditions, and this is one area which has not yet been investigated in critically ill 

patients.
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4.4. Conclusions

The following conclusions may be drawn from the work described in the previous

investigations:

(i) The IL-ip, IL-6 and TNFa response of peripheral blood cells to endotoxin in 

vitro is modulated by presentation of the endotoxin within immune complexes. 

This modulation is dependent on the type of complex, and is related to 

complement activation. In vitro cytokine production in response to immune 

complexes not containing endotoxin, is dependent on the relative proportions of 

antigen to antibody, and further modulated by complement activation.

(ii) The anti-endotoxin antibody HA-IA cross-reacts with sheep anti-mouse IgG 

antiserum, providing a mechanism whereby circulating anti-mouse or heterophile 

antibodies form immune complexes with HA-IA.

(iii) HA-IA induces production of IL-6 in whole blood from certain patients in the 

ICU, without affecting IL-ip or TNFa production. Patients in whose blood this 

phenomenon occurs have greater mortality than patients in whose blood HA-IA 

has no effect.

(iv) Peripheral blood cells from certain patients produce IL-6 spontaneously ex vivo 

after 24 hours' incubation, without producing IL-lp or TNFa.

(v) Use of flow cytometry to detect cytoplasmic IL-lp does not identify patients with 

sepsis or who might develop sepsis. However, patients with (or recovering from) 

critical illness do have a different pattern of staining from healthy subjects.
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4.5. Further Work

The following work is suggested by the results presented above:

(i) Investigation of the properties of immune complexes which are associated with 

the ability to modulate the cytokine response, e.g. immunoglobulin class, afiSnity 

for endotoxin, etc., and the effect of complement on different types of immune 

complex.

(ii) Investigation of the ability of circulating (heterophile) antibodies in healthy 

subjects to bind to HA-IA, and the influence this might have on cytokine 

production in vitro following exposure of whole blood to HA-IA and endotoxin.

(iii) Measurement of circulating endotoxin, naturally-occurring anti-endotoxin 

antibodies and complement activation in ICU patients, in relation to spontaneous 

cytokine production ex vivo, the presence of "primed" PBMCs, and the effects of 

HA-IA. In addition, investigation of the effects of preformed immune complexes 

on cytokine production in vitro in whole blood from ICU patients. Finally, the 

same procedures as in (ii) above could also be applied to patients in the ICU.
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Fig. 1. Comparisons of Mg results by BM/HItachi (y) and Technicon RA-XT (x); {A) original 
chemistry configuration of 747: y = 1.07x + 0.08 (r = 0.759, = 0.95, n = 60); (6) Mg and
bicarbonate assays in separate cuvettes: y  = 0.93x + 0.05 (r = 0.994, = 0.10, n = 59).

study. This time, the Mg assay CV 
was 2.4% (n = 30, i  = 1.48 mmol/L).

Repeating this interference study 
with patients’ samples (30 patients’ 
samples assayed for Mg, followed by 
105 samples of the control material 
assayed for bicarbonate, then the 30 
patients’ samples reassayed for Mg) 
revealed that Mg results for patients’ 
samples in the second run were signif
icantly different from those obtained 
in the first run if the samples were 
assayed in cuvette positions in which 
the immediately preceding assay was 
for bicarbonate (n = 23, P  < 10"®). No 
significant difference was observed for 
samples that were assayed in cuvette 
positions not contaminated by bicar
bonate (n = 7, P  =  0.233).

Because the bicarbonate Reagent 1 
(Boehringer Mannheim, Mannheim, 
Germany) contains magnesium ace
tate, 0.984 mmol/L, we reprogrammed 
the Mg assay so that it would not share 
the sample probe (and thus cpvettes) 
with the bicarbonate assay. Results for 
patients’ samples after this rearrange
ment showed improved agreement 
with the comparison method (Fig. IB).

We conclude that the wash proce
dure on BM/Hitachi 747 does not com
pletely remove all the Mg left in the 
cuvettes from the bicarbonate reagent, 
but leaves enough Mg residue to sub
stantially contaminate subsequent 
Mg measurements done in the same 
cuvettes. To avoid this interference, 
one should configure the two chemis
tries so that they do not share the 
same probe/cuvette.

Goce Dinieski 
Kee Cheung* 

Barry Ormiston

Dept, o f Chem. Pathol.
Princess Ale.xandra Hasp.
Ipswich Rd.
Woolloongabba, Queensland 
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C ross-R eactivity Betw een a 
H um an-M ouse Anti-Endotoxin 
Antibody (HA-IA; Centoxin) and  
Anti-Mouse IgG A ntiserum

To the Editor:
The anti-endotoxin antibody HA-IA  

(Centoxin; Centocor, Leiden, The Neth
erlands) is the product of a cell line 
derived from a human/mouse hetero
myeloma-human lymphocyte fusion 
(I). Although generally described as 
human IgM, HA-IA in fact contains a 
murine J-chain (2). During recent in 
vitro studies of the cytokine response to 
endotoxin and the effect of HA-IA, it 
became apparent that falsely high val
ues for tumor necrosis factor-a (TNFa) 
were obtained whenever HA-IA was 
present. The assay used was an ELISA 
with rabbit polyclonal antibody to 
TNFa, mouse monoclonal antibody to 
TNFa, and alkaline phosphatase- 
linked sheep polyclonal antibody to 
mouse IgG as capture, detection, and 
indicator antibody, respectively. When 
HA-IA was analyzed at 20 mg/L [ap
proximate concentration after thera
peutic infusion in humans (3)], values 
for TNFa were 90-100 kilo-units/L.

To investigate the possibility of 
cross-reactivity between HA-IA and 
anti-mouse antiserum, we added to 
each well of a y-irradiated Nunc Im
mune 11 microtiter plate (Gibco BRL, 
Uxbridge, UK) 100 pL  of HA-IA  
(kindly donated by Centocor) in dou
bling dilutions in coating buffer (0.1 
mol/L sodium carbonate buffer, pH 
9.5; Sigma, Poole, Dorset, UK) and in
cubated the samples overnight at 4°C. 
Pentaglobin (Biotest Pharma, Drei- 
eich. Germany), an intravenous prep
aration of poohxl human IgM, IgA, 
and IgG, was used as control at the 
same concentrations. After washing  
the wells three times in wash buffer 
(0.15 m olL phosphate-buffered saline 
containing 0.5 mL/L Tween 20), we 
added to each well 100 pL  of alkaline

phosphatase-linked sheep polyclonal 
antibody to mouse IgG (Sigma), di
luted 1000-fold in wash buffer. After 
incubation for 3 h at room tempera
ture, 100 pL  of substrate buffer (Whit
ley Scientific, Shipley, W. Yorkshire, 
UK), containing 1.5 g/L p-nitrophenyl 
phosphate (Sigma), was added per 
well and the plates were incubated in 
the dark at room temperature. After 
~  15 min, we measured the absorbance 
of each well in a Titertek Multi- 
scan®MC (ION Biomedicals, High Wy
combe, Bucks, UK).

The results (Fig. 1) demonstrate 
that HA-IA is recognized by antibody 
to mouse IgG, which, according to the 
product specification, has been ad
sorbed on human serum proteins and 
shown not to react with human anti
body. Either the anti-mouse antibod
ies bound to the IgM, or they bound to 
another murine protein in the HA-IA  
preparation.

This finding suggests that the re
sults of any assay involving anti
mouse antiserum, performed in the 
presence of HA-IA, should be inter
preted with caution. Although HA-IA  
is no longer available for clinical use, 
research into this antibody is being 
performed in several centers, and at 
least two reports have recently been 
published in which anti-mouse assay 
systems were used {4, 5).

The implication of the above finding 
for therapeutic administration of 
HA-IA is  unclear; known hypersensi
tivity to murine proteins was not an 
exclusion criterion in phase II (3) or 
phase JII (6) clinical trials of HA-IA, 
although it was subsequently listed as 
a contraindication in the product data 
sheet for Centoxin when this agent 
was introduced in the UK in 1991 (2). 
As many as 40% of subjects have sig-
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Fig. 1. Absorbance at 405 nm of wells 
coated with various concentrations of HA-IA 
(■) or Pentaglobin (A) and incubated with 
antibody to mouse IgG.
Eacti point represents the m ean absorbance of two 
wells
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nificant amounts of multivalent anti
bodies in their plasma that are able to 
bind to mouse IgG (7); the ability of 
these antibodies to bind to HA-IA has 
not been assessed.

This finding highlights a potential 
problem when human/mouse-derived 
antibodies are produced for therapeu
tic use, as both the areas for potential 
treatment and the number of immu
noassays used for analysis increase.

S.Y. 18 supported by Smiths Industries 
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In Vitro Effects of BA-IA (Centoxin) on Cytokine Production in Whole 
Blood from Intensive Care Patients

S.M. Yentis, N. Soni and P.O. Riches

Departments of Anaesthesia and Immunology, Chelsea & Westminster 
Hospital, Fulham Road, London SWIO 9TH, UK.

Introduction
HA-IA (Centoxin; Centocor) was introduced as a treatment for Gr-negative 
sepsis amongst much controversy. Concern has been raised at possible 
adverse cytokine expression following its use, in particular increased plasma 
IL-6 levels [1], which are often related to increased mortality [2]. 
Preliminary analysis of recent clinical trials suggested HA-IA increased 
mortality in patients without Gr-negative bacteraemia, leading to its 
withdrawal [3]. v

We studied the effect of HA-IA on c^okine production, when 
added in vitro to whole blood from ICU patients.
Methods
Heparinised whole blood from ICU patients was transferred into two sterile 
tubes, and HA-IA was added to one tube only, to achieve a similar 
concentration to that occurring in the bloodstream after clinical use. Both 
tubes were incubated at 37°C for 24 hours; the samples were then 
centrifuged and the plasma frozen for subsequent analysis. IL-6 and IL-ip 
were measured by radioimmunoassay.
Results - ----
Fifteen patients were studied, with median length of stay 3 days (range 1- 
28). Sixty-one paired samples were analysed (median (range) 3 (1-20) pairs 
per patient). Reasons for admission were: post-operative (II (5 elective)); 
respiratory failure (2); septic shock (1); and cardiac arrest (1). Five patients 
died.

Control IL-6 levels ranged from imdetectable to 3.7 ng/ml in all but 
one patient, in whom the initial level was 18.76 ng/ml. After incubation with 
HA-IA IL-6 increased by > 25% in blood fi'om 5 patients. Of these 5 
patients, 4 died. This compares with one death amongst the 10 patients for 
whom IL-6 levels did not increase (Table). One patient exhibited increased 
IL-6 levels and survived, despite severe postoperative sepsis and a protracted 
stay on ICU. One patient died for whom IL-6 did not increase; control levels 
of IL-6 were extremely high on admission (18.76 ng/ml). Plasma IL-ip was 
unrecordable in all patients, with or without HA-IA.
Table Deaths amongst ICU patients whose blood did, and did not exhibit 
increased IL-6 >25 % after incubation with HA-IA.

Deaths (no./total)
Increased IL-6 4/5
No increased EL-6 1/10

p = 0.03; Fisher's exact test
Discussion
Peripheral blood cells from certain ICU patients can be induced to secrete 
IL-6 by addition of HA-IA in vitro. Whether this occurs in vivo cannot be 
resolved from this study. Patients whose blood exhibits this response appear 
to have an increased mortality.
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THE EFFECTS OF IgG AND IMMUNE COMPLEXES 
ON THE ENDOTOXIN-INDUCED CYTOKINE 

RESPONSE
Steven M. Yentis,* Roger P. Gooding,! Pamela G. Richest

Cytokine induction following stimulation by endotoxin (LPS) was investigated in human 
peripheral whole blood. Blood cells were suspended in autologous plasma diluted in basal 
medium (BM-plasma) or Compound Sodium Lactate Solution (CSL-plasma), or in autolo
gous serum diluted in CSL. Induction of interleukin ip , interleukin 6 and tumour necrosis 
factor a (IL-ip, IL-6 and TNF-a, respectively) was investigated following incubation of 
blood cells with LPS, IgG (Sandoglobulin) alone, or preformed LPS/IgG immune complexes. 
All three cytokines were induced by LPS alone. With 30 mg/ml Sandoglobulin alone, IL-lp 
production changed little from control, whilst IL-6 production increased markedly in CSL- 
serum only. TNF-a production increased slightly in BM-plasma and CSL-plasma, but not in 
CSL-serum. Lower concentrations of Sandoglobulin did not affect cytokine production. 
Upon stimulation with LPS/Sandoglobulin immune complexes, a trend in cytokine produc
tion was seen compared with the response to LPS alone: IL-1|3 and IL-6 production 
increased, whilst TNF-a production decreased. This only occured in CSL-plasma and CSL- 
serum. Complement activation was present only in CSL-plasma and CSL-serum. Thus in the 
presence of complement activation and/or serum, Sandoglobulin can induce IL-6 production 
whilst suppressing the small TNF-a response it otherwise stimulates. In addition, when LPS 
is presented in the form of IgG immune complexes, dissociation of IL-ip and IL-6 production 
from TNF-a production is seen but only in the presence of complement activation. These 
results suggest an important role for complement activation in the modulation of cytokine 
production, and support the use of whole blood preparations for investigating the response to 
LPS. _________

Cytokines, particularly interleukin Ip , inter
leukin 6 and tumour necrosis factor a  (IL -lp , IL-6 
and TNF-a, respectively), are thought to be central to 
the acute response to in fe c t io n .In d e e d , production 
of these cytokines is induced by Gram-negative endo
toxin (lipopolysaccharide, LPS) both in vivo and in 
vitro, and this response to LPS has been utilized 
experimentally as a model for investigating the many 
factors involved in the control and modulation of the 
response to sepsis.
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Immunoglobulins and immune complexes have 
been shown to affect the cytokine response. Following 
exposure of blood cells in vitro to an intravenous IgG 
preparation, both an increased^ and a decreased^®’^̂  
cytokine response to LPS have been reported, the 
latter two studies showing a similar effect in vivo. 
Cytokines have been produced by isolated monocytes 
or macrophages following addition of immune com
plexes. and their involvement in the pathogen
esis of experimental immune-complex lesions has also 
been demonstrated.^^ However, most of the work 
into immune complexes and IgG has been done using 
cell isolates^’ or animal m o d e l s i n  particular, 
there has been little study of the effects of IgG prep
arations and immune complexes on the LPS-induced 
cytokine response using whole blood preparations. 
Whole blood has been shown to produce comparable 
results to isolated cell preparations with respect to the 
IL-1(3, IL-6 and TNF-a response to LPS, and has been 
suggested as best representing the in vivo situation 
despite being more complex.^ Use of whole blood 
rather than cell isolates might be especially valuable
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Figure 1. Cytokine production by peripheral blood cells in response to Sandoglobulin.

Peripheral blood cells were suspended in autologous plasma/basal medium (BM-plasma, S ), plasma/Com- 
pound Sodium Lactate (CSL-plasma, □) or serum/Compound Sodium Lactate (CSL-serum, ■), and incubated 
either without Sandoglobulin (C) or with Sandoglobulin (S) 30 mg/ml. Complement activation as determined 
by immunofixation was absent in BM-plasma but present in CSL-plasma and CSL-serum.

IL-I3 exhibited little change; IL-6 was increased markedly in CSL-serum only, and TNF-a increased 
slightly in BM-plasma and CSL-plasma but not in CSL-serum.

when studying immune complexes, since binding of 
complexes to other cells such as erythrocytes may play 
an important part in host defence mechanisms in
VIVO

16

The complement system is also thought to be 
involved in the response to sepsis, with LPS able to 
initiate complement activation directly via both classi
cal and alternative pathways, and The complement' 
fragments C3a, C4a and C5a have been implicated in 
the pathophysiology of sepsis. Purified and 
recombinant C5a have been reported to have varying 
effects on cytokine production in vitro, leading to the 
suggestion that natural and recombinant C5a act via 
different mechanisms of receptor ac t i va t i on . Thi s  
raises the question of how closely the in vitro effects 
of recombinant complement fragments represent the 
situation in vivo, especially when previous studies 
have concentrated on isolated or adherent peripheral 
blood mononuclear cells in the absence of plasma con
stituents or other blood cells.

We therefore studied the LPS-induced cytokine 
response in vitro by peripheral blood cells in plasma 
or serum, in the presence and absence of performed 
immune complexes, in relation to complement acti
vation.

RESULTS

For clarity, the maximal cytokine response 
achieved using 10 ng/ml or 100 ng/ml LPS are shown 
in the Figures, since in most samples these LPS con
centrations produced similar cytokine levels. Where 
the levels differed markedly, further details are given

as appropriate. Because each experiment and its 
assays were performed separately, direct comparison 
of absolute values of cytokine levels between experi
ments is not possible, and within-experiment changes 
in values are discussed rather than between- 
experiment changes, since we have previously 
observed considerable variation in absolute values be
tween experiments whilst obsen ing identical trends in 
changes (data not shown). For example, incubation of 
whole blood from three different individuals with the 
same LPS/Sandoglobulin immune complexes pro
duced values of IL -ip of 3.56, 5.3 and 4.7 ng/ml; IL-6 
of 10.6, 14.9 and 12.8 ng/ml; and TNF-a of 116, 220 
and 167 U/ml. Similar degrees of variation occurred 
with the other concentrations of LPS or Sandoglobu
lin used. Within the same individual on different oc
casions, the levels of cytokines attained differed for 
the same LPS/Sandoglobulin mixtures to similar 
degrees as the inter-subject levels (data not shown). 
In all cases, similar trends in cytokine production 
were seen. The results presented below are those 
from a single individual and are representative.

Effect o f Immunoglobulin

In the absence of added LPS, Sandoglobulin at 
3.0, 0.3 and 0.03 mg/ml had no effect on IL-1(3, IL-6 
or TNF-a production. At 30 mg/ml, it had little effect 
on IL-lp production, increased IL-6 secretion slightly 
(by 0.83-1.23 ng/ml) in BM-plasma and CSL-plasma, 
but markedly (by 3.2 ng/ml) in CSL-serum, and 
increased TNF-a production slightly (by 4.3-14.7 U/ 
ml) in BM-plasma and CSL-plasma whilst not affect
ing it in CSL-serum (Fig. 1). A dose-response effect at 
lower concentrations of Sandoglobulin was not seen.
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Figure 2. Cytokine production by peripheral blood cells in response to LPS/Sandoglobulin immune complexes 
containing 30 mg/ml Sandoglobulin.

Peripheral blood cells were suspended in autologous plasma/basal medium (BM-plasma, ®), plasma/Com- 
pound Sodium Lactate (CSL-plasma, □) or serum/Compound Sodium Lactate (CSL-serum, ■ ), and incubated 
with either preformed immune complexes containing Sandoglobulin 30 mg/ml and LPS (IC), or LPS alone (C). 
Complement activation as determined by immunofixation was absent in BM-plasma but present in CSL-plasma 
and CSL-serum. For clarity, the maximal cytokine levels achieved with either 10 or 100 ng/ml LPS are shown.

Levels of all cytokines either showed little change or were reduced in the presence of immune complexes. 
Whilst the maximal level of TNF-a achieved in CSL-plasma was near that of control as shown, this only 
occurred for one concentration of LPS (100 ng/ml). The level obtained for 10 ng/ml was reduced (146 U/ml).

Effect o f Immune Complexes

In the presence of the highest concentration of 
Sandoglobulin, the cytokine response compared with 
controls (i.e. with LPS only) was reduced or showed 
little change for all cytokines and in all blood prep
aration solutions (Fig. 2). Whilst the maximal TNF-a 
level achieved in CSL-plasma was near that in the 
control, control levels were only approached for one 
concentration of LPS (100 ng/ml); for 10 ng/ml LPS 
the level of TNF-a was 146 U/ml, considerably less 
than control (225 U/ml).

O ther individual cytokine LPS responses com
pared with controls varied according to the blood 
preparation, and are summarized as follows;

1. In BM-plasma, production of IL -lp , IL-6 and 
TNF-a showed little change (data not shown).

2. In CSL-plasma, production of both IL-lp and 
IL-6 increased. The maximal level of TNF-a attained 
exceeded that of control for 0.3 mg/ml Sandoglobulin, 
but only for one concentration of LPS (100 ng/ml). A 
level of 119 U/ml was obtained at 10 ng/ml LPS, i.e. 
below that of control (Fig. 3).

3. In CSL-serum, production of IL-1(3 increased 
markedly for two concentrations of Sandoglobulin, 
and IL-6 production increased at all concentrations. 
The maximal level of TNF-a exceeded that of control 
for 3.0 mg/ml Sandoglobulin, but only for one concen
tration of LPS (100 ng/ml). A level of 115 U/ml TNF- 
a  was obtained at 10 ng/ml LPS, i.e. below that of 
control (Fig. 4).

Complement Conversion

Conversion of C3 was not detected in any samples 
in BM^prà^mâ~t5inAV3r^mônsîTated in CSL-plasma 
and CSL-serum. Measurement of total C3 in BM- 
plasma revealed the same concentration (after dilu
tion) as in the original plasma, confirming that the 
absence of C3a shown by immunofixation was not 
caused by consumption of C3.

DISCUSSION

These experiments show that in the absence of 
added LPS, Sandoglobulin has little effect on cytokine 
production at concentrations under 30 mg/ml, at 
which it increases IL-6 production markedly but only 
in CSL-serum. TNF-a production is increased 
slightly, but this increase does not occur in CSL- 
serum, when IL-6 is stimulated. Similar dissociation 
of cytokine production occurs when peripheral blood 
cells are challenged with LPS/Sandoglobulin immune 
complexes, the trend being towards increased IL-ip 
and IL-6 production, and decreased TNF-a produc
tion, compared with the response to LPS in the ab
sence of added Sandoglobulin. These changes do not 
occur in BM-plasma, and are most striking in CSL- 
serum.

The variation we observed between experiments 
has been a consistent feature of this whole blood 
system, and similar variation has been reported by
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Figure 3. Cytokine production by peripheral blood cells suspended in plasma/Compound Sodium Lactate 
(CSL-plasma) in response to LPS/Sandoglobulin immune complexes.

Peripheral blood cells were suspended in autologous plasma/Compound Sodium Lactate (CSL-plasma) and 
incubated with different concentrations of Sandoglobulin (S), either alone (LPS-) or pre-incubated with LPS 
(LPS+). C = no Sandoglobulin. Complement activation was present as determined by immunofixation. For 
clarity, the maximal cytokine levels achieved with either 10 or 100 ng/ml LPS are shown. Ü, C; □ , S 3.0 mg/ml; 
I, S 0.3 mg/ml; M,  S 0.003 mg/ml.

Production of both IL-lp and IL-6 increased from control. Whilst the maximal level of TNF-a exceeded 
that of control for 0.3 mg/ml Sandoglobulin as shown, this only occurred for one concentration of LPS (100 ng/ 
ml), whilst a level of 119 U/ml was obtained at 10 ng/ml LPS, i.e. below that of control.
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Figure 4. Cytokine production by peripheral blood cells suspended in serum/Compound Sodium Lactate (CSL- 
serum) in response to LPS/Sandoglobulin immune complexes.

Peripheral blood cells were suspended in autologous serum/Compound Sodium Lactate (CSL-serum) and 
incubated with different concentrations of Sandoglobulin (S), either alone (LPS-) or pre-incubated with LPS 
(LPS+). C = no Sandoglobulin. Complement activation was present as determined by immunofixation. For 
clarity, the maximal cytokine levels achieved with either 10 or 100 ng/ml LPS are shown. 0 ,  C; □ , S 3.0 mg/ml; 
■ , S 0.3 mg/ml; 1 ,  S 0.03 mg/ml.

Production of IL-ip increased markedly for two concentrations of Sandoglobulin, and IL-6 production 
increased for all concentrations. Whilst the maximal level of TNF-a exceeded that of control for 3.0 mg/ml 
Sandoglobulin as shown, this only occurred for one concentration of LPS (100 ng/ml); at 10 ng/ml LPS a level of 
115 U/ml TNF-a was measured, i.e. below that of control.

Others. Wilson et al. found up to three-fold variation 
in TNF-a levels following incubation of diluted whole 
blood from different subjects with LPS/^ and Finch- 
Arietta and Cochran reported over three-fold vari
ation for IL -lp levels and up to seven-fold variation 
for TNF-a levels.C onsiderab le  inter- and intrasub
ject variation has also been reported in isolated per

ipheral blood mononuclear c e l l s . T h e  cause of this 
variation is unclear but differences between individ
uals may be related to genetic f a c t o r s , c o m 
pounded by any factors influencing intrasubject vari
ation at the time of sampling. As in previous reports, 
we observed similar trends in cytokine production be
tween and within subjects.
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Previous studies into the effects of Sandoglobulin 
on cytokine production have produced conflicting 
results. Iwata et al}^  and Shimozato et al}^ found that 
rabbit peritoneal exudate cells exposed to up to 30 
mg/ml Sandoglobulin did not secrete IL-1 or TNF-a, 
but they did not assess IL-6. In contrast, Kuhnert et 
al. obtained increased levels of both IL-1 and TNF-a 
following addition of low concentrations of Sando
globulin alone (up to 5 mg/ml) to human mononuclear 
cells suspended in 10% autologous serum, with 
increased magnitude of the subsequent response to 
LPS.^ Complement activation and IL-6 production 
were not assessed, however. Other factors possibly 
relevant include the effects of the mononuclear cell 
isolation process, the suspension of the monocytes in 
the absence of other peripheral blood cellular compo
nents, and the use of dilute serum, as opposed to our 
whole blood preparations. It is also possible that con
taminating LPS in the Sandoglobulin may have 
influenced the results of the different concentrations 
of Sandoglobulin, since Kuhnert et al. found Sando
globulin to contain small, subpyrogenic amounts of 
L P S / and differential effects of low and high doses of 
LPS on subsequent cytokine production has been 
shown.^ Other possible mechanisms for the effect of 
Sandoglobulin on the cytokine response observed in 
previous studies include a direct effect of the IgG 
itself, acting via Fc receptors; generation of immune 
complexes with LPS; or interaction between the San
doglobulin IgG and the recipient’s IgG.^ In addition, 
the presence of other immunoactive substances within 
the preparation may be important. For example, a 
recent study has shown that several commercial prep
arations of IgG including Sandoglobulin contain 
appreciable amounts of soluble CD4 and HLA-ABC 
antigens, with possible immunomodulatory effects.^^ 

In the present study, the reduced cytokine re
sponse to LPS/Sandoglobulin immune complexes 
compared with that to LPS alone, seen with the 
highest concentration of Sandoglobulin, suggests 
removal of LPS by binding IgG as the most likely 
cause, although a direct effect of the Sandoglobulin 
cannot be ruled out (Fig. 2). However, the fact that in 
the absence of added LPS, the same concentration of 
Sandoglobulin increased all cytokine levels in all 
blood preparations apart from TNF-a in CSL-serum, 
makes a direct inhibitory effect unlikely (Fig. 1). The 
response to immune complexes with lower concen
trations of Sandoglobulin shows some variation be
tween the blood preparations used. The only identi
fied difference between the BM-plasma and CSL- 
plasma preparations apart from the different non
blood components was the absence of complement 
activation in the former and its presence in the latter. 
This is supported by the greater trend in cytokine 
dissociation seen in the serum preparation, where

complement conversion would be expected to be 
easily m a r k e d , a l t h o u g h  we did not attempt to 
quantify the degree of conversion in the two prep
arations.

We found that a consistent pattern of cytokine 
modulation occurred in our system: namely an 
enhanced IL-1 (3 and IL-6 response and a depressed 
TNF-a response. Differential production of different 
cytokines in vitro has been reported previously, 
although rarely have all three, IL -ip , IL-6 and TNF- 
a , been studied together, and the modification specifi
cally of the response to LPS has also received little 
attention. Riesenfeld-Orn et al.̂ "̂  found that pneumo
coccal cell surface components stimulated isolated 
human monocytes to secrete IL-1 but not TNF, and 
Takasuka et al.^ showed that exposure of mouse mac
rophages to low concentrations of LPS reduced the 
subsequent TNF-a response to LPS but did not affect 
IL -lp  response. Differential production of cytokines 
in vivo is more difficult to show or interpret, since 
increased plasma levels of one cytokine but not of 
another may not represent the situation at tissue level. 
The association of low plasma TNF-a levels with 
raised IL-6 levels has been reported in critically ill 
patients with infection,^^ and a similar association has 
occurred in non-survivors following treatment of 
patients with sepsis with anti-TNF-a IgG,^^ although 
other workers have reported no such pattern in septic 
patients ̂ ^ C a n h o rT é T al.^ found no correlation be^ 
tween plasma IL -ip  and TNF-a levels following 
experimental infusion of LPS, and proposed indepen
dent regulation of these cytokines; our results support 
this suggestion.

Our results suggest an important role for comp
lement and/or serum components in the modulation 
of the cytokine response to LPS-containing immune 
complexes. The effects of serum itself may be related 
to complement activation, consumption or coagu
lation factors, or activation of other systems (e.g. 
kallikrein or plasmin) or pro teases. The complement 
system may be activated directly by LPS,^^ although 
we found complement activation to be absent in BM- 
plasma, but present in CSL-plasma and CSL-serum. 
Recombinant C5a may induce transcription but not 
translation of IL -ip  and TNF-a mRNA in isolated cell 
preparations, enhancing the subsequent response to 
LP3;18,23,25 causes release IL-6 from mono
cytes^^ and enhances the IL-6 re sp o n se .H o w ev er, 
purified natural C5a may induce directly secretion of 
IL -ip , IL-6 and TNF-a by human mononuclear 
c e l l s . T h i s  has led to the suggestion that different 
patterns of receptor activation result in different 
effects for purified and recombinant C5a.^° Thus the 
effects of recombinant complement fragments on iso
lated cell preparations in vitro may not be applicable 
to the situation in vivo. For example, plasma IgG may
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bind to complement fragments to form complexes 
with different properties from those of the individual 
components separately.^^ In addition, the effect on 
the LPS-induced cytokine response of complement 
conversion at the time of exposure to LPS has not 
been studied previously, nor have the effects on IL- 
Ip , IL-6 and TNF-a production been assessed 
together. Arend etal."^ described the requirement for 
complement fixation before IL-1 activity was pro
duced by isolated human monocytes following ad
dition of immune complexes. However, these workers 
used an isolated cell preparation, which may have 
affected cytokine production; in addition, guinea-pig 
complement and human serum albumin (HAS)/rabbit 
anti-HAS immune complexes were used, with poss
ible inter-species effects. Furthermore, the LPS re
sponse was not specifically assessed. Several other 
studies have demonstrated cytokine production 
following stimulation of isolated cell preparations or 
in vivo animal models with various IgG immune com
plexes, suggesting that this phenomenon does not 
require the presence of LPS.^°’^̂ ~̂  ̂ The presence of 
LPS within the immune complexes, however, in
creases the ways in which the complex might bind to 
cytokine-producing cells, for example, via Fc recep
tors, LPS r e c e p t o r s , o r  complement recep
tors. There is thus great potential for multi
receptor signalling, with modulation of the simple 
LPS response. The cytokine response to LPS- 
containing immune complexes has received little pre
vious attention. Cody et have reported a re
duction in TNF-a production following incubation of 
a murine macrophage preparation with LPS/anti-LPS 
IgG complexes, compared to the response to LPS 
alone. However, direct comparison with our study is 
not possible because of methodological differences, 
including use of a macrophage cell line, a higher con
centration of LPS (1000 ng/ml) used (the concen
tration of antibody was not stated), the shorter incu
bation period of 2 h, the use of 10% fetal calf serum, 
and the lack of assessment of other cytokines or 
complement.

In conclusion, our results suggest that modulation 
of the cytokine response to LPS is possible in whole 
blood, that this may occur when preformed LPS/IgG 
complexes are presented to the cells, and that comp
lement activation may play a part in this modulation. 
It is possible that similar mechanisms may be involved 
in the clinical situation of sepsis, although any extra
polation at this stage is mere speculation. For 
example, a shift towards IL-lp and IL-6 production 
may represent a natural TNF-a limiting mechanism. 
Our results do, however, support the use of whole 
blood preparations for the study of the cytokine re
sponse to LPS and the factors that might affect it, 
since the effects of multiple receptor activation might

otherwise be missed if isolated cell preparations and 
serum-free media are used.

MATERIALS AND METHODS

Preparation o f Immune Complexes

Immune complexes were made by incubating LPS 
(equimolar mix of LPS from rough strains of Escherichia 
coli J5 and Salmonella minnesota RE595 (Sigma)) with poly
valent normal human IgG (Sandoglobulin; Sandoz Pharma
ceuticals). Different concentrations of LPS (20 or 200 ng/ 
ml) were each incubated for 24 h at 37°C with four concen
trations of IgG (0.06, 0.6, 6.0 and 60 mg/ml) The antibody 
concentrations were chosen as being those which would, 
after 1:1 dilution with an equal volume of blood, be respect- 
ively 1/100, 1/10, 1 x and 10 x  the expected approximate 
peripheral blood levels of IgG following therapeutic in
fusion. The LPS and antibody solutions were made using  ̂
either sterile Compound Sodium Lactate (CSL; lactated 
Ringer’s Solution (FL (Manufacturing) Ltd., Fresenius 
Health Care Group)) or sterile tissue culture basal medium 
(BM: 4.5% Human Albumin Solution (Immuno Ltd.) 5%, 
Hank’s balanced salt solution (HESS; Gibco) 10%, HEPES 
buffer (Flow Laboratories) 2.5%).

Blood Preparations

The following day, healthy volunteer blood was taken 
into EPS-free lithium heparin tubes*̂  ̂ (Beckton- 
Dickinson). In one experiment, 1.0 ml of blood was added 
to 1.0 ml of each immune complex solution made using BM, 
whilst in a second experiment, 1.0 ml of blood was added to 
immune complexes made using CSL. In a third experiment, 
the blood sample was separated by centrifugation, and the 
cells washed three times in sterile BM solution. The cells 
were then resuspended to the same haematocrit as the orig
inal sample in autologous serum, obtained from another 
blood sample taken into sterile anticoagulant-free tubes and 
allowed to clot at room temperature for 2 h, after which the 
cellular components were separated by centrifugation and 
discarded. The cell serum suspension was then added to the 
immune complex solutions (made using CSL) as before, e 
Thus the final mixture consisted of peripheral blood cells 
with or without LPS, antibody or immune complexes, sus
pended in three different preparations: (a) plasma diluted 
with BM (BM-plasma); (b) plasma diluted with CSL (CSL- 
plasma); (c) serum diluted with CSL (CSL-serum).

The immune complex/blood mixtures were then incu
bated for 24 h at 37°C, after which they were centrifuged 
and the supernatants assayed for cytokines and complement 
conversion. Control samples were incubated in the absence 
of LPS and at 10 or 100 ng/ml LPS in the absence of added 
IgG. Each experiment was performed separately, as were 
cytokine assays for the three preparations.

Cytokine Assays

TNF-a was measured in duplicate by ELISA using
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rabbit polyclonal anti-human rTNF-a and mouse mono
clonal anti-human rTNF-a (gift from T. Meager, NIBSC) as 
capture and detection antibodies, respectively. The assay 
was calibrated against the TNF-a reference reagent 86/659 
(NIBSC). Lower limit of detection was 7.5 U/ml.

IL-ip and IL-6 were measured in duplicate by radio
immunoassay as described e l s e w h e r e , a n d  standardized 
using Interim Reference Reagent 86/552 (IL-ip) and 
Unclassified Reagent 88/514 (IL-6). Lower limits of detec
tion for IL-ip and IL-6 were 1.72 and 0.33 ng/ml, respect
ively.

Complement Conversion

Conversion of C3 was determined using immuno
fixation following agarose electrophoresis as described else
where."̂  ̂ In brief, the sample supernatants were diluted 1:3 
with 0.06 M barbitone/0.1 M EDTA buffer (pH 8.4) and 

* electrophoresis carried out for 45 min on a cellulose acetate 
membrane, followed by application of anti-C3 antiserum 
(CAPU, Sheffield) diluted 1:3 in 6% polyethylene glycol in 

 ̂ phosphate-buffered saline, washing and staining. Where the 
immunofixation method suggested absence of complement 
conversion, total C3 levels were measured directly using 
rate nephelometry (Beckman ARRAY) after dilution of the 
samples 1:3 in 6% polyethylene glycol in phosphate- 
buffered saline.

Acknowledgement

S.M. Yentis was supported by Smiths Industries 
Medical Systems.

REFERENCES

1. Dinarello CA (1989) Interleukin-1 and its biologically 
related cytokines. Adv Immunol 44:153-205.

2. Wicher JT, Evans SW (1990) Cytokines in disease. Clin 
Chem 36:1269-1281.

3. Dinarello CA, Ikejima T, Warner SJC, Orencole SF, 
Lonnemann G, Cannon JG, Libby P (1987) Interleukin 1 induces 
interleukin 1. I: induction of circulating interleukin 1 in rabbits in 
vivo and in human mononuclear cells in vitro. J Immunol 139:1902- 
1910.

4. Shalaby MR, Waage A, Aarden L, Espevik T (1989) 
Endotoxin, tumour necrosis factor-a and interleukin 1 induce inter
leukin 6 production in vivo. Clin Immunol Immunopath 53:488- 
498.

5. Cannon JG, Tompkins R, Gelfand JA, Michie HR, 
Stanford GG, van der Meer JWM, Endres S, Lonnemann G, 
Corsetti J, Chernow B, Wilmore DW, Wolff SM, Burke JF, 
Dinarello CA (1990) Circulating interleukin-1 and tumour necrosis 
factor in septic shock and experimental endotoxin fever. J Infect 
Dis 161:79-84.

6. Cavaillon JM, Fitting C, Haeffner-Cavaillon N, Kirsch SJ, 
Warren HS (1990) Cytokine response by monocytes/macrophages 
to free and lipoprotein bound lipopolysaccharide. Infect Immun 
58:2375-2382.

7. Takasuka N, Tokunaga T, Akagawa KS (1991) Pre- 
exposure of macrophages to low doses of Upopolysaccharide in

hibits the expression of tumour necrosis factor-a mRNA but not of 
IL-ip mRNA. J Immunol 146:3824-3830.

8. De Groote D, Zangerle PF, Gevaert Y, Fassotte MF, 
Béguin Y, Noizat-Pirenne F, Gathy R, Lopez M (1992) Direct 
stimulation of cytokines (IL-ip, TNF-a, IL-6, IL-2, IFN-y and 
GM-CSF) in whole blood. I. Comparison with isolated PBMC 
stimulation. Cytokine 4:239-248.

9. Kuhnert P, Schalch L, Jungi TW (1990) Cytokine induc
tion in human mononuclear cells stimulated by IgG-coated culture 
surfaces and by IgG for infusion. Clin Immunol Immunopath 
57:218-232.

10. Iwata M, Shimozato T, Tokiwa H, Tsubura E (1987) 
Antipyretic activity of a human immunoglobulin preparation for 
intravenous use in an experimental model of fever in rabbits. Infect 
Immun 55:547-554.

11. Shimozato T, Iwata M, Tamura N (1990) Suppression of 
tumour necrosis factor alpha production by human immunoglobulin 
preparation for intravenous use. Infect Immun 58:1384-1390.

12. Chantry D, Win earls CG, Maini RN, Feldmann M (1989) 
Mechanism of immune complex-mediated damage: induction of 
interleukin 1 by immune complexes and synergy with interferon-y 
and tumour necrosis factor-a. Eur J Immunol 19:189-192.

13. Remvig L, Thomsen BS, Baek L, Svenson M, Bendtzen K
(1990) Interleukin 1, but not interleukin 1 inhibitor, is released 
from human monocytes by immune complexes. Scand J Immunol 
32:255-261.

14. Kim JW, Wierda WG, Kim YB (1991) Immobilized IgG 
immune complex induces secretion of tumour necrosis factor-a by 
porcine alveolar macrophages. Am J Respir Cell Mol Biol. 5:249- 
255.

15. Warren JS (1992) Relationship between interleukin-1 p 
and platelet-activating factor in the pathogenesis of acute immune 
complex alveolitis in the rat. Am J Pathol 141:551-560.

J 6 .  Fearon DT 119801 Identification of the membrane glyco
protein that is the C3b receptor of the human erythrocyte, polymor
phonuclear leukocyte, B lymphocyte, and monocyte. J Exp Med 
152:20-30.

17. Morrison DC, Ulevitch RJ (1978) The effects of bacterial 
endotoxins on host mediation systems. Am J Pathol 93:527-618.

18. Hack CE, Nuijens JH, Felt-Bersma RJF, Schruder WO, 
Eerenberg-Belmer AIM, Paardekooper J, Bronsveld W, Thijs LG 
(1989) Elevated plasma levels of the anaphylatoxins C3a and C5a 
are associated with a fatal outcome in sepsis. Am J Med 86:20-26.

19. Slotman GJ, Burchard KW, Williams JJ, D’Arezzo A, 
Yellin SA (1986) Interaction of prostaglandins, activated comp
lement, and granulocytes in clinical sepsis and hypotension. Sur
gery 99:744-750.

20. Dinarello CA (1992) Dissociation of transcription from 
translation of human IL-lp: induction of steady state mRNA by 
adherence or recombinant C5a in the absence of translation. Proc 
Soc Exp Biol Med 200:228-232.

21. Okusawa S, Dinarello CA, Yancey KB, Endres S, Lawley 
TJ, Frank MM, Burke JF, Gelfand JA (1987) C5a induction of 
human IL-1: synergistic effect with endotoxin or interferon-gamma. 
J Immunol 139:2635-2640.

22. Okusawa S, Yancey KB, van der Meer JWM, Endres S, 
Lonnemann G, Hefter K, Frank MM, Burke JF, Dinarello CA, 
Gelfand JA (1988) C5a stimulates secretion of tumour necrosis 
factor from human mononuclear cells in vitro: comparison with 
secretion of interleukin-1 beta and interleukin-1 alpha. J Exp Med 
168:443-448.

23. Schindler R, Gelfand JA, Dinarello CA (1990) Recombi
nant C5a stimulates transcription rather than translation of inter
leukin-1 (IL-1) and tumour necrosis factor: translational signal 
provided by lipopolysaccharide or IL-1 itself. Blood 76:1631-1638.

24. Scholz W, McClurg MR, Cardenas GJ, Smith M, Noonan 
D, Hugh TE, Morgan EL (1990) C5a-mediated release of IL-6 by 
human monocytes. Clin Immunol Immunopath 57:297-307.



254 / Yentis et al CYTOKINE, Vol. 6, No. 3 (May 1994: 247-254)

25. Geiger T, Rordorf C, Galakatos N, Seligmann B, Henn 
R, Lazdins J, Vosbeck K (1992) Recombinant C5a induces tran
scription but not translation of interleukin ip  mRNA in human 
monocytes. Lyraphokine Cytokine Res 11:55-63.

26. Gross V, Andus T (1992) Human Recombinant C5a 
enhances lipopolysaccharide-induced synthesis of interleukin-6 
human monoeytes. Eur J Clin Inv 22:271-276.

27. Wilson BMG, Severn A, Rapson NT, Chana J, Hopkins P
(1991) A convenient human whole blood culture system for study
ing the regulation of tumour necrosis factor release by bacterial 
lipopolysaccharide. J Immunol Meth 139:233-240.

28. Finch-Arietta MB, Cochran PR (1992) Cytokine produc
tion in whole blood ex vivo. Agents Actions 34:49-52.

29. Schindler R, Mancilla J, Endres S, Ghorbani R, Clark SC, 
Dinarello CA (1990) Correlations and interactions in the produc
tion of interleukin-6 (IL-6), IL-1 and tumor necrosis factor (TNF) 
in human blood mononuclear cells: IL-6 suppresses IL-1 and TNF. 
Blood 75:40-47.

30. Molvig J, Baek L, Christensen P, Manogue KR, Vlassara 
H. Platz P, Nielsen LS, Sverjgaard A, Nerup J (1988) Endotoxin- 
stimulated human monocyte secretion of IL-1, TNF alpha, and 
prostaglandin E2 shows interindividual differences. Scand J Immu
nol 27:705-716.

31. Santamaria P, Gerhrz RC, Bryan MK, Barbosa JJ (1989) 
Involvement of class II MHC molecules in the LPS induction of 
ILl/TNF secretion by human monocytes. Quantitative differences 
at the polymorphic level. J Immunol 143:913-922.

32. Blasczyk R, Westhoff U, Gross-Wilde H (1993) Soluble 
CD4, CD8 and HLA molecules in commercial immunoglobulin 
preparations. Lancet 341:789-790.

33. Bennett B, Ogston D (1980) Role of complement, coagu
lation, fibrinolysis and kinins in normal haemostasis and disease. In 
Haemostasis and Thrombosis (Bloom AL, Thomas DP, eds), 
Churchill Livingstone, London, pp 236-251.

34. Riesenfeld-Orn I, Wolpe S, Garcia-Bustos JF Hoffman 
MK, Tuomanen E (1989) Production of interleukin-1 but not tumor 
necrosis factor by human monocytes stimulated with pneumococcal 
cell surface components. Infect Immun 57:1890-1893.

35. Sheldon J, Riches P, Gooding R, Soni N, Hobbs JR 
(1993) C-reactive protein and its cytokine mediators in intensive- 
care patients. Clin Chem 39:147-150.

36. CB0006 Sepsis Sydrome Study Group (1993) Influence of 
an anti-tumour necrosis factor monoclonal antibody on cytokine 
levels in patients with sepsis. Crit Care Med 21:318-327.

37. Sullivan JS, Kilpatrick L, Costarino AT, Lee SC, Harris

MC (1992) Correlation of plasma cytokine with mortality rate in 
children with sepsis. J Pediatr 120:510-515.

38. Pinsky MR, Vincent JL, Deviere J, Alegre M, Kahn RJ, 
Dupont E (1993) Serum cytokine levels in human septic shock: 
relation to multiple-organ failure and mortality. Chest 103:565- 
575.

39. Frank MM, Basta M, Fries LF (1992) The effects of intra
venous immune globulin on complement-dependent immune 
damage cells and tissues. Clin Immunol Immunopath 62:S82-S86.

40. Arend WP, Joslin FG, Massoni RJ (1985) Effeets of 
immune complexes on production by human monocytes of inter
leukin 1 or an 1 inhibitor. J Immunol 134:3868-3875.

41. Hampton RY, Golenbock DT, Raetz CRH (1988) Lipid 
A binding sites in membranes of macrophage tumor cells. J Biol 
Chem 263:14802-14807.

42. Lei MG, Morrison DC (1988) Specific endotoxic lipopoly- 
saccharide-binding proteins on murine splenocytes. I. Detection of 
lipopolysaccharide binding sites on splenocytes and splenocyte sub
populations. J Immunol 141:996-1005.

43. Pedersen SE, Taylor RP, Morley KW, Wright EL (1980) 
Stability of DNA/anti-DNA complexes. IV. Complement fixation. 
J Immunol Methods 32:269-280.

44. Cody CS, Burd RS, Mayoral JL, Dunn DL (1992) Protec
tive anti-lipopolysaccharide monoclonal antibodies inhibit tumor 
necrosis factor production. J Surg Res 52:314-319.

45. Schindler R, Mancilla J, Endres S, Ghorbani R, Clark SC, 
Dinarello CA (1990) Correlations and interactions in the produc
tion of interleukin-6 (IL-6), IL-1 and tumor necrosis factor (TNF) 
in human blood mononuclear cells: IL-6 suppresses IL-1 and TNF. 
Blood 75:40-47.

46. Riches P, Gooding R, Millar BC, Rowbottom AW (1992) 
Influence of collection and separation of blood samples on plasma 
IL-1, IL-6 and TNF-a concentrations. J Immunol Meth 153:125- 
131.

47. Borinaga AM, Millar BC, Bell JBG, Joffe JK, Gooding 
R, Riches P, Mcelwain TJ (1990) Interleukin-6 is a co-faetor for the 
growth of myeloid cells from human bone marrow aspirates but 
does not affect the clongenicity of myeloma cells in vitro. Br J 
Haematol 76:476-483.

48. Poole S, Bristow AF, Selkirk S, Rafferty B (1989) The 
development and application of radioimmunoassays for inter
leukin-la and interleukin-1 p. J Immunol Methods 116:259-264.

49. Wicher JT, Higginson J, Riches PG, Radford S (1980) 
Clinical applications of immunofixation: detection and quantitation 
of complement activation. J Clin Pathol 33:781-785.


